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Our computer is a bore-

There is simply no point in trying to 

hide it, everyone is going to find out 

sooner or later anyway. The Southwest 

Technical Products 6800 computer is 

a big bore. Discussions with customers 

and dealers have confirmed our worse 

suspicions. 

At first people thought that perhaps 

owners of our system were just a bit 

shy because they were outnumbered at 

local computer club meetings . But then 

as the number of owners rose it be-

came clear that thi s was not the pro

blem. And it wasn't that they were un 

sociab le or anything like that; they 
were simply just bored because they 

had nothing to talk about. 

Here they were, just sitting there while 

all the other members with other 

brands of computers exchanged data 

on circuit board errors, secret schemes 
of adding extra bypass capacitors to 

make the thing reliable, tricks to keep 

the clock phases from overlapping, cor-

rect ions to manual errors and other fun 

su bjects. Can you imagine the frustra

tion this caused? All our customers 

could do was to sit and be bored. They 

had nothing to talk about. 

Our 6800 has an internal monitor 

ROM that automatically puts the boot-

times you had to go back and flip the 

console switch es before you got the 

loader program in right. Since you can 

do machine language programs direct

ly from your video terminal or teletype 

in hexidecimal form, you will not have 

a chance to exchange horror stories 

with your friends about how you for

got the last zero when you entered 

10100110 from the console on your 

374th Byte and messed up the program 

that had just taken you two hours to 

put into memo ry. It just isn't fair. 

Since we use full buffering on a ll data, 

address and control lines on all boards 

in our system and since we use low 

power 2102 stat ic memori es in our 

system, there are no noi se se nsitivity 

problems that can lead to hou I'S of fun 

trying to figur e out why a program 

"bombed". Dynamic memori es that 

some others use can drop bits, fail 

to refresh random ce ll s, cause programs 

to do crazy things by going into 

a refresh cycle at the wro ng moment 

and al l kinds of interest ing things. Our 

poor customers will never have a chance 

to have these interesting exper iences. 

Even OUI' documentation and software 

is no help. Not o nly do we have the 

most complete a nd t horoug h set of 

is just full of information on the sys

stem . Th ere are comp lete sectio ns on 

software with samp le programs and 

information on programming . We have 

no assembly instructions in that big 

yellow notebook. They are packed 

with the kits themselves. The note

book is completely devoted to instruc

tion on using your computer system. 

You are therefore not going to be 

spending day after jolly day trying to 

find out how to put a program into 

your machine ; researching a ll available 

outside I iterature in an attempt to dis

cover just how you write software for 

the beast. Sorry about that folk s, we 
didn't mean to spoil al l your fun. 

So please, have a heart, when you see 

those poor lonely souls that have pu r

chased our systems say "he llo" . All 

they have to keep them interested in 

computers is writing and running pro

grams . Our editor, assembler, 4K and 

8K BASIC programs work so we ll that 

even this is quick and easy. So be kind 

to those poor bored SwTPC-6800 

owners, it's not their fault that they 

have nothing to talk about. 

strap loader in memory and refers con- inst ructions available for any syste m, 

trol to the terminal, when you powe r we are supp lying software e ither 

up. This feature deprives you of the free, or at crazy low prices. Our big 

chance to tell sad stories of how many documentation notebook for insta nce 

Computer System 

with serial interface and 2,048 words 

of memory ... ........ . .. $395.00 

~-------------------------------------------------------------_. 
o I don't like puzzles anyway and have no free time to be bored so 

send information on your 6800 computer system and peripherals. 

o Thanks for warning me. Send names of manufacturers of "interest
ing" computers. 

NAME ____________________________________________ _ 

ADDRESS ________________________________________ ___ 

C IT Y ___________________ ST A TE ________ Z I P ________ _ 

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



2 or 4 MHz 
switch 

2 - 5X MORE THROUGHPUT 
Here is by far the most powerful 

CPU card now available. 
It's Cromemco's new ZPU'" card. 
It uses the slick new Z-80 chip -

in fact, it uses the even faster Z80/4 
high speed version of the Z-80 -
and it's the only card that does. The 
Z80/4 is certified by its manufac
turer for 4 MHz operation. 

The Z80/4 has all the advantages 
of the 8080 and 6800 - and enor
mously more. 

And Cromemco's new ZPU does 
enormously more. 

4 MHz CLOCK RATE 
First, the ZPU lets you choose 

either a 2 or 4 MHz crystal-controlled 
clock rate. Right away that means 
you can have twice the throughput. 
Cuts program running time in half. 
Then the instruction set of the Z80/4 
reduces software Elven more. 

The 2 or 4 Mt-Jz clock rate is 
switch-selectable as shown in the 
above photo. 

POWER-ON MEMORY JUMPS 
Cromemco's ZPU also has some 

neat design innovations of its own. 

The only 
CPU card 

to give you 
4 MHz speed 

For example, you'll like the simpli
fied operation you get because upon 
power turn-on the ZPU will jump to 
any desired 4K boundary in mem
ory. No switch flipping to go through 
to begin your prog ram. 

SELECTABLE WAIT STATES 
Cromemco engineers have also 

arranged that your present systems 
will always be useful with the new 
ZPU. To do this, the ZPU has been 
designed to have jumper-wire-se
lectable wait states on the card. 

These simplify interfacing with 
your present memory or 1/0 even 
at 4 MHz operation . 

80 ADDITIONAL INSTRUCTIONS 
You 've probably heard that the 

Z-80 with its 80 new additional in
structions is by far the most power
ful chip around. It's true. 

That means with the ZPU you will 
be able to devise much more power
ful (as well as faster) software than 
before. 

ALTAIRIIMSAI COMPATIBLE 
WITHOUT MODIFICATION 

Yes, the new ZPU is plug-com-

Cromemeo 
Specialists in computer peripherals 

patible with the Altair 8800 and 
IMSAI 8080. Just remove the exist
ing CPU, plug in the ZPU card, and 
you're up and running. 

Further, the Cromemco ZPU is the 
only card guaranteed to work with 
all present and future Cromemco 
peripherals. (Cromemco manufac
tures the popular BYTESAVER'" 
memory, the TV DAZZLER''', the 
D + 7 A'" analog interface board , a 
joystick console, and others. 

INCLUDES FREE SOFTWARE 
The ZPU comes with our powerful 

Z-80 monitor, complete documenta
tion, source code, and paper tape 
object code. The monitor is also 
available in PROM ($75) for use in 
our BYTESAVER memory board. 

STOREIMAIL 
The new ZPU is available as a kit 

or assembled. Look into it now be
cause you can see demand will be 
strong. Present delivery is 30 days. 

ZPU kit (Model ZPU-K) . .. .. $295 
ZPU assembled 

(Model ZPU-W) .. .. ... . .. $395 
California users add 6% sales tax. 

2432 Charleston Rd., Mountain View, CA 94043 • (415) 964-7400 



About the Cover 

As a way to highlight th e history of 
electronic digital signalling, we dug up 
a picture of one of Jose ph Henry's 
original telegraphy keys, circa the 
early 1800s. Robert Tinney then 
placed th e key in th e frame and wall 
setting you see on the cover, using a 
photo supplied by Brian McCarthy. 

In This ~~TI 
Th e pro bl em of decodi ng arbitrary 

hand generated Mo rse code is not a 
tri vial one. It requires so me care and 
tho ught in the design of adapti ve 
algo ri thm s. As one co ntr ibu tion to thi s 
issue's sub theme of co mputeri zed 
Morse code, Lt Willi am A Hickey, 
USN, provides some background infor
mat ion and suggest ions on th e subject. 

• 
W J Hosking, W7JSW, is an amateur 

radio operato r in search of ap plica
t ions hardware and software. Read 
about A Ham's Application Dreams 
and f ind out how to implement one 
aspec t of h is dream with the Morse 
code input and output conversion 
technology described in detail in the 
ba lance of th is issue ... . 

• 
A theme of th is October issue is the 

appl ication of microcomputers to the 
decoding of Morse code . One approach 
to the problem is detai led in Robert 
Grappel and Jack Hemenway 's article 
on MORSER . . . a program to read 
Morse code, implemented wi th a 
Motorola 6800 computer. 

Lawrence Krakauer desCl"ibes a tech
nique to store Morse characters as a 
packed tabl e of bit pattern s fo r ma
chine generated outp uts - or fo r 
machine decoded inpu ts. 

• 
If Only Sam Morse Could See Us 

Now. He'd have a fistful of problems 
trying to copy radio transm iss ions at 
1000 wpm generated by programs 
such as Way ne Sewell' s CWBUFFER 
sub rout ine. But, using one of Wayne's 
set of sundry drivers fo r CWBUFFER, 
Mr Morse could po tent iall y learn to 
copy - or at least have hi s computer 
copy - in a code practice mode. 

• 
One appl ication of the Morse code 

prob lem solvers is documented in 
Bruce Filgate 's article on Morse Code 
Station Data Handler. Th is is an app li 
cation program which handles direct 
sending of Morse outp uts, from 
character text, adap ti ve in terpretat ion 
of Morse inpu ts, sto ring of f ixed mes
sages (eg : ' CO CO CO DE W1AW ') in 
a message buffe r for later transm ission 
or repeti t ive t ransm ission, etc. Bruce 
has put it all together in the for m of a 
co mprehensi ve 1536 byte program for 
an 8008. 
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In the Queue is on page 7 this month. 

Once you sit dow n and Build This 
Mathematical Function Unit as de
scribed in part one of R Scott 
Guthrie's two part art icle, the wor ld of 
high leve l mathematica l funct ions is 
opened to yo ur microcomputer. In 
part two thi s month, the software 
needed to in te rface with the ca lcul ator 
is described, as we ll as several test 
loops used to adj ust t iming parameters 
with an osc illosco pe. As a fi nal illustra
tion of the calcul ator's use, the author 
prov ides a program ca ll ed CA LCULA 
which enables a Teletype (or o ther 
ASCI i) port to dri ve the ca lcu lator and 
prin t resul ts, sim ulating the ordi nary 
hand ca lcul ator level of operation . 

• 
National Semicondu ctor announced 

the PACE computer so me t ime ago , 
bu t un t il rece ntly it has been some
what hard to obta in . Now that th is 16 
bit minico mpu ter is beginning to enter 
its volume product io n stage, we Keep 
PACE With the Times by offering 
Robert Bake r's Microprocessor Update 
on thi s processor. If you missed the 
conve nience of your fa mil iar 16 bi t 
minicomputer when you started 
reading abo ut and "dry run program
mi ng" for personal compu ti ng, then 
the PACE processor might be a logical 
choice for a homebrew or kit system. 

• 
The advent of the personal syste m 

portends a fund amental change in the 
ways compu te rs are used. In Home
brewery vs the Software Priesthood, 
David Fylstra and Mike Wilber make 
so me comments abo ut th e impact of 
widespread use and knowl edge of co m
pu ters. 

• 
Looking for ideas for meetings of 

your local computer group? Dr Charles 
F Douds has a few sugges tions to make 
in his background arti cle on the 
subject this month. 



KIT-A-MONTH 
I.M. 

The Altair kit-a-month plan allows you to own an Altair mainframe without 
taxing your pocketbook. Mits has made it easy for you to purchase an 8800a, 
8800b or 680b computer in monthly installments where you receive compon
ents with each payment . There are no financial charges because we have made 
each monthly shipment a kit in itself. This will give you time to read up on com
puters and jor gain knowledge from friends. 

We have set up an Altair kit-a-month payment desk to service your needs . 
When writing or calling the factory for information about your shipment or 
account, just refer to the "kit-a-month payment desk:' 





OWN YOUR 680b IN FIVE EASY PAYMENTS 

1 st month 

2nd month 
3rd month 
4th month 

5th month 

680b Manuals. Main and Display PC Boards. 
and membership in users group 
680b Case and Power Supply 
Parts for 680b Display Board 
Parts for 680b Main Board less Integrated 
Circuits 
680b Chips 

$93.20 plus $2.00 per month make your payments $95.20 per month and you have your complete 
kit in five easy payments. Thi s p lan gives you the full 680b with memory and 1/0. The BAUDOT Option is 
st ill $42 .00 extra and may be purchased with Time Payment #4 or #5 . Remittance of $95 .20 will start you 
on your way to owning your own computer. 

A laska. Hawaii. APO and FPO customers include $3.00 per month for Air Parcel Post charges in stead 
of $2 .00 for regular Parcel Post shipment. This would make your payment $96.20 per month. 

Canadian customers include $3.00 per each month for postage and handling fees. 
NOTE: This plan does not apply to foreign sales other than Canada. 

NEW ALTAIR 88008 

Available on TIme Payment Plan 

$105.00 payment per month plus $2.00 postage and handling for each kit makes an easy $107.00 
per month to own the newest of the Altair processors. 

Send in your first $107.00 money order and start receiving your 8800B Kit by August 1. 1976. 

8800B Month #1 Manuals 
#2 EC-18 
#3 Power Supp ly Board & Parts 
#4 Transformer 
#5 Display Board & Parts 
#6 Case 
#7 Main Chips 
#8 CPU Board & Parts Less 8080A 

Alaska . Hawaii. APO and FPO customers please include $4.00 for shipping charges <making $109 
per month payments) for Air Parcel Post shipment. Otherwise. shipment w ill come Parcel Post. not insured. 

Canadian customers must accept month #6 Emery Airfreight Co llect. All other months must include 
$4.00 postage and handling making monthly payments of $109 .00. 

$79.00 I Month 
ALTAIR 8800A TIME PAYMENT PLAN 

8800A Time Payment # 1 
#2 
#3 
#4 
#5 

#6 
#7 

8800A Manuals and Users Group Membership 
EC-18, PC Board and Hardware 
8800A Power Supply Kit 
8800A Case 
CPU PC Board and Bag of Parts less the 
main chip 
Main Processor Chip 
Display Control Board and Parts 

The price of the A ltair 8800A mainframe is $539.00. Seven easy payments plus $2 .00 per month for 
postage and handling charges make this plan equal $79.00 per month. Upon receipt of your first $79 .00 
payment you are on your way to own ing your own 8080A basic computer system . A list of ava il able com
patible peripherals is enc losed to let you plan your system as you learn about your microprocessor. By 
8800A Time Payment #7 you're ready to go. 

A laska. Hawaii . APO and FPO customers p lease include $4.00 for sh ipping charges (making $81 
per month payments) for A ir Parcel Post shipment. Otherwise, shipment will come Parcel Post. not in sured . 

Canadian customers must accept month #4 Emery A irfreight Col lect, Al l other months must include 
$4.00 postage and handling making monthly payments of $81 .00. 



KIT-A-MONTH 
ORDERING INSTRUCTIONS 

In order to smoothly and efficiently expedite your orders, we ask that you 
note the following helpful hints : 

1 . Send all payments other than BankAmericard or Master Charge in the 
form of a cashier's check or money order. Personal checks are acceptable, but 
clearance time will delay your order by 2-3 weeks . 

2 . The kit-a-month plan has been set up to proceed in order and we cannot 
deviate from that order . You can help us by noting with your payment what 
month you are on. 

3 . When calling or sending in orders, refer to your customer name on 
the original order and also your Mits order number. 

4 . If you change your address, keep your name as it is on the original 
order to keep records straight . 

5 . Please note special instructions for Alaska , Hawaii, APO, FPO and 
Canadian customers . If these are not followed , it could result in delays in proc
essing your order. 

6. The Kit-a-Month desk has been set up to help expedite your orders 
because of the overwhelming response we've had with previous time payment 
plans . Please feel free to use this service whenever you have questions. When 
writing letters to Mits, simply note "Kit-a-Month desk" on the outside of the 
envelope. 

NOTE : Once you start the Kit-a-Month plan you are guaranteed the existing 
price at the time of your first order. You will not be affected by price increases . 

---------------------------------------------
Enclosed is my payment of ___ ___ for the first shipment of my Altair 
kit-a -month . 

Master Charge # _ ______ __ or BankAmericard #. _ _ _____ _ 
Altair 680bD Altair 8800aD D Altair 8800b 

NAME. _________________________________________________ _ 

ADDRESS, ___________________________________________ ___ 

CITY ___________________________ STATE & ZIP _____ ___ _ 

L)~ CiUUiJC50/2450 Alamo SE/Albuquerque, NM 87106 505-243-7821 

Pri ces, specifications, and delivery subject to change. 

I------------------------ -------------------~ 

~) UiJiJiJC50 /2450 Alamo SE/Albuquerque, NM 87106 505-243-7821 
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borough New Hampshire 
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H you thought a rugged, 
professional yet affordable 
computer didn't exist, 

think 
IMSAI 
8080. 

Sure there are other commercial, 
high-quality computers that can 
perform like the 8080. But their 
prices are 5 times as high. There is 
a rugged, reliable, industrial com
puter, with high commercial-type 
performance. The IMSAI 8080. 
Fully assembled, it's $931. 
Un assembled, it's $599. And ours 
is available now. 

In our case, you can tell 
a computer by its cabinet. The 
IMSAI 8080 is made for commer
cial users. And it looks it. Inside 
and out! The cabinet is attractive, 
heavy-gauge aluminum. The 
heavy-duty lucite front panel has 
an extra 8 program controlled 
LED's. It plugs directly into the 
Mother Board without a wire 
harness. And rugged commercial 
grade paddle switches that are 
backed up by reliable debouncing 
circuits. But higher aesthetics on 
the outside is only the beginning. 
The guts of the IMSAI 8080 is 
where its true beauty lies. 

The 8080 is optionally 
expandable to a substantial system 
with 22 card slots in a single 
printed circuit board. And the 
durable card cage is made of 
commercial-grade anodized 
aluminum. 

The IMSAI 8080 power 

supply produces a true 28 amp 
current, enough to power a full 
system. 

You can expand to a 
powerful system with 64K of 
memory, plus a floppy disk con
troller, with its own on-board 
8080-and a DOS. A floppy disk 
drive, an audio tape cassette input 
device, a printer, plus a video 
terminal and a teleprinter. These 
peripherals will function with an 
8- leve l priority interrupt system. 
IMSAI BASIC software is avail
able in 4K, that you can get in 
PROM. And a new $139 4K 
RAM board with software 

memory protect. For the ultimate 
in flexibility, you can design the 
system for low-cost multiprocessor, 
shared memory capability. 

Find out more about the 
computer you thought didn 't 
exist. Get a complete illustrated 
brochure describing the IMSAI 
8080, options, peripherals, soft
ware, prices and specifications. 
Send one dollar to cover handling. 

Call us for the name of the 
IMSAI dealer nearest you. 

Dealer inquiries invited. 

IMS Associates, Inc. Dept. 8 -10 
14860 Wicks Boulevard 
San Leandro, CA 94577 
(415) 483-2093 



The Concertina System 

Editorial by 
Carl Helmers 

The often asked question of the person al 
systems cynic is "What on earth do peopl e 
do with home computers?" In many ways 
this question is analogous to what might 
have been asked by automotive skeptics in 
the early part of this century: "What on 
earth do you expect people to do with 
automobiles?" Fifty to 60 years of history 
have answered the latter question in 
numerous concrete demonstrations, and one 
can on ly expect the coming decades of 
computer evolution to answer the former 
question in numerous ways. 

Of course the simplest reply to the first 
question is "Compute!" and is as empty of 
content as the ana logous rep ly for auto
mobiles, "Drive!". Computing without a 
purpose is like driving without a destination, 
an intrinsically enjoyab le pastime on 
occasion but hardly touching upon the set of 
possibilities inherent in digital computation 
and contro!' The key to a broadened per
spective on the computer and its place in 
human activities is the concept of the 
app li cation. An app li cation for the computer 
is like a destination for an automotive trip . 
If I set in my mind the goal of driving down 
to Boston for an evening in Symphony Hall 
with Arthur Fiedler, the Boston Pops and 
company, my automobile has now acquired 
an "application." Similarly, if I decide to 
customize my computer system as a veh icle 
for editing and playing music, a very 
ordinary and garden variety Motorola 6800 
plus memory and peripherals has acqu ired an 
"application" whenever I choose to use it 
for that purpose. (Like an automobile that 
can be driven anywhere without reason, the 
true general purpose computer need not be 
exc lusive ly dedicated to one applications 
goa!.) 

The concept of music played using com
puters is an excellent focal point to 
demonstrate practical uses for personal 
computers. Here is a specific app li cation of 
the computer techno logy for very human 
purposes, a concrete argument to throw at 

the skeptic and cynic. Th e cf-Joice of a 
musica l application goal, li ke the decision to 
drive to a concert with an automobi le, 
makes the techno logy come alive with 
human values. 

Th e trad itional concertina is a si mpl e 
pneumatic acoustical instrument simil ar to 
an acco rdion. The pneumatic concertin a is 
hardly a widely known or used instrument. 
In a hand held package with contro l button s, 
it gives the pl ayer an ab ility to create a fairly 
rich timbre simil ar to a reed organ or a 
harmonica. Like all in struments, it requires 
an element of virtuosity to pl ay at all well, 
but within its limitat ions it makes an 
intel'esting vehicle fOI' mu sical exp ression. 

Th e relative obscurity of the original 
concertina instrument, the harmonically rich 
nature of its timbre, noting its use by a 
single (good) artist in creating a polyph onic 
output, and most of all , fa lling in love with 
the smooth sound and ety mological roots of 
its name leads me to pmpose the name 
"concertina system" for a musical instru
ment based on a personal computing system 
integrated with musical software and 
periphNals. The concept of the digita ll y 
controlled mu sical instru ment is not new, 
but the technology which makes it possib le 
at a reasonab le price is as new as the whole 
LSI computer technology . For about the 
same price that you or I wou ld pay fOI" a 
virtuoso qua li ty home electron ic organ, it is 
possib le to add a mu sic playing peripheral to 
a computer system which wi ll allow the 
owner to accomplish musica l performance 
feats unh eard of on an organ or traditional 
instruments. As of this writing, I know of 
two co mpani es which are in the pmcess of 

preparing products which can simply convert 
an eX isting computer system into a 
polyph oni c synthesizer with the potenti al 
(with software ) of becoming a truly playable 
concertina system. One company is located 
in Arizona and is said to be des igning an 
Altair compatible plug-in card with several 
pol yphonic channels of digitally controlled 
music output. Another company, ALF 
Products, 2130 Bell Ct, Lakewood CO 
80215, is in the preproduction prototype 
stages of preparation to market a modular 
computer controlled synthesizer which inter-
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faces to any ex isting compu ter by using the 
two programmab le ports of a single PI A 
chip. (Most existing compu ters have pro
visions for a "PIA card" with one or more 
such "para ll el interface adapters " together 
with appropriate plugs.) The ALF design has 
8 full y program mab le mu sic channels with 
an option to add 8 less versati le "back
ground " channels to achieve the potential 
for a truly orchestral sound . 

There are undoubted ly additional in
dividuals and co mpani es working on simil ar 
systems an'd products wh ich can simply and 
inexpensively (relative to costs two to three 
years ago ) add a minim al concertina system 
capability to the typical home comp uter 
syste m. Readers wi ll find more in formation 
on this subject as the prod ucts become 
better defined and reach the marketplace; 
we also expect to publish artic les on the 
technology of compu ter controlled musical 
instruments (experimenters and potential 
auth ors: take note). 

If you have a computer, you have 75 to 
90% of such a "concertina system" already 
ava il ab le. All the co ntrol and data manage
ment power needed to impl,ement a rela
tively sim pl e and quite fu nctional 
polyphonic mu sic interp rete r is present in a 
microprocessor system using chips such as 
the 8080, l -80, 6800 or 6502 with several k 
of applications program memory (I use 12 K 
myse lf for interpreter and text area, but it 
would certai nl y be possible to program a 
usab le system with as littl e as 4 K memory.) 
The system also requires a video outpu t 

Word Gets Around . . . 

The personal computing field is getting 
some attention as the amoun t of act ivity 
creates some micro ripples in the big pond of 
things people do. An art icle in the July 12 
issue of Business Wee/? featured Paul Terrell's 
Byte Sh op compu te l- store in Mountain View 
CA. Pau l' s shop is one of the largest reta il 
outl ets among the more than 250 stores 
coast to coast which regu lar ly stock BYTE. 

Also, Ivan Berger, electron ics and photog
raphy editor of Popular Mechanics magazine, 
reports in ph one conversation that he has 
sched ul ed a short feature artic le on home 
com puters, thei r present and future 
prospects, in the September Popular 
Mechanics. 

There have of cou rse been severa l local 
and national newspaper sto ri es late ly. As 
prod ucts improve and the market expands, 
we should see more and more exampl es of 
public awareness of computers documented 
in the press and other media, a we lcome 
trend indeed. -
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display, ASCII text keyboard and a pair of 
audio cassette drives with motor control via 
re lays and a data rate of at least 300 baud. 
Obtainin g better mass storage peripherals 
such as flop py disks, 3M ca rtrid ge drives or 
hi gh speed electronica ll y controlled Philips 
cassette decks is of course hi gh ly desirable. 

This use of the computer system, while 
requiring a dedicated peripheral, is com
pletely consi stent with the concept of the 
ge neral pu rpose personal system, for when 
the system is not bei ng used fo r music, 
programs with other purposes can be 
employed. Many typical uses requ ire such a 
peripheral specific to the application; many 
other applications such as record keepi ng, 
calcul ation, text process ing, mathematical 
and simulation games, and so on merely 
req uire the general purpose computing sys
tem composed of processor, programmable 
memory, text key board, video display and 
mass storage on magnetic med ia. The 
"concertina system" concept is but one of 
innumerable answers to the critic's question 
of "What do you really do with a home 
computer? "-

Size and Finesse 

Perhaps you've noted a moderate expan
sion in the size of your monthly mouthful of 
BYTE, along with the addition of some 
colorful spices to make each BYTE more 
flavorful. 

Switching metaphors, a magazine such as 
BYTE is in many respects like a very large 
and co mplicated program design . The firs t 
concern was and is to fill a high qual ity 
technical magazine with good useful in for
mation and fun, once a month. Thi s is the 
algorithm we have used very successfu ll y and 
continue to use. 

But, like the large program, although the 
basic algo rithm design is not subject to 
major changes there al-e always new features, 
incremental improvements and parameters 
to adj ust. Striving for the "best possible 
BYTE" is an ingrai ned part of our philoso
phy, where "best" is defined as serving the 
needs of our customers in this speciali zed 
fie ld. 

In the area of improvi ng the product, 
recent increases in the si ze of each BYTE 
reflects a synergistic combination of sub
scriber and advertiser support. The added 
spice of color printing on interi or pages is -
directly a result of support from advertisers, 
who make such support possible because of 
our readership . We' re st ill ex perimenting 
with this new possibility of highlighting and 
enhancing technical articles but the presenta
t ion should continue to improve.-



And now minis too! 
All hom a catalog, at discount prices. 

Digital's Direct Sales Catalog
the first catalog to offer com
puter products by mail with 
off-the-shelf delivery - was 
such a success, we've come out 
with an expanded second edi
tion that includes the PDP-8A, 
the newest member of the 
world's most popular mini
computer family. 

We've also added the LA180 
line printer and expanded the 
sections on microcomputers, 

logic modules, terminals, cab
inets, connectors, accessories, 
and supplies from the first 
edition. 

Of course, you still get our 
5% catalog discount, plus 
another 4% for cash with your 
order. You also get a lO-day 
free trial period, plus our stand
ard 90-warranty. (Since we're 
selling by mail, you do have to 
install the equipment yourself.) 

If you were among the thou-

sands who ordered our original 
catalog, you'll get the new one 
automatically by mail. 

If you weren't, why not sign 
up now? 

For your free copy, ca11800-
225-9480 (11ass. 617-481-7400 
ext. 6608). Or write: 
Components Group, Digital 
Equipment Corp., NIR2-2/1159, 
One Iron Way, 11arlborough, 
11A 01752. (Catalog sales to 
U.S. only.) 



The Computer. • • 

INPUT 
FROM 
RECEIVER 

~ 

AUDIO BFO OUTPUT 

TTL OUTPUT 

INTERRUPTS REQUIRED 

Versus ... 
Hand Sent 

Morse Code 

RI 
5000 
FREQUENCY 
ADJUST 

+5V 

2700 
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Figure 7: A suggested circuit to decode the audio output of an amateur radio 
receiver. The receiver produces an audio tone burst corresponding to the 
keyed continuous wave (CW) signal being received. This tone has a frequency 
which depends on the tuning of the receiver. The 567 PLL circuit is a tone 
decoder, which can have its center frequency adjusted by R 7. The receiver 
output frequency and the NE 567 frequency should be the same for the 
desired signals. Noise and garbage (such as other stations nearby) will 
complicate the actual receiver output waveform. 
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Lt William A Hickey USN 
c/o US NSGA Edzell 
FPO New York NY 09518 

So you've been readi ng all about these 
marve lous new microcom puters, and think
ing about how nice it would be to have one 
that would translate Morse code for yo u. 
Well, it certainly sounds reasonable; it really 
depends upon what you expect from your 
computer. If you are ex pecting error free 
code translation under even the best signal 
cond itions, you are in for a rude awakening. 

First of ali, a computer (by tod ay's 
standards anyway) cannot beat or even meet 
the standards set by a good hum an operator 
receiving code. You say you'll concede that 
point? Why should it be so difficult to 
design a translator that would work most of 
the time? Th at's the purpose of this article! I 
am not trying to discourage all the code 
copying enthusiasts out there; I am trying to 
prepare you for some of the not so obvious 
prob lems you might expect. 

For the purpose of this article, I will have 
to assume that you have somehow managed 
to translate the audio (code signal plus noi se 
plus garbage) into a digital format of 1 's and 
O's. There are many ways to do th is, but 
probably the most simple is shown in figure 
1. This is a straightforward tone decoder 
using a 567 integrated circuit. (Remember 
that when a tone is present and decoded, the 
output is a zero.) 

Now that you have this nice (hopefully 
free of noise) digital signal, what do you do 
with ill The answer to th is one is sim
pie .... Anything you want to do! In all 
ser iousness, I will now branch into a discus
sion of hand sent Morse code characteristics. 
Assum ing that you ali know that a dot is 
ass igned a relative time duration of (1 .0), it 
follows that you also know that the dash is 
ideally (3.0), the letter space is (3.0) and the 
word space is (7.0) , (If you are a ham, you 
do know that, don't you?) At this point I 
can safely say that the problem of transla
ting machine sent Morse code is relatively 
trivial. I use the word trivial because it is 
really just one machine talking to another 
machine; the intervals are all fixed and are 
constant, making translation merely a matter 



of a table lookup assuming both machin es 
use the same Morse code data rate. 

At this point, it will be convenient to 
illustrate the hand sent Morse translation 
problem. Figure 2 is a histogram of a very 
short message sent with a hand key. 

co CO CO DE OPERATOR NUMBER ONE 

The largest single distribution in the 
shorter mark group has been assigned the 
relative time va lu e of (1.0). Keeping in mind 
the very small size of this samp le, you can 
see that the re is a wide variation in mark 
lengths. (This vari at ion will increase pro
portionately with an increase in sample size.) 
Space lengths are not as clear ly defined, and 
it is very difficult to decide whe re the 
decision should be made between letter 
spaces and word spaces. Th is won't be a 
serious problem though, si nce an extra space 
or the lack of a space between words rarely 
damages the message con text. The decision 
problem will become acute when the space 
interva l within characters begins to spread 
toward the lower boundary of the space 
interva l between characters. This will be one 
of the prim ary sources for decoding errors. 

This arti cle will not and should not 
spec ifi ca lly address such prob lems as: (1) 
gradual frequency drift from either the 
transmitter or receiver, (2) rapid transmitter 
frequency drift ("chirp"), (3) atmospheri c 
fading, (4) noise from natu ral or human 
made sources, or (5) the presence of many 
other Morse and non-Morse (SSB, RTTY, 
etc) signals in the same receiver passband. 
Th e reason for this is simple: These factors 
are just too complex to be within the 
co rrection capabi lity of simple algo rithms. 
Remem ber that these prob lems are co mmon 
to machine sent and hand sent Morse code 
signals. 

Translat ing hand sent code really beg ins 
to get sticky when the sending operato r gets 
sloppy. (He or she might send a "special" 
signal like -- .... .. -- [ 73, a signoff greeting] 
wh ich tends to give rece iving operators 
problems too!) Let's face it, there are a lot 
of really bad "fists" out there . Of course, 
there are some pretty good ones too, but 
frequently the contact you want falls into 
the bad group! 

Th e reason automatic decoders are usual
ly unsuccessful at decoding hand sent Morse 
code is: they are unab le to adapt to the time 

AVERAGE = 1.0 
.-/ 

AVE RAGE = 3.81 

w 
u « 
a.. 
(/) 

AVERAGE = 1.13 
'"-' . 
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vary ing properties of the statistica l Morse 
signal. (This means the signals change charac
teristics from time to time . . .. usually just 
as the machine was ready to adapt to the 
previous change.) These stat istical changes 
are reflected only partiy in the mark and 
space timing characteristics of di ffere nt 
operators or those of the same operator over 
an extended t ime. 

One of the advantages a human has is the 
ab ility to make contextual analysis on what 
is se nt. For' examp le, an operator might hear 

C? 

[~ 

N N 

O? ..----... 
. - J 

M A 

and understand the signal ["CO"] ; the 
machin e wou ld translate NNMA (just as 
it was sent) . Exam pl es of this phenomenon 
are endl ess and are avai lab le on the airwaves 
daily. 

There are three prim ary ap proaches to a 
so lution of the hand sent Morse translation 
problem : 

1. Macro: You can accu mul ate statistical 
information on a particular operator 
and use thi s data to make decoding 
decisions. 

2. Micro: You can make your dec isions 
on a mark to mark basis. 

3. Averaging: You can com promise these 
two methods and come up with a 
hybr id algor ithm. 

Approach (1) req uires a long sampl e time 
to develop the stati st ica l information, and 
during this time the decoded output would 
probab ly be unacceptab le. Even after the 
statistics become va lid , the decoder would 
operate o nl y on operators with similar 
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AVERAGE = 4.97 

Figure 2: A histogram of a 
typical hand sent m essage, 
the text "CO CO CO DE 
OPERATOR NUMBER 
ONE". The terms "mark" 
and "space" refer to the 
low and high TTL levels 
out of the detector of fi
gure 7, respectively. 



r-------, 

I ~~~L~YWING I 
I INTERRUPT AT ~ 
I CHANGE OF ,--
I STATE I L _______ J 

r--------, 

: ~~~CJ_f'~JlJE. I 

LCHARACTER J -------, 
I 
I 

J. NO 

OUTCH • • 
ASCII 

(MORSREG) 

YES 

x 

AVGDOT 

COMPUTE 
x •• 

(DURATION OF 
PREVIOUS STATE) 

PREVSTATE 
. - STATE' 
STATE ' 
. -INPUT 

Data Definitions: 8 bit , registers or programmable memory 

Duration of the previous input 
state. 
Running average of the previous 
"n" dot times. 

MORSE: 

INTERRUPTS 

MORSE 
DECODER 
EXECUTION 

OUTCH Output ASCII character tempo
rary buffer, 

MORSR EG Morse code pattern input shift 
register. 

PREVSTATE Previous mark or space input 
state. 

STATE 

... 
SPACE: 

rAVGDOT 
I 

Current mark or space input state 

!4:.----<.~: ..... 5 • AVGDOT 
I I 

OUTCH'O --------------------------; 

x< 

SHIFT I 
INTO 
MORSREG 

YES 

OUTCH .0 
REAL TIME-

SHIFT 0 
INTO 
MORSREG 

I 
I 
'--END OF CHARACTER 

DETECTED BY 
x~ 2 * AVGDOT 

~--------, AVGDOT •• 
(NEW RUNNING 
AVERAGE) ; 

I FOR AN AVGDOT I 
I INCLUDING DASH I CLEAR 

MORSREG ---1 AND SPACE READ- ,
liNGS INSERT CALCU'I 

t..:~~~~~:"_-.J 

Note: This routine is intended 
to be executed following an 
interrupt generated by both 
the rising and falling edges of 
the TTL Morse code input 
from a detector. An applica
tion routine to receive the 
output of th is routine must 
have a wait loop which con
tinually tests OUTCH for zero. 
After . an interrupt is com
pleted, a non zero character 
will be in OUTCH and the 
application routine will leave 
its idling loop and can use the 
character after copying it and 
setting OUTCH back to zero. 

Figure 3: The flow diagram of a relatively unsophisticated Morse decoder program. The adaptive features of this program are 
contained in the calculation of a new running average of the dot length whenever a dot is detected. The speed of the algorithm's 
response to a change in the keying rate of the Morse input is a function of the number of dots maintained in the running average. 
A more complex algorithm could take in to account the nominal dash spacing of three dots as part of the average, as well as the 
spacing between signal elements within characters. 

idiosyncracies. This is a nice idea, and it 
works well for individu al operators; but it is 
not very workable for a broad co llection of 
operator characteristics. Approach (2) is the 
easiest method - sometimes called the 
"ideal dot" method - but it is very suscep
tible to noise pulses and rapid code speed 
changes. (I t tends to generate an excessive 
number of errors and is not reall y that good 
for decoded output.) For now, approach (3) 
seems to offer the best chance of working. 
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Many individuals and commercial manu
facturers have tried variations on approach 
(3); but they all boil down to: Sample from 
four to eight characters, average the lengths 
of the dots, and use that average to make 
decoding decisions. After the initial average 
is set, you can update the average each time 
a dot is detected; or you can average both 
dot and dash lengths and settle on a median 

Continued on page 106 



Cabinets clockwise from top: CPU, Dual-cassette drive, Keyboard, 9" Monitor. 

The Digital Group covers up. 
(Beautifully.) 

For many months the Digital Group has been hard at 
work on the heart of our microcompu ter system, insisting on 
quality where it counts in every product we've designed. 
Now, we have turned our attention to the outside and cov
ered up ... with a complete line of custom cabinetry that 
will enhance your Digital Group system for all the world to 
see. The result is beautiful. 

Sleek and sophisticated, but rugged enough to take all 
the hard knocks you hand out, Digital Group cabinets are 
made to be used and not just ad mired. Extra-heavy-d uty 
eighth-inch aluminum is utilized throughout with a special 
tough-texture commercial-grade paint in Computer Beige. 
All front panels are anodized aluminum in dark brown. 
Even the front panel switches are lighted. 

The Digital Group offers a beautiful cover-up for each 
part of your system - from the CPU to the video monitor. 
What's more, every new Digital Group product will get cov
ered, too, so each piece will maintain that unmistakable 
Digital Group image. 

We're sure you've already fallen madly in love with 
our cover-ups, but just wait until you take a peek inside. 
That's where the real beauty lies. 

Our video-based systems, including 8080, 6800 and 
the super new Z-80, are state-of-the-art, high quality and 
totally integrated designs. Digital Group systems are com
plete and fully featured and are specifically designed to be 
easy to use. Merely power on, load cassette and go! (And 
with our new cover-ups, you go in style.) 

Best of all, Digital Group systems are available now. 
And affordable. Prices for a complete Z-80 based CPU start 
as low as $645, including the cover-up . 

So write or call us for all the beautiful details. And 
then head for cover! 

The Digital Group 
P.O. Box 6528 
Denver, Colorado 80206 
(303) 777-7133 



letters 
MORSE CONVERSION BACKGROUND 

INFORMATION 

A lette r from W A Hi ckey regarding 
Morse translators appeared on pages 92-93 
of your July issue. For the further edifica
tion of your readers, perhaps including Mr 
Hickey, I provide the following additional 
references on this topic : 

Althoff, W A, An Automatic Radio
telegraph Translator and Transcriber 
for Manually Sent Morse, NTIS 
AD-772 745, Dec 1973. 

Ball, Edison L, Processing of the 
Manual Morse Signal Using Optimal 
Linear Filtering, Smoothing, and 
Decoding, NTI S AD-A019 493, Sept 
1975. 

Bedzyk, W L, Machine Translation of 
Morse Code Using a Microprocessor, 
NTIS AD-785 130, June 1974. 

Guenther, J A, Machine Recognition 
of Hand-Sent Morse Code Using the, 
PDP-7 2 Computer, NTIS AD·786-492, 
Dec 1973. 

McElwain, D K and M B Evens, "The 
Degarb ler - A Program for Correcting 
Machine Read Morse Code," Informa
tion and Control , March 1959. 

McNaney, J T, and Richard R Tice, 
System for Converting Telegraphic 
Code in to Characters, US Patent 
2,840,637, June 1958. 

Powers, B L, and F R Scalf, The 
Design of a Morse- to- Teletype Signal 
Converter Using Integrated Micrologic 
Circuitry, NTIS AD-840 255, June 
1968. 
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Shenk, E R, and J C Ph elps, Auto
matic Code Signal Discriminating 
Device, US Patent 2,534,388, Dec 
1950. 

Smith-Vaniz, W R, and E T Barret, 
"Morse to Telepri n ter Converter," 
Electronics, Jul y 11957. 

Tevis, R, Printing Telegraph Receiver, 
US Patent 1,805 , 114, May 1931. 

Th omas L A, Morse Code Printing 
System, US Patent 2,534,387, Dec 
1950. 

Winter, A C, Code-Controlled Appa
ratus, US Patent 2,384,513 Sept 1945. 

doubt that this li st is complete; I have 
not been interested enough to do a really 
thorough literature search. 

On a different topic : May I suggest that 
you provide the magazine name, the volume 
number, and the date, at the bottom of each 
page. Despite your predominant ly hobbyist 
readership, this small professionali sm would 
be useful. 

E Douglas Jensen 
Principal Research Engineer 

Computer Systems Technology Section 
Research Department 

Honeywell Aerospace & Defense Group 
Minneapolis MN 55413 

The current issue of BYTE adds a bit to 
the applications literature. Thanks for 
sending along an excellent list of further 
sources. 

MORE ON MAKING PC BOARDS 

I would like to add a few things to James 
Hogenson's article on making printed circuit 
boards [july 7976 BYTE, page 58J. 

Readers who wish to make their own PC 
boards will find that the spray resists are 
messy and often difficult to use. We have 
found that a dry film resist made by 
Dynachem Corporation, Santa Fe Springs 
CA 90670, works very well and is easy to 
use. The material is ca ll ed Laminar and 
comes in various thicknesses. The one mil 
thickness is th e best for genera l use. One of 
the nice things abo ut it is that it is developed 
in a water solution of sodium carbonate 
(Arm and Hammer washing soda) made to a 
concentration of 2 to 3%. I t is moderately 
sensitive to light and may be used in room 
lighting without difficulty . It is easi ly ap
plied by heating the PC board and rolling it 
on with heating. A hard rubber roller works 
the best. These are available from art supply 



How yOU can 
cOOk UP 

hOi programs 
on your own 

668080" 

Scelbi offers you a 
gourmet's delight 
of all new second 

I ~_/liiiii_;;:;;;:;:::::Z:_.;;;;;;::=_iiioi;;;:-"" generation soft
L.o ware for your own 

"8080". Now you can cook up delectable pro-
grams to satisfy your own appetite for 
"8080" mouthwatering applications. Best 
of all, Scelbi's "8080" Software Gourmet 
Guide & Cook Book can be yours for 
only $9.95 ppd. 

OVER 200 PAGES ... only $9.95! 

You'll eat up everything that's in this action
packed, information-crammed book. Gobble up 
practical "how to" facts . The description of the 
"8080" instruction set. How to manipulate the 
"8080" stack. Flow charts and source listings. 
General purpose routines for multiple precision 

operation. Programming time 
delays for real time applica

tions. Random number 
And many 

other basic pro
gramming function 

comestibles. 

Master Charge. Postal and Bank Money Orders preferred. 
Personal checks delay shipping up to 4 weeks. Pricing, 
speCifications, availability subject to change without notice . 
Pri ces for U.S. and Canadian delivery at book mailing rate . 
Add $2.50 for each publication if Priority Air Service (U .S.) 
desired. Foreign orders add $6.00 for each publication . 

FLOATING POINT ARITHMETIC ROUTINES 

The Scelbi "Cook Book" even includes a com
pletely assembled floating point arithmetic pro
gram ... plus input/output processing for your 
basic I/O programming through interrupt proc

essing. There are code and numeric 
conversion routines. Real time pro

gramming. Search and sort routines. 
And too many more finger-lickin' 

goodies to mention here. 

If you're into the "8080", you 
must own this complete, compact 
book. It has everything the 
good computer chef needs 
And, you can't beat the 
price! Only $9.95 ppd. 
Order your copy of 
Scelbi's "8080" Software 
Gourmet Guide & Cook 
today. Read it over. Then start cookin' on all 
four burners! Bon appetite! 

I(:~lm. (0 1'1 I> If 1 1 II 
(:0~llJlI.~6 .~(:. 
1322 Rear Boston Post Rd ., Milford, CT 06460 
Telephone: 203/874-1573 



If we credit Charles Bab
bage with the first pro
grammable digital com
puter design, we should 
likewise consider Lady 
Lovelace as the first 
programmer. 

stores. The Laminar also has protective 
plastic coatings on both sides. The soft, 
flexible coating is removed before lam inating 
to the clean copper clad. The infl exib le 
coating is removed before developing. The E 
I du Pont Company also has a sim il ar type of 
resist material. 

The PC boards must be very clean before 
resist is put down on the copper surface. A 
dip in dilute hydrochlmic acid or muriatic 
ac id fo ll owed by a scrubbing with Ajax or 
steel wool will prepare the surface. Hogen
son's photo 9 looks like the result of resist 
put on a dirty board. 

Printed circu it boards shou ldn' t be drilled 
with regular steel drills. They will wear out 
quickly and will leave ragged holes. Try 
carbide drills made for PC drilling. Most PC 
material houses should stock these. The type 
with an eighth inch shaft will fit in most 
tools. 

Bishop Graphics Inc, 20450 Plummer St, 
Chatsworth CA 9131 1, has a wide variety of 
PC layout and tape-up aids. I would suggest 
that readers get a copy of their catalog sin ce 
the last 32 pages are a technical manual on 
PC layout and related techniques . 

I hope this will help your readers to 
improve their PC board techniqu e. 

Jonathan A Titus 
Tychon Inc 

POB 242 
Blacksburg V A 24060 

ON BLANKS, CHARACTERS AND 
WOMEN IN COMPUTING 

I am glad to see BYTE is developing as a 
stable but flexible medium for the computer 
hobbyist. There are, however, three points 
which shou ld be addressed early in your 
hi story: 

1. Invent a "blank character." Variable 
spacing for uniform column width is 
fine for reading, but poor for showing 
significant blanks. Programmers have 
long used special symbols to represent 
spaces or blanks, much as zeros act as 
placeholders for Arabic numerals. 
Examples are the lower-case b with 
overstruck slash or dash, and a square
cornered U. If no special character is 
avai lable, perhaps just a lower-case b 
would do (eg: " LIMb+1" to show a 
blank as necessary) [Only necessary in 
the limited context of character text 
string examples . .. CH] 

2. Publish your character set. Testing the 
character set is often one of the first 
acts performed with a new medium 
(such as a keyboard, video display, or 
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printer). It appears that you do not 
have, for example, Greek letters , 
although you have quite a variety of 
fonts and sty les . (Th is suggests using a 
different typeface to spe ll out symbols 
that may be siilgle characters in the 
original, such as THETA or UP
ARROW). Many of us are no longer 
limited to 47 computer symbols, but 
use 128 character ASCII. [Our text 
character set is published by IBM, in 
its literature on Selectric Composer 
balls; for computer graphics we gener
ally assume 7 bit ASCII unless noted.] 

3. While it is awkward in English to avo id 
masculine pronouns (he, him, etc), I 
do think we shou ld try to avoid the 
masculine assumption about readers 
(eg: having a wife). This is a new fie ld, 
which is developing at a tim e in our 
history when women (and men) are 
outgrowing their traditional ro les. I 
think we can expect to see a gradual 
increase in the number of women 
interested in computers, and shou ld 
encourage the trend. 

In this li ght, it may be re levant that if we 
cred it Charles Babbage with the first pro
grammable digital computer design, we 
shou ld likewise consider one of his chief 
advocates, the Lady Lovelace, as the first 
programmer. She wrote instructions for set
t ing up the Analytical Engine to perform 
certain calculations. (This was, of course, 
working in the abstract, as the machine was 
never completed.) 

Zhahai Stewart 
POB 1637 

Boulder CO 80302 

As to the last pOint, we're all for it. But it 
is a fact that most BYTE readers are male. 
Where is the other 50% of the human race in 
computing? As a rule, we tlY to keep things 
relatively free of stereotypes in the hopes 
that the other 50% will start finding out 
about the wonderful attractions of com
puters and computing . .. . CH 

IDENTITY CRISIS 

This is just a short note to say that I am 
enjoying BYTE and to offer a suggestion in 
the form of a question: 

"What do we call ourselves?" 

Radio amateurs call themselves hams and 
I am sure other people have other names for 
them. However, in BYTE to date, I find that 
writers are grasp ing for words to use to 
describe the computer hobby . Perhaps you 



Microcomputers are highly 
complicated devices. When you 

buy one you want to make sure 
the manufacturer has a solid repu

tation for reliability and support. You 
want to make sure he'll be in your corner 

a year or two down the road. 
The Aitair™8800 from MITS was the first 

general-purpose microcomputer. Today, there are 
more Altair computers up and running than all the 
other general-purpose microcomputers combined. 
Today, Altairs are successfully used for literally hun
dreds of personal, business, scientific, and industrial 
applications. 

Because we are so popular, many people have tried 
to copy us. The pages of microcomputer magazines 
are full of advertisements for Altair compatible devices 

and Altair imitation computers. 
Because we are NUMBER ONE, 

we offer a much broader range of 
products and services than any of 
our competitors. One manufacturer 
might be able to copy one of our 
computers. Another might be able 
to produce a working memory card. 
But no one can copy the overall 
Altair concept. 

The Altair concept is a system 
concept aimed at practical, cost 
effective applications. That's why 
we offer three mainframes includ
ing the Altair 680b, Altair 8800a, 
and Altair 8800b; ten peripherals 
including a multi-disk system; and 
over 20 plug compatible modules 
including our new, low power 16K 
static memory board. That's why we 
are the only microcomputer manu
facturer to go to the extra expense 
of providing our customers with 
quality, higher language software. 

When you buy an Altair, you're 
not just buying a piece of equip
ment. You're buying years of reli
able, low-cost computing. You're 
buying the support of the NUMBER 
ONE manufacturer in the micro
computer field. 

2450 Alamo SE/ Albuquerque, NM 87106/505-243-7821 



could run a contest of sorts to promote a 
name for those act ive in the sma ll computer 
hobby . 

Looking through some past BYTEs I find 
words such as microists, kluge, hacker, 
amateur computer, digital, analytical engine, 
cyber(nuts) that may be altered, adapted or 
crossed to coin some new word to describe a 
computer hobbyist. Then we can say: 

"Hi, I am a?????????????????????" 

Do you suppose this will help people under
stand what we are up to? 

Bryan Patterson 
Box 1726 
Port Elgin 

Ontario CANADA NOH2CO 

Well, if we wanted to sound self aggran
dizing, we could of course suggest "Byters" 
as a term. Actually, in spite of the negative 
connotations in computer science circles, I 
[CH] tend to prefer the traditional term 
"hacker." A t the start of amateur radio, 
"ham" as used previously also had somewhat 
negative connotations. (I mal?e an etymo
logical assumption here that the term as used 
in radio circles evolved from the tendency to 
"ham it up" on the air as in the usage of 
"ham actor. ") I like hacker as a term for the 
serious amateur computer nut (who is also 
typically professionally involved as well) 
because it has implications of digging into 
the subject matter and really learning it at 
multiple levels of detail. The "compleat 
modern hacker" is the renaissance man 
(oops . .. person) of computing. 

WHO SAYS THEY AREN'T? 

With respect to BYTE covers, you blew 
it. The phrase "Computers - the world's 
greatest toys" told it like it was and still is. 
Truly, the only difference between men and 
boys is the price of their toys. 

A co-worker commented, "If computers 
are the world's greatest toys, then are 
programmers the world's biggest kids?" How 
can I argue with logic like that? 

Julius T Marinaro 
725 Cricklewood Dr 

State College PA 16801 

VIDEO TAPE AND COMPUTERS? 

I was very pleased to find out about the 
existence of your journal. I have had an 
interest in small system uses for several 
years. At present I am working with video 
tape systems within a school district in Flint 
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Michigan. I am interested in finding various 
small computing systems to use in video tape 
editing and specia l effects for CRT displays. 

Enclosed is my check for a three year 
subscripti on to BYTE. I am looking forward 
to my subscription. Also I would like to ask 
for your assistance in answer ing two ques
tions. I would like to find out if I could 
obtain back issues of BYTE sin ce it was first 
published, and I would also like to find out 
if you can give me any information on the 
use of small computing systems with video 
tape systems. Any information that you can 
give in these areas would be great ly appre
ciated . Thank you for your time and 
trouble. 

William D Wolverton 
10320 Henderson Rd 

Otisville MI 48463 

September, October and November 7975 
BYTE back issues are sold out at present, as 
is May 7976. Remaining back issues are now 
being serviced at a price of $7.50 per copy, 
plus 25 t for postage and handling. Send in 
your requests, but send no money with your 
request. If we have what you're looking for, 
we'll bill you for what we ship. 

As to the use of computers with video 
tape applications, it sounds like (In excellent 
use. However, we have no articles in house 
on the subject . . .. yet. Perhaps you'd like 
to write about your results. 

HELP! 

I have some surplus ICs from our local 
IBM factory and would like to identify 
them. I hope you can help me. I have three 
types: 

2709400 J UQ 
V 721304 
7324FQ 

2709401 
Q Korea 
721304 
7432FO 

2709170 
JUK 
V 721186 
733180 

Mi 

Mi 

Mi 

They are all ceramic chip with 14 pins 
gold plated in each side and in the top a go ld 
sq uare with the numbers and a ground line 
to pin one like in the MOS devices. 

Jose Vincente 
Caiza Postal 764 
13100 Campinas 

S P Brazil 



Rickeys tackling the SD~80 . 
microcomputer kit for his next science project. 

Rickey likes soccer, lizards, hot 
fudge sundaes, skateboards and 
microscopes. He can't decide if he'd 
rather be Franco Harris, Bobby 
Fischer or Jonas Salk. 

When his Dad brought home 
the Intel SDK-80 microcomputer 
systems kit, Rickey helped him put 
it together. It took only four hours. 
Everything was there. The 8080 
CPU, RAM, PROM, programmable, 
I/O, a printed circuit board with all 
those capacitors and resistors and 
the other things that go with it. The 

best part was the instruction manuals. 
Every step was clearly explained. It was 
easy. The programming part looked 
especially interesting. So simple. Just 
imagine talking to a computer. 

The big thrill came on Saturday 
when they went to his Dad's office to 
use a terminal. When they connected 
the SDK-80 to the teletypewriter 
they got a printout. That was excit
ing. Within an hour they were talking 
to the computer, then inventing 
games. They stayed all day. 

Now Rickey is building a micro-

computer of his own. He may be the 
first kid on his block with his own 
computer. Thanks to a $350 low 
interest loan from his Dad. 

If you're interested in being the 
first on your block to have a micro
computer, contact your Intel distri
butor: Almac/Stroum, Component 
Specialties, Components Plus, 
Cramer, Elmar, HamiltonlAvnet, 
Industrial Components, Uberty, 
Pioneer, Sheridan, or L. A. Varah. 

Microcomputers. • + _I® 
First from the beginning. In "e-
3065 Bowers Ave .SantaClara,California 95051. 



A BIT OF CIRCULATION 

Attention: Circulation 
Dear Ms Luhrs: 

Thank you very kindly for making avail
able the lifetime subscription to BYTE 
magazine which I won at the First World 
Altair Convention in New Mexico. Of all the 
door prizes given, I firmly believe I won the 
best. It was generous of your firm to make it 
available. I would appreciate your conveying 
my gratitude to Mr and Mrs Peschke and Mr 
Helmers. 

Since I already have a subscription to 
your fine magazine, I am presently receiving 
two copies. I am passing one along to 
non-subscribers and hopefully it will gen
erate additional subscriptions. 

I commend you on the many fine articles 
which have appeared in past issues. Being a 
novice in hardware applications, I parti
cularly look forward to tutorial type hard
ware artic les. 

Gene Straub 
5723 Shasta Cir 

Littleton CO 80123 

THE IEEE 488 BUS 

Regarping your comments about a stan
dard interface for microprocessors, etc, on 
page 96 of the April issue: I imagine you are 
familiar with the IEEE 488 which is being 
used by HP, Tektronix, Fluke and many 
others to interface microprocessors, calcula
tors, disks, cassettes, DYMs, counters, etc. 
488 is not as complex as the standards 
document would lead you to believe. It is 
ach ieving rapid acceptance because it is well 
suited to microprocessor manipulation. For 
various reasons it may not be ideal for 
personal computing, but it seems to be an 
excellent starting point. One drawback is 
that HP has the handshake patented . Their 
license fee is quite reasonable for some 
organizations but perhaps not for hobbyists. 
Other drawbacks in clude the question of 
common avai lability of the connector, etc. 
However it would be nice if there cou ld be 
some degree of commonality between 488 
and any hobbyist standard that might 
evolve. 

Bob Huenemann 
4209 Armand Dr 

Concord CA 94128 

Yes, 488 might be a good place to start. 
For those unfamiliar with the issue, the full 
name is IEEE Standard Digital Interface for 
Programmable I nstrumentation, published 
by the Institute of Electrical and Electronic 
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Engineers, Inc, document number IEEE Std 
488-7975. Quoting from the IEEE standards 
document, "The Hewlett-Packard Company 
has assured the IEEE that it is willing to 
grant a license under these patents on 
reasonable and nondiscriminatory terms and 
conditions to anyone wishing to obtain such 
a license. " To obtain a copy of the 80 page 
standards document write IEEE Service Cen
ter, 445 Hoes Ln, Piscataway Nj 08854. 

TEXT PROCESSING OUTPUT VIA 
CONVERTED TYPEWRITERS? 

Jim Lang's letter in the August BYTE on 
hard copy and r BM Selectric typewriters 
aroused a responsive chord. r too have been 
interested for some time in using the ubiqui
tous Selectric typewriter to obtain high 
quality hard copy. I t seems to me that any
one fami liar with both Selectrics and Tele
types would prefer the former - half again 
higher speed, much higher print quality, and 
both upper and lower case. The clincher 
would seem to be that most XYLs would 
look more favorably on the idea of spending 
half a kilobuck or so on something that can 
also be used as a good typewriter instead of 
something that can't. 

As some readers are probabl y aware, 
there is a commercial firm that markets a 
(rather expens ive) applique that attaches to 
a standard Selectric and makes it into a 
terminal. (Tycom Systems Corp, 26 Just Rd, 
Fairfield NJ 07006.) 

In this connection, I'd like to point out 
that the US Paten t Office is a veritable gold 
mine of technical information that can be 
obtained for a very modest price. For 
example, the patent documentation covering 
the Tycom system consists of 26 pages of 
diagrams and 50 fine print pages of descrip
tive text. An appreciab le fraction of this 
consists of a very detailed description of the 
internal workings of the Selectric type
writer - it seems to collect details from the 
myriad of I BM patents on the Selectric into 
a single place. 

A copy of the printed version of this (or 
any) US patent can be obtained by speci
fying the patent number (#3,453,379 for 
the one mentioned above) and remitting 
50 cents to "Commissioner of Patents, Wash
ington DC 20231." 

Obviously one cannot duplicate a 
patented item in making a product for sale. 
Nor in this case would one want to, since 
with new rcs and components, the circuitry 
involved is verging on obsolescence. Never-

Continued on page 136 



TECHNICAL INFORMATION 

The Altair 8800a is a parallel 8-bit word/16-bit address 
computer with an instruction cycle time of 2 I" S. Its 
central processing unit is the 8080 LSI chip. It can 
accommodate 256 inputs and 256 outputs, all directly 
addressable, and has 78 basic machine instructions. 
It is capable of directly addressing up to 65,000 bytes 
of memory. 

As well as the LSI chip, the CPU board contains 
the two-phase clock, stat u s latch, buffers and 
the var ious lines going to the bus. (The buffers 
are tri-state devices.) 

The CPU conta ins s ix general-purpose registers, 
P counter, a rithm etic unit , accumulato r, s tack 
pointer, in s truction d ecoder, and mi sce ll a n eous 
timing a n d control circuits . The a rithmet ic unit 
conta in s the c irc uitry required to perform 
arithmetic in both decimal and binary f orms. The 
stack pointer defines the current add ress of the 
ext erna l stack, w hich res ides in memory. The 
stack is u sed to serv ice interrupts and provides 
vi rtu a ll y unlimited s ubro utine nesting. The 
instruction decoder decodes the instruct ion s and 
set s up the various registers, gates, etc. , in the 
C PU for proper functioning. 

There a r e 36 LED statu s indicator s o n the front 
panel, 16 o f which ar e used for the address bus, 
8 for the syst e m sta tu s latch es, a nd 8 f or th e 
data bus. The four r ema inin g LEOs are used fo r 
ind icating m e m o ry-protect, interrupt-enable, 
system-wait a nd hold statu s. Address li ne inputs 
AO through A15, d ata lines D O through 07, and 
the va r ious statu s lines or iginate o n the 
CPU board. 

The front panel control board contains the 
ci rcuitry for interfacing between the cont r o l 
switch es located on the front panel a nd the C PU . 
In add iti on to the interco nnect io n s to the actua l 
processor, th is boa rd accepts memory address 
switch es AO through A15 (a lso o n the front 
panel ). The first e ight of these switch es (DO to 
07) a r e used to put data in to t h e CPU. 

The front panel log ic permits the fol lowing 
functions: STOP-stops the processor 
immediat e ly afte r it completes the c urrent 
in s truct io n; RUN -sta rts the processor a t the 
c urre nt address ; EXAMINE - ca u ses the data 
stored at the location (set by the switches) to be 
displayed in binary by LEOs; EXAMINE NEXT
s t eps the P counter o nce a nd di s pl ays the word 

stored at the next location ; DEPOSIT -causes 
the info rm ation preset by the switches (AO-A 7 ) 
to be stor e d in memory; DEPOSIT NEXT-st eps 
the P counte r and loads the memory; SINGLE 
STEP-steps the program one machine cyc le ; 
RESET-clears the CPU and sets up a starting 
address of 0; PROTECT/ UNPROTECT-allows 
se lective write pro t ect ion of blocks of memory. 
When a b lock of memory is protected, it is 
imposs ible to write over that block, but its 
contents ca n be read o ut. 

Wit h proper adjustments, any memory speed ca n 
be used in the 8800a computer, although 
memory access time must be 500 nanoseconds 
or less if it is to be run without wait states. In 
add iti o n to semiconductor RAMs, the processor 
w ill a lso servi ce ROM s a nd PROMs . 

NEW FEATURES 
POWER SUPPLY 
The power supply pro vides three voltages to the 
8800a bus: + 8V pre-regulated at 8 amps; 
+ 15V at 500mA; - 15V at 500mA. 

FAN 
A fan has been m o unted on the back panel of the 
8800a t o prov ide coole r operating temperatures. 

18 SLOT MOTHERBOARD 
The f o ur-s lot expander cards in the Altair 8800 
have been replaced with a single-piece 18-s lo t 
motherboard. The 18-s lot motherboard contains 
the 100 solder land s that comprise the 
100 pin bus. 

FRONT PANEL SWITCHES 
The front panel togg le switches have 50% longer 
h andles that are fl at (instead of round) 
for eas ier use. 

An assembled Alta ir 8800a may be ordered with 
six , twelve, or eighteen sets of edge connectors. 
The Alta ir 8800a kits include an edge connector 
with every plug-in module purchased. 



New Front Panel Switches 

The four boards, along vvith the povver supply, mount 
in an 18" deep x 17 " vvide x 7" high (45.7 x 43.2 x 
17.7-cm) metal cabinet. 

SPECIFICATIONS 
Number of Boards 

Microprocessor 
Model 
Technology 
Data Word Size, Bits 
Instruction Word Size, Bits 
Clock Frequency, 
Add Time, Register to 

Register, Microsec. 
Per Data Word 

Number of Instructions 

Input/Output Control 

Up to 18 

8080A 
NMOS 
8 
8 
2MHz 

2 
78 

I / O Word Size, Bits 8 
Number of I / O Channels 256 
Direct Memory Access Optional 
Interrupt Capability Std. one level 

Vectored Interrupt (8 priority levels) Optional 
Softvvare 

Resident Assembler 
Cross Assembler 
Simulator 
Higher- level Language 
Monitor or Executive 
Softvvare Separately Priced 

Yes 
No 
No 
BASIC 
Sys. mon.; text edit. 
Yes 

~~ Dill0C50 
2450 Alamo S.E. Albuquerque , New Mexico 87106 



CO.8itl~r 
what 

willlluU 
• I. 

19.,6: 

or 

5jXTeE~ 
512,1( & WHITe 
rQ5Te~SOF 
CH"~L~e Cf-MN 

12 CocKTAlLS ON =-_ 

aN Ai~rL7iNE 
FLiGHT 
C r~ETl.EL.5 eXTIVt] 

dONE FULL·YEAR L!J MEMBERSHIP IN THE 
IEEE COMPUTER SOCIETY 
and with it, an automatic subscription to 
COMPUTE R magazine. 

Special introductory offer: join now and receive FREE the one-volume collection of COMPUTER reprints, 
"Microprocessor Architecture and Applications." 
Fill out and mail the form below. Find out why membership in the IEEE Computer Society is one of the 
wisest investments you'll ever make. (At 24 bucks, can you afford NOT to?) 

25 YEARS OF SERVICE 

1- --------- - - -- - - - -- - - - --I 
Quick- send me everything I need to know about joining the IEEE Computer Society.' 
You can send me my free copy of "Microprocessor Architecture and Applications" 
when I join. 

Name ________________ _ 

Address ________________ _ 

I 
I 
I 
I 
I 
I 

MAIL THIS FORM TO: I 
lEE E Computer Society. 5855 Naples Plaza. Long Beach, California 90803 I 1 ___ - __ - ____ - ____________ 1 



A Ham's 
Application Dreams 

o 

0° 
W J Hosking W7JSW 
8626 E Clarendon 
Scottsdale AZ 85251 

o 
o 
o 

I'm writing this article for a selfish 
motive. I want to build some th ings and the 
construction artic les aren't here yet, parti
cularly in state of the art. 

I just fin ished a television typewriter 
(TVT) which has alphanumer ic character 
generation and storage capacity plus capa
bility of seria l or parallel ASCII (plus con
trol) interface . Now that it is finished, I 
want more than a plaything. I would like to 
have the following capabi lities: 

a) Keyboard Morse code (CW) transmit 
and receive encoding with CRT dis
play. 

CRT 

VIDEO 

f 
'-

SMALL 
COMPUTER 

TVT PARALLEL SYSTEM 
WITH 

b) Keyboard RTTY transmit and CRT 
RTTY read. 

c) Alphanumeric slow scan TV transmit 
and receive. 

d) Computer terminal operation with a 
telephone coupled to a timeshared 
computer system. 

Description 

My envisioned system is shown in figure 
1. Let's tackle that drawing block by block, 
considering the TVT and CRT to already 
exist and applying the constraint of a mini
mum hardware (low cost) implementation. 

FAST TO t--
SLOW SCAN 

I+- \17 CONVERTER t--

CW KEYER KEY .... AND I--
CONVERTER 

TTL t-- r-+ MIC 

DATA 

~ 
~ RCVR 

~ SOFTWARE 
I+-TTL 

DATA TRANSC E IVE R 

SERIAL 
FSK I--

4 KEYER AND 
CONVERTER ~ 

ACOUSTIC 
COUPLER 

~ 
Figure 7: An ideal ha 
station configuration 
where "ideal" is define 
by the author in the ac 

m 

d 

companYing text. 
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766/649 

HOW A 
COMPUTER 
SYSTEM WORKS 
by J. A. Brown 
& R. S. 
Workman 

Pub. price, $8.95 
Club price, $7.60 

767/98X 

THE 
PROGRAMMER'S 
INTRODUCTION 
TO SNOBOL 
by D. Maurer 

Pub. price, $13.50 
Club price, $11.40 

767/246 
A COMPUTER 
PERSPECTIVE 
by C. Eames 
& R. Eames 

Pub. price, $15.00 
Club price, $12.75 

768/03X 
MICROPRO
GRAMMABLE 
COMPUTER 
ARCHITECTURES 
by A. B. 
Salisbury 

Pub. price, $13.50 
Club price, $11.40 

768/307 
CONTENT 
ADDRESSABLE 
PARALLEL 
PROCESSORS 
by C. C. Foster 

Pub. price, $11.95 
Club price, $9.95 

768/641 
MINICOMPUTER 
SYSTEMS: 
Organization & 
Programming 
by R. H. 
Eckhouse 

Pub. price, $15.95 
Club price, $12.50 

save time and money 
by joining McGraw-Hill's new 

770/271 
BUCHSBAUM'S 
COMPLETE 
HANDBOOK OF 
PRACTICAL 
ELECTRONIC 
REFERENCE 
DATA 
byW. H. 
Buchsbaum 
Pub. price $l7.95 
Club price, $13.50 

COMPUTER PROFESSIONALS' 
BOOKCLUB 

THIS new professional club is designed to meet your day-to-day on-the-job 
needs by providing practical books in your field on a regular basis at below 

publisher prices. If you're missing out on important technical literature-if 
today's high cost of reading curbs the growth of your library-here's the solution 
to your problem. 

The Computer Professionals' Book Club was organized for you, to provide an 
economical reading program that cannot fail to be of value. Administered by 
the McGraw-Hili Book Company, all books are chosen by qualified editors and 
consultants. Their understanding of the standards and values of the literature in 
your field guarantees the appropriateness of the selections. 

How the Club operates: Every month you receive free of charge The Computer 
Professionals' Book Club Bulletin. This announces and describes the Club's 
featured book of the month as well as alternate selections available at special 
members' prices. If you want to examine the Club's feature of the month, you do 
nothing. If you prefer one of the alternate selections-or if you want no book at 
all-you notify the Club by returning the card enclosed with each Bulletin. 

As a Club Member, you agree only to the purchase of four books (including 
your first selection) over a two·year period. Considering the many books published 
annually, there will surely be at least four you would want to own anyway, By 
joining the club, you save both money and the trouble of searching for the best 
books. 

767/815 

GAMES & 
PROGRAMS: 
Mathematics 
for Modeling 
by R. R. 
Smgleton 
& W. Tyndall 

Pub . price, $13.00 
Club price, $10.75 

767/203 

DATA 
PROCESSING 
MANAGEMENT 
by D. H. 
Brandon, 
A. D. Pal ley, & 
A. M. O'Reilly 

Pub. price, $29.95 
Club price, $21.50 

767/661 

INTERACTIVE 
COMPUTER 
GRAPHICS 
by B. S. Walker, 
G. R. Grund, & 
E. A. Drawneck 

Pub. price, $14.50 
Club price, $12.30 

766/479 
THE U.S. 
COMPUTER 
INDUSTRY: 
A Study of 
Market Power 
by G. W. Brock 

Pub. price, $15.00 
Club price, $12.50 

353/ 387 
MINICOMPUTERS 
FOR ENGINEERS 
AND SCIENTISTS 
by G. A. Korn 

Pub. price, $23.45 
Club price, $15.50 

767/084 
THE SUN NEVER 
SETS ON IBM 
by N. Fay 

Pub. price, $7.95 
Club price, $6.75 

766/ 053 
SYSTEMS 
SIMULATION: 
Methods and 
Applications 
by A. M. Colella, 
M. J. O'Sullivan, 
& D. J . Carlino 

Pub. Price, $16.00 
Club price, $12.95 

r-- MAIL THIS COUPON TODAY --, 
COMPUTER PROFESSIONALS/Book Club 
P.O . Box 582 Princeton Road, Hightstown, New Jersey 08520 
Please enroll me as 8 member of the Computer Professionals ' Book Club 
and send me the two books indicated below. I am to receive the bonus 
book for Just $1. and my first selection at the special Club price. Actual 
postage. plus 25¢ handling charge will be added (sales tax, also, if appli
cable). These books are to be shipped on approval, and I may return them 
both without cost or further obligation. If I decide to keep the books, I 
agree to purchase as few as four additional books (including this first 
selection) during the next two years at special Club prices (guaranteed 
15 % discount often more) . This order subject to acceptance by McGraw
Hill. Orders from outside the continental U.S. must be prepaid. All prices 
subject to change without notice. Offer good for new members only. 

Write Code # of $1.00 
bonus book 

selection here 

Write Code # of 
first 

selection here 

NAME ____________________ _ 

ADDRESS __________________ ___ 

CITY ___________________ _ 

STATE ZIP _____ _ 
L ___________________ ~~~~J 
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Morse (CW) Transmit and Receive 

Looking back through previously ex ist ing 
magazines on electronics and amateur radio 
I have found severa l articles on Mors~ 
keyboards, most using bulky diode matrices. 
The literature on Morse code reader, is much 
harder to find, and as this is written I found 
nothing approaching state of the art. 

It wou ld seem that, with the rap idly 
dropping prices of microprocessors and their 
associated memories and peripherals, the 
way to go on thi s project wou ld be a 
computer using minimum hardware :mple
mented with an LSI microprocesso l·. I have 
presented a very basic approach to such a 
system in figure 2. All that wou ld be 
required from the hardware standpoint 
would be the microprocessor, a read only 
memory for permanent program storage, a 
programmable random access memory for 

POWER 
SUPPLY 

'-- CLOCKS 

working storage, and a peripheral interface 
adapter (PIA) for input and output. Some 
other items such as power supplies and 
clocks are also required . 1 would hope that 
the microprocessor interface unit cost could 
be kept under $100. 

Now for the required design work. This 
black box ! am planning would have to 
accept a seven bit ASC I! code (serial or 
parallel) plu s a data present strobe. The box 
wou ld convert the input character to ser ial 
Morse code and output the code over some 
suitab le keying circuit to the station trans
mitter. Since we are ta lking about a slI'a ll 
computer, the Morse code speed des ireo 
could be ordered by an appro priate input 
code sequence from the keyboard. The box 
then has to send a character or f lag back to 
the TVT to say it is ready for a new 
character. 

The reverse or receive mode is the Morse 
to ASC II conversion. However, here a special 
conversion device will be needed to change 
the audio out of the receiver to some kind of 
signal that the computer can recognize and 
convert. The software wh ich drives the 
converter must also recognize intercharacte r 
versus interword spacing and pmvide space 
characters to th e TVT where required in the 
received text. 

PR OGRAMMAB LE 

Figure 2: For a dedicated 
"black box" ham radio 
data processor, the use of 
a microprocessor system 
with as much as 2 K by 8 
bits of program ROM with 
perhaps 256 bytes of pro
grammable memory for 
data buffering. [Exac t 
amounts of ROM will 
depend upon the com
plexity and features of the 
software loaded; 2 K 
shou ld be reasonable for 
Morse and radiote letype 
support .... CH] 

The end result would be Morse code sent 
by the keyboard through your transmitter 
and the Morse code heard by your receiver 
being displayed on the TVT CRT. This is a 
job for both hardware and software de
signers. [See the articles elsewhere in this 
BYTE for technical details . .. . CH 1 

~ 
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Editor 's Note 0 0 
°0 

Radiote letype (RTTY) Transmit 
and Receive 

The same basic microprocessor described 
above could be used to provide the radio
teletype function instead of or, with more 

Here is a short article on a theme of "wouldn't it be nice to have X" where 
X is defined as some automation applications for the amateur radio station It 
is timely, in the context of th is month's Morse code theme, in that one of ~he 
author's application goals is detailed in several different technical articles in 
this issue. There's stili plenty of room for further explorations of computer 
application to amateur radio technology of course . ... CH . 
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ROM, in addition to the Morse code 
function. 

Here, the t ransm it conversion would be 
from parallel ASCII (or ser ial) to se ri al 
Baudot at a transmission speed programmed 
into the co mputer. The system could easil y 
include nicet ies such as automatic line feed, 
etc. The Baudot output would be se rial 
signals sent to an FSK transmit terminal 
unit. When the FCC finally ge ts around to 
approving ASCII on th e air, a simple ROM 
change would reconfigure the hardware to 
reflect this improvement. 

On the receive side, a standard RTTY 
terminal unit would be used to convert th'e 
rece ived FSK signal to a serial binary signal 
for the microp rocessor. This keying signal 
would be rou ted to the processor which 
would co nvert it to either serial or para ll el 
ASCII, whichever your TVT or terminal 
interface requires. 

This system would work just as a regular 
teleprinter does, except that the received 
copy would be on a CRT instead of hard 
copy on a printer. For those desiring hard 
copy, a printer can easily be interfaced to 
the co mputer system. The development here 
is mostly software since really good term inal 
unit and keyer designs are readily available. 

