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READY lor BUSINESS 
We've got it all toget he r-t he co st effectivene ss and reliability of ou r 6800 compute r sy stem 

wit h  a hig h capacity 1 .2 megabyte floppy di sk sy stem . .. P LU S-an out standing ne w DOS 

and file management sy stem . 

1 M EGABYT E D I S K  SY ST E M  

DMAF1 introd uces a n ew l evel of capabil ity to 

sma l l  computer systems. This d isk system fea ­

tures two standard size f loppy d isk drives usin g 

the n ew double sided d isk and two heads per 

drive .  Usa ble storage space of over  600 ki lobytes 

per d rive ,  giv in g a tota l of over 1.0 megabyte of 

stora ge on line at all  times. Id ea l for small busi­

ness app lications, or for personal "super" sys­

tems. 

DMA CONT RO L LE R  

The control ler  occup ies one ma in memory s lot 

in an SS-50 bus and uses the Motorola MC-6844 

DMA con trol l er. The combination of a DMA 

type control ler  and double  sided d isks give the 

syste m  speed of data transfer un obtainable w ith 

sma l ler  drives. 

OP E R AT I N G  SY ST E M  

To compliment this outsta ndin g hardwa re we 

a re sup p ly i n g  equa l ly superior softwa re. The 

disk operati n g  syste m  and file managemen t sys­

tem is called FLEX. It is one of the most flex­

ible and comp lete DOS's available for sma l l  sys­

tems, but just as importan t; it is easy to use. 
No one can match the va riety of comp atible 

periphera ls  offered by Southwest Techn ica l 

Prod ucts for the SS-50 bus and the 6800 com­

puter system. Now more than eve r  there is no 

reason to settle for less. 

DMAF1 Di sk Sy stem (a ssembled ) .. . ... ... . .. .. .. .. . . . .. .. ... ... .. . . . . .  $2,095 .00 

DMAF1 Di sk Sy stem ( kit ) . ... .. ...... .. .. . . . . . . .. . . . . . . . .. . . . .... . . .. $2,000.00 

68/2 Compute r wit h  40K of memo ry (a ssembled ) . .. . .. . . . . . . . . . . . .. .. .. . . $1 ,1 95 .00 

SOUTH WEST T ECHN I CA L  P R O DU CT S  C O R P O R AT I ON 

21 9 W. RH APSO DY 

SAN ANT ON I O, T EX AS 7821 6 
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A fast ZSO microcomputer with up to 512 kilo .. 

. bytes of RAM, 4 disk drives and 1 megabyte 

of disk storage- with CRT terminal and fast 

printer. Even an optional PROM programmer. 

Strong software support, too, like FORTRAN 

IV, Extended BASIC, and Macro Assembler. 

PROFESSIONAL GRADE­

FOR PROFESSIONALS 
Chances are you've already heard 

that there is a Cromemco System 
Three Computer. We've prpudly pre­
viewed it at WESCON on the West 
Coast and NYPC on the East Coast. 

But you also know Cromemco. We 
don't announce until we're ready to 
ship. 

Now we're ready. 
And what a computer we've got 

for you. 
It does it all. 
It's a complete system-processor, 

CRT terminal, line printer. 
First, it's fast-1 microsecond nom­

inal execution time and 250 nano­
second cycle time. 

Its equally fast RAM memory is 
large and enormously expandable-
32 kilobytes expandable to 512 kilo­
bytes. No danger of obsolescence 
from inadequate RAM capacity. 

THE ONLY MICROCOMPUTER 

OFFERING 4 DISK DRIVES 
Further, the System Three comes 

with two disk drives to give you 512 
kilobytes of disk storage. Soft­
sectored IBM format. Optionally, you 
can have four drives with 1 mega­
byte of storage. 

There's disk protection, too, since 
in the LOCK position disks can't be 
ejected while they are running. 

21-SLOT MOTHERBOARD 
This new CS-3 is a computer that 

won't be outdated soon. It has a 21-
card-slot slide-out motherboard and 
an S-1 00 bus so that you can plug in 
all sorts of support circuitry. The 
heavy-duty 30-amp power supply can 
easily handle all this. 

BROAD S-100 SUPPORT 
The S-1 00 is the bus that Cro­

memco so strongly supports with 
over a dozen plug-in circuits ranging 

from analog 1/0 to high-speed RAM 
memory with our bank-select feature . 

TRULY POWERFUL SOFTWARE 
You have to have software. And 

Cromemco is far in front there, too. 
Our FORTRAN IV, for example, is 
equal to the FORTRAN compilers 
on large mainframes. Further, it (and 
our other software) is low-priced. 

Our 16K Z80 BASIC is one of the 
fastest and most capable. Full 14-
digit precision. 

There's also our Z80 Macro As­
sembler and Linking Loader. Uses 
Z80 mnemonics. Allows referencing 
FORTRAN common blocks. 

CRT TERMINAL AND PRINTER 

The CS-3 terminal has 80-character 
lines and a 24-line page with line 
and page editing. 

Note the separate numeric keypad 
and cursor keypad. 

The printer is fast-180 characters 
per second; 132-column lines. 

SEE AT YOUR DEALER 
You have to see the CS-3 to fully 

appreciate it and its low prices start­
ing at $5990 in the rack mount ver-
sion. . 

See it at your local dealer shown 
on the other side of this page. He 
has a demo to show you. 

He also has brochures giving you 
details. 

You know the CS-3 is going to be 
a sensation. 

Better contact your dealer now. [3cromemeo see next r\. 
page �.(' 
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MORE ABOUT THE SYSTEM THREE 

For office situations new System 
Three can be provided with walnut 
floor cabinet. Metal bench cabinet 
also available. Unit is normally 
rack-mount style. 

System Three front panel swings 
open and 21-slot motherboard/ 
card cage slides forward for easy 
insertion of extra circuit boards. 

Retainer bar secures circuit cards 
firmly in sockets. 

Optional panel PROM program­
mer has two sockets to facilitate 
duplicating PROM content. 

SEE YOUR LOCAL 
SYSTEM THREE DEALER 

PBOENIX, AZ 
BYTE SI·IOP OF ARIZONA 
2-1 WEST CAMELBACK (602) 265-0065 

LITTLE ROCK, AR 
COMPUTER PRODUCTS UNLTD. 
2412 SO. BROADWAY (SOl} 666-2839 

CARSON, CA 
SUNSHINE COMPUTER CO. 
20710 5. LEArWOOO AVENUE (213)327-21 H 

CITRUS HEIGHTS, CA 
BYTE SHOP OF SACRAMENTO 
6(}.;1 GREENBACK LANE (916) 726-2557 

FOUNTAIN VALLEY, CA 
ADVENTURES IN COMPUTING, INC. 
8756 WARNER AVE. (71-1) 8-18·8388 

LOG.\ liS, CA 
KINGMONT ENTERPRISES, INC. 
9900 KING ROAD (916) 988-8189 

MT. VIEW, CA 
BYTE SHOP OF MOUNTAIN VIEW, #I 
1063 EL CAMINO REAL (415) %9-5464 

SAN MATEO, CA 
COMPUTER TERMINAL 
309 SO. SAN MATEO DRIVE (415) 347-9894 

SUNNYVALE, CA 
RECREATIONAL COMPUTERS 
1324 SOUTH MARY (408) 735-7480 

VAN NUYS,CA 
COMI'UTER COMPONENTS 
5848 SEI'UL VEDA BlVD. (40-1} 455-0646 

FT. MYERS, FL 
MICRO COMPUTER SYSTEMS INC. 
12800US 41 SOUTH (813}481-3376 

TAMPA, FL 
MICRO COMPUTER SYSTEMS INC. 
14-1 SOUTH DALE MAURY HIGHWAY (813) 879-4225 

ATLANTA,GA 
ATLANTA COMPUTER MART 
5091-B BUFORD �IWY (·W-1) -155-0647 

HAIKU, MAUl, HI 
CAPACITY, INC. 
P.O. UOX A (808) 575-2930 

IIONOLULU, HI 
COMPACT COMPUTERS 
11.0. uox 100% (808) 261·3281 

BLOOMINGTON, IN 
DATA DOMAIN 
-106 SO. COLLEGE AVENUE (812) 224·3607 

FORT WAYNE, IN 
DATA DOMAIN 
2805E.STATE ULVD. (219)484·7611 

I'IKESVILLE, MD 
MODULAR SYSTEMS, INC. 
4005 SEVEN MILE LANE {301) 48-1-6322 

IWCKVILLE,i\ID 
COMI'UTER WORKSHOP 
1776 EAST JEFFERSON (301) 468-0463 

TOWSON, MD 
COMPUTERS, ETC. 
13 A ALLEGHENY AVENUE (301) 296-0520 

UURLINGTON, MA 
THE COMPUTER STORE 
120CAMURIDGE STREET {617) 272·8770 

EDINA, MN 
COMPUTER DEPOT 
3515 W. 70TH STREET (612) 927-5601 

ISELIN, NJ 
COMPUTER MART OF NEW JERSEY 
SOl ROUTE .;:27 (201) 283-0600 

EGGERTSVILLE, NY 
CORSON COMPUTER CORPORATION 
3834 MAIN STREET {716) 832-0662 

tiOLUS, NY 
SYNCHRO SOUND ENTERPRISES 
193-25 JAMAICA AVENUE (212) 468-7067 

CINCINNATI, OH 
DATA DOMAIN 
7694 CAMARGO ROAD (513) 561-6733 

DAYTON,OH 
DATA DOMAIN 
1932 BROWN STREET (513) 223-2348 

COLUMBIA, SC 
BYTE SHOP OF COLUMBIA 
2018 GREEN STREET (803) 771· 7824 

NASHVILLE, TN 
SURYA CORPORATION 
5755 NOLENSVILLE ROAD (615} 83-1-5638 

CORPUS CHRIST\, TX 
MICRO SYSTEMS SERVICES, INC. 
5301 EVERHART, SPACE H (512) 855-4516 

DALLAS, TX 
COMPUSHOP 
211 KEYSTONE PK, 13922 NORTii CENTRAL (214) 234-3412 

HOUSTON, TX 
COMPUTERLAND OF S. W. HOUSTON 
6439 WESTHEIMER (713) 977-0909 

HOUSTON, TX 
ELECTROTEX 
2300 RICHMOND AVENUE (713) 526-6934 

tiOUSTON, TX 
THU10S 
1853 RICHMOND AVENUE (713) 527-8008 

APPLETON, WI 
SOUND WORLD 
3015 W. WISCONSIN AVE. (-114)733·8539 

RACINE, WI 
COLORTRON TV 
2111 LATHROP AVENUE (414)637-2003 

HUNTINGDON, CAMBS. ENGLAND 
COMART LIMITED 
39 GORDON ROAD,llTTLE PAXTON 

MUNSTER, 4400 HILTRUP, WEST GERMANY 
BASIS MICROCOMPUTER VERTRIEB 
VON-FLOTOW-STRABE 5 

WEDEL 2000 (HOLSTEIN}, WEST GERMANY 
DIGITRONIC COMPUTERSYSTEME 
BEl DER OOPPELEICHE 3·5 

MEXICO 18, D.F. MEXICO 
INTELEX, S. A. 
P. A. DE LOS SANTOS 70 

STOCKHOLM 29, SWEDEN 
DATORISERING KONSULT AB 
FACK 2, 10052 

ZURICH, 8003 SWITZERLAND 
COMICRO AG 
BADENERSTRASSE 281 

C3Cromemeo 
i n c o r p o r a t e d 

Specialists in computers and peripherals 

2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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Graphics-Walters-Harris 

CON V E RT Y O U R  TV SET TO A V I D EO MON ITOR 
Hardware-Fylstra 

H I D D E N  L I N E  S U B R OUTI N ES FOR TH R E E-D I M EN S I O N A L  P LOTT I N G  
Graphics-Gottlieb 

G R A P H :  A SYSTEM FOR T E L E V I S I O N  GRAPH I CS :  Part 1 
Software, Video Graphics-Webster- Young 

A PROGRAMMABLE  CHARACTER G E N E R ATOR, Part 1 :  Hardware 
Hardware-Weinstein 

T U N E  I N  A N D  T U R N  ON: An AC Wireless Remote Control System 
Hardware-Ciarcia 

H OW TO M U LT I P LY I N  A WET CL IMATE: Design Detai l s  
Computation-Bryan t-Swasdee 
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In This 
About the Cover :  

The computer experimenter of the 
future shown on th is  month's cover is 
using a computer  graph ics term ina l  
created by art i st  Joel N Wi l son to 
make a poi n t: computer  graph ics has 
come of age. Futu re scenes such as 
J oel 's pai n ting  are not far off, and 
th is month 's issue is l arge ly  devoted 
to the fascinat ing worl d of computer 
graph ics. 

Taking photographs of you r  vi deo 
display i s  an i nexpensive a l te rnative to 
buying a pr inter or other  hard copy 
device for you r computer. However, 
i t's not always as easy as it sounds. 
Dr Dwigh t D Egbert gives some 
valuable tips on the su bject i n  The 
Photograph Is A l so a Hard Copy. 

page 70 

Real 3-D graph ics? I t  sounds  l i ke an 
imposs ib le concept, even given the 
magic of m inicomputers, but that is 
just what authors Timothy Walte rs and 
Wi l l iam Harris have created.  Read 
Graph ics in Depth : 3 -D Adds a New 
Dimension to Your Disp lay and f ind 
out how to create images th at change 
perspective as you vary your v iewing 
angle .  page 76 

What's the d ifference between an 
RF monitor and a d i rect video entry 
mon i tor? F ind  out in Convert Your 
TV Set to a Video Monitor. Dan 
Fylstra exp la ins  the re lat ive merits 
of the two approaches to video d i s­
plays, and gives you some idea of the 
techn iques necessary to imp lement 
both methods. page 22 

Wou l d  you l i ke to try some pseudo­
color? How about an 8 l evel grey scal e? 
High density video graphics i s  an 
excit ing appl ication of personal com­
puting. There are many video d is­
p lay boards on the market to he I p you 
get started .  Read about one of them in 
The Matrox AL T-256 Video Board, 
by Gary Rup le .  

4 May 1978©BYTE Publications Inc 
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page 32 

Colo r· graph ics is an excit ing branch 
of per·sonal computi ng. Ord inary v ideo 
d isp lay programs take on a new luster 
when converted to colm. Authors 
Thomas A Dwyer and Margot Cr·itch­
fie ld  d iscuss the use of Color Graph ics 
on the Compucolor 805 1 . page 32 

Is there a practical m icrocomputer 
PASCAL l anguage system? Ken Bowles, 
of the I n sti tute for I nformation Sys­
tems at the Un iversi ty of Cal ifornia 
San Diego, outl i nes what is perhaps 
one of the most sign ifican t software 
deve lopments of the past year or so: 
the UCSD PASCAL system now ava i l ­
able for LS 1 -1 1 ,  8080 and Z-80 
mach ines an d soon to be avai lab le for 
other major general pu rpose m icro­
computer systems. Read Ken 's accoun t  
of  UCSD PASCAL: A (Nearly ) Mach ine 
Independent Software System . 

page 46 

A h idden l i ne subrout ine for· your· 
p lotter can make the d ifference 
between an average plot and a pro­
fess ional looking one. The algo rithms 
aren't as d ifficult as you m ight th ink .  
Read Hidden Line Subroutines for 
Three-Dimensional Plotting by Mark 
Gottl ieb and find out more. page 49 

One way to learn more about 
d isp lay systems for te l evision is to 
read a detai led descr iption of a p racti­
cal video d river program. John  Webster 
and John  Young have done just th at 
in GRAPH: A System for Television 
Graphics . In part 1 ,  th is month, th e 
authors provide background informa­
tion and begin a detail d iscussion of 
th is character ed it ing system used 

for t it  I ing and graph ics associated with 
educational videotape production .  

page 62 

Di d you ever wish your video dis­
p lay cou l d  hand le  G reek lette rs, sub­
scrip ts, different size fon ts, or even 
APL  ch aracters? How about special 
graph ics ch aracters? F ind  out h ow to 
add these and many othe r  ch aracters 
to you r  video disp lay system in A 
Programmable Character Generator by 
Larry Weinstei n .  page 7 9  

When desi gn i n g  a l i gh t wand and 
signal p r·ocessor i t  is desi rabl e  to h ave 
as few external vari ables as possi b le 
affect ing the output. In A Low Cost 
Light Wand Ampl ifier, Robin C 
Mose ley exam ines some of the vari­
ables that must be cons idered and 
descri bes a parti cu lar signal processor 
which is toleran t of many external 
variables. page 92 

Last month Steve Ciarcia descri bed 
the transm itter section of h i s  AC wi re­
l ess r·emote control system.  This 
month read the conc lud ing  descr iption 
of the receiver i n  Tune In and Turn 
On, Part 2, and start exper iment ing 
with your· own computer  contro l led 
wirel ess app l iance and l i gh t con trol 
system.  page 97 

This month , J ack Bryant and 
Manot Swasdee comp lete thei r de­
script ion of How to Mu lt ip ly in a 
Wet Cl imate with the detai l s  of mu lt i ­
p i  ier hardware and a program to test 
the mu l tip l i e r  in comparison with an 
equ iva lent  software mu lt ip l ication .  

page 104 
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HORIZON 

Look To The North Star HORIZON Computer. 
HORIZON™- a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and ideal for business, 
educational and personal applications. 

To begin programming in extended BASIC merely add a CRT 
or hard-copy terminal. HORIZON-1 includes a Z80A processor, 
16K RAM, minifloppy ™ disk and 12-slot S-100 motherboard 
with serial terminal interface- all standard equipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZON includes the North Star Disk Operating System and 
full extended BASIC on diskette ready at power-on. Our BASIC 
now in widespread use, has everything desired in a BASIC in­
cluding sequential and random disk files, formatted output. a 
powerful line editor, strings, machine language CALL and more. 

NORTH STAR 

EXPAND YOUR HORIZON 
Also available-Hardware floating point board (FPB); addi­
tional 16K memory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical serial and 
parallel 1/0 ports may be installed on the motherboard. Many 
widely available S-100 bus peripheral boards can be added to 
HORIZON. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM, FPB and MICRO DISK SYS­
TEM can be bought separately for either Z80 or 8080 S-100 bus 
systems. 

HORIZON-1 $1599 kit; $1899 assembled. 
HORIZON-2 $1999 kit; $2349 assembled. 

16K RAM-$399 kit; $459 assembled; Par·ity option $39 kit; $59 
assembled. FPB $259 kit; $359 assembled. Z80 board $199 kit; 
$259 assembled. Prices subject to change. HORIZON offered 
in choice of wood or blue metal cover at no extra charge. 

Write for free color catalogue or visit your local computer store. 

*COMPUTERS 
254 7 Ninth Street'· Berkeley, California 94710 • (415) 549-0858 
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eanswer1sa 
It's the serious solution to the small �omputer quest1on. 

Sol Systems are the key to effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, the problem solving 
capability of high level languages and the operational simplicity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to do 
a complete job without adding a load of costly extras. In fact, 
when you compare the "everything included" price of 
a quality, field proven Sol System with anything else on the 
market, you'll be happily surprised to find out how little 
the extra performance and convenience costs. 

For example, complete Sol Systems with 16,384 bytes 
of RAM memory start at less than $2500:" Expanded systems 
with 49,152 bytes of RAM memory, 1.5 million bytes of 
on-line disk memory, disk operating system and Extended 
Disk BASIC cost less than $8000:" Both systems are fully 
assembled, burned-in, tested and ready to go. 

Sol Compatibility 
Sol Systems feature the S-100 bus for pin-to-pin 

compatibility with a wide variety of add-on devices such as 
voice input and computer graphics. Standard Sol 
parallel and serial interfaces will drive most standard printers, 
modems and other peripherals. 

A word about languages 
No system is complete without software, and at Processor 

Technology we have tailored a group of high level languages, 
an assembler and other packages to suit the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, this BASIC features string and advanced 

*U.S. prices only. 



file handling, special screen commands, timed input, complete 
matrix, logarithmic and trigonometric functions, exponen­
tial numbers, 8 digit precision and square root. The language 
handles serial access files, provides tape rewind and 
offers cursor control for graphics capability. 

T he disk version has all the number crunching talents 
of the cassette BASIC plus instant access to data and programs 
on floppy disks. It includes random as well as sequential 
files and a unique ability to update sequential data in place. 

Processor Technology FORTRAN is simj)ar to FORTRAN IV 
and has a full set of extensions clesignecl for the "stand alone" 
computer environment. T housands of special application 
programs available through books and periodicals have already 
been written in this well established language. 

Processor Technology PILOT is an excellent language 
for teachers. It is a string-oriented language designed expressly 
for interactive applications such as programmed instruction, 
drill and testing. 

No wonder we call it the serious solution 
to the small computer question. 

It's the small computer system to do the general ledger and 

the payroll. Solve engineering and scientific problems. 
Use it for word processing. Program it for computer aided 
instruction. Use it anywhere you want versatile 
computer power! 

Sold and serviced only by the best dealers. 
Sol Systems are solei and serviced by an outstanding group 

of conveniently located computer stores throughout the 
United States and Canada. They are also available in Australia, 
Europe, the United Kingdom, Central America, South 
America, Japan and Singapore. 

For more information contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Technology Corporation, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone (415) 829-2600. 
Ci rcle 305 on inqu i ry card. 
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E�iillPial 

By Carl Helmers 

Articles Policy 

BYTE is continually seeking quality 
manuscripts written by individuals who 
are applying personal computer systems, 
dcsi�ning such systems, or who have 
knowledge which will prove useful to 
our readers. For a more formal descrip­
tion o! p;occdurcs and requirements, 
potential authors should send a self· 
addressed, stamped envelope to BYTE 
Authors' Guide, 70 Main St, Peter­
borough NH 03458. 

Articles which are accepted arc 
purchased with a rate of up to SSO per 
magaLinc page, based on technical 
qu.llity and suitability for BYTE's 
readership. E.1ch month, the authors 
of the two !calling articles in the reader 
poll (B Y TE's Ongoing Monitor Box or 
'180MB") arc presented with bonus 
checks of S 100 and SSO. Unsolicited 
materials should be accompanied by full 
name and address, as well as return 
posta�c.• 
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On the Uses of 

Snowstorms in 

Computer Science 

By the time  you read th is, the events of 
th is  past week wi l l  be h istory as the seasons 
progress. Monday even ing ( Feb 6) it began 
to snow a b i t  i n  Peterborough . It had appar­
ent ly been snowing through most of the day 
at p laces further sou th along the eastern 
seaboard, but I had no expectation of any­
th ing out of the ordinary. After all, the 
morn ing  news and weather reports I l i stened 
to had said we might get a foot of snow, 
bu t that i s  hardl y  unusual .  One of the rea­
sons for locating one 's home  and p lace of 
bu s iness in the h i l l s  of New Hampsh i re is 
to tak e advantage of those opportun i ties 
for transient  beauty wh ich are pre sen ted 
each year by a fu l l  cycle of seasons. A l l  
s ix seasons - Summer, Fol iage, Winter, 
Mud, Spr ing and B lack Fly - come and go 
in a regu lar cycle each year. Since the first 
week of February is sol id ly  with i n  the 
Winter phase of the cycle, another snow­
storm is not a maj o1· event. 
· The beau tifu l  clear day fu l l  of su nshine 
which is th is  present Wednesday certai n ly  
speak s  wel l  of  the  c l imate. But  in between 
Monday and Wednesday was that equal l y  
natu ral event which was a winter 's gale, 
or "Nor 'easter" as th is type of storm is 
cal l ed  by the local people .  Al ready, the 
peop le respons ib le  for writing instant h istory 
book s  have started cal l i ng  the weather 
condit ions yesterday by the name "The 
Great B l izzard of '7 8. " The pund its of 
course were not particu larly origi nal , for a 
very s imi lar  term is often appl ied to a storm 
of approximate ly 90 years earl ier in  1 888. 
And the pund its also show a particu lar 
regional bias. I don 't recal l  any special terms 
of endearment appl ied to the storm which a 
half a week earl ier had given New Engl an d 
torrential rains wh i l e  the Midwest was 
rack ed with almost equ ival ent snows and 
hu rricane l ik e  wi nds. But somehow, if  a 
large amoun t  of snow becomes you r own 
provincia l l ocal p roblem in Ph i l ade lphia, 
New York ,  Providence or Boston, it becomes 
"The Bl izzard of '7 8," ayup .  V e\y s imply,  
what happened was that a caprici�us storm 
decided to sit on Cape Cod for -m ost of 
Tuesday, channe l l i ng water l aden air off the 

Continued on page 135 

Your 
Sol dealer has it. 
AL: Birmingham: ICP, Computerland, 1550-D 
Montgomery Hwy., (205)g?g-0707. AZ: Tempe: 
Byte Shop, 1425 W. 12th Pl., (602)8g4-112g; 
Phoenix: Byte Shop, 12654 N. 28th, (602)­
g42-7300; Tucson: Byte Shop, 2612 E. Broadway, 
(602)327-4579. CA: Berkeley: Byte Shop, 
1514 University, (415)845-6366; Costa Mesa: 
Computer Center, 1913 Harbor, (714) 
646-0221, Hayward: Byte Shop, 1122 "B" St., 
(415)537-2983; Hayward: Computerland of 
Hayward, 22634 Foothill Blvd., (415)538-8080; 
Lawndale: Byte Shop, 16508 Hawthorne, 
(213)371-2421; Mt. View: Byte Shop, 1063 El 
Camino, (415)969-5464; Mt. View: Digital 
Deli, 80 W. El Camino, (415)961-2670; Orange: 
Computer Mart, 633-B W. Katella, (714) 
633-1222; Pasadena: Byte Shop, 496 S. Lake, 
(213)684-3311; Sacramento: Micro-Computer 
Application Systems, 2322 Capitol, (916) 
443-4944; San Francisco: Byte Shop, 321 Pacific, 
(415)421-8686; San Jose: Byte Shop, 2626 
Union, (408)377-4685; San Rafael: Byte Shop, 
509 Francisco, (415)457-9311;Tarzana: Byte 
Shop, 18424 Ventura, (213)343-3919; Walnut 
Creek: Byte Shop, 2989 N. Main, (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut, 
(303)449-6233; Denver: Byte Shop, E. 1st Ave. & 
University, (304)399-8995. FL: Ft. Lauderdale: 
Byte Shop, 1044 E. Oakland Pk., (305)561-2983; 
Miami: Byte Shop, 7825 Bird, (305)264-2983; 
Tampa: Microcomputer Systems, 144 So. Dale 
Mabry, (813)879-4301. GA: Atlanta: Computer 
Mart, 5091-B Buford, (404)455-0647. IL: 
Champaign: Computer Co., 318 N. Neil, (217) 
359-5883; Numbers Racket, 623Yis. Wright, 
(217)352-5435; Evanston: itty bitty machine co, 
1322 Chicago. (312)328-6800; Schaumburg: 
Data Domain, 1612 E. Algonquin, (312) 397-8700. 
IN: Bloomington: Data Domain, 406 S. College, 
(812)334-3607; Indianapolis: Data Domain, 7027 
N. Michigan, (317)251-3139. lA: Davenport: 
Computer Store, 4128 Brady, (319)386-3330. 
KS: Overland Park: Personal Computer Center, 
3819 W. 95th St .. (913)649-5942. MA: Boston: 
Computer Warehouse Store, 584 Commonwealth, 
(617)261-2700. MD: Towson: Computer Etc .. 
13A Allegheny, (301 )296-0520. Ml: Ann Arbor: 
Computer Store, 310 E. Washington, (313) 
995-7616; East Lansing: General Computer Store, 
1310 Michigan, (517)351-3260; Troy: General 
Computer Store. 73 W. Long Lake Rd., (313) 
689-8321. MN: Minneapolis: Computer 
Depot, 3515 W. 7oth, (612)927-5601. NJ: Cherry 
Hill: Computer Emporium, 2438 Route 38, 
(609)667-7555; Hoboken: Computer Works, 20 
Hudson Pl., (201)420-1644; Iselin: Computer 
Mart, 501 Rt. 27, (201)283-0600. NY: Endwell: 
The Computer Tree, 409 Hooper Rd., (607) 
748-1223; New York: Computer Mart, 118 Madison, 
(212)686-7923; White Plains: Computer 
Corner, 200 Hamilton, (914)949-3282. NC: 
Raleigh: ROMs 'N' RAMs, Crabtree Valley 
Mall, (919)781-0003. OH: Columbus: Byte Shop, 
2432 Chester, (614)486-7761; Dayton: 
Computer Mart, 2665 S. Dixie, (513)296-1248. 
OR: Beaverton: Byte Shop. 3482 SW Cedar 
Hills. (503)644-2686; Eugene: Real Oregon 
Computer Co., 205 W. 1oth, (503)484-1040; 
Portland: Byte Shop, 2033 SW 4th Ave., (503) 
223-3496. AI: Warwick: Computer Power, 
M24 Airport Mall, 1800 Post Rd., (401)738-4477. 
SC: Columbia: Byte Shop, 2018 Green, 
(803)771-7824. TN: Kingsport: Microproducts 
& Systems, 2307 E. Center, (615)245-8081. 
TX: Arlington: Computer Port, 926 N. Collins. 
(817)469-1502; Arlington: Micro Store, 
312 W. Randol Mill Rd., (817)461-6081; Houston: 
Interactive Computers, 7646Y, Dashwood, 
(713)772-5257; Lubbock: Neighborhood 
Computer Store, 4902-34th St., (806)797-1468; 
Richardson: Micro Store, 634 So. Central 
Expwy., (214)231-1096. VA: Mclean: Computer 
Systems Store, 1984 Chain Bridge, (703) 
821-8333; Virginia Beach: Home Computer 
Center, 2927 Va. Beach Blvd., (804)340-1977. 
WA: Bellevue: Byte Shop, 14701 NE 2oth, 
(206)746-0651; Seattle: Retail Computer Store, 
410 NE 72nd, (206)524-4101. WI: Madison: 
Computer Store, 1863 Monroe, (608)255-5552; 
Milwaukee: Computer Store, 6916 W. North, 
(414)259-9140. D.C.: Georgetown Computer 
Store, 3286 M St. NW, (202)362-2127. 
CANADA: Toronto, Ont: Computer Mart, 1543 
Bayview, (416) 464-9708; First Canadian 
Computer Store, 44 Eglinton Ave. W., (416) 
482-8080; Vancouver, B.C.: Basic Computer 
Group, 1438 W. 8th, (604)736-7474; Pacific 
Computer Store, 4509 Rupert, (604)438-3282. 
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Subsystem& 
Each board is a standout. Together, they're a powerhouse. 

In the beginning there were boards, 
thousands of them. 

That's how we started in the business. 
M aking memories and interfaces for 
other people's computers ... and making 
them better. 

Now that our own Sol has become 
the number one small computer, you 
might think we're putting less emphasis 
on our board business. 

Not so. 
We're just doing more creative things 

with them. 

One neat package gets your 
computer on the air. 

For example, we've built Subsystem 
B, which ties together five Processor 
Technology modules into a completely 
integrated system that makes other 
S-100 Bus computers work almost as 
well as our Sol. 

Ci rcle 305 on i nquiry card . 

Subsystem B includes a memory 
module, three input/output modules, 
a general purpose memory, and 
appropriate software. 

A specialized software program 
called CUTER knits together 
your computer and its peripherals to 
create an integrated, smoothly 
working system. 

It's the fastest, cleanest way to get on 
line, and it costs less than if 
you bought each module separately. 

You get your choice of two low 
power, reliable memory modules in 8K 
or 16K capacity. 

Our VDM-1 video display module 
(still 5199 in kit) is the industry standard 
display device with over 6,000 in use. 

Our CUTS high speed, low cost 
($149 in kit) audio cassette interface is 
the most reliable on the market and is 
supported by our broad line of cassette 

software including Extended BASIC, 
FORTRAN� PILOT� FOCAL and 
numerous others. 

And our 3P +S input/ output module 
offers a low cost way to handle 
virtually all the I/0 needs of any S-100 
Bus compatible computer system. 
There are close to 10,000 in the field. 
Price is just $149 in kit. 

Yes, we may have become the maker 
of the Number 1 small computer­
the Sol. But we haven't neglected the 
quality of our board business. We 
can't afford to ... because we use many 
of them in our own computers. 

For our most recent literature and 
price list see your dealer or write 
Processor Technology Corporation, 
Box B, 7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. (415) 829-2600. 

Processor Technology 
• Available soon. U.S. prices only. 



Dr Dwight D Egbert 

c/o 1 639 Madison Av 
Memphis TN 381 04 

The Photograph Is Also a Hard Copy 

Photo 7 .  

1 0  fvby 1978©BYTE Publicalions lnc 

Even wi th the arrival of l ow cost al pha­
numeric pri nters for hobby computers, there 
are sti l l  several s ituations in which photo­
graphs from video disp lays are the most 
satisfactory form of hard copy. Th is is parti­
cu lar ly true when you are displaying graphs 
or image data in b lac k  and wh ite ,  or with 
almost any color d isp lay. I n  fact, most pro­
fessional s work ing wi th col or displays are 
sti l l  forced to photograph their v ideo dis­
plays to obtain color hard copy. At present, 
sati sfactory color hard copy devices range in  
price from $50,000 to wel l over $500,000. 

Li kewise, the cu rrent  small system prin­
ters are not su i table for image data, whether 
blac k and wh ite or col or. Image data differs 
from the usual a lphanumeric and graphics 
data because the disp lay is no l onger binary 
(blac k  or white, color or no color) . I nstead, 
image data is displayed in a two-dimensional 
array or raster, and each element of the 
array or each picture e lement (pixel ) can 

possess one of several grey l evels or col ors. 
In the fie ld  of personal compu ting, the 
Cromemco Dazz ler i s  capable of displaying 
image data i n  up to a 64 by 64 pixe l  array 
with each pixel one of 1 6  poss ib le  grey 
l evels or 1 5  possi b le  colors. The Apple I I  
has a s im i lar mode of operation wi th 1 6  
col ors and black avai l able i n  a 44 h igh by 
40 wide array. For these types of d isp lays 
it wi l l  probably be many years before a 
viable al ternative to photography exists for 
l ow cost hard copy. 

