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Your computer system needn't cost afortune. 

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

SWTPC doesn't do it that way, so you can get your Southwest 
Technical 6BOO Computer up and running at a bargain cost 
compared with most other systems. lt ·comes complete at $395 
with features that cost you extra with many other systems. 

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

mini-operating system in read -only memory, and a serial control 
interface. Tl1ey give you 1) a considerable amount of working 
memory for your programs. 2) capability through the mini ­
operating system to simply turn on power and enter programs 
without having to first load in a bootstrap loader, and 3) an 
in terface for connecting a terminal and beginning to talk with 
your computer immediately. 

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

to add at least two features soon. more memory and interfaces 
for needed accessory equipment. Memory for our 6BOO is 
another bargain . You can get 4K memory boards for just $100 
and BK boards for only $250. 

Our interfaces cost little compared with many other systems. 

Enclosed Is: 

For just $35 you can add ei ther a serial or parallel interface 
board . (And you won 't l1ave to buy several interfaces on a costly 
board to get just the one you want.) 

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

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

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

Buy our CT-64 Video Terminal for only $325 and our CT-VM 
Moni tor with matcl1ing cover for $175. Our MF-68 Dual 
Minifloppy costs just $995. complete with Disk BASIC and a 
disk operating system. For cassette storage our AC-30 
Cassette Interface gives simple control for one or two cassette 
recorders . 

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

We back up the 6BOO system wit11 low-cost software. 
including 4K and BK BASIC. 

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

b11 I1Ld Southwest Technical__ $995 for lhe Dual Minifloppy _ _ $250 for lhe PR -40 Line Prinler 
__ $325 for lhe CT-64 Terminal _ _ $79.50 lor AC-30 Cassella lnlerface .._____.._,.___.. Products Corp. 
__ $175 lor lhe CT-VM Monilor __ Or BAC II Exp. Dale _ _ 

219 W Rhapsody. San Antonio. Texas 78216 
__ $395 for lhe 4K 6800 Compuler _ _ Or MC II Exp. Da1e ___ London: Sou1hwes1 Technical Producls Co.. Lid . 
Name - ----- ------- Address _______ ________ Tokyo: Soulhwesl Technical Producls Corp./ Japan 
City _ ____ _ _______ Stale _ _ _____ ___ Zip _ _ ___ Circle 109 on inquiry card. 
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Th is month's cover is based on Kurt 
Schmucker and Robert M Tarr's 

article, The Computers Of Star Trek 
{page 12). It is an appropriate topic 
for computer people, many of whom 
are science fiction aficionados, 
Trekkies, and users of the Force. The 
theme, interpreted by artist Robert 
Tinney, is: What would happen if the 
crew of the Enterprise visited a holo­
graphic museum of ancient technology 
that had an exhibit devoted to per­
sonal computing, circa 1977? Robert 
used Willard Nico and his 8080 based 
computer system with dual floppy 
disk, video terminal and DECwriter as 
models for the diorama. The cassette 
recorder, made obsolete by the disk 
drives, is shown unused . 

The floppy disk can give your 
computer the extra storage power 
needed for many applications such as 
advanced music and voice synthesis, 
artificial intelligence and robotics. 
Find out more about the ubiquitous 
floppy in Ira Rampil's A Floppy Disk 
Tutorial. 

Microprocessor operation code 
structure is sometimes incompletely 
documented, as is demonstrated in 
two articles: Gerry Wheeler's commen­
tary on Undocumented M6800 In­
structions and HT Gordon's commen­
tary on The XF and X7 Instructions of 
the MOS Technology 6502. The 
effects of the undocumented op codes 
are interesting, even if you don't want 
to use them as part of normal coding 
practices. 

In a neat combination of tutorial 
and practical information, Bill Struve's 
article A $19 Music Interface (and 
Some Music Theory for Computer 
Nuts) provides a way to generate 
square wave musical tones for four 
channels as a result of an investigation 
of the theory of harmony. 

Transform your computer into a 
powerful 8 channel 3% digit voltmeter. 
Steve Ciarcia shows you how in the 
latest installment of Ciarcia's Circuit 
Cellar. Let a BASIC program do all 
your calculations and get results that 
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compare favorably with expensive 
digital voltmeters. Read On a Test 
Equipment Diet? Try an 8 Channel 
DVM Cocktail! 

Once upon a time, jack and the 
Machine Talked; now jack and his 
friendly 6800 have moved onto better 
things like debugging the programs 
issued by the assembler described in an 
earlier article. Turn to jack and the 
Machine Debug by Grappe! and 
Hemenway for a humorous (but 
tutorial) account of the development 
of a program called Tracer 6800 which 
uses software breakpoint techniques to 
provide an instruction by instruction 
machine code execution trace on a 
terminal or hard copy device. 

In This E'111 

To write well conceived programs 

easily, you have to design them in a 
disciplined and structured fashion. 
David A Higgins begins describing one 
useful method in the article on Struc­
tured Programming with Warnier-Orr 
Diagrams, Part 1: Design Methodo­
logy. 

As a second installment in a series 
of articles, Stephen P Smith turns to 
the problems of motion in which 
effects of the motion's current state 
feed back into the model. Turn to 
Simulation of Motion: An Automobile 
Suspension for a more detailed model 
which features damping {shock absor­
bers) and bounce (springs} in response 
to external conditions {bumps in a 
road}. 

The use of interrupts allows you to 
keep track of several devices at the 
same time. If you are not familiar with 
the use of interrupts read Robert Wier's 
article, A Little Bit on Interrupts. 

Constructing and interfacing a Poly­
Morphics Video Interface is described 
by Wayne Wenzlaff. Wayne describes 
his experiences with his video interface 
and how he modified a television set 
for use as a monitor in Using the Poly­
Morphics Video Interface. 

Multiprogramming allows your 
computer to seemingly perform several 
tasks at the same time. It can save pro­
cessor time by always having a pro­
gram executing while another pro­
gram waits for some type of input. 
Prof Irwin Lahasky's article, Multipro­
gramming Simplified, explains the 
basics of multiprogramming. 

Many experimenters, including the 
editors of this magazine, have dis­
covered the real advantages of pur­
chasing used but eminently usable 
gear. Sol Libes gives valuable pointers 
to frugal hackers in Where to Get 
Bargains in Used Computer Equip­
ment. 

As personal computer users acquire 
more and more memory for their 
processors, thoughts can be turned to 
more powerful languages for the ex­
pression of programs. Gary McGath 
feels that small computer users should 
have nonnumeric, symbolic data 
manipulation abilities in their lang­
usages. In A Look at LISP, Gary de­
scribes one of the candidates for such 
symbolic manipulations in the small 
computer. 

Relative addressing allows jumps 
within a program to be made indepen­
dent of the location of the program 
in memory address space. But what 
about such pos1t1on independent 
code in processors like the 8080 which 
have no relative branch addressing? 
Read James P Gaskell's Relative Ad­
dressing for the 8080 and learn how to 
simulate this feature for the 8080. 

Handshaking is the process of coor­
dinating two asynchronous processes, 
such as serial communication opera­
tions and a program. In a short article, 
Thomas McGahee shows how to Save 
Software: Use a UART for Serial 10. 

What do you do if you're an ocean­
ographer and want a microprocessor 
to help collect data at the bottom of 
the sea for eight weeks? One solution 
is to use a watertight titanium sphere 
and a battery powered processor. 
Henry Lahore shows how he did it 
in A User's Report on Intercept Jr. 
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Meet The North Star Family 

THE NORTH STAR S-100 FAMILY-four high perform­
ance products at attractive low prices. Our boards are 
designed for use in the North Star HORIZON computer 
and other S-100 bus computers using 8080 or ZBO proces­
sors. Visit your computer store for a demonstration, or 
write for our free color catalog. 

16K RAM BOARD 
No other S-"100 bus memory can match the performance 
of the North Star 16K RAM at any price. This low-power 
board has been designed to work at full speed (no wait 
states), even at 4MHz with both ZBO and 8080 systems. 
Memory refresh is invisible to th e processor, bank switch­
ing is provid ed and addressability is switch selectable in 
two BK sections. Best of all, a parity check option is avail­
ab le. Kit: $399. Assembled: $459. Parity Option - kit: 
$39. Assembled: $59. 

MICRO DISK SYSTEM 
The North Star MOS is a complete floppy disk system with 
all hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to S-100 bus com­
puters. The North Star MOS is widely considered one of 
the best designed and most complete S-100 bus products 

available. The MOS includes the S-100 interface board 
with on-board PROM for system startup, Shugart mini­
floppy disk drive, cabling and connectors, and DOS and 
BASIC software on diskette. Kit: $699. Assembled: $799. 
Additional drive - Kit: $400. Assembled: $450. Single 
Drive Cabinet: $39. Optional Power Supply: $39. 

Z80A PROCESSOR BOARD 
The North Star ZPB brings the full speed, 4MHz Z80A 
microprocessor to the S-100 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys­
tems both with and without front panels. The ZPB in­
cludes vectored interrupts, auto-jump startup, and space 
for 1 K of on-board EPROM. Kit: $199. Assembled: $259. 
EP ROM Option - kit: $49. Assembled : $69. 

HARDWARE FLOATING POINT BOARD 
If you do number crunching, then this board is for you. 
The FPB performs high-speed floating point add, subtract, 
multiply and divide with selectable precision up to 14 
decimal digits. Arithmetic is up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
10 times faster. A version of North Star BASIC is included. 
Kit: $259. Assembled: $359. Prices subject to change. 

NORTHSTAR COMPUTERS 

2547 Ninth Street • Berkeley, California 94710 • (415) 549-0858 

Circle 83 on inqui ry card. BYTE Docrmbor 1977 5 
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Is PASCAL 
the Next 
BASIC? 

By Carl He lmers 

One of the most interesting phenomena 
in the academic world of computer science 
of late is the language PASCAL. This lang­
uage is the subject of muc h intense activity, 
and is rapidly gaining acceptance as the lang­
uage of choice for training and illustration 
of computer concepts to new students of 
the fie ld. Characteristic of this phenomenon 
is the existence of on the order of 100 
different implementations of the language 
for various computers and a very active 
"PASCAL User's Group." 

PASCAL began in the late 1960s as a 
tutorial experiment of Professor Niklaus 
Wirth: a method of teaching the concepts 
of programming in a systematic fashion 
using a consistent and highly structured 
program representation. Historically, 
PASCAL has antecedents in the ALGOL 
language but with the addition of con­
cepts such as record and file structures 
which were missing in ALGOL's definition. 
The following passage by Professor Wirth 
gives the essence of PASCAL's purposes ... 

The development of the language 
PASCAL is based on two principal aims. 
The first is to make available a language 
suitable to teach programming as a system­
atic discipline based on certain fundamental 
concepts clearly and naturally reflected by 
the language. The second is to develop 
implementations of this language which are 
both reliable and efficient on presently 
available computers. 

The desire for a new language for the 
purpose of teaching programming is due to 
my dissatisfaction with the presently used 
major languages whose features and con­
structs too often cannot be explained logi­
cally and convincingly and which too often 
defy systematic reasoning. Along with this 
dissatisfaction goes my conviction that the 
language in which the student is taught to 
express his ideas profoundly influences his 
habits of thought and invention, and that 
the disorder governing these languages 
directly imposes itself into the program­
ming style of the students. 

There is of course plenty of reason to be 
cautious with the introduction of yet 
another programming language, and the 
objection against teaching programming 
In a language which is not widely used and 
accepted has undoubtedly some justifi­
cation, at least based on short term com­
mercial reasoning. However, the choice of a 
language for teaching based on its wide­

spread acceptance and availability, together 
with the fact that the language most widely 
taught is thereafter going to be the one 
most widely used, forms the safest recipe for 
stagnation in a subject of such profound 
pedagogical influence. I consider it therefore 
well worthwhile to make an effort to break 
this vicious circle. [Quoted from the second 
edition of the PASCAL User Manual and 
Report, by Kathleen j ensen and Niklaus 
Wirth, Springer Verlag, New York, 1974, 
page 133.] 

Since the time of PASCAL's creation by 
Professor Wirth, the language has become 
widespread, primarily because his tutorial 
purposes also happen to coincide with what 
one might want in a systems and appli­
cations programming language used in 
software development. In fact acceptance 
has been sufficiently widespread that there 
now exist implementations for some of the 
more common microprocessors in the 
personal computing fie ld (using the PASCAL 
User's Group Newsletter as a source for 
this information in a listing of implemen­
tations in issue #8 recently published). What 
are the ramifications of PASCAL as it might 
affect personal computing users? 

At the present time, outside of low level 
assemblers, the personal computing field is 
dominated by one language, BASIC. It is the 
high level language of choice for users of the 
equ ipment and for manufacturers who sell 
to the users of the equipment. Any at­
tempted persona l computing system design 
these days must come up to the standards 
of a reasonable BASIC (such as the Micro­
soft BASI C used by MITS, OS I, Commodore 
and others) or it will be at a relative dis­
advantage in the marketplace. Th is domi­
nance of BASIC as a language is a fact of life 
in this field. A decade and a ha lf of language 
design evolution has occurred since BASIC 
first came on the scene, yet it still dominates 
at the user level. Why? 

In a casual en umeration mode, I can list 
several fairly obvious and interrelated 
reasons why this has become the case; out 
of these reasons wil l come a similar scenario 
for development of PASCAL as a future 
option for personal computers. 

• 	 Everybody knows BASIC. 
• 	 BASIC has a manufacturer indepen­

dent standard definition. 
• 	 Lots of implementations of BASIC are 

availab le. 
• 	 Much personal use applications soft­

ware already ex ists in BASIC. 
• 	 BAS IC is friendly. 
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The mostcost effective 

products for your 

microcomputer. 


RM64 

THE EXTENSYS 
RM64 MEMORY BOARD 
provides the most cost 
effecti ve system memory 
found in the industry . 
The RM64 prov ides this because 
of our low cost per byte when 
compared to our competition plus the increased reliability of a 
single board over multiple boards containing less memory. The 
board is S-100 bus compatible maki ng it usable in over a dozen 
different microcomputer systems including ALTAI Rand IMSAI. 
The RM64 is avai labl e in four configurations : 16K, 32K, 48K, or 
64K bytes of memory all on ONE board. The board is completely 
assembled, checked out and burned in for over 100 hours prior 
to shipment . This complete testing procedure allows Extensys 
to provide a one year warranty on parts, labor and materials 
(assuming no misuse of the board occu rs). 

On board hardware is provided for : 

Individual memory bank address selection in SK byte 

increments; 


Complete dynamic refresh logic without loss of processing 
efficiency while programs are running; 

Write protection in 16K 
blocks; and 

Fully socketed for 64K 
allowing 16K, 32K, and 48K 
versions to be upgraded at 
a later date. 

Delivery of t he RM64 is 15 to 30 Days upon 
receipt of order. Pr ices for the RM64 include shipping and handling 
prepa id in the continental United States . 

Extensys Corporation is also announcing several other new, 
highly cost effective products. The FOS100 Floppy Disk System 
is based upon the Extensys File 1/0 Board and incorporates 
either one or two dual PerSci Model 277 f loppy disk drives. The 
FOS100 System also includes the Extensys Multiprocessor 
Operating System, EMOS. EMOS provided many large system 
capabilities, such as multi-processor, multi-user operation and 
individual f ile privacy based on user suppl ied passwords. The 
MM 16 Memory Manager interfaces to RM64 memory boards to 
create a megabyte or more of memory and adds full OMA 
capability to the FOS100 Floppy Disk System. 

Circle 52 on inqui ry card. 

Extensys Fully Assembled and Tested Prices 
Board select logic which allows more than one 64K byte board 
per system; RM64-16 $ 595 FOS100-2 $2880 mgpocolioc 

RM64-32 $ 895 FOS100-4 $4680 380 Bernardo Avenue
S-100 bus compatibility including on-board voltage regulator; RM64-48 $1195 Mounta in V iew, CA 

RM64-64 $1495 MM16 $ 295 94040
Memory overlap which allows memory sharing the same address 16K Upgrade $ 375 (415) 969-6100 
space to coexist in the same system; 
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At a superfic ial level, these reasons are 
part of a se lf-sus taining loop of circular 
reasoning: Since BASI C is friend ly, eve1·y­
body wants to know BASIC; since so many 
people learn BAS IC, the re tend to be lots 
of implementations. Much software fo r 
app licat ions has been written in BASIC. 
Since a manufacturer independ ent standard 
for BASIC exis ts, conversion of programs 
fro m one machine to another is simp lified, 
thus mak ing widely avail able software useful 
to people, and so on ... ad infini tum ... 
This is Professor Wirth 's "vicious ci rcle." 

Like many simi lar conventions, BASIC 
has been boo tstrapped into th e pub lic 
awareness over Lime, and has acquired a 
certain iner t ia of its own th at will keep it 
going for years in Lhe same way that 
FORTRAN seems Lo live forever. Let's 
examine the reasons in this list, and in so 
doing comp are BASIC to PASCAL, a lang­
uage which is qu ite possibly in an earlier 
stage of a sim il ar bootstrap cycle and may 
indeed become a much demanded "language 
of choice" for the user comm uni ty. Vicious 
circ les can have pos itive aspects: it all 
depends on which circle one has estab lished. 
A content ion I ma ke is that the same sort 
of "vicious circ le" 'can be, and indeed is 
be ing es tab I ished fo r the lang uage PASCAL. 

Everybody Knows BASIC. 

BASIC histor ically was in trod uced at a 
time when "big" computers dominated the 
field, and there was a need to partition the 
ac tivities of such computers into smal l 
individually oriented pac kages for purposes 
of maki ng th e "big" computer availab le 
to many people. This part itioning succeeded 
admirably: when professor X {or Y or Z) 
wanted to make r·eal exercises in program­
ming ava il ab le to stude nts, BASIC was 
frequently employ ed , due Lo its ava ilability 
and interactive simp licity. Like any tech­
nology, BAS IC aid not start out in an 
"everybody knows" sta le, but it go t that 
way through its ea rly avai labi lity and no 
smal l push from pedagogues of computer 
science. 

Today, the teachers or programming are 
tend ing to pu sh PASCAL as the la nguage of 
choice for teac hing "good" programming 
concepts. Th e PASCAL Use r's Group is 
ev idence of the number of academ ic peop le 
who support the ideas of Professo r Wi rth to 
the ex tent. of implementing their· ow n loca l 
PASCAL systems for ed ucat ional pu r-p oses. 
{This i typ ica ll y clone using a number of 
techniques of mac hine independence con­
ce ived by ear ly im plementors of PASCAL 
for purposes or spread ing its im plemen­
tations.) One r·csult of this availab ility is that 

PASCAL is becom ing the tool of teaching 
programming concepts which Professor 
Wirth env isio ned .. . and the begi nnings of 
the "everybody knows" state for PASCAL 
are already eviden t. 

BASIC Has a Manufacturer Independent 
Standard Definition. 

Thi s comment is nominall y true of 
BASIC. Work is indeed in progress on an 
ANS I sta ndard for BASIC, and there is 
of course the original Dartmouth Co ll ege 
defi ni tion of BASIC. The fact th at people 
are trying to define a standard forn1 of 
BAS IC, howeve r, is a r·esu lt of the fact 
that the imp lementalions of BAS IC have 
been somewhat subject to variat ions. In 
the personal compu ting world, th ere are 
numerous differences at a detail level 
between language extensions of various 
BAS IC in terpreters, some as basic as th e 
variations in string and array handling 
in various forms of minicomputer BAS IC. 

BASIC language implementors are no 
different from implementors of a number· 
of languages, often succumbing to th e 
"wouldn't it be neat if" sy ndrome and 
throwing in feat ures not part of the origi nal 
defi ni tions of the language. The hitch with 
such featur·ism is that if anyone uses the 
features, the progra ms writ te n with the 
feature may no longer· be por ta ble. 

Of course PASCAL would be no more 
immune to featurism on the par t of imple­
men tors; at least that would be an obvious 
contention since there is no fund amental 
difference between peop le who implement 
BASIC and people who impl ement PASCAL . 
But before making such a sta temen t, an 
examinat ion for the motives of implemen­
tation feat ur ism should be made. BASIC 
in its origi nal definition is a very lim ited 
and parochia l language, one which represents 
a viewpoint of quick implementatio n of 
programs with limi ted 10 fo r·matting, 
standard floating point operations, and no 
intent to service large or· co mplicated 
applications. Thus, many of the "feature" 
temptations prese nted to BASIC imple­
mentors ar·e a result of attemp ts to cor-recL 
the deficiencies of BASIC by ad ding omitted 
items (for example, str ings, impl emented 
differently in var·ious BASIC interpreters). 

PASCAL, on the other hand, by having 
a definition which is more general in scope 
than BASIC (although by no mea ns compli­
cated to use in simple prnblems) he lps cut 
dow1i these "feature" temptatio ns on the 
part of its impleme ntors. One basic example 
of th is slightly more genera l definition is 
in PASCAL's inclusion of extensib le data 

Co nt inued on page 184 
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DON'T KNOCK 

HOM EB REW 


I just happened on Edgar Cohen 's 
letter tit led "Home brew" (A ugust 1977, 
page 12). He feels as I do , that we as 
readers should be looking at more 
homebrew computer artic les in BYTE . 
My motive for writi ng was spurred by 
your follow-up comments. 

We in amate ur radio have been home­
brewing it for years, even before com­
mercial equipment was avai lable. And 
much of the present day homebrewing 
is for economic reasons. At age 13, I 
wouldn't have had my own amateur 
radio station had it not been for home 
built equipment, much of it com ing 
from con struction artic les in publica­
tions like BYTE . This same rule applies 
to test equipment I've built (frequency 
counter) and I think it app lies to com­
puters as well . 

As a matter of fact, the only reason 
I don't have a computer yet is because 
practica lly everything on the market is 
out of my price range. To top if off, 
there are very few good surplus buys 
available, ano ther way we in amateur 
radio get by cheaply. 

I think you are wrong about the time 
invested in homebrew equ ipment. I and 
many other readers would glad ly invest 
the time, if only the technology were 
there to give us a shove in the rig ht 
direction . Certainly, the parts are n't ex­
pensive at all and much can be saved by 
wire wrapping instead of using ready to 
go printed circ ui t boa rds made up and 
sold by someone else. 

Gary L Montgomery 
WB3GBQ 

Roc kville MD 

In reply, let me reiterate the fact that 
am a confirmed homebrewer, always 

trying to get the best system by my own 
viewpoints on the subject of design. But 
perhaps the reason I don't view the 
method as cost effective Is the remem­
brance of money spent to get one of the 
first Motorola 6800 chips ($360 for an 
XC6800 In early 7975} and similar 
purchase of 4 K static memory chips 
ahead of later price reductions. I 've 
built a system with close to 800 TTL 
and MOS integrated circuits in the main 
processor modules, a system which , 
much to my homebre w surprise, works 
quite reliably. So I can certainly attest to 
the effectiveness of the approach . ..CH 

ANOTH ER VIEW OF TECHNOLOGY'S 
USEFULNESS 

I am writing to BYTE in response to 
previous letters by Robert Ga rne r (Ask 
BYTE, May 1977) and Nelson Ingersoll 
(Letters, September 1977) about the 
moral fut ure and purpose of the com­
puter. 

In response to Mr Garner's letter, the 
rea l hazard that resu lts from computers 
being "plugged into applications righ t 
and left" a ri ses not from intangibl e and 
poorly defi ned moral abuses that might 
resu lt from their introduction, bu t rather 
from the standpoi nt of cost effec tive ­
ness. Computers arc being considered for 
such purposes as maintaining home food 
recipe fi les and keeping track of food 
inventory, where it is much simpler and 
cheaper to perform these tasks the old­
fashioned way . I agree with Mr Garne r 
that comp uters could be misused, but 
he seems to promote the s~ me general 
hysteria that is curren tly plaguing the 
new science of ge netic engineering. True, 
along with every new technological 
development comes a host of possibi­
lities of misuse, but sure ly these can be 
minimized so that we cou ld reap the 
maximum benefits from it? Sanctimo ­
nious morality does nothing but help 
the public to co ncentrate solely on the 
deficiencies of a technologica l develop­
ment and destroy it before it has had a 
chance to prove itself. 

Mr Ingersoll's problem seems to lie 
in the fact that he sees the computer as 
a device that wil l rep lace al l of our 
duties as human beings and turn us into 
nonthinking, passive enti ties. I primarily 
see the computer as a too l, as a device 
that will aid man and not replace him. 
The "automation of physical and mental 
drudgery" does not re lieve man of any 
responsibility to be productive and to 
think, bu t rather it frees him from 
simp ler tasks (drudgery) in order to be 
the most creative and ac hieve the 
greatest self-sa ti sfaction ; man is only 
utilizing the feature that distinguishes 
him from the rest of the an imal king­
dom; in this instance, a dec id ed advan­
tage. I argue that perform ing simple and 
thoughtless tasks is drudgery. The "box" 
ana logy is poo r in that it presupposes 
it took no effort to design, bui ld, and 
program the computer and robot to 
make the box. What Mr Ingersoll over­
looks is that to accomplish this the man 

Continued on page 19 
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Introduction 

The world of Star Trek rep resents many 
things to many people. To the majority it is 
an escape into a ti me when man is once 
aga in chal lenged by the vastness of his 
known un iverse and ca n assume the now 
lost role of the ex plo1·er of unk nown ter­
ri tories with the ir in herent, bu t also un­
known , dangers. To others it is the tale of 
man's fina l tr iumph over hi s own inhu man­
ity; a worl d where race (human, humanoid 
m other) , co lor an d backgrou nd are no t 
po in ts of co ntention and disunity, but are 
rathe r diffe rent reference points fro m 
which the socie ty ca n grow together in 
peace. In this case " infinite di vers ity in 
infinite co mbinations" yiel ds a who le which 
is greate r than the su m of its part s. To yet 
oth ers it is a t ime wh en science and th e 
myste ries of nature are mo1·e cl early under­
stood, an understanding which brings forth 
a tec h no logy beyond one's wildest 
im agination. 



Whatever view one takes of the Star Trek 
phenomenon, one can ask how closely our 
present culture approaches that ideal, be it 
in the area of science, huma n un derstanding, 
or man's view of himself in his worl d. This 
essay wi l I try to measure one such gap 
between our own world and that of Star 
Trek: the state of computer techn ology. 

Star Trek, with its fantastic starsh ip the 
Enlerprise, presents a level of computer 
science and computer engineering pred icted 

2 3 4by many science fiction writers. 1 , , , ,s 
Problems like voice 10 , automatic program­
ming in a natural language and com pu ter 
ana lysis of complex, ill-defi ned pro bl ems 
are handled routinely. How close is the 
present technology to solving these problems? 
How soon can the computers of the Enter­
prise be constructed? Let us try to answer 
these questions. 

Very little, if any, techn ical in format ion 
is availab le on the Enterprise com puters. 
Only vague, nontechnical statements are 
ever made by the Captain or the Science 
Officer. 

"Deep in the heart of this ship are our 
computer banks. They operate the entire 
ship. They also contain the whole of 
human and humanoid knowledge. They 
are indisputably reliable. Our lilies depend 
on them. "6 

" In a matter of a fe w seconds we can 
obtain an answer to any factual question, 
regardless of i ts complexity. "7 

No references are ever made to its physical 
configuration. Is it in fact one large central 
processor with termina ls and perhaps ter­
minal concentrators scattered throughout 
Lhe ship, or a number of smaller optim ized­
for-spec ial-functions processors loosely 
coup led thro ugh a shipwide network? The 
portio ns of the Star Fleet Technical Manual 
which recently have been made available to 
other than Star Fleet personnel do not in­
clude the "Ship's Comp uters Systems 
Schematics" section or the "Sh ip 's Com­
puters Maintenance Schematics" section.a 

Th is essay will speculate on var ious 
hypotheses supported by the user level in­
format ion avai lab le, and wil l attem pt to 
show the hardware and software possibilities. 

The Role of the Enterprise 

The world of Star Trek takes J> lace in the 
late 22nd or early 23rd ce ntury. 11 0 In that 
era the United Starship En terprise is perhaps 
the second largest scientific and technica l 
achievement resu lting from the combined 
technologies of a un ified portion of the 
Milky Way .11 In the 22nd century a portion 
of the intel ligent life fo rm s of the galaxy 

have bonded together to form a uni on called 
the United Federation of Plane ts. It is a 
union more loose than the United States of 
America of the 19th, 20th and 21st cen­
turies, yet stro nge r than the United Nations 
of the 20th cen tu ry. 1 2 These planets occupy 
a significant portion of the Milky Way called 
the Treaty Exploration Territo ry, roughly 
a sphere centered on Sol with a radius of 
4750 parsecs (approximately 15,500 li ght 
yea rs). The Articles of the Federation were 
the agreement which establ ished this union. 
They authorized funds for the bui ldi ng of a 
Star Fleet to act as the armed, peace keeping 
force of the Fede ration. Th e Fleet wo uld be 
designed and built using state of the art 
tec hn iq ues. 

Included in this Star Fleet approp riation 
was an initial expend itu re for 14 heavy 
cruiser starships, one to be named the 
Enterprise. These starships wou ld be capable 
of extended duration patrol of the Treaty 
Exploration Terri to ry and would be provided 
with weapon ry and other capab ilities en ab Iing 
them to accomplish a myriad of possible 
tasks. 

A starship on patrol represented the 
Federation in all matters within its occup ied 
quadrant of space. Its functions included 
mi litary uses (defense of borders and moni­
toring of in te rgalactic treaties with the 
Klingon and Romulan Empi res, two other 

"Computer, I want a complete rundown of all references to the design of 
computer systems for Enterprise class ships in the firs t quarter century of 
BYTE magazine. " 

"Yes, sir, but are y ou p repared for recursion?" 
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Federation-sized pla neta1·y unions, pol ice 
act ions (en forcem en t of Federation I aw, 
investigat ion of cr iminal actions), scientific 
missions (new explorations, data gatheri ng 
ass ignme nts). di plomatic assignments, an d 
missions of mercy. 

It may be or be nefit to compare th e star­
ship Enterprise to its namesake of the 20th 
centu1·y, the Uni ted States ai1-craft carr ier 
Enterprise, in order to ge l a grasp of the 
scope in volved in the constrnction of such 
a vessel. The USS Enterprise, launched in 
·1960, was the largest Wal'ship of its time and 
1·ep1·esented state of the art techno logy. It is 
st ill operatio nal today and is powered by 
ten nuc lea r reacto rs. The USS Ente1prise 
ca n sa il on one set of reactor cores for 
about ten to 13 years or roughl y 300,000 
miles. It is prov isioned eve ry few weeks, 
howeve r. The total cost of the constructio n 
and outfi tt ing was 45 1 mil lion dol lars. In 
wartime, its comp lement is 5500 peop le 
co nsistin g of ·162 officei-s and approx i­
mate ly 2940· enlisted men plus 2400 airmen 
attached to an ai r wing. 1 3 

The starship Enterprise , o n the other 
hand, is powered by a controlled matter· 
antimatter reaction. 1 4 

• 1 5 

The tota l cost of the Ente1prise was 50 
bil lio n credits. 16 On pa tml, its com pl eme nt 
co nsists enti rely of 430 officers with 43 
com mand (lieutena nt and above) and 387 
crew (e nsign rank) . .1 

7 Travelin g at the speed 
of ligh t (ie : Warp Factor 1, approx imately 
1/200th of its fl ank speed) the Enterprise 
can travel for 18 years (as measLll'ed by a 
calendar travel in g aboa1·d the En1erprise ?) 
without refueli ng or tak ing on add itional 
pmv isions. 1 8 

Computer Uses and Capabilities of the 
Enterpri se 

An enterprise <lS complex as a stMship 
1·equircs a vast amou nt of com puter sup­
por t. Many of the routi ne tasks, such as 
monito ring of life·s upport systems, food 
sy nthesis and turbo lift contro l (;i vertical 
and horizo ntal elevator used for intrash ip 
transpo rtation) are automa tically maintained 
and contml led by the ship's comp ut e1·s. 
These Me manual ly co ntro lled on ly du1·in g 
an emergency. 

Even more demand ing and less wel l­
defin ed tasks are routine ly de legated to the 
shi p's computers. The computers can act ivate 
the shi p's alert systems and init iate the 
deflector shi elds (a set of ve1·y sop hi sticated 
defens ive force shields which block matter 
and se lective energy uansmission) upon 
analys is from the shi p's sensors. It ap pears 
that on ly a portion of th e shi p's vast amo unt 
of se nso1·y data is routinely patched th rough 

the computer, sin ce it is ofte n instructed 
to "tie in to all ship 's senso1·s" and provide 
the command st, ff with Jn analysis of 

2 1 unk nown phenomena . 1 912 0 
•

If most of the Ente1prise comp uti ng 
powe r· resides in a centra l process in g unit, 
th is may po int to a limita tion in the com­
puter's processing power. Perhaps if all data 
from all sensors wc1·e rn ut inely processed 
thern wou Id be in sufficient computing 
power to perform the remaining esse ntial 
functions . If, on the other hand, there is a 
network of processors, then it may be that 
the results of sensor in put are not rout ine ly 
passed to th e centr·a l comp lex. 

Certain groups of sensors may be t ied 
to local processors wh ich perfmm the 
necessary functions, eg: act ivat ion of shields. 
The ce ntra l prncessor comp lex does not 
routinely have need for these resu Its unless 
correla tion of the sensor data is required. 

Comp uter contrn l of the weapo ns sys­
tems (phasers and photon to r·pedoes) is also 
possib le through analysis of senso1· in put, 
but it is not as accurate as com pu te r assisted 
human contro l coupled wi th visual contac t 
with the des ired ta rget. 22 Th is, too, may 
point to either a lack of suffic ient com­
puting power for timely analysis, or a lack 
oLapp[.2_pr· iate dec ision algorithms for this 
type of situatio n. 

Another majo r use of the computer, 
perhaps the one most apparent to the cas L1 al 
observer, is info rmat ion storage. The need 
for an imme nse data base can be clearly seen 
when one considers the ro le a starsh ip plays 
in its patro l area. A sta1·sh ip capta in acts 
auto nomously from Star Fleet Headquarters 
in almost al l aspects of his command.23 As 
far as violations of Federation law are con· 
cernecl, he is the judge and jury. In add ition, 
the officers and crew often requi re instant 
access to the immense technica l knowledge 
of the Federatio n in order to cope with new 
phenomena encountered in their patrols. 
This requires Lh e existence of an immense 
interactive da ta base on the Enterprise 
itse lf. Beca use of the intergalactic d istances 
invo lved, there can be no lin k to the com · 
puters at Star Fleet Headquar·te r·s or on 
Memory Alpha.2 4 Subspace communica· 
tions requ ire time for transmiss ion, too 

26(often on th e order of days) . 25 
•

The vast amount of informat ion sto red in 
this data base is best appreciated by relat in g 
two inc idents that happe ned on the Enter­
prise. The first in vo lved a smal l space cru iser 
travel ing towa rd Op hiuch us VI with out an 
identification beacon. Upon pursuit, the 
cruiser ente red an asteroid belt_ After 

Cont inued on page 172 
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- - i IORIZON 

LookToThe North Star HORIZON Computer. 

HORIZON™- a complete, high-performance microprocessor 
sys tem with integrated flo ppy d isk memory. HOR IZON is 
attra tive, professionally engineered, and ideal for business, 
educational ancl personal applicat ic ns. 

To begin programming in extended BAS IC, merely acid a CRT 
or hard-copy term inal. HORIZON-1 includes a 280/\ processor, 
·16K RAM. rninifloppy ™disk and ·12- lot S-100 motherboard 
with seria l terminal in terface - all standard equipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our '16K RAM boa rd lets the Z80A execule al 
full speed HOR IZO can load or save a ·101< byte d isk program 
in less th<in 2 . e oncl . Each diskette can store 901< bytes. 

AND SO FTWARE, TOO 
HORIZO includes the North Star Disk Operat ing System and 
fu ll extended BASIC on diskette ready at p wer-on. 0Lir BA IC. 
now in widespread u •, ha · ev rything desired in a l:lAS IC. in­
cluding seq uential and ra ndom d isk files, formatted outpu t, a 
powcriu l line editor, strings, machi n~' language CALL and more. 

EXPAND YOUR HORIZON 
Also avai !able - Hardware fl oat ing point boa rd (FPB ); addi­
tional ·161< memory boards with parity option. Adel a second 
disk drive and yoLt have HOR IZON-2. Economical serial and 
para llel 1/0 ports may be installed on the moth rboard. M any 
widely available s-·100 bus peripheral boards ca n be added to 
HOR IZON. 

QUALITY AT THE RIGHT PRICE 
HOl~ I ZO processor boa rd, l~AM, FPB and M ICRO DISI< SYS­
TEM can be bought sepa rately for either Z80 or 8080 S-100 bus 
systems. 

HOl~ I ZON - 1 $·1599 kit; $1899 ass rnbl d. 
HORI ZON-2 $1999 kit; $2349 assembl cl . 

161< RAM-$399 kit ; $459 assembled; Pa rity option $39 kit ; $59 
assembled. FP l3 $259 ki t; $359 assembled. Z80 board $199 kit ; 
$2S9 assembled. Pri es sub ject to change. HORIZON offered 
in choice of wood or blue meta l cover at no extra charge. 

Wri te for free color catalogue or visit your local computer store. 

NORT H STAR * COMPUTERS 

2547 Ninth Street · Berkeley, Cal ifornia 94710 • (415) 549-0858 
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children in most 
any subject, such 
as spelling, 

operating systems will be ava ila bl e at the end 
of 1977. And there are many more options to 
come, because Apple II was designed from 
the beginning to accommodate increased 

power and ca pabil ity as your 
requiremen ts change. 

If you'd like to see for yourself 
how easy it is to use and enjoy 
Apple Jl , visit your local dealer for a 
demonstration arid a copy of our 

,The home computer thats ready 

to work,playanagrowwithyou. 


Clear the kitchen table. Bring in the color 
T.V. Plug in your new Apple Jl~ and connect 
an y standard cassette recorder/ player. Now 
you're ready for an evening of discovery in 
the new world of persona l computers. 

On ly Apple IJ makes it that easy. It's a 
complete, ready to use computer- not a kit. 
At $129S, it includes fea tures you won't find 
on other personal computers costing twice as 

much. 

Features such as video graphics in 15 colors. 
And a built-in memory capacity of SK bytes 
ROM and 4K bytes RA M - with room for lots 
more. But you don't even neerl to know a 
RAM from a ROM to use and enjoy Apple U. 
It's the fi rs t personal computer with a fas t 
version of BASIC-the Engl ish-like pro­
grammi ng language-permanentl y buil t in . 
That means you can begin running your 
Apple lI the first evening, en tering your own 
inslrnctions and watching them work, even if 
yo u ve had no previous compu ter experience. 

The fami liar typewri ter-style key board 
makes communica tion easy. And your pro­
grams and data can be stored on (and re­
tri eved fro m) audio cassettes, using the buill· 
in cassette inte1iace, so you can swap with 
other Apple TI users. This and other peri­
pherals - optional eq ui pment on most per­
. anal computers, at hundred of dollars extra 
cost-are built in to A pple TI . And it's 
designed to keep up with changing technol­
ogy, to expand easily whenever you need it to. 

As an educational tool, Apple II is a sound 
investment. You can program it to tutor yo ur 

history or math. But the biggest benefit-no 
matter how you use Apple fl-i s that you and 
your fam ily increase yo ur fam iliari ty with the 
computer itself. The more you experiment 
with it, the more you discover about its 
potential. 

Stmt by playing PON G. Then invent your 
own games using the in put keyboard, game 
paddles and built-in speaker. As you experi­
ment you 'll acquire new programming skills 
which wi ll open up new ways to use your 
Apple II.You'll learn to "paint" dazzling color 
displays using the unique color g raphics com­
mands in Apple BASIC, and write programs 

to create beautiful kaleido copic designs. 
As you master Appl e BASIC, you'll 

be a ble to organize, index and 
store data on household fi . 

nances, income tax , 
recipe , and record col­
lections. You can learn to 
chart your biorhythms, 

balance your checking ac­
coun t, even control your home 

environment. Apple JI will go as 
fa r as yo ur imagination can take it. 

Best of all , Apple fl is designed to grow 
with you . As your skill and experience with 
computi ng increase, you may want to add 
new Apple peripherals. For example, a re· 
fined , more sophisticated BASlC language is 
being developed for advanced scientific and 

mathematical 
applications. 
And in addi ­
tion to the 
built-in 
audio, video 
and game 
interfaces, 
there's 
room for 
eight plug-in 

options such as a prototyping board for ex­
perimenting with interfaces to other equip ­
ment ; a serial board for connecting teletype, 
pri nter and other terminals; a parall el in ter­
face for comm unicati ng with a p1inter or 
another computer; an EPROM board fo r s tor­
ing programs permanently; and a modem 
board communications interface . A fl oppy 
disk in te1i ace with software and complete 

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

SPECIFICATIONS 
•Microprocessor: 6502 (1 MHz). 
•Video Display: Memory mapped, 5 


modes-all Software-selectable: 

· Text-40 characters/line , 24 lines 


upper case. 
· Color graphics-40h x 48v, 15 colors 
· High-resolution graphics-280h x 

192v; black, white, violet, green 
(16K RAM minimum required ) 

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

· Completely transparent memory 
access. AH color generation done 
digitally. 

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

memory chips 

· Up to 12K ROM (SK supplied ) 


•Software 

· Fast extended Integer BASIC in 


ROM with color graphics commands 
· Extensive monitor in ROM 

• 1/0 

· 1500 bps cassette interface 

· S-slot motherboard 

·Apple game I/0 connector 

· ASCII keyboard po1t 

·Speaker 

·Composite 


video 

output 


Apple Il is also 

available in board-only 

form for the do-it-yourself hobbyist. Has 

all of the features of the Apple II system, 

but does not include case, keyboard , 

power supply or game paddles. $798. 


PONG is a trademark of Atari Inc. 

*Apple II plugs into any standard TV using 

an inexpensive modulator (not supplied). 


detailed brochme. Or write Apple Computer 
Inc., 20S63 Stevens Creek Blvd .,Cupertino, 
California 95014. 

Circle 4 on inquiry card.
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Order your Applell now. 

from any one of the fo llowing authorized dealers : 

ALABAMA 
Comp111a1land 
3020 U11;vorso1v Or. N.W 
llu1usv; 110 539·1200 
The Comi:i u1 er Ce nt er 
303 B. Poolar Place 
B;rm;nQham 942·85!;7 

ALASKA 
Teii!m Elec.uonics 
Couocry Vill age ShoopinQ Center 
100 E. Benson Blvd. 
Anchol311e 216·2923 
Teilm Elccuo11ics 
401' E. Fi1eweed lane 
Anchoraoe 272 ·4823 
Team Elrrnmrn:s 
1698 A;o porl Way
fauhanks 456·4 157 

ARIZONA 
Byto Shop 
813 N. Sco 11sdale Road 
Tampe 894 ·1193 

CALIFORNIA 
C.ompu1er Components 
5848 Sepulveda Blvd . 
Van lluvs 786-74 11 
Computerla11d 
11074 San Pablo Ave. 
El Cerd10 233·5010 

~~~~~t~~l~l~l l Blvd. 
Hayw01d 538 ·8080 
C:omput erloind 

fn~~w~oJ;enm. C68'1o 
~~08~'~/~a~~brican t e 
M;ssion Viejo 770·013\ 
Comou terlilnd 
4233 Convoy S11oe t 
San Oiego 560·9912 
Compu1e1limd 
117 frcmonl St. 
S[m f rm1cisca 546-1592 
Compu1a1land 
104 W. Fi1s1 S11ee1 
Tusiln 544·0542 
Bvto Sl>op
6041 GieC!-nbad: Lane 
c;u us Heigh ts 961·2983 
Bv te Shop 
2233 Et Cam;no Roal 
Polo Allo 327·8080 
BVle Shoo 
496 S. Lake Aoo. 
hsildena 
Byle Shoo 
2625 Union Avenue 
Son Jose 377-4685 
By te Shoe 
1200 w. Hillsdale Blvd . 
San Mateo 341·4200 

g~~OS~o~"u;no Real 
San1,1 Cloia 249·422 1 
Bvle Shoo 
2989 N. Ma;n Slreet 
Walnut C10ok 933·6252 
A·VIOO Elec llon;cs 
2210 Bcllllower Road 
l ong Beocl1 598·0444 

~23~u~~I t C~i~ nd~ve 
Sanrn Ana 832-9681 
Compu1e1 Plu vg1ound 
6789 Westminster Avenue 
Westm;ns ler 898·8330 

~891~·~~~s16~1 S1. 
San frnnc;sco 431-0640 
Electric Brain 
3038 II. Ceda1 Ave . 
F1csno 227 -8479 
Rambow Comp uring, Inc. 
10123 Wl1He Dok 
Gronnda Hills 360·2171 
S11;1wt1!!11l' Ell!Clronics 
71 Glonn W.>v ~9 
Belmont 595·023 1 

COLORADO a,,, Shop 
3464 S. Acoma St. 
Engle.-1ood 761·6132 
Team Hcwon1cs 

COLO RAD O [con tinued ! 
Timm Electronics 
M50 Main Slreet 
longrnonl 772·7800 

Team Electronics 
1022 ConslilUTion RoatJ 
Belmont Plaza 
Pueb lo 545-0703 

FLORIDA 

fo~e4S/"8akland Park Blvd . 
ft. lauderdale 561-1983 
BVle Shoo 
7825 9;,d Rood 
M;ami 264·2983 

GEOR GIA 
Data Man. Inc. 
3001 N. Fulton Dr ive 
Allan ta 233·0532 

HAWA II 
Roal ShB1' 
190 S. King S1roe1 P890 
Honolulu 536·104 1 

ILLINO IS 
Teilm Elecuonic-s 
Meadowdale Drive. Space 1A 
C;upenlersville ~28-64 74 
Tei]m Elecuonks 
tforlhgale Mall Shop111no Cenler 
Decatur 877-2774 
Team Elect1on11:s 
Sandburg Mall 
I 15D W. Coil Sandbu10 Drive 
Golesburn 344·1300 
Team £1ecuonics 
Sou1hpark Shopping Ce11llH 
4200 16th Street 
Moline 191·8261 
Te am Elee1ronics 
4700 Bloc:k - f~. Univers1llf Ave 
Peor ia 692-2720 
Team Elec1ionics 
17 14 Fillh Avenue 
Rock Island 788·9595 
foi:lm Elecllomcs 
321 N. Aloine Ro.1d 
Rocklord 399-2577 
Team Elec tronics 
Waodl;efd Mall f·l 19 
Schaumburo 882-5864 
Team Elec1ron1cs 
2116 S. MacA11hu r Blvd 
Spr inglield 525-8631 

~gmt,u~~r~~n~oad 
Arling ton Heig hls 255-6488 

~grf~j·~;f,~aukoe Ave 
!liles 9ol·l7M 
Inv B111v Machine Com1:rnnv 
1316 Chicana Avenu e 
EvonSlon 318·6800 

IN DIANA 
The Dala Domain 
2805 E. Slate Blvd. 
foll Wavne 484 ·761 I 
The Oa1a Domain 
7027 Mich;gan Road 
lnd;anapolis 251·3139 

IOWA 
Team Elecuomcs 
202 Ma;n Streel 
Ames 232· 7705 
learn E1ecuomcs 
Duck Ci eek Pla za 
Be11endorl 355· 7013 
foam Elec11on1cs 
4444 Fi1S I Avenue N.E 
Lin tJ ale Plaz a 
Cedar Raaids 393·8956 
Team Electronics 
320 K;mbeil• Road 
~~~l~:o1~~I Sh~~gi_~\~~nl C I 
Team Electlonrcs 
2300 Kennedv Road 
Oubuuuo 583-9195 
Team Elecllonics 
Room 110 - Soacu 18 
The Mall 
Iowa c;1y 338·3681 
Team Ele:c11011ics 
2015 E. foullh Strer?I 

KANSAS ic011t;nucdl 
Team Elecuonics 

2319 Lomsiaua St1 ce1 

lswrcncc 84 1·3775 
Te am E1ecl1omcs 
1132 Westlooo Shoopinu Cente• 
Manhall arr 539·4636 
TeamElec 1r onics 

Space 81-A M1l1-S1a1e Mall 

Salrna 817-9361 
Te am flccuoni r.s 
907 W. 17111 St reet Terr ace 

Topeko 267·1200 

Te am Elr.c11011ics 

Towne Easl Sr1uarn 


~i.~~; 1 ~ K~~%93826 
Team Elec11 on1cs 
791 11. Wesl S11ee1 

w;chi1a 94 2·1415 

Team Elec11 on1cs 

.. ~~~hW;11" ~612~f5rJss1tee1 
Barney & Assocmlcs 
425 N. Broadwav 

Pr1tsbu10 231·1910 


KENTU CKY 
Compu1erlan 1I 

813 8 Lvndon Lane 

Lou;s,,lle 425·8308 
The Oa1a Oomam 

506!_. E11did Avenue 

Lex;nplon 133-3346 
The Dilla Domam 

3028 Hunsinoe1 lane 

Louisv;llc 456-5241 


MARYLAND 


yg~g~ 1 i: ~J~~ 1ck Road 
Rockv;llc 948·7676 

MASSACHUSETTS 
The Com {1u1c1 S1ore. Inc. 

~7,~ ;~g;~~rirl ~e1i~a'1"~0 
MICHIGAN 
Team Elcellomcs 

r:~~an:t!~ta ~~g~~~n ~1 Ce111e1
1 1 
Team Eleellonu:s 
M&M Plaza 
Menon11nce 864-2213 

MINNE SOTA 
Team Elcctrnnics 

~~~Q~3~,~~~~ Blvd . 
Minnalonka 544-7412 

Team Eleclmnics 

204 Soulhdale Ccn1er 

Ed ina 920·4817 

Team E1ce11on1rs 

1248-50 Eden Prni11e Cen1e1 

Eden Prau;e 941 ·8901 
Team Elcclronics 
207 lhi1d Sll DCI 
8cmidti 751·7880 
Team Eleeltonics 
Kan di Mall SoulIr Uwy l I 

Willm ar 235 ·1120 

Tea mElcc11on1cs 
~;o~%~idds ~15ofii3~len1cr 
Team Elertron11:s 
Cedar Mall 
Owalonna 45\·7248 
Team Elcc11onics 

Mcsa!Ji Mall 

H;1111;n11 26J.B200 
TeamElec11on1cs 

Thunde1bi1d Moll 

Vi111inin 741·5919 

TeamElcc11on1cs 

Ap3 che Pli1Zi1 

S1lve1 l ake Road 

St Ant horiv 789·4368 
Team Elecllonics 
1133 S. Rohcrl Stmcl 
Wes! St. Paul 45 1·1765 

learn Elec1m11ics 

2640 flenneoin Avenue S 

Minneanolis 377-9840 


MINNESOTA lconi;nuedl 
reatn Elcwonics 
455 Rice S1rco1 
Si. Poul 217·7223 
Te am Elccuonics 
110 Stxlh Avenue S. 
SI. Cloud 251 ·1335 
Tearn EleCllonics 
6413 Lyndalo Avenue S. 
Minneapolis 869·3288 
lnam Etecuonics 
1311 Fourth St. S.E. 
Minneapolis 378·1 165 
Team Elec t1onics 
Maolewood Plazu 
3000 Whitl! Bear Avenue 
Maalewoocl 777 .3737 
Team Electronics 
Madison Eos1 
Monkalu 397.7937 
Team Ele ctr onics 
310 Grant Avenue 
Evelelh 749·8140 
Team Elec lronics 
Har Mm Mall 
~IO~a~i Sn6c~l~nM'f"ue 
Corn11u1e1 Oe1101 
3515 w 70th S11oet 
Minncapot;s 921·5601 

MIS SOURI 
TenmElectronics 
Biscayne Mall 
301 Stadium Blvd. 
Columbia 445-4496 
El ectronic Comoone111s Intl 

mr~;~ii0UA14 r~!? 
MO NTANA 
Team Electronics 
613 Central Avenue 
Great falls 852-3281 
Team Electronics 
1208 W Ken l 
Missoula 549·4 11 9 
Compu ters Made EaS\' 
415 Mouow 
801ernan 586·3065 

NEBRASKA 
Team Eleelron ics 
146 Cuncsioga Mall 
H1Qhway 281 & 131h S11ee1 
Grand lslond 381-0559 
Team Elec tr onics 
2055 "O" Siroet 
Lincoln 435·2959 
Team Elec tronics 
304 S. 72nd S1ree1 
g~~~h~ote3~17~fE~n6Q Cen ter 

TeamElec11onics 
Bel Au Plaza 
12100 W. Cen ter Road 

Omaha 333·3100 

TeomElec 11onics 
~~~ s01~ P1::;9~rl&f ing cen ter1
Tnorn Elecuonics 
Tho Moll 

1000 S. Oewev 

Nor th Plalle 534·4645 


NEW HAMPSHIRE 
Corn11u tcrma11 
170 Ma in S110et 

Nashua 883·1386 


NEW JERSE Y 
Corn11u1e1land 

2 Oe Hall S11ee1 

Mo11is1own 539·4077 

Com ou te1m:ut 
501 Rou le 27 

lsclin 283·0600 


NEW YORK 

~~l'~n;J~,~~r;~ Falls B l~d . 
Bu ll alo 836·6511 
Corn uu1erlo11d 

225 Elmira Road 

Ithaca 277·4888 
Co·ori Elcwonics 

9146 Marn Stroel 

Clarence 634·2193 

NORTH CAROLINA 
Bv te Sl10a 

~;:;ig1:11 ·i~~'a'~1~[. 
NORTH DAKOTA 
l oam Electronics 
2304 E. Broodwmv 
B1SmB1ck 223-4546 
Team Elec tronics 
Wesl Ac1es. Shopping Cen1c1 
Fargo 282-4562 
Team Elecuonits 
1503 I ll lr Avenue N. 
Grand Forks 745.4474 
Team Electronics 
209 1 llh Avenue S.W 
Minot 852·3281 
Team Elecuonits 
109 Main S1ree1 
w;11;sion 571·7631 

OHIO 
The Data Domain 
1932 Brown Slre~I 
Davion 223·2348 

OKLAHOMA 
Team Electrorncs 
1105 Elm S11 ee t 
Stu bbernan Vdlage 
l~oirnan 329-3456 
Team Eleelfonics 
Crossroads Ma ll 

10 6~r.i;~~stW:ds ss:f4'.':i'J g~ 
Team Elecuonics 
Penn SQuarc Shopning Center 
Penn Souare 
Oklahomo C.iv 848·5573 
Team Elec1ronics 
1134 Hall ol Farne Avenue 
S1ittw01or 377-2050 
Team Elec tr onics 
5305 E. 41sl 
Southroods Mall 
Tu lsa i;33.4575 
Te<1rn Elewomcs 
y,roodland Hills Mall 
7021 Mcmor;a1 
Tulsa 252-5751 
Team Elewomcs 
Suucv Hills 
Yokon 373-1994 
Bits. 8v1es & Micros 
1186 N. MacA1 tlru1 Blvd. 
Oklahoma Citv 947 ·564 6 

\16%T~1rw~l~~~e e1vd. 
Oklahoma c;1v 842·1021 

OREGON 
Tenm Elec tr onics 
1913 IH. Third Slre•I 
Bend 389-8525 
Team Elee110111cs 
1023 S.W. Isl 
Canhv 266·2539 
learn Eletlfonics 
~~~?n fa~%rg.";Moad N.E. 

SOUTH DAKOTA 
TeamElecfrnnics 
402 W Sioux. Avenue 
p;crre 124· 1881 
Team Elecuonics 
I IOI Omaha S11oot 
Rapid Ci1v 343·8363 
Team Eleelronics 
613 W. 41sl S11eel 
Siou' falls 336·3730 
Team Electronics 
41s1 Slree t & Western Avenue 
Wcs toin Mall 
s;oux Foils 339· 1421 

Team Elec 11onics 
Sioux. Empirn Mall 
4001 Wesl 4 lsl Streel 
S10ux Falls 339·2237 
Team Electronics 
223 Ninlh Avenue S.E. 
Wa tertown 886·4725 

TEXAS 

g~\e1 ~~~:lren 
Houslon 977-0664 

~~3~u~~~~h~1mer 
Houston 997·0909 

T~9831 N10~[~°C~~ 11 r~~ 
Dallas 234 ·3412 
The Com 11u1cr Shoo 
oBl2 San Pe<lro 
San An tonio 818·0553 
Comouter Te rmi11'1I 
2101 Myr tia SI 
El Paso 532· 1777 
The KA Computer S1ore 
1200 Ma1estv D11ve 
Dallas 

VIRGINIA 
Home Compu ter Cen to1 
2927 Viouini• Bench Blvd. 
Viogin;a Beach 486· 1700 
Timhe1v ille Elec11on1cs 
P.0. Box 202 
Timbe1Yillo 898·8926 

WA SH IN GTO N 
Team Elecuonits 
423 W Yakoma 
Yakiina 453-0313 

WI SCO NSIN 
learn Elecu ooics 
3209 Rudolph Ro•d 
Eau Clo;ie 834 ·0328 
Team EIC!ctron1ts 
3365 E. Cfili1 1nMI Purhwarr 
Eau Ctai1e 834·1288 
Team Electrof11cs 
3365 E. Washing1011 Avenue 
M•d;son 244·1339 
Team E1emon1cs 
7~12 W. Ap11lc1on AYenue 
Milwaukee 461-7800 
Team El~c:1tor1ics 
3701 Olirand Avenue 
Elmwood PhHa Shopping Ce.rner 
Rocine 554·8505 
Team Elecoo11ics 
3347 Kohle1 Avenue 
Memmial M<1 ll. Space H· ll 
Sheboygan 458·6791 
Team Elecuonics 
5300 s. 761h 
Southridgc Center 
Gieonda le 421·4 300 
Team El!!clror1ic:s 
Sun rise Pl!JZ 11 