Slow Scan TV 

This is another area eagerly awaiting new 
developments. The TVT already has fast 
scan composite video as an output and the 
CRT invo lved accepts composite video. The 
problems and areas for new development are 
mostly in th e area of conversion from fast 
scan to slow scan and reverse. It is highly 
likely that the microprocessor box we have 
already discussed can do at least part of th is 
job for us. I think this one is really ripe for 
new breakthroughs. 

Computer Terminal Operation 

Th is is probably the easiest task. Th ere 
are those out there who, had they the 
terminal, could make use of one or another 
timeshared computer system. This use re
quires coupling in one way or another to a 
telephone I ine. The easiest way to do th is 
without angering Ma Bell is with an acoustic 
coupler. 

Conclusion 

As I sa id earlier, this was an idea art icle 
and now I'm going to sit back and eagerly 
await the neat ideas generated by all you 
experts out there. There's room for much 
development in bQth hardware and software. 
If you have des igned something to do one of 
these jobs, then publish it for th e rest of us.-

Meet the new 
051400 

Cornputer System. 
Now more performance and 

more flexibility actually cost you less. 
Ask yourself how much system you need . Or how little. 

Whatever the answer, even if you want to change it later, you 
get more system for less money with the OSI 400. 

Start with the OSI Superboard . Add your choice (!) of a 
6502,6512 or 6800 microprocessor; eight 21 02s for 1024 bytes 
of RAM ; and an external front panel. Power it up and you have a 
working CPU. Or populate the board with a processor, system 
clock, 512 bytes of PROM, 1024 of RAM, an ACIA with RS-232 
or 20 ma loop interface, a PIA with 16 1/0 lines and full buffer
ing to as many as 250 system boards for system expansion. 

Even fully populated, Superboard costs less than $140 with 
a 6502, less than $160 with a 6800. 

But take a look at what you can have for $29. Our special 
offer includes a plated-through-hole G-10 epoxy Superboard, 
bare, plus a 50-page theory of operation and construction 
manual including complete chip documentation in an attrac
tive OSI binder. 

And Superboard is just the beginning of the OSI 400 
system. You can expand its memory; interface to many lias 

including plotters, cas
settes, FSK, ASCII, 
Baudot and more; go 
video, including graph
ics; even add floppy 
disk. And bare boards 
are just $29 each, com
plete with in-depth 
manuals. 

But first things first. 

400 me now! SPECIAL -$29 postpaid with this coupon only. 
Nam e ______________________________________ __ 

Address ____________________ City ______________ _ 

State Phone ______________ _ 

15fH!I_ Enc lose check or money order or supply 
Bank Card inform ation below. 

Card No . (include all digits) ____________ _ Good thru -----

Interbank No . (Master Charge) ______ _ 
Sign your name 

II Ohio Scientific Instruments 
Ohio residents, 11679 Hayden Street 
please add tax. Hiram, Ohio 44234 Dept. B L ____________________________ ~ 
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Add This 6800 MORSER 

to Your Amateur Radio Station 

Robert 0 Grappel 
148 Wood St 
Lexington MA 02173 

Jack Hemenwav 
151 Tremont St 
Boston MA 02111 

A great many amateur radio operators 
find Morse code operation a nuisance . It 
isn't easy to develop proficiency in copying 
code, and it often seems that those stations 
one wan ts to work aloe just those whose 
operators send code too fast to readily copy. 
There must be hundreds of Morse coding 
aid s developed over the years, ranging from 
mechanical keys and paper tape transm itters 
to fancy code memories and typewriter like 
autom atic transmitters. Nearly every ad
vance in electronic componentry has 
spawned a new series of Morse code aids. 
Nearly all have been designed to help the 
operator send more effectively; the problem 
of reception has been more difficult to solve. 
Some complex circuits have been devised 
which can copy code, provided that it 
follows strict timing requirements. Truly 
general code fo ll owers, circuits which can 

Development of MORSER 

copy code with performance approaching 
that of a skilled human operator, are rare. 
They are very complex, using dozens of 
integrated circuits, large diode matrices, etc. 
The recent advent of inexpensive yet power
ful microcomputers can make the dream of a 
loelatively simple yet very general code fol
lower possible. Why a computer? First of all, 
it allows one to develop and improve an 
algorithm by simply changing program, 
instead of rebuilding complicated circu itry. 
Second, since the computer is not restricted 
to running only the Morse programs, one can 
use the computing power for any number of 
other uses, limited on ly by the operator's 
creativity. This article describes a code fol
lowing computer program as implemented 
on a Motorola 6800 microcomputer. It can 
copy any code speed from 3 to 60 words per 
minute, and can adjust to the irregularities 

The program for MORSER shown in this article was produced by a 
relocating assembler designed and written by jack Hemenway and described 
somewhat humorously in the August BYTE article "jack and the Machine 
Talk" [page 52J by authors Grappel and Hemenway. The relocatability 
feature allows one to put assembled code anywhere in memQry without 
reassembly, a feature which is most useful for building large programs. One 
drawback of this is that relocatable addresses (denoted "R" in the listing) are 
always two bytes, so the programmer cannot generally make use of 
Motorola .:, direct addressing mode, which requires addresses to be in the base 
page; the first 256 bytes of memory address space. Since MORSER was 
programmed so that both data and program code are relocatable, it is not the 
most compact form in which the algorithm could be expressed on a 6800. If 
one rewrote the program to keep all the variables in the first page of memory 
and used direct addressing wherever possible, about 75 bytes ofstorage could 
be saved. 
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of hand sent code. A minimal amount of 
external hardware is needed, ahd the 
program onl y takes abo ut 600 bytes of 
memory. The algorithm can be converted to 
run on almost any 8 bit microprocessor. 
Sin ce you are still reading this, yo u are 
hoo ked . Let 's beg in to di ssec t th e program. 

MORSER consists of five segments: 
initi ali za tion, decoding, delay timer, 
sampler, and terminal driver. In th e program 
li sting, lines 001-068 are initiali zat ion, lines 
069-200 are decoding, 200-213 fo rm the 
delay timer, 214-250 form the audio 
sampl er, and lines 251-277 drive the output 
terminal. Each segment will be descri bed in 
turn. 

Th e major function of initi ali zat ion is to 
define the variables in the program and to 
give them appropriate initial values. The 
operating system of Jack Hemenway's 
mach ine performs some of the initi ali zation 
automatica lly at loading time, such as clear
ing the per ipheral registers and setting the 
stack pointer. If the program is to be run on 
a system without these features, then state
ments to perfo rm these functions must be 
added to initiali zation. The values of DTIME 
and MAXCNT mu st be set, based on the 
computer running the program. DTIME 
adju sts the program timing to the processor 
cycle time, and MAXCNT adjusts the ter
min al driver to the data rate of the terminal 
in use for output. These values are not very 
cr itical, and the program comm ents li st 
typical values for these ,constants. As asse m
bled, MORSER assumes a 6820 PIA at 
add resses 8040-8043 (hexadeci mal). Th e 
peripheral interface can be relocated to suit 
th e part icular hardware configuration in use. 

Only one input bit is needed; the rest of the 
PIA may be used for other functions. The 
li sting also shows that an exte rnal sub
routine, OUTCRT, is being used to drive a 
CRT terminal for output. This program is 
part of Jack Hemenway's system. The user 
of MORSER must provid e a suitable routine 
for his or her own system. For example, the 
OUTEEE routine in Motorola's MIKSUG 
will work. The id ea is that some way must 
be found to take a character from the A 
accum ul ator and pl ace it appropriately on 
the output device. An automatic carriage 
return and line feed is req uired, as MORSER 
does not count the characters in a line. 

Initiali za tion also sets up the decoding 
tabl e DECTAS. Th e order ing of this table is 
th e heart of MORSER. The ASCII repre
sentation of a character is placed in 
DECT AS at an offset generated as follows: 
Generate a byte with a binary 1 for every 
dot and 0 otherw ise; generate another byte 
with a binary 1 for every dash and 0 
otherwise. For example, the letter A (Morse 
• - ) generates 00000010 and 00000001 
respectively . Multiply the dash byte by two 
with a left sh ift and add the bytes. The 
result is the chat'acter offset. Using this 
algorithm, it is see n that A is at an offset of 
4. All other Morse characters are generated 
in the same mann er, and the rest of the table 
is filled with blanks. It is the function of the 
remainder of MORSER to convert the 
incoming audio signal into offsets into 
DECT AS, and to transfer the character 
representations fo und there to the output 
device. 

MORSER decides which inputs are dots, 
dashes or word spaces by sampling the audio 
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Photo 7: Author Robert 
Grappel, shown at the con
sole of jack Hemenway's 
computer system with a 
hand held switch used to 
test Morse code inputs to 
MORSER during the de
velopment of the program. 



Listing 7: The MOR5ER 
program, as assembled for 
the 6800 at location 0000 
hexadecimal using jael? 
Hemenway's assembler. 
The program is written in 
a relocatable fashion, so 
no data references are 
made to page a of the 
6800 address space. In 
j ael? 's assembler, the col
umn immediately fol/ow
ing the hexadecimal code 
output sometimes has the 
letter "R" in it. This indi
cates a reference to a re
locatable symbol. 

input at interval s. The delay timer section 
control s th e peri od of the sampling. This 
tiny section of code (onl y six in structio ns) 
actual ly co nsum es more th an 75% of the 
running tim e of MORSER. In fact, the time 
spent in a ll other pal'ts of MORSER is 
considered negli gible in the des ign. A rough 
"rule of thumb" states th at one word per 
minute of Morse code is equivalent to o ne 
dot length per seco nd . All other code ele
ments have lengths nominall y equ al to 
integer multipl es of the dot length. 
MORSER is des igned to sampl e each dot 
length tim e unit four times. Since the I"a nge 
of code speeds is 3 to 60 word s per minute, 
this impli es th at the sa mpling pel"iod shou ld 

range from 100 to 4 ms. The delay timer is 
ad justed by DTIME to count time in milli
second intel"vals. The variable TIMER de
te rmin es how many milliseconds will be 
spent in the delay loops. This time is I'oughly 
the sampling period, since the longest path 
through the rest of th e program is at most 
0.3 ms. TIMER is adjusted in th e decoding 
section to suit the speed of the code being 
processed. Th e formu la 250fTI MER gives 
the approx imate input code speed in words 
per minute, aftel' the program has been 
runnin g for several charactel"s and has ad
justed itself to the code. 

The sampling section repeatedly tests the 
status of the audio input signal against its 
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previously samp led va lue. If no change is 
found, the t ime coun ter is in cremented to 
indi cate the increased length of the signal. If 
a change is found, then a series of processes 
al-e done. Th e data ready flag is se t to te ll 
the decoder that a pul se is complete, the 
tim e counte r is sto red in to the mark length 
01" space length var iab le, the data type (mark 
or space) is recol-ded, and the t im e counter is 
reset to one. A few notes are in ordel- abo ut 
samp li ng . First, the samp ler assumes that an 
input leve l zero (gro und) indicates the pres
ence of an audi o tone (mark), and that a one 
leve l in put (high Vo ltage) indi cates no tone 
(space). Thi s setup coi ncid es with the audio 
processi ng hardware described later ; but if 
one wishes to have a one input signify mark 
in stead, only two simp le program changes 
are necessary. Changing the BNE (branch on 
not equ al to ze ro) instructions on lines 236 
and 241 to BEQ (branch on equal to ze ro) 
in Sti"uctions will accomplish the invers ion. 
Thi s illu stl-ates the ease of modifying the 
system when it is based on a pmgram instead 
of hal-dware. One othe r note: One mu st 
protect against overflows of the time coun
ter. This OCC UI-S when long marks 01" long 
spaces cause the counter va lu e to exceed the 
maximum value representable as a positive 
byte. MORSER checks fo r such occu rrences, 
and resets th e t im e cou nter to a large 
pos it ive va lue whenever an overflow is 
detected . 

We come now to the decod ing sect ion . 
The section is a softwat"e version of algo
rithms abs tracted from sevel-al hardware 
designs. It can be desnibed by a se t of five 
decod ing rules. The length (time counter 
va lue) of the last mark I-eceived is used to 
determine the type of th e presen t mark. The 
length of the last dash rece ived is used to 
determin e the type of space being received. 

RULE 1. 

RULE 2. 

RULE 3. 

RULE 4. 

RULE 5. 

If the new mal-k length is at 
least tw ice the length of the 
last mark received, then the 
new mark is a dash. 
If the new mark length is less 
than one half of the length of 
the last mark rece ived , then 
the new mark is a dot. 
I f the new mark length is 
more than one half but less 
than twice the length of the 
las t mark I'eceived, then the 
new mark is the same type as 
the old mark was. 
I f the new space length is 
mOl"e than 3/4 of the last 
das h length received, then the 
new space is a letter space. 
I f the new space length is 
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longe r than twice the last 
dash length rece ived, then the 
new space is a wmd space. 

Any other space is an element space. Th ese 
rules determine the processing path of each 
data item returned by the sampling sect ion. 
The dots and dashes are sto l'ed in memory 
(STLDOT and STLDAS) until a lette r space 
is detected. Then the memory contents are 
converted to an offset in DECT AB, fo ll ow
ing th e process previously described. The 
character code found in DECT AB is then 
transferred to the output buffer. The buffer 
is arranged as a 32 character first in , first out 
stoi'e which allows the decoding to get ahead 
of the output dev ice fo r short periods. The 
detection of a word space causes the latest 
letter to be decoded and an extra bl ank 
character is inserted into the output buffer 
to provid e a space between output words. 

The decoding section also adjusts the 
TIMER va lue each time a dot is detected. 
Dots are nominal ly fo ur sam pl es long. If a 
dot is dec lared shorter than three sampl es, 
the samp li ng period is reduced. If a dot is 
decl ared longer than five samples, the 
sampling period is increased . This mech
anism helps MORSER to fo ll ow changes 
in code speed during a message or even 
within characters. Th e f lex ibility of the 
decoding rul es will all ow code fa r from the 
proper timing to be decoded correct ly 
during the adjustment process. Most de
cod ing erro rs will result eith er in no charac
ter at all being outp ut, or a bl ank being 
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Figure 7: A suggested audio input processing circuit designed to be used with 
an amateur radio receiver. The tuning adjustment sets the frequency of the 
signal which is to be interpreted as a dot or dash by the program. The receiver 
tuning and BFO should be adjusted so that the desired station will have its 
dots and dashes at the frequency set by R 7. 
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substituted for the garbl ed character. 
MORSER can handl e code with wi ld speed 
vari at ions and weight ings from 10% to 90%, 
but it can be foo led by suffici entl y erratic 
code. So too, however, can most human 
operators. 

MORSER uses a programming "trick" in 
conjunct ion with indexed addressing to 
fac ilitate the decoding and output process. 
Thi s occurs on lines 174, 183, 198, and 267. 
Th e problem is to retrieve or sto re data at a 
particular location within a tab le o r buffer. 
Th e starting address of the area is known, 
and the desired offset is ca lculated each 
tim e. MORSER uses the technique of 
modify ing itse lf during execution. Since the 
program is stored in programmable memory, 
it can be changed just as the var iab les can be 
changed. In Motoro la systems, the seco nd 
byte of an in struction using ind exed add l'ess
ing sto res an offset to be added to th e index 
reg ister co ntents to ge nerate the fi nal effec
tive add ress for the instruction. MORSER 
loads the ind ex register with the beginning 
of the desired tab le and then wri tes the 
calcul ated offset into the seco nd byte of the 
indexed in struct ion. The processor adds the 
two, mak ing the desired address. Thi s works 
well, as long as th e program is stored in 
programmable memory, and one is careful 
where one writes. If thi s type of trickery is 
to be avoided (for exampl e, if the progl'am is 
to be put into read onl y memory), th e 
process of add ing the offset to the base 
address mu st be done ex plicitly. The fo llow
ing code wi ll perform the functi on, where X 
contains the startin g address of the table, 
and accumulator A conta ins the offset: 

INDSAV RMB Programmabl e memory area lor 

INDEX 
computation 

ST X INDSAV Start ing address 
PSH Save co ntent s o f B accu mu la tor 
CLR B 
A DD A INDSAV+ l Add low order pan of address w ith 

off set in A 
A DC IN DSAV Add high ordCI part of address with 

carry 
ST A A IN D SAV-+ ' 
STA B INDSAV 
LO X IN DSAV Put e ff ective add ress int o index regis ter 
PUL Restore contents of B accumul <l tor 

The output terminal driver makes use of 
the delay tim er to prevent the progra m from 
exceeding the speed capabilities of the out
put device. A coun t is kept of the number of 
delay per iods since the las t character was 
sent to the termina l. The va lue of MAXCNT 
is set such that MAXCNT delay periods at a 
60 word s per minute Morse code speed are 
ro ughly equal to th e recovery period of the 
terminal in use. If th e code speed is less than 
30 words per minute, then one half of 
MAXCNT is used to let the terminal run 
nearer its full speed. This counting ensures 



that the terminal will not receive characters 
faster than it is capable of handling them . 
The output buffer helps absorb speed vari a
tions. In cases of extreme speed variations 
with a very slow output terminal , a few 
characters may 'be lost. This would require 
input speeds of over 80 words per minute to 
be maintained for many characters if one 
used a 110 baud terminal. It is not likel y 
that the audio processing hardware could 
switch at thi s rate, so the characters would 
be unreliable anyway. All slower speeds 
could be handled without trouble. Th e 
system subroutine used to drive the terminal 
is called in this section on line 270. It should 
not use interrupts or any timing loops, since 
these will upset the tim ing in MORSE R. 
Since MORSER already does output timing, 
they are not needed anyway. 

That is all there is to the MORSER 
program. The most critical part of the whol e 
system is the audio input hardware. Thi s 
circuit needs rapid response (since switching 
time for 60 words per minute code is about 
13 ms), audio selectivity, immunity to noise, 
and immunity to varying signal levels. No 
optimum circuit is known by the authors. 
The circuit shown is a suggestion which 
shows prom ise. I t uses a 567 phase locked 
loop tone decoder, tuned to a center fre
quency of about 1 kH z. The bandwidth is 
set at approximately 10% of the center 
frequency, or about 100 Hz. This circuit 
should switch fast enough for most cod e 
speeds, and the phase lock design gives noi se 
immunity, for the circuit will require 1001' 
more cycles at the correct frequency before 
it will switch . An input level of about 200 
mV seems to give the best immunity from 
interfering signals and noise. The output 
rests at +5 V, dropping to near ground when 
a proper frequency tone is detected. This 
voltage level is read by the sampler program 
through the peripheral interface. This signal 
must be very clean, since variations will 
probably be decoded as extra dots and 
dashes. Lots of 'E's and 'T's will indicate a 
problem in the audio processing. 

MORSER works surprisingly well, and it 
will be able to decode alm'ost anyth ing th at 
its operator can feed it. I t does not know 
English or radio terminology, so it cannot 
guess what the characters should be. It 
simply decodes what it "hears, " and may 
not correct some errors that a human would 
recognize. It does decode the input faith
fully, and that can be quite a help. Of course 
if you use MORSER to listen to a station 
using automatic code generation technology 
(on a clear channel) you should get perfect 
copy once the speed adaptation is 
complete. -
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Efficient Storage of Morse 
Lawrence Krakauer 
15 Orchard Ln 
Wayland MA 01778 

Character 
Codes 

Note: The representation 
of Morse characters de-
scribed in this article is 
also used by Bruce Filgate 
in his extensive Morse 
code applications program 
described on page 52 of 
this issue. The information 
in this table (With some 
minor changes) is found at 
addresses 20/225 to 
20/366 of listing 7 in 
Bruce's article. 

Since many of BYTE's readers are radio 
amateurs, a number of whom have ex pressed 
an interest in combining computing with 
their rad io hobby, BYTE seems an appro
priate place for th is short note on a tech
nique for storing Morse character codes in a 
minimal amount of memory space. It may 
not be imm ediate ly obvious that all of the 
possib le Morse characters, up to six elements 
per character, can be stored using a maxi
mum of only seven act ive bits per character 
stored . 

A typica l program using such a stored 
representation would be a programmed auto
matic keyer. As the user typed at a key
board, the computer would receive the 
characters typed in some code (typically 
ASCII code). The computer would then use 
th is code to index into a table of Morse 
character codes, retrieving a coded repre
sentation of th e Morse character to be 
transmitted. With a suitable interface, the 
computer could then directl y key the radio 
transmitter. A good program of this type 
would buffer the user's typing, allowi ng the 

operator to be some large number of char
acters ahead of the code actually being 
transmitted . 

Another similar program would be a 
Morse code teaching mach ine, which cou ld 
use a programmed pseudorandom number 
generator to create arbitrary "code gi'OUps." 
Such artificial text is customarily used for 
Morse code training, so that the student does 
not recognize words and thus anticipate the 
next letter to come. The computer in th is 
case wou ld key a practice oscillator, and the 
student would attempt to accurately receive 
what it sends. If the student types what he 
receives directly on the computer keyboard, 
the computer could notify him immediate ly 
of any errors. In addition, the computer 
could adjust its transm ission speed fo r a 
fixed error rate, always sending at the upper 
limit of the student's reception speed, which 
would hopefully produce rapid learning. 

A Morse character is a string of from one 
to six Morse elements, where each element is 
a dot or a dash. Since there are on ly two 
types of elements, Morse characters seem to 

Table 7,' Morse Code Patterns and ASCII Equivalents for Selected Graphics. 

Graphic ASCII Code Morse Pattern Graph ic ASCII Code Morse Pattern 
Char Hex Octa l Hex Octal Binary Char Hex Octal Hex Octal Binary 

A 41 101 60 140 01100000 W 57 127 70 160 01110000 
B 42 102 88 210 10001000 X 58 130 98 230 10011000 
C 43 103 A8 250 10101000 Y 59 131 B8 270 10111000 
D 44 104 90 220 10010000 Z 5A 132 C8 310 11001000 
E 45 105 40 100 01000000 0 30 060 FC 374 11111100 
F 46 106 28 050 00101000 1 31 061 7C 174 01111100 
G 47 107 DO 320 11010000 2 32 062 3C 074 00111100 
H 48 110 08 010 00001000 3 33 063 1C 034 00011100 
I 49 111 20 040 00100000 4 34 064 OC 014 00001100 
J 4A 112 78 170 01111000 5 35 065 04 004 00000100 
K. 4B 113 BO 260 10110000 6 36 066 84 204 10000100 
L 4C 114 48 110 01001000 7 37 067 C4 304 11000100 
M 4D 115 EO 340 11100000 8 38 070 E4 344 11100100' 
N 4E 116 AO 240 10100000 9 39 07 1 F4 364 11110100 
0 4F 117 FO 360 11110000 2E 056 56 126 01010110 
P 50 120 68 150 01101000 2C 054 CE 316 11001110 
Q 51 121 D8 330 11011000 3F 077 32 062 00110010 
R 52 122 50 120 01010000 3D 075 8C 214 10001100 
S 53 123 10 020 00010000 3A 072 E2 342 11100010 
T 54 124 CO 300 11000000 3B 073 AA 252 10101010 
U 55 125 30 060 00110000 2F 057 94 224 10010100 
V 56 126 18 030 00011000 2D 055 86 206 10000110 

This table assumes that for machine generated Morse, data is shifted out through the 
most significant bit with 0 shifted into the low order. This process continues until the 
binary pattern 10000000 remains in the working memory location. For input, data is 
shifted in through the LSB. At end of character, a 1 is appended, and the code is left 
justified. 
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EXA MPLE 

Sending an L . .. . 

fVlorse Encodeci in bi nary: 0 100 1000 

: terat ion Data A fter AS HL Morse 
A CY Ou t 

r---,~ r----.., 
0 10010000 0 dot 

00100000 1 dash 
2 01000000 0 dot 
3 10000000 0 dot 
4 00000000 end char . 

Figure 7: Flow chart of the SENDCHR 
routine and the SENDEL routine, used to 
generate Morse code outputs. The I?ey 
element of the method is use of an arith
metic left shift operation to interpret the 
code which is presented to the routine. The 
codes are de termined by a table lookup prior 
to calling SENDCHR, using an internal table 
equivalent to table 7. An exampie o f the 
operation of the routine on a letter L is 
illustrated. 

be a natura l fo r a binary representat io n, 
sim ply letti ng 0 represent a dot, and 1 
represe nt a das h. Th e ca tch is that all of the 
characters are not the same length, so that 
th e number of elements in the chal'ac ter 
mu st also be included in its representat ion. 
However, the sim ple ap proach of di rect ly 
including a number giv ing the length requires 
too many bits. Sin ce there are up to six 
elements in a Morse charac ter, we would 
need six bits for the character elements, plu s 
th ree bits to rep resent the le ngth, fo r a to tal 
of nine bits. Sin ce most small co mpute r 
systems are presentl y ori ented around eight 
bi t bytes, it wo uld be co nve nient if all the 
Morse chal'acte rs couid be represented by 
eight, or fe wer, bits each. 

Let's try counting. Th ere are two Morse 
charac ters of length 1 element ( . and - l, 
four characte rs of length 2 ( • • . - - " and 
- - ), and so on. So extending thi s seq uence, 
the total number of possibl e ch aracters of 
length si x or less is: 

N = 2 + 4 + 8 + 16 + 32 + 64 = 126 

Since N is less than 27 = 128, we o ugh t to 
be ab le to represent all the Mo rse charactel's 
in seven bits. Perh aps it shou ld be ment ioned 
here that thi s in cludes all co mbinations of 
up to six elements, in cluding those whi ch do 
not actuall y represen t lega l Mo rse characters. 
Since we want a represen tat io n which will 
make it easy to transmit the character, we 
need a simpl e form th at encodes all arbi trary 
co mbinatio ns. 

And, indeed, such a sim ple form ex ists. 

~.-) fENTERWiTHMORSEB;:r-'1 
SEN DC HR ----~ PI'.TTERN IN TEMPORARY 

I ' A" I --- L ____________ ~ 

GENERATE 
DA S H 
OUTPUT 

r------------l 
I ARITHMETIC LEFT SHIFT 
. ... I 

----1
1 

[0 ... 111111111""0'1 
CY A I 

Is I 

YES 

U~c~~ ________ J 

GENERATE 
DOT 
OUTPUT 

Listing 7: The SENDCHR routine defined as symbolic assembly language for 
the 6800 and 8080 architec ture; (a) shows the 6800 code, and (b) shows the 
8080 code. These routines assume that a subroutine called SENDEL (see 
figure 7) is available which sends either a dot or a dash based on the state of 
the carry (CY) flag. Since temporary data is maintained in A, SENDEL must 
not alter th e contents o f A . 

(a) 6800 Code: 

Label Op Operand Commentary 

SCHRLOOP JSR SENDEL Send d ot or dash; 
SENDCH R A SLA Entry point and shift left; 

BNE SCHRLOOP If more data then reiterate ; 
RTS Else return; 

(b) 8080 Code: 

Label Op Operand Commentary 

SENDCHR A DD A Shift left by adding A to A ; 
RZ If no data then return; 
CALL SEN DEL Send dot or dash; 
JMP SENDCHR Reiterate 

37 



NO 

YES 

r-------------, 
I ENTER TO FORMAT I 

------1 ONE CHARACTER I 
'-~~ I I 

A: - '00000001 , 

CY:.: (received 
dot or dash) i 

A :- ROL(A,il; 

L ___________ -l 

,------------, 
I SETS UP END OF I 

-----j CHARACTER MARKER I 
I IN LOW ORDER BIT I 
L ___________ ..J 

i;::E-;E-;~~~:;~ NE~-l 
-j ELEMENT" SUBROUTINE I 

---- I WHICH MAY HAVE ADAPTIVE I 
L!':~~~~~~~~~_-1 
r-----------, 
I MORSE I 
I ROTATE LEFT : INPUT I 

-----1~ I 
IC"ldllll~ I 

L-_--,-_----l L ____________ ...J 

YES 

A:-ROL(A,I); 

r-------------, 
I END OF CHARACTER I 
I CONDITION IS SET I 

----..., BY "GET NEXT ELEMENT" 
I SUBROU TINE I L ___________ ..J 

r--------------, 
I SET UP END I 

-----1 OF CHARACTER MARK I 
I I 

't 
I 
I 

l ____________ ..J 

I r------------..., 
! I LOOP TO LEFT I 
~---l JUSTIFY INPUT PATTERN 

r I I I L ___________ -1 
I 
I 

) 

~-------------..., 

: RETURN WITH I 
-----l PATTERN IN I 

I A I 
1 ______________ J 

Figure 2: Flow chart of the RCVCHR routine which is used to format 
incoming dots (binary 0) and dashes (binary 7) into an 8 bit code. 
Reference is made to a routine loosely described as "get next element" which 
is used to receive a Morse code element. This "get next element" input 
routine will have adaptive speed interpretation features required if the 
program is to be used with hand sent Morse code. A fter the end of character 
indication is returned by the input routine, the RCVCHR routine must left 
justify the code so that it is in the same form as found in the code genera
tion table (see table 7 J. Control returns with the input code contained in 
register A. 

The Morse character is represented from left 
to right, one bit per element, using 0 for dot 
and 1 for dash. At the end of the character, 
after the last element, a 1 is placed as a stop 
bit. The remaining bits, if any, are filled out 
with ze ros. Some examp les are: 
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Character 

E 
T 
A 
L 

Morse Code Binary Representation 
0100000 
1100000 
0110000 
0100100 

-- " -- 1100111 
-"'- 1000110 

Table 1 is a complete list of alphabetic 
characters, numerals and selected special 
characters shown as hexadecimal and octal 
ASCII along with the equiva lent hexa
decimal, octa l and binary code for the Morse 
pattern. Given the representation, transmis
sion of the character is easy. Work ing from 
left to right, simply transmit each bit as a 
Morse element, until all that remains is a 
single 1 fo ll owed by al l zeros, at which point 
the character has been completed. This 
operation is easily done using the "rotate" 
or "shift" instructions of the typica l micro
computer. A f low chart for this procedure is 
given in figure 1. It is so simple that it 
reduces to only a four line subroutine in a 
typical microprocessor. Listing 1 a gives a 
suggested program for the Motorola 6800 
and I isti ng 1 b gives a program for the I n tel 
8080 (or 8008). These programs use an eight 
bit representation, which can express a code 
of up to seven elements, although no seven 
element characters are actually used in the 
Morse code. 

Note that there are two binary represen
tations which represent the null character; 
that is, they result in the subroutine re
turning without transmitting anything at all. 
These are the codes 00000000 and 
10000000. If desired, they could be spe
ciall y decoded. For example, one of them 
cou ld be used to represent the special Morse 
character ........ , which is used as a 
delete character. It would have to be trans
m itted as a special case, since it contains 
eight elements. If the al l zero code were to 
be used for this purpose, it could be tested 
for by a branch-on-zero instruction at the 
subroutine entry po int. 

The representation proposed here is also 
easy to build up while receiving Morse code. 
A receive subroutine flow chart is given in 
figure 2. 

The possibilities inherent in the combina
tion of small computers and amateur radio 
are enormous. The challenging task of 
machine reception of hand sent code is now 
receiving much more attention due to the 
low cost of microprocessors. The pos
sibilities of computer station contro l, ama
teur radio data communications networks, 
and microprocessor control of repeaters have 
barely begun to be explored. The large 
number of radio amateurs who are now 
beginning to experiment with small com
puters should produce some rather in
teresting results in the near future.-



altair 8800b 
TECHNICAL INFORMATION 

The ALTAIR 8800b computer is a general purpose 
byte-oriented machine (8-bit word). It uses a common 
100-pin bus structure that allows for expansion of 
either standard or custom plug-in modules. It supports 
up to 64K of directly addressable memory and can 
address 256 separate input and output devices. The 
ALTAIR 8800b computer has 78 basic machine 
language instructions and is comprised of a power 
supply board, an interface board, a central processing 
unit (CPU) board, and a display/control board. 

Power Supply Board 

The Power Supply Board provides two output vo ltages to the 
ALTAIR 8800b computer bus, a positive and negative 18 volts . 

It includes a bridge rectifier circuit and associa ted filter circuit, 
a 10-pin terminai block connector, and the regulating 
transistors for the positive and negative 18 vo lt supplies . 

Interface Board 

The In terface Board buffers a ll s igna ls between the display / 
cont r o l board and the ALTA IR 8800b bu s . It a lso conta ins eig ht 
paral lel data lines w h ich trans fer data to the CPU from the 
Display/Control board . 

CPU Board 

The CPU board co ntrols and processes a ll in struqt ion data 
within the ALTA IR 8800b computer. It conta in s the 
model aOaOA microprocessor circuit, the master 
timing circu it, eight input and eight output data lines to the 
ALTA IR bus, and contro l circuits . 

Display /Control Board 

The Disp lay/Con trol Board condition s a ll ALTAIR 8800b front 
panel switches and receives information to be displayed on the 
front panel. It contains a programmable read on ly memory 
(P ROM ), sw itch a nd display contro l circuits, and contro l 
circuits to cond ition the CPU . 

NEW DESIGN FEATURES 
Severa l new design features have been incorporated into the 
electronic and mechanical areas of the ALTA I R 8800b 
computer. Some of the new design fe atures in c lud e additional 
front panel capabili ties, redesigned power supply, and various 
electronic and mechanica l design advancem ents . 

New Front Panel Switches 
Fi ve new front panel switch positions have been added to the 
ALTAIR 8800b computer to expand the f ront panel capabi li ty. 

1 . SLOW position: Permits execution of a program at a rate of 
approximately 2 machine cycles per second or s lower. The 
norm a l machine speed is approximately 500,000 machine 
cyc les per second. The ALTAIR 8800b operates in the slow 
mode as long as the SLOW switch is depressed on the 
front pane l. 

2 . DI SP LAY ACCUMULATOR position : Disp la y s the contents o f 
the C PU accumu lator register on the ALTAIR 8800b 
front panel . 

3 . L OAD ACCUMU L A T OR position Loads the information 
present o n the lower eight front p a nel address sw itc hes 
into the C PU accumulator reg ister. 

4 . IN PUT ACCUMU L ATOR position : Inputs the information 
present at an Input / Output device into the CPU accumu la tor 
register. The Input/Output device is se lected on the upper 
eight fron t panel address switc hes . 

5 . OUTPUT ACCUMULATOR position : Outputs the contents of 
the C PU accumulator register to a selected input /output 
device. The input/output device is selected on the upper 
eight front panel address sw itches . 

Ne\N Power Supply 

The new power supply in the ALTAIR 8800b contains an 8 
vo lt , 18 ampere t apped secondary supply w hich permits the 
add ition of up to 16 printed c ircuit cards, and pre-regulated 
positive and negative 18 volt, 2 ampere supplies . A multiple 
tapped primary transformer provides for 110/220 volt 
operat ion and a 50 /60 H z operat ion. 

Electronic Design Advancements 

The electronic design advancements on the ALTAIR 8800b are 
in the CPU and fron t panel c ircuit boards. 

1 . CPU . The new CPU circuit board u ses the Inte l 8224 clock 
generator integrated circuit ( IC) . The 8224 IC provides a 
specified clock frequency to the ALTAIR 8800b using an 
externa l c rysta l and di v iding the crysta l frequency down to 
2MHz. Therefore, both the clock pulse widths a nd phasing 
(as well as frequen cy) are crystal controlled. 

2 . Front Panel. All front panel data lines are connected to an 
interface whic h buffers them from the rest of the ALTAIR 
8800b. The front panel circu its a lso use a programmable 
read only memory (PROM) which contains programs for the 
following eight functions : 
EXAMINE 
EXAMINE NEXT 
ACCUMULATOR DISPLAY 
ACCUMULATOR L OAD 
DEPOSIT 
DEPOSIT NEXT 
INPUT ACCUMULATOR 
OUTPUT ACCUMULATOR 

The front panel c irc uits also have a wi ring option w hich 
a llows the CPU to perform a complete instruction cycle or a 
s ingle machine cycle during the single step or slow operation . 

Mechanical Design Advancements 

The mechanical design advancements on the A LTAIR 8800b 
are incorporated for ease of assembly and maintena nce . 

1 . The wiring harness connection which exists on the front 
panel of the A LTA IR 8800 is replaced with ribbon cables . 
These ribbon cables connect the front panel circuits to the 
interface circuits. 

2 . The four slot expander cards in the ALTA IR 8800 have been 
replaced by a sing le piece 18-slot motherboard . The 18-slot 
motherboard contains 100 solder lands w hich comprise the 
100 pin bus. 

3 . A new multi-color and rede s igned dress panel is used in the 
ALTAIR 8800b. The front surface of the dress panel has a 
protective sheet of mylar to insure that the graphics are 
not rubbed or scratched off . 
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8800b BLOCK DIAGRAM DESCRIPTION 

The 8800b computer contains four main circuits· a Central 
Processing Unit (CPU), a Memory, an Input/Output (1/01. and a 
Front Panel. The CPU controls the interpretation and execution 
of software instructions, and the Memory stores the software 
information to be used by the CPU . The I/O provides a 
communication link between the CPU and external device. The 
Front Panel allows the operator to manually perform va riou s 
operations with the 8800b. The 8800b block diagram 
description explains : A) the communication between the C PU 
and the memory or I/O circuits; and B) the communication 
between the CPU and the front pane l. 

CPU to Memory or I/O Operation 

The Memory o r I/ O operation requires several main signals 
which allow for trans fer of data to and from the CPU. The 
ADDRESS (A0-A15) signal consists of sixteen individual lines 
from the CPU to the Memory or I/O device. This signal 
represents a particu lar memory address location or external 
device number which is needed to establish communications 
with the Memory or I/O Device. Once the ADDRESS (A0-A15) 
data is presented to the Memory or I/O device, the CPU 
generates various STATUS signals. The STATUS signals either 
enable decoding of a memory address, or they condition the 
I/ O device card to send or receive data from the CPU . 

Data from the Memory or I/O device is presented on the DATA 
IN (010-017) lines and applied to eight non-inverting bus 
drivers. The drivers are enabled by a PDBIN signal from the CPU 
and a BC (bus control) signal. The BC signal is LOW when the 
Front Panel is not in operation. The eight non-inverting bus 
drivers, when enabled, present the input data to BI-DATA 
(00-07) lines which apply the data from the Memory or I/ O 

device to the CPU. 

Data to the Memory or I/O device is presented on the DATA 
OUT (000-007) lines from the BI-DATA (00-07) lines from 
the CPU . The ROY (ready) line either forces the CPU to a wait 
state whi le data is being transferred or a llows the CPU to 
process data. 

Front Panel Operation 

The Front Panel Operation is very similar to the Memory or I/O 
operation . The Front Panel gains contro l of the CPU by 
producing a HIGH BC signal . The BC signal disables the ' DATA 
IN ( 010-017) lines from a Memory or I/O device and enables 
the FDI0-FDI7 lines . The FD10-FD171ines contain Front Panel 
data which is transferred to the CPU upon the occurrence of t he 
PDBIN signal. All data from the CPU to the Front Panel is 
applied to the DATA OUT (000- 007) lines and displayed 
on the Front Panel. 

COMPATABILITV 

Compatibility 
All of the current 8800 software is compatible with the 8800b, 
and all the current plug-in circuit boards are compatible, with 
the exception of the 8800a CPU Board. 

Memory Cards 
1 . 4K Dynamic RAM Memory Board 
2. 4K Static RAM Memory Board 

3 . 16K Stat ic RAM Memory Board 
4 . PROM Memory Board 

Interface Cards 
1 Serial Interface Board 
2. Parallel Interface Board 
3 Audio-cassette Interface Board 
4. Disc Controller Board 

ALTA IR 8800b 
Specifications 

Number of Boards 

Microprocessor 

Model 
Technology 
Data Word Size, Bits 
Instruction Word Size, Bits 
Clock Frequency 
Add Time, Register to Register, 

Microsec. Per Data Word 
Number of Instructions 

Input/Output Control 

I/ O Word Size, Bits 
Number of I/O Channels 
Direct Memory Access 
Interrupt Capability 
Vectored Interrupt 

( 8 priority levels) 

Software 
Resident Assembler 
Higher-level Language 
Monitor or Executive 
Complete Software Library 

Separately Priced 

Up to 18 

8080A 
NMOS 
8 
8 
2M Hz 

2 
78 

8 
256 
Optional 
Std. 

Optional 

Yes 
BASIC 
Sys. Mon .; text edit . 

Yes 

~~ DUiJ[J=[§0 
2450 Alamo S.E.! AlbuQuerque , New Mexico 87106 



Software Bug 
of the Month 
Private Preston's Folly 

5 
Private Prescott Preston, Proud yet 

Prudent Programmer, is running his fi rst sort 
routine, and it's a mess. See if you can 
stra ighten him out. 

Private Preston has an array called PR, 
conta ining 50 elements. He reads in some 
data in unsorted fashion. The idea of the 
sort routine is to test whether two ad jacent 
elements are in order. If they're out of 
orde r, they are interchanged. 

A flag K is kept to tell whether any 
changes have been made in the current pass 
through the array PR (from beginning to 
end). If no changes have been made, we 
are done, because the table is now sorted 
(remem.ber we've gone through the entire 
array). Whenever a change is made, however, 
the flag K is set. If the flag ever gets set, we 
have to make another pass through the 
array , and we keep on doing this until the 
array is sorted. 

The program Private Presto n wrote 
looked like this: 

Step 1: Set K equa l to zero . 
Step 2: Set I equal to 1. 
Step 3: If PR{I) is less than or equal to 

PR(I+1), then go to Step 7. 
Step 4: Set K eq ual to one. 
Step 5: Set PR(I) eq ual to PR(I+l). 
Step 6: Set PR(I+1) eq ual to PR(I). 
Step 7: Set I equal to 1+1 . 
Step 8: If I is uneq ual to 50, go to Step 3. 
Step 9: If K is equal to zero, go to Step 1. 

I won't even bother telling you what 
langu age that routine was written in. Th e 
first few times, of course, it had compilation 
errors. Now it compiles, but it still doesn't 
work. Why not?-

Solution in Next Month's BYTE 

Only $59.95 
Assembled 
Tested 

~-~l 

, ~. 

~fCette&~:~~ : ~~~~~~I"~1 

/ a • .. .. 
~'-t ___ ........ 

PerCom 

SOLUTION TO BUG OF THE MONTH 4 

Did you try N = 1? Good for you. One of 
the surest ways a program like this can fail is 
in the low order cases. Unfortunately (for 
you), N = 1 works just fine . We discover that 
1 is not a multiple of 2, and then we quit. So 
·1 is a prime number. 

Now did you try N = 2? 
You did? I think you saw thi s one 

somewhere before. 
In fact, for N = 2 - and onl y for N = 2 -

th is program has a bug. I t says that 2 is not 
prime, because 2 is a multiple of 2, when in 
fact it is prime. 

How shou ld the bug be fixed? One simpl e 
way, of course, is to test N for being less 
than 4; if it is, then it is prime. But this adds 
unnecessary inefficiency in what we shall 
presume are the bulk of our cases, namel y N 
;;;. 4. The real trouble is that we are using a 
"FORTRAN loop" - that must be executed 
at least once - rather than an "A LGOL 
loop" that might be done zero times. Thu s, 
when N = 2, the first va lu e of I, namely 2, is 
already large r than the maximum value, 
namely the square root of 2, and so no cases 
shou ld be tested. We can make this into an 
ALGOL loop by putting a state men t number 
_. say 3 - on the last I F statement, and then 
writing GO TO 3 ju st before statement 
number 1. 

There is one furth er acceptab le answer. 
Suppose that we ca ll ed PRIME(L, L). This 
does make sense; we are testing L to see if it 
is prime, and then, afte r we test, setting L 
equal to either zero or one. Unfortunate ly, 
the first thing that PRIME dor, is to set K = 
1, which sets L equa l to 1 (if parameters are 
call ed by reference). I n other words, the 
program is now testing whether 1 is prime, 
not whether L is prime. This can be fixed by 
moving the statement K = 1 (wh ich is 
otherwise perfectly good) down to the end 
of the program, ju st before the second 
RETU RN state ment.-

W Douglas Maurer 
University Library Room 634 
George Washington University 
Washington DC 20052 

FINALLY - A CASSETTE INTERFACE THAT WORKS! 
The PerCom CI-810 

• Easily connected to any computer. • An 8·bit parallel interface 
• 'Kansas City' Standard • Load a 1k byte program in 40 seconds 
• Little or no software required • Easily upgraded to 218 byte/sec 
• Operate 2 tape units simultaneoosly • 18 page Instruction Manual 

PerCom Data Co . 
4021 Windsor, Garland, Texas 75042 

(214) 276-1968 

'peripherals for personal computing' 
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If Only Sam Morse Could 

Wayne Sewell WB5NYC 
9277 LBJ # 253 

Dallas TX 75243 

7 6 

C C 

COUNT FIELD 

7 6 

II 
COUNT FIELD 

5 4 

C 0 

II 

5 4 

0 0 

When dealing with personal computers, it 
is necessary for a person to be familiar with 
his machine from both the hardware and 
software point of view. It has been my 
observation that hardware people often tend 
to stay in hardware and software people in 
software, each faction learning just enough 
about the other side to get along. I am gui lty 
of this myself - I never do in hardware what 
could feasibly be done in software. Hope
fu ll y, this situation will change as my knowl
edge of microcomputing increases, but for 
the time being I am assuming that the 
computer runs because of the little elves 
pushing electrons around in the processor 
and putting most of my effort into 
programming. 

This article is for people with a similar 
bent. There are several electronic Morse code 
keyers on the market, but rather than spend 
precious cash, why not use that littl e digital 
demon of a small computer that you paid al l 
of that money for. You've probably been 

3 2 0 

0 0 0 0 

r-
SHIFT 

DATA (I-OASH,O-OOT) OUT 

3 2 0 

0 0 0 0 

DATA (I- DASH, O· DOT) 

Figure 7: Data Formats. The number of ways to represent data within a 
computer can sometimes be equated to the number of programmers there are 
in the world. Here is another way to represent Morse codes internally, which 
differs from several other articles in this issue. The format is supported by 
table 3 which lists the equivalent hexadecimal codes for each Morse code 
graphic. 
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See Us Now 

trying to find a valid use for it anyway. 
Think of the glory as you transmit a message 
in Morse code several hundred characters 
long at a speed of 1000 wpm. (While there is 
a legal speed limit for radio Teletype, to my 
knowledge Morse Code bandwidth is not 
explicit ly mentioned in FCC regulations.) 
Then comes a real chall enge: Find someone 
whose computer can receive at that speed. 
Finally, the ultimate goal: Read the response 
sent back to you at the same speed. [See 
articles by Robert Grappel and jack Hemen
way, by Bruce Filgate, and by Lawrence 
/(ralwuer in this issue.) 

This artic le describes a software Morse 
code generator. The program listed is for a 
6800 system (specifically the one sold by 
Southwest Technical Products) ; but a com
plete description of the generator is included 
to facil itate conversion to other systems. 

Data Format 

The data format used in my Morse code 
generator makes it possible to pack any of 
the "dot" and "dash" combinations asso
ciated with a Morse code character into a 
single byte. The rightmost 5 or 6 bits 
(throughout this article, "rightmost" and 
"least significant" are synonymous) contain 
the pattern of dots and dashes, and the 
upper 2 or 3 bits contain a cou nt wh ich 
informs the program how many of the data 
bits are actua ll y associated with the charac
ter. The remaining bits are set to zero 
arb itrar il y. Out of all of the characters in 
inter'lational Morse code, there are only two 
which will not work in this system: space 
and the error code. I t is not surprising that 
the SPilce is a maverick in any data repre
sentation, since it is not really data at all, 
but a lack of data. I t is simply a lengthening 
of the normal interval between characters to 
form an interval between words, and must 
be handled as a special case. Sim ilarly , the 
error code is not really a character either. 



When an error is made during a Morse 
transmission, due to a spasmodic twitch of 
the operator's hand or si mil ar cause, the 
errant operator sends a string of 8 dots, 
meaning: "Oh I'm sorry I made an error 
please disregard the last character I sent 
please will you huh." Both the space and t he 
error code, since they don't fall in the 
normal scheme of things, are treated as 
spec ial cases: Immed iate ly upon detection, 
the program intercepts them, modifi es them 
to a compatible format, and inserts them 
back into the main logic flow. 

For all characters five e lements long or 
less, the format is absurdly simp le, as shown 
in figure 1 a. The high order 3 bits conta in a 
bi nary number from 1 to 5 corresponding to 
the number of dots and/or dashes in the 
cha racter. Th e rightmost 5 bits contain the 
data e lements themselves, where 0 is a dot 
and 1 is a dash. They are stored from right 
to left so that when the byte is sh ifted to the 
right, they are transmitted serially in the 
proper seq uence. As an example, the Morse 
code character Q is transmitted as " - - . - ". 
The element count is four, so a binary 1 00 
string is stored in the leftmost 3 bits of the 
byte. Using the coding scheme above, the 
equivalent Morse bit pattern for Q (the 
binary str ing 1011) is stored in the rightmost 
4 bits. In this case, bit 4 is not needed so it is 
a "don't-care" bit wh ich is set to zero 
arbitrari ly. Therefore, the code for Q stored 
in the tab le is the binary string 10001011 or 
hexadecimal 8B . 

If a ll Morse code characters contained 
five elements or less, the coding syste m 
would be much simpler. However, many of 
the special characters, uncooperat ive cusses 
that they are, contain six elements. At first 
glance, th is doesn't seem to be an obstac le, 
since the 3 bit count field can contain a 

binary number up to 7, inclusive. However, 
there are only 5 bits left over within the 
byte, which means that although the count 
can keep track of more than five e lements, 
there is no place to store them. The one fact 
that keeps the entire system from collapsing 
into a pile of random logic is that there are 
no characters with seven e lements. There are 
several spec ia l codes with six elements, but I 
have been unable to come up with one 
containing seven. Since the difference be
tween a count of six, the binary string 110, 
and a count of seven (111) is one bit; and 
since there wi ll never be a coun t of seven, 
then bit 5 becomes a "don't-care" and can 
be used as a data bit if bits 6 and 7 are both 
1. We simply consider any count greater 
than five (leftmost 2 bits on) to be equal to 
six, sh ift o ur wild card bit right with the 
others, and the problem is so lved, as seen in 
figure 1 b. When the count is extracted in 
this case, bit 5 is forced to a zero, making 
the count equa l to six. 

When Morse transm ission actuall y starts, 
the data bits are shifted right o ne at a time. 
If the rightmost bit is a zero, the weight 
facto r for a dot is loaded; if the rightmost 
bit is equal to 1, the dash weigh t factor is 
loaded, normall y exactly three times that of 
a dot. The key is turned o n, and the timing 
subroutine, contro ll ed by the value stored in 
ELESPEED, generates the proper delay for 
that e lement. The key is then turned off and 
the timing subrouti ne is reentered, this time 
to generate the space between elements, 
normally equal to a single dot time. This 
loop is repeated for every e lement in the 
character, shifting right each time. The space 
between elements is added to the last 
element in the character, also. 

If a string of characters is being trans
mitted, rather than a single character, the 

I-A-+- B-+I--C ----+- B-+- A-+- B-+--D-l-A-+-B-+- A-+-B -+-- 0 -f--E -+- B -+--D-l 

I----F----l f---- F-----l f---- F ------l 

~---------G------~ 

Time 
Interval Explanation 

A 
B 

C 
o 

E 

F 

G 

Dot, key on; basic timing element; duration is number of milli seconds contained in ELESPEED. 
Space between elements, key off; duration is one dot; a lso controlled by ELESPEED; generated 
automat ica lly after every dot or dash. 
Dash, key on; duration is three times dot in normal weighting. 
Character space synchronizer, key off; generated automatically after every character; added to B to 
form total space (F) between characters; duration is twice the dot interval for normal spacing but can 
be increased for greater character separation; controlled by CHRSPEED. 
Space character (ASCII hexadecimal 20), key off; duration is one dot; added to character space (F) 
before and after to form total space (G) between words. 
Space between characters, key off; duration is B + D; if ELESPEED and CHRSPEED are synchronized 
this is equal to three dots; if not, duration is longer. 
Space between words, key off; duration = twice F plus one dot; if ELESPEED and CHRSPEED are 
sy nchronized, this is equal to seven dots; if not, duration is longer. 
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Figure 2 : Time Relation
ships. The Morse charac
ters RI sent in succession, 
followed by a space. The 
intervals identified by 
capital letters are ex
plained in the notes below. 



Listing 7 : CWBUFFER LOC CODE STM1' SOURCE STl\TEMEllT 

Subroutine, This listing 0040 67 CIlRSPEED RMB 1 OF MILISECONDS BLTI-iEEN CIlARACTERS 
0042 68 ELESPEED RMB LbNGTH OF ELEMENT (DIT) DURATION 

gives the complete absolute 69 IN MILISECONDS 
0044 70 INITMASK RMB 1 OSCILLATOR CONTROL BYTE 

h exadecimal assembled 0045 71 HOLDBYTE RHB 1 
0046 72 MASK Rl1B 1 

code qnd symbolic repre- 0047 73 COUNT RHB 1 

se ntation for the 
0048 74 CWPTR RHB 2 POINTS TO 1 ST BYTE IN STRING 
0100 75 ORG H'1 00 

CWBUFFER routine, Data 0100 76 CWBUFFER EQU 
0100 A6 00 77 LDlIA 1,0 GET CliAR 

in this listing was prepared 0102 81 03 78 CHPA 13 IS THIS TilE STOP BYTE? 
0104 26 01 79 BNE CONTINUE DR IF NO 

using the author's SPUCA 0106 39 80 RTS RETURN 
0107 81 CONTINUE EQU 

assembler program. 0107 08 82 INX INCRE PTR 
0108 OF 48 83 STX CwPTR STORE POINTER 
010A 80 08 84 BSR TRANSHIT CONVERT TilE CHAR TO CN AND TRANSMIT 
010C DE 40 85 LOX CIlRSPEED LOAD DELAY CONSTANT FOR CHAR SPACING 
010E 80 46 86 BSR MILDELAY DELAY PROPER i OF MILISECONDS 
0110 DE 48 87 LOX CWPTR GET ADDR OF CHAR STRING 
0112 20 EC 88 BRA CWOUFFER GET NEXT CIIAR 
0 114 89 TRANSHIT EQU 
0114 80 5C 90 BSR CliARTOC\,! CONVERT CHAR TO CW TRANSHIT CODE 
0116 40 91 TST' A A = a ? 
OlD 26 06 92 BNE NOTSPACE DR IF NO (VALID NUN -BLANK Cli CliAR) 
0119 C6 01 93 LDAB 11 SET NUMBER OF ELEloIEtlTS AT 1, AND 
OllB 07 47 94 STAB COUNT MAKE TIi~ WEIGHT SAHE AS A DI1" 
0110 20 25 95 BRA SPACEtlT BYPASS KEY - ON INST'RUCTlvN 
011F 96 NOTSPACE EQU · 011F 16 97 TAB SAVE A I N B 
0120 98 RPT 4 
0120 59 99 ROL B ROTATE BIT COUNT 
0121 59 100 ROL B ROTATE BIT CUUNT 
0 1 22 59 1 01 ROL 0 ROTA1'E B11' COUNT 
01 23 59 102 ROL B ROTATE BIT COUNT 
0124 C4 07 103 AN OB 17 SET COUNT AT <OR = 7 
0126 8 1 FF 1 04 Cl1PA 'IIIFF IS TillS SPECIAL ERROR CODE? 
0128 26 04 105 BNE NOTERR DR I F NO'r 
012A 4F 106 CLR A SET DATA TO ALL DITS 
012B 5C 107 INC B INCRE COUNT FROM 7 TO 
012C 20 06 108 BRA COUNTOK STORE COUNT 
012E 1 09 NOTERR EQU 
012E Cl 06 110 CHPB 16 BIT' COUNT = 6 ? 
0130 20 02 111 ELT COUNTOK BR IF NO 
0132 C4 06 112 ANOB 16 SET COUNT AT 6 
0134 113 COUNTOK EQU 
0134 07 47 114 STAB COUNT STORE EIT COUNT 
0136 115 BITLOOP CQU 
0136 06 44 116 LOAD INITHASK INI'l'I ALIZE THE 
0138 07 46 117 STAO ~SK OSCILLATOR MASK 
013A C6 01 118 LOAB il LOAD wE.IGHT' FACT'OR FOR OIT 
013C 46 119 ROR A RO'l'ATE DATA BIT' INTO CARRY 
0130 2 4 02 1 20 BCC SEND BR IF CARRY CLEAR (DIT) 
013F C6 0 3 121 LDAB #3 LOAD WEIGHT FACTOR FOR DAII 
0141 122 SEND EQU · 0141 73 00 45 1 23 COI·I I/ULDBY1'E TURN ON KEY 
0144 124 SPACENT EQU 
0144 80 22 125 BSR ELDELAY GENERATE DELAY FOR ELEMENT LENGTH 
014 6 7F 00 46 126 CLR MASK CLEAR OSCILLATOR MASK 
0149 7F 00 45 1 27 CLR I/OLDBYTE TURN OFF KEY 
014C C6 01 128 LDAB 11 LOAD WE IGHT FACTOR FOR BREAK 

129 BETWEEN ELEHENTS 
014E 80 18 130 BSR ELDELAY GENERATE DELAY FOR ELEMENT LENGTH 
0150 7A 00 47 131 DEC COUNT LAST ELEMENT IN CHAR ? 
0153 26 E l 132 BNE B11'LOOP BR IF NO 
0155 39 133 RTS RETURN 
0156 134 MIL DELAY EQU 
0156 06 46 135 LDAB MASK HOLD THE KEY OUTPUT CONSTANT 
0158 08 45 136 EORB HOLDBYTE AND FLIP-FLOP THE 
015A 07 45 137 STAB HOLDB"iTE OSCILLATOR OUTPUT IF 
015C F7 80 04 138 STAB L,H'BOO 4 KEY IS ON 
015F C6 8F 139 LDAB ' 1/' 8 F LOAD MILl SECOND LOOP CONSTANT' 
0161 140 LOOP 2 EQU 
0161 SA 141 DEC B COUNT DOWN 
0162 26 FD 14 2 BNE LOOP 2 BR IF NOT FINISHED 
0164 09 143 DEX DECRE MILl SECOND COUNT 
0165 26 EF 144 BNE MILOELAY BR I F NOT FINISHED 
0167 39 14 5 RT'S RETURN 
0168 14 6 ELDELAY EQU 
0168 DE 42 147 LOX ELESPEED LOAD DELAY CONST FOR ELEMENT SPACING 
016A 37 148 PSHB SAVE i OF I NTERVALS 
016B 80 E9 149 BSR MILDELAY DELAY PROPER I OF MILISECONDS 
0160 33 150 PU LB RESTORE I OF INTERVALS 
016E SA 151 DEC B DECRE i OF I NTERVALS 
016F 26 F7 152 BNE ELDELAY BR IF N01' FINISHED 
0171 39 153 RTS 
0172 154 CHARTOCW EQU 
0172 84 7F 1 55 ANDA IH I 7F STRIP PARITY BIT 
0174 80 20 156 SUBA 132 SUBTRACT OFFSET 
0176 20 17 15 7 BLT I NVALAS I F I NVALI D CHAR OR - o BRANCH OUT 
0178 81 40 158 CMPA ILASTASCW CHARACTER IN TABLE 
017A 2C 00 1 5 9 BGE NOTFNDAS BR IF NO 
Ol7C 160 GETENTRY EQU · Ol7C SF 161 CLR B ALLOCATE AND ZERO OUT 
0170 37 162 PSIIB A TEMPORARY 2-BYTE AREA ON 
Ol7E 37 163 PSHB TOP OF THE STACK 
017F 30 164 TSX POINT INDEX REGISTER TO IT 
0180 A7 01 165 STAll 1,1 STORE TABLE OFFSET INTO SECOND BYTE 
0182 EE 00 166 LOX 1,0 LOAD CONSTRUCTED POINTER I NTO INDEX 
0184 A6 00 167 LDAlI 1,0 LOAD CW CODE 
0186 31 168 INS DELETE TEHPORARY HOLD AREA 
0187 31 169 I NS • REALIGN STACK 
0188 39 170 RTS RETURN 
0189 171 NOTFNDAS EQU 
0189 80 20 172 SUBA 132 POINT TO LOWER CASE CHARS 
018B 81 2 0 173 CMPA 'H 1 20 BETWEEN UPPER • LOWER CASE ? 
OUD 2E ED 174 BGT GETENTRY BR IF NO (USE LOWER CASE AS UPPER) 
018F 175 I NVALAS EQU · 018F 4F 176 CLR A SET A TO CW NULL 
0190 39 177 RTS RETURN 
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Figure 3: Output Signals 
from the Morse code 
generation program. This 
program will produce 
either or both of a tone 
burst "oscillating" output 
which can be used to drive 
a speaker for code prac
tice, or a steady logic level 
output (during each dot or 
dash) used to control the 
keyer of a typical radio 
frequency transmitter. 

LOGIC I 

LOGIC 0 

LOGIC I 

LOGIC 0 

space between them is generated according 
to the value stored at locat ion CHRSPEED. 
If element and character speeds are syn
chronized, the delay caused by CHRSPEED 
is exactly twice the space between elements, 
wh ich has already been generated after the 
last element. Combining the two causes the 
total space between characters to be exactly 
the length of a dash, the established spac ing 
between Morse code charac ters (see figure 
2). 

If a space (in ASCII, hexadecimal 20) is 
detected, it is treated as a phantom character 
consist ing of one dot length with the key 
off. When added to the 3 dot interva l 
fo ll owing the previous character, and the 
equal interval following itself, a total interval 
of 7 dot times is generated, the standard 
spac ing between words. (ASCII codes with 
no Morse code equivalents are also treated as 
spaces.) 

Speed Control 

There are two separate controls for Morse 
code spacing: element speed and character 
speed. The element speed is the time dura
tion of the smallest element of the Morse 
pattern. The time duration of dashes, dots, 
and the breaks in between are based upon it. 
If normal weighting is used, a dot is equal to 
one of these intervals, a dash is equal to 
three of them, and the space between dots 
and dashes within a character is equal to a 
single dot interval. The 2 byte field labe ll ed 
ELESPEED contains a 16 bit binary number 
specifying the element delay as an integer 
number of milliseconds. With normal 
weighting, the duration of a dot will be 
exactly the number of milliseconds con
tained in ELESPEED, and the duration of a 
dash will be exactly three times that. 

If you wish the element and character 
speeds synchronized (20 wpm characters 
sent at 20 wpm intervals, etc), the binary 
value stored in CHRSPEED shou ld be exact
ly double the binary value stored in ELE-

t----; 

Irn S 
(TONE BURST) 

SPEED. In this configurat ion the program 
will generate perfectly sy nchronized Morse 
code according to the estab li shed standard 
(dash duration three times · that of dot, 
duration of space between elements equal to 
one dot, duration of space between charac
ters equal to that of one dash, and duration 
of space between words seven times that of 
one dot). When you change speeds, change 
the values of ELESPEED and CHRSPEED 
(once again, the value of the latte r should be 
twice the value of the former.) 

If you wish to lengthen the interval 
between characters without changing their 
internal speed, simp ly increase the value of 
CHRSPEED. For instance, if you wish to 
practice copyi ng code, you can set the 
ELESPEED field at the value for 20 wpm 
and the CHRSPEED field to the 5 wpm 
va lue. This will cause 20 wpm characters to 
be sent at 5 wpm intervals. You can tweak 
either speed to any 16 bit value you want 
(except zero), but the value of CHRSPEED 
must never be equal to less than two times 
th at of ELESPEED or the spacing will be 
demolished! 

And It Comes Out Here 

The Morse code generator program is 
designed to output the Morse signals through 
a parallel 10 port. Two different types of 
output are ava il ab le simultaneously: logical 
and oscillating. The logical output cor
responds to the Morse signal as it is broad
cast - the output is high during a dot or 
dash and low in the times between. This 
corresponds to the telegraph key itself and 
may be fed to the transmitter directly or via 
a relay or other driver. The oscillating 
output changes state once every millisecond 
while the logical output is high and is held 
low during the times the logical output is 
low. This output, when connected to a 
speaker, produces a 500 Hz tone and can be 
used as a sidetone or a code practice 
o~cillator . Both types of output can be 
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Listing 2: Various and 
Sundry Drivers. Three dif
ferent driver routines oc
cupy the remainder of the 
assembled code prepared 
by the author. These 
drivers are ASDRIVER, 
SINGLECH, and CODE
PRAC. ASDRIVER is used 
to load a buffer, then cal! 
CWBUFFER to transmit 
the data as Morse signals. 
SINGLECH is a simple 
routine to read a character 
from the keyboard then 
cal! the TRANSMIT sub
routine (bypassing 
CWBUFFER) to output 
that character as its Morse 
equivalent. CODEPRAC is 
a routine used to generate 
a random series of Morse 
data for code practice. 
(Note that the instruction 
at 07 D5 should be patched 
to reference a random 
number routine specific to 
your own computer 
system.) 

produced simultaneously, as seen in figure 3. 
Which of the lines in yo ur parallel port 

are to be used at logica l outputs and which 
are oscillators is determined by the control 
byte labelled INITMASK. For every bit in 
INITMASK which is equal to zero, the 
corresponding bit in the parallel port is a 
logical output. Every bit in INITMASK 
which is in an on state causes the corr'es
ponding line in the output port to osc ill ate, 

I am not a hardware type person; there
fore, I am not goi ng to atte mpt describing 
the interface necessary to take the Morse 
code output of the nonoscillating line and 
transfer it to your ham rig, espec ially since 
every transmitter has its own keying system. 
In a classic copout I say, "It is up to the 
user to take the logical output of the PIA 
(O=key off, +5 V=key on) and get it onto 
the air without blasting the PIA output 
driver." 

Viva Southwest Tech 

This Morse data generator was written for 
a Southwest Technical Products 6800 sys-

Loe 
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tem, which uses the Motorola MC6830L 7 
ROM (MIKBUG Revision 9). A complete 
cross assembly of CWBUFFER is printed in 
listing 1. The program was written to be 
configuration independent, however, and 
will work for any 6800 system having 
programmable memory at locations hexa
decimal 00 to 49, at least 190 bytes of 
programmable memory elsewhere, and one 
PI A. The ASCII to Morse conversion 
subroutine is completely relocatable and 
reentrant, although the main generator 
routines (CWBUFFER and TRANSMIT) are 
not. 

All of the timing loops are calibrated for 
the Southwest Technical Products System, 
which has a 1.797 MHz master oscillator 
crystal. If your clock runs at a different 
speed, you may want to tweak the loop 
constant so that the output of one of the 
oscillating lines is exactly 500 Hz (each 
outer loop of the MILDELAY subroutine is 
supposed to last exactly one millisecond). 
The loop constant is at hexadecimal location 
0160; incrementing or decrementing it by 

CLEAH OUTPUT 
PORT 

LOAD BUFFER ADDRES5 

aRANeH TO A 5UBROUTINE WHICH INPUTS 
AN ASCII CHARACTER AND PLAC<S IT 
INTO ACC A-----FOR SYSTEMS USING 
HIKBUG THIS SUBROUTINE IS LOCATED 
AT HEX 'llAC' IINEEEI ---

NON-HIKBUG SYSTEMS SU8STITUTE A 
COMPAHABLE ROUTINE 

STORE INTO 8UFFER 
INCRE POINTER 
15 THIS A CONTROL C TSTOP BYTEI 
SR IF YES 
IS THI5 AN A5CII LINE FEED? 
BR IF YES 
IS THIS AN ASCII BACK5PACE COMHAND ? 
BR IF NO 
BACKSPACE POINTER 2 BYTES---I FOR 

DA TA BYTE ~ I FOR BACK5PACE CHAR 
CONTINUE 

LOAD AND STORE 
DELIMITER ISTOP BYTE) INTO BUFF 

RELOAD BUfFER ADDRESS INTO INDEX 
CALL CW GENERATOR ROUTINE 
START eYCLl ALL OVER AGAIN 

CLEAR OUTPUT 
PORT 

5TORE ADDRESS OF BUFFER 
INTO START-Of-BUffER POINTER 

CALL A ROUTINE TO GENERATE A I-BYTE 
RANDOM NUMBER 

SAVE ORIGINAL ASCII CHAR 
TES7 FOR VALID CW CHARACTER 
GET ORIGINAL ASCII CHAR 
BR IF NOT VALlD 
LOAD BUfFER POINTER 
5TORE CHARACTER INTO BUfFER 
INCRE POINTER 
5AVE NEW BUffER POINTER 
END OF BuffER OR END OF MEMORY ? 
BR IF NO, GET ANOTHER CHARACTER 
LOAD AND STORE 

DELlHIlER ISTOP BYTE) INTO BUFF 
RELOAD BUFFER ADDRESS INTO INDEX 
GENERATE CW FOR EN7 I RE BUFFER 
CONTINUE 



Table 7: Speed Control Values. CWBUFFER 
uses a 76 bit value, taken from this table, to 
control the basic number of milliseconds 
spent in each dot interval of the generated 
code, and each inter character interval. For 
standard Morse, the values loaded from the 
CHRSPEED column should be double the 
value of the corresponding ELESPEED entry 
of a given code speed. By increasing the 
CHRSPEED values, the spacings between 
characters can be lengthened while pre
serving the timing relationships for the data 
rate loaded into ELESPEED. These values 
are calculated assuming the Southwest 
Technical Products 6800 system is being 
used. For other processors with different 
rates for the master oscillator, a new table 
would have to be calculated. 

one wil l increase or decrease the interval 
which should correspond to a millisecond by 
six machine cycles. If you aren't concerned 
with perfect timing, you can compensate by 
loading different values into ELESPEED and 
CHRSPEED. 

The parallel port address used in the 
program corresponds to the serial control 
interface used by MIKBUG, which is really a 
parallel interface that only simu lates a serial 
interface via software. Connect a small 8 
ohm speaker between connections RO and 
GND on the serial control interface. (Your 
computer will probably be unable to tal k to 
the TVT or Teletype while the speaker is 
attached, due to loading prob lems.) In the 
program turn on the rightmost bit in INIT
MASK to produce the oscillating output. 

There is only one output line normally 
available from the PI A on the Southwest 
Technical Products serial control interface, 
although it separates into two output sys
tems, RS-232 and 20 mA current loop . 
Another line on the PIA's A side is used for 
MIKBUG input, which leaves six lines com
plete ly unused. These lines can be used for 
Morse output if you bring them out via 
jumpers from the backside of the PIA. Of 
course, M I KBUG has designated them as 
inputs in the A side data direction register; 
but if you OR a hexadecimal 7E into the 
DDR, you will reset them as outputs and 
leave the normal MIKBUG lines alone. You 
can use any combination of those lines for 
Morse output. 

Sundry Drivers 

The Morse Code generator program is 
designed to be used as a subroutine. It 
simply takes a character or string of charac
ters in memory and outputs the Morse code 
eq uivalents. It is completely up to the user 

Morse 
code 
rate 

(wpm) 

5 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 
80 
90 

100 
200 
500 

1000 

Value Loaded 
into ELESPEED 

(hexadecimal) 

0006 
0068 
0047 
0035 
0028 
0024 
001 F 
0018 
0015 
0012 
OOOF 
0000 
OOOC 
0008 
0005 
0002 
0001 

Value Loaded 
into CHRSPEED 

(hexadecimal) 

01AC 
0006 
008E 
006A 
0056 
0048 
003E 
0036 
002A 
0024 
001E 
001A 
0018 
0016 
OOOA 
0004 
0002 

as to how this data is input, whether through 
the keyboard, read from tape, generated by 
a random number generator, or conjured up 
by evil spirits. All that is requ ired is that the 
Morse code routine's controls (ELESPEED, 
CHRSPEED, and INITMASK) be set before 
the subroutine is entered, and, if the 
CWBUFFER entry point is used, that the 
index register contains the address of the 
first byte of the string and the stop byte, 
hexadecimal 03, follows immediately after 
the last byte of the string. 

I have included three simple drivers which 
could be used for the 6800: one that 
generates one Morse character at a time from 

Table 2. Special Codes and ASCII Graphics. 
There are several speCial case codes used in 
radio communications with Morse code. 
These are listed at the left with a short 
explanation. A t the right are shown the 
ASCII character graphics and hexadecimal 
codes used by CWBUFFER to represent 
these special case codes. 

To send: Keyboard Entry 

SK End of work '# ' ASCII hexa-
decimal 23 

8T 8reak '&' ASCII hexa-

decimal 26 

AR End of Message '$' ASC II hexa-
decimal 24 

KN I nvitation to transmit, '+' ASCII hexa-
specified station only decimal 28 

AS Wait '-' ASCI I hexa-

decimal 3D 

ERROR CODE (8 dots) 

{ ~EL 
ASCI I hexa-
decimal 21 or 
ASCII hexa-
decimal7F 
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Table 3: ASCII to Morse 
Conversion Table. This 
table lists the relative off-
set, data, assembly lan-
guage text, ASCII equiva-
lent graphics and ASCII 
hexadecimal codes (H'xx' 
for code xx) for each 
character recognized and 
generated by CWBUFFER. 
To find the Morse encoded 
value of each ASCII graph-
ic, subtract hexadecimal 
20 from its ASCII hexa-
decimal value, add the 
difference to the first 
address location of 
ASCWTABL (0 in this 
assembly) and use the 76 
bit result as the address of 
the desired Morse equiv-
alent. Information in this 
table was prepared using 
the author's "SPUCA" 
cross assembler, 

the keyboard; a second that buffers charac
ters until a delimiter character (line feed) is 
encountered, after which it sends out the 
characters it has stored in one brilliant blast 
of precision keying; and a third driver which 
fills up a buffer with random characters, 
then sends them out (for code practice). 
These drivers are shown as li sting 2. 

CWBUFFER, which outputs the CW codes 
in a continuous stream until the end of the 
buffer is reached. Control then returns to 
the driver, which starts loading the buffer all 
over again. When a backspace command 
(Control H, hexadecimal 08) is received, the 
character immediate ly preceding the com
mand is deleted from the buffer. 

The single character driver (SINGLECH) 
lies dormant until a character is entered 
from the keyboard. When the character is 
received, it is passed immediately to 
TRANSMIT and the Morse code is sent out 
the PI A. The driver then goes back to sleep 
until a new character comes in. 

The buffered driver loads incoming 
characters into a buffer in memory until 
either a line feed or ETX (Control C, 
hexadecimal 03) character is encountered. 
When either is received the starting address is 
loaded into the index register, a delimiter 
(ETX) is stored in the buffer after the last 
data byte; and the buffer is passed to 

CODEPRAC, the code practice program, 
fills a buffer in memory with random charac
ters, then passes them to CWBUFFER, 
which sends them out the PIA into your 
speaker (hopefully you have set INITMASK 
so that the line is an osci ll ating output). The 
speed and spacing are contro ll ed by what
ever you have loa~ed into ELESPEED and 
CHRSPEED. 