There are several techn iques you can 
employ to produce photographs of video 
disp lays that wi l l  i nsure consistent ly h igh 
quality resu l ts .  Many k inds of cameras can 
be used with these techn iques, but by far 
the easiest to use is the s ing le lens reflex. 
Some models of Polaroid cameras equ ipped 
with close-u p attachments a l so  work wel l .  

Whichever camera you use ,  i t  i s  essential 
that you attach i t  to a sol i d  mount. This 
might be a tripod, a low cost  camera c lamp, 
or a device of your own construction. The 
camera shou ld  be posi t ioned perpendicu lar 
to the vi deo disp lay screen so that the screen 
is centered and a lmost completel y fi l l s  the 
vi ewfi nder. As with most of the techniques 
di scussed here, consistency is paramount  
if you  want  to  obta in  rel i able and  repeatable 
resu l ts. To ach ieve consistency in camera 
posi ti on ing, it i s  desirable to bu i l d  some 
s imp le  mechanism to ho ld  the camera in the 
same l ocation every time you use i t. Al ter­
native ly ,  if you use a tripod, mark the leg 
positi ons on the fl oor with tape, or at l east 
measu re the distance from the screen to the 
camera wi th a tape measure. 

Once the camera is mounted, the room 
l i gh ts shou l d  be dimmed or preferably 
tu rned off when you actual l y  take a p icture. 
If  the room contains win dows, pul l  the 
shades or complete ly  block them. You wi l l  
obtai n the best resu l ts i n  a complete ly  dark 
room. If you cannot completel y el im inate 
l i ght  from the room, positi on the disp lay 
so that any l igh t sou rces are beh ind  i t  to 
prevent l ight reflections from the screen. 
Make a habit of observi ng  any such reflec­
tions whi le  l oo king  th rough the camera 
viewfinder. Normal ly ,  refl ections wi l l  not be 



Photo 2. 

Photos 7 thru 5: Some examples of high 
resolution color graphics photographed by 
the author from various high resolution 
color graphic displays, using techniques 
similar to those described in this article. 
Photo 7 is a false color image of farmland 
obtained from an aircraft by a NASA 24 
channel multispectral digitizing scanner. The 
data was converted and displayed on a high 
resolution color monitor at the NASA 
Goddard Institute for Space Studies in 
New York. Photos 2 and 3 were recorded 
by LA NDSA T satellite and processed by 
the General Electric Image 7 00 image 
analysis system. The LANDSA T system 
records four black and white images taken 
in different parts of the light spectrum. 
A fter analysis, the Image 7 00 displays grey 
scale values or other computer derived fea­
tures as arbitrary false colors. Photo 4 was 
recorded from an aircraft and processed on 
the Image 700 system. Photo 5 is a false 
color image created at the University of 
Kansas Center for Research, Remote Sensing 
Laboratory, using their Identification, Dis­
crimination, Enhancement Combination 
System (IDECS). 

Photo 3. 
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noticed un less you are consciously l ooking 
for them, bu t they wi l l  be obvious in the 
resu l ting photographs. If you find that you 
are unable to e l im inate reflections of the 
camera and you rse l f, you can overcome 
th is with a s imp le  device. To e l im inate the 
camera reflection, use a piece of black  
l i ghtweight cardboard or  stiff paper some­
what l arger than the camera. Cu t a round 
hole in the center of the paper just large 
enough for the camera lens to fi t th rough, 
and attach it to the l ens with either tape 
or a fi l ter adapter  ring. You can el iminate 
reflections of you rself by standing to one 
side of the camera during the exposure. 
This is fac i l i tated by the use of a shutter 
cable rel ease, wh ich al so guards against 
camera movement duri ng the typical ly l ong 
exposu re times. 

There i s  one case when you might want 
to i n tentional ly use room l i ght  when photo­
graph ing a disp lay. If you are photograph ing 
a vector d isp lay or oscilloscope screen 
as opposed to a raster scan video disp lay, 
you can use a dim room l ight to reduce 
contrast. A desk or table lamp p laced beh ind 
the d isp lay screen is usual ly sufficient. I f  
you're going to do th is often, it might be 
worthwh i l e  to make a few tests with 
d ifferen t  l amp i n tensi ties to determine the 
proper ratio of background to display 
l i ghting. When using this technique, be 
conscious of potential reflection problems. 

Next, i t  is necessary to adjust the video 
disp lay properly. This is the most importan t 
factor in obtaining h igh qual i ty photographs. 
The use of excessive contrast and/or brigh t-

ness when adjusting the d isp lay can degrade 
images. For good qua l i ty photographs, th e 
d isp lay shou l d  appear sl ightly "flat"  with 
lower contrast than used for normal viewing, 
and there shou l d  be absolu te ly no sign of 
b loom ing or smearing of the h i gh i n tensity 
areas. You can ach ieve th is condition 
through an i terative adjustment of the 
contrast and brightness controls. F i rst, l ower 
the contrast somewhat from i ts normal 
setti ng. Th en, adjust the brigh tness con trol 
un til you can just see d im grey over the 
entire background  raster where there is no 
signal present  ( i e: no image or characters ) . 
I f, at this po int, the image appears ex­
cessively low in contrast, tu rn the contrast 
up sl ight ly and readjust the brightness to 
obtain a bare ly visi b le background. A l te r­
natively, if the image appears too con­
trasty, or if the h igh intensi ty areas are 
smeared, tu rn the contrast down sligh tl y 
and readjust the brigh tness. The secret i s  
to obtain a d isp lay wi th a dark grey back­
ground raster and sl ightl y  l ower contrast 
than you th i n k  is proper. 

Since this p rocedure requ i res q ua l i tative 
ju dgement on your part, it is. very important 
to experiment with a test rol l  of fi lm  u sing 
several sl ight ly d ifferent  settings. Th rough­
au t the test be su re to record the v ideo 
d isp lay control posit ions and camera setti ngs 
for each exposure. Otherwise, by the t ime 
you have the devel oped fi lm  ready to 
evaluate, you wi l l  p robably fi nd  it im­
poss ib le  to dup l i cate any of the test condi­
tions. 

If  you are using a DC coup led vi deo 



Give your 
minidisks" 
ahapp� 
home. 

You know your VERBATIM'"minidisks are 
tough. Long-lived. Rugged. Now, chances 
are good that your minidisks will last forever. 
The reason? The Mini Data File. 

ITC's Mini Data File is a neat new 
way to store and ship your 
VERBATIM minidisks. Made from 
high-impact plastic , the Mini Data 
File is lightweight and convenient. It 
protects your data in ways that a file 
drawer never could. No more dust, for 
instance. And no more damage from tough, 
everyday handling. 

Information Terminals Corp. ~ 323 Soquel Way, Sunnyvale, CA 94086 
(408) 245-4400 ® 

Circle 1 7 7  on inquiry card. 

For a limited time, I TC will give you this 
$4.50 storage box free when you buy ten 
VERBATIM minidisks. 

Check your local VERBATIM dealer or 
computer suppliers store. And if you don't 

know a dealer near you, call us. 

We want to see your data happy and safe. 

Call Toll Free: (1) 800-821-7700, Ext. 515 
(In Missouri call: 

800-892-7655, Ext. 515) 
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i nput, you can use the resu l ts of this test  to 
determine the optimum contrast and bright­
ness setti ngs for your equ ipment. You can 
mark these and use them for all photo­
graph i ng. Also, you can ach ieve the most 
consi stent resu l ts th is way. However, if you 
are us ing capac i tor coup led v ideo or RF 
(radio frequency ) input, the con trast and 
brightness are somewhat data-dependent 
and you may need to make s l igh t  adjust­
ments for d ifferent disp lays. Even i n  th i s  
case, though, a si ngl e setti ng of the contrast 
and brigh tness controls can be used most 
of the t ime,  and ma1·ked setti ngs shoul d 
certai n l y  be used as a constant reference. 

When making the i n i ti al tests i t  is also 
necessary to determ i ne the p1·oper fi lm 
exposure. For  static v i deo disp lay patterns, 
the shu tter speed you use is not critical . 
The on ly consideration i s  that it must be 
longer than 1 /30 of a second, si nce th i s  is 
the time requ i red  for one com plete screen 
refresh .  Li kewise, the exposure time shoul d 
not normal l y  exceed 1 second to preven t 
problems with fi l m  reci procity fai l u re .  

Although any shu tter speed wi th i n  th is 
range i s  adequate, I p refer 1 /2 or 1 /4 second ,  
wh ich usual ly resu l ts i n  a reasonable f-s top 
setting  with my  particu lar fi lm .  

Automatic exposure con tro l s  a nd  l igh t 
meters are on ly  parti a l ly effective i n  this 
appl ication.  In order to ut i l ize these aids, 
you r test d isp lay shoul d conta in  an even 
mix  of l ight and dark pixels .  Or, if you are 
photograph ing  an al phanu me ric d i sp lay,  
i t  shou l d  be nearly fi l l ed with text. As a 
ru l e  of thumb, i f  you r  d isp lay is about 1 /2 
fu l l  of text, decrease the l i ght meter expo­
sure by 1 /2 f-stop, and if your d isp lay i s  
1 /4 fu l l ,  decrease the meter exposure by 
one fu l l  f-stop. Also, dur ing the i n i tia l  tests, 
it is wise to bracket the determined exposure 
by making two addit ional exposu res at each 
test sett ing: one at one f-stop more expo­
su re, an d one at one f-s top l ess exposu re. 

The p roper fi l m  exposure also depends on 
wh ich fi lm  you are us ing. For colo r, I p refer 
Kodak Ektachrome -64 day l igh t type (ASA 
64), and for black and wh i te, Kodak Pana­
tomic-X exposed at ASA 64 i nstead of the 
rated ASA 32. Wi th e i ther of these fi l ms and 
a proper ly adjusted vi deo disp lay, a good 
start ing exposu re is 1 /2 second at f/4. I f  
you do not  have an  exposu re meter, you can 
make you r i n i tial tests with th is basic ex­
posure together with two bracketing ex­
posu res of p lu s  and m inus  one f-stop. If  you 
prefer another fi l m  you can adjust the basic 
exposu re according to you r fi l m 's ASA 
rating. For exam ple, ASA 1 25 fi l m  requ i res 
one f-stop less exposu re, and ASA 32 fi lm  
requ i res one f-stop more exposure. {A t 
B YTE we have had good results using the 
new high speed Kodak Ektachrome (ASA 
200), a macro close-up lens with f-stop set 
using the through-the-/ens meter, and 
7/1 5th second exposure in a dark room. 
The color photos in Carl Helmer 's Apple II 
review, page 7 8 of the March 7 9 78 issue, 
were made this way . . . CM j 

When us ing color fi l m  always use day l i gh t  
type, not tungsten o r  i ndoor type. Day l igh t  
fi l m  fai thfu l l y  reproduces the color balance 
of the video d isp lay. Also, I recommend 
that you avoid color negative fi lm s  i n  favor 
of color s l i de or transparency fi lm ,  un l ess 
you do you r own color pr int ing or are 
wi l l i n g  to pay the cost of custom color 
prin ting. 

Wi th a l i ttl e bit of care, and us ing these 
tech n iques, you shou l d  be able to use you r 
camera as a h igh qual ity black and wh i te 
or color hard copy device. But  remem ber : 
to avo id  frustration and to ensure con­
s istently  h igh qual i ty resu l ts , it is i mportant 
to establ ish,  by test, a set of standard 
setti ngs for both the video disp lay contro ls  
an d camera exposure.• 



The Ullintale Turn-on 

On/off control everywhere­
by computer over the AC wiring 

Now it's simple and economical 
to control AC devices remotely from 
an S- 100 or Apple II computer. 
Mountain Hardware's new Intra!™ 
system delivers on/off commands 
over the existing AC lines - so you 
don't have to string a foot of wire ' 

Control at any AC outlet. The 
lntrol system impresses a code­
modulated 50 KHz control signal 
on the house wiring. Then decodes 
the signal at any outlet to switch 
AC devices on and off. You can 
control lights, refrigerators, TVs, 
solenoid valves, sprinklers, burglar 
alarms - and many other things we 
leave to your fertile imagination. 
With the addition of input sensors 
to your computer system, you can 
automatically control variables such 
as temperature and soil moisture. 

Here's how it works. You plug 
in a single AC Controller board at 
the computer bus and connect the 
AC Interface Adapter to any con­
venient 1 15 VAC outlet The AC 
Controller is now connected to 
address as many as 64 channels 
remotely But it's completely isolated 

from the 1 15v power, so there's no 
chance of short or shock. 

At any outlet where you seek 
control, plug in a Dual Channel AC 
Remote. Then plug one or two 
devices to be controlled into the 
box. Every AC remote has two 
independent 500 watt channels. 
When commanded by the computer, 
the Dual Channel AC Remote turns 
the devices on and off independ­
ently When polled by the compu­
ter; the Dual Channel AC Remote 
sends a signal back, telling the 
computer the status of each device. 
Bidirectional communication pro­
vides error free operation. 

Simpleprogranuning. You write 
your control program in BASIC or 
Assembler language Software sub­
routines for the control programs 
come with the equipment - along 
with complete documentation. If 
you have an S- 100 computer, you 
can program on/ off commands at 
any day and time using our option­
al 1 00,000 day Calendar/Clock 
Board. A self contained power 
source assures fail safe operation. 

Modest prices. The AC Con­
troller, for both the S- 1 00 and Apple 
II computers, costs $149 in kit form 
or $ 189 completely assembled and 
tested Each Dual Channel AC 
Remote costs $99 as a kit or $149 
assembled and tested. Thus, a fully 
operative system in kit form can be 
yours for as little as $248. 

The Calendar/Clock Board for 
S- lOO's costs $179 in kit form, $219 
assembled and tested. 

All prices are f .ob Ben Lomond, 
CA Prices are USA Domestic. Cal­
ifornia residents add 6% sales tax 

Where to find it. The Introl 
system can now be found at corripu­
ter shops throughout the U S  and 
Canada. Drop by and ask for a dem­
onstration. Mountain Hardware, 
Inc , may be reached at Box 1 133, 
Ben Lomond, CA 95005. Phone 
(408) 336-2495. 

Dual Channel AC Remote � Mountain Hardware Circle 260 on i nquiry card. 

AC Controller (S- 100) 
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Photo 7: A three-dimensional "square spiral"  being generated by the authors ' microcomputer 
controlled display system. A t  right is an oscilloscope screen displaying a series of points around 
the perimeter of the screen. It appears that the points are being displayed simultaneously 
because of the exposure time needed for the photograph, but they are actually being displayed 
at different times. By synchronizing the display with the rotation of the mirror (at left), a true 
three-dimensional image is created. Viewers can ' 'see behind" the images, and perspective 
changes with viewing angle. 

Graphics in Depth 
I ntroduction 

Regu lar readers of BYTE have al ready 
seen many artic les and advertisements con­
cern ing graphic disp lays. A graphic disp lay 
adds direct visual impact to the computer 
output, communicating d i rectly in a non­
verbal manner. The advan tages of th is k ind 
of d isp lay in specific appl ications are obvi­
ous. But what about add ing a th i rd d imen­
sion to the d isp lay?  

Many drawings are representations of 
th ree-d imensional data in two dimensions; 
with the abi l i ty to disp lay in th ree d imen­
sions it wou l d  not be necessary to use per­
spective or other cues to suggest an impres­
s ion of depth . I nstead, an arch i tectural 
drawing, Space War, 3-D Life or abstract 
graph ic designs cou ld  be disp layed d i rectly .  
An image d isp layed in th i s  manner wou l d  
appear to exist in space ;  viewers cou l d  

" look beh ind"  t he  image to  a degree and  see 
it from different perspectives by s imp ly 
changing the ir  v iewing angle. 

How can a th ree-dimensional d isp lay be 
bu i l t? Several techn i ques h ave been used in  
the  past. One general method invo lves 
presenti ng separate vi ews to each eye by 
means of a special v iewing apparatu s fam i l iar 
to anyone who has gone to a 3-D movie or 
used a ste reopticon.  Many peop le find it 
fai rl y  easy to train themse lves to merge two 
stereo images presented s ide by s ide by 
cross ing or "wal l i ng" the i r  eyes. Th is  does 
not requ i re any special v iewing equ ipment, 
and anyone who is going to v iew a l ot of 
stereo images m ight want to l earn th is  tech­
ni que .  S ince it does requ i re some train ing an 
untrai ned friend may not be able to view a 
graph ics demonstration in a fu l l  th ree 
d imensions w i th out  the special apparatus. 



(2b) 

3-D Adds a New 
Dimension to Your Display 

(2a) 

Photos 2a and 2b: The 
authors ' laboratory. Photo 
2b shows a close-up of the 
3-D display apparatus. The 
mirror is shown at left 
mounted on its cardboard 
tube, with the oscilloscope 
behind it. The Digital 
Group computer main­
frame is at right. 
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Photos 3a, 3b and 3c: Photos 3a and 3b were taken from slightly different angles to form a stereoscopic pair. The image is gen­
erated by the program in listing 3; readers can view the image in 3-D using the techniques described in the text. If you have 
access to a stereopticon, it may facilitate the process. Photo 3c shows the distorted image of the house as it appears on the 
oscilloscope screen. It should be emphasized that photos 3a and 3b show the three-dimensional effect of the display at only one 
viewing angle; the actual effect of looking down into the rotating mirror is much more realistic because the image changes shape 
as the observer's viewing angle changes within a cone of visibility. 

MOV I NG  
I M AG E  
O F  SCREEN 
FACE 

An examp le  of separated stereo pairs is 
shown in photo 3. The images may be 
merged together by focusing the eyes at a 
distance un ti l  the two blu rred images merge, 
and then focus ing the eyes on the images 
without l etting  the images separate. One way 
to aid the eyes to merge these two images is 
to use two paper tubes to look at the images. 
With practice, the eyes wi l l  be abl e  to view 
the image comfortably and without strain .  
With th is  techn ique, t he  right eye views the 

( ::.----·-------------
·� 

OSC I LLOSCOPE 
. '------

CATHODE RAY 
TUBE  

..._ REVOLV ING  M IRROR 

Figure 7 :  One method for generating a three-dimensional display. A vertical 
mirror is rotated in frorft of an oscilloscope screen. A volume of space is thus 
defined in which points can be made to appear by displaying them on the 
screen at the right time. One disadvantage of this method is the relatively 
restricted viewing area caused by the position of the oscilloscope. 
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right image and the l eft eye views the left 
image. The d i ffering positions of the various 
l i nes in  the two images are matched up and 
i n terpreted by the brain as if they correspond 
to real l i nes at d ifferen t  depths. Viewed 
p roperly ,  the house shou ld appear as  i t  wou l d  
from a n  aerial view. I f  the pai rs are merged 
in the opposite manner (by crossi ng the eyes 
to look at a po int  c lose to the observer and 
then refocus ing) , the apparent angles are 
reversed and the house wi l l appear to turn 
" ins ide out. " Th is techn ique may be aided 
by focus ing the eyes on a finger he ld above 
the page. If you are u nable to fuse stereo 
images by moving  the eyes, it may be neces­
sary to purchase a stereo viewer from an 
optics supp l ier to view thi s  kind of d isp lay .  

I t  i s  qu i te easy t o  generate these stereo 
images on a h igh resol ution p lotter or 
graph ics terminal by calcu l ating  the appro­
pr iate perspective views for each image. This 
produces realistic th ree-di mens ional images 
when viewed properl y ;  however, they are 
not auto-stereoscop ic, that is, they do not 
appear to be stationary th ree-dimensional 
objects when the observer moves around to 
d ifferent  positions. I nstead, they appear to 
move around to follow the observer. How­
ever, with some mechan ical construction, a 
d isp lay system can be constructed that 
produces a true th ree-d imensional image 
viewable from a wide range of observer posi­
tions. The h ardware and software system 
described in  th is  articl e  can p roduce d isp lays 
conta in ing up  to 2000 poi n ts with a posi-

Continued on page 1 1 6 



EX3000-a new multi-user 
multi-tasking computer system. 

Th is  complete series of  com p u te r  systems embody arch i tectural 
concepts p revious l y  found o n l y  in cost l y  l a rge sca l e  compu ters. The 
pr imary concepts used in the E X3000 com p u ter systems are d is­
tr ibuted process ing  for hCJrdware and m u l t i -task i n g  for system soft­
ware. The E X3000 systems d i st r i b u te system process i ng f u ncti ons to 
those system componen ts that  a re best su i ted to perform th ose tasks. 
Th is state-of-the-art tech nol ogy was p roh i b i t ive u n t i l  the recent in tro­
duction of cost effective computat ional  and control  m i croprocessors, 
a l ong with progra m m a b l e  peri pheral  c i rc u i ts to perform p reassigned 
ded i cated tasks. Cou p l i ng these cost effect ive components with the 
d istr ibuted processing tech n i q ues proven by many l arge mainframe 
computer manufactu rers,  E x tensys Corpora t i o n  has been able to pro­
vide exceptiona l l y  powerfu l and f l e x i b l e  systems. Through the 
eff icient use of system components in a m od u l a r  struct u re ,  the 
EX3000 Compute r  Systems a l low con f i g u rat ions that meet a 
wide variety of spec if ic  a pp l i cat ions as wel l  as offer ing expansion 
capab i l i ty to sat i s i fy i ncreas i ng usage demands.  

The hardwa r e  of the E X 3000 Computer Sys tems consist of suo­
systems and boards.  Th ree subsystems a re provided : 

· F O S 1 000 F l oppy D i skette Subsystem with  1 to 4 Mega­
bytes of on-1 i ne mass storage. 

· MTS40x M u l t i p l e  Term i n a l  Su bsystem with 8 or more 
i ndependent R S-232c ser ia l  i n terfaces. 

· TPS400 Term i n a l /O perator Processor Su bsystem with 
keyboard , C R T ,  R S-232c ser i a l  i n terface, and 
expanded video attri butes. 

Circle 1 35 on i nquiry card. 

Other p/c boards wh ich are i ncl uded in the E X3000 system are: 
RM650 Memory board w i th 1 6 K to 64 K bytes of 

R AM storage. 
MM 1 6  Memory Management board with  b a n k  switch ing 

up to 1 megabyte of R A M  memo ry and a pr ior ity 
D M A  mecha n i sm for h i g h  speed D M A  transfers. 

· M P U 805 8085 Central  Processor with on-board P R OM 
space ( 1 6  K ) ,  p r i o r i to r i zed vectored i n terrupc:,  
and com b i nat ion i nterval t i mers/event cou nters. 

E M O S- I V , E x tensys M u l t i p rocessor Opera t i n g  System , furn ishes 
fundamental  E X3000 system software. T h i s  m u l t i-tas k i n g  operat ing 
system p rovides a h igh level  i n terface between appl icat ion programs 
and E X3000 hardware com ponents. E M O S- I V  is a m u l t i -process, 
m u l t i -user operat i ng system which p rovides a l l  f i l e  hand l i ng 
capab i l i t ies as wel l  as com p l ete program deve l opment tools. M u l t i ­
user E M OS- I V  p rovides memory protect i o n  for each user.  I t  a l so 
provides i n ter-system co m m u n ication to a l l ow m u l t i p l e  E X 3000 
systems to operate as a u n i t  with  a com m on data bank a l ong with 
secu red i n d iv idua l  user data bases. 

H igher l evel l anguages i nc l u d i n g  E XT E N D E D  BAS I C ,  COBO L and 
A N S I  F O R T R A N  wh ich are E M OS- compat i b l e  offer added f l ex-
ibi I i ty to generate appl i cat ion J) rograms & development systems. 

The E X 3000 system s  offer both h igh performance and cost-effect­
ive computer power to O E M s  and end users. J o i n  the Th i rd Revo l ut­
ion in computer design by i nvest iga t i ng the d istr i buted p rocess i ng/ 
m u l t i -tas k i n g  capa b i l i t ies of m icro p rocessors b u i l t - i nto the Extensys 

E X3000 Compute r  Systems. 
For m ore i n format ion on the 

E X3000 C o m p u ter Systems and how 
they can satisfy your process ing needs, 

, ; g ive us a cal l .  

mgporation 
380 Bernardo Avenue 
Mountain View, CA 94040 
(4 1 5) 969-6 1 00 
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Why APPle . · s the worldS est sellil'ql pe sonal computer. 

Wmch personal computer will be 
most enjoyable and rewarding for you? 
Since we delivered our first Apple® II 
in April, 1977, more people have chosen 
our computer than all other personal 
computers combined. Here are the 
reasons Apple has become such an 
overwhelming favorite . 

Apple is a fully tested and assembled 
mainframe computer. You won't need 
to spend weeks and months in assembly. 
Just take an Apple home, plug it in, 
hook up your color TV* and any cassette 
tape deck- and the fun begins. 

To ensure that the fun never stops, 
and to keep Apple working hard, we've 
spent the last year expanding the Apple 
system. There are new peripherals, 
new software, and a 16-chapter Owner's 
Manual on "How to Program in BASIC' 
There's even a free Apple magazine 
to keep owners on top of what's new. 

Apple is so powerful and easy to use 
that you'll find dozens of applications. 

There are Apples in major universities, 
helping teach computer skills. There 
are Apples in the office, where they're 
being programmed to control inven­
tories, chart stocks and balance the 
books. And there are Apples at home, 
where they can help manage the family 
budget, control your home's environ­
ment, teach arithmetic and foreign 
languages and, of course, enable you 
to create hundreds of sound and 
action video games. 

When you buy an Apple II you're 
investing in the leading edge of 
technology. Apple was the first com­
puter to come with BASIC in ROM, 
for example. And the first computer 
with up to 48K bytes RAM on one 
board, using advanced, high density 
16K devices. We're working to keep 
Apple the most up-to-date personal 
computer money can buy. Apple II 
delivers the features you need to 

enjoy the real satisfaction a personal 
computer can bring, today and 
in the future. 

15 colors & hi-resolution 
graphics. too. 

Don't settle for a black and white 
display! Connect your Apple to 

a color TV and BASIC 
gives you instant 

command of 
three display 

modes: Text, 
40h x 48v Color­

graphics in 15 colors, 
and a 280h x 192v High 

Resolution array that lets 
you plot graphs and com­

pose 3-D images. Apple gives 
you the added capability of 

combining text and graphics, too. 

Bacll to basics. and 
assembly language too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy to use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, with PEEK, POKE 
and CALL commands. 

Software: 
Ours and yourS. 

There's a growing selection of pre­
programmed software from the Apple 
Software Bank- Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 



by other Apple owners. Our Software 
Bank is your link to Apple owners all 
over the world. 

Alive with 
the sound 
of music. 

Apple's ex­
clusive built-in 
speaker delivers 
the added dimension of sound to your 
programs. Sound to compose electronic 
music. Sound to liven up games and 
educational programs. Sound, so that 
any program can "talk" back to you. 
That's an example of Apple's "people 
compatible" design. Another is its light, 
durable injection molded case, so you 
can take Apple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of 
this ad each month for the latest in our 
growing family of peripherals . We call 
them "intelligent interfaces." They're 
smart peripherals, so you can plug 
them in and run them from BASIC 
without having to develop custom soft­
ware. No other personal computer 
comes close to Apple's expandability. 
In addition to the built-in video inter­
face, cassette 1/0, two AID game pad­
dles, and two more AID inputs, Apple 
has eight peripheral slots, three TTL 
inputs and four TTL outputs. Plus a 
powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals, including two disks. 

Available now. 
Apple is in stock and ready for 

delivery at a store near you. Call us for 
Apple is the the dealer nearest you. Or, for more 
proven computer. details and a copy of our "Consumer 

Apple is a state-of-the-art single Guide to Personal Computers," call 

board computer, with advanced LSI 800/538-9696 

design to keep component count to a or write Apple 

minimum. That makes it more reliable. Computer, Inc., 

If glitches do occur, the fully socketed 10260 Bandley 

board and built-in diagnostics sim- Drive, Cupertino, 
plify troubleshooting. In fact, on our ��--����-�� CA 95014. 
assembly line, we use Apples to ._ 
test new Apples.  

,1!1·' ,� ·applcz computczr® 

Programming is a snap! 
I'm halfway through Apple's BASIC 

manual and already I've programmed 
my own Star Wars game. 

Those math programs I wrote 
last week -I just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 

New from Apple. 
I nt roducing the Apple 
Communication Interface 

Apples of the world unite ! Now 
you can, with our new intelligent com­
munication interface card. Just plug 
it in and it turns your Apple into an 
intelligent terminal that can go on line 

with other terminals, 
time-sharing 
computers and, 
especially, with 
other Apples. 
You can even 
play Tele-Pong! 
Everything you 
need is on one 
small card. 
With a modem, 

it enables your 
Apple to communi­

cate by phone at 110/300 baud RS232 
full duplex 1/0. The card is fully as­
sembled and tested and has all re­
quired software in on board ROM. 
It's controlled by simple BASIC com­
mands. And it's available from stock. 

Peripherals  in  stock 
Hobby Board , Parallel Printer Inter­
face , Communication Interface . 

Coming soon 
High speed serial printer interface,  
General purpose serial interface , 
Printer II , Printer IIA , Disk II , 
Monitor II . 

* Apple II plugs into any standard TV using 
an inexpensive modulator (not included). 

Ci rc le  1 5  on i nqu i ry card. 

Apple's smart peripherals make 
expansion easy. Just plug 'em in and 

they're ready to run. I've already 
added two disks, a printer and the 

communications card. 

� 



Convert Your TV Set to a Video Monitor 

Dan Fylstra 

22 Weitz St #3 
Boston MA 02134 

Most modern personal computers are 
designed to disp lay l i nes of characters and 
possibly graph ics patterns on a video moni­
tor. This i s  an ideal way to provide h igh 
speed readable output  of alp habetic and 
numeric information at a low cost. Un­
fortunately ,  video monitors themselves are 
sti l l  rather expensive. Examples  are the 9 
inch (27.4 em) j avel i n  monitor at $ 1 75 
and the 9 inch H itach i  monitor at $ 1 85. A 
few surp lus  video mon itors are sold for 
prices (wh ich I have seen) ranging from 
$90 to $ 1 50, but these may be hard to 
find, difficu lt  to interface, lack ing 
cabinets and poss ib ly unwarrantied. 
All standard monitors can be used 
only for dedicated disp lay app l ications 
and wi l l  not receive regu lar tel evis ion 
programs. 

Many computer experimenters have 
adapted regular television sets for use 
as video monitors. Th is  may be done either 
by bu i lding an " R F  modulator, " in  effect 
a tiny TV transmitter that c l ips  onto the 
antenna termina ls  of the TV set feeding 
the computer generated v ideo signal in l i ke 
any other program, or by physical ly modi­
fying the TV set, cutti ng off the video 
signal coming from the airwaves through 
the video detector, and feeding the com­
puter's video signal i nto the set's video 
ampl ifier. (With some care, a switch can be 
added to permit either normal program 
reception or computer generated d i sp lay. )  
The  principles beh ind these two methods 
and sample circu its have been seen in the 
pages of BYTE from time to t ime. (A com­
p lete guide to video signal generation, TV set 
modification and related topics wi l l  be 
found in  Don Lancaster's book, TV Type­
writer Cookbook, Howard W Sams and 
Company, I ndianapol is, 1 976. )  

This artic le i s  a personal u se review 
of two of the most popu lar kits for TV 

Continued on page 131  

22 May 1978 © BYTE Publications Inc 

Photo 7 :  This display, produced by an A TV Research Pixe-Verter driven 
by an Ohio Scientific Instruments Model 4408 video board, illustrates the 
RF modulator method of adapting an ordinary TV set to serve as a video 
monitor. This method requires no modifications to the TV set, but limits 
the number of characters that can be displayed on one line. 

Photo 2: The Pixe- Verter 
mounted in the space pro­
vided on the OS/ 4408 
video board. The other 
end of the shielded cable 
is attached to the antenna 
terminals of the TV set. 
The assembly should be 
mounted inside a metal 
box to prevent inter­
ference on other TV sets 
in the vicinity. 



Men 

• Versatile -
operation. 
• Tutorial ­

through th 

• 

. ,,., I t./fitt 1 
, ... 'U'� o ·  . 'l l tt-, n �l rou1 ·. 

,. .L N t . JtJr · J r; . ' , ., . Nn • l:inN" 
I J..ft.· !If! ] f.?�:.. f Nr. /1ft / lifl( I .,... 

- " 1 .  'IH I . 0 CO M P UT E R S 0 FTW AR.��/;) a!' · .·o��f rs , -B.us i n essmen ,  Eng i n eers ,  Hobby ists , Doctors'; lLavyy�r::s , ' ' ' · . .. 9. 
c ' rf £: [' 

" 
Binomial 
Chi-Sq. 
Co eft 
Confidence 1 
Confidence 2 
Correlations 
Curve 

.. Differences 

h lJ 0 
Vol . I I  
Beam 
Conv. 
Filter 
Fit 

;. -
Vol .  I l l  
Bill ing J 
Inventory 
Payroll 
Risk 
Schedule 2 
Shipping 
Stocks 
Switch 

Vol .  IV 
rtng

�
o
s 

Bull  A 
Enterprise 
Footbal l  
Funds 1 
Funds 2 
Go-Moku 
Jack 
Ute 
Loans 
Mazes 

·· �oker 
PoPul .. ._ _  
Profits 
Oubic 
Rates [I Retire 

. • Savings 
SBA 

.l ]ic-Tac-Toe 

Vo l.  V Ouadrac 

Andy Cap Red Baron 

Baseball =���e�s���e; N ��j;�,eo Roulette 

Descri f../ Santa 

Differ GStat 1 0  
Engine Stat 1 1  
Fourier Steel 

Horse Top 

Integers ���s logic 
Playboy 
Primes 
Probal 

APPENDIX Br. lllj 1 - -- - .... .... 