~~~:~:~!.,E"~69· 3900 
Team Bectro11ics 
1505 tosev Bl•rl S 
Villa9e Shopomg Ceo1e1 
L•Crosso 788·2150 
Team Elee1ro 11i i:s 
2207 G1ancl >\venue 
Wausau 842·336•1 
Team Eleclro11ics 
3301-3500 S. 271h S1rcel 

~~~~~~k~e 511%Df~~f6~bn t er 
Team Electronics 
2619 Millon Avenue 
JanesYllle 756·3150 
team Electromcs 
1801 Marshal l Suec1 
Man;1owoc 684-3393 
Team Eleclrarucs 
7700 W. Browrnlcer Rot1d 
Nor1h1itJge Ce111er 
M'lw•ukee 354·4880 
TeamElectronics 

396 Park Avenue 

Oshkosh 233·7050 

WYOMING 
Team Elec1ron1cs 

~g~o£ . ~~~f~~~ Ce1Hcr 
c.,,., 235·o691 

CA NADA 
Fu1ure Bv tc 
227 4 Rock 1., d 
Mon1r.,1. Ou e. 731-4638 

3275 28th SllCOI s;ou' Ci ty 252·4507 If you would like to be an Apple dealer, call Gene Carter, BouldBI 447·2368 Team Eleclron1cs 
l< -0 Stockva1ds S1a1ionTe[lm Eleclranics Director of Dealer Marketing, 408-996-1010. 2001 Leech AvenueThe Ci11.1del 

Colorado Springs 595·5566 Sioux City 277-2019 
Team Elect1onicsToilm Elecuonics 

101 S. Co llege ~J.,~~, ~~ive2s~~- ~~8~uc1 1iiiliiiapplcz computczr inc:· Farr Collins 484-1500 
fot1111 Elcc11omcs KA NS AS 
Te ll ~• Aims Shoopino Cenler Team Eleclronic:s2401 ~l ouh A'l'enue 20863 Stevens Creek Boulevard, 83-C 215 W. Kansas AvenueGrnnd Junclion 245-4455 Garden City 176-2911 
Teum Elc wonics Cupertino, California 95014 

Team Electronics2045 G•eo ley Mall f~ S. Main S1reo1Greeley 356·3800 (408) 996-1010 Hutchinson 662·0632 
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• Record and playback at 120, 
60 or 30 self-clocking bytes per 
second (extended Kansas City 
Standard) 

• 	 1200, 600 or 300 baud data 
terminal interface 

• Dual cassette operation 

• 	 Compatible with SWTPC cas­
sette software 

• 	 Optional kit permits program 
co ntro Iof cassettes 

• 	 Optional adaptor permits inter­
facing with any computer 

Upgrade your SWTPC 6800 system to 1200 baud with 
PerCom's CIS-30+ dual-cassette/terminal interface 

The CIS-30+ .. . four times as fast as SWTPC's AC-30 with the same dual-
cassette capability . . . plus a1200-baud data terminal interface ... in a SWTPC 
color-compatible package that's only 1110 the size of the AC-30. [~E~[J()M I 

Dependable? The simplicity of Harold Mauch PerCom Data designs says more 
PERCOM DATA COMPANY, INC.than any well-chosen words. Simply put, for only $79.95 • you get the fastest, most OEPT. 8 ·318 BARNES • GAR LANO. TX 75042 

dependable dual function interface you can buy for your SWTPC 6800. (214) 276-1968 
See your nearest dealer or order direct from PerCom. 'Kit price. Assembled and tested: 

$99.95 + shipping. Tex. res . addPerCom 'peripherals for personal computing' 5% tax. BAC & MC available. 

Continued from page 10 

mus t have been cx l remely proficienl al 
bui ld ing boxes, ror 0 1hcrw ise lhc pro· 
gr;imm i n~ woul d hJve been impossible. 
(Anyone who programs comp ut ers 
would know th is.) To i llu st ra te my co n­
cep t of 1l1 c comp u1 er as a too l , I propose 
1ha 1 o n ~c the comp ut er and robot have 
freed the man rrom the drudgery of 
m,1king simp le boxes, he ca n real ly 
thi nk about what larger s1ruc1 ure or 
sLheme those boxes wi ll be a pan of. 
Fo llow ing these gu ide li nes wi ll make 
the compu1e r a safe and usefu l 1001 
th at benetilS all socie ty. 

Mark Bizcr 
43 Morga n Cir 

Amherst MA 01002 

CONF I RMATION OF THE SR -S lA 

PRINTER TRICK...AND SOME 


GRAPEV INE JUICE 


Af te1 read ing Webb Simmons' letter 
in the September I 977 BYT E regardi ng 
the use of h is SR-5 I Tl calcula to1 on the 
PC- 1001\ pointer. I decided to try lhe 
same with my SR-5 ·1A. Obviously this 
model !unctions on the PC-1001\ as well 
as lh e SR·Sl as shown by the prin tout 
tapes I h.o vc i ncl uded wilh my le tter. The 
longer 1apc is a li ne re gress ion prob lem 
wilich I "rnaclc up " on the spur ol the 

mo men t in my haste 10 tr y out the 
SR ·S I/\ on the pr inl cr. Each ·x• va lue 
(1 , 3 , 5 , 7, 9, 1·1, 13) and each 'y' va lue 
(2, 4, 6 , 8, 10, 12, 14) is notated dt the 
edge of the I ape ancl 1he number of data 
points en1 crccl (7) arc also shown. The 
shorter tape shows l hc p r intout of two 
prob lems I cop ied from l hc owner's 
tnilnua l or th e 5 R-5 I A on pages 40 and 
42 respect ive ly. The l irst is the conve r­
sion o f polar co ord ina l es (5 ,3 0 / to 
rec ta ngul ar coord inates whi le the seco nd 
is a co.nversion of spherica l (5, 30 ·, 60 °) 
to rec1a ngu lar coordi nates. 

In add iti on to the SR-SIA I also 
own the SR-50, SR-56 and lhe Tl 
Programmab le 58 " Soliclsta1c Sor t wa rc" 
and o r comsc the PC I OOA pri n ter. A s 
I am a newcomer to the hobb y or ho me 
ca lculator and comp uter sys tem s I wo uld 
apprecia te hcao ing I rom ot l1 cr readers 
who use these ca lcu la tors I have men· 
tioned , in o rclc o to exc hange ideas and 
in forma tion w i1h them. I wo uld like to 
know cspccia ll \' if an yo ne who practice s 
chemist ry or bio chcm i. try as .i hobb y 01 
as ,, s1Ucfc nt ha s any programs for these 
subjec ts th at co uld be used 01 mod i fied 
for use on th e T l -5 8 or SR-56? 

finally, I have hca 1cl tha t T l i 111 encl s 
to release ,, "program me•" for the 
T l -58/59 which wi ll allow users lo 
record 1hc i1 own l ibrary modu les and 
also is planning on video mon i tors and 
XY plo ll crs to aci d on to th eir pro ­
gramm ab le calcula1ors. Arc the se id le 
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ru mors or do you know i f there is any 
1rulh to 1hem ? 

William A Faria 
74 Divi sion St 

New Bedford MA 02744 
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NEED NEW PLAYER PIANOS? 

Since you didn't mention it in the 
September 1977 issue, le t me be the first 
to tell you about Superscope's latest 
entry: 

It 's called the Pianocorder (a Super­
scope trademark), and it is an e lectronic 
player piano. Built around an 8080 
processor, it's scheduled to come in two 
versions: a Vorsetzer, for grand pianos 
and such, and what seems to be a retrofit 
kit tl1at can be put in an upright or 
spinet. This version is supposed to come 
out around $1500 or so. The control is 
by means of a digital casette tape, which 
controls which keys are down, and also 
controls the dynamics (by controlling 
the pulses into the sole noids). There are 
two things that are realty exciting about 
this: there's a record mode (casually 
invite Van Cliburn over and have him try 
out your new piano); and the device will 
come with 100 cassettes, recorded from 
Mr Tuchinsky's collection . He's presi· 
dent of Superscope, and an avid fan of 
player piano rolls from Welte ; his 
collection includes most of the great 
pianists from the t urn of the century, 
who cut rolls for Mr Welte. 

You can get more details from the 
source by contacting Tony Blazina, 
manager, Pianocorder Division, Super­
scope Inc, 20525 Nordhoff St, Chats­
worth CA 91311. He says that basic 
descriptive literature should be available 
in a few weeks, and marketing early in 
1978. I first read about it in a recent 
issue of Electronics magazine. 

A long list of possibilities come to 
mind. The output device is a piano. 
Given the data format, you could encode 
a score, make an arrangement for four 
hands (why not eight?). You could take 
the sheet music, encode it, fine tune the 
phrasing, pedalling, dynamics until you 
had the perfect performance. For 
learning and teaching, you could encode 
the right or left hand , or one part of a 
duet. 

I hope we'll see an article covering 
these bases not too long from now. 

Michael D Zorn 
1833 S Peck Rd #4 

Monrovia CA 91016 

APL COMMENTS 

would like to offer a few comments 
on APL matters in your August and 
September 1977 issues : 

1 . 	 The read abi Ii ty of APL expressions 
might be brought out more clearly 
by adding to your explanation 
(September BYTE , page 166) of my 
thought experiment (August BYTE, 

l N 
( 1 N ) 0 • I 1 N 

0 = ( i N) o • I 1 N 

+ (ill o = ( \ N) 0 • I 1 N 
2 = (ill 0 = ( i N ) o . I i N 

( :;> =i ( !i>O =( 1 N) o . I l N) / 1 N 
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PRIMER REMOVER 

It was good to sec so much atte ntion 
to APL in the August 1977 issue. But 
you goofed when you rec ommended the 
APL Primer. 

The APL Primer may be easy to read, 
but its author missed the boat on two 
key attributes of APL. He neglected 
AP L's treatment of arrays as wholes, and 
its treatment of p rograms as "user de­
fined functions" that take arguments, 
ret urn results, and behave just li ke 
primitives. The truth is, he didn't realile 
at the time ei ther how central those two 
topics are, or ho w easy to introduce 
they'd prove to be. 

Experience shows that they 're not 
hard Lo get across. By shrinking from 
fort h right treatment of these funda ­
mental aspects of APL (and thereby 
fostering dreadful programming habits). 
the APL Primer docs the newcomer 
to APL a great disse rvice . 

You shouldn't recommend it. IBM 
shou ld withdraw it. 

Paul Berry 
I P Sharp Associates Inc 

Ste 110, 299 California Av 
Palo Alto CA 94306 

PS : I know; I wrote it. 

page 40) this sequence (box below). 
2. 	 There arc many serious errors in the 

APL references. For examp le , there 
are Five errors in those on page 65 
(August) alone. Perhaps you should 
consider publishing a carefully 
checked and annotated bibliography 
for APL. 

3. 	 In discussing APL, care should be 
taken to use approp riate terminolo­
gy. For example, Mr Wimble's a rticl e 
confuses the important distinction 
between operators and functions 
(already commented upon in Mr 
Anthony's letter (August page 17)) 
and uses the term arity for valence. 
Perhaps the best reference for 
terminology and fundamental con­
cepts is one not yet mentioned 
in your articles: APL Language 
Manual, availab le from IBM Corp 
as Form #GC26-3847. 

Kenneth Iverson 
163 Great Oak Ln 

Pleasantville NY 10570 

Mike Wimble concurs; the confusion 
over operators and functions is in part 
due to changes and revisions to A PL over 
the years. We regret the bibliographic 
errors, and will attempt to correct them 
in future APL articles.• 

Al l cand idates for primes to N. 

A remainder table . 

Divisibilit y table. Column I 


shows the divisors of I . 
The number of divisors for each of iN 
A sieve showing which numbers have 

exac tly two divisors (the primes) . 
Selection of the primes by the sieve . 

Rated[GJ 

Great Locations 
Computetlancr 
Now Open: 

3020 Un1vers1ty Drive N v\ 
Huntsville. AL 35805 12os1 539 . mm 
1·t074 Son Po lo Avenue 
El C e rrito. CA 945 · 0 [41 ) 23~,-5(i1r 

22634 Foolh1ll Blvd 
Hayword. CA. 94542 j.tl5J 5J8 ~I' l 

68t10 Lo Cienega lvd 
Inglewood CA 90J!l2 1213] 776 ·1111N1 

24UO 10 F 11c nte • 1111 
M ission 1e10. CA 2630 171.1 1771)­ 1~· 

11 2"13 Convoy Stree t 
:".on Die o CA 92 11 I l i.!J 5,_(I ?O ' / 

·11 7 Fremont Street 
S n Francisco. CA 9t1105 2 

El C id PloLO 
171 E housond 0 ks Blvd 
fhousond O aks. CA 9136(1 18115) 495 .l5 ,1 

1,1,i ''' F1rs1 S1ree1 
Tus r1n. C.A. 680 

2tt75 Block ock Turnpike 
Fo1rl<eld. CT (J6430 

As lro Shopping Center 
Kukwood Highway 
Newo•k. D 19711 f }( J 7 .0 

5 Eos t Rand Rood 
Arlington Heights IL 6110(111 I 121255· t188 

951·1No ' 1twoukee AvertLJe 
Niles. IL 606LI 1.r12J9 7- 17"14 

109 5 S Cicero Avenue 
O ok Lown. IL 60.J5J f.'.P) .1 22-2080 

8•1 -B Lyndon Lone 
Louisville. KV 40222 (502) ,l 25­ r1 

16065 Frede11ck o d (Rt 355] 
Pockv1lle. MD 20855 : I ·tj d -7676 

41 Amherst 
N shuo. NH 03060 I (" J 88 -Sr 
2 De Hort Street 
Morris town NJ 07960 ( _!J 1l 5 .. !1177 

612 109 ro Fells Blvd 
ullo lo. NY ·14150 (716] 8 6-6511 

225 Elmiro Rood 
It OCO. NY 14850 L~7 ) 27 ·ti ._ 8 

. ()ll SOM C enter Rood 
M yf1eld He•gh S. O H .1L! l2il 121 I 1 1·1?.fll"I 

Shoal Creek P1az 
3300 Anderson Lone 
Ausl1n. TX 7 757 '5 12] 4 2­ 7(1 

d 9 Wes1he1mer Rood 
Houston. rx 77057 17·1JJ 977- 0909/fl O 

52-58 Ct rence Sireet 

Sydney. NS1N AUSTPALIA 2 . -.)75, 


Opening Soon: 

743 Dublin lvd 
Du l1n. CA 94566 

42-42nd Avenue 
Son Ma eo. CA C/11'10 

2927 28th Street 
Kentwood. M l 94508 

Franchises Available: 
Computertand Corp. 
1922 Republic Ave. 
Son Leandro. CP..94577 
(4·15) 895-9 63 

Circle 30 on inqui ry card. 



Rated [G]

The Best Game in Town. And if your system breaks down. 

Welcome to Computerlond. 

An incredible adventure into 

the world of personal 

computers. A one-of-a-k ind 

shopping experience. 


Each Computerland store 

presents everything you ever 

wonted to know about 

computers. And then some. 


Take our Game Room. for 

starters. You'll find excitement 

for the whole family in o ur 

endless variety of challenging 

computer games. You con bottle the Klingons in on 

out-of-this-world game of Star Trek . Create an elec ­

tronic work of art· w ith a computer controlled N . Test 

your skill in a game of computerized hangman. 


You can even plot your biorhythm. 


But we're more than just fun and games. 

Each ComputerLond store offers a 

knowledgeable and person ­

able staff of professionals 


to serve you. 
Plus the greatest avail ­

able selection of micro components. Whether it's a data 
processing system for your business or a computer controlled 
sprinkler system for your home. you 'll find whatever you need 
at Computerland 

Read on. 

Genuine Service. 

We want to supply 
you with the one 
system that's right. 
Rather than a com­
plete system that Isn 't . 
Or a limited system 
that is. 

Tha t 's why, at Com­
pulerl ond . you d eal 
with real professionals 
who are also real 
people . People who 
speak your language 

. in addition to BASIC. COBOL or FORTRAN. 

People. in short. who can offer both the novice and 
the old hand the some expert guidance in selecting 
the optimum system he or she needs. 

Yet. assisting in the purchase is only the beginning of 

our in-store service deportment 
will get you back up and 
running . 

Right now! 

Great Selection. 

Your first stop al Computerland 
may well be your last stop. 

Computerlond offers the finest 
quality and 

largest selec­
tion of all the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Diablo. 
Hazeltine. ICOM. IMSAI. Lear Siegler, 

Notional Semiconductor. North Star. Texas 
Instruments. Vector Graphics and more. 

Plus a complete Inventory of tools, books and accessories. 

What 's more. at ComputerLand, we deal in product. Not 
promises. Our Inventory is on our own shelves. Ro ther than the 
manufac ture r's. So you can take delivery on tomorrow's com­
ponents today. 

Which means. 
simply put. that at 
Computerlond. you 
get exactly what 
you want . 

Exactly when you 
wan t it. 

Be Our Guest. 

Begin with the 
g rand tour of our 
exhibit areas. "Test ­
drive" any of our 
Individual systems. 

Then tell us your needs. We'll sit down and talk about the system 
that's right tor you . ll's as easy as that al ComputerLond. 

The great computer store. RATED G. 

Call or write for the address of the ComputerLand store nearest you . 
Franchise opportunities available. 

Computerlond 's service. If the kit you bought requires a 
litt le more do-it-yourself than you yourself con do. we 
provide assembly assistance. Compute1Land'" 
If that complex program proves to be just that. we provide 
programming assistance. 1922 Republic Avenue. San Lea ndro . CA 94577 (415) 895-9363 
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Some people build personal computers for the love o! building. And 
the systems they buy are usually more fun to build than to operate. 

The Equinox System™. on the other hand. is designed for people who 
build for the love of computing. When you put it together. it's really to· 
gether. Ready to work for, and with, you in the development of your own 
prolessional , intellectual, business and even social interests. 

The Equinox System TM goes together easily with construction aids 
like parts legends and solder masks. The Equinox System TM lits together 
perfectly, and will continue to be a perfect lit with future hardware and 
software. And it's all S- lOOcompatible. so you'll be able to work together 
with the largest group of peripherals. software. suppliers and system 
users m personal computing. T 

Mainframes, interfacing, memory, software-The Equinox System M 

has it all together now. 
Really together. 

THE MAINFRAMES 
The Equinox System™ o!!ers an important ch01ce in mainframes. 
The Equinox I 00TM mainframe integrates the popular 8080A CPU 

mto a powerful front panel programming center. For user.i who prefer 
another CPU. however. we also o!!er the Equibox ™-a fully engineered 
cabinet, power supply and S-100 busboard system ready for installation 
of your choice of CPU . 

It would be d11!icult to forego the speed and convenience of the 
Equinox I 00 ™front panel, however. lt allows you to work in concise 
octal digits on a I 2-key keyboard and digital LED display. ft allows you 
to monitor and/or alter the contents of any CPU register or register pair. 
110 device or memory location. And the Equinox I 00 TM front panel 
will perform these operations wlule fully halted, single-stepping, or Slow. 
Stepping TM at a programmable rate! 

II is, quite simply, one of the most powerful. intelligent and wonder· 
fully convenient front panels in the world . And comparisons of The 
Equinox System™ mainframes don't stop at the front panel. 

Both Equinox I 00TM and Equibox TM compare directly to full -scale 
and mini computers in reliability of operation . Both Equinox I 00TM and 
Equibox TM are equipped with massive 26-amp Constant Voltage (ferro· 
resonant) power supplies to protect your programs from in-home appli­

ance loads. system loads. and even area-wide line voltage drops as 
low as 90 VAC. 

And the exclusive Noiseguard TM system on our 20-slot busboard 
produces signals that are "textbook clean," eliminating a major source 
of data errors and interfacing problems that plague most other 
personal computer systems. Plus, there are dozens of other features A:
to make your mainframe 
more convenient : carrying 
handle and tilt -up stand, key­
operated power switch for 
system security, spare power 
regulators for your small 
peripherals, and more. TOGI

It's no wonder that Equinox TM 

mamlrames have been acclaimed as a major advance in per· 
sonal computers. Equinox I 00™or Equibox ™-each has the 
features you want all together in one elegant package. 

THE INTERFACING N(
Interfacing your input/output de·.rices to your mainframe can 

be a lrustrahng, expensive and lune-consuming process. 
That's why The Equinox System TM offers all the interfacing 

you're likely to need in one low-cost kit. TM 

The Equinox 1/0 Interface is a single board that plugs right into your Equinox I 00 bus. And 
you're ready to plug in 3 audio cassette units with individual motion control, a Teletype· or 
RS-232 terminal . and any 8-bit parallel device ... including graphics display, line printer or 
paper tape reader. 

The Equinox 1/0 Interface has I K bytes of RAM and ROM on board, preprogrammed with 
powerful Cassette Operating Executive (COPE) software. COPE handles dozens of interfacing 
and data handling tasks to increase the efficiency 
of your software. Your programs can store and 
retrieve cassette data with a sllT!ple CALL COPE 
instruction. Data is formatted. checked and trans· 
!erred in blocks up to 64K bytes with a single READ 
or WRITE instruction. COPE can even bootstrap 
your programs. 



All Eqwnox software is designed to make lull use of COPE capab1h­ THE SOFTWAREties . So loading your Equinox software is as simple as selecting an 
address and pressing RUN. Cassette data storage has never been 

The Equ111ox System TM now includes two primary softwore pacbges.more converuent. 
The Equinox 110 Interface is programmed for the highly-reliable .L 300 baud Kansas City Standard for cassette data transfers ...but can 

be reprogrammed for faster 
rates in the future. Your lTY/ 
RS-232 channel also features 
user-programmable rates up 
to 4800 baud . And you have 
access to all COPE routines. 

There is no more cost· 

W! 
rBER 

effechve way lo handle your 
system interfacing . And the Equinox 110 Interface IS even 
more allractively priced when purchased with a complete 
system. 

THE MEMORY 
You can get your Equinox System TM together with more 

low-cost memory . 

The Equinox Sl]lltem TM is the first system lo offer the 
ECONORAM lll M BK X 8 memory board with the advanced 

SynchroFresh TM natural-timing refreshing system. TM 
Configured as two 111d1vidually addressable 4K blocks, the ECONORAMJP comes as­

sembled. tested and guaranteed lo work perfectly 111 your Equinox System for one full 
year. It is also available as a lower-cost kit. . 

For 1qht budgets, the K-Rallon TM 4K XS stahc memory kit is also available for your Equinox 
System TM_ThlS high-efficiency design IS one of the most widely used , lowest power and lowest 

cost memories ava~able for S-100 systems 
And the memory savings are even greale~ 

when you purchase your Equinox System n. 
all together! 

EQU/ATE for text-oriented programming, editing and assembly. and 
BASIC-EQ language for number-onented programming. 

Both o f these powerful programming languages have been greatly 
enhanced by full integration wilh our COPE interfacing software. 

EQU/ATE gives you the power of a lully programmable text language. 
Using EQU/ATE. you can create programs to edit copy, keep 111venlory, 
manipulate your files of addresses or recipes, and more. 

EQU/ATE is also one of the most power:uJ editor/assemblers available. 
EQU/ ATE writes, assembles and executes your programs. It is fully 
symbolic, accepts global symbols and assembles programs larger than 
available memory. 

EQU/ATE is also an extraordinary texi editor which works inlerachvely 
with you to edit by character, siring or line. II also offers full number edit · 
111g of memory contents in octal. hex or decunal. 

Yet , EQU/ATE is extremely compact , occupying only 4K of memory 
with BK total memory required . 

BASIC-EQ is a powerful, interactive, high-level programming lan­
guage developed for math and science apphcahons. Its primary ~se 1s 
in the manipulation of numbers, allhough 11 is capable of string onented 
operation . Our version, BASIC -EO. occupies SK of memory. 

Both BASIC-EQ and EQU/ATE are supplied on cassette, ready to. 
load themselves into your Equinox System TM They are competitively 
pnced. ..and are even more attractive when purchased together with 
your Equinox System™. 

GET IT TOGETHER! 
For more information and ordering: 

BY MAIL Send check or money order to Equinox 


Division. Parasitic Engineering. P.O. 
Box 6314. Albany. California 94706 

BY PHONE 800-648-5311. BankAmerlcard/Vlsa and 
Master Charge accepted. 

IN PERSON See The Equinox System ™ at your local 
computer shop. 



Ira Rampil 
917 Engineering Research Bldg 

Un iversi ty of Wisconsin 

Madison WI 53706 

Table 7: A comparison of 
several different mass stor­
age techniques. 

A Floppy Disk Tutorial 


Wh at perip he ral dev ice most often defines 
th e home hac ker's u ltim ate system? It is, of 
coLu-se, the flop py disk. But wh at are these 
devices th at seem to have the ability to 
transform the smallest micro processor sys­
te m into a fu ll-fledged computer·? How do 
they wmk, and arc they worth the cos t? I 
slo wl y uncovcreq th e answers to these ques­
tions as I sought to upgrade my sys tem by 
adding floppiqs. 

Bas ically, the fl o ppy disk is the litt le 
cous in o f IBM and other manu fact urers ' 
huge hard disk dr ives. As fa r as any co m­
puter is co ncerned, the floppy is a rea l d isk 
drive. Th e d ifferen ces between it and (ror 
examp le) an IBM 3330 d isk are main ly 
spec ificat ions of speed and stmagc capacity. 
Floppies, like o th er di sks, ar-e r·ela tive ly fast 
random access mem or·ies. If th e last three 
word s sound fa mi liar, it should be no sur­
prise. Semicondu ctor random access mem­
ories store (if progr·amm ab le} and read data 
by address, with a uni t qu antity of data 
(typical ly one bit) at each adclr-ess. The data 
at any address can be qu ickly and easi ly 
changed wi thout d istu rbing the con tents of 
any other add ress. 

So it is with fl oppy dis ks ex cept th at the 
access times are now measu red in ce nt i­
seconds instead of nanoseco nd s, and th e 
quantity of data al each po int is now 
hund r·eds or thousan ds of bits instead of just 
one_ Because the structure of disk storage is 
simil ar to that of main memo r·y, it is often 
used to store progr·ams and data, espec ially 
those programs and data which ar·e fr e­
quently referenced or modified . In fact, 
during the early age of electro ni c digital 
computers, mach ines like the IBM 65 0 
ac tua lly used a rotating drum sim il ar to a 
disk as its o nl y memory, which fetc hed new 
ins tructions fo r· execution with each revo lu­
tion. It is wide ly believed that the Minute­
man miss il e system stil l uses such a memory . 

All o f the other mass storage techniques 
avai lable to hackers, such as paper tape, 
audio, and even digita l cassettes, arc fund a­
mentall y ser ial memories. That is, al l m most 
of the recorded data may have to be passed 
through in order to fi nd a particular pi ece of 
data. 

Table 1 cornpar·es several differen t mass 
stmage techni ques. As you can see, floppy 
disks fa ll be tween hard sur face caru-i dge 

A udio 

Technique 


IBM 231 5 IBM 3740 Digital 
Cartridge D isk Floppy Cassette Cassette Un its 

Data Capacity 48. Million b i ts 
(unformatted) 

3 .0 6 .0 0.84 

Average or Typical .035 120* Seconds 
Access Time 

20.45 
(• ~ manua lly 
control led·) 

Data Transfer Rate 10. kbps2500 250 0.3 

$8000 *¥ Note that 
Package : Drive + 
Price of Commercial $1500 $1000*' $100 

persona l com-
Power +Controlle r puting digital 

cassettes ·ca n be 
much cheaper 
than commercia l 
d r ives 

System Cost per .32 .6 10 33.3 cents per bps 
Unit Data Ra te 

System Cost per .0 16 .016 cents per bit 
Un i t Storage 

.05 .012 
stored 

$100 $8. $4. (unit quantity 
pr ices) 

Med ia Cos t $4. 

1.7 2.2 0.55 3 .9 cents/ki lobyte 
of med ia 

Storage Cost 
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Typetronic: 

your source for complete computer 


management systems... 

now introduces New Jersey's most 


complete computer store 

The new Typetronic Computer 

Store has all the professionalism 
and depth of the field-proven Type­
tronic minicomputer management 
systems. In fact, the store is staffed 
by experienced professionals who 
have devoted years to the success 

of the Typetronic systems ... power­
fu I tools for management in such 
fields as retail chain stores and 
chemical distributor operations. 

The Typetronic Computer Store 
is New Jersey's most complete and 
comprehensive store for hobby­
ists, engineers , and business 
users . It offers a 
wide range of 

hardware and software packages, 
including microprocessor and 
NOVA* compatible minicomputer 
systems and peripherals ... plus 
classroom courses, expert assis­
tance, and many other services. 

Highlights include: 
• 	 Hands-on demonstrations of 

microprocessors and other 
equipment. 

• 	 A variety of microprocessor 
assembly kits ... IMSAI , Pro­
cessor Technology, Motorola, 
etc. 

• 	 Formal classes on both software 
and hardware topics. 

• 	 Library of publications, product 
literature, etc. 

• 	 Use of the Typetronic computer 
with micro-assembler. 

· NOVA Is a regislered 1rademark of Da1a General Corp. 

I 
operations. Please have a systems representative I 
contact me. 

~petron1c I
Please send me your brochure on the new Typetronic
Computer Store. computer 	 I


Name _____ ___ _ _ _ _ Title 

\ . r---------,If you are located in the N.J./N.Y./Pa. metropolitan area andI desire additional details, return this coupon: 

We are considering the automation of our company 

Company Div. ______ 
806 Route 17, Ramsey, N.J. 07446 
store I 	 I
IStreet _____________________
201 -825-1 300 

State ____Zip :J 
a:ty­ --------

I 
. 
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PLAST IC 
CARTRI DGE 

COLOR KEY : 

MAGNET IC MEDIA CONCEALED 

BY PR OT ECT I VE WRAPPER 


MAGNET I C MEDIA VIS I BLE THRU 
HOLES IN PROTECTIVE WRA PPER..D 

Figure 7: An X-ray view of a floppy disk. The floppy disk Is encased in a 
protective plastic cartridge 8 inches square. Dotted line circles illustrate 
the portion of the disk where data is stored. It is coated with an oxide fayer 
similar to that used on magnetic tape. The combination read and write head 
contacts the oxide layer through the slot shown at the bottom of the 
cartridge. 

disks and cassette systems in terms of 
performance and cost. (We're not even con­
sidering the much more expensive 2311, 
2314 and 3330 type disk drives of the 
big machines here.) Both floppies and 
digital cassette systems provide high per­
formance at medium cost. Audio cassettes 
provide low performance at low cost. (Car­
tridge disks are not likely to fa ll into the 
hands of a hacker; they are included for 
reference only.) The big tradeoff is speed 
versus pr ice, of course. A floppy is very fast 
and more expensive, while the digital cas­
sette is much slower but cheaper. The same 
holds true for the media. Diskettes cost 

more per ki lobyte than do high quality 
audio cassettes like Memorex MRX-2 C30, 
when used ford igita l recording. If speed and 
random access are important, get a floppy. If 
low cost and vast amounts of storage are 
important, get digital cassettes. My own 
system wi ll eventual ly have a floppy disk for 
an operating system and a digital cassette 
transport for archival storage. 

Floppy disks were first developed at I BM 
laboratories in the midd le 60s. They were 
f irst used as a means of storing micro­
program code for programmable peripheral 
controllers in the S/370 fami ly, and were 
eventual ly used to store the microcoded 
diag nostics and emu lator functions for the 
370 computers. Then, in the beginning of 
1973, IBM introduced the 3740 Data Entry 
System. Like a keypunch, except that data is 
recorded on a floppy instead of cards, one 
37 40 floppy disk holds the equivalent of 
3000 cards. I BM then predicted that floppies 
would rep lace cards as the principle data 
entry medium . This of course has yet to 
happen completely, but is we ll under way . 
In th e mid st of al I the commotion, someone 
discovered that floppy disks make excel lent 
min i and microcomputer peripherals, and 
the floppy peripheral industry was born. 
Thus the 3740 is the device that started the 
floppy industry. 

As for the floppy disks (diskettes) th em­
selves, figure 1 provides a closeup view. An 
IBM diskette looks for al I the world I ike a 45 
rpm record in a µlastic jacket. Actual ly, the 
diskette is defined to be a disk of heavy 
Mylar based magnetic tape material. It is 7.8 
inches (19.8 cm) in diameter with a center 
spindle hole 1.5 inches (3.81 cm) in diam­
eter. The 0.01 inch (0.025 cm) index hole is 
used to synchronize data as the disk rotates. 
Data is stored on the surface of the disk in 
the oxide coating, the same technique used 
in magnetic tape storage. And like magnetic 
tape, floppies are very susceptible to con­
tamination by foreign particles (dirt, dust, 
fingerprints). Therefore, the diskette is en­
closed in a thin sem istiff low friction pl astic 
jacket known as a cartridge. The standard 
cartridge has three openings in it to al low 
the spindle, read and write head, and index 
photosensor to have access to the disk. 

The inside surfaces of the cartridge have 
soft, low friction liners. The liners wipe the 
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UP AND RUNNING 

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 

TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 

John Montagna, computer engineer {above lef t) , 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TD L hardware and soft-. 
ware. Montagna created three programs to get 
the job done. The text for a SWAPP ER pro­
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL 's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis ­
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time­
shar ing between the two USERS programs. 

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

Circ le 11 7 on inqu iry card . 

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

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

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

john Montagna 

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

TECHNICAL 
DESIGN 

_.._, LABS 
RESEARCH PARK BLDG. H 1101 STATE ROAD 
PRINCETON, NEW JERSEY 08540 (609) 921-0321 
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Figure 2a: A diagram of 
a floppy disk showing a 
typical location of the 
wire protect (or file pro­
tect) hole. When this hole 
is punched out, data 
cannot be erased from the 
disk . The write protect 
hole serves the same pur­
pose as the plastic tabs 
on a magnetic tape 
cassette. 

Figure 2b: A floppy disk 
with a design modification 
to allow "hard sectoring. " 
32 0.10 inch (0.025 cm) 
holes are punched in the 
disk in addition to the 
index hole. These holes en­
able the hardware to 
detect the exact rotational 
position of the disk by 
means of a photosensor. 
The need for space wast­
ing address fields is elim­
inated with one hole per 
sector, and the number of 
data sectors can be 
typically increased from 
26 to 32 per track . 

WR ITE PROTECT HOLE 

0 

I NDEX HOL E 

32 0.1 in SECTOR HOLES 

disk clean and elimi na te stat ic charge whi le 
reducing t he necessa r·y spind le torque . To 
protect the disk eve n fur ther when the 
di skette is not in use, it is kept in a 
cardboard sleeve, in the same manner th al an 
LP record is kep t in its alb um cover. The 
industry stand ard (1 BM 3740) specifica tio ns 
for d iskettes is fa ir ly rigornus and wid ely 
accepted, al though a number of var iatio ns 
have lately appea r·ed on th e scene. Two of 
these are shown in fig ure 2. 

The write protect ho le is a small plasti c 
knockout in the cartr idge which ser·ves the 
same purpose as the srn al I knockout tabs in a 
tape casse tte. A sensor detec ts whether the 
knoc kouts have been re moved or· no t, and if 
so , disabl es th e write elec tron ics. Another 
variat ion is the presence of many smal l 
sector indexing ho les punched in the disk. 
The advantage of this so-ca ll ed hard sec tor­
ing process is a h igher data capacity per 
track . Th is wil l be di scussed in more detail 
later. 

A th ird, re latively recent, innovat ion in 
the manufac tu re of di skettes is to coat both 
sides of Lh e My la r bac king with magnetic 

ox ide and to put an additional head access 
slot on the opposite side of the cartridge, 
giving a two-sided floppy disk (see pho to 
2 and figure 6). Some manufacturers have 
gone so far as to develop a drive mechanism 
which simu ltaneous ly accesses bo th sides at 
once. IBM , Information Terminals, BASF 
and Wabash are some of the compan ies 
which se l I floppy dis ks. Th e price of disk­
ettes varies from $12 to $7 each in boxes of 
ten to about $4 to $5 each in large 
quantities. 

Drive Hardware 

There is a common ly drawn analogy be­
tween a disk drive and a phonograph. Both 
are mass storage devices in which the data is 
stored on a pla tte r-shaped medium. The 
platter is seated on a spind le around wh ich it 
1·evolves whi le the data pic kup (needl e or 
magnetic head) moves radia ll y across th e 
data. In the case of a phonograph reco rd , the 
music, or data if you will, is rncorded on 
spiral grooves or tracks which are cut into 
the 1·ecord. To access a par·ti cular song, the 
tone arm is moved rad ia lly over th e record 
and placed down in the start ing groove of 
the song. In contrast, the data on a com­
puter disk is stored in discrete concentric 
circ les, not one continuous sp iral. The con­
ce ntric circles are ca lled tracks and are 
accessed by a magne tic head which is 
bumped mechanically from track to track 
unde r· computer control. Data is sto red by 
means of satura ted mag net ic record ing at a 
max imum density of 3200 bits per inch (on 
the innermost track ), and 48 tracks per· 
radia l inch. 

Mos t floppy drives on the marke t today 
use eith er a synchronous AC or servo­
co n tro lled DC motor to dr·ive the sp ind le at 
exactly 360 r-pm . Spec:d contro l is very 
important to insure data re li abi lity. Th e 
spind le motor rnns continuously wh eth er or 
not a diskette is loaded . 

Wh en a diskette is loaded into a drive, it 
is inserted into a narrow slo t and the 
ca rtridge is held in place between a spring 
and a small metal protrusion. Th e door over 
the slot is then clo ed, clamping the di skette 
to the ro tat ing spi nd le. At the same time, in 
mos t drives, th e read and wr ite head is 
engaged. 

The ty pe of read and write head used is 
one of the important diffe rences between 
hard di sks and floppies _ Hard dis ks use a 
system known as flying heads in which the 
read and write heads are aerodyn amically 
fl oa ted off the surface of the disk. They are 
held a very small and precisely con tro lled 

Co ntinued on page 35 
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...,.Lower Cate /!If Numeric Pad lllf Protect Mode 

.MJTabbing ,,.,, Auto Repeat . ,.,.15 Baud Rates 

.-;Dual Intensity ;.'Aux. Port jlll( Addr. Cursor 
•24 Line x 80 Char. ...,.Optional Printer Port a Block Mode 

at $995° 0 the 

SOROC IQ 120 ii the most wanted terminal oa the market. 

-·­For information concerning the REWARD contact••• 
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Ohio Scie11tific advances 

tha stata-of-tha-art 

ofsmall co1oputars. 


From our inexpensive SK BASIC in ROM Challenger llP to our powerful triple processor 
Challenger Ill, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 

ChallengerBP 

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

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

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

ChallengerB 
Challenger II 

, from Ohio Scien­
- tif ic is a d isk 

,.~ -- based computer 
capable of stor­

~'. ing up to 500,000 
..... bytes of informa­

-~ tion on an Ohio 
__ 1!.I Sc ientif ic dual 

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

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

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

Challengerm 
Challenger Ill from Ohio Scientific is the revolutionary, new triple processor 

computer that allows you to run programs written for the 6502A, 6800 and Z·80 
processors. 

Incredible as this is, a disk based Challenger Ill costs 
only about 10% more than conventional single processor 

mi~rocomputers. A 32K Challenger Ill with a 
serial interface and a dual drive floppy disk 
assembled and tested costs $3,481.00. 

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

11679 Hayden• Hiram, Ohio 44234 
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e h lengerDP
Dh·o S ien 1f·c.ro 

rp r onal compu ravailable odlike a 
Complete with BASIC in ROM and 4K RAM, 

Challenger llP is the ideal computer for programs 
in BASIC. 

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

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

Ohio Scientific has always maintained upward 

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

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

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

Ohro cl ntific Olher BASIC in RO 
Challenger llP Comput r 

Processor 6502A 6502 or Z-80 
Clock 1or2 MHz slower 
Display (Lines/ Characters) 32/64 25/40or16/64 
Keyboard Full Computer 4 Function 

(Capacitive Contact) Calculator Type or Full Computer 
(Mechanical Contact) 

Display Characters 256 128 or 64 
Lower Case Yes No 
Plotting Yes Yes 
Audio Cassette Interface Yes Yes 
BASIC BK By Microsoft some have only 4K BASIC 
String Functions PEEK, POKE, User Yes Not Always 
Machine Language Accessible Yes Not Always 
Optional Assembler I Editor Yes No 
Disk Option Available Now Yes No 
In Case Memory Expansion Ability 36K Less 
Expansion Boards Available Now 15 None 
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ntroducing three boards only
Ohio Scientific could build. 

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

500 CPU Board 
This board gives you our ultra-fast 8K BASIC in ROM 

with plenty of user workspace (4K RAM) for as little as 
$298.00. Use it as a standalone or as the CPU in a large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of 8K BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest a round l 

510 Systems CPU Board 
This is our unbelievable triple processor board! Com­

plete with the 6502A, 6800, and Z-80 processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger Ill , the 
510 board is ideal for industrial development and re­
search applications. There isn't another triple proces­
sor board like the 510 anywhere, except at Ohio 
Scientific! 

5602 CPU Expander Board 
The 5602 board is our multiprocessing board with a 

Z-80 and 6100 chip . This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful PDP8 software with the 560Z. The 
560Z board is the only multiprocessing board available 
for small computers , and Ohio Scientific makes it! 

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

lllElllTIFll 

11679 Hayden• Hiram, Ohio 44234 
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Announcing the most 
advanced disk 
anywhere for 6,000 
The74 megabyte disk 
from Ohio Scientific 

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

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

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

The Ohio Scientific 
C-074 can store all the 
records of a medium size 
company for instant access. 
And the Winchester tech­
nology of the C-074 means 
that the drive can run 24 

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

C-074 applications in business 
computing and research in computing 

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

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

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

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

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

OHIO SCIENTIFIC 
DEALER 
Abacuz Stores Limited 
55 Erb St. East 
Water loo. Ontario 
Canada N2C 3EO 
(5t9) 885·1211 
Amorlcu lllcroprocoum 

Equipment & Supply Corp . 
20 N. Milwaukee Ave. 
Prarievlew. IL 60069 
(3 12) 634·0076 
Century 23 
4566 Spring Mountain Rd . 
Las Vegas. NV 89102 
Computer Mart ol New York 
t 18 Madison Ave. 
New York . NY 10010 
(2 12) 686-7923 
Computor Pow11 
P.O. Box 28193 
San Diego. CA 92128 
l712J 746-0064 
Otlaw111 Mlcro•y•tems 
92 E. Main St. # 1 
Newark. DE 19711 
(3021 738·3700 
Deurt Dato 
Microcomputer Sales 
P.O. Box 1334 
Tucson. AZ 85702 
(602) 623-6502 
Th• Home Computar Co. 
P.O. Box 189t 
Un iversi ty Station 
Charlottesville . VA 22903 
(804) 295·1975 
Mlcrocomp 
P.O. Box 122t 
Fond-Du·Lac . WI 54935 
(414) 921 -4669 
Mlcrocomputar Workshop 
234 Tennyson Terr. 
Wiiiiamsviiie . NY 14221 
(716) 634-6844 
Omaha Computu St111 
4540 S. 841h St . 
Omaha. NE 68127 
(402) 592-3590 

REPRESENTATIVES 
Ab1cu1 Data Secom Systems
P.O. Box 276 54 \.1 New Peach Tree Rd 
011 City. PA 1630t Chamblee . GA 30341 
Anoclalu Consultants (404 ) 934·3272 
33 Ogden Ave. Ylngco . I nc. 
East Williston. NY 11596 2 World Trade Cntr .
(516) 746-t079 Penthouse 107th Floor 
BRAG Mlcrocomputtn New York. NY 10048 
19 Cambridge St. (2t2) 775-t 184 
Rochester. NY t4607 
(7t6) 442-5861 
Computer Buslntn 
P.O. Box t7t 
LaPorte . IN 46350 
(219) 362·58t2 
Johnson Compular 
P.O. Box 523 
Medina. OH 44256 
(216) 725·4560 
Omega Computing , ltd. 
Box 220. Station P 
Toronto . Ont. MSS 2S7 
(416) 424-2174 
Pan Atlantic Computer Sy111ms, GmbH 
St Darmstadt 
Frankturterstrasse 78 
West Germany 
(08102) 3206 
Science Education Extension 
t t 5t6 LeHavre Dr. 
Potomac. MO 20854 
(JOt) 299·9506 
Spectrum Technology Services 
P.O. Box 942 
f'a los Verdes Estates. CA 90274 
Tek·Aids, Inc. 
t5t3 Crain St. 
Evanston . IL 60202 
(3 t2) 328·0110 

he state of the art in small omputers. 

1b order direct ca/11-216-569-3241 



-
Take an 

even BICiCiER Fully assembled DEC 
Writer II Keyboard 

• 
' 

with the Heathkit H1116-Bit Personal Computing System 
Byte!... 


Based on the world-famous DEC 
LSl-11 , the Heathkit H11 and it's 
peripherals are designed to give you 
all the power and speed you need for 
total computing versatil ity. It's one of 
the few FULL 16-bit pe rson al com ­
puters available to hobbyists today, 
and equ ivalent commercial versions 
woul d cost literally thousands of dol­
lars more! As with the HS system, 
complete " program-ready" software 
is supp lied : the Heath/DEC PDP-11 
software includes ED-11 editor; 
PAL-11 S relocatable assembler; 
LINK-11 Slink editor; Absolute 
Loader; ODT-11 X debug ; IOX LP 1/ 0 
executive program ; DUMP-AB-PO 
and DUMP-AB-PB ; plus BASIC and 
FOCAL; and it executes the PDP-11 I 

40 instruction set! The software is 
suppl ied in easy-to-use paper tape 
format , perfect for the H10 paper tape 
reader/ punch. And with Heath's 
complete assembly manuals and 
software documentation, you have 
the most solid ly supported computer 
system you' ll fin d anywhere. Sink 
you r teeth into it today! 

H11 LSl-1116-Bit Computer .... $1295 
H11 -1 4K Memory .. . . . .... . .... 275 
H11 -2 Parallel Interface .. . . . .. . .. 95 
H11 -5 Serial Interface ........... . 95 
H10 Paper Tape/Reader/Punch .. 350 
H36 LA36 DEC Writer II . . . ... . . 1495 

If purchased separately, s36osoo 

Heath System Price SJ]SQOO 
Prices are mail order net F.O.B., Benton Harbo r, Mich igan. 
Prices an d spec ificat ions subject lo change w ithout notice. 

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

Use coupon for 

~ 
mail-order ~ 

catalog or bring 

~EATH ~---------------:""Mttii Heath Company, 334-360 
1-~·ill- · Benton Harbor, Ml 49022'"'ii.111-lillllli'ilii!Elil';ij'-Iii•~ 
I Please send me my FREE Heathkit Catalog. 
I I am not on your mail ing l ist. 

II Name___________________~

I Add ress__________________ 

I City Stale______ 

IL JI
CP-133-1 Z i p 
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Printing Terminal at the 
sensational low price 

of only $1495! 

to store for 
reta i l catalog. 

AVAILABLE LOCALLY 
Visit lhe Heathkit Electronic Center 
nearest you (Unils of Schlumberger 
Products Corporation) and see our 
Complete Computer Line 

Parts and service avai lable. All kit s dis­
played, and so ld at slighlly higher p rices. 

ARIZONA - Phoenix, 85017 
2727 W. Indian School Rd. 602-279-6247 

CALIFORNIA 
Anaheim, 92805 
330 E. Ball Rd . 714-776-9420 
El Ce rrito , 94530 
6000 Pot rero Ave . 415-236-8870 
Loa Angeles, 90007 
2309 S. Flower SI. 213·749-0261 
Pomona 1 91767 
1555 Orange Grove Ave. N. 714·623·3543 
Redwood Ci ty, 94063 
200 1 M idd letie ld Rd. 415-365-8155 
Sacramento, 95825 
1860 Fu lt on Ave. 916-486-1575 
San Diego (La Meaa, 92041) 
8363 Cen1e r Or. 714-461-0110 
Woodl and Hiii a, 91364 
22504 Ven1ura Blvd . 213-863-0531 

COLORADO - Denver, 80212 
5940 W. 381h Ave. 303-422-3408 

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

FLORIDA 
Miami (Hialeah , 33012) 
4705 W. 16th Ave. 305-823-2280 
Tampa , 33614 
40 19 West Hil lsborough Ave . 813-886-2541 

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

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

INDIANA - Ind! anapolis, 46220 
2112 E. 62nd St. 317-257-4321 

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

KENTUCKY - Lou isville , 40243 
12401 She lbyville Rd. 502-245-7811 

LOUISIANA - New Orleana (Kenner. 70062) 
M~~~°t.,~~~rans Memoria l Hwy. 504-722-6321 

Baltlmore, 21234 
1713 E. Joppa Rd . 301 -66 1-4446 
Rockville , 20852 
5542 Nicho lson Lane 301 -881 -5420 

MASSACHUSETTS 
Booton (Peabody, 01960) 
242 Andove r St . 617-53 1-9330 
Boalon (Wellesley, 02181) 
165 Worcester Ave . 

Mi'~~ ~1uNI west ol RI . 128) 617-237-15t01 
Detro it, 48219 
18645 W. Eighl Mile Rd . 313-535·6480 
E. De troll, 48021 
18149 E. Eighl Mile Rd. 313-772 ·0416 

MINNESOTA - Minneapoli s (H opkins , 55343) 
101 Sh ady Oak Rd. 612 -938-6371 

MISSOURI - St . Loui s (Br idgeton) 63044 
3794 McKelvey Rd , 314-291-1850 

NEBRASKA - Omaha , 68134 
9207 Map le SI. 402-391-2071 

NEW JERSEY 
Fair Lawn , 07410 
35-07 Broadway (Rle . 4) 201 -791 -6935 
Ocean , 07712 
1013 Stale Hwy. 35 201-775-1231 

NEW YORK 
Bullalo (Amherst , 14226) 
3476 Sheridan Dr. 716-835-3090 
Jeri cho. Long Island, 11753 
15 Jericho Turnpike 516-334 -8181 
Rochester , 14623 
937 Jelle rson Rd . 716-244-5470 
White Plain• 
(North White Plains , 10603) 
7 Reservoir Ad . 914-761-7690 

OHIO 
Cincinnati (Woodlawn, 45215) 
10133 Sprlng li eld Pike 513-771-8650 
Cleveland, 44129 
5444 Pear l Rd. 216·886-2590 
Columbu s, 43229 
2500 Morse Ad . 614-475-7200 
Toledo, 4361 s 
48 So. Byrne Rd. 419-537-1887 

PENNSYLVAN IA 
Philadelphia, 19149 
6318 Roosevelt Blvd. 215-288-0180 
Frazer (Chester Co.) 19355 
630 Lancasler Pike (Rt. 30) 215-647-5555 
Pittsburgh , 15235 
3482 Wm. Penn Hwy. 412-824·3564 

RHODE ISLAND 
Providence (Warwick, 02886) 
558 Greenwich Ave. 401-738-5150 

TEXAS 
Dallas , 75201 
2715 Ros s Ave . 214-826-4053 
Houslon, 77027 
3705 Westhe imer 713-623-2090 

VIRGIN IA 
Al exandria , 22303 
6201 Richmond Hwy. 703-765-5515 
Norfolk (Virginia Beach, 23455) 
1055 Independ ence Blvd. 804-460·0997 

WASHINGTON - Seallle , 98121 
222 1 Th ird Ave . 206-682-2 172 

WISCONSIN - Milwauk ee. 53 216 
5215 W. Fon d du Lac 414-873-8250 

OPENING THIS FALL: San Jose, Calllornia 

C irc le 58 on i nq u i ry card. 



Continued from page 28 

SOLENOID 

PRESSURE PAD ""[SJ [SJ
LOAO SPRING 

HEAO CARRIAGE 

HI NGE BAIL--.. 

READ ANO 
WRITE HEAD 

HEAO POSITION MOTOR) 

Figure 3: Diagrammatic representation ofa floppy disk drive system. The read and write head and the pressure pad are mounted 
on the head carriage, which can be moved radially (see arrow A) to any given data track by means of the motor controlled lead 
screw. The bail is solenoid actuated (see arrow B) and is used to lift the pressure pad away from the disk during insertion and 
removal. The floppy disk remains in its protective plastic cartridge at all times; the head makes contact with the oxide surface 
through an access slot (see figure 7 ). The spindle rotates the floppy disk at 360 rpm during use. 

distance away from the magnetic surface in 
the relative wind created by the rapidly 
spinning disk. Flying head s are very difficu lt 
to bui ld and maintain, and therefore quite 
expensive. Th e advantage of flying heads is 
that they cause no wear on the disk surface 
(unless they "crash, " of course) and there­
fore permit very high rotational speeds and 
data rate. 

Floppies, on the other hand, use a con­
tact head . Contact heads are much simpler, 
mechanically speaking. They are pressed 
onto the flo ppy in much the same way as a 
tape head is pressed into magnetic tape. 
Thus in the terminology of flying heads, 
flo ppy disk heads are permanently 
"crashed." The chief drawback of these 
contact heads is the wear th ey cause to the 
floppy and vice versa. Diskettes are rated in 
terms of the number of passes the head 
makes over a particu lar spot before an error 
is likely to occu r th ere, while read and write 
heads are rated in terms of the number of 
hours they can surv ive contact with the 
diskette before replacement. Typically 
quoted values of component life are in the 
mill ions of passes per track ford iskettes, and 
tens of thousands of hou rs of contact for the 
read and write heads. In order to stretch the 
useful component lives, most floppy control­
lers will command the drive to unload the 
head from the di skette when the floppy is 

not being used. A typical mechanism for 
head loading and positioning is shown 
schematical ly in figure 3. 

Most manufacturers use a lead sc rew 
driven by a stepping motor to move the head 
from track to track (A stepper motor is a 
motor which rotates a fixed number of 
degrees every tim e it receives a pulse.). !he 
head is mounted on a carriage which is 
pushed back and forth across the diskette 
by the rotation of the lead screw. The pitch 
of the lead screw is chosen such that the 
stepper motor's angul ar rotation is trans­
lated into a linear motion equal to the track­
to-track radial distance of 0.0213 inches 
(0.05 cm) (IBM format) . A "seek," which 
means moving the head to the desired track, 
consists of the retraction of the head back to 
track 00 followed by n pulses to the stepper 
motor in order to reach the desired track n. 
Track 00 position of the head is detected 
by a microswitch sensor. Likewise, tracks 
44-76 are detected , for reasons to be dis­
cussed later . Variat io ns on head pos itioning 
schemes in the newer drives include "voice 
coil" methods which position the head with 
a linear actuator si mil ar to an acoustic 
suspension loud speaker's voice coil. 

Controllers 

The basic fu nction of a floppy disk con­
troller is to do many of the small house-
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keepi ng tasks necessary in order to use the 
floppy as a storage device. Perhaps the most 
important task of a control ler is the handling 
of floppy disk formatting . Formatting is the 
key to the floppy disk's random access capa­
bi lity , since it provides the stored data with 
access addresses. 

Basically , formatting breaks each track up 
into discrete areas known as sectors. Each 
sector is of fixed length and is assign ed its 
own address based on the sector's physical 
location on the disk. With soft sectored 
disks, sector addresses are permanently 
written into the beginning of each sector to 
uniquely identify the corresponding block 
of data. 

Formatting is a concept simi lar to th e 

INDEX HOLE 

wide bands between selections on a phono­
graph record . The bands on a record allow 
the· listener to select and play particular 
songs. In fact, a recent addition to the list of 
exotic hi fi equipment is a microprocessor 
controlled turntable called the Accutrac. 
The unit has an infrared emitter and re­
flect ion detector built into the tonearm head 
which sense when the tonearm is over a 
smooth band, detect the record's for·mat, 
and allow the processor to random ly access 
any track . The track can be played and re­
played, or any other track on that side of 
the record ca n be accessed . 

A floppy disk controller works in much 
the same way. The computer passes a sector 
address to the controller, which moves the 

TRACK n 

INDEX POST SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR SECTORPRE AMBLE POST AMBLE 
AOORESS MARK INDEX GAP I 2 ~ 4 2• 25 26 

----- :_il BB BYTES L --- ­1-- 46 BYTES--~ I BYTE + !! BYTES _, 

--
DATA 

CHECKSUM J 

--- I r-

I D ADDRESS NEXT 10 
MARK ADDRE SS MARK 

~r-- I BYTE -fl 
I I

I II 

I ~~ 
I 


I I

I 

I 

TRACK )- DATA I CHECKSUM JNUMBER 

- ----128 BYTES 2 BYTES -I----- 6 BYTES-----.. 

Figure 4: The IBM 3740 floppy disk format. The format is "soft " sectored, meaning that data written in the track controls the 
organization of information on each track. Each of the 77 data traclu on the floppy disk contains data, address and control 
fields grouped together to form "sectors." Each sector contains a sequence of fields, identical to those of the other sectors, 
which are further broken down into individual data bytes. One complete track is shown in this illustration. The index hole 
provides the only hardware synchronization in this format. 
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Now you can gain all the speed and flexibility of a front panel and walnut cabinet with one, two or 
disk-based PolyMorphic microcomputer system three floppy disk drives. controller, power supply,fan 
without scrapping your POLY 88. and 2K of ROM. You also receive two copies of our 

Our POLY 88 Upgrade-to-Disk Kit enables you to system disk, containing our powerful disk 
quickly and easily convert your POLY 88 into a operating system,fully extended BASIC and versatile 
complete System 8813, avery versatile disk text editor and assembler.The single-drive POLY 88 
system with one, two or three floppy disk drives. Upgrade-to-Disk Kit costs $1,450. 

You retain al l the essential parts of your POLY 88 Why wait? Drop by your nearest PolyMorphic 
system (including the powerful BASIC software Systems dealer today and have him demonstrate 
library) and gain the increased access speed and the speedy and flexible new System 8813 for you. 
programming flexibil ity of PolyMorphic's remarkable Then, ask him to show you just how quickly and 
new System 8813. easily you can perform adisk transplant on your 

Our POLY 88 Upgrade-to-Disk Kit contains every· POLY 88. 
thing you need to perform aquick "disk transplant" If you can't drop by your dealer, please call us at 
on your POLY 88 at home, using afew simple tools. (805) 967-0468. Or write PolyMorphic Systems Inc., 
Each upgrade kit contains abrushed aluminum 460 Ward Drive,Santa Barbara, CA 93111. 
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04T4 BYTE 

0DATA SITS 0 0 0 

CLOCK 8115 

G4P BYTE 

DATA BITS 0 0 0 0 0 0 0 0 

CLOCK BITS ­

400RESS MARKS 

DATA BITS 

JlJ1Jl 
CLOCK BITS 

Figure 5: Examples of FM data encoding. In this scheme, clock bits alternate 
with data bits to provide constant resynchronization during data recovery. 
The concept of FM, or "frequency modulation," comes about because a 
string of ls in the data bit, when interlaced with the clock bits, gives a differ­
ent frequency of pulses than a string of Os. The pulse train at the top of the 
figure shows the data byte 10010110 encoded using this technique. The 
middle section shows the format for a "gap" or zero byte. Gaps are used to 
provide buffer regions between fields so that minor fluctuations in motor 
speed will not affect accuracy. Also shown is the format for address marks, 
which serve to inform the system that the next byte is the beginning of a 
data or address field. Certain clock and data bits of the address marks are 
Intentionally set equal to zero In order to differentiate them from other types 
of bytes. The last three data bits in the address mark tell whether the infor­
mation that follows is deleted data, regular data, an index byte or an ID 
byte. 

head to the proper track. The controller 
then waits for the desired sector address to 
pass under the head before allowing the data 
transfer to occur. The data transfers are 
always of fixed length to avoid unintentional 
overwriting of other sectors. 

The I BM standard format is illustrated in 
figure 4. It currently represents the most 
popular form of soft sectoring. The format 
is conservatively designed to protect against 
overwrites and to synchronize data transfers. 
The format details the content of each of 
the 77 tracks : data, address and control 
fields grouped together to form sectors. 
Each sector contains a sequence of fields 
identical to those of the other sectors. These 
fie lds are further broken down into individ­
ual data bytes, each of which is coded to 

0 0 u 

n n 

n n n MARK TYPE 

0 0 0 DELETED DATA 

0 I I DATA 

I 0 0 INDEX 

I I .0 ID 

identify its type to the controller. This 
encoding is easily accomplished through the 
use of clock bits. Clock bits are written, as 
shown in figure 5, prior to every data bit on 
a diskette. This is done to provide continu­
ous resynchronization in the data recovery 
process. This in turn decreases the confusion 
resulting from small motor speed variations 
while decreasing the signal recovery band­
width and improving the overall data rel i­
ability . Most data recovery circuits utilize 
a phase locked loop which provides a limited 
form of timing memory that can recover a 
data bit if the preceding clock bit is missing, 
or the motor speed is slightly off. Those 
bytes which serve a special formatting func­
tion are called address marks and are rec­
ognized by a pattern of intentionally 
missing clock bits. There is a single pattern 
of clock bits that serves to identify all four 
types of address marks; each type is iden­
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PROM: Space for 2K bytes, 1702A. Store 
bootstrap loaders and monitors . 
RAM: 1K bytes, 2102LIPC, 450 ns, low 
power. NO NEED TO RELOCATE STACK 
WHEN ADDING MEMORY . 

CIRCUITRY: Replaces memory write logic 
on ALTAIR™ and lmsai front panels. 

REGULATORS: Two regulators . No need for 
regulated power supply. 
JUMP-ON-RESET: PROM program execu­
tion starts at any location in memory without 
interfering w ith programs in any other por­
t ion of memory . 
S-100 BUS; + 8 and -16 VDC ; P/C BOARD 
SOLDER MASKED BOTH SIDES WITH 
PLATED THROUGH HOLES: ALL SOCKETS 
INCLUDED . 
OPTIONAL FIRMWARE: 512 byte monitor 
for use w i th Tarbell tap e interface on 2 , 
1702A PROMs . 
PROM/RAM KIT WITHOUT PROMS $ 89 
+OPTION A - SIO Rev. 1or3 P + S $129 
+OPTION B - 2 SIO (MITS) $129 
+OPTION C - SIO 2 (I MSAI ) $129 
+OPTION D - Poly Video Interface $159 

(Includes Video Driver) 
California residents please add 6% tax . 

IMMEDIATE DELIVERY FROM FACTORY 
OR YOUR LOCAL COMPUTER STORE 

T.M. 

i:O=t C:=tAill-iC inc. 
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Pressure Pad 

Head Position 
Motor 

Lead Screw 

Insertian Slat 

Read and Write Head 

Photo 7: A floppy disk unit. The cover has been opened to reveal the disk 
drive system and its associated electronics. The floppy disk is inserted and 
removed at the front, as shown. Courtesy lnnovex Corporation. 

tified by the data bits in the byte. Address 
marks serve to inform the system that the 
next byte is the beginning of a data or 
address field . 

Another special byte prese nt in the I BM 
format is the zero byte, which makes up the 
predefined gaps. Gaps exist to provide a 
buffer region between other fields whose 
physica l length may vary slightly, depending 
on the spindle speed and software synchro­
nization. Gap bytes contain on ly clock bits 
which preserve the proper output frequency 
in the phase locked loop for synchro nous 
data recovery, starting with the first byte 
of the next field. 

Picking the index hole as a convenient 
starting reference , every track will contain 
the same sequence of data, address and con­

trol fields . Roughly 46 gap bytes after the 
leading edge of the index photocell there 
is an address mark called an index address 
mark . The index address mark byte serves 
as a landmark indicating that exactly 32 
bytes follow before the first byte of the first 
sector of the track. The length of the post 
index gap is fixed at 32 bytes since it lies 
between the index address mark and the ID 
record of the first sector, and neither of 
these fields are user written. Consequently, 
they are immovab le and fixed in length. 

Each sector has four major fields: the ID 
record , the ID gap, the data field record, 
and the data gap. The ID record , as its name 
implies, provides the comp lete identification 
for the sector. I ts first byte is an ID address 
mark wh ich permits the system to get ready 
to read the address information. Next are 
the 8 bit uack and sector address fields, 
each followed by a byte of eight zeros. 
Finally, a 16 bit cyclic red undancy check 
word (see BYTE, March 1977, page 42) is 
ca lculated to confirm error free address read 
back. Note that in the IBM format, the tr·ack 
and sector addresses are defined by the 
sector's physical location on the diske tte . 
Because of this the user cannot usually 
modify the ID record . Following the ID 
record is the ID gap, which is 17 bytes 
long. Its primary funct ions are to buffer 
the length of the data field record and 
to provide a pl ace for the read and write 
head to switch to write mode before enter­
ing the data area without disrup t ing any 
other information. 

The data field record is the heart of the 
floppy disk, and without it none of the rest 
of these fields would be necessary. The data 
fie ld consists of 130 eight byte bits in which 
the owner of the diskette is free to record 
programs, text, or any other information 
desired. Actually, only 128 bytes of the 130 
bytes allocated is free for user data; the fina l 
two bytes of th e data field are reserved for 
another cyclic redundancy check (C RC) 
word. to permit error checking during 
read operations. After the cyclic redundancy 
check word, there is another gap, 33 bytes 
long, providing a head write-to-read transi­
tion area and another safeguard against data 
sp iII over. The next sec tor 's ID address mark 
follows immediately after the data gap. Of 
course, the tangential speed of the diskette 
is different for every track , being greatest on 
track 00 and least on track 77. Th is physica l 
fact, combined with a constant data rate of 
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The Alpha-VDM-11 contains 1K (1024) bytes of ran­
dom access memory , to which the processor can 
read or write , just as though the memory were an 
integral part of the system. As the information is 
written , the contents of this on-card memory are 
displayed instantly without interrupting the opera­
tion of the processor. 

All timing required to generate a standard video 
signal is provided by a crystal oscillator and as­
sociated digital circuitry. Centering of the display 
on the monitor screen is controlled by drift-free 
counter logic. 

The 1K by8 static display memory buffer is directly 
addressable as RAM on the S-100 bus. Displaying 
data on the screen is accomplished by moving the 
data to be displayed in the first 512 bytes of the 
Alpha-VDM memory. Therefore the disp lay update 
is essentially instantaneous. Output routines can 
make use of all Memory Reference instruction , in­
cluding one byte moves. (i.e . MOV M, reg .) 

Multiple programmable cursor circuitry is built in . 
All 1024 cursors can be displayed at one time, and 
anywhere in the display. Thus, the VDM can display 
white-on-black or black-on-white - perfect for 
many video games! The VDM also features EIA 
Ci rcle 68 on inquiry card . 

Video output for any standard vid eo monitor, or a 
TV repair shop can easily modify your own set. 

The VDM comes with free terminal mode software, 
designed for teletype replacement. Options incl ude 
select blinking cursors , text line blanking after car­
riage return . 

Also available : 4K RAM: $107.00 , 8K RAM ; 
$197.50 , BK(Z) fast RAM ; $217.50 , Alpha-VDM; 
$107.00 , Graphics-VDM ; $137.00. 

Order direct , by check , BankAmericard or Master 
Charge (Add $1 .50 shipping , credit customers give 
us all the card numbers . please and Ohio residents 
add 4 V2% sales tax) or contact us for more i nfor­
mation . Kent-Moore Instrument Company, a sub­
sidiary of Kent-Moore Corporation (founded in 
1919), P.O. Box 507, Industrial Ave ., Pioneer, Ohio 
43554 . (419) 737-2352 . Or, Kent-Moore of Canada , 
246 S. Cawthra Rd ., Mississauga, Ontario L-A3P2 , 
Canada. 

Kent -Moore 

INSTRUMENT COMPANY 
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Photo 2: A closeup of the 
Shugart 5A850 double ­
sided floppy disk head 
assembly. Each head in 
effect acts as the pressure 
pad for the other head. 
Courtesy Shugart Asso­
ciates. 
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250 kHz, means that the physical b it density 
on each track wil l be different, track 77 
having the highest density. In order to pre­
vent peak shift distortion (see BYT E, 
Feb ruary 1977, page 36) on the more 
crowded innermost tracks, the write cun·ent 
delivered to the head is reduced when 
writing on tracks 44-77. 

Most floppies in use today use the fre­
que ncy modulation (FM) encod ing described 
here. In the search for eve r· higher per­
formance, several new codes have been 
deve loped to incre ase the capacity and 
transfer rate of flopp y d isks. These schemes 
are MFM (modified FM) and M2FM 
(mod ified M FM) which ar·e usual ly referTcd 

to as "double dens ity" options by manu­
facturers. They work by a set of ru les th at 
remove clock bits when those bits will not 
be requ ired fo r synchronizatio n. Group 
coded data is also more compressed tha n 
r-aw FM . All of these techniques require 
more sop hi sti cated electronics than FM , and 
are slightly less reliab le because the y r·emove 
redu nd ancy and at the same time have prob­
lems with peak shift due to more critica l 
timing req uirements. 

Hard sector ing is another high perfor·m­
ancc option increa ing the storage capac ity 
of a diske tte. By adding sector holes tied 
through the index photosensor to a sector 
address counter c irc uit, the need for space 



wasting address fields is eliminated , increas­
ing the space avai lable fo r· data. Th e number 
of data sectors is in creased from 26 to 32 
in most hard sectoring schemes. 

There have been several complex large 
sca le integration (LSI ) chips in trod uced, 
such as Nippon Electric 's NEC µPD 372, 
which contain most of the circui try neces­
sary to perform the formatt ing and device 
control functions of a floppy disk controller. 
These chips obviously simplify the task of 
designing a general purpose, inexpensive 
contro ller. 

Decod ing a diskette's format codes is as 
far as so me contro llers go. They leave much 
wo rk st il l to be done by software in the 
host computer in ord er to retr ieve data fi les 
from a diskette. At the other extreme some 
control lers have dedicated in tel ligence in the 
form of their own microprocessors. A floppy 
disk operating system will usually includ e a 
general-pu rpose set of subroutines, called 
a device handler , which takes care of what­
ever messy deta il s the control ler can't do . 
A partial list of the tasks required of a 
device handler for a flo ppy disk includes: 

• 	 determining the track and sector 
add ress of a desired file 

• 	 doing a seek to the desired track 
• 	 scanning secto r· ad dresses fo r a match 
• 	 reading, writing and buffering data 
• 	 error detect ion and correction 

If the files to be stored are longer than 
one sector's worth of data, then there must 
be ad ditional software, usually cal led a file 
management package . The file manager 
determines how to break up and reassemble 
large blocks of data and maintain a directory 
of where al l the files and remai ning free 
space is located. The fil e manager is ty pical ly 
used to invoke the device hand ler in order 
to keep minor details transpa rent to the 
user. The user mere ly has to call the file 
manager and ask that a fi le ident ified by a 
name be either written or retrieved. From 
that point on, he or she can be com pl etely 
ignorant of the detail s of lookups , timing, 
noncontiguous fi les, error retri es and many 
othe co mplications req uired for floppy disk 
operation . Of course, transparent or not, 
these two programs ad d quite a bit of ove r­
head to the task of d isk access : the host 
com puter must spe nd time (up to seve ral 
hund red mi llisecond s) between the time 
a request is made to the fi le ma nager and the 
tim e the access begi ns . In most mic ro ­
processors and minicomputers, this time 
is precious and cou ld almost always be spent 
more profitab ly elsewhere. 

In an effort to reduce unproductive over ­
head time, many manufacturers are design-

The Dual Sided Floppy 

One of the most promising develop­
ments in the floppy disk fie ld is the 
new two-sided floppy. An example of 
this is the Shugart Associates SA850/ 
857 double sided floppy disk drive 
shown in photo 2. Details of the drive 
mechanism are shown in figure 6. The 
price of the unit is approximately 
$750, and it is capable of storing up 
to fou r times the data of a standard 
floppy disk drive (7600 K bytes unfor­
matted or 7200 K bytes formatted) . 
The unit is available with double 
density FM encoding capability (called 
M2FM). A metal band driven by a 
stepper motor is used to position the 
dual head assembly . Photo 2 shows a 
closeup of the head assembly. 

Stepping Motor 

/ 
/ 

~ 

I I 
I I 

I 

Double-Sided 
Head Assembly 

Base Casting 

Double-Sided 
Diskette 

Mounting Pl ate 

Figure 6: A diagram of the Shugart SASSO dual sided floppy disk drive. Note 
the metal band which is used for positioning the head assembly. (Graphics 
courtesy Shugart Associates.) 
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Command Language 

Command Command Syntax Function 

Allocate AXn Create an empty 
file of length 
n with name 
A • 

Copy CXY Copy file X into 
y 

Delete DX Delete file X 
Eject Ed Eject diskette 

in drive d 
Fi le FuX Open file X and 

assign it 
logical unit 
number u 

Fu Close file asso ­
c iated with u 

F Close all files 
Gap Gd Compress data 

gaps on dr ive 
d 

Input I ts d Read sector s on 

track ton 

drive d 


Kill K d seq Initialize diskette 
on drive d 
with opt ional 
interleaved 
sector 
sequence seq 

Load LX Read entire fi le X 
Name NXY Rename X by Y 
Output 0 ts d Write sector s 

on track t on 
drive d 

Position Pus byte Position open 
Ii le associated 
with u to the 
relative sector 
and byte 
offset 

Pu Report current 
position of 
open file 
associated 
with u 

Query ax Report index 
track info for 
file X 

Read Run Read n bytes 

from open 

f ile u 


Ru Read variable 
length record 
from open 
file u 

Save sx Write a new fi le 

called X 


Test Td Run diagnostics 

on drive d 


Write Wun Write n bytes to 

the open file 

associated 

with u 


*File References (FR): A 4 part identifier for each 
disk file consists of a name, version, type and 
drive number. Identifiers consist of alphanumeric 
characters separated by special punctuation char· 
acters. "Wi ld card" and partia l file constructions 
are allowed. 

Table 2: The command set for the PerSci intelligent 
floppy disk controller. 

ing and producing "intell igent" control lers, 
which vary from dumb to very bright. The 
label "intelligent" does not specify exactly 
what the controller is capable of, but indi ­
cates only that it can reduce the host's 
workload associated with floppy disk use. 
These intelligent control lers usually take the 
form of a separate high speed dedicated 
microprocessor attached to the host's DMA­
10 bus. The host can issue a small number of 
macrocommands which the control ler pro­
cessor can decode and execute on its own. 

There are two paths to intelligence that 
manufacturers are currently taking. The 
first, similar to the channel computer con· 
cept, is to provide a contro ll er capable of 
executi ng user-written mini -instructions 
directly and independent of the host's main 
memory . These mini -instructio ns, above the 
level of the controller's microcode but 
below the level of typical user file 
commands (GET file, PU T file), provide a 
great deal of flexibi lity in terms of incor­
porating the floppy into a preexisting high 
performance operating system. Control lers 
of this type might be most efficiently used 
in high performance min icomputer systems. 
Here a soph isticated file manager program 
can take full adva ntage of the flexibi li ty and 
other feat ures of this type of control ler and 
at the same time reduce the host's workload . 
An example of this type of controller is 
Scientific Micro Systems' FD0300 fami ly of 
contro ll ers for various different comp uter 
fami lies. 

The second approach is to incorporate 
the entire device hand ler and most of the 
file manager programs into the controller. 
This method takes care of the hardware de­
tails and most of the software details of file 
management for the user. However, this 
is at the expense of eli minating contro l of 
fi le formats, directories and other things, 
since the controller usually has a fixed and 
rather simplistic approach to file manage· 
ment. This is not necessarily bad fo r 
personal microcomputer systems, in which 
the goal is no t necessaril y tricky data file 
manipulations but rather rapid and con· 
venient access to a small number of files 
(such as assemblers, compilers, sources and 
object codes). In fact, this type of contro ll er 
may be the best bet for meeting that sort 
of system requirement. An example of this 
type of controll er is the PerSci 1070. The 
1070 communicates with its host largely 
by single characte r ASCI I codes wh ich 
sign ify major file operations such as S for 
seek, D for delete, and G for get (read) . 
The complete list of 1070 op codes is 
fairly powerful , as can be seen in table 2. 

Adding intelligence to a floppy disk con· 
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!rol ler costs about $200 to $300. Th is 
brin gs the total cost to about $400 to $600, 
match ing the cost of most floppy disk 
dr ives . Inc lu ding another $200 for a power 
sup ply, cab les and a cab inet ra ises the cost 
of a fl opp y disk system to double that of 
many personal compute r syste ms. Many 
personal com puter systems (the author's 
included) are I itt le more than workshop 
cu r·ios it ies. The addition of a fast mass 
storage dev ice would transform them into 
conveni ent and powerful interactive tools.• 

GLOSSARY 

Address mark : A special byte used for form at· 
t ing data (see figure 5). 

Bail : A solenoid operated mechan ical device 
used to lift the pressu re pad away from the 
floppy disk during insert ion and remova l. 

Cartridge : A square p lastic sleeve used to 
p rotect th e floppy d isk. 

Data field : Th at port ion of a sector in which 
data can be stored. 

Floppy disk: A flexible plastic disk used for 
bul k data storage and retr ieval . 

FM encod ing : A fl oppy disk encodi ng tech· 
nique in wh ich clock bits alte rnate wi th d ata 
bits in a se rial pulse train. 

Gap byte: A data byte cons ist ing of all zeros, 
used as a buffer between various reg ions on the 
fl oppy disk . 

Hard sectoring : A techniq ue of sector identi fi· 
cation in wh ich each secto r is assigned a unique 
physical hole on the d isk, and 32 sectors can be 
put in a singl e fl oppy disk track . Since this 
fo rm of sectoring requires a unique hole pat· 
tern and a different type of contro l ler , it is 
i ncompatib le w ith soft sectored disks . 

Head : An electromagnet ic device used for 
read ing, record ing or erasing data on a magnetic 
medium such as t he floppy disk . 

Sector : One of severa l fixed length subdivis ions 
of a f loppy disk t rack used fo r stor ing data and 
I D informat ion . Typical mechanisms use 26, 32 
or a similar sm all number of sectors per trac k . 

Soft sectoring: A technique of sector id en t ifi­
ca tion in which only one physica l hole on the 
d isk is used to synchron ize the beginni ng of a 
track's data. Th en, the remainder of the track is 
divided in to sectors which conta in the sec tor 
identi f icat ion as part of the fixed format of 
data on the trac k. Only 26 sectors per track are 
possibl e due to the fo rmatti ng inform ation 
which must be recorded w ith each sector. This 
format is incompatible with the hard sectored 
format which achieves high er data content. 

Track : One of 77 conce ntric ri ngs of data on a 
f loppy disk . Th e rad ial d is tance between tracks 
is 0 .0213 inch (0.05 cm). 

I Oruy I·---------------· 

I Computer Enterprises I 
I I 
I Has All 3: I 
I I 
: lxl 1. Lowest Prices ; 
1 lxl 2. Reliability 1 
; lXJ 3. Speediest : 
I Shipping I 
I North Star Horizon Computer System 1 
I The Complete Z80A System 1

1--------------------1 


I *Z80A CPU at4 MHZ 

I • 16K200nsRAM 

I micro disk drives 
• Serial I / O • 1or2 

I • DOS and BASIC Credit Cash 

I 
I
I 
I 

I 
Card 
Price 

Discountl 
Price 

I Horizon 1 (1 drive) kit 
I Horizon 1 (2 drives) kit 

$1497 
$1871 

$1439 II 
$1799 I 

I THE standard of Video 
I Display Terminals­
1Lear Siegler ADM-3A Kit $ 770 $ 

I 
740 I 

I SPECIAL TOTAL SYSTEM I 
I combination 
.SAVE $50MORE­

I ktts 
Horizon 1 and ADM-3A 

I Horizon 2 and ADM-3A 
I kits 

$2214 

$2589 

I 
I 
I 

$2129 
I 

$2489 I 

I SEND FOR YOUR FREE COPY I 
I OF COMPUTER ENTERPRISESI 
I DISCOUNT CATALOG I 

I 
Polymorphic VTI 164 kit 
IMSAI 8080 with 22 slots kit $614 $590 

I --------------$ 186 U 79 II 
I 

IMSAI Factory Assembled 16K RAM $464 $446 
IMSAI Factory Assembled 32K RAM $748 $719 I 
IMSAI Video Interface VIO·B kit $234 $225 

I IMSAI Video Interface VIO·C kit $278 $267 I 
Seals 250ns BK RAM kit $250 $240 
TDL ZPU kit $252 $242 II 4K Expansion for TDL Zl6K S 99 $ 95 

SEMI 4200 Chips S 13 $ 12I TDL BK BASIC Paper Tape S 47 $ 45 I 
TDL 12K BASIC Paper Tape $ 89 $ 86I TDL Macro Assembler Paper rape $ 47 $ 45 I 

I Sh ipping charges : S1 0 per CPU on la rger units ; $1.50 I 
pe r kit. $2 .00 min . per o rder .

I Del ivery is stock to 30 days on most items. Shipmen t is I 
I immediate for payment by cash ier"s check . money or- I 
I der or charge card . A l low 3 weeks for personal checks I 

to c lear. N .Y . State res idents ad d approp . sales tax. 
I Ava i labi l ity . prices and specs may change withou t 1 

notice. I 
1 
I 

1Write or Call 

! ~TM i 

I Fayetteville, N.Y. 13066 I 
I P .O. Box 71 I 
I Phone (315) 637-6208 Today! .II 
·--------------­Circle 28 on inquiry card . BYT E Dl·renihcr 1977 45 



Gerry Wheeler 

Computer Communications Network Group 

University of Waterloo 

Wa te rloo, Ontario CANADA 

Undocumented M6800 Instructions 


Table 7: A list of six un­
documented M6800 
instructions and their 
definitions. The operations 
and operation codes which 
invoke them are defined in 
the column /abe/fed Re­
sult, and the next instruc­
tion address is given in 
each case. Halt and Catch 
Fire (HCF) does not have 
a "next instruction" 
address because the pro­
cessor hangs up. 
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According to Motorola there are 197 
valid operation codes for th e M6800 micro­
processor. Th is means that of the 256 
possible 8 bit combinations, 59 are called 
invalid instructions. 

Have you, like myself, ever wondered 
about these inval id codes? What wo uld 
happe n if you accide ntally executed one? 
It does happen sometimes, of course, when­
eve r yo ur latest software creation takes an 
unexpec ted leap in to never never land and 
begins executing randomly set memory 
locations. What are those holes in the op 
code chart anyway? 

The mystery of those holes he ld my 
attention until the suspense was unbearab le. 
To satisfy my gnawing curiosity I exec uted 
those codes delibe ra tely, defying man and 
Motorola! And I got some interesting resu lts. 

Some of those codes seem to be just 
NOPS : they do nothi ng. Others change the 
fl, gs in the co nd ition code register according 
to some pattern that is, as yet, unde­
cip hered. 

But let me tell you about a coup le of the 
interesting ones. See tab le 1 for descriptions 
of six instructions that Motorola didn' t tell 
us abou t. The mnemonics are, of course, 
assigned by me. 

The First one, NBA, is self-explanatory. 
The A and B accumu lators are AN Ded to­
gether, and the resu lt is sto red in A. I had 
to use NBA as the mnemonic because ABA 
is already used by Motorola. Thi s instruction 
has been checked out thoroughly, and seems 
to be perfec t, even se tt ing the condition 
codes correctly. The only uncertainty is its 
execution time. 

The store immediate instructions may 
requ ire some expla nation. Co nsider for a 
moment the load im mediate instructions. 
These instructions take the byte followi ng 
the op code and put it into the appropriate 
regis ter. Therefore the store immediate 
instructions should store the register into 
the byte immed iately after the op code, 
right7 The on ly flaw is that there is a ho le 
left afte r the instruction, and the register 
is stored after that {see figure 1 ). Note that 
the next instruction executed is Lhe byte 
fo ll owi ng the newly stored reg ister. Th is 
means that the store immediate A and B 
instruct ions are three bytes long, and the 
store immediate X and SP instructions 
are four bytes long! 

Now fo r the big surprise. This one has 
been dubbed HCF for Halt and Catch Fire . 
Well, almost. When th is instruction is run 
the on ly way to see what it is do ing is with 
an osci lloscope. From the user's point of 
view the machine ha lts and defies most 
attempts to get it restarted . Those persons 
with ind icator lamps on the address bus 
will see that the processor begins to read al l 
of memory, sequentially, very quickly . In 
effect, the address bus turns into a 16 bit 
cou nter. However, the processor takes no 
notice of what it is readi ng ... it just reads. 
The only way out of this race is with the 
RESET line. The machine ignores the I RQ, 
NM I and HALT lines. For all intents and 
purposes the processor has ha lted and caught 
fire! It is quite poss ible that the HCF 
instr uctions are put into the 6800 design 
intentionally in the interest of production 
testing of newly fabr icated processor chips. 

Hexad ecima l 
Na m e Mne mo n ic Op Code Result 

AND accu mulators NBA 14 A. B~A 

store ACCA, immed iate STAA 87 A-+f>C+2 
store ACCB, immediate STAB C7 B-+f> C+2 
store SP, immed ia te STS BF SPh-+f>C+2;SPl-+f>C+3 
store IX, immediate STX CF I Xh-+f>C+2;1 Xl-+f>C +3 
Ha lt and Catch Fire HCF 9D or DD see text 

Next Instruction 

At 


PC+ 1 

PC+ 3 

PC + 3 

PC + 4 

PC+ 4 


Not ap pl icab le 




Circ le 96 on inqu iry card. 

MEMORY CAPACITY EXC EEDED 

CORRECTIVE ACTION : ADD ON MEMORY 


By Problem Solver Systems , Inc. 

•• • • •• • • • • • • • • • • • • FEATURES • • • • • • • • • • • • • • ••• • • 

16K Static RAM KM8B 
250nS & 450nS Versions 8K Stat ic RAM 450nS 

• ADD RESSING 111 any 4K buundurles • /\DDAESSING select In any SK bounuary 
• DANK SELECT up lo 8 banks • PROVISION tor lnlerrupl 
• MEMORY PROTECT 1K increments • MEMORY PROTECT 
• BUFFERING all address and data ll nos • BUFFEllED dala and address lines 

• PIN COMPATIBLE with KIM -1. which allows lor• W/\IT STATES 0·2 
a Bussed System• SEGMENT DISAB LE up ID 6 IK ~anks 

• SPECl/\L LOGIC which allows monitor program• SOL PHANTOM 
lo operate with lull 65K memory 

8040 Deering Ave.• Canoga Park , Ca . • (213 1888-5079 

This one inst ruct ion might provide the auto­
matic test equ ipment with a quick in itia l 
ind ica tion of whether the particular pro­
cessor chip is a tota l dud, or a prospect 
for more detai led automat ic testing and 
verification of defect free operation. 

While these instructions are now docu­
mented, some warnings must in all fai rness 
be stated lest the user run into probl ems. 
The primar·y warning is that there may be a 
reaso n that th ey were left undocu men ted : 
they may not work with eve ry 6800 pro­
cessor, so any software in tended for pro­
duction, distribution to friends or for 
pub licat ion should never use these instruc­
tions. At diffe ren t tim es during the history 
of M6800 production at Motorola, revisions 
and changes in the production masks may 
alter the effects of these instructions with­
out any warning to users; after al l, an 
undocumented instruction is not there from 
Motorola's po int of view, so why tell the 
users about changes in its definition? Simi­
larly, when 6800 parts are acq uired fro m 
suppliers other than Mo torola, use of inde­
pendent designs for the production mask 
by the second source leaves definition of 
these undocumented instruct ions unspec i­
fied and no t necessa ril y identica l to 

Motorola's defin itions. But these warnings 
apply only to programs to be dist ributed 
in some way ; if your personal processor 
executes these instructions and yo u find 
a use fo r- them in your own handcrafted 
assemb ly language prngr·ams, then by all 
means take ad va nLage o f them.• 

MSB LSB 

J c Fl ? ?Ir ·I• · l o Pl 

1T'~ NEXT INST RUCTION 

'------------- INDEX REGISTER STORED HERE 

DON'T CARE 

~-----------------("CF "= STORE INDEX, IMMEDIATE) 

Figure 7: The "Store Index Immediate" instruction requires four bytes of 
memo1y, as illustrated here. The operation code hexadecimal CF is followed 
by one byte which is "don't care" as far as the operation of this instruction 
is concerned. The third and fourth bytes of the operation receive the 76 bit 
address 11alue from the index register in the normal order. In this diagram, rrrr 
is the 76 bit ta1get for the immediate store, and OP is the first byte of the 
next instruction. Operation of the "Store S tack Pointer Immediate" instruc­
tion is similar. 
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A $19 Music lnterf ce 


(And Some Music Theory for Computer uts) 


Bill Struve 
800 Madiso n Av 
Memph is TN 38163 

" It's all Relative." So it is in physics as 
it was in music. About 600 BC Pythagoras 
discovered that strings unde r equal tension 
sou nded harmonious if their lengths were 
in ratios of small whole numbers like 2/1, 
3/2, 4/3, 5/3, etc. Many experiments 
throughout the world since that time have 
told us that in music, it is the ratios of the 
freq uencies of the notes that count, not the 
abso lute freq uencies. It has only been in 
recent times that there has been in ter­
national agreement that A above middle 
C is 440 Hz. Musicians call the "d istance" 
between two notes an interval . Musical inter­
vals are actuall y the ratios of the frequencies 
of two notes, and are so important in music 
that many of the ratios, or interva ls, have 
names. F' or example, 2/1 is call ed the octave , 
3/2 is called a perfect fifth, 4/3 is ca lled a 
perfect fourth, 5/3 is called the major sixth, 
etc. These names make sense to musicians 
because th ~y re present the distance between 
two notes on the musical scale like do re ml 
fa sol la ti do, which might be numbered 1 
through 8, respectively. An octave is do to 
do , a perfect fifth is do to sol, a perfect 
fourth is do to fa, a major sixth is do to 
la, etc. The pure diatonic scale was con­
structed to maximize harmony between 
notes . Th is scale has been called the natural 
sca le, and is one of the two most widely 
used scales in Western music. Many unac­
companied singing groups si ng on th is scale 
because it sounds right to them, even though 
they may not be able to tell you the dif­
ference between pure diatonic and tem pered 
diatonic scales. Later you' ll see how easy 

it is for a com puter to generate notes on this 
scale. 

Pianos, electronic orga ns, and synthe­
sizers are all tuned to a slightly different 
scale, the equally tempered diatonic scale. 
JS Bach (1685-1750) played keyboard in­
struments and composed mus ic which 
requ ired changi ng key signatures (which 
we' ll defi ne by example later in this discus­
sion), during the performance. But changing 
key signatures on an instrument tuned to 
the pure diatonic scale usually required 
retuni ng the instrument as you'll see in a 
moment. Bach found his way out of this 
d ilemma by slightly mistuning his instru­
ments, a technique which had recently been 
developed in Europe. Th is tempering was 
done so that all key signatures were equally 
out of tune, or equally tempered . Wh en 
this is done, the ratio of frequencies of any 
two ad jacent notes turns out to be the 
twelft h root of two (the value 1.0594631 
noted mathematically as 10Qr calculated 
in FO RT RA N-like languages as 2**(1 .0/12) ). 
He chose this ratio because there are twelve 
half steps per octave and the octave is a 
ratio of 2/1. Only the octave is kept purely 
harmonic in th is scale: The perfect fifth is 
0.11 percent low, the perfect fo urth is 
0.11 percent high, the major sixth is 0.91 
percent high, etc. Si nce the most discrim­
inating ear can on ly perceive differences 
in freq uency when they are more than 
0.2 percent, the most harmonious inter­
vals (the octave, the fifth and fourth) are 
indistinguishable between the two scales. 
Bu t what Bach and the world gained by 
giving up a little harmonic perfection ·was a 
quantum jump in the versatility of fixed 
tuned instruments (and an added quantum 
jump in the time and skill requ ired to 
properly tune one) . 
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FIRST EASY WAY TO BUY 

A MINICOMPUTER 


MINI 12 SPECIFICATIONS 

Word Lenglh 12 Bils 

CPU IM 6100 lully slatic CMOS BUT 
device 

1nstruc1mn Set Identical to lhe Dig ital 
Equipment Corporation HOW'M I GONNA PAY 
POP-8E 

Clock Rale 4MHZ FOR IT? 
Maier Slale Time SOONS 

Serial ln1ertace 	 20 MA current loop 
slandard . AS-232 TLF offers 3 purchase plans: 
Oplional 1) CASH with order - and receive 

Baud Aale 

Memory 

11 O Standard. Others 
optional 
B 192 words s1andard , 
expandable 10 32 K words 

a BO NUS CERTIFICATE 
worth $100 on selected MINI 
12 accessories. 

Con1ro1 Panel POP-BE compat ible, with 2) Send $350 wit h order and pay 

Parallel lnlerlace 

Real Time Clock 

additional !unctions 
12 input and 12 output 
lines 
Programmable. lrom 10 
MS to 40,95 seconds 

balance of $545 when ready to 
ship or COD to postman. 

3) N O INT ERE ST E ASY 
PAYMENT PLAN 

Counter Counts External Events 

Expansion Bus 50 line. TTL compatible 
terminaled bus structure 

Binary Loader AOM resi den t 
Monitor Bootslrap ROM res ident. 
Power Aequiremenls 100/ 120/200/240 VAC, 

50/60 HZ HERE'S HOW IT WORKS: 
Dimensions 2" high x 13" wide x 14" 

deep 

STEP 1 
STEP2Fill in coupon below 

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

$ 195 to: $200 or pay postman COD. 

TLF 
P.O. Box 2298 
Litt leton 
Colorado 80161 STEP3 

The balance of $500 is paid 
in 4 equal month ly 
insta llments of $ 125 each. 

You can use your BAC/ 

VISA, Master Charge or TOTAL PRICE ONLY $895 

American Express too! 


Make all cheques payable to WHAT C OULD BE 

TLF Corporation . S IMPLER? 


"1l'LF 1977 r--------------------------------------,

Please enter my order for _ ____ MIN I 12 Computers @ $895 each as per the plan checked below: 

l D Enclosed is $895 · I want the Bonus ceriifica te. D Send more information please. 

2 D Enclosed is $350 · I will pay $545 when you're ready to ship or COD when delivered. 
3 D Enclosed is $195 · l will pay $200 when you 're ready 10 ship and 4 monthly payments of $125 ea. 

_ Check _ _ Money Orde r __ BAC/V ISA __ Mas ter Charge __ America n Express 

Card II Interbank II Exp Date _______ _ 
Signature _________ _ ____ ___ _ ___________________ 

Name ------ ----- ----------- --- -- Phone ________ _ 

Address -------------------------------------~ 
And your wife will be happy Ci ty _______________ State--- ------- Zip--------- ­
100! In facl she might jusl 
buy it herself (for you of T L F Corporation P .O . Bo x 2 298 Little t on Colorado 80161 
course) for Chrisl mas. T eleph o n e 303 922 6 241 	 Tele x 454541L-------------------------------------­
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Harmonious Computers 

Microcomputers can give us both per­
fection and versatility. Since division by 
small whole numbers is trivial with digita l 
electro nics, it is at first sight more practica l 
to use the pure diato ni c scale when digita lly 
generating music, just as it has been more 
practical to use the equa ll y tempered dia­
tonic scale for music performed on class ical 
keyboard instruments. Changing key signa­
tures in computer generated music is no 
problem, since the entire instrument may be 
"retun ed" in a few microseconds. 

The greatest advantage of the micro­
computer is the ease with which anyo ne 
can produce music. Years of t ime con­
suming practice are not required. App l ica­
tion of computers to music may change 
music from an activity pr im ar il y dominated 
by motor sk ill s to one dominated by the 
intell ec t. Composers no longer have to be 
skil led at playing an in strument in order 
to work out th eir compos itions. 

Do, re, mi, fa, sol, la, ti, do! North 
American, English, and Ita li an ch il dren all 
learn how to sing the scale. Most of th em 
also learn other representations of the same 
musical scale like: C D E F G A BC, and : 

Rarely if ever are any of these youngsters 
ex posed to: 264 Hz, 297 Hz, 330 Hz, 352 
Hz, 396 Hz, 440 Hz, 495 Hz, 528 Hz, or 
to : 1 /1, 9/8, 5/4, 4/3, 3/2, 5/3, 15/8, 2/1. 
These two sets of numbers are also repre­
sentations of do, re, mi, fa, sot, fa, ti, do in 
the pure d iatonic sca le. Equally va lid (es­
pecially for the piano) represen tatio ns of 
this simpl e do to do musica l scale are; 
261.6 Hz, 293. 7 Hz, 329.6 Hz, 349.2 Hz, 
392.0 Hz, 440 Hz, 493.9 Hz, 523.3 Hz, 
which are related to each other by powers 
of the twelfth root of 2: 20/12(=1 .000) , 
22/12(=1.1225), 24/12, 25/12, 27/12, 
29/12, 211/12, 212/12 (=2 .000). As you 
may have guessed by now, these last two 
sets of numbers are the frequencies and 
frequency rat ios of the equal ly tempered 
scale of do to do played o n a piano. 

So fa r, so good, but if you are as fast as 
I am at absorbing this material, by now it 

should be as clear as mud! Organization of 
facts into a pattern often does wonders for 
the in tellect, so let us or·gani ze all th is in­
formatio n in to o ne table (tab le 1) and ca ll 
it the "Key of C Major" so that musicians 
will think we are tal king abou t music instead 
of computers. 

Yo u should notice a coup le of things 
about tab le 1. First, at the bottom lin e 
yo u 'II see that 1've added a new concept: 
the music ian's idea of step size. The steps 
come in two si zes, whole and half. Remem­
bering that everyth ing is relative, we can talk 
abo ut step size in terms of the ratio of the 
frequencies of the pitches, or notes. In th e 
pure scale, a half step up in pitch is an in­
crease of 16/15 in frequ ency and a whole 
step up is an increase of 9/8 or 10/9. In the 
tempered sca le all half steps up are an in­
crease in frequency by the twelfth root of 
two (21/2), and all whole steps up in pitch 
increase the freq uency by the sixth root of 
two (21/6) wh ich is tw o half steps: 

21/12 x 21/12 = 22/12 = 21/6 
Secondly, you should note that the dif­

fe rence between the pure and tempered 
notes is impercept ible for fom of the eight 
notes. You may be wondering why 440/440 
= +.9 1 percent instead of 0 percent and why 
26'1.6/264 = 0 percent instead of -.91 
percent. To answer this, look at the "Fre­
quency Ratio to C" lines and recal l tha t 
everything is relative so: C(temperecl)/ 
C(pure) = 1/1, or 0 percen t and A(tem­
pered)/ A(pure) = 23/4/(5/3) = 1.6818/ 
1.6667, or +.91 percent. 

To make this last point clear let's make a 
do to do sca le fro m A = 220 Hz to A = 440 
Hz, table 2. I could have made C( tempered) 
= C(p ure), but that would vio late an inter­
national agreement about A = 440 Hz! 
Besides, this way I can tel l you about a 
sca le in the mino r mode. We' ll impress 
the mus icians looking over our should ers 
by call in g table 2 "Key of A Minor." 

The two major differences between th ese 
two keys are the begin ning note and the se ­
quence of whole (W) and half (H) steps up 
the scale. Both the starti ng place and the 
sequence are specified in the name of th e 
key. The key of C majo r begins with C and 
proceeds in the major mode seq uence of 
steps, WWHWWWH. The key of A minor 

Article continued on page 54 

Text cont inued on page 58 
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• Reliable, heavy duty selectric 
n1ech anism 

• Off line u se as typewriter 

Anderson Jacobson, Inc., 521 C ha rcot Avcnuc 

THE AJ 8411/0-A COMPLETELY 
REFURBISHED IBM SELECTRIC 
TERMINAL WITH BUILT IN ASCII 
INTERFACE-JUST $995 

Features: 
• ASCII code 	 • High qu ality selectric printing 

• 14.9 characters per second printout 

• Special introductory price- $995 
(regularly $1195). 75% discount over 
original price of new unit . 

• 	Choice of RS 232 Serial Interface or 
Parallel Interface (requires 3P + S) 

• 	Order direct from factory 

• 30 day warranty-parts and labor 

• 	Nationwide service locations 

AJ 841 WARRANTY AND SERVICE IS 
AVAILABLE IN THE FOLLOWING CITIES: 
Los Angeles Cincinnati 
Philadelphia Detroi t 
Hackensack Dallas 
Columbus Houston 
Cleveland Atlanta 
San Jose Chicago 
Boston New York 
Washington, D.C. 

San Jose, Ca lifom ia 95JJ I. (4081 263-8520

r--------------------------1 

HOW TO ORDER AN 	 CLIP AND MAIL WITH ORDER II AJ 8411/0 TERMINAL SELECT EITHER: 	 I 

D RS 232 Serial Interface I 1. Make cashier 's check or money order pay- D Parallel In terface (requires 3P + S) I 
able to : ANDERSON JACOBSON, INC.I 	 Nu m ber of u nits @ $995. each $ _______I Address your request to: 	 I 

Persona l Computer Terminal Local Sa les Ta x $ _ ______ _I AN DERSON JACOBSON, INC. Shi ppin g an d h andli ng $35.00 each I 
521 Charcot Aven ue 	 (excl uding San )ose) $ _ ____ _ _ _I 	 I
SanJose, CA 951 31 

2. 	 Upon written notif ication, pick up your ter· T OTAL $ II minal at the AJ service office located in one NAME 
of theabove cities.Allowsix to eight weeks - ------------------- II for de livery. 	 ADDRESS 

3. Afina l check of your unit will be made at the - ------------------ II local AJ service off ice at time of pick up. C ITY STAT E ZIP ___ 
4. For warranty or repair service, return unit II to designatedservice locat ion. PHONE (_____, - - ----- ---- -----­

L----- ---------------------~ 
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FROM THE INVENTORS OF SEX SOMETHING NEW, 

THE WORLD'S BEST KEPT SECRET. 


SEX 

Now whal seU-respecling company 
resorls to a cheap lrlck llko 1his to 
get your altenlion, 

WEDO 
And II works, doesn'I 117 So does 
our now 16K STA TIC RAM memory 
board . It is lul ly assembled and 
tested and plugs Into your SWTPC 
seoo microcomputer-allowing you 
to expand your syslem 10 48K . The 
PRICE?? That"s the sexy part. It's 
s.o BARE we can only reveal ll 
th1ough tho mail. (Sent in plain 
brown wrapper so as nol to olfend 
a non-computer oriented spouse.) 

Nl\me --------

SlrHI --------

Cily - -------

Sllltrt A Zip-- - ---­

SMOKE SIGNAL BROADCASTING 
P.O. Box 2017 

Hollywood , Ca1ilornia 90028 

Exactly one year ago, we introduced SEX to BYTE Magazine with this little 
ad . Your response was tremendous - much greater, in fact, than to any 
of our other larger ads which made no mention of sex. Researchers at the 
psychology department of TJU say that, because the readers of BYTE are 
not a controlled grou p (some irresponsible parents even let their children 
read the magazine), no statistically valid conclusions can be drawn. We 
believe, however, that we may have stumbled across something of even 
more interest to computerists than the old 8080. It is, in fact, the world's 
best kept secret. 

What is it you ask? First, please keep this confidential. If word got out to 
too many people, it might depress the market for late model 8080's so 
much that one of those high priced units could be purchased for less than 
a comparably equipped new economical 6800 with automatic bootstrap 
and power disc drives. The world's greatest secret is: NOW TH ERE IS A 
LOT OF GOOD SOFTWARE FOR THE 6800. For instance, there are two 
disc based ed itors and three assemblers available for the SMOKE SIGNAL 
BROADCASTING BFD-68 disc system. A disc based BASIC COMPILER 
with data file capability is available and so is a BASIC INTERPRETER with 
data file capabil ity. We also have a DISASSEMBLER with TRACE capabil­
ity, a SOURCE GENERATOR and a smart lK MONITOR program with 1/0, 
tape load and punch, breakpoint, single step capability and much more. 
If you're a newcomer to computing and want to learn what BASIC is all 
about, we have a LEARN BASIC package that leads you from basic BASIC 
to advanced BASIC in 12 easy lessons. All this plus the best microcom­
puter disc operating system around. 

SUPER EDITOR: The SE-1 is a content oriented editor with 
string search and block move capability. Changes may be 
made by referring to line number or string content or a com­
bination of references. Naturally, it is designed for file trans­
fers to and from the BFD-68 so the size of the edited file is 
limited only by the capacity of the diskette. $29 on diskette 
or cassette. 

SUPER ASSEMBLER: The SA-1 inputs source code from a file 
on the BFD-68 and outputs object code to disc file . Some very 
large programs can be assembled with the SA-1 since the 
source code resides on disc and is not resident in memory. 
Assembly listings include alphabetized and tabulated symbol 
table: $29 on diskette or cassette . 

Complete source listings are included for both the SE· l and 
SA·l. Order both for $53 and save $5. 

SMARTBUG - A CURE FOR MIKBUG•TIS: A super smart 
Motorola -Mikbug replacement that preserves almost all Mik­
bug entry locations so your present programs will run without 
modification . Uses ACIA for baud rates to 19,200 and includes 
many additional features including a software single-step trace 
command . Manual and source listing for $19.50. 

TRACE-DISASSEMBLER: The TD·l in the trace mode allows 
you to trace through a program and monitor and change the 
registers or memory as you go along. In the disassembler 
mode, it provides you with a way to make a program listing 

from a program when you only have the object code . $19.95 
on cassette . Add $5.95 for diskette. 

SOURCE GENERATOR: The SG·l is a very fancy disassembler 
that takes object code in memory and creates a listing and 
outputs source code to cassette tape or the BFD-68 in either 
SWTPC CO-res or SSB Editor format. The source code gener· 
ated includes labels so that the source file created may be 
ed ited and re-assembled with whatever changes the user 
wishes to make. $24.95 on cassette. Add $5.95 for diskette. 

BASIC COMPILER: The Software Dynamics Basic Compiler has 
been adapted for use on the BFD-68. This is a super fast busi­
ness oriented BASIC with PRINT USING statement, disk data 
file capability and ten digit accuracy. Because it is a compiler, 
you can develop business programs, compile them and deliver 
an object module, thus, keeping the BASIC source program as 
your trade secret. Write for more information . 

LEARN BASIC is a 12 lesson programmed course in BASIC. 
It takes the new owner of a 12K or larger 6800 computer sys­
tem from beginning BASIC to advanced BASIC in easily under­
stood steps. Requires SWTPC 6800 version 2.0 BASIC. Includes 
65 page manual. $39 .95 on cassette or diskette. 

A BASIC INTERPRETER for the BFD-68 with data file capa · 
bility is available for $39.95 from Computerware, 830 First 
Street, Encinitas, CA 92024. Write them for more details. 

52 BYTE December 1977 Circle 104 on inquiry card. 



FULLY ASSEMBLED PRODUCTS FOR THE 

TRULY COMPATIBLE SS-50 6800 BUS. 


Our Basic Floppy Disc System (BFD·68) must, in all modesty, be 
called superb. It comes completely assembled with a disc con· 
troller that is plug compatible with the SWTPC 6800. The cabinet 
and power supply are capable of handling up to 3 Shugart Mini · 
Floppy Drives. One drive is included in the price of the BFD-68 
and others may be added easily at any time. Or you may save 
money by ordering the dual·drive BFD·68·2 or triple drive BFD· 
68·3 (pictured). Price: BFD·68 $795, BFD·68·2 $1139, BFD-68-3 
$1479, SA-400 Drive $360. 

The BFD-68 includes our Disc Operating System Software. The 
software provides direct commands to name and rename files, 
transfer memory to disc and disc to memory and to automatically 
jump to the starting location of any program loaded from disc to 
memory. The direct command names are: RUN, GET, GETHEX, 

CLOSE, SAVE, DELETE, APPEND, RENAME, COPY, LIST, LINK and PRINT. In addition, the Disc File Management subroutines are 
available to create files under your program control. 

A bootstrap PROM is included on the controller board to initiate the Disc Operating System which loads into a 4K memory board 
located at 7000 or optionally at DOOO. Thus, you can be up and running from a cold start in just a few seconds. 

SUPER SOFTWARE: Free patches are provided for SWTPC BASIC version 2 .0 and Co-Resident Editor/Assembler. These patches 
allow the SAVE and LOAD commands to work with the disc or the cassette at your option. 

See the opposite page for more details on the Super Software available for the BFD-68. 

M-16-A: The M·16·A is a single power supply fully STATIC 16K 
memory system . It is fully buffered and requires on ly half the 
power of a similar s ize system using low power 2102 's. With the 
M·l6·A, you can expand your system to 48K, add one of our 
EPROM boards, our BFD-68 disk controller board and still have 
room to spare. The M·16·A is switch selectable to any 4K starti ng 
address and hardware write protect is included. Price $529. 

P·38: The P-38 series modules are available in 3 configurations. 
The basic P-38 is an 8K EPROM board containing room for 8 
2708's. Like all our products, it is completely assembled . As a 
bonus, one 2708 is included which contains SMARTBUG, our lK 
Mikbug compatible monitor program . The P-38 is switch select· 
able to any 8K location . P.-ice $179. 

The P-38·1 contains all the features of the basic P-38 plus a 
built in interface to the POP· l and the Oliver Paper Tape Reader. 
Price $229. 
The P-38-FF is a plug-in interface card for the !COM Frugal Floppy 
and the other !COM full size floppy disks. It contains all the fea· 
tures of the P-38·1 plus an additional 2708 with the ICOM boot· 
strap software. ICOM 's 6800 FDOS· ll is included on diskette. 
Price $299. 

The PS·l power supply kit provides plus and minus 16 volts required for the P-38 series boards. Also, it allows a wiring modi· 
fication to be made to the 8 volt supply that will increase its output by one volt. Price $24.95. 

NEW PRODUCT: The POP· l is a 2708 EPROM programmer that is contained in a separate cabinet outside the 6800 and connected 
by ribbon cable . The POP·l uses a separate self -conta ined power supp ly for the programming voltage . There is plenty of power to pro· 
gram 2708 's from any manufacturer- no need to choose only the most expensive 2708's. The POP· l interfaces to the SMOKE 
SIGNAL BROADCASTING P-38·1 EPROM board and complete software is provided on cassette. The software allows you to duplicate 
an existing 2708 (making changes if you wish) or to transfer a block of RAM to EPROM. An adaptive programming technique is used 
that allows most 2708's to be programmed within 15 seconds. Instructions are also provided showing how to modify the POP-1 
to program the TMS 2716. Price $129. 
ALL OUR PRODUCTS EXCEPT THE PS·l ARE COMPLETELY ASSEMBLED. MASTERCHARGE AND VISA CARDS WELCOME. 
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Continued from page 50 

Key of C Major 

Interval Major Major Perfect Perfect Major Major 
From C: Unison Second Third Fourth Fifth Sixth Seventh Octave 

Sung : do re 1ni fa sol la ti do 
Call ed: c D E F G A B c 

Units 

Frequency 

Pure: 264 297 330 352 396 440 495 528 Hz 

Tempered : 261 .6 293.7 329.6 349.2 392.0 440 493.9 623.3 Hz 

Frequency 

Ratio to 

C for, 


Pure : 111 918 514 413 312 513 1518 211 Hz/Hz 

2116 2113 25/ 12 27112 23/4 211 /12Tempered : 2 Hz/Hz 

Tempered/ 
~ Pure 0 +0.68 % 

'c:"' e c 
·;:; ... Step Size: 
·; ~ 
2 

Table 7: The key of C major. There is a direct equivalence between a musician's terminology for musical concepts and the 
physicist's or m athematician 's precise measures of the idea. One of the attractions of music is this low level precision involved 
in the creation of high level emotional sensations. 
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NEW CP/M™ SOFTWARE 
Digital Research Is pleased to announce the 

availability or our new macro assembler called 
"MAC" which Is upward compatible from our 
previous 8080 assembler provided with version 
1.J of CP/ M ''. Our new assembler is compatible 
wilh the latest Intel macro standard, and 
incorporoles several facilities which wil l p rove 
quite useful: 

IF, ENDIF, ELSE provide conditional 
assembly rocilllies which ore controlled by 
boolean expressions Involving the arithmetic 
operators(+.-, ·. / , MOD, and unary-) . shift 
and mask operations (SHL, SHR, AND, OR, 
XOR). ond rela tional operators (LT,LE. EQ, GE, 
and NUL). 

MACRO definitions allow groups of 
instructions to be stored and substituted In 
lhe source program, as the macro names 
are encountered. Definitions and coils con 
be nesled, symbols con be constructed 
through concolenotion (using the special & 
operator), local symbols con be created 
(using the LOCAL pseudo operation).Macro 
parameters con be formed lo pass arbitrary 
strings of text to o specific macro tor 
substitution during expansion. In particular, 
the MACLIB (macro library) feature allows 
the programmer to define a particular set of 
macros for generation ot machine code tor 
any specific 8 or 16 bit machine which does 
nol motch the Intel 8080 instruc tion set. 
Macro libraries ore included with MAC tor the 
Zilog Z·BO instruction set. along with macros 
tor pertorming simple peripheral and se­
quential file 1/0 under CP/ M. 

Circle 39 on inquiry card. 

IRPC, IRP, REPT provide repetition ot 
source statements under control of o list ot 
characters or Items to be substituted each 
time the statements ore expanded. This 
feature is particulorty uselul In generating 
groups of assembly language statements 
with similar structure. 

SORTED SYMBOLS ore provided In 0 
diskette file suitable for lisllng on your line 
printer or use during debugging. 

TITLE, PAGE ore provided to contro lpage 
ejects and lilies on each page of the source 
listing. 

PARAMETERS con be specified when 
MAC is sta rted to contro l the source and 
desllnollon of particular files as well os listing 
formats for macro generation. 

MAC DOCUMENTATION 
MAC documenta tion Includes the "Macro 

Assembler language Method and Applica­
tions Gulde", the most complete guide lo 
macro applications available today. Examples 
Include macro-based languages. high-level 
control structures and operating system Interla­
ces. Over 60 listings of working 8080 macro 
assembly language programs ore provided so 
this manual con be used as o study guide In 
advanced macro applica tions. (The manual is 
available for separate purchase.) 

The macro assembler occupies o 12K region 
of memory, and requires concurrent operation 
wllh CP/ M system. thus requiring 16K of program 
space during operation. Addillono l memory 

space is used for the symbol table, resulting in o 
minimum usable memory size of about 20K. 

"Pl!ASE NOTE: MAC is a copyrighled product at Oigllol 
Research and may nol be copied tor use by any 
lndMduol orher than lhe purchaser. Due lo lhe proprie­
lory nature or MAC. the machine code diskette Is 
available only lo registered owners of Iha CP/ M'" 
Operating System. Allhough you moy purchase lhe 
"Macro Assembler Language Manual and Appllcatlons 
Gulde" separately, Digital Research cannot accept 
diskette orders wilhoul your registered CP/ M '" Serial 
Number. (It you haven't returned your CP/ M"" Registra ­
tion Cord. you moy do so ol lhls time.) 

ORDER FORM: 
I would like to purchase: 

( ) "MAC Macro Assembler language Manual 
and Applications Gulde" Only (200 pages) lor 
$15.00 

) 	'MAC Macro Assembler language Manual 
and Applications Gulde" end MAC Ma­
chine Code Dlskolte" . CP/ M '" Serial No. 
_____ tor $70.00. 

) MAC Machine Code Diskette' Only. CP/ M "" 
5eriol No. lor $60.00. 

Colifornlo residenls please add 6't soles tax. 
Tolo l purchase: S -------- ---­

( ) Please charge to my 
Maslercharge • - - - ------
BonkAmericord • ________ _ 
Expiration Dote 

) I would like further lnformolion on: 
( ) CP/ M '" Operoflng System. 
( ) MAC Macro Assembler. 

Nome - --------------­
Address --- -----------­
Cily - ------- Slate -- Zip - ­

DI [)~[j~lfll AESERRl:H 
P.O . Box 579. Pacific Grove, CA 93940 

BYTE De<<mber 1977 55 



Key of A Minor 

Interval Major Minor Perfect Perfect M inor Minor 

From A 
 Unison Second Third Fourth Fifth Sixth Seventh Octave 

Units 

391.1 440 Hz 

220 2~1.6 293.7 392.0 440 Hz 

1/1 6/5. 4/ 3 "3/2 8/5 16/9 2/1 Hz/Hz 

2114 • 26/12 2711'2. 2 Hz/Hz 

0 -0.90 +0.11 - 0.11 0 % 

0 0 -~.25 0 0 % 

"North Amer ican and English children learn a movable do scale, so do can be any note. The French and Ital ians have a fixed do 
system so do is C. 

Table 2: The key of A minor. As in table 7, we note the same information, but start the scale on A instead of C. This changes 
the order of hal f and whole steps (bottom line) from a major mode sequence to a minor mode sequence; an extra line has been 
added to show the frequen cy ratios of the minor key with respect to the major key. 

do 
A 

re 
B 

mi 
c 

fa sol 
D E 

la ti do 
F G A 

24'7.6 

246.9 

"9/8 

·2116 

-0:23 

0 
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Computer Mainframe System 

First in the TEI family . .. The MCS-112 and 122 Mainframe Systems. 

•The Base on Which to Build• 

The cabinet 
A heavy duty, precision fOfmed cabinet of fine The motherboard 
craftsmanship. Complete ly machined and Ail S-100 Bus system high quality mother board with lOO·pin edge connectoo. Compatible w ith IMSAI, MITS, 
ready f()( assembly The exterior is fin- CROMEMCO, TDL and other S-100 bus configured circuit boards. Plug connections f0t reset switch. Voltage terminals 
ished 1n TEI blue . Vented fa< most are screw type lo power supply leads. Al l card guides are provided 12 slots fa< MCS-112 model and 22 slots for 
efficient thermal character· MCS-122 model 
IS(ICS. furnished With all 
necessary hardware Edge connectors 

High quality edge connectors facto<y mounted and wave soldered to eliminate this nuisance fa< 
you. Completely checked out f0t shorts or open traces. ALL edge conriectoo furnished, 12 for 

the MCS-112 and 22 for the MCS·122. No add~lonal expense when you expand your 
system. 

The power supply 
Oneota kind ... using a constant voltage transformer ((VT) with a very 


high immU!l1ty to input line noise ... greater than 100 db rejection. 

Line regulation better than =1% from an input of 95 to 140 Volt 


AC at full load to 85 to 140 Volt AC at three quarter load. 

Designed to meet UL-478 specificatrons (EDP SPECS). 


Individual fusing on all input and output voltage 

lines See specifications below f0t ~ 


ratings. 

The coollng system 
A 115 CFM muffin fan with a 

commercial grade washable filter 
will provide c lean airfiow over all 

circuitry 

-----The wiring 
All wiring rs color coded and All is 

precut to length with connecting lugs 
factory machine applied. Soldering is 

held to an absolute minimum. 

The front 

The trom pane I 1s blan< HOW . . . TEI puts It all 

excepi for an 1nd1ca 1ng AC 
 together for you. Mainframe 
sw11ch and a reset switch systems (6, 12 and 22-slot)H<l\NeVet, uie chassis and mother 
board are designed so that you may Floppy and mini-floppy disc drive 
remove the front panel and 1nsen an IMSAI systems (single, double and trip le with 
or equivalent front panel Soon to be dual density) . . . a Z-80 CPU with address­
avai lable will be our "VIRTUAL OPERATING CON­ able "jump to" and autostart capabi lity (also 
SOLE" especially designed to complement our vciriable speed control) . . . SK and 16K RAM . . . 16Mainframe Systems 

Channel A / D and D/A converter . . . 3 serial + 3 
parallel multiple 1/ 0 ... and other supporting boards 

Specifications MCS-112 MCS-122 .. . and our newest item, the PROCESSOR TERMINAL - A 
Dimensions 17V. w x 12Dx 71/• H 17'/•Wx l9\11Dx 71/•H CRT, keyboard, mini-floppy disc and 12-slot mainframe with a 
Power + 8 vol! DC 17 amps 30 amps 80801\_ CPU - all housed in one quality aluminum case. All of 
Power =16 vol t DC 2 amps 4amps these fine products at prices you w ill like. Watch for them all. 

r---------------,I 	Contact your local TEI dealer or if you are not near one of our I 
dealers, write or call CMC MARKETING CORP direct for more I 
1nformat1on. I 	 (DEALER INQUIRIES INVITED) I

I PLEASE SEND ME: I D MCS-112Kit@395.00 O MCS-112Assembled@445.00 I 
MCS-122 Kit@ 495.00 D MCS-1 22 Assembled@ 575.00 II O 

Texas residents add 5% Sales Tax aI I Enclose Check D or Money Order D I
I 	 ICMC MARKETING CORP 

L~~r:R~:t:::7~_:: 1:::.(::::2:.J INC. 
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Text continued from page 50 starls with A and proceeds in the minor Th e sign fo r a half step up is# and is cal led 

Interval C Major 

Unison le­ c l 

2 Minor Second c - ob 

3 Major Second lc­ o l 

4 Minor Th ird C- E b 

5 Major Third j c - E I 

6 Perfect Fourth j c-FI 

7 Tritone C- G 0 

8 Perfect Fifth )c- G \ 

9 Minor Six th C-A
0 

10 Major Sixth IC­ A I 

11 Minor Seventh C- Bb 

12 Majo r Seven th l c - 8 1 

13 Octave l e - c l 

mode sequence, WHWWHWW . 
Look at th e fre qu encies of the notes 

called D and G in these two keys. For tem­
pered tuning, each of these notes keeps the 
same frequency alth ough the key changes 
from C majo r to A minor. For pLffe tuning, 
however, each of these notes mu st be 
lowered by 1.25 percent wh en changin g 
from C majm to A minor·. A singer or 
vio lin ist does this du ring a performance, 
but can you imagine a pianist or organist 
stopping in the mid dle of a per fo r·mance to 
retune two notes in each octave? Bach's 
equ ally tempered tuning survives al l such 
key shifts quite well. Th e most sensitive 
interva ls (octave, fourth, fifth) ar-e stil l 
im percep tibly different from the pure 
scale, and the other inter· vals get no worse. 
You should notice one more thing when you 
are comparing th ese two tab les. There are 
two kinds of thirds, sixths, an d sevenths. 
As you may have guessed, there are also two 
kinds of seconds, major and minor. There 
is also an interva l cal led the tritone, so there 
can be twelve equal half steps per octave. 

So if we list all of the interva ls, we find 
13 to get 12 half steps per octave . Since 
these thirteen interva ls form what is known 
as the chromatic scale, we' ll ca ll this list 
" Interva ls of th e Chromatic Scale" and 
write it down in tab le 3. 

You can learn al least five th ings by 
inspecting tab le 3. 

First , the ~ sign is used to denote a half 
step down from a note and is cal led a flat. 

A Minor Pure Ratio Tempered Ratio 

I A - A I 1/ 1 20/ 12 

A - Bb 16115 21/ 12 

IA - 8 I 9/8 22112 

I A- CI 6/ 5 23/ 12 

A - 0° 5/4 24 /1 2 

j A - 0 I 4 /3 25112 

A - Eb (64 /45 or 45/ 32 ) 26/12 

\A­ EI 3/ 2 2 7/12 

\ A - F I 8/5 28/12 

A - G' 5/3 29112 

I A - GI 16/9 210/12 

A - Ab 15/8 211/ 12 

IA­ A ' I 211 212/12 

a sharp . 
Second, you shou ld now be able to write 

the notes used in the scales of all major and 
minor keys. For exam ple, the key of C 
minor begins with C and proceeds 
WHWWHWW, so it wou ld be : C, D, E>, F, 
G, A0, B0, C. The l?ey signature is the short­
hand u eel by musicians to specify the key at 
the beginning of each line of music: 

Th is tells the person playi ng the music that 
al l of the Es , As, and Bs should be played 
one half step flat. 

Third, the major and minor modes 
soun d different because different intervals 
are used for th e th ird , sixth, and seventh. 

Fourth, th e two most dissonant in tervals, 
the minor second and th e tritone, are not 
used in any major or minor key, but are 
needed for some key changes. 

Fifth, an d perh aps most important for 
impl emen tation on a "dinky" computer 
~111 d for ex perimentation, is th at the only 
prime numbers used in the pure pitch ratios 
are 2, 3, and 5 . Also, 5 onl y appears to the 
first power and 3 on ly to the first and 
second powers. You will see la ter how easy 
it is to implement the pure diatonic sca le 
with inexpensive integrated circuits external 
to the computer, so the com puter is not ti ed 
up by generating the pitch es itself. In con­
trast, the powers of the twelfth root of two 
may be ob tained from the moderately ex­
pensive " top oc tave" integrated circu it, or 
calculated (but not accurately) in rea l tim e 
by the din ky itself. In th e latter case there 
wi ll be little com puter power left for calcu ­
lating the melody or harmony . 

From Music to Mathematics and Back Again 

Webster de fines in ver ion of a musical 
in terval as: "A simple in terval with its upper 
tone transpo eel an octave dow nwar·ds .. . 
Inve rted prim es become octaves; seco nds 
become seventh ; thirds, six th s, etc." 

A mathemat ica l inversion Webster defines 
as: "A change in th e order of terms of a 
proportion ... " So what if a fifth is just an 
inverted fourt h7 Simpli fication, that's what! 
If we divi de the chromatic sca le right in the 
middle at the tritone, th e bot t rn half is 
just the inve rse of the upper half. This means 
that you on ly need to learn and think about 

Table 3: In tervals of the chromatic scale. half as much. Th is is not on ly true musical ly 
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and mathematically , but your own ears 
wil l also easi ly recognize the similarities 
between an interval and its inverse. 

Try the following experiment on any 
piano or organ that's in tune. Pick out any 
black or white key and call it 1 for ref­
erence. This home note is call ed the tonic 
and should be located near th e center of the 
keyboard for reasons I'II explain in a 
moment. Now find note 6 by counting up 
six keys includ ing 1 and all black and white 
keys. Now play both 1 and 6 together; 
that 's how a perfect fourth sounds. Try it 
again with 1 and 8 this time; that's how a 
perfect fifth sounds. Now go back and forth 
between 1 and 8 and then 1 and 6 to get a 
feel for the fifth and its inverse. Next try 
the same thing with 2 and 7 then 2 and 9. 
These two intervals are also the fourth and 
its inverse, the fifth , but you have trans­
posed them up by half a step. Now try a 
minor third and its inverse, the major sixth. 
First play 1 and 4 together and then 1 and 
1 0 toge th er. 

You should notice that the minor third 
and major sixth don 't sound quite as sweet 
or harmonious as the fourth and fifth did. 
Now try transposing up a half step to 2 and 
5 then another half step to 3 and 6, and so 
on up the keyboard. Do the same with the 
fourth, first 2 and 7, then 3 and 8 and so on 
up the scale. Notice how the fourth and 
minor third sound simi lar regardless of the 
tonic or home key chosen, and how they 
are clearly different from each other even if 
played in different octaves ; in music as in 
physics everything is relative to the observer. 

You may even want to make a list for 
yourself of the intervals which sound alike. 
You can also note which intervals are most 
harmonious and which are most dissonant, 
or rough . I'II even bet your list looks like 
mine! If you think I've biased you, have 
your friends or family make lists. I' ll bet 

Interval Rat io Inverse Octave Shift Musical Inverse 

Unison 1/ 1 1/1 2/ 1 Octave 
Fourth 4/3 3/4 3/2 Fifth 
Major Third 5/4 4/5 8/5 Minor Sixth 
Minor Third 6/5 5/6 5/3 Major Sixth 
Major Second 9/8 8/9 16/9 Minor Seventh 
Minor Second • 16/15 15/16 15/8 Major Seventh 
Tri tone 64/45 45/64 45/32 Tri tone 

"The minor second is more dissonant to me than the tritone, but the tritone seems 

more dissonant to me than the major seventh, so the minor second doesn't fit in 

this l ist very well. 


Tobie 4: Music to mathematics to music. Th e intervals useful in music ore 
listed in order from the most harmonious to the most dissonant. Most people 
ore in good agreement about the order of evaluation of the relative degrees of 
harmoniousness in the first five intervals listed. 
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they all are in agreement. Table 4 contains 
my I ist, which I've called " Music to Mathe­
matics to Music" for reasons you'll see in 
a moment. 

Now isn't that a remarkable historical 
achievement : what musicians have been 
calling an inverse is also an inverse of the fre­
quencies of pitches according to the mathe­
matical definition of inverse. Although 1'm 
neither mathematician nor musician, I have 
read a number of books on both subjects, 
including some on the psychophysics of 
music, and I have never seen this sim pie 
and simplifying correspondence of musical 
and mathematical inverses mentioned . Per­
haps it was information lost with the burn­
ing of Pythagoras and his temple 2500 years 
ago. A close look at my list of most har­
monious to most dissonant reveals that as 
the top and bottom of the fractions get 
larger, the harmony decreases and the 
dissonance increases, (with the exception 
of the minor second; but let's forget about 
this exception for the moment). 

The order in this list is no accident; 
neither is it a learned cultural biasl It is as 
if we had a brain with a center which con­
tinually seeks for simplicity, harmony and 
order. Th e harmonic series: 1, 2, 3, 4, 5, 
6, ... , is found extensively in man's 
theories about nature. Is this because it is a 
property of nature, or is it because man's 
brain can understand things better if they 
are in such a series? Such a question is 
interesting, but can only be raised and not 
answered in an article about music for 
computer nuts. Music, like speech, is unique 
to man and is totally abstract. By abstract, 
I mean that for the most part, no attempt 
to copy nature is made. 

Music is solely a product of man's braih, 
or ear-brain combination . Here is where we 
find harmonic series galore . A musical chord 
such as the major triad is three notes played 
together, the frequencies of the notes being 
related to each other as elements of a har­
monic series are related. In the key of C 
major, the major triad is C, E, and G which 
have pitch ratios of 4, 5, and 6 (ie: 4/4, 
5/4 and 6/4). Often to make the chord 
sound fuller, a musician will add the C an 
octave lower, and the C an octave higher . 
This also fi lls out the harmonic series some 
more : 2, , 4, 5, 6, , and 8. How about the 
missing 1, 3, 7, 9, etc? You can try 1 and 3 
for yourself; they are simply the Can octave 
lower still , and the fifth up from the next 
C, and they fit in beautifully. 

Unfortunately, you won't be able to try 
7 on a piano; it would be 7 /4, which is 
1.8 percent lower than Bb, a minor seventh 
from the C of the triad. Fortunately, if you 
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Meet the TSC 

Text Handlers! 


6800 Text Editing System 
This Editor has caused more talk than any 

other TSC program. Most users find it hard to 
believe its power. The TSC Text Editing System 
will allow extreme ease in any text preparation , 
whether it be an assembler language program 
or a legal document. 

Included are all the usual edit features plus 
commands for block move, block copy, tabs, 
local and global string changes. and overlays. 
All editor commands can be used as content 
oriented commands. The commands may 
also be used in a character, line, or relative 
position fashion and either in a local or global 
sense. 

Some other unique features include the 
ability to work forward or backwards through a 
file, restrictive column zone definitions, a de­
finable tab fill character. plus many more. 

The TSC Text Editing System comes com­
plete with assembler language source listing 
and a very thorough users manual which in· 
eludes a "Mini-Tutorial" for those wishing to get 
started immediately. 
SL68-24 Manual and Source Listing $23.50 
With Cassette$ 30.45 With Paper Tape$ 31.50 

8080 Systems Available Soon! 

S ...[C IAU5TS IN PR:OCIU.MS, SOflWAll[, .. H'AllDWAltt roR INDUSTR'I' & THC HO••YIST 

Circle 118 on inquiry card. 

6800 Text Processing System 
The TSC Text Processing System is by far 

the most powerful text formatter available to the 
micro user. Over 50 commands are provided 
for easy paging, margin setting, and spacing. 
Right, left, right and left, and center justification 
modes are all handled. The TSC Text Proces ­
sor is actually a formatting language which 
allows the creation of macros including vari· 
ables. All of these features allow for very 
efficient footnote handling, special document 
preparation , and form letters. 

Other features supported ·include page 
numbering (either Arabic or Roman Numerals), 
complete page size control (line length, page 
length, top, bottom, left and right margins, etc.) , 
tabs, conditional formatting control, exact title 
placing, contiguous space and text control, plus 
much, much more. 

The Text Processor in conjunction with the 
Text Editor will give your micro the powers of 
the best text processing system available. The 
complete assembler language source listing 
and extensive users manual are included. 
SL68-29 Manual and Source Listing$ 32.00 
With Cassette$ 38.95 With Paper Tape $40.00 

I a SL68-24 $23.50 a SL68-29 $32.oo•...------------. 

I a W/Cassette $30.45 a W/Cassette $38.951 

I a W/ Paper tape $31 .50 a W/ Paper tape $41 .001 

I o Complete 6800, 8080, & 6502 Software Cat-I 

I alog 25¢ I 
I Nam e I 

I Address I...___________...
I City State Zip I 
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build the pure diatonic sca le interface de­ sounds so dissonant. The width of the criti­
scribed below, you will be abl e to hear for 
yourself how wel l 7 fits in to the series. Also 
you wil l be able to hear 11 , and 13, and to 
hear how, and under what conditions they 
fit. 

The ear-brain wants so much to hear 
harmonic ser ies that it will even fil l in 
missing pitches. The "missing fu ndamental ," 
or the lowest note of a harmonic ser ies, has 
been studied by many doing acoustics re­
search . If your ear is presented with a series 
of tones whose freq uencies are in the rat ios 
of whole numbers such as 2, 3, 4, 5, 6, or 
3, 5, 7, 9, your brain tells you th at yo u 
actua lly hear the pitch corresponding to 1 
(the fu ndamental) also! 

Now let's ge t bac k to the disson ance of 
the min or second and why you needed to 
stay in the middle of the piano keyboard 
to do th e experiments with in tervals . If two 
pitches are very close together, the ear can­
not tell them apart, and they are heard as 
a single smooth pitch. If the pitches are far 
enough apart, two smooth and dist inct no tes 
are heard. If the distance between the 
pitches is in the crilical bond, the two notes 
are heard as two more or less rough notes. 
This roughness is maximum at 1/4 of the 
critica l band. IL turns out that the minor 
second is 1 /4 of the critica l ban d over the 
midd le of the piano range, and this is wh y it 

cal band is roughl y equal to: 

100 Hz + 50 Hz x f 

where f is the frequency of the note in kHz. 
You can calculate tha t , as you go to lower 
notes on the piano, roughn ess, or dis­
sonance, will be hea rd in the minor and then 
ma jor thirds, and still lower wi ll be heard 
eve n in the fourth and fifth, until at the 
lowest octave the only consonant interval 
wil l be the octave itself. Thus, if you want 
the music you com pose to sound har­
monious, you should have the pitches re­
lated to each other in the harmonic series, 
and pitches pl ayed at the same time should 
be more than 1 /2 of the critical band apart. 
Analysis of music composed by Bach and 
Dvorak shows that their chords obey these 
two simp le rules. 

To compose interesti ng music, you'l l 
need a few more rules. Most music has 
two featu r·es, constancy and varie ty. 
It is as if the brain ce nter whi ch looked for 
order, simplicity, and harmony was easily 
bored, so once it found a pattern , it wou ld 
soon be look ing for another-. Our mu ica l 
needs vary. Sometimes we want ve ry simple 
tunes so we can unwind, and at other times 
we need com pl ex melodies to keep our 
inte rest. Once you have made a tun e with a 
computer, it will be pas ible, in princi ple, 

- __ ___ ~L~ V0'::2_ ____ -....!.- __ ______CMOS_E ~I:!._ _______ ­

I 

R/ W, K5 , <1>2 

KI M· I \ 
COMPUTER Ao TOA9 / 

Do TO 
\ 

D1 / 

--------
LT 

,-
Do TO 07 

Ao TO A1 

TURE ( <1>2 . 12 VOLTS 
XPAN SION 

,< <1> 2 ° CLOCK PHASE 2WP zo TO WP22 

<1>2 

5 VOLT TTL 
TO 12 VO LT 
CMOS - \ 
LEVEL Do TO D1 J 
SH IFT E R 

tJ 
1400 \ PROGR AMMABL E 
Do TO D1_; DIVI DERS FD R 

KEY, OCTAVE.LA TC HES 
1401 \ AND NOTES 
Do TO D7 J 

~ F I GURE 2 
14 0 2 \ (BLOCK)
Do TO D7 J 

WRIT E 

l 3w 1400 ro WW 140 2 ST ROBi51 

R / W, Ks . <1>2 
AOO RESS 

\ OE COD ER 

Ao TO A g 
I FI GUR E . 

J J 

NOT E I 

J
NOTE 2 

SQUA 
NOTE 

NOTE 3 

NOTE 4 

WW 1403 TO WW 1407 
WR ITE STROBES 

RE WAVE 
OUTPUTS 

TTL 5 VOLT 

CMOS 12 VO 

FOR 
FOR FU F UTURE 

USECMOS £ 

, I OOMHz 

Figure 7: Block diagram of the music:al tone generator interface. A ll logic (see figures 3 and 4) of the tone generator itself is 
7 2 V CMOS, with level conversion from the TTL 5 V levels al the computer outpul. 
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The8K-3iK ExpandableMemoryThat Grows WithYour System 

Now, for the first time, you can have a 
reliable true static memory that will grow 
with your system. Start with the board and 
BK memory. Then add on one, two or three 
BK increments of memory up to 32K. 250 ns 
access time. The Arlee 32K Expandable 
Memory allows you plenty of room for 
memory and all necessary support hardware. 

For five years Arlee craftsmanship and 
rel iabil ity has been proven in tough industrial 
use. Now, you too can enjoy breadboards 
and memories that will work time after time. 
Boards like the GP 100 and the wire wrap 
WW-100. Send for an Arlee Board, your 
order will be sent the same day as received. 

Board & BK of memory-$290.00 
BK add on klts - $255.00 ea. 
Full 32K board-$1,055.00 

GP-100- $20.00 
Maximum design 

versatility along 

with standard ad­

dress decoding and 

buffering for 

S-100 systems. 

Room for 32 un­

committed 16 pin 

IC 's, 5 bus buffer & 

decoding chips , 1 


. DIP address se lect 
switch , a 5 volt reg­
ulator and more. 
High quality FR4 
epoxy. All holes plated 
through . Reflowed sol ­
der circuitry. 

WW-100-$20.00 
A wire wrap breadboard, 
similar to the GP 100. Al­
lows wirewrap of all 
sizes of sockets in any 
combination. An extra 
regulator position for 

TO ORDER: Use your Mastercharge or 
BankAmericard. Or just send along a money 
order. Your order will get same day service. 

FOR MORE INFORMATION: For more 
information about these or any of Arlee's 
complete line of circuit boards or for ei ther 
industrial or personal use, please call or 
write. A catalogue will gladly be sent. 

Please send me: 
D 32K D GP-100 D WW-100 

D I've enclosed a money order. 

Bill my D Mastercharge 


0 BankAmericard No. --- ­
Name _____________ 

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

Cily _____ s1a1e ___ z1p -- ­

10% discount for sludents & compuler club members. 

multiple voltage applica­
tions. Contact finger 
pads arranged for easy ARTE:C €L€CTRONIC), INC. 
pin insert ion. 

605 Old County Rd. • San Carlos, CA 94070 • (415) 592-2740 
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for you to have the computer make all 
sorts of variations of your tune to keep it 
interesting. 

Now let 's switch gears from music to 
computer oriented electronics and find out 
how to bui ld a diatonic computer music 
interface. The interface costs less than $19 
to build , includi ng 24 integrated circuits, 
LEDs, resistors, four diodes, and a universa l 
type printed circuit board. It wil l put out 
four notes simultaneously, and wil l play in 
almost nine octaves (17 .36 Hz to 7812.5 
Hz). The highest and lowest octaves have 
12 and 13 different notes, and the middle 
seven octaves have 33 notes each, giving 
a total of 256 unique notes. It uses three 
bytes of memory space. 

The interface can be functionally divided 
(see figure 1) into four parts: 

• 	 A set of programm able frequ ency 
dividers. 

• 	 A three byte latch. 

• 	 An address decoder. 
• 	 A leve l shifter to change the 5 V sig­

nals from the computer to 12 V sig­
nals for the CMOS ci1·cuits so they 
can operate fast enough to fol low th e 
500 ns write pulse put out by the 
computer. 

The block diagram shows that I've chosen 
hexadecimal addresses 1400 to 1402 to drive 
the interface. This is a convenient memory 
location for me because I have a KIM-1 
with 12 K of memory and these locations 
are not used for anyth ing else. You'l l not ice 
that I've also decoded write pulses for 
hexadecimal add resses 1403 Lo 1407 and 
page selects of add resses 20XX Lo 22XX for 
future expansion of the interface. Also, 
eight address lines, eight data lines, a clock 
line, and the write pu lses for addresses 
20XX to 22XX, al l at 12 V, are brought 
out to the edge connector for use with 
other CMOS interfaces. 

1;0 • l.OOMHz 

KEY w1400, Do TO 03 SELECT 

fk • 66.7KHz TO 125 K Hz 

OCTAVE 
l-W-1_4_0 _0 _, -04_T_0_0_5" 1~~~ER ATOR -'-n(n•l,2,3,4,5,6,7, 81 

SELECTOR 

I ko • 520 SHz TO 125KHz 

OUTPUT NOTE INOTE I 
lfkon1=174HL TO 7 8KHzlWl401, Do TO 03 SELECT 

SIX 
HALF 
BYTE 
LAT CHES 1--------"' OUTPUT NOTE 2 

W1401, 04 TO 07 
NOTE 2 

(fkon2' 17.4Hz TO 78KHzlSELECT 

OUTPUT NOTE 3 
Wl402, Do TO 03 

NOTE 3 
lfkon3=34.7Hz TO 122 IHzl SELECT 

Figure 2: Detail block dia­
gram of the tone genera­
tor, which uses the 7 MHz 
clock of the KIM-7 as its 
frequency standard. The 

OUTPUT NOTE 4NO TE. 4
Wl402, 04 TO 07 	 (fkon4=&9.4Hz TO 244 .IHl)outputs at right are square SELECT 

wave signals which can be 
sent to further filtering Wl 400, 07 

STROBEand signal processing be­
fore mixing down to one 

WW1400 TO WWl402or two stereo channels. 
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Figure 3: Schematic of the tone generator's key, octave and note selection 
logic. A default mixing circuit is shown to allow connection of all four out­
puts directly to one audio amplifier for testing. 
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Peripheral Vision is a young, fast-moving company 
that 's dedicated to selling reasonably priced 
peripherals for various manufacturers' CPU's. 

So now, when you build your microcomputer 
system, you'll know where to look for all the 
peripherals that will make your system do what it 's 
supposed to do. 

Peripheral Vision may be young , but we have some 
old-fashioned ideas about how to run our business. 

We know there are serious incompatibilit ies among 
the various manufacturers' peripherals and CPU's. 
We want to get them together. And we want to bring 
significant new products to market--products 
consisting of everything from adaptation 
instructions/kits for hardware and software to major 
new designs. 

Most important to our customers , Peripheral Vision 
is committed to helping you get along with your 
computer. We' ll do all we can to make it easy. 

Our first product is a real reflection of this 
philosophy. It's a fu ll-size floppy disk for the Altair­
lmsai plug-in compatible S-100 BUS. And it's 
available for as low as $750.00. 

Our floppy disk has many exciting features : 
•1 interface card supports 4 or more drives 
•Stores over 300,000 bytes per floppy 
•Bootstrap EPROM included--no more toggling or 
paper tape 

Circ le 91 on inq ui r y ca rd. 

•Completely S-100 plug-in compatible 
•Drive is from lnnovex (the orig inator of the floppy 
concept) --assembled and tested 
•Disk operating system with file management 
system included on floppy 
•Cabinet and power supply optional 

Also in the works are many new products we'll be 
letting you know about soon, if you'd like to take a 
closer look . Like 1/0 cards , tape drives, an impact 
printer--all for the S-100 BUS--and we're designing 
peripherals for a lot of other CPU's too. 

We've given you a little glimpse of who we are and 
what we're doing . If you want to see more, just f i ll in 
the coupon below. 

PO. Box 6267/ Denver. Colorado 80206 303/ 777-4292 

N .1111t• ---------------­

;\ dd tt· ~s ________________ 

C 11y / <, talL' / Z 1p _ _____________ 
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Figure 4: Schematic of the tone generator 's KIM-7 address space decoding, a 
diagram of the edge connector, and power wiring table for figures 3 and 4. 
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The six programmable dividers are the 
heart of the in terface (see the detail block 
diagram of figure 2 an d circuit diagram of 
figure 3) . Five of these are 4029 presettable, 
bidirec ti onal, binary or decade counters set 
up to cou nt down in binary mode. In thi s 
mo de the carry out (CO) line goes low when ­
ever th e cou nter counts dow n to 0. The CO 
signa l is inverted and re turned to the preset 
enab le (PE ) input wh ic h sets the cou nter to 
the va lu e of th e bi nary number on inp ut pins 
)4 to J1 · Each posit ive tra nsition of the 
clock (C) input causes the counter to count 
down by one as long as the clock inhibit 
(C l) is low. Because J4 (p in 3 on IC9, IC15, 
IC19, 1c2·1, and IC24) is always high, the 
counters may be set to divide by 8, 9, 10, 
11, 12, n, 14, or 15, depending on the 
binar·y number on inputs J3 to J1 · This 
number is stored in 4042 latc hes by writ ing 
the data into 03 to D1 of the latch as if it 
were a memory location. For example, if a 
bin ary th ree {011 ) were on J3to J1 , 8+3 , or 
11 would be loaded into the counter when 
PE went high, and the C input would have 
11 posit ive transitions before CO would go 
low, forcing PE high momentarily, and again 

Power Wiring Table 

Number Type +5 v GND +12 v 

IC1 7406 14 7 -

IC2 7406 14 7 -
IC3 7406 14 7 -
IC4 7406 14 7 -
IC5 4028 - 8 16 

IC6 4023 - 7 14 

IC7 4028 - 8 16 

IC8 4042 - 8 16 

IC9 4029 - 8 16 

IC10 4001 - 7 14 

IC11 4042 - 8 16 

IC12 4051 - 8 16 

IC13 4024 - 7 14 

IC14 4042 - 8 16 

IC15 4029 - 8 16 

IC16 4013 - 7 14 

IC17 4001 - 7 14 

IC18 4042 - 8 16 

IC19 4029 - 8 16 

IC20 4042 - 8 16 

IC2 1 4029 - 8 16 

IC22 4013 - 7 14 

IC23 4042 - 8 16 

IC24 4029 - 8 16 

loading the counter with ·11. Thus the fre­
quency of PE pulses would be ·1; 11 of the 
freque ncy of positive transiti ons at C. A 
flip flo p at the output of the note dividers 
converts the PE impulses into squar-e waves 
with a 50 percent duty cycle. Eac h of the 
04 latch ou tputs turns off a divider and 
thu s tu rns off the ound of o ne 01· mor·e 
note outputs. Bits 4 and 8 of hexadeci­
mal loca tion 1400 turn off al l the so und, 
whereas bits 4 and 8 of address 1401 and 
1402 turn off notes 1 thru 4, respectively. 
The reason for all this turn off is th at music 
has a lot more si lence in it than is generally 
recognized. To make notes sound distinct, 
rather th an al l run togeth er, the sou nd must 
be shut off for periods of 10 to 50 ms (for 
examp le). 

The key selector divides th e com puter's 
I MHz clock by a number from 15 to 8 to 
produce freq uency rK of 66.7 kHz to 125 
kHz as shown in th e seco nd block diagram. 
A binary divider, IC13, produces seven 
more octaves (factors of two in frequency) 
from fK, and the I of 8 se lector, I Cl 2, 
selects one of the octaves, fKo (520.8 Hz to 
·125 kHz), based on bits 6 to 4 stored at 

Edge Connector Wiring Diagram 

+ 5 v 1 A 
12 V output ¢ 2 2 B 

3 c 
R / W 

<ii2 
4 D 

5 E 
6 F 
7 H 

8 J 

9 K 

10 l 

11 M 

12 N 
5 V inputs p 

14 R 
15 s 
16 T 

17 u 
18 v 
19 w 
20 x 
21 

13 

y 

22 z 

ground 
write page 20 

wr i te page 21 

write page 22 

Do 
51 
52 
53 
54 
55 
55 
57 
Ao 
A1 
A.2 
A3 
A.4 
A5 
A.5 
A.7 
Ag 5 V input 

+12 v 

12 V outputs 

Continued on page 170 
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is to take it apart 

piece by piece. 


Compare the fea1 u res of our S- 100 bus D Keyboard Included. IMSAI is the o n ly 
system . 1hc industry standa rd . to anyone S-100 bus manufacturer to supply a micro­
else. Afler yo u' ve taken 1hem apart piece by processor dr iven keyboard wi1h " " key
piece. you 'll know why IMSAI is the system ro ll over and tie red cons1ruc1io n fo r a true 
you can grow with . Al a price yo u can live ty pewrite r keyboa rd touch . 
with. 

D 28 amp Power Supply. The world famo us 
IMSAI 80/30 Integra ted Video Computer lMSAI power supp ly assures s tabili ty a nd 
(with In telligent Keyboard-IKB-I) reliabil ity of performance. 
Standard Features: Options : IMSAI is the on ly S - 100 bus ma nu­
D Price assembled $1499. IM SAI is the o nly fac ture r to provide a comprehensive a rray
S- 100 bus ma nufac tu re r tha1 offers a micro­ of fu lly integra ted optio ns including: line 
processor d rive n keyboard with ·• "key and c harac ter printers, CRT te rminals. 
roll o ver. 21/,K of RAM. 8 expansion s lo ts. in 1el ligcn1 keyboard , A C R swrage. s11111 ­
choiceof4K , 16K. 32K and 64 K RAM dard and min i fl oppies, ITY BASIC with 
expansion boa rds. 3K ROM mo nito r, OS, 4K. 8K a nd 12K BASI C , a udio cassellc 
synch /asynch ser ia l interfaces. para lle l a nd BASI C wi 1h OS, 8K disk operat ing sys tem 
serial ports. high reso lutio n CRT moni tor. (DOS) based upo n C P/ .'vl ,* scientifica lly
24 x 80 display with graphic ed iting a nd and comm ercia lly o rienied disc BASI C and 
d a1a en try fea tu res. and 28 a mp power sup­ level 2 FORTRAN IV compiler. 
ply fo r 1hc inc redibl y low p ric.:e of $ 1499. 0 Printers. Only o ne o ther S- 100 bus manu­
0 mpu Speed. IMSA I is 1he on lyS- 100 bus fact urer ca n s upply both line a nd characte r 
ma nu facturer 1h a1offers 1rue 8080 com­ printer . 
pa tibil ity.opera ting a l 3 mHz. D CRT/Keyboard IMSAI is the only S-100 
D RAM Included. 21/,K. bus manufacturer to provide both C RT 
D Expansion S lots. Eight expans io n slots ter m inal a nd intellige nl key boa rd as 
are provid ed in a new te rminated and regu­ separate opt ions. 
lated moth erboa rd ( 10 sloL~ to ta l). D ACR Storage. Avai lable. 
D RAM Board Sizes. I MSA I is th e on ly D Floppies. l M SA l is o ne or the f cw S- 100 
S-IOObus manufac turer to supply 4K . 16K. bus manufacturers to p rovide both 
32K. a nd 64 K RAM m emo ry expansion stand a rd a nd mini floppies and 1he only 
boards. S-100 bus manufacturer 1ha t supplies 
o ROM Monitor. I MSA I is the o nl y S-100 double de ns ity sta ndard fl o ppies . 
bus manufacturer to provide 3 K of ROM . D ITY BASIC. IMSA I i.s o ne of the few 
D Asynch /Synch. On ly o ne o ther S -1 00 bus S- 100 bus manu facturers th a1 provides self~ 
manufac ture r provides bo 1h me thods of conta ined o perating sys tems w ith 4K , SK 
data communica ti o n . and 12 K BA S IC. 
D PIO/SIO. I MSA I is 1he o nly S- 100 bus D ACR BASIC. IMSAl suppo rts ACR 
manufacturer 1ha1 provides two seria l ports BA SIC w ith a n 8K vers io n. 
a nd o ne fully implemcn1ed para ll e l po rt a l D DOS. I MSAI is 1he o nly S-100 bus ma nu­
no ex1ra c ha rge. fact ure r to provide an en hanced version of 
0 Video l /O. IMSA I is the o nl y S- 100 b us the con1rol p rogram mo nito r (CP/M *) 1lrn 1 
manufac turer IO include a higli reso lu ti o n can suppor t up to 18 disk drives. 
( 14 mH z) m o nitor as an integrated part o r D Disc HASIC I MSA I is lhe only S- 100 bus 
1he computer. manufac turer tha l provides bo1h scientific 
D CRT Format. lM SAI is 1he o nly S- 100 and com mercia l versions of compiler 
bus manu fact ure r 10 provid e a fu ll 24 x 80 or iented BAS IC. 
sc reen. wh ich is two limes the capacity of D FORTRAN IV. IMSAI is 1he o nly S- IOO 
the commo n 16 x 64 sc.:reen. bus manufacture r that offe rs a leve l 2 
D Graphic/Edit. IM SAI i 1he o nly S-100 FORT RAN IV compil er 1ha1 o perates 
bus man ufacturer that provides graphics und er an e nhanced versio n ofCP/M~ 
a nd tex1 edi ting features w i1h character and Price'i anJ !<i f'Cdfica1ions subjccl to ch•mgc wi1hou1 no1ice. 
line inse rt / delete fo r yo ur C RT display. •C PI M i.s a trac.l<!ma rk of Digi tal Resea rch Corporation. 

Price/Performance 

no one else has put together. 