LOC CODE ,s'l'M'r 

0000 1 
0000 00 2 
0001 FF 3 
0002 02 4 
0003 E8 5 
0004 I\A 6 
0005 00 7 
0006 Bl 8 
0007 DE 9 
0008 ED 10 
0009 ED 11 
OOOA 00 12 
OOOB AD 13 
00 DC F3 14 
0000 El 15 
OOOE EA 16 
OOOF A9 17 
0010 IJF 1cB 
0011 BE 19 
0012 DC 20 
0013 U8 21 
0014 BO 22 
0015 AO 23 
0016 Al 24 
0017 A3 25 
0018 A7 26 
0019 I\F n 
001A C7 28 
001B 05 29 
001C 00 30 
0010 A2 31 
001E 00 32 
001F CC 33 
0020 00 34 
0021 42 35 
0022 81 36 
0023 85 37 
0024 61 38 
0025 20 39 
0026 84 40 
0027 63 41 
0028 80 42 
0029 40 43 
002A 8E 44 
002B 65 45 
002C 82 46 
0020 43 47 
002E 41 48 
002F 67 49 
0030 86 50 
0031 8B 51 
0032 62 52 
0033 60 53 
0034 21 54 
0035 64 55 
0036 88 56 
0037 66 57 
0038 89 58 
0039 80 59 
003A 83 60 
003B ED 61 
003c 00 62 
0030 EO 63 
003E 00 64 
003F FF 65 
0040 66 

This code practice application is where 
the dual speed controls really come into 
play. When a person is first learning code, he 
obviously has to start at an extremely low 
character rate. At this speed, the dots and 
dashes are extremely dragged out and sound 

SOURCE STA1UIENT 

lI.SCWTABL E.UU 
FCB D'OOOOOOOO' SPACE (ASCII IJ' 20' ) 
FCB B'11111111' (ERROR) (ASCII H' 21' ) 
FCB 8'11010010' (ASCII H' 22' ) 
FCD B'11101000' I (SK) (ASCII HI 23 t) 
FCD D'10101010' $ (AR) (ASCII HI 24 I) 
FCD B'OOOOOOOO' NULL (ASCII H ' 25' ) 
FCC 8'10110001' & (UT) (ASCII H' 26' ) 
FCU B' 11011110' (ASCII II' 27 I ) 

FeD B' 11101101' (ASCII IJ' 28') 
FCB D' 11101101' (ASCII H' 29 I ) 

FCB 8'00000000' NULL (ASCII lit 211.') 
FCB B'10101101' + (Kl-i) (ASCII u' 2B') 
FCB D' 11110011' (ASCII HI 2e l ) 

FCB D'11100001' (ASCII HI 2D') 
FeB 8'11101010' 

i 
(ASCII H' 2E') 

FCE 8'10101001' (ASCII }i'2F t
) 

FCD B'lOl11111 ' 0 (ASCII l-i I 30 I) 
FCB 8'10111110' 1 (ASCII lJ 131') 
FCB D'10111100' 2 (ASCII HI 32 I ) 

FCB U'1 0111000' 3 (ASCI! H' 33 I) 
FCD D'10110000' 4 (ASCII lit 34 I ) 

FCb 8'10100000' 5 (ASCII HI 35' ) 
FCD 8'10100001' 6 (ASCII II 136 ') 
FCE B'10100011' 7 (ASCII H' 37 I) 
FCB 8'10100111' 8 (ASCII HI 38 I ) 

FCB 8' 10101111' 9 (ASCII HI 39') 
FCB 8'11000111' (ASCII H' 3A' ) 
FCB B'11010101' (ASCIl H' 38') 
FCB 8'00000000' NULL (A~CII H ' 3C') 
FCB 8'10100010' = (AS) (ASCII HI 30') 
FCD 8'00000000' NULL (ASCII H' JEt) 
FCB B' 11001100' 7 (ASCII HI 3F t ) 

FCB B'OOOOOOOO' NULL (ASCII HI 40') 
FCB B'01000010' A (ASCII H' 41' OR H'61') 
FCB 8'10000001' D (ASCII H'42' OR HI 62 I ) 

FCB 8'10000101' C (ASCII H'43 I OR HI 63 I) 
FCB B'01100001' 0 (IISCII II' 44 I OR HI 64 I ) 

FCB B'00100000' E (ASCII HI 45 I OR 11'65') 
FCB B'lOOllOlOO' F (ASCII H'46' OR H'66') 
FCB B ' 01100011' G (ASCII H'47' OR H I 67') 
FCB 8'10000000' H (ASCII H'4B' OR H I 6S') 
FCB B ' 01000000' I (ASCII HI 49 1 OR H'69') 
FCB B'10001110' J (ASCII HI 4A 1 OR H'6A') 
FCB a'01100101' K (ASCII H' 48 I OR HI 6U') 
FCB &'10000010' L (ASCII H'4C' OR !I'6e') 
FCB B ' 01000011' H (ASCII HI 40 I OR H I 6Dt) 
FCB 8 ' 01000001 ' N (ASCII H' 4E' OR H'6E') 
FCB n'01100111' 0 (ASCII u' 4Ft ORB ' 6F t ) 
FCB 8'10U00110' P (ASCII HISOI OR H' 70' ) 
FCB 8 '10 001011' Q (ASCII HISl' OR HI?l') 
FCB 8'01100010' R (ASCII H'52' OR H'72') 
FCD 8'01100000' S (ASCII HIS)' OR HI 73 I) 
FCB 8'00100001 ' T (ASCII H'54 t ORH'74 1 ) 

FCB B'01100100' U (ASCII H'SS' OR H'7S') 
FCB B '1 0001000' V (ASCII H'56' OR H'76') 
FCB B'01100110' W (ASCII H'S7' ORB'77') 
FCB B'10001001' X (ASCII H' S8' OR HI 78 I) 
FCB B'10001101' Y (ASCII H'59 ' OR H'79') 
FCB B'10000011' Z (ASCII H'5A' ORH'7A') 
FCB 0 ' 11101101' ( (ASCII HISB' OR H '7B ' ) 
FeB B'QDOOOOOQ' NULL (ASCII }lIse' OR H'7C') 
FCB 8'11101101' ) (ASCII H'SD' OR H'70 1 ) 

FCD B ' OOOOOOOO ' NULL (ASCII !-i'SE' OR u'7E') 
FCD B'11111111' DEL U.RROR) (ASCII Ii I SF' OR H'7F') . 

LAS'l'ASCrJ E('U *-ASCW1.'AUL 
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comp letely different than they do at higher 
speeds. The Morse code neophyte should 
really learn to recognize the characters by 
listening to the tota l pattern, not by 
counting dots and dashes. However, speeding 
up the characters also speeds up the charac
ter rate if normal element to space ratios are 
maintained and an entire message has gone 
by while the beginner is still trying to 
recognize the first character. Therefore, the 
idea l situation is to retain the sound of the 
high speed characters and yet increase the 
interval between them. This is accomplished 
by leaving the element speed (ELESPEED) 
the same and increasing the duration of time 
between characters (CH RSPEE D) to what
ever length is desired. 

Anyway, to get back to the code practice 
driver, it will continue to send characters at 
the CHRSPEED rate until the end of the 
buffer is reached, at which time it will 
generate another set of practice characters. 
Unfortunately, the random number genera
tion routine itself is missing. The code 
practice driver was a last minute addition, 
and there was not time to develop one. (The 
program was tested using a kluge substitu
tion.) However, there are severa l d ifferent 
versions floating around. The one you use 
should generate a one byte random number 
and return it in accumulator A. It should not 
destroy accumu lator B or the index register. 
Load the address of the routine in the 
dummy jump to subroutine at hexadecimal 
location 01 D5. The address at location 01 E7 
is the end of buffer address or your maxi
mum memory location. Don't forget to leave 
a place for the random number generator 
subroutine. 

The drivers in th is artic le are very primi
tive, and are designed simply to get you 
running. If your system is a Southwest 
Tech one, you shou ld be able to load all of 
the programs and the table into your system 
exactly as coded (CODEPRAC too, with the 
addition of a random number routine), 
connect a speaker between RO and ground 
on the control interface, load ELESPEED 
and CHRSPEED according to tab le 1, turn 
on the rightmost bit of IN ITMASK, branch 
to the starting address of the driver of your 
choice, and start typing. As you hear the 
speaker sing a 500 Hz aria with perfect 1 to 
3 to 7 spacing, you may reflect that maybe 

0040 ELESPEEO 0042 INIT"ASK 00" 
00,.1 CWPTR 004B C.~UFFER 0100 
UI!f NOTERR 012E COUNTOK 0134 
01" MILOELAY 0156 LOOP2 0161 
Ol1e NOTFNOAS 0lB9 INIIAlAS OIBF 
OI"U NONEEOJ 0lB4 SINGU' CH OIBC 
OIOS BUFFER o IF1 BUFFlNO 1FFF 

programmers aren't such bad guys after all. 
Seriously, the sidetone output is a perfect 
way to ensure that the program is working 
with each of the various drivers before you 
try to tie it into your rig. 

Other 6800 Systems 

For non Southwest Tech 6800 systems, 
the instal lation of the Morse generator pro
gram is not much more difficult. The address 
of the PIA used for the Morse code output 
and that of the input routine are the primary 
concerns. If your system uses MI KBUG, 
which has the single character input routine 
at hexadecimal location El AC and the serial 
contro l interface at hexadecimal 8004, so 
much the better - you shou ldn't have to 
modify a sing le byte. If your configuration is 
different, substitute your own PIA address 
at hexadecimal locations 015D, 0195, 01 CO, 
and 01 CE, and your ASC II input routine 
address at locations 01 C3 and 019B. 

The programs in this article were not 
assemb led on Motorola's assembler. They 
were run on SPUCA (Sewell's Psychedelic 
Universal Cross Assembler), a homemade 
cross assembler which runs on the IBM 370 
and generates code for the 6800 and four 
other microprocessors. Listings 1 and 2, and 
tables 3 and 4 were generated by SPUCA. 

The formats are a lmost identical, but 
there are some minor differences that should 
be pointed out for the sake of clarity . The 
major difference is in instructions using the 
indexed mode of addressing. Motorola places 
the symbol for the index register (X) after 
the operand with a comma in between, 
where SPUCA looks for an I before the 
operand, again with a comma in between. In 
other words, a Motorola indexed instruction 
looks like this: LDA A OPERAND,X and 
one read in by SPUCA is in this format: 
LDAA I,OPERAND. In addition, the pro
grammer must specify expl icitly whether 
direct (base page, one byte address) or 
extended (two byte) addressing is to be 
used. If the extended addressing is to be 
used, the operand must be preceded by an L, 
(for Long). Example: LDAA L,OPERAND. 

Most of the rest of the instructions are 
identical to Motorola's except that my as
sembler has no FCC (Form Constant Charac
ters) directive and no separate co lumn for 
the accumulator I D.-

49 

Table 4: Label Table. This 
table, also prepared with 
the author's cross as-
sembler, gives the address 
(hexadecimal) for each 
symbol in CWBUFFER 
and the sundry driver 
programs. 



In addition to the ADM-3 Dumb Terminal Kit 
we now offer you the complete ADM-SERIES 

ADM-1 FEATURES 

DISPLAY FORMAT: 960 characters ar
ranged in 80 characters per line by 12 lines. 
OPTIONAL SCREEN SIZE: 1920 characters 
on a 12" screen, 80 characters per line by 
24 lines_ 
SCREEN : 12-inch Diagonal, P4 Phosphor_ 
E tched face plate. 
CHARACTER SET: 64 Alphanumeric 
USASC II characters_ 
CHARACTER FONT: 5 x 7 Dot Matrix. 
CURSOR: Reverse Image (Block Cursor) _ 
CURSOR CONTROLS: Skip, Backspace, 
Forespace, Down, Return, New Line, Up, 
Home, Read Cursor, and Cursor Addressing_ 
EDITING FEATURES: Clear Screen, Over
strike, and Absolute Cursor Addressing/Read. 
FIELD PROTECT: Screen formatting of 
protected and unprotected fields displayed 
in dual intensity. 
KEYBOARD: 6G-Key TTY Standard confi
guration with cursor control keys, Tab, 
Home, and Clear keys. 
I NTE R FACE: RS-232 point-to-point. 

Data Rates - 110,300,600,1200, 1800, 
2400, 4800, 9600. 
Parity - Even, odd, one, or zero. 

EDIT OPTION : Character insert and delete, 
line insert and delete (when not in protected 
mode), clear to end of line/field/page, back 
tab, and message mode transmission. 
OPTIONAL: Numeric 1G-key pad with re
turn and decimal. 
TRANSMISSION OPTIONS: Polling-addres
sing, and RS-232 extension. 
OPTIONAL : Serial Printer output. 
SIZE: 12" high x 16" wide x 21" long. 
LOGIC CARD SIZE : 19.2" x 13.3" 
WEIGHT: 45 pounds. 
POWER REQU I REMENTS: 115 Vac, 60Hz, 
100 watts. 

ADM-3 

ADM-2 

ADM-2 FEATURES 

• Fu II 128 ASC II character set 
• 1920 Character display 
• 8 Transmission rates 
• 16 Function keys for 32 commands 
• 8 Status displays on the screen 
• 5 Mode keys lighted 
• 5 Block transmission modes 
• Separate Keyboard - 118 keys 
• 1G-Key Numeric keyboard 
• 5 Separate cursor control keys 
• Dynamic control of Conversation/ Block 

mode 
• Program mode 
• Single key edit operations 
• Page, field, or line edit 
• Security fields 
• Protected fields 
• Blinking fields 
• Dual intensity 
• Field tab 
• Column tab 
• Cursor addressing & cursor read 
• Repeat: Repeat from the keyboard is 15 

characters per second when a key is held 
down. 

• Control Characters: Control characters 
are entered in memory if program mode 
is on or if they are preceded by ESCAP E. 

• Interface: RS-232C point-to-point 
Optional 20mA current loop 
Optional RS-232C extension (multidrop) 
Optional RS-232C to a printer 

• Size : 12" high x 20" wide x 24" long 
• Weight: 50 pounds. 
• Power 115 VAC, 60 Hz, 120 watts. 

ADM-1 

ADM-3 FEATURES 

• Full- or half-duplex operation at selecta
ble data rate (75, 110, 150, 300, 600, 
1200,1800,2400,4800,9600, or 19,200 
baud) 

• 20mA current loop and E I A standard 
RS-232C interfaces 

• Extension RS-232C interface port for 
hard copy printer, magnetic tape recor
der or additional data terminals 

• 59-key keyboard 
• Bright, high contrast characters displayed 

in the familiar 5 x 7 dot matrix 
• Bottom line data entry w i th upward page 

scroll 
• End-of-line audible tone 
• Options: 

24-line display 
Numeric keypad 
"Answer Back " capability 
I ndependently selectable 
Transmit and receive ~ates 

Data Entry 

New data enters on bottom I ine of screen; 
line feed causes upward scrolling of entire 
display with top-of-page overflow. 
Automatic new line switch selectable 

Refresh Rate 

60 Hz standard ; 50 Hz with input power 
option 
Switch selectable 

• Compact size: 15)1, " x 19" x 12)1," 
• Weight: 25 pounds. 
• Power 115 VAC, 70 watts. 



STEP UP TO DEC 

PDP 11/ 03-LSI-ll Central Processing Unit 

LSI-ll has .... . . . 

4 K X 16 random access memory 
16 bits I/O port DMA port 

Power Fail /auto restart 
Real time clock input 

Automatic priority i nterru pt 

Vector interrupt handling 

PDP 11/03 

THE COMPLETE MICROPROCESSOR SYSTEM 

IMSAI 8080 Microcomputer 

POWERFUL. EASY TO USE. LOW COST 

Pl ease ru sh me the following item s 

o ADM-3K (Kit) (24 X 80) 

0 ADM-3 Assembled (12 X 80) 

0 ADM-3 Assembled (24 X 80) 

0 ADM-2 Assembled (24 X 80) 

0 ADM-l Assembled (24 X 80) 

Self contained version, with power supply, front panel 0 IMSAI 8080 Microcomputer (Kit) 

switches, rea l time clock, card cage, including CPU & 4 K 0 LSI-ll 

$ 849.95 

$ 949.95 

$1099.95 

$2295.00 

$1429.00 

$ 559.95 

$ 840.00 

RAM . 0 PDP 11 /03 

DISCOUNTS ON OTHER 
IMSAI products, Lear Siegler Termin als and 

DEC components . 

We have the Z-80 also. 

193-25 JAMAICA AVE. 
H OLLIS, N. V. 11432 

(212) 468-7067 (9 AM - 5 PM) 

o DECWRITER LA 36 1130 cps printer 

o Z-80 

o 8 K low power RAM board 

$1 769.95 

$ 242.00 

$ 279.00 

------------------------------------------, 
Enclosed is my . . . 

o Cashiers check 

o Money order 

o Personal check 

o Master Charge 

AUTHORIZED DISTRIBUTORS 

$100 dollar deposit 
required for COD 

Name ________________________________________ ~ 

Address ______________________________________ -; 

City _______________ State _____ Zip-__ ----i 

New York res idents add 8% sales tax 
~-----------------------------------------~ 



A Morse Code Station 

Data Handler 

For so me time, there has been a need in 
amateur radio fo r a machine that could both 
decode and generate Morse code; in addi
tion, the decoder had to be capab le of 
automatica ll y tracking vary ing received code 
speeds. Although Morse code keyboard s 
have been aro und in the amateur rad io fie ld 
for some time, decoders have not been so 
readily ava il ab le. Since hardwired logic can 
be diffi cult to mod ify, I decided to im ple
ment the coder and decoder in software. 
Since a low price was desirab le and high 
perform ance was not required, I used Digital 
Equipment Corporation's MPS Starter Set. 
This is an Intel 8008-1 based product which 
DEC has been marketing to the co mmercial 
world . This articl e desc ribes my implemen
tation using MPS. 

Implementation 

The main program consists of a few 
subroutin e ca ll s to the main tasks, as show n 

Listing 7: Monitor Entry and Supervisor Main Task. This listing shows the 
symbolic assembly language representation of the outer loop of the Morse 
code program. The detailed assembly is found in listing 2 along with the rest 
of the program. 

RESTRT, CAL 
CAL 
CAL 
LHI 
LLI 
XRA 
ADM 
JFZ 
CAL 
CAL 
JMP 

INPEND 
KYBD 
PNTR 
CMMND t 
CMMND 

CMMNDR 
IDLE 
OUTPUT 
RESTRT 

try code input line; 
try the keyboard task; 
try the printer task; 
test the mode byte; 

zero the A reg and fl gs; 
mode byte to A reg and figs; 
enter command mode; 
non command character feedthrough ; 
anything morse to output? 
and loop (?) along; 
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in listing 1. As can be seen in the source 
code of the monitor, there are two principal 
routines that prov ide for Morse input and 
output ; these two routines are INPEND and 
OTPUT respect ively. The other rouLin es 
within the main modules provide house
keep ing and data manipulation for these 10 
drivers. 

It should be noted, on consul ting the full 
program li sting, list ing 2, that there are two 
data tables: an ASC II tab le and a Morse data 
table. The only restrictions on mod ifying 
these tables are that both tables be the same 
size and in the same seq uence. For instance, 
the ASCII tabl e could be changed to reflect 
a non-ASCII code so that th e console could 
be other than an ASCII term inal. 

Principle of Code Manipulation 

A search of published literature avai lable 
at the time this program was created showed 
an exce ll ent method of representing Morse 
code in memory, particul ar ly in eight bit 
wide memory. This method, found on page 
13 of the July 1975 QST magazi ne, was 
adopted here for internal representat ion of 
Morse code. Binary ones represent dashes, 
binary ze ros represent dots and a final 
binary one closes the character. For in
stance, the Morse character B(- 0 00) would 
be represented by the octal number 210 
(binary 10001000). Note th at the binary 
strings are left jl,l stified with trailing zeros. It 
can be seen that if this representatio n is to 
be used to generate a Morse character B, the 
bit string should simpl y be shifted out to the 
left with each bit interpreted as a dash or a 



Figure 7: Flow Chart De
tail of INPEND, the Morse 
code input service routine. 
This routine, beginning at 
address 24/034 in listing 
2, is responsible for track
ing and adapting to the 
variations in speed of 
human generated Morse 
code inputs. This routine 
also detects end of charac
ter and end of word gaps 
between Morse inputs. The 
character outputs are 
translated and sent to the . 
printer buffer maintained 
by the program. 

dot until a final result in the shift register 
is 200 octal. Thus 200 octal remaining in 
the processor's accumulator is used to sig
nify the end of a character. 

To transmit an ASCII keyboard character 
out in Morse code, all that is required is to 
look up the ASCII character in the ASCII 
table and compute its relative location with
in the table. Once the relative location is 
calculated, it is necessary to look in the 
Morse table in the same rel ative location and 
pull the Morse equivalent of the ASCII 
character out of the table. Once this code is 
available, it is loaded into a register and 
shifted out to the left as dashes and dots 
until the register contains octal 200. Con
versely, data being received in Morse code 
starts a character by preloading of a register 
with octal 200 and then the shifting in of a 
bit at a time of dash and dot information in 
ones and zeros. When an intercharacter delay 
time is finally recognized, the character is 
considered "closed" and the data that is in 
the register is left justified and looked up in 
the Morse code table. When it is found in the 
Morse code table, the same relative address 
within the ASCII table contains the ASCII 
character equivalent. (See figure 1 for a flow 
chart of the code input service routine.) 

Morse Code Speed Determination 

When code is being transmitted by the 
program, the code output speed is selected 
by a keyboard control sequence. This con
trol sequence consists of the escape (ESC) 
key followed by a 'W' and then a second 
character obtained from table 1. Once the 

INITIALI Z E 
"INCHAR" 

KEY 
DOWN 

P 

YES 

UPDATE 
TIMER 

SPEED UP 
CODE RATE 

NO 
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YES TIMER NO 
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SHIFT A 
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PUT SPACE 
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KEY UP 
? 

YES 
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TIMER 

NO 
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SHIFT A 
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p 

YES 

LEFT JUSTIFY 
-INCHAR· 

AND TRANSLATE 

PUT INPUT 
INTO 
PRINTER 
FIFO 

SLOW DOWN 
CODE RATE 



Table 7: The list of ASCII 
character graphics and 
their equivalent speed set
tings when used with the 
speed change command. 
The command sequence is: 
escape character, W, speed 
character. Thus the se
quence escape, W, + sets 
the speed to 7 B words per 
minute. 

Speed Rate 
Character (wpm) 

SP 120 
89 
63 

# 48 
$ 44 
% 37 

27 
22 

+ 18 
I 14 
3 12 
> 7.6 

7.2 

Software Availability in Machine Readable Form 

The software for this program in source and 
binary form has been submitted to the DECUS 

, library . DECUS is the Digital Equipment Corpora
tion User's Society, managed by a board of 
directors composed of DEC equipment users. Free 
membership in the society is open to users of DEC 
equipment. The group periodically publishes 
indices of currently availab le programs with 
abstracts. 

The documentation for this program is listed 
under the number 8-801 . Since it is expected that 
some users will want to modify this program, the 
source in ASCII is available on paper tape from the 
DECUS library . To order copies of the ASCII 
source tape or the binary tape, write to: 

Program Libarian 
DECUS 
146 Main St 
Maynard MA 01754 

as of the time of writing, the following prices 
apply: 

8-801 
8-801 
8-801 
8-801 

Binary paper tape $2 
ASCII source paper tape $8 
DECUS writeup $1 
Assembly listing $10 

output speed is selected by th is method it 
will remain constant until a new value is 
selected. 

Since the DEC M 7341 processor card uses 
a variable speed clock, table 1 is calculated 
assum ing that the clock be operated at the 
same speed as the clock on the author's 
system. If the clock for the processor on 
which the software is running is operated at 
a different rate, then table 1 must be 
recalculated. 

If it is desired that the user's clock be set 
at the same speed as the clock found in the 
author 's processor, a method of calibrating 
the clock is offered here: If the program is 
set up to transmit a sequence of dots, for 
instance the character "five" which is five 
dots sequentially, a string of "fives" will 
generate five dots followed by three dot 
times between characters, five more dots for 
the next "five" and so on. This, in considera
tion with the equat ion: 

Speed (wpm) = dots per minute 
25 

2.4 * dots per second 

can be used to compute the effective code 
rate in words per minute. 

The code input speed is never actua ll y 
calculated but instead a rather heuristic 
tracking technique is used to update what 

Photo 7: The Digital 
Equipment Corporation's 
MPS starter set used by 
the author for running the 
Morse code program. Fur
ther detail of the central 
processor board is shown 
in photo 2. 

Information about the Hardware Used 

This program is designed to generate and 
decode Morse code. Although the program is 
intended to be executed on Digital Equip
ment Corporation's MPS M7341 it should 
also execute on almost any I n~el 8008-1 
based microprocessor with only slight mod
ification. Photos 1 and 2 are supplied by 
Digital Equipment Corporation. 

The following literature is avai lable from: 

Photo 2: The Digital 
Equipment Corporation 
M7347 central processor 
board. The B008 processor 
is soc/?eted at the lower 
right. This board also in
cludes a UART for serial 
interface and the random 
logic needed to buffer and 
drive an 800B. 
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Digital Equ ipment Corporation 
Communications Services 
444 Whitney St 
Northboro MA 01532 

General Interfacing Techniques for the 
M7341 Microprocessor Module 

Interfacing The TU60 to the MPS M7341 
Microprocessor 

M7341 Processor Module Data Sheet 
M7344- YA, - YB, - YC Read-Write Memory 

Module Data Sheet 
M7345 Programmable Read Only Memory 

Data Sheet 
M 7346 External Event Detection Module 

Data Sheet 
M7328 Evoke Decoder Module Data Sheet 
M1501 Bus Input Interface Module Data 

Sheet 
M1502 Bus Output Interface Module Data 

Sheet 
Logic Handbook 
KMPOIA Microprocessor Series (MPS) Pre

wired Backplane Appl. Note 
MR873 Microprocessor ROM Programmer 

Product Bulletin 
1976 Direct Sales Catalog 



the processor " judges" the current code rate 
to be. Therefo re, the processor arb itrar il y 
selects the initial code speed to be abo ut 15 
words per minute and , if it deems that the 
input code speed is other than that, a change 
will be made in the appropriate directio n 
until the processor is able to synchronize 
against the incoming code speed. At thi s 
time, small changes in the code rate will be 
made to insure that the code speed remains 
within the tracking range. In ad di t ion to 
decoding the dot and dash times, the pro
gram must also be ab le to decode the times 
between characters, between sy mbols and 
even at the end of sen tences. Additionally an 
arb itrary time is se lected which is deemed to 
be an end of message; these times are set to 
be a funct ion of a dot time. Thu s, as the 
processol' works to sy nchro ni ze the code 

GET NEW 
KEYBOARD 
INPUT 

PUT NEW 
CHARACTER 
IN MESSAGE 
BUFFER 

DELETE LAST 
CHA RACTER 
OF MESSAGE 
BUFFER 

YES 

speed, all that is requ ired is to keep track of 
a counter wh ich rep resents the length of a 
dot. If the dot time is increased, thus 
decreasing the code speed, all the other 
times will be affected in a similar direction. 

Keyboard Monitor 

In general, characters typed on the key
board are immed iate ly translated to the 
Morse code bit string and then transmitted 

OPEN 
MESSAGE 
BUFFER 

CLOSE 
ME SSAGE 
BUFFER 

COpy MESSAGE 
BUFFER INTO 
OUTPUT 
BUFFER 

YES 

GE T NEW 
KEY INPUT 

NO 

YES 

COpy MESSAGE 
BUFFER INTO 
PRINT BUFFER 

COpy ME SSAGE 
BUFFER INTO 
OUTPUT 
BUFFER 

SE T NEW 
SPEED FR OM 
INPUT 

Figure 2: The command 
in terpreter routine, 
CMMNDR, represented as 
a flow chart. The com
mand in terpreter is de
signed to test for the 
several commands possible 
and take appropriate 
actions. The commands in
clude exiting the com
mand mode, loading the 
message buffer, printing 
the message buffer, send
ing the message buffer out 
as Morse code, testing the 
Morse code output by re
peatedly sending the mes
sage buffer and changing 
the speed of the machine 
generated Morse code out
puts. 

YES KEYBOARD \4----< FIFO EMPTY 
? 

ERROR 
MESSAGE 

'? ' 

NO 

55 



Figure 3: The keyboard 
service routine, KYBD, 
specified as a flow chart. 
This routine is simple: 
Look at the UA RT and see 
if data is available. If so, 
then stuff the data into 
the I? eyboard input buffer, 
or ring the bell and ignore 
if the buffer was full. 

Figure 4: The printer ser
vice routine, PNTR, speci
fied as a flow chart. This 
also is very straightfor
ward: Look at the VART 
and see if it is ready to 
transmit. If so, then if the 
printer buffer is not empty 
send a character to the 
VA RT and remove the 
character from the printer 
buffer. 

UART 
DAT:B~~AIL- >-N...;;.O _________ ---. 

? 

KEY-
BOAFRuDL~IFO ;r-Y_ES ____ ---. 

? 

NO 

PUT CHAR 
IN FIFO 

out in Morse code. There are some special 
commands interpreted as shown in fi gure 2 
to modify this normal mode: 

• < ESC> L is used to reload the 
message buffer until an escape 
«ESC». (LOAD command) 

• < ESC> is used to return to normal 
keyboard mode. (EXIT command) 

• < ESC> P causes the message buffer 
contents to be printed . (PRINT com
mand) 

• < ESC> S is used to sh ip the message 

;I~~N~J~TY >-YE::..;S'--___ .... 

? 

NO 

PRINT A 
CHARACTER 

DELETE CHAR 
FROM FIFO 

56 

buffer out, translated in Morse code. 
(SEND command) 

• < ESC> T is a test to do < ESC> S 
until an escape is typed. (TEST 
command) 

• <ESC> W loads a new rate constant 
for WPM output. A character obtained 
from table 1 sets the rate, and should 
follow the W. (Speed change 
co mm and) 

• The delete (rub out) can be used in a 
buffer load ing mode to remove pre
vious characters back to the beginning 
of the buffer. 

Software Buffer 

This program uses overlaid 10 to allow 
several operations to be done at the same 
time. First in, first out buffering is imple
mented to keep track of data transferred 
from or to the buffer locations. Four effec
tive sources or destinations are involved: the 
message ho lding buffer, the code output 
buffer, the keyboard buffer (see figure 3 for 
the keyboard buffer service routine), and the 
printer buffer (see figure 4 for printer buffer 
service ro utine). Each buffer uses its first 
location as a byte count of the number of 
locat ion s occupied by valid data . Since this 
is an eight bit machine, and single precision 
arithmetic is used, it is obvious that the 
maximum number of available data locations 
in a buffer can not exceed octal 377; any 
attempt by the user to exceed octal 377 
locations or to exceed the maximum buffer 
size results in an error due to buffer over
flow. When the program senses a buffer 
overflow condition, the terminal bell (or bell 
indicator) will be rung and the character that 
would have caused the overflow will be 
ignored . Since the user may choose to 
modify the sizes of these buffers, the fol
lowing advice is offered: The message buffer 
should be as large as practically possible, 
followed by the keyboard buffer and then 
the printer buffer in priority. 

Hardware Configuration 

Th is piece of software has been designed 
and constructed so it can operate without 
modificatio n on DEC Logic Products Starter 
Set 1 (KMPOl based). This starter set con
tains adequate memory, hardware, and inter
facing to allow the software to execute 
properly . When executed on the starter set, 
the least significant bit of the input byte 
from input device 2 is used as the sense line 
for code input. The entire byte on output 
device 4 is used for code output (any 
particular bit on this output channel may be 

Text continued on page 70 



Listing 2: Complete Assembly of the Morse Code Program for an 8008. This listing was prepared using a cross assembler 
available to the author at Digital Equipment Corporation. The listing is reproduced here in its entirety, with an absolute origin 
picked for the hardware available to the author. The listing is well commented and includes a symbol table found at the end. 

20 120 056 
026 

20 122 0 66 
0 .. 

/1 THIS PROGRA M, CONS I ST ING OF A N\OH SE CTION OF 
ISUBRQUTI NES & HAINLINE TA SKS AND A RAM 
ISEC1I ON OF BUFFERS. GE NERA TES AN D OECODES MORSE CmtE. 

I fHE [lECOOING SECTION 16 DESIGNE[I TO [IE SELF TRACK ING 
l AS TO CHANGING S PEEDS. DUE TO THI S S EL F TRACKING 
I FEATURE . A FEW I L LEGAL CorlES HA Y BE DECODED AS THE 
/PROGRAH ArTEHPTS fa LOCK ONTO THE INPUT CODE SPEE D. 

I THIS PROGRAM IS DESIGNErl TO RUN ON THE INTEL 8008-1 BASED 
I MPS S ' AR TER SET AVA rl. ABLE FROM THE [lEC COMPONENTS GROUP. 

/ WRITT EN 1-29-76 BY BRUCE FILGATE OF COHF'ONENTS 
I APPLI CATlDNS ENG I NE ERlNG AT DIGITAL EOUIPHENT 
I CQRPORATHIN IN MARLDOUGH MASSACHUSETTS FOR THE 
ILOG I C PRODUCTS HPS PRODUCT LINE 

/ WE IG HTING I S 1 [lASH TO 3 [lOTS. 

I JUST A FE W WORDS ABO UT THE STACK STRUC TURE ••••• 
ITHE STACKS USE THE FIRST L OCATION AS A COUNT OF THE 
I NUMBER OF OTHER USED LOCATIONS IN THE STACK. 

ITHE LSB OF THE I NPUT BYTE FROH I/O CHANNEL . 2 IS RESERVED FOR 
I THE SENSE LINE FOR CODE INPUT. 

I THE [lYlE ON I/O CHANNEL -14 I S USED FOR CO DE (JUTF'UT 

IKEY SENSE FOR CO DE INPUT AND OUTPUT I S GROUND FOR KEY [rOLrJN 
IC ONDITION AND LOGI C HI GH FOR THE KEY UF' CONDITION. 

1****************************************** 
/ 
I PROGRAH SHOULD BE STARTEI' AT STRT 

PROGRAH HAY BE RESTARTED AT RE SlRl 
I 

1* * ** * * ** * * * * * * * ** ** * ** * ** * * * * ** * * ** * * ** ** * 
I THE TERHINAL BELL WI LL BE RUNG WH ENEVER A liUFFER 

I OVERFLOW IS CAUSHI BY THE USER. THE CHAR 
I THAT WOULU HAVE CAUSHI THE OVERFLOU I S TRAPPED 
lA ND DELETED. 

INORHALLY THE KEYBOAR[I t lA TA I S TRAN SM IT TED OUT TRANSLATED 
I f.!UT ALl HODE (ESC) KEY USED FOR SPECIAL COMHANDS . 

IL ::RELOA D THE MESSAGE BUFFER UNTIL ESC 
IESC=RETURN TO NOR MAL MODE 
I F' =F'IH NT THE MESSAGE BUFFER CON TENTS 
IS=SHIF' THE MESSAGE BUFFER TRANSLATED 
I T= TEST BY DOING 5 UNTIL AN ESC I S TYPED 
I W=LOAD BAUD CONST ANT FOR WPM OUTF'u r 

I SP 1 2 0 WF'M 
8. 
63 
.8 .. 
37 
27 
22 
18 
14 
12 
7 . 6 
7.2 

l AND THE DELETE <RUBOUT> KEY I S USED TO EDIT BUFFER AS 
l lolElL AS REPRESENT THE ERROR CODE IN THE IMMEDIATE MODE. 

I NEED A FEW MORE INSTRUCTIONS HERE ••• 
OPDEF SENSE ;1 05 ; 0 I READ THE SENSE lINE 
OPOEF READ;101;0 ISERIAL I NPUT 
OPDEF PRINT; 121;0 ISERIAL OUTPUT 
OPDEF STATUS;103 ; 0 ISERIAL STA TUS 
OF'DEF OUTPUT; 131; 0 IENCDDED OUTPUT 

IBUFFER SIZE SET UP 
HSGSZ=377 I HESSAGE HOLDING 
ErUFOUT=60 leODE OUTPUT 
BUFSKY=377 IKEYBOARD 
ErUFSPN=60 IPRINTER 

I TERHINAL DEPENDENT 
UIDTH= 110 
CR=15 

CONSTANTS 

LF = 12 
W= 127 
ERCHAR=7 
[SC= 175 
L = 114 
P= 120 
S== 1 2:~ 

T= 12 4 
ESCSYM=44 
OUEST=77 
DELETE=177 
DELSYM==134 
ETX=3 
C:: I03 
UPARRO=136 
BlANK==40 

*201120 

I PRINTER WIDTH IN OCTAL 
ICAR RET CHAR (ASC I I CR= 1 5 
I UNE FEED CHAR (ASC II LF=1 2) 
I LOAO NEW SPEED CONSTANT ( ASCII 101 =127 ) 
I CONSTANT FOR ERROR CHAR ( ASCII BEL :: 7) 
I ENTER COHM AND HODE ( AS CI I ESC= 175) 
I lOAD HESSAGE BUFFER (ASCII L = 114 ) 
I PRINT THE MESSAGE BUFFER ( ASCII P= 120) 
I TRANSLATEISEN[I MESSAGE (ASCI I 5 = 12 3) 
ITEST DO 5 UNTIL ESC TYPED (ASCII T= 12 4 ) 
I ECHO A • FOR ESC 
IOUESTION MARK FOR BAD COMMAND 
I CHAR THAT REPRESENTS THE nElETE 
IPRINTABLE CHAR FOR A DELETE 
ICONTROL C EX I T TO STRT , 
IREOUIRED TO ECHO ETX, - C 
I REOUIRED TO ECHO ET X r -C 
I ASCII SPACE CONSTANT 

1ST ART UP TIHE HOUSEKEEPING 
STRT, LHI HSSGBF'" I CLEAR THE MESSAGE BUFFER 

LLI HSSGBF 

57 

20 124 370 
20 125 056 

024 
20 127 066 

3 01 
20 131 0 7 6 

03~ 

20 133 106 
0 46 
021 

20 136 076 
035 

LM 
LHI 

LLI 

LMI 

CAL 

LMI 

BAUD- 15ET OUTPUT BAUD AT ABOUT 15 IJF'H 

SAUlt 

35 

INCLH I LIKEIolISE IJ ITH INPUT BAUD 

35 

20 140 250 STRTl, XRA I RES TART FOR ~C AND CL EAR THE A REG 
KYFIFO- ICL EAR THE KYBD CHAR COUNT 20 141 056 LHI 

024 
2 0 143 066 

305 
20 145 37() 
2() 146 056 

025 
2() 150 066 

364 
2 0 15 2 370 
20 153 056 

024 
20 J55 066 

275 
2 0 157 370 
20 160 106 

046 
021 

20 ,11.13 ~570 

20 164 056 
025 

20 166 066 
304 

20 1 70 3 7 0 
2 0 17 .1 1 3 1 

LLI 

LMA 
LHI 

LLl 

LMA 
LHJ 

LLI 

LMA 
CAL 

LMA 
LHI 

KYF IFO 

OTFIFO~ leLEAR THE OUTPUT BUFFER 

OTF IrO 

CHMND~ I.TNITIALIZE THE HODE BYTE 

CHMND 

T NCLH I I N I T THE CHAR COUNT 

15ET FOR CRLF INITIALI ZATION 
F'NFIFO r

, IINITIAlIZE THE F'RI NTER CHAR CNT 

LLI F'NFIFO 

L MA IZERO PRINTER CHAR COUNT 
OU TPUT I CLEAR THE TONE AND OTHER !:i I rs 

I /"I ONITOR ENTRY AND SUPERVISOR MAIN TASK 
20 172 106 RESTRT . CAL I NFoEND ITRY CODE INPUT LINE 

034 
02 4 

2 0 175 106 
227 
0 22 ' 

20 2 0() 106 
316 
0 22 

20 203 056 
024 

20 205 066 
275 

20 207 250 
:W 2 10 207 
2 0 2 1 1 110 

150 
02 1 

20 2 14 106 
360 
023 

20 2 17 106 
230 
023 

20 222 104 
172 
0 2 0 

cnl 

CAL 

LHI 

LLI 

XRA 
ADH 
JFZ 

CAL 

CAL 

, IM P 

KYBD ITRY THE KEYBOARD TA SK 

PNlR I TRY THE PRINTER TASK 

CMMND~ I T£S T THE HODE BYTE 

CHMND 

IZERO THE A REG AND FLGS 
I HOOE BYTE TO A REG AND F"LGS 

CMMNDR IENTER COHHAN[I HODE 

10LE I NON COHMANn CHARACTER FEf[tTHROUGH 

OTPUT I ANYTHING MORSE TO OUlF'UT '? 

RESTRT l AND LOOP (?) ALON G 

I A5CII TABLE OF DATA 
20 225 101 ASClAB, BLOCK 32; IOU 1 

102 
I A THROUGH Z 

103 
10. 
105 
106 
107 
110 
111 
11 2 
113 

"' 115 
116 
11 7 
1 2 0 
121 
122 
1 2 3 
1 2 ' 
1 25 
126 
1 27 
130 
131 
132 

20 257 06 1 
062 
063 
06' 
065 
066 
067 
070 
071 

20 270 060 
20 271 055 
20 272 056 
2 0 273 054 
20 2 74 077 
20 275 057 
20 276 072 
20 277 050 
20 300 051 
20 301 047 
20 302 042 
20 303 012 

20 30"' 012 
20 30:5 073 

BLOCK 

DA TA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

DATA 
ASCEND, DATA 

11 ;61; 1 1 1 THROUGH 9 

60 1 0 
55 1 -
56 I. 
54 ;, 
77 11 
57 ISLASH 
72 I : 
50 I( 
51 /l 
47 I' 
4 2 1 ° 
12 l END OF MESSAGE (CR/L F> 

12 l END OF WORK (CR/lF) 
73 If 



AN 
EDUCA TIONAL 
EXPERIENCE ... 

THE FD-8 FLOPPY DISK SYSTEM is designed for use with 8 bit 
microcomputer systems including the ALTAIR 8800, IMSAI, and 
SWTP 6800. JUST COMPARE THESE FEATURES: 

• Full sector buffering for both read and write operations. 
• Both single and double density models available. 
• Up to 4 drives may be daisy-cha ined together. 
• Complete software documentation for MSI-FDOS and disk driver routines 

provided for 8080 and 6800 syster;ns. 
• Resident I/O software for disk operation of assembler/editor. 
• Easy interface, just two 8 bit parallel I/O ports required, or one PIA chip! 
• Furnished complete with cabinet, power supply, drive, controller and cables. 
• LOW COST, only $950.00 for this introductory offer. 

THE MSI PROM/RAM BOARD WITH SYSTEM MONITOR 
SOFTWARE-for use in ALTAIR and IMSAI systems. 
Free yourself from the drudgery of keying in bootstrap programs on 
front panel switches. Our monitor software contains all the common 
bootstrap loaders for assembler/editor software as well as basic. 
Just examine the proper starting address and press run! That's all 
there is to it! The monitor software takes over and all further selection 
of programs Is done via your terminal. The monitor contains many 
other time saving features which will allow you to program and 
debug with ease! 

• Examine and change memory contents using either octal or hex as desired . 
• Dump and reload your programs to either paper tape or cassette using either hex or BNPF formats as desired . 
• Execute user's program at any desired starting address. 
• Trap functions display register contents at desired breakpoint s inserted in user's program. 
• List programs on your terminal. 
• Look function scans a specified page of memory for a desired value or instruction displaying all memory 

locations where it Is found . 
• Relocator which moves a program from one area of memory to another, changing reference values. thus 

allowing the program to run in its new location . 
• Disassembler p r ogram which processes object code resid ing in memory displaying mnemonic with 

arguments, addresses, location values, and ASCII representation If applicable. 
• Board accepts 15 1702A ROMs providing 3,840 bytes of 

Read-Only-Memory. 256 bytes of scratch pad RAM 
allow monitor software to be operated without the 
utilization of exist ing system memory. 

PROM/RAM Board complete less PROMS . ... .... . . $ 95.00 
Software listings only . ... . ..... . . . . . .. . ... . .. .. .. $ 45.00 
PROM/RAM Board complete with 
1702A PROMS containing monitor software . . .. .... $245.00 



MSI introduces two versions of 6800 BASIC 
for use with our new low cost DOUBLE DENSITY floppy disk system AND ... 

Other BASIC products which will give you everything you ever wanted 
in a microcomputer system ... for less. 

THE 6800 LEARNS THE BASICS . .. AT MSI, We needed a flexible programming language for 
our 6800 based data acquisition systems. That's why we developed MSI BASIC. Its many 
outstandil"'g features will help you get the most out of your 6800 systp.m: 

• Full floating point arittimetic capability, decimal based for increased precision . 
• Handles strings, subroutines, arrays, and multiple statements per line. 
• User defined verbs. 
• Operates from ROM or RAM and is relocatable anywhere In memory. 
• Compatible with MSI-FOOS software and FO-8 floppy disk system. 
• Available in 5K and 12K ve r sions . 

MSI Software Products: 

5K 6800 Basic . . ......... .. . .... .... .. . 545 .00 
12K 6800 Basic . .... .. ....... ......... . 565.00 
Both Versions .. . ... .. .. . ..... ......... . 585.00 
Relocating loader program .... . ......... S 15.00 
Disassembler program . .. ...... .. ... . . . . S25.00 
1K Mini Assembler program . ........... . S25.00 

Additional Products for the SWTP 6800 
WIRE WRAP BOARD 
Accepts 40 pin , 24 pin, 16 pin and 14 pin sockets as well as discrete 
components . Contains 7805 on-board regulator for + 5V power bus. 
Plugs into the SWTP 6800 mother board . Price 5 25.00 

PROM/RAM BOARD 
Contains 3 ,840 bytes of 1702A ROM and 256 bytes o f RAM on one 
board . May be used to contain MSI-FOOS software and scratch pad 
area . Price 595.00 

Master Charge 8: BankAmericard order accepted. 

WHO IS MSI? 
For the past 6 years MSI has been a leading manufac

turer of microcomputer data handling systems for medical 
laboratories, so we're not new to the business. Four years 
ago we introduced the first floppy disk system for program
mable calculators, which is still in production today. We 
manufacture CRT terminals, PROM programmers, and a 
large selection of instrumentation interfaces. 

For more comprehensive product information, write 
MSI at the address below. Incident<;llly, our products are 
ready for immediate delivery. 

220 WEST CE D AR. OLATHE. KAN S AS 66061 
PHONE 9 13 764 -3 2 73 • TW X 910 74 964 03 (M SI OLAT) 



I HORSE TABLE:1=[lASH.0= DOT.WITH A 1 TO EN[I THE CHAR 
20 306 
20 307 
20 310 

140 HORTAB, DATA 140 IA 
210 DATA 2 10 IB 
250 [lATA 250 IC 

20 311 220 
2 0 312 100 
20 313 050 
20 314 320 
20 3 15 010 

20 316 040 
20 317 170 
20 3 20 260 
20 321 110 
20 322 3 4 0 
20 323 2 4 0 
20 324 360 
20 325 150 

20 326 330 
20 327 120 
20 330 020 
20 331 300 
20 332 060 
20 333 030 
20 334 160 
20 335 230 

20 336 270 
20 3 37 310 
20 340 17 4 
20 341 074 
20 34 2 03 4 
20 343 014 
20 344 004 
2 0 345 204 

20 346 304 
20 347 344 
20 350 364 
20 351 374 

20 352 206 
20 353 126 
20 354 316 
20 355 062 
20 356 224 
20 357 342 
20 360 266 
2 0 361 266 
20 36 2 172 
20 3 6 3 11 2 
20 364 124 
20 365 026 
20 3 66 252 

20 367 
20 370 
20 371 
20 372 

20 375 

307 
021 
'27 2 
150 
011 
021 
004 
001 

20 377 3 70 
21 000 206 
21 001 360 
21 002 100 

006 
021 

21 005 050 
21 006 371 
21 007 250 
21 010 007 
21 011 004 

001 
21 013 007 

21 014 307 
21 015 024 

001 
21 017 370 
2 1 020 104 

036 
021 

21 023 106 
046 
021 

21 026 327 
21 027 106 

052 
021 

DATA 
DATA 
[lATA 
DATA 
DATA 

DATA 
[lATA 
DATA 
[lATA 
DATA 
[lATA 
[lATA 
DATA 

[lATA 
[lA TA 
DATA 
DATA 
DATA 
[tATA 
[tATA 
[tA TA 

DATA 
[lATA 
[lA TA 
DATA 
[ tAT A 
[lATA 
[lATA 
DA TA 

DATA 
DATA 
[lA TA 
DATA 

[tATA 
[lATA 
DATA 
DATA 
DATA 
[lATA 
[l ATA 
[lATA 
[lATA 
DATA 
[lATA 
[lATA 

MOREN[I, DA TA 

220 
100 
SO 
320 
10 

40 
1 70 
2 60 
110 
340 
2 40 
360 
150 

330 
120 
20 
300 
60 
30 
160 
230 

270 
310 
1 7 . 
7 4 
34 
14 

204 

30. 
344 
364 
374 

206 
126 
3 16 
62 
224 
342 
266 
266 
172 
11 2 
124 
26 
252 

10 
IE 
IF 
IG 
IH 

II 
IJ 
IK 
IL 
I H 
IN 
10 
IF' 

10 
IR 
IS 
IT 
I U 
IV 
IU 
IX 

IV 
IZ 
II 
12 
/3 
14 
IS 
16 

17 
18 
19 
10 

I
I . 
I , 
I? 
I (SLASH) 
I: 
Ie 
/) 

I' 
I ' 
lEND OF MESSAGE (CR/LF) 
lE ND OF WORK(CR/LF ) 
Ii 

ISUBROUTlNE TO PUT DATA IN A GENERAL STACK 
ISTAeK POINTER IN H&L, DATA IN B. BUFFER SI ZE IN C 

ENTPAK, 
IRETURNS 
LAH 

WITH A=O IF NO ERROR. = ERCHAR IF ERROR 
I CHAR COUNT TO A 

Dce 
CPC 

ICOMPUTE CHARACTER LOCATIONS IN BUFFER 
I DoN ' T OVERFLOW THE BUFFER 

JTZ ERROFL IFULL ••• 

ADI 

LHA 
ADL 
LLA 
JFC 

INH 
OK, LHB 

XRA 
RET 

ERROFL, ADI 

RET 

OK 

IB UM P THE CO UNT 

IC HAR COUNT UPDATE TO HEM 
I LOW POINTER ADDE D TO A 
I GET L VALUE UPDATED TO L REG 
/IF A CARRY, FI X THE H 

I FIX H REG 
I CHAR TO MEMOR Y 
ICLEAR THE A REG 
IDONE 
IS£T A REG NON ZERO ERR RETURN 

IS'I'S TEM ERROR. SYSTEM MU ST FIX!!!! 

IPOP SUBROUTINE: ENTERE[I WITH POINTER IN H&L. SIZE I N B 
POP. LAM I GET COUNTER TO A REG 

SUI I DECREMENT 

LHA 
JHP POP'I' 

ILOOP FOR POP 
PDPLOP, CAL INCLH 

LCH 
CAL DCRLH 

IRES TORE THE NEW COUNT ER 
I GET INTO POPLOF' LOOF' 

I POINT AT CHAR TO POP 

IGET CHAR TO C REG 
IPOINT TO NEW LOCATION 

21 032 372 LMC IPUT CHAR I N MEMORY 
I E TO A REG 
ISUETRA CT 1 

2 1 033 301 LAB 
21 034 024 SUI 

001 
21 036 053 PDP'I'. RTZ 
21 037 310 LBA 
21 040 106 CAL 

046 
021 

21 043 104 

21 0"'6 
21 047 
21 050 
21 051 

023 
021 

060 
013 
050 
007 

JHP 

ISUBROUTINE TO 
INCLH. INL 

RFZ 
INH 
RET 

IDONE? 
IRESTORE B REG 

INCLH IRECOVER FROM THE DECREMENT POSITION 

POPLOP I NE XT PAIR POP 

INCREMENT THE HAND L REGS 
I BUMP THE L 
IRE TURN IF NO CARRY 
IBUHP THE H ON A CARRY 
IALL DONE 

ISUBROUTINE TO DECREHENT THE HAND L REGS 

21 052 306 DCRLH. LAL IL TO A 
21 053 024 SUI IItECREMENT THE A 

001 
21 055 360 LLA IRETURN I F NO BORROW 

2 1 056 
2 1 057 
2 1 060 

003 
051 
007 

2 1 061 056 
024 

21 063 066 
301 

21 ,065 026 
050 

2 1 067 317 
21070 0 11 
2 1 0 7 1 110 

070 
021 

21 074 021 
2 1 075 110 

067 
0~1 

~ 1 100 106 
::!27 
0 22 

21 103 106 
316 
022 

21 106 007 

2 1 107 056 
024 

21 11 t 066 
302 

21 113 026 
005 

2 1 11 5 104 

21 120 

2 1 122 
21 12:5 

21 126 

21 130 
2 1 131 

21 134 

2 1 137 

06 7 
021 

006 
377 
131 
104 
137 
021 

006 
3 77 
131 
106 
061 
021 
106 
061 
02 1 
1 06 
061 
021 

RFC 
DCH 
RET 

I NO BORROW. THEN RETURN 
IF I X THE H AFTER A BORROW 
I DONE 

ISU BROUTINE TO WAIT A UNIT CODE TIME . DESTROYS AdlrC 
TICK, LHI BAU[J~ IPO INT AT CONST 

LL I BAUD 

LeI 50 IMUL TIPLIER CONST ANT 

WA I T2. L BM ICONST TO B 
WAITI. DCB ICDUNT IT DOWN [lELA'I' 

JFZ WAITI 

DCC I MULTIPL 'I' IT 
JFZ WAIT2 

CAL K'I'SD 10VERLAP WITH KEYBOARD INF'UT 

CAL PNTR ILIKEW I SE WITH THE PRI NTER 

RET I DELAY OVER!! J t 

I DELAY. USED FOR 8 SLICE DECODING OF INPUT CODE 
T reKI , LHT BAUD I~ /POINT AT CONSTANT 

LLl BAUD I 

LCI 18 TIMES FASTER THAN TICK 

JMP WAIT2 IFIN I SH TIC KI IN TICK ROUTINE 

ISUBROUTINE TO GENERATE A DOT AND POST SF'ACE, DESTROYS A . B , C.H ,L 
DOT, LAl 377 ISET ALL BITS I N THE A REG 

OU TPUT ITURN ON THE KEY (DO WN ) 
J HP FINDOT IFJ NI SH THE [l OT IN THE DASH ROUTINE 

ISUBROUT INE GENERA TE S DA SH ITS PO ST SF' ACE . DESTROYS A, B, C. H, L 
DASH . LAI 377 ISE T ALL BITS IN THE A REG 

OUTPUT 
CAL TICK' 

CAL TICK 

FI N[lOT. CAL TICK 

IKE'I' [ tOWN 
IDASH 

IENTEREn HERE TO FINI SH A DOT 

2 1 142 
21 143 
2 1 144 

250 XRA ICLEAR THE A REG 

60 

131 OUTPUT IKEY UP 
106 CAL TICK 
06 1 
021 

21 147 007 RET 

I NONITOR TASK SUBROUTINE FOR HANDLING COMMANDS FROM THE KEYBOARD 
21 150 106 CMHN(lR, CAL UNPAK I GET CHAR FROM KEYBOARD 

164 
022 

21 153 150 
1 50 
02 1 

21 156 074 
175 

21 160 150 
153 
0':)':> 

21 163 074 
114 

21 165 150 

2 1 170 

21 172 

21 175 

22 4 
021 
074 
120 
150 
317 
02 1 
074 
1 23 

21 177 150 
060 
022 

21 202 074 
124 

21 204 150 
074 
022 

21 207 074 
1 27 

21 2 11 1 50 
133 
022 

21 214 016 

21 2 16 

21 22 1 

077 
106 
304 
022 
1 0 4 
150 
021 

21 224 056 
026 

21 226 066 
044 

JTZ CNMNDR I IF NO CHAR. IoJ AIT ••• 

CPI ESC I lJAS IT ANOTHER ESC? 

JTZ CLRMD lEX I T ON ESC 

CPI IWAS IT A LOAD? 

JTZ LDNXT I'I'ES , GO LOAD A ME SSAGE 

ePI I WAS IT A PRINT? 

JTZ PRT I'I'ES GO PRINT THE MESSAGE BUF FER 

CPI I WA S IT A SEND THE BUFFER? 

JTZ SNDNX IYES , SHIP OUT THE MESSAGE 

ePI I WAS IT A TE ST? 

JTZ TEST IYES . SEND THE BUFFER UNTIL ESC IS T'I'F'£[r 

CPI I WAS IT A NEW WPM CON STANT? 

JTZ UPH I'I'ES, LOAD NEXT CHAR AS THE CONST 

IIF HERE A BAD COMMAND 
LSI OUEST /OUESTION HARK 

CAL PPAK I TO THE PRINTER FIFO 

JHP CMMNDR ITRY FOR A VALID COMMAND CH AR 

IROUTINE TO LOAD THE MESSAGE BUFFER 
LDNXT. LHI NSSGBF~ I POINT AT THE CURRENT CH AR POI NTER 

LLJ MS SG BF 



five got it! 
Z·SO power for 
the Altair bus. 

Here it is, TOL's ZPU™ the high
est point of technology for an 
Altair/lMSAI system. Now,You 
can multiply your present cap
abilities without creating cost
ly obsolescence. Take advan
tage of the wide range of exist
ing hardware backup for your 
current system. The ZPU is 
compatible and dependable 
with many plus features you 'll 
want to know about. 

To further round out your 
system we also have available 
the fastest and lowest power 
static ram boards going (from 
4 to 16K with expansion) and 
a system monitor board with 
a Z-80 monitor, powerful I/O 
and audio casette features. 

As for software, TOL's user 
support program is unmatched 
in the micro-processor indus
try, currently available are the 
Z-80 monitor, basic, and the 
most sophisticated MACRO
ASSEMBLER yet developed. 

Join the Z-80 revolution -
it's more than just hardware! 

ZPU Kit $269.00 
Z16K Kit $574.00 

HOW TO ORDER Just send check or 
money order, or use your.BankAmericard 
or Mastercharge, and your orders will be 
shipped to'you postpaid . COD orders must 
be accompanied by a 25% deposit. Your 
credit card order must include the serial 
# of the card , expiration date, and your 
order must be signed . New Jersey resi
dents add 5% state sales tax . For more 
information , send for our free catalog . 

TOL 
(609) 392-7070 

Dealer Inquiries Invited. 

TECHNICAL DESIGN LABS, INC. 
342 COLUMBUS AVENUE 
TRENTON, NEW JERSEY 08629 



21 2 3 0 076 LMI I ZERa THE COUNT 
000 

21 232 106 LDNXTI. CAL UNPAK IGET KEYBOARD CHAR.,. 
164 
022 

21 2 3 5 150 
232 
021 

21 2 40 0 7 4 
175 

21 2 42 15 0 
153 
022 

21 2 4 5 310 
2 1 2 46 056 

026 
2 1 2 50 0 6 6 

0 44 
2 1 252 0 7 4 

1 77 
21 254 110 

272 
0 2 1 

21 257 250 
2 1 260 2 0 7 
2 1 26 1 150 

232 
021 

21 264 0 34 
0 01 

2 1 2 66 3 70 
21 267 104 

232 
02 1 

JTZ 

CF' I 

JT Z 

LBA 
LHI 

LLl 

cpr 

JFZ 

XRA 
ADM 
. JTZ 

SEd 

LMA 
JMP 

LDNXTI I UAIT FOR DATA 

ESC lEND OF THE INPU T MESS AG E? 

CLRMD IE XIT END OF ME SS AG£ 

I CHAR TO f/ REG FOR ENTF' AK 
HSSGBF ~ IPOINT AT THE ME SSAGE BUFFER 

MSSGBF 

OELETE IDELETE COMMAND ? 

LDNXT 2 /NO 

/ YE S . CLEAR THE A REG AN(I FL GS 
I GET COUNT TO A AN [i FL GS 

LDNX T 1 I f/UFF ER EMF'TY. A NO NO 

I DE CREMEN T COUN TER 

I RE TURN COU NT TO MEM 
LIfNXT 1 /LOOP 

21 272 026 LDN XT2 , LC I 
3 77 

MSGSZ / BUFFE R 5 I ZE SET UP 

21 274 10 6 
36 7 
020 

21 277 112 
305 
0 21 

2 1 302 104 
232 
021 

CAL ENTF'A K IC HAR TO BUFF ER 

I TES T FOR BUF FER OVERFLOW 
CFZ WHOOF' / TELL USER BUF FER F ULL 

,.IMP LDNXT1 I LOOP UNTIL ESC 

/SUBROUTINE FOR USER ERROR IDr CIlTI ON 
2 1 305 103 WHOOF', STA TUS / YES, GET PRINTER STATUS 
21 306 044 NDI 20 /TBMT MASK 

020 
2 1 3 10 150 

305 
021 

21 31 3 006 
00 7 

2 1 315 121 
21 3 16 007 

JTZ WHOOP / UAIT 

LA! ERCHAR / 5ET ERROR INDI CATION 

F'RINT 
RET 

/ROUTINE TO PRINT THE MESSAGE BUFFER 
21 317 056 PRT, LHI SOH~ /SET UP PRINT SUBMODE 

024 

21 321 066 
300 

2 1 323 076 
000 

21 325 106 
333 
021 

21 330 104 
153 
022 

LLI SOH 

LMI 

CAL DMPSUB IPRINT THE MESSAGE BUFFER 

JMP CLRMD IEXIT TO THE SUPERVISOR 

/SUBROUTINE TO MOVE THE MESSAGE BUFFER CONTENTS TO LOCATION 
I DEFINED BY THE SOH LOCATION. O=PR.INTER I=SENOER 

21 3 3 3 056 DHPSUB, LHI 
024 

21 335 066 LLI 
277 

21 337 076 LMI 
000 

21341 106 PRTl, CAL 
316 
022 

21 344 106 
227 
022 

21 3 4 7 106 
230 
023 

21 352 056 
026 

21 3 54 066 
044 

2 1 3 5 6 250 
21 357 207 
2 1 360 053 
21 361 056 

024 

CAL 

CAL 

LHI 

LLI 

XRA 
ADM 
RTZ 
LHI 

MSSCNT~ /POINT AT TEMP CHAR POINTER 

MSSCNT 

/CLEAR THE F'OINTER 

PNTR ITRY TO FINISH T HE F'RINTING 

KYBD /TRY TO FINISH THE KEYBOAR[I INPUT 

OTPUT / TRY TO FINISH THE TRANSMI SSION 

MSSGBF~ /IS THERE A MESSAGE? 

MSSGBF /FIND CHAR CNTR AND CHECK FOR NON ZERO 

/CLEAR THE A REG 
IACID IN THE CHAR COUNT 
/NO MESSAGE, EXI T 

MSSCNT~ ICHECK COUNT ON XFER CHAR S 

21 363 066 LLI HSSCNT 
2 77 

21 365 277 
21 366 053 
2 1 367 31 7 
2 1 370 010 
21 3 7 1 371 

21 37 2 006 PR4, 
044 

21 374 207 
21 3 75 360 
2 1 3 7 6 056 

026 
22 000 100 

004 
022 

22 003 050 
2 2 004 317 PR2. 
22 oos 250 
22 006 056 

024 
22 010 066 

300 
2 2 012 207 
22 013 110 

024 
022 

CPM 
RTZ 
LBM 
INB 
LMB 

IBUFFER ALL XFERED ? 
/EVERYTHING XFERED, EXIT 
/STI L L HERE. BUHP THE CH AR COUNT 

I F ETCH THE CHAR FROH THE MESSAGE [lUFFER 
LAI MSSGBF /COMPUTE POINTERS 

ADM 
LLA 
LHI 

JFC 

INH 
LBM 
XRA 
LHI 

LLI 

ADM 
JFZ 

/ADD IN THE BUFFER OFFSET 
/ SET UP THE L. H YET TO GO 

HSSGBF~ /H SET IF NO CARRY FROH THE L 

PR 2 

SOH~ 

SOH 

SOH 1 

/Na CARRY 

/FIX FOR THE L CARRY 
ICHAR TO THE B REG 
/ CLEAR THE A REG 
IGET THE SUBMO[lE 

/SUBMODE IN THE A REG AND FLGS 
I SEND SUBMODE 

62 

22 016 106 
304 
0 22 

22 0 2 1 104 
035 
022 

JMP 

F'F'AK I PRINT SUBMQ[IE 

PR3 

22 024 0 5 6 SOH 1 • LHI OTFIFO~ I POINT AT OU TPUT BUFFER 
025 

_ _ 0 26 06 6 

364 
?':l 030 026 

060 
22 0 3 2 106 

3 67 
0 2 0 

LLI OTFIFO 

LCI BUFOUT IBUFFER SIZE TO C REG 

CAL ENTPAK / XFER TO THE BUFFER 

22 035 15 0 PR3, JTZ PRTl ILOOF' IF NO ERROR 
341 
02 1 

22 040 '1 06 
3 1 6 
0 22 

22 043 10 6 
227 
022 

__ 0 4 6 106 
230 
0 23 

?"') 05 1 056 
024 

22 053 066 
277 

22 055 104 
372 
02 1 

22 0 6 0 OS6 
0 2 4 

... _ 06 2 066 
300 

22 0 64 0 76 
0 01 

22 0 66 10 6 
333 
02 1 

?':l 0 7 1 104 

22 0/ 4 

'?':l 076 

153 
022 

056 
0 2 4 
OM 
300 

22 10 0 076 
0 0 1 

22 102 10 6 
333 
0 2 1 

'-"- 105 106 
164 
0 22 

2 2 110 150 
0 7 4 
0 22 

22 113 0 7 4 
175 

2 2 115 150 
153 
02 2 

CAL F'NTR / YES, OVERLA Y THE I/O 

CAL KYBD 

CAL OTPUT 

LHI MSSCNT~ / RESET THE H REG FOR ERROR RECOVERY 

LLI MSSCNT 

JMP PR4 I TRY THE CHAR AGAIN 

/ ROUTINE TO 5HI P OUT THE BUFFER IN CODE 
SNDNX. LHI SOH~ /SET UP SEND MODE FOR 

LLI SOH / DHPSUB ROUT INE 

LMI 

CAL DMPSUB ISENlf THE MESSAGE BUFFER 

JMF' CLRMD / EXIT 

/ ROUTINE TO TEST OUTPUT, SHIF' UNTIL ESC IS TYPE[I 
TES T . lHI SOH~ ISET UP FOR SEND HODE 

LL I SOH 

LMI 

CAL DMF'SUB / SEND THE BUFFER 

CAL UNPAK I CHAR FROM KEYBOARD 

JTZ TEST /NOTHING YET. DO IT AGAIN 

CPI ESC /ESC? 

JTZ CLRMD I YES, EXIT 

22 120 016 TESTI. LElI OUEST /ILLEGAL CHAR FOR THIS 
077 

2 2 122 106 CAL PPAK /NOTIFY THE USER 
3 04 
0 22 

2 2 125 110 
120 
0 22 

22 130 10 4 
0 7 4 
0 22 

JFZ T£ST1 /IF OVERFLOW, TRY AGAIN 

JMP TEST IANII LOOP •••• 

I CODE TO LOAD A NEW WPM CONSTANT INTO BAUD 
2 2 133 106 WPM, CAL UNPAK /GET CHAR FROM KEYBOARD 

164 
0 2 2 

22 1'36 150 
133 
022 

22 I'll 044 
03 7 

?? 143 002 
22 144 064 

001 
2 2 146 056 

024 
22 150 066 

301 
22 152 370 

22 153 0 5 6 
0 2 4 

22 155 066 
2 7 5 

2 2 157 0 7 6 
000 

22 161 104 
172 
0 2 0 

JTZ 

NDI 

RLC 
ORI 

LHI 

WPM IWAIT FOR CHAR 

3 7 /HASK FOR 5 VALID BITS 

/MUL TIPLY BY 2 
ISET THE LSD 

BAUD~ /POINT AT BAUII LOCATION 

LLI BAUD 

LHA /CONSTANT TO BAUD LOCATION 
/FALL THROUGH TO CLRMD 

/CLEAR THE FLAGS AND EXIT TO SUPERVISOR 
CLRM[I. LHI CMMN[I~ I ZERO THE MODE BYTE 

LLI CMMND 

LHI 

JMP RESTRT /TO SUPERVISOR 

/ROUTINE TO GET CHAR FROM KEYBOARD ' FIFO 
IRE TURNS WITH CHAR IN A REG, A REG = O IF NO CHAR 

2 2 164 106 UNPAK. CAL PNTR ITRY TO FINISH PENDING PRINTING 
316 
022 



You'll Want to Nybble at these 
Byte Books 

• The TTL Cookbook by Don Lancaster, published by 
Howard W Sams, Indianapolis, Indiana. Start your quest for data 
here with Don's tutorial explanations of what makes a TTL logic 
design tick. 335 pages, $8.95. 

• The TTL Data Book for Design Engineers, by Texas 
Instruments Incorporated. How does an engineer find out about 
the TTL circuits? He reads the manufacturer 's literature. This 
640 page beauty covers the detailed specs of most of the 7400 
series TTL logic devices. No experimenter working with TTL has 
a complete library without The TTL Data Book for Design 
Engineers. Order yours today, only $3.95. 

• The Supplement to The TTL Data Book for Design 
Engineers, by Texas Instruments Incorporated . What happens 
when you can't find a 7400 series device listed in The Data Book 
for Design Engineers? Before you start· screaming and tearing 
your hair out in frustration, turn to the Supplement. The 
Supplement has 400 pages of additional information including a 
comprehensive index to both TTL Data Book volumes. To be 
complete (and keep your hair in place and vocal cords intact) 
you'd best order the supplement at $1.95 to accompany the 
main volume. 

• The Linear and Interface Circuits Data Book for Design 
Engineers, by Texas Instruments Incorporated . When you run 
across one of those weird numbers like 75365 the immediate 
frustration problem occurs again. What kind of gate could that 
be? We won't tell in this ad, but you can find out by reading the 
specifications in The Linear and Interface Circuits Data Book for 
Design Engineers. You can interface your brain to the 72xxx 
(linear) and 75xxx !interface) series of functions by ordering 
your copy of this 688 page manual at only $3.95. 

• The Semiconductor Memory Data Book for Design 
Engineers, by Texas Instruments Incorporated . Don't forget the 
importance of memories to your systems. Refer to this 272 page 
manual to find out about the TI versions of many of the popular 
random access memories and read only memories. Order your 
personal copy today, only $2 .95. 

Where does the editor of a computer magazine tu rn 
when he must verify some author's hardware design? 
Information on a 75450 interface gate, or a 74147 
priority encoder circuit does not spring forth by magic. 
Checking the information supplied by authors is part of 
BYTE's quality control program. 

When you build a project, you need this same sort of 
information. All you find in the advertisements for parts 
are mysterious numbers identifying the little beasties . .. 
hardly the sort of information which can be used to 
design a custom logic circuit. You can find out about 
many of the numbers by using the information found in 
these books. No laboratory bench is complete without 
an accompanying library shelf filled with references -
and this set of Texas Instruments engineering manuals 
plus Don Lancaster's TTL Cookbook will provide an 
excellent starting point or addition to your personal 
library . 

• The Transistor and Diode Data Book for Design Engi· 
neers, by Texas Instruments Incorporated. You'd expect a big 
fat data book and 2 wide line of diodes and transistors from a 
company which has been around from the start of semicon
ductors. Well, it's available in the form of this 1248 page manual 
from TI which describes the characteristics of over 800 types of 
transistors and over 500 types of silicon diodes. This book covers 
the TI line of low power semiconductors (1 Watt or less). You 
won't find every type of transistor or diode in existence here, 
but you'll find most of the numbers used in switching and 
amplifying circuits. Order your copy today, only $4.95. 

• The Power Semiconductor Handbook for Design Engi
neers by Texas Instruments Incorporated . To complement 
the low power transistor handbook, TI supplies this 800 page 
tome on high power transistors and related switching devices. 
Here is where you find data on the brute force monsters which 
are used to control many Watts electronically. Fill out your 
library with this book, available for only $3.95. 

• Understanding Solid State Electronics by Texas Intru
ments Incorporated . This is an excellent tutorial introduc
tion to the subject of transistor and diode circuitry. The book 
was created for the reader who wants or needs to understand 
electronics, but can 't devote years to the study. This 242 page 
softbound book is a must addition to the beginner' s library at 
only $2.95. 

• The Optoelectronics Data Book for Design Engineers by 
Texas Instruments Incorporated. This 366 page book is a 
compendium of information on TI phototransistors, LEOs and 
related devices. Order yours at $2.95. 

__ TTL Cookbook@$8.95 

__ TTL Data Book@$3.95 

Please add 75 cents for postage and handling. Please allow six weeks for delivery . 

__ Supplement to TTL Data Book @ $1.95 

__ Linear and Interface Circuits @ $3 .95 

__ Semiconductor Memory Data @$2.95 

__ Transistor and Diode Data Book@$4.95 

__ Power Semiconductor Handbook @ $3.95 

__ Understanding Solid State Electronics @ $2 .95 

__ Optoelectronics Data Book@$2.95 

Send to : 

~~TI PETERBOROUGH, NH 03458 

Name 

Address 

City State Zip 

o Check enclosed 

o Bill MC #. ________ Exp. Date ____ _ 

o Bill BA # Exp. Date ____ _ 

Signature 



22 167 106 
227 
022 

22 172 106 
230 
023 

22 175 056 
02' 

22 177 066 
305 

22 201 250 
22 202 207 
22 203 053 
22 20<4 106 

0 '6 
021 

22 207 347 
22 2 10 106 

052 
021 

22 213 106 
01 . 
021 

22 216 204 
22 217 007 

CAL 

CAL 

LHI 

LLI 

XRA 
ADM 
RTl 
CAL 

LEM 
CAL 

CAL 

ADE 
RET 

KYBD IKEYBOARD HAPPY? 

OTPUT IOVERLAY THE CODE OUTPUT 

KYFIF07 IPOINT AT KEYBOARD STACK 

KYFIFO 

ICLEAR THE A REG 
ICHAR COUNT TO A REG 
II F EMPTY , RETURN A REG=O 

INCLH I POINT AT CHAR 

I GET CHAR TO E REG TEMP 
DCRLH IPOINT AT KEYBOARD FIFO 

POP lO UT OF FIFO, RETURNS A=O 

ICHAR TO A REG AND FLGS 
IRETURN WITH A REG::CHAR 

ISUBROUTINE TO WAIT FOR THE TBMT FLAG 
22 220 103 WAITMT, STATUS 10ET TBMT FLAG 
22 221 044 NDI 20 

020 
22 223 150 

220 
022 

22 226 007 

22 227 103 KYBD, 
22 230 0 44 

0 . 0 
22 2 3 2 053 

22 233 101 
22 234 0 44 

1 77 
22 236 074 

003 
22 240 1 10 

2 6 7 
022 

22 2 43 250 
22 244 131 
22 2 45 106 

220 
022 

22 250 006 
136 

22 252 12 1 
22 253 106 

220 
022 

22 256 006 
103 

22 260 121 
22 261 106 

220 
022 

22 264 10 4 
1'0 
0 20 

22 267 056 NETX, 
02. 

22 27 1 066 
305 

22 273 310 
22 274 026 

377 
22 276 106 

367 
020 

22 30 1 11 2 

22 304 

22 306 

22 310 

22 312 

22 315 

305 
021 

056 
025 
066 
30. 
026 
060 
106 
367 
020 
007 

PPAK, 

JTZ WAITHT I WAIT •••• 

RET 10K, HAVE TBMT 

IKEYBOAR[I HAN[lLER SUBROUTINE 
STATUS IGET THE SER IAL LINE STATUS 
NDI 40 I MASK 

RTZ I NEXT TASK 
I PUT KEYBOARD CHARACTER I N KYB [I FIFO 
READ IGET CHAR FORM KEYBOARD TO A REG 
NDI 177 I GET RID OF ASCII PARITY BIT 

CPI ET X ICONTROL C 

JFZ NETX I Na 

XRA IYES , CLEAR OUTPUT 
OUTPUT 
CAL WAITMT ISEND OUT ... c 

LAI UPARRO 

PRINT 
CAL WAITHT I WAIT FOR TBMT 

LAI 

PRINT 
CAL WAITMT I WAIT FOR T[1MT 

JMP 

LHI 

LLI 

LBA 
LCI 

CAL 

CFZ 

STRTl I GO RESTART FROM ALMOST ZERO 

KYFI FO '" IPOINT AT KYF tFO 

KYFIFO 

ICHAR TO (I REG 
(lUFSKY I(lUFFER SI ZE TO C REG 

ENTPAI\ IPIJT CHAR IN BUFFER 

WHOO P /IF OVERFLO W. TFLL. THE USEH 

IFALL THROUGH ANI) RETURN IN NEX " ROUTINE 

I PUT CHAR IN PRINTER FIFO FROM DREG 
I RETURNS WITH A REG ::0 IF NO ERROR. = ERCHAfi: IF ERr.:OR 
LHI PNFIFO~ IPO INT AT PNFIFO 

L L I PNFIFO 

LCI BUFSPN I BUFFER S I ZE TO C REG 

CAL ENTPAK If'UT CHAR IN FIFO 

RET 
I EN[I OF THE KEYBOARD HANLILE R TASt< 

IPRINTER HANDLER SUBROUTINE TASK 
22 316 103 
22 317 044 

020 
22 321 053 
22 322 056 

02' 
22 324 066 

276 
22 326 250 
22 327 207 
22 330 110 

3. 7 
022 

22 333 006 
015 

22 335 121 
22 336 106 

PNTR, STATUS IG ET THE PRINTER STATUS 
NDI 20 I MASK FOR TSMT 

RTZ /I F (lUSY. TR'r SOMETHINli ELSE 
LHI TWIDTH '" I FIND PRINT POS ITION 

LU TWIDTH 

XRA ICLEAR THE A REG 
ADM I COUNT TO FLGS AND A REG 
JFZ PRT2 I Na LI NE OVERFLOW 

LAI CR I UNE OVERFLOW, FIX IT 

PR I NT 
CAL WAlTMT I WAlT FOR TBMT 

64 

220 
022 

22 341 006 
0 12 

22 343 1 2 1 
22 344 076 

110 
22 3 46 007 
22 3 4 7 056 

025 
22 35 1 066 

30. 
22 353 250 
22 35 4 207 
22 355 053 

22 356 106 
0 .6 
02 1 

22 361 347 

22 362 066 
30. 