·� 

.,.. 
generates finan'Z; a1 (.lpor(S' 0 

AIR. A/P. 

BYTE May 1978 23 

-- -



Product Description: 

The Matrox AL T -256 

Gary R uple 
Matrox Electronics Systems 
POB 56 Ahu ntsic Sta 
Montreal Quebec H3L 3N5 
CANADA 

CRYSTAL 
CLOCK 

V IDEO 
OUT 

� w--
HOR IZONTAL 
COUNTER 

Video Board 

The AL T-256 is an Altair {S-1  00) bus 
compatib le graph ics card that gives a reso lu­
t ion of 256 by 256 dots. This  disp lay is 
usefu l for professional graph ics appl ica­
tions such as computer aided design, s imula­
tion, business and educational disp lays, and 
p lotting curves. 

The d i sp lay memory on the AL T-256 
consists of 1 6  4 K dynamic memory inte­
grated circuits in  the 1 6  pin package. The 
dynamic memory refresh i s  handled by the 
video scan circuitry so that no processor 
time is requ ired for this function. 

Board Address i ng 

The board is addressed as four contiguous 
ou tput ports and one input port ( 10 ports 

V I DEO I l SH IFT REG I STER I 
GENERATOR !+-

i i 
ROW A DDRESS DYNAM IC  STROBE ( RAS) AND 
COLUMN ADDRESS MEMORY 

ARRAY STROBE (CAS)  FOR 
DYNAM IC MEMORY 

i 

are bui l t  i n ) ,  selectable by on board address 
jumpers. The dot address ing is done in X-Y 
fash ion.  Output ports 1 and 2 are used as 
registers for the X and Y posit ions, respec­
tive ly, to posi tion the cursor at the selected 
dot. Output 0 is used to wri te the i n tens ity 
of the dot:  00 for black and 01 for wh ite. 
After the dot i n tens i ty is l oaded, the AL T-
256 wil l requ i re 3.4 11s to wri te the dot i n  
t he  d isp lay memory { i e :  to a l low for i n ternal 
synchronization of the wi re operat ion, vi deo 
read scan and dynam ic memory refresh ) .  
S ince t he  8080 processor almost always re­
qu ires more than 3.4 /.ls to l oad the next dot 
address and data, the processor can ru n at i ts 
fu l l  speed. Al so, there wi l l  be no  streaks or 
fl ashes on the disp lay no matter how fast the 
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Figure 7 :  Block diagra m of 

deo the Matrox A L T-256 vi 
display board. 
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., The Computer for the Professional 
The 8813  was built with you, the professional, in mind. 

It quickly and easily processes cost estimates, payrolls, 

accounts, inventory, patient/ client records and much 

more. You can write reports, briefs, and proposals on 

the 8813's typewriter keyboard, see them on the video 

screen, and instantly correct, revise, or print them. 

Using the 8813 ,  one person can process what would 

normally require many secretaries, several bookkeepers, 

and a great deal of time. And data storage takes a small 

fraction of the space used by previous methods.  

You don't need to learn complicated computer lan­

guages. The 8813 understands commands in English. If 

you want to write your own programs, the 8813  includes a 

simple computer language, BASIC, that you can master in 

a few days. The 88 13  slashes the professional's overhead. 

It's a powerful time and money-saving ally. Prices for 

complete systems including printer start at less than $8 ,000. 

See the 8813 at your local dealer or contact PolyMorphic 

Systems, 460 Ward Drive, Santa Barbara, California, 931 1 1 ,  

(805) 967-0468, for the name of the dealer nearest you. 

PolyMorphic 
Systems BYTE May 1978 25 
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Figure 2: Display coor­
dinate system for video 
displays (MTX-Graph soft­
ware). 

26 May 1978 © BYTE Publications Inc 

I N C R E A S I N G  x -

processor accesses the card since the write 
operation is i n ternal l y  synchronized. 

Output port 3 is used as an erase screen 
command to either clear the screen or to set 
it a l l  wh i te according to data bit 0: 0 = black, 
1 = white. The erase operation can take up 
to 33 ms. The status port (I NO) has been 
provided as a means of checking the status 
of the AL T-256. The fo l lowing is a descrip­
tion of the status bits: 

Bit 0: When 0 the d isp lay is ready. 
When 1 the d isp l ay is being erased 
and shou ld not be accessed . 

Bit 1 :  When 0 the disp lay scan is in the 
video portion.  
When 1 the d isplay scan is in 
the vertical b lanking period a l low­
ing access of the disp lay when 
not visib le .  This i s  useful for 
dynamic motion and an imation 
synchronization. 

The X-Y addressing scheme provides the 
p rogrammer with a way to address i ndividual 
dots. A horizonta l  or vertical l ine requi res 
only one address to be updated for each new 
dot. A 45° diagonal requi res each address 
to be i ncremented or decremented. Using 
output ports as registers and as a means 
of addressing the card also conserves memory 
space, since the 65,536 direct ly addressable 

dots are equivalent to 8 K bytes of memory. 
(You wou l d  a lso have to keep track of dot 
posit ion i n  the byte.) 

Theory of Operation 

The AL T-256 has four  major blocks: 
the video sync generator, scann ing cir­
cu itry, cursor and interface e lectron ics, 
and 65,536 by 1 memory (see figures 1 
and 2 ) .  The sync generator consists of a 
crystal osc i l l ator and a d ivider chain .  This 
d ivider chain p roduces a l l  t im ing signals 
for the memory scann i ng as wel l  as hori­
zonta l  and vertical sync. The video sync 
generator can be programmed by jumpers 
for either the European or the American 
video standard. 

The scann ing circu itry consists of mu lti­
p l exers which p rovide p roper address, and 
read and write signals for the p rogrammable 
memory. 

The cursor consists of two 8 bit l atches 
(the X and Y address registers) wh ich are 
loaded by the p rocessor. Necessary inter­
face address and tim ing  decodi ng is ac­
comp l ished by the Alta i r  (S-1 00) bus inter­
face logic. 

The refresh memory has 1 6  4 K dynamic 
memories ( IC type 4096) organized as a 
65,536 by 1 bit memory. 

Power su pp l ies for 5 V,  600 mA; 1 2  V, 
1 00 mA, and -5 V, 1 0 mA are generated 
by on board vol tage regul ators. 

Mu lt ip le Boards 

The AL T-256 may be u sed in mu l tip le  
board systems for co lor  graph ics or grey 
scale appl ications. Any reasonable number 
of boards may be used. When more than 
one is u sed, one board must be chosen as 
the master and the others are configured 
as s laves synchronized to the master. There 
is an on board j umper a l lowing use as a 
master or s lave and a socket p rovided for 
connecting the sync signals and video be­
tween master and s laves. S ingle  or mu l tip l e  
boards may also be s laved to an external 
sync generator such as a TV camera signal 
or broadcast video. 

Software 

MTX Graph, the software package 
avai lab le for the AL T-256, p rovides a l l  the 
commonly u sed l ow level graph ics routines, 
and is configured as a series of subroutines 
that occupy hexadecimal memory l ocations 
01 04 to 04F F .  Mu ltiple boards can be 
supported by up to a maximum of eight 
bits of color or grey sca le information. 
Features of the package are described in 
table 1 .  



TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard . Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs . 

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 
• 37-page manual included 
• Device Code Selectable by DIP-switch 
• Capable of Generating Kansas City tapes also 
• No modification required on audio cassette recorder 
• Complete kit $120, Assembled $175,  Manual $4 

TARBELL FLOPPY DISC • Full 6 month warranty on kit and assembled units 

INTERFACE 
• Plugs directly into your IMSAI or 

ALTAIR • and handles up to 4 
standard single drives in daisy­
chain. 

• Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K bytes. 

• Works with m o dified C P / M* 
Operating System and BASIC-E 
Compiler. 

• Hardware includes 4 extra IC 
slots, built-in phantom bootstrap 
and on-board crystal clock. Uses 
WD 1 7 7 1  LSI Chip . 

• Full 6-month warranty and exten­
sive documentation .  

• PRICE: 
Kit $ 190 . . . . . .  Assembled $265 

I 
CP/M with BASIC-E 

and manuals : $ 1 00 

Compatible Disc Drives 
Ask about our disc drives priced as low as $525. 

TARBELL , ........ . 
PROTOTYPE � -· 

• Gold plated edge pins 
• Takes 33 14-pin ICs or 
• Mix 40-pin,  18-pin, 16-pin and 

BOARD 
Model 1010 

14-pin ICs 
• Location for 5 volt regulator 
• Suitable for solder and wire wrap 
• AL T AIR/IMSAI compatible 

Price: $28. 00 

For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 
across the country . Or write Tarbell Electronics direct for complete information. 

Circle 360 on inquiry card. 

' ALTAIR is a trademark/tradename of MITS. Inc.  
CP/M is a trademark/tradename of Digital Research 

20620 South Leapwood Avenue, Suite P 

Carson, California 90746 
(2 13) 538-4251 
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Photo la. Photo lb. 

Photo 2a. Photo 2b. 

Photo 3a. Photo 3b. 

Photos 7 to 3: Some examples of grey scale and pseudocolor images produced by the A L T-256 video board. The grey scale 
photos were produced by feeding the output from a TV camera through a slow scan analog to digital converter. Next, the 3 
bit digitized output was processed through three A L T-256 video boards and a digital to analog converter to give an 8 level 
video signal. The color pictures were produced by feeding the outputs from the video boards directly to the red, blue and 
green inputs of an RBG color monitor {see figure 3}. 
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Meet The North Star Family 
THE NORTH STAR S-100 FAMILY-four h i gh perform­
ance products at attractive low prices. Our boards are 
desi gned for use in the North Star HORIZON computer 
and other S-1 00 bus computers usin g 8080 or Z80 proces­
sors. Visit your computer store for a demonstration, or 
write for our free color catalog. 

16K RAM BOARD 

No oth er S-1 00 bus memory can match the performance 
of the North Star 1 6K RAM at any price. This  low-power 
board has been designed to work at ful l  speed (no wait 
states) ,  even at 4MHz with both Z80 and 8080 systems. 
Memory refresh is invisible  to the processor, ban k switch­
ing is provided and addressabi l ity is switch selectable i n  
two 8 K  sections. Best o f  a l l ,  a parity ch eck option i s  avai l­
able. Kit :  $399. Assembled: $459. Parity Option - kit:  
$39. Assembled: $59. 

MICRO DISK SYSTEM 

The North Star MDS is a compl ete floppy disk system with 
all hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to S-1 00 bus com­
puters. The North Star MDS is widely considered one of 
the best des igned and most complete S-1 00 bus products 

NORTH STAR * 

available. The MDS includes the S-1 00 interface board 
with on -board PROM for system startup, Shugart mini­
floppy disk drive, cablin g and con nectors, and DOS and 
BASIC software on diskette. Kit :  $699. Assembled: $799. 
Additional drive - Kit :  $400. Assembled :  $450. Si ngle 
Drive Cabinet:  $39. Optional Power Supply : $39. 

Z80A PROCESSOR BOARD 

The North Star ZPB brings the full speed, 4MHz Z80A 
microprocessor to the S-1 00 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys­
tems both with and without front panels. The ZPB i n ­
cludes vectored i nterrupts, auto-jump startup, a n d  space 
for 1 K of on-board EPROM. Kit :  $199. Assembled: $259. 
EPROM Option - kit : $49. Assembled: $69. 

HARDWARE FLOATING POINT BOARD 

If you do number crunchi n g, then this board is  for you. 
The FPB pe rforms h igh-speed float i n g  poi nt  add, subtract, 
multiply and divide with selectable  precis ion up to 1 4  
decimal d igits. Arithmetic i s  up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
1 0  times faster. A version of North Star BASIC is  included. 
Kit :  $259. Assembled: $359. Prices subject to change. 

COMPUTERS 
2547 Ninth Street · Berkeley, Cal ifornia 94710 • (415) 549-0858 

Circle 285 on i nquiry card. BYTE May 1978 29 



Table 7 :  Features of MTX 
GRAPH, a software pack­
age available for the A L T-
256 graphics board. 

Figure 3: Connecting an 
RBG (red green blue) 
monitor for 8 color opera­
tion using three A L  T-256 
boards. 
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1 .  Variable R esol ution : The display resolution 
may be set to 256 by 256, 1 28 by 1 28, or  
64 by 64 th rough software contro l .  

2 .  Point Plot: A dot corresponding i n  size to 
the resolution selected may be displayed at 
any arbitrary point by specify ing X-Y 
coordinates. 

3 .  Line Vector G raphics: Lines can be drawn 
from the cu rrent cursor position to the 
endpoint specified by the user .  

4 .  Alphanumeric Display : A ful l  ASC I I  char­
acter generation routine is provided. Char­
acters can be positioned anywhere on the 
screen .  Carriage control characters are 
correctl y  in terpreted. Character size is 
adjustab le .  

5 .  A nimation Synchronizatio n :  This  feature 
is used to synch ronize animated display 
updates with the vertical scan .  

6 .  Color Optio n :  The software package sup­
ports a 3 card color or grey scale system 
as described l ater in this artic le .  

Al l  subroutines use standard Cartesian 
coordinates with the disp lay occupying the 
first quadrant. As shown in figure 2, the 
o rigin (X = 0, Y = 0) is defined as the 
bottom left point on the d isplay. X increases 
in val ue to a maximum of 255 at the right 
edge, whi le  Y rises to a maximum of 255 at 
the top. If the AL T-256 is jumpered for 
American Standard scan (240 I ines dis­
p l ayed ) , the lowest Y coord inate disp layed 
i s  1 6, and points with coord inates from 0 to 
1 5  cannot be seen .  

Grey Sca le and  Color Appl ications 

I n  the grey scale configuration, mu l tip le  
boards provide binary intensi ty information .  
A l l  boards have the same address decoding 
and sync signals . Each board has a dot 
intensity bit (output port 0) which is nor­
ma l ly  tied to data bus bit DO. I n  a typical 
3 board color or grey scal e system, the 
i n tensity bit is changed on two boards to 
be 01 and 02 (or  any other bits you choose) , 
thus writing th ree binary bits for each write 
operation. This method a l lows computation 
of grey scale and single instruction load of 
al l b its making up a single picture e lement 
(often contracted to "pixe l "  in graph ics 
l i terature) . The TTL video outputs from the 
three boards are fed to a simple 3 bit digital 
to analog converter. 

TTL V I D E O  I 
R E D  

T T L  V I D E O  2 
G R E E N  

T T L  V I D E O  3 
B L U E  

H S Y N C  RED G R E E N  B L U E  
V SYNC ( RG B )  MON I TOR 

RGB (Red Green Blue) Color 

I n  a color scheme, the best resul ts are 
obtained by d i rectly d rivi ng the red, green 
and b lue guns of a color mon itor with the 
video signal from three boards, as in figure 
3. An ord inary color TV can be modified 
to accept separate color i nputs. Th is  should 
not be undertaken by anyone who l acks an 
understand ing of color TV and e l ectron ic 
design. The al ternative is to generate an 
encoded composite color signal . An app l' i­
cation note avai lable from Matrox gives de­
tai l s  on a col or encoder circuit .  

Photographs 

The photos accompany ing th i s  artic le  
were generated by feed ing a TV camera 
output through a s low scan analog to d igital 
converter. The 3 bit d igitized output was 
then fed to a 3 card AL T-256 graph ics 
system.  The grey sca le  pictures were produced 
by feed ing the outputs of the th ree cards 
to a 3 bit d igital to analog converter. The 
resu l ting p ictures h ave eight d iscrete grey 
levels. The color p ictu res were produced by 
feeding the outputs of the th ree cards to the 
red, b lue  and green ( R BG )  inputs of an R BG 
color monitor. The resu l ting e igh t color 
pictu res are pseudocolored. This means that 
a d ifferent color h as been assigned arbi trari ly 
to each grey l evel i n  the original p icture. 
Pseudocoloring is used in many industrial 
an d research app l ications ( i e :  many NASA 
space pictu res are processed this way ) . 
Conclusion 

The Matrox AL T-256 represents one 
approach to h igh reso lution graphics capa­
b i l ities for the A l tair (S-1 00) bus. Mu l tip l e  
board systems can be used for med ical 
d isp lays, research appl ications, pseudocolor 
imaging, fast animated d isp lays, computer 
aided design, sophi sticated computer  games 
and computer generated art. For the Star 
Trek freak, now there i s  avai lable a rea l  ( i f  
imaginary) universe to save, rather than a 
s low p rinter banging out descriptions. 
For the artist, a canvas; the researcher, 
a window; and the kids, an e l ectronic 
sketch pad .•  

Note: T h e  completely assembled, tested and 
burned i n  AL T-256 board is ava i lable for 
$395 from Matrox Electronic Systems, POB 56, 
Ahuntsic Stat ion,  Montrea l ,  Quebec H 3 L  3 N 5  
CANADA. Also avai lable is t h e  A L  T-2480, 
an Altair (S-1 00) compatible a lphanume ric 
generator board, which can be used in conjunc­
t ion with the A L  T-256 to produce simu l ­
taneous graphics and alphanumeric displays. 
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Color Graphics 
Thomas A Dwyer 
Margot Critchfield 
Project Solo 
U n iversity of Pittsburgh 
Pittsburgh PA 1 5260 

on the Compucolor 8051 

The ancient wisdom that says "a p icture 
is worth a thousand words" has a special 
s ignificance for the computer age. With 
mach ines that can generate output faster 
than anyone can read i t, there 's no doubt 
that we need new ways to represent th i s  
avalanche of data. The best answer (so far} 
seems to be in computer  graphics :  soph is­
ticated p ictu res that show the resu lts of al l 
th is computation i n  a form that is easy to 
i n terpret and even easier to remember. 

One of the most dramatic ways to 
improve graph ical output is to add color. 
Color graph ics conveys i nformation to 
human viewers that is hard to app reciate 
unt i l  it's experienced. The change from 
black and white to co lor is at least as 
impressive as the change from monaural to 
fu l l  ster·eo sou nd.  

Unt i l  a few years ago, the hardware for 
color graph ics was both rare and expensive. 

Photo 7: The Compucolor 8057 with extended A SCII keyboard and "floppy 
tape " storage. The tapes are similar to 8 track music cartridge tapes; except 
that they are shorter. More recent models use a floppy disk system for 
storage. 
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This situation is changing, however, mainly 
th rough the efforts of manufacturers who 
have devised ingenious ways to use the 
technology of color TV i n  conjunction with 
computer technology. 

One of the first p roducts designed for th is  
purpose was the Cromemco TV Dazzler . I t  
consists of two Alta i r  (S-1 00} compatib le  
boards with a coax ial cab le  output to a 
color monitor. Several examples of color art 
produced with the TV Dazzler .were shown 
in December 1 976 BYTE . That i ssue a lso 
contained the article, "The Cybernetic 
Crayon," that gave an example  of an 8080 
assembly language program for the Dazz ler .  

The Compucolor 8051 

A more recent  examp le  of personal color 
systems i s  the Compucolor 8051 . It comes 
in the form of a comp lete computer  system 
packaged in a cab inet not much bigger than 
a 1 9  inch color televis ion. That's impressive 
because the cabi net conta ins the p rocessor, 
memory, inte rface, p rogrammable read on ly  
memory, graph ics contro l l er, power su pp l ies, 
and a 1 9  inch color d i sp lay tube. The co lors 
are of much greater pur ity than those 
usual l y  seen on TV because the system uses 
a very wide bandwidth (75 M Hz} and the 
three color c i rcu its ( red, green ,  b lue} are 
kept separate. This is the same approach 
used in professional color monitors. S i nce 
any of these colors can be on or off, e igh t 
co lors ( inc lud ing black} are avai lable. 

Photo 1 shows a typ i cal system consisting 
of the computer  and color d i sp lay in  the 
large cabinet, a keyboard for i np ut, and a 
dual  8 track tape cartridge un i t  for mass 
storage. 

The large screen hol ds  48 l i nes of 80 
characters each, about fou r  t imes the n um­
ber of l i nes found on most video d isp lays. 
When characters are u sed for graph ics, there 
are 3840 p lotting posit ions avai lab le .  But a 
finer divis ion of each character into a 4 by 2 
array of "points" is a lso poss ib le, as figure 1 
ind icates. I n  po int  p lot mode,  one character 



block becomes eight "point" positions. E ach 
of these points (which is rea l ly  a smal l 
rectangle) can be turned on or off separ­
ately. This means there are 1 60 point 
positions for the horizontal d i rection (X  
axis) , and  1 92 points for the  vertical d i rec­
tion (Y ax is) . So a total of 30,720 points 
can be p lotted. 

A special hardware feature cal led "vector 
graph ics" is a lso avai lable. This makes it 
possible for the computer  to draw approxi­
mations to straight l i nes on the screen if 
you s imply te l l  it where to start (XO, YO) ,  
and where to fin ish (X 1 ,  Y1 ) .  The hardware 
calcu lates all the point positions in between 
and p lots them automatical ly .  

The Compucolor 8051 comes w i th  a 
BAS IC  interpreter stored in read on ly 
memory .  This  means that you never have to 
l oad BAS IC :  you cal l  for it by just p ressing 
two keys (Escape, fol l owed by W) .  

The BAS I C  interpreter has a l l  the stan­
dard features and a few extra ones ( in­
c luding string arrays) .  It a lso has the special 
key word PLOT. This feature makes it 
easy to program graphics of al l kinds in 
color. Let's look at some examples of how 
it works. 

Using Compucolor BASIC  

The word PLOT i s  used in BAS IC state­
ments of the form 

25 P LOT I 

where I is an integer from 0 to 255 .  When 
PLOT I is in itial ly used, the value of I deter­
mines what mode you enter. There are qu i te 
a few modes. The main mode is "point 
p lot" (PLOT 2) . After you enter a "mode," 
the meaning of PLOT I is d ifferent, and it  
depends on what mode you 're in .  

Example 1 :  Suppose we want to p lot the 
curve Y=X2. We first use PLOT 2 to put the 
program in point p lot mode. After saying 
PLOT 2,  each pair of PLOT statements that 
fol low wi l l  then give the X and Y positions 
of the point to be p lotted. When finished 
pl otting points, we use PLOT 255 to escape 
from the p lot mode we're in .  Here 's a pro­
gram that p lots 1 00 points of our-curve: 

10 P LOT 2 
20 FOR X ;  0 TO 99 
30 LET Y ;  I NT ( X * X/1 00 )  
4 0  P LOT X : P LOT Y 
50 N E X T  X 
60 P LOT 255 

To understand the output of this p rogram 
you .have to know that the "origi n"  for 
point p lot mode is the point (0, 0 ) ,  and that 
it is located in the lower left corner of the 
screen. All points (X, Y) must be described 

I CHARACTER MODE POSITION • 8 POINT PLOT MODE POSITIONS 

. . . . .  -m . . . . 
by positive integers with X going from 0 to 
1 59, and Y going from 0 to 1 9 1 .  To make 
Y=X*X fit on the screen, we d ivided by 1 00 
(because when X=99, Y=9801 wh ich would 
be way off the screen) .  Our graph wil l  look 
someth ing l i ke the one in figure 2. 

Examp le 2 :  Here is a p rogram to p lot a sine 
function. We let X go from 0 to 1 59,  but 
actual ly p lot S I N (X/1 3 ) .  This causes the 
argument of S I N  to go from 0 to s l ightly 
over 1 2  rad ians, giving about two cycles of 
the function. Since the S I N  function has 
values from - 1  to 1 ,  we mu l tip ly  i t  by 95 
and then add 95. Th i s  causes Y to go from 
0 to 1 90. The program is in itiated by the 
command PLOT 1 2, wh ich means "clear 
screen ." 

Figwe 7 :  Division of 
screen character into a 
2 by 4 array of "points. " 

1 0  P LOT 1 2 : P LOT 2 
20 FOR X;O TO 1 59 

'Clear screen,  enter p lot m ode 
'Get X 

30 Y;95*S IN (X/1 3 )+95 
40 P LOT X: P LOT Y 
50 N E XT X 
60 P LOT 255 

Adding Color 

'Ca lcu late Y 
'P lot X ,  Y 
' Back to l i n e  20 
'Ex i t  plot m ode 

The preced ing programs p lot in whatever 
color the mach ine was using l ast. Color 
can be changed with either the PLOT 6 
or the PLOT 29 modes. After entering 
the PLOT 6 mode, the statement P LOT I 
produces various combi nations of fore­
ground colors, background colors, and 
"b l ink" states, a l l  depending on the 
value of I .  For example,  I = 0 to 7 gives the 
eight possible foreground colors on a 
background of b lack with no b l i nk. 

The PLOT 29 mode is a l i ttl e s imp ler. 
It a l lows only foreground (which means the 
actual point being p lotted) color to be 
specified . I t  is fol lowed by PLOT I, where 
I specifies color accord ing to the codes : 
1 6=black, 1 7=red, 1 8=green, 1 9=ye l low, 

LOCATION OF (0, 19 1 )  
Y �-----� 

( 159, 191 ) 

( 159, 0)  
Figure 2: A display of the 
equation Y=X2. 
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Figure 3: A display of the 
line running from points 
(0,96) to {759,96). 

Figure 4: A display of the 
line running from points 
(80, 0) to 80, 7 90). 

y • 190-+------· X • 80 

X • 80 Y • O--��-------+' 

1 0  P LOT 1 2  
20 PLOT 29: P LOT 1 9  
30 PLOT 2 
40 P LOT 246: PLOT 0: P LOT 0: P LOT 1 90 
50 P LOT 250: PLOT 0 :  P LOT 95 :  PLOT 1 59 
60 PLOT 255 
70 FOR X =  0 to 1 59 
80 PLOT 29:  P LOT 1 7+X/22 
90 Y = 95* S I N (X/1 3 )+95 
1 00 P LOT 2 
1 1 0  P LOT X : P LOT Y 
1 20 P LOT 255 
1 30 N E XT X 

'E rase screen 
'Set color= yel low 
'Go i nto main p l ot mode 
'Plot Y bar graph 
'P lot X bar graph 
'Exit  plot mode 
'Get X 
'Set a color depending on X 
'Calcu late Y 
'Point p lot  m ode 
'P lot one point " 
'Ex it p lot  mode 
'Back to l i ne 70 

Listing 7: A BASIC program for graphing a sine function in seven different 
colors. 

Photo 2: A plot of the sine 
function, which changes 
the color of the plotting 
point cyclically. The axes 
are drawn with bar graph 
mode. 
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20=blue, 21 =viol et, 22=cyan (I ight b lue) ,  
and 23=wh ite. 

We' l l  i l lustrate th is feature in  a moment, 
but let us fi rst look at an example  of a 
subplot mode (a mode that fo l lows the 
PLOT 2 main mode ) .  

Bar  G raph Mode 

After enter ing PLOT 2 mode, you can go 
into several subplot modes. For example, 
PLOT 250 means enter the X (horizontal) 
bar graph mode.  I t  is fol lowed by th ree 
PLOT statements that te l l  where to put the 
bar graph and how long to make it .  

PLOT 2 :  PLOT 250 
P LOT 0:  PLOT 96: PLOT 1 59 

This d i rects the program to d raw a hori ­
zontal bar ( l i ne) from X=O to X=l 59, 96 
un its up  on the screen (the Y position ) .  See 
figu re 3 .  The code for Y (vertical )  bar graphs 
is PLOT 246. 

PLOT 2: P LOT 246 
P LOT 0: P LOT 80: P LOT 1 90 

The latter draws a vertical bar ( I  in e) from 
Y=O to Y=l 90, 80 un its to the right (the 
X position ) .  See figu re 4. 



A Combined Program 

The program shown in l isting 1 graphs the 
s ine fu nction us ing seven d i fferent colors 
(codes 1 7  to 23) . It a lso uses the bar graph 
mode to plot the X and Y axes for the 
graph .  The axes are d rawn in yel low (code 
1 9) .  The output of th is p rogram is shown in 
photo 2 .  Notice in  l ine 1 00 that PLOT 2 
serves a dual pu rpose. I t  puts the mach ine  
in  both ma in  and po int  p lot  mode. A more 
interesti ng example  of the output poss ib le  
from bar graph mode i s  shown in  photo 3 .  

Vector Mode 

The bar graph modes are used to d raw 
horizontal and vertical l i nes. Vector mode 
a l lows you to d raw l i nes (cal led vectors) 
between any two points. Th i s  means s lanted 
l i nes can be drawn on the screen. Start with 
PLOT 253, then give the coord i nates of the 
starting posit ion with PLOT XO:  PLOT YO. 
The next command should be PLOT 242, 
fol l owed by the coord inates of the end 
position with P LOT X1  : P LOT Y1 . (Any 
variable names can be u sed ; we find these 
easy to remem ber.) The program in l i st ing 2 
lets you draw vectors on the screen us ing 
seven colors i n  sequence. ( B lack is not 
used because i t  wou ld  d raw an " i nvis i b le" 
l ine . )  

I f  you wish to draw l i nes where the end 
point of one i s  the starting  point of the next 
one (as in drawing polygons), you need on ly 
use PLOT 253 once. The p rogram in  l isting 3 
draws random vectors in th i s  fash ion, 
making an attractive abstract type of 
drawing. The output is shown in photo 4. 

I ncrementa l  P lot 

Another submode that can fol low PLOT 
2 is the PLOT 251  incremental p lot, which 
al l ows you to move the graph i c  " po int" 
e lement ( real ly a smal l  rectangle) by a smal l  
" increment" (or step ) .  There are e ight 
d i rections in  which you can move, shown 
by the arrows in  the fo l lowing d iagram : 

2 10 

f / 
4 - • - s  

/ 
5 - 9 

Photo 3. A display of concentric rectangles produced in the bar graph mode. 

1 0  P LOT 1 2 : C=O 
20 C=C+1 
30 I F C > 7 TH E N C=1 
40 P LOT 6 : P LOT C 
50 P R I N T"TY PE XO, YO"; 
60 I N PUT XO, YO 
70 PR I NT"TYPE X1 , Y1 ";  
80 I N PUT X 1 , Y1  
90 P LOT 2 
1 00 P LOT 253 : P LOT XO: P LOT YO 
1 1 0  P LOT 242 : P LOT X 1 : P LOT Y 1  
1 20 P LOT 255 
1 30 GOTO 20 

' E rase screen 
'Start with color code 1 
'On l y  al l ow seven color codes 
'Set the color 

'Get start ing point 

'Get end point 
'Go into p lot mode 
' Draw vector starting at XO, YO . . .  
' . . .  to X 1 ,  Y 1  
' Ex i t  p l ot mode 
'Repeat 

Listing 2: A BA SIC program enabling the user to draw vectors on a color 
video screen using seven colors in sequence. 

1 0  K=1 6 
20 P LOT 1 2 : P LOT 2 
30 P LOT 253 : P LOT 79 : P LOT 9 1  
4 0  K=K+1 
50 IF  K > 23 THEN K=1 7 
60 P LOT 255 : P LOT 29 : P LOT K 
70 X = 1 60* R N D ( 1 ) : Y = 1 90* R N D ( 1 ) 
80 P LOT 2 : P LOT 242 : P LOT X : P LOT Y 
90 GOTO 40 

' I n it ia l i ze color selector 
'Enter  p l ot mode 
'Start vector i n  center 
'Select color . . .  
' . . .  between 1 7  and 23 
'Tu rn on co lor 
'Choose ran dom point 
'Draw vector 

Listing 3: A BASIC program that draws a chain of random vectors. 

1 0  P LOT 1 2  
1 5  P LOT 2 : P LOT 80 : P LOT 92 
20 FOR C= 1 7  TO 23 
30 P LOT 255 : P LOT 29 : P LOT C 
40 P LOT 2 . P LOT 251  
50 E = 2 t I NT(4* R N D ( 1 ) ) 
60 FOR K=1  TO 5 * R N D ( 1  )+5  
70 P LOT E 
80 N EXT K 
90 N E XT C 
1 00 G OTO 20 

'Erase screen 
'Plot a poi nt  i n  midd le  of screen 
'Sel ect a co lor  
'Activate co lor 
'Go i nto i ncremental p lot mode 
'Choose d i rect ion 
'Choose number of steps 
'P lot in di rect ion E 

for K steps 
'Get next co lor  and d i rection 
'Repeat the whole cycle 

Listing 4: A BASIC program to produce a random walk pattern. 
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Photo 4: A random vec­
tors program display. 
Color is changed cycli­
cally for each new vector. 
The listing overwrites 
some of the vectors be­
cause it was done after 
interrupting the run. 

Photo 5: Output from the 
random wall? program 
after 20 seconds. When the 
plotting point "walks off" 
the edge of the screen, it 
reappears on the opposite 
side due to wraparound in 
the display memory. 
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The numbers next to the arrows ill'e "d i t·ec­
tion codes. " A given d i t·ection is sel ected 
by using the proper d i rection code in a 
second PLOT statement. For example,  to 
p lot a po int  in the m idd le of the sc reen 
and then move i t  one " i ncrement" to the 
righ t, use the fol lowing instructions :  

1 0  PLOT 2 : P LOT 80 : P LOT 92 
20 PLOT 2 5 1  : P LOT 8 

PLOT 251  means " increment (move) the 
point ," and PLOT 8 means "to the t·ight ." 
The d istance moved is very smal l ( the 
width of one poi n t) . 

The next program (see l i st ing 4) uses 
th is  feature to produce what is cal led a 
t·andom wal k  pattern.  We' l l  u se on ly  the 
d i rection codes 1 ,  2 ,  4 and 8. These wi l l  be 
generated by the formu la  

E = 2 t I NT ( 4 * R N D ( 1 ) ) 

So we randomly get the numbers 20= 1 ,  
2 1 =2, 22=4 and 23=8. Out· point wi l l  ran­
domly "decide" to move down, up, left 
and right. 