~~~~~® 
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The XF and X7 Instructions 


of the MOS Technology 6502 

HT Gordon 
Dept of Entomological Sciences 
110 Wellman Hall 
University of California 
Berkeley CA 94720 

Technical Forum is a fea­
ture Intended as on Interactive 
dialog on the technology of 
personal computing. The sub­
;ect matter Is open-ended, and 
the Intent Is to foster dis­
cussion and communication 
among readers of BYTE. We 
ask that all correspondents 
supply their full names and 
addresses t·o be printed with 
their commentaries. We also 
ask that correspondents 
supply their telephone num­
bers, which w/11 be printed 
unless we ore explicitly asked 
to omit them. 
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None of the operation codes listed in the 
instru ction set of the MOS Techno logy 6S02 
has a low order bit pattern of 111 1 (hexa­
dec imal F) or 0111 (hexadecimal 7) , al­
though many have 1110, 1101 , 0110 or 
0101. How does the processor interpret 
op codes of ty pe XF or X7 where X is an 
arbitrary high order digit? 

When I tried this out I fo und that it exe­
cutes them as va lid instruct ions to do both 
the XE and XO, or both the X6 and XS 
instructions, with fasci nati ng and useful 
resu lts. Thus fo r exampl e AS XX causes 
a load of the byte in page zero location 
XX into the accumulator, A6 XX loads 
thi s byte into the X register, and A 7 XX 
loads it into both index reg iste rs, an oper­
ation that wou ld need three program bytes 
with the conventional coding. 

Op code 87 is even more interesting, 
since 8S XX stores the va lue in the accu­
mulator into page zero location XX and 
86 stores the val ue in the X reg ister in to 
XX, and it is obviously imposs ible to store 
two different values sim ul taneously in one 
location. The effect of 87 XX is to store 
into location XX onl y those 1 bi ts that 
occ ur in both the accumulator and the 
X register. The effect is that of a logical 
AND between the accumu lator and the 
X registe r (nei ther one being altered), with 
storage of the resul t into XX. 

The effect of 97 XX resembles that of 
87 XX, except that the result of the AND 
is stored in page zero location XX + Y, 
since Y indexed storage is used by op 
codes 9S and 96. Since these are store 
instruct ions, no testab le flags are set. In 
general, op codes of type XO and XE 
have the same log ic as XS and X6, differing 
only in having a 2 byte absolute address 
instead of a ·1 byte page zero address. This 
is not true for op codes of ty pe 9X. Both 
are nevertheless executed, bu L the operat ions 
are not the same as those of 96 and 97. 
They resemb le the valid 90 in that storage 

into a Y indexed abso lu te address (XXXX + 
Y) is com manded. However, 9E stores the 
resul t of an AND between the byte in the 
X register and hexadecimal im mediate va lu e 
02, ie: if bit 1 of this byte is a 1, 02 is 
stored, and if no t, 00 is stored. (1 have no 
idea where the processor finds the 02.) Op 
code 9F stores the resu lt of an AND 
be tween the value 02, the X register, and 
the accumulator; if the bytes in both re­
gisters have a 1 in bit 1, 02 is stored; other· 
wise 00 is stored . 

When X6 and XS command different 
operations, X7 causes the X6 to be done 
fi rst, fol lowed by the XS. For example 
E7 XX causes the byte in XX to be incre­
mented by 1, then subtracts th is value from 
the acc umulator, setting the proper flags 
and leaving the result in th e accum ulator. 
Everything the "new" instructions do could 
of course also be done with the conve ntional 
se t, using more program bytes and time. 
Most of the unu sed op codes of the 6502 
" run, " but 12 of type X2 cause ope ra tion 
to become "lost in space," from which on ly 
RESET can rescue them. It would be inter­
esting to know whether some of the unused 
op codes of other microprocessor designs 
will also prove to be va lid instructi ons. 

Since discovering the XF and X7 instruc­
tions, I have found th at th ere are also 
"unoffic ial" XB instructio ns. For examp le 
A9 XX is a load immediate of the by e XX 
into the accumulator, and AA commands 
transfer of the byte in the accum ul ator 
into the X register. The effect of AB XX 
is to load XX into both the accumu lator 
and X registers, setting the usua l flags. 
Some other XB op codes are also executed, 
but I have not yet had time to woi-k out 
th eir operation. I have no doubt that som e 
of these instructions cou ld be put to use , 
but there is a hazard . If manu racture1·s 
decide to add new planned instructions 
in ch ip redesign, programs using the un­
planned ones wil l be incompatib le. • 



___e $6,000* DP 

nter. 


IMSAI Introduces 
theVDP-80 

Until now. owning rea l computing power mea nt pa ing 
unreal prices. Anno uncing th e IMSAI VDP-80 Video Da ta 
Processo r, a compl ete co mp uter. intelli gent termin al and 
megabyte flop py d i k mass storage syste m. II in one 
com pact ca bine t. All for just $5995~ A co m plete desk to p 
DP ce nt er. 

Fo r small business appli ca tio n . th e VDP-80 pl aces a 
stand-a lone co m pu ter a t yo ur fi ngertips. And . ou r full line 
o f add -o n pe ri phera ls, assures th a t th e syste m ca n be 
expa nded as yo ur needs do . 

Fo r the large busi ness user, with a n ex isting central 
main frame . the VDP-80 is the ul ti ma te remo te proce so r. 
You have the ad an tage of powerfu l loca l proce sing 
capabi lity. plu th e epito me in cost-elfectivc nes fo r 
impleme nt ing a d istri buted da ta communica tions ne two rk . 

Take a cl se look a t the fo ll owin g fea tures . Th en yo u' ll 
know why we ca ll o ur VD P- 0 the desk top DP cen ter. 

D Powerful, High-Speed, Cen tral Processor. 3 mH :t: 
Intel 8085 microprocessor. 32K RAM me mory (expa nda ble 
to 196K). Para llel a nd serial 1/ 0 . ' ynch, synch a nd 
bisynch co m m unica tion . Progra mm able baud ra te 
(.05-56 K B). 

D Megabyte Mass torage. Pe r ci du al llo ppy. do ubl e 
density disk dr ive ta nda rd. O ne million byte torage 
ca pacity. T hree flo ppy d isk drives ca n be added -o n. 
provi d ing 4 111 ii lion byt s o r o n-l ine storage. 

o Drives Printers, Plolters, Terminals, lodems and 
Tape Drives. upports up to . ix termi nals o r modem s. and 
ro ur tape drives. Drive plo tt ers. seria l printer a nd line 
printe rs (up to 300 lpm) . 
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D U"CRT, 24x80 Field, User Programmable Font. 
C haracter a nd line insert / del ete allo ws fas t program 
correction a nd text ed it ing. Inverse video and progra mma ble 
fie ld a llow high ligh ti ng o r enl arging graphics of in fo rm a­
tio n dis play. Tit led fi e ld protect inform ation blocks fro m 
being wrine n over acci dentally. Progra mma ble font (up to 
256 different cha rac ters) a llows fore ign language a nd special 
purpose character fo rms. 

D Al phanumeric Intelligent Keyboard. 62- pacl main 
key board . Programma ble 12-pad numeric keyboard . 12-pad 
contro l key boa rd . Sta nd a rd typew riter and ca lcul ato r 
keyboa rd layouts. "N" key roll over reduces o pera to r erro r 
du ri ng high- peed da ta entry. 

D Commercia l BASIC, FORTRAN IV, DOS Software. 
Built- in ROM mo ni to r a llows extensive deb ugging a nd 
diagn ostics. BASIC. interactive o r co m pi ler version. 
FORT RAN IV leve l 2 ANSI co mpile r. DOS ­
enha nced C P/ M.** 

Distributed processing. fi nancia l report ing a nd ana lysis, 
wo rd p roces ing, wh a tever yo ur a pplica tio n, the VDP-80 is 
yo ur a nswer. 

Dial (415) 483-2093, and we' ll te ll you bow you can put 
our $5995* OP Cenl er on your desk top. When it comes to 
small business computers, Just Ask IMSAI. 

"Buse pncc VDP-8011000. 55995. with 32 K RA •I me mory .a nd dua l doubk de nsity ftopp)' 
dlSk d ri\lc, U.S. Domes tic Price Only. Fca1urcs nnd pnccs subject to c h:rngc wuhou t no tu.'c. 

· •CPI M is n tradcmurk or Digital Research Corpora tion. 

~ 
\ 


IMSAI Manufaclunng Corpora l ion 
14860 Wicks Blvd. 
San Leandro. CA 94577 

The Standard of Excellence (415) 483-2093 TWX 910-366-7287 
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Photo l: A view of the PC 77 convention {Joor. 

Photo 2: Heath's dis­
play, a popular spot 
at the convention 
where hackers could 
get their hands on the 
new Heathkit com­
puters for the first 
time. 

PC77 


By Chris Morgan, Editor 

Who would go to Atlantic City before the 
gambling casinos are bui lt? Computer freaks, 
that's who! Thousands of microcomputer 
enthusiasts (between 8 and 12 thousand) 
crammed in to the Shelburne hotel August 
27 and 28 to see over 150 manufacturers 
display th eir computer creations. Exotic 
sights met the eye at every turn: a complete 
mock up of a fighter plane was being run by 
a microcomputer, with plans available to 
intrepid experimenters who wanted to 
dupl icate the gadget; games galore and some 
very high class color graphics filled video 
screens; computers spoke and listened 
to fascinated on lookers; Heath, Commodore 
and Radio Shack displayed their brand new 
microcomputer systems; and BYTE was on 
hand at a brand new convention booth. 

Everything went smoothly from first 
hour to last, and the well attended banquet 
featured a host of speakers including com­
puter pioneer Dr John Mauchly. 

Next year's convention promises to be 
even bigger and better at its new location : 
the Atlantic City Convention Center.• 

Photos by Charles Floto 

Photo 3: One of the many color 
video displays on view at Per­
sonal Computing 77. Shown are 
two Compucolor displays 
offered by the Computer Mart 
of NJ. 



Photo 4: The Computer Store (New Yori? area) booth. 

Photo 5: One corner of the expansive MITS booth 
which took up over 800 square feet and featured 
the complete line of Altair computers. 
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(]iaPcia's 

Try an 8 Channel DVM Cocktail! 

OiPcl'it 0BllaP 

On a Test 

Equipment Diet? 

Photo 1: /Cs on ICE. 
Pictured are all the com­
ponents necessary to build 
the 8 channel 30 digit 
computer controlled volt­
meter described in this 
article. 

Steve Ciarc ia 

POB 582 
Glastonbury CT 06033 

About three weeks ago, I was testing a 
new 8 bi t analog to digita l converter which 
I had just built fo r an upcom ing magazine 
article: this one, in fact. It was a high speed 
successive app roximat ion analog to digital 
converter which perfo rmed 200,000 con­
versions a second, and it worked fi ne. I had 
intended to use it for some speech digitiza­
tion exper im ents. During the testing phase, 
however, I became exasperated from con­
tinually moving my digita l vo ltmeter (DVM) 
probes around the circu it to take readings 
and having to stop to make the same cal­
culations repeated ly. To speed the process 
up, I wrote a BAS IC program which would 
do the number crunching, prov ided I typed 
in the voltage values correctly. More often, 
though, all I wanted was to monitor a few 
vo ltage levels simultaneously . 

After stri nging my two DVMs, an analog 
vol t-ohm meter (VOM}, and my oscilloscope 
al l over the bench to aid in my testi ng, I 

Motorola MC14433 314 Digit Anal og to Digital Converter Specifications: 

Accuracy: ± 0 .05% of reading ± 1 coun t 
Two vo ltage ranges : 1.999 V and 199.9 mV 
Up to 25 conversions per second 
Input impedance > 1000 megohms 
A uto zero 
Single posit ive voltage reference 
Auto polarity 
Drives CMOS or low power Schottky loads 
On chip system cloc k 
Over , under, and auto ranging signals available 
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concl uded that there must be a be tter way. 
It' s old hat to use one channel of a dual 
trace scope to troubleshoot the other trace, 
so it was natu ral to consider using the 
anal og to digital converter to monitor 
itself. While the thought was momentarily 
grat ifying, the low reso lu tion inherent 
with eight bits and clumsy binary con­
vers ion made me reconsider. 

Whi le thi nki ng over th is dilemma I was 
leani ng back in my reclining desk chair 
with one elbow on my computer and my 
feet up on my prin ter . I realized that I 
sho uld move some of the junk so that I'd 
have more room in the basement. I con­
cluded that what I needed were eight DVMs. 
This insane desire was quickly eradicated 
and replaced by a more economically sound 
idea. I had designed a 4 channel 8 bit digital 
to ana log converter to run with BAS IC. It 
was only natura l to design a multichannel 
analog to digital converter which also inte r­
faced to BASIC. 

12 bit analog to digital converters and 3Yi 
digit DVM chips come in a variety of con­
figurat ions. Converters which specifically 
state that they are 12 bi t converter modu les 
can have either binary or binary coded 
decimal (BCD) outputs, but are almost 
universally para llel binary output devices. 
The end of conversion signal resu lts in 
immediate data output. The computer 
just has to scan the data I ines and translate 
them in to meaningful notation. Chips which 



MORE BYTES FOR YOUR BUCK I• 

SK RAM . ..assembled, burnt-in, tested 

and warranted ...only s197so1 


These are not kits, but completely assembled and 
tested boards, with a 1 year warranty. No soldering , 
no messing, no chance of mis-connections . .. just 
plug 'em in and you 're ready to run. The BK RAM has 
the same features and speed as our 4K RAM (500 
nsec, no wait states) and if that isn 't fast enough 
there's our SK (Z) fast RAM that gives you a 250 nsec 
access time for only $217.50! 

Because of the low power memory chips used, power 
requirements are lower than many other RAM boards. 
And the BK RAM uses less power than two 4K boards. 
All RAMs are manufactured to military specification 
MIL STD-SS3-C, assuring greatest control over 
re liability. 

Address selection is easi ly accomplished by our 
Visaddress™, an easy to read switch on the board 
top . The BK board is designed to be selected as one 
of eight possible SK RAM boards present on the S-100 
bus. 

To achieve address selection, the top address lines 
are decoded using the Visaddress switch. The switch 
will then show the selected starting address of the 
RAM card . (i.e. ~ = ¢¢¢¢-1 FFF, 2=2¢¢¢-3FFF, etc. 
on the SK board). 

Both boards have ful ly buffered address and data 
lines, and extensive built-in noise Immunity circuitry. 
And are plug-in compatible with the S-100 bus 
(Altair SSOO, IMSA1 BOSO, etc .) 

Quality, assembled boards at less than kit prices. But 
what else should you expect from a company whose 
prime products are electronic test instrumentation 
and microprocessing components? 

Also available : 4K RAM; $107.00, Alpha-VDM; $107.00, 
Alpha-VDM-11 ; $145.00, Graph lcs-VDM; $137.00. 

Order direct by check, BankAmericard or Master 
Charge (Add $1 .50 shipping, credit customers give us 
al l the card numbers, please and Ohio residents add 
4V2 % sales tax) or contact us for more information. 
Kent-Moore Instrument Company, a subsidiary of 
Kent-Moore Corporation (founded in 1919), P.O. Box 
507, Industrial Ave., Pioneer, Ohio 43554. (419) 737­
2352. Or, Kent-Moore of Canada, 246 S. Cawthra Rd ., 
Mississauga, Ontario L-A3P2, Canada. 

Kent-Moore 

INSTRUMENT COMPANY 
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are specifically referred to as 3Vi or 4Vi digit 
DVM large scale integrated circu it (LSI) 
chips do not have this luxury. In general, 
their output is a combination of serial and 
paral lel , one digit at a time. Interfacing to a 
parallel output ana log to digital converter 
would be far easier with regard to the com­
puter software, bu t as is generally the case, 
one never gets someth ing for nothing. 12 bit 
parallel analog to digital converters are 
expensive. Most are designed to cover high 
speed data acquisition app lications. Speed 
(1000 to 100 K conversions per seco nd) 
costs money. 

This leaves us with th e 3Vi digit DVM LSI 
chips. They run very slowly by comparison 
(1 to 50 conversions a second), but cost an 

Figure 7: A simplified functional representation of the Motorola MC74433 
30 digit analog to digital converter. 7 a shows a block diagram of the device; 
7 b shows the two integration periods used to convert the Input voltage to a 
30 digit decimal number. During time t1, the unknown voltage (Vin) is ap­
plied to an integrator having a predefined integration time constant (T) for a 
preset time. During t2 a known negative voltage is presented to the integrator. 
The time needed for the integrator to return to the 0 level is therefore a 
functi?n of the unknown voltage. A digital counter keeps track of this time, 
from which Vin can be calculated. 

INTEGRATOR OUTPUT 
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r--- L OGIC 

INTEGRATOR 
V INPUT C 

CONTROL 

COUNTER 

order of magnitude less. Software to per­
form the serial to parallel conversions is a bit 
more involved, but once it's written, who 
cares? 

One of the latest chips to hit the market 
is the Motorola MC14433, a 3Vi digit low 
power complementary MOS an alog to digital 
converter. Its specifications (relative to 
computer app li cations) are listed in the box 
on page 76. 

The MCl 4433 is a modified du al ramp 
integrating analog to digital converter. This 
is outlined in figure 1. 

The conversion sequence is divided in to 
two integration periods : unknown and 
reference . Du ring the Vin or unknown input 
integration sequence, the unknown voltage 
is app lied to an integrator with a defined 
integration time constant for a predeter­
mined time limit. The result is that the 
voltage level at the output of the integra tor 
will be a function of the unknown voltage 
input. More positive input voltages wi ll 
result in higher levels at the in tegrator 
output. 

During the second cycle of the integra­
tion sequence, Vin is replaced at the input 
of the integrator with a negative 2.000 V 
reference. The output of the integrator 
starts to move toward zero whi le the digital 
circuitry in the chi p keeps track of the time 
it takes to make it to zero again. The time 
difference between the two integration 
sequences is then a function of their voltage 
difference. Since the integration time con­
stants are the same for both periods, if 2.000 
V were the unknown applied voltage, t2 
would be equal to ti. The unknown voltage 
is equivalent to the ratio of the periods, 
times the voltage reference, V ref· This is 
also known as a ratiometric converter. Quite 
a mouthful. The full scale range of the 
converter is determined by the level of Vre f· 
Changing Vref to .200 V will make the same 
1999 count represent a 199.9 mV full 
scale. (Obviously, V ref could be set to any 
value within the voltage limitations of the 
chip. But, remember, full scale will still be 

'T - integrat ion t ime constant 
t1 unknown voltage integration period 

(constant) 
t2 reference voltage integration period 

(variable) 

Vo ­
V;nt1 

T 

Vref t2 

'T 

tha t is 

Vin 

Vref 
- .2 

t1 (lb) 
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Volume VII 

~~~~TIFIC 
RESEARCH 

Volume VI 
Yes and it still contains what was previously 
advertised. A fully disk interactive business 
package with AIR, Inv., A/P, ledgers, tax tota ls, 
payrol I records, more. 

As a bonus it also contains t he Users Manual for 
our Firmware Ledger package . These 100 extra 
pages contain report formats, file creation rou· 
tines and our very powerful program ACBS1 usea 
to create the powerful file structured data base . 

$49.95 


Here is that Chess program you have been 
wai ting for as well as a disk interactive Medical 
Bill ing package with patient history file. 

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

Add $1 .50/Vot . for U.P . . and handling ,except to APO and PO addresses. 
Foreign orders add $8/Vol. for air shipment - US dollars only. No purchase 
orders over $50. 

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

OUR SOFTWARE IS COPY· 
RIGHTED AND MAY NOT BE 
REPRODUCED OR SOLD. 
Due to the numerous copyrigh t violations on 
our earlier volumes - un til further notice we 
are offering a REWARD leading to the arrest 

220 Knollwood 

Key Biscayne, f L 33149 


Phone orders (800) 638-9194 

Informatidn 305-361 - 1153 


AVAILAB LE AT MOST COMPUTER STORES 

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


and convict ion of anyone reproducing our 
software In ANY way without our wri tt en 
permission. Th is Includes diskettes, paper and 
magnetic tape. cassettes, records, paper 
copies, etc. iiiiiliil•l 

honored 

,­



l 

1999 counts even if il re presents 2.463 V, 
if for example that were V ref.) 

Making a DVM Chip Computer Compatible 

There are more bus configurations than I 
know what to do with lately, so I set up this 
interface to run from decoded input and 
output ports. Whether they be memo ry 
mapped 10 or not, we do not care, as long 
as the outputs a1·e la tched and the inputs 
can be cl1·i ven by low power Schottky TTL 
devices. 

To ful ly uti lize this eight channel 3Y:i 
digit DV M, we must design the co1Tect hard­
ware interface and write a unive rsal software 
dr iver. 

Hardware and Data Format 

Figu 1·e 2 detai ls the schematic of the 8 
chan nel interface board. ICl is the MC14433 
DVM chip . Wi th the va lu es chosen, it will 
perform approximately 25 conversions a 
second. Reducing the 68 K resistor between 
pins 10 and 11 to about 27 K wi ll increase 
this to about 50 conversions pe r second. 

Figure 2: Circuit for the This is an out of specification cond iti on 
8 channel 30 digit volt­ and, though probably successful, is 
meter. dependent on in dividual parts. 

+5V 

Each output pin of ICl has the powe1· to 
drive one LS TTL load . Since al l input ports 
are not necessarily low powe 1·, we provide 
IC3 and IC4 as buffers. They are 74LS04s 
and while they are capable of dr iving regular 
TTL, they do invert the output data of the 
DVM. Any driver program must comp leme nt 
the BCD and dig it data it rece ives from this 
in terface befo re using it. 

IC2 is a MCl 403 precision voltage 
refere nce chip and supplies the V1·ef input. 
This IC wil l vary only 7 mV over a range of 
0° to 70°C from its nominal 2.5 V output. 
While a zene1· diode might also supply an 
adequate reference voltage, the temperature 
drift characteristics of the ave1·age zener 
would negate the va lue of a 3Y2 digit 
conver ter if used beyond a 5 or 10°C tem­
pera tu 1·e variat ion. A precision voltage 
integrated circuit is an absolute must if 
th is ci 1·cu it is to be used for prac ti cal 
applications . 

ICS is a 7474 which is used here as a set­
reset flip flop. The end conversion signal 
from IC1 sets it, and an output bit from 
the computer rese ts it after read ing the 
output data. 

IC6 is an 8 input CMOS multiplexer. 
Its address lines are tied directly to a latched 

Continued on page 92 
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4800 BAUD CASSETTE RECORDER 
An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop . Error 

rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit 
Banger PIA " - no clocking required. This is not an audio recorder. It takes RS232 or 
TTL signals from the terminal or computer and gives back the same signals . No audio 
interface is used. Motor start/stop is manual or through TTL or RS232 signals. 

Tape speed is 3.2"/second nominal ; 1.6
11 
/sec. optional . 110 volt, 60 Hz, 5 watts. 

(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO· 
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by maj or computer manufacturers, Bell Tele· 
phone and U.S. Government for program reloading and field servicing. 

MODEL CC-8 $175.00 AV AIL ABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 6800 CONTROLLER for SWTP 
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 

This is a complete tape controller for the SWTP 6800 system. Has 3 K of EPROM 

space for your own programs. A 1 K ROM (2708) is provided with all tape and moni­

tor funct ions. The ROM program is identical to our extensive 8080 ROM program. 


Has one ACIA for one or two tape drives, one USART for an addit ional Serial port 

and a 4 bi t parallel port for motor control. WiU control one or two CC-8 or 3M3A 

drives with the software provided. Can be used with other tape drives controllable with 

4 TTL bits if appropria te software changes are made . 


Extra serial port is provided for your use with a second terminal or printer. (RS232, 

TTL or 20 ma) 


The ROM program supplements the MIKBUG program and is entered automatically 

on reset. 


AVAILABILITY - Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit) 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A) 

This is a complete 8080, 8085, or 280 system controller. It provides the terminal 
1/0 (RS232, 20 mA, or TTL) and the data car tridge 1/0, plus the motor controlling 
parallel 1/0 la tches. Two kilobytes of on board ROM provide turn on and go control 
of your Altair or lmsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
in hex on the te rminal, formats tape cartridge files , has word processing and paper 
tape routines. Best of al l, it has the search routines to locate files and records by 
means of six, five, and four Jet ter strings. Just type in the file name and the recorder 
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded) 
or NRZ modes with sui table recorders and in terfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM's so 
that you can wri te your own software or relocate it as desired. One 2708 prepro­
grammed is supplied with the board. A socket is available for the second ROM 
allowing up to a fu ll 2K of monitor programs. 

Fits all SlOO bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock 
from bus. Cannot be used with audio cassettes without an interface. Cassette or

2510 (R) CONTROLLER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AVAILABILITY - Off the shelf. 

80 BOARD for SWTP COMPUTER: Now you can use the 8080/Z80 software programs in your SWTP 680] 
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card . $200 assembled and tested. ( $1 60 kit) 

AVAILABLE - November '77. ~ 
OVERSEAS: Export Version 220 volt 50 hz. Write factory or: Megatron·Datameg, 8011 Putzbrunn, Munchen, Germany; N ippon Automation 
5-16-1 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172 /field Road, London SW 10-9ag: Trin· 
rronics, Ltd., 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 11, Barcelona 14, Spain; ARIES, 1, rue Saint Phillipe du 
Roule, 15008 Paris; Micro/em 20 13 1, Milano, I taly; Eagle Electric. Capetown, S. Africa. 

For U.P.S . de livery, add S3.00 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 BankAmericard accepted . 

~ati()nal Multiplex C().-p()r-ati()n 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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SYNCHRO·SOUND 

ENTERPRISES, INC. -

·One-stop shopping 
for Hardware and Software 

Everything you need in small computer systems with special emphas is 
on TERMINALS! Look at these units ... compare price, quality, delivery, 

service . . . and you'll see why you don't have to look anyplace else ! 

OKIDATA MODEL 110 
LINE PRINTER 
• 110CPSdotmatrix 

Friction $ 1149 OO 
Feed . . . • 
Tractor 127g OO 
Feed ..... • 
RS 232C 
Serial 
Interface ... 

LE:AR SIEGLER ADM 3A TERMINAL 

ADM 2A TERMINAL 

~~~ . ~~ ... $739.95 
~~~~~led . . 849.95 
~~~~~?. 3 

. 
5 

.e. .... 6 9.00 

• 1920 character display (24 x 80) 
• 16 function keys for 32 commands 
• Separate keyboard-119 keys 
• 10 key numeric pad 
• Single key edit operations ADM 2A 

' • Page, field or line edit Assembled ··· 
•Security, protected fields $1895.00 

and much more 

DECWRITER II 
• 132 column printing 
e 10-30 CPS 
•Full keyboard 
• Tractor feed 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

CENTRONICS 
703 SERIAL 
PRINTER 

•Low 
cost 
of ownership 

•Bidirectional logic seeking printing 
•Microprocessor electronics $2395 OO 
•Excellent print quality • 

IMSAI 8080 MICROCOMPUTER 
•Powerful• Low cost •Easy to use 

HAZELTINE 1500 
VIDEO TERMINAL 
• Reverse video 
• 24 x 80 display 
•Programmable 

brightness levels 
• RS232 and 

current loop 
and much more 

With 22 Slot 
Mother Board 

$619.95 

Assembled . ... $1149.00 Kit also available 

HAZELTINE MODULAR 1 
INTELLIGENT TERMINAL 
• 1920 character display 
• 8 different video levels 
•Full editing capability 
• Removable keyboard 

and much more 

Assembled .... 

$1659.00 

We carry a full line of the following : TDL, 
Centronics, Seals, Hazeltine, Micropolis, 
Hayden, IMSAI , Cromemco, 
Compucolor, lcom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vis ion. 
Same day delivery and shipping on most 
items. Full modern repair facilities on 
premises for complete servicing of 
everything we sell. 

CENTRONICS 761 PRINTER 
• 300 Baud serial transmission 
• Bidirectional and incremental printing 
• RS232, CCITT-V24, or 

current loop interface 
•Baud selection (110/150/300) 

KSR with Keyboard ... . .... $1695.00 
Receive only version 

.-.-~=·. 1595.00 

• Fully IBM 3740 media 
and format compatible 

• Full formatter 
and controller 
built-in 

ICOM Model FD 3712 
Dual Drive System 

$2795.00 

SPECIAL BUYS 
Sorac IQ 120 Video Terminal Kit .... . . .. $959.00 
DEC LA 180 Printer ..... . ............ 2769 .00 
Compucolor 8001 Color Computer . . . . .. 2595.00 
ICOM Microfloppy System .... . . . . . .... 989.00 
North Star Microfloppy Disk Kit . . . .... . . 599 .00 
2708 Eproms .. . . . ............ . .. . . . . . 27 .95 

• Javel in 9" Video Monitor .. . . . ..... . . . .. 159.95 
Livermore Modem Model 76 .... . ....... 299 .00 
Sol 20 with Solos Kit (I im ited supply) ..... 999.00 
Micropolis Model 1053MOD 2 . . . .... .. 1799.00 
IMSAI AP44·44 Col. Printer Kit. ......... 329 .00 
TDL Xi tan Alpha 1 Computer Kit ....... . . 699 .00 

SYNCHRO-SOUND ENTERPRISES. INC. 
The Computer People 

193-25 Jamaica Avenue, 
Jamaica, New York 11423 
2121468­7067 TWX: 710·582-5886 
Hours9-4daily Visitournewshowroom 
and Saturday Working units on display 
Dept . BB BankAmericard • Master Charge 
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Get Your System Together 


John G Whitney 
2405 Haisley Dr 
Ann Arbor Ml 48103 

So you now have your own home com­
puter system up and running. Your pro­
cessor is on one bench, a cassette mass 
storage memory unit on another. The ter­
minal stands nearby, with the paper tape 
punch an d your TV video mo ni tor on the 
floor. To top it off you have 20 interconnec­
ting cables lying around. Does this remind 
you of your computer system? Things don 't 
have to be this way when with a moderate 
amount of time and money one can convert 
one's computing apparatus into a well organ­
ized and laid out system. 

Most professionally instal led minicom­
puter systems have most of their hardware 
mounted in one rather large cabinet. 
Mounting th e hardware in such a cabinet 
eliminates many in terconnecting cables that 
otherwise would be lyi ng around on the 
flo or. A cabinet fo r your system will in­
crease the system's reliability by shortening 
cable lengths between system components, 
since they are now all mounted together. 
The shorter cables will have less capacitance 
which will in turn lower the amoun t of byte 
transfer er rors due to noise pickup. A cab­
inet will also provide easy movability of the 
total computing system withou t much 
troubl e. By mounting your comp uter hard ­
ware in such a cabinet you can achieve 
these results in add itio n to improvi ng 
your system's appearance and efficiency. 

At almost any used computer surplus 
center one can fin d a fa irly cheap and 
adequate stripped down computer fra me 

or cabinet that will serve the purpose . 
I have found a 20 by 25 by 60 inch (40.8 by 
63.5 by 15.24 cm) size frame quite su it­
able for my homebrew computing system. 
The size depends mainly on th e size of the 
existing equipment in your system. Some of 
the better cabi nets are the ones in which all 
four sides have panels which swi ng open to 
expose the computer hardware for easy ser­
vicing. If you fai I to locate such a cabinet, 
you can easily construct an adequate 
wooden enclosure. 

After acquiring a cabinet it's usua lly best 
to install a fairly large ventilating fan to keep 
the heat generated by the hardware to a 
minimum. Another addition such as a row 
of 110 V AC outlets, mounted on the inside 
of one side panel, will decrease your work 
when changing or increasing your com­
puter 's equipment. A ma in power switch for 
all e lectrical equipment in the cabinet, 
when mounted near the front, becomes 
quite handy when all power is to be discon­
nected. Other additions, like a smoked glass 
or plast ic front door pan el to im prove your 
cabinet's appearance, are left Lo your 
imagination. 

Not only will the cabinet provide an 
enc losure for your equ ipm ent, but any 
sufficiently large unused space can be used 
to store your computer software, in paper 
tape or cassette form. When uti lizing space 
for your system's software it becomes 
necessary to insulate and shield these areas 
from all electrical wires or possible strong 
magnetic fields. Th is can be done either by 
moving the wires away from the space or by 
surrounding them with a steel shie ld which 
wi ll confine the magnetic fie lds. Otherwise 
you might find that your software cassettes 
contain small bits of garbage . 

In ut ilizing a cabinet with your system 
you won't just improve your computer's 
appearance and efficiency, but when some­
one views your system he or she won't 
exclaim in disbelief, "Is that the computer? 
That I it tie box!"• 

84 BYTE O<et mbtr 1977 



- linfl'l .MJ~~,g1}PlJTtA5 
ANNOUNCING 

GRAND OPENING 

MOST COMPLETE LINE OF MICROCOMPUTERS AND ACCESSORIES 


PLACE YOUR ORDER TODAY - CALL TOLL-FREE- 800-433-1679 


CPU's - Alpha Micro, ICOM, 
IMSAI, Polymorphlcs, 
Processor Technology, 
T.D.L, Vector Graphics, 
Equinox 

"POPULAR BRANDS" 
CARRIED 

DISCS - ICOM, Dlgltal 
Syotems, IMSAI, Mlcroplls, 

North Star, Polymorphic•. 
Processor Technology, 

Shugart, Smoke Signal, SWTP, 
Porscl , Extensys 

VIDEO 
BRAIN 

TERMINALS­

Beehive, 


Lear Siegler, 

SOROC, SWTP, 


Informer 

Complete Line of Parts and Accessories! 
Call for Special Prices! 800-433-1679 

,---;~~~~;~~;,;~;~- - -------~~' 
J P.O. Box 2936, Fort Worth, Texas 76102 : 

I Please Send Me TANDY COMPUTERS I 
I Full-Line 1978 Catalog I 
I I 
I PLEASE PAINT I 

: Name Apt. __ : 

I Street I 

:~~--------------~~-====.:'.."_____ J 

RADIO SHACK 

D coMPUTa!A-680 ev•HM 

SOUTHWEST TECHNICAL PRODUCTS 

PAINTERS - Centronics. Okidata. Practical Automation , SWTP, 
Diablo. IMSAI 
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The end of bad solder ioints, heat damaged 
components and sick IC's. Introducing the 
Semikit. Item 1, a 16KRA Memory Board,$369. 

Let's face it. Loading and 
soldering PC Boards is not much 
fun for the kit builder. Even 
more important, it's the place 
where most of the trouble gets 
introduced. T he real fun and 
education comes in runn ing and 
testing boards. 

Now the Semikit with 
fully tested IC's. 

A t the price of a kit, Processor 
Technology Corporation intro­
duces the Semikit. It's a fully 
stuffed, assembled and wave 
soldered PC Board loaded with 
!C's that have gone through Q.C. 
and final checkout (a first in 
the industry) . 

We leave you the fun o f 
testing wi th our fully documented 
set of instruct ions. We do the 
production tasks of loading, wave 
oldering and inspecting the 

boards. You do the more interest­
ing and time consuming chore 
of testing and burning- in 
the boards. 

T he result is one sweet deal 

for both of us. You get a board 
where the primary causes of 
damage (poor solder joints, excess 
solder and bad IC's) are virtually 
el iminated. You get a board o f 
highest pro fessional quality. 
And we get the business! 

The 16KRA Memory 
Board's at your dealer now. 

Your Processor Technology 
dealer has the first Semikit, a 
16KRA M emory Board , in stock 
and ready to go right now. You 
can take it home tonight for 
5369 as a Semikit or for 5399 
fu lly assembled, test d and 
burned-in. 

You'll have a 16.384 byte 
m mory with a better pr ice p r­
fo1111ance rat io than anything 
on the market today. Now you can 
afford to add quality, high 
density memory to your sy tern 
for r markably li ttle. A nd you 
can add enough ro solve complex 
computing problems r ight in 
the main frame. 

T he memory features invisibl 

refresh. There's no waiting wh ile 
the CPU is running. Worst case 
access time is 400 nsec. Each 
4,096 word block is independently 
addressable for maximum sys­
tem flexibility. Power is typically 
5 watts, the same as most single 
4K memory modules. Back-up 
power connection is built-in. 

Other Semi's are coming 
your way. 

The l6KRA M emory is 
Processor's fi rst step in adding 
more fun, capabi l ity and reli­
abil ity to your computer system 
at lower cost. Other modules ar 
on the way lo your dealer now. 
Com on clown today. 

Or you may contact us 
directly. Plea e address Pr cessor 
Technology Corporation. Box B, 
7100 John on l ndu trial Drive, 
Pleasanton, Cali forn ia 94166. 
Phone (415) 829-2600. 

Processor lo y 
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See Sol here••• 

ARIZONA The Byte Shop INDIANA NORTH CAROLINA The Micro Store 
Byte Shop Tempe 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 
(602) 894-1129 

3400 El Camino Real 
Santa Clara, CA 95051 
( 408) 249-4221 

Recreational Computer 

The Data Domain 
406 So. College Ave. 
Bloom ington , IN 47401 
(812) 334-3607 

ROMS 'N' RAMs 
Crabtree Valley Mall 
Rale igh , NC 27604 
(919) 781-0003 

634 So. Central 
Expressway 
Richardson, TX 75080 
(214) 231-1096 

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

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

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

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

DCI Computer Systems 
4670 N. El Capitan 
Fresno, CA 93711 
(209) 266-9566 

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

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

Centers 
1324 South Mary Ave. 
Sunnyvale, CA 94087 
(408) 735-7480 

Byte Shop of Tarzana 
18423 Ventura Blvd . 
Tarzana, CA 91356 
(213) 343-3919 

Computer Components 
5848 Sepulveda Blvd . 
Van Nuys, CA 91411 
(213) 786-7411 

The Byte Shop 
2989 North Ma in St. 
Walnut Creek , CA 94596 
(415) 933-6252 

Byte Shop 
14300 Beach Blvd. 
Westm inster, CA 92683 
(714) 894-9131 

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

Byte Shop 
3464 S. Acoma St. 
Eng lewood, CO 8011 O 
(303) 761-6232 

The Byte Shop 
5947 East 82nd St. 
Indianapol is, IN 46250 
(317) 842-2983 

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

IOWA 

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

KENTUCKY 

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

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

Computer Mart 
of Royal Oak 
1800 W. 14 Mlle Rd. 

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

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

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

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

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

RHODE ISLAND 
Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 

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

Media Reactions Inc. 
Reston International Center 
11800 Sunrise Valley Dr. 
Suite # 312 
Reston , VA 22091 
(703) 471-9330 

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

WASHINGTON 

Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue, WA 98007 
(206) 746-0651 

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

WISCONSIN 

The Milwaukee 
Computer Store 

The Computer Mart 
633-B West Katella 
Orange, CA 92667 
(714) 633-1222 

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

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

The Computer Store 
of San Francisco 
1093 Mission Street 
San Francisco, CA 94103 

FLORIDA 

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

Byte Shop of Miami 
7825 Bird Road 
Miami, FL 33155 
(305) 264-2983 

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

Royal Oak, Ml 48073 
(313) 576-0900 

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

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

NEW JERSEY 

Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken, NJ 07030 

Warwick, Rf 02886 
(4 01) 738-4477 

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

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

TEXAS 

6916 W. North Ave. 
Milwaukee, WI 53213 
(414) 259-9140 

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

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

(415) 431-0640 

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

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

The Computer Room 
124H Blossom Hiii Rd. 
San Jose, CA 95123 
(408) 226-8383 

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

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

ILLINOIS 

Champaign Computer 
Company 
318 N. Neil Street 
Champaign, IL 61820 
(21 7) 359-5883 

itty bitty mach ine co. 
1322 Ch icago Ave. 
Evanston. IL 60201 
(312) 328-6800 

itty bitty mach ine co. 
42 West Roosevelt 

(201) 420-1644 

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

NEW YORK 

The Computer Shoppe 
444 Middle Country Rd. 
Middle Island. NY 11953 
(516) 732-4446 

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

The Computer Corner 
200 Hamilton Ave. 

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

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

Interactive Computers 
7646 ¥2 Dashwood Rd. 
Houston, TX 77036 
(713) 772-5257 

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

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

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

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

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

Pac ific Computer Store 
4509 Rupert St. 

Lombard, IL 60148 
(312) 620-5808 

White Plains. NY 10601 
(914) 949-3282 

Vancouver, B.C. V5R 2J4 
(604) 438-3282 

ProcessorTechnology 
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ack and the Mac ine Debug 

... or Readin the Traces of the Wild Program 

"It has co be done by now. That sub­
routine can't rake much more tha n a few 
mi lli seconds per entry, and there aren' t 
many entries. I'I I give it a few more 
seconds." j ack sat nervously puffing his 
cigar. " It can't take this long," said jack, his 
patience exhausted. He punched the RESET 
button. 

"What do you want now, Jack? Here I 
am, faithfully runni ng your program, and 
you interrupt me. Find a mistake in your 
code?" 

" Hard ly. You should be done by now. 
What have you been doing that took so 
long?" 

"Well, when you interrupted me, I think 
was executing a load-immediate 

instruction ." 
"Where?" 
"How shou ld I know? You interrupted 

me. I'm in the monitor· ROM now. I can't 
keep track of every instruction I execute." 

"True, true. It sure would be nice if you 
cou ld, though." 

"Well, I can't. I already assemble your 
programs for you; you can't expect me to 
debug them for you too! That's supposed to 
be your department!" 

"I know, computer. How do I figure 
out where you went wrong?" 

"How do I know?" 
"Calm yourself or I'II use your parts in 

my F8." 
"Okay, jack. I'm sorry I lost my head. 

Anything would be better than inflict ing 
that F8 on us . How abou t trying a break­
point?" 

"Good idea! Computer, sometimes you 
amaze me. Try a breakpoint at the sub­
routine return." 

"Shou ldn 't I reload the program first, 
jack?" 

" I guess so." Jack waited as computer 
re loaded the program from its cassettes. 
"Now, put a software inrerrupt at 1 FCO." 

"One SW! inserted (hexadecimal 3F to 
me}. Shall I run the program now?" 

"Start." Jack went into the kitchen for 
a beer. He returned a few minutes late r. 
"Computer! Whal are you doing? RESET!" 

"Now what?" 
" I to ld you to set a breakpo int!" 
" I did set a breakpoint; see the 3F at 

1FCO. I just haven't executed that instruc­
tion yet." 

"Why not?" 
" I haven't the foggiest idea . I just execute 

them in the order that you wrote them. 
Writing programs is supposed to be your 
contribution lo our work ." 

" Don 't gel sn ide. Remove the break­
point." 

.. Done.' 1 

"Now, put the breakpoint at 1FA2." 
"I' ll reload the program first, Jack." 
"I guess yo u should, but I hate waiting 

for those cassettes." 
"They' re your design, remember. If you 

wa nt speed, buy me some disks." 
"They're on order." 
"Great. Now let me load the program the 

best I can from these archaic, cranky, slow, 
old .. . " 

' just do the job without the com­
mentary!" 

The cassette in the read dr ive turned ever 
so slowly. " I'm re dy now, jack. The brcak­
poi nt is set." 

Continued on page 133 

I m y have bu in the 
program , but the pro­

rammer 's got bats in hi 
b lfry . 

Robert D Grappel 

148 Wood St 
Lexi ngton MA 02173 

Jack E He menway 
151 Tremont St 
Boston MA 02116 

I ju xecut th min th 
order that you wrote 

th m. Writing programs Is 
upposed to be your 
contribution to our 

work ... 
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Photo 2: Eight meters (some are multirneters, others are voltmeters) which 
could be replaced (at least for DC voltage measurements} by the computer­
ized 8 channel voltmeter described here. 

Cont inued from page 80 

output port. Th e usual conversion seq uence 
is to set the channel information to the 
multiplexer, clear the EOC flip flop and wa it 
for an end of co nversion ignal. More on th is 
later. 

Data Format 

As I stated earlier, the data from the 
DVM to the computer is both serial and 
paral lel. There are fo ur dig it select lines and 
four BCD da ta lines (see tab le 1 ). 

With respect to what the computer sees 
thrnugh the 74 LS04 buffers, the digit 
select output is low when the 1·espective 
digit is selected. The most significant digit 
(Vi digit os·1) goes low immediately after 
an EOC pulse, fol lowed by the rema ining 
digits sequenc ing from most signi ficant to 
least signi fica nt digit (M SD to LSD) . An 
in terdigiL blank ing time of two clock periods 
is incl ud ed to ensure that the BCD data 
has settled. The multip lex clock rate is equal 
to the system clock frequency divided by 
80. 

Dur ing th e Yi digit (DS l ), th e polarity 
and certain status bits are available. It would 
be confusing to list the status bi ts, since they 
are not being used in rh is applicat ion for 
autoranging. The polarity will be 0 2 and a 
"1" wi ll indicate negative. Th e Yi digit va lu e 
wi ll appear on Q3 and a " 1" will indicate 
high. 

The in terface is su mmarized by port 

Photo 3: Pro totype board 
for the 8 channel 3!& digit 
voltmeter. 
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Photo 4: An illustration of the accuracy of the computerized voltmeter. A 
Data Precision 471 digit digital multimeter and the author's system simultane­
ously measure a C cell battery. The computer value is 7.540 V compared 
with the Data Precision reading of 7 .5402 V. 

Table 7: 10 port data 
formats. 

al locations in table 1. (Note: I have assigned 
particular port numbers to each byte. Th ese 
designations will run directly with the soft­
ware driver provided. If the reader wishes to 
assign different port numbers, that is fine, 
but remember to modify the driver software 
to reflect th e changes.) 

Designing an Analog to Digital Converter 
Software Driver 

For a hardware personality like me, soft­
ware is a tedious task. I don't like wri ting 
any more than I have to and if it is possible 
to write a universal piece of code which is 
compatible with any operating system, al l 
the better. Units such as the digital to 
analog converter I presented in the Septem­
ber 1 977 BYTE (page 30) do not need soft­
ware drivers because the hardware is expli­
citly designed to be independ ent of com­
puter timing. Timing is the key word. A 
"software driver" is the same as its hard ware 
counterpart. Both serve to couple the 
computer to ex tern al devices and 
synchronize the timing. The most obvious 
driver already existing in a com puter system 
like my Digital Group system is the 
asynchronous data link to the tape cassette, 
video display and printer. The com puter is 
instructed through this program to perform 
explicitly timed operations which resu lt in 
the correct serial input and output. 

The 3Y2 digit DVM inte rface is not unlike 
a communications driver. To effectively 
obtain data from the interface, the computer 

Command Output Byte (Port 003 OUT) (Enable = 1 Disable = 0) 

~~ =iEOC/ lnterrupt Enable/disable 

B5 Future Expansion 

B4 


82B3 !
Bl Channel Select, 0-7 
BO 

lStatus Input Byte (Pon 002 IN) 

B6
87B5 
B4 Not Used 

B3 

B2 

Bl = Out of Range (- 1.999 < Vin > 1.999) 

BO = End of Conversion 


IC1 
Data Input Byte (Port 003 IN) Symbol Pin Number 

B7 = 1st digit (MSO) : When t rue = B7-+0 DS1 19 
B6 = 2nd digit B6 DS2 18 
B5 = 3 rd digit B5} N/A DS3 17 

B4 DS4 16 
B3 = 1 /2 digit value 03 23 
B2 = Polarity 02 22 

B1 B1 = N /A 01 21 
BO BO = Status Bit 20 

!ff ::od~;:it value 

Go 
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Listing 7: An assembly program for driving the 8 channel 3.% digit voltmeter must synchronize itself to the integrated 
In figure 3. It is designed to run on the Z-80 and is assembled to occupy mem­ circuit and perform a set instruction 
ory page octal 740. repertoire to demultiplex the input data 

stream. There is a certai n trade-off between 
ASSM I '1 0 000 I •1000 0 

hardware and software. Another ten or 
14 0000 0100 • 
140000 0 11 0 :c :n MCH 4JJ 3 l /~ DI GIT A/ U CONVERTE I~ chips could added to the interfaceOIH VER 15 be 
1'°10000 0 1:!0 :t: 
140000 0 1 2~ • F\EV I . (, board so that it requires no more software 
l "\0000 0 1 30 • 

l 40 0 00 0 140 [IJ P 1:;. nu :s LtA-IA l NPUl POR T NUHfiE t\: 
 than the digital to analog converter board, 
l 40 0 00 0 1 ~0 S l f' E OLI S TA TU S INPUT PORT NUf'I EtER 
140000 0 160 co1> EClU J CONM AND OUT PU 1 POR r NUMB El.'. but the cost justification is not there. 
1"100 00 0 170 EEOC EOU 200 ENABLE EOC INPUT 

l• E OC140 000 OHIO r:nu ooo IJ ! St\flLE EOC lNPU f Driver programs can be triggered by
l< OOOO OJ'90 a 
1'100 0 0 0200 * either a poll from another program or an 
J 40000 0 2 10 .-; CONVER TEU CHANNEL l'!ATA ftUFFERS 
1<0000 0220 • interrupt which in itiates execution. While 
1 40 000 000 000 O:?JO Clif\NO D\.1 0 00000 
t oll0002 000 000 0 2 4 0 DU 000000 both can be equally effective in certain 
l 4000 4 000 000 0250 Cl-1AN 1 l"IW 0 00000 
1 40006 000 000 0260 llt.J 000 000 applications, using interrupt initiated drivers 
1400 I 0 000 000 0270 CUAN2 fl\.1 0 00 000 
1400 1 :'! 000 000 0 280 IJW 0 00000 wh ich give the appearance of simultaneous 
1400 14 0 0 0 000 0~90 CHAN J (JU 000000 
1400 16 0 00 000 0 300 I•U 0 0 0000 computer operation can be hazardous. By
.1 4 00~0 0 00 000 0 31 0 CHAN4 OW 000000 
J 4 00 2::! 0 00 000 0 320 l1W 0 0 0000 now, most experimenters have mastered 
1400:?'1 000 000 0 33 0 CHM5 DU 000000 
140026 000 000 OJ 40 nu 000000 BASIC and are trying to find more challeng­
J 4 0030 000 000 0 35 0 CHl\N6 DW 000000 
14003 2 000 0 0 0 0360 [IW 0 0 0000 ing applications. But consider for a moment 
140 0 3 4 000 0 0 0 03 70 CHAN7 UU 0000 00 
140036 000 000 0380 DW 0 00000 the BAS IC interpreters most sys tems are 
1400" 0 0 390 .. 
140 0 40 O• OO • IN'fERMEDIATE DArA BUFFERS provided with . They may execute divinely, 
140 040 0 41 0 • 
140040 000 0 '1 20 PDL VAL. DIJ 000 L n s r POLARl lY VALUE CO=POS1T IVE ) but they have no source listing and there­
14004 1 0 00 0 43 0 CHAN DB 000 CURRENT CHANNEL NUMBER 
14 004 2 000 000 0 4• 0 CCP DU 000000 COHHANO CHANNEL PARAHETER fore cannot be modi fi ed very easily. If a
14004 4 00 0 0 00 0450 S TATUS IJ U 0 00000 RETURN STAlUS PARAMEfER 
.1400 46 0 460 • program uti lizes information provided 
1 40046 0 4?0 ... 

14 0 04'6 0 490 tU START A/ D CONVER TER 
 through interrupt driven peripherals, but has 
J 40 046 04 90 • 
1 4 0 046 050 0 • l"NPU'T PARAME TERn UE REGI STE R IJ JTH CHANNEL SELECT !HTS no way of knowing when the information 
1400oll6 0 5 10 • SET F OR DESIRE O CHA NN EL CB IT 0 .. 1 
1 40046 OS2 0 • FOR CHANNEL 0' E r e . ) will arrive, it is of no use. Attempting to add
140046 0530 • OUTPUT PARAHE TER: HL REGJS TER<B IT 0 FDR CHANN EL 0 
140046 0540 ' UHF. RE O• GOOO VALUE I 1 • 0 UT OF RANGE) interrupt analog data acquisition to 
1400 46 0 550 .. 
14004 6 353 0 5 60 START EX DE r HL SAVE I NP'LIT PARAME TER unsourced sequentially interpreted BASIC is 
14001117 042 0 41 2 1111 0 O:i70 LD CCCP) 1Hl 
140052 25 7 OSSO XOR A INIT I ALIZE CHANNEL HUMBER more than I intend to explain this month. 
140053 375 0 4 1 040 140 0 5 90 LO IYrPOLVAL INITI ALIZE INTERMEDIATE DATA POINTER 
1 40057 375 167 0 0 1 0 600 L O CI Y+ 1 ) r A ZERO CHANNEL NUf'1BER Sometime in a future article I 'I I describe a 
1'110062 0610 t: 

J 410062 0 6 20 it START AID CONVE RTER AND ES TA BLI S H P OL MHT Y 
 control application which uses interru pts as 
140062 0 630 • 
,.0062 006 002 0640 LO llr :! CYCLE TIJO T IMES they were intended . 
140064 0,6 0 0? 0650 LD n , 7 SELECT CHANNEL. 8 
140066 323 003 0660 AGAIN OUT co~ SELECT CH ANNEL Adding this DVM interface to BASIC 
140070 366 200 0670 OR EEOC 
..oon 323 0 0 3 0 690 our COP ENABLE EOC I NPUT requires a polled dr iver . A mach ine language
1400111 333 002 0690 WAIT IN SI P READ STATUS 
140076 313 107 0 700 SIT O r A TEST FOR EOC program is written which can be inserted 
I o'I O l 00 O:SO J 7;• 07 10 JR z . unJT J U11t" I F NOi TR UE 
14010:! o ~o :so~ 07~0 llJNL. AG A JN JUHP fF NOf DONE anywhere in the computer's memory
14010 '1 0 0 6 ?00 0730 l.D Or :!OO SCL CT f1G 1T 1 
l •~ OIO li J t !..t J61 J 40 07 4 0 Cl\l l fWJO 1a: n 11 l.IIlil I (assuming it's assembled to execute there, of 
1•1 01 1 l 0 16 000 07!<0 I fj r:: , o 1·nu1RtT Y f-' OS tl l VF 

C4 01 I 3 JI) I ~:! 0760 1111 ~ rl • ll~!>T P CI Ll\R l TY IJJI 

t'1 01 1S 0 '1 0 00 1 0770 .JI,' NZ , POS JUttP I F 1-'05 I rI VE 

? '1 011 ? () 1 'I 0 78 0 W C C P OU'HH TY=NEG ATJ VE 

L'1 01 ~O 37!J 16 1 0 00 0790 P OS Lii ( r y .. o ) t l SAVE CUJ{fiE NT POI nR 1 1 y 

1'10 1:!3 ouoo .. 

1l'I OJ :!J 0 8 10 .,- Sl!t.fr.T NEX 'J Cttl'INN[L FUH CO NVER S ION 

Jl'I Ol ~3 08 :"0 # 


Constructing the Interface 
J'10 l :?] 0 7:? 0 '1 ::! Jil(l 0830 SE LN XT L O /'\ , <Ct1)) LOAIJ Cll1'NNf:. L COHHf\N rJ 1-'ARANETER 
1 ot o 1:•h 3 13 on 08 40 SRL n 1ES r Nf..X' CHANtlEL BJ r 1. Use IC sockets and solder in all passive 
111 0 130 06~ 0 4 2 140 oeso 1.1.1 (1.:CP ) • fl f<ES TOkE components. 
l '°I OIJJ 0 ?-0 0 10 0 8 60 ~II~ t; , ££. 1 00 1 .JUl"iP JF CllM'N[L SELECT£l1 
1'1 0 13!l 31 :::! 3 :.:;5 140 0 810 . JI' l • RM 'UP 2. Turn on the power and ensure that the 
111 0 1 •10 J ?~ 06 .41 00 1 0880 l NCCN I NC <!Y I l ) IN l:Rl. tt~NT CHANN[ L 1'UHDER correct supply voltages are presented to 
1'1 01 1'1 ] 030 .J56 0990 .lR SEl t~ X I ICs 1, 2 and 6. Turn off power.
1 '1 01 '1 '5 33 5 (Ml 000 1 1) 0 0900 SF.too 1 l 11 JX , CHANO LCIA D I1flf A PUFFER f! l'ISE Al 11JRESS 
1'40 1 ~ I 0:?6 0 0 0 0 91 0 3. Insert IC2 and apply power. The output at" ' O 
1 '°1 0 1 ~3 37!'.j 136 0 01 09~0 E . ( [ y t I ) LOf\O c 1mn E11T CHn NNf. L NUl1 1tE I< pin 2 should be 2.5 V and should not dri ft .
1401 :;1, 3 1 ~ O"I J 09:~ 0 l:_ CALCUL ATE 81JrFl::;f\· Of'F!i li T 
140 16 0 3L3 0 '1 3 0940 E Adjust the pot so that there is exactly 
~4016 ::! 33!:; OJ. I 0 9 50 I X o IJE. 2.000 V on IC1 pin 2. Turn off power. 
1'101 1! 4 0 960 It! 

I •10 16 ... 0 9 ?0 * SELl:r.r Cl lMIN EI.. ANfl STl\Rl CONVERS I Ofl 
 4. Insert the rest of the ICs includ ing the 

' 41 0 16.q O'fBO * 
 MC14433. Be careful when inserting the 
111 0 1 t. '1 Oi'~ 0 '1 t 1 '1 0 0990 S CS C L JJ A 1 ( CHA N I L OAIJ CUANNEL NUH(JER 
1"1 0tl.i7 :C?J OOJ 1000 ou·r cm· SELEC r t lfA NN EI. 4051 and MC14433. You are now ready to 
140 17 1 .166 :?00 10 10 OR EEOC ENn DtE EOC OU l Pu r wire the board to some convenient input
1'1 4'> 1?3 J :?J 00 :5 10 20 UU I COP l: llH MANI • A/ D CONVE R l'ER 
'111 0175 2o :JO :f' and output ports and see if it flies . 
1'1 0 1 7 ~ l 0 '1 0 * WA J 1 FOR EOC 5. Turn on power. A driver program obviously 
J .q o 1 1~ 10 5 0 * is necessary to see if the circuit actuallyl ~ O l ?S l l J OQ ~ I Ol1 0 WLCl C IN SIP RE Ai) CONVERTER s rn rus 

works and I have included one. If you areJ .q 0 17 7 JI J IOI 10 7 0 }if'! o , A JES T fO!~ EOC 
1.q o 201 oso 3 72 J 0 80 JR 2 d lEOC J UMP IF NOT RE ADY rea l ly anxious, you can try a couple of
J '1 0~ 0 J 313 11 7 1090 BIT 1 , A TEST FOi\' OV EA n NOE 

quickies: an oscilloscope attached to digit1.11 o~ os 0·10 1:! " 11 00 JR NZ• OVER J UMP Ir TRUE 
J "I 0~07 lJ 10 * select or data lines will tell you immediately
J '1 0:!0 7 1120 * CONVr. f~S J UN J1 0 NE ; PROCESS F IRS l CMSt•J OIG I T 
1 4 0~0 7 1 130 if; If the circuit is running. You should see 
l '4 0~0? 006 200 1 1 40 MSllO l.t• B• 200 S ELEC T lJ I G I T l square waves of various duty cycles.
1402 11 31 5 J61 1 '1 0 11SO CALL RDIG WA IT ANI1 RE AU Ol GI r l 
14 0::!1 lj 05 7 11 60 CPL Another method is to write a short program 
14 0:! 1:;> 0 1? 117 0 Rh:CA RtCilH ..IU S T IF'r ll IGIT VALUE which scans the end of convers ion bit 
1 '10:!16 0 17 1180 RRCn 
J 4 0 :? 17 0 1? 1190 RRCA (remember to reset It first) and halt. If i t 

halts, there must be an EOC. 

1 40 ZZ~ OJ6 o o o 1~ 1 0 L" E.o I NIT IAL I ZE S TA TUS BY f E 

14 0:!:!0 34 6 001 1~00 AND 1 I S Ot. A'fE 
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MSD 

WhatYou SeeisWhatYouGet! 


Now, A Video System You Can Afford! 

MSDV-100 

Video Display System: 


The Video Display System is a high 
quality 80 character, 24 line video output 
device for the S-100 bus. Many advanced 
features have been incorporated which are 
not normally found on units costing many 
times t11e price. 

The character set includes upper and 
lower case characters as well as full 
punctuation . Any character can be 
underlined , a feature useful in word 
processing. Acharacter can also be made to 
blink at a user selectable rate , often used 
for ~darm or warning si tuations. Additionally 
a character can appear in reverse field 
(black on white) or, if composite video is 
used, individual characters can be 
intensified. 

Also included in the MSDV-100 is the 
ability to generate high quality continuous 
forms overlays. Charts, graphs, or order 
entry forms are easy to produce on the 
video screen. 

A third significant feature of the Video 
Display S)'Stem is the ability to display grey 
scale elements in any of nine levels in any 
of 1920 positions on the screen. This is 
especially useful for bar graphs and for grey 
scale graphics or animations. 

Internally, the MSDV-100 is a two-board 
S-100 based system which occupies 2K of 
RAM address space and two 1/0 ports, user 
selectable. The microcomputer can write to 
the screen directly with horizontal retrace 
synchronization if desired for a Uicker free , 
very high speed display. 

Software support for the MSDV-100 is 
complete with both machine language code, 
including fully commented source listings, 
and a comprehensive Basic software 
package implementing all MSDV-100 
features. Assembly language drivers allow 
the sophisticated user to easily customize 
the system for specilized applications. 

Programs are provided that permit the 
user to link t11e video system to high level 
programming languages such as Basic. A 
link program, provided in Basic , permits 
the user with no knowledge of assembly 
language programming to immediately 
obtain video output. The li nk fully 
implements the forms capability of the 
MSDV-100, including direct cursor 
addressing, as weU as the other advanced 
features of the Video Display System. 

MSDD-100 

Floppy Disc System: 


The MSDD-100 Floppy Disc System is a 
significant advance in low cost, high density 
mass storage systems. Using the industry 
standard Shugart SA400 minifloppyn1 drive 
and a highly reliable LSI controller, the 
single card MSDD-100 Floppy Disc System 
represents a major cost/ performance 
breakt11rough for the hobb)~St and 
businessman. 

Many features not provided on larger 
disc syscems are standard on the MSDD-100 
Disc system. The controller will support up 
10 three drives and provides all of the disc 
liming functions, therefore no software 
liming loops are required. A very flexible 
onboard vectored interrupt struccure is 
provided, a valuable feature for use in 
modern multi-tasking applications. 

The disc controller design is totally 
synchronous, requiring no "one shots". 
Ease of maintenance is evidenced by the fact 
thac there are no adjustments required for 
operation. 

Circle 81 o n inquiry card. 

The Altair/SIOO compatible disc 
controller is a single board design, and 
features very low power consumption. 

Included free with each MSDD-100 
Floppy Disc System is a software package, 
provided on diskette, for formatting, 
certi~~ng , and copying discs, as well as 
programs for creating fully customized 
memory-to-disc and disc-to-memory 
routines which may be put in read-only 
memory. In addition, assembly language 1/0 
driver Listings are provided to facilitate 
custom applications programming. 

Also included are disc driver routines for 
Altair Basic, which allow program and data 
storeage on disc, and permit sector level 
1/ 0 tluough Basic. Many programs and files 
may be kept oa a single disc, and cassette 
I/ 0 is retained. These drivers work wi th SK, 
3.2, 8K 4.0, Extended 3.2 and 4.1 versions 
of Basic. 

216'5 So. C(llOttldo 6 1vd. Sullo 110 Oen ... er,CO 802?2 (JOlj 758-141 i 

Sanyo Monitor (VM4209) .. .. .. .. . . S150 
Micro-Floppy Disc System ...... .. S499• 

(Assembled) ......... . ... .. . ... $599• 
Video Display System .... .. ... ... $285 

(Assembled) . . ....... .... .. .. .. 5385 

Addi tio nal Dri vers ...... .. ....... $350 ea. 

Diskettes . .. . ..... .... .. . ........$4.25 ea. 

•Power Supply no/ included. 

To place Order. send check. money order or 8A 

or MC Card # wilh exp. dale and signature. 

Uncertified checks require 6 weeks process­

ing. Phone orders accepted. 

Please Send me lhe following : AMOUNT 


TOTAL : 
Name ____________ 

Address ---------- ­
Cily, Stale, Zip -------- ­
0 Send me more inlormal ion 



course) and cal led as a subroutine when the trying to use it. Perhaps the next level is 
peripheral is to be exercised . The Digital to write an interrupt driver which con· 
Group Maxi BAS IC, li ke many others, has t in ual ly updates a value in th e interpreter 's 
instructions which allow memory and 10 tables of variables ; but this would require a 
port man ipu lation as wel l as ca lling machine source listing and further documentation of 
language subroutines. It is this latte r cal l the interpreter in order to accomplish the 
instruction which in itiates the analog to goal . 
digital conversion cycles and communicates 
with the interface driver program. When it The Driver Is a Relocatable Subroutine 
executes th is cal I instruction, it passes a The actual program which interfaces to 
channel co nvert code in the DE register and stores the values to the DVM chip is 
pair. The driver program returns control written in the form of a single callab le sub· 
to the BAS IC interpreter at the conc lusion rou tin e. To maintain the relocatabi li ty of 
of the analog to digital conversion. This the subroutine to any page in memory, all 
provides a convenient method of synchron· information necessary for the proper
ization. BAS IC waits for the driver to fin ish execution of the driver is provided at the 
storing the converted input data before time of the call. The additional information 

about which channels are to be converted is 
Listing 7, continued: loaded into the DE registers at the time of 

the call. One bit of the E register is allocatedl'IO:!~~ t l J 	 l:?:.!O LV C · l-.. 
L•10 :1 ~5 	 t:!JO * 

l 2 '1 0 :r f ESl PO LARllY OF CH l\NNE L for each analog to digita l channel. Chann el 1 
1 40 2:!5 
H O'::!S 31l 	 1:!60 1'151•1 fll T TE S T POU'\RI TY' is the least significant bit and channel 8 isI:!::! :! 1 D 
140:!:!7 0 11 0 0 1 7 l 270 JR tlZ .t1Sfl::! JUHP IF POS ITI VE 
1 40 2 3 1 	 1280 * the most significant. Setting a "1" value for 
140231 1290 * NEGfl I I VE P0L f't1~ I T V 
140:!3 1 1300 * the channel bit wi ll tell the driver to convert 
14 0:?3 l 01'1 LU O I NC c 
140:!'3:! 036 200 1320 LD E r :!OO LOAD NEGArIVE SlGtl that channel and a "O" means to ignore it. 
140::!34 37:::i 313 000 10 6 	 1330 f1I T o . <IY tO ) "IES f f"(<CV HlUS f-'OLf'tR I TY Loading E with binary 10 110 011 wil l140;]' 4 0 0 40 022 13/lO JR NZ • HSlJ3 JUMP IF ALSO NEGA r I VE 
L"10 2 '12 375 313 000 ]06 lJ~O SET 0 , < I y.i 0 > HAKC M :.:F. v IOUS Vnt.. UE l~tGflTI VE 
! "1 0246 030 3 H 1360 JR SCSC::: CO,,VERl l\GA H I indicate to the driver that channels 1, 2, 5, 
140 :?50 	 l J70 l'. 6 and 8 are to be co nverted. Setting al l bits 140:!'!;0 1390 * POS I 1 lUE P0lf't~I TY 
140~50 1]90 * 
140:!50 J ?::;. 000 	 to "l" will cause al l channels to be read and3 13 106 I 400 MSD2 IH 1 0 , <I Y+O ) It$ T PREV JOUS POLAR I 1 Y 
I "0 25 4 050 006 141 0 Jr~ Z.ttS h 3 JUHP Jr At.SO f' DS ITJVC converted. Indicat ing to the driver which , if 
l 40 256 375 313 000 :!06 14 ::!0 RES O , fJYtO> Mf'tl\ E F' F.V JOU S Vl\LUE POSllJV£ 
140:!6:! 030 300 l '1 :\0 .JR SCSC CONVERl /'\ GAW 
' 40264 1'1141 0 • any, channels are to be read rather than 
1·10 26 ·1 	 J., ~o * Sl'\VE 1"1 S t 1 ANO tURRENl r ntARJJY scanning all of them is a method of savi ng 14 0:!6 4 1460 :t 
140264 26 3 J.1 70 MSI •3 OR E A[J[J r ·OL AR11Y S IGN 10 H$[1 t ime. By computer standards, this analog to140265 335 167 000 1480 L [I (1X t 0),A SAVE l.N on·rn l:lUFFER 
.140:!70 3 7!J 161 000 1490 LL! (JY t O) , C SA VE r.uRRENT r·Ot.f'IRJI Y 
14027 3 l SOO t dig ital interface is slow; it is better not to 
1 •1 0~7.:S 	 l S IO * PROCESS 2ND DrGI T waste any more ti me than is necessary. 
140 27 3 l :'.:?O -i 

1•10:' 73 )13 0 10 1530 RHC SEl.ECT fl?O t l 2 	 The driver starts the conversion process 1•10 :?75 JlS 36 1 1'1 0 1:.i 40 CA LL Rl" •IG WAii fiN D REA[l f1I Gil 
140300 3 46 0 1 7 1550 l\NIJ 0 17 ISOU\I ( by sel ec ting a channel address to convert.1•10 30 2 JlS 16 ? 001 l S60 LD f lXt-1 J d1 S TORE SECONH DIGIT 
1'10305 l !i70 t This is accompl ished by looking at the leas tJ 4030S 1 !:i80 f. PROCESS 3RD lil GIT 
l '1 0305 1 ~90 • significant bit of the E register. If it is a "1"
14030S 3 1'3 010 1600 kr.:C f1 SELECI 3RO r•l GI r 
1"1030 7 3 l !:i 3 61 14 0 16 10 Cl'\LL fWt G UAll AN[t REAIJ ornn it will convert on that channel. If it is a "O"
1 '1 0312 346 0 17 16 20 ''ND 0 1 7 ISOUffE 
1 40314 33S 167 00:2 1630 LD ( IXi--2) · A sro~E it shifts and inspects the next bit, and so on· 
14031 7 16 4 0 ' 
1 403 1 7 16-::iO I PROCESS 4TH nrnn until it fi nds one that is set. When a bit set 
14031 7 1660 • 
140317 3 1 3 0 10 1670 RRC 8 SELEC T 4Tl l DIGIT condition is found, the channel address of
H 032 1 3 15 36 1 140 1690 CA LL R[•JG IJAJl AND READ HIGJ f 
140324 346 Ol 7 1690 AND 017 I SOLATE that particul ar channel is sent out via port
J 403'.!0 JJS 167 003 1700 LJ) (fX t 3hA SlOf.\E 
l 40331 030 :'O::J 17 10 J n INCCN 003 to the analog input multiplexer IC6 and 
1 40333 1 7::!0 .. 

140333 i / JO * LOftl • ::! . ooo ovcrmANGE VAL UE INTD llAfA EIUFF'EI .. the end of conversion flip flop IC5 is reset . 

J 40333 I 74 0 * 

I 4 0333 076 002 17JO OVER L11 A . ~ LOA t1 HS l 1 VALUE 
 The DVM th en starts the process of 
l 40335 335 16 7 000 1760 LI • <IXtOhA 
J 40Jfl0 :!::07 l 770 XOR n converting the analog input signal. 
140:!41 33~ 167 001 1780 LlJ <IX+ 1 > , A LCIAJJ I.S O Vl'll.IJ E9 
!403 44 3 3 5 167 002 l7'90 U 1 <!X t 2> , A Demul tiplexi ng the output of the DVM is 
140347 33:'.:i 167 003 1800 LI• <IX .. JhA 
140J5 ~ J o 3 140 1 o11 0 1810 JP l " CCN fairly straightforward . The processor hangs 
t 40 3 55 	 10:.?0 :e: 
140)~5 	 I 030 * END OF CHANNEL C0NV£17\S 1ONS in a loop waiting for an end of conversion 
l <OJ SS 19 '1 0 * 

1403 ~'5 O~:? 0 '14 140 1B SO JMPUP U J HL• <ST ATU S> 
 signal. When th is happens, the program
140360 3 11 1860 l~Ef F<E TURN TO CA LEF< 
\'40361 1870 • knows that th e next four digits of data are 
l•lO.J.6 1 1800 * 
1'10)6 1 1890 « REA i i l11Gll 1'1 0UTINE 	 what is wanted . The DVM integrated circuit 
.1'10361 	 1900 •140361 333 003 	 J9l0 RD1G IN [IJ P READ DA rn &YT£ sets each of the digit select lines successively, 
I 40 ]6J O!:ii' 19:!0 Cl L CONVEl<I ro H IGll 11.:UC I UG Jl.: 
l 4 ()36 ·1 J :'.'17 J 'YJ O LI • IJ1fl SAV( co1-y 	 and the program records the valu es of the 
I '1 0Jb".,; ~ '1 0 I 9•~ C\ f'INlJ Ji IESr f- W< GlVEtl 1• 11.ilf l~ lf'tl 1 Y 
I 4 0.:$!16 O'...iO 37 1 l 9~0 . JI< z . 1-:t•lli JUl1 f' II ~m1 four data lines each time. It str ips the status 
1 '1 0.570 J 7~ 	 19.60 f1,tJ l<E' S 'TUHI ti ~£G J S J tn 

I 40J71 3 11 	 1970 Ii:!:: f l<Elutm flJ Cf\LL LI ~ 
I" 	

and polarity bits from the most significant 

98 BYTE DL"ccmher 1917 

http:Vl'll.IJ


--- -

Table 2: Power 
table for figure 3. 

wiring 

IC Number Type 
+5 V 
Pin 

-5V 
Pin 

GND 
Pin 

ICl 
IC2 
IC3.4 
IC5 
IC6 

MC14433 
MC1403 
74LS04 
7474 
CD4051 

24 
1 

14 
14 
16 

13 

7 

1&12 
3 
7 
7 
8 

Note : All resistors Y. W 5% unless otherwise noted. 
All capac itors are 100 V ceram ics unless otherwise noted . 

r --- ----- - -, 
o CONVERSION 1l REQUEST FOR [__ 
I NEXT 1 
1 CHANNEL IL ____ _______J 

START 

SAVE 
REQUESTED 
CHANNEL 
NUMBERS 

READ ANO SAVE 
MOST SIGN IFICANT 
BIT WITH POLAR IT Y 
S IGN 

READ AND SAVE 
SECOND, THIRD 
ANO FOURTH 
DIGITS 

INCREMENT 
CHAN NEL 
NUMBER 

NO 

RETURN 

___ 

STORE 
2.000 IN 
DATA 
BUFFER 

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

_J POLARITY SA ME t 
I AS PREV IOUS I 
I POLARITY I 
L ----------_J 

NO 

INITIALIZE 
INTERMEDIATE 
VARIAB L ES 

PERFORM TWO 
ANALOG TO DIG ITAL 
CONVERS IONS AND 
SAVE LAST 
POLARITY VALUE 

NO 

START 
CONVERSION 

Figure 3: Flowchart of the digital voltmeter driver program of listing 7. 

BYTE o~cembcr 1977 99 



Listing 2: A BASIC program {written in Maxi BASIC} which performs data 
acquisition and computes results from the output of the 8 channel digital 
voltmeter. 
L I S "T 

100 /([M 
1 1 () ~F.:t1 

1::!0 nEH 9 Cl lANNE:'.L 3 J/2 lHGil SCA NN I NG PROGl\'.AH -· S . CIARCif\ 
l 3 0 r~EM REV I , 71 
l•lO RF.M SPEClf\l f\NALYSIS SECTrDN 
150 nEH TT L rn MOS VOLTf\GE u ; vr,:1 CnNVEI< rm 
160 REM 
t 70 RE H 
180 r;,·[t; 

190 LET H1 =: 2 45?6 
192 l~ f-:M PAGE I 4 C) (OCTAL> 
200 fi•E N HI IS ~ET ro DE Tiff t1ECH1AL STMnING LO CA f l lJN or 
:~ ~ O f\EM T l l( VALUE TA((L£ 
::!:::?O LE'T H2'-2 4 6 14 
~30 r.:r::N fi? 15 "!HE Mf'ICHINF.: U'I NGUl°\fjF.. CALI~ f'll•liRF. SS uu :f"ITlON F DR r HE AI D 
::? 40 LET M3 = 10 
:!50 r~EH H3 15 T ~IE GAIN . JN THI S f'IF'PLJCt.TJON, Tl-IE Hf\NGE OF THE CONVERT! H 
260 REM l S +19 . 99 TO - l 9. 99 VOL TS 
~70 REH 1'0 USE YHl:'. CONVf lHl::R l ~ Of\ - 1. 999 'JO t-1 . 99C/ , LE f MJ -= 1 
~uo Gnrn 300 
29() l"' ION I • TO REPEAT THC SA H[ ti ELECT rm-1 . I ''PF. AN )( . 
:?9 1 PRINT · ro SF.LEC T A NF.W OP TT ON • TYPE AN o · : fr ff' lll f-t'I> 
~9::' IF [l'fi .c:t . x. I •~ EN GO ro •l 20 
29 '1 Ph:YNT ; f'R'J NT : PRINT 
300 PHJNT " O/>llO N LIST ' 
3 10 R'Eli WE S 'T"ln THC r"RDGl;;AH Wll H AN Of·T1UN I Hi 'I 
J20 ~R JNT " -- - ----------------- ----------- ------------- ---- · 
:!30 rr<INT . 0 - -- -SELECT CHANNELS . 

340 PF~f NT ' J ----SCAN /\ND OISr'LAY ALL Cl l1'"\NNr='.L S ' 

:3~0 Pfl:J NT 4 2 ----SCAN l\Nll OJ SPLAY SELECTED C llANNEL ~I flNCE: • 

36 0 f'R' l NT. 3 -- - -SC AN l"I NO IHSF"LAY S£L EC'rtr1 Cl-IANNtLS CONT I NUDUSLY I 

..570 f-'Rl Nf ' "1 -- --SCAN Cl-tANNEL 1 CONT INUOU SLY J()O ·1 fMES ' 
380 PR1NT · ':5 --- -GO TO SPECI AL r'\NAL Y5IS SLHmn LJT INES " 
::190 REti Tt~ ESE l~OU TI NE:'.S l"IRE OEF·E'.N[lE"NT UPON THE Pf!Rfl. CllLM' A/ l1 AF'F'LICl'tl IOtl 
·l OO PRINT " 6 --- -EXIT • 
.i\ J() Pl\'lNT ' 1.J l t) CH QF•TION •: TNPLH S 
4 ~0 rr S .:=: O 1 ll EN 5~0 
430 I F s~1 THEN 9]0 
•1'1 0 J r S= 2 U-ll::N 1060 
•1 !JO l F 5 = 3 THF.N J 28(l 
·160 J F 5= 4 'll lEN 138() 
•170 I F" s - ::J TJtf.N J 470 
~a o rF s-6 THEN PR r Nf ' IHANKYOu · : ENU 
·WO t.;OlO '11 0 
:JOO l\l:J1 
!:i l O r~E.M r1ns r WE" rtETl~RMINI! LJ r--tI Cfl flNALOG CH"NNEL!:i rn RF.AO 
~ :!O PRINT • 1N f• ICf.\TE YOUI;' C!-IU ICES IJJ TH A '( OR N (1fTEr.: fl! [ CH1 NNE:.L t1 1JM t1l f~ 
:.i".:\O f- llR Cw I TO 8 
~ ~ o PR JN T ' CHANNEL · ~c . 

~~50 INPUT " '" 
~60 i~EM ACCEP T ONl~ '( TRUE INPUTS 
570 IF t\1' -:o •y • n -t l:'. N Lt:'.I fi(C)=l : Gnl ll 61() 
~80 IF A1"-= ·N · fHEN l El IHC> =0 : GClffJ 6 J O 
5 90 rFiJNT " INr·ur A y FOR YES OR "N FOi\ Nu · 
60<) GO ro 540 
6 10 NEXT C 
6:10 GOTO :.!90 
6 30 !<EH 
6 4 0 RFM 
.~ 50 Rl· M 
6b0 l~E M fiF. T 11 COUAL iU H IE [IECJMf.'1L HE"MORY f'l1"1 [1 HE~iS 0 l'l tf. 
b70 r.: t: M DEG INNI NG OF Vf\I UE TA.ltLE 
690 REM nu s SUl<ROU "l U H: [IETE:RHTNF S Tiff .! l/2 II IGJ 1 VAUJC 
• .,.,,1 !.' I M FIW11 1111- l 1)1• 1 I IN hi Mt IW1 
?·'.)0 I I- I lll f X1,M t LI) 

:1n 1 1 1 n n1 
l:!() tr tjl J '. ' )) 11 1[1" I L I O- tU - l : ·a 
rm r• 11+1 
7 "1 CJ 1 r r w rxt1M(! 1) 
1:)0 11 IH I 
7(•() L l- T E ~ -< 1,l1f f1 } 

1"10 11 [1 +1 
7BO LC I t ~ --= t:.XM1 C Jl) 
190 I FT f1--: J1l J 
800 I 1- r Y ll--1 ( , I t:l,.n I 1 • 0 I .fit H· ( • \)0 l :t:H) 
B l O I Fl Y I -MJt '( 
e ~o Id IUl~N 

B.30 lil:M 
iMO 1\'E M 11-t l'j SUJUWt ll lf"l E f ' l '1Nf:'.i l lU l fllE '.1'11 11'\GL V"l llr5 
fl=.iO 1·1;· 1NT · c1tl"\NNEt •; X; ' p; •: 

960 JI= OJ l~A !HEN PR I NT · ·; : GIJ IO a~o 
070 tr 01 = 1.:!0 I Hf:N J · P~ lNI · - ·; 

rmn II M.3 - JO l l~EN PRINT z:.:;r;--.;y1 ;· VU I 1s · : r;oro 900 

a9o 1·1.:JNT z1.r=-.~•Y1 r - vni rs · 

900 h·LTUh""i'll 
'? J<) HFM 
(> :·o lffM 
9.io I r: r It 1 · ~1_ 1 (M:! . :!~'...il 

9·10 nct1 l' l lE l'i'll L lNS l l\"IJf ITON ICI LS mt t1/L1 lN f Eh:l ACF 111 S l l'l l \I CONVCl\I J NG 
'l!.iO kEM :-;::.:;:; rs l"l l_L fiT Is SE I 
9l0 l\'t ti rHl8 WltL CAllSr 111E l"\11"• 10 C CJNVl:.fll "N[.1 faJj JJ1:F i'il l [ l fj f l l Cl !Almf:.L 5 
970 11- T !'• -"' Ml 
9ao l•E M fl J S n w STti r.-r fll l l)~l!:SS UI-· fltE Vl"\ LLJF T/"\ ll l F 
'790 I- Of\" X.,.. 1 rn f.l 
1000 UllSUD 700 
I 0 11') r..-rH Gt.: I =~ I /.2 IHlil r VAr_uE FROM MEMORY 
10:10 IF'(.--= :! fHEN J--'f\ ! Nl·1 ·111'\IWFL · ;:.-<;• I S our LU FMNr;c· : IJOHJ 104\) 
IO O [jQSU f r R~O 
I O•)Q ~IEXT X 
lO ~iO GO fO ~9U 
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digi t (the 3Y2 digit) and reformats the value 
into fo ur bytes of memory. The three who le 
digits wil l be stored in BCD notation and 
occupy three of th e bytes. The Y2 digit, 
polarity and out of range will be located in 
the remaining data byte. Polar ity is in dicated 
by setting the most significant bit. A positive 
r·eadi ng is a zero condition and negative is a 
one in that bit. The Y2 digit value can only 
be a one or zero and occupies the leas t 
significant bit of the quantity . Out of r·ange 
is accomp lished with a little program man­
ipu lat ion . If the dr iver detects that the 
incoming reading is not within range, it sets 
the eq uiva lent of +2 in the Yi digit by te. 
Obvious ly, this is an il lega l conditio n for a 
DVM capab le of on ly count ing to 1999, but 
it is easy for BAS IC to check the 
authen ticity of the da ta by checki ng that all 
incoming val ues are betwee n -1999 and 
+·1999 . The driver program continues to do 
th is same sequence unt il all designated 
channels have been converted. 

Th ere is a slight peculiarity with DVM 
chips: · they don' t like changes in polarity. 
The first conversion after a change in 
pol arity wil l be 0 .000 and wi ll have to be 
discarded . In a single channel DVM this 
wou ldn 't present a problem, but when 
reading eight chan nels, some will be negative 
inputs and othe rs wi ll be pos itive. 

The initial conversion also has the same 
probl em to contend with , since the con­
version history when the driver is not active 
is un known . The solution is to write a 
smarter driver. Followi ng a call, the driver 
program initializes the interface and deter­
mines the polarity. After that, any time the 
pol ari ty changes between successive read ings 
on designated channels, another conversion 
is in itiated and stored. Figure 3 is a 
simplified flow diagram showing the logical 
design of the driver. 

The end product of the driver is a 32 byte 
memory resident table which contains the 
eight 4 byte values corresponding to the 
eight channels. The values are sequential ly 
arranged in the table. A simple form ul a 
locates a particular channel location at L + 
(4 (N -1) ) where L is the starting address of 
the tab le an d N is the channel number . A 
complete assemb ly listing of the DVM drive r 
is outlined in listing 1. It is made to run on a 
Z-80 and is assembled to occup y page 140 
(octa l) . 

The driver can be assembl ed for 
practically any portion of memory, bu t take 
care not to overlap into operating system or 
source files. If you own Digital Group soft­

http:Cl!Almf:.L5
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Listing 2, continued: 

1.lh'oNP~l I lo J<.'j '• · 'M Vfll f t;
h)6'J 1. rr rr "';" 1 

1'. IH'INNJ I / lS -I J . '!~ VUL I S i o10 r,o~ lHl J t rn 
CHr'iNNr L B 1c; ~.oo VOi f Cj

lVEIO Guru ~4"" HJ ll°F t--' 1. ril TllC S t'\M[ S[l LCllON . 1n·f 141 1 ;;10 9 0 l<[l'I 
I 0 SI-I I c: T 1"'1 Nr w nr l r llN. I " ·1 i'1N \ J 

I \ 00 w - ri 
''UI I 10 l ~ l M 

1 1:•0 r~f: M rHI S •.; u nr..ai u1 !NI '" I RT N fS nN t_ Y fl-I [ C\[LECTE I• CliMINl: Ls 
I J JO LL I L- fi ( I ) .t.l h-i , :: ) :! -h i l 3).i -1~,'H 'l >* fl ff\ (J) t.I ; , ftH6> * .l :! tA <7 >«.'1 •\ f fl (EJ l t:J ,...~I 
1 1 •10 t\Ll1 rH IS c aur1J JON SETS Tli [ H J r l'f'l.l'r ET<N l='Ofi: IHI.: r:ru I ro n-u- 1V fl 

') SCLCCT Cl lf\NllCI S 
11 ~.o l r1 H- C::f\U. <H::? tl . ) 

I - ·SCA N i'l N [1 [1 I Sl"Lf\ Y 111 I_ t H t1~mt 1. ~ ;
1 I OQ l.;J- H H W1 l la RE TIJf<N F f\OM Tll E CflLL WJ'fH THE Hl l<fG . 1J fil UE 1111 r 

----~ f ' f'\tl f'\NlJ lll Sf- 1 flt <;j(l .FC TI r1 C: ll :1 NNI Ui llUCt
' ' 70 RE.H ·~ HO T J:j [ Jm:; USE !• F' l<ESENrt '( IN THI S p i:;;·n o r;·nM 

St; l"\N MU-t J1 J~il' l fl '1 S I LEC ll 11 CllANNl- L !:-i t:ON I INlt•ll t!;f ~ r111 <1 rnr. X- 1 rn a 
l -- •.;1:11u !" tfM INl "I I CON' I Nl/O!IS L y I 00 r £11[ s

\ I YO tmSLIB i<>O 
. J ----l iO ro }:WEl l t"l t f\Nrtl )c;f~ ...,llRR flll fl1'W f, 

J ~O'J L L 1 L I'\ { l > +" C:~) t-IH 3 > tf\C 4 ) t h (J ) I A <6 >U'H 7 H ·A( 9> 
b --- rx n 

· ~· 1 0 r1- z ..; o Tt-lf.N r·1.:tNT "Nll CHANN~L S Hf\V BF.EM SEl .EC II:O' :co r ~90 
l.rl tl L: 14 111 ·1 I ON 

1:•:>o rr M x l - o n u~N 1:~:.,o ·rn 
1.• w If· ' <! r HCN PR INT " Cltf'INNEL • ; x; • 1s OUT OF 1.:l'ING1 • : no 1u t ~~.o TNJHr.n 11- '(OIJf.: : 1 tfJ J1 : 1·~ WI rH A ' Oh " ...1 !rt.: IHF t ' l, f\t'IN! I n nfHI I.: 
.l 2 40 GOSUS a·~o CHtiNNkl I 7 y 
I ~:JO NCX f X C llr'INt~ D ri "' N 
I :160 hTfURU 

[~ H l'INl~I I ..~ ' N 
1:1 71) Gos1 1r~ 11 .Hl Clli"1Nf.JH 4 -;·y
I :-'81) LFT JI M l CHfilWI I 5 ~r'Y 
l. '0() h: I i'1 HU Ci SUl lflfl ll l j jff I S (\ C: CJNT TNl HIUS l.OOf' --- EX fT WI rr-1 l\' F. 5 (1 '-:L.JJ l l :H r. l lM4N f l 6 ~•' N 
1Joo fOR J = t ro 10 0 0 ·7CIUiNULI •' N 
lJ If) I F r r1 - H I L: Ho"INNLI . 0 "' N 
J .5 :'1.} GIJ S IJB I I :q ) !Cl r.: r r ·1- n r l lW <i i"\MI !:iCl.I C l l llN . nf'I M~ x
! j .!0 PR r N r : P~ I NI PR JNT 10 SH I e r l't Nf u (Jf'/ ION . f( l 'L ;"llJ 01.Ho Nrx r J '•' U 
1J'.:i-O Garo :!9<> 
I J OO RCH lll • f JON I l ~; 1 
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be accomm odated . A 900 K-100 K res istor 
divider netwo rk wil l change the input 
range to ±19.999 V. Some channels ca n 
be set fo r 20 V ranges. With th e present 
CD405 1, though, separate resistor dividers 
are needed on the inpu ts because the max ­
imu m vo ltage han dling capabil ity of the 
4051 is th e range of its power sup ply. 
Relays, which could pass the high voltages, 
could be configured to allow use of on ly on e 
se lectab le divide r network , but for now we 
are limi ted. If you pu t resistor dividers on 
the in puts, the onl y necessity is to instruct 
the program to mu lt ipl y the particul ar 
channel reading by an app rop riate ranging 
factor. In this par ti cul ar case, all in pu t 
chann els have been set for ±1 9.99 V ranges, 
and the multipl ier is ten . 