22 364 056 
025 

22 366 106 
01' 
021 

22 37 1 056 
024 

22 373 066 
276 

22 375 317 
22 376 Oll 
22 377 371 
23 000 304 
23 00 1 07 4 

0 12 
23 003 150 

031 
023 

23 006 074 
015 

23 010 150 
031 
023 

23 013 074 
177 

23 0 15 150 
03. 
023 

23 020 074 

23 022 

23 025 

23 027 
23 030 
23 031 

23 033 
23 03<4 

23 036 
23 037 

175 
110 
027 
023 
006 
0 •• 
121 
007 
076 
000 
007 
006 
13' 
121 
007 

23 040 056 
020 

2 3 042 066 
225 

23 044 277 
23 045 150 

07. 
023 

23 050 106 
046 
021 

23 053 310 
23 05<4 006 

020 
23 056 275 
23 057 140 

23 0 62 

23 064 
23 065 

23 070 
23 071 

23 074 

23 076 

23 100 

23 103 
23 10<4 
23 105 

2 3 11 0 
23 111 
23 112 

23 114 

23 116 
23 11 7 
23 120 
23 121 
23 122 

23 124 

122 
023 
006 
305 
276 
1.0 
122 
023 

301 
10. 
0 •• 
023 
006 
306 
024 
225 
100 
10. 
023 

0"' 
206 
100 
111 
023 
050 
360 
006 
020 
03. 
020 
205 
350 
307 
007 
006 
200 
007 

LAI LF 

PRINT 
LMI WIDTH I RESE T F'R INT POSITION COUNT 

RE T 
PRT2 . L HI PNFIFO~ IP OINT AT CHAR COUNT 

I IF 

LLI PNFIFO 

XRA 
ADM 
RTZ 

HERE THERE 
IF-OI NT 
CAL 

ICLEAR THE A REG 
ICHAR COUNT TO A REG AND FLGS 
I NOTHING TO PRINT, NEXT TASK 

IS PRINTING TO fiE: DONE!!!!!'! 
AT CHAR TO PRI NT AND PRINT IT 

INCLH 

NXTPNT, LEH ICHAR TO E REG TEMF' 
INOW UPDATE THE CHAR COUNT 
LLI PNF IFO IPOINT AT CHAR COUNT 

LHI PNFIFO-

CAL 

LHI 

LLI 

LaM 
Dca 
LMa 
LAE 
CP I 

JTZ 

CPI 

JTZ 

CPI 

JTZ 

CP I 

JFZ 

LAI 

pap I R}PPLE THE FIFO 

TWIDTH~ I UP DATE PR INT POSITION 

TWIDIH 

LF 

I COUNT TO (I 

1-1 
IBACK TO MEHORY 
ICHAR BACK TO A REG 
l I S IT A LF? 

I NCRLF IYES , INSERT A CRLF 

CR lIS IT A CR'1 

INCRLF IYES , INSERT A CRLF 

DELETE itS IT A DELE TE ? 

DEL IYES . INSERT A BACKSLASH 

ESC 115 IT AN ESC? 

PNTI I NO 

ESCSYM IYES, SUBSTITUTE A F'RINTABLE CHAR 

PNTl, PRINT IPRINT THE CHAR 
IDONE, PRI NTED A CHAR 
ISET FOR CRLF NEXT 

RET 
INCRLF, LMI 

RET 
DEL. LAI DELSYM ISUBSTITUTE A PRINTABLE CH ARACTER 

PR INT 
RET l END TO THE PRINTER TASK 

I THIS SUBROUTINE TRANSLATES A REG TO OUTPUT HODE 
I COMPUTE THE DISPLACEHENT IN ASCTAB 

XLATER, LHI ASCTAS'" IP OINT AT ASCT AS 

LLI ASCTAB 

THISIT, CPM 
JTZ 

1 15 THI S THE CHAR? 
CONVT IG O CONVERT THE CHAR 

CONVT, 

CAL 

LBA 
LAI 

CPH 
JTC 

INCLH I TRY NEXT CHAR 

I SAVE THE CHAR IN B REG TEMPORAR I LY 
ASCEND - I GET HIGH LIMIT TO A FOR COMPARE 

I f'AST EN[I OF TABLE? 
NTFUND IPAST END OF TABLE AND NO HATCH 

LAI ASCEND I GET LOW LIHIT TO A FOR COHF'ARE 

CPL I PAST END OF TABLE? 
JTC NTFUND I PAST END OF TABLE AN[I NO MATCH 

/IF HERE, STI LL I N TABLE. TR Y CONTENTS AGAIN. 
LAB IRETURN CHAR TO A REG 
JMP THISIT I LOOP FOR NEXT TABLE ENTRY CHECK 

LAI MORTAB ICOHPUTE REL DISPLACEMENT LOW 

SUI ASCTAB 

JFC OKl 

DCH I HANDLE THE BORROW 
OK1, ADL IAD[I IN THE LO W PO INTER 

JFC 

INH 
01<2, LLA 

LAI 

SBI 

ADH 
LHA 
LAM 
RET 

NTFUND. LAI 

RET 

OK2 

I HANDLE THE CARR Y 
I L IS NOW POINTING IN THE OUTPUT TABLE 

HORTAB'" I COMPUTE RELATIVE DISPLACEMENT HI GH 

ASCTAB '" 

IADD IN THE HIGH POINTER 
I H NOW POINTS IN THE OUTPUT TABLE 
IREPLACEMENT CHAR TO A REG 
ICODE I N A REG RETURN 

200 ICHAR NOT FOUND LOAD OUT A 200 

IERROR RETURN 



THE POLY 88 
MICROCOMPUTER 

A Complete Microcomputer System with Keyboard Input and Video Output 

The Hardware: The heart of the POLY 88 
microcomputer, the CPU circuit card, features an 
8080A central processor , 512-byte RAM, space for 
3K of PROM, vectored interrupt and real time clock, 
a dual serial port with software-selectable baud rate , 

and single-step logic that allows the processor to 
execute one instruction at a time . 

The POLY 88 also includes our video terminal 
interface circuit card, which is both a video display 
device and an input port for a keyboard. Sixteen lines 
of up to 64 characters may be displayed on a 
standard TV monitor or modified receiver. In addition 
to the 128 ASCII characters which are displayed in an 

easy-to-read 7x9 font, there are 64 graphic characters 
available for plotting on a 48 x 128 contiguous grid. 

These two circui~ cards fit into a compact "Altair
compatible" chassis with room for up to five cards. A 
6 amp power supply is built right on the mother 
board. The front panel consists of just two switches, 
on/off and reset; the monitor software with video 
screen and keyboard eliminates the need for a 
hardware front panel. As your system grows, you can 
plug chassis together for easy expansion . (The 
expansion connector also eliminates the need for an 
extender card .) Cassette, RS-232, and current loop 
interfaces are available which connect via ribbon 
cable to the CPU board and mount on the backpanel. 

The Software: Supplied with the POLY 88 
microcomputer is a 1024-byte monitor on ROM. The 
program is there when the power is turned on, so you 
don't need to key in a loader. The monitor is designed 
to use a keyboard entry and TV display, with a 
casstte or paper tape as the storage medium. 

With the monitor you can: load data into memory 
in hex, display memory in hex, dump or read data 
from a storage device, and execute program one step 
at a time , displaying the contents of each of the 8080 
registers as well as the values in memory at the 
address of each of the registers. All of these functions 

A , I C D E H L SP PC 
SIC3 IDrl ICFF IC81 lerr ICel 
(IC) C3 3B FI ID rF IC 80 ac 
(DE) 80 21 00 aa 75 23 7C FE 
(HL) 00 00 00 00 00 00 00 00 
(SP) 8D 21 00 aa 75 23 7C FE 
(PC) 00 00 00 41 00 06 80 78 
.CBBY 
BCBB BB B8 08 00 41 88 86 8B 
8C88 78 81 08 28 CD 4D 0C 80 
8C1B 47 36 A8 19 36 8E 3E 20 
0C18 AS C4 25 8C 3E 83 A4 CC 
0C28 38 8C C3 08 0C 78 87 3F" 
8C28 lF DA 32 0C 01 02 08 C3 
eC30 48 0C 81 FE FF C3 48 ae • 

are available the instant you turn on the power. 
Future software available with this system will 

include BASIC, an assembler , and games . 
Prices: Basic kit including chassis, CPU and 

video cards - $595, $795 assembled. Cassette option 
- $90 kit and $125 assembled. 8K of RAM - $300 in 
kit form or $375 assembled . We also sell the video 
and other "Altair-compatible" circuit cards separately . 

Dealers: This system sells itself. 
All prices and specifications subject to change 

without notice . Prices are USA only. California 
residents add 6% sales tax. Prepaid orders shipped 
postpaid. BankAmericard and MasterCharge accepted. 
,---------------1 
I 737 S. Kellogg, Goleta, CA 93017 (805) 967-2351 , 
I 0 Please send more information I 
I 0 Order and check enclosed I 
, Name , 

, Address I 
, I 
I, BankAmericard I 

Master Charge I L _______________ ~ 

PolyMorphic 
Systems 



I THIS SUBROUTINE TR ANS LATE S A REG TO PR INT HODE 
23 125 074 XLAT, CPI 377 15fT C FLG (GUARD BIT) 

377 
23 1 27 022 
23 130 100 

127 
023 

RAL 
JFC . -1 

IR OTATE 

I I F NO LEFT GUAR D, LOOf' 

I IF A REG CONT AINS A 000 . ERROR CHAR WA S SEEN ••• 
23 133 074 CP I 0 15£T FLGS 

000 
23 135 110 J F Z 

" 3 
023 

23 1 40 006 LAI 
13. 

23 14 2 007 RET 
23 143 056 XLATl, LHI 

020 
23 14 5 066 LL t 

306 
23 147 277 THIS. CF'H 
23 150 150 JTZ 

177 
023 

23 153 106 CAL 
046 
021 

23 156 3 10 LBA 
23 157 006 LAI 

020 
23 16 1 275 
23 16 2 140 

225 
023 

23 165 006 
366 

23 167 276 
23 170 140 

225 
02] 

CPH 
J TC 

LA l 

CPL 
J TC 

XLATl INOT ERROR . TRANSLA TE 

DELSYH 15fT UP FOR DELETE SY MBOL 

IEX l'T 
HDRTAB "" IPOI NT AT HORTAB 

HO RTAB 

lIS THIS TH E CHAR ? 
HCONVT IYES . GO CONVERT " HE CHAR 

I NCLH ITRY NE XT CHAR 

ISAVE CHAR I N fI RE(j TEM F' 
HORENO ~' IGET HIGH U HIT TO A FOR COHF'ARE 

If' AS T END UF rABL E? 
NTFND IY f S. WITH NO MATC H 

MOREN [I IGE T LOW LIMIT TO A FOF\' COMF'ARE 

IPAST END OF TABLE? 
NTFN[I IYES . NO HATCH 

/I F HERE. STILL TN TABLE. T RY CO NTE NT S AGAIN 
23 173 301 
23 174 104 

147 
023 

23 1 77 006 
225 

23 20 1 024 
306 

23 203 140 
207 
023 

23 206 051 
23 207 206 
23 210 100 

214 
023 

23 2 13 050 
23 2 14 360 
23 2 15 006 

020 
23 2 17 034 

020 

LAB IRET URN CHAR TO A REG 
JMF' THIS ILOOP FOR NEn TABLE ENTRY CHECK 

MCONVT , LAI ASCTAB ICO HPU T£ REL orSF'l.ACEMENT LOW 

SUI MORTAB 

JTC MO KI 

DCH 
MOK!. AD L 

JFC 

IN H 
MOK 2 . LLA 

LAI 

5BI 

I HAN DLE THE BORROW 
IA DD I N THE LOW POI NTER 

MOK 2 

IHA ND LE TH E CARRY 
I L IS NOW PO I NTING IN OU TPUT TABLE 

ASCTAB~ IC OMPUTE RELATI VE OI SP LA CEME NT HI GH 

HORTAB~ 

23 22 1 205 A[lH I ADD IN THE HIGH PO INT ER 
23 222 350 LHA I H NOW POI NT S IN THE OUTPUT TABLE 

IRE PLACEHENT CHAR TO A REG 23 223 307 LAM 
23 224 007 RET I AseII CO(IE IN A REG RETURN 
23 225 006 NTFN[I, LAI 

040 
BLA NK IC HAR NOT FOUND . LOA f! OUT A SPACE 

23 227 007 RET IE RROR RE TUR N 

23 230 

23 232 

2 3 2 34 
23 235 
23 236 
23 237 

23 2 42 
23 2 43 

056 
025 
066 
364 
250 
207 
053 
106 
0.6 
021 
307 
07. 
177 

23 2 4 5 11 0 

23 250 

23 252 

23 255 
23 2 56 

23 261 

2 3 264 

23 267 
23 270 

2 3 272 

23 275 

23 277 

23 302 
23 303 

23 306 

23 311 

264 
023 
036 
007 
106 
120 
02 1 
03 1 
110 
252 
023 
10 . 
3'2 
023 
106 
040 
023 
330 
0 7 4 
200 
110 
311 
023 

036 
006 
106 
061 
021 
03 1 
110 
277 
023 
10 ' 
342 
023 
07. 
200 

QTPUT, 
ISUBROUTINE TAS K TO OUTPUT COOE 
LHI OTFIFO"" IPO INT AT STACK 

. LLI OTF IFO 

XRA ICL EAR THE A REG 
ADH IC HAR COUNT TO A AND FLGS 
RTZ I NE XT TASK, IF NOTHING TO DO 
CAL INCL H IPOI NT AT THE DATA 

LAH IC HARA CTEF: TO A RE G 
CPI DEL ETE I ER ROR CHA RAC TER ? 

JFZ OTP UT1 I ND. GO TRA NSLATE 

LDI IYES , DO 8 [l OTS 

OTERR , CA L DOT 1 1 DOT 

DCD 
JFZ 

JHP 

OTPUTl, CAL 

LOA 
CPI 

J FZ 

1- 1 THE COUN T 
OTERR I ND T DONE ••• • DO I T AGA I N 

OUTEND IDO NE, PDF' AN [I EX IT 

XLATER I TRAN SLATE 

15AVE THE CHAR IN DREG 
200 lIS IT A BAIl CHAR COR A SF'ACE)? 

GOODCH ICHAR OK. SO DO IT UF' RIGHT 

I IF HERE GENERATE A CHARACTER SPACE 
LDI 6 ISE T UP FOR 7 UNITS DELAY(UNITS-l) 

SPACE, CAL TICK I WA IT ONE UN IT 

DCD I DECREH ENT THE UN I T COUNTE R 
JFZ SPACE I LOOP UNTIL DONE 

JHP OUTEND 

GOODCH, CPI 200 II F A= 200 THEN [lONE 

66 

23 313 

23 31 6 

150 
342 
023 
100 
327 
023 

23 321 106 
1 20 
021 

23 324 104 
332 
023 

23 327 106 
126 
021 

23 332 303 
2,1 333 044 

177 
23 335 002 
23 33 6 3 30 
23 337 104 

311 
023 

23 342 106 
061 
021 

23 3 4 5 106 
061 
021 

::! 3 350 066 
364 

23 352 056 
025 

23 354 106 
014 
021 

23 357 007 

23 360 

23 362 

23 364 
23 365 
::!3 366 
23 367 

23 372 
2 3 373 

23 376 

056 
024 
066 
305 
2 50 
207 
053 
106 
046 
021 
3 . 7 
106 
052 
02 1 
106 
014 
021 

2 4 001 304 
2 4 002 074 

175 
2 4 004 150 

025 
024 

24 007 056 
025 

24 011 066 
364 

2 4 Ot3 3 10 
24 014 026 

060 
2 4 016 106 

24 021 

2 4 024 
24 025 

24 027 

2 4 03 1 

2 4 033 

24 034 
24 035 

2 4 037 
2 4 040 

2 4 042 

2 4 0 4 4 

24 046 

2 4 050 

2 4 052 

2 4 05 4 

2 4 057 

24 061 

2 4 063 
2 4 064 
2 4 065 
2 4 066 
2 4 067 

24 07 1 

24 074 

367 
020 
11 2 
305 
02 1 
007 
056 
02 4 
066 
275 
076 
001 
007 

105 
044 
001 
0 1 3 
056 
0 2 4 
066 
304 
076 
00 1 
056 
024 
066 
303 
076 
000 
106 
107 
021 
056 
024 
066 
303 
317 
010 
37 1 
105 
044 
001 
150 
OS. 
024 

0'6 
000 

.HZ OUTEND I DONE! 

JFC [ISH l OOT OR DASH? 

CAL [lor IYES A DOT, S O KEY OUT A DOT 

J HP OTLOO P INEXl SYMBOL 

DS H. CAL [lA SH I MUST BE A DA SH, SO KEY A IJASH 

OTLOOP . L.AD IG £T TH E CHAR BACK TO THE A REG 
NO I 

RLC 
LIl A 
J HP 

1 77 I THROW OUT THE USED BIT 

IRO TA TE IN AN UNUSED BIT 
ISA VE THE NEW I HAGE IN D 

GOODCH IL OOP FOR OTHER SY HBOLS 

OUTE ND, CAL TIC K lI NT ER LETTER SPACE 

CA L TICK 

ISET UP TO PO F' THE STACK 
LLI OTF IF O IPO INT AT S TACK 

LH I OT F I F O ~ 

CAL POP IPO F' TH E STACK 

RET I NEXT TASK 
IE NII (IF THE OUTF'UT ENCODED [lRIVE TA SK SUBROUTINE 

IKEYBO ARO ['[CO DER FOR NON CO MM AND MODE 
![ILE r LHI KYFIFO~ IF'O INT AT CHA R COUNT 

IDLEl , 

LLI KYF IFO 

XRA ICLEAR THE A REG 
ADH ICHAR COUNT TO A REG 
RTZ IB UFFER EHF'TY . TRY SO HETHING El.SE 
CAL INCLH IF-OIN T AT CHAR 

LtM ISA VE CHAR IN E REG TEMP 
CAL [lCRLH IPO INT AT START OF BUFFER 

CAL POf' IF'Of' THE CHAR OFF THE BUFF ER 

LAE 
CP I 

J TZ 

LHI 

LLI 

LOA 
LCI 

CAL 

CF Z 

RET 
LHI 

LLl 

LHI 

RET 

ESC 
IC HAR TO A REG 
115 IT AN ESC? 

IDLEI IYES 

OTF I FO~ lOU T P UT IN COD E 

OTFIFO 15ET UP FOR ENTPA K 

ID ATA J N B REG 

BU FOUT ISIZ E IN C REG 

ENTPAK 

WHOOP I BUF'FER F ULL , TELL USER 

I IIONE 
CHHNO '" ISET FOR COHHANO HO OE 

CHMNO 

I HODE=l 

IS UBRO UTINE TO S ERVICE MORSE CODE INPUT 
INPEND, SENSE IG ET conE INPUT LINE 

N[lI I WE USE THE LSB 

RFZ I NOTHING PENDING. EXIT 
LHI INCHAR~ IPO INT AT HOL nING REG 

LLI INCHAR 

LHI ISET UP TO S HIF T IN HORSE 

INTIHE. LHI TIHER '" IPOINT AT TIMER REG 

LLI TIMER 

LHI II NITlALlZE FOR TIHE = O 

INSENS, CAL 

LHI 

LLl 

LBH 
IN B 
LHB 
SENSE 
NDI 

TIC KI I WAIT FOR PART OF A BAUD (118) 

TIMER '" I UP OA TE TIHER 

TIME R 

It 1 
I TIHER+l 
IK EY DOWN? 

JTZ INSENS I WAIT FOR KEY UP 

I IF HERE, KEY IS NOW UP 
LEI 0 IS£T E=O FOR DOT, FI X LATER IF DASH 



MERLIN 
THE INTELLIGENT VIDEO INTERFACE 

HARDWARE SPECS. 

* Altair/IMSAI Plug-in Compatible 
* 40 Character by 20 line ASCII Disp lay Format 
* 5 by 7 font, 64 Character Generator ROM 
* Dual Resolution Graphics : 

100 V by 80 H or 160 H 
* Mixed ASCII / Graphics Mode 
* Program Control of: 

Cursor: On/ Off 
Control Characters : Inverted/ Blanked 
Carriage Returns: Displayed / Blanked 
FIXED or FREE (Memory Saver) Format 
Video: Black on White or Reversed 
ASCII, Graphics or Mixed Mode 

* Plug-in Keyboard Port 
* DMA makes MERLIN the fastest display available 

- over 48 K characters per second 
* Sockets and Decoding for on-board Memory: 

Two 2708 1 K X 8 EPROMs, or 
Two 2 K X 8 Mask ROMs, and 
One 128 X 8 Scratch Pad RAM 

FI RMWARE SPECS. 

MERLIN's BASIC INTELLIGENCE (MBI) ROM Contains: 

Monitor Functions Editing Functions 

- Memory Fill with HEX value - Winking Keyboard Cursor 
- HEX Memory Dump - Cursor up , dwn, rt, It, & Home 

- ASCII Text Input - I nsert and Replace Modes 
- HEX Memory Input or Modify - Delete Character 
- Set Display Format - Delete to end-of-memory 
- Examine/Modify CPU registers - Four Slave Cursor Function s 
- Copy Memory Blocks - Auto or Manual Scroll 

- Define Di splay Memory A rea - Home/Clear 

- Four User Defined Function s - Six User Defined Functions 

* Built-in linkage, through on-board RAM, to user defined routines creates an indefinitely expandable system. 

* The MBI ROM also includes decoding and direct linkages to our MEl (MERLIN's EXPANDED INTELLIGENCE) ROM 
and to our forthcoming Cassette-Modem Interface on-l;Joard ROM . The MEl ROM contains additional Monitor/ Editor 
software, plus Graphics subroutines. 

* Besides the direct Monitor and Editor commands, the M BI ROM contains many general purpose subroutines including 
general purpose, selectable I/ O drivers and KYB and Display drivers. 

PRICING SPECS 

MERLIN : kit containing PC boards, IC sockets, User Manual and all parts except memory . ........... . ..... ....... . $249.00 

MBI: MERLIN's BASIC INTELLIGENCE - 128 X 8 RAM and 2 K X 8 mask ROM containing Monitor / Editor softwa re .. . $ 34.95 

MEl: MERLIN's EXPANDED INTELLIGENCE - 2 K X 8 mask ROM with more Monitor/Editor functions 

and Graphics subroutines .. . ................. . . .. ... ... .. ..... .. .. ...... ... ...... . .. ..... .•..... $ 34.95 

MER LIN User Manual: over 100 pages of detailed hardware and software documentation . ..... .. . . ..... . ..... .. .... $ 8.00 

Special Offer: All prepaid MERLIN orders received before 1 November 1976 will receive the MBI ROM FREE . 

All prices subject to change without notice. 
Mass. Residents please add 5% sales tax. 
Dealer inquiries invited. 