To make the pattern even more i n te r­
esting, we u se another random number  
(from 5 to  9)  to  decide how many incre­
ments (smal l  steps) to take in each di rection . 
We also change colo t-s. The resu l t  is a rathe t­
stri k i ng  weave-type color abstract ion. 
(Actual ly ,  random wa l k  techn iq ues origi­
nated for practical reasons. They a t-e used in 
solving several types of mathematical and 
scientific pmblems that can 't be handled by 
conventional methods. ) Line 50 sel ects a 
random d i rection, and the loop 60-80 deter­
m ines how many increments to take in that 
d i rect ion. The main loop 20-90 repeats the 
process for seven d iffe ren t  colors. The 
pmgram goes on indefi n i te ly, fi l l ing the 
screen to any densi ty you wish. Photo 5 
shows the output of th i s  p rogram after 
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Photo 6: A random walk after 20 minutes. The plotting point moves rapidly, 
but it frequently overwrites itself. This program can be viewed as a striking 
way to study random number generators. 

Photo 7: A pattern pro­
duced with the aid of a 
light pen. It consists of 
varicolored vectors; the 
outer set of end points 
is determined by a Lissa­
jous figure algorithm. The 
inner set of end points is 
selected with a light pen. 
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20 seconds. Photo 6 shows the outpu t 
after about 20 m inutes. The p lotting is 
rap id ,  but paths are often retraced. 

There are several other subplot modes 
avai lable , inc lud i ng an incremental vector 
mode. This has the effect of sh i fting a 
vector to a new posit ion very close to the 
starting posit ion. S ince vectors are drawn 
very rap id ly  (output to th e video d isp lay 
is at 9600 bps) ,  this mode has interesting 
possi b i l i ties for produc ing simp l e  anima­
tion .  

A l ight pen option is also ava i l ab le ;  it can 
be used as an input device in developing 
color graph ics. For example, a program in  
BAS IC  can be written to  accept (X, Y) 
coord inates from the pen and use these to 
determ ine the position of one end of a 
vector. I f  the other end of the vector is 
determined by an algorithm with i n  the 
same program, the graphic "artist" can 
interact with the algori th m  to produce 
var- iations on a design. Photo 7 shows a 
s imp le  example of this .  The outer set of 
poi nts was determ ined by an algor i thm 
wh ich generates a 2 by 3 Lissajous figure, 
wh i le  the inner set of poi n ts was sel ected 
with the l ight pen. Photo 8 shows the effect 
of runn ing the same program, having first 
keyed in a sol i d  b l ue background .  Vectors 



Photo 8: A pattern produced in the same 
manner as that of photo 7, except that the 
background color has first been set to blue. 
Background was reset to black to draw some 
of the vectors, and to blue for others. The 
artist used the light pen to draw a sprinkling 
of "blue on blue " vectors over the final 
pattern to produce a "burst" effect. 

were d rawn in "color-on-black" and i n  
"color-on-b lue" modes. A general p rogram 
for exper imenting with the l igh t pen in th is  
manner i s  given i n  the book BASIC and the 
Personal Computer (Add ison-Wesley, 
Read ing MA 01 867 ) .  

G iven the va lue of  output i n  the  form of  
dynamic a s  wel l a s  colo( graphics, and  the 
complex ideas which ca'n be programmed 
in Compucolor BAS IC, the Compucolor 
805 '1 is qu i te an i n te resti ng mach i ne .  I ts 
design i nvi tes explorations wel l  beyond 
those described i n  this brief i n troduction .•  

THE FORMUlA FOR SUCCESS 
Structured programming 
is here with the arrival 
of PASCAL. 
• P RO FESSI O NAL 
A system engineered f o r  h i g h  level 
software development . 

• P RO FITABLE 
A system created t o  save t i m e  a n d  money. 
The 85/P is rel iable,  fast and affordable.  

• P RACTI CAL 
A system developed with structured 
programming.  A ful ly expanded . tu rnl�ey unit  
featuring PASCAL . 

• AVA I LABLE 
PASCAL compiler/interpreter you don't 
hove to wait for. 

Dealer and OEM information ava i lable on request. 

MAIN OFFICE (50.3) 485-0626 
1 2 1 EAST ELEVENTH AVE. EUG ENE.  OR. 9 740 1 

C i rc le  286 on i n q u i ry card . 

NORTHWE�S 
ROCOMPUTER 

SYSTEMS 
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Basic systems for 
personal computing 

I f  you are just getting into personal  computing and are looking for a starter system, 
you have two choices: a computer kit with RAM memory only or a ful ly assembled computer 
with BASIC-in-ROM. From reading this magazine and talking to computer buffs it should be 
obvious that it is desirable to have a computer capable of communicating in the programming 
language BASIC: This language allows you to instruct the computer in Engl ish-l ike phrases 
and to use any of the thousands of standard programs written in BASIC (there are probably 
several in this magazine). 

If you purchase a (RAM-only) computer kit you wil l  have to buy additional RAM (4K to 
8K), a terminal, and cassette interface for a total cost of about $1 000 to run BASIC after you get 
the kit together and working. Your reward for this endeavor wil l  be a wait of about 1 5  minutes 
every time you turn the computer on just to load BASIC into the machine! 

Your other a lternative is a BASIC-in-ROM computer. These machines have BASIC 
built in so that it is there whenever the computer is turned on. BASIC-in-ROM computers are 
a lso usually fully assembled and cost far less than the RAM-only kits because they are mass· 
produced by the thousands. 

But, you must be careful when selecting a BASIC-in-ROM computer. Some models 
do not have ful l-feature BASIC. Instead they have Tiny BASIC or 4K BASIC which cannot run 
most of the standard BASIC programs available. Sti l l  others have other shortcomings such as 
a smal l  calculator-style keyboard which makes program entry difficult, or most important, 
lack of expansion capabil ity, preventing the computer from growing with you. 

Ohio Scientif ic offers you a line of expandable computers with ful l-feature 8K 
BASIC· in· ROM.  They a l l  come fu l ly  assembled and tested, but  g ive you the opt ion of  
economizing by supplying the simple things - power supply, keyboard and TV, if  desired, so 
that you get the most computer power for your dol lar. 

Com pare Ohio Scientific's $298 BASIC·in·ROM Model 500 Board (1 M Hz clock), 
which has our Version 3.3 BASIC, against other smal l  computers, as in the independent article 
" BASIC Timing Comparisons" (Ki lobaud, Oct. 1 977, p. 23). In  this test, the Model 500 excel led 
over a l l  our personal computing competitors, and was second in performance only to our 
Chal lenger disk systems, compared against twenty-eight other computer systems. And the 
Model 500 is our lowest-cost machine! Our larger models are even more dramatic in a com· 
parison with any competitive models. 

H aving the fastest fu l l - feature BASIC ROMs certa in ly  isn't the only criterion 
necessary for a superior computer system, but it sure helps. Ohio Scientific offers all the other 
features necessary, including a ful l  l ine of computer accessories complete with 1 5  accessory 
boards avai lable in over 40 configurations. Many Ohio Scientific accessories are so innovative 
that no one else in the industry has them - such as dua l  port memory boards, multi· 
processing CPU's and big disks. 

Ohio Scientif ic has other un ique features for the personal  computerist. For in· 
stance, there is  Ohio Scient i f ic's  Small Systems Journal, publ ished bi -month ly, a fu l l  
magazine a imed specifically a t  the owners of Ohio Scientific computers. I f  you are looking for 
a personal computer, be sure to look carefully at Ohio Scientific. We think you wil l  f ind that we 
have the system for you. 



Model SOD Board 
A full BK BASIC-in-ROM computer on a board . This unit 
contains a 6502 microprocessor w i th  our  powerf ul  BK 
BAS I C-in-RO M ,  4 K  of RAM memory, and a ser ia l  port 
which can be j u m pered for 20ma current loop or RS-232. 
T h e  board c a n  be p l u g g ed i nt o  a n y  s t a n d ard  O S I ­
backp lane a n d  ex panded b y  o u r  fu ll l ine o f  accessory 
boards.  The user m ust simply s upply + 5V and - 9V power 
and the serial terminal to be up and running in BAS IC.  
$298.00 

Challenger D· P 
Our very popular fu l ly  packaged BAS IC-in-ROM computer. 
Challenger l iP  contains the M odel 500 CPU Board with 4K 
of RAM,  o u r  new 540 32x64 character video d i s p l ay, 
keyboard and complete audio cassette interface. The un it 
also has internal power supplies and a four-s l ot backplane 
with two open slots for expansion. The user has only to 
connect a monitor or modified televis ion set to its output, 
and he is ready to program in BASIC.  To store programs 
and data files, he needs only to connect a conventional 
audio cassette recorder to the built-in aud io cassette in­
terface. The u nit is f u l l y  asse m b l ed and ready to g o .  
$ 5 98.00 

IIIEIITIFII 
1333 S_ Chi l l icothe Road • Aurora, Ohio 44202 

(216) 562-3101 

Super Kit 
An ideal starter computer system.  The S u per Kit includes 
a Model 500 CPU Board w ith BK BAS I C  in ROM,  CPU, and 
4K of RAM, fu l l  buffering for expansion, an eight-slot back­
p lane board, and a M odel 440 Video 1/0 Board. Model 440 
provides full C RT functions when connected to a video 
monitor or modified televis ion set and a standard ASCI I  
keyboard. The user m u st sim ply provide + 5 V  and - 9V 
power, an ASC I I  keyboard, and a modified television set or 
monitor to have a full computer system with BK BASIC- in­
ROM, 4K user space and a CRT terminal with scrolling. 
$ 3 98.00 

Challenger II Disk Systems 
The u lt i mate in  perso nal com put ing  offered by O h i o  
Scient i fic i s  the Challenger I I  system with sing le- o r  d ual­
drive full-sized f loppy disk .  Each floppy stores 250,000 
characters .  The Challenger I I  is ava i lab le . as a video 
system with keyboard so that all the user needs is a televi­
sion or monitor for operation; or as a serial version where 
the user must su pply his own terminal. Challenger I I  disk 
systems automatically load in BASI C  and now have an ex­
tens ive l ibrary of hig h-performance programs.  The pro­
grams are ideal for the advanced hobbyist, educational 
users, industrial development and s mall business applica­
tions. Challenger I I  disk systems are very economical. For 
instance, a 16K d isk  system with 250,000 bytes of disk 
storage starts at u nder $2000.00 

For more information contact an Ohio Scientific 
dealer or send $1 for our 64-page buyers' guide. 
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OS·&SU The New Standard 
in Micro Computer Operating Systems 

System design goals: Create a s imple, concise crash proof operati ng system which is easy for business 
programmers to uti l ize and simple for office workers (and other non-computerists) to use. The system must have 
the highest performance i n the microcomputer industry and must be able to support present day floppy and hard 
d isks as wel l as tomorrow's CCD and bubble memories without any user program modifications. 

This may sound outlandish but we developed just such a system and here's how: 
First, we started with a fresh copy of M icrosoft's super fast 9V2 digit  BASIC for the 6502. (This BASIC out 

benchmarks every other microcomputer BASIC using the 7 Ki lobaud benchmarks except for our own u lt ra fast 6 
d igit BASIC.) 

We knew that all operating system commands and features should be an i ntegral part of th is BASIC 
language so we put them right in the BASIC itsel f. Th is means that all OS features can be accessed in the im­
mediate or command mode and as part of BASIC programs. Al l syntax such as f i le names can be l iteral strings or 
BASIC variables. 

We started with some si mple but powerfu l  extensions to BASIC to make the business system program­
mer happy- l ike $L,$R, IN PUT #(D),and PRI NT#(D).$Land $A are PRINTsubcommands which automatical ly output 
numeric data in  dol lars and whole cents in  neat columns just l i ke " PRINT USI NG" only simpler and qu icker. 

The optional # specifier i n LIST, I N PUT and PRINT statements al lows the user to route 1/0 d i rectly to the 
console, 16 RS-232 ports, a cassette port, RS-232 and paral lel printer ports and word processi ng printers, not to 
mention video d isplays and paral lel keyboards. 

We then added a continuous memory f i le system-the real achievement of OS-65U. Th is  f i le system has 
no tracks, sectors or records. The user simply al locates storage capacity to each fi le when he creates it. (On a 
CD-74 Hard Disk th is can be over 72,000,000 bytes or characters.) The user can then directly address every entry in 
the f i le  with no awareness of any block, sector or track structures. Data fi les can simultaneously contain strings 
and pure n umeric data. Fi les can be accessed sequential ly and randomly. 

Data fi les are handled with standard syntax inc luding OPEN " Fi le", CLOSE (File), PRINT % (Fi le) and I N­
PUT % (File) and the very special IN DEX (Fi le). INDEX is a spec ial BASIC variable/function which speci fies the f i le 
address of the next entry to be i nput or output to that f i le. If you leave it alone, it operates sequential ly. However, 
you can change it at any t ime to force a random access. Th is  remarkable function can be on either side of a BASIC ·  
equation and can take o n  any val ue with in  the storage range of an opened fi le. For example, a l l  of the fol lowing are 
legal i n  OS-65U: 

IN DEX (1 ) = IN DEX(1 )  + 10 (Causes 10 characters to be skipped) 
B = I N D EX (1)  (Sets B = current index) 

I N DEX (3) = INDEX(8) /2 (Equates two fi le positions, useful in sorts and merges) 
I N DEX (5) = A * 50 (Sets up a random access on an array with 50 character elements) 

Where (N) is a channel number or shorthand notation for an open f i le, and is assigned by 
the OPEN command. 

Th is  may seem exotic  but it is really super simple and i ncred ibly powerfu l .  Besides your  fi les always 
automatically revert to simple sequential operation if you choose to ignore i ndexes. 

And, f inal ly, for those of you who would real ly hate to give up plain old sequent ial f i les, we added a FI N D  
command. FI N D  searches for u p  t o  a 3 2  character stri ng with opt ional "don't care" characters and w i l l  
automatical ly scan any fi le from the beginn ing o r  other speci fied index. The FI N D  command is i mplemented i n  
straight l ine page zero 6502 code (the fastest programming techn ique o n  the fastest m icro) and searches fi les at 
over 250,000 bits per second. 

Only three statements are needed to support a sequential f i le i n a BASIC program; on ly four to support a 
random f i le. A mere seven statements are requ i red to use an indexed sequential f i le  system as part of a program ! 

A Benchmark: A Chal lenger I l l  equi pped with a CD-74 runn ing OS-65U can access any account entry in a 
500 account one mi l l ion byte randomly ordered ledger fi le by an al phabetic key stri ng up  to 32 characters long i n  
less than 40 mi l l iseconds (typical ly) using a simple two levei iSAM fi le structure supported b y  a total program on ly 
10 statements long . That's performance! 

OS-65U also hosts mult i level passwords, elaborate error checking, programmable error recovery and 
end user n icet ies l i ke warn ings and automatic recovery when an "off" or non-existent peri pheral is  accessed. 
Programs and fi les in OS�65U can be fu l ly secured so that they cannot be l isted, copied or even accessed if 
desi red . 

OS-65U is avai lable now for use on any Ohio Scientific floppy or hard d isk based computer with 32K of 
RAM or more. At $199, it's qu ite poss ibly the best computer investment you' l l ever make. 



IIII IIIE.TIFII 
1333 S. Ch i l l icothe Road • Aurora, Ohio 44202 

(216) 562-3101 

The Challenger m System 
• Designed for small business computing .  

• Uses the 510 tri p le  processor C P U  Board, runs 6502, 
6800, 8080 and Z-80 programs. 

• Available with u p  to 1 Megabyte of RAM memory; high 
reliabil ity static RAM is standard; low-cost dynamic RAM 
i s  optional. 

• S i n g le - or d u al - d ri v e  f l o p p y  d i s k s  s t ore 2 5 0 , 0 0 0  
characters per surface - 3 to 4 times t h e  storage o f  mini­
floppies. 

• Supports our u l tra-fast 6-d i git BASIC (see " BASI C  Tim­
ing Com parisons ,"  Ki lobaud, Oct. 1977, p .  23, where Oh io 
Scientific out-benchmarks al l  of our  com petitors) and our 
new super-fast 9-digit b u s iness BASIC.  

• Powerf u l  operating systems s u pport all  standard 1/0 
ports including  multiple terminals,  line p rinters , video 
display and disk. 

• Disk supports: seq uential, random and index sequential 
f i les. 

• Applications software, including: 
WP-1, a powerf u l  d isk-based Word Processor. 
O MS, a unique data-base management system which 

s u p ports continuous  disk add ressing of up to 250 ,000 
characters per fi I e. 

Com plete b u s iness  packages incl u d i n g  Accounts 
Receivable,  Accounts Payable,  Ledger,  Payroll ,  Inventory 
and Taxes. 

• Two factory-supported terminal options and two factory­
supported line printer options. 

• Optional 74- Megabyte hard d i sk  for $6000. Reel -to-reel 
mag tape coming soon. 

• Optional 1 6-user operating system with time share and 
distributed processing capabilities. 

• Optional rack mounting and rack enc l osures. 

• Leasing programs and maintenance contracts available 
through many dealers. Optional nationwide field service 
coming soon. 

• C h a l l en g e r I l l  s y s t e m s  h a v e  e x t re m e l y  h i g h  
performance-to-cost ratios. For example, a system com­
plete with triple processor CPU,  32K bytes of static RAM, a 
serial 1/0 port, d ual drive floppy disks (500K bytes of on­
line storage), fu l ly  assem bled ,  p l u s  DOS, BAS I C  and a 
demonstration program l i brary costs $3590 fu lly assem­
b led . · 
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T h e  Abacus 
N1les RO ��
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American Microprocessors 
Equipment & Supply Corp. 

20 N Milwaukee A�e 
Prar1ev1ew IL 60069 
( 312) 634·0076 
Compulef Mall ol New York 
118 Mad1son Ave 
New YOlk NY 10010 
(2121 686·7923 
Computer Place 
RD 114 
Box 910 
Joplm . MD 64 1:101 
(417) 781·1!Hlfi 
Computer Power 
P 0 Box 28193 
San 01ego CA 92128 
{ 7141 746·006.: 
Computer Shop (Aircom) 
288 Nor loll-. St 
Camt1r1Cige . MA 02139 
(617) 661·2670 

REPRESENTATI VES 
Delaware Mitrosystems 
92 E Malf1 S1 Ill 
Newark. DE 19711 
(302) 738·3700 
Great Lakes Photo. Inc. 
�001 Eas1rnan Ad 
M1UidflO M l 48640 

Abacuz Data 
PO Bo• 276 
Orl Crty PA 16301 
Assocrales Consullanls 
33 Ogden Ave 
East Wrlhston �l Y  11596 
( 516) 746· 1079 

(517) &31-�461 BRAG Microcompulers 

H/8 Compulers ���h�n��/d2� ��607 217 East Mam S! (716) 44?:5861 f:ri�\o�;r��h 
vA 22903 

Byle Shop 
2432 Chesler Lane 
Columbus OH 43221 
(61,l) •186·7761 

Microcomp 
P 0 Box 1221 
Fond·Du Lac. WI �4935 
(41•1) 922·251:, Computer Business 

P O  so� 111  

Pan Atlantic Computer Systems. GmbH 
61 Darmstadl 
Franklurterstrasse 78 
lfiest Germany 
rDS1021 nos 
Secom Systems 
541·1 New Peach lree Ro 
Charnolee GA 30341 
(404} 934-327? 
Smaii Computer Sysl&ms 
3140 'N!rlalae Ave 
Honolulu HI 96816 
!808) 732-�2-!6 
Systems Engineering Enterprises 
Sune 307 
17<:9 Rockvrlle P1ke 
Rockville. MD 20852 
(301) 468·1822 

Microcompuler Workshop LaPorte. I �  46350 
234 1ermyson lerr 1219) 362·::.812 Tek-Aids. lnc. 

Wrlllamsvrlle N Y  14221 Cuslom Compuler Systems. Inc. 1�\3 Crarn St 
(716) 632·82 70 ;,�,�;�e�o�;,���N 5��;� �J:;1s�

o
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0207 
Micro Computer World (612 J 588·39Jo1 Total Data Systems 

�:�:;·:·��6��� N
M� J9503 Johnson Computer �� ��;���� ��

n
�0�21 {6161 4:,1 8972 ��a���)l; J�3

44256 1303) <182·6215 
Small Compu1er Syslems 1216) 725·4:,60 Tricomp . lnc.  
44�0 lrmily Aver1ue Omega Computing. ltd . 18 Alameda Square 
Salt Lake Ci1y Ul 84120 Box 220. s1a1100 p Denver. CO 80223 
1 801 1 967 7ti3� loromo om MSS 257 1303) 935·1100 

f-1161 425·9200 Yingco. Inc. 
2 Worlo Traoe Cn1r 
Penthouse 107!h Floor 
New York . NY 10048 
1 2 12 1 775· 1 184 

For more information contact an Ohio Scientific 
dealer or the factory. Be sure to specify your interest 
in business systems. 
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Technical Forum is a fea­

ture in tended as an in teractive 

dialog on the techn ology or 

personal compu ting. The sub­

jec t  matter is open-ended, and 

the intent is to fos ter dis­

cussion and communica tion 

among readers of 8 YTE. We 
ask tha t all correspondents 

supply their full names and 

addresses to be printed with 

their commen taries. We also 

ask that correspondents 

supply their telephone num­

bers, which will be prin ted 

unless we are explicitly asked 

to omit them. 
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A Raster Scan Graphics Suggestion 

Tel l o  D Adams 

6 1 9  Woodhaven PI 
R ichardson TX 75080 

In reference to you r ed itorial {October 
1 9 77 BYTE, page 6) you seem to have over­
looked a pertinent col or refresh storage 
method. Wh i l e  a 256 by 256 matrix is great 
if you want  to create a 256 square chec ker­
board, most graph ics ( inc lu ding cartoons ) 
don 't look  that way ; therefore, storage 
for every pictu re e lement is a waste of band­
width . Most graphics consist of areas of 
col or, usua l ly  with a l im ited number of 
changes over the screen width .  

Let u s  presume that a representative byte 
consists of fou r b its of color i nformation { 1 6 
col ors ) and fou r  bits of in tensity data {grey 
sca le  = 1 6 ) .  A raster scan system is not a 
series of random events. The beam posi t ion 
can be predicted at al l times, therefore, if a 
c lock driven 256 counter {e igh t bits ) i s  
provi ded, the horizontal position of the 
beam is un ique ly defined .  The game now be­
comes one i n  which the beginning address on 
a l i ne  {e igh t  b its) and the col or and intensity 
information {eigh t bits ) from that point to 
the next change is stored {paral le l  1 6  bit or 
two bytes if  your access is fast enough ) i n  se­
quence in memory. Each 1 6  bit word i s  
pu l led from memory and stored in two 8 
bit registers. When the counter {horizontal 

A L P H A  

l i ne posi tion ) matches the address register, 
the color and intensi ty i nformation is trans­
ferred i n to a dr iv ing register wh ich hol ds i t  
and drives the v ideo conversion c i rcu i ts u nti l 
the next change. This event also causes the 
next double byte to be retrieved from the 
memory and loaded i n to the "standby 
register. " The dr iv ing register cou l d  also be 
combined ( l ogica l l y ) with a character gener­
ator to pro,v ide an i n te resti ng  set of al pha­
numerics. Now . l et's look  and  see what we 
have got. We need a sync signal to mark the 
beginn ing of the frame, but no l i ne counter, 
un l ess you want to digita l l y  control the 
vertical retrace, as a given address only 
occu rs once per l ine .  (But  you do need one 
byte of address wh ich i s  numerica l l y  l a rger 
than the fi rst address of the next l ine .  Th is 
can be an actual "used"  numbe r  or a "fake" 
at n = 225. )  We use on ly one double byte 
per color or in tensi ty change. If you assume 
an average of ten changes per l i ne (and in  the 
"cartoon " worl d that is a lot) and 256 l i nes, 
that equates to 2,560 dou ble bytes { 5, 1 20 
bytes ) which is far short of the 64 K + bytes 
(7 .8%) i t  wou l d  take to defi ne  every picture 
el ement, yet 256 by 256 resolution is sti l l  
achieved ( i nformation and reso l u ti on are not 
the same ) . Th is  wou l d  seem to p rovi de one 
practical sol u tion to the h igh reso lution 
color graphics problem for sma l l  use rs, and 
is in stant ly expandable as more memory 
becomes avai l ab le .• 

z - a o* $ 495 
ASSE M B L E D  

• 1 2  SLOT MOT H E R  BOAR D  

• 1 2  CONN ECTORS ( S- 1 00 BUS) 

• 1 7  AMP POW E R  SUPPL Y 

• H EAVY D U T Y  CABI N E T  W I T H  F A N  

• Z-80 C P U  BOAR D :  A l l Sockets I nc l u ded , G o l d  C on­

tact F i ngers, H i g h  Qu a l ity G l ass E p o x y  PC B oard , 

D o u b l e- S i ded , P l ated Through H o l es, R eq u i res O n l y  
+ 8 V D C  I 800 MA. 

NOTE : 22 SLOTS/30 AMP POW E R  S U PPLY - $595 .  
ADS also sells IMSAI and NORTH STAR Assembled a t  K i t  Prices + LEAR 
S I E G LER ADM 3A Assembled at $888.00. TERMS: Cash with Order. 
Prices include Freight. (N .C. Residents add 4% Sales Tax. )  
* Z-80 i s  a registered trademark of Zi l og I nc .  

A D S  

11 11  
ALPHA DIGITAL SYSTEMS 

Data Acquisition, Computation and Control 

ROUTE 4 BOX 1 7 1 A  

BOONE, NORTH CAROLINA 28607 

Ci rc le 5 on inqu i ry card. 



The futu re belongs to those with The Blues 
from Cybercom.  
Jo in the g rowing n u m ber of  users worldwide 
who are d iscover ing the exceptional qual ity, 
p lus prompt del ivery and sig n ificant cost 
savings.  And the new year holds even more 
promise now with our  M B6A 8 K  RAM board 
( 450 NS) reduced to just $ 1 65 ,  and our 
M B7 1 6K RAM board now only $449.  Also , 
you might want to check out our  new 
1 /0-4 board that offers two serial 1/0 ports 
(2- 1  and 2-0) and two paral le l  ports (2- 1  and 

Ci rcl� 335 on inqu i ry card.  

2-0) ,  el im inating j u m pers, pr iced at $1 49 .50 .  
Seek out Cybercom's fu l l  and versat i le l i ne 
at you r  local computer hobbyist store, or 
contact us d i rectly, i f  you want to bu i ld a 
world of the future today. 

� Ctjbsrcrrn 
A D ivis ion of S o l i d  State M us i c  

2 1 02A Wal s h  Aven u e  
Santa Cl ara , CA 95050 
Tel ephone ( 408) 2 4 6-2707 

Ask for The True Blues. 
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Kenneth L Bowles 
Professor, Di rector 
Institute for I nformation Systems 
University of California San Diego 
La Jol la CA 92093 

L anguages Forum is a 

feature which is intended as an 

interactive dialog about the 

design and implemen tation of 

languages for personal com­

pu ting. Statements and 

opinions submitted to this 

forum can be on any subiec t 

rele van t to its purpose of 

fostering discussion and 

communication among B Y TE 

readers on the subjec t  of 

languages. We ask that all 

correspondents supply their 

full names and addresses to 

be printed with their com­

mentaries. We also ask that 

correspondents supply their 

telephone numbers, which will 

be printed unless we are ex­

plicitly asked to omit them. 
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UCSD PASCAL: 
A (Nearly) Machine 

Independent Software System 

{for Microcomputers and Minicomputers) 

Overview 

Th is  arti c le  describes a comp lete i n ter­
active software system which can operate 
vi rtua l ly  w i thout change on many d i ffe ren t  
m ic rocomputers a n d  m in i computers. Because 
the sem iconductor i n dustry is evolv ing new 
equ ipment  very fast, it i s  becoming a practi­
cal necess i ty to have mach ine i Adependent 
software to prevent r·ap i d  obsolescence of 
l arge appl i cation programs. The software 
descr ibed here has been deve loped at the 
Un ivers i ty of Cal i for·n ia  San Diego {UCSD) ,  
and i s  ava i l ab le to anyone for a $200 sub­
sc r ipt ion fee. Th i s  artic le  presents an appeal 
to readers of BYTE for he lp  to bring abou t a 
true commun i ty-w i de software system for 
bus i ness, educational and other· p rofess ional 
users of smal l computer systems. Help is 
needed from the user commun i ty, s ince the 
manufactu rers have so far avoided s tan­
dard i z ing  software except as regards some 
aspects of programming languages. Fo r· 
s i ng le use r· m icrocomputer·s, i t  appears to 
be far more practical to standardize the 
entire software system than the language 
processor al one ! 

The Software System 

UCSD PASCA L is  a complete i n teractive 
software system for smal l  computers, yet 
it offers many featu r·es normal ly found  only 
on med ium and l arge scale mach ines. I t  i s  
des igned to operate, w i th m in imal adapta­
t ion,  on most microcomputers o r· m i n i ­
computers based on 8 b it bytes or 1 6  b it  
words .  Supported versions are now ava i l able 
for u se on mach i nes based on the D igi tal 
Equ ipment LS I-1 1 or other PDP-1 1 p ro­
cessors, and on the 8080 and Z-80 micro­
processors. Hav ing fi rst been sen t  to users 
in August 1 977 ,  the system i s  in use on 
approx imate ly 60 mainframes using these 
processors {as of m i d  February 1 978) ,  and 

the I i s t  of both u sers and processors has 
started to grow rapi d ly .  Vers ions not yet 
su pported by the Project are operating, 
or nearl y operati ng, on fou r  other pro­
cessors {General Au tomation 440, Un ivac 
V75, Nanodata QM-1 , Nati onal Semicon­
ductor PACE) .  The UCSD PASCAL Project 
is d i scuss ing  arrangements w i th var ious 
manufacturers whereby supported versions 
can be r·e leased for most other popu lar 
m icroprocessors, and  addi tional i n qu i ries 
wou l d  be we lcomed. 

The system i s  wri tten almost en ti re ly  i n  
the PASCAL programming  language, ex­
tended for system p rogramm ing and for d isk 
based i n teractive app l icat ions. Far more than 
a s imp le compiler for PASCAL,  i t  shou l d  be 
viewed as a comple te an d fu l l y  in tegrated 
system wh ich is se l f-mai n ta i n i ng, and gen­
era l l y  i n dependent of software from any 
other sou rce. The system operates in a smal l 
pseu domach i ne  { i n terpre ter) which can be 
wr i tten in the native mach ine  l anguage of 
conventional p rocessors, or can be m ic ro­
programmed on m ach ines wh ich prov ide  
that capab i l i ty .  The object code processed 
by the PASCAL pseudomach i n e  is com­
pressed re l ative to conven ti ona l  object code, 
and consumes rough ly one th i rd to one ha l f  
as much space as the  native object code of 
most present day processors. A feature to be 
imp lemented  soon w i l l  al low m ix i ng  PASCAL 
pseudocode routines, for effi c i ent  use of 
memory, w i th native code rout ines, for fast 
process ing. 

The system is the product of a growing 
project team , and i s  evolv ing  rap i d ly i n  an 
u pward compat ib le  way .  As of early 1 978 ,  
the system represents the equ iva lent of about 
1 5  fu l l- t ime years of programm ing  and 
des ign effort. Major  components of the 

Continued on page 1 70 
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COMPUTER SYSTEMS by 
Technical  Design Labs 
TH E SMB I I  IS A F L EX I B L E  M U LT I ­
F UNCT I ON BOA R D  WH I C H  P RO­
V I DES A VAR I ETY O F  F EATU R ES 
COM M O N LY R EQU I R E D  I N  M I C RO­
CO M P UTE R SYST EMS. 

F LE X I B L E  1 /0 

SYSTEM M O N ITOR BOA R D  I I  

The S M B  I I  features two ser i a l  ports with baude rates individ u a l l y  selecti ble from 1 1 0 to 9600 baud. Addition a l l y ,  a s ingle 8 bit 
para l le l  port with two control l i nes is  prov ided . These ports a l l ow interfacing to m ost commonly u sed 1 /0 devices such as C RTs, 
TTYs or para l l e l  reader/punch devices. I n terfacing i s  s i m p l if ied by the u se of a flat r i bbon connector. 

MASS STORAGE 
Using most i nexpensive cassette tape recorders, th i s  updated and i m proved Audio Cassette I n te rface m ay be switch selected to operate 
at e ither 1 200 or 2400 baud. The necessary ser ia l  port and the software d rivers for saving and loading p rograms u s i ng t h i s  i nterface 
are provided as part of the operating syste m .  

RAM a n d  EPROM 
Sockets are provided wh ich a l l ow the i nsertion of two 2708s or 27 1 6s wh ich m ay be add ressed at any 1 K page border in memory. 
One 2708 is suppl ied with the SMB wh ich conta i n s  many u seful extensions to the ZAP P L E  m o n itor.  

Sockets for 2 K  of static RAM, addressable at a n y  1 K border i n  memory a re a lso p rovided. Th i s  scratch pad space is  tremendously 
usefu l for the creation of additional m o n itor exten sion routines and 1 /0 d rivers. 1 K of th i s  static R A M  i s  provided with the S M B  I I .  

SYSTEM CONTROL 
Perhaps the most usefu l feature of  the SMB is the i nclus ion of the Z80 ZAPPLE M O N I T O R  i n  2K of m asked R O M .  This  executive 
program a l l ows comp lete system contro l ,  i n c l u d i ng debuggi ng, and extensive 1 /0 control d i rectly from the keyboard. Al so, h a rdware 
implementations al low "Jump-on-reset" to ANY 256 byte border in memory. 