The program presents an opti on list. It 
allows general ap plication as an acq uisition 
and data logging tool. With it, one can select 
to read and print all eight channels, 
particul ar channe ls , or log a single channel 
continuously. Op tio n 5 is what it's all 
about . It automatically records the input 
vo ltages and computes the circuit parameters 
such as power diss ipation and vo ltage drops. 
A very com pl icated circuit examp le would 
probab ly have been more impressive, but 
that is merely a case of applying program­
ming talents to the same se t of input data. 

One further note of ex planation: the cal I 
instruction in Max i BASIC has been mis­
interpreted by some peopl e. It is no t a 
directly executable instruction, but is rather 
used in a statement like LET X = CALL 
(2560,9). The BASIC interpreter will go to 
memory location decima l 2560 and start 
executing a machin e language subrouti ne. 
The num ber in pare ntheses afte r the com ma 
is the val ue which is put in the D and E 
registers at th e same ti me. This is a 16 bit 
va lu e with a range of 0 to 65 ,535 . When th e 
machine language subrou tine is finish ed, it 
return s to the in terpreter. X will then have a 
value equal to wh atever was in the H and L 
registers wh en the subroutin e ended. 

The follow ing items are ava il abl e from General 
D igi tal Corporat ion , 700 Burnside Av, East 
Hart ford CT 06108: 

1. Complete set of in tegra ted circuits 
including the MC14433 and MC1403... 
$29 .95 

2 . Complete kit o f all parts including PC 
board, sockets, i n tegrated ci rcuits and 
other components. . . $64 .95 

3 . Assembled and tested uni t complete 
w i th OVM interface . . . $79 .95 

All items are postpai d in the continental US. 

+5V 
CHANNEL NO. 7 

>---.,,_ 
CHAN NE L N0.4 CHANNEL NO 6 

R3 
4 7K 

CHANNEL N0.2 
NOTE : CHANNEL NO. 8 
CONNECTED TO 2.000 V REF 

Figure 4: A sample circuit illustrating the use of the 8 channel 3~ digit volt­
meter. The circuit is a TTL to MOS voltage level converter. 

ware, there are some alternatives depending 
on what version you have. For people with 
straight (non-universal) 32 character Z-80 
Maxi BASIC Version 1.0, page 012 is empty 
and has been left for future ex pansion . If 
you have the 64 character Max i BAS IC 
Version 1.1, it's better not to try to bu ry the 
driver with in the in te rpreter un less you're an 
experienced progra mmer. Owners of 8080 
systems have only to reassemble the code 
usi ng 8080 instruct ions and locate it in a 
similar manner. The logic behind the driver 
is not so involved that it necessitates usin g 
the Z-80. Any microprocessor should be 
able to work with the interface . 

Using the Interface with BASIC 

Th is DVM in terface is specifica lly 
designed to run with a BASIC interpreter 
such as Maxi BASIC or the equivalent. 
Listing 2 illustrates a BASIC program which 
does data acquisition and computes results 
from this inpu t data. Often, the best method 
of ex planation is to illustrate th e actual use 
of a dev ice. This program, wh il e being 
general in nature, provid es specific reference 
to the value of mating BAS IC and analog 
acquisition. 

Figure 4 is a circuit of a TTL to MOS 
voltage level converter. I ts use is to convert 
0 and 5 V TTL levels to +5 V and - 12 V 
MOS logic levels . It is a relat ively simp le 
circui t, but it shows how BASIC can work 
for you. 

Up to this point I have said that the input 
range of the DVM is ±1.999 V. By putting 
resistor vo ltage dividers in series with th e 
mul tiplexer chann el inputs, other ranges can 
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Conclusion 

Having eight chann els is better than 
having one, espec ially if it doesn't cost any 
more. I've attemp ted to present a low cost 
solution to a usual ly ex pensive data ac­
quisition problem. As is always the case wi th 
computers, the maxim um ut il ization of the 
device is dependent upon the programmer, 
and as my college tex tbooks used to say, this 
is an exercise left to the reader. 

If you have a suggestion for an artic le or 
an idea about a projec t to be buil t, please 
write and te ll me about it. Please enclose a 
stam ped, self-add ressed envelope. Unfor­
tunately, based on the mai l volume of pre­
vio us art icles, I will not be able to answer 
al l letters persona lly, but I wi ll atte mp t to .• 

The author would like to extend 
special thanks to Dave Hardenbrook 
for his help in writing the D VM driver 
program. Photo 5: The breadboard circuit of the schematic in figure 4 used to test the 

8 channel voltmeter. 

THE ALPHA-1 SYSTEM 
vRATED A BEST BUY 

IN MASS STORAGE 
SYSTEMS 

V APPLICATIONS 
• 	 BUSINESS applications include mailing lists , payroll, 

bill ing , and inventory. 
• CASSETTE 	 BACKUP for disk-based Systems not 

on ly provides large amounts of storage at low cost, 
but also provides for convenient storage of histori ­
cal records. 

• 	 DEVELOPMENT SYSTEM features include a power­
ful operating System with an Editor, Assembler, and 
Debugger, plus a variety of System utilities which 
speed development. 

• OEM 	applications include P.0.S. data capture, word 
processing systems, audio-visual presentation sys­
tems, telephone call transfer systems. 

V HARDWARE 
• 	 Stores greater than 500K bytes per side of a C-60 

tape. 
• 	 Access a fi le in 17 seconds average on a C-60 tape. 
• 	 Load BK o f data in less than 11 seconds (6250 baud). 
• 	 100% interchangeability of cassettes with no adjust­

ments required or allowed. 
• 	 Compatible with all popular S-100 Bus Microcom­

puters. 
• 	 Aud io track under computer control. 
• 	 Elim inates the need for ROM/PROM monitors. 

V SOFTWARE 
• 	 MCOS, a powerful stand-alone cassette operati ng 

system , is operationally much simpler than a D.O.S., 
handles variable len gth named fi les, will update a 
fi le in place, packs or copies tapes with a single 
command. 

• 	 EXTENDED BASIC with MCOS permits array hand­
li ng and concatenation of files , plus all capab i liti es 
of MCOS. 

V PRICES START AT $240 

V FREE BUYERS GUIDE 
If you are shopping for a tape or disk system for you r 
S-100 Bus Computer System, you do not have all the 
fact s un ti l you have the MEGA " BUYERS GUIDE TO 
MASS STORAGE." This 10 page guide book provides a 
framework for evaluating cassette , cartridge, and disk­
based systems. Writ e for your copy today. 

For complete information including the Dealer nearest 
you , wri te or phone: 

lllCCH 
7026 O.W.S. Road , Yucca Valley, CA 92284 
(714) 365-7686 
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Structured Programming 

with Warnier-Orr Diagrams 

Part 1: Design Methodology 

David A Higgins 

Langston Kitch and Associates 
715 E 8th St 
Topeka KS 66607 

Any successful program design method­
ology must be able to do several things: it 
must produce consistent, low cost, high 
re liability results; it must produce them 
quick ly, whi le sti ll all ow ing for easy mainte­
nance later and, it must be simple enough to 
allow anyone (and I do mean anyone) to use 
it. Warnier-Orr diagrams (after Jean­
Dominique Warnier in France and Kenneth 
T Orr in th e United States) satisfy al l of the 
above requirements with an added bonus; 
they produce structured programs that 
nearly always run correctly at the first 
effective trial. They allow people to produce 
superprograms without being superprogram­
mers. 

The purpose of this article is to show how 
to develop and code a struc tu red program 
using the Warnier-Orr methodology from 
start to finish. The technique is a straight­
forward approach to producing correct pro­
grams. It is just as valid and successful for 
personal microcompute r appl ications as it is 
for megacomputer app lications in the world 
of business, science and industry. I feel that 
this method of designing a program is one of 
the most advanced state of the art software 
deve lopment techniques in existence today. 
It is a concise, step by step method with 
predictable resu lts. 

Step One: Identify the Output 

This is the first, the primary and the mos t 
important rule of all for the construction of 
a correct program. It cannot be emphasi zed 
enough. The fai lu re to first identify the 
outputs of a program is usua ll y the pr imary 
reason programs fa il to run correctly. 

You must ask yourself the questions: 
"How wi ll I be able to tell when I am 
through with this program?" "What will the 

printed, displayed and punched outputs 
physical ly look like?" "What wi ll the pro­
gram be able to do?" All of these questions 
must be thoroughly answered before you 
can even begin to think of coding the 
program . Skipping this step because "Aw, I 
know what I want to do," or "Gee, this isn't 
any fun, let 's start coding," is a common 
mistake, and although you may get away 
with it on a small program once in a while, 
omitting it wil l kil l you more often than not. 

A good example of the kind of trouble 
you can get into by assuming that you know 
everything about a problem can be fo und in 
a recent popular fi lm. In the movie Jeremiah 
Johnson, Jeremiah befriends an old·hunter 
and trapper in the mountains. The old 
hunter asks Jeremiah if he can skin a bear . 
"Of course l can," he replies. In the next 
scene, we see the old man running down a 
hil l towards the cabin closely pursued by a 
very large bear. The hunter runs into the 
open front door, leaps out of the back 
window and yel ls: "There . .. you skin that 
one and I'll go get you another." Jerem iah 
fai led to do one basic thing; he forgot to ask 
whether the bear he was supposed to skin 
was dead. Skin nin g a dead bear is one thing, 
skinn ing one that is still running around the 
room trying to skin you is quite another. 
Ju st as writing a program after it has been 
properly defined is one thing, and trying to 
write one when you aren't even sure what it 
is supposed to do when you are finished is 
another. 

Defining outputs is not really an un­
reasonab le requirement to make; after all, no 
building contractor would begin construc­
tion without first knowing what the finished 
bui lding was supposed to look like; no 
electri cal engineer would start soldering 
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YES YOU CAN 

Put .The VERSATILE 2 To Work Now! 

Even if you've NEVER used a computer, yo u can begin to operate the VERSATILE 2 immediately. 


It's all been done for you: a compact computer that needs no extras, and a complete software library. 


Great for HOBBYISTS • TEACHERS • BUSINESSMEN 

HOME You don't have to be a CLASSROOM Get your kids right 
programmer or electronics techni­ to work learning BASIC, playing 
cian. Or know anything more than games and solving math and ac­
how to plug it in, and read o ur coun ting problems wit hou t worry ­
manual. Get your hobby going with­ ing about what makes the computer 
ou t hassle . go. 

VERSATILE 2 


OFFICE Stop drowning in paper­
work . And quit worrying about 
which system will work best for you . 
Wi th our busi ness accounting pack­
age, you can concentrate on busi­
ness while the VERSATILE 2 con­
centra tes on maintaining your 
reco rds compactly, and permanent­
ly on diskette. 

SP EC IFI CATION S 
Z-80CPU 
Video display wi1h graphics on 9" 
64x 16 screen 
16 K S1a1ic RAM Memory 
Serial and Parallel 1/ 0 Pons with 
tandard RS-232 Connec1or provided 

a1 rear of uni1 
ROM IO drive RS-232 

EX PA NDABLE 

Add memory, prin1er, and up to 3 

ex1crnal mini-nappy disk drives. 


OPTION 

8K Memo ry Boards a1 $ 195.00 each . 


HOME SOFTWARE LIBRARY 

Five disketles are included 10 give you im­
mcdia1e programming capabili t ies. 

DISK #I con1ai ns a Disk Operating Sys1cm 
and 12K Extended BAS IC. Easy 10 use 
s1a1emcn1s include: IF THE . GOTO, 
READ, EX IT, FOR, NEXT. You get com­
p leie line editor, multi -s tatement lines and 
mu l1 i-dimcnsion arrays . A BAS IC teaching 
program on this disketle will have yo u quick­
ly programm ing in BASIC 

DISK #2 has many game including STA R­
TREK, BLACKJACK and STAR WARS . 
There's room left ove r for you IO add your 
own . 

DISK #3 is a H ome Accouniing Package wi1h 
p rograms like Budge ting, and C heckbook 
Ba lanc ing. 

DISK #4 contai ns a Small Business Accoun1 ­
ing Package. Included arc programs for Pay­
roll, ln ven1ory Control, Accounts Payable 
and Receivable, Taxes, Invoicing, Check 
Priming, and much more. 

DISK #5 is a forrnat1ed blank dis ke!le for 
you IO cn1er your ow n programs. 

$2495 Assembled and Tested. 6 Month Warranty . 30-day delivery or available direct from dealers . 

COMPUTER DATA SYSTEMS
Scientific Sales, Inc. Alexander and Company, Inc.5460 Fairmont Drive175 W. Wieuca , Suite 210 5518 Florin Road 

Atlanta, GA 30342 Sacramento, CA 95823Wilmington, Delaware 19808 

{404) 252·6808 (302) 738-0933 (916) 422-9070 
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Figure 7: Proposed output ofa computer program for balancing a checl?boo/? 
and producing an end of month report. 

parts together without a schematic di ag ram. 
In fac t, 110 profession (rel iabl e profession 
anyway) involved in the busi ness of putting 
th ings toge ther ever starts to bu ild anything 
unless they know wh at it will look like after 
they are clone. Yet, that is precisely the way 
most prngrammers try to write programs. 
Then they wonder what went wrong when 
they have problems. The same programming 
principl es which app ly to the professional 
apply just as much to the amateur, fo r· no 
one's time is un li mited. 

After defining all of th e outp uts of the 
progra m, the next step is to define the 
logical data base, al th ough you wi ll probably 
never rea lly spend much time at thi s step 
with most personal microcom puter ap plica­
tions. 

Step Two: Define th e Logical Data Base 

The reason this step is u·ivial for many 
personal use applicati ons is because the 
logical data base ty pi cally consis ts of only 

DEBIT 
(0, 11 

CHECK FILE 
YEAR 

( 1,yl 
MON TH 

(1,ml 
DAY 

( 1 .cll 

TRANS· 
ACTION S 

11 ,11 

CRED IT 
I0.11 

Figure 2: Logical data structure fo r the checkbool< balance reporl. The 
notation (7,n) indicates an operation will talw place at least once and possibly 
many times. 
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one numeric fi eld . It is typically the fi eld 
holding a person's response to a program 
generated question. For illustrative purposes 
let us look at a home computer appl ication 
that requ ires a slightly more complex data 
base arran gemen t. Take for instance a com­
puter program that would balance the family 
checkbook and produce a financi al repol't 
each mon th. The report designed in step one 
mi gh t look something like fig ure 1. 

If you were keeping manual records th at 
you wan tecl to be able to sea rch very eas ily, 
yo u wou ld keep each one of those entries, 
perhaps on index cards, filed by year, by 
month and by date. Figure 2 il lu strates a 
way of representing the logical data struc­
ture for the checkbook balance repor t in 
Warn ier-Orr notation. 

In figure 2, you can see the logical data 
structure for the checkbook balance repor t. 
The report is organized by year; within each 
year by months; within each month by days; 
and within each day by transactions, which 
are eith er debits (checks) or credits (de­
posits) . Note that year, mon th, day, and 
transactions all appear in th e report at least 
once and possibly many times; th us we see 
the notation (1 ,n) in th e di agram . Hav in g an 
entry for a day th at had no transac tions or 
having a monthl y report with no days is 
hardl y worth the trouble . However, each 
transac tion is ei ther a credit transaction 
(cred it occurring once, and debi t no t occur ­
ring) or a debit transaction (debit occurr in g 
once and credit not occurring). This con ­
dition is re fl ec ted on the chart by the " Ill " 
sy mbol, wh ich is the symbol for mutual 
exc lusion . 

One important point needs to be made 
here. The diagram of figure 2 is not the 
logica l data base fo r this report; it is only the 
report's logical data structure . Mak ing a 
chart of th e logical data base requires that 
we map the data elements that appear in the 
repo rt onto th e logical repo rt structure, as 
we have cl one in figure 3. In figu re 2 we 
showed concep tu al relatio nsh ips of one par t 
of the struc ture to ano ther. In figme 3 we've 
fi lled in the requi red details needed to 
complete each level of the structure. On e 
level of the structure corres ponds to one 
br·acket and the levels are counted left to 
ri ght. 

Step Three : Defi ne the Physical Data Base 

Defining the physical da ta base of a pro­
gram is largely a pac kag ing decisio n: whaL 

physical arrangement of the data in the 
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CHECK YEAR 

F IL E 
 l 1 ,yl 

Figure 3: The logical data 
base is generated by map­
ping the data elements 
that appear in the report 
onto the logical data struc­
ture. 

check or 
deposit 

YEAR NUM BER 

MONTH 
11 ,ml 

N AME O F MONT H 
DAY NUMBE R 

BALANC E FORWARD 

DAY T R ANSACTI ONS 
I I .di 11,t l 

CURRENT BALA N CE 

date f lag I f ield 1 I fi eld 2 I number amount 

Figure 4: A sequential file with a record format such as this is the simplest 
physical data base for the checkbook program. The information that is 
needed has been decided by the logical data base. The order they are put on 
the file depends on exactly what you intend to do. Since in this case we will 
be sorting by date, the date of the transaction appears first on the file. 
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computer will best suit the needs of the 
program . Th e only help I can give you on 
this is the simple suggestion that the physical 
representation shou ld mirror the logical 
representation in all but the most extreme 
cases. These are hardware decisions. You 
may wish to co nstruct a fi le one way if you 
are using a cassette tape storage system; you 
may construct it another way if you have a 
floppy disk. You would not want to impose 
a file structure that forced a cassette tape to 
behave like a disk by run ning back and forth 
through the tape at high speed . That is a 
good way to burn up a tape drive in a hurry. 
Ultimately, as memories become faster, 
more ve rsati le and more efficient, the phys­
ical data base will probably always be able to 
mirror the logical data base. Magnetic bubbl e 
memories, for instance, have no moving 
parts to burn up. 

In the checkbook balance report program 
the simplest physical data base would be a 
sequentia l fi le. The necessary information 
and a brief description of each transaction 
could be stored in the order· shown in figure 
4, read left to right. 

d escr ipt ion descr iption transac ti o n 

CHECK NUMBER 

" TO" DESCR IPT IDN 
DEB IT 

(0 ,11 "F OR" DESC RIPTION 
I0. 11 

AMOUN T 

[ CREDIT D ESCR IPT ION
CRED IT 


l0 .11 

l AMOUNT 

BA L ANC E AMOUN T 

Given that we have a fi le with this 
information on it which is sorted by year, 
month, day and transaction , producing a 
report program is almost a tr ivial exercise. 

Step Four : Design the Process Structure 

Since in this case we a1·e working with a 
single program, the process structure will 
ul timate ly represent the program structure. 
Were we design ing an entire system, an 
accounts receivab le system for instance, the 
p~ocess structure would represent many pro­
grams and the associated system prncedures 
that would operate them. The process struc­
ture is obtained from the same logical data 
structure that the logical data base was 
derived from. 

Referring again to both figures 1 and 2, 
we can begin to design the program from the 
bottom to the top_ Looking first at the 
leftmost bracket, which for this step is 
labe led REPORT PROGRAM, we could 
draw a structure thus: 

START PROGRAM { OPEN FILES 

RE PORT PROGRAM 

{ 
END PR OGRA• { CLOSE FILES 

Note that program struc ture is denoted by 
left to right positioning, and that seq uences 
of operations are noted top (first) to bottom 
(last) . 

We can see that the only thing for us to 
do at the begin ning of the progr-am is to 
open the fi les, and the only thing to do at 



the end of the program is to close the files 
we have used. Movi ng right to the YEAR 
bracket, the process END YEAR mu st be 
defi ned _ For this program thue is noth in g to 

do at the end of the year, so we fi ll in the 
bracket with th e notation SKIP. 

Fo r· the bracket labeled MONTH, there is 
the matter of printing the CURRENT 
BALANCE at the end of th e month . 

There arc no processes to be performed at 
the end of eac h DAY, therefore we show the 
END DAY process the same way as the END 
YEAR process. 

The TRANSACT IONS process is where 
most of th e work is done. For each CREDIT 
or DEB IT , one line and possibly a second 
(for DEBIT) is printed, showin g the appro­
pr·iate info rmati on; th e ru nning balance is 
updated, and the next record must be read. 

MOVE CHECK NUMBER , 
CHECK " T O", AND 
CHECK AMOUNT 

TO PRINT L I NE 

DEBIT 
I0, 11 

SUBTRACT CHECK AMOUNT 
FROM RUNNING BALANCE 

MOVE RUNNING BALANCE TO 
PRINT L I NE 

PRI NT A LINE 

PR I NT SECOND LINE 10,I I 

SPACE ONE LINE 

1'RANSACTIQNS 
( 1 , 11 

MOVE DEPOS I T AMOUNT , 
DEPOSIT DESCRIPTION 
TO PA INT LINE 

CREDIT 
IO, 1 l 

ADD DEPOSl T AMOUNT TO 
AUNN ING BA LANCE 

MO VE R UNNING BALANCE TO 
PRINT L INE 

PRINl A LI E 

SPACE ONE L I NE 

ENO 
TRANS· { GET NEXT RECORD
ACTION 
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Figure 5: Completed Warnier-Orr diagram for a checkbook balancing report program. This program arrangement will probably 
result in the smallest amount of memory being used. The sequences of operations at any given level (left-right position) are 
read from top to bottom. A level of operations corresponds to a logical level of procedure calls in a block structured program­
ming language. 

8E Gll\: PHOGf\AM 

VEARRE POAT PROG RAM 
rt.vi 

ENO PROGRAM 

( 

OPEN i=IL[ S 
SET lNl11 AL V AL UES 
READ rtRSl RECORO 

BEG IN V E/\.R (SKIP 

PA INT f.1 [ ,\D INGS 
AEGIN MONTI! 

{ 
PAINl S Tti.flT I NCi BALA CE 
IN IT IALl/E HUNN IN G OALANCE 

BE GIN OAY (SKIP 

MOVE CHECK NUMBER, CHECK " TO", AND 
CHECK AMOUNT TO PRINT LINE 

SUBTRACT CHECK AMOUNT FROM RUNNI NG BALANCE 

DEBIT MOVE RUNNING BALANCE TO PRINT LINE 
10, 11 

PAINT A. LINE 

PA INT SECOND LINE I0,11 

SPACE ONE LINE 

MONT It onv TRANSACT IONS 
11 . m l tl ,1 U ( 1,11 

MOVE DE POSIT AMOUNT. DEPOSIT DESCR IPTION 
TO PAINT UNF. 

CREDIT 
HI. II 

ADO DEPOSIT AMOUNT TO RUNN ING BALANCE 

MOVE RUNNING BALANCE TO PRINT LINE 

( PA1NT A LINE 

SPACE ONE LINE 

ENO TAAr~ SACT 1 0N ( GE l EX T RECORD 

£NO LM' ( SK IP 

ENO MON TH ( PAI N l CU AH EN T 8 1\LANCC 

END VE:\l t 

(CLOS ( nus 

With th is much of the program design 
done, the onl y things to be fi ll ed in are the 
BEGIN brackets for each level. The en tire 
di agram with these processes add ed is shown 
in figure 5. 

Looking at the Warnier-Orr diagram for 
the checkbook balance program, you can ee 
th e entire eries of events wh ich must take 
place to correctly process the report as it 
was give n. Note also that this is the o nl y 
correct structure th at wil l produce the 
checkbook bal ance report. Any other struc­

ture that will produce the report is iso­
mo1·phic to this structure. The structure is 
also optimal in operation, in the sense that 
noth ing is ever done unless it must be do ne. 

The program which is coded from this 
structu re will also have some predictable 
features. It will r·un as quickly as possible. It 
wi ll usually require the least amount of 
sto rage. It is very easy to maintain, and it 
wi ll run correctly at the fil'St effective tr ial. 
Not bad dividends for a half hour of extra 
work. Syntax runs are not effective tria ls, 
but, with a little diligence and effort , syntax 
errors can also be brought under contro l. 

Next month Part 2 will show how easy it 
is to fill in the detai Is of structured programs 
using Warnier-Orr diagrams.• 
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Part 2: 


Simulation of Motion An Automobile Suspension 


Ste phe n P Smith 
POB 841 
Parksley VA 23421 

Have yo u ever take n you r syste m out to a 
club mee ting or demonstration, only to find 
that somethi ng is ru ining your ca r's hand­
lin g? Was it because of the heavy power 
suppl y in the back sea t? Would heavy duty 
shock absorbers hel p? You can answer these 
ques t ions using you r personal compu te r and 
the simulation technique found here. 

Last mo nth (page 78/ , I in troduced some 
bas ic ideas used in simulati ng mot ion. A 
games app lication was used as an example. 
This mon th I 'I I expand on that base, expla in 
some add itional ways Lh at forces can act, 
and dcmonsu-ate a more accurate tech ni que 
fo r compu ting speeds and posit ions. The 
example I'll use wi ll be a simu lat ion or an 
automobile suspension and its response 
to a var·y ing road surface. Automobi le 
enthusiasts will be able to see how different 
springs and shock absorbe rs would ;iffect 
the way a car rides. More importan t, all 
computer users wi ll acquire some addit ional 
tools lo use in their own simulations ;i ncl 
gain insigh ts in to new appl icat ions for their 
pe rsonal systems. 

First, le t 's review the bas ic poin ts made in 
the last artic le. When beginning a simu lat ion, 
you will first divide the mot ion being 
simu lated into degrees of freedom. In other 
words, you wi ll decide which mot ions 
you want to sim ulate, up and down, side 
to side, etc. From then on, calcula ti ons 
will be made separa tely for each degree of 
freedom. Next you will decide which 
force - are ac ting in each d irection 1111d 
dete rm ine how muc h each rorcc wo uld 
change the speed of some object in ·1 econd. 
If yo u use the me tric sys tem of units, the 
change, or acceleration (in meters pe r 
second per second). wi ll be exactly eq uu l to 
th e force {in newtons) divided by the mass 
of the object {in kilograms). You will now 
be ready to pred ict the speed ;mcl posit ion of 
the objec t at " step of D second into the 
future . Acid up the effec ts of lhc individua l 
force. Multip ly the total by D (the tep 
size) and aci d the produc t Lo the prescn t 

speed. This is the speed of the object at <t 

time D seconds into the future. Now mult i­
ply the speed by D and add that product 
to the pr·escnt position. This is the posi ti on 
the ob jec t will take in D seconds. The 
simu lation program wi ll now calculate new 
values for the forces and mass and step the 
simu lation forwa rd once more . Th e process 
will co nti nue until an end condition is 
reached. 

In the lunar lander game sim ulat io n, two 
degrees of freedom were considered, up and 
down, and icle to side . The up and clown or 
ve rtical mot ion was affected by grav ity and 
thrust. The side to side or horizo nta l motion 
was affected only by thrust. Both of these 
forces were dete r·mi necl inde penden t of the 
speed and position of th e lander. Gravity 
provi ded a con Lan t cha nge in speed, and 
thrust was co ntrolled by th e user. In thi 
artic le we wil l explore variable forces wh ich 
are not determ ined by the user, but direc tl y 
by the speed and posi ti on we arc simu lat ing. 

As mentioned ea rli er, the examp le we' ll 
use is an automob ile suspension, the parts 
wh ich connect the whee l to the body. The 
most importan t of these parts are the spring 
and the shock absorber. We will assume 
that there are other pa rts which keep the 
whee l from moving back and fo nh , but 
onl y the whee l's up and clown mot ion 
will be co nside red {sec figure 1) . Of COLll"Se, 

the entire car- ca n also move along the road . 
We will consider that as a second degree of 
freedom. Le t 's exam inc sep arate I y the 
fo rces that con tr·ibute to vert ica l and 
hor izontal mot ion. 

Motion down the road r·esulls when lhc 
ca r-'s motor, through the wheels, pushes 
the car fonvarcl. Air resista nce and rol ling 
friction 11·y Lo slow it down . To simp lify 
the im ulatio n, we wi ll ass ume that these 
forces bal ance each other exac tl y. Thi s 
mea ns tha t the peed along the road will 
not change. 11 the speed starts at ome 
va lue ot her tha n Lero, the hor izo nta l po~i­
·tion wil l cha nge . As we wi ll sec late r·, th e 
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Figure 1: A conceptual model of the "automobile" (unicycle, rather) which is modelled in the sample program of listing 7 as 
discussed in this article. The wheel in this model tracks the road surface exactly, and has its own vertical velocity due to the 
horizontal velocity interacting with bumps in the road. The actions of the wheel in turn couple through the spring and shock 
absorber suspension to the "body" of the automobile. The purpose of this simple model is to calculate the vertical position 
of the car body at any given point down the road, given the effects ofgravity, shock absorber, spring and excitement provided 
by the bumps and holes. The table in the figure is taken from lines 605 and 606 of the BASIC program of listing 7, and is used 
to plot the road surface. A better dynamic model ofa car would have many more degrees of freedom than this simple model. 

simulat ion program must keep track of the 
position along the road, because it will 
determine how the wheel, and in turn 
the body, moves up and down. 

In the vertical degree of freedom we wi ll 
need to consider gravity. You will remember 
from the last art icle that to simul ate grav ity 
a program subtracts a constant value from 
the speed for each unit step. {Speed and 
position are considered pos itive if th ey are 
directed upward .) On the ea rth the gravita­
tional accelera tion constan t is 9.8 meters per 
second per seco nd, so for each second of 
si mul ated time, veloc ity changes by 9.8 
meters per second. Since the car obviously 
does not continue to move downward, there 
must be other forces balanc ing gravity. 
These are produced by the spring and shock 
absor·ber, and are determined by the vertical 
speed and position of th e body. 

Let's exam ine the spring first. At its nor­
mal !ength (often call ed the free length) a 
spring produ ces no force at all. If it is 
compressed, in other words fo rced to be­
come shorter, it will push back on whatever 
is comp ressing it. The shorter the spring 
is force d to become, the harder it will push 
back. This is an example of a force that 
depends upon posit ion. In the automobil e 
exam pl e, as gravity pul ls the body down , 

the spr ing is compressed. The sprir.g begins 
to push upward on the body, and at some 
point the two fo r·ces balance each other. 
The body wil l eventual ly come to rest there. 

Knowing a little informa tion about the 
spring we can com pu te that point. Springs 
produce forces wh ich are equal to the di s­
tance they are com pressed times a constant. 
The metric units fo r the constant are new­
tons per meter. Sample va lu es are shown in 
table 1, column a. Suppose that grav ity 
exerts a force of 5000 newtons on the car 
body; then a spr ing with a constant of 
100000 newtons per meter wou Id have to be 
comp ressed .05 meters (100000 .x.05=5000.) 
to ba lance the pull of gravity . At th is point 
the system wou ld be in eq uil ibr ium. 

Wh at about the shock abso rber? It was 
designed to prnduce a fo rce that depends 
not on how far it is comp r·essed, but on how 
fast it is being com pressed. The faster you 
try to move it, the harder it resists being 
moved. Li ke the sp ring, a constant is used 
to calcu late the force, this time multip lying 
the speed. Th e metric units for thi s constant 
are new ons per meter per second <i nd some 
rep resentative values are shown in ta ble 
1, column b. At equ ilibrium there is no 
motion, so the shock absorber produces no 
fo rce. If you were to push down the ca r 
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V ehicle 

Full si ze car (LTD, etc) 
Intermedi ate ITori no, Cut lass, etc) 
Compact (Nova, Aspen, etc) 
Subcompact (Vega, Pinto, etc) 

Add 20% for heavy duty suspension. 

(a} (b} 

Spring Damping 

3200 1450 

3000 1200 

2800 1000 

2600 700 


Subtract 20% for front wheel. 

Table l: Representative 
spring and damping con­
stants for automobiles. 
The units are metric: the 
spring constant is quoted 
as newtons per meter of 
compression; the dampling 
constant is expressed as 
newtons per meter per 
second. 

Table 2: A sample road 
surface table. This table 
is used to draw the sur­
face curve shown in 
figure l . 

Horizontal Road 
Posit ion Surface 

0 0.0 
10 0.0 
12 0 .08 
13 0.08 
14 0.0 
20 0 .0 
21 -.04 
22 -.04 
23 -.08 
24 0.0 
30 0 .0 
50 0.1 
51 0.0 

100 0.0 
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body at a speed of 2 meters per second, a 
shock wi th a constant of 50 would resis t 
tha t motion with a fo rce of 100 newtons 
(50 x 2). When you let up on the body, 
the sp ring would exert a greater force than 
gravity and the body would move upward. 
The shock absorber would also res ist that 
motion . This action is ca lled damp ing. Th e 
damp ing in an aulomob ile suspension must 
be carefully chosen so that the body returns 
quickly to equi librium , but does not con­
tinue to bounce back an d for th for very long 
afte rward. 

Armed with your present knowledge of 
simulat ion you shou ld be ready lo make 
just such a choice using a tria l and erro r 
approach. Calcu late the forces on the body, 
an d then use th em to find th e speed and 
posi tion one step in to the fu lure. That speed 
and posi tion wil l be used to ca lculate new 
val ues for the forces, which in turn will be 
used to step the simulation forward once 
more. Repeating the process continuously, 
you wi ll simulate the motion of the car 
body. Try differe nt va lues fo r the spring and 
damping constants unti l the desired ou tpu l 
is ach ieved fo r a give n set of inpu ts. 

The inpu ts, you' ll remember, are going 
to be dete rmined by the simu lated position 
in the hor izontal degree of freedom. At each 
position along the road th e input routine 
will determine the height of the road su rface 
above or below normal. If we assume that 
the wheel does not leave the road th is wil l 
also give us the up and down motion of the 
wheel. The data can be stored in a table 
in memory . By entering differen t va lues fo r 
the horizontal speed at the start of the 
simulation, we can also vary how fast the 
car wil l pass over ou r model road . AL each 
step the program wi ll enter the table to find 
the road height wh ich corresponds to th e 
current hori zontal position . 

Th is method will work as long as there 
is an entry in the table fo r every horizonta l 
position we wi ll find. That cou ld be a very 
big ta ble, especiall y if the step size is sma ll. 
To elim inate the need for large Lables, we 
can use a technique ca ll ed interpolation . 
Very simply, interpol ation is done like thi s. 
When the program enters the table, but 
doesn't find an entry exac tl y eq ual to th e 

current horizontal, it finds the next smalle r 
entry and the next larger entry. An inter­
polation fo rmula is then used to figure out 
wh ere the present position fa! Is betwee n 
the two table entries, and to calculate th e 
road surface which lies at the same poi nt 
between the correspondi ng tab le entries 
of road height. For examp le, suppose a 
program entered table 2 to find the road 
surface corresponding to a horizontal 
pos1t1on of ·11 . It would find entries at 
10 and 12 with co rresponding road heights 
of 0.0 and 0.08. Because 11 lies ha lfway 
between 10 and 12, the inte rpolation 
for mul a wil l find a correspond ing road 
surface that I ies ha lf way between 0.0 and 
0.08 or 0.04. Th ere are other interpolation 
formul as that use three, four, or more of 
the tab le points, but this method using two 
is generally accurate enough with a reason­
ab ly deta il ed tab le. To simplify your 
implemen tation of interpo lati on, I have 
included a BAS IC function in the program 
of listing 1 which uses the 2 point method. 
Users can simply place their own ta bles 
in the data statement and use the function 
in Lheir programs, or they can fo llow 
through the equations and im plement them 
directly. 

In our automotive simulation, the in ter­
polated tab le data wi ll give us the vertical 
road and wheel posi tion . The di ffe rence 
between this an d the vertical position of 
th e body wil l be the amount the spring is 
compressed. We ca n quic kly calculate the 
resulting fo rce. If the simu lati on program 
retai ns the wheel's posit ion from the pre­
vious step, it can also ca lculate the whee l's 
vertical speed. Reversing the equation used 
to find a new position, the speed is equal 
to the difference in th e two positions 
divided by the step size. If the wheel moved 
from .08 meters to .04 meters in a step of 
0.01 seconds, its speed wou Id be (.04- .08)/ 
.01 = -4. 0 meters per second . The differenc e 
between this speed and the speed of the 
body is used to calculate the force produced 
by the shock absorber. Al I these cal cu lat ions 
are included in the BASIC program of lis ting 
1. Readers who wa nt more deta il on the 
equations will find them there as wel l­
commented program sta tements. 

Also in that program is a new method for 
computing speeds and pos1t1ons. The 
eq uations used in the lu nar landing game 
worked fair ly well when the fo rces did not 
depend upon Lh e speed and position. In this 
si mulation they do, and even small errors 
can snowball if not corrected . To do th is, 
we wi ll use a powerful numerical technique, 
one which uses the results from three pre­
vious steps to help predict the next, and 
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You can 
buy software 
from anybody ­
but ours works 

in your system. 

We only sell one product, 
Quality. 
We have been in business for over nine years building a reputation 
for providing a quali ty product at nominal prices - NOT what the 
traffic will bear. Our software is : 

• Versatile 	 - as most programs allow for multiple modes of 
operat ion. 

• 	Tutorial - as each program is self prompting and leads you 
through the program (most have very detailed instructions 
contained right in their source code). 

• 	Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also includes FFrs, 
Inverse-transforms, Windowing, Sliding Windows, simul­
taneous FFT's va riable data sizes, etc . and as a last word 
our software is: 

• Readable 	 - as all of our programs are reproduced full size 
for ease in reading. 

• 	Virtually Machine Independent - these programs are written 
in a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just in case your Basic might not 
use one of our fu nctions we have included an appendix in 
Volume V which gives conversion algorithms for 19 differ­
ent Basie 's; thats right , just look it up and make the sub­
stitution for your particular version. If you would like to 
convert your favorite program in to Fortran or APL or any 
other language, the appendix in Volume II will define the 
statements and their parameters as used in our programs . 

Over 85 % of our programs in the first five volumes will execute in 
most SK Basie's with 16K of free user RAM . If you only have 4K 
Basic, because of its' lack of string functions only about 60 % of our 
programs in Volumes I thru V would be useable , however they 
should execute in only BK of user RAM . 

All of our programs are available on machine readable media . For 
those that have specific needs , we can tailor any of our programs for 
you o r we can write one to fit your specific needs . 

SCIENTIFIC RESEARCH 
220 Knollwood , Key Biscayne, FL 33149 

Phone orders call (800) 638-9194 
lnformation-(305) 361-1153 
Add Sl .50 per volume handling, all domestic shipments sent U.P.S. except 
APO and P.O. Box whi ch go parcel post . Fore ign orders add $8.00 /volume 
tor air shipment and make payable In U.S. dollars only. 

AVAILABLE AT MOST COMPUTER STORES 
Master Charge and Bank Amerlcard accepted . 

Our Software is copyrighted and may not be reproduced or sold. 
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which then goes back and corrects the 
step when the predicted results are available. 
It is called, logically enough, a predictor­
corrector method. Rather than attempt 
to explain it here, I'II provide a BAS IC 
programming examp le which you can 
adapt to your own simulations. Readers 
with a good background in math may wish 
to reference a book on numerical methods 
for more deta il s. In either case you wi ll 
have acquired a tool which wil l be very 
usefu l in future simulations. 

Looking back over the two articles 
you should begin to see some ideas for 
your own simulations. They could involve 

forces which are constant, user controlled, 
or which depend directly on the motion 
you are simulating. In puts can come from 
your keyboard, from an analog device such 
as a joystick, or from tab les interpolated 
by your program . The outputs might tel l 
you how we ll you are playi ng a game, or 
which of several configurations is best 
for a design you are contemplating. In the 
next article I 'II continue to expand on the 
types of forces considered. In particular, 
I'll show how you can handle forces which 
act in more than one degree of freedom 
and suggest some ways to handle rotary 
motion. • 

188 RE" SET PROCRA" COHSTAHTS 
118 Kl•-189889 
129 K2• - 2999 
139 "•599 
149 V•19 
159 0•9.95 
151 RE" SET IHITIAL SPEED AHO POSITION 
169 T•9 
179 P1•9.8*"/ 1(1
171 S1•9 
172 RE" FIHD IHITIAL ROAD SURFACE 
175 11•9 
176 X1•9 
177 Yl•8 
178 X•9 
102 cosue 618 
183 12• <Y-l1)/0
184 11 •Y 
185 REM CAI.CUI.ATE IHITIAL FORCES 
186 Fl•<Pl-lt>akt"" 
187 F2•<Sl•l2>ak2"" 
199 Al•Fl+f"2-9.9 
199 RE" SET PAST DATA EQUAL TO IHITIAL DATA 
198 S2•SI 
298 S3•S1 
218 $4•91 
238 A2•A1 
248 A3•A1 
258 M•AI 

259 RE" BECIH Sl"ULATIOH 
268 RE" PREDICT SPEED AHO POSITIOH 
278 S•Sl+D/24•<55aAl-59aA2+37•A3-9aA4) 
288 P•Pl+D/24•<55aS1 - 59aS2+37aS3-9aS4> 
281 X•X+V*D 
292 RE" FIHD HEW ROAO SURFACE 
283 c;owe 6te 
284 12•<Y-ll)1"0
29' ll•Y 
298 RE" PREDICT HEW FORCES 
291 Fl•<P-ll>•ktl"" 
292 F2•<S-12>aK2,." 
388 Aafl+F2-9.8 
318 RE" CORRECT SPEED AHD POSITIOH 
328 S•Sl+0/ 24*<9aA+19•At-51A2+A3> 
338 P•Pl+D/24a<9aS+l9aSl-51S2+S3>
348 R£ll CORRECT FORCES AHO UPOATE SAVED DATA 
341 Fl•<P-ll)akl/"
342 F2•<P-12>aK2"" 
358 A4•A3 
3'8 A3•A2 
378 A2•A1 
388 Al-F1+f"2-9.9 
391 S4•S3 
488 SJ•S2 
418 S2•S1 
429 Sl•S 
438 Pi af' 
448 T•T+D 
459 PRIHT T 81 Pl 
468 IF X<tM TltlH 271 
471 EHO 

699 RE" INTERPOLATE TABLE TO FI HD 
691 RE" VALUE OF Y CORRESPOHD IHC 
682 REM TO GIVEH VALUE OF X 
685 DATA 8,8,181 8,12,e.e0,13, e.e0,1•,e,2e , e,2 1, -0 . e4 
686 DATA 22,-8.•4,23,-e.ee,24,9,39,e, 5e,0. 1, 51,e, 1ee,e
611 RE" TABLE FOR"AT IS X<1>,Y <t>, X< 2>,Y <2 >, ... 
629 IF X<XI THEH 678 
639 X2•XI 
648 'Y2•YI 
658 READ )(!,YI
668 Ii{) TO 629 
678 Y•Y2+(Yl-Y2 )t (X- X2 )1"( X1 -X2> 
688 llETURH 

Automobil e Suspension Simulator 

Listing 7: This program was written to help interested readers 
follow the mathematics of the accompanying article. Particular 
attention should be paid to the interpolation subroutine and to 
the equations for the predictor-con·ector method of predicting 
future positions and velocities. The program was not intended to 
be efficient; readers will surely be able to shorten it once the 
method is understood. The following table defines the variable 
names I've used. 

Kl =spring constant 
K2 =damping constant 
M =mass supported by the spring 
V =horizontal speed of the entire car 
D = time step size 
T = elapsed time in the simulation 
P, S, A =predicted values for vertical position, speed, and 

total effect of forces 
Pl, SJ, A 7 =present values of vertical position, speed, and 

total effect of forces 
52, A 2 =speed and effect of forces one step past 
53, A3 =speed and effect of forces two steps past 
54, A4 =speed and effect of forces three steps past 
F7 = change in speed due to spring 
F2 =change in speed due to damping (shock absorber) 
17 = current vertical position of the wheel 
12 = current vertical speed of the wheel 
X =current position ofcar along the road 
Y =road height at position X 
Xl, Yl, X2, Y2 = table entries for positions immediately 

greater than and immediately less than the current value 
ofX 

I expect it will occur to many ofyou that graphic rather than 
printed output will make this program much clearer. The wave­
form produced by a plot of the data would give you a much 
better feel for the motion of the car body. For the example in 
this listing, try plotting position from - 0. 7 meter to +O. 7 meter 
versus time from 0 to 7 00 seconds. 

One final note: to avoid losing data, it is importan t that the 
interval between points of the table in the interpolation subrou­
tine is larger than the distance the car moves in one step. In other 
words, if you want to model a road that changes rapidly, you will 
have to reduce the step size (D) to a value less than the minimum 
of (X(n) - X(n+l))/V. 
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Ximedia Presents ... 

a reliable small business disk system


for both word processing and computation. 

Ximedia Systems stress reliability and performance at an affordable price. That re ­
quires hundreds of product evaluations. It also requires a strong commitment to 
selling only those components which have operated dependably in business or pro ­
fessional applications. The Small Business Disk System (SBD-1) is that kind of system. 

OPERATIONAL CAPABILITY 
The SBD-1 system is designed for the professional for 
such tasks as word processing, accounting, inven­
tory control , and other business-related activities. 

We like this system for a number of reasons. First, 
the North Star Disk-Operating-System (DOS) with 
extended disk BASIC is excellent. It's as bug free as 
any BASIC now in use. J'.\lso, it's a truly extended 
BASIC with features like formatted output, callable 
machine language subroutines, random and sequential 
file access, and a powerful line editor. 

On the hardware side, we have found all the North 
Star products to be well-engineered, well -designed, 
and extremely reliable. The Micro-Disk System, 
around which the HORIZON is built, was the first 
mini-floppy system commercially available, and is· still 
the leader. Each 5 W ' diskette will hold 90K bytes of 
data, which means about 50 pages of text per disk, 
perfect for word processing. We've included 32K 
of Crea/ Com dynamic memory which is in our exper­
ience, one of the better dynamic boards around. They 
require low power, they're fast, and they use a good 
refresh scheme. For memory, 32K should be plenty 
and the HORIZON is expandable up to 65K and 
beyond ! 

The combination of 32K of Ram, 180K of Disk, Z-80 
speed and the FOX-1100 make SBD-1 system a 
powerful tool for the professional user. It's a good 
medium-sized system that can be expanded to in­
clude more memory, more disks, and other S-1 00 
accessories when and if they become necessary. 

TECHNICAL CAPABILITY 
The North Star HORIZON computer is built around 
the highly successful Micro-Disk System. The CPU 
card is based on the Z-80 microprocessor, and de­
signed to run at a full 4 MHz. It also features a jump­
on-start circuit to pull in the disk bootstrap on power­
up. 

The HORIZON motherboard has an on-board serial 
interface with room to add another serial and/ or 
parallel 1/ 0 port. The Crea/ Com memory is a very 
fast (250s) dynamic ram board with lots of features. 
First, the refresh is handled by an on-board processor 
and is totally invisible to the main processor. Other 
goodies include a pin 67 phantom line, full or partial 
write protect, no wait states (even at Z-80 speeds), 
and guaranteed tested, burned in factory prime chips. 

The Perkin-Elmer FOX-1100 is a super high quality, 
low cost CRT terminal that's a cut above the com ­
petition. The first big improvement is the 9x1 2 matrix. 
This means terrific readability and lower case char ­
acters that descend! Other features include a 
hooded, eye-level display, black-on-white or white­
on-black display, full 96 character ASCII character 
set, direct cursor addressing, 80x24 display, re­
settable tab stops, Typamatic auto repeat, wrap­
around or scroll modes, and a debug mode for 
displaying control characters. All in all , the FOX is a 
superior terminal designed for the serious user and 
built to take abuses of day in and day out use. 

The alternate SBD-IP system includes a 55 CPS 
daisy-wheel printer for letter quality hard -copy output. 

North Star HORIZON - 2 computer 
(without memory board I 

3 Extra card gu ides and connectors 21 .00 
1 Crea /Com 32K fast dynamic memory 885.00 
1 Perkin-Elmer FOX-1100 CRT terminal 1,440.00 
1 set Interconnection cables 25.00 
1 set Ximedi a proprietary system docu ­ 50.00 

mentation 

XililiCi>iA
CONVENIENT ORDERING: Toll free number. Prepaid , 1290 24th Avenue Mastercharge, and Visa orders shipped free; others 
freight-collect. Most orders shipped from stock. If not , San Francisco, California 94122 
we will notify. California res idents add 6 % sales tax. (415) 566-7472· Toll Free (800) 227-4440 
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A Little Bit on Interrupts 


Whi le ta lking with fellow enthusiasts at­
tending meetings of computer clubs, there 
seem to be severa l aspects of small computer 
systems which are particularly confusi ng to 
newcomers to the hobby . One of these is 
interrupts. This article ex plains how the 
mechanisms of inte rrupts work, and what 
can be done with them in a personal com­
puter system. 

History 

When computers first came into wide­
spread use, they ran primarily on card or 
tape batch princip les. The operator had long 
lists of instructions which told him which 
card dec ks to use to run which jobs. Each 
job had to be set up independently, which 
was okay as long as this setup time was 
short in re lat ion to the amo unt of time each 
job ran. A desired goal was to keep the 
machine running as much as possible. As 
technology advanced and job run times be­
came shorter, setup time became a signifi­
cant fraction of the total jo b run time. It 
was clear that if the machine could take over 
some of the chores of the operator, but at 
machine speed, the utilization of the system 
co ul d be increased. Accounting and se tup 
procedures cou ld be accomplished by pro­
grams stored inside the machine, and then 
the computer could request the operator to 
perform only those duties that actually re­
quired human intervention (such as mount­
ing a disk pack). Thus programs called 
"operating systems" came in to use. About 
thi s same time, it was realized that if such a 
mach ine were go ing to run jobs under an 
operati ng system, there had to be some way 
to return control to the operating system 
should the program encou nter difficulties. 
That is, the operator shou ld be able to jerk 
control of the machine away from the pro-

Robert R Wier 
POB 9209 
College Station TX 77840 

gram currently running and give it to the 
operating system without having to go 
thrnugh the process of clearing th e mac hine 
and re loading the operating system manually 
each time. Another problem emerged at this 
time with the fact that as the centra l proc­
essing unit improved in efficie ncy due to 
the faster technology, the devices used for 
input an d output, called peripherals, re­
mained at about the same speed. Therefore, 
if the central processing unit had to wait for 
the completion of an input or output opera­
tion, it would just sit there testing and 
retest ing to see if the program coul d prn­
ceed. This was frequently called a "busy 
wait loop," or "spi n lock." It is a technique 
which is still frequently used in microproces­
sor systems. 

Clearly, since 10 operations were so slow, 
it would be nice if the processor could 
imp ly request the 10 hardware to input to or 

output from memory directly without proc­
essor intervention. Then the processor could 
go on and perform useful computations 
while the 10 operation was in progress. Of 
course this required considerab ly more 
so phisticated 10 hardware than was in use 
previously, when the processor orchestrated 
every data transfer. But since the 10 hard­
ware didn't need to be able to perform com­
plicated arithmetic functions iL could be 
regarded as a "mini" cent1·al processing unit 
or (Aha!) microprocessor. Indeed, the 
original purpose of the microprocessor chip 
which has made our hobby possible was to 
produce cheap, reasonably smart peripheral 
syste ms at low cost. That is, each I 0 channe l 
wou ld have its own smaller processor to 
handle only data transfers between an 10 
dev ice and memory. A little thought will 
reveal a problem, however. If the processor 
simply starts an 10 operation and then 
pursues other matters, how does it know 
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Everything you've ever 

wanted to know about 

microcomputers in 

Over 400 pages. Full 81/2" x 11 " size. 

ONE comsletebook 
foronly $1 .95 

The ultimate book 
about microcomputers. 
Written by experts 
... SCELSI and BYTE. Over 
400 pages. A collector's item, 
featuring The Basics 
from the first 16 issues of BYTE and SCELBl's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edition. 

Y
ou can 't buy information 
organized like this any­
where. This is the book 

that everyone who is into micro­
computers needs for reference , 
for ideas, for clues to problem 
solving. It is a truly authorita­
tive text, featuring easy-to-read, 
easy-to-understand articles by 
more than 50 recognized pro­
fessional authors , who know and 
love microcomputers from the 
ground up. Logical and com­
plete , it features many glos­
saries , and is il luminated with 
profuse illustrations and photo­
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec­
tions , that take you from point 
"O" through building and pro­
gramming your own computer . .. 
step-by-step-by-step. 

Whal can you do with a micro­
computer? Checkbook balanc­
ing. Recipe converting and food 
inventory. Heating and air condi­
tioning control. Home and busi ­
ness secu rity and management. 
Playing the pon ies. Analys is of 
the stock market. Maintaining 
mass ive data banks. Self-instruc­
tion. Toys and games. Small 
business accounting and i nven­
to ry. And lots, lots more. 

Corcle 98 on rnquiry card . 

How does a microcomputer do 
it? Lots of " how to" theory. In­
t roduc ing you to microcomputer 
operation. 6800, 6502, ZBO CPU 
chip capabilities. RAM and ROM 
memories. Addressing methods. 

T~E 
S[]ElEl/~"1TE 
JJ~lrTIE~ 

Over 400 pages. Selected articles 
from BYTE and SCELSI books, 
Profusely illustrated. Many 
photographs. $10.95, plus 50¢ 
shipping and handling. 

How to control peripherals. 
Transm ission of information to 
and from computers. Magnetic 
recording devices for bulk stor­
age. Analog to digital conver­
sion. How a computer can talk. 
Other 1/ 0 techniques. And more. 

Order your copy today! 
SCELBI COMPUTER 
CONSULTING INC. BITS 
Post Office Box 133 PP STN 70 Main Stree t 
Dept. B Pete rbor""gh, NH 
Milford. CT 06460 03458 

P11ces shown for Nor th Amer ican custome rs. 
Mas1er ~harge . Pos1al and bank Money 
Orders pre ferred . Personal checks delay 
shipp ing up 10 4 weeks. Pric ing , specillca­
lions. aval labl l ily subjecl to change w il hout 
notice . 

All about building a micro­
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Figure 7: What happens 
when an 8080 interrupt 
occurs. The interrupt sig­
nal occurs first at some 
external device. Then, 
external circuitry creates 
an interrupt signal and 
sends an RST instruction 
to the processor as the 
second step. As a third 
step the old program 
counter information is 
saved on the stack to allow 
later return. Then, the 
fourth step which is part 
of executing the RST in­
struction is to jump to 
one of eight possible re­
start locations in the first 
64 bytes of memory ad­
dress space; if the eight 
bytes are not sufficient, 
step five, shown here, is a 
jump to an extension of 
the interrupt routine. 
Responsibility for saving 
the state of the processor 
(beyond the return from 
subroutine pointer pushed 
automatically into the 
stack by RST n) is up to 
the programmer coding 
the interrupt response 
routine. 

I NTERRUPT 
STEP I 

SOURCE 

wh en the 10 operation is finish ed so that it exac tly what happens when something from 
may use the data input, or refill the buffer the outsi de world, or a condition intern al to 
just output. What if Lh e drive mangles the the processing, wants attention? 
tape and the data has to be output or input Suppose the processor is hardwired wi th 
again ? What was needed was the abil ity for at least one interrupt line, and probably 
th e I 0 processor to be able to tap the more. When an interrupt occurs, the desi 1·ed 
central proce sor on the shoulder and say effect is to: 
" I'm finished, " or " I foul ed it up ." 

• 	 Store all th e informatio n regardi ngTh ere was also the problem of 1·eal time 
the presently running program whichapplications which, depending on the sys­
is 	 necessary to 1·esume execution attem, needed the computer to be abl e to 
th e same point some time in th edetect some co nd ition, make a dec ision, and 
future, so as not to have to start it acr on it qu ick ly. If yo u had a big busy wait 
over again from the beginning. This loop, where several instruction were 
inc ludes the program counter, anyexecuted in the loop between each check ing 
status information, and, optionally,of the status of each separate input signal, 
the processor registers. Th is "state your refi nery's ca talytic converter might go 
savi ng" activity must be complete orcritical before the computer even chec ked to 
unpredictable behav ior can ensu e upon see if something was wrong, a disquieting 
retu rn to the interrupted process. development. 

• 	 lnse1·t into the program counter the 
address of the fi rst instruction in the 

What Interrupts Do 
interrupt program which will handle 

So , interrupts were devised. Indeed, some the condition which caused the in ter ­
computer scientists feel that the major dif­ rnpt. When the interrupt routin e is 
fere nce between the second and third finis hed, the status register(s), program 
generation machi ne was not onl y the transi­ counter, and processo r registers of the 
tion to integrated circuitry, but the advent interrupted program may be restored 
of the in te rruptable machin e as well. But and the interrupted program 1·esumes 
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IF 8 BYTES 
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ENOUGH SPACE 
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WIRED "OR" INTERR UPT LINE 

DEVICE 

NO.O 

PROCESSOR AND 
REST OF 
SYSTEM 

INTERRUPT INPUT 

--~~-+--+-~~~-i 

DEVICE 

NO.I 

0 

DEVIC E 

N0. 2 
........ B 

u 
s 

0 

0 

DEVICE 
N0.7 

(OR "n"J -
"I DIDN'T DO IT!" 

••I DIDN'T DO IT!" 

"I DI D IT I" 

" 1 DIDN'T DO IT' " 

" WHODUNIT " 
INPUT PORT 

' I 
I ' 

0 •"I DIDN ' T DO IT!" 
I • "I DI D IT I'' 

D 
COLOR KEY . 

ro ACCESSED BY INTERRUPT OF 
DEVICE NO I, THIS CASE 

D IO IGNORED THIS CASE 

Figure 2: The "Who Done 
It" problem on interrupts. 
Some means must be pro­
vided to determine which 
10 de vice requested service 
when more than one de­
vice shares r;Jn interrupt 
line on any processor. 
Here is one way of deter­
mtntng "who done it": 
The input port "WHO­
DUNIT" looks at eight 
single bit status flags 
corresponding to up to 
eight devices; if the flag 
is on, then that device 
"did it. " 

ru nning without rea ll y being aware 
that it was temporarily not in con tro l 
of the processor. Thi s prncess of re­
storing the machi ne state is the inve rse 
of the state sav ing activ ity. 

Interrupt Hardware 

Th e actual hardware th at is inclu ded Lo 
effec t interrupts varies somewhat from one 
processor to the nex t. Virtually al l of th em 
save the old program cou nter in some speci ­
fie d locatio n and insert the ad dress of the 
interrupt handler's fast instruction into the 
program counter. Th is is in effect an uncon· 
ditional branch to a subro utine with lin kage 
for return afte r in te rrup t processi ng. Each 
mach ine is di fferent, th ough, in the ac ti ons 
taken beyond these tw o basic functions. In 
the IBM 3 70 series, th e hardwar·e docs 
practical ly everything fm the progr·ammcr. 
In microprocesso rs, the software interrupt 
program mu st do some of the thin gs that the 
hardware does in the larger machines. Let's 
look at the most popula r· microprncesso rs 
and sec what they do. 

Interrupts on the Intel 8080 

When an interrupt req uest is 1·eceived, the 
8080 completes the cu1-ren t instruction be­
fore taki ng any actio n on the interrupl. 
Virtually all miniprncesso1·s and microproc­

essors do th is, sin ce there would be al l sort 
of problems encountered if an in tc1·rup t 
were recogni zed in the middle of the execu­
tion of an instruction . A litt le thought wil l 
show why. Th e 8080 does not increment 
the program counter. The program counter 
for the old program is pushed, saved, onto 
the stack. The next instruction Lo be 
executed is "j ammed" onto the data bu by 
external interrupt circu it ry and i called the 
re tart instruction. Depending on the restart 
instruction operand, the nex t in truction 
executed (ie: the ad dress placed in to the 
program cou nter) may be one of eight 
possible dec im al memory locations: 0, 8, ·16, 
24, 32,40,48, or 56. 8080 programmers wil l 
note that the re arc just enough memory 
locat ions, eigh L, between these addresses Lo 
save the registers of th e ol d program, disable 
further interrupts, and execute a jump to 
another locat ion, which in this case will be 
th e intcrruot service routine. This en tire 
operation is expla ined in fig ure 1. 

Obviously, if you ever contemplate using 
all eight classes of interrupts, you wan t to 
be sure not to program using the fi 1·st 64 
memory locations since those are rese1·ved 
by the hardware for interrupt handling. But 
what if you want to have on ly one clds of 
interrupt? Say, a panel switc h Lh <1t the 
operator (you) can push to get the atte ntion 
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of the mac hin e. Then just program the par­
ticular location that you (or the computer 
hardware designer) hardwired in. Let's 
suppose for a minute that you need more 
than eight interrupts. That's possible, withi n 
a few restrictions as shown in figure 2. Ju st 
OR the in terrupt req uest lines from the out­
si de world together an d feed them to the 
same in ter rupt line going into th e processor. 
But then how do you know which device has 
caused the interrupt? Obviously there will 
have to be another signal somewhere to in di ­
cate which device needs attention . This 
could be implemented in a variety of ways: 

• 	 Th e device cou ld place an identify ing 
number on the data bus which would 
identify the device. 

• 	 An inp ut port co uld be wired so th at 
the device would signal that it needed 
attention . 

• 	 The processor could sen d an in terroga ­
tion to each dev ice con nected to that 
interrup t line ask in g if it was the one 
that sent the request. 

The firs t and second methods are faste r since 
the device number or in put data coul d be 
used as an index to go to the ap prop ri ate 
inte rrupt handler program. The third 
method is ca lled pol ling and may be some­
what time consuming if many devices use 
the same interrup t line. Because so much of 
the interrupt logic of the 8080 is external to 
the ch ip , there can be conside rab le va riation. 
Most 8080 systems use a simple restart 
(RST) operation code, but any instruction 
including jump (JMP) or cal l (CALL) can be 
used with appropriate exte rn al logic. 

Motoro la 6800 In terrupts 

This chip has bui lt into it the capabil ity 
of decoding and servic ing a small er number 
of interrupts, but in a more automatic way 
than the 8080. The 6800 uses an indi rec t 
"vectored" in terr upt situation in which each 
so urce of an inter rupt looks up a unique 
vector locat ion for the address of its service 
routine. Wh en an inte rru pt is indicated to 
the 6800 by one of three poss ible sources, 
the processor automat ically saves the two 
accumu lato rs, index register, status registe r, 
and program counte r on the stack, an d in 
the process of doing so it changes the stack 
po inter. Thus, the 6800 has the advantage 
of never requiring program code to achieve 
state saving funct ions. It simultaneously has 
the disadvantage of al ways performing a 
complete state save so there is no way to 
"cut corners" and save time by ignor ing 
the saving and restoring of data wh ich is not 
changed by the in terrupt routine. This 

vectoring method also has the disadvantage 
of requ iring that the stack pointer must 
never be used fo r other pu rposes (s uch as 
a pseudo-index register) when interrupts 
are possible. The three interrup ts possible 
on the 6800 are : 

Maska ble Interrupt (I RQ). This inter­
rupt occ urs when a hardware signal causes 
a low state on the I RQ Iine of the proces­
sor. Thi s line is always wired in a "wi1·ed 
or" co nfiguration when multiple sources 
are used, so some form of polling or 
priority logic is needed to identify 
sources. Wh en an in te1-rupt occms, a flag 
is set in the processor which prevents a 
second interrupt from interrupting the 
routine which processes the first to arr ive. 

Non-Maskab le ln tenup t (NMI). This 
interrup t is identical to the I RQ in terrupt 
excep t tha t no "mask in g" of repeated 
inte1Tupts occurs in the processor to pre­
vent conflicts. As a resul t, without exter­
nal logic Lo do the masking onl y one 
interru pt source should be dedicated to 
this signal. Motorola intended this line to 
be used with the abso lu te highest priority 
external signal in a typical sy tern: th e 
signal which indicates a 110 VAC main 
power supp ly " power failure" in a dedi­
cated application system; the interrupt 
response routine in such a case would 
have enough tim e before th e capacitors 
of the power supp ly discharge {typical ly) 
to save the state of the processor and pre­
pare for later return of power. But the 
intended use does not mean the only use, 
and with proper care this interru pt line 
can be used for inpu ts as diverse as a 
di rect memory ad dress (OMA) co ntro ll er 
or real ti me clock. 

Software In terrupt {SWI ). Th is inter­
rup t occu rs when a program executes 
a software interrup t instruct ion. The 
actions taken are exactly the same as 
th ose for the totally asynchronous NMI 
and IRQ hardware inp uts. The on ly 
di fference is that the SW! is not a true 
interru pt since it is programmed into the 
software at a fixed point, whereas an 
interrupt such as NM! or IRQ can occur 
at any time relat ive to the execut ion of 
a program. The SWI in struction, in effect, 
is a call to an interrupt subroutine, with 
return implemented via an RT I (return 
from interrup t) instruction. 

There is one further method of interrupting 
a process in the 6800 which is not charac­
terized by the state saving needed to effec t a 
true interrupt style act ion. This is use of the 
"reset" {RES) line of the hardware. This 
form of interru ption merely causes an 
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• } LINKAGES DURING 
IR O INTERRUPT 

Figure 3: The 6800 proc­
essor's interrupt structure. 
This vectored interrupt 
method starts with an 
interrupt signal to the 
processor. In this example, 
IRQ occurs, so the proces­
sor generates a reference 
to the IRQ vector location 
at hexadecimal FFF8 and 
FFF9. The two byte ad­
dress at the I RQ vector 
location in turn points to 
the IRQ routine some­
where else in address space 
and as the last step in the 
process, the routine is 
called. As part of the 
special interrupt routine 
call, the old state informa­
tion is pushed onto the 
stack. 

MEMORY ADDRESS SPACE 

RESET 

ROUTINE 


PROCESSOR STACK 

ADDRESS OF 
RESET 
ROUTINE STORED 
HERE 

FFFE,FFFF 

ADDRESS OF 
NMI ROUTINE 
STORED 
HERE 

FFFC, FFFD 

USE DATA IN 
IRO LOCATION 
TO CALL 
IRO ROUTINE 

ADDRESS OF 
SWI ROUTINE 
STORED 
HERE 

ADDRESS OF 
IRO ROUTINE 
STORED 

FFFA, FFFB 

FFF0,FFF9 
HERE 

POINT 
IRO LOCATION 

STEP I : EXTERNAL 
INTERRUPT EVENT -U­
INPUT ON IRO * ::::_

unconditional branch to a res ta1·t location, 
and is typically used to in itiali ze the system 
or to recover from disas tro us erro1·s. 

All four sources of interruption of the 
6800 processor, IRQ, NM I, SWI and RES 
use a similar indirect vectored approach to 
locati ng th e address of the des ired routine. 
In the cases of IRQ, NM I and SWI the 
desired routine is a sub1·ourine which returns 
via an RTI (return from interrupt) 
instruction; in the case of RES the desired 
routi ne is the beginn ing of the software 
which gains control wh en the processor is 
restarted . 

In each case, the prncessor use a 2 byte 
address stored in the region from hexa­
decimal address FFF8 to FFFF in memory 
address space as the starting add ress for the 
des ired routine. Thus, for example, suppose 
a urce of an interrupt cha ng.: the rate 
of the IRQ line, causing an IRQ interrupt. 
The processor first completes the previous 
instruction, as noted earlier. Th en, instead 
of executing the next in struction , it 
executes the details of th e built in "sta te 
saving" sequence. After state saving, Lhe 

6000 
PROCESSOR 

-l..,•l 1RO 

processor se nds out add res~ to memory for 
location FFF8 from which it obtains the 
high order address of the interrupt routine. 
Then it sends out the address FFF9, from 
which it obtains the low order address of 
the interrupt routine. It then branches to 
the interrupt routine at the address just 
obtained . A similar process occurs for the 
NMI response using the data contained in 
locations FFFC and FFF D as an address; for 
the SWI response using data contained in 
locations FFFA and FFFB as an address· 
and for the RES res ponse using data con~ 
tained in locations FFFE and FFFF as an 
address. 

The MOS Technology 6502 

This 8 bit processor is very similar to the 
6800 in its processing of interrupts. There is 
no separate vector for a software interrupt as 
implemented in the 6800, so the 6502's 
interrupt vector region on ly includes non­
maskable interrupts (FFFA and FFFB con­
tain the address), reset (FFFC and FFFD 
contain the address), and maskable 
interrupts (FFFE and FFFF contain the 
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address.) The 6502's BRK in struction is 
sim il ar to the 6800's SW I, except it uses the 
same vector location as the maskable inter­
rupt (I RO) rather than a separate address 
vector . 

Interesting Uses 

Now knowing about interrupts, what are 
thei r uses on the personal com puter system, 
and what kinds of programming should we 
use with them? Probably a majority of users 
will no t need to use interrupts at al l, at least 
until they have several years programming 
experience. If you have an 8D80, just be 
carefu l to write your programs around the 
critical interrupt locatio ns in low memory 
addresses, in case sometime in the fut ure 
you decide to start using them. If you have a 
6800 and use a ded icated mo ni tor such as 
)BUG or MIKBUG, much of your freedom 
to use interrupts is replaced by hardwired 
response vectors in ROM fou nd at FFF8 to 
FFFF. Almost certainly if you plan on 
writing o r using some type of operating 
system, the interrupt faci li ties will need to 
be used in the interrupt routi nes. 

The use of interrup ts for 10 operations 
probably wil l not be a major appl icat ion 
except in cases of direct memory access or 
fast peripherals. Personal systems tend to be 
strongly oriented to a memory conservative 
type of programming, since the cost of 
the processor hardware is so low to begin 
with, and the slow ness of 10 is not really a 
significant factor. 

Real t im e app lications are like ly to 
abound in small systems. The tim ers that are 
included in some systems often operate by 
allowing the program to load a desired 
number, which is then counted down (or 
added up, depending on the hardware) 
independent of the processor. When zero is 
reached, the tim er can generate an interrupt. 
Th is could be useful in such applications as 
keeping track of how long programs use the 
processor·, allowi ng a player a lim ited 
amount of time to make a move in games 
li ke Star Trek, generati ng time of day 
applications and so on. A vf!ry interesting 
real time appl ication of inte rrupts is in the 
use of light pens on osc ill oscope graphics 
displays. This is one use of com pu ters that 
many hobbyists, upon see ing it operate for 
the first time, feel is just this side of magic. 
Actually, when you consider how the 
oscilloscope displ ay is generated, the mech­
anism is very straightforward . You may 
deduce that th e computer, or 10 device, 
must know where the beam of light is 
currently positioned on the sco pe's sc reen, 
or else it wou ld be ju st a jumbled mess. 
Therefore, if a photosensitive device is 

pl aced close to th e screen, when the light 
beam strikes the cell an interrupt may be 
ge nerated . This interrupt may then cause 
the location of the beam to be noted by 
storing the curre nt values in th e counters 
used to co ntrol the beam. 

Another extremely interesting applica­
tion is the emulation of hardwired instruc­
tions. If the processor allows software or 
illegal instruction interrupts then software 
routines may be programmed which will 
produce the same effect as if the desired 
instruction had actually been included in the 
silicon on the ch ip . For example, suppose 
that you frequently needed an instruction 
which would, for some unfathomable 
reason , ad d the conte nts of all the registers 
and output them to a te lep rinter . You 
co uld set up a subroutine in each program 
that req ui red th is action . But if you 
found that you needed this instruction 
frequently in every program you ran on the 
machi ne, ano ther way of implementing this 
routine would be to place in to th e program 
code (that is, the program being run) some­
thi ng to cause an interrupt. 

This interrupt would cause the interr-upt 
ro utine to determine which action was 
desired, execute it, and then resume the 
interrup ted program. Of course, the in­
struction would be executed much more 
slowly than if hardwired. Once the routine 
was fi nalized, it could be burned into read 
only memory, and from then on it would 
always be available for the programmer's 
use. The actual b it pattern inserted into 
the program, to cause the interrupt, varies 
with the processor. If there are unimple­
mented o peration codes then you may 
sim ply choose one an d use it to signify the 
new operation from then on. If unimple­
mented operation codes do not exist, or 
they cause the machi ne to "hang up" and 
not in terrupt, then a software interrupt, 
called a "supervisor call" on the 370, may be 
used. This is somewhat less pleasing, how­
ever, since the code on the program I is ting 
wi ll always look the same (ie : a software 
interrupt) and make debugging a bit more 
difficult . The 6800's SW! instruction with 
its separate vector is ideally suited to th is 
use. Obviously, a byte would have to be 
stored somewhere which wou ld signi fy to 
the interrupt routine which operation 
was desired. In a 6800 this would be accom­
plished by fol lowing the SW! inmuction 
with the appropriate 1 byte code, and 
modifying the stack so that RTI returns 
contro l one byte past its normal point of 
return. 

It is poss ible to reprod uce a particu lar 
machine 's entire instruction set on another 
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en ti rely different machi ne in this manner. 
This is rrcqucntly cal led "emulation," 
alth ough the term is also used to describe 
this prn css being accompli shed by micro­
code which, confu singly enough, is only 
1·cmotely related to microprocessor . 

Conclusion 

We have een that the use of interrupts 
all ows compute rs to become more ve1· ati le 
than when they arc dedicate d to one 
program. lntc1Tupts al low the machine to in ­
teract wi th the outs id e world while at the 
sam e tim e allowing it to pu rsue "its own" 
interests. Intcrrup ts arc uscrul fo r acco m­
plishing thing in ways which, while more 
difficult to program initial ly perhaps , may 
be worthwhi le in the case of ap plication.• 
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S-100 BUS 

CSR 1 
SYNTHESIS-BY -RULE 

SOFTWARE 

t 

SPEAK "KAAMPYUTAOLKER" 

MODEL CT-1 SYNTHESIZER 395 .00 
CSR1 SOFTWARE SYSTEM 35 .00 
DEMONSTRATION CASSETTE 2.95 

C A U~ RES10EN JS A00 6D.. SALES TA X 

WRITE FOR INFORMATIVE LITERATURE 

COM PUTALK ER CONSULTANTS 
P.O. BOX 1951, DEPT . B, SANTA MONICA, CA 90406 

Easy to use ! Everyth ing you need OUR NEWEST BABY!for 110 , mass storage, and a monitor. 
3 complete parallel parts wit h their The System Central Interface 

own handshaking, latched outputs, bi­ SCI 
directional. 

Seria l port with 20 ma, 60 ma, 
RS-232, speeds from 75 to 19,200. 256 
bytes of RAM for stack and buffer 

DAJEN Electronics storage.
7214 Sp ri ng leaf Ct. 

Citrus Heights, Ca . 95610 
2708 PROGRAMMER

(916) 723-1050 
3K of ROM, 2-2708's provided with 

monitor: complete video, software, cassette routines, 16 com ­
mands total. 

High-speed cassette system with 2 re lays, simultaneous 
read and write, speeds from 500 to 40,000. 

Yes, please rush my SCI to : 

Name -·· --·---·--· ---- ·--- -- ---- ---- ·-··· ·· ··· ····· ·······- ···· ····· ······ ·· · Altair, Poly, 
IMSAI, Z-80,Address ·········· ······ ··· ······- -· ·· ---·· ··---··· ·-- -- .. ____ _........ -... 

Tarbel l Com ­

patibleCity ·-· ·.. ·-- -- ··- ·- -- .. ··-·-·-· -· ·.... - State -- .. ···· Zip .... .. ..... . 

Kit 

Mastercharge -· .. ······----- .. ······· ··· ····· --·- Exp. .... ....... . $285 
Assembled 

Visa/B .A. .......... __ .... ... _........ ·--······· ···· Exp. --.. .. ..... . $345 
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Circle 35 on inqu i ry card. 	 BYTE Otcemher 1977 129 



Using the PolyMorphics Video Interface 


Way ne Wenzlaff I recen t ly purchased one of the PolyMor­
3494 S G ree nwood Ct phic Video Terminal Interface units from a 
Eagan MN 55122 local comp uter sto re. After opening the 

plastic bags included with the kit and check­
ing the parts aga inst the packing list, I sat 
down to the task of assembl ing the kit. The 
instruc tions looked sim ple enough, the parts 
were all the re, and there was a parts d iagram, 
except I couldn't read it. 

Well, being no stranger to electron ics, I 
armed myse lf with a pen, the schematic, and 
a bottle o f Dr Pepper. (The Dr Pepper is 
important!) Some four ho ur and many 
bottles la ter, my board was complete. Trac­
ing circu it diagrams is OK if you have a lot 
of t ime and know your electronics, but 
there have to be a lot of nonelec tronics 
peop le who bought th is board and had the 
same problem. The more I thought about it, 

NE W VIDEO INPUT 
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FRO M 3r o VIDEO VIDEO AMPL I FIER 

J 
IF STA.GE 


Rl4 1 

47 TO VIDEO 
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EXISTING 

TEST POINT 


Figure 7: This is the simplified schematic for !he video ampli fier. The dot­
ted capacitor is the added component to the original circuit. Tal?e care to 
connect the positive side of the capacitor to the television circuitry. The 
video signal from the video interface can be connected directly through this 
capacitor. 
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the more curi ous I became. A ca ll to Poly­
Morphics gave me the answer. 

It seems that some of the first instruc­
tion books pri nted managed to get by the 
qual ity control departmen t without being 
checked. In any case, I spoke to a very nice 
pe r·son by the name of Cindy Fee ney, who 
turned out to be th e national marketing 
manage r. She apologized for the problem, 
and explai ned th at they sent a lette r to the ir 
dea lers as soon as they became aware of the 
mistake . The only trou ble is th ey didn 't 
know who had purchased the boards with 
the bad diagram, so some of us unfortu nates 
got hold of a kit withou t know ing about 
the letter. She ex plained that the diagram 
had bee n repr inted, th is ti me in th ree color·s 
for easy read ab ii ity. And she sent one to me. 
Free! She also offered to rep lace the d iagram 
to anyo ne else who has had the same pro­
blem if they will just drop her a note. The 
address is Po lyMorphics, 737 S Kel log Av, 
Go leta CA 9301 7. 

Now I needed a televis ion to co nnect it 
to . I don't own a video monitor, but I do 
have a black and white te levision set, a 
Panasonic Mode l T R-542. With this seL, 
adding a vi deo inpu t is a cin ch. A schematic 
of the section of the video am pl ifier to be 
mod ified is shown in fig ur·e 1. Panasonic 
provides a test point at the input of the 
video ampl ifier. The signal is positive goi ng 
(signal is pos itive with respect to grou nd) 
an d the level is 0.9 V peak to peak. Th e 
PolyMorphics board provides a pos itive 
goi ng video output, with abo ut 1 V peak to 
peak level. Talk abo ut a pNfect match I 

In or-der to elim inate any biasing pro­
blems for the video ampli fier, I elected to 
leave the vi deo intermediate freq uency (IF) 
stage connected. The PolyMo r·phics boa rd 
has plenty of video to dr ive the amplifie r, so 
the only th ing you need to do is turn the 
telev ision to an unused channel, preferably 



UHF. The PolyMorp hics board provides a 
slig ht amount of DC bias on the video line, 
and this will dis tort your display unless you 
fil ter it out. The simp lest cure for· this is the 
addit ion of a coupling capac itor in the video 
line. Instal l it in series with the cen ter con­
duc Lor, with the posi tive end connected to 
the TV circuitry as shown in figure 1. Ex­
periment to see what value works best fo r 
you, but it will probably be between 0.1 and 
10 mF. 

Wi th the televisio n modified and the 
board completely assemb led, I was now up 
to the section labe led 1.6. For those of you 
who don't own the Po /yMorphics terminal, 
that section reads, "As it stands now, your 
unit should work if connected via coaxia l 
cable to a video monitor or modified televi­
sion set." Wro ng. Not that there's anything 
wrong with the terminal, but I have built 
two of them now, and they don't do any­
thing until you put somethi ng in memory . 
For ease of test ing, the following program 
can be entered via the fro nt panel switches. 
This el im inates th e need fo r anythi ng but a 
comp ute r, the video in terface board and the 
modified telev ision. Set the Po/yMorph ics 
address to 0000, then proceed as fo ll ows: 

0000 21 
0001 OA 
0002 00 
0003 3E 
0004 38 
0005 77 
0006 23 
0007 C3 
0008 03 
0009 00 

This program should disp lay altern ate black 
and white vertical bars on the screen . I say 
"should " because th e disp lay I got is illu s­
trated in photo 1. 

Photo l: This is the display generated by the program written to output a 
series of vertical bars. The dark bands running across the monitor indicate 
that the horizontal frequency of the video interface and the horizontal 
frequency of the monitor are not identical. 

No tice the dark lines ru nning from the 
lower Je rt to up pe r right hand corner of the 
sc reen. These are present because the hori­
zon tal frequency of the set is not the same 
as th e horizon ta/ frequency of the video ter­
mina l. The standard horizo ntal freq uency of 
a te levis ion set is 15,750 Hz. The frequency 
of the Pol yMorphic board is 17,094 Hz. Al­
though the manua l would lead you to be­
lieve th at this is a simp le ad justment of the 
horizontal hold control, no t all se ts can be 
ad justed to operate at th is freq uency with­
ou t some internal modi fication. I had access 
to four standa rd video monitors which I 
later tried the board on. On ly two of the 
fo ur were able to lock in and produce a 
usabl e disp lay. Fortunate ly it's not too 

HOR I ZONT AL HOLD 

R4 15 
6 .8K 

TELEVIS ION 

TERM I NA L 


I 

R NEW : 
5 6K * 1 
SEE TEXT I 

L-------A,,,.·._,·.,.- _____ J 

Figure 2: The section of the horizontal hold 
circuit that determines what the horizontal 
frequency is must be modified to match the 
horizontal frequency of the video interface. 
The dotted resistor and switch ore additions 
to the original circuit. By changing the value 
of R4 l 5, I changed the range of the horizon­
tal frequency adjustment. The switch is not 
necessary but allows the use of the se t as 
either a monitor or a television. 
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11/Jj/ jjj IH 1111 11 11111 

XIMEDIA PRESENTS 

The Perkin-Elmer Fox-1100 

The Low-Cost, Not-So-Dumb CRT 
Fully Assembled and Tested-$1,295.00 

Xlmedia Corporation stresses reliability 
and performar:ice at an affordable price. 
That requires literally hundreds of product 
evaluations. It also requires a strong com­
mitment to selling only those components 
which have operated dependably in 
business or professional appl icatlons. 
The Perkin-Elmer FOX-1100 has that kind 
of track record. And it has the foll owl ng 
features: 

• 	Reset able tab stops 
• 	Numeric key pad 
• 	Highly readable 9 x 12 dot matrix 
• 	Hooded, anti-glare screen 
• 	Upper and lower case 
• 	Black-on-white/ 

white·on·black display 
•Transparent mode-displays 

control characters 
• 	Direct cursor addressing 
• 	Typamatic auto repeat 
• 	Local service centers 

All in al I, the FOX is a superior terminal 
designed for the serious user and built to 
take the abuses of day in day out use at a 
price the economy-minded user can afford. 

XimiCi>iA 
1290 24th Avenue 

San Francisco, California 94122 
(415) 566-7472 

Toll Free {800) 227-4440 
CONVENIENT ORDERING: Tol l fre e number. Prepaid, 
Ma.stercharge, and Visa orders sh ipped free ; others 
freight-collect. Most orders shipped from stock . If not , 
we will notify. Ca lifornia residents add 6 % sales tax. 
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Photo 2: The correct display should have 
11ertica!ly aligned bloc!? and white bands. 
This indicates that the horizontal frequency 
of the video interface and the monitor are 
identical. 

difficult to modify the set once you know 
wh at you are up against. 

The sets that seem to cause the trouble 
are the ones that use a coil to adju st the 
hor izo n ta! frequency instead of a poten­
tiometer. A quick look at my Panasonic 
located the cul pri t. The hor izo ntal fre­
quency is determined by a coi l, in con­
junction with a 6.8 k resistor (R415) as 
shown in fig ure 2. Although it would be 
difficult to change the co il , we can adjust 
its r·ange by cha ngi ng R415. A 5.6 k res istor 
added in parall el with R415 changed th e 
r·ange sufficiently to produce a proper 
d isplay. I could have permanently altered 
the va lu e of R415, but then the set would 
not have been usable as a standard TV set. 
By connect ing a switch in ser ies with one 
of the leads from the 5 .6 k resistor I can 
disco nnect the added resistor from the 
cir·cuit when I'm not us in g th e set as a 
mon itor. 

The fi nal display is shown in photo 2. 
Adding a video in put requ ired onl y one 
part, a capacito r. Co rrec ting fm the un­
usual horizonta l frequency took a sin gle 
res isto1·. This may not work for every set, 
but you'd be surprised how many se ts use a 
circuit very similar to th is one. I f you have 
a tight budget, arm yourself with a sche­
matic of your TV , a few spare parts, and th is 
articl e. You 'I I undoubtedly learn something, 
and tl1 e pleasure of doing it yourse lf can't 
be beat. Bes id es, assumi ng you alr·eady own 
a bl ack and white telev isio n set, where else 
can you get a video monitor conversion for 
under a do llar? • 

http:Tested-$1,295.00


Continued from page 91 

"Start the program." 
T ime pass~d, a lot of time. j ack stabbed 

the RESET button hard enough to push 
the computer across the desk. 

"Gently, Jack ! I get your message. You 
must be putt ing the break point in the wrong 
place." 

"If I knew where to put the breakpoint, 
then I probably wou ldn't need one. What I 
need is some way to spr in kle a program with 
breakpoint and just skip the ones I don't 
need ." 

"No can do, Jack. My MIKBUG moni tor 
uaps every breakpoin t and that is tha t. You 
can't skip by one. If yo u put obstac les in 
my path, I t r ip over them. You don't want 
a bruised computer, do you , Jack?" 

" I guess not. What I do want i~ a better 
way to debug. There's got to be something 
more effective than th is 'stab in the dark' 
approach." 

"May I make a suggestion, j ack?" 
"Now look who's the designer. What 

wo rds of w isdom have you, 0 great sage of 
Motorola?" 

"Sai-casm wi ll get you nowhere, except 
maybe 'stabbed in the dark .' I was go ing to 
suggest that you investigate my HALT in­
put. If you put a proper ly timed signal there, 
then I'll execute only one instruction at a 
time. You can run programs so slowly even 
a human can follow the process ing." 

"That's an in teresting idea. Let me thi nk 
about it for a wh il e." 

" I can hard ly stop you, Jack. I don't have 
hands.. . yet. You were looking at those 
robot articles in BYTE, weren't you! " 

"Talk ing is quite enough, com puter !" 
" I. ..guess...so." 
jack sat back in his cha ir and thought. 

Computer knew better than to interru pt 
such meditat ions of his human partner. 
Com pu ter liked its power continuous. 

"No good, computer.'' jack rol led his 
chair to the co nsol e again . " Hard ware single 
stepping is n't what I need . I need to be able 
to read your registers and check memory 
locations. In short, I need your MI KBUG 
capabi l ities to help me debug. With your 
hardware suggestion I 'd sti II need to know 
where to stop single stepping . That's no 
better than break pointi ng." 

" Not exactly, jack . If you don't muck up 
my co ntents with your debugg ing stuff, 
then you can r·esume ru nning again after 
you stop stepping. You can wr ite reent ran t 
code, can't you, j ack?" 

"That's exactl y what I 'm tryi ng to debug. 
Thanks a bunch ." 

"Sorry. I guess we'll both have to l ive 
with MIKB UG for a whi le longer, unt il you 

write me a real nice monitor, w ith asynchro­
nous 10, and disks, and .. . " 

"Get off the disk kick . A debugger is 
what I need. I want a purely software 
answer. I ne d to have MIKBUG-l ike facil i­
ties that I can use wherever I want in a pro­
gram without upsetting that program. It 's 
got to be reentrant . It's got to know how to 
break down instructions. It should give me 
a sort of breakpoint for each instruction 
executed." 

" The program you seek is ca lled a tracer. 
They're available on b ig machines, like your 
partner Grappel 's PDP-11 . Maybe he ca n 
adap t one to your l ik ing.'' 

"And adapt it to your l imited facul t ies." 
" His big machine can't even talk! Don't 

you say I 'm lim ited ! " 
" Okay, okay, I give up. Anyway, it 's 

bedtime. Good night.'' 
"Yeah," sa id com pu ter. j ack fli pped the 

power switch, and compu ter's red eye 
dimmed. 

"So what 's new?" sa id computer as its 
fan began to hum. 

" Wel l, I uh . .. fo und...discovered that 
...noticed, uh ... " 

NEW ... 
We have introduced two new products 

which interface to a variety of bus structu res : 
the S-100 bus - the Motorola bus - the 
Intel SBC 80/10 bus. W e have a Scientific 
Calculator Board which wi ll do your complex 
mathematical computations in firmware with a 
m inimum of dedicated RAM or software sup­

port. In kit form, prices start at $99.95. 

A new video d isp lay module which pro­
vides for a format of up to 24 lines and a full 
80 cha racters wide is ready . Lower case and 
cus tom cha racter sets are available on specia l 
order. 

It can also be obta ined to provide 32, 36. 
40, 64, or 72 characters per line. In kit fo rm, 
prices start at $199.95. 

Call or write for data sheets - or contact 
your loca l dea ler. 

Celet'iorz 
P.O. Box 621 5 


Syracuse. New York 13217 


(315) 422-6666 
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THE 
TECHNICO 


SUPER STARTER 

SYSTEM 


AND 

SUPER SYSTEM 16 


v.s. 
THE 	HEATH H- 11 

SAVE OVER $1000 
SEND FOR FREE BROCHURE

0 TECHNICO 1-800-638-2893 
9130 RED BRANCH RD. COLUMBIA. MD 21045 

CIRCLE INQUIRY NO 

"Come on, j ack, ou t with it! " 

"That problem you were hav ing 


yesterday . .. " 
"I wasn't hav ing any problem yesterday! 

It was yo ur code that was a problem. I just 
read 'em; I don't write 'em!" 

" I know. But you should have warned 
me that I was pu shing one more item on to 
the stack than I was popping off. When you 
executed the subroutine return, you got a 
byte of data confused with the real return 
address." 

" I did not confuse anything! I did exact­
ly, I repeat, exactly, what you asked fo r-. 
You said PSH , I pushed! You said PUL, I 
pulled a byte off the stack . You sa id RTS, 
and I took the to p of the stack as a return 
address . I may have bugs in th e progrJrn, but 
the programmer's got bats in hi s bel fry ' 
If you can' t coun t the num ber of bytes you 
put on the stack, you might think of going 
back to phil osophy!" 

"Cool it !" 

" I might say ... " 

"Cool it!" 

jack glared at the conso le, and com­


puter 's red eye stared back . " I'm sorry, 
jac k. " 

" I guess it really is rny fa ult, compu ter." 
" Fr iends?" 
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"Friends." 
"Going to get a tracer written?" 
"Yep." 
"Can I assemb le it? I'll do a very careful 

job ." 
" I'm sure you will , computer. I'm su r·e 

you wil l. " 

"Computer, let 's try to work th is break­
point th ing out." 

"Glad to help, jack ." 
" Fine. Now, we need a program which 

doesn't ch ange an y register oi- condition 
code or memory location in the target 
program ... the one I need to debug." 

" It's got to be reen trant . Righ t , Jack?" 
" It should pr int the contents of a\I your 

reg isters, th e address of the present instruc­
tion, and the ins tru ction code. Something 
like the MIKBUG format shou ld do ." 

"That's a prob lem. How do I do al l th at 
prin t ing without messing up the registers?" 

"Come on, com pu te r . .. that's easy. You 
save all the registers befo re pri nti ng and then 
restore them when you 're done." 

"Like the MIKBUG software interrupt 
does, on the stack! You know , sometimes 
yo u 're pretty smart, Jack ." 

"Except we can't do it that way ." 

HARD WARE 
FE ATURES 

TECHNICO HEATH 
SYSTEM 16 H- 11 

DUAL 
FL OPPY'S 

YES NO 

CASSETTES YES NO 
VIDEO YES NO 
BOARD 
E- PROM YES NO 
PROGRAMMER 

*	 FOR COMPLETE COMPAR ISON SEE 
HEATH 	LI TERATURE AND CONTACT 


TECHN ICO FOR FREE CATALOG 

CIRCLF INQUIRY NO 
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"Why?" 
"Because MIKBUG won't let me change 

the addr-ess of the software interrupt handler 
prngrarn. It's in ROM , unfortu nate ly. We'll 
need another way." 

"jack, isn't this breakpoi nt thing sort of 
like a subrout ine? I mean, it's , say, 'cal led' 
from the target program ...does some stuff 
like printing...and then returns to the 
t,r·get program." 

"I guess we have to do it that way . We'll 
put a subroutine cal l (JSR ) at the address 
where the trace is to begi n. It will ca ll the 
trace program, which will be written as a 
subroutine . The subroutine wi ll first have to 
save all the registers, then pr in t my debug­
gi ng info. It can then restore the registers 
and return. Thanks for the idea, computer." 

"Don't thank me yet; it won't work. If 
I insert a 3 byte subroutine jump into the 
target program, then I 've destroyed three 
bytes of your code. Then, when I return 
from the subroutine, I return three bytes 
further into the target program, not wher·e I 
star-red." 

jack thought a bit and puffed his cigar. 
"jack! That cigar smoke is getting in my 

cassettes! How can you humans stand all 
tha t stuff? Do computers get ca ncer of the 
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PRICE 
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$1.550 
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integrated circuit or something?" 
"Relax, my automated fr iend. Yo u 're 

quite safe. I just figured out how to work 
the tracing." 

" I'm all ears." 
"I'm surprised you can stop talking long 

enough to listen. Anyway, I can overcome 
your objections by carefu l programming. 
Before inserting the subroutine jump , you' ll 
save the three bytes you're rep lac in g. You 
can put them back before you return. " 

"But, jack, I still retu rn to the wrong 
place!" 

" Hold it a min uter I can fix up the return 
address on your stack to back it up three 
bytes. Then you'll return to the code you've 
replaced and restored. That'l l be a break­
point tha t I can real ly use." 

"G lad to help yo u. But, jack, you still 
have to know where to breakpoint. We're 
scarce ly better off than we were with 
MI KBUG. True, the program can now con­
tinu e after your breakpoint. Is th at all you 
wanted?" 

" It's eno ugh for right now, but we ' ll 
probably extend it later. Please assemble 
thi s code." Jack placed a cassette in the 
drive and pressed PLAY . Jack smiled . "It's 
the on ly sure way to keep it quiet." 
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All a trace is is a moving 
breakpoint... You handle 
it in the usual way except 
that before you return you 
put a new breakpoint 
where the next instruc­
tion will be, and fix up the 
previous breakpoint as if 
it were never th ere. 

Why anybody would try 
to trace a program with 
interrupts going off is 
beyond me, but we'd 
bette r be complete. 

"Computer, I want to extend Bob's 
breakpo int." 

" It was o nl y a matte r of t ime. I suppose 
you want a full trace now." 

" Right. It isn't that much more. All a 
trace is is a mov ing breakpoinl." 

" If you can't figure out where you want 
yo ur break point, then you ma ke me push it 
around Lhro ugh your stuff. Why is it that I 
always have to bail you out of your 
problems?" 

"That's what I built you ror, remembe r?" 
"Calm dow n, Jack. I was on ly kidding ." 
" ! d idn 't bui ld your sense of humor, 

that's for sure! Anyway, her·e's how you'll 
trace a program. Star·t with a breakpoi nt. 
You hand le it in the usual way, except that 
before you r·eturn yo u pu t a new br·eakpoint 
where the next instruction wil l be. Effect ive­
ly, th is breakpo in ts every instruction!" 

"Some things are easy to state in words 
bu t hard to code. How do I figure out where 
my next instruct ion is? I have instruct ions 
of differe nt lengths in my op code set. I 
might jump or branch ... " 

"Computer, r·eme mber the 'Thompson 
Lister ' progr·am on page 99 of the October 
1976 BYTE? It could figure out how long an 
instruction was by disassemb ling your code 
in memory. We ll , I'm go ing to give you a 
vers ion of that algorithm so that you can 
find the nex L op code. It' ll also he lp you for·­
mat the in truct ion printout for my ease in 
read ing." 

"Fi ne .. . if yo u Lhink you're up to iL. 
Besides, I remember that Lhe 'Thompson 
Lister' cou ldn't catch inva lid instructions. 
Sometimes you stick data into a subrout ine 
re turn address and force me into the midd le 
of now here!" 

" I remember Lhal incident wc l I enough. 
I' ll add a tab le of invalid op codes so thal 
you can ca ll me names whe n you hit one." 

"This I like." 
" I thought you would . Now , th in k you 

can trace? ' ' 
Computer sat with lights quive r·ing. " I've 

got problems, Jack . You've give n me a way 
to find the nex t instruc t io n in most cases, 
but what abou t jumps or branches? Knowing 
the length of the instrnction is no help." 

"True. I guess we' ll need a set of specia l 
cases." 

"Oh boy. Here we go ." 
" It won 't be loo bad." Jack didn't ound 

too conv inced . "Let's start with the jumps. 
There are subroutine jump and uncondi· 
tiona l ju mps. They ca n be in dexed or ex ­
te nded addressing." 

"The subroutine stuff doesn't mauer, 
Jack. For my purposes, a jump is a jump. 
Al l I need is the locat ion ol' the end of the 
jump." 

"Fine. So, we' ll have two spec ial cases: 
extended ju mps and in dexed jumps. The 
extended jumps are easy; the second and 
th ird byte of the instru ction are the address 
you requ ire to set yo ur new breakpoint." 

" Done ." 
"The indexed ju mps need the contents 

of th e index register from the targe t pro­
gram, but you have saved that! You have 
the offse t in the second byte of the instruc­
tio n! Do a sim ple add itio n and you have the 
new break poi nt address !" 

" It's simple if yo u give me a 16 bit add i­
tio n program." 

"Surely. Now for subroutine returns. 
You can get the return address from the 
stack. You've saved the target program stack 
po inter, so you can get the top of the target 
stack for your new breakpo in t. That's 
special case 3." 

" Bu t what about all the branches?" 
"That wi ll take a bit of work. Let's work 

on the uncondit ional branches f irst; they' re 
simpler . You do know where the target 
progra m is because you've got its progra m 
counter saved. You get the offset from the 
second byte of the ins truction. You just add 
the offset to the program counter." 

" What about signs, Jack?" 
"Oh , yes . Forgot abou t that. " 
" I noticed that." 
" All right, com pu ter . You get a go ld 

star! If the offset is negative, you must 
subtract it from the program counter. I 'II 
give you a 16 bit subtract too. " 

"A ll tha t for just unconditio nal branches! 
I shudder to think what the cond itional 
bra nches wil l need ." 