.... MlnlTerm Associates 
~~~ ~""""·B·o·x"2·6·8·,"Be·d·f·o·rd"' ·M"O·S·s.·O·1·7·3·0"""~ 



2-4 076 301 
24 077 074 

020 
24 101 100 

131 
02. 

2 4 104 074 
00. 

24 106 100 
IS. 
024 

24 111 056 
024 

24 113 066 
302 

2 4 11 5 307 
24 116 074 

002 
24 120 140 

156 
024 

24 123 034 
001 

2 4 125 370 
24 126 104 

156 
024 

24 131 056 
0 2 4 

24 133 066 
302 

24 135 301 
24 136 074 

03. 
24 140 140 

154 
0 2 4 

24 143 307 
24 144 074 

37. 
24 146 100 

15' 
024 

LAB ITlHER TO A REG CB*. OF BAUD) 
CPI 20 

JFC INDASH IIF DASH, SERVICE DASH 

ISEE IF CLOCK MUCH TOD SLOW FOR DOT 
CPI 6 ISHOllLD BE A 10 IDEAL 

JFC 

LHI 

LLI 

LAH 
CPI 

JTC 

5FI 

LHA 
JHP 

INPOK ICLOCK IS GOOD ENOUG H 

BAUD I- INOT GOOD ENOUGH. F I X WPH CONSTAN '! 

BAU[II 

I WPH TO A 
I WPH TOO LOW TO TRACK? 

INf'OK I DON 'T TRY TO FIXp ALREADY 1'00 FAST. 

/- 1 

IBAUDI-1 
INF'OK 

IIF HERE. SYMBOL IS [lA SH, UP[tATE BAUD} FOR TRACKING 
IN[IASH. LHI BAUDI- IPDINT AT INPUT IJPH 

LLI BAUD I 

LAB 
CPI 

JTC 

LAH 
CPI 

JFC 

IGET TIMER TO A REG AGAIN 
34 ICLOCK TOO FAST? 

OKDASH I Na. 

IYES 
37. I TIMER REALLY TOO TOO SLOW? 

OK DASH IYES , BAIL OUT! 

24 151 004 ADI 
001 

/+1 

24 153 370 LHA 
24 154 046 OKIIASH, LEI 

001 
24 156 056 INPOK, LHI 

024 
24 160 066 

30. 
24 162 307 
24 163 022 
24 164 044 

37. 
24 166 264 
24 167 370 

LLI 

LAH 
RAL 
NOI 

ORE 
LHA 

IBAU[IItl 
ISET E=l FOR DASH 

INCHAR - IPOIN T AT CHAR HOLDING REG 

INCHAR 

376 

IG ET F'ARTIAL CHAR TO A REG 
ISH 1FT UP ONE BIT 
IJUNK THE OLD CARRY BIT 

IBRING IN NEW SYMBOL FROM E REG 
INEW PARTIAL CHAR TO 1NCHAR 

ITIHE THE INTERSPACE TO FINO WHAT TYPE IT IS. 
24 170 056 

24 172 

24 174 

24 176 

24 201 
24 202 

24 204 

24 207 

24 211 

24 213 
24 21-4 
24 215 
24 216 
24 217 

24 221 

24 224 

24 226 

24 231 

24 234 
24 235 

24 237 

24 242 

24 244 

24 247 

24 251 

24 25'" 

24 256 

24 260 
2-4 261 

24 263 

024 
0 •• 
303 
07. 
000 
10. 
107 
021 
105 
0 •• 
001 
!SO 
0 •• 
02. 
OS. 
02. 
0 •• 
303 
317 
010 
371 
301 
07. 
377 
110 
235 
02. 
01. 
012 
10. 
30. 
022 
106 
30. 
022 
007 
07. 
060 
110 
247 
024 
006 
001 
10. 
263 
02' 
07. 
024 
110 
176 
02. 
056 
02' 
066 
30. 
307 
076 
001 
106 
125 
023 

LHI TIHER~ IRESET THE TIHER 

LLI 

LHI 

UPTIME. CAL 

SENSE 
NOI 

JTZ 

LHI 

LLI 

LBH 
INB 
LHB 
LAB 
CPI 

JFZ 

LSI 

CAL 

CAL 

RET 
NOTEDH, CPI 

JFZ 

LAI 

JHP 

ENDLET, CPI 

JFZ 

LHI 

LLI 

LAH 
LHI 

HPAI<, CAL 

TIHER 

ITIHER RESET 

TICKI I[tELAY 1/8 OF A BAUD TIME 

IGET THE KEY STATUS 

INTIME IKEY DOWN, GET NEXT SYMBOL 

TIHER~ IUPDATE THE TIME 

TIHER 

/tl 
ITH1ER+l 
IGET TIHER TO A FOR COHPARE 

377 lEND OF HESSAGE? 

NOTEOM IKEEP LOOPING, 

LF IEN[I OF MESSAGE. CR-LF-CR-LF 

PPAK 

PPAK 

IEXIT TO MAINLINE 
60 lEND OF WOR[I? 

ENDLET I ND . 

IYES. OUTPUT A SPACE 

HPAK 1[10 IT OUT RIGHT. 

24 lEND OF LETTER? 

UPTIME INO, KEEP TIHING THE UP TIHE 

INCHAR- IPOINT AT HOLDING REG 

INCHAR 

IHORSE FROH HOLDING REG TO A REG 
IRESET THE HOLDING REG FOR NEXT CHAR 

XLAT IASCII TO A EGUIV OF HORSE 

24 266 310 ISET UP FOR PPAK 
24 267 106 

LBA 
CAL PPAK IPRINT THE CHARACTER 

30. 
022 

24 272 104 JHP UPTIHE IKEEP TIMING THE UP TIHE 
176 
024 

I ***AN YTHING BEFORE THIS POINT CAN BE IN PROH*** 
1***EVEr,YTHING AFTER THI S POINT HUST BE IN RAM*** 

2 4 275 000 CMMNII. DATA 
2 4 276 000 TWIDTH. DATA 
24 277 000 HSSCNT. DATA 
2 4 300 000 SOH , DATA 
24 301 000 BAUD, DATA 
24 302 000 BAUDI, [lATA 
2 4 303 000 rIMER. tlATA 
2 4 304 000 I NCHAR. (lATA 

2 4 305 000 KYF IFO, HLT 

*KYFIFO+BUFSKY 

10=NORHAL MODE, OTHERWISE COHMAND MOllE 
IWHEN BYTE IS ZERO. GENERATE A CfVLF 
ITEMP CHARACTER COUNT FOf~ ME S~~A(iE IJlJMF' 
ISUBHOOE FOR DHF'SUB O"'F'RINT l=SEN[t 
IWPH CONSTANT (SEE. HE.ADING ON PROGRAM 1 
Il'NF'UT WPM VALUE (GETS HODIFIEr!) 
IT IHE BAU[I *8 (10 OCTAL) COUNTH" 
IINF'UT CHAR HOUI ING REG 

I INF'UT BUFFER 

25 304 000 F'NFIFO . HLT IF'RINTER BUFFER 

*PNF I FO+BUFSPN 
25 364 000 OTFIFO , HL T IOUTF'UT BUFFEr.: FOR CODE 

*OTF IFO+BUFOU r 
26 044 000 HSSGBF. HL T IHESSAGE BUFFER 

68 

ASCEND 
ASCTAB 
BAUD 
BAUDI 
BLANK 
BUFOUT 
BUFSKY 
BUFSPH 
C 
CLRMD 
CHHND 
CHHNDR 
CONVT 
CR 
DASH 
DCRLH 
DEL 
DELETE 
DELSYH 
DHPSUB 
DOT 
OSH 
ENDLET 
ENTPAK 
ERCHAR 
ERROFL 
ESC 
ESCSYH 
ETX 
FINDOT 
GOODCH 
IDLE 
IDLEI 
INCHAR 
INCLH 
IHCRLF 
INDASH 
INPEND 
INPOK 
INSENS 
INTIHE 
KYBD 
KYFIFO 
L 
LDNXT 
LDNXTI 
LDNXT2 
LF 
HCONVT 
HOKI 
1'101<2 
HOREND 
HORTAB 
HPAI< 
"SaSZ 
HSSCNT 
HSSOBF 
NETX 

20 305 
20 225 
2"" 301 
2-4 302 
00 0""0 
00 060 
00 377 
00 060 
00 103 
22 1~3 
2-4 275 
21 150 
23 07-4 
00 015 
21 126 
21 052 
23 034 
00 177 
00 134 
21 333 
21 120 
23 327 
24 247 
20 367 
00 007 
21 011 
0,0 175 
00 044 
00 003 
21 137 
23 311 
23 360 
24 025 
2-4 304 
21 046 
23 031 
24 131 
2"" 034 
24 156 
2-4 054 
2-4 046 
22 227 
24 305 
00 114 
21 22"" 
21 232 
21 272 
00 012 
23 177 
23 207 
23 21-4 
20 366 
20 306 
2"" 263 
00 377 
24 277 
26 044 
22 267 

HOTEOH 
HTFND 
HTFUND 
NXTPNT 
OK 
OKDASH 
OKI 
OK2 
OTERR 
OTFIFQ 
OTLOOP 
OTPUT 
OTPUT1 
OUTEHD 
P 
PHFIFO 
PNTR 
PHTl 
POP 
POPLOP 
POPY 
PPAK 
PRT 
PRTl 
PRT2 
PR2 
PR3 
PR. 
QUEST 
RESTRT 
S 
SNDNX 
SOH 
SOHI 
SPACE 
STRT 
STRTl 
T 
TEST 
TESTI 
THIS 
THISIT 
TICK 
TICKI 
TIHER 
TWIDTH 
UHPAK 
UPARRO 
UPTIHE 
W 
WAITHT 
WAITI 
WAIT2 
WHOOP 
WIDTH 
WPH 
XLAT 
XLATER 
XLATI 

24 235 
23 225 
23 122 
22 361 
21 006 
2-4 154 
23 104 
23 111 
23 252 
25 364 
23 332 
23 230 
23 26'" 
23 342 
00 120 
25 304 
22 316 
23 027 
21 014 
21 023 
21 036 
22 304 
21 317 
21 341 
22 347 
22 00"" 
22 035 
21 372 
00 077 
20 172 
00 123 
22 060 
24 300 
22 024 
23 277 
20 120 
20 140 
00 124 
22 07"" 
22 120 
23 147 
23 0-4"" 
21 061 
21 107 
2-4 303 
2-4 276 
22 164 
00 136 
24 176 
00 127 
22 220 
21 070 
21 067 
21 305 
00 110 
22 133 
23 125 
23 0-40 
23 143 



Your Altair, 
IMSAI, 
or Poly 88 · 'ij. 
will love our 
Frugal Floppy: 
It makes program development and loading 100 times faster! 

iCOM disk drive 

The affordable floppy 
You've made a big investment in your 
computer. Here's how to make that 
investment really payoff. Order 
iCOM's low cost Frugal Floppy@) 
Disk Subsystem. Just $1195 for the 
disk drive, field proven controller and 
cables. And you can order our 
Altair, IMSAI, and Polymorphic bus 
compatible plug-in interface, with 
on-board RAM, in kit form or 
fully assembled. 

What it will do for you 
With our Frugal Floppy,@) you can 
load and store programs hundreds of 
times faster than with paper tape, 
cassette, or teletype. Example-8K 
of memory can be loaded in just 7 
seconds! Plus, you can store up to 
256 programs on a single disk. That's 
why we say our Frugal Floppy will 
turn on your computer. And fast! 

Here's what you get 
The Frugal Floppy includes: 
• Disk drive with daisy chain 

capability 

$1195 plus 
interface card 

iCOM's proven 
CF360 controller 

• Proven IBM compatible controller 
• Interface cable to your computer 
• Controller-to-disk drive cable 
• All required connectors 

If you need a power supply and 
software, we've got that too. 

FDOS-JI software 
iCOM's famous FDOS-II software is 
now available for the Altair/IMSAI 
compatible bus. There's nothing 
anywhere to compare with our disk 
based Intel compatible macro 
assembler and string oriented 
text editor. 

With super features, such as named 
variable length files, auto file create, 

• MICROPERIPHERALS'" 

6741 Variel Avenue, Canoga Park 
California 91303 • (213) 348-1391 

Cable to your Microprocessor 

open and close, multiple file merge 
and delete. Use our software either 
in your development system or 
integrate it into your applications 
package. In either case, it's easy 
to do. And low cost too. 

Fast delivery 
See your iCOM dealer today to find 
out how our $1195 Floppy can turn on 
your micro-and fast. If you have 
any questions, or would like the 
name of your local dealer, phone us 
at 213-348-1391. You'll find that when 
it comes to Microperipherals~ iCOM 
has the answers. We should. We've 
delivered thousands of systems 
to date. 

DEALERS .... FOR COMPLETE 
INFORMA TJON ON HANDLING tm 
OUR LINE OF MICROPERIPHERALS 
PHONE OR WRITE iCOM TODA Y 



Figure 5: The input circuit 
used by the author in de
veloping the Morse code 
interpreter. This circuit 
works but is not optimal. 
The operational amplifier 
saturates if any A C signal 
is present on the input to 
the bridge rectifier, so the 
frequency selectivity of 
this circuit is virtually non
existent (ie: all stations 
heard in the pass band of 
your receiver will be logi
cally "ORed" leading to 
garbled copy if you oper
ate in a crowded band). 

C5 

INPUT J-1 
3 

CODE 
(ANALOG TONE BURST) 

5 

RI 

1'CI 

3.2/8n TO 500n 

8LUE 0664 

ARCHER 273-1381 
OR EQUIVALENT 

Some Thoughts on Improvements and 
Adaptations 

+ 15V 

The Morse code interpreter described here has 
been implemented and used by the author. As in 
any design, there is room for improvement and 
expansions of the capacity of the program. Here 
are some suggestions: 

• Design a good input filter to pick up audio 
and output digital (phase locked loop?) . See 
figure 6. 

• Add multiple message buffers. 
• Use multiple precision arithmetic to provide 

a larger message buffer. 
• Modify the program for RTTY (Replace 

Morse table with Baudot table, add single 
byte flag to keep track of FIGS vs L TRS 
modes). 

• Wire 6.3 VAC at 60 Hz into the DEC 
M7346 module and write a real time clock 
routine to keep track of time of day. 

For individuals with 8080 processors, or the new 
Z-80, the source code for this Morse code inter
preter (see listing 2) can be translated on a one to 
one basis into code for these newer computers. 
Such code will work without major changes, but 
will not make optimal use of the expanded 
instruction sets. 

+15V 

4 

NE567 

6 

+5V 

R3 
CODE 
(DIG ITAL) 

8 TO 
t--...... --CJ SINGLE BIT 

INPUT PORT 

C4 

R2 

Figure 6: A suggested selective input filter for better performance. This 
circuit is adapted from the Signetics Catalog, page 6-97. The design equations 
are shown. The phase lock loop "latches up" when the signal is detected in 
the filter's band, typically after several tens of cycles. C3 determines the time 
taken for the filter to detect this condition. The time taken to unlatch after 
the signal disappears is determined by R2 and C4, with some effects from C3. 
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+15Y +5Y 

2 TO 
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INPUT) 

7404 POWER 
+5Y'14 
GND' 7 

-THRESHOLD 
~ ADJUST 

20K 

470n 
1/4W 

-15V 

Text continued from page 56 

used since they are all driven in the same 
sequence). In both of the above cases the 
keying sense for input and output is a TTL 
low level for a "key down" condition 
("mark") and a TTL high level for a "key 
up" condition ("space") . 

This program has been tested on a starter 
set and has successfully operated in both 
PROM and programmable memory. When 
used in programmable memory, it should be 
noted that a DEC M7344YB (or an extra 
1 K of programmable memory over the 
starter set M7344YA) is the minimum 
memory requirement. When the program is 
assembled and programmed into PROM, 
approximately 4 1/2 EROMs (1702A) are 
required. 

Experience to Date 

The program has been tested in gene
rating Morse code over the speed range of 
7_2 wpm to 120 wpm and appears to 
function properly_ The program has been 
tested in receiving Morse code over the speed 
range of 7.2 wpm to 96 wpm: up to about 
63 wpm the decoding function is fairly 
acceptable; at 89 wpm the number of 
erroneous characters is considered to be 
unacceptable by the author in this particular 
test. It is the author's opinion that the error 
rate at the higher code input speeds is 
probably related to the design of a particular 
input processing circuit that was used (see 
figu re 5). I n general, a phase locked loop, or 
a similar highly selective decoding scheme, 
would be useful, particularly to an amateur 
radio operator working the crowded bands 
of a field day type event. One such circuit is 
illustrated in figure 6. This would provide 
the amateur with a printout of communica
tions in both directions from the station 
operating. I n fact, with sufficient comment 
being transmitted to and from the stations 
involved, the printout from a hard copy 
terminal would provide a log for the field 
day events_-



Introducing A Remarkable New Microcomputer: 

The Astral 2000 
You're reading this ad, so you're obviously interested in getting a microcomputer. You're probably also a bit confused by the 

number of different microcomputer kits around today. So, think about the things you want in a microcomputer. Ease of assembly, 
qualtty power supply, well designed cab1l1et and IIlterconnect scheme, peripheral and memory optiolls for an expanding system . 

Some Kit! 
Although we have called the Astral a " kit", it actually arrives 

over 70% assembled. The power supply, processo r board and RAM 
board are fu lly assembled, burned in and tested before shipm ent. 

There is no complicated wiring harness. In facl, there is no fronl 
panel wiring harness at all. The front panel plugs directly in to the 
backplane. Additional circuit boards are inserted through the rear 
of the chassis directly into the backplane. 

Complete System 
The Astral 2000 is shipped with power supply, cabinet, front 

panel components, mother board, processor board and one 8K RAM 
board. The processor is 6800-based and operates in serial and in 
parallel. Both RS-232 and 20mA current loop are provided by a ser
ial I/O socket on the processor. This processor is shipped with our 
own 16K monitor ROM and has provisions for "cycle-stealing" 
DMA. The memory board contains 8K of low power , 500ns static 
RAM and uses less than 1.5A at 5V. 

Lots Of Options 
A computer isn 't much fun if you can't talll to it. But you can 

talk to the Astral with the VID-80 video terminal board for on ly 
$189.95 unassembled ($245 assembled). The VID-80 has a selectable 
line length of 64, 72 or 80 characters per line. It displays 16 lines 
of upper case characters but gives you the option of installing a 
lower case character ROM as well. 

We also have someplace for you to put your programs. Our 8K 
EPROM board ($59.95) is designed for the 5204 and will allow in
system program storage even during power-down . This board is 
assembled with all components except the EPROMs, however 
sockets are provided for the memory chips. 

We've solved program loading, too. The I/O tape interface unit 
($49.95) plugs into the I/O socket on the processor board and allows 
programs to be loaded from any inexpensive, non-digital tape deck. 
But if tape cassette isn't fast or big enough , a floppy disk wi th an 
Astral bus-compatible controller will be available for under $1,000 
in the last quarter of 1976. 

A New And Powerful BASIC 
A unique and powerful version of BASIC with features never 

seen before in an 8K version has been designed especial ly for the 
Astral system. Astral BASIC contains all the featu res of competing 
BASICs and then some; Astral BASIC is also very fast. 

With the User S electable Floating Point package, the user 
chooses the degree of precision from the four choices of 6,9, 13 or 
16 digits. Fewer digits use less memory and is faster, however higher 
precisions are usefu l for scientific and mathematic applications. 

The Astral BASIC's DO statement is unique; it has never 
appeared in any other version of BASIC. The DO statement is a 
simple and fl exible way to subroutine without the restrictions of 
formal subroutines. DOs can be nested , too and -of course - Astral 
BASIC has all the other standard subroutine procedures as well. 

The Trace Mode is another feature rarely found ill oth er 
BASICs. The Trace Mode is used in program debug to list statement 
line numbers as executed. This feature may be programmed to 
Trace On only for routines still needing check-out. Pressing the 
escape key halts the trace and returns control to the terminal. 

The Astral BASIC string facility permits variable length strings 
of unlimited length and includes the abi lity to search for a substring 
within another larger string, a particlularly useful feature for word 
processing applications. 

Powerful program editing capabilities allow loading, listing and 
saving of programs. Blocks of statements may be deleted or renum
bered. The RENUMBER statement may be used to increment al l 
specified line numbers and it automatically adjusts the numbering 
of any GO TOs, etc. 

Another feature /l ever seen before in an 8K version is the pop
ular PRINT USING statement. PRINT USING permits floating "$", 
" +" and "-" signs as well as floating commas, so numbers such as 
$1,000,000+ can be printed in the standard accounting format. 

The Astral 2000 is $995 partially assembled ($1250 fully assembled) plus $14 for shipping and handling ($18 for Canadian 
orders). Additional 8K RAM boards are $245 each. California residents add 6% sales tax. The Software Pac/zage includes Astral 
Basic on magnetic tape casse tte or paper tape, the game of Startre/" complete documentation and a free one year subscription to 
the Astral Newsletter, all for $35. For more details, send a self-addressed, 8'12 by 11 stamped envelope to M&R Enterprises, P.O. 
Box 61011, Sunnyvale, Ca. 94088. Allow approximately 8 to 12 weeks for de livery. 



Make a Giantofl 
3P+S 1nput/000000Module 

Our JP + S is a simple inexpensive answer 
to handling a variety of peripheral devices. 
It has two 8-bit parallel I/O ports, with full 
handshal"ing logic. Plus, it has a serial I/O 
port, with a data rate range from J5 to 
9600 Gaud. Simultaneously handle a paper 
tape reader, a I"eyboard, a TV terminal, a 
tape punch, and a telephone coupler! 
Available with premium grade low-profile 
Ie socl"ets, $149. Owner's Manual, $4.95:" 

~~Language 
Just turn on the switch, and instantly you 
have the power to write, edit, assemble, 
de-bug, and run your own programs. 
The ALS-8 is the most useful software 
development tool available today. Optional 
firmware includes SIM-1, an interpretive 
simulator, that simulates programs without 
running them in real time. Thus, errors 
encountered during testing do not endanger 
your entire system. The TXT-2 firmware adds 
the dimension of text editing. Insert, delete, 
move entire lines or single characters, and 
much more! ALS-8 (assembled only), $425. 
SIM-1, $95. TXT-2, $95. 

VD1t\-1 Video DisplayModuie 
If you 're setting up just the system you really 
want, don't fall short by limiting its com
municating ability. The VDM-1 is an ultra
high speed video output device. Its 16 display 
lines have 64 characters each, upper and 
lower case. 1024 bytes of random access 
memory are on the card . It scrolls up or 
down, even to 2000 lines per minute! Any 
combination of the 1024 cursors can be 
displayed as blacl,,-on-white or vice versa. 
Free terminal mode software is included, 
along with premium grade, low-profile 
Ie socl"ets. $199. Owner's Manual, $4.95:" 

8KRAStatic MemoryModuie 
We now offer a low-power static memory 
module, with a full 8192 bytes of memory. 

It has an exclusive KSETTM address selection 
DIP switch, so you can conveniently set 
address boundaries in increments of 1 K. 
Our low-power RAM's typically require one
third less power than those commonly used 
by our competitors. They'll even retain 
memory for 4-5 hours when powered by 
two " D" flashlight cells. On-board recharging 
circuitry and battery connectors mal"e it 
possible to protect your data against sudden 
power loss. Each RAM has its own Ie socl"et, 
too, for easier assembly and repair. $295. 
Owner's Manual, $4.95:" . 

2KRO EPRQl\\ Module 
The 2KRO Read Only Memory will accept 
up to eight 1702A or 520J EPROM's (not 
included), providing 2048 eight-bit words 
of non-volatile storage for monitor, 
executive, loader and other programs. 
Programming services available from your 
dealer or write us for details. $65. 
Owner's Manual, $4.95:" 

4KRAStatic~ModuIe 
The 4KRA (4096 bytes) was our first static 
memory module. It's still very popular, and 
uses the same low-power static RAM's as the 
8KRA. Plus, we've added a DIP switch, and 
every RAM now has its own premium grode, 
low profile Ie socket. On-board recharging 
circuitry (with battery bacl"up) mal"es it 
possible to retain memory for 8-10 hours 
during power failure. $159. 
Owner's Manual, $4.95:" 

Me-I M.otherBoard 
Our single piece Mother Board for the Altair 8800 
gives you 16-card capacity in one single installation. 
Available with 12 (MD-12) or 16 (MD-1) slots. $70. 
(Discontinued; limited to stocl~ on hand.) 

WIre Wrap Board 
Do your own wire wrap prototyping with the WWB 
Wire Wrap Board. Up to 62 16-pin socl~ets or various 
combinations of 14, 16, 24 and 40-pin socl~ets . $40. 

EXB Extender Board 
The EXD Extender Board allows accessibility in servicing 
any 8080-compatible module. $35. 

*Fully descriptive Owner's Manual available 
separately. Price refundable with purchase of I~ it . 



)Or MinimlDputer 
Whether your minicomputer system 
is Sol, IM5AI, or Altair, its real 
capabilities depend on what 
goes inside. Processor Tech
nology Corp. now offers a 
full line of 8080-compat
ible components. From 
fine static memories 
to a unique assem
bly language 
operating 
system. We 
also have a 
variety of 
useful 
software 
pacl~ages, 
available 
for little 
more 
than 
copying 
costs. 

Kit Prices 
are shown, 
and they 
include the 
Owner's Manual. 
Assembled units 
available at slightly 
higher prices. 

MB-1 

Write Us fo r further details on all our 
8080-compatible products, and for the 
dealer nearest you. 

4KRA 

2KRO 

VDM-1 

ALS-8 

3P+S 

620Q-G Hollis Street 
Emeryville, CA 94608 



Build This 
Mathematical Function Unit 

Part 2: Software 

Figure 7: Wiring the Mathematical Function Unit to your computer's 10 
structure is accomplished by connecting the data input and output lines to 
appropriate pins of an 8 bit input and an 8 bit output port. For those 
homebrewing an interface, the 76 interface lines could be provided by a single 
dual port integrated circuit such as the Motorola PIA design. The software of 
this article reflects hardware for the input and latched output sides of a single 
In tel 8080 port. 
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Making Connections to the Computer 

The connections needed to interface the 
Mathematical Function Unit to an 8 bit 
microprocessor are summ arized in figure 1. 
In this interface diagram, only the signal 
wires are shown. A ground connection must 
also be made. If the wiring is done as shown 
here, the READY bit (bit 7) on the Mathe
matical Function Unit's output must be 
continually examined to determine comple
tion of the calculating or data entering tasks. 
An alternative would be to attach the 
READY line to the computer's interrupt 
structure so the computer could be execut
ing code other than the constant examina
tion of the READY bit. This would lead to 
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R Scott Guthrie 

1374 Franchere PI 
Sunnyvale CA 94087 

more efficient usage of the microcomputer 
and overall system, and will only create 
some fairly easy software changes from the 
examples shown in this part of the Mathe
matical Function Unit article. In either case, 
software toggling of the X (strobe) line is 
required to initiate operations. 

The operation of the Mathematical Func
tion Unit is governed by signals generated in 
the controlling computer system's software. 
The minimum required routines consist of 
an output procedure, an input procedure, 
and a short routine to check the status of 
the ready line, bit 7 of the input interface. 
The I ntellec 8 Mod 80 made by I ntel and 
belonging to the California Polytechnic State 
University Computer Science Department 
was used for the program development and 
all the controlling programs were written in 
Intel 8080 assembly language code as shown 
in the listings. 

Calculator Entry Routine 

The Mathematical Function Unit load 
procedure, called CAENTR (for CAlculator 
ENTeR) passes the code for the required 
operation to be performed from the m icro
computer's main memory to the Mathe
matical Function Unit. The 8080 assembly 
language symbolic and absolute code for this 
routine is shown in listing 1, hexadecimal 
addresses 01 aD to all F. 

The CAENTR routine first saves the 
contents of the A register with a PUSH PSW 
instruction. Then it checks the Mathematical 
Function Unit's ready line, waiting if neces
sary for the unit to enter the ready state. 
The waiting is accomplished by a reference 
to the subroutine RDY at address OlaF. The 
accumulator is then cleared to zero with an 
XRA A instruction, and this state is sent to 
the calculator vi a the 8080's output port 3, 
symbolically referenced as POUT. Note that 
in the I ntellec system used for the proto
type, the hardware inverts the state of the 
data. Thus all references to data from or to 
the 10 ports have a complement operation 

The purpose of this design project was to develop an 
economical and reliable method of performing simple 
arithmetic, trigonometric and logarithmic functions in 
microcomputer systems. Software routines for floating 
point arithmetic and transcendental functions involve 
extensive algorithms and complex programming on 
contemporary microprocessors (indeed, on any computer). 
A great deal of valuable memory area is often required even 
for some of the simpler mathematical routines. This is 
especially true when using the limited instruction sets of 
the contemporary 8 bit microprocessors. This makes the 
hardware approach a desirable alternative due to the 
powerful software available in some calculator integrated 
circuits on the market today. 

In last month's BYTE [page 26J, we provided a 
deSCription of the hardware for a unique Mathematical 
Function Unit built around the MOS Technology 
MPS-7529-103 calculator chip. The parallel 10 structure of 
this interface can be used with any system which has 8 bits 
of parallel output and 8 bits of parallel input capability. In 
this month's conclusion to the project, software required to 
control the interface is described, along with a test program 
to emulate a hand calculator by use of a computer's hard 
copy or television display terminal. The software is given as 
developed for an Intellec 8 Mod 80 system, with notes 
concerning hardware idiosyncracies of that computer. 
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Listing 7.' Standard Input/Output Routines. The standard routines CAENTR, 
CAFTCH, and RDY are presented here in the Intellec 8 Mod 80 assembly 
language format. The hexadecimal address and object code is listed at the left, 
with symbolic assembly code at the right. CAENTR moves a command code 
to the calculator from DIN. CAFTCH reads the current calculator output to 
DOUT. RDY delays return until the calculator ready state is indicated, thus 
syncronizing a fast 8 bit central processor with a slow calculator. Prior to 
using the interface and calculator routines shown in this article, the stack 
pointer must be set to point to some area of programmable memory which is 
not in use. 

0000 
01Q1D 
0101 
00~3 

0003 
010E f5 
010f CD5201 
0112 Af 
0113 2f 
0114 0303 
01 16 3AQlD01 
0119f6C0 
0118 2f 
011C 0303 
011 E fl 
011 f C9 

0120 f5 
0121 C5 
0122 E5 
0123 060C 
0125 2101~1 
0128 CD5201 
11128 f3 
012C Af 
012D 2f 
012E 0303 
0130 3Eca 
0132 2f 
0133 0303 
0135 CD5201 
0138 Af 
111139 2f 
11I13A 0303 
11I13C 3E80 

DIN 
DOUT 
PIN 
POUT 
CAE.NTR: 

;~ATHEMATICAL FUNCTION UNIT 
;STANDARD INPUT/OUTPUT ROUTIN~S 

;****.**** •••••• *** •••••• *** •••• **. 
;NOT~: ALL INPUT AND OUTPUT DATA 
;IS COMPLEMENT~D BY HARDWARE ANU is 
;RE-GOMPLE.ME./IITElJ "y SOFTWARE FOR 
;THIS RE.ASON. 
;*.**************************** •••• 

;MFU LOAD PROGRAM (CAE.NTR) 

;PROGRA~ DESCRIPTIG~: 

;PROGRAM TRANSMITS DATA AT LOC 'UIN' 
;TO MFU INPUT PORT 
;2 BYTES OF STACK SPACE USEU 
;NO R~GISTu~S AFF~CTED dY SU"ROUTINE 
ORG 1310EH 
EQU 010DH 
EQU 13101H 
EQU 133 
EQU 133 
PUSH PS'. 
CALL 
XRA 
CMA 
OUT 
LDA 
ORI 
CMA 
OUT 
POP 
RET 

RDY 
A 

POUT 
DIN 
0C0H 

POUT 
PS I.: 

;PORT IN 
;PORT OUT 
;SAVE REG. A 
;TEST fOR RE.AlJY 
;ZERO RE.G. A 
; ••• SE.E NOTE ••• 
;TOGGLE. Mf U 
;GE.T CODE 
;FORCE. '11 XXXXXX ' 
; ••• SE.E. NOTE *** 
; SE.Nu COil;:' 
; RE.STORE kEG. A 
;RETURN 

;MFU RETRIEVE PROGRAM (CAFTCh) 

;PROGRAM DESCRIPTION: 
;DIGITS I(LSD) THROUGH 12(MSlJ) 
;ARE LOADED INTO Mi.MORY STARTING 
;AT LOC 'DOUT'. THE INFORMATION 
; IS OF THE fORM "ROPSb&bS" WHERE.: 
;R=RE.ADY BIT, P=lJECIMAL POINT 
;O=OVERFLOW, S=SIGN, BBB"=,,CD DIGIT. 
;6 BYTES OF STACK USED. 
; NO REGISTERS AFFE.CTED bY SUBROUTINE., 

CAFTCH. PUSH 
PUSH 
PUSH 
MVI 
LXI 

PSW 
B 
H 
B,0CH 
H, UOUT 
ROY 

SAVE. A & PSW 
SAVE. " & C 
SAVE. H & L 
LOAD 12 IN REG. c 
LOAD ADUR, OF SAVE ARE.A 
TEST fOR RE.ADY CALL 

01 
XRA 
CMA 
OUT 
MVI 
CMA 
OUT 
CALL 

LOOP 1: XRA 
CMA 
OUT 
MVI 

A 

POUT 
A,0CBH 

POUT 
ROY 
A 

POUT 
A,0B0H 

DISAbLE. INTERRUPTS 
ZERO REG, A 

*** SEE NOTE. *** 
TOGGLE. MFU 
DISPLAY RESTORE KEY 
•• * SEE NOT~ *** 

SEND COllE. 
TE.ST FOR RE.ADY 
ZERO REG, A **. SEE. NOTE .*. 
TOGGLE MfU 
SET TOGGLE bIT 
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associated with the transfer to compensate 
for the inversion. 

The calculator command code to be sent 
to the Mathematical Function Unit is passed 
to the CAENTR routine in memory location 
DIN. This command code is combined with 
the bit pattern 11000000 using the ORI 
operation at address 0119. This forces both 
the X and Y control bits of the computer 
output port to be in a high state. The X line 
high starts the Mathematical Function Unit 
load sequence, and the Y line in a high state 
indicates that data is to be loaded into the 
calculator from the computer's port. The 
low order bits contain the bit pattern of the 
calculator key selection taken from table 1 
on page 31 of September 1976 BYTE. 
Finally, the CAENTR routine restores the 
saved contents of the A register and returns 
to the calling routine. 

I n using the calculator interface, the 
procedure is quite simple: Set up a calcu
lator control code from that table in the 
location DIN (hexadecimal 010D in this 
case) and then CALL CAENTR. One com
mand to the calculator is transferred for 
each such CAENTR call. 

Calculator Fetch Routine 

The Mathematical Function Unit read 
routine, called CAFTCH (for CAlculator 
FeTCH) is responsible for controlling the 
transfer of data from the unit into the 
computer's memory. 

This routine transfers all 12 digit posi
tions of the calculator chip's output number 
into 12 sequential locations of the com
puter's memory starting at location DOUT, 
shown at location 0101 hexadecimal in 
listing 1. CAFTCH begins by saving the 
processor status. Then the subroutine RDY 
is called to delay until the calculator is ready 
for data transfer. 

When the Mathematical Function Unit is 
ready, return from RDY is followed by 
disabling of interrupts with the DI instruc
tion, so that complete transfer of all 12 
bytes of calculator display output can occur 
without interruption . The calculator's "dis
play restore" command [see table 7, page 
37, BYTE September 7976j of OB hexa
decimal is then sent, in the form of the code 
CB (logical sum of OB and CO). This insures 
that the Mathematical Function Unit output 
will be valid prior to reading the data into 12 
bytes of memory. After another CALL RDY 
wait, the program enters a loop extending 
from address 0138 hexadecimal to 014A. 
Th is loop transfers 12 output digits in 
sequence into 12 consecutive memory loca
tions starting at the location DOUT. (The 
initial address was set up by the LXI H at 



location 0125.) During this loop, the Y 
control line, bit 6 of the computer output 
port, is left at a logic 0 level. The X I ine, bit 
7 of the computer output port, is toggled by 
the instructions at locations' 0138 to 013 F, 
setting up the next output transfer from the 
calculation. After waiting for the ready 
condition, the data is transferred into the 
computer at location 0144 with an IN PIN 
instruction, addressing the input port of the 
computer. The byte is then saved in memo
ry, and the index register provided by the 
HL pair is incremented. A loop counter in 
register B is decremented, and if the loop is 
not completed, reiteration continues. After 
all 12 digits have thus been transferred, the 
interru pts are reenab led and the registers are 
restored prior to return . 

The format of data recovered from the 
ca lcu lator in this transfer process was given 
in figure 2a found on page 27 of last 
month's BYTE. The offsets in memory for 
each byte of the data format were given in 
figure 2a. 

Calculator Ready Routine 

The subroutine ca ll ed RDY is the fina l 
component of the basic set of interface 
driver software. This program is found at 
addresses 0152 to 015A of listing 1, and is a 
simple procedure to input from the com
puter input port (symbolically PIN , absolute 
value 3 in this case), and test the ready bit, 
bit 7 of the input pattern. If the ready state 
is indicated, the subroutine returns, other
wise it keeps reiterat ing. This routine is used 
by both CAENTR and CAFTCH. 

If the interrupt structure is being imple
mented, this routine could return control to 
the operating system, or other programs in 
memory, allowing them to execute until 
being interrupted by the ready state of the 
Mathematical Function Unit. 

Alignment Procedures 

The three variable resistors, R5, R6, and 
R7 adjust the length of the following timing 
pulses: 

R5 300 J1S 
R6 50 ms 
R7 50 ms 

Set Not-Ready delay 
Key Pressed delay 
Key Released delay 

The use of three short tim ing loop pro
grams, with the aid of an oscilloscope, allow 
these delays to be set. The programs are 
found in listing 2 and assume a 2 J1S cycle 
time. Adjustments shou ld be made if your 
8080 processor runs at a different speed. 

The 300 J1S pulse can be set by con
necting the scope probe to pin 13 of IC 1 a 
while executing the 1 ms delay routine, 

Listing 7, continued: 

0 13E 2F CMA ••• SEE NOTE ••• 
013F 0303 OUT POUT SENu COu\:. 
0141 C05201 CALL ih)Y TI:.ST FOrl Ru.uY 
0 144 OB03 IN PIN GET C'OiJJ:. 
0146 2F CMA ."'. SEE NOTE ."'''' 
0147 77 ~lOV M.A SAVE IJIGIT 
0148 23 INX H INCR H & L 
0149 05 uCR d DECREMENT tl 
014A C238e11 JNZ LOOP I CHECK FOR DONE 
0 140 FB EI ENA8LE INTERRUPTS 
014E EI POP H RESTORE H & L 
014F C 1 POP d RESTORE EI <!to C 
0150 FI POP PSt,,' RI:.STORI:. A & PSt,,' 
0151 C9 RET RETURN 

; READY SUBROUTINE 
;THIS SUBROUTINE. WHEN CALLi:.i.l 
; RETURNS TO CALLING ROUTH,!:. ONLY 
; 'J HEN MFU IS IN THE REAIJY STATE. 

0152 OB03 ROY: IN PIN ; GET MFU INFO 
0 154 2F CMA ; ••• SI:.I:. NOT!:. ,."'''' 
0155 E680 ANI 080H ; GET REAllY tllT 
0157 CA520 I JZ ROY ; JUMP NOT READY 
01SA C9 RET ; RETURN 
0000 END 

Listing 2: Alignment of the oneshots in this circuit is accomplished using 
timing loop programs which repeatedly toggle certain aspects of the interface. 
This listing shows three such timing loops, D7MS, D70MS and D740MS. 

; AL IGNMI:.NT ROUT I NI:.S 
; 1.,1 70 " ANu 14" l':S. UJ:.LAY rlOUTINI:.S 
; FO~ COMPUTER CYCLI:. TH', I:. OF 2 US . 

13000 ORG 200H ; STAiHING Auuit",SS FOR 
']2 '~'J CiJ0tl04 u lt-'S: CAL L OUTPUT ; OUTPUT STHitTllll(' S<.C~ • 
02'~3 :>J 67C ~'V I d.7CH ; S E.T FOR I l':S. uJ:.LAY 
0205 05 TLOOP: IJCn d 
0206 C20502 J!'<Z TLOOP 
0209 C30e102 JI'I,P 1.I11(S 

020C ORG 300H ; START! I,G H1.IUitE.SS FOi( 
,~ 3011 CD13B·a4 1.1701"5 : CALL OUTPUT 
'~303 0623 I~V 1 d.35 ; SET fOIl 7~ MS. "ELAY 
13313 5 CiJ1604 CALL Ui:.LAY 
;;)3;\8 C30003 J MP u701':S ; ri. <.P l:.H T 

133 ·aB ORG 400H ; 5TH,lT I NG HU!.Jht.::iS fOi\ 
04">J Cj)(lBil4 D1401':S : CALL OUTPUT 
"4133 0644 l':Vl i;.68 ; St.T FOR 140 
'340 5 CDI604 CALL iJELAY 
04"8 C 30·a04 J~'P LJ140MS ;RE.PI:.AT 

; SUdROUT!NES 

04·aB 3E7 F OUTPUT: I":Vl A.137FH ; SI:.T x LlllOi:. 
,1400 2F CI':A ; INVl:.flT fOR 
1343E D3133 OUT 03 
04 113 3EFF MV I A.0fFH ; 5!:.T X LIt'<.:. 
"4 12 2F CI'A ;lIWE.ii.T FGH 
214 13 D3133 OUT i!3 
134 15 C9 ;lET ;RETUHN 

1114 16 3C DELAY : IN!'! A 
l~417 C21604 JNZ uELAY ; "'uELAY" 
04 1A 'as uGR d ; .LOOP", 
214 18 C21604 JI\JZ uELkY 
1341E. C9 RE.T ; RE. TURt'< 
13;!13(l END 

D1 MS. The scope's time base should be set 
at 50 J1S per division and R5 adjusted until 
the pulse length is six divisions long. This 
pulse length is not at a ll critical and does not 
require exact setting. 

The key pressed delay must be approx-
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MS . uE.LAY 

LOW 
OUTPUT 

HlGh 
OUTPUT 

I l':S 

70 MS 

14'" ~)S 



Listing 3: CALCULA, a Calculator Simulator. CALCULA demonstrates the 
use of the Mathematical Function Unit in an application program. The 
purpose of CA LCULA is to drive the calculator interface as a printing 
calculator, interpreting ASCII codes from a keyboard as the key strokes on a 
typical hand calculator. The output of the calculator is displayed after every 
return operation. The original CALCULA was run with a Teletype for input 
and output. 

9999 
919D 
U91 
3129 
919E 

9299 21B392 
9293 961C 
9295 4E 
9296 CDA792 
9299 23 
929A 95 
929B C29592 
929E CD9C92 
9211 E67F' 
9213 F'E9D 
9215 C27192 
9218 CD2091 
921B 4F' 
921C CDA792 
921F' 9E9A 
9221 CDA792 
9224 169C 
9226 219191 
9229 7E 
022A E67F' 
922C 77 

922D E6BF' 
922F' BE 
9230 CA3D92 
9233 9E2A 
9235 CDA702 
0238 1601 
023A C35F'02 

023D E6EF' 
023F BE 
0240 CA48il2 
0243 0E2D 
"245 CDA702 
3248 C353"2 

3248 E63 F' 
024D C630 
324F 4F 
3253 CDA702 
0253 7 E 
0254 E6DF 
9256 BE 
3257 CA5Hl2 
025A 0E2E 
025C CDA702 
025F 23 
0260 15 
0261 C22902 
3264 3E0D 
3266 CDA732 
0269 3 E3A 
326B CDA792 
026E C30E32 
0271210003 
3274 IE35 
3276 FE20 

;~FU-CALCULATOR SIMULATOR 
;TTY K~YdOARD SIMULATlS 
;A HAND HELD CALCULATOR. 

; •••••••••••••••• ** •••••••••••••••• 
;NOTEI ALL INPUT AND OUTPUT uATA 
;15 COMPLEMlNTlD oY HARUWARl ~Nu IS 
;RE-COMPLEMENT~u oY 50FTWARl FOR 
;THIS RlASON. 
; •••••••••• ** •••••••••••••••• ** •••• 

ORG ;STARTING AUUR~SS 
DIN E.QU 

20"'H 
01"UH 
011:11 H 
3120H 
31",rn 

DOUT EQU 
CAFTCH EQU 
CAENTR E.QU 

PHEAD: 

LOOP: 

DLOOP: 

CONTI: 

GONT2: 

'DECPT: 

CONTI 

LXI 
MVI 
MOV 
CALL 
INX 
DCR 
JNZ 
CALL 
ANI 
CP I 
JNZ 
CALL 
MOV 
CALL 
'"'VI 
CALL 
MVI 
LXI 
MOV 
ANI 
~OV 

; CHE.CK 
ANI 
CMP 
JZ 
r-:VI 
CALL 
MVI 
JMP 
; CHlCK 
Alii 1 
CMP 
JZ' 
MVI 
CALL 
JMP 
;PRINT 
ANI 
ADI 
MOV 
CALL 
MOV 
ANI 
C~P 

JZ 
MVI 
CALL 
INX 
DCR 
JNZ 
MVI 
CALL 
~VI 

CALL 
JMP 

CODEIN: LXI 
MVI 
CPI 

H.HEAU 

C.M 
CO 
H 
o 
PHEAD 
GI 
7FH 
0DH 
CODEIN 
CAFTCR 
G.A 
CO 
C."'AH 
CO 
D.12 
H.DOUT 

;H.L -> hlADING 
;HlADING COUNT 
;MOVE CHAR TO C 
;PRINT CHAR~CT~R 
;INCR. MlM. PTR. 
;D~C COUNT 
;JUMP NOT DON~ 

;GH INPUT COu~ 
;RE,MOVt. BTH oiT 
;COMPARl WITH RlTURN 
;JUMP IF NOT RI:.TURN 
;GE.T UATA FROM MFU 
; MOV l R~TURN TO C 
;PRINT RETURN 
;MOVE LINEFEE.u TO C 
;PRINT LIN~FEI:.U 
;UIGIT COUNT TO U 
; H. L - > DOUT 

A.M ;CCH.L) -> RE.G. A 
07FH ;FORCE '0XXXXXXX' 
M.A ;RE.PLAC~ , IN Mt.MORY 

FOR OVERFLOW INDICATOR 
0BFH ;F'ORCE 'X0XXXXXX' 
M 
CONTI 
C.2AH 
CO 
U.0IH 
COlliT 

;SAME.1 
;YE.S = JUMP. lLSE. 
; It." _ > RE.G. C 
;PRINT "." 
;1 -> D CNO MOR~ PRINT) 
;BACK TO ROUTINl 

FOR A Nt.GHTIVt. SIGh IN COuto 
0lFH ;FOKCI:. 'XXX0XXXX' 
M ; SAMU 
CONT2 ;YE.S = JUMP. ~LS~. 

C.2DH ;"-" -> RE.G. C 
CO ;PRI~T "-" 
DE.CPT ;GO TO uE.CIMAL PT. ROUTIN~ 

, F'OUNlJ 
0F'H ; STRIP OFF lJ. P. 
030H ;CONVlRT TO ASCII 
C.A ;CCA) -> C 
CO ;PRINT NUMBlR 
A.M iCCM) -> A 
0DF'H ;FORGE 'XX0XXXXX' 
M ; SAME? 
CONT ;YlS = JUMP. E.LSE.. 
C.02EH 
CO 
H 
D 
DLOOP 
C~0DH 
CO 
C.0AH 
CO 
LOOP 

i"." -> RE.G. C 
;PRINT ..... 
; 1 NCREME.NT H. L 
;COUNT DOWN CHARACTlRS 
;CONTINUl lJISPLHY 
;Rt.TURN -> RlG. C 
;PRINT RE.TURN 
;LINEFlE.lJ -> RE.G. C 
;PRINT LINEFE.E.D 
;UONl WITH OUTPUT 

H.TABLl ;H.L -> TAoLl 
E.53D ;53 = , OF' I:.NTRI~S IN TAoLI:. 
2"'H ;COMPARE. WITH SPACE. 
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imately 40 ms long for the MPS 7529-103 
Calculator Chip and is set using the 70 ms 
program loop, D70MS . With the scope's 
input connected to pin 5 of IC 1 b and the 
time base set for 10 ms per division, R6 
should be adjusted for five divisions (50 ms). 
This allows an extra 10 ms from the required 
40 ms minimum for assurance that the data 
will be received in worst case situations. 

The key released delay can be set using 
the 140 ms delay loop, D140MS. Since the 
50 ms key released delay does not start until 
after the 50 ms key pressed delay, the end of 
this pulse should be around 100 ms from the 
initiation of the sequence. This can be seen 
on pin 13 of IC 19a and set by adjusting R7. 
The scope's external trigger can be con
nected to pin 5 on IC 1 b and the time base 
set for 10 ms per division for a closer look. 

It is not imperative that all pulse delays 
be exact; however data transmission errors 
may result if the two 50 ms delays are not 
set for at least 40 to 45 ms. 

What's It Good For? 

The application of the Mathematical 
Function Unit is appropriate wherever cal
culations must be done. To illustrate a 
specific case, listing 3 provides a very simple 
calculator program which will enable an 
8080 to drive the unit through the routines 
of listing 1. A sample of the output is shown 
in listing 4. The purpose of the CALCULA 
program is to accept inputs from the normal 
ASCII keyboard of your computer (here 
assumed to be connected to a Teletype using 
input port 0 for data input, input port 1 for 
status, and output port 0 for data output) 
and use thes'e inputs to set up command 
sequences to the calculator. After each "=" 
operation, the current display output of the 
calculator is read and printed. 

The program is set up in a fairly straight
forward manner, using a table located at 
hexadecimal location 0300 to store the 
conversion between ASCII input characters 
and calculator control characters. The list of 
ASCII codes and their corresponding calcula
tor functions is found in table 1. 

To use CALCULA, simply load memory 
address space from 0100 to 0334 (hexa
decimal) with the content of listings 1 and 3, 
then start the CALCULA program by 
jumping to location 0200. This begins execu
tion by printing out the heading M FU 
CALCULATOR SIMULATOR shown at the 
beginning of listing 4, after which an inter
active input of various calculator commands 
from table 2 can begin. The sample of listing 
4 shows uses of many of the calculator 
functions. The calculator replies with an 
asterisk (*) if an overflow occurs, as is the 



case with the attempt at 100! (100 facto
ria l) . Display output is normally printed 
fo llowing the input of a carriage return. 

Listing 3, continued: 

CALCULA is of course only the simplest 
of possibl e uses for this unit. For general 
programming, spec iali zed routines could be 
written to execute sequences of calcu lator 
keystrokes when needed, using data kept in 
the 12 byte arithmetic format. 

It should be fair ly easy to implement a 
simple programmable calculator style inter
preter to drive t.his interface, thus converti ng 
your person al co mputer into the equivalent 
of some fairly expensive desk top m icro
computer packages being sold commercially. 
Ambitious readers wi ll go even further and 
implement a BASIC interpreter or some 
other form of high leve l language referencing 
this mach ine both at compi le time and in the 
run time software packages. 

Some Parting Comments 

The hardware problems enco untered with 
this design were few. The major inelegancy 
of the design is probably the requirement for 
pull down resistors on the calculator chip's 
output I ines. Th ese resistors (R 10 to R30) 
are req uired to supp ly the load normally 
supplied by digit and segment driver circuits, 

Listing 4: CALCULA Program Sample Run. 
This Teletype listing was made using the 
CALCULA program to drive the Mathe
matical Function Unit. The command codes 
for operations are listed in table 7. A 
carriage return code (hexadecimal aD) is 
used to cue the display of calculator outputs 
after a transfer via CA FTCH. 

MFU CALCULATOR SHIULATOfi 
$$ 

Iil(HllilI1JI1JIil"'Iil.Iil01il 
123.456 + 345.678 = 
I1JI1JIil469. I 340"'0 
$ «3+7).(2+1)/10).4+31= 
011J11J11J011J11J 18 .0011J 
$ 987.321M 
11J11J0967.3210011J 
55 111J'14H + 26.579'15H 
011J11J 1.26579-13 
U 45 S 
I1JI1J .707111J6811J11J0 
$ P 
11J3.1415927011J0 
55 16. I 
11J11J11J11J0.11J 62 5011J11J 

0278 
11J27B 
027C 
11J27F 
11J282 
0283 
11J286 
11J287 
11J28A 
11J28B 
028E 
026F 
11J292 
11J293 
11J296 
0299 

029C 
11J29E 
02A0 
1l2A3 
11J2A5 
11J2A6 

02A1 
11J2A9 
11J2A8 
02AE 
02AF 
11J280 
0282 

0283 
0284 
0285 
02B9 
02BO 
02CI 
11J2C5 
11J2C9 
02CO 
11J2CE 

02CF 
11J311J0 
0304 
0308 
030C 
11J310 
0314 
0316 
031C 
0320 
0324 
11J326 
032C 
11J330 
0334 

0000 

C28202 
4F 
COA711J2 
C30E02 
BE 
CA8EI1J2 
10 
CA0EI1J2 
23 
C38211J2 
4F 
CDA102 
70 
32000 I 
COl1JE01 
C30E02 

0811J1 
E611J I 
C29CI1J2 
0811J0 
2 F 
C9 

OBI1J I 
E611J4 
C2A702 
19 
2F 
0300 
C9 

00 
0A 
40465520 
43414C43 
554C4154 
4F52211J 53 
4940554C 
41544F52 
11J0 
I1JA 

311J313 2 33 
34353631 
38394130 
3030311J30 
2E28202A 
2F593028 
2950485E 
30303030 
5343544C 
47524644 
575A4D24 
30303030 
49515845 
21 

$ 691 
11J1.111 2 244098 
5 1011J I 

11J011J987.321000 
5Z 
0.00000000.01Ml 

• 
U I E 
02.1162616011J11J 
$ II1J R 
11J3.I 622177011J0 
U II1J Y 2 I = 
11J3.I 62277111J11J11J 
U 8 Q 

00011J011J0 64 .11J11J11J 
55 F 

5 53C 
-.0.9182828000 
$ Z 
0012111J00000.000 
$ 1000. 0 
000011J1000.000 
5 F 
011J1967.321000 
55 
00011J00000. "''''0 
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AGAIN: 

FOUND: 

CI: 

CO: 

HEAD: 

TABLE.: 

JNZ AGAIN ;JUMP IF IvOT SPA';E. 
MOV C.A ;MOVE. SPACE. TO REG. C 
CALL CO ;PRINT SPACE. 
JMP LOOP ;BACK TO LOOP 
CMP M ;COMPARE. C(A) loll Th TAoLE. 
JZ FOUlvD ;JUMP IF FOUNU 
OCR £ ; DE.CRE.ME.NT COUlvTE.R 
JZ LOOP ; IF NOT FOU/,;U TRY AGAIt. 
INX H ;INCR H.L 
JMP AGAIN ; KEE.P TRYING 
MOV C.A ;MOVE. ,OR PRINT 
CALL CO ;PRINT 
MOV A.L ;MOVE. COUE. TO A 
STA DIN ;STORE. CODE. FOR MFU 
CALL CAENTR ; SE.ND CODE. TO MFU 
JMP LOOP ; clACK TO ROUTINE. 

;CHARACTER INPUT ROUTINE. 
IN 131 ; I1J I = TTY STATUS PORT 
ANI 131 ; 01 = MASK FOR DATA AVAILAt>LI:. 
JNZ CI ;JUMP IF NO UATA 
IN 013 ;RE.AU Till:. ChAHACTl:.iI 
CMA ; ... SE.E. t.UTE. • •• 
RE.T ;RE.TURN TO PfiOGRAM 

;CHARACTE.R OUTPUT ROUTIlvE. 
IN 
ANI 
JNZ 
~lOV 

CMA 
OUT 
RET 

DB 
DB 
DB 

DB 
Uti .. -
ORG 
Dd 

D8 

DB 

0J:j 

08 

E.ND 

0 1 ;11J1 = TTY STATUS POHT 
11J 4 .; 04 = MASK F OR TTY ",USY 
CO ; LOOP UNTIL RuwY 
A,e; ;MOVE. FOR PHINT 

; ... SE.E. I,OTE. • •• 
"0 ; OUTPUT CHARACTE.R 

; fiE.TURN TO PROGRAM 

0DH ; fif.T URIv 
0AH ; LlNE.FE.EU 
'MFU CALCULATOR SIMULATOR' 

0DH ;RE.TURN 
"'AH ; Ll IvE.FE.E.U 

END OF PROGI1AM _ .. 
03i<l13H 
' 131234561&9A<)' 

'011J0i<l .+--/Y= ( , 

')PH'0000SCTL' 

'GRFDIoIZMS0000' 

'IQXEI' 

; END OF TABLE. 

NOTE: A 10 by 5'1. inch (25,4 by 13.3 cm) printed 
circuit board with plated through holes is available 
from RSG Electronics, POB 13, Santa Margarita 
CA 93453. The price of this board is $24.95 plus 
$1.23 for postage and handling (California resi
dents add 6 % sales tax). For questions on obtaining 
the calculator chip or other parts, please write to 
the author. 



Table 7: Keyboard Code Assignments for CALCULA. The CALCULA 
program interprets the ASCII keystrokes listed in the "keyboard code" 
column as the corresponding calculator key functions in the "function" 
column. The current content of the output disp lays is printed whenever an 
ASCII carriage return is input. 

Keyboard Keyboard 
Code Function Code Function 

0 0 E eX 

1 1 N! Factori al 
2 2 Y yX 

3 3 P Pi (3.1415927) 
4 4 A Arc 
5 5 S Sine 
6 6 C Cosine 
7 7 T Tangent 
8 8 L Natural Log 
9 9 G Log base 10 

Decimal Point Z Degree to Radian 
+ Plus Mode Switch 

Minus M Store in Memory 
Multiply F Reca ll from 
Divide Memory 
Equals D Add to Memory 
Left Parenthesis W Swap X with Y 
Right Parenthesis $ Clear Entry 

t Enter Exponent $$ Clear A ll 
H Change Sign Carriage Output Current 
I Inverse I/X Return Contents of Dis· 

Q X2 play to Main 
R Square Root of X Memory and 
X 10x Output 

BROWN-OUT PROOF 
your ALTAI R 8800 

With the unique Parasitic Engineering constant voltage 
power supply kit. A custom engineered power supply for 
your Altair. It has the performance features that no simple 
replacement transformer can offer: 

-BROWN-OUT PROOF: Full output with the line voltage 
as low as 90 volts. 

-OVER-VOLTAGE PROTECTION: Less than 2% increase 
for 130 volt input. 

-H IGH OUTPUT: 12 amps @ 8 volts; 2 amps total @ 

± 16 volts. Enough power for an 8800 full of boards. 
-STABLE: Output varies less than 10% for any load. 

Regulators don 't overheat , even with just a few 
boards installed. 

-CURRENT LIMITED: Overloads can 't damage it. 
-EASY TO INSTALL: All necessary parts included. 

only $75 p ostpaid in the USA. 

calif. residents add $4.50 sales tax. 

Don't let power supply problems sabatoge your Altair 8800 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 
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which are missing due to the use of MOS 
buffers in their place. 

The Mathematical Function Unit has 
been overdesigned in several areas. The ready 
and timing circuitry has been designed for 
easy modification to accommodate some 
different ca lcu lator chips in place of the one 
used in this project. The timing pulses can be 
extended or shortened, or even bypassed if, 
for example, the key re leased delay is not 
needed. A ll modifications must, however, be 
carefu ll y cons idered w ith the chip's spec if i
cations prior to altering the electronics. 

The Mathematical Function Unit and the 
rel ated software routines provide the micro
computer user with a very powerful calcu la
tion too l where li tt le could easi ly be done 
before. The program m ing of th is peripheral 
calcu lator has been found to be very 
straightforward and uncomplicated, re
quir ing much less memory space (and design 
time) than would be required to perform 
mathematical routines with microcomputer 
software alone. 

A fter cons idering the speed versus cal
cu lation ability tradeoffs, as we ll as the 
points mentioned above, I fee l this project 
has been a complete success. I hope the 
microcomputer hobbyist as we ll as system 
designers wi ll take advantage of th is method 
fo r satisfy ing their mathematical function 
requirements in cases where high precision 
and low speed prove usable.-

B IBLIOGRAPHY 

1. I ntel Corporation: Intel Data Catalog, 1975, 
pages 6-1 through 6-64. 

2. Inte l Corporation: Intellec 8/Mod 80 
Microcomputer Development System Refer
ence Manual, 1974 . 

3. I ntel Corporation: Intellec 8/Mod 80 
Microcomputer System Operator 's Manual 
(Preliminary Edition), June 1974. 

4 . MOS Technology Inc : "Specifications for 
Single Chip 40 Key Scientif ic Ca lcu lator 
Array MPS 7529-103" Rev 1, July 21 1975. 

5 . National Semiconductor Corporation: 
CMOS Integrated Circuits, August 1974. 

6. National Semiconductor Corporation: Digi
tal In tegrated Circuits, January 1974. 

7. National Semiconductor Corporation: Inter
face Integrated Circuits, Apri l 1974. 

8. National Semiconductor Corporat ion: Lin 
ear Integrated Circuits, January 1974. 

9 . Staken, Patrick H : "Using a Calculator 
Chip to Extend a Microprocessor's Capabili
ties," Computer Design September 1975, 
pages 98, 99 . 

10. Texas Instruments Inc: The TTL Databook 
for Design Engineers , First Edition, 19 73. 



SOME HISTORICAL NOTES ON COMMUNICATIONS AND PEOPLE 
Source materials' supplied by 
Claude Kagan, Western Elec
tric Co . 

The following text is taken exactly from 
a privately circulated English language trans
lation of an excerpt (pages 579 to 523) of a 
French worl?, Traite De Telegraphie Elec
trique by Abbe Moigno, published in Paris in 
7852. 

Telegraph Lines in America 

Electric telegraphy has not spread any
where its mysterious network with as much 
speed and success as in the United States of 
North America; nowhere has one either 
conceived as promptly and executed with 
such admirable response the happy thought 
of placing commerce and private enterprise 
in possession of this all powerful means of 
communication_ 

The first American telegraph I ine was 
established in 1844, between Washington 
and Baltimore, on a length of 40 miles. It 
transmitted with such celerity and 
promptness the news relating to the election 
of presidential candidates, that all pro
claimed, with a unanimous voice, the excel
lence and immense importance of these 
messages prompt as lightning; and one saw 
the formation at once, on all of the territory 
of the Union, private companies wi th the 
strong intention of making the entire 
country participate in the unexpected bene
fit of the electric telegraph. The line from 
Washington to Baltimore was immediately 
extended to Philadelphia and New York, 
over a distance of 250 miles; it reached 
Boston in 1845, and became the great 
Northern line on which two lines branched: 
one, a thousand miles long from Philadelphia 
to Harrisburg, Lancaster, Pittsburgh, Ohio, 
Columbo, Cincinnati, Louis Ville (Ken
tucky), and St. Louis (Missouri); the other, 
1,300 miles long, from New York to Albany, 

... 
Z 
r:I.l 
103 
~ 
d 
iii: 
~ z 
~ Courtesy of Western Electric 

Company from "Catalogue 
No. VII" of 1884. 

Troy, Utica, Rochester, Buffalo, Erie, Cleve
land (Ohio), Chicaga (Illinois), Milwankie 
(Wisconsin). 

(The text goes on to describe further details 
and give a table to tall ing the telegraph 
mileage as of july 7849: 70,885 miles.] 

What Was the Public Response to 
the Telegraphy Revolution? 

(Continuing the excerpt] ... Here is how 
the work is accomplished : the poles, twenty 
feet long, are cut in the forests and trans
ported to the site by the neighboring far
mers; one implants them into holes a foot 
and a half deep, one fastens at some distance 
from the top insu lators or glass rings, on 
which the conductive wire rests. A few days 
suffice to see the rise, as by enchantment, of 
a long line of poles. The surveillance and 
protection of the poles and of the wire is 
entrusted to these same farmers, all provided 
with the small instruments required by such 
a simple task : a hammer, cutters, a vise, 
pliers, some screws, some rings and some 
nails. 

The telegraph lines usually follow post 
roads, and their maintenance costs ab
solutely nothing; there is no instance that 
the wires, delivered to the good public sense, 
were broken through meaness. It is because 
in America all the wishes cooperate in 
concert for the pu bl ic welfare, and that all 
useful invention is like a family heirloom 
that all wish to safeguard. Each farmer 
participates at the very least by his contribu
tion of labor and materials, if not through 
his purse, to all the national undertakings; 
each thus becomes a shareholder and is 
interested in seeing them prosper.-
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Microprocessor Update: 

Keep PACE with the Times 

Robert Baker 
15 Windsor Dr 
Atco NJ 08004 

The new National Semiconductor IPC-
16Aj500D microprocessor commonly called 
PACE for Processing And Control Element is 
a single chip 16 bit microprocessor packaged 
in a standard 40 pin dual in line package. As 
a 16 bit general purpose computer it is an 
excellent candidate for personal computing 
applications. 

Table 7: PACE Status dnd Control Flags. These flags are tested to control 
program execution as a result of various conditions. 

Flag Register 
Bit 

0 

1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 

15 

Flag Name 

IE1 I IE2 
IE3 
IE4 
IE5 . 

OVF 

CRY 

LINK 

lEN 

BYTE 

F11 ! F12 
F13 
F14 

1 

Description 

Always logic 1, not used . 

Flags IE1 to I E5 serve as interrupt enable f lags for 5 
of the 6 PACE interrupt levels. These interrupts 
are ignored when I E bit is low. 

Set to the state of the 2's comp lement arithmetic 
overf low by arithmetic instructions. 

Set to the state of the binary or decimal carry out
put of adder by arithmetic instructions. 

Link f lag is included in shift and rotate operat ions as 
specified by instructions. Is unaffected if not 
selected . 

Master interrupt enable. Th is Ii ne simultaneously 
inhibits all five of lowest priority interrupt levels. 

Byte flag selects 8 bit data length when high and 
16 bit when low. 

General purpose control flags. Drive PACE output 
pins to directly contro l system functions. 

Always 1, addressing for interrupt 0 exit. 
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The Microprocessor Overview 

PACE utilizes 16 bit instruction words to 
operate on software selectable, 8 or 16 bit 
data words for a wide range of applications. 
There are four 16 bit general purpose 
working registers availab le to the user as well 
as an independent 16 bit status and control 
flag register that automatically and con
tinuously preserves system status_ Table 1 
lists the various bits of the status and control 
register and gives a brief description of the 
function of each bit. A ten word (16 bit) last 
in, first out, stack automatically saves return 
addresses for subroutine calls and interrupt 
serv icing. A stack fu ll or stack empty inter
rupt is provided to al low software stack 
expansion when requ ired. A six leve l, 
vectored priority interrupt system provides 
automatic interrupt identification. More 
than one device may be placed on any given 
priority level using open col lector, wired OR 
circuitry external to the processor. An indi
vidual interrupt enable is provided in the 
status register for each level and a master 
interrupt enable is provided for all five lower 
priority levels as a group . There are also four 
direct sense inputs and four control flag 
outputs to implement various single bit 
status and contro l functions. Figure 1 shows 
a functional block diagram of the PACE 
microprocessor while figure 2 shows the 
actual pin connections of the dual in line 
package. 

Instruction Set 

The PACE microprocessor instruction set 
consists of a general purpose mixture of 45 
instruction types in eight classes as shown in 



Table 2: PACE Instruction Set Summary. 
This table lists the mnemonic and a short 
description for all of the PACE instructions. 
For complete functional descriptions and bit 
patterns col7Sult National Semiconductor's 
PACE Technical Description document. 

Mnemonic Operation (or meaning) 

Branch Instructions 

BOC 
JMP 
JMP@ 
JSR 
JSR@ 
RTS 
RTI 

Skip Instructions 

SKNE 
SI<G 
SKAZ 
ISZ 
DSZ 
AISZ 

Branch on condition 
Jump 
Jump indirect 
Jump to subroutine 
Jump to subroutine indirect 
Return from subroutine 
Return from interrupt 

Skip if not equal 
Skip if greater 
Skip if And is zero 
Increment and skip if zero 
Decrement and skip if zero 
Add immedia te, skip if zero 

Memory Data Transfer Instructions 

LD 
LD@ 
ST 
ST@ 
LSEX 

Load 
Load indirect 
Store 
Store indirec t 
Load with sign ex tended 

Memory Data Operate Instructions 

AND 
OR 
ADD 
SUBB 
DECA 

And 
Or 
Add 
Subtract with borrow 
Decimal add 

Register Data Transfer Instructions 

LI 
RCPY 
RXCH 
XCHRS 
CFR 
CRF 
PUSH 
PULL 
PUSHF 
PULLF 

Load immediate 
Register copy 
Register exchange 
Exchange register and stack 
Copy flags into regi ster 
Copy register into flags 
Push register onto stack 
Pull stack into register 
Push flags onto stack 
Pu II stack into flags 

Regis ter Data Operate Instruc tions 

RADD 
RADC 
RAND 
RXOR 
CAl 

Register add 
Register add with carry 
Register and 
Register exclusive or 
Complement and add immediate 

Shift and Rotate Instruc tions 

SHL 
SHR 
ROL 
ROR 

Sh itt left 
Sh ift right 
Rotate left 
Rotate right 

Miscellaneous Instructions 

HALT 
SFLG 
PFLG 

Halt 
Set flag 
Pu Ise flag 

Diagrams and information, 
courtesy of National Semi
conductor from their PACE 
Technical Description. 
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Figure 7: PACE Microprocessor Functional Block Diagram. This diagram 
shows the major internal sections of the processor, which are reflected in the 
instruction set. The numbered connections refer to the pil7S of the processor 
package, shown in figure 2. This diagram is reproduced courtesy of National 
Semiconductor from page 2-2 of the PACE Technical Description . 
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table 2. Conditional branches are imple
mented usi ng the BOC in struction wh ich 
allows testing anyone of 16 conditions as 
shown in table 3. Additional testing capa
bilities are provided by the skip instructions 
which provide memory and register com
parisons without alter ing data. Memory 

Figure 2: PA CE Microprocessor Pin Assign
ments. Fitting a 76 bit processor's pinout 
into a 40 pin package is a problem: If for 
example separate 76 bit address and data 
lines are used, 32 pins are occupied and only 
8 are left for miscellaneous processor fun c
tions and power. But i f only one 76 bit bus 
is used for address and data, with time 
multiplexing of the usage, then a large 
number of pins remain available for miscel
laneous uses. National Semiconductor chose 
the latter course of action in the PA CE 
design, leaving a large number of externally 
available inputs and outputs including four 
levels of external in terrupts, three jump 
condition flags, and control lines. This dia
gram is reproduced courtesy of National 
Semiconductor, from page 2-3 of the PACE 
Technical Description. 

Table 3: PACE Branch Conditions. The BOC (branch on condition) 
instruction branches to the effective address if the selected condition is true. 
This table is reproduced courtesy of National Semiconductor, from page 8-74 
of the PACE Technical Description. 

Condition Code (cc) Mnemonic Condition 

0000 STFL Stack Full (conta ins nine or more words) . 

0001 REQO (ACO) equal to zero (see note 1). 

0010 PSIGN (ACO) has positive si gn (see note 2). 

0011 BITO Bit 0 of ACO true. 

0100 BITI Bit 1 of ACO true. 

0101 NREQO (ACO) is nonzero (see note 1 l-

0110 BIT2 Bit 2 of ACO is true. 

0111 CONTIN CONTIN (continue) Input is true. 

1000 LINK LINK is true. 

1001 lEN lEN is true. 

1010 CARRY CARRY is true. 

1011 NSIGN (ACO) has negative sign (see note 2). 

1100 OVF OVF is true. 

1101 JC13 JC13 Input is true 

1110 JC14 JC14 Input is true . 

1111 JC15 JC15 Input is true . 

NOTES: 1. If selected data length is B bits, only bits 0 through 7 of ACO are tested. 

2. Bit 7 is sign bit (instead of bit 15) if selected data length is B bits. 
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reference instructions use a flex ible memory 
add ress ing scheme wh ich provides three 
floating memory pages and one fixed page of 
256 words (16 bit) each. Figure 3 shows the 
various memory reference instruction for
mats used to obtain the four different 
address ing modes, 

DUAL-iN-LINE PACKAGE 

D04 • 40 D05 

D03 39 D06 

D02 3 38 D07 

DOl 4 37 D08 

DOO 5 36 D09 
iDS 6 35 Dl0 

ODS 34 D11 

NADS 33 D12 

NHAlT 9 32 D13 

CaNTiN 10 31 D14 
JC14 11 30 D15 
JC15 12 29 VGGI- 12VI 

JC13 13 28 BPS 
NiR5 14 27 EXTEND 

NiR4 15 26 NiNiT 

NiR3 16 25 ClK 

NiR2 17 24 NC l K 
Fll 18 23 VB B 
F12 19 22 F14 

VSS 20 21 F13 

TOP V iEW 

PIN DEFINITION 

ClK , NClK True and complemented MaS 
clock input. 

000 to 015 10 MaS data bus lines. 

IDS Input data strobe, enables exter
nal devices to send data to PACE. 

ODS Output data stro be, enables exter
nal devices to accept data from 
PACE . 

NADS 

EXTEND 

NINIT 

CaNTIN 

NHAlT 

BPS 

Address data strobe, cI ocks address 
from PAC E into AlE_ 

Extended data transfer , increases 
time duration of data 10 transfers 
for slow memory or peripheral s 
without changing clock frequency. 

Initi a li ze mic roprocessor function s. 

Continue jump condit ion. 

Control panel halt . 

Base page select, selects one of two 
possible base page address ing 
schemes. 

J1 3 to J15 Jump cond iti ons 13 to 15, user 
spec ified branch condition inputs 
to jump condition multiplexer (see 
table 3 ). 

F11 to F14 Flags 11 to 14, status and control 
flag registe r general purpose control 
flag outputs. 

N I R2-5 I nterrupt requests 2 to 5 . 

Vbb PACE substrate voltage input, 
d er ived from Vgg and Vss by STE. 

Vgg 

Vss 

- 12 V supp ly input. 

+5 V suppl y input. 



Applications 

There is a complete family of support 
chips designed for PACE which are intended 
to interface directly to the microprocessor 
chip. The System Timing Element (STE) 
provides the necessary MOS clock signals 
and V bbo supp ly voltage for the processor 
chip as we ll as an optional TTL clock for the 
user's system. Figure 4 shows how the STE 
is connected to the PACE microprocessor 
for a typical application. 

The Bidirectional Transceiver Element 
(BTE) provides single chip, 8 bit input and 
output buffering between the PACE MOS 
input bus lines and TTL devices. Figure 5 
shows how three BTEs are utilized along 
with an STE and PACE chip to assemble a 
system providing a fully multiplexed address 
and data bus with a minimum chip 
configuration. The other two support chips, 
the Address Latch Element (ALE) and the 
I nterface Latch Element (I LE), may be 
added for more complex systems as shown 
in the PACE Technical Description available 
from National Semiconductor as publication 
number 4200078A. This book also illus
trates a priority encoder, a control panel, 
DMA capabilities, application cards, and 
various applications and features of the 
PACE system along with the information 
contained in this article. 

User Group 

COMPUTE, a National Semiconductor 
sponsored user group for microprocessor 
programmers, users, and technical experts 
publishes a newsletter called The Bit-Bucket. 
They can be contacted at: 

COMPUTEj470 
National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara CA 95051 
(408) 732-5000 X7183 

Personal Computing with PACE 

The design of the PACE computer 
is that of a minicomputer. Its instruction 
set presents a conventional mlilicom
puter architecture (with a stack how
ever, which was usually unheard of in 
the days of the mini). Looking at the PACE 
architecture is reminiscent of looking at a 
Data General NOVA. For those with a 
strong background in 16 bit minicomputer 
programming, a 16 bit processor like the 
PACE would provide an excellent place to 
take advantage of your present bag of tricks 
to save time while getting oriented. While no 
PACE personal computing kits or finished 
products are presently available (circa June 

bits 15 10 9 8 7 0 

OPERATION CODE INDEX (XR) DISPLACEMENT (disp) 

Index Field Addressing Mode Effective Address (EA) 

00 Base Page EA = disp 

01 Program Counter Relative EA = disp + (PC) 

10 AC2 Relative (indexed) EA = disp + (AC2) 

11 AC3 Relative (indexed) EA = disp + (AC3) 

Key: (PC) = Contents of program counter 
(AC2) = Contents of AC2 
(AC3) = Contents of AC3 

Figure 3: Memory Reference Instruction Format. The PACE processor's 
minicomputer-like instruction set has four addressing modes which are 
specified by the index field of an instruction. Addressing can be through an 8 
bit signed or unsigned base page address selection, an 8 bit signed offset 
relative to the program counter, or an 8 bit signed offset relative to registers 
A C2 or A C3. This diagram is reproduced courtesy of National Semicon
ductor, from pages 2-77 and 2-72, PACE Technical Description. 

4.0 
MHz 

NCK 
TTL ClOCK{ TTL ClK 
FOR USER TTL ClK* 11 
SYSTEM 12 

NOTE: 

VSS' GND. AND VGG LINES 
SHIELD ClK AND NClK LINES. 

STE 

EXTERNAL 
+5VDC 
POWER 
SOURCE 

-

23 

20 

25 

24 
29 

PACE 

Figure 4: The PACE System Timing Element. In order to make a PACE work 
without undue engineering inconvenience, National Semiconductor also 
produces the STE chip which is an omnibus multifunction device including 
the master timing source, clock generator and driver, and one of the power 
supplies needed by the chip. The interconnections are shown in this diagram, 
reproduced courtesy of National Semiconductor from page 2-74 of the PACE 
Technical Description. 
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What's 
New? 

ADDRESS 

DATA 

SYSTEM MOS ADDRESS/ OAT A BUS 

PACE 
SYSTEM MaS TIMING 
AND CONTRO L BUS 

TTL e LK 

TTL CLK * 

BTE 

SYSTEM TIL 
MULTIPLEXED 
ADDRESS/DATA 
BUS 

-12V +5V SYSTEM TTL TiMING AND CONTROL BUS 

Figure 5: Minimum Chip Configuration. The minimum configuration for a multiplexed 
addressing and data interface to TTL logic is shown in this block diagram. The blocks labelled 
BTE are "bidirectional transceiver elements," members of the PACE chip set which are used to 
sense the MOS level outputs of the processor and drive TTL data bus structures, or in the 
opposite direction to convert TTL bus levels into PA CE compatible input signals. This diagram 
is reproduced courtesy of National Semiconductor, from page 2-29 of the PACE Technica l 
Description. 

1976) for the personal computing market, 
evaluation kits and products like the Pacer 
(see below) will provide a convenient way 

So You Want to Keep PACE? 

One way in which to eva luate and use 
PACE is to employ a system known as Pacer, 
which is manufactured by PI'oject Support 
Engineering, 750 N Mary, Sunnyvale CA 
94086. This product, which came our way 
recently fO!" evaluation, is avai lab le either in 
kit, se mi-ki t or assemb led versions, with a 
retail price in the $.1 000 range, more or less 
depending upon specific options chosen. 
Pacer 1 H is tota lly unassembled, Pacer 2H is 
completely assembled, tested and burned in, 
and Pacer 3H is unassembled except for the 

Photo 7: When assembled, 
Pacer is a neat desk top 
package with a molded 
plastic case and calculator 
style keyboard. The dot 
matrix alphanumeric dis
play is here shown as it 
appears when the Pacer is 
initialized by pressing the 
INT button. 
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for readers to obtain this 16 bit byte sized 
microprocessor.-

tested and burned in logic cards. The pic
tures accompanying this description are of a 
Pacer 3H version which we recently 
assembled. 

The basic unit as it comes (see photos 
1-3) in its simplest version contains a moth er
board with raw power supply, three mai n 
logic boards with on board regulators, and a 
control panel assembly. The three boards in 
the configuration shown in the photos are: 

• The Pace r CPU board with the PACE 
processor, buffering elements, address 
decoding for system addresses, and 
clock :ogic. This is the board at the 
right in photo 3. 

• Pacer control board which contains 
the Pacer executive ROM, executive 
programmable random access memory 
and initialization logic. This is the 
center board of the three boards 
shown in photo 3. 

• Pacer memory board which contains 
slots for 1 K by 16 of 2112 memory 
chips and 512 by 16 bits of MM5204 
programmable read only memory 
chips. (The unit comes with 256 words 
by 16 bits of programmable memory 
and no user ROMs.) 



Also included is the Pacer control card, 
shown at the top of photo 2 with its ribbon 
cable running down to the motherboard. 
This contro l card contains the logic and 
switches needed to support the 8 digits of 
alphanumeric display and key board 
functions. 

What Can You Do with Pacer as It Comes? 

In the minimal configuration, you receive 
a powerful 16 bit PACE processor which 
basically resembles a Data General NOV A 
(see Robert Baker's article J. The executive 
features of this minimal configuration allow 
the user to enter and debug mach ine 
language programs for PACE, using a set of 
commands much more flexible and sophis
ticated than the toggle switches of an ear li er 
era. These built-in checkout and debugging 
features include : 

Commands to set, modify and examine 
the hexadecimal contents of: 

Program counter 
Accumulators 0, 1,2 or 3 
Stack locations 0 through 9 
Flag register 
Any memory location se lected 
Anyone of severa l break point ad
dresses labe ll ed 0 to 9 
Value and mask fields used for search 
operations 

Extended command fun ctions include : 
Hexadecimal calculator : add, subtract 
disp lay result 
Memory search for value, with op
tional mask 
Run, restart, initiali ze, single step the 
processor. 

For initial checkout of machine language 
programs, this is mOl"e than adequate. The 
bus structur·e is comp letely documented in 
the manuals, and will prove quite expand
ab le using prototyping boards which are also 
avai lable from the manufacturer. The Pace r 
has 8 slots avai lab le on its backplane afte r 
the minimum three cards are inserted . 

The Number One Expansion 
to Make to Pacer 

One add itional board came with our 
Pacer, one which both exhibits its expand
abi li ty and will prove quite useful to anyone 
wishing to do software development. This is 
the optional PACE 2 printed circuit card. 
This addition to the system · contains a 
parallel Teletype current loop interface, an 
RS-232 interface, and the PACE 2 read only 
memories. 

The read on ly memories are the key to 
the usefulness of PACE 2. This board has a 
simple assemb ler (and dissassembler) pro-

Photo 2: Removing four 
screws and tilting back the 
cover of the assembly 
shows the interior of the 
machine: a motherboard 
with raw power supply 
(unregulated voltages for 
on board regulators) and 
positions for eight boards 
in addition to the three 
boards of the basic Pacer 
kits. The control panel 
board and its ribbon cable 
connector are shown 
mounted on the cover near 
the top of the picture. 

gram and powerful debugging executive, 
which takes over the system in stead of the 
original read on ly memory executive of 
Pacer's minimal configuration. With the 
addition of PACE 2, the original front panel 
is essential ly ignored with the exception of 
the restart and initiali ze buttons. The 
address space locations of the PACE 2 
executive and assemb ler are contained in an 
8 K block of memory which is comp lete ly 
protected by hardware in the standard 
boards as they arrive. (If desired, it is of 
course poss ible to defeat this feature 
through hardware modifications suggested 
by the logic diagrams supp li ed.) The hard
ware lockout involves write protection and 
automatic return of hexadecimal FFFF 
values when referencing the protected loca
tions. I n the words of the PACE 2 users 
guide, "As a result PACE 2 wi ll remain 
operable even after a massive failure of the 
user's program .... " 

The memory editing commands of PACE 
2 allow the user to displ ay and set memory 
contents from the term inal using ASCII, 
signed decimal, unsigned decimal or hexa
decimal conversions. Memory listing com
mands all ow the user to get an assemb ly 
language formatted output with symboli c 
references and abso lu te hexadecimal, sort of 
a built-in "disassembler" program. De
bugging features include ;a sophisticated 
memory snap feature tied to break points, 
snap points or single step execution. This 
feature allows se lected contents of registers, 
or memory to be dumped when execution 
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Photo 3: This detailed 
view shows the three 
boards of the basic Pacer 
kit product. The processor 
itself is the large chip on 
the rightmost board of the 
three shown. In the Pacer 
shown here, additional 
sockets and card guides 
which came with the kit 
are ready for the PACE 2 
board and for proto typing 
boards. 



reaches the desired points. As an assembler, 
the PACE 2 module in its "alter" command 
mode allows one to insert symbolic assembly 
language statements to define memory 
content word by word. The symbol table 
capacity built into the system when PACE 2 
arrives is 26 symbols. By adding memory it 
is possible to exte nd the symbol table to a 
limit of 121 symbols. Each symbol has a 16 
bit address value associated with it. 

By putting the PACE 2 board together 
with the Pacer, the result will be an excellent 
combination of software development tools 
and expandable hardware which will prove 
attractive both to the engineer using PACE 
in systems work, and to an individual who 
wants a prepackaged 16 bit computer with 
good systems software support at a mod
erate price. For further information contact 
Project Support Engineer ing.-

The MOSTEK MK5085N/MK5086N 
Integrated Tone Dialers 

Th is product provides the electronics 
needed to simply implement remote access 
via telephone to computer using a miniature 
hand held terminal which can be used with 
any telephone. I n such a system, the com
puter end listens to audio from one of a 
number of Bell approved electronic tape 
answering service devices commercially 
available, and standard touch tone signals are 
sent to the computer after dialing into its 
phone port. This MOSTEK chip, built into a 
tiny case using the circuit described in the 
MOSTEK documentation, and reproduced 
here, is used tCl drive the remote telephone 
through a speaker you build into the remote 
package. The computer end must have a 

"Figure r excerpted from MOSTEK's April 7976 data sheet for the 
Integrated Tone Dialer MK5085N/MK5086N. 
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hardware or software tone decoder and a 
software command interpreter to carry out 
your remote instructions; for reliability, 
such software should be stored in ROM 
against the possibility of power failures. 
Eventually, commercially produced "uni
versal signallers" using this technology 
should be available in calculator style 
packages, but until then you'll have to make 
your own. Contact MOSTEK at 1215 W 
Crosby Rd, Carrollton TX 75006.-

SCELBAL, an 8008/8080 High 
Level Language 

In our June 1976 issue [page 82], we had 
a product description article on the SCEL
BAL language, implemented for the 8008 
and 8080 processors by Nat Wadsworth and 
Mark Arnold. Since that time, the language 
design has been published in detail in 
SCELBI Computer Consulting's book of 
documentation, available at $49 postpaid. 

The documentation is very complete, and 
expresses Nat Wadsworth's excellent philos
ophy of giving all the information possible 
about the subject at a reasonable price. 
Quoting from the introduction: 

.... It was known at the start that the 
program could not be developed to 
satisfy every potential user. Nobody 
has a system with that much memory 
available! Care was taken to provide a 
good fundamental selection of syntax 
statements and functions in the lan
guage. From that pOint, backed by the 
descriptions of the program's organiza
tion, general flow charts, and highly 
commented listings provided in this 
publication, it is felt that the user will 
be equipped to add extended capa
bilities depending on memory avail
able, or willingness to sacrifice de
scribed functions. 

. . . . The extra measure of providing 
the information so that the user may 
go further if desired is the funda
mental premise behind this publication. 

In the words of the sage, "right on!". This 
368 page book contains an overall program 
logic descr iption of the interpreter spread 
over the first 11 chapters, total I ing some 162 
pages. Of these pages, 51 alone are spent on 
chapter 6 which describes the statement 
interpretation logic of the program with 
flow charts, symbolic (commented) as
sembly language code and verbal descrip
tions. I n the chapter 12, the detai led as
sembly of SCELBAL for an 8008 is given, 



and in chapter 13 the same information is 
repeated for an 8080 assembly. The detailed 
assemb li es give abso lu te code for the pro
gram in octal, beginning at migin 01/000 for 
either version. The total memory requ ired is 
the same in either version since the code is 
written for an 8008 and simp ly reassembled 
for the 8080 version. The actual program 
code covered by the assembly in either case 
is approximate ly 11.5 K bytes. The listings 
together occupy 164 pages. Chapter 14 
contains operating instructions and chapter 
15 contains "Suggestions for Program 
Tinkerers." The book is concluded with a 
"SCELBAL Labels Reference List" (ie: the 
symbo l table of the assemblies), and several 
notes pages for patches. The final sheet of 
the book is a cardboard sheet with a 
personal "SCELBAL Registl-ation Card," a 
change of add ress card, and a pocket ref
erence card. Purchasers of SCE LBA L return 
the registration card in order to be placed 
upon the update li st for errors and patches 
(several of wh ich are already present on the 
notes pages). 

SCELBI is to be commended for this 
example of complete and thorough docu
mentation for a high level language product. 
It will prove a useful vo lume for any person 
interested in a hi gh level language like 
BASIC which has options fm customization 
and extension. • 

The Visible Character Buffer Memory is Here 

A firm ca ll ed Matrox Electronic Systems, 
of Montreal, Quebec, recently came out with 
a unique line of inexpensive video display 
generators in "black box" module fO I·m. One 
of the products which will be of immediate 
interest to BYTE readers is the new 
MTX-1632 video display memory, a unit 
which interfaces to a three state bidil'ec
tiona l processor bus as if it were 512 bytes 
of programmable memory, and continuously 
generates a 16 I ine by 32 character upper 
and lower case ASC II display in the form of 
a standard video signal output. The unit is 
priced at only $198 in single quantities, and 
has a memory access time of 650 ns. 

The three state bidirectional bus interface 
has specifications compatib le with standard 
bus drivers such as the National Semicon
ductal' DM8833 and sim ilar chips, so with 
the addition of address decoding log ic it 
shou ld plug in to most systems with bidirec
tional buffered data buses. For readel-s using 
the Altair, IMSAI, Polymorphi cs, or Digital 
Group systems, some interfacing logic will 
be required to spl it the bidirectional bus into 
the "in" and "out" sections required by 
these systems. 

The unit comes in one form, a complete ly 
assembled and tested module with a video 
output dl-ive capability claimed sufficient for 
25 standard te levision monitors to be wired 
in parallel. Contact Matrox at POB 56, 
Ahuntsic Stn, Montl'ea l, Quebec CANADA 
H3L 3N5, (514) 481-6838.· 
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Mike Wilber 

920 Dennis Dr 

Palo Alto CA 94303 

David Fylstra 

PO Box 10051 

Stanford CA 94305 

The movement of com
puters into people's homes 
makes it important for us 
personal systems users to 
focus our efforts towards 
having computers do what 
we want them to do rather 
than what someone else 
has blessed for us. 

Homebrewery vs the 

Software Priesthood 

The move ment towards personalized and 
individualized computing is an important 
th rea t to th e au ra of mystery th at has 
surrounded the computer for its entire his
tory . Until now, computers were understood 
by only a se lect few who were revered 
almost as befitted the status of pri esthood . 
The arts of designing and programming 
computers have long been rega rded as sacred 
knowledge beyond the reac h of the nonspe
cialist. Indeed, the journ ey men of the trade 
have protected th eir privileged position by 
keeping their knowledge to themselves. 
These high priests and acolytes of the holy 
alliance of logicians (HAL) have dominated 
the field so far. 

The movement of computers into peo
ple's homes makes it important for us 
personal systems users to focus our efforts 
toward having computers do what we want 
them to do rather than what someone else 
has blessed for us. If personal computing 
users freely share their hard -won informa
tion and even their programs, then this 
community of users can become quite adept 
at bending their computers to their own 
needs an d wants. 

Wh en computers move into people's 
homes, it would be most unfortunate if they 
were merely black boxes whose internal 
workings remained the exclu sive province of 
the priests. It is fine to use them as bl ack 
boxes as long as they do what you want, but 
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the computer's owner should be abl e to 
modify its behavior to suit merely perso nal 
preferences. That is, computer literacy 
should be widespread. Now it is no t neces
sary that everybody be a program mer, but 
the potential should be there. This under
standing must be removed from the private 
reserve of the select few just because com
puters will be in the hands of the many. 

Freely available software is perhaps the 
key to the independence of the homebrewer. 

There are several indicat ions that personal 
computing users al-e likely to be hi ghl y 
motivated to generate freely ava il ab le soft
ware. One can be found in the amate ur radio 
community: Hams have a long tradition of 
free ly sharing their feats of engineering. In 
fact, it is quite natu ral to be proud of one's 
acco mplishments, and that pride finds quite 
natural expression in telling all the details to 
anybody showing th e slightest signs of 
interest. Already there are some signs that 
computer hobbyists have similar pride in 
th eir software achievements . Dr Dobb's 
Journal contains several exa mples of peopl e 
contributing adaptations and extensions to 
Tiny BAS IC. The mode of software develop
ment is likely to fol low the exampl e of 
program development among the world of 
paid programmel-s. For a while, people will 
contribute incremental improvements to a 
program (or a concept). During this first half 
of the cycle, the program becomes progres
sively more powerful and progressively 
messier until it is quite hard to understand 
or modify. Finally, somebody gives up in 
disgust and rewrites the program in the 
marvelously clear way that had been growing 
increasingly conspicuous by its absence. 
Then another cycle stal-ts, but its starting 
place is far more advanced than the previous 
cycle had reached. 



" . . . these are, and of righ t ought to be, Free 
and Independent . .. . " 

~ John Hancock, et al 

Personal co mputing people stand to be 
large ly independent of the priesthood be
cause they are str ikingly sophi sticated and 
because they freely share their ideas. A very 
good example of both these traits can be 
fo und in the nearly spontaneous ge neration 
of Tiny BASIC through the medium of the 
Peopl e's Computer Company and Dr Dobb 's 
Journal of Computer Calisthenics and Ortho
dontia. One issue published some rough 
design notes for a mac hine independent Tiny 
BASIC, but that was onl y the beginning. Th e 
next few issues published refinements on the 
design and later ones included an implemen
tation in an in terpret ive language and then 
both octal and annotated source programs 
realizing the interpreter and the entire sys
te m in 3 K of 8080 code. To to p it off, the 
whole project was done by far-flung indi
vidua ls in less than a year. 

While Tiny BASIC is a very striking 
example of what amateurs can do when th ey 
work together, we canno t affo rd to ignore 
its extreme dependence on good fort une to 
bring it to pass. Your own copy of BYTE 
magazi ne is another exampl e; it is the result 
of one man's frustration at mak ing his own 
co mputer work and his desire to let others 
profit by hi s experi ence. We've been very 
lucky to have a few people with high ideals 
to point the way fo r us, bu t we would be ill 
advised to depend on hav ing th ese fortunate 
circumstances conti nue. The time is ripe for 
the communi ty of personal computing 
enthusiasts to start thinking seriously about 
suppl ying its own steam to back up the 
energ ies put out by a few people with strong 
motivations to help launch the personal 
computing movement. It's launch ed now, 
and we have to prov ide the impetus and 
direction to make sure it develops in a way 
beneficial to the community at large. 

A good example of a means to distribute 
software which divides the effo rt fa irly and 
in a way nobody seems to mind is the 
software exchange of the Homebrew Com
puter Club in the San Francisco Bay Area. 
At each meeting (every two weeks) there is a 
table covered with paper tapes of programs 
contributed by all and sundry. Anybody is 
welcome to take any tape at all , subject only 
to the proviso that each copy taken from 
one meeting be replaced by at least one 
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"Complete" Means 

------() ..... 

UNBELIEVABLE!!!!! 
The Intecolor® 8001 Kit 
A Complete 8 COLOR Intelligent 
CRT Terminal Kit 

$1,395 

·8080 CPU· 25 Line x 80 Character/Line· 4Kx8 RAM / PROM Software 
• Sockets for UV Erasable PROM· 19" Shadow Mask Color CR Tube 
• RS232 I/O· Sockets for 64 Special Graphics· Selectable Baud Rates to 

9600 Baud · Single Package · 8 Color Monitor· ASCII Set 
• Keyboard· Bell· Manual 

And you also get the Intecolor " 8001 9 Sector Convergence System for 
ease of set up (3-5 minutes) and stability. 
Additional Options Available: 
• Roll· Adct it ional RAM to 32K ·48 Line x 80 Characters/ Line· Light Pen 
• Lim ited Graphics Mode · Backg round Color· Special Graphics Characters 
• Games 
ISC WILL MAKE A BELIEVER OUT OF YOU . 

Send me ___ (no) Inteco lor " 8001 kits at $1,395 plus $15.00 ship-
ping charges each. 
Enc losed is my 0 cashier's check , 0 money orde r, 0 personal check' 
0 $350 deposit / kit for C.O. D. shi pment for $ _____ _ 
NAME _______________ _ _______ _ 

ADDRESS _______________ ______ ___ 

CITY STATE ZIP _____ _ 

!II 'Allow 8 weeks c learance on personal checks . 

" Delivery 30-60 days ARO 

® 
Intelligent Systems Corp 4376 Ridge Gate Drive, Duluth, Georgia 30136 

' ''l Telephone (404) 449·5961 

91 



Software exchange is a 
two way street: He or she 
who uses an application or 
system's program from a 
community library is as
sumed to be willing and 
able to provide programs 
of equivalent value for 
others to use. 

copy at the next meeting. A few cautions, 
however, must be repeated every few meet
ings: that people label the tapes they bring 
back, that they take reasonable steps to 
ensure the accuracy of their copies and that 
they only contribute software with the 
author's consent. Homebrewers have good 
intentions but still need occasional re
minders to keep them from getting careless. 