F EATU R ES: 

• 2 K  Zapple Monitor i n  R O M  (for Z-80) 

• 8080 version ava i l ab le  on specia l  order 

• Up to 4K of 2708/27 1 6  E P R O M  may be used 

• Sockets for two 2708/27 1 6  E P R O Ms are provided 
• O ne 2708 with extension routines comes standard 

• Sockets for 2 K  static RAM 

• 1 K Static R A M  p rov ided as standard 

• 1 200/2400 Baud Audio Cassette I nterface 

• Two Serial ports, 1 1 0 to 9600 baud (one may be RS232 or cu rrent l oop)  
• One 8 bit  para l le l  port with control bits 

• RAM,  R O M  and E P R O M  may be readd ressed i n  m emory 

• G enerates I nterrupt 

• Optional on-board MW R I T E  generation 

• Wait-state generation for 4 M H z  operation 

TECHNICAL DESIGN 
LABS R ESEARCH PAR K B L DG .  H 1 1 01 STATE ROAD P R I NCETO N ,  N E W  J E R SEY 08540 (609) 921 -0321 
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it� a good bet the company 
you bought your computer from 
doesn't even make peripherals! 

r - - - - - - - - - - - - - - - - - , 
I HEATH I Heath Company, Dept. 334-410 I I .. i'M@jj.j@Q Benton Harbor, Ml 49022 

I Please send me my FREE Catalog. I am not on your mai l ing l ist. I 
I I 

Name'--------------------------------------·------------------

1 Address I 
I City State 

I 
I 

CP·146 Z i p  
I 

� - - - - - - - - - - - - - - - - - �  
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Hidden Line Subroutines 

for Three-Dimensional Plotting 

A h idden l i n e  subrout ine  is u sed to e l im i­
nate l i nes which are beh i n d  su rfaces and 
wh ich i n  real l i fe one would not  be ab le to 
see i n  a computer generated p lot  of  a so l i d  
object i n  two d imens ions .  A h idden  l i ne sub­
rout ine  makes the f inal p icture more 1·eal ist ic .  

A th ree-d imensio nal Cartesian funct ion i s  
a fu nct ion such as 

F (x,y) = 4xcos(3y)  + 1 /ex 

where the va l u e  for the z coord inate is a 
fu nction of both X and Y .  

This art ic le  considers the various  steps 
necessary fo r a h idden  l i n e  rou t i ne  that 
handles fu nct ions o f  th i s  k i nd .  The algo­
rithm w i l l  not work for fu nct ions p lotted 
i n  spherical coord inates o1· for complex 
th ree-d imensional figu res such as a house. 

The h idden l i n e  su brouti n e  shou ld  be 
written i n  a general form so that the user 
can attach the subrout ine to any appropriate 
p rogram w ithout  hav ing to rewrite i t .  

F i rst, one must have a program tha t  gene­
rates the X and Y values that the  h idden  
l i n e  su brout ine wi l l operate on .  Br iefly ,  th i s  
involves a program to generate an X and a Y 
FOR N EXT loop ; generate a Z val u e ;  rotate 
to get a new (x ' ,y' ,z' ) ;  sca l e ;  put t h rough a 
perspective fu nct ion and come out  w i th an 

(x,y) po int .  This i s  the po int  on  the screen 
(or paper) to which one wou l d  normal l y  
d raw a l i ne .  However, w e  now take th i s  ( x,y) 
po int  and GOS U B  to our  h idden  l i ne sub­
wut ine .  

Let  us f i 1·st d 1·aw a fu nct ion o f  th i s  k ind 
without h i d i ng any l i nes (see f igure 2 ) .  Note 
that one point  seems to ru in  the appearance 
o f  the g1·aph because the viewer sees im me­
d i ate ly that a su rface i s  being formed . When 
a point goes "beh i nd " the smal l mound ,  the  
subjective fee l i ng is that  i t  shou ld  be h idden .  
We  need a r u l e  that w i l l  h and l e  al l po ints 
that shou l d  be h idden and l eave other po i n ts 
a lone. 

One cl iffe1·ence between th i s  point and a l l  
the previous po ints is that i t  is lower (a long 
the Y ax is )  than the COITesponcl i ng po int  in  
the p1·ev ious l ine .  "Correspond ing" here 
means the same X value. Thus ,  our  ru l e  
states that  if  fo r any po int  (x,y ) ,  t h e Y val ue 
i s  lower than any previous Y val u e  for the 
same X va lue, i t  should be h idden .  To do 
th i s ,  we m ust save the necessary val ues ; for 
the above ru le ,  we need to k now the h ighest 
val ued Y for every X. 

Let us assume the screen has a reso lu t ion  
of 1 024 a long the X ax i s  and 800 a long the 
Y axis ( such as i n  the case of the Textron ix  

Figure 7 :  A computer gen­
erated three-dimensional 
function plot using the 
author 's hidden line sub­
routine. 

Mark Gottlieb 
4342 Sunset Beach Dr NW 

Olympia WA 98502 
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Figure 2: The first crude plot function shows problems encountered when no 
hidden line algorithm is used. The subroutine would hide that portion of 
the fourth line from the front that "goes behind " the high point in front of 
it. 

Figure 3: In this case the algorithm has correctly hidden some points but 
has failed to show others which emerge at the bottom of the plot. 

Figure 4: Improved algorithm reveals the bottom of the curve as a series of 
solid lines (compare with figure 3). 

A Note About the BAS IC Employed in These Examp les : 

The BASIC employed in these examples is the interpreter available with 
the author� computer. Most features a,re similar to a typical extended BASIC 
which includes matrix operq(ions (MA T keyword). ljs noted in text, the file 
orien{ecf operations which qre used tp initialize the fn,atrix B can be replaced 
by a FOR . . .  NEXT !oop at lines 370  qnd 320 in listing 6. (Lines 730 and 740 
would then be cfeleted.) 

5505 U6=SGN(X-X9) 
5 5 1 0  IF U6=0 THEN 5535 
5 5 1 5  FOR U7=X9 T O  X STEP U6 
5520 S8=Y9+S9*(U7-X9) .B[U7,2 ] =B[U7 ,2 ]  M!N S8,B[U7 , 1 ] =B[U7 , 1 ] MAX S8 
5530 NEXT U7 
5 535 RETURN 

Listing 7 :  A BASIC program used to calculate points between the endpoints 
of a line segment for plotting purposes. 

50 May 1 978 © BYTE Publications Inc 

401 3 graph ics term inal ) .  Thus, we have 
1 024 poss ib l e  X locat ions .  But  we need to 
know on ly  the h ighest val ued Y for each X .  
Th i s  means that  i f  we have a 1 by 1 024 
matr ix we can store the h ighest valued Y in 
the correspond i ng X l ocat ion .  We can keep 
our matrix updated with th e fol l owing 
BAS I C  statemen t :  

1 00 B(X, 1 ) = B(X, 1 )  M A X  Y 

Th i s  statement a lways keeps the matr ix  fu l l  
of the h ighest val \Jed Y for each X locat ion .  

' 

I n  order to i
.
mp lement our  ru le i n  the 

h idden l i ne  program,  we need a check such 
as : 

l f Y < B(x, 1 ) 
Then don 't draw this line. 

I mpl ement ing what i s  al ready known, the 
graph migh t  look l i ke the one in  figure 3 .  

The  program h ides a l l  o f  t he  l i nes shown 
as broken l i nes because al l the Y values for 
those X val ues are l ess than the h ighest Y 
va lue for· that X va lue .  However, we see 
that we wou l d  l i ke to hav� seen the part of 
the d i p  which comes out  beneath the graph .  
In  other words, we want our  graph to look 
l i ke the one in figu re 4. · 

I nstead of h i d i ng a l l  the l i nes whose Y 
val ue  is less than the h i gh est Y val u e  for that 
part i cu l ar· X, we shou l d  say " Hide  al l l i nes 
whose Y val ue  is l ess than the h i ghest Y and 
greater· than the l owest Y val u e  for that 
part icu lar X. " This invol ves stor ing the lowest 
Y val ue, a lso. We do th i s  by us ing the matrix 
w i th d imens ions (1 024,2 ) .  I n  co l umn  1 we 
store the h ighest Y val ue  and in col umn 2 
the lowest Y val ue  for that X. The matr ix  
can be kept  u p-to-date th i s  way : 

B(X,  1 )  = B(X,  1 )  MAX Y 
B(X,2)  = B(X ,2 )  M I N  Y 

Th i s  statement keeps the matrix fu l l  of 
the h ighest and the lowest val ued Y for each 
X locat ion .  Thl!s, the new check for the 
h idden l i n e  rout ine looks l i ke th i s :  

I f  Y < B(X, 1 ) AND Y >  B(X,2 )  
Then don 't draw. 

One smal l  techn ical problem arises wh i(::r 
is easi l y  so lved. We n eed to solve for on ly 
two points i n  order to get a l i n e  between 
thefTl, bu t  our  ( 1  024,2 )  matr ix has not been 
tol d  what i s  between these two poirts. Thu s, 
for each new po int  solved , we mus t  go 
th rough the matrix ,  start i ng  from the X 
value where we l ast left off, and  fi l l  in the 
Y val ues for each of these new Xs u nti l  we 
get to the X va l ue  of our  n ew po int  (x,y) . 

This  p rocess i n vo l ves so lv ing the equatio n  
for a stra ight l i ne given t h e  two po ints and 
then  fi l l i n g  i n  the  Y val ues for each X 
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Figure 5: Plot made with­
out the intersection rou­
tine. Incorrect intersecting 
lines are caused when line 
segments which are partly 
visible and partly hidden 
are plotted. 

Figure 6: Plot made using 
the intersection routine 
(compare with figure 5). 
Each line segment is tested 
to see if it is partially 
hidden. If so, it is sub­
divided into sections 
which are either visible or 
hidden. 
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along that l i ne fm our  matr ix . Th is mut ine 
i s  ca l led u pon a lmost every t ime a new point 
is generated, and, th erefore, is executed 
many t imes .  This is the one step that makes 
th is  method of h idden l i ne  process ing s low, 
and thus shou ld  be made as condensed as 
possib le .  A suggested rout ine is shown in 
l i st ing 1 .  In th i s  rout ine, U6 causes the FOR 
N EXT loop to go forward or backward 
depend i ng on where X is in relation to X9. 
X9 and Y9 are set equal to the previous 
poi nts throughout the pmgt·am. U7 becomes 
the X val ue  for each point along the l i ne  and 
58 the cmresponding Y val ue. 59 is the 
slope of th e l i ne  and is determined ear l ier  
i n  the su brouti ne .  Matt· ix 8 is the 1 024 by 2 
matrix for storing the h igh and low Ys. 

One smal l item which must not be ovet·­
looked is that the in it ial va lues of the 1 024 
by 2 matrix e lements must be set. Suppose 
we in it ia l l y  set each element to 0. Whi le  
d t·aw ing the fi rst l i ne, suppose the first poi nt 
is (300,200) . When the pmgt·am execu tes the 
l i ne which reads 

1 00 8 (X , 1 ) = 8(X, 1 ) MAX Y 
8 (X ,2)  = 8 (X,2) M I N  Y 

e lement 8 (300, 1 )  w i l l  take the MAX of 0 
and 200 wh ich is 200; th is is correct. How­
ever, e l ement  8 (300,2) w i l l  take the M I N  of 
0 and 200 which is 0. This is incorrect; the 

desired answer i s  200. We can solve the prob­
lem by fi l l i ng  all of the e lements in the second 
co l umn  with the h ighest valu e  we might 
need,  800 i n  th is  case. 

One way (used in my program) to fi l l  the 
first col umn  with Os and the second with 
800s is to use a fi l e .  The i n i tia l  cond i tions are 
read from the fi le  onto the matrix at the 
begi nn i ng of each program . Another way, of 
course, wou l d  be to emp loy a FO R . . .  N EXT 
loop. 

The few techn iques learned so far form 
a good basis for a h idden l i ne  subrout ine .  
P lott ing a fu nction with a h idden l ine sub­
routine and i ncorporating what has been 
determ ined so far gives a graph I i ke the 
one shown in  figure 4. An out l i ne  for the 
h idden l i ne subrout ine wou l d  be s im i lar to 
th is :  

• I f  Y < 8(X,  1 )  an d Y > 8 ( X, 2)  
Then don 't draw. 
Otherwise draw. 

• Fill in points in matrix. 
• Return to main program. 

F igure 4 looks respectab le ;  at l east the 
righ t l i nes are h idden .  However, someth ing 
is not qu i te right. When we need to h ide a 
point, we cannot s imp ly  d raw a l i ne to that 
point .  This leads to the problem seen in the 
graph ;  the l i nes do not meet the su rface of 
the graph when they go beh i nd ;  when 
comi ng out, they start emerging before 
they ar-e comp lete ly c lear of the su t·face. 
Obviously, some improvement on our 
h idden l i n e  su brout ine is needed . 

We need an algori thm to fi nd the in ter­
sect ion. When a po int  l ies beh ind the sur­
face, we must find a new point on the 

5205 
5 2 1 0  
5215  
5220 
5225 
5230 
5235 
5240 
5245 
5250 
5255 
5260 
5265 
5270 
5275 
5280 
5285 
5290 
5455 
5456 
5457 
5458 
5459 
5460 
5465 
5470 

S 7=X-X9 ,U2=0 ,X1 =X9 ,U 1=1  
UNTIL U 1 > 1 28 DO 

U 1 =U 1 *2 
IF U2 THEN 5235 
X 1=X1+S 7/U1 
GOTO 5240 
X 1=X1 -S7/U1 
Y7=S9* ( X 1 -X9)+Y9 
IF U3 THEN 5456 
IF Y9>B [ X9 ,2 ]  THEN 5270 
IF Y7>B [ X 1 ,2 ]  THEN U2=1 
IF Y7< B [ X 1 ,2 ] THEN U2=0 
GOTO 5280 
IF Y7< B [ X 1  , 1 ] THEN U2= 1 
IF Y7>B [ X 1 , 1 j  THEN U2=0 

DO END 
X5=X,Y5=Y 
X=X1 ,Y=Y7 
REM ** FOR U3=1 :COMING OUT *** 
IF Y>B [ X , 1 ]  THEN 5460 
IF Y7<B [ X 1 ,2 ]  THEN U2=1 
IF Y7>B[ X 1 ,2 j  THEN U2=0 
GOTO 5280 
IF Y7>B [ X 1 , 1 ]  THEN U2=1 
IF Y 7<B [ X 1 , 1 j  THEN U2=0 
GOTO 5280 

Listing 2: A BASIC routine that searches for 
intersections between line segments. 



su rface of the graph .  I f  we d raw a l i ne  to a 
point that shou ld be h idden,  we w i l l  i n ter­
sect the surface at this new point wh ich we 
are tryi ng  to locate : the poi nt  of i n tersect ion. 
This becomes tr icky. The bas ic procedu res 
necessary to determ ine the po int  of i n ter­
section are as fol lows : 

• Find the equat ion for the I i n e  wh ich 
passes th rough the p 1·ev ious point 
and the new point beh ind  the su 1·face .  

• Step along this l i n e  from the o l d  X 
val ue  to the new X val u e  u nt i l  we 
fi nd an X where the Y for that X is 
the same (with in one po int  of resol u­
tion ) as the h ighest (or lowest) Y for 
that same X. This i s  the intersection  
poi nt to which we  draw to  in tersect 
the su rface, or from wh ich we start 
drawing when coming from beh ind 
the surface. 

Suppose the point outside  of the su rface 
is (505 ,200) and the new po int  which goes 
behind th e surface is (575 , 1 88) . If we step 
along the l i n e  jo in ing  them in the X d i rec­
tion ,  from X = 505 to X = 575 ,  it cou l d  
take up to 70 steps u nti l  the i n tersection  
point i s  found .  

A much more e legant and t ime saving 
approach i s  to perform a "b inary search " 
along the l i n e  to fi nd the i n tersection po int. 
For the previous example in which there 
were 70 steps, we cou ld  get to with in one 
point of reso l ut ion from the po int  of i n ter­
section in seven steps. I go th rough th e b inary 
search method eight t imes to accommodate 
longer l i ne  segments .  

List i ng  2 shows the segment of my h idden 
l ine subrout ine that searches for the i n ter­
section poin t. U1 is a b inary loop ; U2 te l l s  
whether t o  go forward or backward a long 
the l i ne  segment whose length is 57 ;  X 1  is 

5600 REM ** FILL IN LEFT SIDE ** 
'5610 IF  X4#-1 THEN GOTO 5640 
5620 X4=X,Y4=Y 
5630 RETURN 
5640 X8=X9,Y8=Y9 
5650 X9=X4,Y9=Y4 
5660 S9=(Y- Y9)/(X-X9) 
5670 GOSUB 5500 
5680 X9=X8,Y9=Y8 
5690 GOTO 5620 
5 700 REM ** FILL IN RIGHT SIDE ** 
5 7 1 0  IF  X3#-1 THEN 5 740 
5720 X3=X,Y3=Y 
5730 RETURN 
5740 X8=X9 ,Y8=Y9 
5750 X9=X3,Y9=Y3 
5 760 S9=(Y-Y9)/(X-X9) 
5 770 GOSUB 5500 
5780 X9=X8,Y9=Y8 
5790 GOTO 5 720 

Listing 3: Two routines used to "fill in " the 
left and right sides of the graph so that no 
line intersections occur (see figures 7 and 8). 

the new X locat ion a long the l i n e  segment as 
the search continues; Y7 is the so l u tion to 
the l i ne equation between th e two points 
at the new X val ue X1 ; and U3 cal l s  a fu rther 
nested subrouti ne  if  one is try ing to fi nd  the 
i n tersection po in t  whi le  coming  out  from 
behind the su rface. F inal l y , after th e program 
execu tes the l oop e ight times, X1 and Y7 
are the  coord inates of the  i n te rsect ion po int  
(X1  ,Y7 ) .  F igures 5 and 6 show the before 
and after effects of the intersection routine .  

F igures 7 and 8 show what happens to 
a graph with and without a process cal l ed 
"l eft and right side fi l l -i n . "  The edges of 
the graph in figure 8 appear messy . Th i s  is 
because on the left edge, fo 1· example,  when 
a l i ne comes into the preced i ng left edge, 
i t  does not appea1· to i n te rsect it; i n stead it 
goes a b it too far. This can be seen  with 
the aid of the dotted l i ne. The p rob lem is 
sol ved by add ing an imagina1·y dotted l i ne 
into the matrix o f  1 024 by 2 .  A l though we 
do not draw the edge l i nes on the screen 
which we could do, we "draw" them i n to 
the matr ix .  Thus, when a l i n e  is about to 
i n tersect with an edge, it w i l l  have an imagi­
nMy bounda1·y i n  the matrix with which to 
in tersect. 

The matrix fi l l - in  is accomp l i shed by 
taking the poin t  at the begin n ing of a new 
l i ne and the po int fo 1· the begin n i ng  of the 
previous l i n e  and cal l i ng th em (X ,Y)  and 

Figure 7:  Graph made 
with "left and right side 
fill-in. " The term refers to 
an imaginary "edge " at the 
borders of the surface 
(shown in dotted lines). 
This edge enables the 
algorithm to accurately 
handle lines drawn near 
the edges. 

Figure 8: Graph made 
without the "left and right 
side fill-in " feature in 
the algorithm. In this case 
the routine cannot accu­
rately handle intersections 
at the edges of the surface 
(see arrows). 
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300 FOR B=O TO 1 
302 X3=Y3=X4=Y4=- 1  
303 READ #2, 1  
305 MAT READ #2 ;B 
3 1 0  FOR T=-E TO E STEP E/K 
320 FOR G=-E TO E STEP E/K 
330 U9=G 
340 IF B=O THEN 370 
350 A[ 1 , 1 ] =T 
355 A( 1 ,2 ] =G 
360 A( 1 , 3 ]  =T*G*(T*T -G*G)/(T*T+G*G) 
365 GOTO 400 
:370 A[ 1 , 1 J =G 
380 A( 1 ,2 ] =T 
390 A( 1 ,3 ] =T*G*(G*G-T*T)/(G*G+T*T) 
400 MAT C=A*Q 
4 1 0  X=FNP(C( 1 , 1 ] *300/E)+5 12 . 
420 Y=FNP(C [ 1 ,2 ] *300/E)+400 
430 GOSUB 5000 
440 NEXT G 
450 NEXT T 
455 NEXT B 

Listing 4: A routine to create crosshatched plots. 

Figure 9: A plot made without crosshatching. 

Figure 7 0: The same function as figure 9, but with crosshatching. 
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(X9 ,Y9 ) , respectively .  Then GOSUB  5500 
(the fi l l - i n  po ints for the matrix subroutine) 
wil l  fi l l  in a l l  the Y values for each X val ue 
along th is  l i ne segment. Do the same th ing 
for the r ight s ide ,  or  the last  point i n  each 
l i ne .  

The subrout ine i n  l ist ing 3 is accessed at 
the beginning and end of each l i ne  for the 
left s ide and the right side, respect ive ly.  
X3 and X4 are i n i t ial l y  set equal to -1 at 
the beginn ing  of the program .  This te l l s  
the  routine that  it i s  the fi rst point i n  the 
graph and thus a l i ne  cannot be drawn 
between it and the previous poi nt, which 
does not exist . After the first l i ne is drawn, 
the previous po ints become (X4, Y 4) and 
(X3,Y3 ) for the left and righ t s ides respec­
ti vel y. 59 is the s lope of the l i ne needed in  
the  fi l l - i n  routine. 

Crosshatching is a method of d rawing 
graphs with sets of orthogonal l i nes. For 
many graphs, th is  enhances the overa l l  
appearance and defin it ion.  The crosshatch 
program draws two separate graphs,  one 
for the horizon tal d i rection, and the other 
for the vertica l .  When the graph in  the hori­
zontal d i rection is comp leted , a l l  in i tial 
cond i tions used in  the h idden l ine  subroutine 
must be reset. This inc ludes rein it ia l iz ing 
by plac ing the Os and 800s i n to the 1 024 by 
2 matrix as described earl ier. 

One must al so change the FOR N EXT 
loops for the X and Y axis: i nstead of keeping 
the Y val ue constant whi le stepping along 
in  the X d i rection for a complete l ine, we 
ho ld  the X value constant wh i l e  stepping 
along in the Y d i rection. 

A more efficient method cons ists of 
assuming the X to be the Y and the Y to be 
the X the second t ime around .  An examp le  
is shown in l ist ing 4 .  Matrix A contains the  
X, Y and  Z values for u se  i n  rotation. Matri x 
Q is the final th ree-d imensional rotatio n  
matrix calculated elsewhere in t h e  program. 
In the B loop, B = 0 i s  for the h orizontal 
d i rection, B = 1 for the vertical d i rect ion. 
Notice the values assigned to matr ix A when 
B changes from 0 to 1 .  Function F N P  is  the 
perspective function defi ned in th e begi nn ing 
of the program.  GOSU B  5000 .is for the 
h i dden l i ne subroutine. The function is for 
the graph shown in figu re 7 .  Figures 9 and 
1 0  show the effects of crosshatching. 

I n  certain graphs, such as figure 1 1 ,  l i nes 
must go beh ind very narrow regions. Here in 
the upper portion of the spikes we encounter 
d ifficul ties. Using the method described so 
far for h idden l i nes, we solve for a new point 
and test to see whether that po int  is behind 
someth i ng. We can now determine if  i t  should 
be h idden. Let us see what happens when we 
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Figure 7 7 :  Problems can occur when lines go behind very narrow regions, 
but the line 5 endpoints are both visible. 

Figure 7 2: Solution to the problem illustrated in figure 7 7 . The routine 
checks additional points along the line segment and makes changes accordingly. 

1 00 00=1 
1 1 0 U4=0,F=U5=1 
120 L9=75 
130 FILES * * 
140 ASSIGN

,
"BLANK",2,T2 

1 50 DIM A [ 1 ,3 ]  ,C [ l ,3 ]  
160 DIM Q [ 3 ,3 ]  , B [ 1 024, 2 1  
165 REM PERSPECTIVE FUNCTION 
1 70 DEF FNP(F)=D7*F/(D7-C [ 1 ,3 ] )  
1 80 REM E=STEP VALUE AND K= # STEPS 
1 90 E=1 0,K=20 
200 I=-E,I2=E 
2 1 0  REM D7=DISTANCE FROM (0 ,0 ,0) FOR PERSPECTIVE 
220 D7=30 
230 REM X2,Y2 ,Z2 ARE DEG. TURN AROUND X,Y,&Z AXIS 
240 X2=-75,Y2=0,Z2=30 
250 W=3 . 1 4 1 6/ 1 80 
260 X2=W*X2 
270 Y2=W*Y2 
280 Z2=W*Z2 
290 GOSUB 6000 
300 X3=Y3=X4=Y4=-1  
3 1 0  READ #2, 1  
320 MAT READ #2 ;B 
325 REM Y AXIS LOOP 
330 FOR T=-E TO E STEP E/K 
340 IF T>-.05 AND T<.05 THEN T=O 
345 REM X AXIS LOOP 
350 FOR G=-E TO E STEP E/K 
360 IF G>-.05 AND G<.05 THEN G=O 
370 U9=G 
380 R=SQR(G*G+T*T) 
390 A[ 1 , 1 1 =G 
400 A [ 1 ,2 ] =T 
405 REM ACTUAL FUNCTION 
4 1 0  A [ 1 ,3 ] =8/{ R+1 )*COS(R*l .2) 
420 MAT C=A*Q 
425 REM SCALING,  PERSPECTIVE & OFFSET 
426 REM GOSUB TO HIDDEN LINE ROUTINE 
430 X=FNP(C [ 1 , 1 J *300/E)+5 1 2  
440 Y=FNP(C[  1 ,2 I *300/E)+400 
450 GOSUB 5000 
460 NEXT G 
470 NEXT T 
480 END 

Listing 6: A BASIC program used to create the plot shown in figure 7 3. Two 
subroutines, at line numbers 8700 and 8200, are not included in this listing, 
but must be supplied by the user. These are a routine to draw an invisible 
vector to point (x,y) at line number 8700, and a routine to draw a visible 
vector to point (x,y). These correspond respectively to the movement of a 
plotter s pen without contact and with contact. The details of the routines 
depend on the display hardware used. 
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5 035  L8=SQR((X-X9) �2+(Y-Y9) �2 )  
5040 IF  L8>L9 THEN DO 
5045 L2=X9 ,L5=X,L6=Y ,S6=(Y-Y9)/(X-X9) 
5050 L 7=(X-X9)/{L8/L9) ,L4=Y9-S6*X9 
5060 FOR X=L2 TO L5-L7 STEP L7 
5 065  Y=S6*X+L4 
5070 GOSUB 5090 
5075 NEXT X 
5080 X=L5,Y=L6 
5085 DOEND 

Listing 5: A routine used to refine the 
hidden line algorithm so it can correctly 
handle line segments which are visible at 
each end but obscured in the middle (see 
figures 7 7 and 7 2}. 

approach and go beh ind the u p per portion 
of one of the spi kes in  figure 1 1 .  

Suppose the new point is j u st to the left 
of one of the sp ikes. The h idden l i n e  routine 
sees th at the point is vis ib le and shou l d  
therefore have a l i ne  d rawn to  i t  from the 
previous point. Suppose the next point is 
beh ind the sp ike :  the h id den l i ne  routine 
w i l l  see th is and d raw a l i ne  to the i n ter­
section poi nt  on the left edge of the sp ike .  
A l l  is wel l  and the graph contin ues. 

But  suppose on the next pass (near the 
t ip of the sp i ke) that the next point i s  again 
just to the left of the spike. I t  shou ld be 
v is ib le ,  so we d raw a l i ne to that po int  from 
the previous po int. I f  the next point is to the  
righ t of the spike, the h id den l i n e  routine 
sees that th is  point on the graph should be 
seen ,  and th us a l i ne  is d rawn from the 
p revious point (which is to th e left of the 
sp ike) to the po int  on the righ t of the spike. 
A l i ne is d rawn across the spike. This prob­
lem i s  apparent  in the figure. 

The problem of l i nes going th rough narrow 
regions which are i ri fro nt is caused by the 
fact that the h id den l i ne rou tine checks on ly 
to see if a l i ne  shou ld be h idden at the end­
po ints of each l i ne. I f  both endpoints are 
outside of the sp ike, it does not know that 
i t  is cross ing the sp ike and d raws a l ine across 
the sp ike .  

The on ly way to overcome th i s  problem 
is to check at poi nts between the two end­
points to see if they go behind any region. 
I f  so, d raw the l i ne accord ingly to h ide any 
portion of the l ine that goes beh i nd the 
region.  

Here is a m ethod for solv ing th is p rob lem. 
At  the beg inn ing of the program, decide on  a 
max imum length of segment you wish t-o 
d raw. I f  you are us ing a length of 5 ,  for 
example ,  and the length of a normal l ine 
from endpoint to endpoint is 60, the pro­
gram wou ld d ivide th is  l i n e  i n to 1 2  segments 
and use the h idden l ine rout ine as though 
these were 1 2  consecutive l i nes. One shou ld 
choose the max imum length of l in e  on the  



Listing 6, continued: 

4985 
4987 
4990 
4992 
4995 
4997 
5000 
5005 
5 0 1 0  
5 0 1 5  
5020 
5025 
5030 
5033 
5034 
5035 
5040 
5045 
5050 
5060 
5065 
5070 
5075 
5080 
5085 
5090 
5099 
5 1 00 
5 1 05 
5 1 1 0  
5 1 1 5  
5 1 20 
5 125 
5 1 30 
5 135 
5140 
5 145 
5 1 50 
5 1 5 1  
5 1 55 
5 160 
5 165 
5 1 70 
5 1 75 
5180 
5 1 8 1  
5200 
5205 
5 2 1 0  
5 2 1 5  
5220 
5225 
5230 
5235 
5240 
5245 
5250 
5255 
5260 
5265 
5270 
5275 
5280 
5285 
5290 
5295 
5300 
5305 
5310 
5315 
5320 
532 1 
5400 
540 1 
5405 
54 10  
541 5  
5420 
5425 
5430 
5435 
5450 
5454 
5455 
5456 
5457 
5458 

REM Ul Thru U9 ;S7-S8-S9 ;X l ,Y l  Thru X9,Y9 ** } Variables used in the Hidden Line Routine REM US=O (Last In) ; US=l (Last out) *********** 
REM ***SET != 1ST X & 12=LAST X *********** } 
REM ***U4=0,F=U5=1 * x4=Y4=X3=Y3=- l **** Variables to set at beginning of Program 
REM ***** Let U9 = Value of X step *********** 
REM SET L9= MAXIMUM LENGTH O F  LINE **** 
IF X> l 023 OR X<l THEN U4=1 
IF X > l 023 O R  X<l THEN RETURN 
IF U9=1 AND Y<B[ X , l ) and Y >B[X,2)  THEN 5 140 
IF U9=1 OR U4 THEN GOSUB 5600 
IF U9=12 THEN GOSUB 5700 
U3=0 
IF U9=1 OR U4 THEN 5 1 5 5  
IF X-X9=0 THEN 5 125 
REM STEPS 5035-5085 DIVIDE LINES INTO LINES OF LENGTH L9 
L8=SQR((X-X9) "2+(Y-Y9) �2 )  
I F  L S >  L 9  THEN DO 

L2=X9,L5=X ,L6=Y ,S6=(Y-Y9)/(X-X9) 
L 7=( X-X9)/(L8/L9) ,L4=Y9-S6*X9 
FOR X=L2 TO L5-L7 STEP L7  

Y=S6*X+L4 
GOSUB 5090 

NEXT X 
X=L5,Y=L6 

DO END 
IF X-X9=0 THEN 5 145 
U3=0 
S9=(Y-Y9)/(X-X9) 
IF US=O THEN 5400 
IF Y<B[ X , l ) AND Y>B[ X ,2 )  THEN 5205 
US=! 
IF U9=1 THEN 5 1 5 5  
GOSUB 8200 
GOSUB 5500 
GOTO 5 145  
US=O 
X9=X Y9=Y 
RETu'RN 
REM RETURN TO MAIN PROGRAM 
X9=X Y9=Y 
Gosu's s r oo 
GOSUB 8200 
U4=0 
US=! 
RETURN 
REM RETURN TO MAIN PROGRAM 
REM *** FIND INTERSECT *** 
S7=X-X9,U2=0,X l=X9,U l=l  
UNTIL U l > l28 DO 

U l=Ul*2 
IF U2 THEN 5235 
X l =X l+S7/U l 
GOTO 5240 
X l =X l -57/Ul 
Y7=S9*(X l - X9)+ Y9 
IF U3 THEN 5456 
IF Y9>B[X9,2 ) THEN 5270 
IF Y7>B [ X l ,2 )  THEN U2=1 
IF Y7<B[ X l , 2 )  THEN U2=0 
GOTO 5280 . 
IF Y7<B[ X l , l ) THEN U2=1 
IF Y7>B [ X l , l ) THEN U2=0 

DO END 
X5=X Y5=Y 
X=Xl :Y=Y7 
IF U3 THEN GOTO 5425 
US=O 
GOSUB 8200 
GOSUB 5 500 
X9=X5,Y9=Y5 
RETURN 
REM RETURN TO MAIN PROGRAM 
REM ***TEST US=O*** 
REM US=O IF LAST POINT WAS HIDDEN 
IF Y>B[X,2 )  AND Y<B [ X , l ) THEN 5 145 
US=l U3=1 
X8=X

'
,Y8=Y 

GOTO 5205 
GOSUB 8 1 00 
GOSUB 8200 
X=XS Y=Y8 U8=1 
GOTO 5 1 25

, 

REM PART OF THE INTERSECTION ROUTINE 
REM ** FOR U3=1 :COMING OUT *** 
IF  Y>B[X,l ) THEN 5460 
IF Y7<B[X l ,2 )  THEN U2=1 
IF Y7>B [ X l , 2 )  THEN U2=0 

5459 
5460 
5465 
5470 
5500 
5505 
5 5 1 0  
5 5 1 5  
5520 
5530 
5535 
5600 
5610  
5620 
5630 
5640 
5650 
5660 
5670 
5680 
5690 
5700 
5 7 1 0  
5 720 
5 730 
5740 
5750 
5760 
5770 
5 780 
5790 
6000 
6001 
6002 
6010  
6020 
6030 
6040 
6050 
6060 
6070 
6080 
6090 
6 1 00 
6 1 1 0  

8 1 00 
8 1 0 1  
8200 
9999 

GOTO 5280 
IF Y7>B[X l , l )  THEN U2= 1 
IF Y7<B[ X l , l ) THEN U2=0 
GOTO 5280 
REM ***** FILL IN POINTS ***** 
U6=SGN(X-X9) 
IF U6=0 THEN 5535 
FOR U7=X9 TO X STEP U6 

Figure 7 3: A representa­
tive plot with the hidden 
line subroutine. The pro­
gram to generate it is 
shown in listing 6. 