" No t too much more. We just have to 
decide whe ther the branch will be execu ted 
or not. If not, then the branch is just 
anothe r 2 byte instruc tion. If it is to be exe­
cuted , then it is eq ui valent, for your pur­
poses, to an uncondi tional branch. You've 
already go t code to handl e each case." 

"Yeah , but how do I know if the branch 
is to be executed? ES P?" 

"Noth ing but good, clever programming 
is needed here. Yo u have th e condi tion 
codes from th e targe t program saved away . 
Yo u have the op code, the type of branc h. 
All it takes is a little trick. You 'll copy the 
branch into a spot in the trace code and se t 
the condit ion codes from your save area. 
Then, if the branch fal ls thro ugh, you know 
to treat it as a normal 2 byte instruction . 
The branch will tell you when to use your 
br·anch code. Simple, huh ?" 

"Self-modifying code ...very poor fonn, 
Jack!" 

"Can you do it better?" 
1 'No." 
"The n stop compl aini ng. It's effective; 
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it works. Don't knock it. " 
"At least it will have your name on it 

and noc min e_ Any more spec ial cases?" 
"A few. We've got to take care of the 

in terrupt instructions RTI and WAI and 
SW I. Why anybod y would t ry to trace a pro­
gram with inter·rupts going off is beyond me, 
but we'd better be com pl ete . They won't 
be hard to handle ." 

"Thank God! " 
"S ince when did you get religious? Any­

how, the RT I is just like the subroutin e 
re turn ; just the return address is deeper o n 
th e stack." 

"That was relati vely pain less . I can figure 
out the SWI code myself. I know the soft­
ware interru pt will get a handler address 
fro m its vector, which, since I have MIK­
BUG, is in ROM . My new breakpoint goes 
at the address found in the vector." 

"Very good, computer_ Now, the WAI is 
a bit of a problem. You can't know wh ether 
the interrup t that wi ll get you out of wait 
state wi ll be an IRQ o r an NMI. They have 
differ·ent vectors. We'l l ju st have to pick one 
and warn the user· of my tracer that th e 
other type of interrupt causes problems." 

"The IRQ is used more often, so I guess 
I 'I I get my new address from the IRQ 
vector." 

" I guess that's a good cho ice." 
"Done with specia l cases, Jack?" 
" I think so. Here, I' ll load this progr·am 

and you try to trace it." 
Computer began to trace . jack smi led as 

the prin to ut overflowed down the printer. 
Suddenly, the pr in ting stopped. j ack 
punched RESET. 

" I was going good there, wasn't I, j ack?" 
"Yeah, but why did yo u stop?" 
"You had thi s cal l to MIKBUG in the ta r­

get program. I traced the next instruction 
and pu t my break poin t out, but then every­
th ing fel I apart." 

"Of course, of course! You can't pu t 
breakpoints into ROM! You can try to store 
anything you want, th e data won 't change! 
Wh en you breakpoint, check that your 
brea kpoi nt is going in. If not, quit before 
you get lost in thought ." 

" Now you te ll me!" 
" Better late than neve r. Now let 's see, we 

can't trace through ROM or nonex istent 
memory and we can't to lerate no n masked 
interrup ts at all, or IRQs unless we were in 
a wait for interrupt state. Can you th ink of 
any other places we 'd have troub le?" 

"Well, if you hit my RESET then I'll 
have trouble. I might not have f ixed up my 
break point yet." 

" Right. Tel l you what: every time you fix 
up the code afte r having traced an instruc­

tion , wai t fo r me to hit a key on the console. 
This will let me stop traci ng cleanly." 

" Gl ad to ob li ge. Now, your favorite 
trick of modifying instructions could cause 
problems. If an instruction tries to modify 
the inst ruction I've tried to breakpoint, 
wel l, kaboom l!! " 

" Very gra ph ic." 
"You're buying me so me graphics 

equipment ?" 
"No, my eager processo r. Perhaps a 

muzzle. _." 
"Okay. Beware of traci ng programs 

which use modifying instruct ions. You 
shouldn 't write th em that way anyhow ." 

"Com pu te r, try traci ng this now ." 
The stream of printo ut began again, with 

j ack periodical ly tappi ng th e carriage re­
turn key. " Wait a minute, wait a minute! 
Com puter, you're gett ing some of these 
branches screwed up. " 

"I'm just doing what you said to do." 
" Well maybe I was wrong." 
" Please publ ish that last comment, 

jack! I want that admission in writing!" 
"Okay. Now, what's the prob lem? Why 

do some branches trace properly and others 
don't ?" j ack poured over the printout 
whil e compute r hummed co ntentedly . 

" Bob! Come here and look at th is!" 
(Enter Bob, who really was there all the 
time, but did n't say much.) Bob scanned 
the trace I is ti ng. 

" You always get forward branches right. 
That must be a cl ue. What is it about back­
ward bra nches? You get some of them 
right." Bob thought some more. 

"Oh , sure!" Bob jumped to the co nsole 
agai n, papers fa lli ng to the floor . " If you 
bra nch backwards less th an three bytes, 
then yo ur new brea kpoi nt overlaps the 
present instruction!" 

"Fine, Bob . Now what are we to do 
about that? My break point has to be three 
by tes long." 

"Yes, but this problem only happens on 
backwards branches. A branch doesn 't 
change anythi ng in the target program ex­
cept the program counter. In fact, it needn't 
be executed at al l. We just change the return 
address from th e trace routine to get back to 
the right place in the target program ! We 
return to the breakpoi nt ca ll, not the 
branch! It 's easy." 

" Fine, Bob. Can I rest now? It's been a 
long time since I had some time to myself. 
All work an d no play makes Jack 's com­
pu ter dul l. " 

"Computer !" 
" What is it, jack? I was just read ing that 

new language you guys have bee n worki ng 

Of course, you can't 
ex pect to put break­
points into read onl y 

memories . .. 
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on, STRUBA L. Bob wants me to compi le it 
for him. It looks like a big project ." 

" Well, right now I wa nt you to hel p me 
extend our debugger." 

"You never give up, do you, jack?" 
"W ith such an ab le assistant, why shou Id 

I?" 
"That's hitti ng below the belt." 
"You don't have a belt, computer." 
" I forgot," said compu ter sheepishl y. 

"What now?" 
"Your tracing is very helpful , but I'd like 

to be able to fix th e errors that I find 
without reload ing the program and retrac ing 
my steps." 

"Would you say 'our steps'?" 
" If you ins ist." 
" I do." 
"Okay. We don't want to retrace our 

steps. We need more of MIKBUG's capa­
bilities in the debugger. I want to be able 
to change the register contents in the target 
program." 

"After I spend so much effort saving the 
contents?" 

"Yes. If I find that a register has the 
wrong thing in it, then I'I I want to co rrect 
the register befo re you go on to the next 
instruction." 
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"Well, that's no big deal. I just change 
my stored value for that register. Then, 
when I return to the target program, the 
register wi ll have what you want in it. How 
wi ll you te ll me which register to change?" 

" I thought a lot abou t that, and I think l 
will use the conso le input that now tells you 
to go on . From now on, if I type a carriage 
return, then go to the next instr uction . If 
I type a capital A, then I want to change 
your A register. If l type a capital B, then I 
want to change your B register. Similarly, 
X and S indicate your index and stack 
registe rs . Ju st after the input you can wait 
for me to type in the new value t want in 
that register." 

" I suppose I keep letting yo u change 
registers until you get arou nd to a carriage 
return? " 

" Right, and, if I type somethi ng that 
doesn 't correspond to a register, just skip iL. 
Prompt me for another inpu t." 

"Yes sir, boss. Let me anticipate your 
next request. You want to be able to change 
memory locations, li ke MIKBUG does ." 

" Ri ght again! We'll indicate that with a 
capita l M. I'll enter the address . You give me 
the present contents and then let me type 
my desired va lu e for that location." 

" Done. 1'm goi ng to add a feat ure th at 
might be useful. I 'II auto mat ica ll y convert 
lower case letters to upper case. Then you 
won't have to worry about case sh ifting on 
that fancy console." 

"That's a good idea. Thanks." 
"G lad to help. At least it will keep the 

swearing dow n when you forget to shift." 
"Yes." · 
" Jack, I've go t a question ." 
" Wh at?" 
" If you can change registers and memory 

at will , can't you get me into si tu atio ns 
where I can't continue a trace? Espec ial ly 
if you muck around with the stack." 

" I guess th at's t rue, but let the user be­
ware. I don 't expect you to protect aga inst 
every stupidity th at a programmer may 
come up with. All the legitimate cases I 
can think of will work correctly. After al l, 
the trace program is on ly abou t one 
kilobyte ." 

" I'm glad you sa id that and not me." 
"Computer, we understand each o ther ." 
"Yeah, jack. Now can I go back to read· 

ing STRUBAL?" 
" I suppose so ." 
" jack, would you put a clean casse tte in 

drive I? I think I may be needing it." 
"Sometimes I wonder who works for 

whom," muttered jack as he reached for 
the bu lk erase r. He dropped the cassette 
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into the drive. It began to slowly and in­
exorab ly turn. 

"Computer, load the tracer program, 
please.' ' 

"You want to ch ange it again!" 
"Don't get steamed up. I just want to ru n 

an example to test out the tracer." 
"What target program shou ld I load?" 
"You don't need one." 
"Come on, Jack, be serious. Of course 

need a target program. You don't expect 
me to trace memory garbage. Yo u don't 
mean th at , do yo u, Jack?" 

"You've al ready loaded a program; 
let's trace that." 

"Trace the tracer. Clever! That wil l 
real ly show that tracing doesn't upset the 
target progr·am. Okay, I'm ready." 

l'Go.'' 
"What address in the program do you 

want to start at?" 
"How about 212 hexadecimal?" 
"2 12 it is. Here are you 1; registers: index, 

condition code, B, A, and stack poi nter. 
Th e instruction is a CLR B, hexadecimal SF . 
What wou ld you like?" 

"Continue trace." Computer traced the 
next in struction. jack typed a ca rriage re­
turn and computer traced again. Again jack 
hit the return and computer traced. Jack 
hit yet another carriage return. Computer 
traced the instruction at 219. 

"Why don't you show off some of your 
register change stuff? You're at a compare A 
with SC immediate instruction; why not 
make A equal to SC?" 

"Fine. Do it." 
"Done. What now?" 
"Continue tracing." 
"The tr·aci ng tracer traces, and having 

traced, rn oves o n. " 
"Can the poetry and just trace the pro­

gram, if yo u don't mi nd." 
Computer traced the next te n instruc­

tions witho ut comment. "Let's show some 
of the other debug stuff." 

"Okay . Change the B register to FF." 
"Done." 
"Change the index register to 1234." 
''Roger.'' 
"Change the condition codes in the tar­

get program to Dl." 
"That's cute , jack. What does it mean? " 
"just do it." 
"Al l right. How about a memory change? 

I've got lots of memory that isn't being used 
right now.'' 

" Fine. Look at location 500." 
"It's got 22 in it now." 
"Make that 44, computer." 
"Yo ur wish is my command." 

"Cont inue the trace." 
" I'm at "JOB now. It's a jump to 

MIKBUG ." 
jack hit a carriage return. 
"Got to stop here, jack. can't trace 

ROM. Try a new address?" 
"No, I th ink that wil l make a suffic ient 

example." jack turned and wa lked toward 
the kitchen. He almost imagined that he 
heard a sigh from the workshop. He ig­
nored it. • 

And when Tracer was done, j ack's computer sent his printer the fo llowing 
listing of tracer tracing tracer, ultimate confirmation of the program's opera­
tion. In this listing, the lines which are blank except for single colons illus­
trate inputs of carriage returns to cause the program to proceed with tracing 
the next instruction. Each line of output contains the hexadecimal contents 
of the index register, processor condition codes, B and A accumulators, 
stack pointer, current instruction address, and the current instrnction 's 
hexadecimal operation code and operands. After tracing through to location 
0245, several memory manipulation and register manipulation commands 
are executed, followed by one further line of traced code. 

ENT EH STARl -T t< A(; ~ AUUkESS : l'.l 2 12 
x cc 8 A SP -A DDRESS I NSTRUCT l llN 

"21 2 D0 1<.12 BC Al142 0212 Sf 

112 12 1)4 AH42 0213 FF. 1117~"" BC 

02 16 n11 1•11:) !<G A~\IJ? C-.2 16 A6 (~ (ii 

fl:? 16 f)f( A6 Al'J,,2 " 2 1 t• 11b"'"' 
U2 17 llt< IHl A6 Al'l 42 02 19 8 1 BC 
A &C 

02 17 04 !IA 8C 111142 0? I R 2 i I C 

0 2 17 04 uo BC IHJ42 0239 SC 

02 17 00 01 BC A042 023A SC 

0<' 17 00 02 SC A042 11?3F 5C 

o~ 17 DO 03 BC A042 023<.: F7 0 1 72 

112 17 00 03 BC AIJ42 023 F SI\ 

02 17 00 02 BC A042 02411 2 7 IJ~ 

fj2 I 7 00 [~ ~ 8C A042 0242 SA 

1217 f)c;l 0 1 ec A042 024~ 2 7 ¥1:1 

02 17 00 0 1 ElC A042 ·~245 BO 0108 
E FF 
x 1234 
c DI 

Using Tracer 6800 

A low level trace technique is a usefu l ad­
junct t o an assembly language orien ted pro­
gram development situation. The t racer pro­
gram described in this short story can be 
purchased by 6800 owne rs i n the form of a 
Paperbytestm prog ram product, number 2. 1 , 
soon to be pub l ished. Tracer: A 6800 Debug· 
ging Program inc ludes a repr int of " Jack and 
the Machine Debug, " tracer program notes, 
complete assembly and source listing, object 
program listing, and mach ine rea dable Paper· 
bytestm bar codes for the object program. 
Watch BYTE for details on p r ice and where to 
purchase Tracer. 
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Multiprogramming Simplified 


Multiprogramm in g is the ab ility or the 
computer's operati ng ystem to hand le and 
execute several programs concurrent ly. In 
this article, I've set out to ex plain in a simp le 
fas hion the concept or how the op rating 
sys tem of a computer hand les more than one 
job (program) at one time. Only the essential 
clements are inc luded in thi s imple mode l, 
which is based on a " typica l" large scale 
computer's programming environment. The 
same general concep ts are or course appli­
cable as well to the much sma ller memory 
regions of the typical per onal computer . 

The opera ting system, through its var ious 
control programs, I eeps t rack or the amount 
and location of ava il ab le memory and th e 
specific memory reg ions al located to pro-

Job A ctive Ready Waiting NSI 

Queue Queue Queue Queue Cell s 


A - 100 K 
B - 150 K 
c - 50 K 
D - 150 K 
E - 100 K 

Program Counter = xxxxxx I 

Figure l: When a program is entered into the multiprogramming computer, it 
is first put onto a job queue. The jobs are typically stored in the order they 
are entered, and each queue ent1y has all the essential information about the 
job. 

Job 
Queue 

Active 
Queue 

Ready 
Queue 

Waiting 
Queue 

NSI 
Cells 

D - 150 K 
E - 100 K 

A 
B 
c 

I Program Counter = xxxxxx I 

A 100,000 
B 200,000 
c 350,000 

Figure 2a: Enough memo1y is available to fil the fir t three programs into the 
ready queue so they can await execution. The next sequential instwction 
(NS!) cell for each of the programs is initialized to !he location of the first 
instruction in !he corresponding program. 
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grams cu1·rently in memory . As programs 
(tasks) are read into the computei-, certain 
information assoc iated with them ·1s 
stored by the computer. The name or the 
program and the loca ti on whe1·e the above 
information about the program is stored 
is placed on a I is t called the job (t ask) 
queue (sec figure 1). As memory becomes 
available, programs to be executed are 
loaded into memoi-y (figures 2a and 2b) 
accordi ng lo their size and arrival time 
(how long they have been waiting). lnfor­
ma ti on regarding these prog1·ams, such as 
name and loca tion, is placed on the reildy 
queue. As processing continues, prog1·a ms 
are categorized as either active, ready 01· 
waiting. Only one program at a Lime can 
be act ive. 

Th e operati ng system maintains a special 
memory location for eac h program in 
memory which contains the nex t seq uenti al 
instru ction (NS I) to be executed for that 
program. This memo1y location is cal led 
the NS I cel l. As a program is loaded in to 
memory, the address of the first instruc ti on 
to be executed for that prog1·am is moved 
into this NSI ce ll. A specia l NSI register 
(program counted is maintained by the 
ha1·dware containing the address of the nex t 
cquential instruction to be executed for the 

currently ac tive program. When a program 
becomes active, the next seq uenti al instruc­
tion pointer is moved from its NS I ce ll to 
the progra m counte1· of the computer; thi s 
wi ll of comse be dynamically changing fo 1· 
the cu rrently ac tive program. As in truc tions 
1"01· the ac tive program ;ire executed the 
va lue of the program coun ter is typic;i lly 
incremented by the length of the current 
instruc ti n be ing executed to 1· fl ee t the 
add res of th e nex t instruction address 
th at is Lo be executed. When branches 
occur, the prog1·am counter is 1·edcfined 
complete ly. This process is repeated until 
the program is either completed or inter-
1·uptecl by an outside serv ice 1·eques t from a 
rea l time clock 01· I 0 operatio n. Ir the ac ti ve 
prog ram has been completed, its mem ory 
all oca ti on is freed and becomes availab le for 
reallocation. If it was interrupted it will be 



Irwin Lahasky 
Bankers Trust Company 
1 Bankers Trust Plaza 
New York NY 10006 

placed on the wa1t1ng queue and its next 
sequential instructi on pointer will be defined 
by the o ld program coun ter· value at the time 
of interrupt. The highest priority program in 
th e ready queue will be given active status, 
its NSI cel l will be moved to th e program 
co un te r, and in struction execution will be 
resumed al its NS I address. 

As 10 requests are serviced, programs wil l 
be moved from the waiting queue to the 
r·eady queue, an d wi ll be return ed to active 
status when their tu rn comes. Example: 
Prngram A (100 K bytes), program B (1 50 
K bytes). program C (50 K bytes). program 
D (150 K bytes) and program E (100 K 
bytes) are read into the computer and placed 
on the job qu eue (figure 1 ). 350 K bytes of 
memory are available beginning at address 
location decimal 'I00,000. Addresses 0 thru 
99,999 may conta in operati ng system pro­
grams. Program A is loaded into locations 
100,000 to 199,999, its NSI pointer is set 
to its first instruction to be executed 
(address 100,000), and 1t 1s placed in the 
ready queue . Program B is loaded into 
locations 200,000 to 349,999, its NS I 
pointer is set to its first instruc ti on address 
of 200,000, and it is pl aced second in the 
ready queue . Program C is loaded into 
locations 350,000 to 399,999, its NSI 
pointer· is set to 350,000, and it is placed 
thir·d in the ready queue. 50 K byte remain 
ava il ab le in memory from addresses 400,000 
to 449,999, but this is insufficient for either 
of th e remaining programs (D and E), which 
req uire 150 K and 1 00 K bytes, respective ly. 
Therefore this memory will remain tempo­
rarily un used (figures 2a and 2b). · 

If there is no entry in the act ive queue, 
the first program in the ready queue, pro­
gram A, is moved to act ive status, its NSI 
ce ll is moved to the program counter 
(figLire 3), and execution will begin at the 
status address. Program B now becomes 
firs t on the ready queue and program C 
second. As the instruction at location 
100,000 is fetched and executed, the 
address in the program counter value 
changes as instructions are executed. 

Assuming the first ins truction is 2 bytes 

. Address 000,000 

Operating System Programs 

A ddress 99,999 • 

• Address 100,000 

Program A 

Address 1 99,999 . 
Address 200,000 

Program B 

. Address 350,000 
A ddress 349,999 • 

Program C 

Address 399,999 ' 
• Address 400,000 

Unused 

Address 449,999 • 

Figure 2b: A representation of where the programs are actually stored in 
memory. Addresses 0 thru 99,999 (decimal notation) are used by the oper­
ating system of this example. 

Job Active Ready Waiting NSI 
Queue Queue Queue Queue Cells 

A A 100,000 
B B 200,000 
c c 350,000 

o - 150 K 
E ­ 100 K I Program Counter ~ 100000 j 

Figure 3: Program A is moved into the active queue to be executed. The 
next sequential instruction pointer is moved from the appropriate NS! cell to 
the program counter upon ac tivalion. 

Job Active Ready Waiting NSI 
Queue Qu eue Queue Queue Cells 

A A 100,000 
B B 200,000 
c c 350,000 

O ­ 150 K 
E ­ 100 K 

I Program Counter ~ 100002 j 

Figure 4: The program counter is here incremented by 2, since the first 
instruction of program A is a 2 byte instruction. This has no effect on the 
related NS / cell. 
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long, the next sequential instruction to 
be executed becomes 100,002 (figure 4). 
After the execu Lion of the instruction at 
loca tion 1 00,000 is comp leted, th e instruc­
tion pointed to by the program cou nter 
(at locati on 100,002) is fetched for execu­
tion, and the program counter is changed 
to 100,004. This is done because the second 

Job Active Ready Waiting NSI 
Queue Queue Queue Queue Cells 

A A 158,272 
B B 200,000 
c c 350,000 

o - 150 K 
E ­ 100 K 

I Program Counter = 158,272 I 

Figure 5: When program A reaches memory location 758,266, read instruc­
tion is encountered that is 6 bytes long. The program counter is incremented 
by 6 to 758,272. While the read operation takes place, program A is removed 
from the active queue and put into the waiting queue. The current value of 
the program counter is then stored in the A NS/ ce ff as shown here. 

Job Active Ready Waiting NSI 
Queue Queue Queue Queue Cells 

A A 158,272 
B B 200,000 

c c 350,000 
D - 150 K 
E - 100 K 

I Program Counter = 200,000 I 

Figure 6: The next program on the ready queue is moved to the active queue 
after an interrupt. The appropriate NS/ cell is moved to the program counter 
(re}starting the program on its way. 

Job 
Queue 

Active 
Queue 

Ready 
Queue 

Waiting 
Queue 

NSI 
Cells 

D ­ 150 K 

A 
B 

E 

A 158,272 
B 248,208 

E 350,000 

I Program Counter = 158 ,272 I 

Figure 7: At this point program C has finished and has been removed from 
memo1y. There is not enough room for program D but there is for program E, 
which is loaded into memory and the ready queue. Program E's NS / ce ff is se t 
to its first instruction's location. Program A 's read operation has finished and 
program A is again in the active queue. The programs will continue to shift in 
and out of the active status as they are interrupted, until the entire series, and 
any that are read in later, is completed. 
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instruction is also two bytes long. 
Processing continu es in this manner until 

an interrupt in processing is encountered, 
such as a req uest to re ad data into the pro­
gram from an input device or a request to 
write data to an output device. ln this case, 
time is required to get or write the ex ternal 
data, and control is transferred to another 
program in the following manner. For· the 
purpose of our example, let us assume that 
program A issued a read instruction located 
at address 158,266, and that th is instruction 
type is six bytes long. The program counter 
which had bee n pointing to address 158,266 
will be incremented by 6 to 158,272 (figure 
5) . An interrupt is generated by this 10 
instruction . 

Th e program cou nter con ta ins the address 
where execution is to be resumed for pro­
gram A (158,272). The program counter 
is stored in program A's NSI ce ll , and pro­
gram A is placed last on the waiting qu eue . 
The next program in the ready queue is 
moved to active status, its NSI cell is moved 
to the program counter, and processing is 
continued at the address (now different) in 
the program cou nter (figure 6) . 

As jobs are completed and thei r memory 
allocation is freed, programs waiting on th e 
job queue are loaded into ava ilable locations. 
Their· NSl cells are initialized and they are 
placed last on the ready queue. 

Progra ms are loaded into rnemo1·y ac­
cording to their position on the job queue, 
their memory needs, and availabil ity of cme. 
Ir program C, which occupies 50 K bytes, 
fi nishes first, its memory allocation of 50 
K bytes plus the 50 K bytes which is unused 
(tota l 100 K bytes) is not sufficient for pro­
gram D (which needs 150 K bytes) even 
though program D is next in line on the job 
queue. The 100 K bytes of ava il abl e memory 
is sufficient for program E, so it is loaded 
into locations 350,000 thru 449,999. Its 
NSI cell is th en set to 350,000 and it is 
placed las t on the ready queue (figure 7). 

This idea of multiprngramming has 
developed over a number of years of conven­
tional computing systems, ranging from the 
simplic ity of two interact ing programs on 
small mach ines to the larger con texts of 
many jobs executing simultaneousl y on th e 
biggest machines. It is an example of how 
crea tive programming and design of systems 
software can make a mac hine do more than 
what the hardware des igner intended. • 



Comments on Paging Schemes 

Just 1·ead "Give Your Micro a Megabyte" 
by R D Gra ppe! in the July BYT E and I 
thought it was GREAT! I thin k I have a way 
to avoid the sta rtup "d ifficu lty" referred to: 

1. Reset the "page written latch." 
This will keep the junk page from 
bei ng wr itten into bu lk store. 
2. Use a latch to disable the page com­
pa1·a tor log ic so as to force a " not 
eq ual" output. This wil l cause the page 
processor to begin the page fetc h 
seq uence. The comparator will be en­
ab led upon completion of the fetc h 
operation. 
3. Use the output of the page com­
parator as the source for causing the 
main processor to wait. Thi s will all ow 

immed iate 1·esponse to a request for a 
nonres ident page. The main th ing, 
however, is that th e page processor 
need not respond as quick ly as before, 
since the comparator has already asser­
ted the wait 1·eq uest to the main pro­
cessor. 
4. Upd ate the page se lect reg ister after 
the comp letio n of the page fetch oper­
atio n. By waiting unti l the newly re­
quested page is in main sto1·e, the wa it 
request will automatica lly be disabled 
at the prnper time. Also, each t ime the 
update occurs, the comparator is en­
abled, thus the latch set duri ng startup 
will be clea1·ed to its normal rnn state. 

It is clear that by doing thi ngs this way 
the sta rtup sequence looks just like any 
o th er nonresiden t page fetc h. • 

James F Gentry 
4116 Schalk Rd 1 
Millers MD 21107 

Senior Com~uter 

Systems Technicians 


We're the fastest growing small-computer systems company in the world. 
Not just in systems sales, but in careers as well. 

Several new Senior Systems Tech positions are opening up here in 
Southboro this month and in the immediate future. They're key assignments 
that demand at least 3 years' experience, minimum, and an ASEE degree or 
its equivalent. Your background should include familiarity with CPU memory, 
moving head disks and related peripherals. 

What each of these jobs offers is the chance to move your career up to 
new levels. 

Our salary levels, benefit program and training programs are attractive 
and more easily discussed in a personal interview. 

To arrange for an interview send a letter or resume to John Prendergast, 
Data General, Route 9, Southboro, MA 01772. Data General is an equal 
opportunity employer M/F. 

t.,DataGeneral 
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The disk system you want 

at a priceyou didn't expect from a 


company that understands systems. 




THE VISTA150 

PPY DISCOUNT 


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

That's precisely why you 're going to like 
doing business with us. 

We're Vista Computer Company, the personal 
computer systems brainchild of the business com­
puter systems people at Randal Data Systems. 

And our V80 Floppy Disk System is a perfect 
example of how we're prepared to help you get the 
most out of your personal computing dollars. 

$649 buys you the 
whole kit and kaboodle 

The $649 you spend on a Vista V80 Floppy 
Disk System ($749 assembled) gets you every­
thing you need: 

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

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

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

compatible controller kit 
that handles up to four 

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

VOS. the most advanced 
microcomputer disk operating 

system available, and our 
BASIC-E compiler. designed 

to work with VOS, all on a 

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

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

Test drive the V80 
at your local computer store 
Drop by your nearest computer store and run 

the V80 through its paces. Once you find out what 
it can do for you, you 'll see that our combination 
of high performance and low price is hard to beat 
and easy to take. 

We love to take orders 
If you 'd like us to ship you a Vista V80 Floppy 

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

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

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

Vi.1ta 
We never forget it's your pocket. 
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Control your Premises! 

with INTROL 


the Intelligent 
Remote Control System 

Mountain Hardware's new Intro !'" system Is o sophisticated 
remote control system that communicates over the standard 
110 VAC power lines. The AC Controller'" board is on S-100 
compotible board that is copoble of controlling up to 
64 remote units anywhere in your building. The AC Remote '" 
unit has two Independently controllable AC sockets thot 
can turn two 500 wott appliances on or off. The computer can 
also "poll" the remote to check Its status (on or off). 
Programs can easily be written In Basic or assembly language 
to monitor ond control remote devices. All future remotes 
(temperature indicator, remote terminal. ond status sensor) 
will be compatible with the AC Controller board. An Apple II 
version is o lso ovalloble. 

A functional Intro! system requires one AC Controller board 
ond at least one remote unit. Complete documentation 
is provided with each component of the lntrol system a long 
with software subroutines for your own controller programs. 

ROM Advanced SKR Memory System P 0 

PROROM is o 7.5K EPROM + 512 RAM board thot is S-100 
compatib le. It has a built in programmer which allows you to 
program the AMl-6834 EPROMs one byte ot o time without 
specia l software. The ki t Is complete with sockets. manual. 
256 bytes of RAM ond one 512 byte PROM. preprogrammed 
with on 8080 system monitor. 

KIT ASSEMBLED 

RC Controller .... .... .. ........... ...... ....... .. ...................... ..$149 $189 

AC Remote ................................... ............................... $99 $149 

PROROM ............................ ..................... ..................$164 $214 

6834EPR0Ms.......... .. .............................. .. .... .. .. $l 0ea. 


Available now at most computer stores or directly from 
Mountain Hardware, Inc. Visa and Master Charge accepted. 
Calif. res. add 6% soles tox. (408) 336-2495. 

~ Mountain Hardware, .Inc. 
• Box ll33 Ben Lomond, CA 95005 
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Princip les o f Interact ive Computer Graphics 
by William M Newman and Robert F 
Sproull, McGraw- Hill, New York . $22.50. 

It seems to be only a matter of time until 
someone somewhere deve lops a high resolu­
tion g1·aphics disp lay at a price with in the 
reach of the mateur computer experi­
menter . Severa l companies have already 
in troduced devices capable of generating 
medium 1·eso lu tion pictures using bus 
compatible cards and a common TV or 
monitor. Once the hardware is avai lable, 
then comes the software: the prngrams 
th at build the picture and move it in two 
or even what looks like three dimens ions. 
A high ly definitive and readable book by 
William Newman and Robert Sproull, 
Principles of lnteracti11e Computer Graphics, 
leads the reader step-by-step through 
disp lay devices, d isp lay files, interac tive 
grap hics, three-cl imensional comp uter 
grap hics and fi nally grap hics systems. 
Th e book is des igned as a co ll ege text, 
but thi s does not diminish it s general 
usefulness. The language is not heavy 
and the math is for the mo st part I imi Leef 
to algebra. Nine ap pendices cover most of 
the nonalgebraic math and machine or 
language specific descrip ions. 

Part 1 describes ava il ab le display devices 
incl uding CRTs, storage tubes and plasma 
panels. Attention is given here fo1· the 
nonharcfwai-e ori en led reader to gai n an 
understanding of what actual ly happens 
in sid e the equ ipment an d what th e advan­
tages and disadvan tages of eac h gadget are . 
Next fo ll ow two chapters on point plotti ng 
disp lays and vector gene ratio n. These are 
followed by a chapter on d isplay processors, 
Lh e highl y necessary hardware that drives 
th e ac tu al pictu1·e making unit. Also covered 
here is an instruction set for a disp lay pro­
cessor that is used throughout the book. 

Part 2 gets into the actual progr·a mming. 
For openers, the aL1 thors descr ibe a hypoth e­
tica l instruct ion set similar to that used on 
the IMLAC PDS-1 and the '18bit DEC com­
putc1·s. This instruct ion set, along with that 
of the previous sectio n and the SA IL lang­
uage (an extension of ALGO L-60), is used in 
Lhe num erous examp les to illustrate samp le 
tec hnique and methods. The aL1lhors then 
contin ue with a description of the use of 
subrou tines and fi les to simp lify and co n­
dense the instructio ns requi1·ed to generate 
a picture. Finally, once you have bui lt a 
picture, how do you move it? In the chapter 



on tra nsformat ions, both rotation about an 
axis and shifting along a line ar-e discussed. 
Then comes lhe problem or el imina t ing part 
or a displa y thil t has bee n tran formed off 
the screen. For the solutions Lhc authors 
descr ibe method s such as scissori ng, cli pp ing, 
wind owing and viewport ing. 

Interact ive graphics, part 3, is the real 
heart of the book and probably the most 
in ter·est ing section. Herc is where graphic 
inpu t devices such as the light pen or the 
Stanford Research 1nstitu te "mouse" are 
tied in to the total system lo provide a device 
which is efficient and usable. Also covered 
here are in terrupt tech niques, hardware 
vcr·su s software, and charac ter recognition. 

Th rec-d imensional graphics is given a 
good treatment with discuss ions of wire 
frame perspec tive, hidden line, hidden 
surface and shad ing, to name a few. This 
sect ion once again discusses the trans­
forma tion theory and some sample imp le­
mentations required to move a three-dimen­
sio nal object through space. 

The last section, par t 5, dea ls with needed 
languages a wel l as those now av;i il able for 
use in deve lop ing in teractive graphics sys­
tems. Included are d iscussions of command 
languages, primi t ive operators, and some 
considerations on system design. 

Frnm a hobbyist standpoi nt, one of the 
best parts of t he book is its extensive biblio­
grap hy. Over· 300 refe rences are cited with 
a short preceding section wh ich describes 
some of the most usefu l. 

While it docs not read l ike a popular 
novel, the book is exciting and tends to 
encourage " leafing through" un til some ­
thing interesting catches the eye for more 
detailed r·eading. The auth or-s have gone to 
consi derabl e effor·t to expound virtual ly 
every method or algor ithm talked about 
wi th actual program segme nts and profuse 
il lustrat ions {After al l, what good is a book 
about graphics without lots of pictures?) . 

For the beginner in graphics wh o needs 
to know a li ttle about everything or for 
the professional who needs a reference 
work, this book is a good place to start. 
The style is easy to read and sk i rn for the 
nov ice, and the depth of th e materia l 
pr·esented is sufficient so that with the 
bibliography and append ices, even an 
old -t imer can learn a lot. 

I f you are not afraid of something be­
sid es BASI C and the ASR-33 then thi 
book can make a va luable addition to 
your reference she Ir. 

Steven Fox 
875 Foxcroft Lp 

Bosque Farms NM 87068• 

Introducing a new order of profes­
sional printing performance - the 
Integral Impact . . . with features 
normally found only in big, higher­
priced units. 

• 	Microprocessor based controller 
• 	Serial RS-232. current loop and 

parallel TIL interfaces are standard 
• 	Built-in self-test mode 
• 	Plain paper-8Vz''wide-roll or 

fanfold 

• 	 Standard 64 character ASCII set 
using 5 x 7 dot matrix 

• 	Multiple copies without adjustments 
• 	 Line length to 132 columns 
• 	 Instantaneous print rate to 165 cps. 

throughput to 80 cps 
• 	Attractive table top console with 

front panel controls 

Also ~~~lf~~~C1" 
" \HE. N~ · rn and

M chan1s 
Print ~er - Fully only 
contra d is
Assemble s5 
and Tested -•• 

....... _ 
 -· ­-.... 

Circle 63 on inqui ry card. 

Now­
BigPrinter 
Performance 
ata 
Mini-Printer 
Price 

@integral Data System,§ 
5 Bridge Street· Watertown , MA 02172 · (617) 926-1011 
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FINALLY. 

A State-of-the-Ai-t 
1hol For Learning
SoftwareDesign. 
And at an affordable price . Th e 
Madu-Learn"' home study course 
from Logica l Serv ices . 
Now you can learn microcomputer 
programming in ten comprehensible 
lessons. At home. In your own time. At 
your own pace. 
You learn to solve complex problems 
by breaking them down into easi ly 
programmed modules. Prepared by 
professional design engineers. the 
Madu-Learn™ course presents sys­
tematic sol tware design techn iques, 
structured prog ram design, and prac­
tica I examples from real 8080A 
micro-computer applications. Al l in a 
modular sequence of 10 lessons . 
more than 500 pages, bound into one 
practica l notebook for easy reference. 
You get diverse examples, prob lems, 

and solutions. Wi th tho rou gh back­

ground material on micro-computer 

architecture. hardware/software trade­

offs, and useful reference tables. All 

for only $49.95. 

For $49.95 you learn design tech­

niques that make software work for 

you . Madu-Learn r ... starts with the 

basics . Our problem-solut ion ap­

proach enab les you to "graduate" as 

a programmer. 

See Madu-Learn™ at your local com­

puter store or order now using the 

coupon below. 


111111111111111111111111111111111111 

• Please send the Modu-Learn'" course fo r: 
me to examine.Enclosed 1s $49.95 (plus : 
$2.00 postage and handl ing) or my : 
Mastercharge/Bankamericard authoriza- • 
11on . 

Name:~-------------
• Address:____________ 

: City : ____State:_______ _ 

: Card#___________ _ _ 

Expi ration date:__________ 

Signature: ----------- ­

: ·~-.....;~-;~~~~... 
.
.. 
. 

: 711 Sl iertin Road 
: Mou ntain View. CA 94043 
: (415) 965-8365 
:111111111111111111111111111111111 

LOGICAL 
SERVICES INCORPORATED 
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Keith C Laudenslager 
139 Bronx Dr 

A Number Guessing Game Cheektowaga NY 14227 

Thi s is a ga me to guess a number betwee n 
0 an d 99 th at th e 8080 computer is th in king 
of. When the program if initiali zed, a "C" 
followed by a carriage return and line fee d 
is sent ou t to your Teletypewrite r or video 
monitor. To start, type in any 2 digit num­
ber using leading zero fm numbers below 
ten. I f it is not the number the computer is 
thinking of, the number will be typed out 
followed with an "H" or "L." The "H" or 
"L" indicates that you guessed either too 
high or too low. I f th e number is guessed 
correct ly, it will be typed out and fo llowed 
by the letter "C." To pl ay aga in, just type in 
another 2 digit number. Th e program is 
l isted in symbolic form along w ith absolu te 
code, and was assembled by hand.• 

1030 IE 43 START HVI E,4JH 
1032 CD 86 10 CALL CHOUT 
1035 CD 91 10 CALL CRL,. 
1038 04 LOOP !HR B 
1039 DB f"E IN HH 
IOJB !:6 04 AHi 04H 
1030 CA 38 10 JZ LOOP 
1040 78 MOV A,8 
1041 27 DAA 
1042 47 HOV B•A 
1043 CD 9C 10 OUESSIN CALL INECHO 
1046 CD AB 10 CALL ASCBIN 
10•9 01' RRC 
104A OF RRC 
104B 0,. RRC 
104C 0,. RRC 
L04D •P' MOV C.A 
104>: CD 9C 10 CALL INECHO 
1051 CD AB 10 CALL ASCBIN 
10 5• 81 ADD C 
1055 4f" NOV C ,A 
1056 JE 50 TEST HVI A,5QH 
1058 BB Ci'IP 8 
1059 FA 63 10 .JM ABOVE 
IOSC B9 CHP C 
IOSD fA 61' 10 .JM NUHHI 
1060 CJ 67 10 JHP CHPBC 
1063 89 ABOVE Ci'IP C 
106• l'2 74 10 JP NU..LO 
1067 79 CMPBC MOV A... C 
1068 B8 CHP B 
1069 CA 30 10 JZ START 
106C fA 74 10 JH HUMLO 
I06r IE 48 NUHHI "VI E,48H 
1071 CJ 76 10 JHP OT 
1074 IE •C NUMLO MV I [, 4CH 
1076 CD 86 10 OT CALL CHOUT 
1079 CD 91 10 CALL CRLf" 
107C DB n: NXTNUH IN f"E 
107!: E6 04 AHi 04H 
1080 CA 7C 10 JZ NXTNUH 
1083 CJ 03 10 JMP GUESSIN 
1086 DB n: CHO UT IN n 
1088 E6 oe AHi oe 
108A. CA 86 I 0 JZ CHO UT 
108D 78 MOV A,£ 
108E DJ ff OUT f"F 
1090 C9 RET 
1091 IE OD CALF HVJ £10DH 
1093 CD 86 10 CALL CHOUT 
1096 I E DA MVI E10AH 
1098 CD 86 10 CALL CHOUT 
10 9B C9 RET 
109C DB fE INECHO IN ,.E 
109E E6 04 AHi 04H 
10110 CA 9C 10 JZ I NEC HO 
IOAJ DB Ff IN Ff" 
IOA5 sr HOV r;,.A 
IOA6 CD 86 10 CALL CHOUT 
IOA9 7B HOV A,£ 
IOAA C9 R!T 
IOAB D6 JO ASCBIN SUI JOH 
IOAD fl'. QA CPI OAH 
IOAF 1'8 R" 
1080 D6 07 SUI 07H 
IOBe C9 RET 

;£1• "C" 
IDUTPUT CHARACTER 
IOUTPUT CARRIAGE RET AND LINE FEED 
l ltiCRDIE!fT LOOP COUNT 
J INPUT DATA 
ICHECK If" DATA AVAILABLE 
ILOOP UNTIL DATA READY 
IOTHER\llSE QET COMPUTE.A NllNB!R 
I ADJUST TO DECIMAL NVl'l!IER 
IRES Bt•NUHBER 
I INPUT DATA AND ECHO 
IASCll TO BINARY CONllERTOR 
IHOVE FIRST 
IDIGIT TO 
I UPPER 4 BITS 
101' BINARY DATA 
JHEG Ct•RliSULT 
16ET SECOND DIGIT 
IA5Cll TO BINARY CONVERTOR 
IPACK BOTH NUHBERS TOGETHER 
IREG Ct•BOTH NUllBERS 
JFlEG Al• SO 
115 CO"PUTER 'ABOVE 501 
I 60 TO ABOVE 11' I ABOVE 50 
INUHBER OUISSED ABOVE 501 
II,. ABOVE 50 00 TO HUHHI 
I GO TO CHPBC IF BOTH BELOW 50 
115 NUMBER GUESSED ABOVE S01 
J tr NOT ABOVE 50 00 TO NUMLO 
JACCr•NUHBER QUESSED 
JCOHPARE COMPUTER AND GUESSED I 
Ill' EOUAI.. GO TO START 
I GUESSED TOO LOW 
JEr•-.t.. 
JOUTPUT "H" 
JEt•"L" 
IOUTPUT CHARACTER 
IOUTPUT CARRIAGE RET AND LINE FEED 
J INPUT DATA 
J IS DATA READY 
ILOOP UNTIL DATA READY 
IPROCESS" NEXT NUllBER 
J CHECK 11' TRAflSHIT 
I BU ..n:R Is EMPTY 
I LOOP IF BUSY 
JACOt•DATA 
IOUTPUT CHARACTER 
I R!:TURN 
JREO "E"t•CARRIAOE RETURhl 
JOUTPUT CHARACTER 
JREO •E"t•LIHE FEED 
JOUTPUT CHARACTER 
I RETURN 
llS DATA AVAILABLEl 
ICH!CK STATUS BIT 
JLOOP UNTIL DATA AVAILABLE 
JllllPUT DATA 
JRE6 El•DATA 
JECHO DATA 
IRESTOR! DATA TO ACCUMULATOR 
I RETURN 
ISUBTRACT ASCII ZERO 
JIS IT A LETTER OR NUllllERl 
JR!TURN Jr IT IS A NUllBllJI 
ISUBTRACT ASCII SEVEN 
J RETURN 



. BYTE's Bits 

TECHN ICAL NOTE : 
Selec tr ic In terfacing Experiences 

I enjoyed Dan Fy lstra's we ll wri t ten 
article (" Interfac ing the IBM Se lec t ric 
Keybo ard Pr in ter," Ju ne 1977 BYTE, 
page 46). as h is ex per ie nce pa rallel ed 
rny own. Pe rh aps i t is too o bviou s to 
men t io n bu t o ne big adva ntage of the 
Selectric is that it m akes a fi ne s tand 
alone typew riter. Th is is not im pa ired 
by co nnec t ing it to a com puter an d can 
he lp ju stify th e ou t lay o f seve ral h un ­
d red doll ars. T here a re ma ny var iation s 
o n the Select ric th em e beyond the 
carriage si ze. Coi l vo ltage may be 24 or 
48 V , f rictio n fee d o r a varie ty o f 
t ract io n fee d (p in feed) p late ns arc 
ava ila bl e, so m e pri nters are wi thout 
keyboards, a nd Se lec tr ic m ech anisms 
are used in o th er manu fac turers' ho us· 
ings and equi pme n t. 

T he 10 Selec tr ic (ve rsus th e t y pe­
write r ve rsio n) is des igned fo r con ­
tin uou s ope ratio n and once se t up 
properly it shoul d be q u ite re lia ble . 
Prope rl y is t he ca tc h word since it is 
a co m pl ex mechanism and those who 
wo r k on these machin es pro fessionally 
arc used to getti ng pro fess ion al prices. 
Su rpl us u nits can run th e gamut fr om 
funct ional ly per fec t and we ll m ai ntai ned 
to ru n -to-destruc ti o n and ca nniba li zed 
hul ks. I've been fa vorabl y im p ressed 
wi th t he parts situ atio n both in te rm s 
of price and avai la bility. 

Fo r my Se lec tr ic ou tpu t device, 
I also chose t he o pe n loop control sys ­
tem since it uses o nl y on e outpu t port 
and less than 250 words o f memory 
(808 0 o r Z-80). No inte rrupts o r input 
port s arc invo lved . Wi th ca refu l trim­
ming of software t iming loops very littl e 
speed lo ss shou ld occur. Selec tric s are 
mo re no ta ble for qu a li ty print tha n 
speed; o ther impac t pr inters are muc h 
fas ter . Mine ru ns abou t 12 to 14 charac­
te rs a second , including carriage re turn s, 
and is near ly a t the upp er limit o f sp eed. 

A Note on Selectric Interfacing: 
A Magnet Driver Circuit 

I a lso started to do m y in te rface w ith 
relays but h i t on a sim p le r d esign. Min e 
has less iso la ti o n ch an Da n Fyl stra 's 
but thi s has bee n no problem. Driving 
e ither inte rface t h ru optoisol a tors would 
be good p rac ti ce since re lays and 
so le no ids a rc very noi sy. My ac tua l 
circ uit and progra m aren 't give n as I 
adap ted a single relay to re p lace t he 
missing dual latchi ng shift relays. T he 
front end is a bout t he sa me excep t I 
used all eight b its . Thi s wi ll ma ke it 
eas ier to ac tu ate the c hec k re lay ei th e r 
with th e ti lt and rotate re lays or as a 
con t rol re lay. T he number of control 

IK 

a: 
W<J) 
r a: 
,_ w 
0> 

0 a: 
,_ 0 

I 

IN400 2 

NORTH{!STAR OWNERS 

The System Executive Package 


You Have Been Waiting For: 

f:t 	EDITOR : Line or ie nted with auto number, inc rem enting to any value; 


holding up to 6 fil es in memory . 


f:t MONITOR/EXEC : Tape 1/ 0 in TARBELL & ESP form a1s (objec t 01 
source ); d is k 1/0 for NORTHSTAR. reads HEX paper tape in INT EL 
fo rma t. 

f:t ASSEMBLER : Processor technology - ESP compa tibl e ; assembl e th e 

program for o ne address & put object e lsewhe re . 


*DEBUGGER : Breakpo int - cont in 1e from brea kpoint & resum e 

exec ution - rese t & clear b rea kpoi nt. 


*DISASSEMBLER : HE X o r ASC II d um µ - labe ls loca <ed by uddress, not 

just assi gned - wr ites ass mbl er form at fil e to m emory loca tion . 


rH l"Al' K/\GF 1$ C OM l" I r I Eo /\ND l! t A\ l)Y In I 0 1\0 


U 5 1N r. YOU!! FX I ~ I I Nr. Oil~ INl'U I / <lU 1 l'U I H O U I IN E '.>. 


DISKETTE + EXTENSIVE MANUAL ONLY $48.00 

1st C lil:.S Po~lilqc . lns111 ,1n cc, H il 11 d 11nt1 & C .1111. I t ~ ~ 1 dc111 r; - C. "'/r> ~ •• 1 ~ 1.1x lnc lu cJ Od. 

714/894 -9 131 
M - F 11 : 30 · 9 :00 
SAT 10 - 6 BYTE SHOP 

14300 BEACH BOULEVARD •WESTM INSTE R, CA 92683 
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Circle 139 on 1nqu 1ry card. 

TAKE ADVANTAGE OF US... 

We offer a full 10% DISCOUNT on many major lines: 

IMSAI Processor Technology 

Vector Graphic TDL 

North Star Solid Stale Music 

- and others ­

Many items at even greater discou nts: 

IMSAI , w/22-slot motherboard, reg. $699.95, OUR PRICE $58991 ! 

Vector Graphic Vector I-plus, reg. $659, OUR PRICE $560°0! 

Norih Star Micro Floppy Kit, reg. $699, OUR PRICE $59900! 

No servi ce charge for credi t cards. Take a 5% cash discount on you r 
whole order if you do.n't use a credit card . 

Absolute lowest prices on 16K or 32K Dynamic RAM Boards. 
4K, SK, and 16K Static Boards and Z-80 CPU Boards are being deliY­
ered at rock-bottom prices. Call lor quotation. Cal l or wrile for our 
lree 64-page catalog. 

If it 's made for the S-100 bus. chances are we stock it." 

7 White Place. Clark, NJ 07066 (201) 382-131 B 

Demo Record Produce music 
(stereo LP) $2 •with your microMUSIC 

includes 4th class for $159 or less. 
postage in USA. For 

Quad chromatic pitch1st class , add $2 . 
generators are S -100 

Synthesis Board : boards (parallel ver -
Waveform : dual RAM, sion available)which 
sync switch-over , produce 1to4 tones 
64 elements each at once , each tone 
with 256 levels . any of 96 pitches .* 
Programmable filter Square wave output 
smooths "steps ". plugs into you r amp . 

Envelope : rise : 256 1, 2 , and 3 tone units 
levels , 4ms to 1.3s. ($111 ,$127,&$143kit) 
fall : 256 levels, 3ms are expandable to 4 
to 7.8s . sustain : tone unit C$159 kit, 
256 levels . $185 assembled) . All 

Volume: 256 levels. units expandable to 
Pitch :96 , piano range include synthesizer 
& Bhigher :" Price : $220 Ckit). features . 
* If 2MHz clock is unavailable Con pin 49 for S -100 units), ask about our crystal option , $16 . 

COMPUTER-CONTROLLED MUSIC SYNTHESIZER SYSTEMS . 
Our Synthesis Boards (specs and price g iven above left) are professional synthesizers 
fo r serious musical applications such as studio recording , live performances . and 
educational use . An S -1 00 controller (parallel version available soon) runs I to 8 
synthesis boards ; the price is $88 to $180 depend ing on cables required . W rite for 
inform ation on these products , and a complete description of our synthesis methods 
and how they compare with others '. Dealer inquiries invited . 

A L F PRODUCTS INC . 8080 software available at cost . 
128 SOUTH TAFT Both products featured on LP .
DENVER. CO 80228 

150 BYTE Decc mh,., 19 7 7 Circle 1 on inqu iry card. 

functio ns can be expanded with a BCD 
to decimal converter (7442 etc) between 
the 7400s and the transistors. For 48 V 
coils use 2N2907A (James, 5/$1) tran­
sistors and the suppression diodes 
should be on the relays. In this circuit 
tl1e re lay common line must not be 
grou nded. Switchi ng t11e motor on and 
off generates a big noise spike, worse 
on the indu ct ive start motors than on 
th e capacitor start ones. A zero cross ing 
solid state re lay would probably be the 
best solution and cou ld allow TTL leve l 
on and off control. 

What can you do wi th a printer? 
With a 64 or more cha racter wid th moni ­
tor, flop py disk or computer controlled 
cassettes and a good text editor, you ca n 
easi ly store, retrieve, edit dnd print out 
letters, manuscripts, resumes, etc. I 
wrote this note on a Digital Group Z-80 
sys tem , stored it on a Phi-Deck, edited it 
on a DGSS text editor (awkward but 
well priced) and printed out the fina l 
version in 5 minutes. On a lesser scale, 
hardcopy of disassembled mach ine lang­
uage prog rams or BASIC program listings 
make it much easier to sec the whole 
program and structure or debug it. Prin · 
ters arc ge nerally a poor substitute for, 
video monitor when running games. Tha i 
approach can put you up to your arm­
pirs in paper. Paper that has been used 
on one side is often avai lable free from 
commerc ial compu ter users and is fine 
(as is, or sheared) for listings, work 
shee ts etc. This saves money and trees. 

Don Southwick 
7611 Aberdeen Way 

Boulder CO 80301 • 

IEEE 

A call for papers has been issued for 
the Pattern Recogn ition and I magc 
Process ing Conference scheduled for 
Chicago IL on June 5 thru 7 1978. 
Sponsored by the Machi ne Intelligcncc 
and Pa ttern Analysis Technical Com· 
mi ttee of the IEEE Computer Society, 
the prog ram will co nsist or inv ited 
papers, pane l discussions and contri­
buted pape rs. Papers are invited on all 
aspects of pattern recognition and image 
processi ng, including statistical and syn­
tactic pa t tern recognition, clustering, 
shape and texture recognition, scene 
segmentat ion and analysis, image fil­
tering, enhanci ng and reconstruction, 
and med ical , industrial and remo te 
sensing applica ti ons. 

There arc two ca tegories of contr i· 
buted papers, and authors should state 
their preference when sending in 
materia l. Long pape rs (a bout 5000 
words and suitable for a 25 minute oral 
presentation) are due December I 1977. 
Short papers (about 500 words and 
suitable fo r a 15 mi nute oral presen­
tat ion) are due February 1 1978. Camera 
ready copy in both categories is due 
April 1 1978. 

Send image processi ng papers (in 



tripli c,1tc) to Prof K Preston J r, Depart · 
mc nt of Elcciricat Engineering, 
C. rnegic-Mcllon Universi ty, 5000 Forbes 
Av, Pittsburgh PA 15213 , (4 12) 
62 1-2600. All other papers shou ld be 
sent (i n tripli ca te ) to Prof R L Kash yap, 
School ol Electrical Eng ineeri ng, Purdue 
Unive rsit y, West Lafaye tt e IN 47907, 
(317) 493-9137. • 

Ambiguous BOM Ba ci ty 

The fo llowing two comments were 
rece ived , refere ncing the same art icle in 
the BOMB eva luations for May 1977. 
The .1u tho r's name has been para­
mcteriled to " X" fo r purposes of anony­
mi ty. "Y" st ands for the article name . 

Comme nt 1: 

<v> is awful . <x> is an id iot. 
(Rating: 0) 

Comment 2: 

<x> is a grea t wr ite r! He is clear, 
concise and \!C l deta iled. (Rating: 
10) 

All o ne can conclu de is tha t subjective 
eva luat ions of the same item some times 
diffe r markedly. • 

A Smal l Hole in the APL 

There is one sec tion of Mike 
Wimblc's article, "An AP L Interpreter 
for Microcompu1crs, Part 3" (Octo be r 
1977 BYTE, page 64). tha t shou ld be 
cla ri fied. Figu res 32 and 33 are actually 

~' ~1 -:-. ;&~.-;; :v:.~ ~ i
L----------' 

Siggrap h 1978 Call for Pape rs 

The 5 th Ann ual Co nference on 
Computer Graphics and In terac tive 
Techniques will be he ld August 23 to 
25 1978 in At lanta GA, spo nsored by 
ACM/S iggrap h. The dead line for a 300 
to 500 word abstrac t is December 15 
1977. T he first draft manuscr ipt ( in­
cl udi ng figures) is d ue Ian uary 16 1978 . 
Send those to Prof R L Phillip s, p ro· 
gram chairman. 213 Aerospace Eng i· 
nee ring Building, North Ca nw us, Un iver · 
sity of Michiga n, Ann Arbor Mt 48109. • 

A Little Contest 

A firm ca ll ed Etroni x has ann ounced 
an applications co nt csl fea turing th e use 
of Fairchi ld Tech no logy Kits. The 
co ntesl is ope n to anyo ne. I t fea tu res 
a Fa irc hi ld Video En 1crt ainment System 
($169.95) as first prile; seco nd pr ize is 
a Fairchild LED or LCD dig ital watc h 
(approximarel y $80); third, fo urth , and 
fift h prizes are T imeband dig ital LED 
wa tches (approxima tely $30). Send to 
Et ro ni x, Box 32 ·1, Issaq uah WA 98027, 
for your entry blank and ru les. Co n tes t 
closes Dece mber 30 1977. • 

co n tinuatio ns of the case stru c tu re 
labe led CODE and esta blished in figure 
31 (sec page 66). A no le should have 
been placed below the expone nt ia t ion 
branch at the bot tom of figure 31 to 

make this clear. • 
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Where to get it. 
Equipment, parts , sup­

plies and services. Hard to 
find and standard items at 
bargain prices. 

Over 600 places to find 
transceivers, antennas, 
surplus, new and used 
equipment, ,uPs/com­
puters, ICs, components, 
assortments, assemblies, 
discounted items, test 
equipment, peripherals, 
etc. Hundreds of large and 
small mail order sources. 

A complete directory 
divided by sources, items 
and locations. Saves count­
less hours of shopping . 
Easily pays for itself through 
comparative buying. 
Contains no advertising. _____________ , 

1 

1 

Rush my order. I enclose $5.95 plus 55¢ I 
postage and handling. Californians add I 
39¢ sales tax. Fu ll refund if not 

I completely satisfied within 10 days. I n 
I I ~ 
I Name I ~ 
I 
1 

Address---­ ---­---­ · ~I ~-
" I City/State/Zip I .g 

I Primary interest : Amateur Radio D CB 0 I -< 
I Experimenting D µPs/Computers D I hl 
I Send to : Peninsula Marketing II C. 

I 
Dept. D 
12625 Lido Way 

I 

I Saratoga, CA 95070 I 
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Conducted by 
David Wozmak 

Eastern Iowa Computer Club 

Th e Eastern Iowa Co mpu te r Club is a 
group of computer enthu siasts and other 
in terested peop le. If you'd like to joi n, 
contact Samuel Dil Ion, 1125 Washington 
Dr, Marion IA 52302. 

IIliana Teleprinter Society 

The llliana Teleprinte r Soc iety is ;1 new 
Chicago based group of microcomputer 
experimenters. Meetings wil l be he ld on Lhe 
second Thursday of each mon th at 8 PM in 
the lowe1· lobby of the Cl yde Savings and 
Loan Building, 722 W Cem1;1k Rel , North 
Riverside IL . The prog1·ams will include 
speakers from Digita l Equipment Corpm­
ation, IBM , and Heath Comp<iny, as wel l 
as an in formal program of discussions and 
software swaps betwee n membe1·s. Al l 
meetings are open to the public. Th ose 
cur ious about microcomputers and the ir 
uses are invited to atle nd . For mo1·c infor­
mation co ntact john Mar·ch, president, 
POB 874, Oak Park IL 60303. 

Apple I Library 

The Apple software and hardware 
library is be ing started in Indiana to 
support th e Apple I computer. Interes ted 

readers can obtain mater ial at cost. Wri te 
to Joe Torxe wski, 51625 Chestnut Rd , 
Granger IN 46530. 

Jim's Industry Notes 

Th is newsletter is aimed primarily .ll 

retailcr·s and manufacturers. The newslette r 
provides fast turnaround news on industry 
data, and a communicatio n medium Fo r 
exchange of ideas, problems, solutions, 
etc. The newsleller contai ns no advertising. 

Jim 's /11dust1y Notes is sent fi 1·st class. 
Contact j im Warren, POB 3010, Palo Al to 
CA 94305. 

St Louis Amateur Computer Club 

SLACC's newsletter, the SLACC Stock, 
contains club info rmat ion and an app li­
ca ti ons forum. Meetin gs are held at 7 PM 
on the fi rst Tuesday of every month at 
the Thornh ill branch of the St Louis County 
Li bra ry. Contact Frank Curtis, c/o SLACC 
Stock, 24 Midpark, St Louis MO 63124. 

CHIPS 

A microcomputer club has been formed 
in the ce ntral New Yor k State area. The 
clu b, know n as CH IPS (Computer Hobbyists 
in Processing - Syracuse), has been ho lding 
regu lar mon th ly meetings and hardware 
and software demonstrations for almost 
a year. Membersh ip is open to al I who are 
inte rested in the microcomputer fie ld. For 
further information, contac t CHI PS, c/o 
j A Gree n, General Elec tr ic Company, 
Court St Pla nt #3, Room 16, POB 4840, 
Syrac use NY 13221 . 

400 Nor1h Washington Street. Suite 200
INTERNATIONAL DATA SYSTEMS, INC. Falls Church. Virginia 22046 USA 

Telephone (703) 536-7373 

S100 Bus Cards (ALTAIR/ IMSAI Compatible) USES 	 KIT PRICE 

88 -SPM Clock Module 	 Your computer keeps 11me or day regardless ol what program 1t 1s executing $96.00 
Appl1cahons include event logging, data entry. ham radio, etc. Provision lor 
ba11ery backup is included 

88-UFC Frequency Counter Module 	 Measure frequencies up 10 600 MHz or period w11h t I t 0 mic rosecond resolu­ S179.00 
\IOn Computer can momtor lour separate rnputs under sohware control 

BB-MODEM Originate/ Answer MOO M 	 Use your computer to ca ll other computer systems such as la rge timesharing $245.00 
systems Also allows other compuler terminals to "dial-up" your computer 
Auto-dialer 1s included so your computer can call other computers under soft ­
ware control Operates at 1tO. t 34 5, t 50, 300. and 600 band 

GENERAL PURPOSE PERIPHERALS 

MCTK Morse COde Tra1ner I Keyer 	 Hard /Software package which allows your computer 10 teach Morse Code. key your $2900 
1rar1sm11er. and send P<estored messages Uses "NEW CODE METHOD" for 1ra1ning 

TSM Temperature Sensing Module 	 Use 11 10 measuie 1ns1de and/or out side tempera lure lor compulerized chmate S2'100 
control systems. elc 

OACB 	 E1ghl 8 11D1g 11al 10 Requ•res one e1gh1b11 ITL level la1ched parallel output port Use 11 10 produce St 9 00 
Analog Converter computer music or 10 drive voltage controlled devices 

Tenns: Payment with order. Shipment prepaid. Delivery Is stock to 30 days. Write or call for detailed product brochures. 
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Southern Nevada Personal Computing 
Society 

The SN PCS meets on al tern ate Saturdays 
from noon to approximate ly 3 PM . Its 
membershi p is open to Clark County 
residents and students of Clark County 
educa tional insti tutions. Du es for a 
corporate member arc $12 per year; fam ily 
membership is $18 per year; cor respondence 
membership is $6 per year; and studen t 
membership is $3 pe r year. Subscription 
to the news letter Hard Copy is inclu ded 
in the membcrsh ip. Meetings arc held 
at Clark County Commun ity College, 
Cheyenne Campus, room 3·106. For more 
information contact Ed na Wells (secretary/ 
treasurer) at 1405 Lucil ee St, Las Vegas 
NV 89101, (702) 642-0212. 

Unofficial Heath Users' Group 

A Heathk it computer users' group (as of 
this writing still unnamed) in New Have n 
CT prod uces a newsleLLer, BUSS, con­
taining information about th e Heathk it 
computers. You can get more information 
about the newsletter by writing to BUSS, 
c/o Char les Floto, 267 Willow St, 
New Haven CT 06511. 

Microcomputer Tinkers and Bug Buste rs 

This new cl ub needs members and people 
willing to produce a newsletter. Con tact 
Mi crocompu te r Ti nders and Bug Busters 
Society, 3845 Le Bl eu St, Beaumont TX 
77707. 

Portland Computer Society 

The Oregon based Portland Computer 
So iety was formed in th e sum mer· of 1976 
by Mike Enkel is and Mi ke Boyd when they 
discovered that the Alta ir computer had 
become a reality. To get in touch with the 
PCS, write to the Portland Comp uter 
Society, 3763 SE Division St, Portla nd OR 
97202. 

SEMCO 

Th e Sou theastern Mich igan Computer 
Orga niza tion will be host ing the MACC 
Computerfe t '78 in the Detroit Plaza 
Hotel on June 23 thru 25 1978 . For cl ub 
or Comp uterfest in formation contact 
SEMCO, POB 9578, North End Station, 
Detroit Ml 48201. 

A TRS -80 Users ' Group 

This group is ded icated to the excha nge 
of programs and techn ica l data for the new 
Z-80 based system by Radio Shack. Inter­
ested part ies may send a se lf-addressed 
stamped envelope to R Gordo n Lloyd, 
7554 Sou thgate Rd, Fayettevi lle NC 28304. 

Junior Computer Hackers of America 

Al l students interested in form ing a 
nat ionwide organi zation and publishing 
a newslette r of, by, and for computer 
or iented students shou ld con tact Brian 
Mora n, 733 5 N Manni ng Dr, Peoria IL 
61614. • 

$ 495ALPHA z- 80 
ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 1 7 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z-80 CPU BOARD: Al l Sockets Inc luded , Gold Con­
tac t Fingers, High Quality Glass Epoxy PC Board, 
Doub le-Sided, Plated Throu gh Holes, Requi res Only 
+ s voe / soo MA. 

NOTE : 22 SLOTS/30 AMP POWER SUPPLY - $595. 

ADS also sells IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 
SIEGLER ADM 3A A ssembled at $888 .00 . TERMS: Cash with Order. 
Prices include Freight. (N.C . Residents add 4% Sales T ax .) 

ALPHA DIGITAL SYSTEMSADS Dara A' quisirion , Computation an~ Control 

ROUTE 4 BOX 171A 
BOONE , NORTH CAROLINA 286071111 
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Where to Get Bargains 

in Used Computer Equipment 

Once they have lheir computers up and 
running, computer exper irnenlers starl 
hunt ing around for pe ri pherals. They look 
for thi ngs like Teletypes (usually ASR -33s), 
video terminals, printers, paper tape readers 
and punches, etc. The big problem here is 
cost. In fact, those electron ic and elec tro­
mechanical 10 gadgets can often cost severa l 
times the price of the processor itself. NewSol Libes, President 
video termina ls can cost you $1500 and up. Amateur Computer Group of NJ 

1776 Raritan Rd Printe rs ca n cost as much as $2000. What 
Scotch Plains NJ 07076 can a hobbyist do to save money? One way 

Used Computer Equipment Vendors Equipment 

American Used Computer Corporation Used minicomputers, printers 
POB 68 Kenmore Sta video terminals, modems, 
Boston MA 02215 Teletypes, etc . Also new eq uipme nt 
(617) 261-1100 for personal computing via the 

Computer Warehouse Store. 

Atlantic Su rplus Sales Teletypes, parts, supplies and 
3730 Nautilus Av miscel laneous. 
Brooklyn NY 11224 
(212) 372-0349 

Computer Warehouse Store (See American Used Computer 
584 Commonwealth Av Corporation) 
Boston MA 
(617) 261-2701 

Data Access Systems Used Te letypes, DECwriters, v ideo 
100 Route 46 terminals, modems, parts. 
Mountain Lakes NJ 07046 
(201) 335-3322 

Data-Lease Minicomputers, video term inals. 

700 N Valley St #A Teletypes, etc. 

Anaheim CA 92801 


Data Processing Design Inc PDP-11s, printers. termina ls, 

6980 Aragon Cir, Suite B etc. 

Buena Park CA 90620 

(714) 994-4971. 

Federal Communications Corporation Used Teletypes, data phones 
Suite 107 and TWX units 
11105 Shady T ri 
Dallas TX 752 29 
(214) 620-0644 

Herback & Rademan Inc Used compu ter gear and parts. 
401 E Erie Av 
Philadelphia PA 19134 
(215) 426-1700 
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is to buy used equip ment. The question is, 
where do you find it? 

The big market in used computer equip­
ment is due to many factors, one be ing that 
th e state of the art is changing r-.1pidly and 
companies frequently obsolete working 
equipment to keep up. Thus, there is a 
grea t dea l of equ ipment avai lab le that may 
not be up to the latest speed o r· have th e 
latest feat ures, but is full y operational. For 
example, you can buy a used video terminal 
(AS R-3 3 compatible) for less than .' 500, 
or a video term inal that requires some re­
wiring for under $200. Hard copy terminals 
range from $300 (for· an untested unit) to 
$1000 for guara nteed units with ex tra 
fea lures. 

There are eve n minicomputers ava il able 
at bar-gain prices. Digital Equipment Corpor­
atio n PDP-8s with 4 K words of core 
memory and serial in terface start at $750 
and go up to $3000 for newer mode ls. 

New dea lers in used eq uipment are 
appea ring all the time. Th e list th at accom­
pan ies this rep ort is not complete by any 
mea ns, but it does include the larger dealers 
in the co un try. Most used equipment dealers 
publish catalogs and maintain mailing 
lists. A simp le postcard will usually get you 
their lalesl eq uipment listing and put you 
on their· mailing I ist. Most of these com­
panies are eager to deal with computer· 
exper imenters. 

Many dealers refurbish the used equip­
ment they sell and restore il to rnanu­
fact urer"s specificat ions to the point where 
it is often indis ti nguishabl e from new 
equi pment. F0 1· example, several dealers 
refurbish Teletypes to "as new" cond ition . 
This means a complete cleaning, replace­
ment of defective or worn components, 
replacement of items such as plastic covers, 
repainting exposed meta l enc losures, running 
the mach in e for at least 5 hours to insure 
its performa nce, and guaranteeing it for 
90 days. A new Model ASR-33 Teletype 



MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

the Cl-812 
The Only S-100 Interface 
You May Ever Need 
On one card, you get dependable " KC­
standard "/biphase e ncod ed cassette inter­
facing at 30, 60, 120, or 240 bytes per 
second, and full-duplex RS-232 data ex­
change at 300- to 9600-baud. Kit, includ­
ing instructio n manual, only $89.95 *. 

*Assembled and tested, 
$1 19.95 . Add 5% for 
sh ippin g . Texas resi­

['1E~!lCJMI 
PERCOM DATA COMPANY, INC . dents add 5% sales tax. PerCom 'peripherals for personal computing' 
4021 WJNOSOR •GARLAND. TEXAS 75042 

costs approx imately $1200, while an "as 
new" reconditioned uniL typ icall y sells for 
$700 and an "as is" nonreconditioned 
machine goes for as liLlle as $500. 

Par ticul ar ly good buys ca n be obtained 
on equ ipm ent no longer being manu­
factured or from a manufacturer who is 
no longer in business. Prices are ofte n 
considerab ly less than those for equ ipment 
still being manufactured. 

The largest and oldest used computer 
equipment dealer is American Used Com­
puLer Corporation, which was started in 
1968. Second largest is Newman Comp uter 
Exchange, which was founded in 1972. 

In addit ion to equi pment dealers, used 
equipment is ofte n advert ised in pu blications 
such as On-Line, Electronics News, Com­
puterworld and Computer Hotline. Th ese 
should be consulted regul arly for current 
"buys" and new compa nies in the market. 

Another exce llent source of used com­
puter· equ ipment is amateur rad io flea 
markets. Harn radio operators are big users 
of Teletypes and other printe rs, tape readers 
and punch es, etc. These flea markets are 
held locally and regionally. The largest is 
held in April in Dayton OH , and draws 
over l 0,000 attendees. There are acres of 
flea marketers. To find out when and 
where the ham flea markets are being held , 
consu lt the ham magazi nes such as QST, CQ 
and Ham Radio. 

Good hunting! • 

Used Computer Equipment Vendors 

JM Associates 

80 Emerald Av 

Westmont NJ 08108 


ICC Computer Corporation 

1115 Security Dr 

Dallas TX 7524 7 

(214) 630-1401 

MiniComputer Exchange 
154 San Lazaro 
Sunnyva le CA 94086 
(408) 7334400 

National Te letypewriter Corporation 
207 Newtown Rd 
Plainview NY 11803 
(516) 293-0444 

Newma n Computer Exchange 
3960 Varsity Dr 
Ann Arbor M l 48104 
(3 13) 994·3200 

PMR Canada Ltd 
94 Hyde Av 
T oronto, Ontario CANADA 
(416) 6534842 

RCA Service Company 
Bldg 204-2 
Camden NJ 08101 
(609) 779-4 129 

Rondu re Company 
1224 Security Dr 
Da llas TX 75247 
(214 ) 630-4621 

Van 't Slot En terprises 
550 Sp ringfie ld Av 
Berke ley Heigh t s NJ 07922 
(201) 464-53 10 

Equipment 

Used computer periphera ls, 
etc. 

Used T eletypes and TWX units. 

Mi niperip herals . 

Used Teletypes, parts and supplies. 

Used minicomputers, peripherals, 
T eletypes, etc. 

Used processors, memories, con· 
trailers, etc. 

Used T ele types 

Miniperipherals. modems, 
parts, etc. 

Used Teletypes. parts and supplies. 

(214) 276-1968 BAC/MC ava il ab le. 
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A Look at LISP 


Gary McGath 

7 Silver Dr. #3 
Nashua NH 03060 
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Today BAS IC is the uni versa l language of 
the microcomputer hobby. IL is easy to learn, 
ca n run in a small amo unt of mcmor·y, and 
prov ide a common gro un d for people with 
different processors. But many microcom­
puters are no longer so "micro," <1 ncl they 
need a mo re powerful language to use their 
ful l capabi lities. 

Wha t propert ies shoul d th is language 
have? IL sho uld work well interactively, 
since most hobby i ts use the ir machines 
that way. IL should be simp le in form, so 
that impleme nting and understanding it arc 
easy. It should be good at handling non­
numer ic data, si nce most co mputer· hobby ­
ists aren' t interested in "com puting" in the 
literal sense (ic: numerical ca lcu l<1tions) a 
much as in grap hics, inforrnation manage· 
ment and other such appl icat ions. IL shou ld 
run effici ently . And it shoul d make pro· 
gram ming easy. 

A pr ime candidate, on all but one of 
these counts, is LISP. LISP was deve loped al 
MIT in th e ea rly 1960s; it has never attained 
wide prcad use, perhaps because of its un­
usua l syntax, o r· else becau c it Lends to run 
slowly. It is oriented not toward production 
work, but toward program development and 
ex per i men ta tio n. 

Evaluating LISP in term or the crite ria 
menti oned above: It is very stro ng on inter­
actio n. Its syn tax, though unusual, is very 
simple. It inclu des names and a versatile 
structured type in its data handling facil ities. 
It is powerfu l enough to make most program­
ming jobs imp lc. Unfortunate ly, though , it 
loses to many othe r· languages in efficiency, 
at least when it i run by an interpreter (as is 
the norma l case) . But un less speed is so 
crucial for a given prob lem tha t it outweighs 
the co nve nience, LISP is an exce ll ent choice. 

The purpose of this a rticl c is not to be a 
primer n LISP, but lo give you reasons to 
look for such a primer (for instance, Weiss­
man's Lip 7. 5 Primer, publi shed by Dicken­
son). There are, dS far as I know, no micro­
com pu ter based in terpre ters for the language 

yet; but th is could change, if suppliers see a 
potentia l market. 

Mu ch of the power of LISP co mes from 
the fact tha t in it, programs arc data. This 
means that one program can build up or 
look at another program, or even operate on 
itsel f. This is a tremendous help for deb ug­
ging programs, since it lets them be exami ned 
or mod ified on the fly. For instance, a LISP 
ro utine might cal l a special error handling 
ro ut ine if it detected an unwa rra nted state 
of affair s; this ro uti ne could let th e user 
examine and change variab les, since variables 
in LISP are also data, o r even change part of 
the program to get it back on the r·ight track. 

The struct ure wh ich is used for programs 
and data i th e list . A list is a seque nce of 
any length, writ ten as its elemen ts enclosed 
in parentheses. For insta nce, (I 2 3 4) is a 
list of fo ur numbers. Lists can contain lists; 
((1 2 3 4)) is a list with o ne element , which 
is a li st of four numbers. Note that in LISP, 
parenthe es always change the co ntent of 
ex pressions; they are never op tio nal, as in 
ome language . 

Programs can create I is ts as they run, 
thus giving them elves the sto rage they 
need. This is another special ity of LISP , 
ca lled dynamic storage allocation. Most 
programs have to set ou t their storage re· 
qu irements before they are run; a BAS IC 
program, fo r instance, can't dec ide halfway 
thro ugh its execution that it needs ano th er 
array. BL1t LISP picks up its storage as it 
needs it. To give just one examp le of what 
this can mean: You ca n run a LISP pro­
gram on a smal l amount of data with your 
current memory suppl y, then expand it 
whe n you get more memory to hand le more 
data wit h no changes to the LISP program. 

LISP programs are unusual, but con­
sistent, in that they use one too l everywhere. 
Th is tool is fu nctional application. BAS IC 
programmers are famil iar wi th sim ple fun c­
tions like SIN; in the expression SIN (X), 
SIN is the function, which is applied to the 
argument X. In LISP, this expression would 



be wr itten as the list (SIN X). The rule is 
that the first thing in the list is the function , 
and the rest of the Iist is its arguments. 
A LI SP program is a list of this form, which 
gets eval uated by applying the fu nction to 
the arguments. The value of the I ist is the 
result of this app licat ion . This value may 
itse lf be used as an argument to another 
functio n; thus, programs can be built up 
from lists within li sts to any level. 

Some fu nct ions do other thi ngs besides 
ret urning a va lue. The fu nction SETO, for 
instance, performs the role of the ass ign ­
ment sta tement in other languages. 
(SETQ X 5) is like BASIC's LET X = 5. 
COND tests a condition and performs or 
omits evaluations depending on the truth or 
falsehood of that co ndi tion. This gives a 
ca pab ility I ike BAS !C's IF statement, except 
that COND is much more ge neral. The fol ­
lowing is a simple example of how COND 
can be used: 

(COND((G REATE RP X Y) {SETQREL 1)) 
(( LESSP X Y) (SETQ REL - 1)) 
(T (SETO REL O))) 

This is wha t happens when the COND 
ex pression is evalua ted: The function 
GREATERP is applied to X and Y. If X is 
grea ter than Y, the value ret urn ed will be T, 
otherwise it will be NI L. If T (or for that 
matter, any va lu e but NIL) is retu rned, then 
(SETO REL 1) will be evaluated, and the 
COND will be done. If, how ever, X is less 
than Y, then COND wil l try aga in on the 
first elemen t of its next argument ; that is, 
(LESS P X Y). If X is less than Y, th is wil l 
evaluate to T, REL will be set to - 1, and 
the COND will be done. If, however, this 
also fa ll s through , then X must equal Y. T is 
then eva luated; since T is a special constant 
which always eva lu ates to itself, CON D wi ll 
fina ll y be satisfied, and REL wil l be set to 0. 

When a variable is used in a list, it is a 
piece of data like any other, of a ty pe ca ll ed 
atom. Atoms can be passed aro und by th em­
selves (as opposed to passing around their 
values) by using the fun ction QUOTE . 
(S ETQ X Y) sets X's value to be the same as 
Y's value ; bu t (SETQ X (QUOTE Y)) sets 
X's value to be the atom Y itse lf. Th is lets 
you keep verbal in for mation aro und for 
la ter printing. QUOTE is also useful with 
lists, since it lets you create a lis t of data 
which is n't in tend ed for evaluation. 

The complemen t of QUOT E i EVAL . 
Th is takes an argument, already eva luated 
once by th e ap plication mechanism, and 
evalua tes it again. Th e use of QUOT E and 
EVA L provides one way of writing a pro­
gram fo r later repeated use; at some point 
you wri te: 

A sampl e LISP program for building a maze 
(which may be used in Wumpus type games). The 
user defines the maze by typing in lists of two 
atoms, which give two rooms that are adjacent to 
each other. The rooms may have as names any 
atoms not otherwise used. Input is termi nated by 
enteri ng NIL. Th e function returns a I ist of atoms 
which are the names of all t he rooms; this value is 
also available as t he value of the atom MAZE LIST. 
Each of the room atoms has as i ts va lue a l ist of 
all the roo ms to wh ich it is ad jacen t . 

The only fu nct ion used here which was not 
m en tio ned in the main text o f this article is MEMO. 
T his func tion tests whether its first argum ent is a 
member of i ts second argumen t, in the sense of 
l ist membership . 

(SETO MAZEBUI LD 
(QUOTE (LAMBDA() 

(SETO MAZE LIST N IL) ;ini tialize the val ue 
(PROG (TEMP) ;T EMP is a local var iable 

A ;A is a label 
(COND ((SETO TEMP (READ)) ;ge t a pair 

(SETO R1 (CAR T !::MP) ) 
(SE TO R 2 (CAR (CDR TE M P)) 

;the nam es of the two room s 
(CON D ((M EMO R1 MAZE L IST) 

;is t his room known already? 
(SETO (EVAL R1) 

(CONS R2 (EVALR1)))) 

((S ETO (EVA L R1 ) 

(CONS R2 NI L)l 

;i f not, start it up 

(SETO MAZE LIST 

(CONS R1 MAZE LIST)))) 


(COND ((MEMO R2 MAZE LIST) 
;do the same for R2 
(SETO (EVAL R2) 

(CONS Rl (EVAL R2)))) 

((SETO (E VAL R2) 

(CON SR1 NIL)) 

(SETO MAZE LIST 

(CONS R2 M AZE LIST)))) 


(GO A) ;repeat if wasn't ni l 
))) 

M AZE LIST))) ;return the value 

(SETO X (QUOTE list- to-be-evaluated­
later)) 

Elsewhere you have: 

(E VAL X) 

When th is is encou ntered , X is eval uated 
once by the LISP in terpreter, givi ng !ist-to­
be-eva!uated-later ; then EVAL eva luates it 
aga in , generati ng its va lue and all side effects . 

A list can be modified ( I'l l discuss the 
methods when I get to the st ructure of lists), 
so program ed it ing is pos ib le. But simply 
evalua ting fixed lists, even with editing, isn't 
a very flexib le method of programmi ng. It 
wou ld be more useful to have a program 
that can opera te on alternative sets of data; 
that is, to run it with one se t of data, then 
run it again on differe nt data. This can be 
done, of course, by SETQing var iables on 
which the program will opera te. But thi s 
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AT LAST! 

Your idle system can now come alive. 
The software scarci ty is over. 

Do you need business programs? 

Accounts Pa 
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Yabfe? 


Accounts Receivable? 


·09'7? 111a ·a.I e\111 . lfff7g I · 
Payroll?? '-'Sis? 

:!::: BASIC interpreters.. . or just a monitor??? 
E 

We can supply them - and w e can supply ­
them in 8- leve l paper tape. a variety o f audio 
cassette forma ts and on some fl oppy di sk 
formats. 

W rite for our software catalog ­
P S. We buy programs eirnef ou11igtH or on a royally Das rs 

MORE 6800 POWER 
from MICROWARE 

A/BASIC COMPILER 
• 	 Generates Pure M6800 Code - No Run-Time 

Package Required 
• 	 Compiled Programs Run Much Faster Than Interpreters 
• 	 Low Overhead-Will Run in BK System Without Disk 
• 	 Programmer has Complete Control of Memory Allocation 
• 	 Many Powerful Extensions to Basic Syntax 

DA 1 • MOTOROLA "02 KIT" EXPANSION KIT 
• 	Cc·werts 02 to Terminal-Based 1/0 
• 	 Includes Popular RT/68 ROM 
• 	 Retains Full Cassette 110 Capability 
• 	 Allows use of most popular 6800 software; editors , 

assemblers. BASIC , etc . 
• 	 Comprehensive documentation - over 80 pages 

A/ BASIC w / manual . $49.95 
A/ BASIC w / RT / 68MX $99.95 
RT /68MX w/ manual . $55.00 
DA 1 w/ manuals ... $69.95 
Motorola MMS68104 16K RAM !or 02 (Assm) .. . $395.00 

Call or write today for our free catalog 

of M6800 software and hardware products. 


~ · Phone orders (515) 279-9856 ........ 
· • U.S. Orders Postpaid . B.1.u1au.,wo lI ___, 	 ·-..~ 

THE MICROWARE CORPORATION 
P.O. BOX 954 Des Moines.Iowa 50304 

means that each program must operate on 
different var iables, or else bookkeeping 
problems star t comi ng up. A more co nvenient 
method, which LISP provides, is to define a 
fu nctio n which takes its data as argumen ts. 

A user defined function is a li st which has 
the atom LAMBDA as its first clement. 
(This has its roots in a mathematical nota­
tion ca lled the lambd a- calculus.) The second 
element of this list is a li st of atoms. These 
atoms are the parameters of the fLtnction, 
tha t is, the things that catch th e argume nts 
to the funct ion. After the list of parameters, 
any number of expressions can follow. 

The use of fu nctions with parameters is 
fam iliar to FORTRAN programmers, and 
many vers ions of BASIC provide it in a 
simple form. What happens when a user 
defined function is cal led is th is: First, th e 
old val ues of the atoms on the parameter 
list are saved ori astack. Then the param­
eters are given th e values of the cor­
responding argu ments. (There must be one 
parameter for each argumen t.) Next, the 
rema ining expression of the function are 
eval uated in order. The value of the last 
expression is the value of the function. After 
th is value is found, the o ld values of the 
atoms on the parameter list are restored 
from the stack. Thus, as far as the outside 
world is concerned, these atoms were never 
touched. 

There are various methods for setting up 
function definitions in various implementa­
tions, and the method in Weissman's book is 
dist inctly confusing. A straightforward 
method is to let the function be the value of 
an atom. Then to define a funct ion, you 
would just have to enter 

(SETQ FUN (QUOTE (LAMBDA( ... ) ... ))) 

At any later time you co uld simply use 
(FUN args) to app ly th e function. 

There is, inc identally , no objection to 
using a functio n from inside itself. This 
method is called recursion, and it is often 
useful to break up a complicated case into 
sim pl e ones. The idea is this: Your function 
examines its argument. If the argume nt is a 
simpl e o ne , it just returns the va lu e. Other­
wise, it finds a simp ler case which has a 
known rel at ion to the case at hand , and 
ca lls itself with an argument for the simpler 
case. For instance, the factor ial function 
(FACT X), which returns X * (X - 1) 
*(X - 2) * . . . * 1, could be written: 

(SETQ FACT 
(LAMBDA (X) 

(COND ((LESSP X 2) 1) 
((* X (FACT (- X 1 ))))))) 

(No te the use of arithmetic operators as 
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functions in this example.) The important 
thing Lo remember in recursion is th at there 
alway has to be a si mple, nonrecursive case 
on which al l the recursive cases are bui lt; 
otherwise, you will find yo urself blowing 
your stack withou t getting a result. 

Input and ou tput in LISP are simple. The 
Function READ reads one LISP expression 
and returns that ex pression as th e va lue of 
the function ca ll ; the function PR INT prints 
the value of its argumen t. Arguments to 
these two functions are necessari ly im­
plementation depend en t; they may include 
the name of the device or some other indica­
tion of where to go for the 10 function. 
A good system will also provide o ther func­
tio ns, including ways of reading single 
char-acters and controlli ng outpu t formatting . 
A desirable (b ut expensive) function would 
be one that printed a list in a readable in­
dented format. 

And now for the question that eve ryo ne 
has been asking: What are lists rea lly like? 
A lis t really has only two parts, the fi rst 
element and all the resL. These are called the 
car and the cdr, respectively, of the I ist . 
(Legend has it that these names come from 
the old IBM 704 implementation of LISP , 
where they stood for "contents of address of 
register" and "conte nts of decrement of 
register.") The cdr of a li st is itself a list, 
containing al l the elemen ts but the first. 
In the case of a one element list, the cdr 
is th e ato m NIL which we met ear lier in 
connec tion with COND. LISP takes NIL 
to be a list of zero elements; it can be 
treated as a I ist in most ways, and can be 
written as (); but , of course, it has no car 
or cdr. The fu nctio n CAR an d CDR are 
ava il ab le for taking the car and cdr of a 
list. There arc also two functions, ca lled 
RP LACA and RPLACD, fo r changing the 
car and cdr of an exist ing list. 

This system le ts yo u have poi nters into 
any part or sublist of a list. For instance, if 
Y is so me list , you might use 

(SETQ X (C DR Y)) 

to get a ve rsion of Y without its first ele­
ment. Bo th of these variab les will then share 
the same storage; therefore, a RPLACA or 
RPLACD on X wil l change Y's va lu e. The 
moral: Handle shared I is ts with care! 

Unfortunate ly, the cost of the car and 
cdr approach is that indexing down a list 
is ted ious. If you wan t th e fi fth element 
of a list, you have to work your w;1y 
through four cdr pointers and then take 
the car . This isn't too bad when working 
li nea rly down a I isl, since a variable ca n be 
set to succes ive cdrs to get each element; 
but it doe low down random acces . 

Don Lancaster's ingenius design provides software 
controllable opt ions including: 

• Scrolling • Full performance cursor 
•Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/ 32 , 16/64 . . . . even 32/64 
• User selectable line lengths 

....... ............... ............... ....... ...... .. .. ·· ·· ·· 

'. TELL ME MORE I { J Send instruction mruiua l for the TVT-6 Kil : 

with full operational details . $1 enclosed. · 
: ( ) SEND FREE CATALOG 

Nnmc: --------- -- ­

Address, _ ___________ 

; ELECTRONICS,INC. City, State: Z ip: _ 

'. DEPT. 12-B. 1020 W.WILSHIRE BLVD. , OKLAHOMA CITY, OK 73116 
·.. ...... ....... ·· ····· ..... ···· · · ·· · ..... .... ....... . .. ··· ·· · 
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The Great 

International 

Math On Keys 

Book 
From Texas Instruments 

Do you need a numerical algorithm for calcu lating exchange 
rates in a hotel on a foreign trip? Or f iguring those 
mysterious "points" when facing the sanctimonious charisma 
of a banker at mortgage arrangement time? This book is a 
compendium of simp le explanations and step by step 
procedures for accomplishing numerical solutions to 
numerous common ly encountered situa tions in daily li fe. 
Each entry is characteri zed by a statement of the problem, 
including the elements of theory required, and the keyst rok es 
needed to solve the problem on an algebraic entry ca lcu lator. 
This is an i nvaluable sourcebook of in forma tion for the 
pe rson who is incl ined to manipu late numbers. $4.95, plus 50 
cents postage. 

For convenience, use any 
of the coupons on pages 

Send now to : 123, 125 or 167. wr iti ng 
BI TS, Inc. in this book's t it le. Pro· 
70 Main Street cessi ng may occasionally 
Peterborough N H 03458 exceed 30 days. 

Master Charge and BankAmericard Welcome. 
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Th e funct ion which builds up lists 
called CONS. CONS takes two arguments: 
The first becomes tlw car o · the new Ii L, 
and the second become the cdr. The argu· 
men ts them elves are unchanged; what 
happens rs that a new structure is created to 
encom pass them both . This new str ucture 
is all ocated from a pool of free storage. 
U ing CONS is one of two ways to create 
new lists; the oth er is READ (which uses the 
equivalent of CONS internally). or the inter· 
pretcr's top level reader. 

But if you keep CONSing thing, won't 
yo u eve ntually run o ut or free storage? Ye, 
this wo uld be true if nothi ng were cl o ne to 
preve nt Lh is situa ti on. But storage can ofte n 
be reused. A list may be entered once and 
the n forgotten; a variable may be reassigned, 
leavi ng its old value in limbo. This storage 
can be reclaimed by a routine ca lled a 
garbage collector. Whenever Lhe interprete r· 
fin ds itself run ning out of storage, it can cal l 
the garbage collector, which finds storage 
that is availab le for reuse and designates 
it as such. 

Garbage coll ection, unfortunately , is a 
slow process . Whenever it has to be do ne, 
th e syswm comes to a co mpl ete halt for a 
few seconds. This can create problems for 
real tim e applications. I have heard reports, 
however, of a LIS P system being developed 
wh ich does its garbage collection in small 
chunks, so the wai ting is distributed more 
evenl y. Garbage col lec tion i the price that 
has to be paid for dynamic storage ;1l loca­
1ion, unless you want to keep track of all 
al loca ted storage explicitly. 

Now for the interpreter itself. Interactive 
LISP is run in a REA D-EVAL- PRI NT loop. 
That is, an expression is entered, it is ev;ilu· 
::!ted, and its value is printed. The mechanisms 
used for these operat ions are identica l Lo 
those of RE AD, EVAL and PRINT rcspec· 
Lively. Th is means that a LISP funct ion 
can start up its own equivalent of the inter­
preter anywhere the programmer chooses; 
th is is often useful for debugging prog1·a111s. 
You might, fo r instance, place a READ ­
EVAL-PRI NT loop as the first thing in a 
fu nct ion, giving it a provision for exiting, so 
that yo u could look at its parameters and 
decid e if they are va li d. This gives yo u an 
abil ity corresponding to breakpoints in 
mac hine language debugging. 

But how do you do looping? The func · 
t ions which allow thi s are PROG and GO. 
PROG co nstructs are sim ilar to user defined 
funct ions, except th at PROG is used in pl ace 
of LAMBDA and the construct isn't applied 
to anything. The parameters arc NIL , or 
else indeterm inate, at fi rst. The function GO 
can be used within a PROG consrr-uct, and 
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nowhere else. Its one argument is an atom; 
it treats that atom, wh ich is not eva luated , 
as a statement label and goes to that label, 
if it exists in the PROG. For insta nce, a 
nontermi nating READ-EVAL-PRINT loop 
could be written thus : 

(PROG () 
A 
(PRINT (EVAL (READ))) 
(GOA)) 

PROG s can put a GO inside a COND 
expression to al low for conditional branches. 

Finally, LISP is an expandab le la nguage. 
Its costly feat ures (in terms of designing the 
interpreter) are data definition , inpu t and 
output, garbage col lection, and a design that 
perm its recursion . Once this exists, indi vidual 
functions are fair ly cheap . This means that 
with sufficient documentation, the use r 
could ad d his or her own machine language 
functions to perform specia li zed operations 
(eg: graphics) . LIS P interpreters migh t even 
be sold in a minim al version, with add on 
modu les avai lab le for larger memory sizes. 
(No, I can't say right now how much memo­
ry that min imal version wou ld take .) 

LISP is not an al l-purpose language. If 
you like to do matrix inversions or quadratic 
interpolatio ns, you will find it out rageo usly 
slow and awkward. But if you are interested 
in symbol ic work, if you are not frightened 
by the unusual, if ease of use is more impor­
tant to you than speed, and if your compu ­
ter has the capacity, LI SP may be you r 
best choice.• 

GLOSSARY 

Atom : a variable or literal used in a list. 

Car: the first element of a li st . 

Cdr : a ll elements of a list except the first element. 

Dynam ic storage allocation: the ability of a pro­
gram to ge t the storage space it needs as it is 
executing. 

Garbage collector: a routine that searches the 
storage space for previously used memory space 
that is no longer needed and al locates these memory 
nodes as fre e space. 

Interpreter: a program tha t ana lyzes an instruc­
tion and executes it before go ing to the next 
instruct ion . 

List: a data structure, represented as a sequence 
of elements enc losed in parentheses. 

NIL: an atom t hat doubles as a li st of length zero . 

Recursion: the ability of a funct ion to re peatedly 
cal l itself. 
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That's right, i t ' ~~ don 't sell a bunch of our 
BASIC SOFTWARE VOLUME 1 albums 
quick, we'll get fired! Included are lots 'n' lots 
of your favorite Basic programs such as 
LUNAR LANDER and BLASTOFF!, plus new 
ones like MAILING LIST, FOURIER FIT and 
AMPLE ANNIE. Plays through your Tarbell, 
Kansas City or Altair cassette interface (we 
coded all three ways) . Or make cassette 
copies. Only 6 bucks. Don 't be a dummy, or­
der today! Satisfaction guaranteed or money 
back . 
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Relative Addressing for the 8080 


James P Gaskell 
Grif fon Industries 
Aust in Rd 
Amherst NH 03031 

Listing 7: A program used 
to perform relative jumps 
on the 8080 processor. 
A block of memory must 
also be set aside for the 
RST 7 ins true ti on, and 
the macroinstruclions 
/isted in table 7 must be 
added to the assembler 
to allow this program to 
work. 
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An essen ti al cha racter istic of any com­
puter is the ability to branch as a result of a 
dec ision. These jumps, or branches, can be 
do ne with ta rget addresses determi ned in a 
number of ways. Examples include abso lu te 
(d irect) jumps, ind irect jumps, indexed 
jumps and relative jumps. 

The instruction set for the 8080 pro­
cessor incl udes expl icit absolute jumps, 
both uncondit ional and cond itiona l. It 
also has one indexed jump (al though it 
allows for no offset). Unfortunately, the 
instructi on set does no t include any re la­
tive jump instructions, instruct ions wh ich 
are necessary if posi Li on inclc penden t pro­
gramming is to be accomplished. Howeve r, 
a routine can be used that simulates the 
desired result, thus enhanc ing the 8080's 
usefu I ness to program me rs. 

A relative jump goes to a speci fied offset 
from the present address. Instruction of 
this type al low jumps with in a program to be 

Hexadecimal Hexadecimal Label Op 
Address Code 

0038 22 4B 00 ENTER : SHLD 
003B E1 POP 

003C EB XC HG 
0030 E3 X THL 

003E F5 PUSH 
003F 19 DAD 
0040 11 FC 3F LX I 
004 3 19 DAD 
0044 Fl POP 
0045 E3 XTH L 

0046 EB XC HG 
0047 2A 48 00 LH LD 
004A C9 EX IT: RET 
004B 00 TEMP1 : NOP 

004C 00 END : NOP 

Note : In this l ist ing, BIAS = COOO and TEMP1 = 004B . 

independe nt of where th e program is located 
in memory . That is, if the whole (object) 
program is moved to a new area of memory, 
the jumps are st ill va lid. It is not necessary 
to reassemble or expli citly re locate a pro­
gram every time it is moved around in 
memory . 

In order to im plement this routine, three 
ste ps have to be taken. First, a short pro­
gram must be entered in to memory. Seco nd , 
a section of memory must be set to a con­
stant. Third, some macro instru ct ions must 
be ad ded to the 8080 assembler. (Macro in­
structions are assembly language instl'Llctions 
that are ex panded in to a sequence of ma­
chi ne language instruct ions dur ing as­
sembly.) After these steps are taken, relative 
jumps can be written in a straightforward 
fas hion in assembly language. 

First, the program shown in Iis t ing 1 must 
be entered into memory. It is importan t tha t 
th is program start at hexadecimal address 

Operand Commen tary 

TEMP1 Save HL 
H HL = (THERE - HERE 

+B IAS+ 1) 

TOS = Origina l DE 
HL = (HERE+ 31 

PSW Save PSW 
D HL = (TH ERE + BIAS+ 4) 
D, - (BIAS+ 4) 
D HL = THERE 
PSW Restore PSW 

TOS = THERE 
HL = Original DE 
Restore DE 

TEMP1 	 Res tore HL 

Jump THERE 

2 bytes of 

temporary 

storage 




0038, because it will be entered during exe­
cut ion vi a a ReSTart 7 instruction . Also, 
since TEMPl is used for data storage, it is 
necessary that TEMPI be located in pro­
grammable memory and not in read on ly 
memory. 

Second, a block of memory mu st be set 
to the RST 7 instruction. The larger th e 
block, the greater the range of the re lat ive 
jump instruction . An address near th e 

Macro 
Number 

Macroinstruction Assembled Instruction 

1 
2 . 9 

JR LABEL 
JR (FLAG) LABE L 

CALL (LABEL-$+ BIASI 
C (F LAG) (LABEL ­ $+ BIAS) 

Note 1: 
Note 2: 

$means the locat ion of the curren t instruc t ion. 
(FLAG) means any of t he eigh'I condition fl ags, ie : NZ, Z, 
NC. C, PO, PE, P or M. 

midd le of this area should be ch osen as the 
BIAS add ress. The machine language code 
for- the RST 7 instru ction is hexadec imal FF. 
This fort uitous coding permits an easy way 
to meet the present requ iremen t. Select an 
area of (logica l) memory where no hardware 
memory ex ists. If the data bu s has pu ll up 
r·esistor-s, doing a memory read to these 
loc;it ions results in r·ead ing hexadeci mal FF . 