It is most unfortunate that some people 
give free distribution to software against the 
author's wishes. In fact it's usually illegal, 
and anyone caught could face a heavy fine 
because the cri me is new enough that many 
think prominent examples should be offered 
to reduce its frequency. Until that lucky 
day, the main people being deterred are the 
people who have contri buted the software 
that has immeasurably helped the whole 
hobbyist movement get started. Even though 
we have a tremendous potential for genera
ting our own software, we still owe a 
tremendous debt (of gratitude besides the 
money) to those who have brought us Altair 
BASIC and 6800 BASIC, and who may have 
enough faith in us to bring us APL and some 
truly groovy text editors. Freely exchanged 
software should be truly free and untainted 
by ripoffs or by the appearance of ripoffs. 

The extreme ease of software theft could 
present a real barrier to free interchange of 
good software because many valuable people 
could understandably be reluctant to be
come very deeply involved in a forum where 
such ripoffs are commonplace. Theft is so 
much easier with software than with hard-
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ware because software has two distinctive 
properties : 

• A buyer cannot evaluate its benefit 
without extensive testing and use . 

• The elem~ntary operation in moving 
software is not to transport one copy 
but to generate another copy. 

Another danger threatens free distribution 
of free software, and for some of the same 
reasons, a scarcity of documentation which 
is all too common in software. The tempta
tion is strong: Somebody developing it 
understands it well and is concentrating on 
getting it to work at all and usually prefers 
not to be distracted by efforts to make it 
comprehensible to others. On the other 
hand, the task of documentation can easily 
take as much effort as the development 
itself. However, documentation is crucial to 
the value of a piece of software. Un
documented software is very hard to use and 
even harder to modify. We have no good 
solutions to either of these problems. The 
only thing to do is to repeatedly urge people 
to be mindful of the problems and to 
broaden their per"spectives beyond the gains 
of the short term. 

Telecommunications and the Community 
Information Exchange 

Enthusiasts in this field can share soft
ware right now by banding together into 
clubs, but that medium limits sharing to 
small groups of people who live near one 
another. With telecommunications, people 
can share their programs with others living at 
long distances from one another. One vital 
ingredient to such remote communication is 
the ordinary telephone, which works 
wonders at spanning long distances between 
people. Telephones can have the same bene
fit for computers, if they are equipped with 
modems, which handle the translation be
tween a computer's digital signals and the 
audio signals the telephone can handle. 
Then, one person can call another, and they 
can use that same call to connect their 
computers; one computer can run a special 
program to copy data from a cassette or 
memory to the phone line; and the other can 
run another special program to copy the 
information from the phone line onto its 
own cassette. Of course, the data being 
copied will likely be some program the two 
parties wish to share; and presto, you have 
an instance of software sharing at a long 
distance. 

While that kind of person to person 
exchange is quite effective, it leaves room 
for improvement in several respects. It re
quires very close coordination between the 



two parti es, and it requires one phone call 
for each interch ange of data. However, there 
is another possible mech anism, which can 
permit widely scattered users to com
municate far more freely and with much 
looser coordination while improving on the 
economy of phone line usage. That would be 
a sort of "Community Information Ex
change," a computer that would be con
tinually prepared to automatically answer 
the telephone and wou Id expect a com puter 
to be plac ing th e call . It would be located 
where a number of individuals (for example 
members of a local club) could reach it with 
a local call; it would provide bulk storage 
facilities, and it would accept commands in a 
very concise, well understood format from 
the computer whi ch had called it. Then one 
subscriber could leave a program in the bulk 
sto rage and invite all other subscribers to 
that Community Information Exchange to 
copy it to th eir own systems at their leisure . 

This is a very powerful means of broad
casting software among a local community, 
but it has implicit in it a means of broad
casting opinions and news too. It requires a 
means of transmitting plain English text 
between peop le just so the people will know 
which program s they can or might wish to 
communicate to their computers. Once the 

individual subscribers can communicate 
words among themselves, they can com
municate much more than news about the 
latest programs ava il ab le and how to use 
th em. They can also tell one another about 
the problems they are having with some 
program they recentl y picked up or even 
abo ut probl ems th ey are having with some 
hardware they recently bought. The com
puter community can find a great deal of 
strength in fr ee ly sharing that kind of 
inform ation, in ad dition to sharing their 
programs. Free communication of inform a
tion of all types can gre.atly enhance the 
community's res istance to inferior products, 
and acceptance of superior products. 

Th e Community Information Exchange is 
not limited to th e local communication 
described thus far. In the dead of night, 
when telephone traffic is reduced and the 
transco ntinental rates are low, a CI E in one 
locality can call a CIE in another locality. 
Then they can send programs and other datil 
back and forth. Of course, they have to 
know just wh at should be sent where, and 
th ey could be told by their subscribers. The 
commands they will accept from their sub
scr ibers could direct th em to copy a file to 
or from some remote CIE. Nor IS It neces
sary for a CI E to d irLctly call another to 

Imagine a Community In
formation Exchange, com
plete with telecommunica
tions access ports, mass 
storage and an accounting 
algorithm to keep track of 
operating 
tributed 
activities. 

expenses at
to each user's 

NOTE: The term "Commu
nity Information Exchange" 
was inspired by Michael Ross
man. 

MODEL CC-7 SPECIFICATIONS: 

A. Recording Mode : Tape saturation binary. 
This is not an FSK or Home type recorder. 
No voice capability. No Modem. (NRZI 

DIGITAL DATA RECORDER $149.95 
FOR COMPUTER or TELETYPE USE 

Any baud rate up to 4800 

NEW - 8080 I/O BOARD with ROM. 
Permanent Relief from "Bootstrap Chafing" 

B. Two channels (1) Clock. (2) Data. OR, Two 
data channels providing four (4) tracks on 
the cassette. Can also be used for Bi-Phase, 
Manchester codas etc. 

C. Inputs · Two (2). Will accept TTY, TTL or 
RS 232 digital . 

D. Outputs : Two (2). Board changeable from 
RS 232 to TTY or TTL digital. 

E. Ru ns at 2400 baud or less . Synchronous or 
Asynchronous. Runs at 4800 baud or less. 
Synchronous or Asynchronous. Runs at 
3.' "/sec. Speed regulation.:!:. .5% 

F. Compatability: Will interface any computer 
or terminal with I serial I/O. (Altair, Sphere, 
M6BOO, PDP8, LS1 11, IMSAI, etc. 

G. Other Data : (11()'220 VI, (50-60 Hz); 3 
Watts total; UL listed 9550; three wire line 
cord; on/off switch; audio , meter and light 
operation monitors. Remote control of mo· 
tor optional. Four foot, seven conductor 
remoting cable provided . Uses high grade 
audio cassettes . 

H. Warrantee: 90 days . All units tested at 300 
and 2400 baud before shipment. Test cas
sette with 8080 software program included. 
This cas·sette was recorded and played back 
during quality control. 

ALSO AVAILABLE: MODEL CC·7A with vari
able speed motor . Uses electronic speed control 
at 4"/sec. or less . Regulation.:!:. .2% 
Runs at 4800 baud Synchronous or Asynchro
nous without external circuitry. 
Recommended for quantity users who ex· 
change tapes. Comes with speed adjusting tape 
to set exact speed. 

Uses the industry standard tape satura
tion method to beat all FSK systems ten to 
one, No modems or FSK decoders required. 
Loads 8K of memory in 17 seconds. This 
recorder, using high grade audio cassettes, 
enables you to back up your computer by 
loading and dumping programs and data fast 
as you go, thus enabling you to get by with 
less memory. Can be software controlled. 

Model CC7 ... $149.95 
Model CC7A ... $169.95 

NATIONAL multiplex 
CORPORA TlON 

93 

This is · our new "turnkey" board. Tum on 
your Altair or Imsai and go (No Bootstrap
ping). Controls one terminal (CRT or TTY) 
and one or two cassettes with all programs 
in ROM. Enables you to turn on and just 
type in what you want done. Loads, Dumps, 
Examines, Modifies from the keyboard in 
Hex. Loads Octal. For the cassettes, it is a 
fully software controlled Load and Dump at 
the touch of a key. Even loads MITS Basic. 
Ends "Bootstrap Chafe" forever. Uses 512 
bytes of ROM, one UART for the terminal 
and one USART for the Cassettes. Our 
orders are backing up on this one. N/). 2S10 
(R) 

Kit form $140. - Fully assembled and 
tested $170.00 

Send Two Dollars for Cassette Operating 
and Maintenance Manual with Schematics 
and Software control data for 8080 and 

6800. Includes Manual on 
I/O board above. Postpaid . 

Master Charge & BankAmericard accepted. 

On orders for Recorders and Kits please add 
$2.00 for Shippin9 & Handling. 
(N.J . Residents add 5% Sales TaxI 

3474 Rand Avenue, Bo x 288 
South Plainfield, New Jersey 07080 
(201) 561-3600 
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have access to its fi Ie storage. Instead, 
commands and data co uld be relayed from 
one CIE to another until they fin all y reach 
their destination. Then, many iso lated C I Es 
would behave like a vast network capable of 
transmitting software across the country 
overnight. 

We are describing a co mmunication net
work which can be very effective and which 
is highl y decentra li zed . In fact, this decen
tra li zation is crucial to its effec tiveness in 
promoting free communication between 
individual computer people. For exampl e, 
computer manufacturers now organi ze their 
customers into user groups in order to 
prov ide a forum for communication of id eas 
and programs among their users. Most co m
municat ion is channeled through pub li ca
tions control led by the manufacturer, how
ever; and this all too often resu lts in the 
encouragement of software and viewpoi nts 
which are consistent with those of the 
manufacturer. On the other hand , it is not 
necessary to use a centralized forum to 
encourage people who need it: most of that 
interaction is on a person to perso n basis in 
almost any group. 

All well and good, you might say, but just 
how does the personal computing user com
pare with the journeyman programmer? 
Well, the computer amateurs li ve in a world 
in which wholesale copying of programs is 
near ly inev itab le. Actuall y, that represents a 

94 

healthy trend in two ways: the person using 
the copy benefits by its availability; and the 
program's or iginato r benefits by having 
helped spread a good example of the pro
grammer's art. Of course, such freely ex
changed software may wel l be worthless at 
best. Th at does seem a minor penalty, 
though, for all the advantages that stand to 
be gained by ready avail ability . Th at is one 
example of the difference between the two 
kinds of programmers. That is, a functioning 
program is required of the professional, 
whi le it is mere ly desired by the amateur 
user who figures he or she will have to patch 
and customize anyway . Someone paid to 
write a program has to make it do what the 
client wants; a personal computing user has 
only perso nal prefe rences to satisfy . Some
body pay ing for a program has a ri ght to 
expect that it wi ll be reaso nably efficient in 
order to conserve the money spent on 
computer time, while yo ur patien ce is a 
much stro nger co nstraint for yo u than the 
cost of yo ur compu ter's time. Somebody 
pay ing for a program is quite likely to need 
the documentation ori ented toward people 
unskilled in the technicalities, while fe ll ow 
enthusiasts won't need to have al l the details 
ex pl ained to them. Finall y, dead lines are 
quite firm in the commerc ial wor ld but of 
considerably less importance among ama
teurs r except for those who fill magazines 
once a month! . .. CHI. 

While the priests who market the old time 
software religion can help the personal sys
tems user, such users should be mindful of 
the benefits to be ga ined from a healthy 
measure of independence. If you can get 
yo ur hand s on the symbolic form of free ly 
exchanged software, yo u can revise it to su it 
your own needs. That's considerab ly easier 
than trying to convince somebody else who 
supp li es a high priced package to make your 
favorite changes, especially since the other 
person may di ffer from you in va lues, 
priorities and notions of demand . For the 
traditionalist software source, a request from 
a single person could eas ily seem to repre
sent too narrow an interest to motivate a 
change or patch. If program source li sti ngs 
are di stribu ted free ly and nearly every user 
has the requisi te sk ill s to make patches, then 
the person want ing something changed wi ll 
probably be the person making the change. 
Of course, the end result is nearly th e best of 
all possible wor lds: Your home computer 
will do what yo u want it to do, and it will 
do it in the way you want it done. It wi ll not 
do what somebody else decided it was 
reasonab le for yo u to want it to do and in a 
way that it was convenient for somebody 
else to have it done .-



Networking, Anyone? 

What's Coming Up in BYTE ... . 

BYTE'S 
ITS 

Walte r Banks of the Computer Communi
cations Network Group, Uni ve rsity of 
Wate rl oo, Water loo, Ontari o, CANADA N2L 
3GI , is interes ted in talking to radi o 
amateurs and computer peo pl e interested in 
organi zing and promotin g computer te le
communicati ons networks fo r amateur 
ex perimenta l use. The defin iti on of a com
munications software di sc ipline modell ed 
after ex isting commerc ial and academic 
digital networks would be one goa l of such 
act ivity. Such network act ivity could be 
supported "for free" on the radio band s 
using the OSCAR sy nch ronous sate llite 
when it gets launch ed, or using th e dial-up 
capabilities of th e phone network at the 
usual Bell I'ates for long di stance call s, Waltel' 
can be reach ed by ph one at (51 9) 885-1211, 
extension 2847 .-

In th e November BYTE, you'll find an art ic le by John Deres of Southwes t 
Technical Products Corporat ion, describing in deta il the circuit and opera tion 
of the new GT-6 '1 graphi cs d ispl ay generator product which Southwes t 
manufactures. Includ ed in John 's articl e is a 6800 program which is used to 
transfer stored im ages fro m the processor' s memory to the di spl ay generator 's 
memory through a parall el data port. One exampl e give n in John' s arti cle is 
th e data needed to produ ce thi s disp lay on the sc reen. Al so sch edul ed fO!" 
November are an al·t icle on APL by Mark Arn old, and an arti cle on how to 
homebl'e w a 25 6 by 256 point array displ ay interface written by Thomas R 
Bu schbach.-

4Kx8 Static Memories 

MB-l Mk-8 board , 1 usec 2102 or eq . 

PC Board .. $ 22 Kit . . . . . . . $100 

MB-2 A ltair 8800 or IMSA I compatibl e 
switched address and wait cycles . 
PC Board .. $25 Kit (1 usec) 

Kit (91 L02A or 21 L02-1) . . . .. 
$112 
$132 

MB-4 Improved MB-2 designed for 8K 
" piggy -back " without cutting traces. 
PC Board ... . , . . . . $ 30 
K it 4K 0.5 usec .... , . , . . . . . $ 137 

Kit 8 K 0 .5 usec .. . .. .. .... . $209 

MB-3 1702A's EROMs, Altair 8800 & 
I msa i 8080 compatible switched address 
& wait cycles. 2K may be ex panded to 
4K. Kit less Proms. $ 65 
2K kit .. $ 145 4K kit . . . . . $225 

I/O Boards 

1/0-1 8 bit paral lel input & output ports, 

common address decoding jumper 
selected, Altai r 8800 plu g compatible. 

K it . ... . $42 PC Boa rd only . . $25 
1/0-2 I /O for 8800, 2 po rts committed , 

pad s of 3 more, other pads for EROMs 
UART, etc. 

Kit ... $47.50 PC Board o nly . $25 
Misc. 
Altair compatible mother board 
15 sock ets 11 " x ll Y," . . 

Altair ex tender board .. . . 

100 pin WW sockets .125" 

centers. 

2102's 

ea. 
32 

1 usec .1 0.65usec 

$ 1.951 $ 2.25 
$59.00 $68 .00 

95 

$40 

$ 8 

$ 6 
0.5usec 

$ 2.50 
$ 76.00 

1702A * $ 10.00 8223 $3 .00 
2101 $ 4 .50 MM5320 $5.95 

2111-1 $ 4.50 8212 $5.00 

2111-1 $ 4 .50 8131 $2.80 
91 L02A $ 2.55 MM5262 $2.00 

32 ea. $ 2.40 1103 $ 1.25 
Programming send Hex List $5 .00 

AY5-1013 Uart $8 .00 
All kits by Solid St ate Musi c 
Please send fo r co mplete list of products 

and I Cs. 

MIKOS 
419 Portofino Dr. 

San Carlos, Calif. 94070 

Check or money order onlv. Calif. residents 6 % tax. All 
orders postpa id in US. All devi ces tes ted prior to sale. 
Mone y bac k 30 day Guarantee . $10 min. order. Pr ices 
subject to change without noti ce . 



Classified Ads for Individuals and Clubs 

Readers who have equip
ment, software or other items 
to buy, sellar swap should 
send in a clearly typed notice 
to that effect, To be consider
ed for publication, an adver
tisement should be clearly 
non-commercial, typed double 
spaced on plain white paper, 
and include complete name 
and address information, 
These notices are free of 
charge and will be printed one 
time only on a space available 
basis , Insertions should be lim
ited to 100 words or less. 
Notices can be accepted from 
individuals or bona fide com
puter users clubs only, We can 
engage in no correspondence 
on these and your confirma
tion of placement is appear
ance in an issue of BYTE,-

HELP! I neeD schematic & information on 3501A 
Asciscope SIN 14 by LEAR-SIEGLER. Will give 
almost anything to borrow, reproduce, or even 
glimpse. Emile Alline, 1119 Penn, Slidell LA 
70458. 

FOR SALE: KSR-33s, I have a limited number of 
KSR-33s on stands. We have checked them out on 
an Altair 8800 and they work like champs. $495 
each while they last. Boyd Marti n, 5130 Melvin Av , 
Tarzana CA 91356 eves and wee kends, (213) 
345-0903. 

FOR SALE: Digital tape cassette transports, MFE 
model 250, outdated but new. Andruss Peskin 
Corp, POB 268, Natick MA 01760, (617) 
653-3919. 

FOR SALE: Disk controller, asking $800 or best 
offer, worth better than $2,600. IBM 2841 disk 
controller model 1 dual channel, controls up to 8 
drives, power supplies, 4 K RAM, all cables and 
manuals available, maintenance available from 
IBM. Call Pete Arnett at (305) 671-5631 after 5 
PM EST or write 7739 Liverpool , Orlando FL 
32807. 

FOR SALE: TVT-II (SWTP CT-l024), complete 
with SWTP power supply, manual cursor control 
board, parallel interface board, all cables and 
documen tation. Includes wiring changes to make 
64 characters per line. All ICs in sockets. Guar
anteed working cond, $175. Also have MITS 
expander card (no sockets or card guides) $15. W 
W Crider, 4011 Oak Hill Dr, College Park GA 
30337, (404) 767-6402. 

SWAP: Have first 8 issues of BYTE. Want ham 
radio or electron ics magazi nes. FREE: Schematic 
& service data for almost any radio receiver or TV 
set. Make and model number a must; approx age, # 
of tubes, description helpful. Legal size SASE 
appreciated. Donald Erickson, 6059-K Essex St, 
Riverside CA 92504, (714) 687-5910. 

FOR SALE: FLEXOWRITER Model SFD _ Excel
lent conditi on. Has 8 level reader and punch, $300 
or trade for TVT-I or TVT-II. Call or write; 
William Dawson, 316 21 st St, Apt 4, VA Beach 
VA 23451, (804) 422-5921, 

WANTED TO BUY: Video terminal (such as 
Sanders model 720 but any type would do) at a 
very reasonable cost. If desired, I would swap for 
my Busicom digital desktop calculator with 14 
digit readout and memory. This is a very early 
digital calculator but is in good operating condi
tion. Either way, tell me what you have. Rich 
Nicewonger, 24 Rosewood Rd, Edison NJ 08817. 

FOR SALE: Disk drive, IBM 2311 type, 7.25 
million bytes. Almost new, manuals and documen
tation available. Asking $750. P Arnett, 1730 S 
Bumby, Orlando F L 32806. 

CLEANING HOUSE-If you want a list of items 
for sale, send SASE to Bob Baker, 15 Windsor Dr, 
Atco NJ 08004, 
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FOR SALE : Three 4 K Altair RAM boards @ 

$180. Assembled, tested, excellent cond; memory 
I Cs in sockets, less 100 pin edge connector, 
postpaid. One 1 K static RAM board, also Altair. 
As above $100. John Martin, 808 Day St, Fair
mont MN 56031. 

FOR SALE: Paper Tape Splices - prepunched for 
any kind of 8 channel tapes, $3.50 per 100, 
postpaid. H Corbin, 11704 Ibsen Dr, Rockville MD 
20852. 

WANTED: Automatic card reader for demonstra
tion project in the New York City Public School 
System. Please call: (212) 852-2957 or write: Alex 
Aderer, 166 Bergen St, Brooklyn NY 11217. 

FOR SALE: Altair 8800 system wi 8 K memory, 
88SI0 interface, 8 K BASIC complete and ready to 
run. $950. Also SWTP CT-l024 terminal complete 
with case $300 and Sanyo Monitor $150. Entire 
system with manuals guaranteed $1,400. 0 Smith, 
(714) 993-9939, Fullerton CA. 

WANTED: MOS KIM-lor OSI series 400 system, 
also TI SR-52. Joe Torzewski 51625 Chestnut Rd, 
Granger IN 46530. 

WANTED: Information or documentation for 
SYN ER Data total term. If you have same or know 
how to repair, please contact: Paul Massad, 338 N 
Warren Av, Brockton MA 02401, (617) 587-9035. 

FOR SALE: MARK-8 CPU circuit board (as
sembled). Needs 8008 chip, some memory, address 
and 10 latches to get it going. MAR K-8 and Intel 's 
8008 manuals included, $20. Also Signetics Data 
Manual (1976) 1200 pages of TTL, ECL, linear, 
interface I Cs, MOS memories, and their latest 
microcomps, $8. Frank Canova Jr, 725 Myrtle Av, 

Green Cv Spgs FL 32043, Phone (904) 284-3408, 

WANTED: Software for Altair (BASIC) to keep 
track of club members, print zip code sorted 
mailing labels, and "Membership Directory." Write 
for details. Jack Hardman, 140 Forest Av, Glen 
Ridge NJ 07028, (201) 429-8880. 

FOR SALE: DUMP THE MEMORY of your 6502 
system with software system which generates 
BYTE Standard signal for recording onto cassette. 
Documented software listing for only $3. Timing 
variable to match your clock speed. Ideal for 
putting in PROM, with space for other programs . 
Dumps one page or many pages in one run . Don 
Rindsberg, 5958 S Shenandoah Rd, Mobile AL 
36608. 



altair·M 680b 
TECHNICAL INFORMATION 

The ALTAIR 680b microcomputer is an excellent 
compromise between computer power and low cost 
structure, without sacrificing design reliability. The 
system is based on the 6800 microprocessing unit, 
which adapts nicely to a minimum design configuration. 
The ALTAIR 680b measures 11 -1/ 16" wide x 11-1/16" 
deep x 4-11 / 16" high. The basic system is available in two 
configurations, depending on the intended application. 

Almost a ll o f the 68Gb circuit r y is contained on a sing le large 
printed c ircuit board. including memory and a built -in I/ O port. 
T h e full front panel model contains a ll of the contro ls necessary 
to program and operate the computer and in cludes an add itional 
printed circuit board, w hich provides a ll of the log ic c ircuitry 
necessary to reset, halt or start the processo r. Also located on 

t his board are switches and associated LED ind icator lights for 
each of the sixteen address lines and eight data lines. The front 
panel circuit board mounts directly to the main printed c ircuit 
board via a 1 OO-contact edge connector. The power switch is 
located on the back panel of the un it for safety purposes .- A 
"turn -key" front panel model, wh ich eliminates a ll contro l except 
re sta rting the processor, is a lso avai lable . 

The basi c A LTA IR 680b computer can be subd ivided into five 
functional sections . These are the MPU and clock , the memory, 
an I/O port, control and indication, and the power supply. The 
first three o f these sections, a long w ith the power supply 
regulation components, are located on the main printed 
circuit board . 

At the heart of the 680b system is the 6800 Microprocessing 
Unit, which is large ly respons ib le for t h e overall simpl icity of the 
680b design. The 6800 MPU contains three 16-bit registers 
and three 8-bit r egisters . The program counter is a two byte 
register which keeps track of the current address of the program . 
The stack pointer is a lso a two byte register which keeps track 
o f the current address of the program and conta in s the next 
address in an externa l , variable le ngth push-down/pop-up stack. 
The index register is a two byte reg ister used to store data or a 
memory address for indexed addressing operations. There are 
two sing le byte accumu lators used for h o ld in g operands and 
results from the arithmet ic log ic unit (ALU). The 8-bit condition 
code register ind icates the results of an ALU operat ion. In this 
register there are two u nu sed bits, kept at a logic one. The 
remaining six bits are used to indicate the status of the f ollowing : 
carry; half carry; overf low; zero; negative; interrupt. 

The 6800 has seven d ifferent addressing modes , wit h the 
particu lar m o de being a fu nction of both the type of instruction 
and the actua l coding within the instruction . The seven modes 
include the following: Accumulator Address ing - one byte instruc
tions, spec ifyin g either of the two accumulators; Immed iate 
Add r essing -two or th ree byte instructions, with the MPU 
addressing the location given in the 2nd or 2nd and 3rd bytes 

when the immediate instruction is fetched; Direct Addressing 
two byte instructions w hic h a ll ow the user to directly address 
t h e lowest 256 bytes of memory in the machine; Extended 
Addressing - three byte instructions, the second two bytes 
referring to a n abso lute address in memory for the operat ion; 
Indexed Address ing - two byte instruct io ns, the second byte 
being added to the 16-bit index register to g ive the address of 
the operand; Implied Addressing -one byte in struct ions and 
the instruction itse lf gives the add ress; Relat ive Addressing-
two byte in structions where the second byte is added to the 
lower 8 bits, al lowing thp. u se r to address memory + 12 9 to 
-125 bytes from the locat ion of the present instruction. 

There are severc=1I timing and co ntrol signa ls required to 
operate the M PU . TINa clock input s are n~quired, phflse 1 and 
phase 2 . T hese must be nonoverl a pping a nd run at the Vcc 
vo ltage leve l. In the 680b the clock is i"I 2·M H z crysta l contro lled 
osc illator w it h log ic to provide a 500 · KHz two phase c lo c k . 

Sixteen act ive high addrec;;s outpu ts a re used to spec ify the 
sect ions of memory or I/O t o be ljsed. Thes e can drive up to 
one standard TTL loa d a nd 1 30 pf. Th ere are a lso e ight 
bi-directiona l data lin es w ith the same drive capAbility as 
the address lin es. 



NEW MEMORY FEATURES 
MITS is pleased to an nounce the development of a 16K stat ic 
memory card for the A ltair 680b. With an access time of 2 15 
nanoseconds and low power cons umption of 5 watts, we feel 
that this is an excellent addition to the A ltair 680b. 

The 680b cabinet has room for up to three 1 6 K static memory 
ca rd s, thereby increas ing the memory of the Altair 680b to 49 K. 

SPECIAL FEATURES 
PROM monitor. 

17 02A PROM monitor chip programmed so that you ca n 
immediately load and run paper tape object programs such as 
the text ed itor a nd assemble r (see below). 

Asynchronous Communication Interface Adapter (ACIA). 

Allows the machine to transmit and receive a c h aracter at a time 
rathe r than one bit . Minimizes software needed for lID routines. 
Contains c rysta l clock for baud rate synch ro nizat ion. User
se lectable f or RS232 . Baudot, TTY. 20ma cu rrent loop. Baud 
rates o f 50, 75,110 , 134.5,150,200,300,600, 1 200, 
1800, 2400, 4800, and 9600. 

Tvvo Pass Resident Assembler and Text Editor 

A two pass resident assemble r and text editor wi ll be ava ilable 
for assembly language programming . This software is 
compat ible with Motorola's format for assembly language 
programs, text and object files. 8 K bytes of memory are required 
to run this package. The assembler produces a full assembly 
li sting on the second pass, inc luding the hex codes for the 
location counter and the instruction mnemonics. A symbol table 
listin9 is a lso produced. The text ed itor has fu ll capabilities for 
text editing, including line insertion, printing, deletion and 
modification; as wel l as commands for c hanging one string of 
c haracters to another a nd for search ing the text buffers for a 
particular character st ring . 

Basic Interpreter 
A B AS IC interpreter h as been developed wh ich w ill be 
comparable to the 8800 8 K BASIC interpreter. 

Buffered Data Lines 

A ll data lines are buffered t o provide fanout capabil ity of over 20 

standard TTL loads. 

The Altair 680b is also available in this Turnkey 
Model vvhich has a povver indicator light and 
controls for RESET and RUN/HALT on the front 
panel. The system PROM monitor, vvhen used in 
conjunction vvith a terminal, eliminates the necessity 
fc,r toggling front panel svvitches to load bootstraps 
or to examine and change memory contents . 

Altair 680b, to 49K. 

A lta ir 680b 
Specifications 

N o . of Boards 

Microprocessor 
Model 

Tec hnol09Y 
D ata Word S ize, Bits 
Instruct ion Wo rd S ize, Bits 
Clock Frequency, 

Add Time, Register to Register, 
Microsec . Per Data Word 

Number of In structions 

Input/Output Control 
I/ O Word Size, Bits 
Number of I/O channe ls 

Interrupt Capab ili ty 
Type of Interrupt System 

Software 

Res ident Assembler and Editor 
Higher-level language 
Monitor 

Comp lete Software Li brary 
Separately Priced 

Up to 3 add itiona l 

6800 
NMOS 
8 
8 
500K Hz 

2 
72 

8 
256 Memory Address 
Locat ions Desig nated 
Std . 
Maskable ( Interrupt Request) 
and Non-maskable Inte rru pt 

Yes 
BAS IC 
Resident System Monitor 
on PROM 

Yes 

2450 Alamo S.E.! Albuquerque , New Mexico 87106 



Programming Quickies: 
The Thompson Lister 

Noel J Thompson, of the Hawa ii Inst itute 
of Geophysics, 2525 Correa Rd, Hono lul u 
HW 96822, submits the "Thompson Lister" 
program for the 6800 using Motorola's 
MIKBUG program. Th is program, shown 
I isted at locat ion 0000 in a symbo l ic assem
bly language format, is designed to list 6800 
programs as an add ress, an operation code 
and an optional one or two byte fie ld 
depending upon the length of the instruc
tion. The sam ple Teletype output shown at 
the bottom of the listing was supp lied by 
Noel as part of his listi ng of the entire 
program. The program figures out comp lete
ly whether the first byte of an instruction 
calls for one, two or th ree bytes. Quoting 
from Noel's letter accompanying the pro
gram, 

"Such a program has two important 
benefits. First, it provides an adequate 

listing for your documentation of pro
grams you are working on. You can 
use it over and over while you are de
veloping a routine , 

Second it detects the most common 
mistake that I find myself making in 
multi-length-instruction machines -
the mistal?e of forgetting to put in the 
right number of bytes. If this lister 
comes up with funny things, probably 
you left out a byte. " 

The program is easily re located by changing 
constants in the instruct ions at locations 
0000, 0009 and 0050 . The data memory 
used by THMPLSTR is located in the 
M I KB UG programmable memory reg ion 
between locations AOOO and A07 F. Also, 
the program takes advantage of subroutines 
POATA1, BAODR, OUT4HS, OUT2HS and 
OUTS which are found in Motoro la's 
M I KB UG program. 

Add r Hex Cod e L abel Op Operand Commentary 

0000 CE 00 67 THMPLST R LOX # ANAT SGN Print an '@' sign using 
0003 BO EO 7E JSR POATA1 M I KBUG subroutine POAT A1; 
0006 BO EO 47 JSR BAOOR XH I := (address i nput) [using MIKB UG]; 
0009 CE 00 64 N EX T BYT E L OX # CR L F Print carriage return and l ine feed 
OOOC BO EO 7E JSR POATA1 M I KBUG subrout ine POAT A 1; 
OOOF CE AO OC LOX # X HI X := XH I [XH I as defined by MI KBUG]; 
0012 BO EO C8 JSR OUT4HS Print current address as 4 hex characters; 
0015 FE AO OC LOX XH I X := X H I [fetch current address po inter] ; 
00 18 A600 LOAA O,X A := @X [fetch current data at X] ; 
001A B7 AO OB STAA TEMP TEMP := A; 
0010 BO EO CA JSR OUT2HS Print current data then space; 
0020 FF AO OC STX X H I XHI := X [after OUT 2HS has incremented]; 
0023 BO EO CC JSR OU T S Print an extra space; 
0026 5F C L RB B := 0; 
0027 B6 AO OB L OAA TEMP A := TEMP; 
002A 818C CMPA # 8C is op code CPX ? 
002C 27 18 BEQ T HREE if so then go to 3 byte length case; 
002 E 818 E CM PA # 8E is op code LOS? 
0030 2714 BEQ THREE if so then go to 3 byte length case; 
0032 81 CE CMPA # CE is op code L OX7 
0034 27 10 B EQ TH REE if so then go to 3 byte length case; 
0036 84 FO ANOA # FO A := A & # FO [mask off low order nybble] ; 
0038 81 20 CMPA # 20 is op code a branch? 
003A 27 0B BEQ TWO if so then go to 2 byte length case; 
003C 8160 CM PA # 60 is op code less than # 60? 
003E 2508 BCS if so then go to 1 byte length case; 
0040 8430 ANOA # 30 A := A & # 30 [mask to bits 5 and 4 left]; 
0042 8130 CMPA # 30 are bits 5 and 4 equal to '1'? 
0044 2601 BN E TWO if not then length T WO is indicated; 
0046 5C THR EE INCB B := B + 1 [here for two increments] ; 
0047 5C T WO INCB B := B + 1 [here for one increment] ; 
0048 F7 AO OA ON E ST AB BOX BOX := B; 
004B 27 10 BEQ N EXT INST if zero i n BOX then reiterate; 
0040 7A AO OA D EC BOX BOX: = BOX - 1; 
0050 2705 BEQ ON L YONE if one in BOX then print only one bvte; 
0052 BO EO C8 JSR OUT4 HS print two bytes of 3 byte instruct ion; 
0055 2003 BR A SAVEAOOR go save address for next round; 
0057 BO EO CA ONLYON E JSR OUT 2HS print one byte left in 2 byte i nstruction; 
005A FF AO OC SAV EAOD R STX X HI X HI := X [save po inter to next add ress]; 
0050 7E OQ 09 JMP N EX T BYT E reiterate program forever t i ll interrupt; 

Constant s requi red: 

A ddr Hex Cod e L abel Descript ion 

0064 00 OA 04 CRLF Carri age return, l ine feed, stop code in POATAl format; 
0067 4004 ANAT SGN In it iali zatio n prompting message in POATA l format; 
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Sample list ing on Telet ype : 

~018 A 6 
~01 A S 7 
0010 eO 
00 2 0 FF 
0023 SO 
~026 SF 
0021 86 
002A 81 

00 
A008 
E0CA 
A00C 
E0CC 

A008 
8C 



BOOK REVIEWS 

Computer Resource Book - Algebra by 
Thomas A Dwyer and Margot Critchfield, 
Houghton Mifflin, Boston, 7975; 8-7/4 x 77, 
778 pages. Paperback $4.20. 

This book co ntains a collection of com
puter ex plorations of algebra that were 
designed to be carried out in any algebra 
course where a computer is available. Since 
the computer programs are written in 
BASIC, the book begins with a 25 page 
"whirlwind tour" of computer programming 
in BASIC. Following this introduction to 
BASIC are 10 sections on things to do with a 
computer while learning algebra. In eva lu
ating this excellent resource book, one can 
conclude that the authors have taught com
puter programming and high school algebra, 
and have taught both subjects well. Dwyer 
and Critchfield have written a book which 
draws the reader into becoming an interested 
and active participant in learning algebra. 
They were able to put themselves in the 
reader's place by asking (and answering) 
some of the questions about algebra and 
computer programming which puzzle stu
dents. The book was designed to be read by 
high school students as well as teachers, and 
I suspect that many students will want to 
take it home with them after school. 

As the authors point out in the introduc
tion, this resource book is meant to be used 
in an algebra course as a supplement to a 
regular algebra textbook. Access to a time 
sharing system or an on site small computer 
is necessary when using the book. Teachers 
and students may want to integrate these 
computer-related algebra topics in their regu
lar algebra courses or select programs from 
the book to use as course projects. Many of 
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the BASIC programming skills needed in 
using the book are presented in the prologue 
and the remainder are interspersed through
out the algebra topics. 

The "Introduction to BASIC" section 
begins by illustrating the differences among 
system commands, BASIC statements, com
puter programs, user input, and computer 
output. The authors put the computer
programming novice at ease by taking a 
realistic, relaxed (and at times humorous) 
approach to using computers. For example, 
the reader is given numerous rem inders at 
the beginning of the book to press the 
carriage return key after typing a line and is 
told "don't be afraid to make mistakes -
you won't hurt anything." To avoid mis
leading the beginner, each BASIC statement 
is introduced and explained in the context 
of a complete, executable program rather 
than as a non-executable program segment. 
Sufficient margin notes are used to clarify 
lines and sections of program listings and 
sample executions are included with most of 
the program listings. 

The 10 algebra topics included in th is 
book are the language of algebra, operations 
with real numbers, linear equations in one 
variable, inequalities, open sentences in two 
variables, systems of linear equations, qua
dratic equations and functions, rational 
expressions and polynomial equations, 
polynomial functions and complex numbers, 
and computer-generated animation. Each 
algebra topic begins with a checklist of 
necessary computer programming skills and 
a short quiz on prerequisite knowledge of 
algebra. Next, several coach ing and practice 
computer programs are listed and ex plained, 
followed by a number of application pro-



Now, you can buy an Altair 8800 or 
Altair 680 computer kit right off the 
shelf. Most all Altair options, software 
and manuals are also available. The 
MITS Dealer List below is just the 
beginning: 

RETAIL COMPUTER STORE. INC. 
410 N.E. 72nd 
Seattle, WA 98115 
(206) 524-4101 

COMPUTER KITS 
1044 University Ave. 
Berkeley, CA 94710 
(415 ) 845·5300 

THE COMPUTER STOR E 
(Arrowhead Computer Co. ) 
820 Broadway 
Santa Monica, CA 90401 
(2 13) 451·0713 

THE COMPUTER SHACK 
3120 San Mateo NE 
Albuquerque, NM 87110 
(50S ) 883·8282 

NOTE: Altair is a trademark of MITS, tnc . 

GATEWAY ELECTRONICS 
2839 W. 44th Ave . 
Denver, CO 80211 
(303) 458-5444 

GATEWAY ELECTRONICS 
8123-25 Page Blvd. 
St. Louis, MO 63130 
(314 ) 427-6116 

BYTE'TRONICS 
Suite 103 -1600 Hayes St. 
Nashville, TN 37203 
(615) 329-1979 

CH ICAGO COMPUTER STORE 
517 Talcott Rd. 
Park Ridge, IL 60068 
(3 12 ) 823-2388 

MARSH DATA SYSTEMS 
5405-B Southern Comfort Blvd. 
Tampa, FL 33614 
(813) 886-9890 

MIC ROSYSTEMS 
6605A Backlick Rd . 
Springfield, VA 22150 
(Washington DC area) 
(703) 569-1110 

THE COMPUTER SYSTEMCENTER 
3330 Pi edmont Road 
Atlanta, GA 30305 
(404 ) 231-1691 

THE COM PUTER STORE, INC. 
120 Cambridge St. 
Burlington, MA 01803 
(617 ) 272-8700 

COMPUTER PRODUCTS UNLIMITED 
4216 West 12th St. 
Little Rock, AR 72204 
(501 ) 666-2839 

the COMPUTER STORE, INC. 
63 South Main St. 
Windsor Locks, CT 06096 
(203) 871-1783 

the COMPUTER STORE of NEW YORK 
55 West 39th St . 
New York, NY 10018 

THE COMPUTER ROOM 
3938 Beau D'Rue Drive 
Eagan, MN 55122 

THE COMPUTER STORE OF ANN ARBOR 
310 East Washington St. 

(612) 452-2567 

Ann Arbor, MI48104 
(313) 995-7616 

MITS, Inc. 2450 Alamo S.E. Albuquerque, N.M. 87106 



grams and simulations. Most of the 125 
programs which are listed are interesting 
enough to elicit an "I want to try it out" 
response on the part of students, and many 

of the programs are unavailable in other 
computer supplemented sources. Activities 
such as modifying the given programs to 
make them more efficient, revising programs 
to make them do different things, and 
creating new programs are suggested at the 
end of each algebra topic. 

If you want to liven up your algebra 
classes with computer activities such as 
building an ultramatic root finder, making 
and breaking secret codes, writing robot 
coaching programs, programming Honest Hal 
the simulated used-car salesman, and many 
others, this fascinating book is for you and 
your students. Even if you only want to see 
how computers can be used to enhance 
learning mathematics or find some new ideas 
for mathematical appl ications of computers, 
the Computer Resource Book - Algebra is 
sti II appropriate. 

My only complaint about this book is 
that it ends too soon; and where are the 
computer resource books for geometry, 
trigonometry, probability, and statistics? 

Frederick H Bell 
Associate Professor 

School of Education 
University of Pittsburgh 

Pittsburgh PA 15260'. 

The Art of Computer Programming by 
Donald E Knuth. Volume I: Fundamental 
Algorithms. Addison-Wesley, Reading MA, 
7975, $20.95. 

There is some doubt in my mind as to 
how to classify this series. It is undeniable 
that we have here a standard, perhaps even 
classic, reference work, which sits handy on 
many a programmer's desk. But it clearly is 
also a text, useful for self instruction and 
used in several university programming 
courses. The exercises, while very instruc
tive, could also fall in the realm of recre
ational mathematics (another field the 
author has contributed to). It even makes 
entertaining reading at times (no mean feat 
for a text and reference work). I suppose the 
best description, however, would be that this 
is a cookbook of computer algorithms. 

More specifically, it deals with "non
numerical analysis." Numbers occur only 
"coincidentally," with more stress given to 
the decision making capabilities of the com
puter. The numeric computing which is 
involved consists mainly of addition and 
subtraction (these qualities are among the 
stronger points of inexpensive computers, 
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bless 'em). Of course, the techniques pre
sented are also of considerable use in nu· 
merical computing, as there is always a 
non-numerical background in programming. 

By numerical computing, I refer to the 
solving of equations, finding of roots, and 
other number oriented calculations (the 
"traditional stuff"). While that aspect of the 
field is little covered by this series, that 
doesn't mean there is no mathematics in
volved. Indeed, Mr Knuth is himself a 
professional mathematician. This need not 
scare away those who are not, however, as 
the author kindly presents theory and 
algorithm with the minimum math needed 
to understand and use them, keeping more 
difficult analysis towards the end of each 
section, where only those with more interest 
need tread. (Some knowledge of basic math 
notation would be helpful, though.) Also 
optional are the exercises which conclude 
each section (the answers are included, by 
the way). 

If this series is not just for the mathema
tician, who then? Everyone? Not quite. It is 
aimed at the person with more than a casual 
interest in computers, the programmer con
cerned not only with how to use some one 
else's subroutines, but with how to use the 
algorithms behind the subroutines to 
improve his own creations. The reader's 
relationship with the computer should be 
beyond the stage of introductions. For 
example, Knuth suggests that the reader 
should have written and debugged at least 
four programs on at least one machine. (The 
programmer who has written scores of pro
grams for several mach ines may get at least 
as much value from the series. As I say, it is 
a reference, too.) It's for you if you're 
getting the hang of your programming units 
(be they hex machine codes or FORTRAN 
statements)' and you want to start putting 
them together to do someth ing. 

To connect the units with the application 
in mind, you need algorithms. (Roughly, an 
algorithm is a step by step procedure for 
doing something.) That's what The Art of 
Computer Programming is all about. The 
algorithms are ch iefly presented in two 
forms: in a general English-language outline 
form and, when appropriate, in the assembly 
language for a hypothetical computer of the 
author's own concoction, M IX (the "world's 
first polyunsaturated computer"). Knuth has 
several good reasons for getting us involved 
with this mongrel machine (read the book), 
but for our purposes there is the additional 
advantage of easier translation of algorithms, 
ie: from his assembly language to our assem
bly language. While many algorithms trans
late well to higher level languages like 



BASIC, some things can be better done 
closer to the assembly language leve l, eg: 
systems programs. 

Whil e it's no t necessary to the use of the 
ser ies, I plan to have a M I X simulator 
running on the MOS Technology 6502, an d I 
ex pec t there will be simulators for o th er 
micros as well. This will all ow very quick 
checkout and mod ification of the M I X 
algor ithms given in The Art of Computer 
Programming before further translation, and 
make possible the exchange of programs 
with other hobby ists. 

In particular, let's consider Fundamental 
Algorithms, which is the first vo lume of 
seven in The Art of Computer Programming 
(of which three have been published so far). 
Chapters 1 and 2 are contained th erein . 
Chapter 1 feat ures a concise tutorial of 
much of the math that is particu larl y useful 
to programming. You may skim this section, 
but don't be surprised if over the years yo u 
keep referr ing back to it. Then fol!ows a 
complete presentat ion of MIX and the MIX 
language, including the description of a MIX 
simulator. In fact a well commented li sting 
of the MIX simulator is given and exp lained 
(written in MIX, of course). This presenta
tion will great ly help anyone interested in 
writing their own simulator (which is a ve ry 
useful exerci se) . 

Chapter 2 is titled "Information Struc
tures," and begins the meat of the seri es. 
Major topics covered include stacks, arrays, 
lin ked li sts, dynamic storage all ocat ion, and 
trees. (These trees have roots and leaves, but 
[ge nerall y 1 aren't green and usuall y grow 
upside down.) Whether you know all or 
none of the above terms, this chapter should 
leave you with a good understanding of what 
they are and how to use them. No "TKIS" 
(page 42, j anuary BYTE! is co mpl ete with
out so me of these structures. Nor is any 
programmer. 

Zhahai Stewart 
PO Box 1637 

Boulder CO 80302 • 

Humani zing Computer Systems by Keith R 
London, McGraw Hill, New York, $75. 

Wh at is the people impact when com
puters are pl aced in a working environment? 
What are assoc iated problems of developing 
and implement ing sys tems to meet the reo 
qu irements of an organization and yet 
satisfy the people - the employees? 

This new book, "The people side of 
systems," is a valuable work which puts 
as ide the technica l aspects of computing and 
looks at the implications for peopl e when a 

comp uter comes into their every working 
day assoc iat ion. 

The author is Keith R London who has 
produced considerable output related to 
management of computer systems. I n thi s 
new book, he directs attention to how 
computers can cause disruptions in em
pl oyee relat ionships. 

Keith ack nowl edges the need and use of 
computers, but he also sees a need to 
reorient project leaders and systems analysts 
away from a pure hardware/software aspect 
to giving some atte ntion to the impact the 
system has on those it comes into contact 
with: workers in a company or group. The 
thrust is to show how to integrate a com
puter with peop le. 

This book is not directly of import to the 
average Byter other than giving some insight 
to better relat ionsh ip with the rest of the 
fam il y who may think, with some degree of 
justification, that the excessive interest 
hobbyists show towards do it yourself com
puters has placed them just this side of the 
funny farm. The book is a must for th ose 
wh o have to make computers work in a large 
"peop le" grou p. 

Art Brothers 
555 Avenue G 

Boulder City NV 89005 • 

ACT-I 
MICRO-TERM INC. 

$525 complete with high resolution 9" monitor • $400 without 

monitor INCLUDED FEATURES: 

• Underline Cursor • 64 characters by 16 lines 
• RS232C or Curren t Loop • Auto Scrolling 
• All oscillators (horiz., vert. , • Data Rates of 110, 300, 600 , 

baud rate , and dot size) are 1200, 2400, 4800, and 9600 
crystal controlled baud are jumper selectable 

The ACT- I is a complete teletype replacement compatib le with 
any processo r which supports a serial I/O port. Completely 
assembled and dynamically tested . 

Prices FOB St. Louis Mastercharge and BankAmericard 

THE AFFORDABLE CRT TERMINAL 
MICRO-TERM INC. P.O. BOX 9387 ST. LOUIS, MO. 63117 

(314) 645-3656 
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Interested in Notes about Electronic Music? 

Electronotes is the name of an excellent 
newsletter which will be of interest to 
anyone who is into electronic music 
experimentation. Publi shed by Bernie A 
Hutchins, it is subtitled "Newsletter of the 
Musical Enginee ring Gmup." The add l'ess is 
203 Snyder Hill Rd, Ithaca NY 
14850 . . . write for infol'mation on signing 
up for a subscr ip tion. The price of a typical 
sUbscription is $16 for one year. 

Bernie sent BYTE several copies of the 
newsl ette r, and a reprint book entitl ed 
Musical Engineer's Handboo/? The news
letter has been publi shed by him and hi s 
assoc iates fo r several years, and is cil'culated 
to a se lect group of electroni c music people. 
The beginnings of micmpmcessOl" automa
tion in traditional electron ic music are found 
in the pages of Electronotes where the 
November 1975 issue, EN#59, stal·ts a ser ies 
of tutori als on what a microprocessor can do 
for the electronic mu sici an, written in terms 
fami li ar to the music person. The author of 
the ser ies, which extends through four issues 
of Electronotes, is Bill Hemsath. The theme 
is cont inued in the March 1976 issue where 
Douglas Kraul discusses some elementary 

points about "Analog In terfaces for Micro
processor Systems." Electronotes is jammed 
full of information on circuitry and equip
ment needed to produce electro nic music 
sounds, and will provide an exce ll ent and 
specialized fOl'um for those who want to 
find out about progress in this field. 

The Musical Engineer's Handbook is a 
publication in the same vein, as one might 
expect since it is made up of materials 
based upon past issues of Electronotes. 
Its dedication reads: "This book is dedicated 
to musicians everywhere and of all times, 
without whom many of us would have only 
electronics to do." It is a very thick photo 
offset publication (354 pages) in a GBC 
binding, containing fundamental in forma
tion on the technology of electronics in 
music app lications. The book has a combina
tion of background theory with numerous 
practical app lications circu its. It is an essen
tial sourcebook for anyone seriously 
interested in the art and practices of elec
tronic music. The book is avai lable from 
Electronotes for $18, in return for which 
yo u'll get thousands of dollars worth of 
ideas.-

P.C. co.rcis mo.cie simple-with COPYOAT! 

1. Prepare the 1X artwork, using an opaque layout aid such as Chartpak, Bishop Graphics, or other 
similar product. 

2. Make a negative: Place the artwork face down, cover with the negative material co lored film side 
up (we recommend Scotchcal products), and expose with the Copydat. Typical exposure time is 
1.5 minutes. 

3. Develop the negative in developer provided with negative material. 
4. Attach negative to pre·sensiti zed face of copper board. Place board and negative face down on 

Copydat. Expose. Typical exposure time: 30 seconds. 

5. Save the negative for reuse, and develop the board in the developer provided . 
6. Etch the board. 
7. As a finishing touch, tin the board to avoid oxidation of the copper and to improve so lderab ility. 

Result : a custom, high quality, single·sided P.C. board. 
With careful alignment, you can make doublesided boards too! 
Alternatively, buy high·quality hardware assemblers from us - and these are predrilled as well (and 
feature plated-through hol es): 

P.S. The Copydat does a lot more than make high ·quality P.C. boards. It makes super ior blueline, 
blackline, sepia, and other diazo process copies, and you can make pressure-sensitive labels with it 
and even instrument front panels from pre-sensiti zed metal plates! ! 

from $149.95 (B size prints) 
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Still More 
BYTE's 
Books 

-DESIGNING WITH TTL INTE-
GRATED CIRCUITS by the Components 
Group, Texas I nstruments I nco Edited by 
Robert L Morris and John R Miller. 

People often ask questions Ii ke "Where 
do I get basic information on hardware 
design?" One answer is in "Designing With 
TTL Integrated Circuits." 

This book, published by McGraw Hill in 
1971, is a fundamental starting point for 
any person designing peripherals and custom 
logic employing TTL integrated circuits. 
While its publication date precl udes any 
reference to the later additions to the TTL 
7400 series of components found in the 
Data Books, it is nevertheless the source of a 
wealth of ideas on TTL integrated circuits 
and design of logic with this family of 
circuits. 

What is fanout? You may have heard this 
term mentioned at computer club meetings 
or in advertisements for circuitry, or in 
articles in BYTE. You can find out 
background information on the calculation 
of fanouts by reading the chapter on Circuit 
Analysis and Characteristics of Series 54/74. 

Worried about noise, shielding, ground
ing, decoupling, cross tal k and transmission 
line effect? (Or, more properly, did you 
know you should worry about these effects 
in certain circumstances?) Find out about 
general precautions and background infor
mation by reading the chapter on Noise 
Considerations. 

The chapter on Combinatorial Logic 

Design gives 53 pages of background 
information on Boolean algebra and practi
cal representations of logic in the form of 
SSI gates. The chapter includes a description 
of Karnaugh mapping techniques and the 
minimization of logic. From combinatorial 
design, the book progresses into Flip Flops, 
including background information on the 
workings of these devices, and fairlY 
detailed descriptions of the uses and 
applications of these devices including 
synchronization of asynchronous signals, 
shift registers, flip flop one shots, etc. Then 
the book returns to static combinatorial 
logic with its description of the Decoders 
available in the 7400 line as it stood in 
1970-1971. 

A chapter on Arithmetic Elements gives 
fundamental descriptions of binary arithme
tic, diagrams of the basic gate configurations 
for combinatorial logic adders, and a section 
on number representations for use in 
computers . Much of the material in this 
section is dated, due to the fact that the 
later 74181 series of multiple function 
arithmetic units had not yet appeared when 
the book was written. But for a background 
on arithmetic operations implemented with 
the si mpler 7483 circuits, this chapter is 
ideal. A chapter on Counters and a chapter . 
on Shift Registers complete the detail logic 
sections. The book is closed out by a 
chapter on miscellaneous Other Applica
tions including a simple binary multipli er, a 
12 hour digital clock and a modu10-360 
adder. 

__ Designing With TTL Integrated Circuits $24 

__ Microcomputer Design $25 

Send to : ~N~a~m~e~ ______________________ _ 

Address 

City State Zip 

o Check enclosed 

o Bill MC No. Exp. Date ____ _ 

o Bill BA No. Exp. Date _____ _ 

Signature 

The most important use of this book is its 
value as an introduction to TTL logic. By 
reading and studying it, you will begin to 
understand the ways in which SSI and MSI 
TTL gates can be utilized in your own 
experimental logic designs. After studying 
this text, you should be able to make much 
more sense out of the technical information 
summaries typically published as specifica
tions sheets and data catalogs. 

Order your copy today from BYTE's 
Books, $24 postpaid. 

-MICROCOMPUTER DESIGN by Don
ald P Martin, Martin Research. Edited and 
Published by Kerry S Berland, Martin 
Research. 

Purchase your copy of the definitive 
source for circuitry and hardware design 
information on the 8008 and 8080 com
puters today. 

Even Intel, the originator of the micro
processor revol ution, is hard put to compete 
with the wealth of information found in 
Martin Research's new second edition of 
Microcomputer Design. This is the book 
which was originally published as an 
expensive (but quite practical) engineeri ng 
report in loose leaf form, at about the time 
the microprocessor technology was first 
catching on in the form of the 8008. This 
388 page second edition of the manual is 
loaded with detailed information on how to 
build and use computers based on the 8008 
and 8080. 

But even if you do not intend to use the 
8008 or 8080, the practical pointers on 
digital logic design, peripherals and applica
tions of hardware techniques will more than 
justify the new low price of $25 for this 
handbook. Microcomputer Design is a must 
for 8008 owners and 8080 owners who 
\/ISnt to truly understand how their 
processors process. 

Microcomputer Design is complete with 
numerous illustrations, tables and diagrams, 
pillS reprints of the specifications sheets for 
the Intel processors. There are numerous 
practical examples of circuitry and many 
complete computer designs ranging from 
"minimal microcomputers" to a full blown 
8080 processor. 

Order your copy today, $25 postpaid 
from BYTE's Books. L Please allow six weeks for delivery . __________________________________________ ________ ..L ____________________ , 
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INTRODUCINfi~ 
KIL O'BYTE, 

VlORLD RENOWNED 
5TORY- TELLR 

ADVENTVR£R, '2t 
HACKER EmAO~DINAIRE 
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HIS SON, CHIP, TO 
HIM ASTOR)' 
OUR GREAT -I1K11"IJIIUlJl 

HERO, KILT 

decision boundary. There are innumerab le 
. ways to vary this technique. 

F or those who wou Id I ike to try their 
luck at hand sent Morse decoding, I have 
included a brief flow chart out lining a 
typ ical process from approach (3). Success
ful models have been constructed by Picker
ing Rad io Co (to name but one com
pany .. . look at Ham Radio, QST, or other 
amateur radio magaz ines) and a computer 
model has been designed using about 4 K of 
memory on a PDP-1 2 as described in a 
master's thesis by J A Guenther. For those 
interested in the exact PDP-12 algor ithm, 
Guenther's thesis is avai lab le for a nominal 
charge from the National Technical I nforma
tion Service of the US Department of 
Commerce [See bibliography l. 

As you can see, the problem of transla
ting hand sent Morse code is not easi ly 
solved. To further comp licate matters, most 
of the really good information is class ified, 
or even worse, proprietary to a particular 
company. So, I wish you all the best of luck, 
you'll pmbably need it. As a final note, ju st 
remember: When you think you've got the 
problem li cked, Chisholm's Law of Hum an 
Interaction will apply (eg: Some joker -
radio amateurs call them "lids" - wi ll come 
along with a "fist" that will tear your 
algorithm apart).-

WELL CHIP, IT SW'''IS THI'.T ONf VM . WHEN 1'\'1 
GRA4fAPA WA? JV~T A WEE LAD 

H~ (jar (IIRRIE1) 
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Waiting to leave at Logan A irport in Boston, 
Ed Zealy captured this interesting juxtapo
sition of transportation technologies. The 
tail of a 707 frames the distant image of a 
727 masked against a sailing vessel leaving 
Boston as a part of "Operation Sail. " 

Travelogue 
.. . Notes by Carl Helmers, Editor 

On July 16, 17 and 18, the American 
Radio Relay League's 1976 National Con
vention was held in Denver CO at the Denver 
Hilton hotel. Th e ARRL is the amateur 
radio operator's main organization and 
representat ive in matters concern ing the 
legal avai lability of amateur bands in the 
rad io spectru m. Without the ARRL, amateur 
radio as it is today and has been practiced 
since early in this centu ry would not exist. 
(For info rmation on amateur radio, contact 
the ARRL at 225 Main St, Newington CT 
06111.) 

As part of the affair, reflecting the 
interest of many radio amateurs in com
puting applications to their field, the Denver 
Amateur Computer Society was asked to 
coordi nate a se ries of microprocessor ses
sions at the convention, and th is in turn 
helped attract a number of personal com
puting vendors and spectators to the ex hibi
tion area. BYTE was present at the con-

A sign in the lobby of the Denver Hilton 
greets the several thousand visitors to the 
ARR L convention. 
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Ideal for 
communicating 

with your 
microprocessor! 

RS-232 interface x 32 characters 
TV/TTY kbd.ldisplay (16 lines x 64 characters) 
Keyboard/CRT Monitor (24 lines x 80 characters) 

- - - - - - ORDER FORM - - - - - -

$400 
$500 
$700 

I Sh;pTo I ~ 
I I 
I Subtotal S I 
I Cahf reSidents add CX) I 

sales tax __ _ 

I en~b~~~e, ~'~:e ~~~~~~ I 
I 0 1 total order . $ MIc;oN I 

INOU STRt E S 

I BIll my BankAmencard exp Mican Industries I 
I Maslercharge exp ~~2kl~~~ . s~~e~~607 I 
I My signature as purchaser ~ "(4 15) 763-6033 I ----------------



Every manufacturer shows off the product in the factory. At MITS, the new 
Altair 880B machine is quite effectively integrated with three floppy disks, a 
Lear-Siegler ADM-3 terminal, and a disk operating system in the display 
room. Here Dave Bunnell and Carl Helmers are engaged in a conversation with 
the demonstration system in the background. 

The interior of the main 
assembly area at MITS is 
illustrated in this shot 
tal?en during the tour of 
the facility. 
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Gaty Kay (leaning over 
table) and Joe Deres 
(seated) of Southwest 
Technical Products dem
onstrate their wares at the 
ARRL convention. The 
table contains an SWTPC 
6800 system, CT-J 024 ter
minal, GT-6 7 44 graphics 
display unit, and printer. 

vention with a booth in the exhibit area 
staffed by Deena and Ed Zealy, Beth 
Alpaugh and me. I also participated in one 
of the microprocessor orien ted tech n ical 
sessions by giving an informa l talk at which I 
shared the forum with Jack Cox WOKMV. 

After the convention, we a l! flew to 
Albuquerque where we spent some time 
talking with Ed Roberts and Dave Bunnell of 
MITS, then Beth and I f lew to San Antonio 
to pay a visit to Dan Meyer, Gary Kay and 
Joe Deres at Southwest Technical Products. 
Perh aps the highlight of the whole trip (at 
least in my mind) was enti re ly unplann ed. 
While at Southwest, Ron Komatz, the local 
representative for Motorola Semiconductor 
Produc ts in Austin TX, walked in. In 
passing, he suggested something li ke "How 
would you like to come back with me to 
Austin this afternoon and take a quick tour 
through the Motorola Semiconductor wafel' 
fabrication facility?" With an offer like that, 
we could hardly refuse , ... 

So, after some hurried reservations 
changes and Ron's call ahead to the people 



A candid shot of Ed Roberts, president of 
MI TS, during an in formal discussion in his 
office in Albuquerque. 

at the Motorola pl ant, we drove up to Austin 
in Ron's car fo r a quick tour (total time, less 
than an hour and a half in cl udi ng 45 minu tes 
of some infor mal di scuss ion with several of 
the engineers and software people at 
Motorola). 

It is in pl aces such as the Motorola pl ant 
in Aust in where the space age techn ology of 
in tegrated circui ts and th e techno logical 
leads of the Ameri can semiconductor manu
facturers are so mu ch in ev idence. The silicon 
wafer fabr ication plant is li ke a scie nce 
fictio n image: clean rooms with highl y fil
tered air, workers dressed in lin t- and dust
free smocks und ergo ing cleaning procedures 
pr- ior to enteri ng the fabrication area, exot ic 
gases and electri city piped into the work 
areas, in tricate opt ical in struments fo r th e 
micmscopic ph oto reproduction of IC mas k 
patterns, air bearing transport sl ides for the 
di sks of sili con being handl ed by the fac ili ty, 
red glowing di ffusion ovens main ta ined at 
carefull y controll ed temperatures needed to 
dope the si licon chips with prec ise amounts 
of impu rities at each stage of production. 

The resu It at the end of mu Itiple stages of 
the fa brication process, which we viewed 
through glass partiti ons, is a three inch wafer 
of sil icon with hundreds to th ousand s 
(depending on the particular IC) of tiny 
circui t patte rn s, waiting to be ground down 
to less than 10 mils th ick, scri bed and 
separated into individu al pieces which can be 
tested in automatic equ ipment then shipped 
overseas fo r assembly. I t is the high tech
nology of such semicondu ctor facil ities 
which ma kes possible the personal computer 
as we know it today, and as it will improve 
and evo lve in th e future.-

ALTAIR 8800 OWNERS 

We re cently received the following letter: 

RUN 

A?~ l L 2b .1976 

GENTl.EI'iEN: 

1 ';UST \o,'At-o T ED T O TEL L YOU THA T 1 niH.;: YOlifl: CLC Ch f i X-IT Ell IS 
REA LLY GREAT I J WAS HAVU.G T~OliaL[ RU tl. NU .G 13ASI C AND AFTE.? 
I NSTA LLIr.;G YOUR KIT f OUR {;f i':Y b i T5 &CA?l.DS T;;Ar J".I E ~ EI" ·T iH.: :.i'<II'Ii.::i 
CAI1E BACK TO LifE r.~D i\O',.! A~E. HEL?l f'.G :'IS TO wR ITE. TH i S i...E.'i;ER 
OtJ THE. CQ:·IPUTER . £l\CLC.5ED IS ;,t·.uTnER GRDER FC~ A GLOel, ;. i T . 
To l S IS FL!l THE SECCt .. O J..LTAiE Ti,,;T l'AN hUw l i~ Th~ FR u(;E2S 
OF QL: IL D li~:;. 

"'GAll: H;,~.·( TiiAt~hS F(;R SL'C t : ,., r lr~i:. F:1Ul!UCT . 

S lf\C.i:..~i.LY 

L;" C.Y(. L. 51'1 1 T:--: 

Ho w well does your Altair run? 
A Clock Fi x Kit is only $15 postpaid . 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 

BABY! 

Complete System 
in a case! 

KEYBOARD: 62 key upper & lower case + Greek; 

TAPE INTERFACE: High speed, 1200 Baud! Cas
sette, programs included ; 

VIDEO INTERFACE: E.I.A . Compatible; 

MICROPROCESSOR; 6502 based system! 

MEMORY: 2K or 4K byte RAM minimum system 
monitor + 3K ROM sockets; 

S.T .M. SYSTEMS INC . 
P.O_ Box 248 

Mont Vernon , N.H. 03057 
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What's 
New? 

.. . ,. tI' .,. 

Mating Game 

Wh at do you use for a plug which will 
mate your computer wi th the real world 
across a cable? For parallel interconnection, 
one option is this Hirose 20 pin connector 
which accord ing to its distributor has been 
widely used in the video fie ld wherever 
mUltiple wires must be used with quick 
connect and disconnect. 

Th ese con nectors are heavy duty, and will 
handle audio, video and machine control 

And Yet Ano(her Dedicated 
Industrial Micro 

Here is an 8080 processor board intended 
by its manufacturer, GNAT Computers, as a 
dedicated computer for industrial applica
tions. The MC80 starts at $189 and should 
find its way into communications systems, 
programmable logic for instrumentation and 
machine tools, and other processes where 
dedicated intelligence is required. In the 
experimenter's context, it would make a 
useful foundation for dedicated app lications 
such as peripheral controllers, mobile com
puters for land, sea and air navigation, smart 
terminals, etc. The basic board has 256 bytes 
of programmable memory, expandab le to 
512, and space for up to 2 K bytes of 
custom applications programming in pro
grammable ROMs. Optionally there is a 
front panel for development and mainte· 
nance checkout. Delivery is quoted as 30 
days after receipt of order, from GNAT 
Computers, 8869-C Balboa Av, San Diego 
CA 92123.-
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signals. They were designed for quick discon· 
nect when the light colored button (see 
photo) is pressed. The contacts are high 
quality brass with silver plating and the cable 
assembly features a heavy duty wire lock. 

Physical ratings are 350 V AC at sea leve l, 
3 amperes per contact, insulation I"esistance 
1000 megohm at 500 VDC, contact resis
tance 7 milliohms maximum. This pl"ess 
release information was provided by the 
Hirose distributor, John Anthony Television, 
Childs Park Rd, Dingmans Ferry PA 18238. 
As a special introductory offer to BYTE 
readers, the price of a combination male 
cable connector and female chassis con· 
nector is $14.95. Th e same price applies to 
the alternate combination of female cable 
connector and male chassis connector. Nor· 
mal prices are $12.25 for male cable, $12.50 
for female cable, $3.90 for female chassis, 
$4.50 for male chassis. OEM and quantity 
discounts are avai lab le as well.-

Building a Homebrew CRT? 
Using a Commercial Digital Display Chassis? 

If your answer is yes, then you'll 
probably want to think about the problem 
of creating an enclosure for your design . 
This new product, the VTE· 101 CRT 
Terminal Enclosure, was shown off at the 
Trenton Computer Festival in May, and is 
designed to provide such an enclosure for 
the do-it-yourself person. The enclosure is 
made by a structural foam process which 
uses fire retardant high heat, high impact 
polystyrene. The enclosure is light weight, 
but is said to be rigid and tough. It is 
designed for a complete CRT terminal, and 
consists of a base section 19 inches (48.3 
cm) by 21 inches (53.3 cm) by 4 inches 
(10.2 cm) and a shroud measuring 11 .25 
inches high (28.4 cm) featuring a smoke grey 
screen. It is said that the enclosure will take 
a monitor up to 14 inches (35.6 cm) 
diagonal measure. This housing sells for 



$69.95, and less expensive models (without 
monitor shroud) are also available. The 
products are supplied with hardware, and 
additional openings can be cut in the mate
rial using ordinary woodworking tools. Con
tact Enclosure Dynamics, PO Box 6276 , 
Bridgewater NJ 08807.-

Here's an Interesting Combination 
of Peripheral Functions! 

El ectronic Product Associates Inc, 11 57 
Vega St, San Diego CA 92110, (714) 
276-8911, sent along an announcement of 
th is new, low cost audio cassette, Teletype 
or CRT terminal adapter which a ll ows any 
serial TTL or MOS output to simultaneously 
interface a low cost audio casse tte recorder 
via frequency shift keying (BYTE Standard) 
Lip to 300 baud and to a stand ard RS2 32 
CRT and a 20 rnA cUlnnt loop Teletype . 
The adap ter also simultaneously decodes 
BYTE Standard FSK data f!"Om low cost 
audio cassette players and from 20 rnA 
current loop Teletype and RS232 CRT. 
Audio cassette information is decoded by a 
propri etary phase locked loop system 
devel oped by EPA which is said to be the 
most reliabl e method ava il ab le for transfer 
ring digital data to and from low cost audio 
cassette pl aye rs. The model TCC3 is 4.5 X 
3.25 inches (11.5 cm X 8 cm) and mounts 
piggyback on the EPA Micro-68 develop
ment co mputer. Th e TCC3 price is $129 in 
singles, comp lete ly assembl ed and tested. 
Deli very is quoted from stock.-

Software New Product 

33 Programs and Projects for the A l tair 
8800 is a new se lf- published book by 
Jacques Roth, 543 16th Av, San Francisco 
CA 94118. This book is a 51 page collection 
of info rmation prin ted on loose leaf pages 
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The Tarbell Cassette Interface 
• Plugs directly into your IMSAI or ALTAIR 
• Fastest transfer rate: 187 (standard) 

to 540 bytes/second 
• Extremely Reliable-Phase encoded 

(self-clocking) 
• 4 Extra Status Lines, 4 Extra Control Lines 
• 25-page manual included 
• Device Code Selectable by DIP-switch 
• Capable of Generating BYTE/LANCASTER 

tapes also. 
• No modification required on audio cassette 

recorder 
• Complete kit $120, Assembled $175, 

Manual $4 
TARBELLELECTRON1CS 

144 Miraleste Drive#106, Miraleste, Calif. 90732 
(213) 832-0182 

California residents please add 6% sales tax 
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KIT ASSEMBLED 

DISCOVER THE EPIC 2: A COMPLETE ONE·BOARD MICRO·COMPUTER SYSTEM AT AN AffORDABLE PRICE . 

EP IC 2 feiltures: 

• Easy to use teletype-style fully cncodod keyboard. 

• Programs loaded and stored via yOll r standard audio 
lape recordcf. 

• Video interface - disl)lays 16 lines 0 1 all)ha numeric 
characters on your TV SCI or optional video monitor. 

• Unified Ilx tendable bus. 

• 2 K RAM memory. 
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• 256 byte PROM boomfilp. 

• 2 MHz 8080 micro·cornpuler, 

• 16 generaillurpose I/O linC1;. 

• Standard programs included : Moni tor, Text Edi tor, 
Game of Lif!!, Blackjack Game. 

• Memo ry expilnsion and our optional Vector Graphics 
Software Package a llows you to creatll, display. and 
store graphics. 

• Many more options 10 come! 
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with three hole punching. Programs range 
from the simple to the dev ious, and are all 
designed to run in less than 1 K bytes, with 
many taking fewer than 256 bytes. Projects 
include an XY scope plotter using an osci ll o
scope, two DACs and the PliO board, a Pong 
game for the scope interface, a computer 
telephone dialer interface with severa l phone 
dialing programs, a monitor program, etc. 
Other programming projects include Tic Tac 
Toe, a 1 byte bubble sort program, and a 
package of 4 byte ar ithmetic functions 
including integer addition, subtraction, nega
tion, move, set zero, left shift, right sh ift and 
multiply. The price of this collection if 
$5.95 postpaid from Mr Roth .-

Attention: Computer Service People 
and Clubs 

One way to check out computer ter
minals and other ASC II ser ial data and 
communications equipment is to ut ili ze an 
ASCII pattern generato r such as thi s new 
produ ct of the Term inal Data Corpol'at ion 

Another Completely Packaged Computer 

Electronic Tool Co, 4736 W EI Segundo 
Blvd, Hawthorne CA 90250, has introduced 
a new microcomputer syste m, based on the 
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Wind Up Your (Paper Tape) Affairs 

Continuous Expression Processor Inc, 12 
Main St, Natick MA 01760, has come out 
with this cordless paper tape winder as an 
accessory for use in paper tape systems. 
(Suppose you have one of the hand powered 
paper tape readers. You can automate you r 
input processes by using this paper tape 
winder to pull the tape through the reader.) 
The unit req uires two "C" si ze flash light 
cell s and sells fo r $29.95 postpaid in the 
continental United States.-

of Maryland, 11 878 Coakley Cir, Rockville 
MD 20852. This se lf contained dev ice comes 
with male and fe male RS-232 in terface 
plugs, utili zes a 0.01 % crystal osci ll ator for 
generation of 110, 300 and 1200 baud data 
rates, and automatically generates ASCI I 
ser ial patterns: one at a time or cont inu
ously, the same character (set by toggle 
switches) or scanning through the charactel' 
set. The Model #900 test set is offered as a 
kit for $249, with a special in troductory 
price of $199 good until September 30 
1976. The assembled and tested price is 
$395. -

MOS Technology 6502 CPU, priced at $675. 
The ETC-1000 comes with a 40 key key
board, a programmable 8 digit display, 10 
interfaces, power suppl y and memory. All 
systems are fully asse mbl ed, tested and 
ready to run. According to its manufacturer, 
the ETC-lOOO is intended for system 
development, contro l, and small sca le data 
processing applications. As a deve lopment 
system, it provides system support for hard
ware and software design work. As a contro l 
system, it offers an inexpensive high speed 
computing capability in a sturd y rack 
mountable package. 

The manufact ur er describes the 
ETC-1000 as a "fu ll capability high
performance computer system which you 
can have running 10 minutes after you open 
the box." The system needs no ex terna l 



ANNOUNCING! 
MICROCOMPUTER 

PRODUCT 
SURVEY 

60 companies manufacture main
frames and peripherals for micro
computing market. Do you know 
who they are? The M PS does! 
Hardware and software are ex
pensive today for small business 
let alone a personal system. Be
fore you buy invest in thought
ware, shop by comparisonthrough 
MPS. No advertising, we just 
report the electron ic parameters, 
software features , price and com
pany profile of firms selling in the 
m icrocom puter market. 

First Issue Nov. 15 

FULL DETAILS ... . ... . ... $1.00 
SAMPLE ISSUE ...... . ... $3 .00 
SUBSCRIPTION ... . .. . ... $9.00 

SBS 
1800 Wayne #1 

Bellevue Ne 68005 

FOR SALE 
13 Altair 880 micropro
cessors, all in good physi
cal condition, excellent 
working condition. 

$285.00 each 

4K Dynamic memory 
$125.00 

and 

88 - AC R Boards 
$100.00 

Call: 

Dr. Dan Nash 
405-524-1 209 

eves. and wknds. 

WANTED 
Microprocessors Kit or Assembled 

ALTAIR • SPHERE • MOTOROLA 
INTEL & OTHERS 

Altai rs, immediate delivery. 

Memories, I/O boards, chassis, power 
supplies, modems, peripherals, spe
cials, prom programmers, AD CS, 
DACS, GPIOS, RS232 faces, and any 
associated software, Ask about 
our complete Altair system. 
Available now. 

FORWARD INFORMATION ANDIOR 
ItJOUIRIES TO: 

AMERICAN USED MICROPROCESSORS, 
EIlUIPMENT & SUPPLY CORP. 

AT THE CHICAGOLAND AIRPORT 
BOX 515 

PRAIRIEVIEW, ILLINOIS 60069 
TELEPHONE (312) 634-0076 

For complete monthly catalog of 
items available and in stock Enclose 
$10. for six issues. Many new un
used items. Amazing values for 
everyone. Tested and guaranteed. 

N. V,'s Newest Store for 

Micro and Mini Compu

ter Hardware and Soft-

ware. __ ~ ______ __ 

We will be featu ring a 

large selection of: IMSAI 

(kits and assembled) Pro

cessor Technology's full 

line. Also a selection of 

choice modules from 

Cromemco, Solid State 

Music and others . Plus: 

full line of TTL logic, 

discrete components, 

memory and MPU chips. 

Audio Design Electronics 
487 Broadway Suite 512 

New York NY 10013 

Computer mart 
0/ 

new york Ync. 
NOW ON 

LONG ISLAND 

IMSAI, SWTPCo, Digital Group 

Processor Tech, Apple, OSI 

TD L-Z-80, Seals, Cromemco, 

Sphere, Tarbell, Oliver 

Magazines, books, chips, 
sockets, connectors, terminals. 

IT'S ALL HERE WAITING FOR YOU 

FRIENDLY ADVICE TOO 

New York City 

314 5th Ave 
(32nd 5t) 

Long Island 

2072 Front 5t 

East Meadow NY 

Phone 

Pictured above is the new OP-80A 
High Speed Paper Tape Reader from 
OAE . This unit has no moving parts . 
will read punched tape as fast as you 
can pull it through (0-5,000 c.p.s.). 
and costs only $74.50 KIT. $95.00 
ASSEMBLED & TESTED. It in· 
cludes a precision optical sensor ar
ray. high speed data buffers . and all 
required handshake logic to interface 
with any uP parallel I/O port. 

To order. send check or money order 
(include $250 shipping/ handling) to 
Oliver Audio Engineering. 7330 
Laurel Canyon Blvd .. No . Holly
wood. CA 91605. or call our 24 hr. 
M / C-B/ A order line : (213) 874-6463. 



attachments such as Teletypes, power sup
plies, or memory expans ions to provide basic 
programming capability and computer 
operation. Many expansion options are avai l
ab le, including comm unications, real-time 
and DMA interfaces, memory expansions, 
and various add-on CPUs. 

A 40 key keyboard for control and data 
entry is mounted on the front of the 
ETC-1000. This keyboard includes a full set 
of hexadecimal keys for data and address 
entry, system function keys such as load, 
reset, exam ine memory, etc. Eight special 
funct ion keys which may be sensed under 
program control by the user are availab le for 
assignment to user-specified funct ions. 

An 8 digit LED panel display is also 
contained in the ETC-1000 control unit to 
display memory contents, system status and 
user program med information. 

The ETC-1000 conta ins a direct input 
output system consisting of eight latched 
output lines and eight latch ing input lines 
which may be used under program contro l 
to operate external devices. A hardware 
interrupt system with two levels is standard; 
eight additional levels are avail ab le. The 
company says one or two indepe ndent full 
duplex communications streams at speeds 
between 110 and 1200 bits per second are 

supported by the ETC-1000 basic system 
when appropriate PROMs are included. 
Se lect ion of speed is accomp li shed auto
matically by the hardware. 20 mA DC cur
rent loop in terfaces are provided as standard, 
with EIA RS-232C capability optional. 

The ETC-IOOO CPU consists of a MOS 
Technology 6502 8 bit CPU, plus clocks, 
control logic, interface buffers, 1024 bytes 
of high speed RAM, and 256 bytes of ROM 
containing system control functions . 

Software curre ntly avai lable includes a 
res ident assemb ler, 10 hand lers, diagnostics 
and other support tools. Th e manufacturer 
says that BASIC and PLM support are 
expected to be ava il ab le during the third 
quarter of 1976. 

Availability of standard configurations is 
30-60 days.-

Attention Analog Interfacers .... 

National Semiconductor Corporat ion has 
just announced a new building block for 
analog input interfaces. This is the MM5356 
8 bit ana log to digital converter . The func
tion provided by this chip is converting an 
input voltage of typically 0 to 10 V or - 5 to 
+5 V into an 8 bit binary word. In order to 
operate proper ly, the circuit requires a con-

Stamp Out Cybercrud 

COMPUTER 
Have you every been victimized by 

one of a myriad computer based inter
personal putdowns? I n Ted Nelson's 
book, Computer Lib /Dream Machines, 
you'll find an excell ent essay on the 
nature of th is "cybercrud." 

is its inspirational data content. The 
machines we're al l busy work ing on are 
deep personal expressions, and not the 
cold and inhuman monsters of the tradi
tional stereotype. The book defines 
many of the terms and explains many of 
the techniques which can be used in the 
personal computer systems we're all 
busy constructing and programming . It 
performs this service in a way which 
adds co lor and excitement to this newest 
of art forms, the computer appl ication. 

PETERBOROUGH, NH 03458 

Have you eve r wondered where to go 
for a basic starti ng point in your quest 
for information about computer applica
t ions and uses? Ted Nelson's book, 
Computer Lib/Dream Machines, is the 
place for you to begin. 

Computer Lib/Dream Machines is for 
the layman - the person who is intelli 
gent and inquisitive about computers. It 
is written and self pUblished by a 
philosopher who is also a self confessed 
computer fan and an excellent teacher of 
basic concepts. (F or those who have not 
yet heard, ivory towers are constructed 
out of real and substantia l white bricks.) 
The most important aspect of th is book 

Computer Lib/Dream Machines is 
must reading for the beginner, and is also 
a refreshing self examination for the old 
hand at programm ing and systems work. 

You can order your copy of Com
puter Lib/Dream Machines from BYTE's 
Books for $7. Send your order today to 
BYTE 's Books, 70 Main St, Peter
borough NH 03458 . Help stamp out 
cybercrud. 

r--------------------------------
Pl ease add 50 cents for postage and handling. Please allow six weeks for delivery. 

Send copies of Computer Lib/Dream Machines to: 

Name 

Address 

Ci ty State Zip 

o Check enclosed 

rI Bill MC # _______ Exp. Date ___ _ 

[ ] Bill BA # Exp. Oate ___ _ 

Signature 
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vers ion clock of at leas t 5 kHz and as much 
as 2 MH z. Th e ac tual convers ion time 
requ ired is specified in the timing di agram of 
its spec ification as 40 clock periods. Thus if 
the clock rate were 40 kH z, the unit co uld 
be used to genera te a valid d igital word 1 
mi lli second after the begi nning of the "star t 
co nve rs io n" in put command signal. 
Operating at a typica l microprocessor clock 
frequency of 1 MH z, the conversion time 
wo uld be 40 !lS, corresponding to a max i
mum samp le rate of 25,000 measurements 
pel' seco nd . 

Where wou ld this item prove useful in the 
context of personal sys tems? Well , consider 
the pmbl em of reading the vo ltage on a 
thermocoup le used to measure temperature. 
After am pi ification and normal izat ion with 
operat ional ampli fiers, the signal could be 
read by the analog to digital co nverter and 
used in a program written to impl ement a 
digital feedback loop used in controlling 
temperature in some way. Consider th e 
prob lem of deriving the coefficients used in 
contro lli ng a digita l speech synthesizer: An 
AOC is an essent ial inpu t to the process of 
analyzing such data. Or simpl y consid er the 
ge neral labo l'atory probl em of using you r 
compu te r as a vo ltmetel' : Pu t a vo ltmeter 

PhotocOpy Of CU I Ollt tlllS so liCi tation 101 

Iflfmmallon anl.! send to: 

7338 Baltimore Ave., Sui te 200 
Co ll ege Park. Mary l<lflcJ 20740 

JOINT V ENTURE 

GROUP OEM BUYS 
CHEAP, Inc. was se t up 10 coordinate join t venture OEM 

Gr oup Buys! Depending upo n the total quantity o f com 

ml!menlS received, you can expec t to pay from 20% 10 70% o f 

the rctail sales plice. Now you too can combine your olders 

with o thers through out the country \0 purchase faclOrv new 

clec lronic cornponenls at OEM flues. We will accept small 
Faclory and Club comm it ments as well as ind ividual 
commitments. 

Clrde below the product s you may be rnterested III and 
est imate the II quanti ty. Alter we receive this survey, we shall 
Sf!nd. to you , more IIlforrnatlon. prices and delivery daiCs. 

MemOrlCS: 91 L02 __ . 2 102 _ _ , 1702 __ 
MlcIOP' Z80 __ . 8080A _ _ . 6800 __ 

P.C. Boards: ComputCi Gr.1tJe doublc buffered opllonal parit y 
memory boards compatihle With the Altair 8800 on one 
edge and the Allal r 680011 tile opposite edge; 4 :8 : 16K_ 

Fl oppy Disk Omcs __ . Dis k Controller __ _ 
Mag. Tape Drives __ . ~~ode rm _ ___ _ 
TV Monitor s ___ . OSCIUOSCOpc _ __ _ 
Sockea: 14 PIII ___ . 16 Pill. ____ _ 

24pin __ .40plll __ .Other ____ _ 

So ft ware : Fortran __ . PLll Subset _ __ _ 

Oth er : ____________ _ 

Dther: _________ ___ _ 

EX TRA : We wi ll comider purchaslIlg general purpose P.C. 
Boards and Kit s, e tc. Wnw us about what you may have to 
o ff er and Its OEM pr ices. 

analog front end on thi s converter and have 
yo U!' TV di splay put out the va lues it reads. 

National Semico nductor is located at 
2900 Sem icond uctor Dr, Santa Clara CA 
9505 1. The 100 pi ece pr ice of th is co nve r
sion chip is li sted as $7.95 , so it certai nly 
should be available at a reaso nabl e price 
tlll"ough distr ibutol"s and retai lers. -

Attention: K I M-l owners. 

For Sale: Assembler program com
patible with MOS Technology assem
bl er. Uses KIM-1 cassette interface 
for storage of source and object 
programs. Also includes a te xt-€ditor 
program, and both ru n in 4K of 
memory. They are di stributed on 
cassette in both source and object 
form , in case you wish to improve or 
mOdify them to suit your needs. 
Asse mbler/te xt-editor .. $ 19.50 ppd. 
Write for detail s on sa le of your 
programs on a commission basis. 

Micro Software Specialists, Inc. 

2024 Washington St 
Com merce T X 75428. 
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STANDARDIZE! 

SPECIAL OFFER ... 
HIROSE 20 PIN CABLE + 
CHASSIS MOUNT CON
NECTOR 

(solder) ON L Y 
REGULARLY 

$14.95 
$17.00 

Rugged, Reliable, widely 
used in video applications. 
Qty. discount, no C.O.D's, 
Detai Is, Specs: 

JOHN ANTHONY TELEVISION 
DINGMANS FERRY 

A122 PA.18328 



Excerpts from Future History 

John W Burgeson 

101 Skyline Rd 
Georgetown TX 78626 

The fo llowing series of passages was compiled by reader j ohn W Burgeson 
in a term paper he wrote for his "history of technology" course in the spring 
term of '25. Note how the attitudes remain the same, but the objects of the 
attitudes evolve with time. 

Who Wants an Automobile? 

Toward the end of the last century, 
nobody "wanted" an automobil e. Wh ether 
the invention of the horse less buggy was due 
to acc id ent, play, tinkering or rational 
thinking on the part of people endowed with 
mechanical ab ili t ies is immater ial for our 
purposes. Surely the invention did not 
originate with the co nsu mer and was not 
made with an eye to prevailing co nsum er 
wants. Even when the first cars appeared on 
the road and for many years thereafter, their 
use for mass tra nsportat ion was envisaged 
neither by produce rs nor by consumers. But 
today, even small children in America feel 
the need for a car to take them and their 
parents shop ping, visiting, and later to 
school. Between the ear ly days of the 
automobil e and the present situ ation there 
was a lo ng peri od of social learn ing. The 
learning process was, of course, not spon
taneous; first of all , it could not have taken 
place without the ori gi nal invention ; second, 
it was a functio n of numerous st imuli -
personal expe ri ence, ed ucation, and reading, 
as well as propaganda and advertising. Thus 
it may be said that wants for autom obiles 
were induced, or to use Galbraith's term, 
"contrived." But are no t most of our wants 
contrived in this sense? And are not most of 
our contrived wants, in a certain sense, 
original with the buyer? It can hardly be sa id 
that such want-creation is artificial. 

George Katona, The Mass Consumption 
Society, New Yorl?, McGraw Hill, 7964, page 
55. 

Who Wants a Percom? 

Toward the middl e of the 1970s, nobody 
"wanted" a percom. Whether the invention 
of the personal computer was due to acci
dent, play, tinkering or rat ional thinking on 
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the part of peo ple endowed with elecuon ic 
abilities is immateri al for our purposes. 
Surely the invention did not ori gin ate with 
the consumer and was not made wi th an eye 
to prevailing consumer wants. Eve n when 
the first computers appea red in the offices 