S8=Y9+S9*(U7-X9) ,B(U7,2 ) =B [ U 7 , 2 )  MIN S8,B[U7,l ] =B [ U7 , 1 ) MAX 58 
NEXT U7 
RETURN 
REM ** FILL IN LEFT SIDE ** 
IF X4#-l THEN GOTO 5640 
X4=X,Y4=Y 
RETURN 
X8=X9,Y8=Y9 
X9=X4,Y9=Y4 
S9=(Y-Y9)/(X-X9) 
GOSUB 5 500 
X9=X8,Y9=Y8 
GOTO 5620 
REM ** FILL IN RIGHT SIDE ** 
IF X3#-l THEN 5 740 
X3=X Y3=Y 
RETu'RN 
X8=X9,Y8=Y9 
X9=X3,Y9=Y3 
S9=(Y-Y9)/(X-X9) 
GOSUB 5500 
X9=X8,Y9=Y8 
GOTO 5 720 
REM MAT ROTATE 
REM 60 1 0-6 1 1 0  MAKES MATRIX Q THE 
REM FINAL ROTATIONAL MATRIX 
MAT Q=2ER 
Q[ 1 , 1 ) =COS(22)*COS(Y2) 
Q [ 2 , 1 ) =- l*SIN(22) *COS(Y2) 
Q [ 3 , 1 ) =-1 *SIN(Y2) 
Q[ 1 ,2 ) =COS(22)*( -l)*SIN(X2)*SIN(Y2)+SIN(22)*COS(X2) 
Q[ 2 ,2 )  =SIN(22)*SIN (X2) *SIN (Y 2)+COS( 22)*COS(X2) 
Q(3 ,2 ) =-l *SIN(X2)*COS(Y2) 
Q[  1 ,3 ) =COS(22)*COS(X2) *SIN(Y2)+SIN(22) *SIN(X2) 
Q[ 2 ,3)  =-1 *SIN (22) *COS(X2)*SIN (Y2)+COS( 22) *SIN(X2) 
Q( 3,3) =COS(X2)*COS(Y2) 
RETURN 

REM A ROUTINE TO DRAW AN INVISIBLE VECTOR TO ( X ,Y) 
REM OR TO PICK THE PEN UP TO LOCATION ( X ,Y) (NOT INCLUDED) 
A ROUTINE TO DRAW A VISIBLE VECTOR TO (X,Y) (NOT INCLUDED) 
END 
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C i rcle 73 on inquiry card. 

We speak your 
language 
And we're giving you what you want. 
• a comprehensive product line. Hardware, assembled or 
kits, and software from major manufacturers. Plus books and 
current literature. Financing available. 
• a trained, enthusiastic staff. We'll help you choose or 
design the system that's right for you. No high pressure here. 
• service when you need it. We won't sell you something 
we can't keep running.@� 11.11/i' . � ){ • a brand new facility 

in Pennsylvania. 
We'l l  be able to 
serve our South Jersey­
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We've 
en larged our showroom 
in Iseli n.  Now there are 
more displays you can 

. :_ try out. There's more 
- room to stock the 

products you need. 

The Microcomputer People.@! 

Computer Mart Of New Jersey 

,..;;;-....� Computer Mart of Pennsylvania 
New Jersey Store Pennsylvania Store 
501 Route 27 550 DeKalb P ike 
Iselin, NJ 08830 king of Prussia, PA 1 9406 
201 -283-0600 2 1 5-265-2580 
Tue. -Sat. 10:00-6:00 Tue.-Thur. 1 1 :00-9:00 
Tue. & Thur. ti/ 9:00 Fri. & Sat. 10:00-6:00 

(our only locations) 

basis of the screen reso l u tion and the accu­
racy desi red . For greatest accuracy, use 1 as 
the greatest l ength of a l i ne. Th is wou ld ,  
however, take a very long t ime to compute 
and d raw. A happy med i um shou ld be chosen 
depending on the graph be ing d rawn. F igure 
1 2  shows the 1·esu l ts of us ing th is method .  

Listing 5 is the routine used i n  the  h id den 
l i ne  rout ine to  d iv ide each l i ne  into lengths 
no longer than L9 . X9 and Y9 are the coor­
di nates for the previous point .  L8 is the 
length of th e l i n e  being tested .  GOS U B  5090 
sends the new coord inates i n to the remai n ing 
port ion of the h idden l i ne  routi n e. This rou­
tine may not be e l egant, but i t  does work. 

Listing 6 is the complete l ist ing for the 
graph p l otted in  figu re 1 3 . I have given a 
compl ete program to he l p  the programmer 
when any specific obstacles come up which 
Me not exp la ined in th is artic le. 

The program sti l l  contai ns a few "bugs" 
which crop up occasiona l ly  due to the 
s imp l ic i ty of the a lgor ithms used, so i t  is 
by no means the u l timate h idden l i ne 
program . I f  any readers can write that u l ti ­
mate h idden l i ne routine, p l ease l e t  me 
know.• 

A P DIP Jumpers make the connection 

• Ava ilable with 1 4, 1 6, 2 4  and 4 0  contacts. 

• M ate with standard IC sockets. 

• Fully assembled and tested. 

• Integral molded-on strain rel ief. 

• Line-by-line probeabi l ity. 

Faster and Easier is what we're all about. 

Ill 
A P PRODUCTS I N C O R PORATED 
Box 1 1 0  72 Corwin Drive 
Painesvi l le,  OH 44077 
(216) 354-21 01 TWX: 81 0-425-2250 
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Faster and Easier. 
FLAT R I BBON CA BLE ASS E M B L I ES 
WITH D I P  CO N N ECTO RS 
A P  D I P  J u m pers are the low-cost, h ig h  q u al ity solut ion for 
j u m peri ng with in  a PC board; i nterconnect ing between PC 
boards, backplanes and moth erboards; i nterfacing I n­
out/Output s ignals;  and m o re. 

A l l  assembl ies use rai n bow cable. Standard lengths are 6, 1 2, 
1 8, 24 and 36 inches. 

S I N G L E- E N D E D  DIP J U M P E RS DOU B L E- E N D E D  DIP J U M P E R S  d"� ''""'" ''" '"· ' Arrow Denotes Pin No. 1 

o�-=o 
R�----- R R 

No. Length 
Contacts 36 " 

No. Length Length Length Length Length 
Contacts 6 "  1 2 "  1 8 "  24 " 3 6 "  

1 4  924 1 02·36-R 
$2.33 

1 4  
924 1 06·6-R 924 1 06- 1 2-R 924 1 06-1 8-R 924 1 06·24-R 924 1 06·36-R 

$2.4 1 $2 .61  $2.82 $3 02 $343 

1 6  924 1 1 2·36-R 
$2. 59 

1 6  
924 1 1 6-6-R 924 1 1 6- 1 2-R 924 1 1 6· 1 8-R 924 1 1 6·24·R 924 1 1 6-36-R 

$2 . 65 $2.88 $3. 1 1 S3.34 $3.80 

24 924 1 22-36-R 
$4.00 

24 924 1 26·6-R 924 1 26-1 2-R 924 1 26- 1 8-R 924 1 26-24-R 924 1 26·36-R 
$4 . 1 5 $4.50 $4 .85 $5.20 $5. 90 

40 
924 1 32-36-R 

$6. 7 1  4 0  
924 1 36·6-R 924 1 36·1 2-R 924 1 36·1 8-R 924 1 36-24-R 9241 36-36-R 

$6. 93 $7.52 $8. 1 1  $870 $9.88 

Circle 1 4  on inqu i ry card. 



fflw 
rilatxnc fjau:Jt of tk . 

IQ 120 
Clearly displays the results of a 

careful blending of 0 ld World 

Elegance 

World of 

with today's 

Technology. 

New 

This 

blending is what creates char­

acter in the IQ. 1 20, and such re-

I 
• I 

fined features as : upper and 

lower case I 24 line X 80 char­

acters I address cursor I tabbing I 
dual intensity I numeric pads I 
auto repeat I 1 5  baud rates I aux. 

port and optional printer port. 

so if you are one who is serious about what terminal to buy, con­

tact SOROC where character along with quality and design 

excellence is part of each and every display • • • • • • • • $995.00 

........ 
_

_ Go Roc l B S F R E E D O M  AVE •• ANAHEIM, CA 9 2 BD1 
VTECHNOLO GY, I N C .  7 1 4 • 9 9 2 - 2 8 6 0  • BOO · B 5 4 - 0147 ____ _, 
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Figure 7 :  Plot of Z = -30 * EXP(-f(x,y)2 I 700) 
(DEF FNA (Z) = -JO*EXP(-Z*Z/7 00)) 
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Figure 2: Plot of Z = . 007 * (f(x,y)3 + f(x,y) - 25) 
(DEF FNA (Z) = . 00 7*(Z*Z*Z+Z-25)) 

May 1978 © BYTE Publications Inc 

--

PLOT3D: 

A Function 

Plotting Program 

Mike Stoddard 
1 6681 Lynn St 
H untington Beach CA 92649 

Most programmers have u sed FORTRAN 
or BAS IC  to generate a two-d imensional p lot 
as part of their program.  If they needed a 
three-d imensional p lot, it was usual l y  done 
on a pen p lotter instead of pr inter or ter­
mina l  output devices. S ince most smal l 
systems lac k a pen p lotter, th is program may 
be used to give a three-d imensional rendering  
of  a normal l y  two-dimensional fu nction .  
By print ing the  third ax i s  horizontal l y  a long 
the carriage of the termina l ,  the usual  
"h idden l ine" problem becomes triv ia l .  In  
the sample program of l ist ing 1 ,  l i ne 60 
defi nes an exponentia l cos ine function 
which norma l ly  p lots as a decay ing sinewave . 
Line 1 20 sets up  the X axis val ues to be i n  
the range - 30 to +30. Line 1 60 calcu lates 
the Y axis values based on the expression 
302 - x2, hence the X- Y ax is sectional wi l l  
be ci rcu lar {remember the general equation 
of a circ le i s  X2+Y2=R2, where R wi l l  be the 
rad ius ) . The Z axis coordinate is then cal­
cu lated in l ine 1 90 and the t i l ted 45 
degrees to g ive a rotated v iew. L ines 200 
th rough 290 p ick the correct p lotting sym­
bol to use and then decide whether the poi n t  
i s  v is ib le or h idden . To  correctly v i ew the 
fi n ished plot, remove it from the termina l ,  
rotate it back 90 degrees, and then do a l ittle 
"curve-fi tti ng" by connecting the dots a long 
the l i nes of corresponding symbols .  

To change the p lotted equat ion, redefi n e  
function A (cal led FNA in  the program ) i n  
l i ne  60 .  F igure 1 shows the  p lot  of the 
equation given in the program .  F i gures 2, 3, 
and 4 show different functions and their 
corresponding p lots. Note that a l l  figures 
have been rotated l eft by 90 degrees from 
the way they are actual l y  printed .•  
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REM " PLOT3D" == FUNC T I ON PLOTT I NG PROGRAM 

REM WR I TTEN BY MIKE STODDARD 03-03-77 

REM 

REM F I RST, DEFINE A NORMAL 2-D I MENSI ONAL FUNCT ION. 

REM IN  TH I S  CASE, IT W I LL BE A DECAYING COS I NE 

DEF FNA ( Z l =30* EXP ( -Z *Z / 1 0 0 )  

D I M  A$ ( 2 ) ,  B S <  l )  
REM DEF I NE THE PLOT T I NG SYMBOLS 

LET A$= " +* " 

LET K=5 

FOR X=-30 TO 30 STEP 1 . 5 

LET L'=O 

LET P�1 
REM CALCULATE X-Y PLANE PLOT L I M I T S  

L E T  Y 1 =K* ! N T  ( SOR ( 900-X*X l / K l  

FOR Y=Y1 TO -Y l STEP -K 

REM CALCULATE Z A X I S  VALUES AND T I LT 4 5  DEGREES 

LET Z= INT < 25 +  FNA < SOR < X *X + Y*Y l l - . 707 1 06*Y l 

GOSUB 340 

REM TEST FOR H I DDEN L I NE 

I F  Z(L GOTO 300 

LET LaZ. 
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1 1 0 

1 20 

1 30 
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1 60 

1 70 

1 80 

190 

200 

2 1 0  

220 

230 

240 

250 

260 

270 

280 

290 

300 

3 1 0  

R E M  TEST FOR SAME PLOT L I NE 

IF P I F  Z=Z I GOSUB 340 

PR I NT TAB ( Z l ; B$ ;  * * 

REM SET H I DDEN / V I S I BLE PLOT P O I NT 

IF P LET Z I �Z 
LET P=O 

NEXT Y 

P R I NT 

320 NEX T  X 

330 GOTO 390 

340 REM SW ITCH THE SYMBOLS SO ALL P O I NTS ON 

350 REM ONE L I NE W I LL BE THE SAME SYMBOL 

360 LET B$=A$ 

370 LET A$=A$ ( 2 ) , B$ 
380 RETURN 

390 END 

Listing 7: The program "PLOT3D " used for 
three-dimensional projections into two­
dimensional plots. The function defined at 
line 60 is plotted by the terminal printer 
using standard graphics of an A SCI I char­
acter set. 
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Figure 3: Plot of Z = 30 * (EXP(-f(x,y)2 / 700) + SIN(f(x,y) / 5)) 
(DEF FNA (Z) = 30*(EXP(-Z*Z/700)+SIN(Z/5))) 
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Figure 4: . Plot of Z = 30 * SIN(f(x,y) / 5) 

(DEF FNA (Z) = 30*SIN(Z/5)) 
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GRAPH: 

A System for Television Graphics 

Authors' Note : 

This pmject was a valu­
able learning experience 
for us. A ttempting to 
explain q .p_rogram step 
by step in English turns 
out to be· a bit lengthy, 
but we hope that the 
final result is a package 
with real teaGhing and 
learning potential for 
anyone new to 8080 
machine [anguage pro­
gramming// or the 
VDM-1 .  1t is exactly 
the kind of article we 
wish we had had access 
to a year ago when we 
first plugged in our 

· V DM-1 and wondered 
what to do next. 

62 May 1978 © BYTE Publications Inc 

John Webster 

John Young 

Audio Visual Services 

U niversity of New Brunswick 

Keirstead Hall 

Part 1 

Fredericton N B  CANADA E38 5A3 

Our department of Audio Visual Services 
at the Un iversity of New Brunswick makes 
extensive use of smal l format videotape 
record ing for in structional and research 
purposes. Tapes are recorded either in a 
studio situation or with portable recorders. 
Most programs are then ed ited, and requ ire 
the add it ion of graph ics rangi ng from s imp le  
titles or names su perimposed over the 
p icture to more complex charts and graphs 
that wil l be incorporated in the final 
production. 

Anyone who watches television wi l l  have 
noticed that el ectron ic character generators 
are becoming increasingly popular for pro­
v id ing tit les, cred its and other forms of 
a lphanumeric character d isp lays. Their ad­
vantages over the old system of creating the 
graph ics on cards and pointing a camera at 
them are obvious. Electron ic generators are 
qu icker, requ i re no special graph ics tra in ing 
or materials, and are, incidental ly ,  cheaper. 
E l ectron ic titles can also be easi l y  and 
qu ickly changed or updated .  They al so re­
qu i re no ded icated graph ics camera and 
operator. 

I n  exam in ing commercial el ectronic 
t itl ing equ ipment, we found two main d is­
advantages :  Commercial un its were qu ite 
expensive, and at the same time somewhat 
l im ited in the i r  behavior. 

We therefore decided to explore the 
"h bb I I  o y computer market and to design 
our own television graphics generator. The 
cost of our system tu rned out to be about 
half that of the cheapest commercial prod­
uct then avai lab le ,  while giving increased 
fl ex ib i l ity for graph ics hand l i ng. The com-

puter system is also avai lab le for othe r  
uses when not  be ing used for television 
graph ics i n  our stud io .  

The hardware system we fi nal l y  arrived 
at consists of an Altair 8800 w i th 1 7  K bytes 
of p rogrammable memory, a Processor 
Technology VDM-1 w ith CUTS board and a 
keyboard and cabinet mod ified f;om a 
surp lus hotel reservat ion term ina ! .  The 
program we d eveloped to p rovi de  the neces­
sary functions is the reason for th i s  article. 

The p roject was very much a l earn ing 
experience, s i nce we assembled both the 
hardware and software. Wi th the exception 
of a hardware approach to provid ing a key­
board repeat function ,  th i s  articl e is con­
cerned pr imar i ly with the software s ince i t  . ' 
I S more l i ke ly to be appl icabl e  to a greater 
number of varied systems. 

I n stead of s imp ly pub l i sh i ng a com­
mented assembly l ist ing of the p rogram, we 
have gone i n to considerab le  detai l about the 
structu re of each subroutine and about the 
workings of the V DM-1 on wh ich the p ro­
gram is  based .  I t  i s  hoped that the p rogram 
wi l l  be usefu l to many who are us ing a 
VDM-1 in any related way, and that the 
art ic le wi l l  serve as a l earn ing tool for 
anyone new to low l evel assembly langu age 
programming. 

The Repeat Function 

A repeat fu nction is a faci l i ty to gen­
erate repeated inputs of a keyboard key's 
code when the key i s  held down for ex­
tended periods of time. Two approaches 
are offered to the p roblem of p roviding a 
repeat fu nction, one i n  hardware and one i n  
software. The hardware approach offers the 
advantage of a more easi l y  variab le speed 
wh i l e  the software approach requ i res n� 
hardware changes and is executable on 
any keyboard. 

When a computer keyboard key is 
p ressed, two signal s are generated .  One i s  an 



KEYPRESSED 
STROBE 

POWER WI R I NG  TABLE 

NUMBER TYPE +5V GND 
P I N  P IN  

I C I  7 400 1 4  7 
IC2 555 4 I 

I C3 7402 14  7 

+5V 

I 
I I I 
I 
I I I I _ j  

+5V  

50 0 K  
(3 -30 Hz)  

MODI F I E D  
KEYPRESS E D  
STROBE TO 
COMPUTER 

Figure 1:  Interface circuitry for GRAPH. An  astable multivibrator (IC2) provides the pulse 
train for a hardware repeat function. The authors ' keyboard produces a low to high transition 
strobe (S TB) pulse when a key is pressed. This is used to trigger a monostable multivibrator to 
provide a single pulse keypressed (KP) signal to interface with the 10 board used. 

A logical A ND function gates the astable multivibrator 's output with STB to generate a 
repeat only when a valid character key is pressed. A logical OR routes either a repeat pulse 
train or a single KP signal to the computer's 10 board. 

Because the repeat key on the authors ' keyboard is tied to ground, it is used to interrupt 
the ground connection (pin 1) of the 555 timer. This design seems to work satisfactorily. If a 
normal single pole single throw switch is available, a more proper design would be to interrupt 
the output (pin 3). 

8 bit b inary number corresponding to the 
character chosen .  The other i s  a "key­
pressed" signal that te l l s  the 10  board a key 
has been pressed and i t  shou l d  read and 
input the eigh t b i t  number  as val id data. 

If  a pu l se train instead of a s ing le pu l se is 
presented on the keypressed l i ne  to the 10 
board, the computer w i l l  cont inuous ly input 
the 8 bit character word presented as a series 
of characters. A repeat function w i l l  occur as 
long as the pu l se train is p resent. A potenti­
ometer vary ing the frequency of the pu l se 
train wi l l p roduce a variab le speed repeat. 

The circuit in figure 1 uses a 555  t imer 
( I C2) to generate the repeat pu l se trai n and 
apply i t  to the key pressed I i n  e. N otice that 
i t  is important to gate the pu lse train w ith 
the original keypressed STROBE DC levei 
from the character generator l i n e  so that the 
osc i l l ator wi l l  operate only when a character 
key is p ressed.  Otherwise, i nva l id  d ata w i l l  

b e  i nput if t h e  repeat key i s  p ressed before 
a character key. 

Another handy c i rcu i t  is contained in fig­
u re 1 ( lower l efthand corner) .  Most key­
boards presently avai lab le p rov i de a l ow to 
h igh strobe trans ition to in dicate a key is 
pressed. Many 10 boards, however, requ i re 
a s ingle pu l se to l atch the val i d  data. This  
portion of the c i rcu i t  i n  figu re 1 converts a 
DC strobe l evel to a single pu lse outpu t. 

A software approach to achieving a 
repeat fu nction is discussed in the Program 
Design section. 

Using the VDM-1 

The heart of the graph ics generator is ,  
of cou rse, the VDM-1 . L ike several other  
te l evision boards avai lab le ,  i t  contains 1 K 
bytes of programmable memory wh ich ho ld  
the  16  l i nes of  64 characters per l i n e  that 
appear on the screen.  Thus, manipu lating 

M a y  1 9 7 8  © BYTE Publications Inc 63 



Figure 2: Visualization of 
line starting and ending 
addresses in GRAPH. This 
type of information is 
helpful in understanding 
the subroutines that check 
for valid screen addresses. 
The Processor Technology 
VDM-7 displays 76 lines of 
64 characters per line 
which reside in 7 K bytes 
of programmable memory. 
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L I N E  

N U M BE R 

2 

3 

4 

5 

6 

8 

9 

1 0  

I I  

1 2  

1 3  

1 4  

1 5  

1 6  

C D 4 0  

C D B O  

c o c o  

C E O O  

C E 4 0  

C E B O  

F I R S T  O F  L I N E  

A D D R E S S E S  

F I R S T  I N V A L I D  A D D R E S S 

( B O T T O M O F  S C R E E N )  

graph ics becomes mere ly a question of 
man ipu lat ing d igital information in a 1 K 
byte workspace. 

Data from any register can be moved to 
the screen with a MOV M,  X (whose X is 
any register) instruction. The position on 
the screen is determ ined by the 1 6  d igit 
number in  the H ,  L register pair ,  wh ich in 
th is  case wou l d  be between hexadecimal 
CCOO (first screen position ) and C F F F  ( last 
screen position) .  A l l ocations of the starti ng 
and ending l i ne addresses, as wel l as the first 
inva l id  address on either side of the screen,  
are shown in figure 2 .  

The  VDM-1 i s  designed to disp lay a 
cursor if b it 8 i s  h igh , regard less of the status 
of the other 7 b its. I f  cu rsors appeared at al l 
screen posi t ions, the screen wou ld  appear 
wh ite instead of black. Lines or b locks of 
cu rsors may be u sed to d raw s imp le figures. 

One shortcom ing of the VDM-1 d isp lay 
is that a fu l l  cursor is the smal l est contiguous 
un i t  avai lab le .  The avai lable graph ic reso lu­
t ion is therefore a matrix of on ly 64 by 1 6  
blocks. 

The VDM-1 also contains a scro l l i ng 
feature wh ich a l lows vertical displacement of 
screen contents. I t  was decided not to use 
th is  feature in ou r  program for reasons that 
wil l be explai ned later. 

The output  of the VDM-1 is a video signal 
contain ing both hor izontal and vertical 
synchroniz ing pu l ses which permit display 

F I R S T  I N  V A L l  D A D D R E S S  

( T O P  O F  SC R E E N )  

E N D  O F  L l  N E  

A D D R E S S E S  

C D B F  

C D F F  

C E 3 F  

C E 7 F  

C E B F  

of the graph ic  information on any televis ion 
mon itor. I t  shou ld be noted that the ho ri­
zontal and vertical d r ive pu l ses are sl ightly 
nonstandard ; and, a l th ough they wi l l  be 
accepted by any television mon itor, they 
may not synchronize eas i ly  with more 
soph isticated video recording o r  signal proc­
essing equ ipment .  The D igi tal Group h as 
announced a 1 K byte video d isplay control 
board that can be d r iven by external sync 
pu l ses. S ince G RAPH is wr itten specifica l ly  
for the VDM-1 , some changes in  approach 
(for example ,  cursor handl i ng) may be 
necessary when us ing video d isplay boards 
from other manufactu rers. 

I n  order to make the VDM-1 do anyth i ng 
at al l ,  you need a dr iver program. For ex­
ample, a s imple program cou l d  be written 
to take a character and type it i n to the screen 
starting at the u pper l eft hand corner (hexa­
decimal add ress CCOO) .  To do th i s  i t  wou l d  
be necessary to : 

Load H ,  L with 
hexadecimal CCOO f i rst screen posit ion 

Check for status 

Read va l ue  of key 
pressed and store in 
accum ulator (A )  

Move A -7 M  

I ncrement H ,  L 
Loop to 
status check 

has a key been pressed? 

move character to screen 

move to next screen posi t ion 

get ready for next character 



The Central Data 2650 : 
Reliable and Affordable 

The Cen tral  Da ta 2 6 5 0  C o m p u ter  
Boa rd sys tem has  been ca reful ly  
de signed a nd bui l t  w i t h  you in  m i n d .  
We've a l s o  d e s i g n ed software a nd 
mem ory to  go w i t h  the  2 6 5 0  so t h a t 
you'l l  h a ve a complete syste m .  You 
deserve q u a l i ty e q u i p m e n t ,  a n d we've 
b u i l t  i t  for you . Take a look a t  the 2650 
boa rd fea tu res and see for you rself .  

• a 2650 m icroprocessor 
• a n  80 c h a racter  by 1 6  l i n e  d i s pl a y  
• a 300 Ba ud cassette i n terface 
• a powe rful  1K S u pervisor Progra m 
• one paral le l  i n p u t  port  a n d  one bit  

settable o u t p u t  port  
• 2048 bytes o f  rea d -write  m e m o ry for 

the video d i s pl a y  a nd your prog ra m s  
• e x p a n d s  to S - 1 0 0  b u s  
• l o w  price of  $275 
The 2650 board comes a s se mbled ,  

tested a nd ready to p l u g  i n  a nd comes 
with a fu l l  one yea r g u a ra n tee . The 
price inc ludes  a S i g n e tics 2650 
Microprocessor M a n u a l  and a C o m p u ter  
System Manual  from C e n t r a l  D a t a .  

W e  offer t h e  E d i tor/Assem bler a n d  8 K  
Ba sic software packages for the  2 6 5 0  
syste m ,  a nd o u r  S - 1 0 0  2 4 K  m e mory 
boa rd a llows ful l  e x p a n s i o n  of  the  
sys te m .  (16K a nd 32K m e m o ry boa rds 
are a l s o  a va i l a b l e . )  E a ch software 
package costs  o n ly $ 2 0 .  The 2 4 K  
me mory boa rd i s  $ 3 9 5 .  Al l  software 
com es w i t h  a prog ram l i s t i n g .  

W i t h  a l l  t h e se fea t u res  you can't a fford 
to pass  u p  t h e  C e n tral  D a t a  2650 syste m .  

Centra l  data 
P . O .  Box 2484 , Stat i o n  A 

C h a m pa i g n ,  I L 6 1 820 

( 2 1 7 )  359-801 0 
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
1 . Plea se send m e  t h e  fol l o w i n g :  1 
I 0 2650 com p u t e r  sys te m boa rd ( $2 75)  N a m e  I 0 16K R A M  ($289)  I 0 24K RAM ($395)  Add ress  I 
I 0 32K R A M  ($475)  C i t y  I 1 0 Edi tor/ A s se m b l e r  ($20)  I 1 0 Basic  ($20)  S ta te 1 
I 0 Add i tion a l  i n fo r m a t i o n  1 Z i p  

I I enclose $ . 1 
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Finally, the macro maker of computer 
printers has gone micro. With a high-speed, 
desk-top, non-impact printer complete with 
parallel interface (Model P-1) that' s perfect for 
the home, hobby and small business user. A 
complete 80-column printer for less than $600. 

The new Centronics microprinter is 
big on performance. It prints clean, clear dot 
matrix characters at a rate of 150 lines per . 
minute. Yet it' s quiet, compact, comes fully 
warranted and is backed by Centronics' 
worldwide service. It' s even available in a 
serial interface version (Model S-1) for 
remote applications. 

Of course, buying your small systems 
printer from the industry' s leading producer 
of printers is simply a better buy. You get the 
security, support and systems flexibility only 
Centronics can bring. Plus the targeted tech­
nology that brings out the best in any computer. 

So when you think small printers, think 
big. Think Centronics. For more information, 
just clip and mail the coupon below. 

r - - - - - - - - - - - - - - - - - ,  
Centronics Data Computer Corp. 1 
Hudson, NH 03051 1 
Gentlemen : Tell me more about your new 
microprinters. 

Nrune _______________ _ 

Address ______________ _ 

Town _______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

State: _______ Zip· ________ .· ' I-
I 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  B-5-78� 

C E nTRO n i C S® P R i nTE RS 
Simply Better 
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Table 7 :  Program func­
tions in GRAPH and their 
specific control characters. 

68 May 1978 © BYTE Publications Inc 

Key Pressed to Enter Hexadecimal 
F unction Routine Control Character Description 

Type Characters 
Onto Screen 

Repeat CTR L/R,X 

Move Cursor Up CTR L/T 
Down CTR L/V 
R ight CTR LIG 
Left CTR L/F 

Cursor Write/ CTR LIZ 
Don't Write 

Cursor On/Off CTR LIA 

Clear Screen Clear 

Home Cursor CTR LIX 

C A L F  L I N E F E E D  or  
(CTR L/J) 

Move Screen Up CTR LIU 
Down CTR LIM 
R ight CTR LIK 
Left CTR LIH 

Vertical CTR L/Q 

Store CTR LIS 

Reca l l  CTR LIP 1 ,  2 ,  3 
4 , 5 , 6 

Choose Storage CTR LIW 1 , 2, 3 
Location 4, 5, 6 

System CTR LIW 
I n itial ize CLEAR 

Escape ESC 

Del ete D E L  

I f  you im plement such a program, you 
wi l l  immed iately see that i t  is not very fl ex­
ib le ,  and the need for refinements wi l l be­
come apparent. What about a cursor? What 
if you want to start typing somewhere e l se ,  
make changes, d raw l i nes, etc? 

We asked ou rselves the same questions 
and more . The resu l t  was G RAPH, a mu lti­
fu nction video d isp lay memory handler .  The 
fo l lowing sections wi l l  detail the design and 
imp lementation of G RAPH step by step.  

Program Function and Use 

The G RAPH program is designed to do 
practical l y  everyth ing we ever wanted to do 
with th e VDM-1 , to be as un iversal ly  ap­
p l icable and se lf-contained as poss ib le,  and 
to reside in the lowest 1 K byte of memory. 

Happens automatical ly for al l 
noncontrol characters. 

0 1 2  Repeats character X unt i l  any 
key is pressed. 

0 1 4  Cursor may b e  moved a round 
0 1 6  screen i n  either "cursor write" or 
07 "transparent" mode. 
06 

0 1 A  Cursor blocks may be used to 
d raw l i nes or  figures. 

01 Leading cursor appears or 
disappears. 

0 1 C  Clears screen and in i t ia l i zes cursor 
to upper lefthand corner. 

01 8 Cursor is i n it ia l ized to u pper 
lefthand corner without clearing 
screen.  

OA Generates a carriage return and 
l i nefeed sending leadi ng cursor to 
lefthand end of next l i ne .  

01 5 Entire contents of screen may be 
OD shifted up, down, right or  left. 
08 
08 

0 1 1 A l lows character entry in vertical 
columns. 

01 3 Enti re contents or screen may be 
stored in one of s ix  rotating 
l ocations. 

01 0 Contents of any previously stored 
screen may be recal led.  

01 7 Screen storage status control word 
is set to chosen value for next 
STO R E. 

01 7 A l l  systems parameters and storage 
0 1 C  registers are i n it ia l ized, screen i s  

cleared and cursor returned to 
upper lefthand corner. 

01 8 Exit from GRAPH and return to 
system monitor. 

07 F Writes bla n k  into present posit ion 
and moves leading cursor back 
one space. 

(The store and recal l fu nctions req u i re 
addit ional memory space; more about th is  
next month in  part 2 .)

. 

The program consists of a dr iver wh ich 
waits for keyboard input and then checks 
for special control characters. I f  a specific 
control character is typed, one of a series of 
subroutines or  special operations i s  entered . 
I f  the entered character is not a special con­
trol character, th e typed information is 
d isp layed on th e screen.  Table 1 lists the 
program functions and the i r  specific control 
characters. 