Third, macroinstructions should be writ­
ten for the asse mb ler so that it wi ll do the 
computations necessa r·y to im plement the 
re lative jump. Since relative jumps can be 
done either un cond itionally or based on 
either state of any of the four flags, th is 
re qu ires that nine macro instructions be 
wr·itten. Tab le 1 outl ines wha t has to be 
done. If your assembler cannot handl e 
rnacroinstructions, or if you do not have 
an assemb ler, you must enter the proper 
CAL L instruction as shown in the tab le. 

To help in understand ing the theory 
of opera tion, refer to figu re 1. Si nee we 
wish to jump from HERE to THERE , we 
insert JR THERE (= CALL (THERE ­
HER E + BIAS)) at HERE. Thi s instruct ion 
push es (HERE + 3) onto th e stack and 
ju mps to the locat ion (THERE - HERE + 
BIAS) . At this new location we have made 
sure that the conte nts are equa l to hexa­
dec im al FF (= RST 7). This instruc tion 
pushes (THE RE - HERE+ BIAS+ "I) on to 
th e stack and jumps to hexadecima l 0038. 
AL 0038, we fin d our program. This progra m 
first saves the conten ts of selected r·egis ters. 
It then pops the top two words off the stack 
and adds them together to give (THERE + 
BIAS + 4) . After (BIAS + 4) is subtracted 
off, we are left with THERE. This address 
is pushed onlo the stack and th e registers 
arc resto red to their original condit ions. The 
f ina l RETurn does a jump to THERE . 

Th is rout ine uses fou r bytes in the stack 
and takes 78.5 µs (with a 2 MH z clock, 
ignor ing memory wai t times) to exec ute . 
For· compar ison, the abso lu te jump uses 
no stack locations and exec utes in 5.0 µs. 
This ro utine returns all r·egisters in their 
origina l states (except, of course , PC). 
After the over head is es tabl ished, each 
relat ive jump req uires three bytes, which 
is the same as the absol ute jump. Th is 
means tha t sw itchi ng between abso lute 

Table 7: The nine macroinstructions which enable the assembler to perform 
relative jumps on the 8080 processor. 

Instr 
HERE : JR THERE ; CAL L ITHERE ­ HERE+ B IAS) 

Instr I 
N locations 

I nst r + 
TH ER E: Instr ; Address = IHER E + N ) 

Instr 

RST 7 
BIAS: RST 7 ; Conten ts = FF 

AST 7 I 
N locations 

RST 7 + 
RST 7 : Address= (THERE ­ HERE + BI AS) 
AST 7 

Figure 7: An illustration of relative addressing as it is performed on the 8080 
processor. The program jumps from HERE to THER E. 

and relat ive ju mps does not affect the 
length of the objec t code. As req uirements 
change (basica ll y, re locatabil ity versus 
execution speed) it should no t be di ff icu lt 
to al ter· the cod ing. 

In summary, the ab ility to do r·e lative 
jumps can be added to an 8080 based 
system. The wor·king program req uires 
on ly 21 bytes with perh aps another 
co uple of hundr·ed bytes located elsewhere, 
so the demand on memory space is quite 
low. In a ty pi cal app li cation of relalive 
jumps, ob jecl programs are pul led off a 
mass storage un it, place d in any avai lab le 
memory, an d irnmecli a tely used. Th is 
examp le shows some of the strength of 
th is kind of jump and some of th e reaso n 
for the exper imenter Lo add this capabi lity 
to his/her· opera ting system. • 
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Use a UART for Serial 10 

Fr Thomas McGahee 
Don Bosco Tech 
202 Union Av 
Paterson NJ 07502 
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In my op 1111 on supp liers of software for 
microprocessors should refrain from writing 
their software for ser ial I 0 . Before you beat 
me over the head with your expensive Tele­
type, let me expla in myself further . 

Much of the software for serial devices 
such as Teletypes is written in such a way 
that the software itself provides the parallel 
to serial and serial to parallel conversion and 
timing necessary to allow the Teletype to 
communicate with the computer. {A prime 
example is the Motorola 6800's MIKBUG 
program./ This may save the price of a 
UART, but it also ties down a comp li cated 
memory program to emulate a UART. I 
propose that instead of writing the software 
fo r a seria l device, all softwa re be written for 
parallel 10. If provisions are made for the 
"handshaking" status inform at ion, then the 
parallel information can be easily converted 
to serial information if desired by using a 
UART. With proper handshaking and a 
UART, the speed of serial 10 can be made 
independent of the software, allowing the 
user to choose 110 bps or any other desired 
speed as presented to the UART clock 
inputs. All the user has to do is provide Hie 
desired clock rate. Further, such parallel 
handshaking wou ld allow parallel devices 
such as the SwTPC TVT II to be used at 
speeds of several hundred characters per 
second instead of 10 per seco nd . 

If properly des igned, a parall el 10 inter­
face can offer the fo ll owing advantages: 

1. External 10 devices may be serial or 
parallel. 

2. External 10 devices may be made 
to run at a data rate up to their maximum 
speed. 

3. External 10 devices may be mixed; 
ie: a parallel input and seria l output or vice 
versa. 

4. Changi ng from one external 10 
dev ice to another wou Id require at most a 
change in a few jumpers. 

Handshaking 

The key to an effective 10 scheme is a 
litt le thing we call "handshaking." Hand­
shaking is a technique wherein two devices 
communicate their status to one another. 
For instance, if the computer gives the exter­
nal 10 device a signal that indicates that it 
has valid data ava il able on its output port, 
and the external dev ice, after accepting 
and process ing th is data then provides the 
computer with a signal that indicates it is 
ready to accept a new inpu t, this is hand­
shaking. 

How can we provide this handshaking? 
Well, a UART already provides handshaking 
signals. For that matter, most external 10 
devices do or can provide the necessary 
signals needed for handshaking. What is 
needed is a way to comm un icate this 
information to the computer. 

The first technique that might come to 
mind would be to use a special inp ut and 
outpu t port to communicate status infor­
mation. As it happens, the ASCII code 

Figure 7: A circuit for setting up hand­
shaking between a computer and a UART. 
The eighth bits of the input and output 
ports are used to indicate whether the data 
has been sucessfully transmitted and the sys­
tem is ready to transmit the next bit of 
information. This circuit can be adapted to 
any 8 bit computer. IC4 is a standard UART 
part, an asynchronous data Interface. Some 
integrated circuit part numbers which may 
be used for IC4 are: the COM 2502 and 
COM 20 17 by Standard Microsystems, the 
2536 by Signe tics, the A Y 5 707 2, by 
General Instruments, the TMS 6071 by 
Texas Instruments, the TR 7602 by Western 
Digital, and the 51883 by A mericon Micro~ 
systems. All resistances are measured in 
ohms and all resistors are !4 W. 
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Octal (Page 0} Octal 
Add ress Op Code Operand Mnemonic Commentary 

100 113 INP 005 ASCII input rou t ine using input port 005; 
101 310 LBA input data into register B; 
102 174 200 CPE 200 check if most significant bit is high; 
104 150 100 000 JTC 000100 if bit not high continue input loop; 
107 106 123 000 CAL 000123 echo ASCII character ; 
112 044 177 NO i 177 strip off most significant bit; 
114 310 LBA regi sters A and B contain ASCI I character; 
115 007 RET return ; 
123 250 XRA ASCII output routine using output port 015 ; 
124 
125 

133 
301 

OUT 015 
LAB 

c lear output port; 
load ASCII character into registe r B ; 

126 133 OUT 015 output ASCII character; 
127 113 INP 005 check most significant bit of input port 
130 074 200 CPI 200 to see if it is high; 
132 100 127 000 JFC 000127 if bir is high continue checking loop; 
135 301 LAB restore ASCII character t o register A; 
136 007 RET return; 

Listing 7: Typical software routines for parallel 10 handshaking. This listing is represented 
in octal for an 8008 processor. A subroutine of this sort can be used at a wide variety of data 
rates since the receiving device will indicate when the next byte ofdata is to be sent. The deter­
mining factor for data transmission rate is the speed of the UA RT's clock. 

universa ll y used by small computers only 
requ ires seven bits to define all the regular 
characte rs: upper and lower case, numeri c, 
special symbols and contr ol characters. Thu s 
we have the eighth bit, the most signifi cant 
bit, avai lab le for use as a status bit. 

Figure 1 sho ws one way of se tting up 
handshaking between a comp uter and a 
UART. The rece iver of the UART has the 
seven necessary data lines con nected directly 
to the input port. The eighth bit of the 
input port is connected to a simple RS flip 
flop for med by two cross cou pl ed NANO 
gates. When receiver data ava ilable (RDA, 
pin 19 of the UART) goes hi gh, indicating 
that the receiver section has valid data, this 
signa l is inverted and fed to the RS flip flop, 
causing the most sign ifica nt bit of the input 
port to go high. This high leve l at the mos t 
significant bit can be detec ted by the soft­
ware in a wait loop. [This status line can 
also be used to trigger an edge sensitive inter­
rupt.. .CH/ 

Once th e software has acqu ired the data , 
in most si tuations it calls for an echo, which 
uses the outpu t ASC II rou tine. The software 
firs t clears the ou tput port, insuring that the 
most signi ficant bit is low. Then the ASC II 
an d the high most significant bit are sent to 
the outpu t port. The low to high transition 
of bit 0 7 is detec ted by oneshot IC3A which 
causes a few hundred nanoseco nd s of delay 
before causing oneshot IC3B to outpu t a 
negat ive pu lse. Th is negative pulse is fed to 
th e transm itter data strobe pin of the 
UART,. which causes the data from the 
ou tput port to be loaded in to the UART's 
transmitter buffer. Al the same time the 
receiver data ava ilable pin of the UART is 
also pu lsed low, rese tting the rece ive r 

sec tion 's data available line to a low level. At 
th is time the RS flip flop maintains the 
input port's most signi fica nt bit at a high 
level. 

Having echoed the ASC II code back to 
the UART, th e software can now wait 
with a loop testing the most significant 
bit of the input port for its low state. 
Meanwhile the UART transmitter sec tion 
is busy sending out serial data. When it 
is done, or at least when it is 1-eady to accept 
more data, the transmitter buffer empty 
will go high. Oneshot IC2A detects the 
rising edge and produces a few hundred 
nanoseconds of de lay, and then orieshot 
JC2B produces a negative pu lse that 
resets the RS flip flop . Th e softwa re detec ts 
this when the most significant bit at the 
input port goes low. Thi s indicates that the 
output operation has been successfully 
com pleted. The system is also ready to 
accep t more input at this time. 

Note that whil e th e example shown was 
for a UART, no restri ctions were made on 
the speed at which the UART was being 
clocked. Because we used handshaking logic 
signals we can run our UART at wh atever 
clock speed we desi re . 

By using a handshaking method such as 
this, the software is reduced to per iodic 
checking of the status bit. Ou tput characters 
can be sent at any time, not overlapp ing 
receipt and echo of an input character. The 
only oth er restrictions on use of this tech­
nique are that a dummy characte r must be 
sent out when the system is initialized, and 
of co urse the UART clock rate inp ut must 
be matched to the rate of the termi nal or 
other commu nicatio ns dev ice at the end of 
the ser ial transmission channel. • 
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~---------------------------- ---------------------~ 
We Speak Your Language... 

Pract ical Microcomputer Programming: 

The Intel 8080 by W J Wel ler, AV Shatzel , 
and H Y Nice. Here is a comprehensive 
sou rce of programm ing informa tion for the 
present or prospect ive user of t he 8080 
microcomputer, including moving data, 
binary ar i thmetic operations, mu l ti plication 
and division , use of the stack pointer, sub­
rout ines, arrays and tables, conversions, 
dec imal ari thmetic , various 10 options, rea l 
t ime clocks and interrupt driven processes, 
and debugging techniques. 

This 306 page hardcover book is well 
worth its $21 .95 price and should be in 
every 8080 or Z -80 user 's li brary. 

A Collection of Programming Problems 
and Techniques by H A Maurer and M R 
Wi ll iams. Here is a book that presents you 
with problems-near ly 400 of them : pro­
blems and games like chess, bridge, NIM; 
practica l problems such as appl ications of 
the law of science, Kramer's rule for solving 
simultaneous equations, and applicat ions 
of Lat in squares to problems of probability; 
and more advanced computer science topics 
such as the use of Bac kus Naur form. One 
quarter of the book is devoted to an appen­
dix that gives stymied readers hints on how 
to proceed w i th solut ions of the problems . 
The most va luable feature ol the book is its 
carefu l and thorough explanation of the 
use of algorithms to solve problems . No 
dyed-i n-t he-wool programmer or experi­
men ter wi l l be able to read this book fo r 
very long before trying to solve the tanta­
lizing and we ll presented probl ems. $13.50 . 

$9.00 

THE FIRST 

BOOK 
OF 

KIM 

ORB 

_ _ Top Down Structured Programming 
Techniques by Daniel McCracke n w ho has 
called st ructured programming "a major 
intellectual invent ion." What is structured 
programming? Clement McGowan and 
John Kelly answer this question in their 
lively , well written book, Top Down Struc­
tured Programming Techniques. Discover 
the three basic types of f lowcharts and 
how to opt im ize them. One section deals 
with the best ways to manage programs 
being wr i tten by a team of programmers . 
An important feature of this book is its 
un iversality : pract ical ly any program in any 
language can be improved by using t he ideas 
described in it. $15.95. 

__ The First Book of KIM. Attention KIM 
users! Here is the book you ' ve been wai t ing 
for . In it you ' ll find a beginner 's guide to 
the MOS Technology KIM-1 microcompu ter 
as we ll as an assortment of games including 
Card Dealer. Chess Clock, Horse Race, 
Lunar Lander and Music Box. Also featured 
are diagnostic and util i ty programs fo r 
t esting both the computer and externa l 
equipment (such as cassette recorders), and 
chapters on expanding memory and con­
trolling analog devices. This 176 page 
volume should prove an essential addit ion 
to any KIM user's library . $9.00 . 

_ 6800 Programming for Logic Design 

_ 8080 Programming for Logic Design by 
Adam Osborne . These books are sequels to 
Adam Osborne's previous books, An Intro­
duction to Microcomputers, volumes 1 and 
2. They explain how an assembly language 
in a microcomputer system can replace 
combinatoria l logic such as TTL logic and 
the like . If you're a logic designer. you'll 
discover how to do your job in a new way . 
If you're a programmer, you ' ll f i nd many 
new and valuable techniques including the 
use of macros, h igh level languages, peri· 
pheral interface adapters (PIAs), and so on. 
Also included are complete chapters on 
assemb ler language, direct digita l logic 
simulation , and large sections devoted to 
the implementation of all these ideas 
usi ng the Motorola 6800 processor and 
the 8080 p rocessor. $7 .50 each. 

DIAL YOUR ORDERS ON THE BITS TOLL FREE HOT LINE: 1-800-258-5477. 

In New Hampshire, call col lect : 924-3355 Check Pay ment me th od : 

Send to : -
__My check 1s enclosed 
__Bil l m y MC No. _ ___________ Exp . date----­BITS, Inc. .,.... 

70 Main Street - •iiiii --Bil l m y BAC No . Exp . date ----­-Peterborough NH 03458 

$ ___Total for al l books checked 
m 

$ ___Postage, 50 cent s pe r book for___ books
Address 

Overseas, 75 cents per book for ___ books S _ _ _
State Zip Code 

$ ___Gra nd To tal 

1 na1ure Prices shown are subjec t to change wi thout not ice. 
All o rders must be prepaid . 

You may photocopy th is page 1f you wish ro leave yo ur BYT E int act . In unusual cases, processi ng may exceed 30 days. 
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Stan Skoglund 
5757 Avenida Sanchez 
San Diego CA 92124Diddle 

Listing 7. OCTAL 

000377 SWITCH : EOU 255 ;ADDRESS OF SENSE SWITC H PORT 

000000 ORG 000000 

" DIDDLE " VERSION 1.0 

000000 076 START : MVI A,3 ;IN ITIALIZE DISPLAY PATTERN 
000001 003 
000002 016 BEGIN : MVI C,O ;IN IT IALIZE DIRECTION COUNTER 
000003 000 
000004 107 RUN : MOV B,A ;MOVE DISPLAY TO B-REG 
000005 021 SPEED : LXI D,64 ;INITIALIZE TIMER DURATION COUNTER 
000006 100 
000007 000 
000010 041 LXI H,O ;INITIALIZE TIMER BASE 
000011 000 
000012 000 
000013 002 DSPLY : STAX B ;DISPLAY BIT PATTERN VIA ADDRESS LIGHTS 
000014 002 STAX B ;DO IT AGAIN TO MAKE IT BRIGHTER 
000015 002 STAX B ;AND BRIGHTER .. .. 
000016 002 STAX B ;AND BRIGHTER . ... 
000017 002 STAX B ;AND BRIGHTER . . . . 
000020 002 STAX B ;AND BRIGHTER .. .. 
000021 002 STAX B ;AND BRIGHTEST ! 
000022 031 DAD D ;ADD TO TIMER BASE. TIMER ELAPSED? 
000023 322 JNC DSPLY ;NO, GO BACK AND DISPLAY AGAI N 
000024 013 
000025 000 
000026 333 IN SWTCH ;OTHERWISE READ SENSE SWITCHES 
000027 377 
000030 376 CPI 0 ;DOES PLAYER WANT DI SPLAY TO STOP? 
000031 000 
000032 312 JZ SPEED ;YES, GO BACK AND RE-ISSUE SAME DISPLAY 
000033 005 
000034 000 
000035 062 STA SPEED+1 ;OTHERWISE SAVE NEW SPEED 
000036 006 
000037 ODO 
000040 014 INR c ;BUMP DIRECT ION COUNTER 
000041 171 MOV A,C 
000042 376 CPI 63 ;TIME TO RESET DIRECTION COUNTER? 
000043 077 
000044 362 JP RESET ;YES, JUMP TO RESET SECTION 
000045 063 
000046 000 
000047 376 CPI 31 ;SET STATUS WORD 
000050 037 
000051 170 MOV A ,B ;MOVE PATTERN INTO A -REG. 
000052 007 RLC ;SHIFT PATTERN 1 BIT TO THE LEFT 
000053 372 JM RUN ;JUMP IF STILL MOVING IN LEFT DIRECTION 
000054 004 
000055 000 

000056 017 ARC ;SHIFT PATTERN 1 BIT TO THE RIGHT 
000057 017 RRC ;SHIFT PATTERN 1 BIT TO THE RIGHT 
000060 303 JMP RUN ;GO DISPLAY NEW PATTERN AT NEW SPEED 
000061 004 
000062 000 

THIS SECTION IS EXECUTED AFTER PATTERN HAS MOVED 4 TIMES TO THE 
LEFT AND 4 T IMES TO THE RIGHT. 

000063 170 RESET: MOV A,B ; MOVE PATTERN INTO A-REG . 

THIS NEXT LOCATION CAN BE LOA DED WITH OCTAL 057 WHICH WILL 
ADD A LITTLE ZIP TO DIDDLE. 

000064 000 NOP ;CHANGE TO CMA 
000065 303 JMP BEGIN ;GO START OVER AGAIN 
000066 002 
000067 000 
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"Didd le" is a game program in which one 
can sit with an Altair 8800 computer and 
didd le around for some time without solving 
anything. The pure satisfaction of beating 
the game makes it all worthwhile. 

The object of Didd le is to stop the 
moving pattern in address I ights A 12 and 
A 13 whi le it is approaching from the right. 
If this is done within the ru les and regula­
tions you are considered a winner. Of 
course, almost everybody wins at the slower 
speeds, while only a selected few are ta l­
en ted enough to beat the computer in the 
high speed race . Try your luck! 

Load Diddle via the front panel 
switches, referr ing to li st ing 1. For those of 
you wishing to make paper tapes or Xerox 
copies of this listing, be my guest. Diddle is 
public domain software. 

Program Operation: 

• 	 Select the program starting address 
by setting all the address switches 
off (down). 

• 	 Press exam ine. 
• 	 Pressrun . 
• 	 Set address switch 10 up. Observe a 

pattern moving in address li ghts A08 
thru A 15. Watch it for a min ute or so. 
Try to predict its behavior. 

• 	 Set al l the address switches down . 
No te that the pattern stops moving. 
Now set address switch 10 up again. 
The disp lay in the lights shou ld start 
moving again if the program is oper­
ating properly. 

• 	 There ex is ts a relationship between the 
speed of the moving pattern and the 
address switch used in the above steps. 
Switches to the left of A 10 wil l cause 
th e pattern to move faster, while 
switches to the right will produce a 
slower motion. Only A08 thru A 15 
can be used. Program ignores switches 
AOO th ru A07. 

Rules and Regulation : 

• 	 Once a player starts the pattern mov­
ing, he must wait at least 5 seconds 
before making his move to stop it. 
Thi s prevents a player from creeping 
up to the stopping spot by toggling the 
speed switch . 

• 	 The moving pattern must be approach­
ing the stopping position from the 
right when a player attempts his move . 

• 	 You must upon demand show that 
you can beat Diddle three out of 
three times at the speed you claim to 

be a winner. If you cannot do th is, 

then you ar-e not a bonafide winner, 

but just a didd ler. 


• 	 In all cases the burden of proof is left 

to the player, not the judges. However, 

the judges' d~cision is fina l. 


Theory of Operation and 
General Notes on Diddle 

The display pattern is shown in the 
address LEDs by executing a STAX B 
instruction which causes the 8080 pro­
cessor to output 16 bits of information to 
the address bus. The choice of the ST AX B 
instruction was made so that the B register 
could contain the display pattern. To 
modify the disp lay, it is only necessary to 
modify the B r·egister and then execute the 
STAX B in struction. This method of d isplay 
requires keeping in mind some other con­
siderations. For in stance, rernem ber· that the 
processor· is also putting o nto the address 
bus the location of each instruction it 
fe tches from memory and therefo re, in 
order to control address LEDs AS thru A 15 
via the B register, the ST AX B instruction 
must be located in low memory (below 
octal add ress 377). Try r·clocating Diddle 
to octa l 10000 and you will see that the 
display stil l rotates, but address LED A 12 
wil l always be on. Also, for the same reason, 
the maximum disp lay pattern one coul d 
hope to ach ieve wou ld be 13 bits, although 
Diddle only uses an 8 bit d isplay. 

The speed of the rotating pattern is 
determined by adding a value to an accumu­
lative cou nte r un ti l it overflows. Of course, 
the large r· the value, the quicker the counter 
wi ll overflow. The real trick with Diddle is 
that it lets the value be se lected by the 
player at execution time. This is done by 
executing an IN instru ctio n from port 255. 
MITS has provided the abi lity to read th e 
front panel switches (A8 th r·u A 15) via 
software usi ng this port. 

The direction of motion of the display 
pattern is determined by counting the num­
ber of rotations. Eight rotations wil l cause 
the pattern to revo lve once, 16 rotations wi ll 
cause it to revolve twice, etc. The pattern 
is rotated in the left direction until the 
counter reaches 31, then it is rotated in the 
right direction until it reaches 63 . The 
counter is then reset and the cycle begins 
again . 

It is interesting to note that the contact 
bou nee of the front panel switches does not 
seem to affect the operation of Diddle. This 
is probably because the reflex time is much 
larger than the contact bounce t ime. • 

BYTE D.combcr 1977 169 



Continued from page 69 

A two-sided pri n ted ci r­
cuit board and a ki t of pa rts 
are now commerc iall y ava i l­
able . The board al one is $ 19, 
and the comp lete kit is $39 . 
T he assembled, tested and 
warranteed unit is $69. Send 
to: Meade Electronics, 511 
Meade Ci r, Memphis TN 
38122. 

Effective 
Nearby Integer 

Musical Note N 

address 1400, to send to the dividers, IC l 5 
and I Cl 9, for notes ·1 and 2. Notes 2 and 3 
are only in th e low octaves 5 and 6 so up to 
three octaves may be played a l once. I chose 
these to be in the lower octaves because I 
use them fo r rhythm and accompa niment. 
You may want to add other octave se lec to rs 
for more con trol, or add ma nual switc hes to 
have notes 4 and 3 in any oc tave. 

The data from the comp uter is strobed 
into th e latches by write pu lses generated by 
the address decoder, ICS to IC7 (figure 4). 
K5 from KIM -1 is low whenever the sixth 
1024 block of memory is addressed. Ks 
is combined in ICS wi th Ag, Ag, and R/W 
to prod uce pulses when addresses 20XX to 

R 

A ctual 

Ratio 


22 XX are written into. The pu lse ind icati ng 
addresses 20XX {2000 to 20FF) are being 
written into is co mbi ned with A7 to A. 3 and 
<P2 to produce a negative pulse du ring phase 
two of the co mpu ter clock when locat ions 
1400 to 1407 are bei ng written into. This 
short pulse is comb ined with A2 to Ao in 
IC7 to produce strobe pulses for the latches 
du ring the 500 ns when the data is stable on 
the data bus. Generating a tune is done by 
stori ng (with a timed seque nce) the appro­
priate data into locations 1400 to 1402 as 
you would any other memory locat ion. The 
5 to 12 V leve l shi fte r is simply a hi gh volt­
age, 
In r

open 
etrospect, 

collector hex 
diodes D1 

inverter, 
to 04 are 

7406. 
pro-

Pitch 
A ssumi ng 

w 
Nearest 

Well Tempered 
Key Note 256/N 1 MHz/(16 N I Ratio (R-Wl/R 

B . 256 8 8 1.0000 244.14 1.0000 0.0000 
252 9 14 1.0159 248.02 1.0000 0.0156 

c . 242 11 11 1.0579 258.26 1.0595 0.0015 
• 240 8 15 (10, 12) 1.0667 260.42 1.0595 0.0068 

234 9 13 1.0940 267.09 1.1225 0.0260 
C# . 225 15 15 1.1378 277.78 1.1225 0.0135 

224 8 14 1.1429 279.02 1.1225 0.0178 

220 10 11 1.1636 284 .09 1.1892 0.0220 
0 •• 216 9 12 1.1852 289.35 1.1892 0.0034 

210 14 15 1.2190 297.62 1.1 892 0.0245 

208 8 13 1.2308 300.48 1.2599 0.0237 
0 # . 200 10 10 1.2800 312.50 1.2599 0.0157 

198 9 11 1.2929 315.66 1.2599 0.0255 

196 14 14 1.3061 318.88 1.3348 0 .0220 
195 13 15 1.3128 320.51 1.3348 O.OHO 

E •• 192 8 12 1.3333 325.52 1.3348 0.0011 

F . 182 13 14 1.4066 343.41 1.4142 0.0054 
• 180 9 10 (12, 15) 1.4 222 347.22 1.4142 0 .0056 

176 8 11 1.4545 355.11 1.4142 0.0277 

F# . 169 13 13 1.5 148 369.82 1.4983 0.0110 
168 12 14 1.5238 372.02 1.4983 0.0167 

165 11 15 1.5515 378.79 1.5874 0 .0231 
G . 162 9 9 1.5802 385.80 1.5874 0.0045 

• 160 8 10 1.6000 390.63 1.5874 0.0079 

156 12 13 1.6410 400.64 1.6818 0 .0248 
G# . 154 11 14 1.6623 405.84 1.6818 0 .0117 

150 10 15 1.7067 416.67 1.6818 0 .0146 

A .. 144 8 9 (12, 15) 1.7778 434.03 1. 7818 0 .0026 
143 11 13 1.7 902 437.06 1.7818 0 .0047 
140 10 14 1.8286 446.43 1.7818 0 .0256 

A # .. 135 9 15 1.8963 462.96 1.8876 0.0045 
132 11 12 1.9394 473.48 1.8876 0.0266 

130 10 13 1.9692 480.77 2.0000 0.0156 
B . 128 8 8 (nex t octave) 2.0000 488.28 2.0000 0.0000 

• Diatonic major scale notes " best f it" to A = 440 standard. 
• Best l i t of diatonic major scale to equally tempered sca le based on B = 244 .14. 

Table 5: Table of possible intervals. The circuit of figures l to 4 produces the following set of possible frequencies assuming a 
l MHz central processor c/oc/?. In this table, outputs have been grouped near the equivalent well tempered scale ratio and fre­
quencie . The asterisk (*)indicates best fi t for a logarithmic well tempered scale series starting at a ratio of 7.0000, calculated 
using a program on a pocket calculator. No tations in parentheses show effec tive integers derived by shifting to the next octave. 
No te that with this calculation, use of "best" fit finds the note A in this octave at 434 Hz, 0. 7% flat with respec t to the standard 
A of 440 1-/z. Table 6 picks a set from this table which is closes t to the standard pitches but not optimal with respec t to equal 
temperment. 
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bably not needed since IC6 probably can 't the ir mu ltip lication by div iding by a sma ll er 
supply enough cu rre nt to damage IC3, number. To ma ke this idea clear to you I've 
even thoug h the inp ut voltage maximum to written out the ratios, divi so rs, output fre­
IC3 is specified as 5.5 V. The fo ur extra out­ que ncies, and the data to be wri tten into 
pu ts on the quad I.i tches are used with 24 locati ons 1400 and 1401 (don't fo 1·get to 
LEDs to give you a bo nus light show, and write FF into 1402). For exa mp le, if hexa ­
arc useful in figuring out wha t data is bein g decima l 34 and hexadecima l F7 are written 
se nt to the in terface from th e comp uter. The into 1400 an d 140 1, the 1.00 MH z clock 
LEDs are lit wi th Os instead of ls at the J wil l be divided by (8x12x 'l 5x2) to give 
inpu ts, so that th e more lights, th e lower an out put frequency of 34 7 .222 Hz. 
th e divisor and the highe r the no te. If you To play the major scale, your memory 
wan t the lights to read the same as the J shou ld loo k like th is: 
in puts, reverse them and tie th e anodes to Address Data 
+12 v. 

SCALE+O 34The midd le seve n octaves of the in terface 
SCALE+I F7each have 33 uniq ue combi nations of the 
SCALE+2 40key and no te dividers. I've made a I ist of fre ­
SCAL E+3 F2 quencies in one such octave. You'll no tice 

etcright away that there is no way to get a per­
fect fi flh if you use 244.14 Hz as th e home The maj or and minor diaton ic scales and 
01· "to nic" note. Thi s is because to go up in the twe lve no te chromatic sca le are not th e 
frequency by 3/2s, you need to already be on ly scales that are pl eas ing to the huma n 
dividi ng by a number that has 3 in it such as ear. With thi s in te rface you shou ld be ab le to 
9, 12, or 15. So if you want to change to a create new and pleasing mus ical scales, and 
note that is a fift h from the to ni c, 248.02 co mpose music wh ich has never been heard 
Hz, 260.42 Hz, 267 .09 Hz etc can be used before. You can explo re the sounds of inter­
as the to nic, but 244 .14 Hz, 258.26 Hz, vals with freq uency ra tios of 7 /4, 9/ 5, 9/7, 
279.02 Hz can' t be. Although thi s may see m and 7/6 wh ich are not found in Western 
restri cting, rem em ber that the oc tave here mus ic. You shoul d also be able to inven t 
has almost three times as many notes as an some new and interest ing choi-ds since 
octave on a piano. For the tri tone inter­ you will have more of the harmonic series 
val (s), you wil l find that 10/7 and 7 / 5 are ava il <1 ble Lo you . just watch out fo r the 
in di st ingu ishab le fro m 64/45 and 45/32, cri tica l ba nd by keepi ng your notes more 
and are eas ier to use. tha n 50 Hz apart plus 25 Hz for each kHz.• 

Now to ge t started using the in terface, 
let 's wr ite a program to play the do to do 
sca le in both major and minor modes . To 

START 

LOAD REGISTER X 
WIT H 0 

LO AD ACCUMULATOR 
WI TH OC TAVE AN O 
KEY DATA LOCAT ED 
AT SCALE + X 

STORE ACCUMULATOR 
IN 1400 

INCR EMENT X 

LOAD ACCUMU L ATOR 
WIT H NOTE DATA 
LOCATED AT 
SCALE + X 

STORE ACC UMULATOR 
IN 1401 

WAIT 250 ms 

I NCREM ENT X 

NO 

•c H ANG E OCTAVE ANO 
REPEAT OR RE TU RN 

keep it simple, we'll let no te 1 play and Figure 5: Flowchart of a simple program to cycle through a series of note 
keep the o th ers silent. To silence no tes codes found in a table indexed by register X, with 7 6 entries. 

2 to 4, we need to sto re a 1 in bit 7 of 
locat ion 1401 and in bits 4 and 7 of loca­
tion 1402 . To hear any th ing, we also need 
a 0 in bi ts 4 and 7 of location 1400 and Divisor Data 

Ratio Octave Key Note 1400 1401 1KON1to hear note 1, a 0 in bit 4 of 1401. One 
set of data to accomplish this is: 111 8 12 15 34 F7 347.2 ., Second 918 16 8 10 40 F2 390.6Address Data 	 .. 

() Third 5/4 8 12 12 34 F4 434.0 
en Fourth 4 / 3 8 9 15 31 F7 463.01400 xy 0 Fif th 312 8 12 10 34 F2 520.8{'°"''·;;;­1401 Fz Si x th 513 8 12 9 34 F l 578.7:2:

1402 FF 	 Seventh 1518 8 12 8 34 FO 651.0 
Octave 211 4 12 15 24 F7 694.4 

where x, y, and z are numbers less th an 8 
and the Fs are any numbe r more th an 7 1I 1 8 12 12 34 F4 434.0 

., Second 918 16 8 8 40 FO 488.3
(cg : hexadecimal E). .. Th i rd 6 /5 8 12 10 34 F2 520.8 

If you look at the major and minor en 
() 

Fourth 4 /3 8 12 9 34 Fl 578.7 
Fifth 3 /2 8 12 8 34 FO 651.0mode sequences in table 1, "Key of C 0 

c C"''Sixth 8 /5 4 12 15 24 F7 694.4
Maior, " or in table 2, "Key of A Minor·," ~ Seventh 16/9 8 9 9 31 F 1 771 .6 
you 'll fin d that Lhe major sca le tonic must Oc tave 2/ 1 4 12 12 24 F4 868.1 

co ntain lwo 3s and a 5 in the divisor so 
you can mu ltiply by 9 and ·1s, and th e Table 6: A select ion of codes tal?en from the integers of table 5 and applied 
mino r· sca le to nic must contain two 3s. to !he hardware of figures 7 to 4, to create a major scale (tonic F relati11e to 

The so ca ll ed "rate mu lt ip liers" also do A = 440) and minor scale (ton ic A, re/ati11e to A = 440). 
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Ci rc le 54 on inquiry ca rd. 

D-2 BINDER ADAPTERS 

G$36.oo 

R1 
P.O. Box 10767 
Salem Station 
Win.ston-Salem, N .C. 

27108 

(919) 748-8761 

We're not playing games! 

Our systems mean 


BUSINESS! 

The sys tems can play games, but they're rea lly meant to 
do business. Our Z-80 based minicompu ter system has 
keyboard. video display, prin ter, 24K ol memory, dual 
fl oppy disks includ ing fu ll business software - and is 
available assembled and tested, starti ng at. .. 

$3,995.00 
Nothing else to buy !except paper and floppy disks! to 
run: 

Accounts Receivab le General Ledger 
Accounts Payab le Inventory 
Pay roll ... and othe rs 

Programs run in BASIC interpreter, which is supplied. 
Ociller <ind sales ager1t 111Qu 1r1es .rue 1nv1ierl 

MiniMicroMart, Inc. 

1618 James Street 


Syracuse, New York 13203 


(315) 422-4467 


Continued from page 14 

rescu ing the smal l space cruiser, the captain 
was being questioned concerning his actions 
(which had necessitated the in tervention of 
a star-shi p). His statements were rout inely 
ro uted through the data base fo r confirma­
tion or contradiction. Less than one second 
after he stated " I have a Mas te rs I ice nce. ", 
the computer countered with "I ncorrect. 
Maste r·s lice nce revoked stardate 1317.6." 
Even more surprisingly, the co mputer had 
previously identi fied this capta in correctly 
from his voice print and other sensory data. 
Hi s comp lete fil e, includi ng crim in al record, 
was instantly availab le to the Ente1prise 
officers . So, at the ve ry least, the Enterprise 
data base must contain complete biographical 
information on al l know n crim inals in the 
galaxy! 27 

The seco nd incident began with the com­
puter's response to the inquiry : "Computer. 
Lingui stic banks. Defi nition of the followi ng 
word: ' redjac'." After receiv ing a negative 
reply, all other banks were sea rched. The 
answer was then in th e affirmative: "Work­
in g. Red jack: Source: Earth , nineteenth 
century. Language: English. Nick name ap­
plied to mass murderer of women. Other 
Ea rth synonym : Jack the Ripper." At this 
point an add itional inq uiry was made: 
"Computer. Crimino logica l fil es. Cases of 
unsolved multiple murders of women since 
jack the Ripper." The computer responded 
with a half doze n such crimes ranging in 
time from the unsolved murder of seven 
women in Shanghai, China, Earth in 1932 
to the cr imes on Ri ~e l IV only one year 

8preceding the inq uiry. 
The amount of lingu is tic, cr im ino logical 

and biographical data that wou ld have to be 
stored . on lin e to answer these ty pes of 
questions almost defies belief. 

Apart from the exceptional tasks which 
the Enterprise computers perfo rm, th eir 
man -computer interface is even more 
amazing. All the computer termin als are 
eq ui pped for audio 10, full graphics including 
the display of photograph ic data, and can be 
tied into any of the ship's numerous data 
banks. The voice commands that can be 
processed by the ship's com puters are not 
from a small set of command words (eg: 
"End yell ow alert! Begin processing. Find 
Yeoman Rand!"); rather they are com­
plete! y unrestr icted Engli sh! Examples of 
typica l commands are: 

Compute to the last digit the value 
of pi. 29 [Quite a trick if you can do 
it ... CM ] 
Computer. Digest log recordings for past 
five solar minutes. Correlate hypotheses. 
Compare with li fe forms register. Ques­
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lion : Could such an entity wilhin dis ­
cussed limits exisl in this galaxy ?3 0 

Engineering Officer Scott reports warp 
engines damaged but repairable. Ascertain 
precise degree and nature of damage, 
compute natl/re and magnitude of forces 
responsible, and program possible 
countermeasures. 3 1 

Library computer . .. Give me eve1ything 
y ou have on a man named or !mown as 
Kodos the Executioner. After that, a 
chech on an actor named Anton 
Karidian. 3 2 

Hardware Innovations Necessary 

With the immense amount of data tha t 
must be stored on line and avail ab le for fast 
access, one area of tech no logy that must 
have been highly developed in the Star Trek 
era is memory techn ology. A reasonab le 
est imate of the size of the Enterprise data 
base is 1022 bits. To achieve a retrieva l "in 
a manner of seconds," an effect ive memory 
access t ime of 10- 15 seconds is req u ired 
(see reference on page 180). No operational 
memory devices today offer the necessary 
fast access time, along with high capacity, 
low power consumption and smal l volume. 
Howeve r, a number of devices hi t herto 
restricted to the research lab are becoming 
operationa l which have some or al I of the 
desired qua li ties. These include the so-call ed 
elec tronic disks, the Megastore of the 
Ampex Corporation, and Josephson junction 
dev ices. 

Electronic disks are memory devices em­
ploying various new technologies which do 
not involve mechanical movement, but 
which possess the capacity of fixed or 
movab le head disks, along with dramatically 
faste r access t imes. They are just now begin­
ning to become operational. Some problems 
ex ist in a few of the technologies, eg: 
memory vo latility is a slight problem in 
the elec tron beam ad dressed electronic 
disk. 3 3 ,34 

The Megastore of the Ampex Corpora­
t ion , however, represents a new use for an 
old tech no logy. Megastore uses magnetic 
core, a techno logy that has been on the 
decline since the advent of smaller and faster 
sem iconductor memories. The use of Mega­
store as a mass storage device is now a 
fact. 3 5 

The Josephson junction is another entirely 
new techno logy which cou Id be used for 
memory. The Josephson junction device is 
a superconduc"ting tunnel junction first 
demonstrated in 1962 by Brian j osephson at 
Cambridge. In one form, it exhibits a very 
rapid switching phenomenon between two 
modes of junction tunnel ing which enables 

BUY, SELL OR TRADE 
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OR LITERATURE THROUGH OUR NATIONWIDE 


SMALL COMPUTER SYSTEMS DATA BASE 


En ter any item you wish to buy, se ll or trade in our Small 
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sel l or trade. Your en try wi ll rema in act ive in our data 
base tor three months . All incoming entries will be pro­
cessed aga in st your item and your entry will be mailed 
to al l those that match . Thus you are assured of a wide 
coverage for your buy. sell or trade. 

The cost of your first entry is $4.00, each addit iona l item 
submitted at the same time is $2.00. Send the entry form 
below together with your check to: 

THE SHALL COMPUTER SYSTEMS CO. 
P.O. Box 4344, Warren , New Jersey 07060 

0 BUY 0 SE LL 0 TRADE 
0 HARDWARE 0 SOFTWARE 0 LITEl>ATURE 

Nam e 

Slreet ___________________ 

Ci ty _________ Stale____ Zip ___ 

Telephone (Include Area Code) ------- -- ­

Attach description of Item (approximately 50 words). 
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Z-80 CPU $35.00 

2708/16 EPROM $25.00 

PROTOBOARD $25.00 

Bk STATIC RAM $25.00 

HOLIDAY 

CARDS 


.. . Any of the 
versatile boards 
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Talktoyour
contputer for $299. 


SpeechLab™ lets you talk to and control any S-100 
bus computer . .. Sol, Altair, IMSAl, e tc. Use for compu­
ter input, research, voca l control and games. P rice, $299 
assembled and tested. Complete hardware/software 
system, 275 page lab and 95 page hardware manuals. 

Address Heu ristics, Inc. , 900 N. San Antonio Road, 
Los Altos, CA 94022. H • t• 
Phone (415) 948-254 2. ·~­eur1s 

INC 

Get the best in 

Business Data 


Processing Systems 

Accounting, Inventory, General Ledger, 


Timesharing Applications 


Also a complete line of personal computers 

and peripherals, including: 


• IMSAI • Polymorphic 
• Digital Group • DTC 
• Compucolor • North Star 

•Books/Magazines 

HARDWARE/SOFTWARE SUPPORT 

Our experienced staff is ready to help you 


configure the best system to suit your needs 


I tli:i•i·h"i'iia•g.r·m•

A company of Business Solutions, Inc. 


124 H Blossom Hill Road• San Jose, CA 95123 

(408) 226-8383 

the device to be u ed as a flip flop register. 
The Josephson junction, as far as memory 
technology is concerned , is over 15 years 
away. One diffic ulty wi th th is techno logy 
is that it operates at the extremely cold 
temperature of liquid heli um (4.2° K) and 
therefore req uires a sophisticated externa l 
refrige r·ation un it. 36 The typ ical access times 
for memory devices emp loy ing th ese tech· 
nologies are shown in the fo llow ing ta ble: 

Integrated ci rcuits 10 to 100 ns 
Magnetic core 1000 ns 
Fixed head disk 8,000,000 ns 
Electronic disk technologies : 

• Charge coup led devices 6400 ns 
• Domain tip propagatio n 1,280,000 ns 
• Electron·beam addressed 10,000 ns 
• Magnetic bubbles 640,000 ns 

Josephson junct i on 1 ns 

Wi thout a do ubt, the new tec hn ology 
which provides the fastest access is the 
Josep hson junction. (Laboratory access 
limes of 0.6 ns have been recorded .) Because 
of the speed of the Jose phson junction, its 
sma ll size and low power consumption, 
much work is curren tly being done to br ing 
it from the laboratory into the work ing 
compu ter world. 

With respect lo operational memory 
devices, then, the current tech nology is still 
five o r six orders of magn itude away from 
the world of Star Trek, where the measure 
used is memory access time. However, an 
additional possibil ity is that the Enterprise 
computer may be organized as an associative 
or co ntent ad dressa ble memory. Such an 
organ izat ion woul d red uce the access lime 
requirements by at least a few orde rs of 
magn itude and would make the memory 
access t ime requirements closer to our 
curren t techno logy. 

The remote termi nals on the Entetprise 
also repr'esent a real challenge for today's 
electronic techno logy. These terminals are 
primarily used for live visual communication 
between sh ips as we ll as for interna l ship 
com munications. They are also capable of 
dis play in g pho togra ph qua lity records from 
a data base plus alphanumeri cs . Si nce the 
videophone is a real ity today (a lthough in 
very limited quant ities and at great ex­
pense), 3 7 the visual commu ni cation usage 
alone poses no problem. Graphics disp lay 
term ina ls using the current raster scan 
technology can presently provide this. 

The displ ay of photographs from the 
data base, however, is a different matLcr . 
If the raster technology is used, then the 
storage of digitized photographs by current 
data cornp1·ession techniq ues38 would 
require such an imme nse amount of 
secondary storage39 tha t our curren t 
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memor·y techno logies could not do the job. 
But one could envision a central photograph 
storage from which a specific photograph is 
retrieved mechanical ly and brought into 
position in front of a high resolution TV 
camera. The camera produces th e necessary 
raste r· scan signal to drive the display. 
Wh ether a mechanical retr ieval of a random 
photograph cou ld be performed in a timely 
fashion, however, is open to discussion. 

Another possibility is to use the plasma 
disp lay technology coupled with back 
projection. This is currently done in the 
Magnavox 10000 Plasma Disp lay Terminal, 
now bei ng successfu lly used in th e PLATO 
IV Project (Programmed Logic for 
Automatic Teaching Operation, Fourth Gen­

41 42eration) at the University of lllinois.40
• •

The Model 10000 al lows back projection of 
microfiche data concurrent with the disp lay 
of graphic information .4 3 Such a system 
all ows a smal l amou nt of information on th e 
screen to be modified without redrawing or 
recomputing the unchanging major portion 
of the disp lay. The problem on the Enter­
prise, however , is to transm i such a back 
projec tion from a common library to a 
remote term in al. 

Any hardware on board the Enterprise 
must be rugged . The starship is often sub­
jected to jolts of su ff icient magnitude to 
prope l a forewarned, ex perie nced and ab le­
bodied crewman a distance of 20 feet or 

44 45 46more. • • While it is stated that the 
computer hardware is enc losed in anti­
gr·avity, antiacce ler·at ion and antirad iation 
field ,47 this is at best im possibl e lo evaluate 
and at worst incomprehensib le to today's 
sc ience. 

Software In novations Necessary 

Apart from th e hardware innovations 
necessary to realize the leve l of computer 
techn ology present in Star Trek, there arc 
·software and theoretical deve lopmen ts 
which must be made. Certain elements of 
that level of techn ology are not hardware 
bound (or at least do not appea r to be 
so) . Two of these most ap paren t to the 
computer oriented Star Trek observer are 
speech recognition and semantic compre­
hension of a natura l language. 

Speech Recognition 

It is ofte n hard for nontechnical people 
to understand the probl ems involved in 
speech recognition by computer. After all, 
every 5 year old ch ild can und erstand 
the speech of fe llow human bei ngs, even 
in the presence of signi fica nt background 
noise or degradati on. Can the process be so 
difficult to program? 

Circle 62 on inqu iry ca rd. 

exp erie nce 

excitement 
cha I lenge 
intrigue 

w i th y ou r co m pute r 
and 

Dr. C. W i lliam Eng e l 's 

Stimulating Simulations 
64 - page pap erbac k book 

10 Programs in BASIC 
art auctio n 

Each Si mula t ion 
monster chose 

Con ta ins 
lost tr eas ure 


scena r i o 

gone fishi ng 


sa mple run 

spa ce fl i ght 

flowchart
forest fire 


lis t of variables 

na utical nov igo ti on 

program l istin g
b u siness monogement 

suggested modifications 
ra re birds 


di amond thie f 


SS a copy -immediote delivery - l st class postoge paid 

C. W. Engel, P.O . Box 16612, Tom po, FL 3 36 67 

For the computer 
that has 
everything 
Searching for a Christmas 
idea for your computer? 
Stop in and see our 
complete line of computer 
products at our two 
convenient locations or 
send $2 to General 
Computer Company, Inc ., 
420 Main St., Brighton, 
Michigan 48116 
We'll RUSH you our NEW 80 
PAGE MAIL-ORDER 
CATALOG. 

General 
Computer 
Company, Inc. 
Put the top o f the line a t the 
top of your Christmas list. 

1310 Mic higan Avenue 
Ea st Lansing, Mich. 48823 
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ADM·3A : 

IN KIT $695°0
:FORM 	 • 

---'!'!""-..,.r;::r'!'l:~--::".,....., 


• 80 CHAAACTERSILINE 
• 24 LINESISCREEN 
• ADDRESSABLE CURSUR 
• 9, 10, or 11 BI T WOADS 

• 75·19,200 BAUD 
• FULL & HALF DUPLEX I• ODDIEVENINO PARITY 
• RS232 INTERFACE OR 

20 ma CURRENT LOOP I 
I 
I 
I 
I 

•All eq uipment I 
F.0 .B. Dallas, Texas 

or Anaheim, California 
 I 

• Terms 	- chock or 
money order with I 
order 

• Delivery In 30 days I 
• 	 Add $20 !or Shipping 

and Hand ling 

1 
OPTIONS: I• Lower case option 

add $100.00 

I• Numeric key pad 
option add $75.00 I 

MACRO FLOPPY 

CONTROLLER 


S·100 Compatible Flexible Disk Controller handles up to 
eight standard or mini disk drives. 

On Board EPROM conta ins all d isk interface software: 

•cP/M compatible driver routines and bootstrap 


' Blank d isk format routine 

•Routines for system customization 


•Jump table driven software fo r easy interface 


Crystal control led clock . Board Address Jumper se lectable. 

Control le r compatible w ith many brands of dr ives such as 


Persci, Shugart, Pertee, Remex. 


Model FDC·108MA (mini) Assembled and tested $400.00 
Model FOC·108SA (Standard) Assembled and tested $400.00 
Model FDC· 1OSK (Bare PC Board, LSI 

Controller IC, Pre-Prowammed EPROM) $225.00 

Available stock to 10 days. 

Contact your local distributor, or 

Computer Hobbyist Products, Inc. 
P.O Box 18113 


San Jose, CA 95158 

(408) 629·91 08 


(Cal i f . residents add 6% sa les tax.) 

Dealer inquiries invited. 
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What so me do no t real ize is tha t speec h 
is a method of communic ation used by 
in telligent, knowl edgeable beings who 
employ elements of syntax, semantics and 
world knowledge in order to process a 
complex signa l. But only a portion of this 
signal is purel y linguistic informat ion. 
Current studies indicate that th e 5 year 
old is able to uti lize both hemispheres 
of his brain in language learnin g, unlike 
ad ults. Biological ly, the chi ld is specially 
adapted to learn language by recogniz ing 
and inferr ing grammar from the speech of 
those around him. This researc h brings 
into new ligh t the human cognitive 
abilities for langu age and speech recognition. 
Recognition of the spoken word is often an 
underest imated task.4 8149 Star Trek 
presents a world in which th is problem is 
comp letel y solved. Almost all commands to 
th e computer comp lex are given vocall y . 
The processor is al ways abl e to convert th is 
audio signal into an appropriate intern al 
representation of Engl ish words and 
sen tences.5 0 

At present, the success in speech recog· 
nit ion could be characterized by saying th at 
a vocabu lary of 1000 words can be 
recognized for one speaker, or a voca bu lary 
of one wo rd for 1000 speakers. 5 1 The 
reasons for this lack of progress in over 20 
years of work are many, but th e main dif­
ficulties are prese ntly in separating the 
phonemes (the bas ic units of speech) from 
eac h other and from other inform at ion in 
the speech signal .5 2 Some researchers have 
est im ated that less than 1% of th e energy 
transmitted by voice outp ut is used for the 
linguistic signal itself. The majority of the 
energy communicates othe r fac tors I ike the 
sex, state of health (head cold, flu, etc), 
emotional state and other nonlinguist ic 
info rm at ion about the speaker.5 3 Mere ly 
separating the linguistic port ion is difficu lt 
because it is mas ked by th e torrent of 
extraneous inform atio n (as fa r as speech 
recognition is concerned) . 

Aside from the separation of "pure" 
I ingu is tic info rm at io n from the speech 
signa l, separating the individual phonemes 
has also proven to be nontr ivi al. 

Speech is a semicontin uous ph enomenon. 
To be able to separate ind ivid ual phonemes 
im pl ies the difficu lt task of mapping this 
semicontinuous process onto a sequence of 
discrete entities. While some success has 
bee n atta ined with th is method of phonemic 
analysis, current research is dea ling directly 
with the semicontinuous phonetic stretches 
which co rrespond in some sense to fused 
phonem ic elements such as syllables. 5 4 

Relying mere ly on the audio signal alone 
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is insuffici en t for au tom atic speech 1·ecog ­
5 15 6nirion .5 Current efforts co rrespond to 

the Lhco ries of human cogn ition of speech 
and emp loy elements of grammat ical, 
contextual and sema ntic constraints as wel l 
as wol"ld know ledge . Techniq ues and mode ls 
Frnm an ifici al intelligence, mathem ati cal 
lingu istics, the theo ry of stochastic 
prncesses, and acoustical and pho no logica l 
ana lysis are being ex tensive ly 

58cm pl oyed. 57
• The difference (or more 

acc urate ly the gulf) be tween the curre nt 
state of speech recognitio n and that of th e 
world of Star Trek ca nno t be overem ­
phasized, ho'Never. Extensive theoretical 
analysis and perh aps some break thrnu ghs in 
computational techniq ues are req ui red 
before this gu lf can be bridged . 

Natural Language Process ing 

Comp le tely separate from the notion of 
speech recogniti on is th e idea of semantic 
comprehensio n of a natural language by a 
computer, ie: com puter "understand in g" of 
the meaning of a normal Engli sh statement, 
as opposed to a statement made in a pro­
grammi ng language, howeve r· " high" level. 
Suppose that some su ita bl e inpu t me thod is 
used (vo ice, if the speech recogn iti on 
prob lem has bee n solved) to get Engl ish 
statements in to the comp uter memory. Wh at 
success has there bee n on the des ign of 
algor ithms which co ul d syntac ti call y and 
se mant icall y anal yze th ese statemen ts so 
that th ey can be " understood " by th e corn ­
pu ter7 In the wmld o f Stai- Trek, th is 
prob lem has bee n com pl etely solved. From 
the examp les cited earlier, one ca n see th at 
the Enterprise has an Engli sh "comp iler" 
wh ich can accept and correctly process 
umest ric ted Eng li sh. 

The curren t state of natu ral language 
understand ing is not yet even near that of 
Star Trek. Howeve r·, many univers ities and 
research ce nters are examin ing thi s problem 
and have made sign ifica nt contrib ulions in 
th e pas t few years. At present it is poss ib le 
to co rrectly process 1·elative ly unrestr icted 
Engli sh state ments made in the context of 
nai-row fie lds, eg: marine chemis try. While 
th e voca bu lary of these fi e lds is understand­
ab ly res tr ic ted (one ra1·e ly uses th e wo1·d 
"so nata" whil e mak in g ret1·ievals from a 
chemical data base), the syntax covers a 
wide 1·ange oF possible English co nstru ct io ns. 
One example of suc h a pro to type language 
"understand er" is the LUNAR system 
developed by Bol t Beranek and Newma n 
Inc. Th is system is used to process questions 
to a data base of geological data recovered 
from lu nar sam pl es. Examp les of the kind of 
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Tarbell 

Floppy Disc Interface 

Designed for Hobbyists and 


Systems Developers 


• 	 Plugs directly into your IMSAI or ALTAIR• and handles up 
to 4 standard single drives In daisy-chain . 

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

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

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

• 	 6- month warranty and extensive documentation. 
• 	 PRICE: Kit $190 . . . ..... . .. ... . . . . . . Assembled $265 

' ALTAIR 15 o trademark/ trodenome of MITS. INC . 

1• k',f 20620 Soulh Leopwood Ave<>Je. Sutte p
l.(:f\i; 'I V Car>0n, CalWomlo 9074l> 

rdr m S c213i s3e-42s1 

canada Boards DO Something
sv.s:«ems , inc . 

CL2400 
Real Time Clock 

S98- Kit S135-Assembled 

II your system needs lo know what time ii is , our CL2400 is 
the board for you. The present time in hou rs . minutes . and 
seconds is always available for input. and is continuous ly 
updated by the highly accurate 60 Hz power line frequency . 
Need periodic inter rupts? The CL2400 can do th at , too . at any 
of 6 rates . Re ference manua l wi th BASIC and assembly 
language software examples included . 

PC3200 
Power Control System 

PC3232 $299- Kit S360- Assm . 
PC3216 S189- Kit S240- Assm . 
PC3202 $39 .51}- Kit $52- Assm . 

II your system needs on / off control of lights , motors , 
appliances, etc ., our PC3200 System components are for 
you . Control boards all ow one I I0 port to contro l 32 (PC3232) 
or 16 (PC32 16) externa l Power Control Units , such as the 
PC3202 which controls 120 VAC loads to 400 Watts . Optical ly 
isolated. low voltage , curr en t-li mited cont r ol lines are 
standard in this growing product line . 

P.O. Box 516canada-= systems, inc. La Canada , CA 91011 
(formerly comptek) (213) 790-7957 

English that the system can correctly process 
are: 

Whal is the average modal concentra­
tion of /Ilmenite in Type A rocks? 

I need all chemical analyses of lunar 
soil. 

Give me the K/Rb ratios for all lunar 
samples. 

One interesting failure of the system 
occurred on the following input by a non­
geologist : 

What is the average weight of all your 
samples? 

I t seems, among other things, th at the 
system had no notion of "ownership" built 
into its vocabu lary, and even more im ­
portant, it had no mass data on the samples 

59 anyway . 
Prototype work such as the LU NA R 

system is para lle led by (and in fact the 
LUNAR system employs) recent autom ata 
theory work on the nature of natural 
languages. Wh ile ear ly natural language 
model ing emp loyed deterministic finite state 
automata (with their associated regular 
grammars) the naivete of this model is we l l 
known. Even a pushdown automaton (equiv­
alent to a context free grammar) is k nown ro 
be an inadequate model for a natural 
language.60 However, attempts ro extend 
these models to Iin ear bounded au tom a ta 
(equ ivalent to context sensitive grammars) 
or additions to the context free model have 
met with some objections. Recent work on 
transition network grammars, whic h are an 
exte nsion of regul ar grammars (equivalent to 
finite state machines). has produced very 
encouraging results. I n a very rea l se nse, th is 
model is superior to the extensions of the 
contex t free model and ho lds much prom ise 

61 62for the futu re. • The transition network 
grammar model is also considered to be 
equivalent to the artifici al intelligence ap­
proach to language comprehension used in 
the well-known system by Winograd .6 3 

As in speech recognition, much work 
remains to be done before natural language 
comprehension by computer can reach the 
leve l of Star Trek _ Most probably work in 
mathematica l linguistics will supplement and 
be supp lemented by practica l prototype 
language "understanders. " In the mean time, 
the prototype work will provide usable, 
albeit restricted, natural language "com ­
pilers." 

I t can be seen th at Star Trek represents a 
level of computer science and technology 
decades beyond the current state of the art. 
Im mense or revo lu tionary reso urces are 
required for the on line memory alone. Eve n 
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fini ng Lhe mainframe along with all this 
secondary memory in to the available rloor 
space woul d be difficult. Complex 
phenomena such as speech and language 
.ippear Lo be complete ly understood by the 
sc ientists of the Federa t ion, yet in our own 
time Lhe e prob lems have resisted in tense 
re earch effor ts. 

Ironical ly, some areas of Star Trek's 
computer science appear lo be virtually 
iden tica l lo present day standard s. Compute r 
sec urity procedure can still be unde rmined 

•65by ingenious programmers.64 In additio n 
the art of computer programm ing seems to 
be no t much advanced from today. At one 
poin t the Science Officer requires a matter 
of hours Lo 1n 1t1ate a class 1 prio rity 
command.66 One would thi nk that in two 
centuries of software deve lopment, such 
urgen t requests could be more eas ily pro­
cessed and resources reallocated without 
ex tensive action by sys tems programm ers. 

We should not scoff at the view of 
computer science presen ted by Sta r Trek, 
however. Science fictio n often pred icts 
future science fac t wi th re marka ble 
accuracy. Lunar exp lorat ion and the laser 
are but two examp les of current technology 
pred ic ted by science fi ction wr iters. While 
one can present various and ofte n con­
tradictory ex plana tions of th is phe nome­
no n, one can no t di smiss it. Perhap Star 
T1·ck docs give us a glimpse of the future of 
the computer; perhaps not. In any case, one 
can agr·ec with the Enterprise's Science 
Officer when he ay , "Th ere is one thin g we 
ca n ay: they will have many interest in g 
adventures." 67 

21 START·AT·HOME 
COMPUTER BUSINESSES 

in the shoestring, start-at-home 
computer business hand book 

CONSULT I NG • PROGRAMMING e SOFTWAR E PACKA GES • COM 
FRE EL ANCE WRITING e SEH I NA RS e TAPE/D I SC CLEANING 
F I ELD SERV I CE • SYSTE MS HOUS ES e LEAS I NGe suPP L IES 
PU8 L ISH I NG e TIME BROKERS e HARDWA RE DIS TR I BUTORS 
SALES AGE NC I ES e HEADHUNT I NG e TEMP ORARY SERVICES 
USED COMPUTERS e FI NDER'S F EES • SC RAP COMP ONEN T S 
COMPUTER PRO DUCTS AND SER VI CES FOR THE HOME 

Plus - • hund r eds of Ideas on ,... ""' 
moonlighting, going full- t ime, 
image building , revenue building, 
bidding, contrac t s, ma r keti n g , I'" . 

" I pro f ess i onalism , and much more. 
No career plan n ing too l like it 
e ver p u b I I shed. Order now a n d if 
you ' re not completely satisfied , 
send it back wl thin 30 days for 
a fu l l and Immedia t e r efund. 

•	 B! XII ringbound • 113 pp. e S l 2.00 
Call 3 12-945-2940 or mail coupon 

DAT As EAR c H 730 WAUKEGAN ROAD • SUITE 108 

OEERFIEL D, ILLINOIS 60015 1n c orOO•.ii 100 

Rush copies of " T he Shoestring Start-At-Home 
Computer Business Handbook to me right a.iay ­

N A M E/COM PANY~~~~~~~~~~~~~~~~~~ 
ADDRESS 

~~~~~~~~~~~~~~~~~~~~­

C I TY/S T AT E/Z I P =-=-~,,,_,..,,,,...,..,..,-,,-:--:-:--:-:--=--:=--=-=-=-=-~ccc-~=-­
[] CHECK ENCLOSED[J8ANKAHERICARD[JMASTERCHAR GE 

# 
~~~~~~~~~~~~~~~~~~~­

THE BETTER BUG TRAP 
DEBUG 


AND 

CONGUER 


Compu ter Space Aboard t he Enterprise 

68According to the En terprise blueprin ts,
the comp uters aboard the En terprise are ph v si· 
call y located in four areas. The pr imary hu l l 
con tains the main sh ip 's computer an d the m ain 
engineeri ng compu ter. Th e mai n sh ip 's com­
puter is located on bo th decks 7 and 8 be low 
the bridge, wi th a tot al of about 14 00 square 
m eters of floor space. Th e mai n enginee ring 
com puter is locat ed in the engi neeri ng spaces 
on the seventh deck below the starboard ene rgy 
converters. T h is complex has abou t 64 squa re 
meters of area . 

The secondary hull houses the auxiliary 
ship's com puter beneath the botany and hydro· 
ponies labs on deck 19. T he tota l area o f th is 
complex is 340 square m eters. The auxil iary 
engin eering com pu t er, also housed in the se­
condary h ull, is located o n deck 16 near th e 
shuttlecraf t hanger. T his complex occupies 
about 72 squa re mete rs. 

The total space aboard the Enterprise de· 
voted directly to the com pu ter complexes is 
therefore about 1900 squa re meters. T hi s fi gure 
does not take in to account the num erous ter­
m inals located t hroughou t the sh ip. 

A l t ai r/ I MSAI co mpati ble board ca tches program bu gs and 
provides t imi ng for rea l-ti m e appl icati o ns. 

F o u r hardware break po int addresses. Software breakpoi n ts 
on l y p ossible at i n str u c ti o ns i n R A M. Better Bug Trap 
b reak p oi nt s c a n be i n R O M o r RA M, a nd at data o r 
i n s t r uctio n s in memory , input /output channels, or stack 
locat io ns. 

Board can stop CPU or in terru p t CPU a t a breakp o in t. 

R ea l - tim e functions: wa tchdog ti mer , rea l-ti me cl ock (tor 
t ime o f dav cl ock), in terval t im er . 

Sophist icated ti mesharing m ade possibl e! 

Uniq ue interru pt structure: generates a CA LL instruct ion to 
your subrouti n e any where in mem o ry. no t a RST ! 

Addressed as m emory . All parame ters set easil y by sof tware . 

A ll th is and more for about th e price of a rea l-t ime clock 
board , but no thi ng else does the job of th e Better Bug T rap. 

$ 160. assemb l ed and tested . 2 manuals p lus so f tware. 90 day 
warranty. Sh ipped UPS. Delivery fro m stock. 

11 !o~!.~,3~E!T~R~ST~~um	8 
G R EENVILLE. NC 27834 • (919) 758-7757 
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l 6K Static RAM 


s3&5 Assembled 
•V ery low power-650 ma +SV; 90 ma +12V: 16 ma -5V 
• Uses 4K Static RAMS-No refresh 
• Low-prof ile sockets for a ll chips 
• Each 4K addressab le to any 4K boundary 
• Solder mask; si lk-screen; p lated-through ho les 
• Low-power Schottky TT L's-Tested I C's 
• Fully b uffered S-100 bus-Gold-pla ted contacts 
• Designed for 500ns system - S.D. Sales and TDL Z-80 tested 

Delivery : Stock to 4 weeks. MC and BA accepted. Orders 
shipped prepaid. California residents add 6% sales tax . 

\(/ANDENBERG DATA PRODUCTS 

PO BOX 2507 
SANTA-MARIA. CALIFORNIA 93454 605-937-7951 

t;-----..-...... FINALLY, A 

' ,~~~\TELEPHONE

_<~g?- Wl1H BYTE!. ...,,,,,.,,..,. 

6800 AUTOMATIC TELEPHONE DIALER 
PROGRAM . ............... $9.95 postpaid 
Have your 6800 syslem dial your phone • Uses 
only 5 external componen ts • Sto res 650 variab le 
length phone numbers • Opera tes in less 1han 1K 
bytes of memory 

Includes: Paper tape in Mikbug " format and ob ­
ject code • Circu it diagram and instruclions 
• Instructions for adap ling to ot her 6800 systems 

6800 TELEPHONE ANSWERING DEVICE 
PROGRAM ................ $4.95 postpaid 
Have you r 6800 system answer your p hone and 
record messages automat ically. Compatib le w i th 

any 6800 sys tem. 


In cludes: Assembly li stin g and ob jecl code • Cir­

cu ir diagram and insl ructions 

Write to : SOFTWARE EXCHANGE 
2681 PETERBORO 
W. BLOOMFIELD, MICH. 48033 

Memory Requirements for the Enterprise 

Tlie Enterprise's compu te r contai ns " the 
whole of human and humanoid knowledge"1

' 

in the 23 rd century and " in a matter of a few 
seconds . .. can obtain an answer to any fac tual 
quest ion" Y More spec ific information on the 
vo lume of data to be stored is required in order 
to gauge the memory requirements, thougli. By 
maki ng reasonable and plausable assumptions, 
this amou nt of information can be expressed in 
bits in order to estimate the memory size and 
access t ime require ments needed aboard the 
En rerprise. 

At prese n t, the Library c t Congress contains 
69over 72 m illion vo lumes . It would seem rea­

sonable to assume th at the store of knowledge 
in the Enterprise is about a milli on times that 
o f the present Library o f Congress !given the 
prese nt rate of growth of technical knowledge 
and assum in g that this rate will increase steadily 
over t he next 250 years) . This y ie lds a ban k of 
knowledge for the Enterprise wh ich would fill 
about 1014 volumes . Assuming a volume con· 
ta ins on the ave rage 1000 pages of 1000 words, 
with each word averagi ng between s ix to eigh t 
letters, and a 6 to 8 bit character code for com­
p ute r storage, the information expressed in 
those 1014 vo lumes represents a staggering 
amoun t of b its: on the order of 1022! 

It is much more d if fic ult to arrive at an esti­
mate of the access time needed to meet the 
stated user interact ion. The entire not ion of 
record retri eval on secondary keys is no t nea rly 
as we ll fo rmulated as primary key ret rieval. 70 

( R eca II th at re tr ieval by a primary ke y is a re · 
trieva l o f one reco rd based on th e fie ld which 
orders th e data set. A secondary key retr ieva l is 
a retrieval of all records wh ici1 have a given 
va lue , or a given range of va lues, in a r1y ot he r 
fi el d. An example o f a pr imary key retr ieval is : 
"Ret rieve th e medical record for Pe te Smith ." 
An example of a retrieval on a secondary key 
is: "Retr ieve all cases of ca ncer diagnosis in the 
past year." 

Knowing the current state of memory tec h· 
nology, thoug h , one can linearly extrapolate 
from respo nse times on data bases of known 
size in use today to get an approximat ion of 
the memory access times needed to ach ieve the 
desired response for the data base o n the Enter· 
prise . Knuth p rese nts an example of a fully in· 
verted fi le (a fi le together with a d ictionary / 
di rectory for each fie ld! with one mi llion rec · 
ords of 40 characters each, With some reason· 
a ble ass umptions, he computes an access time 
of 10 .7 seconds for a request involvi ng ten 
fie lds fo r wh ich ten reco rds are found. The 
average access time for the disk used was 
71 ms. 7 1 Extrapolat in g th is examp le, an aver· 
age memory access time of 1 o - 15 seconds 
would be required to process this retr ieva l in 
one second if the data base was as large as that 
on the Enterprise (assuming a simi lar data or· 
ganization). But c urrent work in re tri eving 
entries from large data bases may significant ly 
sh orten the required memory access times. 7 2 
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PRAMMER III 

by xybek 

The Ultimate EPROM Memory Board 
For Your S100-Bus Computer 

* Accommoda tes from 1 k to30k o f lhe above EPROMS , in 
a ny combina ti on, each a dd ressa ble on a ny 1k bound ary 
within lhe board's 32k address space. 

* lk of scratch-pad RAM . 

* On-board programming for a ll three EPROM types . 

* Tri-state buffe rs on a ll address a nd da ta lines. 

* Emply EPROM sockets do not require a ddress space . 

Xybek • P.O. Box4925 • Stanford , CA94305 
Te lep hone: (408) 296-8188 

•Completely compatible with y our fMSAf , ALTAIR * 
SOL*• or other S -100 microcomputers. 
Trademarks of 0 MfTS, ••Processor Technology 

• 	 Designed for use on the dial telephone or TWX 
networks, or 2 -wire dedicated I ines, meets a ll 
FCC regulations when used with a CBT coupler. 

• 	 All digital modulation and demodulation with on 
board cyrstaf clock and precision filter mean that 
NO ADJUSTMENTS ARE REQUIRED 

• 	 Be ll 103 standard frequencies 
• Au tomated dial (pulsed) and answer 
• 	 Originate and answer mode 
• 	 1 10 or 300 BPS speed selec t 
• 	 Complete self test capability 
• Character length, stop bit, and pa ri ty 
• 90 day warranty a nd ful l documentation 

PRICES Bare Board and Manual 49.95 
Assembled (48 hour burn in) 279.95 

DC Hayes Assoc ........ 


Circle 57 on inqu iry card . 	 l;IYT[ Oecl"tnbc' 191i 181 

http:telcc,.sl
http:Bant,.rn


Circle 44 o n inqu iry card . 

.......................................................: . 33Martin. R R, " Electronic Disks in th e 

EO SMITH'S SOFTWARE WORKS 

M6800 SYSTEM DEBUGGING/UTILITY SOFTWARE 


for SWTPCo or Altair 680b 


M6800 DISASSEMBLER/ T RACE is a powerfu l debug tool 1ha1 allows 1he user • 
• 	 to e xamine (or exa mme and execut e I any a rea o l memory under comple te oper ­

a t or con trol. The trace program displays 1he co mp le te CPU status before and a ft e r 
e xecu tion o f each ins 1n.1c1 1on allowing lhe ope.ra1or 10 " software·si ngle·s lep" 

• 	 1h,ough th e program under 1es1. It a lso has a "partial p rogram" run fl,lnc11on p lus • 
many 0 1he". M68DT . . . .$20.00 

, 	 M6800 DISASSEMBLER SOURCE GENERATOR will o'oduce compoc ted 
source code or an assembler styled progra m lis ting with svmbohc labels ancl 1ns1 
m nemon ics. Source code ou1pu1 (e1 1her 1ape o r d 1scl is su11able for re ·ed11 1ng and 
assembl y w11h 1he SwTPCo co ·res ident assemhler or the TSC 1ex1 ed ito r and • 

' 	 o5'emble< M68SG . . . . . ...525.00 

• 	 M6800 RE LOCATE program w i l l 1ake any con11guous a rea of memo1y and 
relocaw 11 anywhere w 11h1n RAM . Operand addresses are checked and ad1 uued 

• 	 as necessarv . You can relocate ROM/PROM 1n10 RAM if desired . 
M68A L. . . . . . . .$ I 0 .00 

• 	 M6BOO BINARY LOADER allows the user 10 save and load programs al 1he • 
maxi mum ra te pou1bte using Kansas Cnv Sta ndard recording T he save fu nc1 1on 
genercues a shor t loader Mikbug " fo rma tted pgm. at the begi nn ing of eac h 1ape. • 

: T he iape is read using M1ktJu9 " "L.. co mmand . 
M688 L... . . . .......SI0.00 • 

• 	 All prog rams supplied on Kansas City S tanct.ard M1 khug • lorma11ed casse 11 es. 

:• • • • • • • • • • • Special Offer: All 4 programs for $55.00 • • • • • • • • • • •:. 
Order d1rec1 t>v check. Specify sy s1em con fl gura11on if 0 1he1 1han SwTPCo. 

• 	 Cal1forn1a res1den1 s add sates tax . 

ED SMITH'S SOFTWARE WORKS 
330 Camino de las Colinas 

R edondo Beach , CA 90277 

• M 1khug 1'5 a uacte mark o f M o1 orola, I nc . 	 .
........................................................ 
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(Sec Instructions on rcvenc) 

Continued from page 8 	 types which can be dec lared , as we ll as 
fi le and record structures missing from 
BAS IC. PASCAL is a block structured 
la nguage al lowing mu ltip le character str ings 
fo r procedure and data names, and is thus 
closer to the natural symbolic thought 
processes of designing a program than is 
BASIC. 

A classical contrast between the two 
languages in this area of fea tu res is to pose 
the problem: How would I use the language 
to include complex numbers for use in 
engineeri ng ana lysis or physics? In BAS IC, 
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might no t eve n want to consider the 
possiblity of using the language for complex 
numbers because of the kluge that would 
resul t. Using PASCA L, I would simply use 
the type exte nsibil ity of data to declare a 
compl ex number type and code various 
proced ures to im plement complex number 
operations. An examp le of this co ncept, 
which involves no features not in herent in 
PASCAL's defi nition, is given on pages 
42ff of the PASCA L User Manual and 
Report quoted ear lier. Of course, perh aps 
not all possible or desirable features were 
included in PASCAL 's definition, so dialects 
may occ ur the re as well as in BAS IC. Bu t the 
necessity of dialects generated through 
extensions is probab ly less in PASCAL, 
mak ing the standard created by Professor 
Wirth a closer app rnx imation to what 
actual ly gets imp leme nted . 

Lots of Implementations of BASI C 
Are Available. 

Here is where BASIC no doubt has a 
considerable lead over PASCAL at the 
present time. Bu t PASCAL is rapid ly gaining 
in a catch up mode. As noted earlier, there 
are presently nearly 100 different implemen­
tations of PASCAL, mostly for mi nicom­
puters and larger computers ranging in size 
and scope up to a CRA Y-·1 impleme ntation 
of PASCAL. At the low end, according to 
the PASCA L Users Group Newsletter, 
number 81 page 64, th ere ar·e prese ntly 
compi lers im pleme nted for the Motorola 
6800, Intel 8080 and Zilog Z-80 micro­
processor arch itectures (although the listing 
did not mention whether the compilers 
were self-comp ilers or cross comp il ers). 
Imple mentations are com ing, part of the 
history of the language and the act ive 
fol lowi ng it has among comp uter science 
people. 

Much Personal Use Applications Software 
Already Exists in BASIC. 

No argument here. The number of books 
and periodica ls wh ic h publi sh programs 
in BASIC will probably exceed the number 
with PASCAL representations of eq uivalent 
progra ms for a long time to come. But this 
is equ ivalent to say ing that BAS IC has been 
around longer in the public eye, for given 
time much of the same sort of software can 
and will be written in PASCAL as more and 
more impl ementations become available. 

BASIC is Friendly. 

BASIC is fundamentally an interactive 
ap proac h to programming in which pro­
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grams are entered in source form and tested 
within th e confines of one session with 
effective ly instant change from editing to 
execution. If PASCAL is to become an 
equivalent "fr iendly" language, it must be 
imp lemented in a way which allows a 
similar instant change from editing the 
design to trying out the design of an appli­
cation. 

Whether this friendliness requirement 
can be best met by an interpreter or a 
compiler is an open question, but it is 
a definite requirement. In BASIC the 
rule to date has bee n interpretive, or semi­
compiled code, where semicompiled means 
that symbols for language tokens are re­
placed by compact codes. In PASCAL 
to date, com pi la ti on has been the rule 
rather than the exception. It is conceivable 
that a com piled PASCAL coupled with an 
editing and object code maintenance faci lity 
oriented to the block level might give 
sufficiently quick response at the terminal 
with much faster execution times associated 
with compiled code. 

Another open question concerning 
PASCAL is that of how much memory is 
required for a PASCAL self-compiler or 
resident interpreter in a typical personal 
computer's microprocessor based system. 
I suspect that a compiler or interpreter of 
PASCAL can be built which will fit within 
16 K to 32 K bytes of memory, but whether 
th is is really possible or not is by no means 
clear to me. 

To sum up the thesis, PASCAL is we ll 
on its way to becoming the kind of widely 
know n language which will be taught as 
a matter of course to new students of 
programming. This in turn will tend to boost 
the long term acceptance of PASCAL and 
get it established as one of the major lang­
uages, a process which at an earlier date 
occurred for FORTRAN and BASIC. For 
our own part , we at BYTE are interested in 
giving PASCAL a boost. We have a survey 
article about PASCAL in preparation at the 
present time. We would also li ke to talk to 
imp lementors of the language who would 
be interested in marketi ng PASCAL com­
pilers or interpreters through software 
book publications which include source code 
and machine readable object code. For those 
who desire more background information 
on PASCAL, we recommend the PASCAL 
User's Group, run by Andy Mickel at the 
University of Minnesota Computer Center, 
227 Exp Engr, University of Minnesota, 
Minneapo li s MN 55455, (612) 376-7290. 
The PASCAL Newsletter is published four 
times per year, and at th e time of this 
writing costs $4 per year. • 
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Photo 7: The In tercept j r unit shown in the titanium sphere with the cover removed. The rebuilt processor board is the one 
closest to the front of the assembly. The system is used to collect data from the continen tal shelf 
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A User's Report on the Intercept Jr 


In August 1976 lnters il Inc brought out 
In tercep t Jr, a bat tery operated 111 icrocom­
pu ter system using I nters il 's I M-6100 12 bi t 
CMOS microprocessor, which has been de­
scr ibed in the May an d June 1976 issues of 
BYTE an d the June 1976 IEEE Proceed ings. 

At the time, we in the oceanography 
department at the Unive rsity of Washington 
needed a microcomputer for underwate r 
data acquisition. This req uired a batte ry 
operated system which woul d have to 
operate fo r several months. We had to 
choose be tween the In tercept Jr or the RCA 
COSMAC processor, the o nl y bat tery 
powered systems avail able at the time. 
Because the ln ters il processor recogn izes 
the instruction set of the Digi tal Equ ipment 
Corporation PDP-8E min icomp uter, and 
because we had cross assemblers and pro­
grammers availab le on campus who were 
fa mil iar with the PDP-8 language, we chose 
the I ntersil prod uct. 

The Intercept j r microcomp ute r system 
consists of a 10 by 11 inch (25.4 by 27_9 

cm) board wh ic h fea tures a keyboard, two 
4 digit LED displays, a moni tor wi th micro­
in te rpreter in read onl y memo1-y, 256 words 
of progra mmable memory, th ree prin ted cir­
cu it card sockets for opt ion cards, and a 
battery power supp ly fo r- $281. Op tion ca rds 
avai lable inclu de 1 K bytes of prngramma bl e 
memory, 2 K bytes of bipolar progra mm able 
read o nl y memory, a UART, and an au dio­
visual display card usi ng LEDs and a spea ker. 
Excel lent hardware and software docu men­
tation is included. 

We have made three di ffe rent batte ry 
powei-ed data acquisition sys tems using 
Intercept Jr. The sed im ent motion system 
to be descri bed has analog and dig ital 
senso r·s and uses the IM-6100 micro­
processor wi th 2000 words of memory. 
Data is recorded on a Memodyne incre­
menta l low power tape cassette. 

In our sedi me nt mot ion data acq u isi ti on 
system (see photo 1) we have removed 
th e microprocessor fro m its socket on 
In te rce pt j r and pu t it in our data acquisi­
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S1a1on Island. New York 10304 
Telephone: 12 121 448-6283 

Circle 86 on inquiry card . 

INOUSTAIAL QUALITY 
MICROP ROCESSOR C ARO I< tT S 
A H • ljV onl y , \te l 01 5 ~ G~ ']ltM • 'l lr1•~ t.nrm 

• ·l J<. RM., SI~ 9~ • 7 K PROM S 19 95 
• W 1H1••1 l '°!lJ • fl SJ9 95 • 4 K PF'l:OM S I :1'9 9~ 
• CJ"I C.ip•• $10 00 • 0 191 1,1 1 lfO S 5q 9 !> 
• K··~· t ~··· •U1 o..., ••.• \' S~9 95 • c~w.etr.· lrucil:>~I" s 31 95 
• f• v.1 1 l, d1 L ~ l1•·1 10•1 t ,l!Vi ,,, OE .'"'1 Q l y\ 

M IC ROCOMPUTER SYSTEMS 
• 6800 P• om1yv·~ 8 0.JrCl S1t1•ll!'• SC'! S HJ 9f> 
• K•• -":1 6800 S 1u1!1•" 1 Cur111•11h•1 $125 00 
e Kn ::"} •'/lo l ("l•Ol.1 EiJur.i1gr II S1G9 .SO 
• t-:; , 1 =3 Ci800 l •1ciu1.1 .. ;:11 C.l•cl SL'I S110 00 
• .1':1r .::..~ H'u m• h•" W C'nmput ..-• C .111 1 S.C1 S3:>0 00 

• 61\RE BOf\RDS ENCLOSUl~f'S. FIRMWf\FlE , ETC 
SEND SJ ?0 l· OR TECHN ICAL MANUAL l l N F0RMA 
TIO~J ON i• LL ABOVE I 

S1•ni l C tw c; k fi r M uf\t:' y Or •I••• 10 

• ; • Bo1ni..:irr.e1•t J•tJ IV ISA 1 

:": s s : 'o ~~.::·~~:~~~:., A•ltlG~ Satr, l Jlo 

ilrer pur 
El!c:1r on1c Commun1ta11ons Co 

P. O Bo.ie 365 , Cti in(> , CA9 1710 

or V•\•I R1·t,1•J S ro•,. 

13';152 c~" 1 1al A.11"n"'" 


Circle 102 on inquiry card . 

DISC/3 COMPANY 
COMPLETE MICRO 

BUSINESS SYSTEMS 

Soroc IQ 120 

lassembl ed $899 .95) 

Lear Sieg ler $ 799.95 
ADM-3A kit 

IMSAI 8080 kit $ 599.95 
Centronics Business $1145.00 

Pr inter (132 columns) 

i•IM¥1 
DISC/3 COMPANY 
1840 LINCOLN BLVD. 

SANTA MONICA, CA LIF. 90404 
(213) 451-8911 

Circle 40 on inquiry card. 

WHLN YOUR NE \\' l' CT < OM l' U-I CR 
A Rl< IV tS , YOU A ll YOUR PET WI L L 
N[ [ D TO COM~I U ICAf[. WE ll AVE 
TE (Ill) PROGRA l S I THE l' ET'S 
BASIC LA GUAGE, ON A IN(;LE 
QUA L ITY CASSETTC , READY TO 
RUN GAMES , DI . PLAYS , ANO 
GRAP H ING PROl;RAM S. USE T HEM AS 
IS, OR 1001FY T ll [\1 TO MAKE 
YOUR OWN CUSTOM PRO G KA I 
ORDER N O W SO YOU AN HOUSE· 
RllEAK YO UR N EW PET QU ICKL Y. 

Send S19. 95 in < heck or money order to: 

DON ALAN ENTERPRISES 

P 0 BOX 401 


MARLTON, NEW JERSEY 08053 


Ne\' Jc•Sn' reside nt\ Jtlil 5°.., \ales 1.1x 

DcJler ln~uiril'\ invll l'CI. 


Circle 41 on inqu iry card. 

SIX PORT 1/ 0 CONTROLLER 
• Program Control of Ports 
• S100 Buss Compatible 
• Parallel 1/0 
• 	 Single Printed Circuit Soard 

$149.00 

VIDEO SYSTEM 
• 30 x 64 Display - 1920 Char. 
• 128 Character Buffer 
• 1 µsec Read/Write Time 
• Extensive Software Provided 
• Programmable Display Attribute 

Characters 

$349.00 


Available in Kits or Assembled 

BankAmericard and Master Charge 


Accepted 

Dealer or Club Discounts Avai lab le 


IOR 
Box 28823 Dallas, Texas 75228 

Circle 99 on inquiry card . 

ELCO M CRYSTAL· 
CONTROLLED COUPLERS­

OUT PERFOR,DIRECT -" 
CONNECTED .~..... 
MODEMS ! . ...~ 

(. ~ 

The ELCOM 30 Orogonatc ·Only and ' ELCOM 32 Or ig ina te/ Answ er acoustic 
coupled modems provide re liable Boll 
System 1031 11 3 compat ib le , D l1 p lex or 
Ha lf-Dupl ex. 300 bps data com mun i · 
cation over convenuonal dia l 1e lephonos. 
A dvanced crystal ·controlled d 1g11a l tech ­
niq ues and h igh -order linear phase ac 11ve 
l11tors provide orro r· free operat ion over 
the m os1 marginal telephone c1rc u11s 
A single 25 · p1n fema le connec tor pro· 
vodes both EIA AS -232 and 20 mA TTY 
compa ti ble 1nierfaces 

ALL PRICES J=OS CONCORD, TN 
B<tnkAmer1c.1rd/ V1sa and M aSIOtChUrQc w elcome 

EICom EN TE APR1s Es 
10728 DUTCHTOWN RO . 
CONCORO. TN . 37720 
1615) 966 -3352 
16 151 689 ·5 559 · C oll 24 hou<>.EI

DE ALER S INOVIRE5 IN Yl fE O 

Circle 47 on inqu i ry card. 

RS 232 Interface, Manual or Lease Line 

4 1/2 x 5 PCB Construction 


One Year Warranty 


$115.00 


:1•1 
PHOnE 1 

Send Check or C.0 .D. 

Shopp ing. Handling and Sale s Tax Included 


Phone 1 
1330 East State St. 

Rockford, Illinois 61108 
Phone (815) 962-8927 

Circle 94 on inquiry card . 

• computer • 
• depot"1nc. • 

(Cr edit Card• Accepted) 

3515 W . 70th St., Mpls., MN 55435 


(612) 927·5601 

• SOFTWARE GOT YOU STOPPED? • 

• If y ou have a single Northstar Disk , • 


we can offer you fully-tested and 

• documented packages for the fo l· • 

• lowing: • 

• General Ledger with • 

Payroll . . . . . . . . $75 .00
• Mailing List with Coded • 

Sort, Zip Code Sort, and 
Last Name Sort . .... $75.00 •• Inventory Control ... . . $75.00 

• Other packages soon II Write or call • 
• for detai ls. Dealer inquir ies en· • 
• couraged. • 
• Name • 
• Address • 
• Part No. 	 Qty,- Amt. Enclosed • 

Ci rcle 27 on inquiry card . 

c------.... 

INTERFACE WITH YOUR COMPUTER 

4 
... NATURALLY WITH THE NEW 

DHD-11 CONTROL PANEL 
Uti1iling unique 8 /BCD 
and BC0/8 hardware ADDRESS ANO 
tachniques it is 	 thoOPERANDS IN DECIMAL 

INSTRUCTIONS IN HEX masl pawsrful. lloxibl• 
control panol available. 

• 16 b11 b1 -d1rec11onal address .a nd 

data bussos i11tcr fnce with any 8 o r 1 6 

bit sys tem (MOS 01 T'L I 


• Addresses and dA ta fro m con 1ro l 

panel 10 ll P loaded f rom keyboard 111 


sc:lccta blo hex or decimal 


• Addresses and data f rom µ P to con· 

1rol panel rc;t d by 5 thgll hexaclcc1mal 

display in selec t Aible hex or decimal . 


• Serv ~s as prog ram loade r . debugger. 

monltor (both single step and dynamic 

st robe}. and over all µ P cduca 1or 


This con tfOI panel w1tt1 only CPU am! 

memofy form an ideal erfuca lO~ affd/ or 

s l Dtrf!f syst em or upgrades CJn cxisl /119 

11ucrc/11w11 sys rcm 


For l rt.!t.! 1nlo1m1H1on. puce and tlel1vcrv conl aC I 

11 P ELEC rRONICS 


p 0 aox 2103 SYRACUSE. Ny 13220 
> 
Circle 123 on inqui ry card. 



ti on system, which consists of an Augat 
wi re wrap board wi th 2000 words of 
programmable memory, two CMOS type 
parallel interface eleme nts, and miscellane­
ous circuitry. Two ribbon cables with DIP 
connectors form an umb il ical cable of 28 
conductors between the processo r and the 
data acquisition system. 

We use a cross assembler for PDP-8E 
assem bly language on a DEC PDP-10 
computer on cam pu s. Th e 2000 word 
program is loaded over the phone 
lines into our system in about 3 minutes 
at 300 bps. The Intercept Jr system 
monitor accepts th e standard BIN loader 
format outputted by PDP-8 min i­
computers or cross assemble rs. At the 
end of program load ing, a checksum 
is displayed on the numeric display to 
show if there were any errors in trans­
mission. We get perfect transmission more 
than 90% of th e time. 

Wh ile in the lab, th e data acq uisit ion 
system uses Intercept Jr to prin t memory 
dumps automatically at the end of an 
averaging time. Th is has been extremely 
useful for debugging the program. When we 
are satisfied with its operation, the Intercept 
Jr is removed from the data acq uisition 
system. The latter is then sealed in a t itan i­
um sphere, and the enti re apparatus is 
brought out to the continental shelf to 
record data for up to eight weeks. Thu s, in 
th is project, the Intercept Jr serves as a 
removable perip hera l device used for pro­
gram debugging, loading and testin g. 

When the data comes back on tape 
cassette, we use the In tercept Jr system 
to dump the data to the Telepri nte r fo r a 
quick look, and then dump the data over 
th e phone lines to the PDP-10 computer 
for data analysis. 

The data acq uisition program is designed 
to operate in read only memory with 256 
words of programmable memory. Afte r 
lo, ding the program over the phone lines, 
we throw a switch which disables wri te 
co mmands to all but the lower 256 words 
of the memory. Th is swi tch, wh ich we 
label RAM/ROM, has bee n very useful. We 
use the I ntersil I M-6561 256 by 4 bit CMOS 
programmable memory. Harris Semi con­
ductor is com ing out with a fi eld program­
mable CMOS read only memory, HM-6612, 
wh ich should be an exact rep lacement for 
the IM-6561 programm able memory. This 
will eliminate hav ing to load the program 
every ti me, but will increase power con­
sumption. Each · read only memory wil l 
consume 10 mA while being ad dressed . 

Power Consumption 

For any electro nics which is to run on 
batter ies fo r an extended period of time, 
power consumption must be in the low 
milliwatt range. Many microprocessors 
consume more than 500 mW by themselves. 
Our CMOS data acq uisition system con­
sumes 18 mW of power. The CMOS circuit 
fa mi ly has very low power consumption and 
features al most as many different types of 
ci1·cuits as the TTL fam il y. 

The Intercept Jr CMOS microprocessor 
system comes with four alkaline D ce lls 
that last for about 20 hours of operation 
with the LED numeric display on. The 
fo llowing current measu remen ts are for 
operation with the 2.45 MHz crystal oscil­
lator installed : 

sv 6 v 
HALTED 4.4 mA 5.6mA 
RUN 23 mA 30 mA 
RUN with display 223 mA 350mA 

We see th at the LED display takes ten times 
as much power as the rest of the In tercept 
Jr. 

Power consumption in the CMOS com­
puter system is proportional to the number 
of instructions per second executed. Our 
data acquis itio n system samples data once 
per seco nd , does a little computation, and 
then has nothing to do unti l the start df the 
next seco nd. Fol lowing ln tersil's applicat ion 
bul letin, MOOS, we turn off the system clock 
wh ile waiting for the next second. This 
reduces power consum ption during the 
pa use by a factor of 5. 

The IM-6100 has a WAIT line that allows 
the use of sl ow memory. This WAIT state 
can be used to reduce power consumption 
for a ll of the system except for the mi cro­
processor itse lf. Turning off the clock to 
the IM -6100 reduces current from 10 mA 
to .25 mA at the standard clock frequ ency . 

We have also slowed the system clock to 
1 MHz. This allows us to increase the size of 
the pullup resistors from 1 k to 20 k ohms 
in order to reduce power co nsumption. Ou r 
data acq uisit ion system has to wait while 
various peri pherals are ready; slowi ng the 
system clock reduces the number of Limes 
we have to execute a wait loop. Th e redu ced 
clock rate also permits us to use long cables 
between the Intercept Jr and our data 
acqu1s1t1on system. The instanta neous 
current consumed by our data acquisition 
system is 10 mA. The average consumption 
is on ly 3 mA due to its being on o nl y about 
1 /3 of eve ry second. 
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in the process of de­
turn-key computer 

have problems inter­o you 
facing the hardware? 

Tli en you nued lh& hardware specia list 
COMPUTER MACHINE SERV ICE . 

CMS is in rhe b1,mnesr c l assembling 11nd fl!1Jairin9 
of microcomrw rers and equipm(!n t. 

CMS is no1 "' rite busrnesr ro s~JI compute1 e<1u1p · 
ml.!nr. 

Our p11mary ob1ecr, ..,e is 10 provide dSSembty service 
ot rit e hrgh(tsr qualtty as VVt!ll .as pnme quality repau 
Jt!rvici: on microcomputers ~1nd do tJ communico rions 
f!Qurpmonr 

For informat ion cal l: 213-328-9740 
or 213-328 -9760 

Or write : Computer Machine Service 
2909 Oregon Court 

Torrance, CA 90503 

FOR ALL YOUR HARDWARE PROBLEMS 
CMS IS THE ONE TO CALL. 

Circle 31 on inquiry card. 

CHESS 
BASIC 

Chess Basic is a chess program 
that runs on extended Basic. It 
has a length of 7K characters 
and plays an intermediate level 
game. Send for a sample run to 
see how well it plays. 

CHESS BASIC $10.00 

add $LOO for shipping 
California residents add 6% 

T K ELECTRONICS 

PO BOX 1832 


Fremont Calif. 94538 


Circle 120 on inquiry card . 

SUPPLIES 

~~ 

• 	FLOPPY DISKS, Mt NI OR 

STANOARO MEMORE X OR 3M 

· 3M DATA CARTRIDGES 
OCJOOA, 0 CI OOA 

• JM OIG11AL CASSEnEs 

•JM OR MEMORE X AUDIO 
CASSE l IES, C60 

·JM OISX CARTRIDGES 

WE OFFER ; 
• COMPETITIVE PAIC1NG 
•IMMED IATE DELIVERIES 

IAn'I' Ouan11 t'l'l 
• UNC:O~lO I TIONAl GUARANTEE 

BET A BUSINESS SYSTEMS 
8JG~ VICKEAS ST .. • G 

~ SMJ DIEGO, C.:i.. 9;.111 •
tiiiiiii 11 141 ~ij,$4~!) 1 1 

Circle 11 on inquiry card. 

B't'TE SHOP. 

the affordable computer store 

7825 BIRD ROAD OF 
(305) 264- 2983 MIAMI
DIAL 264 -BYTE 

WE HELP YOU GET YOUR SYSTEM 
UP AND RUNNING. 

IMSAI BOBO MEMORY EXPANSION 
BYTE·B COLOR TV GRAPHICS 
SWTP MP6B LEAR SIEGLER AOM J 
CROMEMCO PAPER TAPE READER 
PROCESSOR TECH 
INTERFACES (KITS or ASSEMBLED UNITS) 

IN FORT LAUDERDALE 

1044 E Oak land Pk Blvd 

(305) 561 -2983 

Circle 14 on Inqui ry card . 

TYSON'S CORNEA, VIRGINIA 
(WASHINGTON.DC AREA) 

THE 

COMPUTER SYSTEMS 

STORE 


"Specializing in Systems" 

FEATURING: 

P1ocess& Technology Lu;u S>C~h..!I 

Poy M orph 1C 0[C 

D1aD10 SWl PC 

E i L Sonls 

Vet!rn Grao1i1cs 01~tri ! Grmm 

ApJhJ' TOL 

CROMEMCO 6(>QkS - Magrwno-s 


COMPUTERS FOR HOME $r.HD0L &. S.tilALL 0USINESS 
CUI sHHI will helO you se1ec1 rri:nn 1tie bcs:1a' eai::h ma.r1utac · 
turer 10 complolC! 1he svs 1~m IH.!S1 SUllC!tl to voUl needs 

~css SPECIAL· lEAR·S IEGlER ADM 3A 

~ CD p rrn S~STEms STORE 

1984 CHAIN BRIDGE ROAD. McLEAN VA 22101 
TELEPHONE 17031 821·83:>3 

O~ENINO SOON 

AL.EXl.NQ{llA V/< • NORFOLK VA • BAL 1 lt10R( MO • OfiLAMX> FLA 


Circle 33 on inquiry card. 

REMEMBER 
16K 

AS S EMBLED ANO 1[51[0 

5520 
Features; 

StATIC OP(0/1.11 0 ~~ 

J\ CC E SS TU.\I '1 ~ t111" 


S100 OU S COMPAllUl ( 


LOW POw£n IY l-' ICflll't 

ilO .,,,1,1 th 

10 !Ima 1(i~ 

'} >l. n1,1 If... "II: 4:11 

BA11ERY BAC..:.UP 

AVATAn SYSlf M S 

JS 30 SWENSON 

80)( ''l 

L AS v EC AS NEV B9 10•1 
r f 0 (I 1 J J ll JD-I 

Circle 134 on inquiry card. 

ELCOM 
ENTERPRISES 

Now Distributing .... 

HAZELTINE 1500 · Basic Term inal 
[kit or assembled] 

CONTROL DATA • Conversational 
Display Term inals [assembled] 

ADDS - Regent 100 and 200 

Terminals [assembled] 


BEE HIVE 'S - B100 and B500 

[assembled] 


TWX - New and Used 

TELEX - New and Used 

SHUGART · M ini -floppy Disc Dr ive 
Units S310.00 while they lastlll 

ALL PRICES FOB CONCORD. TN 
Bank.Amc11eard/ V1sa and Mastercharge walcome 

EICom ENTE RPR1sEs 
10728 OUTCHTOWN RD . 
CONCORO.TN . 37720 
16 151 966-3352 
16 15) 689 -5559 - Call 24 hours .EI 

DEALERS IN QUIRES INVITED 

Circle 47 on inqu i ry card . 