of large companies and for many years 
thereafter, their use for mass personal use 
was envisaged nei ther by producers nor by 
consumers. But today, even small ch ildren in 
America feel the need fo r a percom to help 
them and their parents manage their affa irs, 
help them with schoolwork, entertain them 
with electronic games and th e like. Between 
the early days of the percom and the presen t 
situation there was a long period of social 
learning. The learning process was, of course, 
not spontaneous; first of all, it could not 
have taken place without th e original in ven
tion; second, it was a function of num em us 
stimuli - personal ex per ience, educatio n, 
and reading, as well as propagand a and 
advertising. Thu s it may be sa id that wants 
for percoms were induced, or to use Gal
braith's term, "contrived." But are not most 
of our wants contrived in this sense? And are 
not most of our contrived wants, in a certain 
sense, original with the buyer? It can hard ly 
be said that such want-creation is art ifi cial. 

George Katona jr, The Mass Consumption 
Society (Second edition), New York, 
McGraw Hill, 7996, page 55. 

Who Wants a Homer? 

Toward the end of the last century, 
nobody "wanted" a homer. Wh ether the 
invention of the home robo t-computer was 
due to accident, pl ay, tinkering or rational 
thinking on the part of people endowed with 
cybernetic abilities is immaterial for our 
purposes. Surely the invention did not 
originate with the consumer and was not 



made with an eye to preva iling co nsumer 
wants. Even when the f irst rea l-time mini
computers appeared and for many years 
thereafter, the ir use for perso nal home 
management, protection and entertainment 
was envisaged nei cher by producers nor by 
consumers. But today, even small children in 
America fee l the need for a hom er to help 
th em and their paren ts to manage their lives, 
protect them, enterta in them and the li ke. 
Between th e ear ly days of t he homer and th e 
present situat ion th ere was a long period of 
social learning. Th e learning process was, of 
course, not spo ntan eo us; first of all, it cou ld 
not have taken pl ace w ithout the ori ginal 
invent ion; second, it was a f unct ion of 
numerous stimuli personal ex perience, 
educat ion, and read ing, as we ll as pro
paganda and adverti sing. Thus it may be said 
that wants for hom ers were indu ced, or to 
use Galbraith 's term, "contrived." But are 
not mos t of our wants contrived in this 
sense? A nd are not most of ou r co ntrived 
wants, in a certo. in sense, original with the 
buyer? It can hardl y be sa id that such 
want-creation is artifi cial. 

George Katona III, The Mass Consumption 
Society (Third edition), New 'lorl?, McGraw 
Hill, 2024, page 55 .• 
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SLOTS 
SNOOPY 
SPACWR 
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Trytohil lhemysteryiackpot 
Try 10 rerrove all the pegs homa boaId 
Govern the ancient cily·state 01 Sumeria 
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Find the Hurkleh_dingona 10. 10 grid 
01111111 Simple kinemalics 
Govern a IOOdern islalKl krngdom wisely 
Guess a mystery lener - computel 

gives you clues 
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Chrldlen'slitela l llfe~ll 
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spaceship 

Deli'terprUassuccesslulty 
Comptlter canpo>es poetry in 4-part ha,,,,,,,, 
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L"nd anApoliou psuleon lhe moon 
l Ullal landing Iran SOO leet lwilh ploU 
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Gamc 01 mck. s.cissors. paper 
EUlopean roulelle table 
~ussian roolene 
Destray an t'flemy lleel 01 ships 
Oeslroy 4enemvoulposu 
Slot machine lone-arm banditJ 
Pictures 01 Snoopy 
Comprehensi~e game 01 spacewar 
Open a paracta.rte at the lasl possible 

moment 

101 BASIC Computer Games is the most popular 
book of computer games in the world. Every pro
gram in the book has been thoroughly tested and 
appears with a complete listing, sample run, and de
scriptive write-up. All you need add is a BASIC· 
speaking computer and you're set to go. 
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DICE 
DIGIT S 

OOGS 
EVEN 

EVE N! 
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fOCTBl 
FOTBAl 
FURS 
Glllf 
GOMOKO 
GUESS 

Pl in ts l .page diamond pallerns 
Surrmarizes dice rolls 
COo'/lIUlerllles lo guessdlgils VOU 

selec:lallandom 
Penr,y arcade IIog race 
Takeobietls lromapile - Iryloendwilh 

an cven number 
Same as EVE N - computellmpro~s 

ilsptay 
Soiliaire logic game - Challge a row 
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lt i!lhSchool lootbal1 
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TARGET 
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dimensioml 
Tic·lac·toe 
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Time' $peed-distance~il 
Trap a mystery JUllber - computer gives 

youclues 

101 BASIC Computer Games. Edited by David H . 
Ahl. 248 pages. 8%x 11 paperbound. $7.50 plus 75i 
postage and handling ($8.25 total) from Creative 
Computing, P.O. Box 789·M , Morristown, NJ 07960. 
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BASIC progralMl!!i's nightmare 



The formal organizations used for clubs and societies can range from the 
totally informal (one person arranging a regular meeting place) to the setting 
up of all sorts of corporate nonprofit organizational structures, etc. The 
informal versions usually work best for small groups; formal organization 
tends to increase with the size of the group. Whatever the case, the less time 
spent on long drawn out nitpicking at business meetings, the more time there 
is to devote to more interesting matters . . . . 

Meeting Activities 

Dr Charles F Douds 
381 Poplar St 
Winnetka IL 60093 

for Computer Clubs 

A bunch of you got together and started 
a computer group? Congratulations! That is 
a good thing for this wonderful and fast 
growing hobby. You are meeting once every 
month? Fine, that will help to spread the 
word about the latest products, glitches, and 
cures. New people keep showing up at your 
meetings wondering what it is all abo ut? 
That's the way it went in Chicago, too. And 
lots of other pl aces, I'm su re. But now 
you've gotten to know each other, you're 
beginning to wonder what you should do at 
your meetings. 

Th at is an impor tant point. The activities 
at meetings can make or break such an 
organization. People don't have to come, 
and they won't if they don't get so mething 
out of them. They want many different 
kinds of things. They want to learn some
thing. They want to share their id eas. Th ey 
want to ask questions. Th ey want to social
ize . They want to see things. They want 
help. Of course, not everyone wants all of 
these at the same time and most people 
don't wan t the same th i ng all the ti me. 
Variety and choice are important. If you 
look around you at other successful special 
interest organi zations you will find many 
ideas for the kinds of things you might do. 
Here are some th at I found. 
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Lectures 

This is often the first thing you will think 
of, and quite easy to organize. The lecture 
may be by one of your own members or 
somebody invited in from outside. It could 
be an engineer or analyst from a local firm; a 
college professor; a sales engineer from one 
of the big electronics firms or other com
pany utili zi ng electronics prod ucts. The 
bigger firms might even send somebody in. 

Arrangements should be made well in 
advance. Usually you will do this in person 
or by phone and follow it up with a letter. 
Be sure to include detailed instructions on 
how to get to the meeting loca tion. Of 
course, you have to get it set up in time to 
publicize the speaker and his topic. Perhaps 
he can join you for a meal before or after. 
Don't forget to send a le tter of thanks 
afterwards. Better yet if you can send it to 
his boss when that is appropriate. 

There are two main problems with 
lectures. One is finding out how good the 
speaker is beforehand. A major problem here 
is that he or she may be good for one kind 
of audience, but not for yours. It is very 
likely th at your group will be a very mixed 
bag of hardware types, software types, and 
enthusiastic types that don't know much 



Activities at meetings of computer organizations can 
make or break the group. 

about hardware or software. That poses a 
real prob lem to a speaker in front of a large 
group. 

The othel' problem with lectures is having 
too many of them. They are abo u t the 
easiest kind of program to al'range, but 
people get til'ed of being talked at. Dis
cuss ion with large groups doesn't wOl'k too 
we ll. A couple of poor speakers in a row can 
easi ly turn off a whole group. Progl'am 
var iety and member choice are important 
ingredients to a successfu l group. 

Clinics 

Clinics are less formal and often involve 
small er groups than a lecture. More than one 
clinic can go on at the same time, Peop le 
have a choice and different types of topics 
can be handled. A clinic is usually limited, 
for example, to one hour, It may also be a 
lecture, but it can take many different 
forms, The topics covered can be just abo ut 
anyth ing. They might includ e: design of an 
10 circuit, printed circuit artwork tech
niques, debugging procedures, an overview 
of high leve l languages, etc . The presentation 
may be in the lecture mode, or the author 
might simpl y talk, work on a blackboard, 
use flip charts, work at his computel' key
board, 0 1' use slides or transparenc ies . 

Clinics are greatly enhanced if a handout 
is provided. It may be just a lis t of key 
points or provide details about what is being 
discussed. Sometimes a marketing minded 
man ufacturer may be willing to provide 
material to a local member presenting a 
clinic abo ut the manufacturer's equ ipm ent. 
For reference purposes hand outs shou ld 
includ e the author 's name and address. 

If hardware is used 01' demonstrated, you 
need to make sure that the group is small so 
that everyone can see. If you are meeting in 
a high school or a co ll ege and have a crowd, 
you might be ab le to use a closed circuit TV 
so that the people in the back of the room 
don't go away say ing it was lousy, while the 
ones in the front say it was great. For the 
same reason, consid er the use of PA systems 
if yo u are likely to have a large audience. 

It is very important that the host check 
up well beforehand to find out what the 
author wi ll need and what he or she is going 
to bring. Assume that the speaker will forget 
things like extens ion cords, chalk, and 
el'ase rs. I t is particularl y important to check 
on projectors, screens, and electrical outlets. 
Make sUl'e that they actually have power in 
them. Find out where the lighting sw itch es 
are (especially in motels and hotels!) and 
where the background mu sic can be turned 
off. Agai n, don't forget the thank yo u 
letters. 

When you get to the point th at on 
occas ion several clubs get together for a 
"meet" that might last a weekend, or you 
decide to put on a rea l bash in just your own 
group, you will probably have several clinics. 

Thi s is great because people can then get 
to the topics that particularly interest them, 
and still not be trapped in a room for 
somethi ng they care littl e abo ut. But many 
people will want to get to all the clinics. This 
can sometimes be worked out by careful 
schedu ling and persuading the au thors to 
pl'esent the ir clini cs tw ice. This isn't quite as 
bad for the auth or as it sounds. An hour 
clinic is really on ly 50 minutes and usually 
at least anothel' '10 minutes should be 
all owed for questions. Besides, the pl'act ice 
is good for him or her. (I ex pect to see a lo t 
mOl'e women active ly in vo lved in this hobby 
than in other comparable ones such as ham 
rad io or model railroading.) 

Demonstration ("Hall") Clinics 

If you don't have a lot of rooms for all 
the clinics you would like to provide, or if 
you just have one big room where several 
speakel's would interfere with each other, 
"hall" clini cs might so lve yoUI' problem. 
Th ey can literall y be set up in the hall s; but 
more usua ll y a number of them will be held 
in a large room - the kind that used to be 
called a hall. 

In the demonstration clinics one person 
does his thi ng for an extended period of 
time. Perh aps he is assembling a kit, laying 
out the artwork for a printed circuit board, 
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A lecture, with a good 
speaker on a topic of inter, 
est to the group, is one of 
the easiest types of activ
ity to organ ize. 

NOTE: 
A brief version of this 

article originally appeared in 
the Micro-8 Newsletter, vol 2, 
no 2. 



A panel discussion, with or 
without audience partici
pation, can be a good 
round robin affair which 
helps clarify and present 
concepts on a given theme. 

demonstrating h is operating system, or what
ever. The topics may be similar to the 
regular clinics, but the form at is different. 
The author does not lecture. He si mpl y talks 
about what he is doing. He ex plains and 
answers ques tions as he goes along. This 
gives people the chance to see all the details 
and exactly how things are done. People are 
free to move from one demonstration to the 
next spending as long as they like at each. 

It is often important that tables or 
railings be set up to keep peo pl e a few feet 
back. This makes it possible for a half dozen 
or so people to see, while st ill being close 
enough to observe the details. It is best 
arranged so that the demonstrator- can hand 
things to the viewers if he wishes to. 

Participation Clinics 

These clinics would be call ed " labs" in a 
school curriculum. The audience gets their 
head s and hands into the topic and learns by 
doing. These are good for such things as 
lessons on programming or introductory 
circuit des ign. These clinics require very 
careful preparation by the author. He or she 
shou ld fu ll y test out the lesson beforehand. 
Of course, not a whole lot can be accom
plished in an hour or two, but the most 
important thing is that it gets people started. 
The author can only do a littl e bit of 
teaching, fol lowed by a lot of individual 
helping. Often these kinds of clinics are best 
run by two people working together. 

If equ ipm ent is go ing to be used - pin 
boards, voltmeters, etc - it may be neces
sary to have people sign up beforehand. 
Sometimes it may be possible to have peop le 
work in pairs. As long as the room doesn't 
get too crowded, it may be possibl e to let 
others in as spectators. The host shou ld be 
prepared to shoo out excess peopl e. The 
author will appreciate not hav ing to do this 
for he or she may be busy with the 
instruction . 

Make sure that there will be enough 
materi als availab le for a reaso nab le number 
of peopl e to part icipate. Don't call it a 
"participation" clinic if on ly two or three 
can do so. 

Do I t Yourself Clinics 

In these kinds of clini c the audience 
builds something and takes home a working 
device. They are immensely popular if 
adequate ly pub li ci zed, but they often 
requir-e a lot of work to prepare. The item is 
announced befo rehand. It might be a logic 
probe or a simpl e power supp ly. Participants 
send in the ir checks for th e cost of parts. 
The anno uncement includes the li st of too ls 
needed, specified very exactly. (You would 

120 

be amazed at the variety of so ld ering irons 
and pliers model railroaders wi ll bring to 
build a printed circuit item!) 

At the clinic the author then shows the 
participants how to build the device step by 
step. It is very important that there be 
adequate faci li ties for checking the devices, 
too. You are trying to provide people with 
their first success in a new (for them) 
endeavor. There is nothing like the feeling of 
going home with a gadget you know for sure 
works. 

Obviously, it is important that the project 
be small enough so that it can be built and 
tested by the neophyte in the avai lable time. 
It is important that th is be checked out 
beforehand. If there are more than six or 
eight participants, the author should have 
one or two helpers - people who know a 
capacitor from a resistor, can read the color 
code, and who can recognize a cold-soldered 
joint. 

It might be possible to have "advanced 
leve l" clinics of this sort. The problem is 
that people who are not adequately ad
vanced will still sign up anyway . Not only 
are they likely to go away dissatisfied, but 
the author may get trapped into having to 
rebuild a half dozen units for these people. 
Keep the projects simple and short. With the 
complex chips available today, one sti ll 
might be ab le to come up with relatively 
sophisticated projects. 

Of course, other variations are possible. If 
it were clearly advertised as such in advance, 
it might be possible to start construction at 
one meeting and complete it at a second 
meeting. The more advanced bui ld ers wou ld 
probably complete the project and be ab le 
to test it themselves, so the second session 
would involve a small er group. 

The host should make· sure that there are 
suitable tables and adequate ·power outlets 
to accommodate all par ticipants. 

Show and Tell Sessions 

Here we take a page out of the stamp 
co ll ector's and photographer's book. It is a 
lot of fun to simp ly see each other's equip
ment. So much the better if it is up and 
working, but projects under construction 
can be very interesting, too. 

I suppose you could even have prizes for 
the best shaped letters on a TV set - with a 
separate class for monitors. How about one 
for the hardest to read Teletype? Or the 
prettiest set up? Or the worst (or would it be 
"best"?) job of haywiring that actual ly 
works! The possibilities are endless. Why not 
announce that there wil l be pri zes, but not 
announce the categories. I would expect that 
altogether too soon we will be having too 



SAN 
FRANCISCO 

Action Audio Electronics 
Westlake Shopping Center 
(415) 756-7440 

1. Largest repair facil ity for com
puter kits in Northern California. 

2. Easy access from all major free
ways and BART. 4 blocks from 
Junipero Serra, Skyline, Highway 1, 
US 280 and Daly City BART. 

3. We sell IMSAI, Cromemco, Blast
Master, Byte, etc. 

4. Stop by for a free copy of "8800 
BUS"; a current list of all 8800 bus 
compatible boards. 

J~m []~U~L[JPiD~ruT Lt3~5 
P. O. Box 2345 

W. Lafayette, IN 47906 
(317) 463·7167 

1;4 watt carbon film resistors .... $0.03 
5 percent, 50 per value min. 

'/2 watt carbon comp resistors .. $0.02 
10 percent, 50 per value min. 

No·Nik wire strippers .............. $16.00 
10,12,14 ,16,18,21.23,25,28,31 
34,37,44 or 54 thousanths 
w ire diameter 

Carbide PC board drills 
w ire size: 55 · 65 ..... $2.88 

66 . 70. . . ..... $2.97 
71 . 75 ..... . . . . ... . ..... $3.06 
76 . 78 ...... $3.60 
79 . 80 .... . . $3.60 

Spec sheets are available. 

We would be pleased to send you a 
' GOODIES' catalog listing all kinds of 
hard to find products incl uding : Molex, 
Bishop Graphics, AMP , CDC manuals 
and forms, PC drills and mills, elec· 
tronics tools, PC board manufacturing 
supplies, resistors, and semicon · 
ductors . 

LEARN 
I-JCOMPUTER 
SOFTWARE 

$49.95 BUYS A 
COMPLETE COURSE IN 

PROGRAMMING FOR THE 
SMALL SYSTEM ENGINEER 

• PRINCIPLES 

• TECHNIQUES 

• EXAMPLES 

• APPLICATIONS 

LOGICAL 
SERVICES INCORPOI'IATEO 

Creative Computer Division 
711 Stierlin Road 

Mtn View, CA 94043 
(415) 965-8365 

FREE BROCHURE 

HEY, ALTAIR ... 
GOT THE TIME? 
If not, you need COMPTEK's NEW 
CL2400 Real·time Clock. 
• Self·contained hardware clock 
• Can be set and read by BASIC 
• Programmable interrupts 
• Top quality board, components, 

and I.C. sockets 
• ALTAIR and IMSAI compatible 
• Uses: 24 hour clock 

Software timer 
Event timer 

KIT - $98 ASSEMBLED - $135 

"Real World Electronics" 

P.O. Box 516 
La Canada, CA 91011 

8,192 X 8 BIT STATIC MEMORY 
EXCEPTIONALLY LOW POWER 

KIT $295.00 
' ALTAIR 8800flMSAI 8080 BUS 
COMPATIBLE 

'FAST 215 nS-FULL SPEED - FOR 
Z80 ALSO 

' EXCEPTIONALL Y LOW POWER -
LESS HEAT 

' LESS THAN OTHER "LOW 

POWER" MEMORY 
' BATTERY STAND·BY 
CAPABILITY 

' ALL SIGNALS TO MaS DEVICES 

BUFFERED 
' SOCKETS FORALL IC"S 

PROTOTYPI NG BOARD 

LOW PROFILE IC SOCKETS 

EDGE CONNECTORS 

DB25 CONNECTORS 

SHIPPING EXTRA. ADD $2.00 

NJ RES. ADD 5% SALES TAX 

ELECTRONIC CONTROL TECHNOLOGY 

P.O. Bo x 6, Union , New Jersey 07083 



Swap shops and auctions, formal or informal, can be 
a good addition to a meeting which helps to solve 
nagging problems of what to do with surplus junk or 
where to find that critical part or subsystem (which 
is, of course, someone else's surplus junk). 

many committees work ing on too many 
prizes, alth ough I mu st adm it that co ntests 
do seem to stir up interest and provide real 
progress among enth usiasts . 

I think that the most impol'tant aspect of 
individu al displays, apart fro m the conversa
tions that deve lop, are the many ideas that 
one can acquire in such a short time. These 
may be little deta il s that make life easier or 
they may be whole new vistas th at weren't 
really meaningful until seen "in the f lesh. " 

Workshops 

Workshops can take many fo rm s, covel' 
many subj ects, and be conducted in many 
ways, An ex pNt might work on debugging 
eq ui pment that participants bring in , Or two 
or three peo pl e might des ign a special 
interface . The area is set up in such a way 
that the aud ience can watch and li sten, but 
they do not part icipate, It is important, of 
course, that the ex perts do their thinking 
out loud, Again, a PA sys tem or closed 
circuit TV may be helpful. 

A seco nd type of workshop is essen tially 
a "closed dom" session, at least once it 
starts. Discu ssion among all the part icipants 
is expected, The output of such a workshop 
is often something th at is go ing to benefit 
the whole club or others. For instance, the 
workshop might be devoted to deve lop ing a 
chart co mparing the characteristics of cer
tain types of kits, developing the rules and 
stand ards for a local computer confe renc ing 
network, or other such things, The output of 
the wOl'kshop might beco me a regular clini c 
at another meeting, Su ch workshops require 
minimal facilities on the part of th e host, 
but the partic ipants ce rta inl y have to come 
adeq uate ly pl'epal'ed and a competent dis
cuss ion leader is needed. 

Panel Discussions 

A good panel di scuss ion can fit in to many 
types of progl'ams, The top ic area should be 
definite, but not too narrow, ordinari ly, for 
a hobby group, Sometimes the usual kind of 
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panel discussion, where the di scussants speak 
their pieces then argue back and fo rth, is 
appropriate; but it is probably better for a 
computer group meeting to have a question 
and answer panel. The aud ience asks 
ques tions, and one or more panel members 
tell how they handle the prob lem. Some
times members of the audience turn out to 
have good suggestions, too, 

The moderator is the key person in 
setting up a panel. He or she must not hog 
the stage, must be ab le to summari ze long or 
confused questions, and have a facility for 
steering the discussion among the pane l 
members. The biggest difficulty is in getting 
th e audience participating. It is often wise to 
have several questions pl anted with a few 
friends in the audience. It is entirely nat ural 
for people to hes itate to speak up in a crowd 
until they hear one or two questions that 
they recognize as being as simple, or simpler, 
than theirs. A dozen people may have the 
question in mind, but no one wants to be 
first. The other important point is to stop 
the sess ion while the questions are still 
coming. Stop at a high point, not in a va ll ey 
- and eve ryone will go away thinking how 
great it was. 

Tape Slide Programs 

Many of the activities above can be 
worked up in to a prepackaged recorded , 
program with accompanying slides. The 
visuals probably should be 35 mm slides 
because projection eq uipment is always 
avail ab le. It might be possibl e to use cassette 
tapes, but standard reels are probab ly better. 
Th e prob lem is that it may be awk ward to 
get adeq uate sou nd volume for an mdinary 
size audience from a casse tte machine, while 
there is se ldom a probl em with an ord inary 
home ta pe recorder. 

Tape slide programs can be made success
fully by amateurs, but they do not work out 
by simply recording a live clinic even if it 
uses a lot of sl i~s , A scri pt has to be 
prepared and worked over. Th e fi nal tapin g 



A SUPERIOR "301" 
TYPE OP AMP 
*TWO FOR $1* 

SOMETHI NG FOR LI NEAR FANS .. . 
We bought a batch of 20 I s, wh i ch 
a re th e s ame as LM301s but wi th 
ex t ended ran ge a n d better specs . 
These a r e f ac t ory pr i me overruns, 
and are avai l ab l e in min i d i p or 
TO-9 9 sty l e cases -- pl ease spec ify 
whi ch case style you want . 

..................... SOMETHING ALTAIR OWNERS HAVE BEEN WANTING ••• A 100 PIN EDGE CONNECTOR THAT AC-: new par"': CEPTS ALTAIR PERIPHERALS. PEOPLE HAVE REPORTED A HARD TIME FINDING THESE CON-
• -., • NE C TOR S , SO WE GO T A BUNCH FOR OFF-THE-SHELF DELIVERY . DeSPITE THE LOW COST , . old pr"ce • · T HESE CONNE CTORS FEATURE GOLD-PLATED 3 LEVEL WIRE WRAPPING POSTS AND A SNUG 

• •• I FIT F OR YOUR PERIPHERAL CARDS . COMe AND GET 'EM • • • ... . .. 
521021 IN RAM: 
• SAME AS 210 2 TYPE RAMS, BUT FULL • 

• COMMERC I AL TEMP RANGE ( 0-55·C), sl-S. 
• LOWER POWER 0 7 MA T YPICALLY), ". 
• AND FASTER ( 450 NS WORS T CASE • 
• GUARANTEED). A SUPER 2102. • ............................. 

@ SPECIAl: 
Tiny ROTARY SWITCHES 
TINY ROTARY SWITCH . 1 POLE. 
7 POS ITI ON PLUS OFF. DANDY 
FOR PROGRAMMI NG OR MI NIATURE 
ELECTRONIC PROJECTS. 

6 .. ········$J 

at 10V! $5.95 
LIST S FOR OVER .~41 

+2 LBS SHIPPING 

WE HAVE A LIMITE D S UP PLY OF SP RAGUE 
PO WER L YTIC CA PAC IT ORS . DESPITE THE 
HU GE AMOUNT OF CA PACITAN CE, SI ZE I S 
ON L Y 3 1/ 16 BY 4 3/ 16 . IF YOU HA VE 
A MI CROCOMP UTER WIT H A FAR AD DEFI
CIENCY, TH I S I S TH E TONI C • • ·OR BUILD 
A BEEF Y PO WER SUPPL Y AROUND IT . . 

$24.50 
+2 I b 5 

VECTOR'S 
SLIT -N-WRAP" , ..................... , 

"HOW CAN I PLAY WITH MICRO- • 
COMPUTER ICs WITHOUT BREAK- ; 
ING MY BUDGET?n i 

16 PIN LOW PROFILE SOCKET, 
SO LVERTAlL, TIN PLATEV, 10 
FOR $2.00 

Thi s t oo l i s a man u a l w r a ppin g 
d ev i c e, whi c h s upp l i es in s ula
te d w ir e f r o m a spoo l dir ec tl y 
t o wrap posts w i t ho ut exte rnal 

14 PIN LOW PROFILE SOCKET, 
SO LVERTAlL, TIN PLATEV , 11 
FOR $2.00 

8008 CH I P SET : 1-8008, 8- i 
21025 , 1-5203 EROM, i LIMIT EV QUANTITI ES ON BOTH 

, .... i2~~ ... .J 
.1111111111111111111111111111111111111111111111 11111111111111111111111. 

§ Play with wire? ~ 
~ Request our flyer! ~ 
:: If you ' re an exper i menter l ooking fo r some =: = state-of - t he-art p arts . . . a compu ter enthu - = 
== s i ast requiring periphe r a l s f or your mi cro - == = compu ter system .. . a t i nkere r l ook i ng for == 
~ t i me - saving too l s and g a dgets .: . an audio - == = phil e who likes to play aroun d wl th sound .. = 
:: a h am wh o needs a d i gi t a l clock . or a memo - == = ry board ... a CBe r wh o needs a h ome sUI'Ply == 
== fo r h is mobile r i g .. . or even a mad sc ~en- = = tis t . you ' ll f i nd something to t i c kl e your == 
~ fan cy in our f l yer . == 
~ If you don I t have one , a sk for one. = 
.1It1t11II1Ullllllllllllllllllllllllllllllllllllllllllllllllllllllllli 

TERMS , Ca l iforni ans add tax . 
Yo u may place Bankamericar d" 
and Mas tercharge® orders v i a 
our 24 hour answering servi ce 
(415 - 357-7007) . No CODs , the 
paperwork is too mu ch. When 
weight is indicated, p l ease 
add suff i cient postage - excess 
refunded. 

P l ease note that some items 
are l imited quantity. First 
come. firs t served. Th anks 
for you r patronage ! 

Or ders unde r $10 p leas e add 
SOC s erv i c e charge. 

p r es trip p in g or p r e cutti n g . 
Mo r e t han o n e I eve I of wrap i s 
r a r e l y r eq uir e d. Speed yo ur 
b rea d b o a r d ing time tr eme nd o us
l y w ith thi s too l , and d o n't 
bot h e r stoc king a ll th at pr e 
s t r i pped a nd p r ec ut wir e yo u 
wou ld no r ma ll y have t o ha ve . 

Wa n t t h e 
wr appe r ? 
Yo u ge t 
c h a r ge r, 
so l de r ? 

co n ve ni ence o f a po we r 
Tr y o ur Ho bb ywr a p tool . 
th e t o ol , nicad s, bit, 
a nd inst ru c tion s . Wh y 
Save t i me a nd e ff o rt. 

®®@)m®oo~ 
BILL GODBOUT ELECTRONICS 

BOX 2355. OAKLAND AIRPORT. CA 94614 



A Summary of 
Meeting Activities 

Lectures 
Clinics 
Demonstration ("Hall") clinics 
Participation clinics 
Do it Yourself clinics 
Show and Tell sessions 
Tape slide programs 
Workshops 
Panel discussions 
Tours 
Swap shops 
Auctions 
Mi xer sessions 
Contests 
Business meetings 

should not be done by read ing from the 
script un less the person is a professional 
actor or announcer. A clear, distinct cue 
signal, described at the very beginning of the 
tape, must also be provided. It takes a lot of 
work to put together a good tape slide 
program, but the results can be well worth 
it. They provide direct access to top notch 
inform ation, especially for those groups in 
remote locations. 

This is one way that the manufacturers 
migh t be ab le to make a name for them
selves. Even if a program were purely pro
motional, it still would be interesting to 
meet the people at the pl ant, see their 
facilities, and to watch their products in 
action. Of course, it would be even better if 
they would go into the unique features and 
application possibilities. 

As an example of such materials in a 
specialized field, the National Model Rail
road Association has over 30 such programs 
available to its members for a deposit and 
return postage (educational material rate). 
The waiting list is months long. 

Tours 

With a little imagination, some pleading 
and cajoling, and a bit of persistence, you 
may be able to come up with some fas
cinating tours. Many of your group may 
never have seen a big computer installation. 
If they have , then they probably haven't 
seen a manufacturing operation. Or how 
about an automated security system? It does 
not matter if there are no electronics manu
facturers around; there undoubtedly will be 
many applications nearby. Then there are 
the potential applications ... quarries, 
turkey farms, mushroom growers, etc. 

But don't forget your own members. 
Maybe some of them would be willing to 
show how they have th ings set up at home. 
Devise a way to get reasonably small groups 
around to several homes, making sure that 
only those who are wanted stay on until the 
wee hours of the night. 

Swap Shops and Auctions 

Auctions are a lot of fun. If you are 
having a two-day affair, schedule one for 
around lOin the evening. It may last until 2 
AM, but everyone has a lot of fun - except, 
perhaps, for the auctioneer. I t usually takes 
a crew of people to put on a reasonable size 
auction. They need to be adequately pre
pared with a good set of forms, display 
tables, and enough space. 

The usual type of swap session, along the 
lines of an amateur radio "hamfest" is well 
known, where everyone selling gets some 
table space and makes his own deals_ While 
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auctions can easily collect a percentage of 
the sale price {often 1O%}, swap sessions are 
more easily handled by the host organiza
tions collecting a fixed entrance fee from 
sellers, buyers, and lookers. 

As a service to its members, there could 
be a swap session bulletin board at every 
meeting. Just bring a cork board, a bunch of 
3 X 5 cards, and some thumb tacks. Even if 
the program scheduled flops, you might still 
pic k up a bargain. 

Mixer Sessions 

If your club is small, everyone will soon 
get to know what each other's interests ar-e; 
but once it ge ts over 30 or so people, this 
will no longer be true. There will be the 
devoted core who are doing most of the 
work organizing these programs and doing 
all the other things that need to be done. If 
you are one of them and think you know 
everyone's interests, you will probably dis
cover that there are a lot of people showing 
up who don't know. At this point it is time 
for a mixer session . 

Try putting signs up on the walls with 
words indicating topics for discussion. These 
might be the names of manufacturers, types 
of equipment, programming projects, etc. At 
this point a bit of the summer camp 
counselor is needed to get the people to 
assemble in these areas and to discuss the 
topic. Of course, it would be wise to have a 
few people designated to cover each one and 
to handle the initial introductions. 

Once when I attended a regional model 
railroad convention, I wanted to find all the 
people I could who were interested in 
applying electronics to that hobby. I hung a 
piece of cardboard on my back with a few 
key words in large letters, met several 
interesting people, and was given the names 
of several others not at the convention. 
When a speaker has to cancel out at the last 
minute, you might try that idea. Hang a sign 
on everyone's back as they come in the 
door. I bet it will be one of your top-rated 
meetings. 

Contests 

Contests in many special interest and 
hobby groups often seem to wind up taking 
on a life of their own, leaving most of the 
membership out. Most contests can be won 
by the liberal application of not just skill 
and time, but also money. They certainly 
can provide an incentive to improve designs 
and techniques. A major problem is to 
determine what the goals of the contest ar.e 
to be. I t seems to me that for a bunch of 
enthusiasts, they should be to encourage 
participation and to have fun. They 



shouldn't ge t o ut of hand in te rm s of skill o r 
money de mands. Whim this happens, they 
just beco me specta tor events. In my o pinion, 
the major goa l of contests sho uld be to 
enco urage act ive participati o n. We have 
enough TV watchers now; let's apply our 
imag inations and have more key board 
butto n punch ers and TVT watchers! 

Business Meetings 

We hate them, but we can 't seem to get 
along without them. Every o rgani zatio n has 
to have business meetings. Unfo rtuna te ly, 
the kind of peo pl e wh o enjoy business 
mee t ings tend to be the o nes wh o run th em. 
Certainl y th ere is littl e reaso n why a co m
pu te r ho bbyi sts gro up has to have a bu siness 
meeti ng invo lving every o ne as a part of every 
meeting. The amount of t im e spent on 
business meetin gs should be minimal! 

The wo rk of th e o rgani zation should be 
do ne o uts id e the whole group sessio ns by a 
steeri ng committee. Undo ub tedl y, yo u will 
wind up electing offi cers (a ltho ugh th e 
Ch icago Area Co mputer Ho bby ist s Exchange 
operat ed for more th an a year witho ut 
any). The reall y important t hin g is fo r a ll to 
know wh o is making what ki nd of deci sio ns 
or ta kin g wh at type of ac tion s. Yo u can have 
office rs and st ill be very co nfused abo ut thi s. 
The ti t les do n't make the diffe rence. So me
t imes th ey ju st seem to attract peo pl e wh o 
like t it les fo r the sake of havin g the titl es. 

However, it is vital th at procedu res be 
main tained so th a t act ions by th e few can be 
overrul ed by the whole body, o r a clique 
thrown out, when necessary. You are neve r 
close mind ed, secretive, o r not do in g things 
in the best in terests of th e organi zat io n, of 
co urse. But you can only prove thi s by 
making it easy fo r o th ers to do things 
di ffe rent ly th an wh at yo u think is best. 
Make it easy, and they will pro babl y go 
along with yo u. 

Do not ove rorgani ze ! There is very li ttle 
that needs to be "business like" about a 
hobby o rgani zation. It is not a bu siness. 
Peopl e co me voluntaril y. They co me to 
learn, for relaxat ion, for fu n. The avo cati on 
is computers. It is no t settin g up comm ittees 
fo r every thin g, o r wri t ing rul es, regul ati o ns, 
and procedures inappropri ate fo r an o rgani
zat ion of vo lunteers. 

Do set up co mmittees, bu t o nl y as needed 
to ensure that t h ings get do ne, o r to kee p 
the organi zational ty pes out of everyo ne 
else's hair. 

Keep the business meetings sho rt and to 
the poin t. Provide a vari ety of ty pes of 
programs. Do n't be afr aid to ex perimen t. 
Prov id e cho ice and change. You ' ll have a 
great clu b. -

Creative Computing Magazine 
A bi ·month ly 88·pa ge magazine for stu dents, hobbyists, and anyone curious 
about co mpu ters. Frction, art icles, humor about computers, cybern etics, 
ca reers, building rnfo., etc. Emphasis on games, puzzles, and projects. 
Contempora ry, non·technical approach Subscription: £5.00 (UK), $8.00 (USA), 
$10.00 (Other) . 

Games & Puzzles Issue of 
Creative Computing 

88 pages of ga mes and pu zz les for pocket ca lculators, computers, and humans. 
"Beating the Game," "Computer Chess ," "Hun ting a Wu mpus in a Cave," 
bu ilding your own computer, reviews of 24 games, books, and much morel £1.00 
(UK) , $150 (USA), $2.00 (Other). 

Futures Issue of Creative Computing 
Arti ficial Intelligence (Bertram Raphael, Herbert Dryfus, etc.), Extraterrestrial 
Intelligence (I saac ASlmov, Martin Harwit, etc. ), micrcprocessors, videodiscs as 
an ultimate compu ter input device, 4 new ga mes, and more. 88 big pagesl £ 1.00 
(UK), $150 (U SA), $2.00 (Other) 

Artist and Computer 
A high·qual lty. 4·color book edited by Ruth Leavi tt which displays the work of 35 
internatlonally·known computer art ists. Each artist desc ribes his or her work in 
non·techn lcal terms. 16 illustrations. £3.35 (UK), $5.70 (USA) , $6.70 (Other). 

101 BASIC Computer Games 
A coll ection of lO t games in BASIC, each one with a complete li st ing, sample run , 
and wrlte·up. Over 30,000 co pies sold. 248 pa ges. £4.75 (UK), $8.25 (USA), 
$9 .25 (O ther) . 

The Best of Creative Computing 
A 328·page book lea turing stori es by Isaac Asimov and others; articles on 
cyberneti cs , robots, computer cr im e, privacy ; computer games such as Star 
Trek, Rabbit Chase, Magic Sq uare, Madlib, and 14 more; super computer 
graph ics: ca rt oons: revi ews: poetry : and more! £5.50 (UK), $9.70 (USA), 
$1 0.70 (Other) 

Creative Computing T-Shirt 
Albert Ernstein' portrait produced by Blocpix ,. process. Scarlet trim, black 
deSign. Available In adult sizes: S, M, L. XL. £2.50 (UK) , $4.00 (USA), $5.00 
(Other) 

Star Trek People Computer Images 
Six 8' ' x 1 t computer images on hea vy stock of Ki rk, Spock, McCoy, Scott, 
Chekov, and T'Prlng £100 (UK) , $1.50 (USA), $2.00 (Other) . 

Mr. Spock Computer Image 
Big 17x22 " com puter scanner image. Heavy stock, Comes in strong mailing 
tu be. £LOO (UK) , $1.50 (USA) , $2.00 (Other) . 
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Creative Computing 
60 Porchester Road 

Southampton S02 7JD, England 

Dl ftel ' III l ile USA and elsew ilele. 

Creative Computing 
P.O. Box 789-M 

Morristown. N.J. 07960. U.S.A. 



What's 
New? 

The following item is adapted from a press 
release provided by A P Products, Box 770, 
72 Corwin Dr, Painesville OH 44077. It is 
printed here for its value as background 
information 011 the use of solderless proto
typing jigs to tty out experimental circuits 
on a temporary basis. 

Solderless Breadboards 

What is a solderless breadboard? How 
does it work? What advantages does it offer? 
Where can it be used? And how? 

Before the invention of modern solderless 
breadboards, designing and testing any given 
electronic circuit was an aggravating, 

tedious, and time consuming task. First a 
circuit would have to be designed on paper. 
Then the schematic diagram of the circuit 
would have to be translated into a circuit 
board parts layout for either point to point 
or printed circuit wiring. If a printed circuit 
were to be used, as was most often the case, 
the circuit layout would have to be trans
ferred to a copper-clad board, the copper 
selectively etched, holes drilled, and com
ponents soldered in place. Then, if a com
ponent proved the wrong value, it would 
have to be desoldered and a new one 

On page 68 of the August issue, there is a 
typographical error in the box "A Note 
About Construction." The Motorola part 
number referenced at two places in the box 
should be "MCM6571 L" not "MCM6517L" 
as printed.-
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soldered in place. If the printed pattern were 
in error, a whole new board would have to 
be designed, etched, drilled, filled and sol
dered. 

When A P Products came up with the idea 
of arranging a breadboard with a matrix of 
interconnected holes, the process was simpli
fied. The interconnections are made by 
conductive spring clips that grip each com
ponent lead firmly to establish a good 
electrical connection without soldering. The 
matrix of holes was placed on a tenth inch 
(.254 cm) spacing pattern to conform with 
standard component lead spacing. 

The interconnection pattern was designed 
to provide ample access to each lead of each 
component, especially with modern transis
tor and integrated circuitry in mind. And 
distribution strips were designed to provide 
power and signal lines where needed. 

Circuit design testing now becomes a 
matter of plugging in components and wires. 
Integrated circuits and discrete components 
plug into the solderless breadboard and 
ordinary 22 gauge solid wire jumpers are 
used to interconnect them. 

A given circuit can now be prototyped in 
minutes rather than hours or days. Many 
designers work directly with component 
specification sheets, ' many with schematic 
diagrams. Changes in parts values are as easy 
as pulling out one par't and plugging in 
another. And the geometry of the modern 
solderless breadboard translates into a 
printed circuit layout readily once the 
circuit is ready to commit to hardware. 

In addition, solderless breadboards can 
serve as a basis for semipermanent circuits in 
appl ications where the need for a given 
circuit requires reliability but does not re
quire longevity. 

Applications for modern solderless bread
boards are as wide as all of electronics. There 
are professional applications in machine con
trol, data processing, test and measurement, 
device testing, prototyping and equipment 
adjunctive aids. There are hobby applica
tions ranging from communications to 
photography to automotives to biofeedback 
to music to model railroading and more. 
And, of course, solderless breadboards are 
perfect for educational and instructional 
applications. 

Solderless breadboards and breadboarding 
aids come in many sizes and prices, and have 
been used in designs as simple as a logic 
probe or as complicated as a small computer. 

A P Products has available a free catalog 
of their ACE All Circuit Evaluator solderless 
breadboards, Super Strips TM, terminal and 
distribution strips, integrated circuit test 
cl ips and accessories.-



UNIVERSAL POWER SUPPLY 
A unique plug-in supply by Panasonic. Useful 
for calculators, small radios, charging many & 
various small NiCad batteries. Adjustment 
screw plug on the side changes output voltage 
to 4 Y2 , 6, 7Y2 , or 9 volts DC at 100 MA. Output 
cord with plug, 6 ft long. 

No. SP-143C $4.50 3/$12 
PARITY DETECTOR 

POWER SUPPLY 

LAMBDA 5VDC 74 AMP 

New packaged, made for RCA, detects even or odd parity, baud rate 110, 150 or 
134.46. Built-in logic supply for the I C's, operates from standard 115 vac. Control 
panel allows manual or automatic reset mode of operation . Aluminum enclosure (not 
shown), covers the electronics. TTY compatible. 

LV-EE-5·0V $125.00 Ship wgt. 10 Ibs. $16.50 

COMPUTER DISPLAY TUBE 
NJE 5/0UP-D5 

5 VDC 32 AMP $75.00 
New Sylvania 9 inch CRT, 85 degree deflection, with tinted faceplate. Same as used 
in Viatron systems (buy a spare). With complete specs. 

Ship wgt. 5lbs. $15.00 
--------------------------------~ 
LINEAR by RCA, brand new, gold bond process 

CLOCK KIT $14.00 
Includes all parts with MM5316 chip, 
etched & drilled PC board, transformer, 
everything except case. 

SP-284 $14.00 each 2/$25.00 

MEMORY SYSTEM $125.00 

301 
307 
324 
339A 
741 

New memory system by Honeywell, small ... 
measures only 9x4x1 inches. 1024 core memory, 
1024 words with 8,9,10 bits/word. Random access, 
with all logic, register, timing, control, core select and 
sense functions in one package. New, booklet of 
schematics and data. Looks like a good beginning for 
a mini-computer. Limited supply on hand. 
Ship wgt 3 Ibs. # SP-79 ......... $125.00 

DATA ENTRY AUDIO TERMINAL 
Sends and receives hard copy or audio of touch tone data sent & 
received. Output 600 ohms for phone lines . ITT touch phone pad 
with oscillators. Hard copy by strip printer 5 characters per inch, 35 
digits visually displayed at once. Prints & receives touch tone codes, 
digits only. Power supply etc. all in the one case. With two units you 
can send and receive with monitoring of visual & audio tone at both 
stations. 
Original cost $1065 Ship wgt. 25 Ibs. $49.00 each 

$ .60 
.52 

1.80 
1.60 

.50 

747 
748 
1458 
3401 
555 timer 

$ .82 
.50 
.96 
.80 
.60 

MM5314 
MM5316 
7001 

Please add shipping cost on above. 

PHONE 617-595-2275 FREE CATALOG SP-8 NOW READY 

MESHNA PO Bx 62 E. Lynn Mass. 01904 
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$3.00 
3.00 
8.00 



. ;~ !£~!~rC~~N~ r *L 
Pan # Frequency Case/Style nee 
CYI A 1.000 MHz HC33/U $5.95 
CY2A 2.000 MHz HC33fU S5.95 
CY3A '. 000 MHz HCI8/U 5'.95 
CY7A 5.000 MHz HCI8/U $4.95 
CY12A 10.000 MHz HC18/U 54 .95 
CY14A 14.3181 8 MHz HC18U S4.95 
CY 19A 18.000 MHz HC18/U $4.95 
CY22A 20.000 MHz HCI8/U 5'.95 
CY308 32.000 MHz HCI8/U 5'.95 

CLOCK CHIPS - CALCULATOR CHIPS 
MM5309 6 Digit. BCD Outputs. Reset PIN. S5.95 
MM5311 50igll. BCD Outputs. 12 or 24 Hour 4.95 
MM53 12 4 Digit. BCD DutPIIIs, 1 PPS Output 4.95 

MM53 14 60igil. 12m 24 Hour. 50 or 60 Hz 4.95 
II1M5315 4 Digi t Alarm , IPPS Output 6.95 
MM5318 VI(leoCloCkCIlIP, For Use Witn MMS841 9.95 
CT7001 601111t. Calanoer. Alarm. 12 or 24 Hour 6.95 

CALCULATOR CHIPS 
MM5725 6 Digit. Four FUIlCllon, less Oecunal 52.95 
II1M5738 8 Oigit. 5 Function , + . =. x , ~ . % 2.95 
MM5739 8 Oigll . 4 FunctltJll. FloahngDCCl mal 2.95 
CTSOla 12 Digit 4 function aJlI! o~ 795 

MISC. MOS 
MM5320 TV Camera Sync, Generator S19.95 
MM5330 4!h O1l1il DVM Chip 9.95 
MM5369 60 Hz Timebase Circuil From 3.58 Mltz 3,95 
MM5B~1 Video Generalor lor MM 53IB 1B.00 
MC1~OB·l7 7 Bit Dlgllal 10 Ana100 Qmvertel 9.95 
MK5007 4 Decade Counter with lalches 10.95 
lDl10LOIII 3VJ Oigll OVM ChipSet 25.00 
S5H90 100 MHz .l. 10 Counter For Prescalers 13.95 

THE NEW RCA CA3140 
MOST USEFUL OP AMP SINCE THE 741 

CA3140 VS. 741 at a glance 
InpUIReslslance CA3140T,S CA741CTS &I 
RI(MIl) 1 500000 2 

:~~~!)currem 10 80 000 I 
Slew Rate SR 
(c1osedlooPI (V/~51 9 05 

Galn·llal1llwldlll 
PlOduct. 1T (MHzl 4.5 ' .0 $1.25 

S 
P 
E 
C 
I 
A 
L 

DIP SWITCH 
These sWitches teatulc Sevtn SP5l slrdcswltchcs In a 
motlle!lllip. They ale IIlcallvsuitcd lor mlctoprocessor 
applicJliOns. $1 .95 

VECTOR WIRING PENCIL 

~ .->-~~ > ':'" '.~ '..-.u ,? ,. \~.", . ------~ 
,,:::~;.--,,\,., .... 

S 
P 
E 
C 
I 
A 
L 

Vector WllinyPcnc~ Pl73 consis tsola hanll !Ield leatllCJweillh t (under one ounce) 
tootwhicil IS usC1i to gurlle ami wral) msulated WIIC. ICII 011 a sell·contain edrcplaceable 
bobbrn. onlo companenl teallS Of terminals installed on pl e'Jlunchw " P" Pattern 
Vectorbolll · Connections DeIWeen the wrapped wile and componenlleads. pads or 
terminals are mao! Oy solllellng. Complete With 250 n oiled wile. $7.95 

REPLACEMENT WIRE - BOBBINS FOR WIRING PENCIL 
W36-3-A-Pkg . 3 250 II. 36 AWG GREEN 51.95 
W36·3-B-Pkg . 3 250 II. 36 AWG RED S1.95 
W36·3·C-Pkg. 3 250 I\. 36 AWG CLEA R S1.95 

MICROPROCESSOR COMPONENTS 
8080 SUPPORT DEVICES 

8080A B212 B BIT INPUT/OUTPUT PORT FOR B080 S 5.95 8080 
$34.95 

B216 NON INTERRUPT BI-OIRECTIONAL BUS OR IVER 7.95 $24.95 
B224 CLOCK GENERATOR ANO OR IVER FOR B080 12.95 
B22B SYSTEM CONTROLLER ANO BUS ORIVER FOR BOBO 12.95 

CPU'S RAM 'S 
8008 8 BII CPU 51995 1101 256 ~ I Stallc S 2.25 
BO., SunerBOO8 2495 1103 102)(1 DynamiC 295 

BOBO' Supel SOO8 3.\.95 2101 256)(1 Static 6.95 
SR'S 2102 1024)(1 Static 1.95 

2504 1024 Dynamic S 9.00 2107 4096.1 DynamIC 9.95 
2516 Hex 32 HIl 7.00 2111 256 )( 4 SIalic 7.95 
25t9 Hcx 40 BIT 400 7010 102 ~ ~ I MNOS 29.95 
252·: 512 DynanliC 295 7489 16 ~ ~ SIalIC 2 . .)9 

2525 1024 DynamiC 6.00 BIOI 256. 4 Smlc 7.95 
2527 Dual 256BIl 3.95 8111 256)( 4 Static 7.95 
2529 Dual 512 BIT '1.00 8599 llix4 Stmlc 3.49 
2532 OuallBOSIT 3.95 91102 102'1 x 1 SIaliC 2.49 
2!l33 1024 Sialic 795 7.)200 2561(1 Smllc 6.95 
334 1 Fllo 6,95 93.)10 256 ~ I StatIc 2.95 
7JL56iO 16)( ~ Reg 395 MII15262 2Kxl Dynamic .99 

UART"S PROMS 
AY·5· I013 30KBaull 55 .95 1702A 2048 Farnos 515.95 

RUM'S 5203 2048 Farnos 14.95 
2513 e!lal Gen. 51100 82S23 32k8 Open C 5.00 
2516 Char Gen. 13.00 82S123 32x8 llistate 500 
745387 102o\ ·DIIPrograrnmable 1.95 7;15287 1024 SIalIC 7.95 

360' 256.,1 Fas, 5.00 

BIPOLAR PROM SPECIAL 
6300·1 (70 NS) 256 x 4 OPEN COLLECTOR BIPOLAR PROM (EQUIVALENT TO B2S126) $2.95 
6301-1 (70 NS) 256 x 4 TRI STATE BIPOLAR PROM (EQUIVALENT TO B2S129) $2.95 

• *Special Requested Items* • RC4194 DuatlrackVReg $5.95 N8l97 52.00 MK5007 510.95 MC4044 S4.50 
RC4 195 ~ 15VTrack Re9 3.25 4024P 2.25 8263 5.95 lM 3909 1,25 
f9368 Decoder 3,95 OM8130 3.25 8267 2,75 MM5320 19.95 
LOtl011 11 DVM Chip ScI 25 .00 C04520 52.50 8208 1.15 4072AE .45 
CA3 130 Super CMOS Op Amp 1.39 MCI401 6 .56 8826 300 7422 1. 50 
MC1408l7 O,A 995 2525 6.00 8BOO .BO 7497 4.00 
F3341 flro 6.95 2527 3.95 4511AE 2.50 74186 5.00 
MM5841 cnaracterGen . 18.00 CD~518 2,50 XR4136 2.00 74279 .90 
AY5·9100 Push Butlon Dialer 17.50 MM5309 5.95 4566AE 3.00 82S90 4.00 
COP I802 CPU Mlcroprocessol 39 95 01.18131 400 tCM 7205 2995 MCT·2E 2,95 

Continental Specialties 

PROTO 
POWER! POWER 

FOR THE 
PROFESSIONAL 

for the economv·mlnded elperlmenler . 

NEW 

Proto 
fl!'t~'IO~ OOSI\4HI IC~!( 
DlI~b(JO,a lo..:~"' .. l"",q ... ,,/o! 
OT Sot ... h~-.J :, .. tIHIGI It<!P,CIlJ 

r:'~;;::to.1,= oI(I \II"1O 
IndlMles2 01 3~S 5(Ki.rt\ 
I UT 3~8 Ikrs S,rrp ~ 5 ~'" 

:'~~::~.s n~';~~~ 
::,~~se-r.t ' 

100 
THE MINI · 
BREADBOARD 
BUOGET KIT 

I'101Oiutlll0, 
Cc"ClloCI Int' ~~~ 

~Ot';'~ ~I~ ~~:;; 29 .95 

$75 
Prolo 
Board 

203 
.' .. dllGO' ...... UI .. . lI .. SV. h. 
I ~MP n.QIIIJI.~ ..... " Sopply I." •• tl i 

~1"UI,U(I,·,"·U\O:_ .. _t'o."o 
P'OIOl£>IdNqlfl'll~'_· "'f\lulOItd. 
~110~·~'oot I>O~~' s,",~1y .-..1 pIU\l '" II1II 
lun 1IIIo!<l""l' 2 • • 1<11141" ... ~ ' ''''' 
tII:I::rtlIlO"" 'O!"lfml4l~'1St-l1 
_U"""' \II '~ImI""II~ "'u:.¥orli."I'\l 
.oM IIQ"I>~' I~r Z~ 14 pm ol~ (~ICI,," 

M' 'Cl~. :~~~ot~;~ ~:.: t:1 
~~I 

Olll<rlO<UV' 

1-::-;:::W",3",6.:-3-_o-_P_k
g
...,. 3-,-~.,.25_0 _11._3_6_AW_G _BL_U_E __ $_1._95 __ -I 2:U~)~'~~~' 

~.-:!, 1/16 VECTOR BOARD 

P"IO Bo.r .a lQ1 . (;Gr'1IUC1 1~ · I~ 

P'" mr t.lp,lC,'V I ~', 39.95 

P,olGlo.r,dItJl 
ll!lO~<'.esl. 

PQor.:s 1'1 ~.~ ." 

tt;,:;r4gcK!$ ~;::::::\ 
PttENOLLC 

EPOXY 
GtAS5 

EPOXY GLASS 
COPPER CLAD 

Series 
I.;.; 

'" r.:g 
T42·1 

0. '" Hole SJlaCl ng 
P.lllflO 

6':1'~·1 062XXXP 
1 69P.;~ 02Xxxr 
6~r.IJ 062 
8·lP';J062 
16~P~·1 062 
1 69p8~ 062 
169P.IJ 062C l 

64 KEY KEYBOARD 
. -
•• 0 ... 

P·Palleln Pr ice 

450 
'50 
'50 
·'50 
~ 50 
850 
.150 

,., 2·Up 

650 ' 72 15·1 
1700 369 332 
650 207 '86 
850 256 23' 

1700 50·: '53 
1700 923 816 
1700 680 6 12 

lhis keyboard fealurcs64 unen· 
coiled 5PST~eys, u l ~l l1ached to 
any ~ind 01 P.C,B. A very soli~ 
molded plastic 13"' ~ 4" base 
SUIIS moSI aophcahons 

. .....--- $19.95 
H00165 16 LINE TO FOUR BIT PARALLEL KEYBOARO ENCODER 57.95 

JOYSTICK 
' rhese joysticks leature four 
IOOKpotentiomelers. lhatvary 
resistance proportional to the 
ang(eol lhestick, Sturdymetal 
co nstru ct ion wi th plasHes 
components only at the mova
ble joint. Pertectlor eleClronic 
games and Insl rumentalion. 

$9.95 ea. 

D.fIOIIIl PO$lI 11·\ ~ p.n 
OII'~t,9",~ 

' . ·" 79_95 

DESIGN MATE 1 

: ::~!::~~:~=~!l:;!;:::~~:~:;:r:~~::; : or ·59S 

""""" <,.",,,,. ,'I,., ",.",,~ ',' . OT.59B 

;~~]J:I~~ilii]~~~~; : OJ ·.)75 

. ,~" .. " •• i .... fIR.H!I ......... ' · OT·478 

24 1~='" niP 

~ 59.95 

OTlype 
OT·59S 
OT·596 
OT··-I1S 
OT-476 
OT'355 
01,350 
OT·18S 
OT·125 

01 ·7S 01·85 
01·75 

OT Prolo Strips 

" holes pdr.e 
590 1250 
DusSlrrp 250 

'" 0000 
buSSlrrp 225 
350 850 
busSltrp 200 
'00 '" 12' 315 
80 325 

" 300 

DIGITAL CLOCK KIT - 3Y2 INCH DIGITS 

4 DIGIT KIT S49.95 
6 DIGIT KIT S69.95 

4 DIGIT ASSEMBLED S59 .95 
6 DIGIT ASSEMBLED S79.95. 

This dock lealures big 311,"' high digits 
10rvlewrng inofiices. JlldIIOllUms. etc. 
Each digil is lormed 17y31 brighI0.2"' 
LEO's. The ctockoperates Irom 117 VAC. 
has either 12or24 hr.operation . The 6 
digilversion is27'"~3 'h"' ~ 1111". and the 

1') dillitisIS" x31't" xlW'. Kllscome 
complele with all components. case and 
translormcr. 
Specltv 12 Or 24 HI. When Ordering 

SalisfactJon Guaranteed . $5.00 Min. Or·der. U.S. Funds. 
California Residents - Add 6% Sales Tax - Data Sheets 25c each 
Send a 13, Siamp (p05lage) lor a FREE 1976 Calalog 

Pri?lt&S 
1021 HOWARD AVE., SAN CARLOS, CA. 94070 

PHONE ORDERS - (415) 592-8097 

5 FUNCTION ELECTRONIC CALCULATOR 
RAOOFIN MOOEL BP 

FEATURES: $8.95 
• 8 Oigit Displav 

• 5 Functionsconsistsof adll ilion .subl raclion.fTlul· 
lipl itation , division. percenlagll: wilh Ctlnslant on 
all lunClions. with lull II0311ng decrnal poinl. 

• Power soula is I pit.ttI 9V DC Sanery OOGP. 
jack lor AC adapler 

• Slacksuperlinellrainedtinishptasliccabinel 

5 FUNCTION ELECTRONIC CALCULATOR WITH 
WALLET ·NOTEBOOK ANO POCKET CHECKBOOK 
RAOOFIN MODEL 1710 

$19.95 ~ FEATURES 
• 6 O,glt D5play 

• 5 FunCllOl15conslStsol allll itlon SubtractIOn mu! ..... 
tlpllcatlOnllllllSlOnpl'tCl'ntagl' wllhconslanl on 
alt lunctlOns wllhlulllloallnlldecmalpomi 

• Powersourct.1S 6 AAA cells 9 V OC 

• WalletI5210net/".xon cabrnell5blackplastlc 

: This 0-2 VDC .05 per cent digital voltmeter features the Motorola 31,7 digit 
DVM chip set. 11 has a .4" LED display and operates Irom a single + 5V 
powersupply. The un it is provided complete with an injection molded black 
plastic case complete with Bezel. An optionat power supply is available 
wh ich fits into the same case as the 0-2V DVM allowing 11 7 VAC operation. 

A. 0-2V DVM with Case $44.95 
B. 5V PDwer Supply ~14.95 

115 VAC 

JE700 CLOCK 
TheJE700 is a tow cost IllgltJ!dock. but 
IS a very high Quahty unit. The unit lea· 
tUles a simulaled walnut case With di· 
mensionsof6"x 2\~ " )(I ". ltutilile5a 
MAtH2hlghbllghlnessrcadoUI,andthe 

MM53$'1"7.95 
liquid Crystal Temperature Display' 

Six 'Digit Light 
Emitting Diode 
Display 

DL33 
Display 

This clock makes an attractive addition to any desk. It has 
an extruded, black anodized aluminum case. It displays 
hours. minutes, and seconds with . 11 inch displays. and 
comes complete with a liquid crystal thermometer. It oper
ales off 115 VAC al 50 or 60 Hz_ $24.95 

This large digit clock (.6" hours & 
minutes ,. 3" seconds)fcaturesthe 
MM531 4 clock chip . II operates 
from 11 7 VAC, and will operate in 
either a 12 or 24 hour mode. The 
clock is complete with a walnut 
grain case . and has fast sel, slow 
set. and hold time set features . 

KIT· ALL COMPONENTS & CASE S34 . 9~ 

WIREO & ASSEMBLEO S39.95 

JE803 PROBE 

$9.95 Per Kit 
printed circuit board 

exelar 
Th is watch is man uf actur ed by Na 
tional Semicondu cto r . 1\ provioes 5 
lunctlons : hours, minutes . seconds, 
date . A.M. indicator dot. Accuracy is 
assured to 5 se conds per month by 
precision Quartz crystal. If someth ing 
should go wrong with the walch. repair 
is assured within 48 hours atter it is 
received. Complete with sleel black 
leather band. 

ES4-YS 
3 MICRON GOLD PLATE BEZEL 

DIGITAL ALARM 
CLOCK 

This 4 digit Novus Alarm Clock 
is a very reliable and smartly 
styled un it. 11 provides such 
features as an alaIm seltable 
to any minute 01 the day , a 7 
minules snooze a!a rm . a power 
failure indicator, and even an 
A.M,. P.M. indicator. 

$17.95 

$29.95 
Novus 

NOT A KIT 



FAIRCHIL.C ANNOUNCES THE FAIRCHIL.C 

SOLID STATE TECHNOLOGY KIT 
- FOR THE EXPERIMENTER WITH TASTE FOR "STATE OF THE ART" PRODUCTS 
-COMPLETE SPECIFICATIONS ARE PRINTED ON THE BACK OF EACH TECHNOLOGY KIT 

FTK0020 

• 
TECHNOLOGY 

PN FTK0020 

SOLID STATE 

K 

TEN RED LED LAMPS 

TECI-INOLOGY BY 

FAIRCHIL.O 
4001 MIRANDA AVENUE · PALO ALTO, CA 94304 

CARD FRONT 

DIGITS 

FTKOOOl 0.5" High Common Cathode Digit 
FTKOO02 0.5" High Common Anode Digit 
FTKOO03 .357" High Common Cathode Digit 
FTKOO04 0.8" High Common Cathode Digit 
FTKOO05 0.8" High Common Anode Digit 

0.8" HIGH DISPLAY ARRAYS 

FTK0010 12 Hour, 3% Digit Clock Display 
FTKOOll 24 Hour, 4 Digit Clock Display 

LED LAMPS 

FTK0020 10 Red LED Lamps 
FTK0021 5 Mixed Colored LED Lamps 
FTK0022 10 LED Mounting Clips 

FTK0020 

• 1~" ' U>Ol\l"., ... , ... " ..... ,,~,.,_ .. ... " ..... ,,~,~.p"" I~~,'n , •••• , ........ '. 
. n ""'~" lMuo .. ao , .. ~, ,~ •• " .. ,'~ ... to • I, •• -.. ... ~~. I ,., .., ......... ". 'H 
01'1) ,,,,,,-._ 1.~ •. ~". ,~. , . .... . ,. ~ I ,~ '~'ljl>, "~ , .. .. . . .. , ....... . 
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CARD BACK 

$1.00 FTK0040 
1.00 FTK0041 
.75 FTK0042 

2.00 
2.00 

FTK0050 
FTK0051 

7.00 
8.00 

FTK0400 

1.00 FTK0401 
1.00 
1.00 FTK0402 

FTK0011 

SOLID STATE • 
TECHNOLOGY 

PN FTK001'\ 

24 HOUR , O. B" HIGH CLOCK D ISPLAV 

TECI-INOLOGY BY 

FAIRCHIL.O 
4001 MIRANDA AVENUE · PALO A LTO, CA 94304 

CARD FRONT 

PHOTO ARRAYS 

9-Element Tape Reader Array 16.00 
12-Element Card Re ader Array 24.00 
Refl ect ive Opto Coupler 4.00 

COUPLERS 

3 General Purpose Opto Couplers 1.00 
Darlington Opto Coupler 1.00 

MOS CLOCK CIRCUITS 

Digital Clock/ Calendar Circuit 7.00 
(FCM7001) 

Digital Clock/Ca lendar with BCD 7.00 
Outputs (FCM7002) 

Direct Drive Digital Clock Circuit 5.00 
FTK0023 5 Three Pi ece LED Mounting Adapters 1.00 with AC Output (FCM3817 A) 

PHOTO TRANSISTORS 

FTK0030 5 Flat Lens Photo Transistors 1.00 
FTK0031 5 Round Lens Photo Transistors 1.00 
FTK0032 3 Flat Lens Photo Darlington s 1.00 
FTK0033 3 Round Lens Photo Darlingtons 1.00 

eTHESE PRODUCTS ARE PACKAGED FOR OUT
STANDING WALL DISPLAY APPEARANCE 

eFULL FAIRCHILO PRODUCT LINE 

TO FOLLOW 

Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 
California Residents - Add 6% Sales Tax 
Send a 13c Stamp (postage) for a FREE 1976 Catalog. 

FTK0403 Direct Drive Digital Clock Circuit 5.00 
with DC Output (FCM3817D) 

FTK0405 Direct Drive Digital Clock /Ca lendar 6.00 
Circuit (FCM7015) 

KITS 
FTK0106 Automobile Clock Kit 40.00 

e DEALER'S AND WHOLESALER'S INQUIRIES 
INVITED-PRICE LIST AVAILABLE. 

eBUY WITH PRIDE THE PRODUCTS BUILT BY 

THE INDUSTRY'S LEADER - FAIRCHILO 

1021 HOWARD STREET 
SAN CARLOS, CA 94070 

PHONE ORDERS - (415) 592-8097 



Clubs 
and Newsletters 

L1CA of NY 

I n issue number 5 of STACK, the news
letter of the Long Island Computer Associ
ation, is a department head ing "LICA, 
Where Goest Thou?", written by Albert L 
deG raffenri ed. It describes the double-bar
reled reward of exchange of inform ation, 
and comradery, which is also found in other 
types of clubs, as well as hidden assets, such 
as the easy crossi ng of age and credentials 
boundaries. Th ere are group benefits too, 
both given and received, and AI cites what 
radio hams have co ntributed to the com
munity in times of disaster. This leads to 
what a computer club has: "group powel'" -
the uniqu e abi li ty to so lve numerically large 
problems which may have substantial socia l 
impact and perhaps dollar retums for the 
club. 

AI may have hit upon a really good idea. 
Maybe yo ur particular commu ni ty has a 
need that yo ur club or group cou ld fill. This 
could be an area to exp lore. We'll be look ing 
forward to see ing what progress LlCA makes 
in this direction, in future issues . 

Morri s Balamut is ed itor of STACK, POB 
864, Jamaica NY 11431. 

130 

AMRAD Computerfest 

The Amateur Radio Research and Devel
opment Corp is sponsor ing a Computerfest 
to be held on October 241976 at the 
Vienna Community Center, 120 Cherry St, 
Vienna VA, near Exit 115 of the Washington 
DC Beltway. The exposition wi ll be alm ost 
entirely devoted to sma ll computers of the 
type suitable for home use. There will be 
displays of microcomputer systems by 
various manufactu rers' reps, as well as tab les 
for used or surplu s equ ipm ent, circuit boards 
and parts. Admission will be $4 at the doo r, 
$3 .50 adva nce I-egistration by mail. Make 
checks payable to AM RAD. Write: COM
PUTERFEST, POB 682, McLean VA 221 Ol. 

AM RAD is a nonp rofit club. Th e mem
bers for the most part have amateur I-ad io 
licenses, although two thirds of their ac
tivities are now foc used on microcomputel" 
subjects. 

Denver Amateur Computer 
Society - DACS 

DACS has informed us of the appoi nt
ment of Jim Clark as the new ed itor of the 
DACS newsletter. They would like to set up 
an exchange of newsletters with oth er clubs. 
Send your newsl ette rs to Jim Clark, 538 So 
Swadley St, Denver CO 80228. 

Tektronix 4051 Users Group 

Vic Kley, POB 2117, Berkeley CA 94702, 
is an enthusiastic user of the Tektronix 4051 
scientific computer. This is a machine which 
has a desk top package including keyboard 
and storage tube vector graphics display, as 
well as built-in mass storage an d BASIC 
interpreter. Its intern al architecture is that 
of a Motorola 6800, and it interfaces for 
scientific use to the IEEE 488 parallel bus 
standard (the Hewlett Packard instrumenta
tion bus). 

To date, there has been no organized 
user's group for this machine. Vic Kley 
would like to remedy that situation. Any 
perso ns interested in the concept of an 
independent 4051 users group should co n
tact him at the above address. 

CENOACA 

Lee Lill y of the Central Okl ahom a 
Amateur Computing Assoc iat ion issues a 
newsletter called NEWSBITS and offers to 
estab lish a regular exchange of newsletters 
with other clubs. Write: CENOACA, Box 
22"13, Norm an OK 13069. Anyone in
terested in joining the club ? They meet on 
the second Saturday of each month at 
10 AM in the Oklahoma City Warr Acres 



S. D. SALES CO. P. O. BOX 28810 - B 
DALLAS, TEXAS 75228 

4K LOW POWER RAM BOARD KIT 
Imsai and Altair 8080 plug in compatible. Uses low power static 

THE WHOLE WORKS 

21L02-1 500 ns. RAM's, which are included. Fully buffered , 

$89.95 drastically reduced power consumption, on board regulated, all 
sockets and parts included. Premium quality plated th ru PC Board. 

8 D ig it LED $1,000,000 CALCULATOR PURCHASE! 

" METRIC MASTER" We bought the enti re stock of a major manufacturer. New, guaranteed units. 

$19.95 Five functions PLUS complete Metric Conversion functions. Re-
chargeable batteries. Small, hand held size. With AC charger. 

" RAPID MAN - 12" 12 Digit - Desk Top Style. Sturdy design. With memory and four 

$29.95 complete functions. Big, bright display. 

ALARM CLOCK KIT SIX DIGIT LED 60 HZ CRYSTAL TIME BASE- $5.95 Thousands of hob byists have bought an d b uilt our or ig ina l c lock FOR D I G ITA L C L OCKS 
kit and were comp lete ly sati sfi ed. But we h ave rece ived many S. D . SALES E XCL US I V E ! 
requests for an alarm c lock k i t w i th the same va l ue and qua lit y K IT FEAT URES: 
that you have come to expect from S. D . So, here i t is! A. 60 hz output w ith accuracy com parab le to a d ig ita l wa t c h 
THE KIT INC L UDES: B . D irectl y inter faces w ith all MOS C lock chips 
1 Mostek 50252 Alarm C lock Chip C. Super low power consum pt io n (1. 5 Ma typ. ) 
6 Hew lett Packard .30 i n. common cathode readouts D. Uses latest MOS 17 stage d iv ider I C 
15 NPN Dr iver Tran sistors E . E l im inates f orever t he prob lem of AC li ne g li tches 
2 Sw i t c hes f or t ime set F . Perfect for cars , boats, cam p ers, o r even for p orta bl e c locks 
2 S lide Switches for alar m se t and enab le 

$9.95 
at ham field days. BUY T WO F OR $ 10 . 00 ! 

1 Fi l ter Cap G . Sma ll size, can be u sed i n ex i st i ng en c losures. 
4 IN4002 Rect ifiers K I T I NC LUg!f~ ECRR~~I~hg~~I ~g~~ ':NCDBs~~~f. PLU S ALL 1 I N91 4 Diode 
1 .01 Disc Cap 
15 Resistors 

TTL INTEGRATED CIRCUITS 1 Speaker for a larm PCB - $3.00 
1 LED lamp for PM indicator X F MR - $1.50 7400 - 1 9c 7430 - 1 9c 7476 - 35c 74 15 3 - 75c 

7402 - 1 9c 7432 - 34c 7480 - 49c 74 1 54 - 1.0 0 
74 L 04 - 29c 7437 - 39c 7483 - 95c 74 157 - 75c 

M OTOROLA RTL IC'S 74S04 - 44c 7438 - 39c 748 5 - 95c 74 161 - 95c 
Brand new, facto r y pr ime. Hard to f i nd , but sti ll used in a variety 7404 - 1 9c 7440 - 1 9c 7586 - 45c 74 164 - 1.10 
of projects. (See the RT L Cookbook by Howard W . Sams.) 7406 - 29c 7447 - 85c 7490 - 65c 74 165 - 1.1 0 
MC724P - 59c MC 780P - 89C MC791P - 69c 7408 - 1 9c 7448 - 85c 7492 -75c 74 174 - 95c 
MC725P - 59c MC78 5 P - 49c MC792P - 59c 7410 - 1 9c 7451-19c 7495 - 75c 74 1 8 1 - 2.50 
MC764P - 49c MC787P - 89c MC799P - 59c 7411 - 29c 7453 - 1 9c 7496 - 89c 74 1 9 1 - 1.25 
MC767P - 69c MC788P - 49c MC970P - 89c 7413 - SOc 7 4 73 - 39c 74 12 1 - 38c 74 1 92 - 1.25 
MC771P - 49c MC789P - 59c MC9709P - 69c 7420 - 1 9c 7474 - 35c 74 123 - 65c 74 193 - 1.0 0 
MC775P - 89c MC790P - 89c MC9760P - 69c 7575 - 35c 74141 - 75c 74 195 - 69c 

"CUBO" -DIGITA L ALARM CLOCK CUBE 
1000 MFD FILTER CAPS 

" 
Rated 35 WV D C. U p right st y le 

A PERFECT GIFT - NOT A KIT ! w ith P. C . leads . Most popul ar 
The C U BO A la rm C lock m f g. by Corvus, div ision of va lue for ho bby ist s. Com p are r, MOSTE K CO RP. Or ig i na ll y so ld for $49.95 . We bought at u p to $ 1.19 each f rom fran· 

•• 
o u t their entire inven to r y. All new, i n d ividua l ly gjft chise t y p e e lect ronic p arts st ores. 
boxed. Min i size (2112" cube) wit tl maxi performance. S.D. SPECIAL 4 for $1 . 

F EAT URES: 
A. 4 Digit H.P. Bright D isp lay $14.95 SLIDE SWITCH ASSORTMENT B . "Second H and" LED Activity .1 ndicator EACH Our best se ll er. I n cl u d es m in i-C. ~6 ~~~~t~I~ ~~~ie2 hour real time format (Add 75c P.&H. ) t u re an d stan d a rd sizes , single and D . 

~ ,- . 
E. Auto D ispl ay Di m m i ng - Adjusts to Ambient Light mu l t i-posit io n u nit s. A ll new , 

f ir st qua li ty , nam e brand F . AM/PM I ndicator T ry one package and you' ll re-
G . Power Fai lure I ndicator ord e r m o re. SPECIAL - 12/$1 . Uses F amous Mostek MK50250 MOS L S I I C 

RESISTOR ASSORTMENT ~ 
MOTOROLA POWER DARLINGTON WESTERN DIGITAL UART 1/4 W 5% and 10%. PC leads. ' . 

Back i n Stock! No. T R1602B. 40 p i n D IP. A good mix of val ues. 200/$ 2. 
Li ke M J 300 1. NPN 80V . I DA . H FE Th is is a very powerfu l and popu lar part. 
6000 T YP. TO- 3 case. We inc lude a free NEW - $ 6 .95 with d at a 74S200 
723 C volt reg . with schemat ic for power LIMITED QUANTITY 256 B it H igh S p ee d RAM 
supp ly. SPECIAL $1 .99 Same as 82S16 

FAIRCHILD B IG LED READOUTS 
INT EL 1702A 2K ·ERASEABLE PROM'S $3.95 

$ 6.95 A big .50 inch easy to read charact er. Now We tell it like it i s. We could have sa id these 1K PROM BACK IN STOCK! available in either common anode or com· were fac t ory new, but here is t h e st ra ight 
mon cathode . T ake yo u r p ick . Su p er low $c oop. We bou9 h t a 19ad of new comp uter 

82S 1 29. 256X4. Bipo lar , 5 0 N S. 
curren t drain, o nl y 5 MA per segme nt t y p - gear that contained a quanti t y of 1702A ' s 

FAST . W IT H SPECS. 
ical. YOUR CHOICE: 6 for $ 7 .50 in sockets . We care f u ll y removed t h e p arts $3.95 
FND - 510 Common Anode $ 1.50 ea. ver i fied the ir qua li ty, and are offering them 

FND - 503 Common Cathode $1.50 ea. on o ne heck of a deal. First come, f ir st BT97B 
served. Sat isfact io n gua ranteed. 

H ex Tri-S t at e B uffer . Back i n st ock . 
BACK IN STOCK! 

$1 .25 
UP YOUR COMPUTER! 

21 L02 - 1 1K LOW POWER 5 00 NS STATIC RAM 
CALL YOUR BA N K AMERICARD OR TI ME IS OF THE E SS ENC E 

And so is power. Not on ly are o u r RAM's faster t h an a sp eed in g bu llet b u t t hey MASTER CHARGE ORDER IN ON OUR 
are now very low power . We are p lease d t o .offer p r ime new 21L02 - 1 low power CONTINENTAL UNITED STATES TOLL and super fast RAM's, A ll ows you t o ST R E TC H yo u r power sup pl y farthe r and at 
the same t ime keep the wa it ligh t off . B FOR $17 .50 FREE WATTS: 1-800-527 -3460 

SALE ON CUT LEAD SEMICONDUCTORS C&K MINI TOGGL E SWITCH Texas Resid ents Call Collect 
Leads were cut for PCB insertion. St ill very No. 7 1 03 SUB M IN I SPOT Ce n ter O F F . 214/271-0022 useab le. A ll new , u n u sed. Som e Hou'se n o . SPECIAL - 99c 
1N914/1n41 48 .. . .. . · . . 100/$2. 
1N4002 1 Amp 100 PI V . · . .40/$ 1. TERMS: , 1N4745A 16V 1W Zener . · . .20/$1. S. D. SALES EN 2 222 N PN Trans istor . · . .25/$ 1. Money B ack Gu arantee. No COD. Texas 
EN290 7 PNP Transistor . · . .25/$1. Residen ts add 5 % ta x. Add 5% of order for P. O. Box 28810- B 2N 3904 N PN D ri ver Xstr . 25/$1. postage and h andling . O rders under $10. 2~!3392 G E Pre·amp Xst r . 25/$1. Dallas, Texas 75228 C103Y SCR. 800MA 60V . · . . 1 0/$ 1. add 75c . Foreign orders : US Funds ONLY! 

ORDERS OVER $15. CHOOSE $1. FREE MERCHANDISE 



Branch Library at NW 63rd and MacArthur, 
Oklahoma City. 

Atlanta Bootstrap Volume 

Jim Stratigos of the Atlanta Area Micro
computer Hobbyist Club (AAMHC) has sent 
us the first issue of their newsletter. In an 
editorial they say that they will try to print 
items of interest such as software and 
hardware articles, tutorial or instruction 
columns, meeting notices and minutes, club 
activities, and hope to include a swap/buy/ 
sell column in the near future. Anyone 
wishing more information concerning the 
club should write: Jim Stratigos, Editor, Box 
33140, Atlanta GA 30332. 

VCCS - Change of Address 

The Ventura County Computer Society 
has a new address: The VCCS, POB 525, 
Port Hueneme CA 93041. The society meets 
at the Camarillo Library, Ponderosa Dr, 
Camarillo, the last Saturday of the month. 
Two exceptions are: in November, on the 
20th, and in December on the 18th. 

The Shift Register 

Eric Rehnke, (216) 888-7531, of the 
Cleveland Digi-tal Group sent along a copy of 
the June newsletter, volume 1 :7. It included 
a biorhythm program, impressions of the 
MOS Technology KIM-1, and a number of 
language conversions. The CDG hopes to put 
out a small booklet on the differences 
between systems so users will not have 
problems converting from one basic to the 
next. 

CACHE Register 

In volume 1:5 of this Chicago area based 
club's newsletter, CACHE reports that they 
have 145 members. I n attendance at the May 
meeting were Dr Suding of the Digital 
Group, as was the president, Dick Bemis. 
Besides showing Digital products, Dr Suding 
engaged CACHE members in a discussion of 
the hobbyist field, and of the new Z-80 from 
Zilag. Bill Precht continued his popular 
clinic on programming basics. They say that 
the response to this discussion was so good, 
the steering committee is planning a series of 
tal ks on the relative merit and drawbacks to 
the major chips. The club's mailing address 
is: POB 36, Vernon HillslL 60061. 

Personal Systems of San Diego 

I n the June issue of the San Diego 
Computer Society newsletter, a feedback 
sheet was included. These sheets were to be 
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mailed back, or turned in at the next 
meeting. It is linked to a column called 
"Interaction" by Ron Eade. The column 
surveys the results of the previous forms, or 
sheets. These sheets are numbered from 
0-60. 1-9 are ways you may assist the club as 
a whole, ie: 

"I will type articles fOI' the newsletter," 
"I will volunteer .. . . ," 
"I will help .... ," 
"I will write .... " 

1 0-45 deals with SIG (special interest 
groups). This is divided into fOLir subgroups, 
hardware, chips and systems; hardware, 
systems support; software, and applications. 
The last section deals with regional organiza
tions meetings, ie: Coast, East County, 
South County. By circling the appropriate 
numbers, you are informing the steering 
committee of your willingness to participate 
in club activities, and you will be informed 
as to when and where your SIG will meet. 
This is probably an excellent way to ex
change information in large clubs. The club's 
mailing address is: POB 9988, San Diego CA 
92109. 

Homebrew Class 

The Homebrew Computer Club's news
letter has a new face. According to Robert 
Reiling and Joel Miller, Laurel Publications 
will be donating typesetting services on their 
computerized typesetting/text editing sys
tem as well as providing graphics, layout and 
editorial services. This certainly increases the 
appeal and readability; looks good. Bob will 
continue as chief editor, and Tom Pittman is 
the man to write to regarding the mailing 
list. POB 626, Mountain View CA 94042. 

Triangle of North Carolina 

The Triangle Amateur Computer Club 
meets every fourth Sunday at 2 PM at the 
Dreyfus Auditorium, Research Triangle 
Institute, Research Triangle Park, NC. They 
are currently exploring a club interchange 
standard, have a monthly newsletter, and are 
starting software and hardware club projects. 
For more information on this Raleigh, Dur
ham, Chapel Hill area club, contact: Russell 
Lyday Jr at (919) 787-4137 or write Tri
angle Amateur Computer Club, POB 17523, 
Raleigh NC 27609. 

A Bit of Ham from Louisiana 

Emil AI/ine (WA5WUj) passed a note 
along informing us of the formation of the 
"Crescent City Computer Club." The ad
dress is now Box 1097, University of New 
Orleans, New Orleans LA 70122. They meet 
at 8 PM on the second Friday of every 



.4 COMPLETE 1 K RAM SYSTEM 
FOR O~IL Y $459.00 IN KIT FORM 
$709.00 ASSEMBLED & TESTED 

With CPU card , buffered 
mother card, power su pply 
as descr ibed below an d 
c.1binct. The VE RAS Sys
tem is developed around 
the popular F ·e Series of 
chips w hich in our es tima
tion is the f inest a n d most 
versa til e Micro processo r 
no w available . 
T he VE R AS System can 
b e made into a 17K pro
cessor by m e re ly adding 
four of our opt i ona l m em 
ory boards. Th e kit in 
c l udes everyt h ing you need 
to build th e VERAS F · 8 
Comp uter as described . All 
boards , connectors,switch
es, discrete compo n e nts , 
power suppl y and ca b i net 
arc sup pli ed . Prog ra mming 
manual, data book and 
simplified support docu 
m e nt at ion s uppli ed , 8K 
Assemb l er and Editor 
(paper tape) availab l e on 
request with minimum ord
er of 8K RAM. 7" X 16" X 14·3/4" 

mEVERASF8COMPUTER 
THE SYSTEM DESIGNED WITH THE USER IN MIND 

FOR BOTH COMMERCIAL & HOBBYIST USE 

THE CPU BOARD FEATURES: 
• T wo 110 nort seac:h on I he CPU ,mel ROM chip make 32hiellrecl iona l TT l lines. 
• T he Fairbug' programmed st orage un i t provides the prnQrammer wit h all 

110 subroutines, all ows the pro~rammer to al ter or displrty ' memory, anrl 
register its con ten t s via Teletype. 

• Progr ilmmab le internal timer is huilt into the ROM chip. 
• Built in clock ge nerator and power on reset nre built int o the CPU chip. 
• Them is (l locrll interrupt with automatic ilddress vector . 
• I t is exprtndab le to 65K by t es of memory . 
• 20 mil loop and/o r RS232 interface included. 
• 1 K of on board 2102 RAM . 
• Serial interface built into PS U ch ip. 

The More Flexible and Expandible 
Computer at a Comparative Price. 

OUR 4K STATIC RAM BOARD FEATURES: (OPTIONAL) VERAS SYSTEMS 
• Output s buffered . 
• On board decoding for ilny four of 64 pages. 
• Address and data lines are fully buffered. 
• 32 2 102·1 static RAM 's, 500 ns. o r less, requ ir ing no refreshing . 
• No onboard regulators to cause heat problems . (Chassis m ounted) 
• 4K memory boards with connector, buffers and stat ic R AM's are avail ab le in kit fo rm for $149.00 
The fully blrflP.rerl mother board wi ll accept (4) 4K RAM boards for a 10t<11 of 16K bytes of memory .lnrlividua l power tAr · 
minals lor 1~<1f: h 4K RAM bonrd nrc providp.d. MP.rnory expa nsion beyond 16K bytes C(ln be iH;l,;omplished by th l! addi tion o f 
mom morhrr boards . E)(tra buffPrp.d mother bonrds w rth connector are aVi:lilo hle in k iT form for $45, 00 
Our morit l l;H power supply is dp.signed nrollnd a high frequency torroid Irnnsformer w hich <l lfords a large Silvlng in size and 
weigh l , and keeps filt ering to a m in imum. It is rated at ,·5V at 10 amps and -5V and ±12V at 1 ump. T his power suppl y w ill 

Warranty : 90 dnys on parts 
and labor for assemblp.d lInits. 
90 days o n parts fo r kits. 
Prices, specif icat ions and 
de livery subject to change 
without notice . 

• Fairbll ~1 is a rJ~gislered t r;lnernnl k of Fairchr lrl Corp . 

,--- - --- - -- - - -
I VERAS SYSTEMS 
I A D iv. o f Solid Sta te Sales, Inc_ drive our CPU, four memory hoards and som e peripherals. POWER SUPPLY KIT $ 139.00 

All boards am h igh C1ua l ity G -1 D, douhle sided, solder pla ted with gold plated edge conneCIOr. I Box 74B, Somervi lle, MA 02143 

16171 547·146 1 

PACKAGING FEATURES ARE: 
• All Complete moduliJr plug-in conslruction. 
• B) Sprcif icall y desiHnf!d rUfH1 P. d iJluminum card rock wit h p rovisions for vOltaflp. re~luli'llOrs (TO·270 su pplr fnJ) to k!~ep heal 

o ff th p. hoards . 
• C) Designen l or co nvec tion or optional forcen coolin fl. 
• D} All 1/0 ports broughl out 10 the reiJr panel connectors for ellSY <1ccessi hiliIY . 
• E) Auxiliary DC power ava i lable at the rear panel 10 power peripherals. 

V eras Systems is currentl y d eveloping the following ; 
UV PROM board, OM I and DMA board, Cassette, modern, video board and morc. All Ihese boards wi ll helV(! innova tIve de
s i ~ln. sornel hinfl yOll will com e 10 expect from VERAS SYSTEMS. 

Computer dealers and hobbyi st club inquiries are invited. 
Expected de livery time 30 days or less. 

I 
I 
I 
I 
I 
I 
I 
I 

[l Enc losed is check fo!' $ _____ _ 

DV ER AS F·8 Computer Kit DAssembted 
D4K Ram Board QuClnt it y _ ___ _ 

DPower Supply Kit 

Namp. __ _ 
Address ____________ _ 

Ci t y, Stat I' 
_____ z ;p __ _ 

INTEL 8080 CPU .. 529.50 PRINTED CIRCUIT BOARD b... TANTULUM CAPACITORS _._ ' Full Wave Bridges 
251 B ·HEX 32 BIT SR 56.00 
2102 -1 1024 BT RAM S 2.60 
5280·4K DYr~AMIC RAM . . . $ 12.50 
5202A UV PROM . $12.50 
MM5203 UV PROM .......... $12.50 
1702A UV PROM $12.50 
5204 -4K PROM . . . . ...... .. $24.95 
M INIATURE MUL TI ·TURN TR IM POTS 
100.500, 2K. 5K. 10K , lOOK , 200K 
$.75 C<lch .. ............. . 3/52.00 
MULTI ·TURN T R IM pOTS SlmilOlllo Bourns 
30 10 slyle 3/16")(5/8"xl ·1/4"; 50, 100, 
1 K. 10K . 50K ohms 
$1.50 ea . . . . . . . . . . . . . .3/54.00 
LIGHT AC TI VATED SeA s 
TO·18.200V lA . . S 1.75 

TRANSISTOR SPECIALS 
2N3585 NPN Si TO·66 . S .95 
2N3772 NPN 51 TO-3 . . . $ 1.60 
2N4908 PNP Sr TO·3 . . . . $ 1.00 
2N6055 NPN Si TO·3 D;lrlmfJlOn $ 1.30 
2N5086 PNP Si TO·92 .... . .. 4 /$ 1.00 
2N4898 PNP TO·66 . . ....... $ .60 
2N404 PNP GE TO·5 5 /$ 1.00 
2N39 19 NPN 5i TO·3 RF . .... $ 1.50 
MPSA 13 NPN Si TO·92 . 31$ 1.00 
2N37G7 NPN 5i TO·66 . . . $ .70 
2N2222 NPN Si TO·18 . . . . 5/$ 1 .00 
2N3055 NPN Si TO·3 .. $ .80 
2N3904 NPN Si TO·92 . 5/$ 1.00 
2N3906 PNP SI TO·92 . 5/$ 1.00 
2N529G NPN Si TO·220 . . . 5 .50 

' 2N6109 PNP Si TO·220. S .55 
2N3866 NPN Si TO·5 RF . .. .... $ .7~ 
2N3G38 PNP 5i TO·S . . .. . . 5/S 1 .00 
2N65 17 NPN TO·92 51 . . . . 3/5 1.00 

CIMOS (DIODE CLAMPED) 
74C02- .25 4016 - .50 4035 - 1.75 
74C l 0 - .25 4017 - 1. 30 4042 - 1.60 

400 t - .25 4018- 1.'10 4047 - 2.60 
4002 - .25 4019 - .GO 4049 - .70 
4006 - 1.60 4022 - 1.20 4050 - .70 
4007 - .25 4023 - 25 4055- 1.20 
4009 - .60 4024 - 1.2S 4066- 1. 20 
4010 - 60 4025 - .25 407 1 30 
4011 - .25 4027 - .65 4077 . 70 
401 2- .25 4028- 1.50 408 1- .35 
4013 - .50 4029 - 1.75 4076 - 1.20 
4015 - 1.40 4030 - .90 

LED READOUTS 
FND 500·,5" C.C. 
HP 7740·.3" C,C. 
MAN·7·.3" C.A. 
NS 33·3 dig . Olrray 

5 1.95 
5 1.40 

. $1.25 
$1 .35 

4· 112" x6· 1/2" SI NGLE SIDED EPOXY 
BOAR D 1/16" Ihi(:k , u rH!tch ( ~ rI 

5.50 ea. 5/$2 .20 
VECTOR BOARD 1 . SPACING 
4.5" x 6" SHEET SI .25 

! 4 WATT IR LASER DIODE $7.95 
2N 3820 P FET $ .45 
2N 5457 N FET $ .15 
2N 489 1 UJT. $ .45 
T IS 43 UJT ... . ..... . .. 5 .35 
ER 900 TRIGGER D IODES ..... 4 /$1.00 
2N 602B PROG . UJT S .65 

VER IPAX PC BOARD' 
This bo,ncl is a I l l S" si ll!!le sided paper epoxy 
hmlrd . 4y'''x6Y/' DR I LLED anrl ETCHED 
which w ilt hold up 10 21 slOg le 14 pin IC's 
or 8, 16, or LS I DIP IC's wi th busses for 
power supply connector . . . . . . .. 54 .00 
MV 5691 YEL LOW·GREEN 

BIPOLAR LED ...... ... . 51.25 
MT·2 PHOTO TR ANS .. .. 5 .60 
RED, YELLOW, GREEN OR 

AMBER LARG E LEO's 
14 PIN D IP SOCKETS . 
16 PIN D IP SOCKETS . 
MOLEX PINS 

5 20 
. 5 25 

. . 5 .28 
100/51 .00 

1000/58.00 
8 PIN~NI D IP SOCKETS $ .25 
10 WATT 2ENERS 3 .9, 4 .7, 5 .6. 8 .2.12. is, 

t 8, 22. 100. 150 or 200V ..• ea. S 60 
1 WATT ZENERS 4 .7, 5.6, 10, 12. 15. 

l BOR22V ........ ea.5 .25 

Silicon Power Rectlllers 
PRV -1A - - 3A- 12A --50A - 125A 

fO~0~:([6~ i.~~· .~ ~~® - 3 .70 
200 .07 .20 .35 1.15 - - 4.25 
40-0 ~09- - ~2~5_ " ~5Q~" ..!~40 ......2 .50 
60~O~~11 - .30 .70 1.80 __ ~~o 
800 .15 ~35--- .90 ---2.30 10.50 

1000- :2('- - .45" 1 . 10-- 2.75 12.50 

SILICON SOLAR CELLS 
2%" diameter 

.5V at 500 rna . ... . $5.00 ea., 6/$27 .50 

REGULATED MODULAR 
POWER SUPPLIES 

.22UF 35V 5 /$1.00 
47UF 35V 5 /$1.00 

.68UF 35V 5/$1 .00 
lUF35V 5/ 51.00 
3.3UF 35V 4 /51.00 
4 .7UF 35V <11$1.00 

6 .8UF 35V 3 /$ 1.00 
22UF 35V $ 40 
33Ur- 35V $ (10 

:'iOur- 6V 5 /$ 1.00 
100UF 35V S.50 
lflOUr- 15V S .40 

M700 1 ALARM CLOCK CH IP. $6.00 

NATIONAL MOS DEVICES 
MM1402- 1. /:1 
MM1403- 1.75 
MM1404 - 1. 7!.") 
MM5013 - 2.50 
MM5016- ?50 
MMSO I 7- 7. 70 
MM5055- 2.2!j 
MM5056 ') 25 

MM5057 - 2 .25 
MM5058- ?75 
MM5060- 2.75 
MM5061 - 2.50 
MM5555- 4 .75 
MM5556··· "' .7:1 
MM5210 - 1.95 

TTL IC SERIES 
74LOO- .25 7411 1 ·- .85 74126 .60 

7400- . 16 7442 - .55 74150 - 1.00 

740 1- . 18 7445- .75 74151 .80 
7402 - l R 74 46- .80 74153 .79 
7403 - . 27 7447 - .69 741 54 1.05 
7404 - .72 7448- .77 74155 - 1.00 

7405 - .22 7472 - .40 74 157 - .75 
7406- .35 7473- .40 74161 - 1.00 

7407 - .33 7474 - AD 74 164 - 1.05 

7408- .25 7475- . ~'iO 74165- 1.05 

7409" 25 7476 - AD 74173 .95 
7410 - 16 7480 - 48 74174 1. 20 
741 1 ~ .25 7483 - .80 74175 .95 
74 t 2- 40 7485- .8a 74177 1.00 
74 13 - .45 "486- .45 74180- 1 00 

7414 - 1.00 7489 - 2.00 74 181 2.40 
74 16- .33 7490 - 46 74 190- 11 5 

7417~ .33 7491 - .75 74191 - 110 
7420 - .18 7492 - An 74192- .80 
7425 .30 7493 - .49 74193 - .90 
74 26 .35 7494 - 80 74194 1.25 
7427 - 28 7495- .RO 74195 - .74 
7430- .16 7496 - 73 74196 1.10 
7432 - .30 74 107- .40 75321\ -1 .7!'l 
71\37 - .30 74121 - .39 7549 1 .60 
7438- 30 74123 - 75 75492- .60 
7440 - 18 74125 - 60 

MINI ATURE D IP SWI TC HES 

CT5-20G·" Four SPST sw iTches 
in one mrnr{hp packafjc 51 .50 

CTS·;WG·8 Ei~hT SPST swiT ches ,n a '" pin D IP pack.1!lC . $2.55 

PRV 2A 6A 25A 
2QIl ;95 1 25 . 2 ~00 
400 1.15 1.50 - 3.0.9" 
_600 1.35 1.75 4 .00 

SANKEN AUDIO POWER AMPS-
Sil010Gl0WATTS . $ 6 .90 
Sil020G20WflTTS $13.95 
511050 G 50 WATTS . . ..... 52495 

CCO 11 0 LINEAR 2h6 XI BIT SELF 
SCANNIr.'; G CHARGEn COUPLED 
DEVICE 599.00 
CCD 201 100 '1' 100 CHARGE 
COUl'l EO DEVICE . C;13~l . 00 

LINEAR CIRCUITS 
LM 309K 5V lA REGULATOR 
723 - 40 -l- 40VV REGUI.ATOR 
301/748 Hi Pe • . OP. Amr 
320T 5.12,15. OR 24V 

$1 .75 
S .50 
$ .3 1 

NEGATIVE R EG. 5 1.50 
709C 011. Allin .3 1 
741Aor74ICOPAMP. 5 .31 
710 COMPARATOR . 5 .35 
CA 3047 Hr Pel. OP. Amp .. . ... .. $ .95 
340T 5. 6,8, 12,15,18. 24V POS 

REG. TO·220 
101 OPER. AMP. HI PERFORM . 
LM 308 Oper . Amp., low Power 
747 D UA L 741 
556 ·- DUAL TIMER 
537 - PRECISION OP. AMP .. 
LM 3900 - OUAO OP. AMP 
lM 324 - OUAD 741 
560 PHASE LOCK LOOP 
561 . PHASE LOCK LOOP 
565 - PHASE LOCK LOOf" 
566 FUNCTION GEN ... 
567 - TONE DECODER 
LM 1310N FM STEREO DEMOD. 
8038 IC VOL TAGE CONT . OSC 
LM 370 - AGe $OUELCH AMP. 
555 - 2/-ls - 2 HR . T IMER . 
553 OUAD TIMER . 
FCD 810 OPTO· ISOLATOR 
1458 DUA L or AMP. 
LM 380 - 2W AUDIO AMP. 
LM 377 - 2W STCI CO Audro Amp. 
LM 38 1 -- STEREO PREAMP. 
LM 382 - DUAL AUDIO PREAMP 
LM 311 - HI PER. COMPARATOR 
LM 319 DlIal HI SPEed Compo 

339 - OUAD COMPARATOR 

PRY. I A l OA 

.40 .70 

$1.5("1 
S 75 
S .95 
5 65 
5 1.00 
51 70 
5 .49 
51.50 
52 .00 
52.00 
51.25 
S1.65 
$ 1.50 
52.75 
53 .90 
S1. 15 
5 .45 
5'.50 
S .80 
$ 60 
5 .95 
52 .50 
$1.50 
5150 
$ .90 
$1 .25 
51 .50 



month in Room 2120 of the science building 
of the University. He also notes that the 
FCC and ARRL are taking steps toward 
making it easier than ever before to become 
a ham and with more privileges than ever. 

Chicago Area F-8 Users 

If you live in the Chicago area, Louis 
Burgyan is interested in meeting other F-8 
users. He may be reached at (3 '12) 327-0472, 
evenings. 

The Computer Network of Kansas City 

The KC Thru-Put is the Ol"gan of this 
Kansas City group. President Earl Day writes 
a column called "Day Dreams," and Bart 
Schwartz is editor. The group first met in 
May with 12 members and as of the July 
issue, number 2, has increased to 37. At the 
June meeting the possibility of making an 
educational program for the local PBS 
(Public Broadcasting Station) channel was 
discussed, but was deferred until the club is 
more established. Anyone wishing to contact 
this organization may write: KC Thru-Put, 
968 Kansas Av, Kansas City KS 66105. 

Microcomputer Society of Florida 

In the Marsh Data Systems Newsletter 
number 5, Don Marsh writes that the Micro
computer Society of Florida has chapters in 
Vero Beach, Ft Myers, Sarasota, J ackson
ville, Gainesville, as well as Tampa. The 
society will soon be publishing a newsletter 
of its own. They suggest that their chapters 
consider getting a free write-up in the local 
papers. Computer groups are newsworthy. In 
Tampa they have had a write-up in each of 
the major papers, and have been on tele
vision twice. 

For more information contact: Marsh 
Data Systems, 5405B Southern Comfort 
Blvd, Tampa FL 33614. 

New York Amateur Computer Club 

Elections of club officers have been held, 
but as of the June newsletter, the results 
were not yet complete. Club member David 
Ripps is scheduled to speak on the topic of 
"Systems Monitors and Their Features." 
The newsletter also included a report from 
the technical committee, an article by Alan 
Yorinks, "A Short Course in Digital Logic 
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Troubleshooting," and a humorous essay on 
the living room workshop by MCS III. 

The address is: NY ACC, c/o R Schwartz, 
lE, 375 Riverside Dr, New York NY 10025. 

ACGNJ News 

In June at the general meeting, Marty 
Nichols, Tom Kirk, and Roger Amidon gave 
a presentation on the "String Language 
Processor." The high level language was 
running on 8080 based systems at the 
meeting. The demonstration was given with 
video monitors which were set up around 
the meeting room. 

The bylaws were also printed, in this, the 
July volume 2:7 issue. A "Life for the 
M6800" reprint, and an article, "Interfacing 
the Original TV Typewriter to a Computer" 
by Monty Shulte, were included. 

The address is: ACGNj, UCTI, 1776 
Raritan Rd, Scotch Plains NJ 07076. 

Computer Hobbyist Group - North Texas 

In volume 2:6 of the newsletter, they 
state that at the May meeting they were 
honored with the first look at three new 
products by the Southwest Technical Pro
ducts Corp (SWTPe). Displayed at the 
meeting were a dual cassette controller/inter
face, a graphics controller for input to CRT, 
and a small but quick printer. TCHG-NT's 
address is: 2377 Dalworth 157, Grand 
Prairie TX 75050. 

A Roving Computer Show 
for the Experimenter? 

Well, not quite; but a firm called Mar
keting Ventures Inc, 5012 Herzel PI, Belts
ville MD 20705, is organizing a show called 
TECHN I HOBBY USA wh ich will be travel
ling to four cities in the US this fall. The 
boundaries defined for the show's content 
are not limited to computers alone, but 
encompass amateur radio, radio control 
models, do it yourself electronics, as well. 
The firm is looking for participation by local 
clubs in its exhibitions to be held: 

Boston 
Washington DC 
Atlanta 
Los Angeles 

November 4, 5 and 6 
November 12,13 and 14 
November 19,20 and 21 
December 5, 6 and 7 

For further information contact Robert E 
Harar, at (301) 937-7177.-
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AMP Security System Card Reader 
This card reader was made by AMP for use in SECURITY SYSTEMS. 
A stiff 2 1/8" x 3 3/8" card (credit card size) is inserted, which 
closes a micro-switch. A 115v AC solenoid is then energized, which 
pulls down a set of wipers to read through holes in the card. The 
wipers are arranged in 3 8 bit bytes + 1 bit, for a total of 25 bits. 
8y turning the card over, 48 bits are possible. 
This device is ideal for security systems ... entry can be controlled by 
means of a card with an almost infinite number of combinations, 
rather than using an easily duplicated key. As another example, an entire 
Social Security number, plus an entry code, could be read from a card. 
5" x 5" x 9" deep. Shipping weight 6 Ibs. 
STOCK NO. 85353 $19.95 each, 2 for $35 

Wood Cabinets 
One of the problems with home-brew projects is finding 
a suitable enclosure, one that will do justice to your 
latest pride & joy. We have 2 wood cabinets that are 

suitable for small projects. 85344 has real teak veneer on all 4 sides 
over a %" particleboard base. Outside dimensions are 13%"W x 5 1/8"H x 6%"D, with a %" deep recess 

in the front. Mounting holes in the bottom. 87129 has a walnut vinyl covering over a 3/8" plywood base. Outside 
dimensions are 8%"W x 41j,"H x 10%"D. With small vent and rubber feet on the bottom. 

STOCK NO. 85344 Teak cabinet Shipping weight 6lbs. $7.95 each, 2/15.00 
STOCK NO. 87129 Walnut cabinet Shipping weight 3 Ibs. $5.95 each, 2/10.00 