G RAPH is designed so that al l screen 
operations "wrap around" and therefore 
stay w ith in  the 1 K byte screen boundaries .  
For exam ple, a lead ing cursor in the l ast 
screen pos 1t 1on wi l l  appear in the upper 
lefthand corner (fi rst screen position ) when 



The Dumb Terminal 
lets you put it all together. 
With the new, lower-priced Dumb Terminal™ Kit, that is. 
Pick one up and escape, once and for all, the headaches 
of scavenged teletypes and jury-rigged TV sets. With just 
a little time and aptitude, you can have a live and working 
Dumb Terminal right in your own home, garage, or 
business.  One that lets you get it all out of your system 
- or into it 

Forget the cheap imitations, with their overblown 
price tags and interminable lists of options. With 
the Kit, you can build yourself the same, old 
basic Dumb Terminal that's been selling over 
1500 units a month. With basic, sensible 
features like a bright 12" diagonal screen. 
Fifty-nine data entry keys. 1 920 characters 
displayed in 24 rows of 80 letters. Plus 33 
positive action switches that let you activate 
functions like 1 of 1 1  different baud rates, an 
RS232C interface, or a 20mA current-loop. 
And more. Not bad for Dumb 

All you need, besides the Kit, is 
some initiative, and a few basic 
tools - a good soldering iron, 
wire cutters, needle-nose pliers, 
and one or two trusty screw-· 
drivers. The Dumb Terminal 
Kit provides you with every­
thing else. Including an 
attractive cabinet, CRT 
screen, keyboard, PC 
board, and all essential � '/'' 

"Dumb Terminal" is 
E. I. D./Data Products, 714 .N. 
92803, (800) 854-38()§. In Galifornia 
Circle 205 on i nqu irY card. 

-

electronic components. Naturally, you also get illustrated, 
step-by-step assembly instructions, not to mention an 
easy-to-understand operator's manuaL 

So, if you'd like more input on the Dumb Terminal 
Kit, just fill out the coupon and we'll send you complete, 
free information. 

Oh, and by the way, just by sending in the coupon, 
you will be made a charter member of the Dumb 

Terminal Fan Club. A select organization that will 
send you your own nifty Dumb Terminal Fan 

Club Kit, containing: an official certificate 
of membership; an autographed photo of the 

Dumb Terminal himself; and a bona fide 
membership card to prove irrefutably you're 

"One of Us'.' (Sorry, limit one kit per person.) 
And, if you include a trifling $6.00, you 

can have your very own Dumb Terminal 
T-shirt (No limit at all on these.) 

Simply mail the coupon and get the whole 
assortment And find out why members of the 

Dumb Terminal Fan Club are some of 
the smartest people around:,< 



Hexadecimal 
Location 

3 F F  
3 F E  

3 FD 
3 FC 

3 F B  

3 FA 
3F9  

3 F8 

3 F 7  

3 F6 

3 F5 

th e next character is entered. S imi lar ly, 
i nformation moved off the top of the screen 
with a MOVE U P  command wi l l  appear at 
the bottom of the screen. I n  th is way , no 
info rm ation is lost and adjacent memory is 
not affected. 

G RAPH may be entered either by a j ump 
o r  a cal l .  I f  a j ump  is used, hexadecimal 
memory locations 346 and 347 should be 
loaded with the desi red address for a j ump 
back to  a system monitor program (eg: to 
return to A LS-8 , 346 is set eq ual to hexa­
decimal 60, and location 347 is set equal 
to hexadec imal EO) . If G RAPH is entered 
by a CALL instruction, hexadecimal 
memory l ocation  345 should be loaded with 
an u ncondit ional retu rn, C9 . I n  th is case 346 
and 34 7 are not used. 

Program Design 

To aid i n  u nderstand ing the operation of 
the program, i t  has been div ided into th ree 
main sections: the Driver section, the Con­
trol Checks section and a section of Special 
Operations. Special operations are cal led 
i n to use by certain designated con trol char­
acters. 

A l though most of these operations are 
d istinct subrouti nes, several , such as Cursor 
(on/off) and Vertical Write, consist of on ly 
a few instructions in  the Control Check sec­
tion that mod ify the operation of the Driver 
section by changing certain status words i n  
memory: Others, such as Home Cu rsor and 
System Clear are merely jumps to sub­
rout ines al ready existing inside the D river 
section .  

Descriptions of some of these routines are 
br ief in certain cases because the operation 
of some subroutines is s imple .  Other tech-

Pu rpose 

Save H and L for 
Screen Moves 

Save Stack Pointer  

Cursor On/Off 

Save H and L for 
Page Store a nd 
Reca l l  

Page Store Status 

Vertical Write/ 
N ot Vertical Write 

Cursor Write/ 
Don't Write 

Repeat/ 
N ot Repeat 

Hexadecimal 
I n it ial ized Value 

Don't care 

Don't care 

On � 80 

3 F A  � CC, 3F9 � 00 

Page 1 � 00 

Not Vertical Write � 00 

Don't Write � 00 

Not Repeat � 00 

Table 2: A table of values used by the initialization subroutine to set the 
memory status words or locations to their initial values. 
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n iques, however, such as us ing DAD instruc­
tions to subtract (as in the Move routines) ,  
w i l l  be  exami ned i n  more deta i l .  

To interface each subrout ine with ou r  
program, certa in standards h ave been 
adopted, as fol l ows : 

• I n  each subroutine, screen character 
posit ions are contro l led by us ing the H 

and L register pair. I nformation is 
moved to the screen by us ing a MOV 
i nstruction to register M, which moves 
the data to the memory location 
specified by the address i n  H and L. 
Therefore, by changing the values of 
H and L, the memory l ocation in to 
which characters are to be i nput  
is changed . 

• The on ly  register "tied up"  when 
l eaving the D rive r  to execute a sub­
routine i s  register C, u sed to store 
the screen information p reviously 
located at the leading cursor position . 
The cu rsor which travels  a long to 
ind icate the next entry position on 
the screen wi l l  be referred to as a 
" leading cursor. " 

• S ince the cursor is a m ovab l e  item, the 
first step u pon entering most sub­
routi nes i s  "MOV M, C," which moves 
the i nformation stored in C back to 
the screen and makes the l ead i ng 
cursor d isappear. Th i s  then frees 
register C for use in the subroutine. 

D river Section 

The heart of any mu l tifunction pro­
gram is the Driver, which has a number of 
fu nctions : 

• I n it ia l ization :  Upon enter ing the pro­
gram at its starting  location,  the first 
th ing encounte red is a jump to an 
I n it ial ize su broutine. Th is simp ly  in ­
vol ves sett ing the  memory status  
words or locations to  the i r  i n itial 
val ues. Th is is accomp l ished by load­
ing D and E with the hexadec imal 
val ue 03 F5 and l oading the accumula­
tor with 00. Then a ST AX operation  
is executed, wh ich stores the accumu­
lator at  the location specified by D 
and E. The latter are incremented , 
and the ST AX operation  is aga in 
performed . This  i s  repeated five t imes. 
The accumu lator is then loaded w i th 
hexadec imal CC, th e ST AX operation 
is performed ( location 3F A), and D 
and .E are i ncremented .  The accumu la­
tor is then loaded with hexadecim al 
80 and the ST AX operation per­
formed ( location 3 F B) .  By th is store 
and increment method,  hexadecimal 



The AJ 841 1/0. 

FEAT U RES : 

A completely 
refurbished IBM Selectric 

Terminal with built· in ASCII 
interface. Just 5995. 

• ASC I I  code. 

• 14.9 characters per second pr intout. 

• Spec ia l  i ntroductory price - $995 
( regularl y  $1 ,1 95) . 75% d iscount from 
orig inal  p rice of new un it. 

• Para l le l  Interface 
(requ i res para l le l  
port for 1 /0 
transm ission) 

• Order d i rect from 
factory 

• Re l ia ble, heavy d uty Se lectric 
mechanism.  

• Off- l i ne use as typewriter. 

AJ 841 WARRANTY AND SERVICE 
IS AVAI LABLE IN THE 

FOLLOWING CITIES : 
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Phi ladelphia I Detroit 

Hackensack I Dal las 
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C leveland I Atlanta 
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1 unit to designated service location. 1 
I 5. Avai lable in U.S. only. PHONE ( 1 
·----------------------------------- - - - - - ·  
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locations 3 F5 to 3 F9 are i n itial ized to 
zero, location 3 FA to hexadecimal CC 
and location 3FB  to hexadecimal 80. 
The i n itial contents of l ocations 3 FC, 
3 F D, 3 F E  and 3 F F  are un important. 

• Clear : The Clear subrouti ne writes 
blan ks (h exadecimal AO) into every 
screen location and in itial izes the 
status of the video d isplay module .  

The status of th e module is in­
it ia l ized to d isplay a l l  16 l i nes in a 
nonscro l led format by writing 00 into 
the VDM-1 's status port (hexadecimal 
C8) .  

The screen i s  cl eared b y  in itial iz ing 
the H and L registers to hexadecimal 
CCOO (u pper lefthand corner), load ing 
th at position with a blan k, i ncrement­
ing and load ing a blank, and so on, 
u nti l the screen is fi l l ed .  

• Home :  The  operation then jumps to 
the HOME section of the Driver where 
H and L are again set to hexadecimal 
CCOO and the program proceeds to 
the CU RSOR section. 

• Cursor: CU RSOR, by checking hexa­
decimal memory l ocation 3 FB, either 
prints a cursor and character, or just 
the character in  th is in i tia l posi tion 
(hexadecimal CCOO) .  

C U RSO R is responsible for printing the 
l ead ing cu rsor everytime it appears on the 
screen. Hence, any subroutine which modi­
f ies H and L to change the "next character 
to be entered" location (such as Linefeed, 
Backspace, etc) must immediately jump to 
the C U RSOR subroutine to decide whether 
or not to print a l ead ing cursor in  the new 
screen position .  

During i t s  operation, CU RSOR first 
moves the contents of the screen location 
addressed by H and L to register C for 
safe keep ing. I t  then loads the accumulator 
with the contents of memory location 3FB ,  
wh ich is either hexadecimal 00 o r  hexa­
decimal 80. 

By ADDing the character in C to the 
accumulator, the accumu lator is modified so 
that when it is d i sp layed either just the 
character appears, or the character appears 
in a cursor b lock. For example, if the con­
tents of memory location 3 FB is hexa­
decimal 00, then moving th is val ue to the 
accumu lator and adding the character in C 
to the accumulator w i l l  leave just the charac­
ter in the accumu lator. 

But if 3BF  contains hexadecimal 80, then 
a wh ite cursor w i l l  appear {on a b lack back­
ground) , or a black or inverted cursor wi l l  
appear (on a wh ite background) . 

At th is  point, the status word at hexa­
decimal location 3 F 5 is checked to see if 

the program is  i n  the Repeat mode. If 3 F5 
contai ns hexadec imal 00, then operation 
passes to the keyboard status check cal l ed 
STAT I N . Here the operation l oops u nt i l  
STAT I N  ind icates that a key has been 
p ressed .  At th is  point the program inputs 
the data at DA T l  N and moves it to register B 
for safekeeping. 

If location 3 F5 contai ns hexadecimal 80, 
a jump is made to a tim ing  del ay loop. I n  
th is del ay loop, D and E are l oaded with 
hexadecimal  1 OFF  and decremented u nti l 
they reach zero. This pro vi des a program­
mable de lay between characters in the 
Repeat mode. Next, a keyboard status check 
i s  made by logica l ly  AND ing  the keyboard 
word ( I N  00) with hexadec ima l  40. I f  the 
resul t is zero (mean ing no key has been 
pressed s ince the ch aracter to be repeated 
was entered) ,  then program operation jumps 
to DAT I N ,  which inputs the u nchanged 
data in 10 port 01 to the accumu lator. I f  the 
input data is a character to be pr inted,  it is 
d i sp layed on the screen and operation even­
tual l y  retu rns th rough CU RSOR to check 
the Repeat mode status agai n .  As long as 
no other keyboard key is pressed, the p ro­
gram wi l l  continue to cycle  th rough the 
delay tim ing  l oop, repeated ly  d i sp lay i ng  the 
entered character on the screen .  

Those subroutines wh ich jump back to 
the Driver at or above CU RSO R may also 
use the Repeat fu nction (see figu re 3) . I f, for 
example, CTRL/R and then CTR L/V 
(Page Up)  are entered, the d isp lay wi l l  con­
t inual l y  rol l  upward un ti l another ch aracter 
is en ter·ed to cancel the repeat function. 

When the ch aracter after CTRL/R is 
entered, an I N  01 is executed to reset the 
keyboard status, al though the input data is 
not used in  any way . The Repeat status 
word at locat ion 3 F 5 i s  then reset to zero 
and operation j umps to STAT I N .  

Si nce the repeat delay i s  contro l l ed  by 
the val ue in D and E, vary ing this va lue 
affects repeat speed. New val ues may be 
en tered at hexadecimal memory l ocations 
282 and 283 to produce d ifferen t  speeds. 
Using a value of hexadec imal 0000 w i l l  
resu lt  in the  slowest speed (about 2 to  3 Hz) . 
Hexadecimal 1 OFF  produces a convenient 
speed of about 30 characters per second .  

Fol lowing DAT I N, the p rogram next 
enters the Cursor wri te/ don't write section, 
which l oads the accumulator with the con­
tents of hexadec imal address 3 F6 (either 
hexadecimal 00 or hexadecimal 80) and 
logical ly O Rs i t  w ith B. This new value 
(ei ther just the character, or the character 
p lus  bit 8)  is moved back i n to B as the val i d  
desi red data. 

This in effect adds a cursor b it (bit 8) to 
the character input  if Cursor write is desi red, 
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or l eaves the character as is if no cursor is 
desired. Hexadecimal memory l ocation 3 F6 
is l oaded by the Cursor wri te/don't write 
subrouti ne  (Controi /Z) as hexadecimal 00 or 
hexadecimal 80 al ternate ly .  Thus, if the 
letter X is  typed wh i l e  location 3 F6 contains 
hexadecimal 80, then X is pr inted on the 
screen encl osed in a cu rsor. 

Th is  secti on is anal ogous to a toggle 
. swi tch contro l l i n g  the state of b it  8, wh ich 
migh t  be an al ternate hardware approach . 

Next, the Driver j umps to the con trol 
check section to determ ine which subroutine 
( if  any) has been sel ected. I f  a su broutine 
h as been selected, the data in B is no longer 
importan t  (s ince we don't want to print con­
trol characters on the screen ) ,  and B is free 
to be used i n  any subrout ine .  

Control Character Check 

Although the Control Character Check 
secti on is part of the driver, it is physical ly 
separated from the driver i n  the assembly 
l ist ing to fac i l i tate expansion. The Con trol 
Character Check detects the presence of the 
various ass i gned con trol characters and routes 
the p rogram operati on to the respective sub­
rou ti nes or operations. Si nce the majo t· ity 
of the Control Character Checks consist 
s imply of compare immediate and jump if 
not zero statements, only two internal 
routi nes, Page Recal l  and Control W, wi l l  be 
exam ined in detai l .  

Page Recal l Control Check 

Once the Control Character Check recog­
n izes the code for Page Reca l l ,  it does a key­
board status check , wait ing for the next 
ch aracter to be pressed. Th e ch aracter is 
then  en tered, and the cursor bit (b i t  8) 
is peeled off or set to zero by logical ly AND­
ing  with hexadec imal 7F .  If the character 
en tered is a n umber from 1 to 6, the com­
pare statements i n  th is nested su brou tine 
transfer operation to the respective Page 
Recal l l ocati on.  If the character entered 
is not a number from 1 to 6, operation 
j umps back to ST ATI N in the Dt· iver 
program . 

Control W Check 

Once a control W h as been detected by 
the Con trol Character Check su brout ine ,  
the program waits for the operator to input 
another character. I f  the latter is a ch aracter 
from 1 to 6 or "cl ear," an operation is per­
formed.  If not, the program jumps back to 
STAT I N  in the Driver. 

If 1 is pressed, hexadecimal memory 
location 3F8 ( the page store sel ect locat ion) 
is l oaded with the correct val ue  (hexa­
dec imal 00) so th at the next Page Store w i l l  

be stored in  page 1 .  The same ho lds  true 
for numbers 2 th ru 6 .  Operation then j umps  
back to  ST A T l  N .  However, if Clear i s  
pressed ,  operatio n  jumps  to the I n i tia l i ze 
and Clear sections of the Driver where all 
the memory status words are reset to the ir 
i n it ia l  va l u es an d the screen is c l eared .  This 
operation is referred to as System Clear in 
the Control System Chart (see figure 3 ) .  
At the end o f  any subrout ine ,  the operation 
j umps back to the Driver p rogram . 

I f  no subrout ine h as been selected, the 
con tents of B (the prev ious ly i nput data) 
are moved to the screen .  The p rogram first 
checks hexadecimal l ocation 3 F7 to see i f  
i t _  i s  i n  the Vertical Write m ode, and then 
deci aes whether to increment  to the next 
screen location ( requ ired i n  a normal char­
acter entering  mode) or to go i n to the 
Vertical Write mode. I n  th is  last case no 
increment  is produced , bu t  a L i nefeed is 
executed (the Vert ical Write mode enables 
the user to enter the next character imme­
d iate l y  below the previous one) . Th i s  al l ows 
a vertical I i ne  of characters to be drawn 
downward. If the val ue  of hexadecimal 
memory location 3 F7 is zero, the program 
i ncrements H and L normal ly .  I f  it is any­
th i ng  othet- th an zero, the Vertical Write 
mode is entered. The data in l ocation 3F7 
is contro l l ed  by the Vertical Wri te sub­
rout ine (CTR L/Q) wh ich alternately l oads 
i t  with hexadecimal 00 or  h exadecimal 80. 

F i nal l y, the driver checks to see if it has 
reached the end of the screen ( i n  Vertical 
Write mode, L inefeed takes care of th is), and 
if so a jump is made to a l ocation in the 
i n i tial i z ing sect ion (HOM E) ,  thereby setti ng  
H and  L back to  the ir  u pper lefthand val ue .  
I f  the end of  screen has not been reached, 
operation simply j umps back to the 
CU RSOR section, wh ich operates as ex­
p lai ned above. The program is now ready for 
a new character. 

Special Operations 

There are 21 special operations wh ich 
G RAPH performs. They wi l l  be examined i n  
t he  fol l owing order :  

1 .  L inefeed 
2. L ine Retract 
3. Backspace 
4. Forward Space 
5. Carriage Return & Linefeed (CRLF )  
6 .  Delete 
7. Page U p  
8 .  Page Down 
9 .  Page Left 

1 0. Page Righ t 
1 1 .  Page Store 
1 2 . Page Recal l 
1 3 . Repeat 



INTELLIGENT CONTROLLER 
or DUMB CONTROLLER 

INFO 2000 h as just added a new, l ower cost S - 1 00 " d u m b "  con troller d isk system to i ts al ready popular l i ne of " i n tel ­
l ige n t  c o n troller disk systems for  S - 1 00,  Digital Group,  and Heath kit I-1 8  microcomputers. 

All  I N FO 2000 disk systems feature the incomparable PerSci 2 7 7  d ual diskette d rives with v o ice-coil posit ioning an d 
seek time up to eight times faster th an competi tive stepping-motor-type drives. Al l  I N FO 2000 d isk systems are ful l y  
assembled, rigorously tested , and i n c l u d e  case, p o w e r  s u p p l y ,  cables, a n d  software. A l l  I N FO 2000 d i s k  systems inc l ude 
the CP/M Disk Operating S ystem and su pport the com plete I N FO 2000 l ibrary of software for 8080,  8 08 5 ,  and Z80-
based systems. All I N FO 2000 d isk systems i n c l u de com plete 1 1 0  driver software CUSTOMIZED for y o u r  specifi c  
equ ipment  configuration at n o  additional  cost,  ass u ring y o u  of a hassle-free pl ug-in-and-go instal l at i o n .  

And now, S - 1 00 users c a n  ch oose the k i n d  of controller t h a t  makes t h e  m o s t  sense f o r  their  specifi c  appl icat ion : 
i n tel l igent or dumb.  

I NTE L L I G E NT CONT R O L L E R  
D I S K  SYSTE M  

This system uses the remarkable PerSci 1070 "intelligent" 
controller, which i n corporates its own dedicated 8080 micro­
processor, 4 K  of EP ROM containing extensive file man age­
ment firmware, 1 K  of RAM buffer memory, and eight-bit 
parallel in terface. 

The "intelligent" controller is actually a single-board 
computer dedicated to the task o f  managing the disk 
system. It requires a minimum of i nterface logic and 
very l ittle support software in the h ost computer. 
This makes i t  exceptionally easy to interface to almost 
any kind of computer system or software system. 

I N FO 2000 provides in terfacing hardware 
(Adapter Boards) for all S-1 00, Digital Group 
and 1-leathlc i t  H8 microcomputers. The Adapter 
Boards provide all necessary interfacing logic, power 
regulation, and support an E P ROM-resi dent CP/M 
bootstrap loader. The Heathkit H 8  Adapter Board 
repl aces the Heath 8080 C P U  board and upgrades the H8 to a 
Z80. 

If you change to a different ki n d  of computer in the 
future, you can still use your disk drive and controller. You 
need only purchase the app ropriate replacement I N FO 2000 
Adapter Board. 

Prices for the complete I N F O  2000 Disk System with 
"intelligent" controller: 

$2,850 for S- 1 00 or Digital Group 
$2,950 for Heathkit  H 8  

D U M B  CONTR O L L E R  
D I S K  SYSTEM 

This new system uses the new S - 1  00 controller board 
developed by I N FO 2000 Corporation especially for our 
own Business System. The new "dumb" controller is sub­
stantially less expensive, and is  designed specifically to 
maximize the pe rformance of the PerSci 2 7 7  dual diskette 

drive when used in a CP/M software environment. 
The controller is fully I BM 3 740 compatible ,  

and provides advanced functions not often 
found in low-cost units:  full soft-sectored 
diskette formatting, mul ti-sector reads and 
writes, verified seeks, and complete diagnos­
tic capabilities. 

This new controller is FAST! A full verified 
disk copy takes less than a minute. Formatting 
a new diskette takes less than h al f  a minute. 

A CP/M re-boot is almost instantaneous (one-third 
of a secon d ) .  The re are no pe rformance co m p romis­

es. 
The I N FO 2000 controller is ava i l able with an " I /O 

Option". This adds two R S 2 3 2  serial ports with software­
selectable baud rates, 3 8·bit parallel ports (2 output, I in­
put) ,  and sockets for an additional 7K of 2708-type 
E P ROM (I K is standard ) .  All o f  this is contained o n  the 
same S·I OO board which holds the controller, and the cost 
of the " 1 /0 option" is $ 1 5 0- far less than the cost of a 
comparable serial/parallel i n terface board and an EP ROM 
board. $2,450 for I N FO 2000 

S- 1 00 D I SK SYST EM 
S U PPORT SO FTWA R E  

I N FO 2000 Disk Systems are supported b y  t h e  m ost extensive l i brary o f  software available anywhere. A l l  I N FO 2 000 
Disk System prices include the Digi tal Research CP/M Disk Operating System and an E P R OM c o n ta i n i n g  1/0 d river 
software customized for your specific h a rd ware configurat i o n .  I N FO 2000 also offers a choice o f  three BAS I Cs ,  two 
fORTRANs, three assemblers, two text e di tors , a word p rocessing package, a fast sort 
package, and much m ore software. Write o r  phone to receive our broch ure with ful l  
details. •••1 !Ill 
You may also be i n terested i n  the I N FO 2 000 Business System-a complete data pro­
cessing system for small  businesses, with ful l  accounting and word processing software , 
and priced u nder ten th ousand dol l ars . 

CORPORATION 
20630 South Leapwood Avenue 

Carson. California 90746 
(213) 532-1702 
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1 4. Vertical Write 
1 5 . Cu rsor On/Off 
1 6 . Cursor Wri te/Don't Write 
1 7 . N ext Sto re 
1 8 . System Clear 
1 9. Clear Screen and I n i tial ize Cu rsor 
20. Home Cursor 
2 1 . Escape From G RAPH 

Line Feed 

This subrout ine can be entered by press­
ing Controi/V wh i l e  the cursor write mode 
is either on o r  off. Th is simply means that 
L inefeed wil l be accessed with either hexa­
decimal 56 or hexadec imal D6 (the latter 
be ing a hexadec imal 56 with the cursor b it  
set equal to 1 ) .  

Note that th is double control check is 
necessary on ly  in the first four su broutines 
(L i nefeed, Line Retract, Forward Space, 
Backspace) ,  s ince these are the on ly routines 
used to draw cu rsors on the screen in addi­
tion to performing their own spec ific fu nc­
tions. 

Before check ing for the next control 
character after Backspace, therefore, the 
cu rsor bit is masked off by ANDing it with 
hexadecimal 7 F, so that on ly s i ngl e contro l 
checks are necessary for al l  further 
operations. 

If  L inefeed is accessed with the cursor 
b it  set ( LFC) , register C is l oaded with 
hexadecimal AO, a b lank cursor. Th is  value 
is moved to M (putting a blank cursor on the 
screen ) .  Thus, i n  th is mode, every L inefeed 
wri tes a b lank cursor be low the previous one. 
This can be used to draw a l i ne  downward 
on the screen. 

I f  L inefeed i s  accessed in th e Cursor 
"don ' t  write" mode (L F) ,  then the original 
i nformation in C i s  transferred to M, l eav ing 
the screen i n  i ts pre-" leading cursor" state 
and free ing C for subsequent use if needed. 

To accompl ish i ts job, Linefeed loads 
registers D and E with hexadecimal 40 
(decimal 64) and then adds this to H and L. 
Th is means that the next position to be 
entered on the screen wi l l  be 64 characters 
after the l ast one, exactly one l i ne down 
(si nce l i nes are 64 ch aracters long) .  

The subrout ine then checks to see if 
th is new value from H and L is val i d ;  that 
is, if it is sti l l  on the screen . If it is a val i d  
screen location ,  operation j umps back to 
CU RSOR in the Driver. If not, it wi l l  be 
necessary to "wrap around" and move to 
the top of the same vertical row. I n  th is 
case registe r H is loaded with hexadecimal 
CC. S ince the posi tion across a l i ne is con­
trol l ed  by the value  i n  register L, keep ing 
the same val ue  i n  L and sett ing H to hexa­
dec imal CC produces a l i nefeed from the 

bottom of the screen to the top .  
Fo r  example, with the cu rsor a t  the 

l owest lefthand screen position  (refer to 
figure 2), H and L are h exadecimal CFCO 
(H  = hexadecimal CF, L = h exadecimal 
CO) .  

If  a Linefeed i s  pressed at th i s  po int, H 
and L wi l l  be modified to hexadecimal 
DOOO, and the program wi l l  detect that 
th is valu e  is off the screen .  Then, instead of 
jump ing back to CU RSOR, the program 
loads H with hexadec imal CC and l eaves 
L at hexadecimal 00. Thus the next screen 
posi tion i s  hexadec imal  COOO, wh ich is the 
h ighest l efthand screen posi t ion . In th is 
manner, a l i nefeed from any position on 
the bottom l i ne moves the cu rsor to the 
corresponding posi tion on the top l i ne. 
The operation then  jumps back to CU RSOR 
i n  the Driver. 

Line Retract 

Whenever Line Retract is executed, the 
lead ing  cursor position is moved up  one 
l i ne .  Li ke L inefeed, it can be entered by a 
Contro i/T i n  e i the r  the Cursor " write" 
( L RC) or "don 't  wr ite"  ( L R) mode. By 
using L i ne Retract wh i l e  in th e cursor 
"write"  mode you can draw l i nes of cursors 
upward on the screen .  L ine  Retract operates 
the same as L inefeed except th at it adds 
FFCO to H and L in order to move up one 
l i ne, i nstead of add ing h exadecimal 40, as 
in  the case of L inefeed. 

Si nce the 64 K byte memory wraps 
around from i ts l ast posit ion ( hexadecimal 

· FF FF) to i ts fi rst position ( hexadec imal 
0000) ,  add ing  hexadecimal F F F F  to any 
value of H and L w i l l  bring you arou nd 
th mugh memory and up  to the memory 
location immed iately preced ing th ai: val ue .  
Thus ,  add ing  hexadecimal  FFCO to a value 
of H and L wi l l  b rin·g you to hexadec imal 40 
(decimal 64) befo r·e th at val ue. This h as the 
effect of  subtracting  hexadecimal 40 from 
the current cursor posi tion ,  hence back ing  
up  one  l i ne. The L ine Retract subroutine 
al so checks the new val ue of H and L to see 
if i t  is va l i d  (on screen ) .  If not, it l oads 
register H with hexadecimal CF so that 
th e new cu rsor posit ion wi l l  w rap around 
from the top to the bottom of the screen, 
s im i l ar to Linefeed. Line Retract always 
fi nishes with a jump to CURSOR in the 
Driver. 

Backspace 

Backspace, l i ke  the preced ing  two sub­
routi nes, can be executed by a CTRL/F 
wh i l e  the Cursor write mode is e i ther  on o r  
off. Backspace writes cu rsors on the screen 
when the Cursor write mode i s  on by the 



same method as Linefeed ( i e :  l oad ing 
register C with AOH before moving C to M) .  
The values of  H and  L are then incremented 
and a check i s  made to  see i f  the new value 
is val i d .  I f  so, program operation j umps to 
the CU RSOR section of the Driver. If 
not, the cursor has obviousl y been bumped 
off the upper lefthand corner of the screen. 
The backspace subroutine loads H and L 
with hexadec imal C F F F  (the address for 
the l ower righthand corner posi tion ), and 
then jum ps to CU RSOR. Thus, backspace 
wraps around from u pper left to lower right. 

Forward Space 

Forward Space does the same as Back­
space, but in the oppos i te d i rection .  Cursors 
can be written us ing Forward Space if  the 
Cursor write mode i s  on, as in  the preced ing 
th ree subroutines. I n  forward space, the 
cursor wraps aroun d  from the l ower r ight­
hand corner to the upper l efthand corner. 
Forward space ends with a jump back to 
CU RSOR. 

The preceding fou r  subroutines are al l 
used either to move the leading cursor to 
the desi red location of the next character, 
or to draw cursor l i nes up; down, back or 
forward. It shou l d  be noted th at if  the 
Cursor write mode i s  off, these subrout ines 
move a transparent cu rsor over the screen .  
Whenever the cu rsor is moved i n  this mode, 
the contents of C {original value  of that 
position) first repl ace the leading cursor, 
and the cursor i s  moved to the next l oca­
tion. In every case, the content  of the 
new lead ing cursor location is stored in C 
before the cursor is d isp layed.  Hence, a l l  
four of  the  preced ing routines move "trans­
parent" lead ing cursors around on the screen 
and do not destroy any screen information .  
I n  the Cursor write mode, any of the  fou r  
routines w i l l  write cursors o n  the screen . 

Carriage Return and Linefeed 

Basic to understand ing the operation of 
CRLF is the knowledge of th e contents of 
the H and L register pair for various key 
screen posi t ions {see figure 1 ) .  

Since there are hexadec imal 4 0  (decimal 
64) characters per l i ne  on the screen, fou r  
l i nes of characters can be  addressed sole ly 
by · the L register (an 8 b i t  register can store 
up to 1 00 hexadecimal or 256 decimal com­
binations) . Thus, the H register changes on ly  
once every four  I i nes. The starting  addresses 
of all 1 6  l i nes may be seen in figure 1 .  

The CRLF subroutine i nc ludes a Li nefeed 
so that, when executed, the l ead ing  cursor 
moves to the start of the next l i ne. 

To perform this, the subroutine  checks 
the current address contained in  H and L 

and compares it with al l l i ne start ing ad­
d resses to determ ine wh ich l i ne  it is on .  
Hav ing determined th is, i t  sets H and L to 
the starti ng add ress of the next l i ne and then 
jumps back to the CU RSOR section of the 
Driver. 

As in most subroutines, CRLF  moves the 
contents of C to the correct screen posi t ion, 
restores the screen to i ts p re-" lead ing  cursor" 
condition, and then l oads the accumu l ator 
(A) with the contents of register L. Fo l ­
lowing this, i t  compares A with hexadecimal 
40 by means of a CPI i nstruction, wh ich 
subtracts hexadecimal 40 from A and sets 
the fl ags, but doesn ' t  a l ter the contents of A. 

If L is greater than or equal to hexa­
decimal 40, the program jumps to a l ocation 
where another check is performed to com­
pare L with hexadecimal 80. 

If L is greater than or equal to hexa­
decimal 80, it is s imi larly compared to 
hexadecimal CO. 

If L is less than h exadec imal 40 in the 
fi rst check, however, the program l oads L 
with hexadecimal 40 and jumps to O UT. 
Here, th is new value  of H and L i s  chec ked 
to determine i f  i t  is a val i d  screen address. If  
so, operation jumps back to CU RSOR. I f  i t  
is not a val i d  screen address, the p rogram 
jumps to HOME, i n i tia l iz ing H and L to 
hexadec imal CCOO. Sim i l ar ly if  L i s found  to 
be l ess than hexadec imal 80 or hexadec ima l  
CO, i t  is l oaded with hexadecimal 80 o r  
hexadecimal CO respectively,  and operation 
jumps to OUT as ou tl i ned above.  

I f  L i s  found to be greater than qr equal 
to hexadecimal CO, H is incremented, L is 
l oaded with hexadecimal 00, and operation 
passes to OUT. To summarize : 

This completes the 
first part of the presen­
tation of the GRAPH 
package. Several of the 
functions listed in 
table 7 and found in 
figure 3 will be de­
scribed in detail in 
part 2 's continuation 
of the documentation. 
A lso found in part 2 
is the listing of the 
GRAPH package, list­
ing 7 .  