THE PROM SETTER 

READ/WRITE 

l 702A and 2708 


CAN ALSO WRITE and READ 

2716 

AND OTHER EPROMS 
ALTAIR / IMSAI COMPATIBLE 


NO EXTERNAL POWER SUPPLY 


LET YOUR COMPUTER 

DO IT ALL 


SOFTWARE INCLUDED 
Doubles as an 8 Bit Parallel 1/0 


KIT COMPLETE- $210 

ASSEMBLED-$375 


DELIVERY LESS THAN 60 DAYS 

SZERLIP ENTERPRISES 
1414 W. 259th STREET 

HARBOR CITY , CA. 90710 
Calif. Res . Add 6% Sales Tax 

Circle 113 on inquiry card . 

:::= IT'S A GREAT BIG COMPUTER WOR LO - ­
-++- But You Only Need -=!:= 
-++-T HE COMPUTER CORNER · ­
-++­ • SOL - A New Dawn Is Here!
-++- •1MSAI 8080
-++- •POLY - 88 
-++- • TDL Z-80 
-++- • Memories & 1/0 Boards 

• Computer Book Service --
• Magnetic Tapes & Disks 

-++­
-++--­ • Full Line of Magazines 

• Brain Games & Puzz le'S-++­
• workshop s & Club Information-++­

-++­ Visi1 THE COMPUTER CORNER for -H­
all your computer needs. Srnp In and 

+t­
browse - you'll like our personal service.-++­

THE COMPUTE A CO AN E R 
Whit• Plaim Mall - Upp4!r Ltt\L•I 

-++- 200 H;,mllton Avcnuc -+4­
.....,._ Wl11ut Plai ns. New York 10601 -W­
-+f- T•L 19141 WHY . DATA -14­
~- A.tn~ht P.,-kmg .....,.._ 
~ 10-6 Dall y & S;i11.ud;1y ~ 

-/11**t fr**'** ****,\;" 
Circle 23 on inquiry card. 

http:CONCORO.TN
http:OP(0/1.11
http:WASHINGTON.DC


High Speed Operation 

We have not had any need for high speed 
operation, but the lntercepL Jr system ca n 
be made to run at fa irly high speeds by 
increasing th e voltage supply. The typica l 
instruction takes 10 minor cycles for execu­
tion: 

Voltage (VI OSC Frequency (MHz) Execution Speed (cycles per second) 

5V 
6V 

10V 

2.54 MHz 
4 .0 MHz 
8.0 MHz 

200,000 
350,000 
700,000 

The 8 MHz operation req uires Lh e use of Lh e 
"A" version of the microprocessor. This 
operates faster than the PDP-8E minicom­
puter but takes less than .01 the power. 

Option Cards 

The UART card required the most modi­
ficatio n for our use. It has been des igned for 
operation only at 110 bps. We add ed the 
Fairchild CMOS 4702 clock generator to 
all ow selection of rates up to 2400 bps. 

STATE OF THE ART 

BOTH FORMS 


There are two forms of the "state of the art " . One form is the 
personal growth attained by most pro fe ss ionals who realize they 
must stay in step, intellect ual ly, with new concepts and new 
tech niques . Too often, a tragedy occurs when the professional 
neglects the second form , his career development. The fatal 
mis take occurs when working in an environment that provides 
a continuous parallel to industry but neg lects to provide the 
professional growth that is necessary to insu re career develop­
ment and avoid future frustrations . To insulate you rself against 
this happenstance, check with our professional staff. They will 
advise you on your career development as it relates to your 
technical development. 

Our areas of specialization are: 

SOFTWARE DEVELOPMENT 
COMPUTER GRAPHICS 
DATA BASE 
COMPUTER DESIGN 
SIMULATION AND MODELING 
TELECOMMUNICATIONS 
HARDWARE~OFTWAR E INTERFAC E 

For further information either call or send resume to : 

PERRI-WH ITE ASSOCIATES 
50 FRANKLIN STA EET 
BOSTON, MASS . 02110 
(617) 423-1900 PERR I -WH ITE & ASSOCIATES, INC. 
ROBERT MAR LOWE 5373 W. ALABAMA PLACE 

HOUSTON, TEXAS 77056 
PERRI-WHITE & ASSOCIATES, INC. (713) 961 -5500 
44 MONTGOMERY STREET FRANK COLLINS 
SAN FRANCISCO, CAL. 94104 
(415) 981 -7000 
RICH ENGLE 

Managem ent Consultants 
Specializing in Data Processing/Systems Engineering 


All Repl ies Held I n St rictest Confidence 
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The early UART cards were produced with 
RS-232 connectors mounted on the wrong 
side of the board . We also had to add a nega­
tive voltage sour·ce. Our Texas Instruments 
teleprinter requires that a ju mper be put 
on the UART card between pins 4 and 8 . 
We found it very useful to add an LED to 
indicate when data was being received over 
the phone lines. 

The 1 K bytes of CMOS programmable 
memory that is available from lntersil has 
two AA ce lls mounted on the card for 
battery backup. This card draws only 10 µA 
from the AA cells when power is turned off. 
It is affected by static electricity if it is 
removed from its socket. Touching the 
printed circuit side of the removal board 
causes a latchup on the card, scrambling 
the data saved in memory. 

The AUDVIS (audiovisual) board (6957) 
has 12 slide switches for inputs, and four 
LED numeric displays with 12 LEDS in 
parallel for visual output, in add ition to a 
speaker for aud io output. 

We in tend to introduce the micropro­
cessors and the data acq uisition system to 
scien Lists and technicians with the A UDV IS 
board, because it allows the new user to 
quickly get used to microcomputer input 
and output, and binary to octa l conversion. 
It was developed for use in 1 day Intercep t 
Jr classes given by ln tersi l around the 
country. 

CMOS Logic Probe 

The I11tercept Jr system is meant to be 
only a tutoria l system . If one gels around 
to doing much hardware development, a 
CMOS logic probe becomes almost a neces­
sity . For operation with th e 2.45 MHz 
crystal, th e response time of the probe 
must be faster than 300 ns. Continental 
Special ties, among others, has a fast 
CMOS logic probe with a useful pulse 
latch feature that LUrns on an LED if there 
has been a logic stale change. The hobbyis t 
might be interested in the AVR electronics 
probe which we have also used. 

Selecting a Low Power Microcomputer 

As a brief postscript we note tha t, as of 
this wr iting, the avail able battery powered 
processors on the market include the 
ln tersil IM-6100, RCA COSMAC, Texas 
Instruments 990 12L 16 bit microprocessor, 
and an upcoming 12L version of Lhe NOVA 
minicomputer from Fairchild. We found it 
difficult to obtain a cross assembler for any 
low powered compu ter other th an th e 
lntcrsil CMOS PDP-SE, however. • 
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Compule r Cr en t to ns i nc. 

)1~ l.leN l 2nd Str e e t ; Re no , Nevt1 d1'; 6950 1 


Circ le 24 on inquiry card. 

CONVERT ANY TV 

TO A HIGH QUALITY MONITOR 


,..­- hH ­
OU~IT'f'i&CH 

TTTTTTT v ' 
T v ~:· 
T v v ' 
T v 	 I 

I 
1100 ~ITS 

.J 

•Hot Chassis or Transformer sets 
• 64-80 characters per line 
•By-passes tuner & 1.F . 
•Normal viewing unaffected 
•Safe- Easy installation 


ACVM Hi-Resolution $24.95 ppd 


RFVM C h2·6 Modulator $9.95 ppd 

v".l\MP"..ii'.rc-:···-···---s0·x-2931s 
Los Angeles, Calif. 90029 
Calif. Residents add 6 % Sale• Tax 

Circle 125 on inquiry card. 

MAKE YOUR COMPUTER PRODUCTIVE 

WITH SOFTWARE WRITTEN 


IN ORTHST AR BASI C 
* 
* 
REM General L edger * 

and Statements $ 75 

REM Mailing Labels $50 

REM Federal Income Tax $200, 


Schedule A and B 
And More to Come . . . 

REM System Descriptions $2 each 

REM Sys tem supplied 011 Diskette 
witl1 Program Documentation 
and Operating Manual 

RUN Benson & Costello * 

29-02 23 A venue 

Astoria, New Yor k TT I 05 

212-932-3316 


* 

WASH . DC AREA HOBBYISTS' 

~·!i cro 
Divc r6ion6 

HOBBYIST 

MICROCOMPUTING 

An in troduct ion to 1he design . 

con!> Hv c: tion , e nd programming o f 
microprocouor·bo1ed compv tors. 

EIGHT WEDN ESDAY EVENING SESSIONS 

JANUARY ~ · FEBRUARY 22 


Those ore compan io n " how· to ·do· •t" 
courns on The hordwore ond softworo 
1ochnolog1os of personal computing taught 
by M icro Diversions hardware ond tof! · 
woro dos igno r s . Co ll / sond / ci rclo for 
b ro chure 

HARDWARE · $75 .00 SOFTWARE · $15 .00 

BOTH S 125 .00 


Clossos limltod In sl1e , e a rly 

reg is1ro1 1o n rs rocommondud 


P.O . BOX 527 

FALLS CHURCH , VA . 22046 


(703) 533- 11 33 


Ci rcl e 72 on inquiry card . 

TELETYPE 
RECONDITIONING AND REPAIR 

Prices for recond itioning of complete 
mach inery including parrs: 

M ODEL NO. PR ICES 

M -32 ASR.KSR 5250.00 

M -33 ASR,KSR $250.00 

M -35 ASR.KSR 5295.00 

M -30 RO $195 .00 

M -33 RO $195.00 

M -35 RO $195.00 


ALL PR ICES FOB CONCORD. TN . 

811nkAmetice rd / Vi ..e ond MH1 orch11rgo w olcomo 

The pr ices lis ted above are tor mechanica lly 
complete te le1ype machines only. Quotes 
lor repair of incomplete machines made 
on request 

EICom ENTERPR1sEs 
10728 DUTCHTOWN RD . 
CONCORD. TN . 37922 
1616) 966-3362 
16151 689 -5559 • Call 24 hours .E I 

Ci rc le 4 7 on inqui ry card . 

computer 
depOt' ino. 

(Credit Cards Acceptodl 

e 3515 W. 70 th St., M p ls., MN 55435 e 


(612) 927-5601 
• D 	Motorola Oil 6800 • 
• 	 Evaluation Kit. . . . . $235.00 • 
• 0 	 National SCMP Kit with • 

Keyboard .... ... $190.00 
• 0 	 E&L Digi-Designer Kit ­ • 
• Design Your Own • 

Circuits . . . . . . . . . $ 77 .75 
• 0 	 Speech Lab K i t - Ta l k To • 

Your Computer . . . . $249.00 • 
• 0 	 2708 Eproms Full Spec 

• 	 450NS From Tl & • 
Fairchild .... .. .. $ 16.95 • 

• 0 	 IMSAI 8080 Complete 22 
• 	 Slots All IC's wi th Sockets- • 

Assem. & Tested ... $850 .00 • 
• 0 TTL Catalog and Remember, 
• We Pay The Sh ipping. • 

• ~A"'d"'d"'r"'es""s,...------------ • 

• Part No. Qty,"" Amt. Enc losed • 

South Florida 

S uNNY C oMPUTER 

S TORES. INe . 

South Florida 's Fi rst Computer Store 

WE CARRY : 

e ALPHA MICRO SYSTEMS, 
MICRO FILE, IMSAI 

e BOOKS, MAGAZINES. 
NEWSPAPERS 

e FULL SERVICE 
e SOFTWARE 
e WRITE OR PHONE US FOR 

PRICES 
MORE THAN JUST TOYS 

Monday 12 noon - 9 pm 

Tues.-Fri. 10- 6 


UNIVERSITY SHOPPING CENTEF 
1238A SOUTH DIXIE HIGHWAY 

CORAL GABLES, FLA. 33146 
(305) 661 -6042 

Circle 110 on inquiry card . 

, 
WHAT IS 


a really good way to 

protect all your valu ­


able back issues of 

BYTE that will keep 

them handy , clean, and 


organized? 


Send to: 	8 YTE, POB 5 7 20, 
PhiladelphiaPA 19 14 7 

for informa t ion on binders and files. 

CANADIANS! 
Introducing our kit-by-the-month 
plan available for only $500.00 down 
and $150.00 per month . 

(Wnte lor more informs lion) 

IMSAI 8080 KIT: $B97.50 
ASSM : $1245.20 

Canadian Du ty and Federsl Tex Included 

Hobby systems from $999.00 (Kit) . 
Business/engineering systems from 

$11 ,900.00. 

(Assembled and Installed"). 


Educational discounts available. We 

will develop custom application pack­
ages. Contact us for further informa­
tion. Send $1.50 fo r catalogue. 
VISA • CHAAGEX ACCEPTED JI 

./.' ~ 

Rotundra 11...t. 
Cybernetics ­

Bo x 1448. Calgary , Alta . T2P 2H9 
Phone (403) 283-8076 

(lns talfalion outside Western Canada extra). 

Circle 10 on inqu iry card. Circle 26 on inquiry card. 	 Circle 97 on inquiry c·ard. 



Be certai n that when you are putt ing to­A Note 
gether a kit by soldering in your integrated 

to Novice 	 circuits th at lhe ident ity or pin 1 position 
is unambiguou s. A particular exa mple weKit Builders 
recently learned about by personal ex ­
perience was the Texas Ins truments T MS­
4044NL 4 K memory part used by a novice 
to asse mb le an 8 K mem ory board from 
a kit product. The instruc tion for th is 
part icu lar ki t quite properl y stated that: 

. . . the "dot " or "notch" on the end 
of the package is used for orientation 
purposes and must match with that 
shown on the component layout 
drawing for each of the integrated 
circuits. 

Th e only problem was that lhe part (fo r the 
novice} was ambiguous: 

articles appearing In Volume I 

of BYTE -September 1975 thru 

December 1976. Indexed for easy 

Deep Within Every 

Novice Lurk• a 


Computer Hacker 

Waiting to Get Out 


Help free the novice in your I ife w ith 
two outstand ing se lections from 8 1 TS .. . 

Your Home Computer, by James 
Wh ite, is a clearly written nontechn ical 
description of personal comp uters tha t 
req u ires no prior knowledge o f computers 
or electronics. The em p hasis is on u nder ­
sta nding; over 100 illustrati on s are included. 
Topics inc lude : co mpµting and you; com ­
mu nication inside a compu ter; comp uter 
thought p rocesses; fixed memory; inp uts 
and outputs ; peripherals; systems com ­
ponents; how to choose a microcompute r; 
and so on. Your Personal Computer is the 
ideal book for readers who t hought they 
could never understand how computers 
work. And the best pa rt is that it 's easy 
and fun to read . Y ou rs fo r $6. 

T he perfect book for the lay man or 
wo man, How You Can Learn to Live With 
Computers is a livel y accou nt of t hese 
ubiquitous machines and t heir role in 
present society. Author Harry K lein berg 
begins with some elementary log ic and 
shows how a simp le hardware circuit can be 
used to i l lustrate logical concepts. $8.95. 

BITS Inc 

70 Main St 
Peterborough NH 03458 

For ease in ordering, use the coupons on 
pages 123 , 125 or 167, w r it ing in the 
name(s) of the book(s) y ou want. 

Please note that processi ng m ay exceed 30 
days in u nusual cases . 

Ci rc le 12 on inquiry card . 

First Come 
First Served 

Back Issues of BYTE 
About 300 July, 200 A ug., 

and 500 Sept . 1977 issues of 
BYTE . Orders wi ll be filled on a 
first come first served basis until 
the supply is exhausted ; we w il l 
partial ship and return any m onies 
in excess. 

Readers please send $2.00 for 
each issue; t his includes postage 
and handl ing. 

The Compute r Place 
186 Queen Street West 
Toronto MSV 1 Zl 
416-598-0262 ' 

Dealers please inqu ire. 

192 BYTE Decrmh•f. 1977 

•r"ICOrtfCt u11i I '"ditn!1l 11:a 1oon 
•I w< o ng no1eh u t.1 \f'U , 

The first-time nov ice who assemb led the 
board in question chose the deep notch 
as the ide ntification of the proper end of 
the IC fo r pin 1, and was 180 . from the 
proper orie ntation. The only other confir­
mation of proper or·ientat ion wou ld be that 
pin 1 is at the left when the markings on 
the IC are read in th e norma l fash ion. Later 
inspection of the mechan ical data sect ion 
of a T l manual confirmed that the proper 
orientation of the package in this case was 
gi ven by the shal low rectangu lar groove. • 

reference. Includes all errata. 

RE 

To get yourr, Je.nd o $.24 stamp6d Jtlf-oddrt15t.d 
tnvelope to: 

BYTE Index 
70 Main Street 

Peterborough NH 03458 
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Get Your FREE Subscription*

Find out all the LATEST details about the 

SECOND 

~S"I' C::<>4_ · 

;:~._,-~r F:I~ ~~~~ 


~'COMIN' ON STRONG~ 

• A Major Conference Program 

(published Faire Proceedings to be available, on-site) 
• Banquets with Fascinating Speakers 

• A MASS of Exhibits 

5 Months Before the Second Faire, 
the following 50 companies had already formally requested exhibit space: 

Administrative Systems, Inc. Dymax Osborne & Associ,ates, Inc. 

Anderson Jacobson, Inc. Electronics Emporium International Paratronics, Inc. 

Apple Computer, Inc. Godbout Electronics People's Computer Co. 

Berg Publications Heuristics, Inc . Phonics, Inc . 

BITS Ibex Promedics Data Corp. 


• 	 Byte Publications, Inc. Integrand Research Corp. Quay Corp. 
Byte Shops of Arizona/Micro Age Interface Age RCA Corp. 
California Business Machines International Data Systems, Inc. SD Sales Co. 
Camelot Publishjng Co. Ithaca Audio Smoke Signal Broadcasting 
Cherry Electrical Products Corp. Jade Co. Solid State Music 
CMC Marketing Corp . Micromation , Inc. Southwest Technical Products Corp. 
Compucolor Corp. Motorola , Inc. Standard Engineering Corp. 
Computer Kits, Inc . Mountain Hardware, Inc. Sybex , Inc . 
Computer Warehouse Store Neutronics Tri-Tek , Inc . 
Creative Computing Newman Computer Exchange, Inc. United Technical Publications 
Cromemco, In c. North Star Computers, Inc. Ximedia Corp. 
Digital Group Xybek 

FIRST West Coast Computer Faire 

HAD • almost 13,000 people 

• around 180 exhibitors 
• almost 100 conference sessions 

• four banquet speakers 
all in just TWO days 

SECOND West Coast Computer Faire 

is THREE days long 

March 3 4 5, 1978 
San Jose Convention Center, San Jose , Calirornia * 	 in th1· middlt· 1Jf Sili1·011 ll" /11"\! 

Get the FREE Silicon Gulch Gazette 
for all the lat est details : 

•Send us your name & mailing address 

•The Gazette -- a tantalizing tabloid touting the Faire 


& offering 

"hot news" and "raging rumor" regarding home & hobby computing. 


COMPUTER FAIRE BOX 1579, PALO ALTO CA 94302 0 (415) 851-7664 0 
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SPEAK! 

AT THE 

SECOND 

~S,.I' C::<>~ 

~ -c.:J'"'I~ F:I~ ......~.... 

,,.,..~~ ,e:.-e:..-.c::::~ de. °E:"><. p~ ~--~ 

~.....,..~-~~ c~.... <>.-. ~·~·~~ ~~ 

......., 9-1 J!K, ~<>rrll.~ <:::~ ~ 


-~~ ~~~ 

~e' ~~~~ 
~ • Tutorially Talk about our Tantalizing Thinkertoys --=:a 

• Comprehensively Comment on your Complex Computer Calisthenics 
•Describe Daring Digital Deeds 

CHOOSE YOUR OWN TOPIC(S) 

Topics at the FIRST West Coast Computer Faire included: 

t Tutorials for the Computer Novice t Residential Energy & Computers 
t People & Computers t Computers & Systems for Very Small Businesses 
t Human Aspects of System Design t Entrepreneurs 
t Personal Computers for the Physically Disabled t Speech Recognition & Speech Synthesis by Home Computer 
t Legal Aspects of Personal Computing t Tutorials on Software Systems Design 
t Amateur Artificia l Intelligence t Implementation of Software Systems & Modules 
t Computer Art Systems t High -Level Languages for Home Computers 
t Music & Computers t Multi-Tasking on Home Computers 
t Electronic Mail t Homebrew Hardware 
t Computer Networking for Everyone t Bus & Interface Standards 
t Personal Computers for Education t Microprogrammable Microprocessors for Hobbyists 
t Amateur Rad io & Computers t Commercial Hardware 

NOTE : T he Co11fcrm1cl' l'rru:eeding., uf th1· Firsl 1\11·s1 Coast Com/>11/1·r Fairi · carries over 320 pages of these tutorials & technical 
presentations. many d iscussing the state-of-the-art in home & hobby computing. The Proc1'edings is immediately availab le from 
Computer Faire (within California, $13 .40 ; outside Californ ia, $12 .68; forei gn, please write for rates--payment must accompany 
orderl, CJr from your local computer store (a das ta rdly di s-service to you if it's not!). 

FOR YOUR TALK TO BE PUBLISHED 

in the Proceedings of the SECOND West Coast Computer Faire. 

which will be available at the Faire, 

abstracts a caDlera-ready papers

will be needed. 


CA.LL or WRITE: 

t Tell us your topic 


---i....~ t R equest Speakers' !nstn1ctions .........-• 

..... Deadline for submitting title & brief abstract ofyour talk(s): 19 77 Dec 15 ........... 

.,.,... Deadline for submitting camera-ready, full-text paper in specified fonnat : 1978 Jan 2 ...... 


COMPUTER FAIRE BOX 1579, PALO ALTO·CA 94302 0 (415) 851 -7664 D 
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New Aid for Machine Language Hackers 

Microcomputing enth usias ts who lack 
an assembler and must program in 
machine language (without the benefit 
of a power eraser) may appreciate this 
new product. The Basic Ope rational 
Programming Aid (BOPA) comes with 
32 removable, reversible plastic slats 
on which machine code can be written 
one byte lo a slat. Machine instruction~ 
can be inserted or rearranged simply by 
moving the slats around. A set of BOPAs 
can be ca rried in a 3 ri ng binder. The 
basic BOPA is $11.95, with a specia l 
ink pen for $1 and a solvent solution 
for $1.25. An expa nded 256 entry 
system is also availab le for $74.95, from 
Vamp Inc, POB 29315, Los Angeles CA 
90029.• 

Circle 521 on ioQUl tV cafCf. 

New Power Supplies 

Cirt: h: 522 on 1nriu1 1y card. 

196 RYTE D«emhe. 1977 

Two Ways to Convert Your TV 
to a Monitor 

There a re two ways to convert yo ur 
TV set to a video monitor: You ca n use 
the video signal to modulate a high fre­
quency (RF) signal, creating a tiny 
transmitter wh ich is attached to the 
an tenna term inals of your TV set, or 
you ca n phys ica lly modify the set to 
enter the video signal just beyond the 
TV 's vid eo detector. The fo rmer method 
requires no modifications to the TV but 
lim its the bandwidth of the signa l' and 
hence the num ber of dots making up 
characters across th e face of the screen. 

You ca n take your choice of these 
methods wi th two kit s from Vamp Inc. 
The RFVM-1 kit ($8 .95) incl ud es a 
1.2 5 by 1.75 inch (3.2 by 4.4 cm) 
printed circuit board which is designed 
to be insta lled inside you r video source 
and anac hed to the TV through the 
antenna termina ls, yie ld ing a freque ncy 
response of up to 4 MH L. The ACVM -1 
kit ($23.95 ) includes a 2 by 3 inch (5.1 
by 7 .6 cm) baord designed to be in· 
stall ed inside the TV set and p ro vides a 
freq uency response up to 10 MHz. A 
bypass switch is inc luded with the 
ACVM-1 to permit normal TV program 
viewing. Bot h kits are comple te with all 
parts and can be obtained wit h a $1 
sh ipp ing and handling c harge from Vamp 
Inc, POB 29315, Ho llywood CA 
90029. • 

Circle 523 on 1nqui1v carcL 

The new SPS·D and SPS·T mu ltip le 
output DC power supplies arc designed 
for microprocessors and memories 
floppy d isks, and simi lar appl ica tions'. 
Avai lab le with ad justable voltages from 
± 5 voe to ± 28 voe and currents 
from .1 to 12 A, th e units featu re com­
ple te isolation between outputs, curren t 
limiting, short circuit protection, and 
op t ional overvoltage p rotection. Prices 
range from $1 04 to $139 and weight 
from 7 to 16 pounds. Additiona l 
techn ica l informai io n and a new ca talog 
are ava ilable from St nclard Power Inc, 
1400 S Vill age Wa\' , Sa n ta Ana CA 
92705, (714) 558-8512. • 

Attention Homebrewers: 

Roll Your Own Case with This Package 


The "Flex-i·pak," a flexible instru ­
ment housing system, is supplied in a 
basic unit frame configuration with a 
variety of chassis and brackets to choose 
from as needed. Extrusion s, brackets and 
pane ls co ntai n a pattern of ho les on l'2 
inch centers, allowing easy "erector set" 
co nstruction. Card guides may be in · 
stal led in a variety of ways. The basic 
case, measuring 17 inches (43. l cm) 
by 13, 16 or 20 inches (33.0, 40.6 or 
50.8 crn) with heights from 3.5 to 
12.25 inches (8.9 to 31.1 cm), features 
vinyl covered top and bottom, side ra il s 
and perimeter frame of extruded 
alum inu m. Price of the Flex·i -pa k in 
single quantities var ies from $72 to $145 
from the Buckeye Stamping Company , 
555 Marion Rd, Columbus OH 43207, 
(614) 445 -8433. • 

Circle 524 on 1nqu1rv curd. 

Attention Readers, and 
Vendors... 

Where Do New Product"ltems 
Come From?• 

The Information printed in the 
nevr products pages of B YT£ is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. If In 
Qur judgment the neat new whiz­
bang glzmo or save the world 
software patkage is of interest 
to the personal computing experi­
menters and homebrewers who 
read BYTE, we print the informa­
tion In some form. We openly 
solicit such Information from 
manufoc{urers and suppliers to 
this marketplace. The information 
is printed more or less as a first in 
first out queue, subiect to oc­
casional priority modifications. 

.I 



Bit Status Display 

Greg Tomalesky 
164 Preston Rd 
Parsippany NJ 07054 

Here is an interesting modification to the 
7 segment display circuit shown in figu re 3 
of "LE Ds Light Up Your Logic" in February 
'1976 BYTE, page 54. The original circu i t 
displayed 1 or 0 to indicate the corres­
ponding logic state. With the addition of two 
more 7437 inverters and some rewiring (see 
figure 1), the circuit will display H and L in 
place of 1 and 0. I used a DL-704 common 
cathode display, but of course a common 
anode disp lay may also be used. 

Carrying this idea a little further, you 
ca n display HI and LO in a sim il ar manner 
by using two displays. 

7 segment displays can be used to dis­
play many other letters such as A, C, E, F, 
H, I, J, L, 0 , P, S and U in upper case, and 
b, c, d, h, i and o in lower case. The upper 
case letters A, C, E, F and the lower case b 
and d may be used in conjunction with the 

DATA 

+5V 

100 

74~7 

220 

PIN NO 
13 

B 

L..;G=--­ - ­ • 2 

0 
7 

E 

220 F 
6 

12 (GNDl 

numerals 0 thru 9 to form hexadecimal 
displays for use with microcomputers such 
as the M6800 and MC6502, which have 
hexadecimal based structu res.• 

Figure 7: This 7 segment 
display will monitor the 
state of a single bit and 
output an H or L depend­
ing on the status of the 
data input. Power connec­
tions to the 743 7 inverter 
are +5 V to pin 74 and 
ground to pin 7. All re­
sistances are measured in 
ohms and all resistors are 
0.25 w. 

4K PROM4K RAM BOARD 
Assembled and tested. $89.95 - Low Power BOARD 

- 5 V Only 
- Industry Standard Bipolar ROM 

See kit below. 

4K RAM BOARD KIT 
- Compat ible Wi th Our Bu s 

450ns Access RAMs 
Fu ll y Bu ffered 
Low Power $79.95 KIT WITH 2K OF PROM $79.95 
Static 

5V only 
 Additiona l 2 K of PROM $40.00 

4Y2 x 6 inch board 

Buy 4 RAM Board ki ts at 

$79 .95 each and an 8 slot 2102 - $1.30 Multiples of 25 only. 

Mother Board is yours Low power, 450 n.s. Access and cycle. 

Includes B connectors and card guides . FREE. DANA 2000A Multimeter 
Regularly $199.50 Our Price $1 65.00

MOTHER BOARD MAKE CHECK OR MONEY ORDER PAYABLE TO: 

8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 

Discounts available at OEM quantities. For orders less than
Mother Board $20 .00 ea $25.00 total. add $1.25 for sh ipping. California residents 
Con nectors 2.50 ea add 6% sa les tax . Estimated shipping time 2 days ARO with 
Card guides f or above $1 0 .00 per set. money order. For checks allows 7 days for check to clear. 
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A Quick Way to Panel Mount LEDs 

6800 System Analyzer 

Designed for use with the Motorola 
6800 microprocessor, this system ana­
lyzer features single step instruction 
execut ion, a hardware implemented 
breakpoint which shifts from fu ll speed 
to single step mode when a se lec ted 
address is reached, loop counting, and 
cyc le delays. Hexadecimal addresses, 
loop counts and delays are set up with 
thumbwheel switches and disp layed 
on LEDs. Priced at $995, the unit is 
offered by Telcon Industries Inc, 5701 
NW 31st Av, Fort Lauderdale FL 33309, 
(305) 971-2250.• 

Circle 525 on incwiry card . 

Hard Copy from Digital Panel Meters 

Furniture for the Micro Age 

A desk specifica lly designed to house 
a personal or business microcomputer 
system is now avai lab le from Computer 
Systems Design. The "Microdesk" (a 
trademark) ca n be easily assem bled 
without tool s in five minutes. The desk 
is constructed of h igh density vinyl clad 
board and measures 48 by 24 by 28 inch 
(122 by 61 by 71 cm). A slidi ng shelf at 
convenient typ ing he igh t is provide d for 
a keyboa rd . Also included for equipment 
and books arc two fixed shelves, one of 
which is adjus table. Avai lable as options 
are additiona l shelves or ra il s for rack 
mounted equipment. The Microdesk is 
availab le for $96.50, FOB Wichita, from 
Computer Systems Design, 1611 E 
Central, Wichita KS 67214, (316) 
265-1120.• 

Circle 527 on inquiry card . 

This adapter co nverts digita l panel 
meter outputs in binary coded decimal 
(BCD) to Teletype inputs, for hard copy 
and paper tape records of panel read ings. 
Th e Mode l DPT-415 has a present 
form at that enab les printing of up to 
five digits, a sign and an additiona l 
character. It ge nerates spaces, ca rr iage 
returns and line feeds. The DPT-415 
is complete and runs on a 5 V power 
supply . T he driving circuitry for the 
20 mA Teletype connection is incl uded 
on the 6.5 by 4.5 inch ( 16.5 by 11.4 cm) 
printed ci rcuit board. The u nit sells for 
$275, or $95 in q uant ities of 100, from 
Digita l Laboratories, 600 Pleasant St, 
Watertown MA 02172, (617) 
924-1680.• 

Circle 526 on inquiry card. 

This one-piece lens and panel mount 
for T 1% light emitting diodes, called 
Cliplite, sna ps sec urely into a l4 Inch 
hole and requi res no tools to assemb le. 
A point sou rce LED used with the 
Cliplite produces a display five times 
brighter than a diffused LED without 
any loss in viewi ng angle . Five colors: 
red, green, am ber , yellow and clear 
allow the Clip li te to enh ance and pro­
vide uniformity of color output from 
LED to LED. The units arc p ri ced at 
$.10 in 10,000 quantities. A free sample 
and data sheet can be requested on a 
company letterhead from Visual Com ­
munications Company, POB 986, El 
Segundo CA 90245, (213) 822-4727 .• 

Citcle 528 on inquiry card. 

If It's a Long Way from Your Term inal 
to Your Computer... 

A new line of RS232C EIA data 
cables is available in lenglhs up to 250 
feet a nd longer. The cab les feature low 
capacitance (12 to 14 pF per foot), 
twisted wi res to reduce crossta lk and 
shielding to protect aga ins t elect rosta tic 
noise. The cable sells for $ 18 .50 for two 
RS232C end connectors plus $. 75 per 
foot, from Dat a Se1 Cable Co nip any , 
7 Danbury Rd, POB 622, Ridgefie ld 
CT 06877, (203) 438-9023. • 

Circle 529 on inCJwrv t .il(d . 
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Circle 9 on inqu iry card . 

All Prime Quality - New Parts Only 
Lowest Prices - Satisfaction Guaranteed 

EDGE CARD CONNECTORS : 25 PIN SUBM INIATURE CONNECTORS : 

Bifurcated Contacts. Not ti n. Gold over nickel. 50/ 100 Pin (.1 00, Go ld Plated Contac ts. 
1.25 , + .156 Pin spacing ). Double Read out. 

DB25P Plug $2 .90 ea 5 pcs $2 .75 ea 
50/100 Altair Type - Dip Solder Pins $4 .25 ea 5 pcs $4 .00 ea DB25S Socket $3 .90 ea 5 pcs $3.75 ea 
50/ 100 lmsa i T ype - Dip Solder Pins $4.25 ea 5 pcs $4 .00 ea DB51212-1 Hood (grey) $1.00 ea 5 pcs $ .95 ea 
50/ 100 lrnsai Type with Guides $4 .50 ea 5 pcs $4 .25 ea DB51226-1A Hood (black ) $1 .00 ea 5 pcs $ .95 ea 

lmsai Guides only $ .30 /pr 5 pr $ .25/pr 
SAVE: 

All other contac ts available: Solder Eyelet , Wire Wrap, etc . A ll gold. Buy a comp lete set : 
Many other wpes available: 10/ 20 , 15/30, 18/36, etc . 1Plug, 1Socke1, 1 Hood (any) $7 .00/se t 

When ordering : speci fy type of contact. 5 sets $6.50/set 

2708 1KX8 PROM 450 NS 8080A - PR IME Write for larger quantity d iscoun ts. 
$ 18.00 ea $13 .00 ea 


5 pcs or more $17 .00 ea 
 Dealers welcome.5 pcs $12.00 ea 

Minimum order $10.00: Add $1.00 fo r shipping and handling. When ordering: 
Orders over $ 25.00: We pay the shipping: Calif residents add 6% tax. State method of shipment: 
No COD's: For immediate shipment send money order or cashier's check. Mail or UPS. 

ORDER FROM : Beckian Enterprises 
P.0. Box 3089 Simi, Calif. 93063 

ESAT-100 
Econom ical Stand A lone Terminal 
Assembled, Tested, Bu rned - ln.. ... ... S239.00 

For Tf- fCIVDt' 5CMP Jori K •rtt SSC 80 UU"!I •'\ ro:!14hl r 111 0 


1:ic-n'1"I". !r ll co11t••n\!d Cln"ltnumtarmq T~ rm1'1i11l. cornplr1 1•ly 


,.,~o:,.,bljjd , burnrd "' · ,..,d le'olt:'d $?39 00 

SPECS 31 ch,11..cl e1 ' i& ltne\ 1o, 2 P~Qt:'~ o l 5 11. 7 dol rn.i lH • fi.11 

i::h ..1i11Cl11• ..-.sc11 co mmur11u1rr"f with .. u·11..1, •wnch1unot1\ 11 

u n11 cadt- TTL com 11.111 1tJ;lti lrom JOO 10 9600 baud K41yboard 
 :1:;;u
G:in1rol1 J•I" b11c~ .111d ILJ1w..1d l l>.IC.I!, lull! ftl!d . clea1 Pd!Jt' , 01 u. 

l!'nd a' lont. '>t!ll!'CI n1gf' 1 or 2 lull h .t11 duplex . local lternoH• 

( Ul\O r Qnol)ll . oiJrJ ....vi:n •no l>dl •1V 0\JIPUI !O TV fl.'QflllOI ,, 


(AmPQhlr V1dt.'O. 75 Oh1T1\ Kt• vhoa1d rcquuctl ' ' 0 .11.1 11"1 tHlt 

ou1 ? um1 ASCII l't> •th fl1!1Ji l lVC 1'Ut" \lrobfo\ K!!V l)o;ii1d mo1y lll ll -··~

up 10 200 .~ trort1 the ESAT 100 on boa1d 5V powr• \uoot.,. 

Pq wer 1eQ1.1rre\l 1\ 110VAC fjl I w;illl 

COMMENT ARY A1 lh1\ wr 11•ng 110 I 77) Iii< ESAl 100 ,, !ht 

o nlv S.•riel Aton.e lprm •n.tl llo.:trd r@au •l1'l~ only b l.tc:• ••111 ·-·····ti wh•lt> T V \!!I 1ucs ASCII K!!vho;ard Yau do no ! hilvt' m l1awf' 

111 S 100 Bin M'*<-h"'" (J I l"Wrt'I "con•putc1 "l~y bo: u\~ , ,. c.on 


1unc:t1on w•lh ~ f.IQi l""' 110(1 vou• h.Qm"' TV \I'll IQ 111 nv•ck 111 l•r!\f' 

~h.lirr t vPt II:: •mrn1tl .. , ,1nv 0.1wl r.-lc yr)u dt:'s.rc 
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N OU', r.ommt1no1I 1rut'lor1~h 11w • '' 80 ch;i r~ctrr • 14 1111.- hu 
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 •• 
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Scrollborud Ad11pter f(lf ltJC\•g'll!d to 111 on ESA r 1001 w•lh 64 
 CAP. SPEC IAL : 
ch.ii•c•111\ ~ 16 1..,,., .i11d Autom.. 11c- Sc.roll.rig fr.tr S)9 95 

~. g. R So.lt>f'•M1od A r Modul;um 101 .tnl('11"il connec11on W•ltl Ttie Hogh est Ouallty , 

... ou1 rv ~C'I R1.1n\ o lf o 1 ES·\ T 100 DOWt'f 1up p1, t.Olf)I ~md By pass anywhere . 

bl.cl..& wh•T" 101 Sjt.~ 9S 
 VK06 0 . 1/ 100V for $0 .29 

Full Color TV Game K it : 
lnc ludas MM571 0 0 Game Ch i p, MM531 0 4 C l o ck Gen . , LM1889 N Co lor 
Modu la 1or, 3 .58 MH z co lor burs1 osc: i lla 1o r c rystal . va r i ab l e cap f o r c rystal 
.ad1 . and PC board. Very impressive on c olo r se ts. All d;ua shee 1s ilnd 
schematics inc luded ...$25 .95 
Direct Reading Capacitance Met er K it : 
Here is a handy shop item incorporating a reliable and nccurarn mea 
suremen l me1hod whi c h wo rk.s from 01 pic o -t d l O 10 rnicr o + d . Inc l udes 
la rge 6 " scale analog mete r movement , a ll elec tron ic pans and ful l doc u 
menla t i on and theory of operat ion. Aequ irns 5V and i 1 2V power . Makes 
accurate rcadlngs direc tly and i nstantly! No tun1ng.t. f iddlin g or interpo la 
tion required . Fu l l documentation and theo r y . .. 539 . ~5 