~~~~~;;aii~rD S:,~~~~~~~~~o O~~~" ,~~,~~~~ w~~"i'~i~~ 5 ~~~~'~'~'~::"d ~ in a 1-of-5 pattern, and the 6th button is momentary. which releases the others. Sections 4 & 5 
may be depressed together; the others are excluded by means of a lockout bar. The switch comes 

with 12 sets of contacts: 6 SPST, normally open, 3 SPOT, and 3 DPDT, all rated at 3 amps. The 
contacts may be arranged in any order, up to 4 in each section. Buttons are ',1, " square b lack, on 5/8" centers. Overall size 5Y," wide x 
3Y," deep x 1 %" high. This versatile switch lists for well over $30! Shipping weight 2 Ibs. 

STOCK NO. B6408 $2.50 each, 3 for $6.00 

Lead-Acid Storage Battery 
Lead acid storage batteries are still the cheapest & easiest to work with of a/I types of 
batteries. Two of these would be ideal for keeping the memory up in your computer 
when the power is off. They are rated at 6 ampere-hours, 6 volts. 21j," x 3%" x 5%" 
high. The fill holes have screw-in caps and an overflow container is provided, making 
this battery spill proof. We provide charging data, you provide the electrolyte. 3 Ibs. 
STOCK NO. 85074 $5.95 each, 2/11.00 

Power Transformers 
B9397 .... lshown} A versatile power transformer from a line printer manufacturer. The primary is tapped for 
operation at 11 5v or 230v. There are' 4 seco ndari es: 34v centertapped @ 3 amps, 17v @ 4 amps, 11 v @ 5 amps, 
and 6.3v @ 1.5 amps. This would make an ideal transformer for a +5 volt and ± 15 volt power supply. 3Ya" x 
4Y," x 4Ya" high. Shipping weight 10 Ibs. 
STOCK NO. B9397 $12.95 each, 2 for $24 

B9940 .... Dual 115v pri mari es, 3 secondaries: 17v center tapped @ 10 amps, 22v center tapped @ 5 amps, and 
25v center tapped @ 7 amps. 3Ya" x 4 Ya" x·4 Y," high, sh ipping weight 15 Ibs. Another good +5v and ± 15v 
supply transformer. STOCK NO. B9940 $14.95 each, 2 for $28 

Send for our latest free catalog . Minimum order $5, phone orders welcome. Include sufficient postage (2 Ibs min .), excess will 
be refunded. BANKAMERICARD & MASTERCHARGE welcome, A LL numbers needed for processing. Minimum charge $15. 
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theless, amateurs and experimentel's may 
find that a perusal of the patent literature 
is quite fruitfu l. 

Howard L Grams 
2616 N Salisbury St 

W Lafayette IN 47906 

APPLICATIONS DIGEST, 

MATERIALS NEEDED 

I am compiling a "M icrocomputer Appli
cation Digest" to be published by Howard W 
Sams & Co. The text is arranged by subject 
(Biorhythms, Electronic Music, Speech Anal
ysis, RTTY, Terminals, Business Systems, 
Security, Video Art, Video Games, etc). 
Each section wi ll cover several real systems, 
a brief tutorial on the subject, block dia
gra ms, I ist of components, and names of 
contributing parties. Sources of additional 
inform ation will also be provided. 

At this point, I am seeking inputs from all 
interested persons who wish to share their 
experience to increase the exchange of in
formation in their app li cat ion area. 

First Come First Served 

Back Issues 
of BYTE 

$1.50 

We have verv few of some of them and a large supply of others, 
but no more than 2,000 of anyone issue. Orders wi ll be filled on 
a first co me, first se rved basis until the supply is exhausted. DO 
NOT SEND MONEY, we wi ll enclose a bill with your order for 
th e number of issues we are able to supply plus a 25 ce nts EAC H 
postage and handling charge . 
The back issues li st ed below are available from BYTE. Circle 
issues desired 

Dec 75 Jan 76 Feb 76 Mar 76 June 76 July 76 

D Bil1 me DBill MC BAC No. Exp. Date __ 
- -------' 

Name _ ___________________________________ _ 

Add ress ___________________________________ _ 

City _______________ _ State _____ Zip ___ _ 

BYTE 70 Main Street Peterborough, NH 03458 
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To keep it simple, I would like those who 
want to be in the book to drop me a 
postcard with your name , address, phone 
number, and a brief explanation of your 
application. I will then send you a form to 
fi ll out which will put the in formation into a 
standard easy to read format. Th is will then 
be collated into the book. 

Not all applications need to be up and 
running to qualify for the text. Ideas, well 
thought out, are as valuable as fin ished 
systems. 

If you wish our field to expand, I urge 
you to take time to drop me a postcard and 
to expound on your efforts with microcom
puters- it's by spreading ideas that new ideas 
grow. 

Mitchell Waite 
H S Dakin Co 

3101 Wash ington St 
San Francisco CA 94115 

NEXT OF KIM . ... 

Congratulations on an exce ll ent maga
zine! I look forwa rd to its arrival every 
month as each issue contai ns at least one 
artic le (and usua ll y 3 or 4) that I can use 
immediately. 

I would also like to publicly thank one of 
your advertisers for their fast delivery times, 
their prompt no-questions-asked warranty 
service, and their exce ll ent newsletters. This 
company is MOS Technology. After months 
of fighting with two other computer manu
factul'ers, I ordered a KIM-l. The KIM-1 is, 
in itself, a fantastic pmduct, but with MOS 
Techno logy backing it, it is, in my opinion, 
the best buy on the market today! 

There are presently three KIM-' owners 
who work here at Eastern Washington State 
Co ll ege. Also, the chem istry department has 
an AI tail' 8080 and the psychol ogy depart· 
ment has a DEC PDP-8/ F. We wo uld li ke to 
invite anyo ne in the greate r Spokane area (or 
anywhere else) who is interested in bu ilding 
a system or learning more about micropro
cessors and/o r programming techn iques to 
contact either myself of Dr R Keefe r. I am a 
technician for the psychology department 
and Dr Keefer is a professor for the mathe· 
mat ics department. Perhaps we may have 
enough interested people to start a computer 
club or a KIM-' users group. 

Keep up the good work. 

Tony Kjeldsen K7VNT 
5315 N Allen PI 

Spokane W A 99208 

PS I'm afraid I must agree wi th B L Donelan 
(June 1976 BYTE) concerning the De
cember issue cover. 
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BR@GAR·,n-depthinventories 

• LOW, LOW PRICES! 
mas I ELECTRONICS for INDUSTRY 

e eleCTrOniCS :~~~2~ru;~: 
Qlfiets & Wlrthouse: l0 Alice Slre!t, Binghamton, Ntw York 13904. Tel. :601-123·31 11 

SAVE SAVE 

Electrolytic Capacitors 

TUBULAR. HIGH RELIABILI~ . -y 
' ~l>-~ -

MFD VDC 

-----,~ 

EACH 
.30 
.35 

MFD. 
30 
40 
4 

MINIATURE LAMPS 
INCANDESCENT LAMPS 

CHICAGO MINIATURE LAMPS #387 

:;ra.cilorll rn 
QUAN . 
600 
375 
298 
299 
571 
375 
313 
597 
4000 
26,000 
416 
350 
2500 
1161 
2600 
1000 
825 
1099 
6549 
1942 
10 ,500 
520 
290 
476 
409 
284 
255 
281 
20,000 
339 
400 

100 3 
250 3 
500 6 
1000 6 
1 200 6 
1 500 6 
2000 6 
100 12 
50 15 
200 15 
1500 15 
2000 15 
10 25 
2000 25 
10 50 
500 50 
100 50 
150 50 
250 50 
300 50 

$1. 00 
1. 00 
1. 02 
1.10 
1.11 

.60 

.30 

. 30 

QUAN. 
1055 
246 
967 
400 
529 
453 

10 
15 
20 

VDC EACH 
350 $1.00 
350 1.14 
450 .98 
450 1. 07 
450 1.07 
450 1.14 

METALLIZED PAPER FILM 

QUAN 
899 
437 
400 
1360 
820 
4200 
400 
771 
417 
1100 
1100 
1600 
565 
4000 
389 
500 
600 
717 
30,000 
1000 
291 

MF D 
,1 
. 33 
1.0 
.22 
.022 
. 033 
.1 
1.0 
1.5 
.0 01 

VDC 
100 
100 
100 
1 50 
200 
200 
200 
200 
200 
400 
400 
400 
400 
600 
600 
600 
600 
600 
100 
100 
400 

EACH 
SAME AS #327 EXCEPT LONGER LIFE 

28 volts .. 04 amps. Bulb Style T-1-3/4 
Hid- Flange Base. BRAND NEW BOXED, 100 
per box. 40 , 000 pes in stock . 

PRICE SCHEDULE 
1 - 99 . . 40¢ each 100 - up .. 35¢ ea. 

NE-2 neon lamps, with dropping resistor 
to operate directly from 115 VAC . 
Nominal Watts - 1/17. T-2 Clear Bulb, 
wire terminals. 
25,000 pes in stock. Mfd by G.E. Co. 
lO¢ each u~ to 1000 pes . 

1000 pes & up 7¢ each . 

IW.)teU'-];'!m=iif;.; 

•• ,n OLO INCANDISCINT LAMU ~ 

BRITE- GLO Incandescent Lamps - ~ 
Ultraminiaturized Series, 100,000 hr.liEe 
Versatile, low cost indicator lamp . Ideal 
for Stero Amplifiers, !'1obile Equipment, 
Instrumentation, Computer and Display 
Panels, Etc. 
High temperature, T 1- 3/4 lamps - Metal 
Base - t1ire Terminals . /·1etal base in 
creases light output and protects lamp 
from damage . 

41, 685 ~cs - 6 . 3 volts, 75 rna, 8" wire 
leads. 
40,263 pcs - 6.3 volts, 200 rna, 13" wire 
leads. 

SJU.E 

DISCOUNT 
1 - 99 
100-499 
500- 999 
1000-up 

SCHEDULE 
250 
2 Q¢ ea. 
15C e a. 
12¢ ea . 

SALE 

BRAND NEW - FINEST QUALITY 
QUAN 

10 , 686 

MFR 

T . I. 
Electra 
IRe 
T. I. 
':' . 1 . 
T. I. 
Electra 
Electra 
IRe 
IRe 
IRe 

TOL . 
(% ) 

OHMS WATTS 

191 1/8 
191 1/8 
243 1/8 
2 . 43K 1/8 
909 1/4 
10 1/2 

PRICE 
Each 
$.04 

.04 

CG (STANDARD) 85°C Supplied with PVC Insulating Sioove 

Quan. Hfd . Vdc Size Each 
10000 1100 35 1-25/64 x 2-11/64 $.75 
25000 100 350 1-25/64 x 2- 11/64 .50 
10000 80 400 1-25/64 x 2- 11/64 .60 

POTTER SUB-MINIATURE 

& BRUMFIELO GENERAL-

RE LAYS PURPOSE 

TYPE KH 5505 (Identical to KHU17Dll) 
COIL: 24vdc, 650 ohms. 
CONTACTS: 4PDT, 3amps at 30vdc or 120 

Small rugge d DC relay with clear po ly
carbonate dust cover . Contacts are gold 
flashed silver. 
Mounts by solder terminals or 3-48 stud 
5/16" long, ,Usa mounts as plug- i n. 
6500 pc in stock, BRAND NEt1, while they 
last at this price. $1. 25 each 

LAMINATED PHfNOLIC 
PLASTIC PANELS 

BRAND NEW PHENOLIC SHEETS 

Grade LE- Natural 

Type - FBE, l1il Spec: 15035 , .06 2 " thick 
Needed by al l experimenters, am.:lt<:!urs and 
rad io ;nen for insula t i ng parts - t erminal 
strips - building set!: or for research 
[, developr.lcnt, etc . 
Stock # 560 - 6" x 6" x .062" 42¢ each 

" # 561 - 6" x 12" x .062 82¢ each 
# 563 - 12" x 12" x .062 $1.58 ea 
# 564 - Full sheets 38" x 47" x .062" 
$13.00 each . 

BRAND NEW QUALITY SHEETS 

High-Speed Reset Counter 
Veeder-Root 
"' F IGtJRE COUNTER ,\'M~ l i,o\L RESE r 
I I :'>\,IIC/ I15VAC 

"f:EDl':ft nOOT 17760~ 

II SVAC (Rectifier s upplit'd'r. Basic 
counter is IISVDC, 6 \I .. ~tts <1 figuI(', 
bl ack on ""hite b;.ckground. Pu sh bu llon 
reset. Dim,: 1·7/8" width \·1 / 8" hIgh 
x 2-112" deep. 

LIGHTED $2.95 Each 

PUSHBUTTON SWITCHES 
Unit can be used on 6 v 
or in series for 12 volt 
SPST, mom, PC board gold 
plated pins for wiring or 
easy installation. 
10,000 pes in stock 

60 150 
80 150 
300 150 
40 200 
100 250 
200 250 
5 350 
10 350 
4 250 
8 250 
16 250 

HIGH POWER DUMMY tOAO 

1.10 
1.10 

. 25 
1. 40 

.40 

.80 

.95 

.90 

.98 
1. 07 

.70 

. 90 
1. 00 
1. 00 
1. 39 
1. 50 

.90 

.90 
.35 
.70 
.60 

.0022 
. 022 
.047 
. 022 
.05 
.1 
.2 
. 25 
.01 
,047 
. 22 

$ .35 
.40 
. 45 
.4 0 
.35 
.35 
. 40 
.40 
.40 
.35 
.40 
.45 
.50 
.25 
.30 
.30 
.30 
. 30 
.15 
.20 
. 30 

Mfg . Eastern Hicrowave. #10-1254 ... RF Coaxial Load Re 
sistor utilizing water flow to cool and provide a load 
resistance of 50 ohms for inputs from DC to 4000 MHz. 
Haximum power input is 1000 watts. Requires a f low of 
.218 GPM min . per 100 watts of input power; 1 00 psi 
pressure . Compression fit tings on water line in l et and 
outlet for copper tubing supply lines. Has a Flange 
type coaxial fitting , friction type, 13/16" 1 . 0. with 
2-1/4'1 flange. Completely shielded unit of machined 
aluminum. Size: 1-5/8" diameter by 5- 3/8" long. 
Shipping weight, 2 lbs. 
5,000 pcs in stock, NEW BOXED . .. .. . .. $14 . 95 each . ••.. . 

capacity for their size 

5 amp, 1/4 HP , 125- 250 vac, SPOT, quick dis- connect 
terminals. 2,000 pcs in stock without lever .. 75¢ each 
2 ,400 pcs in stock with extended rol l er lever. 95¢ ea 

TANTALUM CAPACITORS 

IIiI.I -"' . 
TYPE 1 090 1 .. ,., 

TUBULAR SINTERED- ANODE TANTALEX CAPACITOR 

#10 90l47X9060T2 
1620 pcs - 140 uf ±l0% - 60vdc $2.00 ea. 

G ENE R A l ~ E l E C T RIC :;'.:~~HL.il:~~:~:~r~:;I.~:~/~L~l CLIOIII_POLAltlJ:[O 
3, 000 fX'S CL31BEl80f.iPE, 18'll - ]5vdc 65¢ each 

300 pes CWIBE550MPE, 55uf - 15vdc 85¢ each 
non-p:!larized CL32/33 " 

3,000 
29, 00 0 
75,000 
35,000 
7000 
3000 
5700 
7900 
7200 
6600 
1800 
1000 

I R C 
IRe 

15.4 1/2 
28 1/2 
53.6 1/2 
90.9 1/8 
1650 1/8 
6190 1/8 
2 6 7 G lie 

• O~ 
.04 
.06 
.07 
. 07 
. 07 
.07 
.04 
.04 
.04 . 
. 04 

Mfr: Grayhill Widely used on compute rs , machine tools, 
Swi tch Co. office machines, guidance control and a 
2" x 1 ~" x V'S" wide variety of applications, 900 ;xes o..33BL020r-M:, 2 . Ouf - 75vcl.c $1.00 each 

I---------------------''----------------.-----i 1~,n1'!I!;~l MY'!MT,H ULTU' MINI::pU:,lpl:"NT'UU~U 

ComOUler Grade Caoacllors "9.'L ~~~~~o :.s,::~:~~~~~~' l~~:U= ~o::c 7~~C e::~h 
mom OM~ Imlanl oll-Ihe-,hell :n rr;rl 1 , 028 pcs mp)36>o10PlA, 330' - 10vdc 650 each 

607 723 3111 delivery. T I ~ IMfiiii'irif"" S.LI. mm." ... ANTALUM CA'Acn.", 

4996 pes. 4. 7uf- .±lO'l, 6vdc , TAS475K006PlA 35¢ ea 
394 pes, .47uf ± 10%, 6vdc, TAS474K006PlA 38¢ ea 

QUAN. 

350 
4.4 
1016 
527 

353 
B6. 
277 
316 
375 

267 
600 
529 

MFD. VOLT S 

30000 
60000 
25000 
40000 
15000 10 
15500 10 
40000 10 
74000 10 
15000 12 
14000 13 
10000 15 
12500 16 

SIZE 

1-3/8 x 4-3/16 
)" x 4-1/2" 
2-1/16 " x 4-9/16" 
2" x 5" 
2 " x 4- 1/8" 
2" x 4-7/16" 
3" x 4-1/2" 
3" x 4-3/4" 
2" x 4-1/2" 
2" x 4-3/8" 
2- 1/16" x 4-1/2" 
2" x 4- 1/G" 

PRICE EA QUAN , MFD. VOLTS 

$1. 50 252 11500 18 
1. 5 0 628 11000 19 
1.50 1014 8200 25 
1 . 50 10706 1100 35 
1. 25 4200 750 60 
1. 25 792 1500 80 
1.70 478 450 100 
2.00 337 400 100 
1. 25 200 500 150 
1. 25 500 750 200 
1. 25 23436 100 350 
1. 25 1180·0 80 400 

SIZE PRICE E1'I. 

2" x 4-1 /2 " $1 25 
2" x 4-1/2" 1.25 
1-3 /8 " x 3- 1/8" 70 

1-25/64" x 2-11/64" 00 
1" )( 3-1/2" .75 
2" x 4-1/2" 1.30 
1- 7/16" )( 2-9/16" 1.00 
1-7/16" )( 2-1 /2 " 1. 00 
2-1/16" x 2-3/8" 1.00 
1- 1/2" x 4" 1 00 

1-25/64 " x 2-11 /64" .75 
1-25/64" x 2-11/64" . 75 

1430 pes, 47uf ± 10%, 6vdc, TAS476K006PIC 40¢ ea 
326 pcs, 220uf ± 20% , "6vdc, TAS227M006PIG $1.20 ea 
285 pes, 5. 6uf ± 10% , 10vdc, TAS565KOIOPIC 40e ea 

"4574 pes, lOuf HOt , l Ovdc, TASI06KOIOPIC 40¢ ea 
900 pes , 15uf 120% , lOvdc, TAS1561>1010PIC 40¢ ea 
887 pcs, .068uf ' ±lO%, 20vcic, TAS6a31<020PlA 51¢ ea 
152 pes, 2.2uf ± 20%, 2Ovdc, Sprague 40¢ ea 
1457 pes, .47uf ±lOt, 35ydc, TAS474K035PlA 51¢ e'l 

G ENE RA le ElE C.lR IC PLAIH 'Ol~ lAN"rALUIoU +UJO c 

365 pcs G.E. 40uf,:t20%, 50vdc , 1250 C 
Type: 2KI05AA6M . $1. 75 each 
1168 pcs SPRAGUE , 40uf, ±20%, 5Ovdc, 1250C 
Type: 220D005A3M. $1. 75 eacH C 



Christmas! 

ATTENTION PDP·8 LOYERS! 

Thought I wo ul d drop a line to BYTE 
and say how mu ch I enj oy the magaz ine. I 
first got in to home comp uting in 1973. A 
fri end down in Texas fo und a used PDP·8 
and ca ll ed me. We we nt down on bus iness 
and at t he same time stopped over to see the 
machine. We bought it and back home made 
a crate f ro m dimensions in the manua l. Next 
tr ip down we carri ed the crate knocked 
down on the plane, crated it and shi pped it 
back. It we nt on the ail" with very li tt le 
tro uble and we im med iate ly had a vast 
amou nt of software from DEC and th e users 
gro up DEC US. We now have six PDP·8s in 
the Wash i ngton DC area wi th one fe ll ow jus t 
fini shi ng a homebrew machi ne with the 
Intersil IM6 100 chi p. Out of th is group all 
the fe ll ows are electr ica l engineel"s, no ne of 
whi ch has a compu ter science background. 
Two of us are interfac ing sur plus speech 
synthes ize rs and are interested in using the 
8s fo r signal process ing and speech sy nthes is. 
One other is in te l-ested in mot ion picture 
photograph y and is in te rfac ing a high reso lu · 
t ion CRT system to his 8 and an animation 
ca mera. The PDp·8s are the straight 8 
vers ion first bui lt abo ut '1966 be ing im· 
plemented with disCl"ete co mponents 
throughout. We have spare ca rds and the 

main tenance is do ne by each person, 
al though the more experie nced of us give 
help to the others. We are look ing forward 
to art icles in BYTE on PDp·8 and IM6100 
ty pe systems; no doub t they will start with 
the introdu ction of the IM6100 kit by PCM . 
We are of course always glad to hear fro m 
other PDP-8 people. 

Frank Gentges 
351 2 Orme Dr 

Temple Hills MD 20031 
(301) 894·261 3 

A SALUTE TO THE PDP·8 
AND FAREWELL 

Thi s lettel" is an opin ion in response to 
the article in BYTE #9, "Chip Off the Olde 
PDP 8/ E" by Robert Ne lson [page 60] in 
which he made the in credi ble statement, 
"Th e PDP·8 at thi s poin t may trul y be the 
uni versal co mpu ter" and wh ich concluded 
with the state ment that " Many of the 
mi croprocesso r chips ava il ab le today were 
not designed to be the heart of a ge nel-al 
purp ose mini compu ter ... (b ut) . . . were 
prim al" ily des igned ... (for ind ustri al control 
appl ications) .. .. " 

Mr Ne lson either ove rl ooks or never knew 
l hat the PDP·8 was freq uent ly so ld not as a 
compu ter but as a controll er. In any case, 

Perhaps you know one or more unfortunate who each 
mo nt h runs the risk of missing BYTE. Perhaps you ARE 
one. 

Give him a gift. Give her a gift. Give yourself a gift. 

Can it be that there m'e still hackers* out t here who have n't 
yet subscribed t o BYTE? 

As our holiday gift t o you, each subscript ion after the first 
at the regular $12 rate (which by the way saves you $3 a 
year over single copy price) will cost only $10 (a vast $5 
saving over single copy price). From the way new subscriptions are inundating Debby, 

Deena and crew, it seems t here are t housands of hackers'x, 
who are only now discovering what a blessing it is to have 
BYTE come each month whether t hey remember to go out 
and buy it or not. 

Considering it can ta ke as long as six weeks to process a 
subscription, it's not a bit t oo early t o give the perfec t gift 
for t he hacker';':' who hasn't yet subscribed . 

* microists, cybernuts, byte rs , kluges, etc .• • see letter on pages 18·20 about our identity crisis. 

BY TE GIFT 
70 Main St 
Peterborough NH 0 3458 

Name .... . ..... . ........ . . . . .. . ...•..•. . ......... • . . . . 

Address . ......... . ... . ... . . . .......... . . . ........... . . 

Citv . . .. ... . .. . . . . . . .. ... . ... Stat e . . .•.... . . . . Z ip .... . 

o BI LL ME 0 Chec k for $ 12 enclosed 

o Bill BankAmeri card No . . .... . . . ...... . . . . . . .. .. ...... . . . 

o Bill Master Charge No ........... .. . . ............. . ..... . 

BYTE G IFT 
70 Main St 
Peterborough NH 03458 

Name ... . . . . . ... . . . .... . . . . . . . . .. .. .. . .... . . . . . .. ..• .. 

Ad dress .. .. . .... . .. ....•.. . . . . . .. ........ . .... . .. . . ... 

Ci ty . . .. .. .... . . . . .. ......... . St ate .... . . ..... Z ip . . .. • 

o BILL M E 0 Check f or $ 10 encl osed 

o Bi l l BankA m eri card No . . ... . . . . . . . . . . • . ...... . . . . ... . .. . 

o Bill Master Charge N o . ........ . . .... . . . ........ . .... . .. . 

NOTE: If you're ta king advantage of th is offer, please use t hese co upons instead of t he ye llo w card. If you ' re send ing more than one $10 gift sub 
(Santa Claus incarnate!), photocopy or oth erw ise copy the coupons . An el f f rom Mars has been hi red to han dle gi ft subscri ptions exc lusively, and 

\..the color yellow makes him dan gerously bili ous. ~ 
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SN7400N* 
SN740lN 
SN7402N 
SN7403N 
SN7404N* 
SN7405N 
SN7406N 
SN7407N 
SN7408N 
SN7409N 
SN7410N* 
SN74 11N 
SN7412N 
SI-/7413N 
SN7414N 
SN7416N 
SN7417N 
5N7420N 
SN7421N 
SIl7422N* 
5117423N 
SN742511 
5tl7426tl 
SN7427N 
5N7429N 
StH·nON 
St17432N 
5N7437N 
SN743BN 
5N7439N 
5N7440N 
5N744"" 
SN7442N 
St11443N 
5N744411 
SN744511 
5N1446N 
SN1447tl* 
5t174~8N 
srH450N 
SN145"" 
5N7453N 
5tH4s.1N 

7400N TT L _I-__ ....:C:;.;:O;.;.;N:.:S.:U.:.:.;M:=E.:.:.R-=E:.:L:.:EC~T~R:.:::O~N~IC~S:...-_~ r-~-r--.-F'.+' ,+' '-={ • • '=i""'R- MINIATURE 
.16 5N7459A .25 PONG SI G $59 95 .~ 111 2.952.551.871.10 TOGGLE 
.16 5N7460N .22 SN741541l* 100 G:MiE • 0 N G ~. :, ::: , 
.21 5N7470N .45 5N74155N .99 P -.. o~ ~ O~ 2.952 .151.58 1.43 

:H l~HHz: :~! ~~;:)ll~ I :~ SUPER PONG 41~~~~S $89.95 ~~ 7H 1'~ 1 4J 130 ' 

.20 SN7475N* .50 SN74 161N .99 

;: ~~;:;:~: 51.\ ~~;::~~- ,~ GAMES INCLUDED IN SUPER PONG ARE: '''' ' " ' " ' " 
.25 SN74SON .50 SN74165N 1.10 • PONG • CATCH 
;: ~~;:~~ }g ~~;:::;~ ~.~ • SUPER PONG • HANDBALL 
.33 SN'485N ,89 SN74170N 2.10 FE ATURES OF PONG AN OSUPER PONG 
.45 SN7486N 39 SN74172N 8.95 • InClfmental speed on V1l1ley.; 1fICreases txcllEmefll. 
.70 SN748BN 3.50 SN74173N 1.50 • Playlllg field adjUSts 10 any sile screen 
.35 SN7489N 2.25 SN74174 N 1.25 • GiWneappear3incololorinblack&whilfl.dependlngontelevisionsel. 
35 SN7490N* .45 SN74175N .99 • UOO1iSla~able "PO NG " SOLln~ accompanies each volley . 
.21 SN7491N .75 SN74176N .90 • Oigilal scoring lIashl'Son these/ten between each point. 
.33 SN7492N .49 St174177N .90 • 2 player challenge or Solitaire 
.49 SN7493N* .49 SN74180N .99 • Hooi<S up smply to any moOellelevislOn sel : Ihe screen actually becomes Ihp. playin!l Held 
.37 SN7494N .79 SN7418 1N 2.49 • English anO olhef If!ChnIqLlI'S Cln be !lied 10 make any mlnJber 01 the l;mlly a Pong ch;mpion . 

:~~ ~~~:~~ .~ ~~~:~~:! I::; • Banery opefaled by 4 size " OU lIash1illhl banerll'!5 IncluOed With me Un11. 

.37 S1l7497N* 4.00 SN74 1851l 2.20 AC Ada ptor (Eliminates Batteries) $9.95 

.42 SN741{Xm* 1.00 SN74186N* 5.00 

.26 SN74107N 39 5N74187N 6.00 

.31 SN74121N* . ~9 SN74188N 3.95 

.27 SN14122N .39 SN74190N 1.1 9 
27 5N74123N* .70 SN74191 N 1.25 

.25 SN74 125N 60 SN74 192N* .89 

.15 SN74126N .60 SN74193N* .89 

.89 SN74 132N 1.09 SN74194N 1.25 

.59 SN74136N .95 SN74195N .75 

.75 SN74WN 1.15 SN74196N 1.25 

.75 StI14142tl* 4.00 SN741971l .75 
75 5N74143N* 4.50 SN74198N 1.75 

.81 SN74144N* 4.50 SN74 199N 1.75 

.69 SN74145N 1.15 S1l74200N l .59 

. 79 Stl74147N 2.35 SN74279tl* .90 

.26 SN74 148N 2.00 St174251N 1.79 

.27 SN741 SON 1.00 5N74284N 6.00 

.27 St174151 N .79 SN74285N 600 
.20 SN74153N .89 St174367N .75 

MANY OTH ERS AVAILABLE ON REQUEST 
20% Discount for 100 Combined 7400's 

~~~: ~~ eM 0 S ~:~~~ :~; 
C04002 25 C04035 1.85 74C20tl 65 
C04006 2 50 C[)4().10 245 74CJON 65 
CD~007 25 C041).12 I 90 74C42N 2 15 
C04009 59 C041).14 150 74C73N 1.50 
CD4010 .59 C04046 2.51 74C74 1 15 
CO~011 .25 CD4().17 275 74C90N 3.00 
C04012 25 C!)4().19 79 74C9stl 200 
C04013 ~7 CO~050 79 74C1OlN 1.25 
C04()16 56 C04051 2,95 74C1 51 2.90 
C04017 135 C04053 2.95 74CI54 4.00 

CI 
_125 " dia . 

XC209Red 10/$ 1 
XC2 09Green 4 11' 
XC209Yol iow 71 1 
XC2 09Q r ange 4 1 1 

MAN? 
$99 

DISCRETE LEDS 
SPECIAL SALE 

• ,185" dia . 
XC526Rod lOll' 
XCS26G r cen 7/ 1 
XC526Yel iow 4 1 1 
XC5260range 4 1 1 
XC526C lcar 7/$ 1 

• 
DISPLAY LEDS 

SUPER SAVINGS! 
OL701 

FlI0503 fi 11";3 MAN 4 MAN 7 

• .190" dia. 
XCl 11 Rod 8/1' XC 111 Groon 4 1 1 
XC1 11 Ye llow 41 1 
XC1 11 0range 4 1 1 

.085" dia. 
MV50 
.085" d in. Micr o 
red L ED 
61.5 1 

DL338 
$ .99 

Ol7.ll 

Ol3311 

;:£!~.~~::~:'~~-
Mo_" ..... A<'.ons..,,' ~ 
.... Q'",.".O',.no· ... a' ... "" 
c , ~ ..... "'" N C < ".~,' u __ ' ...... 'n."'" I. '.,,,, <l. 1 
" l ' '''' .... C .~d'" 0 , 1 .6l 

PUSH BUTTON 

PB-123 $1.75 1 
PB-126 $1.75 ~f 

THUMBWHEEL SWITCHES 

• 
I"I~ 

ACCESSORIES 
PInHo. DU.cl1ption 
SR[P [I1IIPt~!SI~'1 SSO 
SR OP DMGe. PI~lt(t'Chl 40 
Sll 89 81l1n1. Boc:-,. IUUI) 40 
SR HB H .. ~ B1IC!V IUCl'II ~O 

CLlPLITE !! 4/ 
NEW LED $1.00 

MOUNTING SYSTEM 

• CLlPLITE mounts from the 
front of the Pane l in a .250 
hole on 3/8" centers. Panel 
thickness from 1/ 16" to 1/8". 

• CLlPLlTE eq u alizes and increases the bright
n ess of commonly u sed wide beam LEOS. 

• CLi PL ITE is to be used with XC556 LEDS onl y . 
Specify red, green, amber or yell ow CLIp· 
LIT ES when ordering. 

C04019 55 C04060 325 74CI57 2.15 

2g:g~ i ';~ ~g~~~ I ~; i;gll:? i .. :; ~':~E I ~~~~,~~T:node ~~o 2.49 ~~~E 3G20 ~~~~~:,T:nOde'O.a"yC ~bo .99 lVPE- VDLT~E~ERS;;;PeIOD;~RV~RPFltRS PRICE 

~~~~~~ 1 ~ ~~:~!: :; ;~g:~ ; ~ ~~E ~ ~ii~~l ~:~~~: ::~~ ~~j~ ~C7~O:~~g ~~~~~~ ~~~~i~h~~~ngc :~gg :gg I IN746 3 3 ~OOm 4/1.00 lN4005" 600 PIV 1 AMP 10/1.00 

C04025 .25 ~g:~:~ ~:~ 74C173 2 &0 ~~~ ~G ~~:!!~~~ ~~~~:.u.elt,. :588 I :~g OL707 ~~~~~~ ~~I~do~u :~8g ~ :~g . :~~;~A ~: ~ ::~ ::::: :~::~: l:g ::~ ; :~: :g:: ~gg 
:!l: ; ~ ;~~~~I ;; f~~~~. I~ ~~H if ~~gg~~ ~;mf;~~~" .m 'II mn ~~~g~; ~f:m:m lU :::F.:! :~~ :;:~ \%:~;~ 2~~ \B~ 

I~C~04~030!r_j6~S_~-:-:-:-::-::-:::-~MC~14rt°~16_' ""'!i· 56t-1-~M~AN~"llc~om2:m~o~"lc~"~",*d~' ~~J'J~OO~'J, '~':.-:::.;.~~;g~g~g~l :;:::~g~~:;:~:;,~':~:~ ~~'~:,~:'J'iJ::.d':...._~:R~88~:~:~~g-l IN9tj5B 15 400111 4/1.00 lN4734 5.5 Iw 28 H .80 lMI310N 2.95 ~~~ ~~ g~~~~~ ~~lt~,~~j~~I~~i~w :588 :gg tN S232 5.5 500m 28 lN~735 6.2 lw 28 

ll.1301H ,35 LINEAR ll.11351 " 1.65 IC SOLOERTAll-LOW PROFILE (TIN) SOCKETS \'11523' 6.2 SOOm 28 'N"" 6.' 'W 28 
LM30lCN 3S lM1414N 1.75 W5235 6.8 500m I 28 11'14738 8.2 lw 28 
lM302H .75 lMI458C .65 HIS235 7.5 SOOrn ' 28 IN4742 12 lw 28 
lM3().1H 100 It,mOtl 1.1 5 LMI496N .95 J.2.4 25·49 SO-IOO . 1-24 25·49 50-100 tlI4S6 25 40m 61UXl INH44 15 lw 28 
lM305H 95 lM373t1 3.25 lMI556V 1.85 80in S.17 16 IS _ 2~p1ll S38 37 .36 111456 150 7m 611 .00 IN1183 50PIV 35 AMP 1.60 
lM307CN 35 lM37W 4.00 I t.1 2111N 1.95 14 pill 21J 19 . 18 ~ 26 pill .45 .44 43 ItM85A 180 10m 5/;.00 lNl184 100PIV 35 AMP 1.10 

t~~~~N : .~ ~~:~N : : ~~ ~:~~ 2 ::~ ~~ ~\~ :~ :~~ ~~ ~~ ~il~ :~~ :~~ :~~ ~ :::~~~ ~g:~~V : ~~: :~: .~ I ~~ ::65 2;:~,= I V :55A~~P ~.~~ 
lM309H I 10 U.t381N 1.19 lM3900N 55 22 pin .37 35 35 SOlDERTAll STANDARD (TIN) Ul4lXl3 200 PIV I AMP 1211.00 INIl88 400 PlV 35 AMP 3.00 
LM309K .99 lM382N 1.79 lM3905N .M 11'14004 400 PIV I AMP 12,11.00 
LM310CN 1. 15 NE50IK 8.00 lM3909* 1.25 
LM311H 90 NE510A 6.00 lM5556N 1.85 
l M31tt1 90 NE531H 3,00 MC5558V 1.00 
lM318CN 1.50 NE536T 6.00 LM7525N .90 
LM319N 1.30 NE540L 6.00 lM7535N 1. 25 
LM320K-5 135 NE550N .79 80388* 4.95 
lM320K·52 135 tlE555V* AS lM75450 49 
lM320K-12 1.35 NE5608* 5.00 75451CN .39 
LM320K·15 1.35 NE561e* 5.00 75452CN .39 
lM320T-5* 175 tlE562B* 5.00 7545JCN 39 
lM320T·52 1.75 tlE565H* 1.25 75454Ctl .39 
lM320T-8* US tlE565N* 1.75 75491CN .19 
lM320T-12- 1.15 14 E566CN* 1.25 75492CN .69 
LM320T-15 1.75 NE567H* 1.95 75494CN 89 
LM320r-18* 175 NE567V* 1.50 RCA LINEAR 
LM320T·24 1.75 l M703CN .45 CAJ013 2.15 
lM323K ·5* 9.95 lM709H .29 CAJ032 2.56 
LM324N 180 l M709N .29 CAJ035 2.48 
Lt.l339tl 170 lM710tl .79 CAJ039 1.35 
lM3JoK.5 1.95 lM711N .39 CAJ().I6 1.30 
lM340K-6 1.95 lM723H .55 CA3{)59 3.25 
LM340K·8 1.95 lM723H .55 CAJ060 3.25 
LM340K-12 195 LM733N 1.00 CAJ080 .85 
l M3.\OK-15 1.95 l M73911 1.00 CAJOBI 2.00 
l M340K-18 1.95 lM741CH .35 00082 2.00 
lM340K.24 1.95 U.l74ICN 35 CAJ083 1.60 
U.1340r-5 175 LM74114N .39 CAJ086 .85 
l M340H 1.75 LM747H .79 CAJ089 3.75 
l M340r.a' 1.75 l M747N .79 CAJ091 10.20 
LM340T-12 175 lM748H .39 CA3123 2.15 
It.l340T-15 1.75 LM748N 39 CAJI30 1.39 
LM340T·18* 1.75 LMI303N .90 CA3140 1.25 
lM340T·24 1.75 lMI304N 1.19 CAJ600 1.75 
lM350N 1.00 lMI305N 1.40 RC4194 5.95 
lM351CN 65 l M1301N .85 AC4195 3.25 

74LSOO TTL 
74lSOO 39 74lS55 .39 NlSI51 155 
74lS02 39 74lS73 65 74lS153 189 
14lS03 39 74lS74 65 74lS157 1.55 
74lS04 45 74lS7S 79 74 lS162 225 
74lS05 ~ 5 74lS76 65 74lS1 63 225 
74lSOB 39 741563 2 19 7~lS164 225 
74LSI0 39 74lS86 .65 74lS161 3.69 
74lS13 79 74LS90 1.25 74LSI90 2.85 
74lSI~ 2 19 7~lS92 1 25 74lS191 285 
74lS20 39 74LS93 125 74lS192 285 
74lS26 49 7~lS95 2 19 74lS193 2.65 
74lS27 45 74l S96 169 74lS194 2.25 
741528 49 74lSI07 65 74lS19S 225 
74lSJO 39 7~LS11 2 65 14lS257 1 89 
74LSJ2 45 74lS132 1.55 74lS26o 55 
7.llS40 49 74lS136 65 74lS279 79 
74l5s1 39 74lS138 1.89 74lS670 595 

DATA HANDBOOKS 
7400 Pin ·out & Dcscription o f 5400/7400 ICS $2.95 
CMOS Pin -out & Description of 4000 Serics ICS $2.95 
Linear Pin·out & Functional Descrip tion S2.95 

ALL THREE HANDBOOKS S6_95 

100 PER STRIP MOLEX PINS 
InlencedforuseasanmexpensivesubslilUlelor Ie 
sockets. Also perfect for use as board connector s 
andinsubassernbties. 

SPECIAL - 100/1.49 - 1000/12.00 

14 'pin S.27 
16pin .30 
18 pin 35 
24 pin .49 

8 Pill S.30 
Hoin .35 
16 pin 38 
l8pln 52 

10pin 
14 pin 
16 pin 
18 pin 

$.45 
.39 
.43 
75 

.25 

.27 

" ,45 

27 ," 35 

" 
'1 
38 
42 
68 

24 ",, 28Pln 
25 36pm 
30 , 1 '" ~o pin 
.42 

SOLOERTAll STANOARO IGOLO) 

S .99 
1.39 
'59 

24 .. 24 pm 5. 70 
29 ~~ 110 
32 1 I 36 pin 1.75 
J3 40~ 1.75 

WIRE WRAP SOCKETS (GOLO) LEVEl #3 

37 
.37 
.'1 

" 
.. - 24 pin 

28 Pill 
36 pin 
40pm 

S105 
1.40 
1.59 
1.75 

90 
1.26 
1.45 

.63 
1.00 
140 
1.59 

.95 
1.25 
1.45 
1.55 

50 PCS. RESISTOR ASSORTMENTS $1.75 PER ASST. 
10 OHM 12 OHM IS OHM 16 DUM 22 OHM 

81 
\.15 
1.30 

.57 
90 

1.26 
loiS 

.85 
1.10 I 
1.30 
1.40 

ASST. I Sea . 27 OHM 33 OHM 39 OHM 47 OHM 56 OHM 1/4 WATT S% .. 50PCS. 

ASST. 2 

ASST. J 

ASST. 4 

ASST. 5 

ASST. 6 

ASST. 7 

68 OHM 82 OHM 100 OHM 
Sea. 180 OHt~ 220 OHM 270 OHM 

470 OH~~ 560 OHM 680 OHM 
Sea. 12K UK 1.8K 

33K 3.9K OK 
5u. 8.2K 

2" 
Sea . 56K 

'50' 
Sea.39OK 

' M 
Sea . 27M 

10' 

27' 
68< 

'SO, 
470K 

12M 
3.31.1 

,,, 
33< 

'" 220' 
580' 
15M 
3.9M 

120 OHM 150 OHM 
330 OHM 390 OHM 

820 OHM lK 
2.2K 27K 

5.6K (i8K 

'" 
39< 

'00' 
270K 
680K 
IBM 
471.\ 

'" m 
120K 

330K 
820K 

2.2M 
S6M 

1/4 WATT S~l. " 50PCS. 

1/4 WATT 5% SOPCS. 

\14 WATT S~;' 511 PCS. 

114 WATT 5% " SIIPCS. 

1/ 4 WATT S~l. - 511 PCS. 

1/4 WATT S-, • • 50PCS. 

S EACH MINIMUM PER VALUE ON ANY RESISTORS FROM 2.2 OHM TO 5,6M 
5·25 pes ' .05 ea 30·95 PCS .04 ea . 100,'195 PCS · .03 e~ . 500-995: .0275 ea , 

SINGLE TURN "' .. CERMET POTENTIOMETER 
• Resistance Tolerance :!: 20% 
• High Power - 0.5 Watt a t 700e $ 89 
• Wide Operating Temp. Range - 55"C to + 12S'C • 

STANOARO RESISTANCE VALUES 
son lOon soon lK 2K SK 10K 20K SOK lOOK 200K SOOK 1 MEG 

-Aslrisk Denoles Items On Specia l For This Monlh
S.lIsfactlon Guar.nleed . SS.OO Min . Order. U.S. Funds. 
California Residents - Add 6% Sales Tax - Da ta Sheets 25c each 

Send a 13c Slamp (poslage)lor a FREE 1976 Cal.log 

{l/l?lt&S 
1021 HOWARD AVE., SAN CARLOS, CA. 94070 

PHONE ORDERS - (415)-592-8097 

SCR AND FW BRIDGE RECTIFIERS 
(;360 
C3BM 
2N2328' 
\lOA 980·1 

I MOA 980,3 

t~PS ADS 
MPS,," 
~N2219A 
,U2221 
2N2222A 
, N2369 
W?369A / 
F~ 24 15 

<'1'12484 
1N29(J6'. 

;~~~A 
2113053 
2113055 
MJf3055 
"'.1[<'955 
~N3392 

2113398 

5.'$100 
$.5100 

"'". 41$100 

15A@ 400V 
35A@200V 
1.6A@200V 
25A@50V 
25A@200V 

5CR SI .95 
5CA 1.95 
SCR .50 
FW BRIOGE REC. 1.95 
FW BRI~GE REC. 1.95 

TRANSISTORS PII : 2~9 ~ISI 00 
PIH2!>O ~ 'SI 00 
2N44oo 41$100 
2N441)1 ~I$I 00 

PN3~1 35100 
PtIJ~ 4/$100 · 

,'SO,. , 5'5100 
41$100 
5IS1.00 
415100 
4/l100 
SiS\CO "',,. 
?JSlOO 

~~~~~ ~:.~\ : ~ 
2N3705 5,,' 00 
2113706 515 100 
2N3707 5.1$100 
2143711 515100 
2N372~ S 6S • 

2tH~02 4'$100 
2N4403 415100 
2114409 ~ 'Sl re 
21150&6 4151 ,01) 
2'15087 411100 
lN5()88 4'S100 
2NSOB9 HI 00 

'" SO,. 
S1 25 

5,'$100 "',,. 

2N3i25 $1 00 
2113903 5151(0 
2113904 41$1(1 
2113905 4~1 (0 
2143906 HI 00 
2N~0 1 1 3.51 co 
2N.1014 3151(0 
214 41 23 101$100 

2tlSI29 515100 
2N5138 51$100 
2N5139 !lJS100 
2N5209 51100 
2/015951 5$100 
CHloB1SCR VSloo 
2N5432 S200 

CAPACITOR SO VOLT CERAMIC 
DISC CAPACITORS 

CORNER 
1-9 10·4950·100 1·9 10·49 50-100 

10pl 
22 pI 
47 pI 

100 pI 
220 pI 
410 pI 

.05 .04 .03 .001JJ.F .05 .04 .035 

.05 .04 .03 .0047JJ.F 05 .04 .035 

.05 .04 .03 .01JJ.F .05 .04 .035 

.05 .04 .03 .022J,1F 06 05 ... 
.05 .04 .03 .047JJ.F .06 .05 .04 
.05 .04 .035 . IJJ.F .12 .09 .075 

.oolml 

.0022 

.0047ml 

.Olm! 

.1/35V 

.15/35V 

.22/35V 

.33/35V 

.41135V 

.58/3SV 
I.0/35V 

100 VOLT MYLAR FilM CAPACITORS 
.12 .10 .07 .022ml .13.11 
.12 .10 .07 .047ml .21 . 17 
.12 .10 07 . lml .27 .23 
.12 .1 0 .07 .22m! .33 .27 

+20% OIPPEO TANTALUMS (SOLID) CAPACITORS 
.28 .23 .17 1.5135V .30 .26 
.28 .23 .17 2.2/25V .31 .27 
.28 .23 .17 3.3/25V .31 .27 
.28 .23 . 17 4.7/25V .32 .28 
.28 .23 .17 6.8/25V .36 .31 
.28 .23 .17 10125V .40 .35 
.28 .23 .17 15f25V .53 .50 

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS 
Allallud Radial lead 

.47150V .15 .13 .10 .47125V .15 .13 
1.0/SOV .16 .14.11 .47/5fN .1 6 .14 
3.3/SOV .15 .13 .1 0 1.0/16V .15 .1 3 
4.7125V . 16 . 14 .12 1.0125V .16 .1 4 

lo/25V .15 .13 .10 1.0/50V .16 .14 
10/50V .16 .14 .12 4. 7/16V .15 .13 
2212SV .17 .15 .12 4.7/25V .15 13 
22/50V .24 .20 .18 4.7/5OV .16 .14 
47/25V .19 .17 .15 10/16V .14 .12 
47/5rJ11 .25 .21 .19 10/25V .15 .13 

lOO/25V .24 .20 .18 10/5OV .16 .14 
IOO/5rJ11 .35 .30 .28 47/5OV .24 .21 
22Q/25V .32 .28 .25 IOO/16V .19 .15 
220/5OV .45 .41 .38 lOO125V .24 .20 
470125V .33 .29 .27 lOO/5OV .35 .30 

IOOO/16V .55 .SO .45 220/16V .23 .17 
22OO/16V .10 .62 .55 470125V .31 .28 

.08 

.13 
,17 ,,, 
,,, ,,, ,,, 
.23 
.25 ,,. 
'<0 

.10 
. 11 
,10 
. 11 
. 11 
,10 
.10 
. 11 
09 

.10 

.12 
. 19 ... 
.18 ," 
.16 
,26 



"The PDp·8 is an old war· 
horse which should be put 
out to pasture." 

sophistication is where you find it. The 8080 
is far more sophisticated than the PDP·8 so 
if one needs a capable computer, regal'dless 
of the imputed applications intent of the 
designers, the 8080 is better than the PDP·8 
hands down. 

The PDP·8 was truly a marvel for its time 
and for this DEC deserves great pl-aise. 
However, the PDP-8 is an old warhorse 
which shou ld be put out to pasture. A group 
within DEC's environs realized the PDp·8 
was over the hill so they broke away from 
Data General and made the NOV A which 
was a vast improvement, conceptually, over 
the PDp·8. But now the original NOV A and 
its replacement the SUPERNOVA are both 
also over the hill, eclipsed if you please, by 
later innovations. The DEC people felt the 
hot winds of change blowing on their col· 
lective necks so they developed the PDP-ll 
(no doubt partly in reaction to the success 
of the NOVA which is a mighty fine little 
computer except for the possibility it is 
somewhat wasteful in its utilization of 
memory address space). But it is not my 
purpose to discuss the PDp· 11. 

I t is fantastic that Mr Nelson claims the 
PDP·8 is easy to understand from a software 
standpoint. It is not all that difficult to 
understand, but he must have meant that the 
PDP-8 is easy to understand when compared 
with other computers. The PDP·8 is not a 
"clean" machine ' - it has some complica· 
tions that are needlessly tedious when com· 
pared with a classic von Neuman computer 
such as the IBM 7090 (the 7090 was 
somewhat larger than the PDP·8). The so· 
called microinstructions are enough to drive 
a beginner right up the wall. The 8080 has 
its little comp li cations; but, if desired, one 
could se lect a subset of the 8080 instruc· 
tions [Such as Charles Howerton used in his 
July 7976 BYTE article on page 22] which 
if used for comparison with the PDP·8 
would be both simpler and more powerful 
than the PDP·8. Many comp li cations in 
programming have to do with addressing. 
Compared to the pain of addressing on a 
PDP·8, addressing in the 8080 could not be 
easier. Addressing only 4 K on the PDP·8 
requires 24 bits: 12 bits for the instruction 
and another 12 bits for an indirect address 
vector. The poor little 8080 "industrial 
controller" directly addresses 64 K in the 
same 24 bits. 

Mr Nelson says the PDP·8 has a "con· 
venient parallel word length of 12 bits." 
Convenient for what? The only thing I can 
think of is a 12 bit A to 0 converter or 
reading all ·12 leve ls of a punched data card. 
One hardly needs 12 bits for an operation 
code (8 bits all ows 256 possible operations) 
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and 12 bits is a short and lim ited address 
field. I n the "olden" days, before ASCII, the 
12 bit word could hold two characters at 6 
bits each, but that is ancient history. 

The autoindexing locations in octal 0010 
to 0017 are kind of cute. The Data General 
NOVA extended this concept to also allow 
auto decrement locations, but neither the 
auto increment or auto decrement locations 
are used very much these days because no 
program is really quite sure they are not 
used by some other program wh ich leads to 
th e consequence that they are not used by 
anyone. I n a sense, the NOV A was an 
ex tension of the PDp·8 in concept, but the 
NOV A people should have looked elsewhere 
for inspiration. 

Now for some fundamental theory . Mr 
Nelson points out that instructions can be 
manipulated and data words can be exe· 
cuted, concerning which he says, "Software 
people will recognize this convenience." 
Convenience my foot - this is a bucket of 
worms. Before the invention of index reg· 
isters and indirect addressing, this was the 
only method available for instruction modi· 
fication. Very few modern programmers 
play such games with instructions because it 
unduly complicates on line debugging and 
prevents a program being written as "pure 
procedure." A program consists of pure 
procedure when it never changes any loca
tion that is peculiar to (is assigned to) the 
procedure block itself. Such a program has 
the virtue that it can be placed into read 
on ly memory (ROM, PROM or EROM) or 
protected programmable memory. A con· 
ventional PDP·8 program cannot be written 
as pure procedure because the return vector 
from a subroutine is always stored into the 
first location of the subroutine. This is the 
classic subroutine linkage and is how it was 
done on most computers for many years. 
Thus, it fo ll ows that the PDP·8 and read 
only memory do not get along together. 

The interrupt structure of the PDp·8 (and 
the NOVA) is quite crude when compared 
with most modern computers (maxi, mini, 
and micro). The PDP· 11 has a particularly 
nice vectored interrupt structure. 

I think that the article by Mr Nelson is an 
excellent example of the smoke screen that 
is thrown up when discussing a machine that 
is quite deficient in terms of registers. He 
mentions the multiplexer (OX) register and 
the temporary register (TEMP) that are 
abso lutely unavailable to you in any sense; 
but, when thrown in with the "real" regis· 
ters, it seems to up the count. He also 
includes features common to all CPUs such 
as the PC, MAR, IR and the ALU which is 
not a register anyway. 



~----------------------~ I I 
I World's Lowest I 
I I 
I Ie Prices I 
I I 
I 

rrL LOW POWER SCHOrrKY I 
I 7400 14 74151 60 74L500 .25 74L5164 1.50 I 
I 

7402 14 74157 60 74L502 .25 74L5174 1.50 
I 7404 16 74160 75 74L510 .25 74L5175 1.50 

I 7410 14 74161 .75 74L573 40 74L5193 1.50 I 7420 14 74163 .75 74L575 .50 74L5251 1.50 

I 7427 25 74165 .80 74L5151 .85 74L5253 1.50 I 7438 25 74173 1.25 74L5153 .95 74L5257 1.50 
I 7440 14 74174 .75 74L5157 150 74L5258 1.50 I 7445 45 74175 75 74L5163 1.50 
I 7447 65 74177 .70 CMOS I 
I 

7450 14 74180 .80 4001 16 4027 .40 I 7451 14 74181 1.50 4002 16 4028 .60 

I 7473 22 74191 1.00 4006 90 4030 .35 I 7474 23 74192 70 4007 16 4040 95 
I 7493 50 74193 70 4008 70 4042 .60 I 7495 49 74198 100 4011 16 4043 .75 
I 74107 29 9602 50 4012 16 4044 .70 I 

74116 100 9300 75 4013 35 4049 38 I I 74123 50 9312 70 4015 .80 4050 .38 

I 74150 60 4016 35 4066 .65 I SCHOrrKY 4019 70 4068 .35 

I 74502 25 745172 350 4020 90 4069 .16 I 
74537 40 745175 1 50 4021 95 4071 .16 

I 74585 200 745181 350 4023 16 4073 .16 I 
I 

745139 1 50 745197 1 50 4024 75 4075 .16 
I 745140 50 745257 150 4025 20 4516 .85 

I 745153 250 LlNEARS 4585 .85 I HIGH SPEED NE555V 43 RAMS 

I 74HOO 20 74H51 20 NE556A 90 2102 1.50 I 
74HOl 20 74H52 20 741 V 30 PROMS 

I I 74H04 20 74H74 40 1458V 52 825235123 1 95 

I 
74Hl0 20 74H 103 50 566V 1 25 

I 74Hll 20 74Hl06 50 567V 1 35 

I 74H40 20 540L 200 I 
I Order MInimum S 70.00 Add S 7.00 shlppmg and handlmg charge per order California residents add 6% I sales tax All orders shipped promprly 

I Order the famous lasis 6 volume Programmed Learning Course "Microcomputer Design I 
I is a Snap" for $99.50 and receive a special $10.00 credit on any group of IC's . I 
I Sall.factlon 100% guaranteed. 

(C.O.D. Orders: Phone (day or night) 408/354-1448 I 

I €LTRON PO Box 2542 B 
I 

I Sunnyvale, CA 94087 I L ______________________ J 



A virtue of the PDP-8 which must be 
admitted is the large amount of software 
that has been written for it. Consider ing that 
practi ca ll y none of it may be pl aced into 
ROM, this treasure trove is of littl e value 
unl ess you have it on di sk or other fast mass 
storage device. Now you are beg inning to 
talk the kind of bucks that would be better 
spent for a more effec tive computer. It is 
not nice for me to say it, but thi s vast store 
of f reely avail abl e software contain s a heck 
of a lot of junk that would be mOI'e troubl e 
to und erstand and ge t working th an it is 
worth. You obviously need systems pro
grams like an editor, assembler, and a debug 
execu tive, bu t beyond these yo u need lit tle 
more. These shou Id properl y be suppl ied by 
th e manufac turer anyway ! 

Contrary to MI' Nelson, I say th e PDP-8 
or its near equ al the IM6100 are not at all 
the "idea l machine for the computer hobby
ist." If yo u could "fall in" and get one fOl
nothing, then take it, bu t fo r your hard 
ea rned bu cks - no way man. 

Webb Simmons 
1559 Alcala PI 

San Diego CA 92111 

There are two sides of every coin, and we 

print y our letter to give an example of a 
critique which might be made. Does any one 
else have some information or opinions to 
contribute on the basis of personal exper
ience with PDP-8s? 

Digital Equipmen t Corporation is the 
source of a whole industry, the minicom
puter industry, and the PDP-8 is historically 
the first success fully marketed minicom
puter. (Successfully is defined here as widely 
sold and installed.) All presen t microcom
puter work owes its heritage to the earlier 
minicomputer industry and indirectly to 
Digital Equipment Corporation and the 
PDP-8. 

We caution readers that just as Robert 
Nelson may be a bit pro-PDP-8 in his recent 
two part article, the above letter represents 
and emphasizes the other side o f the coin. 
An important item to remember in fo rming 
your own opinion about the matter is that 
virtually any machine with the character
istics of programmability can be used in the 
small computer systems context. If you are 
having a race to see who is the fastest, who 
uses the least memOIY, who has the best 
software development systems, etc, then 
differences in the design and histolY of a 
computer architecture will en ter in to the 
decision. -

BYTE T-shirts are here' 
At last! No more wardrobe crises! BYTE T-shirts are here! Now you 
have the perfect garb for computer club meetings, Altair Conven
tions, playing Shooting Stars and computer chess. (A pair of 
trousers from your own closet is suggested as an addition to the 
BYTE T -5hirt. The Bytique can't do everything for you.) 

BYTE T -5 hirts are of top quality 100% cotton or cotton-polyester. 
The original design, by artist Judy Lee Rehling, is silk screened in 
red on white shirts with blue trim on collars and sleeves, or on blue 
heather shirts. Each shirt is mailed first class for safe, rapid delivery 
to you. 

The $5 price includes handling and first class postage. 

jSendW:---In7n~~~~~~smgm~~eed30da~-
I The Bytique 

I PO Box 274 

I Jaffrey Center NH 03454 

Please send me _extra large _ blue heather 

_large _white with blue trim and 

_ medium 

_ small 

Total enclosed $, _ _ ___ _ 

red letters 

T-shirts @ $5 each (includes hand

ling and first class postage) 

Bill MasterCharge No._ _ _ __ Exp. Date ______ _ 

Bill BankAmericard No. _ _ __ Exp. Date _____ _ _ 
Name ___________ _ _________ ___ 

Address _ ________ ____________ _ 

City _ _ _____ ___ -1:iState' _____ LZip _ _ _ _ 
Signature _______ _ _ ______ ____ _ _ 

Other colors, styles I'd like to see ____________ _ 
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TOUCH TONE PARTS KIT 

Bas ic k it of ports for bu i ldi ng 
touch tone generator . Incl udes 
MC I44 10P touch tane chip, 12 
key Chomer i cs keyboard pi U5 

I MHz crystal . Comes with a 
se t of app li cat ions showing 
typical circuits. 

All three components $16.95 

MC I 4412 UNIVERSAL MODEM CHIP 
MC14412 contains a comp lete FSK modulator cnd de - mod
ulator compa ti ble with foreig n and USA commun ica ti ons. 
(0- 600 BPS) 
FEA TURES, 

.On chip crystal osci ll a tor 
• Echo suppressor disab le tone generator 
.Originate and onswer modes 
• Sim plex, ha lf- dup lex, and fu ll dup lex opera tion 
.On chi p si ne wove 
. Iv\odem se I f test mode 
• Selectab le do to rates: 0-200 

0-300 
0-600 

· Si ngle supp ly 
VDD=4.75 to 15VDC - FL su(f;x 
VDD=4 . 75 to 6 VDC - V L suffix 

TYPICAL APPLICATIONS, 
.Stand a lone - low speed modems 
.Built - in low speed modems 
. Remote termina ls, occoustic couplers 

MC I441 2FL . . .. ... . . .. . .. .... . ..... ......... S28.99 
MCI4412V L . . .. .. . ..... . .......... . ... . ..... S2 1.74 

6 pages of da ta....... .. .. . .. .......... . 60 

Crys tal for the above .. . ..• 54.95 

REMOTE CONTRO L TRANSMITTER . MCI4422P;s 0 22 
channel ultra - sonic remote contro l tra nsmitter I.C . CMOS 
uses littl e power and only a fe w ex terna l passive compon
ents. App licat ions inc lude TV receivers, security controls, 
toys, industriol contro ls and locks . 16 pin DIP plastic pkg . 
MCI4422P ............ with specs ...•.•. ... ....... SII .1 

~
BRAND NEW!!! Monsan to 7-segment LED 

readouts! Common onode, .27" character 
height. Same size as the famous MAN- I. 1 f Still packaged in origina l factory b lister strips. 

MAN-52(green) or MAN- 82 (yel low)S I. 29. 10/S I I 

4 DIG IT COU NTtR. fvVVo.74C926 is a 4 d igit counter with 
7 segment output. Carry output for cascad ing and interna l 
di sp lay se lect a llows outputting af counter or set of 
internol la tc hes . 3 to 6Vopera ti on. Great fa r clacks, 
event and frequency count ers. 
MM74C926 - with spec sheet .. . ............... . . 512 . 00 

3 DECADE (BCD) CO UNTER C HIP 
MC I4553BCP consists of 3 negoti ve edge trigge red 
synchronous counters , 3 quod lotches and self scan 
multiplexed, TTL compatib le outputs. 
MC 14553BCP ...... . ....... . ...... .. ...... S8. 72 
Spec sheets . ... .. . ..••.•... . . .... . . • . ..... 5.60 

TEL ETY PE CODE CONVERS ION CHIP 
MM5220BL converts 5 leve l Baudot into 8 leve l ASCI I . Use 
this chip to make your o ld TT Y ta lk to you r new computer. 
MM5220BL ...... . ........... . . ...... .. ... ...... S18.00 

Specs for the above... .. . .. ........ . . . .... . 30 

MOS TIME BASE KIT . 
Only I" X 1.5". Input 5 to 15 VDC, outpu t is 60HZ 
square wo ve for por tab le or mobile c locks . PC board is 
dr; l led! MTB K-60H Z ... . .......... . ........ 55.88 

rn~[? IT'illJDll 
5ayg 

PROJECT HEXED??? 
If mai ling fees a nd poor service have got you spooked, 
and look ing for those new dev ices is gob lin up your 
project time , a nd you don't know witch way to turn 
let the cats at TRI - TEK he lp!!!!!!!!! ! !!!!! !! ! ! !! ! ! 

nen 
GOLD CHIP 

Linear Integrated Circuits 

Bra nd new process by RCA in which the a lum inum me talization 
has been replaced by gold. The c hip is then hermetical ly seal
ed. What thi s means to you is unprecedented re liabi lit y and 
uni formity. Plasti c parts th a t meet mi I specs 1 ! 
Tri -Tek is proud to be the first to bring this new leve l of 
perfo rmance to you a t SURP LU S PRICES . Why buy regrades?? 

CA30 1 A .. Improved, general pu rpose op-amp,8 pin dip • . 59c 
CA307 . . . Super 74 1 op- omp. 8 pin dip . • . • ... . . ••• • •• 52C; 
CA324 . .• Compensated quod ap-amp, 14 pin dip . • . •• 51 .80 
CA339A . • Low offse t quod campara tor. 14 pin d ip • •. $1.59 
CA74 1 c.. Famous genera l purpose op-omp, 8 p in dip • . 45C; 
CA747C .. General pu rpose dual op-omp, 14 pin dip •• • 82 C; 
CA748C .. Externo lly compe nsa ted 741, 8 pi n dip .•.•.. . 49C 
CAI 458 .. General purpose dua l op- amp . 8 pin d ip . ••.. 69C 

CA340 1 .. Quad sing le supp ly (5- 18V) op omp . 14 pin . . 89, 

ALPHA- NUMERIC KEYBOARD 

\ I ' \ 1/1 "1/1 

NEW! 
Made by Licon for Motoro la Da ta Systems . Inc ludes ful l upper case alpha and numeric with separate 
numeric a nd cursor con trol pods . Self scanning with ROM encoder. These beautifu l keyboa rds a re 
modern design a nd rece nt manufac ture. 

;/ ~' / II I /' I ,I \ 

Outputs a re TTL compatible and have open co ll ector buffe rs with res ist ive pu ll-ups. Encoding is in 
ASCII with some specia l contro l codes . Code tab le is supp lied. 
There are onl a few of these high quality KB's and at our price t wo nt last lang .••• ~39 . 95 

DATA BOOKS BY NATIONAL S.EMICONDUCTOR 
DIGITAL. Cove rs TTL, DTl, Tri- State . e tc ...... 53.95 
LI NEAR. Cove" ampli fiers , pre- amps, op-amps, .. $3. 95 
~APPL1CATION S. Dozens of app li cation notes and 
technica l brie fs cove ri ng the use of op-amps, regulators. 
phase locked loops and audio amps... . .. 53.25 
CMOS Gates, Flip Flops, reg ist ers, functiona l b locks 53 
VO LT AGE REGULATORS . A must for a nyone making a 

·pc..wer supply. Complete theory including transformers. 
filters, hea t sinks. regu lators. elc . ..... .. .. •. . . .. . $3.00 
MEMORY. In form at ion on MaS and Bipo lar memories'· 
RAMS, ROMS , PROMS and decoders/ e ncoders. . $3.95 
INTERFACE . Covers periphera l drivers. le ve l translators, 
line d rive r/rece ivers, memor y and clock dr i .... ers. sense amps 
disp la y dr iver and apIa - coup lers .. .......... . ...... $3.95 

(Outside U. S., add postage for I. 5 lbs' 

SPEC IAL FUNCTIONS DATA BOOK contains detailed 
information 10f specdYlng and appfYlng spec ial amp lifiers, 
buffers, clock drivers, ana log switches a nd D/A- A/D 
conver ter products ....... . . .. . ... . ......... . .... S3. 25 

AUDIO HANDBOOK contains detoi led discussions, 
includ ing comp fe te design pa rt icu lars, covering m~ny 
areas of audio wi th real world design examples . .. $3.25 

N I-CA D BATTERIES. Battery pack of 5 ce lls . Del ivers 
6 .25V (a 500mAH. Wire leads. These are brand new 
ond fresh !! I NCB-6252 ............ 53 . 25, 4 pks,Sl2.oo 

T. V. CLOCK CHIP SET . MM5318/ 5841 two ch;p sel forms 
basi s for time of doy disp loy on your TV screen . Inte rest i ng 
and convenient way to keep ti me. 
MM53 18/ 5841 Set ......... S22.45 ... .. . Specs .. . .. . SI.oo 

D-A CONV ERTER BY Z EL TEX 
8 bit precision hybrid circuit for use in cont ro ll e rs, t imers . 
vo lt meters. e tc. Mo lded plastic packoge with P.C . pins. 
Super buy on th is better than usua l subsys tem . ZELTEX 
model ZD430. DAC-430 .. ................... $4.95 

PR ECIS ION REFERENCE AMP. 
LH0070- 1 H provides a pre cise 10.0 vo lts for use in BCD A 
to D converters or meter ca librators . Typ ica l init ial accumc), 
is .3% (-t .03V). Comes in TO - 5 can. 
LH0070- 1 H .......... ..•. ... wi th specs . . ..•. • . .. • •. SS.35 

tRI-t€k, Inc. 
We pay shipping on all orde rs over 510 US , SI 5 foreign in US funds. O rde rs 
under S10, pl ease odd 51 hand ling. Please add insurance. Moster Charge 
a nd Bonk Ameri ca cords we lcome , ($20 minimum) Te lephone orders may be 
placed 11 AM ta 5PM da i Iy . ,von thru Fri. Ca ll 602-93 1-4528. Check reader 
servi ce card or send stamp far aur la test flyers pocked with new ond surplus 
e lectron ic compone nts. 

6522 nORt h 43Rb ay€nu €, 
q L€nba L€. a Riz ona 85301 

p h o n e 60'2 - 931' 6\)49 
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To get further information on the products advertised in BYTE, fill out the reader 
service card with your name and address. Then circle the appropriate numbers for the 
advertisers you select from this list. Add a 9 cent stamp to the card , then drop it in the 
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marketplace provided by BYTE. This helps us bring you a bigger BYTE. 
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A67 IEEE 25 
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*Reader service inquiries not solicited. Correspond directly with company. 

Feedback is what keeps a linear amplifier in line, Like a linear amplifier, BYTE can use a bit 
of feedback. The BOMB analysis is done once a month to provide encouragement to authors 
and some formal feedback on how readers appreciate articles. BYTE pays the winning author a 
$50 bonus, so you can encourage the authors you like by voting your preferences. Remember 
that with few exceptions BYTE authors are just readers who have sat down at their typewriters 
to tell a story about what they've done or what they know about some aspect of this 
technology. 

Results of the BOM B survey for the July 
BYTE were as follows: First place winner 
was James R Jones, for his article "Coinci
dent Current Ferrite Core Memories." The 
runners-up were tied: Bob Baker, for "Put 
the 'Do Everything' Chip in Your Next 
Des i gn" an d Ri chard J Lerseth for "A Plot Is 
Incomplete Without Characters." Who ' ll win 
the August BOMB? Find out next month . 
Who'll win the October BOMB? You can 
affect the course of events by supplying a 
personal evaluation of this issue 's articles . 
Watch for the tally in January's BYTE.-
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