5V Regulated Power Suppl y Ki t : 
Prov ides regulated 5V 0> approx . 250 ma for benchwor k, breadboards and 
~~~~~.~~o~~~~~-101rr;;;~~~isu f ~o~!~~$5s .9e~u l ator, rectifiers , filter caps, anU1 
Nicad Batteries and Charger : 
2 ea 2AH ·c· size N lcads (great for memor y now er - fo1l CKTS, cold we., 
t11cr f lashfights , elc . and c h a r ger ... $1 3 .95 

LINE AR VE RBATIM Removable Magnet ic Storage Media 
L M380N 1 39 PRIC E REDUCTION ! 
LM340T 5, 12,15 M inid iskettes 1-9 10-25 26-100 

. 99 
4 .79 4 .65 4.45 

NE560 2 .95 

NE56 I 2 .95 MD525-01 (So f t Sec tor! for : In telligent Systems, 

NE565 , 95 Magnavox , M icrokit . and Vector Graphics 

NE566 1.49 MD525-10 (10 Sector, Hardi for : Digi -tog, No rt h Star, 

NE567 1.49 Po lymorp hic. Tei Inc., and Wang 

LM 18 12 4 .95 MD525-16 (16 Sector, Hard i for : A ltai r , Com tek, 

LM 1889 4 .95 M icropo tis, R2E, Rea listic Contro ls. 

CPU SP EC IALS and Te leray - Research Inc. 


Standard Size 1-9 10-25 26-JOOBOBOA 10.95 
ZSO 12mH z) inc l. Diskettes 5.99 5.33 4.79 

18m Hz Xtal 33 .95 FD34-1000 (So ll Sector, IBM Std .) 
ZBOA l 4mHz) on cl FD32-1000 (Hard Sec1or. Inner dia .I 
36mHz Xtat 39 .95 FD65-1000 (Hard Sector. Outer dia. I 

OPTOCOUPLE RS Cassett es 1-9 10-25 26-100 

4 N2G 1 0 0 R-300 
PROMS Digital Direct 5.25 4.99 4.35 

8223 Spec ial 1019.95 RAMS and OTHERS 
82S l t 5 8 x 512 15 .95 

IN4005 11 / 1.00El"cfr:olabs I N 4 14 8 

EP ROMS 21 L0 2 -1 4 5 0 nS 1.25 A YS- 10 13 4 .95 
2 1 L0 2 250 nS 1.5 0 M M5369 1.69 

27 08 650nS 12 .95 2 111 AL ·4 4 50nS 2.30 MM5320 6.0 0 
27 0 8 450 nS 16 .95 C3 1078 GOnS 1.99 25 13 Up. 5.95 
Cl 7 0 2A 1000nS 4 .95 PD 4 1 1D -4 135nS 3.99 2513 Lo . 6 .95 
MM52030 4 .95 

15 / 1. 00MM52040 9 .95 
~~,~~~~~,~~~~r~0~~~!~s ~ I ' 
$ 179.00 l or 4 5 0 n::. PQB 6'721 
~ 2~~ : 8 8 :~; ~~~enioord '/ I 

1".~'l e:-.tfu.~TMS1 l~ Stanford,CA94305 
415-321-5601 SAT ISFACT ION 

10 0 % GUARANTEE DI 
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Give a Jewel 

In Isolation, RS232 and 20 mA 
Get Along 

This adapter provides both RS232 
10 20 mA curren t loop and 20 mA 10 

RS232 conversion, impleme nted with 
optoiso lators . It can be used to inter­
face a terminal of one type to a com ­
puter of the other type for both input 
and output, or it can be paralle led to 
provide secondary output on a T eletype 
or RS232 printer while still us ing the 
computer's p rimary terminal. The adap ­
ter comes assembled and tested with 
use r instructions. It is bui lt on a 3 by 3.5 
by I inch (7 .6 by 8.9 by 2.5 cm) prin ted 
circ uit board, with dri lled, p lated­
through solder pads for all co nnectio ns 
priced at $24.50, or with barrier strips 
and screw terminals (pictured) for 
$29.50. Contact Co nnecticut Micro­
computer, Pocono Rd, Brookfield CT 
06804.• 

Circle 530 on inquiry card. 

Thi s Wire Wrapping Kit is OK 
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Hobbyis ts and prototype eng inee rs 
ca n ge t sta rt ed with wire wrapping using 
thi s new kit. The kit fe at u res a combi na­
t ion tool for wrapp ing, s tri pping and 
unwrap ping, a 50 ( 15.2 meters) foot roll 
of wire, two 14 pin and two 16 p in DIP 
wire wrap sockets , and a 4 by 4.5 in ch 
(I 0.2 by 11 .4 cm) proto ty ping board 
with a 44 pin edge co nnecto r using 
sta ndard . 156 (0.4 cm) inch spac ing. The 
Model WK-38 kit is ava il ab le for $ 15.95 
from your local e lec tronics out let or 
di rectl y from 0 K Mach ine and Tool 
Corporation 3455 Conner St, Bronx NY 
104 75 , (2 12) 994-6600. • 

Circle 532 on mquiry card , 

AI last, integrated circuit tech nolog y 
has found an imaginative use in jewelry. 
The Star jewe l pendant has a red li ght 
em itting diode in a mirrored multi­
face ted lucite selling. An integ rated 
c ircu it, powered by two inexpensive 
hea ri ng aid batteries, blinks the LED 
about three times a second. One set 
of bat teries will run the c ircu it for 
about 300 hours , which sl1ould be 
eno ugh for two 10 three months of 
use, depending on how vigorous your 
night life is. Star jewels arc ava ilable 
with reel, green, blue, si lver a nd smoke 
colored gems and come comp lete with 
pendant cha in , batte ries and a velveteen 
pouch. The price of $3 1.25 includes 
postage and Insurance, and the elec­
tronics and wokmanship are gua ran teed 
for one year . A catalog of ha nd cra ft ed 
jewelry, ray guns, and science fic tion 
and compu ter art is also ava il abl e for 
$.25 (free with a Star jewe l orde r) from 
ATRA, POB 456, Minneapolis MN 
55440.• 

Ctrcle 533 on inqu 1ty card. 

Improvements in Sol derless 
Breadboarding 

New versio ns of A P Products' 
Un icards provide five tie points rather 
th an four in each row of termi nals, 
maki ng them ideal for breadboarding 24 
and 40 pi n LS I integrated circuit s. The 
Unicards provide solderless, pl LJ g- ln tie 
points in a .1 by .1 inch matrix. They 
have a standard .156 inch cen te r spaci ng 
22 pin double sided edge co nnector and 
p lug into standard 5.25 inch card racks. 
Ex tender cards are also availab le. 
Additiona l features include rubber fee t 
for bench work and extractor ha ndles 
for easy withdrawa l from card racks. 
Unicard I, priced at $3 1.5 0, has 960 tie 
points, while Unicard II has 162 0 tic 
points. The cards a re avai lable from 
A P Produc ts, 72 Corwin Dr , Box 110, 
Painesville OH 44077, (2 16) 354-2 101.• C1rc:le 531 on u~quil'"V card. 
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Digital Research Corporation 

16K E-PROM CARD 	 $69.95 (KIT) 

LMAGINE HAVING l6K 

OF SOFTWARE ON LINE AT ALL TLME! 

KIT FEATURES: 
I . 	Double sided PC Boa rd with older ma k a nd silk screen a nd 

Gold plated co nt ac t lingers. 
2. 	Se lectable wa it sta tes. 

3. 	 AJI address li nes an d dat a lines buffe red! 

4. 	 All sockets included . 

5. On card reg ulators . 


KIT INCLUD ES ALL PARTS AND SOCKETS! (EXCEPT 2708's)

DEALER INQUlRES INVITED 

ADD $25 FOR 
SPECIAL OFFER: Our 2708's (650 NS) a rc $12.95 whe n purchased with above kit. ASSEMBLED AND TESTED 

FULLY STATIC! $149.00 KIT 
KIT FEATURES: 
I . 	 Double s ided PC Boa rd with olde r ma k a nd ilk screen layou t. USES 

Gold plated cont ac t fin gers . 21102-1 
2. 	 All socke ts included! S-100 (lMSAl /ALTA IR } RAM'S. 
3. 	Full)· buffe red on all address a nd data lines. BUSS OMP AT l BLE 
4. 	 Phantom is jumper se lectable to pin 67. 
5. 	 FOUR 7805 regu lators are provided on ca rd . 

$179.00 

29.95 
PRICE WAR! 


For a limited time only: 

Buy two BK Kits for $129 ea. 


Fully Assembled and Burned In ­

Blank PC Board With Documentation 

TAKE THAT BILL GODBOUT! 

COMPUTER GRADE CAP. 

48.000 MFD 25 WVDC Mallory 

~.~ NEW! 

T. I. ASCII CHARACTER GENERATOR 
TMS 4103 J C. 28 PIN CER DIP. Has 
seve n bit COLUMN Output fo r use with 
Ma trix hard copy devices. With s pecs. 

$3.50 

MOTOROLA 7805R 
VOLTAGE REGULATOR 

Same as s tandard 7805 exce pt 750 MA 
OUTPUT. T0-220. 5VDC OUT PUT. 
$ .44 each 10 FOR $3.95 

Z · 80 PROGRAMMING MANUAL 
By MOST EK. the major Z - 80 second source. T he most deta iled explana tio n 
ever on the worki ngs of th e Z · 80 C PU CHIPS. Ai least one fu ll page on each 
of the 158 Z · 80 inst ru ctions. A MUST re fe rence ma nu a l for a ny user of the 
Z - 80 . J OO pages. Jus t off th e press! A D.R.C. excl usive! $12.95 

TR1602B UART 
$4.50 

8 POSITION DIP SWITCH 
By Cts. Fits 16 Pi n Socket. 

$1.95 

~f.~~ 4K STATIC RAM'S New! 
2 11 4. The indu stry standn rd. 18 PIN DIP. Arra nged as IK X 4. Equiva le nt to 
FOUR 21L02's in ONE package! TWO chips give IK X 8 . with data. 

2 FOR S24 	 450 N.S.! 

NATIONAL SEMI. MAl003 CAR CLOCK 
Not a ki t. Co m plete tes ted mod ul e. 

$19.95Works o n 12 VDC. has on boa rd ti me 
base. Sold by others at $24.95. Big .JO" 
Brigh t Green Digits. Same as u ed by 
Detroit in new cards. EDGE CONNECTOR - 51.50 

IKX8
2708 	 2708EPROMS 

Prime ll C\\' un its from a majnr U.S. mfg . 
650 N.S. access time. Equ iva le nt to fo ur 
1702A's i11 n 11 e package! 

$15.75 each 

RCA HOUSE 112N3772 

NPN Power Tra ns istor. 30 AMP. 

150 W . VC 0 -60 . T0-3 . Vas tly out 

pe rfo rms 2NJ055. Reg . Lis t $3 .04 


2 FOR SI 


TERMS: ORDERS UNDER $15 ADD$ .75. NO C.O.D. W E ACCEPT VISA, MASTER CHARGE AND AMERICAN 


EXPRESS CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5 % SALES TAX. 


FORMERLY DRC NOT AFFI A ED WITH

Digital Research Corporation ANY OTHER MAIL ORDER COMPANY. 

WE PAV POSTAGE! P. 0. BOX 401247 •GARLAND, TEXAS 75040 • (214) 271 -2461 

Circle 4 2 on inqu iry card. 	 BYTE Dccemb« 1977 201 



Hobby Coanputer Kits • • • 

MODEM Part no. 109 

Type 103 
Full of half duplex 
Works up to 300 baud 
Originate of Answer 
No coils, only low cost components 
TTL input and output 
Connect 8 ohm speaker and crystal mic. directly to board 
Uses XR FSK demodulator 
Requires +5 volts 
Board only $7.60, with parts $27.50 

2 RS-232/TTL INTERFACE Part no. 232 
Converts TTL to RS-232, and converts RS-232 to TTL 
Two separate circuits 
Requires +5 and - 12 volts 
All connections go to a 10 pin gold plated edge connector 
Board only $4.50, w ith parts $6.00 

3 TAPE INTERFACE Part no. 11 1 
Play and record Kansas City Standard tapes 
Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 
Digital in and out are TTL 
Output of board connects to mic. input of recorder 
Earphone of recorder connects to input on board 
Requires +5 volts, low power drain 
No coils 
Board only $7 .60, with parts $27.50 

4 TELEVISION TYPEWR ITER Part no. 106 
Stand alone TVT 
32 char/line, 16 lines, modifications for 64 char/line included 
Parallel ASCII (TTL) input 
Video output 
1 K on board memory 
Output for computer controlled curser 

5 UART and BAUD RATE GENERATOR Part no. 101 
Converts serial to parallel and parallel to serial 
Low cost on board baud rate generator 
Baud rates: 110, 150, 300, 600, 1200, and 2400 
Low power drain +5 volts and -12 volts required 
TTL compatible 
All characters contain a start bit, 5 to 8 data bits, 1 or 2 stop 

bits and either odd or even parity 
All connections go to a 44 pin gotoplated edge connector 
Board only $12.00, with parts $35.00 

6 RF MODULATOR Part no. 107 
Converts video to AM modulated RF, Channels 2 or 3 
Power required is 12 vol ts AC C. T., or +5 volts DC 
Board only $4.50, with parts $13.50 

4K/8K STATIC RAM Par·t no. 300 
BK Altair bus memory 
Uses 2102 Static memory chips 
2-4K Blocks 
Blocks can be addressed to any of 16 4K sections 
Vector input option 
TRI state buffered 
Board only $22.50, with parts $160.00 

TIDMA Part no. 112 
Tape Interface D irect Memory Access 
Record and play programs without bootstrap loader (no prom) 
Has FSK encoder/decoder for direct connections to low cost 

recoder at 625 baud rate, and di rect connections for inputs 
and outputs to a digital recorder at any baud rate 

S-1 00 buss compatible 
Comes assembled and tested for $160.00 

APPLE 1 MOTHER BOARD Part no. 102 
10 slots - 44 pin (. 156) connectors spaced~ inch apart 
Connects to edge connector of computer 
Pin 20 and 22 connects to X & Z for power and ground 
Board has provisions for by-pass capacitors 
Board costs $15.00 

D. C. POWER SUPPLY Part no. 6085 
Board supplies a regulated +5 volts at 3 amps., + 12, -12, and - 5 

volts at 1 amp 
Board has filters, rectifiers, and regulators 
Power required is 8 volts AC at 3 amps., and 24 volts ACC. T. 

at 1.5 amps 
Board only $12.50 

TO ORDER 


Mention part number and description. For parts kits add "A" to 

part number. Shipping paid for orders accompanied by check, 

money order, or Master Charge, BankAmericard, or VISA 

nu mber and signature. Shipping charges added to C.O.D. orders. 

Calif. res. add 6.5% for tax . Par ts kits include soc kets for al l I Cs , 

components, and circuit board. Documentation is included wi th 

al l products. Dea ler inquiries invited. 


Auto scroll 
Non destructive curser ELECTRONIC SYSTEMS
Curser inputs: up, down, left, right, home, EOL, EOS 
Scroll up, down P.O. Box 212, Burlingame, CA 94010 
Requires +5 volts at 1.5 amps, and -12 volts at 30mA 
Board only $39.00, with parts $145.00 (408) 374-5984 
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APPLE II 1/0 BOARD KIT 
Plugs Into Slot of Apple II Mother Board 

FEATURES: 
I 8 Bil Parallel Output Port 

(Expandable lo 3 Ports} 
. I Input Port 
ISmA Output Current Sink 

or Source 
ITL or CMOS Compatjble 
Addressable anywhere in mem­

ory output area 
Can be used for peripheral 

equipment such as printers, 
floppy discs, cassettes, paper 
tapes, etc. 

UNGAR SOLDERING IRONS 

27W SOLDERING J.C. 

IRON KIT DESOLDERING KlT 
Includes iron, 2 tips, Includes iron and 3 

roll of solder and desolder tips for dual 
in lines, cams, etc.iron stand 

$24.70$6.72 

KIT INCLUDES: 
P.C. Board , l.C.'s Sockets and 
Assembly Manual. 

PRICE: 
I Input and 1 Output Port 

for $49.00 

I Input and 3 Output Ports 

for $64.00 


DEALER INQUIRlES INVITED 

LD-130 

3 DIGITS 


A/D CONVERTER 

$11.95 

..._ 

A FULLY PROGRAMMABLE 

SLIDE RULE 
the MATHEMATICIAN with JOO STEPS 

• RPN logic w1lh built-in htor­ • Simphlted programm1n9 You 
archv lor increased speed and simply engage a1earn swi tch 
accuracy 1n calculahng se· and per1orma problem in no1mal 
ouences 1nvo1vmg arithme11c . manner The 4615 records 1ne 
1ngonome1r1c. logar11hm1c. oow­ formula and lets you debug lhe 
er 01 exponent ial lunct1ons program as 11s wouen • The 
• A three-level slack plusseper· learn-mode capac11y 101a1 t 00 
ale accumula11ng memory for separate steps • Several chl rer · 
ou1ck accurate soluoons 10 com· ent orograms can be contained 
plex calcule1tons • E1ghHt1g11 at lhe same llme • Cons1an1 
LED display w11h full · fl oa11ng tac1ors ean be en tered as pro­
decm\31 system • Common and gr-am s1eps • Oe1e1e lea1urc 
nalurn l logari thms and anlilog· lets you correc1programs white 
an th ms • Stne.cosine. 1angen1 you are wri tmg lhem • Skip key
and rnverse 1ngonome1r1c tune· oerm1ts Sktpt)lng over entire prO· 
r1ons • l ns1an1 au1omat1c cal· grams to access add1honal PIO· 
cu tahon of oowers and roo1s gramsw11h1n 100·steocapacny
• Ins tant conve,s1ons of radians • Programs remain mtacl unOI 
10 degrees or vice versa • new programs are wr1t1en O'lo'er 
Sauare . SQuare rool. and re<:i· or unld your 4615 is turned o rf 
procal calcu1a14ons • Pl .change • You have total freedom 10 
sign , and regrsler exchange setec-1 keyboard en t11es as vari · 
keys • Automa11c reciprocals ables or constanls • Aulomahc 
• Ab1hty to automahcally sum warning signal m drsptay le ts you 
sauares • S1orage memory • know when you exceed pro·
Roll-down clear • MOS /LSI grammmgcaoac1ty · The 4815 

sol1d·sta1e circui try • Engineer· is rechargeable and comescom­
ed and manuf11cturcd by Nahon· p1e 1e with nickel cadmium bal · 
al Scm1conduc1or Corp . a wor ld 1er1es 
loado' 10 sol1d·sta1e technology 

10DAYMONEYBACKGUARANTEE 

_ 4615 @ 29.95______ 

_AC charger @ 4.95 ______ 

_Carrying ceS<> @ 2.95_______ 

_ Cek: . stand 1.95_______ 

PUSH BUTTOl
SWITCH 
Red 
or Green 

3 for $1.00 1/ 1/ 

!OW 
ASSEMBLED 
SOLDERING 

IRO 
$14.97 

•• 
FURTHER IMPROVEMENTS. MORE FEATURES 


3RD GENERATION ONLY $63.00 
ASCII KEYBOARD KIT 

• 	TTL Logic Circuits 
• 	 Power: +5V, 275mA 
• 	Upper and Lower Case 
• 	 Full ASCII Set (Alpha 

Numeric, Symbols, 
Control) 

• 7 ot 8 Bits Parallel Data 
• 	 Optional Serial Output 
• 	 Selectable Positive or 

Negative Strobe, and 
Strobe Pulse Width 

• 	 'N' Key Roll-Over 
• 	 Full Debounced 
• 	 Carriage Return Key 
• 	 Repeat Function Key 
• 	 Shift Lock, 2 Shift Keys 
• 	 4 User Defineable Keys 
• 	P.C. Board Size : 

17-3/16" x 5" 

CHRISTMAS SPECIAL 

LSI DMM KIT Reg. $77.77 ~()~ $ 

$l)9 

AC 

I ,-, -, 
- , -1. I 

• AUTO RANGING • AUTO POLARITY 
• AUTO ZERO • 3 LARGE DIGITS(%'') 

• RECHARGABLE 

MEASUREMENT RANGES : Voltage (AC-DC ) 1MV· 100V ; Cur· 
rnnt (AC·DC) 10µA·1A ; RESISTANCE : 1H· 10M!L Basic DC 
accur<icy, better than 0 .1% • 1 digit. POWER : 4 AA batteries 
l recha rgab le bat teries op tional ) . 

• Nl ·CAD BATTERIES : $6 •AC CHARGER : $4.95 
•ENCLOSURE : 512 .95 •TEST LEADS : $2 .95 

•SHUNT KIT FOR 3 CURRENT RANGES : $4.75 

KEYBOARD. DMM :111d CALCU LATOR : SJ .SO. 

ALL OTHERS - Sl.00. 


California residents add 6% sales tax 


ELEClRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 


REDONDO BEACH, CA. 90278 

TEL. (213) 376-8005 


WRITE FOR FREE CATALOG 

You are Invited lo visit our store at the above address 


OPTIONS : 
• 	 Metal Enclosure (Paint­

ed 	IBM Blue and White 
. .. . ...... $25.00 

• 	 18 Pin Edge Con. $2 .00 

• 	 l.C. Sockets . . . $4.00 
• 	 Serial Output (Shift 

Register) . . . . . $2 .00 

• 	 Upper Case Lock 
Switch (for Capital 

~e~t.e~s. _a~~. ~~$~~oJ 
KIT NUMBERS: Key­
board , P.C. Board, all re­
quired components and as­
sembly manual. 

NOTE: If you have this 
63 Key Teletype Key­
board you can buy the 
Kit without it for $44.95. 
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CALCULATORSW~at's NewP 

Everyone Should Learn Programm ing, 
Tl Calculates 

Photo 7: Tl 's DataMan offers arithmetic practice 
problems and math strategy games for the 
youngster. It Includes a "beat the clock" timer 
feature and a "whiz-bong" display for correct 
answers. 

Circle 555 on inquiry card . 

Photo 2: The Tl 58, shown mounted on the 
PC-100A printing cradle with alphabetic printing 
capability. 

Circle 556 on Inquiry card . 

Photo 3: The ultra compact DataClip calculator 
will run for 7000 hours on one set of batteries. 

Citcle 557 on inquiry card, 

204 BY TE D«<mb<r 1971 

In a move ca lculated to encourage 
interes t in p rogrammi ng and compu­
tational p rob lem so lvi ng, Texas Instru­
ments in troduced a number of new 
gene ra l purpose and spec ialty calcu lators 
recent ly. In a p ress an nouncement, T l 
noted t ha t nea rly 400,000 peop le 
purchased programmab le ca lculators 
in 1976, and estimated tha t over 3 
mill ion peop le a year would be buy ing 
programmables by 1979. Included 
among T l 's new products are ca lcu lators 
with "Solid State Software" prog ram 
libraries, new tuto rial books on pro ­
grammi ng, and a new teach ing device 
fo r the ki dd ies. 

At the top of the new line a rc the Tl 
Program mabl es 57, 58 and 59. The 
Program mable 57 ($79.95), which 
ev idently sup ersedes the SR-56, includes 
a 150 keys t roke program memory, 
insert and delete keys for editi ng pro­
grams, and te n labe ls for "re locatable" 
program branchi ng. The 57 comes with 
a new learning guide, Making Tracks 
Into Programming, wh ich replaces the 
usual owner's manu al. 

The Programmable 58 ($124.95) and 
59 ($ 299.95) featu re larger p rog ram and 
data memo ries, and pl ug-i n So lid State 
Software read only memory modules 
conta ining up to 5000 program steps 
each. The ROM li braries ra nge from 
applied s tatis tics and survey ing to real 
es tate, investment, aviatio n a nd marine 
navigation programs. 

Internal memory on the 58 and 59 
can be alloca ted ei ther to p rogram steps 
or to data registers. The unit of allo ­
ca tion is te n data registers or 80 program 
steps. The Tl 58 has up co 480 program 

Photo 4: The Tl 59 fea tures Sol id State 
Software plug-in program library 
modules of up to 5000 program steps, 
as well as a magnetic cord reader and 
internal memory for 960 program steps. 

Circle 558 on inquiry card, 

Photo 5: The new Tl 5 7 programmable 
calculator can store up to I 50 liey­
strokes. 

steps or up to 60 data regis ters, while 
the Tl 59 has up to 960 program steps 
or 100 data registe rs. (When all 100 
memory registers are in use on the Tl 
59, 160 program steps a re still availa ble .) 
The Tl 59 also has a magne tic card 
faci lity . Using 1wo cards, up 10 960 
program steps can be recorded and 
reloaded in th is way. 

Add itional fea tures of the T l 58 
and 59 are up to ten reg iste rs for 
looping, incrementing and decrementing, 
up to ten flags which can be set, reset 
or tes ted, and up to six leve ls of sub­
rou t ine calls. Program steps may be 
addressed in absol ute, indirect and 
la be l modes, while data regis ters may be 
add ressed direc t ly or indirect ly. 

A related new product is the 
PC-lOOA pri nt ing cradle, which ca n be 
used wi th any Tl programmable ca l­
cu lator excep t the Programmable 57. 
This printer has 64 a lp habetic, nume ric 
and special characters wh ich can be 
printed at the rate of 60 cha racte rs 
per second. Up to 20 characters can be 
pri n ted per line on 2.5 inch (6.4 cm) 
wide thermal paper. The PC-1 OOA can 
a lso be used to print , list o r t race pro­
gram steps as an aid to debugging. It is 
priced a t $199.95. 

Another e lement in Tl 's co nsume r 
educat ion program is a new book, 
Calculating Better Decisions. Priced 
at $4.95, the book is offered in a 
package with the S R-51-11 ca lculator 
for $69.95. The book concentrates 
o n use of the S R-5 1-11 's adva nced 
statistical functio ns in psychology 
and the socia l sciences and in busi ness 
finance. 

One stra tcgy in T I 's plan to pl ace 
several ca lc u lators in every h.omc is to 
design specia lty calcu lators for specific 
types of consumers or cons umer uses. 
A good example of this st rategy is the 
new MBA calc ula t or, aimed at the 
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DIGITAL CASSETTE TAPE C•60 
Fantastic new design uses CMOS l .C. and a to · 
tat of 39 semi ·conductors to g ive a touch con ­
trol keyboard, all the e lectronic parts in one PC 
Board . This organ is easy to bu ild, vet h as fea · 
tvres like 	a full two-octave range touch key ­
boa rd, variable t remolo ; two voices ; built· in l.C. 
amplif ier with vo lume control, complete with 
speaker and a specia ll y designed plexi-g lass 
case. 

•ideal kit f or beginner or gift for children 

30MHZ FREQUENCY COUNTER KIT 
Take 11dvant3ge of this new u r111e ·Of·1ht·Ctr l coumo r featuring the many benefits of custom 
LSI circuhry. This new technology 11ppro.. ch to intHumenta t ion y ields enhoncod perlor· 
manc.e , sma ll e r phyticol size. drastically roduced power coni:umption (por'fab le battery 
op&rat ion is now practical) . dependab ility , usy usombly and revolutionary lower oric ing l 

'" 0 .5 " red LED 6 d lglu displov 

'"Resolution : 1 Hz at 1 sec . 10 H: at 1/ 10 soc. 

•S ensitivity ; 10 Mv RMS 10 30 H7.Only $59.so 

Includes all parts, 

PC Board and Transformer 


' 
CALCULATOR 

wUh STOPWATCH 
6 F unc:tions with % and rn6mory 


8 Oig in big green d isplay 

· eullt·l n X'tol controlled stop 


watc:h c o unt to 1/ 10 of a socond . 

Special Price O nly 

$16.50 Ea . 
0 .aT-Tl!Rl l: tl ,..OT IN'CLUDi!r O • 


ELECTRONIC ALARM SIREN 
COMPl..ETE UNIT 

Ideal lor use os ""Alarm Un it, 
Of hook u p 10 vou1 e nr back. ·u P 

10 m ak e a re ...erse fndica t or 
L 1gh1 Outpu 1 up t o 130 d8. 

Voltage Supply 6-12v $? .SO 

19 KEY 	 HEXADECIMAL 
KEY PAD 

• 1 - 0 • Homekey 
• ABCDEF , ,..,,Key 

SPECIAL $10.50 ea . 

la• au10 1l)n l t1ori , ef'\t•v 
$6.50 ea , 	 dOOf , bl.lf1jll.ll1 , 11l11r m. a t e 
CMD'5 l .C. 	 ~ 01gl1,Progr•ma.bte to 
lk c 1 iq.cv t 'r Am,• Comb l"'•1•cm 

40CR AEt..,._'¥' ANO loCEV PAO NOT l~CLLtDED 

..OWH SUPPLY KIT 
0-30V D-C- REGULA TED 

Uses; UA723 and ZN3055 Powor 
TR output e.nn be l!!d )usted from 
0 -30V , 2 AMP. Complete with PC 
bol!!rd and 	 all &lectronlc p,aru. 

11~>0 ~owitR au~n... $9.50 eachTrilnSform•r far Powor Suppl)', 2 AMP z4V JC Z $4.50 n. 

lOV DC Panel Meter $4.2 0 

• lntornol cower supply : 5 ,2V u 1 omp rogu lotod 
• Input connector : BNC typo 
•I npu t oowor reQu ired : 117V AC 5 0/60 HL 
• O lodo protoctod lor over voltage Input 

MECHANICAL DIGITAL CLOCK 
WITH DAY AND 

DATE OF THE WEEK 
Tl\t• ('IO( lo ~l bHu l ol\>lly lkllCf'ol'!I C:•\•n..,.,., 
ltUo">• "•Ito '!IMl•rv .,.. U l1 •flflV Mo ..mo:r..,tlt 
l.l'ltltl'OC>l;l t r lr ·DIYC• ... !lh•b:i<:kwpl.!lh l . 

Supply Voltage 11 0V AC. l imited quentity $15.50 ea. 

iii 
 COMPUTER RECORDING 

All these tapes made ln U.S.A. 


by a top cassette tape Co. 

Never Recorded- Reg. $6.80 ea. 


3 pock•/$5.00 
Can be used in Audio 


Recordi ng as well. 


All perh com" llll lHJ o n• PC BO•rd 
SC A vwm IL"'" Oft rt1fo•, bu uu o r uO~u Qlhlf• 


ch~ ·l lt tor ~ - 10\!IC 411diu ~C ilb l • ) 


l d•• I lor ... , ••• Qoor tl••m. IOU.rW COl'lllQl l•LI tCIY ' 

,.nd ...,,.n 'f 01llfl r 1uo111i:n 


SuppJ" ... 0114'0CI 4 .5V ~9v o _c _ 

$1 ,75 •.12 for SJ .00 


Sub-Mini Size ~·~· 
Condenser Microphone 

$2.50 each 
FET Tr.anll1to r Built-In 

SIGMA 78REI, 120C RELAY '(!J
400 Jl. COIL SPOT 


$1.30 ea . 0( 10 l or SJ0.00 

ALL BRAND NEW UNITS 

Do 
COMPUTER GRADE CAPACI T ORS 

MFO !)OV S2.20 ea . .~ :~~~ MFO 50 V $3.25 e:-1 . 
11 ,500 MFO 75V 53.95 OIB , 
3 4 .800 MFO SOV $4.25 oe, 
J9 ,000 M F O 12V $2.00 qo , 

100,000 MFO IW $3.5 0 ee . 

- POW;~r~~~~;~~ORS~M01' 0~0LA MJ ( 79!iS PNP 
MJEJOS5 NPN 

! - 10 AMP 60 VOLT 9 0 WATTS 
$2.25 PER PAIR 

~	 TRANSFORMERS 
" ~. ,., A L L 117 VOLT IN PU T 

J OV a t I S mnp SJ0.00 a . 
3 6 V CT li t J OlnP s 4.5 0 eo _ 
SOV CT a t 2 5.1mP S 4 .5 0 oa . 
48v CT ti t 2 Somp $ 4 .S O oa. 
12 Vo r2 4 V 0 1 2 amp $ 3 .90 oa. 
2 4 V CTot OOOM A S 1.8 0 0.1 . 

a .av 12v .-11 400M A s 1 .00 u . 

A< POWla SUPP~Y 
Ad•Ptu Tvo• T r1n1Torm e r 

12V AC Outpu·t 200 MA 
$2.75uch 

6V or: Output 130MA $1.90 H . 

8 .7VOC Output 130MA $1.90 H . 

12V DC Output 100MA $1.90 oa. 

l.C. TEST CLIPS 
Same os. I ii• E·Z clips 

W i th 2 0 ·· Long Lo.ad1 


In Blacll: and ~ed Colo11 

$2 .75 per pair
t"" 

~~ 
TOGGLE SWITCH 

H..1lt-11l t' QI '1.1hmon 1 !O'iH_lleo\W•ICh 

IMl!' l'.J 3 :Wn11 1:1'5V / 1C co., t,1ct 

, I 9 l(J !J9 
.15 74:) ,P SPSI Q 90 ORO 

M S :!'411 S P O T I 00 0 90 
MS 1.;:i r, oroor 1 :!'Q 1 1Q 

AH' CE QUANTITY AVA I L 

OR OEM 

_____________.._______________.____________/_n__ 
MINIMUM ORDER s 10 00 c ..1.rorn.a •as trl• n a. •(.IO G... ,.1., u~ 12 

.::i. 11 OfO•lt AOO 10 "\ OO ll•tt t o 1 0 ... 1 o l '"'''· o .... , , . .. , c: oun 1l •H • i=ICI , 5 al tot.. t O• tltt• I Of oou10;i• 

.r 

MA1003, 12V DC CLOCK MODULE 
Bullt in X 'TAL i:ontrolled ~~ 	FORMULA C"INTE.RNATIONAL INC.' time base . Protected a~ain5t 
automotive volt tran!1enu. ~~ 1260J CRENSHAW B0Ul.f V Al'40 • HAWT ... OR N~ CAl.l,OANIA 90;?'10 

, ! Automatic: brightness con · Fo,mou!11't fO•IYIJ l1ono1,.awc.J/l(21:Jl6195151 rilliiil•i:+w1 
I IL trol with 0 .'3" green c olor 

STOAE HOURS ro ] Man d.,.,. SJ t UTdoJV l~nm:.uia 
~ff~~~iiltl~~1R~i F ·~rnoff 	 pe_±rl)• 
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CALCULATORS etcW~at's NewP 

An Exotic Way to Tell Time 

Fo r the man or woman who has 
everything, Hew lett-Packard now offers 
the most exotic wristwatch ever de­
signed, the HP·O 1. Priced at a cool $650 
in stainless steel or $750 with a go ld 
filled case, the HP-0 1 is an Integrated 
timepiece and calculator. It has 28 keys 
(six finger operated, 22 stylus operated) 
and a light em itting diode (LED) display 
with 12 different disp lay modes or 
indicators. 

The HP-01 displays the time of day 
In ei ther 12 or 24 hour format, with an 
indica tor to show PM time. The user 
can add or subtract time, with automatic 
date adjustmen t if the time cha nge is 
across midn ight. Time can a lso be con­
verted to and from decimal hours. The 
device has two alarms, one which can be 
set for a specific time and one based on 
e lapsed time as tracked by an internal 

Continued on page 208 

Continued from page 204 

hundreds of thousands of masters in 
business ad ministration students and 
degree ho lders. The MBA ($79.95), 
like the Tl Business Ana lyst, has 
special keys to accomplish common 
business functions such as net present 
val ue, internal rate of return, trend 
line ana lysis, mean, variance and 
standard dev iation, accum ul ated interest 
and remaining loan balance, and annuity 
ca lc ulatio ns. But it also has a simplified 
programming feature, allowing storage 
of up to 32 program steps but no tests 
and branches, as well as 12 data 
memories. 

Another new product, the Tl 1680 
"Replay Ca lcu lator," is designed specifi· 
cally for applications s uch as checkbook 
reco ncil iation or "balancing the books" 
in an accounting system. The Tl 1680 
($29.95) al lows the user to recall up 
to 20 previo usly entered numbers and 
arithmetic operations, a nd to change 
the previous entries to see what effcc t 
the change has on the calculated result. 

If the ty p ical Tl calculator is too 
heavy or bulky for your pocket, Tl sti l l 
has something for you. The new Data­
Clip ($34.95) is about the size of a 
6 inch (15 .2 cm) ruler, and no thicker 
than a pencil. I t has five funct ions and 
an 8 digit liquid crysta l (LCD) disp lay, 
and wil l operate up to 1000 hours on a 
se t of batterie.s. 

And fi nally, for the kiddies, there's 
DataMan! Tl evide ntly believes that 
you ngsters shou ld get started with 
calc ulators at an ear ly age (so that 
they ' ll be ready for programming by 
age 12?). DataMan ($24.95). patter ned 
after the high ly successfu l "Little 
Professor" introduced a year ago, 
offers ch ildren practice with arithme tic 
problems and fun with math strategy 
games. Learning act ivities possib le with 
the unit includ e the Answer Checker, 
Problem Storage, Math Tables and 
Missing Numbers, and games include 
Wipe Out and Force Qui. A special 
"beat the c lock" timing fea tu re adds 
to the fun and challenge of the exer­
cises a nd games. Correct answe rs arc 
rewarded with "whiz-bang, " a highly 
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Photo 6: The new MBA calculator is 
aimed at business administration 
studen ts. 

C1<c lc 560 on inqu iry caret 

Photo 7: This new book is available 
alone or packaged wilh the SR-5 7-71 
calculator. 

Photo 8: The Tl 7680 replay calculator, 
which remembers the last 20 numbers 
and operations entered, is useful for 
checkbook balancing. 

Circle 561 on inQuirv carcl. 

visual act ion packed display "on the 
order or modern stadium scoreboards." 
DataMan can be adjusted to present 
problems appropridte to the youngster's 
achievement level. It comes with a math 
activity book and helpfu l hints for 
parents. 

C lear ly , Tl's calcu lators are moving 
in the direction of in creasing diversity 
and sophistication. In fact, the Tl 59 
with the PC-100A pri nt ing crad le pro­
bably qua li fies as a perso nal computer, 
with limited a lphabetic data handling, 
hard copy, and mass storage. But when 
wil l Tl in troduce a prod uct similar to 
the Commodore PET or the Radio Shack 
TRS -80, and what impac t wi ll it have 
on the marketplace? This is anyone's 
guess . In the meantime, you can find 
out abou t tod ay's calcula tors by con­
tacting Texas Instruments Inc, Inquiry 
Answering Service, POB 53 (attn: the 
product or your cho ice), Lubbock TX 
79408.• 
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timer. The alar·ms ge nera te a 2.5 seco nd 
beepi ng tone. 

A timer and stopwatch feat ure d is­
plays elapsed time in hours, minutes 
and seconds or in min utes, seconds and 
hu ndredths of a second. Elapsed time 
read ings ca n' be taken and one read ing 
can be stored in memory. In combin­
ati on wi th the ca lcu lator fu nct ions, this 
fea ture allows the user to perform 
dynamic calculations. For examp le, 
while the user is on the telep hone, the 
HP-01 can be set to ca lcul ate how muc h 
the call is costing, updating the d isplay 
eve ry second. 

A 200 year calenda r feature can 
display the date in US or European 
format, and can be used to find pas t or 
fut ure elates given the current da te and 
the num ber of days. The number of days 
be tween two dales, the day of the week 
and th e day of the year fo r any date can 
also be de te rm in ed. 

The ca lcu lator fu nctions incl ude add, 
sub tract, mu lti ply, divid e, percentage, 
net amount, chain and repea t calcul­
at io ns. Four digits of precision a re pro­
vided, with automati c conversio n to and 
from scientific notation as needed. A 
memory key provi des access to a 
mem ory reg ister, and two more memory 
registers are used for in ter media te 
results of ca lculatio ns. 

In classic fashion, Hewlett-Packard 

engineers fo und innovat ive so lu t ions to 
a number of difficult desig n problems 
in produci ng th is dev ice. The HP-0 1 
employs a hybrid assemb ly of six CMOS 
chips, drawing a tota l of 15 µW, one 
ten thousandth of Lhe power req ui red 
by the HP-35. The wa tch case had to be 
water resis tan t , ye t still have a keyboard 
that pe rforated the rront plate and an 
alarm sign al that cou ld penet rate the 
back. This was done by placing a thin 
rubber diaphragm backed by a co nd uc­
tive layer unde r Lhc keys. When a key 
is pressed, the rubber diap hragm pro­
vides the springback, and the co nci uc ti ve 
layer makes a direct con nectio n wit h a 
gold contact on the surface of the CMOS 
hy brid. Th is method has worked withou t 
fai lure in tests where the keys have been 
pressed ove r one million times. T he 
alarm works by exciting the upper 
piezoe lec tri c ceram ic laye r of a 2 layer 
plate. The vibrations in the cera mi c 
layer resonate through the stainless 
steel second laye r , wh ich acts as a 
d iaphragm. With the watch itself as a 
sou ndi ng boa rd , the results arc audib le 
beeps . 

How long before we sca rce ly notice 
whe n our watch beeps and says, "It's 
four th irty. Don't forge t to make that 
phone call before five."? In the 
mea ntim e, the HP-01 is ava ilab le from 
Hewlell-Packard Corporation, 150 ·1 Page 
Mil l Rd, Palo Alto CA 94304, (415) 
493-150 1.• 

C1rc: la 563 on 1m1uiry ca rd , 

RCA's New COSMAC Manual 

A 28 page l ns1ruc1ion Manual for the 
RCA COSMAC Microtermina/ COP 
785021, MPM -2 12, descr ib ing the insta l­
lati on and applicat ion of a hand held 
data term inal for microcompu te r 
systems using the CDP1802 micro­
processo r, is now avai Iab le from RCA 
Solid State. 

The Microterm ina l, which is the size 
and shape of a pocket calculator, 
provides .a means of contro ll ing a 
COSMAC-based sys tem and suppl ies 
hexadecima l 10 capa bility. It is designed 
to interface directly with the COSMAC 
Eva lua tion Kit CD Pl 8S020 support 
hardware, bur it can be designed into 
user bui lt systems to provid e the same 
cont rol, communications and debuggi ng 
functio ns. 

T he manual inclu des a description of 
the hardware and the software progra ms 
aval Iabl e in the read on ly memory sup­
plie d with the Micro terminal, and also 
incl ud es inst all ation ins tructions and 
util ity program listings. The operati ng 
modes of the Microterm inal are 
described along wi th several examples of 
operat ing sequences. 

Cop ies of this new BY2 by 1 ·1 inch 
Instruction Manual for !he RCA 
COSMAC Microterminal COP/85027, 
MPM -212 may be obtai ned for $2 eac h 
(US price) from RCA Solid Slate 
Div ision, POB 3200, Somerville NJ 
08876 . • 

Circle 565 on ~nqu i ry card. 

~ C~cnl BOARDS 

MB-1 MK-8 Computer RAM, (nol S-100). 4KXB. uses 2102 
type RAMs, PCBO only ..... . . ... . .. . . . - . ­ - . . . .. - .$22 
MB·3 1702A EROM Boa rd . 4KX8, S- 100, switchable ad­
dress and wail cyc les. k11le ss PROMS . . . . . . . . - . .$65 
MB-4 Basic 4KX8 ram, uses 2102 lype rams , may be ex­
panded lo BKXS wilh piggybacking, S-100 buss PC 
board . . . . . . . . . . . . . . .. ..... ....... ­ ... . .$30 

MB~ Basic 8KX8 ram uses 2102 lype rams. memory pro­
tect in 256 lo BK switchable S-100 buss. ~80 . . .$35 
MB-7 16KX8. Sfalic RAM usesµP410 Pro1ection. lully bul · 
lered . 
PCBO . $30.00 KIT ...$525.00 
MB-8 2708 EROM board . S-100, 8KX8or 16KX8 kil wlthoul 
PROMS . ..... . . .. .... .. . .....$85 

MB-9 4KXB RAM/PROM Board uses 21 12 RAMS or 
825129 PROM kit w1lh ou1 RAMs or PROMs .... $80 

10-2 S· 100, 8 bil parallel l/O porl. ~ol board is lor kludging. 
Kit . . . $55 PCBO . , . . . . . . . . . - . . . . . . , - .1>30 

I0-4 Two se11al 110 ports w11h full handshaking 20/60 ma 
curren t loop. Two parnllel 110 ports 
Kil ·· .. $150 
VB-1 64X 16 vi<Jeo boa rd, upper lower case Greek. com­
posile and par llel v•deo wifh soflware, S- 100. 
Kil .... $150 PCBO .. . $30 
SP-1 Music synthesizer board. S-100. c omputer conlroller 
wave lorms. 9 octaves. 1V rms 1'2% dlslorlion, includes 
so~ ware ki t . .. . . . , . . . . . . . . . .. . . , . . . $200 
Allair Compalible Mother Board. 11 x ·111'2 x y, · 
Boa rd only .. . $45 W1lh 15 connec1ors ..... . , ..$105. 
Exlender Boara lull size. Board only - .$9 
Wiln connecto r . . . . . . . .. . . . . . . . . . . . . . . . ..$13.50 
Solid stale music Cybercom ooaras are nigh qua111y glass 
board with gold linger cootacls . All boards are check lor 
shor1s . Kits only have solder mask. 90 day guarantee on 
Cybercom ki ts. 
Non -elec111cal cosme tic rejecled PCBO horn Cybercom. 
10-2 . . . $21 MB-6 .... $21 VB-1000 , $25 

wmc;nc. WAMECO INC. 

MEM-1 8KXB lully bullered. S-100. uses 2·102 lype rams. 
~~ ..... .. ... .. ......... .....~ 
Mother Bo•rd 12 slot. terminated. S-100. board on ly$35 

CPU-1 8080A Processor bOara S· 100 w11 h 0 leve l veclor 
1n1errupl PCBO . . . . ." . . . . , . . . . $30 
10% discount on 10 or more of WAMECO ~BO In any 
combinalion. 
NEWI All IC's Socke1s & hardware lor WAMEGO CPU-1 
inc lude all prime Eowa, 6214. 8224 , 8212 ~BO not In-
eluded . . . . . . . . . . S65 

All ICs. sockels & hardware lor WA ME CO MEM· I inc ludes 
prime 2 102AL·4"s ~BO nol rnclude<J Order PC BO sepa· 
ra tely . . . $135 

Spotcl., 2102AL·4 1K x 1 ram \l:J less power lhan 21L02 
type rams, wilh power down. prime lrom NEC Ea . 2.00: 32 
ea . 1.ao: 64 ea. 1.70 : t28 ea . 1.60: 256 ea . 1.50 . 

9080A AMO 8080A (Prime) 20.00 
8212174$412 Pnme 4.00 
8214 Prime 8.30 
8216 Prime 4.95 
8224 Prime 5.00 
8228 Prime 8.90 
8251 Prime t4.50 
8255 Prime 14.50 
1702A-6 AMO 402A Pnme 5.00 
TMS-6011 UART Pri me 6.95 
2513 Cha r Gen Upper Prime 11.00 
25 13 Cl1ar Gen Lower Prime 11.00 
1702A Intel Nol Prime 4.00 

[MJO~@~ 
419 Portoflno Drive 

San Carlos, California 94070 
Please send for IC. Xistor 
and Computer parts list . 

74LOO 25 74LSOO .40 1101 
74L01 .25 74LS01 50 1103 
74L02 
74L03 
74 L04 
74L05 
74L06 
74L08 
74L09 
74l10 
74l20 
74L26 
74 L30 
74 L32 
74L42 
74L51 
74L54 
74 L55 
74L71 
74 L73 
74L74 
74 L75 
74L78 
74L85 
74 L86 
74L89 
74l90 
74L91 
74L93 
74l95 
74L98 
74L 123 
74L 164 
74L 165 
74l 192 

.25 74 LS02 40 2101 
25 74LS03 40 211 1· 1 
.30 74LS04 45 2 11 2 
40 74LSOS 45 2602 
30 74LS08 .40 4002­
.40 74LS IO AO 4002-2 
.40 74LS12 .55 MM5262 
30 74LS20 40 7489 
35 74LS22 45 74 200 
40 74LS27 45 74C89 
40 74 LS30 40 82S06 
45 74LS37 60 82$07 

1 50 74LS38 60 825 17 
35 74LS4 2 I 50 8223 
45 74LS51 40 82S23 
35 74LS54 45 825123 
.30 74 LS55 .40 82S126 
.55 74LS73 65 82Sl29 
55 74LS74 65 82$130 

1.20 74LS76 65 825131 
.90 74LS151 I .SS IM5600 

I 40 74LS174 2 20 IMS610 
.75 74LS175 I 95 IMS603 

3.50 74LS 192 2.85 IM5604 
1 50 2SOIB l 25 IM5623 
1 50 25028 3.00 IM5624 
l 70 2507V 1.25 MMl6330 
1.70 2510A 2.00 OM8573 
280 2517V 1.25 OM8574 
1.50 25 19B 2.80 OM8575 
2.50 2532B 2.80 OM8576 
2.50 2533V 2.80 OM8577 
1.25 0MB13 1 2.50 0MB578 

I 25 
I 25 
4.50 
375 
4 50 
I 60 
7 50 
7 50 
1.00 
2.00 
495 
3 00 
200 
200 
2.00 
250 
3.00 
3.00 
3.50 
3.50 
3.95 
3.95 
2.50 
2.50 
3.00 
3.50 
3.00 
3.50 
2.50 
4 50 
5.50 
4.50 
4.50 
3.50 
4.00 

74L193 1.20 NB263 3.50 2.4576 MHZ 
MH0026 2.95 MC14B9 1.50 XTAL 7.20 
MC1488 1.50 OM8837 1.50 

Ctlock or monoyorelor onty. II you are not a rllgular cuSIOtT'l&t and .,our 
order is !a.rgo p loase send oilher a cashier's cOOcif; o r a posta l more~ 
01do• . otl'\orwiSf;J mere w1lr be a delay 01 two weel<S ror Ille chedC 10 
clear. All ;1oms po91 paid In thit U.S. Ceilll. residents add ~~ tax . 
Monoy back 30 da~ guaranlee. We cannot accept ro1urnod IC's ll'\81 
have been sokkl1od lo . Prk:es subject lo change withoul notice. $10 
minimum order. SLOO MNlce charge on otdeti leu ttun sio. 
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TRANSISTORS, LEDS, etc• 
1N914 100v 10mA .OS 

SOCKETS/BRIDGESDIODES/ZEN ERS 
2N2222 NPN (Plastic .10) .15 


1 N4005 600v 1A .08 

8-pin pcb .25 WW .45 


2N2907 PNP .15 

1 N4007 1000v lA .15 


14-pin pcb .25 WW .40 

16-pin pcb .25 WW .40 
 2N3906 PNP .10 


1N4148 75v 10mA .05 
 2N3054 NPN .35 

1N753A 6.2v z .25 


18-pin pcb .25 WW .75 

2N3055 NPN 15A 60v .50 


1N758A 10v z .25 

22-pin pcb .45 WW 1.25 

T1P125 PNP Darlington .35 

1N759A 12v z .25 


24-pin pcb .35 WW 1.10 
28-pin pcb .35 WW 1.45 LED Green, Red, Clear .15 


1N4733 5.lv z .25 
 D.L.747 7 seg 5/8" high com-anode 1.95 

1N5243 13v z. .25 


40-pin pcb .50 WW 1.25 
XAN72 7 seg com-anode 1.50Molex pins .01 To-3 Sockets .45 


1 N5244B 14v z .25 
 FND 359 Red 7 seg com-cathode 1.25
2 Amp Bridge 1OO·prv 1.201N52458 15v z .25 

25 Amp Bridge 200-prv 1.95 


- T T L ­
4000 .15 


CMOS 
745133 .45 


4001 .20 

74176 1.25 74H72 .55
7473 .25
7400 .15 


74H101 .75 
 745140 .75 

4002 .20 


7474 .35 
 74180 .85
7401 .15 

74H103 .75 
 745151 .35 


4004 3.95 

74181 2.257475 .35
7402 .20 


745153 .35 

4006 1.20 


74H106 .95
74182 .95
7476 .30
7403 .20 

745157 .80 


4007 .35 

74190 1.757404 .15 
 7480 .55 


745158 .35 

4008 .95 


74LOO .35
74191 1.357481 .75 
7405 .25 

74L02 .35 
 745194 1.05 


4009 .30 

74192 1.657483 .95
7406 .35 


745257 (8123) .25 

4010 .45 


74193 .85 
 74L03 .30
7485 .95 
7407 .55 

74L04 .35 


4011 .20 

74194 1.257486 .30
7408 .25 


74LSOO .35 

4012 .20 


74L10 .35
74195 .95
7489 1.357409 .15 

74LS01 .35 


4013 .40 

74196 1.25 74L20 .35
7490 .55
7410 .10 


74LS02 .35 

4014 1.10 


74L30 .45
74197 1.257491 .95
7411 .25 

74LS04 .35 


4015 .95 

74L47 1.9574198 2.357492 .95
7412 .30 


74LS05 .45 

4016 .35 


74L51 .45
74221 1.00 7493 .40
7413 .45 

74LS08 .35 


4017 1.10 

74L55 .65 
74367 .85
7494 1.25 7414 1.10 

74LS09 .35 

4018 1.10 


74L72 .45
7495 .60 
7416 .25 

74LS10 .35 


4019 .60 

74L73 .40
75108A .35 
7496 .80
7417 .40 


74LS11 .35 

4020 .85 


74L74 .45
75110 .35
74100 1.857420 .15 

74LS20 .35 


4021 1.35 

74L75 .55 
75491 .50 
74107 .35
7426 .30 


74LS21 .25 

4022 .95 


74L93 .55 
75492 .50 
74121 .35 
7427 .45 

74L522 .25 


4023 .25 

74L123 .55 
74122 .55
7430 .15 


74LS32 .40 

4024 .75 


74HOO .25 
74123 .55
7432 .30 

74L537 .35 


4025 .35 

74500 .55
74H01 .25 
74125 .45
7437 .35 


74LS40 .45 

4026 1.95 


74502 .55 
74H04 .25
74126 .35
7438 .35 

74LS42 1'.10 


4027 .50 

74503 .30
74H05 .25 
74132 1.357440 .25 


74LS51 .50 

4028 .95 


74504 .35
74H08 .35
74141 1.007441 1.15 
74LS74 .65 


4030 .35 

74H10 .35 
 74505 .35
74150 .85 
7442 .45 


74L586 .65 

4033 1.50 


74508 .35 
74H11 .25
74151 .75
7443 .85 

74LS90 .95 


4034 2.45 

74510 .35
74H15 .30
74153 .95 
7444 .45 


74LS93 .95 

4035 1.25 


74511 .35
74H20 .30
74154 1.057445 .65 

74LS107 .85 


4040 1.35 

74H21 .25 
 74520 .35 
74156 .95
7446 .95 


74LS123 1.00 

4041 .69 


74540 .25
74H22 .40
74157 .65 
7447 .95 

74LS151 .95 


4042 .95 

74550 .25 
74H30 .25 
74161 .85
7448 .70 


74LS153 1.20 

4043 .95 


74551 .45
74H40 .25
74163 .95
7450 .25 

74LS157 .85 


4044 .95 

74564 .25 
74H50 .25
74164 .60 
7451 .25 


74LS164 1.90 
4046 1.75 

74574 .40
74H51 .25 
74165 1.507453 .20 

74LS367 .85 


4049 .70 

74H52 .15 
 745112 .90
74166 1.35 7454 .25 


74LS368 .85 

4050 .50 


745114 1.30 74H53J .25
74175 .80 
7460 .40 

74H55 .25 


4066 .95 

7470 .45 

7472 .40 


4069 .40 

4071 .35 
 LIN EARS, REGULATORS, etc. 

4081 .70 
 LM340T24 .95 
 LM723 .50 

4082 .45 


LM320K5 (79051 1.65 8266 .35 

LM340K12 2.15 LM725 1.75 

8038 3.95 
LM320K'12 1.65MCT2 .95 


LM340K15 1.25LM320T5 1.65 LM739 1.50 
9000 SERIES 


9301 .85 

9309 .35 

9322 .85 

95H03 .55 

9601 .75 

9602 .50 


MEMORY CLOCKS 
74S188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102·1 1.75 
2102L-1 1.95 
TR 1602B/ 

TMS 6011 6.95 
8080AD 15.00 
BT13 1.50 
BT23 1.50 
8T24 2.00 
21078-4 4.95 

LM201 .75 

LM301 .25 

LM308 (Mini) .75 

LM309H .65 

LM309K (340K-5) .85 

LM310 1.15 

LM311 D (Mini) .75 

LM318 (Mini) .65 


LM340K18 1.25LM320T12 1.65 
LM340K24 .95 
LM320T15 1.65 
LM373 2.95LM339 .95 


7805 (340T5) .95 
 LM380 .95 

LM709 (8 ,14 PIN) .25 
LM340T12 1.00 

LM340T15 1.00 LM 711 .45 

LM340T18 1.00 

INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemont Mesa Boulevard, San Diego, California 92111 


(714) 278-4394 (Calif. Res.) 

All orders shipped prepaid No minimum 

Open accounts invited COD orders accepted 

Discounts available at OEM Quantities California Residents add 6% Sales Tax 

All IC's Prime/Guaranteed. A ll orders shipped same day received. 


24 Hour Toll Free Phone 1-800.854-2211 MasterCharge I BankAmericard I AE 


LM741 !8-141 .25 

LM747 1.10 

LM1307 1.25 

LM1458 .95 

LM3900 .50 

LM75451 .65 

NE555 .50 

NE556 .95 

NE565 .95 

NE566 1.75 

NE567 1.35 


SPECIAL 
DISCOUNTS 

Total Order Deduct 
$35. $99 5% 

$100. $300 10% 
$301. $1000 15% 

$1000 · Up 20% 

Circle 64 on inquiry card. 



SILICON Full ASCII Character Set in a 
Byte Sized Dot Matrix 

New Clock Chip for 6800 Systems Improved Version of 2708 from Intel 

Whi le the popular 2708 1 K byte 
EROM chip co ntin ues to drop in pr ice, 

Microcomputer designs based on the 
Motorola 6800 microprocessor and 
others such as the MOS Technology 
MCS6512 can be simplified with this 
monoli thi c clock generator chip. Re­
quiring only a 5 V supply and a quartz 
crysta l or RC (resistor and capacitor) 
network, the MC6875 provides buffered 
2 phase clock o utputs, au tomatic clock 
stretching for slow memories, direct 
memory access or dynamic memory 
refreshing. It also has request and grant 
logic for 10 peripherals, and a Schmitt 
trigger power on and reset f unction. 
Available in a 16 pin dua l in line pack­
age, the MC6875 costs $3.45 in 1000 
piece quantities from Motorola linear 
Products, 2200 W Broadway. Mesa AZ 
85202, (602) 962-2294. • 

Ci rcle 634 on inquiry card . 

How Abou t a 1 Bit Microprocessor? 

If eight bits just isn ' t right for your 
application, perhaps a 1 bit m icro­
processor will do the job. The Motorola 
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Inte l has introduced an improved version 
of the chi p, the 2758, whic h makes read 
only memory designs st ill simpler. The 
new chip is co mple tely TTL compatib le 
and requires only a 5 V power supp ly. It 
is directly upgradable to a 2 K byte 2716 
EROM or a 2316E mask programmed 
ROM, both of which requ ire only a 5 V 
supply. Power dissipation is less than 
50% of the 2708, and a power sw itching 
input can be used to reduce dissipation 
by more than 80% when the chip is not 
se lected. 

Even more interesti ng are the device 's 
programming featu res. The en tire E ROM 
can be programmed in less than a 
minute, twice as fast as the 2708, but 
in addition any number of bytes ca n be 
programmed at one time. And a byte 
is p rogrammed simply by applying a 
TTL level signal to a program control 
input for 50 ms. The p rogramming 
signal need not be pu lsed but is simply 
di rect current. These features make 
in-system programming m uch easier to 
design. (Who knows? Perhaps we'll see 
E ROM boards with u ltravio let lights 
perma nently mounted for pe riod ic era­
sure and reprogramming.) 

The 2758's introductory price of 
$26.60 is less tha n half the 2708's 
initial price of $65.50, a nd the 2758 
and 2716 are expected to drop in price 
pe r bit m uch more rapid ly than the 
2708. The new devices have a head 
start on the produ ction " lea rning curve " 
first traveled by the 2708. The 2758 is 
avai lab le from In te l Corporation, 3065 
Bowers Av, Santa Clara CA 95051, 
(408) 246-7501. • 

Circ le 536 on inqulry card. 

MCl 4500B is a 1 bit static CMOS pro­
cessor which performs logical operations 
on data occurri ng on a 1 bit b idirectional 
bus and data in a 1 bit accumulator. Five 
of lhe processor's 16 instructions pro­
vide Boolean functions of the data bus 
and accum ul ator bits, while the re­
ma ining instructions co ntro l data tra ns­
fe rs and ge nerate co ntrol signals. 

Also called the Industrial Control 
Unit , the MCl 4500B is the monolithic 
embodiment of a programmab le logic 
co ntrolle r. Wi th a loopi ng program 
flow, the processor offers a simple way 
to seq uentially co ntrol electronic and 
elect rom echanica l devices in app li cations 
such as traffic co ntrollers, office copie rs, 
telephone dia ling systems a nd micro­
program control seq uence rs. The pro­
cessor will ope ra te at up to 1 MHz and 

<!t.J TMS4710NL 
0 

... .. ... ­
z z 

A new 1024 by 8 bit character 
ge ne rator ROM can be used to simplify 
video display and dot matrix printer 
controllers. The TMS4710 outp uts 
dots for upper and lower case letters , 
numbers and special cha racters with 
spacing due to use of 5 by 7 characte rs 
in an 8 by 8 matrix. Three state outputs 
and dual output en<1bles are provided in 
the plastic or ceramic 24 pi n DIP pac k­
age, which is priced at $ 10.66 or $12 .6 6 
in 100 piece quantities. Contact Texas 
Instruments ' Inquiry Answering Service, 
POB 1443, M/S 669 (attn: TMS 4710), 
Hous ton TX 77001, (713) 494-51 15 
ext 2781 .• 

Circle 537 on inquirv card . 

An 8 by 8 Multiply in 100 ns 

Microcomputer appl ications such as 
real time music syn thesis and sp.eech 
processing, fast Fourier transform 
computations and fast floating point 
processors call for enormou s numbers 
of multiplicatio ns each second. In these 
app lications, a new ch ip from Mo no· 
llthic Memories can help. I t performs 
an 8 by 8 bit signed or unsigned 2's 
com pleme nt multiplicatio n in 100 ns, 
yie lding a 16 bit signed or unsigned 
result. T he 40 pin bipolar LSI device 
uses a single 5 V power supp ly, con­
sumes only 1 W and features three state 
outputs for pipelined operations. The 
MM l67558 is second sourced by ITT 
Semiconductors a nd sells for $64 in 
100 up q u antities from Monolithic 
Memories, 1165 E Arques Av, Sunnyvale 
CA 94086, (408) 739-3535 .• 

Circle 538 on inquiry card . 

includes an oscillator on the ch ip . The 
circuit, in a 16 pin ceramic or plastic 
DIP, is avai lable for $7.58 in 100 up 
quantit ies from Motorola's Integrated 
Circuit Division, 3501 Ed Bluestein 
Blvd , Austin TX 78721, . (512) 928­
2600.• 

Circle 535 on inquiry card. 



Circle 135 on inquiry card . 

Selectric Terminal - USED, AS IS, but 
removed from working insta llat ion . 
Nationwide service available. $795.00CHRISTMAS 

SPECIAL 
 SPECIAL ITEMS FOR ABOVE TERM INAL 

ASC II controller - 200 character buffer. all 

128 characte rs , set at 11 O to 1200 Baud 

{average throughput is 13 cps) . ASR33 

compat ible RS232C interface. 

BOTH UN ITS ORDERED TOGETHER 


SUR PLUS BARGAIN : 

New, in orig inal containers. Double density 

flop py drives. Model GSll 10. 

2 fo r 


IBM fo rmat d isk kit to use GS I110 drive with 

above term inal cont rolle r. 

Board and EPROM only 

Mastercharge, Visa or COD accepted. 

$40.00 deposit on COD 

$225.00 
$890.00 

$549.00 
$1059.00 

$249.00 
$99.00 

• LIMITED QUANTITIES Call or write by Dec. 5, 1977 
to reserve for shipment on or before Dec . 12, 1977. 

IMMEDIATE DELIVERY •~ §Jban.JP> & Associates Inc. 
Box 10666, Edgemont Branch Golden, Colorado 80401 


I A TOTALLY NEW CONCEPT! SAVES TIME AND MONEY! MAKES YOUR JOB EASIER! I 
A powerful new tool for every serious 8080 user - professional and novice alike. I
Priceless timesaver for engineers, technicians, and programmers . Saves time and 
money in the lab, on the production line, or in the field. I 

Convenient pocket size - 33/e by 73/4 inches - gives quick and easy access to all vital I 


Ireference data. No more searching here and there for codes, instructions, or definitions. 

It's all there - at your finger tips - everything you need to successfully use the 8080A 
and - Intel's new 8085 microprocessor. I 

Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and I 

MNEMONICS• Concise description of 8080 and 8085 OPERATIONS, SIGNALS, 
PINOUTS, and INSTRUCTIONS• Convenient cross conversion of OCTAL, I 

HEXIDECIMAL, DECIMAL, ASCII , and EBCDIC codes• Easy-to-read tables of powers I 

of two, eight, and sixteen .. . and much more ... 
 ISturdy • Handsome • Easy-to-use • Data Packed 

Your tlmesaver will give many years of professional service. I 

$12.95 each (plus postage & California sales tax) - 25% discount for 4 or more. I 


I MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund. I 

I I 


URBAN INSTRUMENTS • 4014 CODY ROAD. DEPARTMENT Cl. • . . ' . •I SHERMAN OAKS · CALIFORNIA 91403 
.. --8ANKAMERICARD. 
 I 

I
II PLEASE SEND 8080 timesavers to: CHECKJM.O. ENCLOSED o BANKAMERICARD o MASTER CHARGE o I 

I NAME .. . ". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CARDNUMBER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STREET .... ..... . . ... . ..... .... . . . . ... ...... . . . .. .. ..... . . . ... .
I
 
1 ciTY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . GooD THRu . . . . . . . . . . . . . 4 01G1Ts ABovE NAME <Mi;s-ri:·Fi cHA'Fii3Ei 1

L:T~iiiiiiiiiiiiiii ····z~ iiiiiiiii ·····~ ;;.T:E~ii.ii ii.ii ii.ii~~mm ii.ii ii.ii iiliiiliii.ii~- J 
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CDMPUITIME 

CT tDD 


S100 BUS COMPATIBLE 

COMPU/TIME offers 
A 
Real Darn Clever 
Enhllllcement to users of 
IMSAl/ALTAIR Microprocessors 

TIME & CALEN DAR 
COMPU/TIME CT100 $199 Kit $245 Anembled 
COMPU only C101 $149 Kit $189 Assembled 
TIME only T102 $165 Kit $205 Assembled 
COMPU/TIME PC S°"rd 11nly s 80 

TU-~ 

You wil l want to know about the TH Video to Televisior 
Interface Kit. 

No need to buy a separate Video Monitor if you already 
own a TV set. Just connect the T\M between your system 
video output and the TV set antenna terminals - that's all 
there is to it-to convert your TV set to a Video Monitor, anc: 
at a much lower cost ! 

FCS BOOOA - 31'1 Digit - .8" Dlsplai 
NEWPZ~ Pin Ytf\lon wlm "1btl & Uh/pm Lnola\Dr 

• C0onl!'llCll llfflOH on.1 

larc.n1wlll'll!IU, 3BT1o11 
l)rQ. [3i!IH1¥11lAl:i'salj[/22Blj 
~.IXIQC.h~ . 

,MNT'ltiEW·ESC!IOOO • l'fPIC&ls.t0111itn,cutrw 
w O.CIPC mkln, 10 Im 
b&c1no10min., 1&d 

SPECIAL 
SUS EA. whCI lJl Iii rM 

• M.UIMllM f0AWAR0 • fa1wrn:I volUg• Or'1p 
C1JFIAfNT-2SrM I Sll'OllS 

PRICE $8.95 

1@•1 
SLIT-N-WRAP WIRE WRAP TOOL 
• 	Slils aAd opens lnsulallon "posing 

bare wlrti 
• No pre-<::uttino or pre~strlpplno . 
• Coma.s complolo with lwo • 100 tt spools 

#28 AWG wire· 

Mod1I P18D 124.60 


'J/ecliii Plugboards 8800V 
Universal Microcomputer/ 

•Processor plugboard, use wi th 
II 5 ·100 bus. compleU:1 wlth heat sink & 

tierdware 5.3 :ic 10 :ic 11115"':'"": . f 	 '.;~: ' J-1rn11: ·~ : 
: ~:. .. . 
: •• '. 4 $19.95 
. : . : .: . _J 

IUll Ull l l ltl l l l ll 

CHANNEL(£)'"-::::~:OP"°" 
. • • Automallc ume and scorel<..ping 
.-... • &nol}'-1,.. AC operalion

!tJ)/1 $159 95 •Dual conlrol• wnh 8-wey action 
• • Sul~·ln Pro Hoci<ey and Ten"'s oames 

• Easy hook-up on an~ BIW o• Colo• T'/ 
• Facto!}' warr.mty 

NO. PI NS ill1 
20 OUAl 10 PIH 
30 DU Al 11 PIH 

DU Al 22 PIH 
44 DUAL n PIH 
eo (lUAL 40 P IH 
86 OU Al 4l PIN 

100 OUAL 50 P IN 
100 DUAL 50 P IN 
10 0 OUAl 50 PtN 
!DD OU Al 50 PlN 

ALTAIR/IHSAI CARO GUIDES 

GOLO I 
GOlD 
GOtD 
GOLD 
GO LD 
GOL DI 6800 I 
GOLD! IHSAl/ALTAIR!
GOLD IHIAl/ALTAIR 

GOlO NO EARS·!MSAI 

Tt H {.l" SPACING) 


·.25'( EACH 

I »:El 
Computer Products 

5351 WEST 144th STREET 
LAWNDALE, CALI FORNI A 90260 

1213) 679-3313 

RETAIL STORE HOURS M-F 9-7 SAT. 9·5 

Discounts available at OEM quantities. Add $1 .25 
for shipping . California residents add 6% sales tax. 

CATALOG FREE WITH $10.00 ORDER 
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THE PROM SETTER 

WRITE and REl\0 


EPROM 

l?DZ A 111 n d 27UI! 

• l~lui.:s Ol rcc.1 ly rn ro your ALTA lRt lMSAI Com riutu 

• 	 lnr.luclc.,. M~rn Module Board :ind E:cle:rn;il EPROM 
~nr.kct llnll 

• Thr. EPROM Socket Unil \:51 r:onnir.cred lo the Com· 
J1Ulr.r lhrnuR,h ii 2.!i Pln Con niec.1o r 

• 11 rn.Rrnmm in~ Is ;-1ccnmp l1sht:d bl' lht- f:am rrn1 ~r 

• 	 lusl Rr:ou t 1n lhr Pru~rem lo lie Wrltlr. n on the 
EPROli.! inin yc1ur Prncessnr rind !e l 1h -P. Com put r.r 
1/u lhl!' rrsl . 

• 	 lJJir Sm:kf"1 \Jn11 10 Rcild EPROM 's. Cnn1enls inlo 
you r r:om1rn tu 

• S(lflw : 1 r~ rndudt!1I 

• Nn f:'( 1t•rn ;1I Pnwu Suppllcs. Your Co mpu lPr rlon 
11a ll 

• P ro~ r .1 m!i ;i nd Rf'~ch Rn1h Ii'O::?A .1nd 2:70R EPROMS 

• flnubl PS ris .:m E11;1ht 8L1 Pnrnllel ltO 

• Manuu l lnr:1urleci 

INTRODUCTRY OFFER 
THE PROM SCTTER 
Kit $210 ASSEMBLED $375 

PROM SETTER I 
abo ve unit with 271& adapter 
Kit S 260 Assembled S 4 2 5 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL-BW-630 

-~ Bane!}' Operaled (Sue CJ 
• , Weigh• ONLY 11 Ounces 

• Wraps 3() AWG Wire On!O
$34. 95 St.Jndard OIP Socl<ets (.025 inch! 

bHltun n<A ro1111eaj • Complele W'lltl bu111 ·1n tMt ancl sleew 

WIRE-WRAP KIT- WK·2·W .- . 
WRAP • STRIP • UNWRAP ,~~N~··,- -• Tool 101 3() AWG Wue ' ·, 

• Roll of SO ft. White or Blua JO AWG Wiro , 
• 	50pcs. each 1" . 2". 3" & 4'" 10nglh•- , 

pre·<tripped wlro. \ () \ 
$11.95 	 \ . . ..­

- WIRE WRAP TOOL WSU-30 
WRAP • STRIP • UNWRAP · S5.95 

WIRE WRAP WIRE - 30 AWG 
.\On. $1.95 TOOOh ..$15.00 

SPECIFY COLOR - WMe- Yellow- Red· Gr"n · Blut · B~tk 

WIRE DISPENSER - W0-30 
• 50 h. roll 30 AWG KYNAfl wlr! wrap wire $3.45 88. 
• Cuts wire 10 desired longl!l 
• Strips I" ol insulallon Spldly - Bluo-Yollow·WMe·Red 

LIQUID CRYSTAL DIGITAL 

CLOCK·CALENDAR 


For Auto, Home, Otllce 

Small In size (2x2Y.zxY.z) 

Push button for seconds release tor date. 

Clocks mount anywhere with ellher 3M double· 

sided tape or VELCRO, Included. 

2 MODELS AVAILABLE: 

LCD·101, portable model <un s on salf-conlalned 

bottorles for better than a year. 

LCD-102, runs on 12 Voll syslem and Is back· 

llghled, 


L~~-~~~l~~LC,0 -.1 .02. , , .,., ••• •• , ••••• $33,95 oa. 

c...,d..k Olano !or ., . , ...... • .. .. ..... ' ' ... $2.00 


MA1003, 12V DC CLOCK MODUL E 

Built in X'TA L controlled 

!~~~~rl~=,~~itc\-;:n61,:~.:~ 
Automatic bright.neu con · 
trol with 0 .3" green color

$17 •95 :!J~f'~,~~itl~~·P.~h}urnoll 
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MICROCOMPUTER BK STATIC RAM BOARD 

250ns. 
350ns. 
450ns. 

ASSEMBLED & TESTED 

$199.95 
$189.95 
$169.95

* WILL WORK WITH NO FRONT PANEL 

* 
* * 
* * FULLY BUFFERED 

FULL DOCUMENTATION 

AOEOUA TEL Y BYPASSED 
SIOO DESIGN 

LOW POWER SCHOTIKY SUPPORT IC'S 

250ns. 
350ns. 
450ns. 

KIT 
$169.95 
$139.95 
$129.95 

MICROPROCESSOR's PROM'S 8080A SUPPORT DEVICES 
F-8 19.95 1702A 5.00 8212 3.95 
Z-80 25.00 2704 15.00 8214 9.95 
Z-80A 35.00 2708 20.00 8216 4.50 
CDP1802CD 24.95 2716 38.00 8224 4.95 
AM2901 22.95 360t 4.50 8228 8.75 
6502 12.95 5203AQ 4.00 8238 8.00 
6800 19.95 5204AQ 6.00 8251 12.00 
8008·1 8.75 6834 16.95 8253 28.00 
8080A 15.95 6BJ4.1 14.95 8255 12.00 
TMS·9900TL 89.95 82S23B 4.00 8257 25.00

8251298 4.25 8259 25.00 
6800 SUPPORT 82238 2.70 

6810P 4.95 
6820P B.00 
682BP 11.25 
6834P 16.95 
6850P 9.95 
6852P 11.95 
6860P 14.96 
6862P 17.95 
68BOP 2.70 

STATIC RAMS J.24 25-99 100 
21L02 1450) 1.50 1.40 1,25 
21L02 1250) 1.95 1,80 1.50 
21L11 4.25 4.10 3.95 
1101A 1.49 1.29 1.10 
2101·1 2.95 2.75 2.60 
2102 1.25 1.15 1.00 
2102·1 1.50 l.30 1.15 
2111 ·1 4.00 3.50 3.25 

ZBO SUPPORT DEVICES 2112·1 3.00 2.BO 2.69 
2114 17.95 16.95 16,50 

3881 12.95 31L01 2.50 2.35 2.00 
3882 12.95 3107 3.95 3.70 3,25 

4200A 12.95 12,50 11 .95 

F-8 SUPPORT DEVICES 4804/2114 17.95 16.95 16.50 
5101C·E 11 .95 11.25 10.25 

3851 14.95 74C89 3.25 3.05 2.85 
3853 14.95 74$201 4.50 4.30 4.25 

7489 2.25 2.10 1.90 
DYNAMIC RAMS 
1103 1.50 

8599 l.88 1.75 1.60 
91028PC 1.65 1,45 l.30 

2104 4.50 
2107A 3.75 KEYBOARD CHIPS KIM 
21078 4.50 
21079·4 4.00 
TMS4050 4.50 
TMS4060 4.50 
4096 4.50 
4116 42.00 
MM5270 5.00 
MM5260 6.00 
MCM6605 6.00 

CHARACTER 
GENERATORS 

AY5·2376 13.95 
AY5-3600 13.95 

UART'S 
AY5-1013A 5.50 
AY5· 1014A 8.95 
TA-1602A 5,50 
TMS-6011 6.95 
IM·6402 10.80 
1~·6403 10.BO 

FLOPPY DISC CONTROLLER 
17718 55.95 

KIM -1 245.00 
6502 12.95 
6520 9.00 
6522 9.25 
6530·002 \5.95 
6530·003 15.95 
6530-004 15,95 
6530-005 15.95 

USRT 
S-2350 10.95 
W016718 29.95 

25\3 UP 
25 13DOWN 
2513 UP 15vl 
2513 DOWNl5v) 
MCM6571 
MCM6571A 
MCM6572 
MCM6574 
MCM6575 

6.75 
6.75 
9.95 

10.95 

17718·01 59.95 WAVEFORM GENERATOR 

10,80 
10.80 
10.80 
14.75 
14.75 

SHIFT REGISTERS STATIC 
25188 3.95 
2533V 2.00 
TMS3002 1.00 
TMS3112 3.95 
MM5058 2.00 

8038 4,00 
MC4024 2.50 
566 1.75 

IMSAl/ALTAIR S-100 COMPATIBLE 

JADEZ8Q 
KIT 

-with PROVISIONS for \ 
ONBOARD 27m and POWER ON JUMP 

$135.00 EA. (2MHZ) 

$149.95 EA. f4MHZ) 

BARE BOARD $35.00 

IMSAl/ALTAIR S-100 COMPATIBLE 

JADE 8080A KIT 
- WITH EIGHT LEVEL VECTOR INTERRUPT 

$110.00 KIT 

BARE BOARD $35.00 

.J"-'L I »:EJ 
Computer Products 

5351 WEST 144th STREET 
LAWNDALE, CALIFORNIA 90260 

12131 679·3313 

R ETAIL STORE HOURS M·F 9·7 SAT. 9 ·5 

Discounts ava i lable at OEM quantit ies . Add $1 .25 
for sh ipping. California residents add 6% sales tax . 

CATALOG FREE WITH $10.00 ORDER 

MISC. OTHER COMPONENTS 
NH0025CN 1.70 P-3408A 5.00 
NH0026CN 2,50 P-4201 4.95 

TV 
N8T20 3.50 MM-5320 7,50 Ga1n:e ChipNBT26 2.45 MM-5369 1.90 
74367 .90 OM-8130 2.90 
DM809B ,90 DM8131 2.75 

TMS1955NL 

Now Only1488 1.95 OM-8831 2.50 
1489 1.95 OM·8833 2.50 
D·3207A 2.00 OM-8835 2.50 $10.9&C-3404 3.95 SN74LS367 .90 

SN74LS368 .90 

PerSci DISK AND CONTROLLER 
Use the PerSci Disk and Controller now with the 
Info 2000 Adapter for the S-100 Bus. 

INFO 2000 "SPECIAL" 
(includes Model 277 Dual Drive, Model 1070 
Controller, Case with power supply and fan, 
and cable) 

Model 277 Dual Diskette Drive 

Model 1070 Controller 

Slimline case with power supply and fan 

Adapter for the S-100 Bus (Kit) 

$2,150 

$1,130 

$740 

$280 

$120 

JADE PARALLEL/SERIAL 
INTERFACE KIT 

$124.95 KIT 

JADE 
VIDEO INTERFACE KIT 

$89.95 KIT 
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Prt t.e­
$5.95 • 
15.95 
SL95! 

S• 91 
Sol 91 
S.: 95 
$.! 95 
54.95 
$4.95 
5'.95 

8080A 
6212 
8214 
8216 
6224 
8228 

..... ,... 
PllO&l 

....--..........- ..........---------------t lll)'
tll~~: ~':r!~n~n= ~;~~ 

1 ~: ·~0~._.,, ~~ 
::~;.~ bent 90" ror g~~ 

Wlr1 l1H1 Dlhl1 cluitfl@d 2!129 
2512 

Al wire b Kllld 11nneo 22 ?SJJ 
QMIO! wi1'1 P\'Clnsull'!ion. 33-1 1 

Thl:I wtrc s come pKbcl In 7-ILS&70 
nt plU1lc 11o.a... 

t----''""""'--'-..;_;.;.....;..,--=-----------1 A't-S-10 1) 

S1 .95 
$2.49 
$2.95 
$6 .95 
$6.95 

MICROPROCESSOR COMPONENTS 
CPU $16.00 COP1802 CPU $19.95 
8 Bit Input/Output 4.95 MC6800 8 Bit MPU 24.95 
Priority Interrupt Control 15.95 MC6820 Perlph. Jn terlace Adaptei 15.00 
Bi-Directional Bus 011vei 6.95 MC6610API 128 x BStatic RAM 6.00 
Clock Generat oi /Drivei 9.95 MC6830L8 1024 x 8 611 ROM 15.00 
Si>tem Controlle r Bus Dri ver .10.95 ZBO CPU 29.95 

CPU'S 
5'.o:ir1!0.18 
g BIT t.I PU 
CPI! 

""'>•50
"'·" 

11 01 
2101 
2102 
l\07 •~80 

2~6 1 I 
2.56 ~.I 
TQ2 J • 1 
.:()96., 

Featured on February's Front Cover of Popular Electron/ca- Logic Analyzer Kit "'"" ..,.. ..."" 

Beryllium Coppor w-blacl< lfnish for T0-5 $ .25 

Model 100A 

$229.00/kit 
11111 

•••••••• 
Ill....... 

205-CB 
291 ·.36H Aluminum for T0·220 Transistors & • Analyzes any type 01 d1grlal sys tem 

Regulators s .25 • Ch ecks data rates in excess ol 8 
680·.75A 
Dude 4 

Black Anodiled Aluminum lor 10·3 $1.60 • ~~~~~e ~~~~: ~~.s~~~~t OTL . RTL . • Some applica tions are: 
Black Anodized Aluminum - predrilled Schottky and MOS lam1lies - Troublesh ooting micr oprocessor 

____m_o_u_nt_1n_g_ho_1e_s_1o_r_T0_·_3_- _ 4¥._. _• _1~_. _x_:r__s1_.1_5-t. Di splays 16 loglcstates up 10 8dig1ts widc address. instruct ion .and data llow 
• See on es and zei os displayed on your - Ele amine conten ts ot ROMS 

-

DIP SWITCHES SPST llldo AtUon CRT 1 h d · 11 1 - Tr acing operation ol control loglc 
1206·-4 ( e pindip) 4 swllch unit 11 .75 11 . • TesiS6r~ln~; u~~:r ~~:: 0°;;~;1100 - Checkin g coun_ler an d shill 
12'06·1 ( 14 pin dip] 7 s.wllch unit 11 .U 11 . co mlll ions regis ter optuallon 
1206·8 p& pin dip) 31wl1ch unit u .zs 11 . • E.asytoassemble-comeswllh step ·by·step constructJon - Momtotlng IJOsequences 

~E-lc-h-l n_g_K_l _IS---1-_.-1-,.---. --,..-,.-,------ manual wh~h includes 00 pages on logic analy!Br operafun. - ~~: : ~n1~~:i~~er system operat1-0 ns 

't:::\ 1/16 VECTOR BOARD 
\•,·;.·..., o.1·· Ha lt5Jl u.111;11 P·P'J.n11n Pme 

Panhlo l w ,., 10 up 

PH£HD LIC S.P.c~ 062XXJCP •.r<> 61'0 "n ... 
169P·U 062:0.X P .... 17.00 "" 3.32 

.EPOXY 64J>.UD6.2M .... .... '" '" GUSS MP44D52Wt: ... .... 25' 2, 31 
1&9P'-44 062Wl •.50 17.IXI ... "' 168'PU062Wf .... 11.00 !}.23 &,26 

EPOl: 'I' GLASS 169P~~ 062WEC1 '·"' 11.00 $.0) '" COP PE.A CUiD 

Ai;\ ·tL-= SLIT-N-WRAP WIRE WRAP TOOL 
._W~_J11£i_'_Ol~ • Silts >nd opens Insulation "posing 

barn wire 
• No pre-cunlno or pre-st ri P11ing . 
• Comes complete wnn two •'100 It spools 128 AWG wire 

Model P180 S2UO 

HEXADECIMAL 
ENCODER 19-KEY PAD 

• , - 0 
• ABCDEf 
• Shttt Kei 
• 2 Optional Keys 

$29.95 

A97MS - Oi.a gona.1 tuner · •f ' semi·llush cut 
A.1 1OMS - Cham Nose Pti ers. - 4~ •• long 
T·6 - Wlro StrippOI • 116 to nB gauge 
558 - Wlre Sulpper · /1 lO to # 20 gauge 
CS ·8 - Culter·Crlmper To ol · 8Yi ' long 
Nibbing Tool - Guls. Tnm~ or Notches Metal 

up 10 ~ 18 gau ge 
Nibb ling Too l Aeplilcement Punch 3.75 ea. 

PEA MACE~ P-29 PlUS E~ct1lcal Tape· All Weather 
• ._ .. 'oll!atl:ti61'1 . a1.u:sWl)l 

•oc"''"'" 1.,,1_1 • ::~'t,~,1.38' MAX·100 $134.95 
Rangos: DCW..101 :. O· IOCJ(JY I cS.&:r 

.... r-rtqRtsOOO,e50·4001U • 
ACVOllJQe 0·100!IV ,, 

•• ~+1~~~~:?r -wr- :1 
Model 2800 

$99 .95 
ComtS Wllh IHI 
lt.lds. opv•UnQ rru1::.ul 
ll'ldS.PlltlllV: 

Acn1wrl11: 
AC Ad1ptor BC ·28 8.00 ACCESSORIES FOR MAX 100: 

Motillt Cblfl" Ellmlt1ltorRecbatQoable 
B1ttorl11 BP ·26 20.00 

C•rTYl•o ca.. LC·28 8.00 

WI oowwr trom a r tr,,n1 r; Mad111oa - CU Sl.15 
ct1arver/tllm lt11 IOt' 
UU: t 10V AI:. 

, OT ·l&S 

. OT · l2'S 

QI l'j'Pf 
Ol -!>'9S 
OT-598 
0T""1S 
Of_....70 
Ol ·US 
Ol -J!>B 
Ol-18S 
0 1·17S 

llkld•l10Cl-CA.lst.t5 

#'llOIU,,. 
bll5SUIP 

"' Du51l11P 
J!O 
l!US,tlip 
160,,, 

· - ..•••••••• OT -H8 Ol -85 60 
01·7S 10 

01-.MS 

CD limeband ... 
A !t-'f'ai'~ ll",Vtn<::i~~¥<l .,ll'.,-_. {'~ t;JO ... /'r 

Digital Alarm Clocks 
.. Z-l ·FIO'.it •W..m 
.. Do•~ Button 
• 100-.. Sot.,ft.m 
• Lir9~ RN L!O O.~ 

lH l\>Ol'l •• At.I. PM lt'll:hUIOI 

- ~~c11s~a11oucn 

;.1t1u11.ori C·U lT 

DIGITAL STOPWATCH 
. 81ic;M 6 0.C,CllDCldpl~ 
• Tmn UI ~~ m1nutn ~~ 5!J IKOl'ldS 
. Cty$U1Conl1otltdifll'flt~ 
. T nr tt S«i~&ecticsri011c 

rmn s.n,,i ebl!fll ­ Spin & TA~ 
• ~_. s·· ~ t 1s-190 · (O'loounctS) 

· tknlPtrllrt•Cf41 

Kit - $39.95 
Assembled - $49 .95 
Holfy Duty Cal1'f C111 $5 .95 

Stop Witch Chip Only (7205) S19.95

ilm 31/zO~I~~~ KIT 

•• Auto Zeroing 
• Auto Polarity
• low Power 

• .5" LED 
Model KB500 DPM Kit 

o Single IC Unit 
$49.00 

Model 311 D·5C-5V Power Kii $17.50 

115 VAC 

JE700 CLOCK 
f111tJE<OOis•IO • COllO.grUl cfoct.OO. 
1SJ 'otry"'Qll~~l~un!CliU· 
win:' :i.rn1t1.UO • Jlnu1t11t .,.1Lf'la1 
mtt\SIOftto!6 ,.,1, 11 "UlillrnJ 
M,a, Nn111Q11t11<Qt11ntS11tJdlWI Jt'Otht 

11 tH 2-1 140"' MM~Jl4 dot~ C111p 

KITONLY $16.95 
JOYSTICK 

- ...,..~ . CRYSTALS 
- ..::.'~· THESE FREQUENCIES ONLI 
P1ilf 11 Frtqueney CIHIStyla 
CV 1' 1.000 Mll1 HC3311J 
C•1A 2.000 MHz HC331U 

ICY2 .01 2.0Hl"MHz HC33Jl.J 

C•3A ' .000 MHz HCI llJU 
C•1A 5.000 MHz HC1 11JU 
CV t1k 10.000 MH1 HC181U 
CY14A 14 318 13 MH? HC18U 
CV19A 18 000 MHZ HCIBIU 
C•11A 10.000 MH1 HC 1811J 
CVJD8 l2.000 Mll1 HC l 8AJ 

ii BREAD BOARD 
JU~ER ~IRE KIT 1~
- :,1 

trtet1101'*lng, 

• eonV!'fll~

CONNECTORS 
PRINTED CIRCUIT EDGE-CARD 

156 Spacing-Tin-Double Read-Out 
Bilu1cated Contact• - fits .054 to .070 P.C. Cords 

15130 PINS (Solder Eyelet) 
18136 PINS (Solder Eyelet) 
22144 PINS (Solde1 Eyelel) 
501100 PINS (Wire Wrap) 
50/lOOA 1. 100 s..~..1 PINS (Wire Wrap) 

25 PIN-0 SUBMINATURE 
DB25P PLUG 

DB25S SOCKET 


B HEAT SINKS 
205-CB 680·.75A 

32 X A-1--Pc E"" "''"""" 
27 X A· 1__ :::h::u~ ~cult l:ltWOi 
Plugboards Complt1ek~-onl~ iHlll W.J!t' 
3662 --- :.~~.~. :4·~1 ~ E::D~·~ 1~ 
22144 -- ;';=;:"',,;,::;'"_,,_ 
8S0QV--- Unt.itts.tl M1crocom.p\l!t t/Proct:U01 
Afj\ 11. 1i:tlU111JOIHl - E90-.y (j1us - c.omp1e1e 

I 
W /tiJ/jjf moun1ino t111r11wartwlll'l lleJUll'l k llMI 

5J13It10x1/Hi co:ipet cllil 

1·9 Rolls S.79 uch 10-up Rolls S8.115no roll pocuge 

S29.95 ea . PARATR C ER EXPANDER · Model 10
Adds 16 ilkllllonal blls. Pro'lidts dlgllll deU:y and Qual!ntarlon ol lnpu1c;Jo~ Model 10 - $229.009•95$ ea. alld24-t1iltrlooorwonl. - CCnneetsdirectloModel100Alorlnlegr;ttdunit). S..1pt1i.-S1.t5 

$ 6.95 ea. w 3Yz·Dlglt Por1abl• DMM =$ = 

s 2.95 ea . : ~'.':~~:.·~':,:.~., 100 MHz 8-Dlgit Counter 

$19.95 83 , • • iJJ!ttty 01 ~ o:iutt11>n : ~~~:: Aifll)t • ~~;:..~'to~~U~ !,_;.. 


• J.d.lJ Ur~ • CtyNl-(Otllroled l!mtout thlia• r 12v wttti ~ \l !O 
• imv, IVJ. O 1 ollm m.ot..11C11 • r..ny Ai;totNtlt llomer adapter •M Ulllm., 
: ~~~'::~nee • Portilltt-campln•ly 7 2·10'o'001Qr sgppty 

$3.95 ea. C_ __ J.4 
JE803 PROBE 
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-7400NTTL .. 

5ff7J00" 
SJflCIJIN' 
5141.tWH 
SH740lN 
SN1-'0'N 
SNNOSH 
SN7406N 
:S N7407N 
SH7<08N 
S.NUO'JH 
SH7.f. 10N 
St•m llN' 
SN7.t1ZN 
SHr413N 
SPIT-' UN 
Slf1~ 1 fiN 
SN7.t11N 
SPi'l~ ?Otl 
SN7.t 2' Hil 
SNN2'2tl 
s.tmw-1 
SN7.t 25 N 
SNU:l&f 
s.1m.21 N 
SNHm 
~NH3Cff 
SH14l2H 
SNH l7N 
SN7.t:l.OH 
SN1"3'9N 
S.NlUDH 
SN144 1N 
SN7-U2H 
SN1U 3hl 
SN7..U lt 
SN74,!i N 
SNW6.ll 
Sh7.U.7 h 
SNWl!Jf 
SH145(1N 
SN745lN 
5t'1453N 
SN74s..tN 
SN145'lA 
$ft74(,(J N 
"iN1fi''ON 

" SHJ.tlW ·" S 14160N 1.25 ... S:N747lhl " SNl.1161N ... 
"' SN7.t1.t N .3' S.."fl .t l62 N I " 

"' s.tm11s,H ' "' stm163N .. 
"' SN7.t74i tf " SJ'1416'N " Ill Srf1.t79N "" S."1416.5N ... 
ll Sff7'81Jf1 "' SNH166.H "' " ~N1 .c &"H 

., SNr4!6l'N J.25.. :SN74.8JN " SN74t7QrH 2.10 

" SH7c~ " SH74172 N "" "' S..•i7'80.'f ·" SN7'11JN 150 
JO S~74e.BN '"' SN1014N l.2S 
ll :SN7.&99N '" Stm1 7S N ..... SNiCOOH ., Sl<7076N ,. 
"' SNH91N " Slf14111N 7'l 

" SN'7J92N ... SN7'179''f "' " Sff74!J:IN' ., S.tm110N ...,. 
SN74~H ·" SN7AUUN ,., 

" SN1A9~N ·" SN74182N ...
•• SN1496N ·" SN74 1MN l.'5 
)I SH749'7H J .00 SH7418!iN ....,. SN74100N 115 $H74 1 ~ 15.00,. SK7411HN " SN7o87N • .oo 
l1 s.tlNI09 N " $H74 158H "',, SN14116 tl 1. 95 SN74190H "' " Stm111tf " SH7091N I" 
ll Srf7-' 122N" " SN7.t 19'2H .. 
" SH1.t123H "' S.Jl74 193N ... 
" SNU 125 N "' SH141~N 1 15 

" SN14126H .60 SHW~ ·" " St4741:QN 1.25 SN7t1911N' 100.. SHU!36N ... Stm1'91M 1.00.. Sff141•1H 115 SN741!18H "' " SN1' 142N '" SN7Cl99H us 
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-~ Batteiy Opera!ed {Size Cl 
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-- • Wraps 30 AWG Wire onto
$34.95 Slalldard OIP Sockets {.025 inch) 

lllitltf~ 11111 n ch;Ccd:i .. - Comp1ele with bullt-rn bit and sleeve 
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pre.stripped wire . \ ~~ ~ 
$11.95 	 \ ' . 
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DIPnc INSERTION TOOL Willi PIN ST!IAIGHTEN 

Inserts both 14 and 16 pin packages. Pin Straightener 

buill into Handle. 

Model INs-1416 $3.49/ea. 
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integrated plasma a lphanumeric display,
SYSTEMS full 46 key inpu t and a bus structureW~~t'~ NewP 

MCM's Desk Top APL Computer 

total of 200 K bytes of randomlyMCM Computers Inc has an nounced 
the reduction in price of its System 700, 
Model 782 APL comp uter to $4 ,950, an 
offer explicitly aimed at the perso nal 
computing user. 

The stand alone unit is smaller than 
an office typewriter, weighs only 20 
pounds (9 kg), and feat u res a full APL 
language inte rpreter interchangeable 
with the latest implementations runn ing 
on MCM's larger System 800 and com­
parable to APL.SV impleme ntations 
running on large sca le systems such as 
the IBM 370. The unit also conta in s 
file handling and virtual memory (AVS) 
operating systems, and provides up to 

100 K bytes o f virtual memory swapp ing 
on one o f its two bui lt-i n cassettes. A 

interest. Hackers who are also chess 
freaks will be inspired to try their skills 
at designing and programming chess 
playing algorithms of their own. 

For more information, con tact 
Chafitz, 1055 First St, Rockville MD 
20850, (301) 340-0200. • 

ILi!" 
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A Chess "Mate" from Chafitz 

Ch afitz has introduced a very inte r­
esting device: a $200 Chess Challe nger 
designed to play chess agai nst human 
competition at a fair ly sophisticated 
level. 

The unit is microprocessor based. 
The. physical package cons ists of a 
rectangular enclosure containing tl1 e 
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accessib le magnetic tape storage is 
availab le betwee n the two cassette 
d rives. T his "ex te rnal " memory is in 
add ition to the bui lt-i n 8 K bytes of 
programmable memo ry and 32 K bytes 
of read on ly memory . The MCM 782 
also incorpora tes a battery backup 
system that au tomatically saves the 
user's workspace in case of power loss. 
Other tech nical features incorporated 
into the machi ne include dynamic 
memory a lloca tion of one to eight bytes 
for integer data to conse rve memory, 
tota l system overhead of less than 500 
by tes, and ex tended prompting facility 
for interactive English language conver­
sa tional programs. The un it has an 

elec troni cs, on top o f whi ch is a chess 
board, a calculator-like keybo ard a nd an 
LED display. The user ente rs moves 
using a simple coordi nate code system, 
an d the computer displays its moves 
on th e LED display. Any regu lat ion 
move can be made, includ ing cas tli ng 
(king or queen sid e) and capturing en 
passan t. 

If the use r Improves to the point 
where he or she can co nsis tently beat 
the Chess Cha llenger, the unit ca n be 
ret urn ed to have a more sophi ticated 
se t o f algori thms e nte red by the 
manufacturer. 

The device is inte nd ed p rim ar ily 
for the chess novice, of course, but 
unless you 're Bobby Fisher (who c lai ms 
to have bea ten the unit every lime in 
th ~ #1 issue of Computer Chess News­
fell er) you shou ld rind it Lo be of 

to allow interface to the company's 
other peripheral products. A ttachments 
supported by the MCM unit include 
floppy disk, printer, plotter, card reader 
and a se rial comm unications inte rface 
that provides RS232C co nnection to a 
host of standard de vices in the general 
computing market. 

The RS232C inter face, called the 
SCl -1200, is also being a nnounced for 
$650. The unit provides programmable 
protocol and line speed for seria l con­
nection to a ny 4 to 8 bit serial device. 
It is fully supported by software in read 
only memory and provides an ability 
to connect any ASCII, EBCD IC, corres­
pondence or other devices. Printers 
such as Teletypes and DECwrite rs can 
be co nnected via this SCl-1200, as ca n 
an acoustic coup ler for communications 
with other systems, at speeds of up to 
1200 bps. 

MCM provides a number of software 
packages for use on its system, including 
math, statistics, finance, plotting, general 
ledger, order entry , billing, production 
planning, dy namic purchasing, manage­
ment problem so lving, and so on. A text 
editor package called Text/700 is also 
available. A computer games package 
is available for $100, which incl udes 
blackj ack , hangman, ecology , and math 
drills for younger users. 

The MCM 782 is being marketed 
direct from MCM to end users at a 
price o f $4,950, FOB Fort Lee NJ 
for shipments in the US, and FOB 
Kingston Ontario for shipments in 
Ca nada . All units are factory warranted 
for a period of 90 days. Deliveries a re 
presently ava il able from stock. All 
prepaid orders or inquiries should be 
directed to MCM's headquarters In either 
the US or Canada. Contact MCM Com­
puters Inc, 2125 Center Av, Fort Lee NJ 
07024, (201) 944-2737, or, in Canada, 
MCM Computers Ltd, 6700 Finch Av 
W, Suite 600, Rexdale, Ontario 
CANADA M9W 5P5, (416) 675 -1 353.• 

C1 rcle 545 on inqui ry ca rd . 



$40.00 

WIRE WRAP WIRE 
TEFZEL blue #30 Reg. price 
$13.28/100 ft. Our price 100 ft $2 .00; 
500 ft $7 .50. 

MULTI COLORED SPECTRA WIRE 
Footage 10' 50' 100' 

8 Cond. #24 $2.50 9.00 15.00 
12 22 3.00 1.1.00 18.00 
14 22 3.50 13.00 21.00 
24 #24 5.00 20 .00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1 /4 
book prices. All fresh & new. 

TOUCH TONE ENCODER KIT 

Simplicity itself to complete. No other parts required, no crystal required. The back 
of t he touch pad has etched & drilled PC board and you solder the encoder chip to it. 
Add your own small speaker & 9 volt battery and you are done. A touch of the pad 
produces the proper tone signal from the speaker. We furnish schematic and instruc· 
tions. 

SP-149-B $12.95 

VIA TRON CASSETTE DECKS 

The computer cassette deck alone $35. Set of 2 boards read/write amp & serve 
control boards of this deck. 

ffi NIGHT VIEWER $199.00 

Custom made, complete with light source & viewer in one piece. Comes 
with carrying strap. Ready to operate with 6 volt lantern battery. Guar­
anteed by the manufacturer. See in total darkness. Great for scientists, 
viewing nocturnal animals & birds, criminal investigation . ..observe 
without being cbserved, and a ball for just plain snooping!!!! Sorry 
to say but no shipments to Calif. (lens may vary slightly from picl 

SPL-21 $199.00 

FACTORY REJECT CALCULATORS 

All more or less as shown. Some have "K" some don't. Not 
a cheapy. Probably sold for around $25.00. We check a 
dozen or so and we found they seem to work for the most IBi1 c: fil 
part. Runs on snap-on 9V battery. Some 4, some 5 func· aaa a.i 
tion. We include a reprint of How to fix calculators from aaaaone of the magazines. Sold AS IS. aaaa 
Ship wgt. 1 lb SP-253A $3.00 a• CD 

CHARACTER GENERATOR Cl-llP TO CllTO NE ENCODER CHIP 
Compa t ible with Be ll system, no crysta l requi red . Idea l Memory is 512x5 produces 64 five by seven ASC II 
fo r repeaters & w/s pecs. $6 .00 charac ters. New ma te ria l w /da ta $6 .00 

Please add sh ipp ing cosr on above. M inimum order $10 

FREE CA TA LOG SP-10 NOW READY 
P.O. Box 62, E. Lynn, lvl assachusetts 01904 

Circle 71 on iriq uiry ca rd. BYTE Docomb" 1 971 217 



A Real Word Processor 

Computer Power and Ligh t Inc, 
12321 Ventura Blvd, Stud io City CA 
91604, (213) 760-0405, has annou nced 
th is "commercia l q uality" microcom· 
puter based word process ing system for 
under $6000, complete. Based o n the 
firm's COMPAL-80 computer and Xerox 
Corporatio n 's Diab lo 1620 daisy wheel 
printer, it is said to contain features 
previously fo und o n sys tems cost ing 
$20,000 or more. 

SYSTEMS 


Features or the m<ichine incl ude text 
ed it ing usi ng a large CRT d isp lay; inser­
t io n or de le tion of te x t, and the ab ility 
to move blocks or Lc x t anywhere; 
variable speed scrolli ng of enti re text o n 
the CRT , fo rward or backward; ab'ility 
to search for all occu rrences of a spec ific 
word or group of words, a nd replace· 
me nt wit h a lternat ive word or words; 
storage a nd retrieva l of fi nishcd text on 
low cost Ph il ips audio cassettes al the 
rate o f 240 cha racters per second; a 
varie ty of printing op t ions includ ing 
variab le line le ngth; 1 to 5 spaces between 
lines; variab le cha rac ter spacing; preset· 
table page l1 eadings; page numbe ring; 
and righ t a nd left margin justifica t ion 
using the Diab lo's unique character 
spaci ng rou t ines: no extra blanks are 
inserted in your text, nor is there any 
need for hyp l1cnation. 

This interesting ap p licat io n system is 
ava ilab le from Computer Power and 
Light, 12321 Ve ntura Blvd, Stud io 
City CA 9 '1604 or 7878 Clairemont 
Mesa Blvd , San Diego CA 9211 1. 4 yea r 
lease plans and bank nna nci ng are 
ava ilab le.• 

Circle 539 on inqu iry ca rd. 

COSMAC Based Microcom pu ter Kit 

T h is k it, based on the RCA COS MAC 
1802 processor, is designed to be as· 
semb led by the user by wire wrapp ing 
o n two pieces of Micro Vectorboard. 
The kit inc ludes a 5 V, ·1 A power 
su pp ly, e ight toggle swi tches and LEDs, 
processor integra ted circu it and clock, 
and 256 bytes of memo ry. Accessories 
suc h as a cabi ne t and memory are 
p lanned . T he kit is priced at $90. Wi re 
wrap sockets, wire and too l are an 
add itio na l $ 10, avai lable from C hild 
O dyssey Enterp rises Inc, POB 137, 
Alamogo rdo NM 883 10, {505) 434­
1065 .• 

Circle 5~ 1 on lni:iu1rv C.flrd . 

Z-80 Based System Fea tu res 
Suppor t Boa rds 

ICS Mi croco mp uter Tra iner 

A comp lete se lf-s tu dy microco m­
pu ter t rai ning co urse includi ng Jn 8080 
based sing le board comp uter has been 
introduced by Integrated Computer 
Systems Inc, 4445 Over land Av, Cu lver 
City CA 90230, (2 1 3) 559-9265 . The 
computer inc ludes 5 J2 bytes of CMOS 
memory, a ·1 K byte monitor in electri ­
cal ly erasable P RO M, a keyboard an d 
LED disp lay, and a prototyp ing area fo r 
au dio cassette, RS-232, curren t loop or 
other interface circui ts. The board is 
accompan ied by a 650 page Microcom­
puter Training Workboo/1 wh ich leac hes 
the 8080 inst ru ct ion se t , basic program ­
m ing and hardware desig n tech niques. 
The entire package , mi nus a power 
supp ly, is offe red for $545.• 

Circle 540 on inquiry card. 
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Pre-assembled Motorola MEK6800D 2 

A fully assembled ve rsion or the 
Motorola MEK6800D 2 kit, requ iring 
on ly a 5 V, 1 A power su pply, is avai l­
able from Audio Engi neering, 12 1 
Wisco nsin NE, Albuquerq ue NM 87'108, 
(505) 255 -6451. The SYl-068 features 
a sta nd for the processor board and an 
attractive case for the keyboard and 
LED d isp lay. T he p rocessor board in ­
cl udes 256 bytes of memory, al K byte 
ROM mon itor, cassette in terface, and 
pa ralle l 10. The sv ·1-068 is priced at 
$269. Accesso ries incl ude the keyboard 
and d isplay case a t $ '12.50, an extr:i 128 
bytes of memory at $7 .50, anu a power 
supp ly kit with a 60 Hz c lock a t 
$29.95 .• 

Cirt: le 543 on inquiry card . 

T he new Z-80 based Mike 8 syste m 
fea tures co m patib il ity wit h most of t he 
boards already availab le for the 8080 
based Mike 3. T he fu ll blow n Mode l 
882 ve rsion o f the Mike 8 incl udes a 
CPU board, 4 K bytes of memory , a 
1 K byre monitor program in ROM, and 
a "console board" with a keyboard and 
LED d isp lay. The package also incl ud es 
an ERO M programmer, a bl ank 2708 
E RO M, a nd a n lll traviole t lamp for 
E ROM erasure. T he Model 882 is 
mo unted o n a base wit h a switc hing 
regu la ted powe r supp ly. An extensive 
manua l and a book ent itl ed Microcom­
puter Design comp lete the package , 
which sel ls for $895. Sma ller Z-80 based 
sys tems are also offered, start ing a t 
$495 . T he book Microcomputer Design 
is avai lable sepa ra te ly for $14.95. T he 
Mike 8 is availab le through Sem ico n ­
d uctor Specialists, the industria l dist rib u· 
tor based in Elmhurst IL, as well as the 
"MP U Shops" which Sem i Specs is 
open ing at many of it s branch offices, 
or from the manufacturer, Martin 
Resea rch , 3336 Commerical Av, North· 
brook IL 60062, {3 ·12) 498-5 060.• 

Circle 542 on inquiry catd, 





PERIPHERALS First of a Series of Music Boards 

Video Board for 6800 Systems New Enclosures and Card Extender 

A printed circuit board based on 
Alfred Anderson's article "Bui ld This 
Video Display Terminal," November 
1976 BYTE, page 106, is ava ilable from 
F & D Associates, Box 183, New 
Plymouth OH 45654, (614) 385-2023 . 
The circuit genera tes a 16 by 32 char­
acter display and can swi tch between 
two 512 byte pages of memory. The 
board is designed to p lug into the 
SwTPC (SS-50) bus, but co uld be 
interfaced to other 6800 systems. Space 
Is provided on the board for mounting 
an ATV Research Pix ie-Verter (RF 
modulator). The board and construc­
t ion hints are offered for $29 plus 
$2.50 shipping. • 

Crtcle 546 on lnqufr·y card . 

16 K of E ROM on One Board 

Enclosures for Alta ir (S -'IOO) bus 
compatible sys tems a re now avai lab le 
from Vecto r Electronic Co Inc, 12460 
Gladstone Av, Sylmar CA 91342 , (213) 
365-9661. The enclosure dimensions, 
17 .9 by 9.0 by 17-1 inches (45.5 by 22.9 
by 43.4 cm). allow room for up to 21 
cards, and plastic ca rd g uides are p ro­
vided for 12 cards. Adjustable slots 
are provid ed for a mother board. S li de­
in to p, bouorn and side pane ls free of 
sc rews and fasteners make for an a ttrac­
tive fi nis h. Optional accessories include 
a prepunched rear pane l with te n ho les 
for DB25 connectors. The VP1 
( $ 128 .30) uses the Alta ir configuration 
of sid e to side ca rd orientation with 
power sup p ly in the rear, while the 
VP2 ($ 1 34.30) has the IMSA I co nfigura­
tion of front to back card orientation 
with power supp ly on the right s ide. 
Also availa ble from Vector is the 3690­
12 7.5 inch (19.0 cm) card ex tender, 
assemb led with edge connector fo r $25.• 

Circle 548 on inqu i ry cart.J . 

The 10-5-9 and 10-5 -1 0 quad ch ro­
matic pitch ge nerator boards are de­
signed to be a low cost start in comp uter 
controlled music generation. The single 
boa rd pitch generator produces one to 
four tones simultaneously; t wo boards 
ca n be used to produce eight simultane­
ous tones in stereo. Each of the four 
tones are separately control led a nd ca n 
produce any of 96 tones which form 
an 8 octave range. This covers the 
entire standard piano range, plus eight 
higher pitches. Special connectio ns allow 
later expansion with accessory boards 
to control various sound parameters. 
Using the optional on board crysta l 
oscillator or a 2 MHz source (external 
or pin 49 on the S-100 bus) all pitches 
arc within 0.1 % of the A-440 Hz 
standard. The 10-5-9 is S -100 com­
patible, and the "I0-5 -10 is compa tibl e 
with para ll el output ports . Kit prices 
for both versions range from $111 
to $ ·159 (depending on the numbe r of 
simu ltaneous tones), and the assemb led 
price is $185 . The oscillator is an 
additional $ 16. Avai lable for product 
eva luatio n: data sheet (free). demonstra­
tion record ($1). and owner 's manual 
($ 3 plus $1 postage). Contact ALF 
Products Inc, '128 S Taft, De nver CO 
80228, (303) 234-0871 .• 

c~ rc l e 54 7 on in(lu1rv card. 

This memory board is designed 
to ho ld up to 16 of the popu lar 2708 
1 K byte EROMs, which have late ly 
dropped to a very affordable price . 
Unused 4 K sections of the board can 
be disabled to avoid co nsuming excess 
memory address space. A wait state 
feat ure is provided for fas t Z-80 based 
systems. The complete kit for an 
Altair (S -100) b us com puter is avai lab le 
for $85, minus the 2708 EROMs, from 
IBEX, 1010 Morse Av, Suite 5, Sunny ­
vale CA 94086, (408) 739-3770.• 

Ci r i:!~ 550 on lnt.iu 1.-y t;;)fd . 
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4 K 1702A E ROM Board 

Cin;: le 549 on in<w1ry card . 

A 4 K byte I702A-bascd E ROM 
memory board for the SwTPC 6800 and 
similar systems is available from Aptcc 
Inc, POB '15296, Tulsa OK 74115. An 
accessory clock st retcher board, based 
on Jerry Henshaw'> a rticle "Stre tch 
T~1at 6800 Clock," Dece mber 1976 
BYTE, page 42, is offered to accommo­
date the re lat ively slow l 702As. A 
complete k it minus the 1702As is 
priced at $87.50, while 1hc prin ted 
circu it board and connector alone are 
$27 .50. The clock stretcher kit is 
$6.25, or $2.50 for the board.• 



S.D. SALES COMPANY 


NOW-THE ULTIMATE RAM BOARD 

INTERFACE CAPABILITYMEMORY CA PACI TY 32K FOR $475.00 


M EMORY A DDRESSING Control, d111 a mnd nddreu inpu t5 
MEMORY WRITE Buy an SlOO compatible SK Ram Board and ut illut1 low powar Schonkv 

rROTECTtO N upgrade the same board to a max imum of dnwl.cm. 
BK, 1GK , 24K, 32K using M01· 3 2 K in steps of SK at your option by merely 
1ek MK4 115 whh SK bouod· purchasing more ram chips from S.O. Sales! At POWER REOUIREMENTS 

a guaran teed price - Look at the features wenrios 11nd protecfion. U 1il ize1 +evoc 400MA oc 
OIP swllc.hn. PC board comes -t l 8VOC 400MA DChave built into the board. 
with 1oc.kell tor 32K oPorOJtion . - 10VOC JOMA OC 
Ordrirs. now being aecepted on bo11 rd utuu lrttion h; rnovhled. 
1l low 6 to e weeks tor delivuy. Or) b~rd (ln..,islblct)refrcsh hPRICES START AT $151. FOR BK RAM K IT 

Add Sl OB.00 for each addi tional SK Ram pravtded w ~th no wait 51Dt~ or 
Alt'oilnhla 1h• ht quarter ol cvcl• 1utollng 1eq ulred. 
1979, 16K, J2K, 48K, 64K Board fully assembed and tested for $50. extra. MEMORY ACCESS T IME 
using Mo1Utk 41 16 w lth 16K I S 375m. 
bound;mos and pro11ction . Momo rv Cyclo T1rnct Is 500nt,SK FOR $151.00 


Z-80 CPU BOARD KIT - Complete Kit $139. 
CHECK THE ADVANCED FEATURES OF OUR Z-80 CPU BOAR D : 

Expanded set or 15S instructions. 8080A software capab ility, operntion 
from a single 5VDC power supply; always stops on an M1 state, true sync 
generated on card (a real plus feature!). dynamic refresh and NM I avai lable, 
either 2MHZ or 4MHZ opera tion. quality double sided plated through PC 
board : parts plus sockets priced for all IC's. ·Add S10. ex tra for Z-SOA chip 
which allows 4MHZ operation. Z-SO chip with Manual - $39.95 

DIGITAL LED READOUT 6 DIGIT ALARM CLOCK KIT 
Features : Litronix dual 1/2" displays, Mostek THERMOMETER - $29.95 50250 super clock chip, sing le I.C. segment 

Features: Litronix dual 112" driver, SCR digit drivers. Great ly simplified 
displays. Uses Silicoaix L0131 construction . More rel iable and easier to build . 
single chip CMOS A/D con· Kit includes all necessary par ts (excep t case). 
verier. Kat includes all nee· Xfmr optional. Eliminate the hassle - avoid 
essary parts (except case); the 53141 Do nol confuse the Non - Alarm 
AC line cord and power kits sold by our competitionl $l2 95/kit 
supply included. 0 -149° F AC XFMR - Sl.50 Case $3.50 • 

5 Digit Countdown Utility­ 6 Digit General Purpose or 
Darkroom Timer Kit - S44.95 Computer Timer Kit - S29.95 
~ F"e.0 1 ure~ : l,.ar9e LEO ,,, •• display\, c1yu_, 1 Fca1ures : LarD"l LEO Yr " d 1 ,~1nv~. Mo~rnk 50J97 counier 

~-· ··- cantralleCI Monelt S03ll7 counuu a11pl.iy (hiPIJV/d rh1et, CQunu un 10 59 mmuws, 59.99 SE!Conds wnh 
ddvcr, •;<It llme.1 ~I O.J H<=OOCI l)rf.IChiOl'I 

\ 

~a~ae[ lrnm O. I second to S'l m inute 59.9 i.cc­ crysutl con1 1olled 1f100 t.ticond .accuracv, OIH!nues on 11 5V AC o r 
Olld, :iA· J1sv rc l.Jy ln(.lutJed IQ t"O tllrOI 12V OC supply . U se 11 to 1iml! 1c laphonc eal ls. clthlNic ovents, 
photoqr.ipnlc enl.119~1. \un lamp, <>r.i~l\ - Jlrac1iee 1lme, Jehool Bnd tuborruorv dl!mQn$.lri:Ulons:, 
~~ci~i s~vAt.' ci'1~~~~Y~c;~~~~~n~u~,,Pe'!! 3~1~ e.. perlemon 1~. ctiess g11n11•1, ric . Time compu1er f\Jnc1 lons in real 
rar toU I aar kneu apollcatlons, slfnplc time suCI\ :u. run time' on progrom\, 'ulJ 1ou11nei end 0 1h c-r 
oush button oi:i~rJtlon, uU! In kilChl!:O, corn u11!!r controlled evtnl1o. Require' 1wo Ou lJ)ul channels 101 

V school. oltlce or l .:HJor.:norv . A ll nee- uan/1.IOP and cleilr conlrOI\. All nit!cl!ss.1 ry J)arls inctudl'd. SpDcinl 
'- ..1. euotry D.'.llt1' lnc;lu~Cd . Sa:»cc: ia l dl!~l11n e<lH! ...... r.-; tJeslgn case S3.75~J.75 

~ RAM'S•CPU'S·PROM'S 

21 L02 · 500NS .... ...... ... 8/11.50 

21 L02 · 250NS . ..•.... , .... 8/ 15.95 

2114 - 4K .................. 14.95 

110 1A - 256 ........ .... .. S/$4.00 

1103 - lK ......•.... . . . .......99 

MK 41 15 - SK .....•. ....... .. 19.45 

74S 200 . 256 .... .•.. ......... 3.95 


Z-SO includes manual . .. . . ..... 29.95 
Z-SOA includes manual ........ 34.95 
SOSOA CPUS BIT ... . .. . ...... 11 .95 
SOOS CPUS BIT . .............. 6.95 

1702A . 1 K · 1.5us ..... 3.95 or 10/35. 

2708 · BK Intel · 450ns .... .. ... 14.95 

5204 · 4K .. . .. . ...... . .. ..... 7.95 

S2S129 - 1 K ......... .. ...... 2.50 

270BS · SK signet ics 650ns ....... 9.95 


ITT DUAL * 
 SP RAGUE DUALSENSE 
DIFFERENTIALAMPLIFIER 

AMP. T0 10175234 •nd 75235 
49c ltBCh49c oach 

saL• 


Low Cost Cassette Interface Kit Microprocessor Chips--::--­
~- ·- ' . t----------------­$14.95 S212 · 1/0 port ............ . .. . 3.50 


S214 - P.1. C ........ ...... ... 12.95

~Qzt ~ 

Features : K.C. standrad 2400/1200 Hz. 300 ._. I I~ 
S216 - Non Invert Bus . ... ... ... 4.95
~- _.,Baud, TTL, 1/0 compatible. phase lock loop, S224 - Clock Gen... . . . ..• : .... 4.9522 pin connector. Feeds serial da ta via micro­ I~~ g; 
S226 - lnven Bus..... . ... ..... 3.95 processors 1/0 ports and from cassette tape -::: <:I., gj 
PIO for Z-SO ................ 14.95 
recorder. 

--fP DISC CAP * 
ASSORTMENT 
PC leads. At least 

10 different values. 
Includes .001...01 , 
.05 + other standard 
values 60/$1 .00 

JOY STICKS! 

4-100K 


POTS 

$3.95 each. r;/ 

·~J · 

P.C. LEAD * 
DIODES 


1N4 148/1N914 

100/$2.00 


';:i$14.95 

RESISTOR * 
ASSORTMENT 


PC leads 

A good mix or 


values. SPECIAL! 

200/$2.00 ,..._, 

POWER RESISTOR 

15 OHM 

25Wby 


CLAROSTAT 

75c Each 


SK LOW POWER RAM - S159.95 
Fully assembled and tested. Not a kit. 

lmsai -Altair - S· 100 Buss compatible, 
uses low power static 21 L02·500ns fully 
butlered on board regu lated. qual ity 
plated through PC board, including solder 
mask. B pos. dip switches for address se lect . 

4K LOW POWER RAM KIT 
Fully Buffered - on board regulated - re· 
duced power consumtp ion uti lizing low 
power 21 L02 - 1 500ns RAMS - Sockets 
provided for all IC's. Quality plated througl1 
PC board. •Add $10. for 250ns 

RAM operation 

The Whole Works-$79.95 
MUSICAL BORN 

Ono tune supplied with each k11. Additional tunes - SG.95 
eoch. Special tunes l'lvallable. S1andard t un~s now availohlo : 
- 0 1.xle - Evei of Texas - On W1$COnsln - Yankee Ooodlo 
Dandy - Notro Dome - Pink Pon1hcr - Aggie War Song ­
Anchors Away - Nt:vtir on Sunday - Ye-110\.., Ro~ of 
Tc xni - Deep in tho Henn of Texas - Boomc' Soonc• -
Brldgo over R iver Kw11i 

CAR & BOAT K IT HOME K IT 
Specia l Design 

Case S3.50 $34.95 $26.90 
Jumbo LED Car Clock Kit 

FEATURES' 
A. Bawmar Jumbo .5 mch LEO anav. $16.95 
B. MOSTEK - 50250 - SuPH cl o ck chip, 
C. On 1103rd 01 ecls1on crvs1 ol 1ime ba.s:e . 
0 . 12 or 24 hour Rl!al Time formal . 
E. rcrfcct fo r ccui. boa1s. valls. etc. 
F. PC board Dnd ul l Ptl rts (less casol Inc. 
Alarm option - S1 .SO 
f\C XFMR - 51.50 

Bowmar 4 Digit 

LED Readout Array 


4 JUMBO .50" DIGITS ON ONE ST ICK ! 
WI TH COLONS & AM/PM INDICATOR 

$3.95 

Full W' Litronlx Jumbo Dual 
Digit LED Displays 

DL 722 · C.C. DL 72S · C.C. 
DL 721 · C.A. DL 727 - C.A. 

99c $1.29 

CTC for Z-SO. .. ... ... ....... 14.95 
S22B Sys. Controller .. . ......... S.20 
S251 Prog. comm. interface ..... 10.95 'I\< 1000 MFD .Ii S255 Prog. perp. in terface ....... 13.50 
FILT ER CAPS.,­ SS20 Dual Line Recr .... . .... ... 1.75 
Rated 35 WVOC. SS30 Dual Line Or .......... ... 1. 75 
Upright style with 2513 Char. Gen ........ . .... . . . 7.50 
PC leads. Many pop· SS3S Quad Bus. Recvr ....... . ... 2.00
ular values. 4/$1. 74LS13SN - 1/S decoder ... .... .. . 99 

FLAT PACK ST97-Hex Tri-State Buffer ....... 1.25 

14SS/ 14S9 RS232 . . ..... . ...... 1.50
5400SERIES * 
T R1602B Uart ... . . . . ... ...... 3.95
20 asst. devic~ 

for$1.00 • 

Counter Chips 
MK50397 6 Digit elapsed timer.... S.95 

SAJ 110 
ITT PART NO. 

MK50250 Alarm clock .......... 4.99 
Ideal for electronic MK503SO Alarm chip ....... . ... 2.95 

music circuits MK50396 6 digit up/down counter 12.95 
7 stage freq.dividers. MK5002 4 di git counter .. ... .. .. 8.95 

49c each MK5021 · Cal. chip sq. root ...... 2.50 

60DAYMONEYS. D. SALES C:O. AnEmo"• 1na.co. BACK GUARANTEE! 
NO coo·•. TEXAS RES IDENTS AOO 5% SALESCall in your Visa or Mastercharge Texas Residents call Collect : TAX . AOD 6% OF OROER FOR POSTAGE & 

P. 0 . BOX 28810 - B in on our Toll Free Watts Line : HANDLING . ORDERS UNDER $10, ADD 75c
21 4/271-0022 HANDLING. FOREIGN ORDERS - US FUNOSDALLAS, TEXAS 75228 1- 800- 527-3460 Dea ler Inquiries Invited! ONLYI 

Choose $1. Free Merchandise From*Asterisk Items on each $15. Order! 
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FOR SALE · Used 83 p;n cards made by Compu1er 
Entrv Systems, with many good 7000, 7100 and 
7400 series chips wlth sl igh t cosm e1h:; lmperfec · 
tions. A ll boa,ds S6.50 10 $13. depending on 
complexity, or t rade ror early BYTEs . Ivan Reedef , 
4!4 Yeonas Dr . Vienna VA 22180 . 

FOR SA LE : IMSA I BOBO wi lh 22 slol and fa n . 
VB - I video board, Morrow ca'.isen e with ex t ras , 
two I 0 Cybercom board , two 4 K programmable 
memory boards A ll less than one year old and 
total assembled, value S1 ,632 . Lack o f time for 
1iobUy Will se ll for best o!fer over S i .200 . Can 
shop UPS Jam es R Poole K4 VBH , POB 268. 
Amencus GA 31709. 

FOR SA LE BYTE Vol I " 1 10 da 1e. exce1 1en 1 
co ndi 11on. bes1 ofler . W1l I ship securelv pac kcd 
and insured. Henry S1evens, POB 417, Alto n NH 
03B09 16031 B75-5550 

FOR SA LE : Assemli led. one RM BOBO CPU board 
w11h all ch1p s 5145; one SwTPC TVTl deb ugged 
.a nd running SlOO. one TVTl not running $50 . 
two D1 g11al Group 8 K memory w11hout memory 
c h•Ds S65 eac h ; fou' 1702s EPROM S12 eoch . 
one 5204 EPA OM 750NS S8, 1wo 82S 129 PROMs 
52 .50 each _ Send SASE lor in forma1ion . Da1,,11d 
Parrish, R1 1, Sox 15 1, L1ncoln1on GA 30817 

FOR SA LE F riden F le,)l;ow.-i ter, complete elec111c: 
1ypewnu.~r w ith .:i 11achcd 8 tl!vel rnpe punch and 
8 levt:I rnp~ 1e.:ide1 Prov i s~on lor 1riput from 
e:icrnin;il sou ,.ce. ilrid ou1p u1 [0 e:inernal punch ot 
otheir data eQu ip m ent. excellent co ndit ion . on l y 

S195 Nicely 'Sty led operati ng desk for above, 
ir~ cludes mo1orized tape winde r a nd .a lso rnpe feL•d 
•eel, p lus cable') for remote mpu[ and output. 
539 . Jom Coope' . POB 73 . Pa<amus NJ 07652. 

FOR SALE . Z 1log Z·BO MCB boa cd . C0o1ta•n• Z-80 
m icrop~oce$sor . 4 K by tes p ro91amrn,jble memorv , 
sockets for 4 K bvrns ROM, RS -232 / TTY inter 
lac:e . 1wo 8 b1 1 10 pons, 4 c hanne l cou nt er l timE!'r 
and mo re A-s-semblelt, iested and work ing . Inc ludes 
power supply , 112 K bv 1e mo nitor PROM . and all 
mJnuals, 5475 . Br ,an Rosen, 11 2 7 KencwoorJ. 
San Jose CA 95 129 

WANTED · A true proponional S!')Jcing typing 
m achine teg. IBM composed rn u"Se as a micro · 
compurn·' 1npul outoul device . Wnt e J Will mms, 
2415 Ansdel C1 . Re"on VA 22091. 

FOR SA LE On e each IMSAI ca-.;serte in terface 
Make offer . W11te J Willi ams. 241 5 Ansdel Ct. 
Reston VA 22091 . 

FOR SA LE : IBM 1401 CPU, 1402 card rnader / 
punc h , two 7330 tape drives, and a ll main t ena nc e 
manuals Ou al1 f ieo;. for tBM m ainte nance agree ­
ment. Best offer ove,. $ 1000. You pay shipp ing 
Wi ii consider trnde fo< a. Z-80 based m icro · 
COrllPuter . Willi.am P Ruf . 9514 W 104th Ter, 
Overla nd Pa ' k KS 6621 2 . 19131 88B-9213 . 

Readers who have eouipment, software or othor 
;tems to buy, sell or swap sh ould sflnd in a clearly 
rypod notice to that effecr. To be considerod for 
publica r;on, an advertisemen t should be clearly 
noncommercial, tvped double spaced on plain 
't>Vhire paper, and include comp/ere nam e and 
address information, These notices aro free of 
charge and will be prinred one time onlv on a space 
availabls basis. lnsortion~ should be llm;ced ro 100 
w ords or less. Notices can be accepted from 
individuals or bona fide compurer users clubs onlv. 
We can eng.age in no correspondence on these and 
vour confirmation of tJ/acomenr is appearance in 
an iisu!! of 8 YT~. 

PJease note that ir may rake three or four 
months for an ad to appear in rhe magazine. • 

FOR SALE Maze gene1a1 ion pragtilm writte n ln 
FOR TRAN . Th js program gen ra tes un1imi1ed page 
mozeo; wi th only one solution each The compuler 
gi ves the solu crnn , too . A source I 1st1ng is avaH · 
able!' with 1mplemema1 ion documenrn1lon for S25 . 
I• is 735 lines long, mostly camrncnu on usage . II 
you want to see a sample run , please se nd S 1 10 
cover pri n ting and compu1er 11me c harges to be low 
address Every maze is d iff e rent• Philip Hu n l, 
BJ Ced., Hills . Camb,idge OH 43725 . 

f OR SA L E Tape reatle r device Orig.na il..,. used 
to read 1hree l rnmes o f papE!'r rape DI a time and 
co n11er1 the data to 15 leve l para ll e l o u lpu 1. 
Housed 10 a 5 loot rack cabinet wnh a 314 door 
aml cas ters arc: 1 each 0 1g11ronics 2 500 300 cps 
8 level reade• an d 4566ALCR spooler: 20 slo1 
36 p in card cage, 12 Navcor log ic boards . 
I ex1ender. 1 Navcor ' 12 V @ 2 A, -100 V @ Y. A 
power SL1pp ly , m e tered ; 1 chass is wi th re lays., etc, 
origH'lal cos t S9 ,500: now S600 (yo u p ick up or 
freo9l11 ; 200 lbs) Mi ke Gc,ow. 244 W I " Av, 
Roselle NJ 07203 !20 1124 1·3200:1201133 4 -7246 
n igh ts. 

NEED ; lnfo~ma t ion on Gener.a l Autom.Jt ion SPC 
12J12 w11h 16 K core . Anv sof tware would be 
apprnciaiecl Manua l C Marti nez. 7706 W Gregmv 
SI . Clucago IL 60656 . (312163 1 -6623 . 

FOR SALE : IBM 604 Elecuonic Ca lc ula1 0' w" h 
ISM 521 Reade' Pu nc h . 604 has ove ' 1,000 
vacuum tube c1rcuit'S w1th power rnpphes pro · 
d uc ing +150 VOC al 8 A , tOO V DC al 2.5 A, 
250 VOC ai .05 A , +75 VDC al 1.0 A. and 175 
VOC al .25 A . 521 reads and punches BO co lumn 
carcl'S . 1, has t wo sets ol read b rus hes and punch 
un it Lois ol polenua l for 604 compo nems. 521 
wou ld mak e a good card 10 with proper interface . 
Will take SSOO for both . You pay uansponalion . 
Geo,ge Ken nedy, 2 10 1 Chu rch S1 , Selma A L 
36701 . 12051 872 ·8263 . 

WAN T CD : Po ly 88 ma inrrames f2l k i1 o r as­
sembled, will liuv ot 1rnde . Conrnct Wa ll ace T u fe n, 
1504 Black1ho1 n D•, Glcnvocw IL 60025 . 13 121 
724·7B2B . 

FOR SALE · H P-65 fu lly programn>able pocket 
ca lc ulator complete w1t11 all 14 accesso ry a 11p l1 ­
cat1on Pacs fF onance. Maihl2l . Sta1171. EE121. 
Chem En9r, Stress Ana lyrn•. Survey ing Machine 
Des ign , Med ical. Av1auon, and Na1,119a i ion) rind 
other m:cessones Torn l p rice $350 . Joe Kwa-smesk1 , 
Ap1 44, 13700 3711> Av S , Sea 11l e WA 9B168 
i206124:i ·6967 eve nmgs 

FOR SA L E D191rnl G1oup B K me n1 orv bo11r·rts 
Uses 450 1\s low powe1 memory ch ips , 5225 . 
Contacc Roger Schoenrney e r. 7"25 Trem' Pl. 
Dayton OH 45424 . 15 131 233·2355 

FOR SALE HP·9B 10 desk1011 progrnmmab le 
cal cu lator w11 h H P-9862 Jl loner . Ca tcu lacor is corr'l ­
plern with fully expanded apt1on.a 1 memories lor 
l:lOth da ta arid program . 16 colu mn atphan urnenc 
thermal pr inter . Mathema1ics ROM , m.ogne1 1c card 
1:tarage, and lour 10 pans . Plon er 1s ~ tugh perfor ­
mance X·Y grap hics plott et capab le o f plois up 
ta 1 1 by 17 11iches Inc ludes optiona l p lotwr 
conuo! 1hm ponnHs au tomatic scah n9 , a.io: 1s 
drawing, a nd olphan ume11c plo111ny and labehn~ . 

Privately owned, rn per fect co ndi uo n . ask ing 
53500. Joe Kwasn•esk•. Ao1 44 . 13700 37th Av 
S. Seanlc WA 98 16B . 12061 2 43 -6967 cvcnongs 

SWAP : Scon Model 433 D1g1wl FM SU?feO Tunlo'r, 
frequency syruhe s1zed us ing PLL, dlg1 t.11 reJd a u 1, 
card ~Jrogrnmmed [easily mod ifi ed for computer 
coniroll, sewm:il -.;canning modes . e1c: . or191oa 11 y 
cos 1 SG50 . I wrini co irade !or a m1crocompuier or 
rel a tt!d eq u 1pnien 1. P1eier 6502 or 6800 based 
ws1em. bu1 wll l con'5tder any lh 1ng_ Make me un 
offe,. I can ' t reluse . St:hc m atics ilvallab le lor the 
iu neL Call days 1617) 373 ·9 17 1. Ray Jorgenson , 
RFD 3 . Box 186 . Pla•stow NH 03B65 . 

M ICROOA TA REALITY : Are 11>ere any o oher 
compute r l1obbyis.ts us in g th is sys t em? 11 so. I'd 
like to say he ll o. swap notes an d p rograms.. etc . 
Wou ld also Ii ke to know where lo buy a 4 or 8 
way video 1erminal imedoce card anc:;I other peri· 
p he ra ls for M;trodaia Rea l;ty (Model 1600 oroc· 
essod. Jack Ha rdm an. 140 Foresl Av. Glen R idge 
NJ 0702B. 120 1 1 429-8880 . 

FO R SALE : D1g1dec1.yn cas.sene tape duve (uses 
standa rd audio type casseuel complet e w ith motor 
contro l, read write, and parallel to seria l conver· 
s1on e lectronics. Also. 100 l)lus page 1:e rv ~ce 11i an ua1 
and pans camlog inc luded. All d iagrams are vnrv 
read<lble . These six ddves appear perfec1 but mav 
have a problelll or ewe . Price 5145 each plus 
pos1age . J1m Be1stle, 3728 W1lk 1E!' Way, Fon 
Worth TX 76133 . 

FOR SALE : Source lls 1i ng of program ta calcu · 
lat e 1977 Federa l Income Tax . Program wil l run 
in abo u t 3 K. The program has 1040 line nu mbers 
to iden1 ify the ca lc ul ated results when displayed 
on a CRT terminal. ll is a lso larmaned 10 l ill 
a u 1 the form 1040 when 1he results arc ou1puned 
to a prinrer . Send $14 .50 lor copv o f source li~ t · 

ing a nd user opera t ing instruct ions. C A Lufkin, 
3 15 Dominion D r, Newport News VA 23602 . 

FOR SALE : M ITS Al1» r B800o compu1er woth 
1 K ol memory _ Works fine . 5575 . or beo;t o ffe, _ 
Kurt Barbee, 25BO SW 3rd S1. Corvo I I ;s OR 97330. 

FOR SALE : SwTPC 6BOO compu1er, BK pro· 
grammable memorv. AC-300 cao;se lle interface. 
CT · 1024 TV te rmi nal w ith cover. connec1in9 
cables and sof1w.are . A ll equipment asse mbled and 
tested. S850 . Dave Toru1a, 494 1 Mable , Corpus 
Cfui"i TX 7B4 11. l5131854 ·2747 . 

FOR SAL E. T h ,ee ' IBM 23 1 1 d isk drives S1ill 
e ligible fo r IBM mai n renance con1racc. 5450 each 
pl us shipping . Wan ted · lriform at ion for int erfacing 
same wi1h 80BO sys1em . Bob S1ek, 19 May f;eld Rd. 
Regi na. Saska tc hewan CANADA . (3061 523 -7184. 

FOR SALE : Ok idaia CP · l 10 p nn1er ; loaded w•th 
such op1;ons as: RS-232 1nterface (1 10 10 9600 
ba ud ). upper an d lower case c haratter '5et. trac to r 

reed op11on . e lect ro nic top-of .fo rm option, a nd 
comple1e on board 5eH-tes1 elec1ronic45 inc luded. 
Cost ove~ S I 90 0 new , and has only been used 
1wice; sti ll in originat lac tory c:ano r1 . Must sacri fi ce 
far S 1600 a nd you pay shipping_ Contact Don 
Cheeseman . POB 5534 . Sa n An tonio T X 78201 . 
15121 699-68BO . 

FOR SALE : Complete first year of BYTE, issues. 
1 th ru 16 . All packed and ready 10 sh ip. I pay 
postage . Firs' S35 gets them . R Peters, Laf.ayelle 
Ln. Norfolk MA 02056. 

FOR SALE · A com J)lere sel of c1rc:u11 bo.o rds lor 
th e TVT · 1, as presented in th e September 19 73 
issue o f Radio-Elec tronics : 520 p lus pos tage . 
Also availab le : a 45 'ke y keyboard Bess encoded, 
S15 plus postage . W<He Warren Spivack, 6625 Av 
M, Brookl yn NY 11234 . (2 1 21 763 ·7237 . 

WAN T E D: P rogra m s for HP-25 no t 1nclud1n9 
those Iisted 1n Of'iginal ma nua l. W1 0 exchange new 
ones for th e ones I have obta in ed. S Ham il ton. 
R1 2 . Bo< 1022, Ba•nb"C!ge GA 317 17 

SWAP : Two Sc:o11 a1,.crah oxygen un11 s; each unl1 
sup pl ies 1wa p ersons with o With two new2 
masks. ho1:eS a nd con ncc1ors_ Also. a skyc1iver 
02 u rii t w1 t l1 mask. h ose and connector . W.r::in t : 
ADM·3 or comparable CAT and keyboa rd . 
RS232C and compmibte w11h '5 tanda.rd mic<o­
computer . or , wa n t- Tra nsistorized asc11loscope , 
rnmimum 10 MH z bandwidtli . f Lawrence, 533 
R jverview Rd , Swar1hmo~e PA l908 1 . 

CONGRA TU LATIONS! Th1' could lJe yo ur 
lucky day, d yo u are 1ook1 ng lor a line p11 n 1e1. 

I have one comple1e I 00 cps PA 1 N TEC I 00 
serial, impac1. line printer ~ASCII Daral lell a nd o ne 
riearl y complete backup unit , wn h e)l,Iras for al l 
boards . Unit includes vertica l fo,.mau•ng un 11, 
VFU punch. exua VFU mpe and mainten.1 nce 
manuals. Acijus t aib le pm fe-ed accommoda1es pao.er 
w1dth'Si fr om 3 inc hes to 14 718 1nche'S . One un11 
h in wo rking order , the other good far para . 
Send your bou offer 10 David E Ful1on , ?08 1 16, 
Pon Ewen NY 12466 . or cal l 191 4 1331-1442 . 
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NEW COMPUTER INTERFACE BOARD KIT 

Our new computer kit allows you to interface 	 constantly connecting and disconnecting your 

serial TIL to RS 232 and RS 232 to TIL. There 	 terminals. ­
are four of these supplied with the kit, so you 	 Example: Out store to printer - Voltage 
can run up to four devices on one TIL or four requirement + 5V and ± 5V or ± 12 V depend­$490 0 
separate TIL to RS 232 devices. 	 ing on your RS 232 device. 

Typical use: You can use your computer We supply - board, connectors, documen­
ports to run an RS 232 printer, video terminal tation and components. Sorry, we do not supply 
and two other RS 232 devices at once, without case or power supply. 

WHERE IT MAKES SENSE, MAY BE USED WITH ANY 8080, 6800, zao or F8 COMPUTER 

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 

This power supply kit features a high frequency torroid transformer with switching 

transistors in order to save space and weight. 115V 60 cycle primary. The outputs 
 $7900with local regulators are 5V to 10A, in one amp increments, - 5V at 1A, ± 12V at 1A 
regulators supplied 6 340T-5 supplied. 

UNIVERSAL 4K 
MEMORY BOARD KIT $7450 

44 pin, .156" buss. 

:• 1Uij1'.)l{[PHQM $15.75 
;'!)];tS lAT IC !;i. t !lr T flt G S 1 !> $ 
7'1o 1Jt !IAUA CTEH r ,( Jll $ 6.75 
1~ 1 j~ Ht x 7 01r s n s 2so 
? 10'.' \ 107-l OT H l\ I,, S 1, 19 
~]Wl•W 11·n ~ r.r1~ l f H M.~ s 4 75 
570 '.'A UV l"l'tO\i S G9 ~ 
110 IA ·25Ei BIT FM ..1 S 75 
?l Oi'B S 3 75 
M.K'100SP . . S l 95 
• 71);>t. UV rir;QfJ S ·1 9 5 
',)7,1.1 1H l 'H0 1.'. $ 10 95 
B1S7J S 1.9S 
t._y 5 1013 U h RT . . S 6 95 
~flil:£r.lULTi""Tlif'it:T"fJiT.1 POTS 
100, SOO . 1K.2t< .5 t:. I OK,251< .SOK ,100K. 
?Cl0f.,500K 1 M E-q S 751'".lCh 31S2 00 
1 ,hJ l ~ 1 I u·lU 14 1J Po I !1 ~""' 1,.. t u B1. v• ni 
"!011'} '.1 ~ I l 11; ··A!,1P · ., , M so 100. 
I K 10~ . !~ I< o nm \ SI 50 e 0> J ~ 00 
[ii";ri 1- At.11VATm l. I 

10 l f. ;'00'/ 1I• S I 10 

TRAN SISTOR SPEC IALS 
r iJStP.1 IJl' ' l S• 10 GG S 9 :i 
n-n1 n 1. • · ~s.10J s 1.00 
r .i .i~ . r, ri ~· , :P rJE s 7~ 

i' l .'1"0R. P fJ r' '>· 10 j S I 00 
~"rGO!iU 'l l" , S· t fJ JO.• ·· •!f'!tn • '" • 70 
' ' J ~\IJ?& p•,;t S· TU ~:n 4 S 1 M 
:1~J~~ rnr T(l Ci6 S &O 
:7 Nl'll}4 I' H'l~ t TO 'a !JS I 00 
~~J!J1•1 tW~J Si J O J 1-lf S 1 SO 
'.111 :-,t. 1 1 1;e> ri 5, JQ C):,:J ] IS l 00 
;r~ ;t1C. 7 1 1 r•~ J 5, TO 66 S 10 
?~l7'.n:' :-:1•· i S• 1 0 Hl !J 'S I 00 
?i'lJ''!:o ~· 1JP•J s, ro J s .60 
?i'l:J!'Jl')4 Nl'N S1 TO 9:,:J 'J,IS 1 0 0 
:>N 3~i)(j PM'S• T0 9 ' ':J 'S I 00 
)' :~ JC'..IU N P'\1S 1 T O:>i'O S 50 
]~.6H)1 PflJP S• 10 770 S 5S 
/tJ3(jJ~ 1•: ,P $1 f O ~ 5 S 1 00 
:'J:\: 6~ 1 l r..-P'\f 1 0 9 :! S• 3 S'i 00 

C/MOS (DIODE CLAMPED) 
n ..i o12­ n 11 023­ n 4046- 2 ' !i. 
1 50 JOJ 3 ­ 40 •10il'4 - 75 4049­ •1C 
2:l •101 S ­ 95 4025­ .2il' 11050­ 11 0 
22 11016- 40 4027­ .+1 0 4055­ 1 so 

1 :!{) 4017- 1.00 ;$0 28 ­ .88 4066- 80 
2"2 J01 3- 1 00 4029­ 1 10 4071­ 27 
.n ~019- .is •rnJo ­ .:n .co76­ 1 oo 
42 J020 - 1 . o~ ..;oJs- t 10 

·~01 1 - n 4022­ .9~ 404? ­ . 7E 

2N 3820 P FET 
2N &4 5 '/ N fE i 
2N2646 

s •15 
$ • S 
S •S 

ER 900 f A IGGCR OIOOES 
?N 6018 PROG UJl 

it $ 1 00 
S G5 

CCD202· 100 >< 100 charua couptod t.l1J1,.ca 
1m.3gt' ~Pnsot .S 145 00 
MCM6S71A 7 1o. 9 uu per & IO'ffll l c.:11111ch.nr· 
XIN !J(>nl!liJIOf S10.76 

J09K •• .• . • S .95 
723 ••. . •• s .so 
LM J76 . ... S .60 
320K·S or 15V Sl.40 
J20T·S..15 

DI 24V . . SI.Hi 

340K·5. 1 2. l!l 
Ot 21'V. •...S ,85 

3+10T·5. 6. 8, 12 
15. 18 o, 24VS1.10 

78 MG , .•• •Sl.35 
79 MG ....$1.JS 

1 w~ OIP p;i~~·•Jlr $2.20 

5"BV SPST M ou1a 1u r•• 1nl['d • til .J~' , norrn.,111 -.. 
Duun. J:w Ohm CC/II • l''S•, IJfH!~ s 75, J 1S2 00 

v 
100 
200 75 I 2!1 2. QQ 
400 95 ' so JOO 
GOO 1 ?0 I 75 ,, 00 

SANKEN AUDIO POWER AMPS 
Sr 10 10 G 10 WA TT S s 7 ~5 
S• 1020 G 20\VA Tl S SIS 9 5 
S1 1050 G SO WATTS s21 nr. 
~~~: :o~~:;: ;s~,r;;;·;~o;11 1~'"" 10 55_30 

DIP SOCKETS 
SPIN - n 24 PIN - . ~o 

14 PIN - 25 28 PIN - .50 
16 PIN - 19 40 PIN - .60 
18 PIN JO 

LINEAR 
,.I.SI ~ !,, &> CI RCUI TS 

14 l~OO •• Nl :. 1 ~6 ., 1 M 10 1 ,. 
, .. , :.0 '1 ,. , .. . S i l? •• 1. M J OI 14 B 11) 
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-100:>~ 
4006 ­
·1007 ­
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This memory board may be used with tne 
F8 and with minor modif ications may be used 
with KIM -1µp. 

32-2102-1 static RAM's, 16 address lines, 
8 data lines in, 8 data lines out, all buffered. On­
board decoding for any 4 of 64 pages, standard 

VEFHPA X PC BOARD 

T111, fl<Mt ll ., n 1/IG" \ 1t111l l• \ •thr- 1 p,1rH-r e 11•o xv 

tlo.11d , 11 ·, .... 6 '1"' OR 11 L£ 0 .111, i ETCHED 

wh.i;J1 Will hnld uo HI ~1 \ H1 ,J l1• ,,, 1111, 1c- , 

0 ' 8 1G. o• LSI 0 11' IC , ~·11 111 11 u ~~t' l tor 

pm-..m su1m •y co11n<i'- 1n1 '5·1 00 

MV SG91 Y l:LLON GH I l:N 

BIPO l l\R LEO S .90 
l=P 1 00 PHO f0T rt A.N~ ~ 50 
RED , YE LLOW, QAE'EN or AMBER 

LARG E LE O"s 6/S1 00 
1L·5 {MCT-21 , , 'S •75 
MOLEX PINS . . 100/S l.OO 

1000/SB 00 
10 WATT 2ENERS l 9 , '1. 7, 5 . G. 8 2 . 

12.18.22.100,150 or 200V u . .S .60 
I WA'TTZE.NEAS 4. 7, 56. l0, 12, 15 

18 0 1 "12V • , • , . t!il. S .25 
MC6860 MODEM Ct-llP _ $9.95 

12'5A 
J 10 

35 1 l!i 425 
400 25 !>() 6 so' 40 
GOO II 30 70 1 BO 8 50 
BOO 15 35 90 2. J(J •O SO 

1000 70 - -4·5. 2 IS 12 so' 10 
SILICON SOLAR CELLS 

2 Y.." di ame te r 
4 V • t 500 m• S4.00 . 	 .... .. 

FS EVALUATION BOARD KIT 

WITH EXPANSION CAPABILITIES 


A fantastic bargain for only 
with the following features: 
• 	 20 ma or RS 232 interface 
• 64K addressing range 
• 	 Program control timers 
• 	 1K of on-board static 

memory 
• 	 Built in clock generator 

~.noo• AL A RM CLOCK O·O P SS JS 

NATIONAL MOS DEVICES 
M 11 •10;2 1 I~ M'1.1 5057 2 2S 
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MMS0 1 7 2 IO MMSS5G •I 75 

M M !)l)!i5 2 ]f> MMS:? 10 1 9!J 

MM~l!'IU 2 2~l MM52UO I 75 
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'M0 9 .20 7476 .JO 7111 '13 - 1.35 
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7432 - . 2~ :1" 107 .2B "4196~ .86 
7..tJ? - .24 J.1121 .JJ M271J - .87 
NJB - .24 'M123 .65 .soJ5 4 9 t 
7'14Q . ,16 N 17~ .40 .50}f,4 92 
7441 - .70 ] '11 26 .40 
7441 .62 74150- 1.10 
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$9900 
• 	 64 Byte register 
• 	 Built-in priority interrupts 
• 	 Documentation 
• 	 Uses Fairbug PSU 
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3 Anderson Jacobson 51 49 Elec Control T echnology 159 93 Personal Computer News 182 

4 Apple Computer 16, 17, 18 50 Electronic Systems 202 94 Phone I 187 

5 Artec 63 51 Electronics Warehouse Inc 203 • PolyMorphic Systems 37 
134 AVATAR 189 62 CW Engel 175 95' Processor Technology 86, 87, 88, 89, 90 

7 Atwood Enterpr ises 197 52 Extensys 7 96 Ouantronics 39, 4 7 
8 Base 2 59 53 Formula International 205 97 Rotu ndra Cybernetics 191 
9 Beckian Enterprises 199 54 Gallagher Research Inc 172 139 S-100 150 

10 Benson & Costello 191 55 General Computer 175 98 Scelbi 95, 119, Cl 11.11 Beta Business Sys 18!l 56 Godbout 207 Scientif ic Research 79, 115 
12 BITS 123, 125, 160, 167, 192 57 DC Hayes 181 100 SO Sales 221 

• BYTE Back Issues 192 58 Heath 34 , CIV 101 Seals 65 
• BYTE Binders 191 59 Heurist ics 174 135 Sharp & A ssociates 211 
• BYTE Index 192 ~ 61 IMSAI 70, 71 , 73 102 Silve r Spur 187 


14 Byte Shop of Miami 189 63 Integral Data Sys 14 7 103 Small Computer Sys 173 
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20 CMC Marketing 57 68 Ken t -Moore 4 1, 77 108 Soroc 29 
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36 Data General 143 82 Nationa l Mui tip lex 81 123 µP El ec tronics 187 
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-Article No. ARTICLE PAGE 

Schmucker-Tarr: The Computers of Star Trek 12 
2 Rampil : A Floppy Disk Tutorial 24 
3 Struve: A $19 Music Interface 48 
4 Ciarcia: Try an 8 Channel DVM Cocktail 76 
5 Grappel-Hemenway : Jack and the Machine Debug 91 
6 Higgins: Structured Programming with Warnier -Orr Diagrams 104 
7 Smith: Simulation of Motion: Part 2 112 
8 Wier : A little Bit on Interrupts 118 
9 Wenzlaff : Using the PolyMorphics Video Interface 130 

10 Lahasky : Multiprogramming Simplified 140 
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12 McGath : A Look at LISP 156 
13 Gaskell : Relative Addressing for the 8080 162 
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BOMB Analysis for the 
September 1977 Issue: Rank 

(Multiples of a) 

1st: Ciarcia, "Control the World," page 30 2.17 
2nd: Jacoby, "Walsh Functions," page 190 1.14 

The standard deviation of th is sample was 
19% of the mean ra ting. 

The firs t place winner in ou r BOMB tally 
receives a $100 bon us check, and a $50 
bonus is forwarde d to the second pl ace 
win ner. Be sure to ind icate your reac ti ons to 
this mon th's issue by rating each article on 
the BOMB eva lu at ion card and forwardi ng 
it to our office. The BOMB card is your 
direct line to the edi tors' desks.• 



FOR THE BEGINNER 
Understanding Microcomputers and 
~mall Computer Systems. A profusel
illust~a~ed. easy-reading "must" boo: 
expla1~mg fundamental concepts behind 
oper~t1on of microcomputers . Sim le 
Entsh. Gives extra knowledge to fead 
an understand computer magazines and 

FOR THE INTERMEDIATE ... 
Scelbl's Software Gourmet 
~uide.s a~d Cookbooks lor 
8080 or 6800' lets you cook 

up mouthwatering programs
~ele.ctable " how to" lacts i~­
cludin_g '8080' or '6800' i~­
.struct1on sets. How to man­
ipulate stacks . Flow charts 
Source listings . General pu.r­

manufacturers. literature Makes f
"at home" d · you eel 
as the stan::~dufor ~~!'1~eu;~~~:ccepted 
must own this 300-page no-non· you
e~sy-readin g text. Includes easy~~~-~ie 
g os~aryoof key microcomputer oriented 
wor s. rder now . Save! $9.95 each ppd. 

pos~ routines for multiple 
prec1s1on operation . Pro­
gram.ming time delays for 
real time . And lots more Even· 
f!oating point arithmetic ~ou­
tmes ! Ord~r your copies today . 
Bo~ appe11te! Specify: '8080 ' 
or 6800' . $9.95 each ppd. 

SCELBAL. 
Higher Level 
Language tor 
'8008'/'8080' 
Systems. 
Complete , illus-

GALAXY Microcomputer 
Outer Space War Games 
for '6800' . Captain your 
ow~ starship on lntergallac­
t1c 1ourneys filled with bat­
tles . refueling problems 
weaponry . warp factors · 
?nd m.ore ­ all against your ' 

~···-·· !rated programbook . Routines . 
Techniques . 

~:~::.::..".':!: ~ 6800 · Acomplete book 
. written in machine langu~ge Flow charts M I Source listings. 

· ore . ncludes 5 com-
man~s. 14 statements, 7 functions and It 
runs mBK and more All · 
tomize a high level la· you need to cus­

~~ ~~~'.raction of th~g~~~te ~:d~~~~Jr:! 

· . for 4 K memory E 
mg interstellar adventure . 1 d · ver-chang­
charts . routines more 0~cu es source listings. flow 
row! $9.95 ppd.' · r er today. Blast off tomor­

~ The '8080' Programmer's Pocket G Id . • •~ ·1 adeclmal Code Card. Com act u e .. 8080 Octal Coda Card and/or ·aoao· 
.::.._ . \ - Cards ar~ lnst~nt slide rule ~ids r:rc~~~gu1de for instant reference to either code c~~~­
n­ ~ \ mnemonics with correspondin codes ramm1 ng/de~ugging '8080 ' software Sta ." ~ \ - --~ . ~~~~~~ct~2d8duhring instruction ~xecuh~n~o~~:ccko~~dgi';a~trufctions indicate whi~h ll~gd;rd
· ·­ r c aracters '8080 ' tat · re erence formats ASCII d 

P . •h~ ·~ . . . '"" $2. ;.,., n:m."' wocd, '"''"' 
0 
""''" ""'' · 

0 
''" ,~,' • 

rices shown for North Am .Cha~~~~:n~~~:;:s~a£~~~~~sr~e~:~sr~~~r~~r c. ICllEI (01'111>1JJ"lll 
Pricing, speaf1cations. avai1:~111\~1~~~~~tot~ ~h~n~~ • ~~~1.IJlJ"l~fi 1~(1 

without notice . Mllf ~ffice Box 133 PP STN or , CT 06460 Dept. B 

Circle 98 on inquiry card. 
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HS 8080A 8-Bit 
Computer .... . . $375 

HS-1 4K Memory 140 
HS-3 4K Chip Set . . . 95 
HS-5 Serial 1/0 and 

Cassette Interface 110 
H9 Video Terminal 530 
ECP-3801 Cassette 

Recorder/Player 60 
If purchased separately, 51310°0 

Heath System Price S1i4450 
NEW! Microprocessor Cou rse 


AND TRAINER 

Learn the operation and programming 
of m icroprocessors w ith our e ffective 

self-study cou rse and tra iner ! 

When you invest in a personal computing 
system, you want it to perfo rm. So you 
need sof twa re. But putt ing a complete 
l1ardware-so flwa re system together can 
be dif fi cult. Especial ly if al l o f the 
componen ts are not designed to work 
togell1e r. The H8 computer, so ftware and 
per ipl1erals were developed as a tota l 
system. And we inc lude the sof tware 
(at NO ex tra cos t) so you can s tart 
program ming righ t away_. Benton Har bo r 
BASIC with un ique sta tements and 
com man ds and eff ic ient compression 
techn iq ues lets you put more program 
in less space. Tl1e HASL-8 2-pass 
assembler generates ef fi cient mach in e 
language code. The TED-8 line-o ri ented 
text edito r and BUG-8 te rminal console 
debugging program permi t fast ent ry , 
ed iting and debugg ing of programs. 
Tl1e HB 's inte lligent fron t pane l provides 
effic ient one-button program loading, 

a nd le ts you " see" what's go ing on in 
th e mach ine - in memory , in registers 
an d at 110 ports. 

Whi le th e H8 and its software gets you 
up an d ru nni ng , our periphera ls complete 
tl1 e " system·' . The H9 12" CRT vid eo 
term ina l is complete with ASC II 67-key 
keyboard , long and short-form displ ays, 
auto-scrolling, plo t mode, cursor and 
mo re. And our ECP-3801 cassette 
recorder/ player provides convenient 
mass sto rage fo r all your programs on 
easy- to-hand le cassettes. 

A ll this, plus complete docu mentat ion, 
service support through the Heath ki t 
fac tory or Heathkit Electronic Centers 
nationwide', and se lf- instruc ti ona l 
progra mming cou rses make Heath your 
BEST choice io r a truly practical and 
versati le computer system thars ready 
and wai ti ng for your com mands. 

Ill::rt1nm.rnz.uJ•I Send for your Heathkit Catalog or visit your Heathkit Electronic Center. HEAT H 

- --- ••• ·-- • See listing page 34 Circle 58 on inquiry card . 
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