I f  hexadecimal 0 ,;;; L < 40, 
If hexadecimal 40 ,;;; L < 80 
If h exadecimal 80 ,;;; L < CO 
I f  hexadecimal CO ,;;; L 

L gets loaded with h exadecimal 40 
L gets l oaded with h exadecimal 80 
L gets l oaded with h exadecimal CO 
H gets incremented and L gets loaded 

with hexadecimal  00 

Examples : 

I nitial Values Hexadecimal Values 

H L After Carriage Return 

cc 20 ______ ...._ cc 40 
cc 42 cc 80 
cc 90 cc co 
CC 0 1  CD 00 
CF 01 CC 00 

Delete 

When the Delete subrout ine is ente red, i t  
moves a blank to the present cursor posit ion 
and jumps to a section of the Backspace 
subrout ine .  This has the effect of deleti ng 
the character l ocated at the present  l eading 
cursor posi tion and movi ng the cursor back 
one space for a subsequent delete, if 
desired .• 
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9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop . Error rate 
10 8 at 4800 BAUD. Can be used from 1 1 0 to 9600 BAUD into a UART - no clocking 
required. This is not an audio recorder. It takes RS232 or TTL signals from the terminal or 
computer and gives back the same signals. No audio interface is used. Motor start/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are 1 .6" I 3.0" and 6.011 per second. 1 1 0 volt, 6 0 Hz, 5 watts. (220 Volts on 
special order).  Can use high quality audio cassettes (Philips Type) or certified data cassettes. 
Can be used in remote locations from a 12 Volt battery. 

MO DEL CC-8 
$185.00 (4800 Baud) 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE. Manual control except for motor start/stop. 6 800, 
8080 or Z80 software for file or record searching available on request with order. Used by 
major computer manufacturers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 

$195.00 (9600 Baud and 220V /50 Hz) AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B).  

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal I/0 
(RS232, 20 rnA or TTL) and the data cartridge I/0, plus the motor controlling parallel I/0 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. NO MORE BOOTSTRAPPING . Loads and Dumps memory in hex on the terminal, 
formats tape cartridge files, has word processing and paper tape routines. Best of all, it has 
the search routines to locate files and records by means of six, five, and four letter strings. 
Just type in the file name and the recorder and software do the rest. Can be used in the 
BiSync (IBM), BiPhase (Phase encoded) or NRZ modes with suitable recorders, interfaces 
and software. 

This is 
'
Revision 8 of this controller. This version features 2708 type EPROM's so that 

you can write your own software or relocate it as desired. One 2708 preprogrammed is 
supplied with the board. A socket is available for the second ROM allowing up to a full 2K 
of monitor programs. 

Fits all S 1 00 bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock from bus. 
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are 
TTL or RS232 level. 

AVAIL ABILITY - Off the shelf. 

2510 (R) CONTROLLER 
$190.00 ($160.00, Kit) 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS MIKBUG with 1 K  
o f  ADDITIONAL ROM PROGRAM 

This is a complete tape controller for the SWTP 6800 system. Has 3K of EPROM space 
for your own programs. A 1 K ROM (2708) is provided with all tape and monitor functions. 
The ROM program is identical to our extensive 8080 ROM program . 

Has one ACIA for one or two tape drives, one UART for an additional Serial port and a 
4 bit parallel port for motor control. Will control one or two CC-8 or 3M3B drives with the 
software provided. Can be used with other tape drives controllable with 4 TTL bits if 
appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL 
or 20 rna). 

6800 CONTROLLER for SWTP 
The ROM program supplements the M IKbug program and is entered automatically on 

reset. SWTbug compatible ROM is also available. 

$190.00, Tested & Assmb. ($160.00, Kit) AVAILABILITY - Off the shelf. 

Z 80 BOARD for SWTP COMPUTER 

Now you can use the 8080/280 software programs in your SWTP 6800 machine. Re­
places your MPU board with a Z80 and ROM so that you are up and running with your 
present SWTP memory and MPS card. l K ROM on board replaces MIKBUG. 

AVAIL ABILITY - Off the shelf. 

_________________ 190.00, Tested & Assmb. ($160.00, Kit) 
For U .P .S .  del ivery, add $3 .00. Overseas and a i r  sh ipments charges collect, N .J .  R esidents add 5% Sales Tax. WR ITE or  CA L L  for further 

information. Phone Orders on Master Charge and BankAmericard accepted .  

�atiunal Multiplex Curpuratiun 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201 ) 5 6 1 -3600 TWX 7 1 0-997-9530 
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A Programmable Character Generator 

Part 1: Hardware 

Larry Weinstein 
O bjective Design I nc 
POB 20325 

Tallahassee F L 32304 

The trul y  cr itical i n terface in any com­
puter system is  the one th at joins man and 
mach ine. One example of th is is the i n ter­
face between the video d isp lay and the 
human eye, an area where th e computer 
outputs information at a very h igh rate. One 
way to improve th is i n te rface i s  to provide 
for max imum flex i b i l i ty in the choice of 
characters disp layed. This artic le  presents 
c ircui try for add ing software control led 
character graph ic defin i tions to exist ing 
video disp lay devices. 

For many app l i cations, the ab i l i ty to 
c reate th e characters that appear on the ter­
mi nal screen is a tremendous convenience, 
if not an absolu te necess i ty .  The use of com­
puters for advanced mathematical app l ica­
tions often requ i res spec i al symbols such as 
Greek letters, subscr ipts, sup�rscri pts and 
vqriable sized fonts. A!'L is  a good exarnple 
of an advanceq programming l anguage that 
uses many special symbols. Computing p ro­
grams that transform the general pu rpose 
computer i n to the equ ivalent of a h and  he ld  
calcu l ator suffer from the l ack  of  a special­
ized keyset and the correspond ing d isp lay 
format. F inancial and �cientific  app l i cati ons 
<;al l for the i r  own special symbols .  In fact, 
there are very few computer appl i cati ons 
that wou ldn 't benefi t from easy access to a 
special ized ch aracter set. 

Theory 

The typical v ideo d isp lay device works 
with a raster scan video d isp lay and produces 
screen characters a fu l l  l i ne  at a time .  Each 
character i s  constructed on a matrix of screen 
dots, usual ly in a 7 col umn  by 9 row config­
uration. The pattern for each ch aracter i s  

stored a row at a time in  a character genera­
tor, a read only memory device dedicated 
to this appl ication .  Before scann ing  past 
any row of a character, the character genera­
tor is accessed us ing the row number  and 
character type as an add ress. The characte r 
type is usual ly the fami l iar ASCI I code. Data 
produced by th e character generator is sh ifted 
out serial l y  to c reate the v i si b l e  dots and 
spaces of one row of a character. 

There is noth ing un ique abou t the charac­
ter generator: i t  is mere ly  a memory. I n  fact, 
i t  is becoming common for manufactu rers to 
use large programmable read only memories 
in p la_s:e of character generators in order to 
provide a programming service to customers. 
The size requ i remen ts of the ch aracter gen ­
erator are easy to  cal cul ate. Fo r  most d i sp lay 
pu rposes there is a max imum of 1 6  8 bi t 
rows that cou l d  be u sefu l for each character. 
There are 1 28 ch aracters in th e fu l l  ASC I I 
set. The resu l t  is a memory which has eleven 
address bits (fou r for rows and seven for 
ch aracters ) and is e igh t  b i ts wide. 2 K bytes 
of memory wil l h ol d  a l l  of the information 
in  any character generator. In theory, then ,  
i t  is poss ib le to su bstitute 2 K bytes of vol a-

V I D E O  
D I SP L A Y  
D E V I C E  

PROGRAMMABLE 
CHARACTER 
G E N E R ATOR 

ALTAIR ( S - 1 0 0 )  B U S  

Figure 7 :  Block diagram of 
the author's graphics sys­
tem, which allows the 
video display user to 
switch from conventional 
graphics symbols (gener­
ated by the character 
generator read only mem­
ory) to those generated by 
a programmable character 
generator. Special symbols 
such as APL characters 
and custom graphics sym­
bols can be stored in this 
circuit and retrieved or 
changed at any time. 
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ALTA I R  

( S  - 1 0 0 )  

B U S  CONTROL 

Figure 2: Detailed block diagram of the programmable character generator 
circuit. The circuit consists of 2 K bytes of programmable memory containing 
custom characters. This memory is addressed by the character and row lines 
that normally go to the existing character generator on the 11ideo display 
board. These lines are multiplexed with the normal processor address bus 
lines. Hardware and software switches determine whether data from the exist­
ing character generator or data from the programmable character generator 
will be used to feed the video display. 
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t i le  program m able  memory for th e ch aracter 

generator. Th is  su bstitution of ordi nary p ro­

gram mable  mem ory for th e ch aracter gen era­

tot· read o n l y  m em ory is th e key to ch aracter 

grap h i c  fl ex i b i l i ty .  

Practice 

The req u i re m e n ts of th e repl acem e n t  p ro­
gram mable mem ory are that i t  be access ib le  
by th e main  p rocessor via i ts bus ,  and by the 
dot gen erat ing c i rcu itry of th e v ideo d isp lay 

device (see fi gu re 1 ) . Retention of access to 

the ch aracter generator from th e v ideo dis­
p l ay device is a lso desirable so th at the ter­
m i nal  w i l l  be useab l e  at system startu p o r  

after a software gl i tch wipes o u t  a s e t  of  
ch aracter defi n i tions.  

I t  i s  n ot d i ffic u l t  to gai n access to address 

and d ata l i nes in th e system : one need o n l y  
construct a n  Al tair  (S - 1  00)  c a r d  i n te rfaced 

to th e bus.  The o n l y  tricky part is obtai n i n g  

2 K  B Y  8 
PROG.RAMMABLE 

C H A RA C T E R  

G E N E R ATOR 

access to th e same l i nes  on th e v i d e o  d i s p l ay 

device.  T h i s  is done by su bst itu ti n g  a 24 p i n  
con nector from the m e m o ry b oard for the 

ch aracter gen erator on the v i d e o  d isplay 

device board. The character gene rator i s  then 

i n s tal l ed in a socket on the new memory 

board. Th rough h ard ware an d software 

switches, the user i s  ab le  to ch oose between 

the ch aracter gen erator's ch aracter set and 
a fl e x i b l e  set resi d i n g  i n  p rogrammable  

memory .  

C i rc u i t  E x p l anation 

The c i rcu i t  cons i sts of 2 K b y tes of p ro­
gram mable  memory addressed by the char­

acter an d row l i nes  th at n ormal l y  go to the 

ch aracter gene rator (see fi gu re 2) . T hese l i n es 

are m u l ti p lexed wi th the n ormal p rocessor 
address bus l i nes.  The d ata out m e m o ry l i nes 
are avai l ab l e  to th e p rocessor  b u s  and are 

m u l ti p lexed with th e character generator 
data l i nes.  Th is  data set is se n t  via th e 24 p i n  

connector t o  th e vi deo board. 

D u r i n g  n ormal operati on,  both the m e m ­
o r y  and th e ch aracter generator are add ressed 

by row and ch aracter selection l i n es. Hard­
ware an d software switches dete rm i n e  wh i c h  

data set i s  sent  t o  t h e  vi deo b oard for d i sp l ay .  

I f  th e p rocessor s h ou l d  re qu i re access to th e 
memory fo r read or wr i te,  the p rocessor 

a d d ress l i nes  are switc h ed in to the m e m o ry.  



8CREENSPLITTER 4 0  L I N ES 

8 6 CHARACTERS / Ll NE 
A COM PLETE T V  TEXT D I S PLAY SYSTEM 

f r om 

"'ljcFo D iveFJ)io� , l'bc· 
- - - - - - - - - - - - - -- - · G E NERAL· - - - - - - - - - - - - -- - -

SCREENSPLITTER i s  a s e l f-contained hardwar e / s o f tware TV 
text display sys tem for your microcomputer . It comes on a 
single , high-quality S - 100 buss compa'tible boar d ,  complete 
with its unique Window Package software module . With the 
Window Package , you can logically segment SCREENSPLITTER ' s 
huge 40 x 86 display of upper-lower case characters into up 
to 3440 independent "windows " of various s i z e s . (You get 
the idea from our ad ! )  Each window has i t s  own optional 
frame , cursor , figure-ground , and optional labe l ,  and each 
window scrolls and automatically formats its text indepen­
dently of all the others . QUICK ! There ' s  some interesting : informat ion flashing by in WINDOW 1 .  Go read it I 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 
- - - - - - - - ---- - - - W I NDOW 1 - - - - - - - - - - - - - - -

time 

\.Jhoops !  Our output routine seems to be 
having oroblems . Oh we l l ,  at least you 
get to See some of SCREENSPLITTER' S 
scientific symbols . (You can order a 
g,raohics character set op tiona l ly . )  

And any character may be user-defined 
as a winking charac t e r .  How? you ask . 
Simple : SCREENSPLITTER uses a 2708 
reprogrannnable memory as its character 
generator . Turn on the character ' s  
"wink" b i t  in the 2 708 , and pres to ! 

o:, , and naturallv , each of t�e 3440 characters on the 
screen may have its figure-p,round reversed indepemlent lv 

Frills , you say? No , thrills I Jus t take a look in the 
window up there / to see how SCREENSPLITTER puts these 
raw materials to work in the onboard lK Window Package• 

· ( that back there - is the cursor character) . 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PARTIAL 

The Wind 
ow Packa 
ge ' s  aut 
o- format 
ter does 
n' t care 

how ski 
nny your 

windows 
are ( i t  

' l l hack 
your te 

xt down 
to one c 
olumn i f  

y o u  can 
s t and i 

t I )  

·- - - - - - -· 

-- FUNCTION- ­
SUMMARY 

• - - - - PO I NTS OF I NTEREST - - - -

! � I T ( )  

OPEN ( W ,  X ,  OX , Y ,  DY) 

CLEAR (W) 

FRAHE (W , CI , C2 , C 3 )  

UNFRA.'1E (W) 

REFRAHE (W , C l ,  C 2 ,  C 3 )  

!.ABEL (\·1 ,  STR , LE�) 

!.ABELS (W , STR) 

FLASH (II) 
CO�PLEHENT (W) 

SCROLL ( W ,  N) 

CURSORCHAR ( W ,  C) 

PRINT ( W ,  STR , LEN) 

PRINTS (W , STR) 

BACKSPACE (II) 
CLEARLI NE (W) 

FRESHL!NE (W) 

1 
I 
I .  
I 

Entire hardware/software sys tem on a 
single , high-qua lity S - 100 buss com­
patible board. I 

I 
I 
I . 
I 

Drives a lOmhz or �etter TV monitor 
via s tandard 75 ohm coaxial cable 
(supplied) I 

I 
I e 4K s tatic RAM - 2 1 14 ' s - display buffer 

is memory-mapped into your CPU ' s  
address space for fas t ,  convenient 
access i f  you ever need to bypass the 
Hindow Package software . 

• User-selectable wait s t a t e  for opera­
tion with 4mhz CPU ' s .  

• l K  onboard 2 7 0 8  i s  j umper changeable 
to a 2K 2 7 1 6  for user extensions to 
the Window Package . 

• Board presents one TTL load to hos t ,  
yet drives up t o  2 0  Tn loads via 
74367 buffer s .  

PLOT (W , X ,  Y ,  C )  

HOVEWINDOW(W , X ,  Y ,  C )  

• • Provisions for j umpering TV data , sync , 
1 b l anking o f f  board for external mixing 

: (via 16 pin socket) 
· - - - - - - - - - - - - - - · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

- - - - - - - - - - - - - · WHAT YOU GET -- - - - - - - - - - - -

• Complete SCREENSPLITTER Ki t ,  with a l l  IC ' s ,  low ;Jrofile 
socke t s ,  preprogramr.�ed T..lindow Package EPROM , assembly 
instructions 

• Comprehensive Theory of Operation Manual 

• Complete source-code lis ting , and User ' s  Hanual for the 
WindO'." Package 

• 90 day warranty on parts and labor 
- - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - ORDER I NG I N FORMATION - - -- - - - - -
1 .  Tell u s  for which 8 K  boundary you would like your Win­

dow Package assembled . 

2 .  Tell us whether you want· the scientific symbols , or 
the graphics characters in ASCII codes 0 - 3 1  of your 
character generat o r ,  or the optional APL character 
generator . 

3 .  Send us a personal check , Master Charge or BAC/VISA 
number and expiration dat e .  Kit price i s  $ 3 2 9 . Assem­
b le d ,  $429 . (Virginia residents p lease add s a l e s  t ax . )  

4 .  We will send you the SCREENSPLITTER , postpaid i n  the 
continental U . S .  , from stock to 40 days . 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · 

Circle 225 on inquiry card. 

+ 

+ 

+ + + 

+ + + 

+ + + + + 

the 
PLOT ('� .  
X , Y ,  "+" )  
thickens 

· - - - - - - - ·  

ON BOARD W I N DOW SOFTWARE 
F O R  C O N T RO LL I N G  U P  TO  3440 
LO G I CALLY I N D E PE N D E N T  W I N DOWS 

-- THE CARE AND FEEDI NG OF WI NDOWS -- • 

OK . You have j us t  powered on . Initialize the Window Pack­
age and turn on your first '"indow: 

INIT ( )  
OPEN (l , lO , l5 , 2 0 ,  30) 

Now, j us t  to flex your bi t s ,  give 
the user a wal7.e-uo flash (a brief 
figure- ground reversal insid� the 
windm") : 

[] 
window 1 

FI.ASH ( l )  

Now that y o u  have his a t t en t i on , go ahead a n d  frame the 
window (you don ' t  have t o ,  of course) : 

FRAME ( l )  
a n d ,  while you' re a t  i t ,  label i t ,  a n d  s e t  t h e  scroll line 
coun t :  

LABEL ( l ,  "General I / 0 " )  
SCROLL ( l ,  5) ( i . e .  , when the window 

fills Up , POP it UP 5 
b lank lines) 

Just to keep him interes ted , switch the cursor ci:"!.aracter 
from the default caret to the winking caret :  

CURSORCHAR ( l , I> ) 
no,., that he ' s  a l l  exc i t e d , eyes bulging from the initial 
flash , transfixed by the hypnotic winking cursor , hit him 
with some text through window 1 :  

PRINT ( l , " I hate to t e l l  you thi s , William, but 
last night the kids wired that chair 
you ' re s i ttinp, in with 110 volts AC . " )  

Now (this ' 1 1  really k i l l  him) , open a second window t o  
the righ t :  

OPEN ( 2  , 10 ,  50 , 5  , 20) 
FRAHE ( 2 )  
!.ABEL ( 2 ,  "Will ' s  W i l l " )  

a n d  print o u t  a second message through t h i s  ne�" windm-.1 : 

PRINT ( 2 , "Please type your l a � t  wi l l  and tes tamen t . ") 

Now, of course , you echo his input through window 2 ,  
relying on the default scrolling o f  1 - line "pop-up" when 
the window f i l l s  up . 

And on , and on . 
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · ·  

- - - - - -- - - - - SOME APPLI CATIONS - - - - - - - - - - -

1 .  You have a BASIC program. Open a number o f  windows , 
giving each important subroutine in the program its 
own window. When your program runs , you get a two­
dimensional feel of the flow of the execution - flur­
ries of activity here , brief flashes there . You can 
have the feeling of being able to converse with each 
subroutine individua l ly : 

2 .  You have a page-oriented text editor . Pick up a para­
graph here , a paragraph there , isolating each in i t s  
own window while y o u  rummage through t h e  main t e x t  i n  
i t s  own large window. U s i n g  t h e  MOVEWINDOW fun c t ion , 
you can move b locks of text around to produce a final 
layou t .  

3 .  You have a n  a s s embly language debugge r .  Allocate one 
window to the real - t ime clock , another to the run-time 
clock , and several more to display various registers 
in your 8080 or Z80. Then , you can keep the debugging 
information separate from your program ' s  I / 0 ,  with the 
debugging information continually presen t . 

4. You have some fancy eames . Give each p l ayer his own 
window and define some "community windows . "  Let your 
imagination take over : 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --· 
I I 
1 PS : Watch for our full graphics board , also ,with i t s  own I 
: onboard softwar e . . . Coming soon I : 
·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --· 

Micro Diversions , Inc. 
7900 Westpark D r i ve ,  Su i te 308 
Me Lean , V i rg in ia  221 0 1 
(703)  827 . 0 888 
DEALER I NQUI R I ES I NVITED; 
EVALUATION KITS AVAILABLE 

•-T I ME·• 
I I I 06 , 01 , 48 I I I 
. - - - - - - . 
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ALTA I R  
( S - 1 0 0 )  
B US 

I 
I 
I 

S I N  P 46>------"-'\--... 

S O U T  

S Y N C  

A 1 5  

A l 4  

15 13 
I I  
5 

9 14 
1 2  

I C 4 2  1 0  8 1 3 1 6 
4 

I K  
( T Y P ICAL FOR 5) 

+ 5  

! 0  

I 
I 

I I 

1 
FOU R  POSSI B L E  J U M P E R S  
F O R  E A C H  T E R M I N A L :  

I � N O  J U M P E R  
0 � G R O U N D  J U M P E R  
1 0 �  J U M P E R  TO P I N  9 ,  I C I 0  
� �  JUMPER T O  P I N  8 ,  I C I 0  

PD B I N  !t>---------"'2 �>-=-3----------b D B I N 
I I I 
I I C 4 6  : 
I 74 1 2 5  1 

P O C  � 5[1
4

6 � R S E T  

I I C I O 
I 7 4 0 4  I I I  PWAIT 27 >---------'""i 

PRDY 

I I  

I C I 5  
7400 + 5  

W R  

Figure 3:  Programmable character generator bus interface circuitry. An 8 7 3 7 (IC42) seeks for a match to the high five address 
lines to indicate a programmable character generator memory or peripheral action. The single 8 737  can match different 
addresses by offering the compare circuit a choice of +, 10, 10 or ground. Where the address line match for memory and periph­
erals is the same (either 7 or 0), a + or ground connection is used. Where they are different, the 10 line is chosen if 10 is 7 and 
memory is 0; the 10 line is used if memory is 7 and 10 is 0. The 8 7 3 7 latch is opened during S YNC. By the time S YNC ends and 
the latch is closed, the match condition is determined. DECD is low on a match. If both INP and OUT are low (indicating that 
this is not an 10 operation), the MEM signal will go high. This will cause the REA D Y  line to be pulled high, forcing a wait cycle 
from the processor. With the PWA IT signal, REA D Y  is brought down. All memory operations (and only memory) will have a 
single wait state. The MEM line is combined with DB IN and WR to produce "memory read" and "memory write " actions. There 
are four data select modes available on the programmable character generator: fixed, programmable, command, and automatic. 
In the fixed mode, the data select lines for the multiplexers are set high for normal characters and low for programmed charac­
ters. In programmed mode, the high order bit from the video display device, usually used internally for reverse video, is brought 
out via pin 74 on the connector to control the data select process. In command mode, the output of a flip flop determines the 
selection process. The flip flop can be switched by output commands. OSL- 7  brings programmed characters; OSL-2 switches to 
normal characters. In automatic mode, the multiplexers switch to the character generator for all of the upper case set (hexadeci­
mal 20 thru SF), and to the programmable memory for the control characters (hexadecimal 00 thru 7 F), and the lower case 
characters (hexadecimal 60 thru 7F). 
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I f  one is attempting to read a p rogrammed 
character byte dur ing a processor memory 
access, the system causes the data switch to 
blan k  the output to the 24 p i n  connector. 

The c ircuit h as several modes of opera­
t ion. I t  can be h ardwired  via an on board 
switch to use only the character generator 
(normal mode) or on ly the memory (graph ics 
mode) . It can be set up to fl i p  back and forth 
from graph ics to normal mode by software 
commands. I n  another mode, the state of 
bit 7 of the character select l i nes wi l l  dete r­
mine the mode. The final operation mode 
sel ects the 64 upper case ASC I I  characters 
( letters, numbers, and symbol s :  h exadecimal 
20 th rough SF) to come from the read on ly  
memory and al l others (control and l ower 
case: h exadecimal 00 to 1 F and 60 to 7F)  to 
be taken from the programmable memory. 
An 821 2 on the board provides 8 b i t  paral le l  
input port for inte rfac ing  a keyboard. I n  
addition, four monostab le  c i rcu its (555s) 
provide a s imp le  interface for two joysticks 
in two dimensions. Fo l lowing an output 
command, al l the monostables fire. The 
length of each pu l se i s  determ ined by the 
assoc iated external potentiometer. A soft­
ware loop is requ i red to mon i tor these and 
produce a value  for the j oystick  posi tion . 
The remainder of the c i rcu itry is concernerl 
with address decoding for the processor 
bus. All components are standard and may 
be obtained from many d i str ibutors and 
wholesal ers. 

Compat ib i l ity 

The programmable character generator as 
presented is intended to work with video 
display devices us ing the Motoro l a  fami l y  
(MCM 6574-6) of 7 by  9 matrix character 
generators. With a few minor changes in the 
connector, the c i rcu it  can be app l ied to d i s­
p lay devices with other  types of character 
generators: such as the 25 1 3 , which works 
with a 5 by 7 matr ix.  The cab le  may be 
extended as needed to connect with normal 
termi nals. However, the best resu l ts are 
ach ieved with memory mapped v ideo d isp lay 
devices such as the Processor Techno logy 
VDM-1 , the So l id  S tate Music Video Board, 
and the PolyMorphic Systems Video Ter­
m inal I n terface. Obvious ly, the c i rcu it  
presented can be adapted to p rocessor i n ter­
faces other than the A l tai r (S-1 00) bus. (My 
personal l y  designed and p roduced c ircu it  
board, avai l ab l e  from Objective Design I nc, 
i s  Altai r (S-1 00) compatib l e  and designed for 
the Motorol a  series character generator.) A l l  
the aforementioned combinations of video 
display device and programmable character 
generator wi l l  p roduce programmable ch ar­
acters on the screen. I n  add i ti on ,  certain 

Photo 7 :  A Star Wars scenario created with the aid of the author's program­
mable character generator and a Processor Technology VDM- 7 video display 
board. 

Photo 2: A piping diagram, an example of what can be done with the pro­
grammable character generator. 
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Table 7 :  Power wiring table for figures 3 thru 7. 

Number 

I C 1  

I C2 

I C3 

I C4 

I C5 

I C6 

I C7 

I C8 

I C9 

I C 1 0  

I C1 1  

I C 1 2  

I C 1 3  

I C1 4  

I C 1 5  

I C1 6  

I C 1 7  

I C 1 8  

I C 1 9  

I C20 

I C2 1  

I C22 

I C23 

I C24 

I C25 

I C26 

I C27 

I C28 

I C29 

I C30 

I C3 1  

I C32 

I C33 

I C34 

I C35 

I C36 

I C37 

I C38 

I C39 

I C40 

I C41  

I C42 

I C43 

I C44 

I C45 

I C46 

84 May 1978 © BYTE Publications Inc 

Type 

74 1 57 

741 57 

74 1 57 

74 1 57 

74 1 57 

MCM6574-6 

7408 

7474 

7486 

7404 

82 1 2  

741 25 

74 1 2 5  

74 1 2 5  

7400 

7407 

555 

555 

555 

555 

7402 

74 1 38 . 

74 1 2 5  

74 1 25 

2 1  L02 

2 1  L02 

2 1  L02 

2 1  L02 

2 1  L02 

21 L02 

2 1  L02 

2 1  L02 

2 1 L02 

2 1 L02 

2 1  L02 

21 L02 

2 1  L02 

2 1  L02 

21 L02 

2 1  L02 

7400 

8 1 3 1  

7805 

7805 

74 1 25 

74 1 25 

+5 v G N D  +8 v 

1 6  8 

1 6  8 

1 6  8 

1 6  8 

1 6  8 

2 1 3  

1 4  7 

1 4  7 

1 4  7 

1 4  7 

24 1 2  

1 4  7 

1 4  7 

1 4  7 

1 4  7 

1 4  7 

8 1 

8 1 

8 1 

8 1 

1 4  7 

1 6  8 

1 4  7 

1 4  7 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 0  9 

1 4  7 

1 6  8 

2 1 

2 1 

1 4  7 

1 4  7 

- 1 2  v 

1 

app l i cations wi l l  p roduce h igh resol u tion 
graph ics for special pu rposes ( i e :  bar graphs) . 
However, for true graph ics capabi l i ty (such 
as space ships gu id ing smooth ly  across the 
screen ) there are some speci al requ i rements 
on the v ideo d isp lay devices to be u ti l i zed. 

Graph ics 

True graph ics abi l i ty can on ly be added 
to the memory mapped v ideo d i sp lay devices 
which have, or can be al tered to have, a 
matrix fie ld no greater th an 8 wide by 1 6  
h igh with no  forced cond i tions ( i e :  n o  rows 
or columns hardwired h igh or l ow) . Un less 
these cond i tions are met, the screen w i l l  con­
tai n b lo,nk spaces which w i l l  detract from the 
overa l l  appearance of any images. 

None of the th ree video d i sp lay devices 
previously men tioned w i l l  satisfy these condi­
ti ons without some a l terations. Other video 
d isp lay devices w i l l  not satisfy these wn­
d i tions w i thout  tru l y  major mod ifications. 

Processor Technology VDM-1  

The  VDM-1 p laces i ts characters i n  a 1 3  
by 8 matrix. The e igh th b it  in each row is 
forced blan k by ty ing the h i gh order bit of 
the 8 bit sh ift register low .  (The shift register 
in question i s  used to seri al ize the character 
data. ) This can be mod ified by removing  the 
ground  from th is  p in  and connecting  i t  to 
p in  1 0  on the character generator socket, 
which i s  not normal l y  used. From the pro­
grammable character generator schematic, i t  
i s  c lear th at the shift register w i l l  receive b it  8 
from the p rogrammable memory when it is 
sel ected.  When the character generator is 
selected, the l i ne i s  l ow. 

The programmable character generator 
makes provisi ons for us ing a bit from the 
video d isp lay device ASC I I  character memory 
to switch between normal and graph ics 
modes. This b i t  is used in the Processor 
Technology VDM-1 for reverse v ideo. I t  is 
most usefu l  when l eft where i t  is un less there 
is a special need for switch ing character sets 
on a character by character bas is .  I n  th is  
case, transfer the b it  to p in  14 on the charac­
ter generator socket. 

The VDM-1 uses 1 3  rows in each charac­
ter. The row address sequence for each char­
acter begins with 1 5, 0, 1 . . .  and proceeds 
th rough . . .  1 0, 1 1 .  On 1 2, the counter i s  reset. 
Th is l eaves the user with the choice of some 
unusual programming of the programmable 
memory character generator or remov ing the 
misp laced row 1 5 . The latter can be accom­
p l i shed by forcing  the scan div ider ( I C2 ) in 
the VDM-1 to l oad 0 instead of 1 5  when 
given a l oad pu lse. This w i l l  e l im inate one of 
the blan k scan l i nes between the character 
l i nes, which is not a serious p roblem in itself. 
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sma rtwa reTM 
distri buted 

inte l l igence 

system 

Power. M u ltiply the power of you r  personal com puter with d i stri buted p rocess­

i n g .  Peri phera l  and rea l  t ime control fu nctions can be handled by dedicated 

processors without tyin g  u p  your central computer. I deal  for home control appl i­

cations such as ti ming,  secu rity and energy management. 

Ha rdwa re. Each smartwareTM 

system includes cabinet, power sup­

ply, real time clock/calendar with 

battery backup, 20 key keyboard, 8 
digit LED display, smartwareTM bus 

supervisor, and motherboard to ac­

commodate up to 8 smartwareTM 

modules. ROM operating system 

controls keyboard and display for 

entering and reading parameters, 

programs and data on the other 

modules. $348.00 

Central processor. Genera l  

purpose 6502 processor with 4K 
RAM, 1 K PROM with bus 1/0 sub­

routines, 2K empty PROM sockets. 

Memory is exp a n d a b l e  to 62K 
bytes. Use for your own dedicated 

applications or as general purpose 

number cruncher. $248.00 

Real time controller. Dedicated 

processor with ROM softwarefor an­

alog and digital control of up to 1 000 
channels with yearly, monthly, week­

ly, daily, and hourly cycles. Minimum 

timing interval_ is 6 seconds. Use with 

control 1/0 modules. $298.00 

AC com mu nication proces­
sor. Provides bi-directional transfer 

of control and sensor information by 

imposing a modulated 50khz. carrier 

on the AC power line. Up to 255 

remote I/O's can be addressed by 

this module.  Software provides 

handshaking and redundancy to as­

sure error free operation. $248.00 

Remote 1/0 mod u l e .  Build 

your home monitoring and control 

system without the hassles of con­

trol wiring. Just plug the remote 

1/0 module into an AC outlet nearest 

the application. Each unit has four 

500 watt AC outlets, of which three 

can be switched on and off by the 

c o m m u n i cation p rocesso r .  T h e  

fourth outlet i s  an always o n  conven­

ience outlet. The status of the three 

switchable outlets can be read from 

the central processor to verify oper­

ation. $1 48.00 
Analog options: Temperature sensor 

input, includes sensor. add $38.00 
Analog output, 0 to 5v. add $24.00 
I EE E  488 interface. Control 

your house while your PET is sleep­

ing. Includes complete instructions 

and software for using PET com­

puter as a smart terminal. This board 

allows bi-directional communication 

between external I E E E  488 devices 

and internal srnartwareTM modules. 

$1 48.00 
RS 232 serial interface. Con­

nect a variety of terminals and mo­

dems to your system. Software se­

lectable baud rates of 1 1 0, 300, 
1 200, and 2400. Double buffered for 

maximum throughput. $1 48.00 
Temperature sensor mod­
ule. Analog input for 1 6  IC temper­

ature sensors, 255 ° F  temperature 

range, 1 o F  accuracy and 1 °F resolu­

tion. $1 88.00 
IC temperature sensor with 1 0 ft. 

cable, each, $1 2.00 

Softwa re support. Includes 

complete, accurate documentation, 

full time user applications consultant 

to answer your questions, continual 

development of new applications 

programs, periodic software news­

letter to keep you up to date on 

what we are doing, and custom 

software and system development 

services. Our goal is to make this 

the most powerful, rei i able, and 

usable system you can buy. Call  or 

write if you have any questions. 

Coming soon . Other smart­

wareTM modules being developed 

inc lude direct control and i'lnalog 

1/0, software development modules 

such as PROM programmer and 

simulator, and controllers for floppy 

disks and printers. Write for informa­

tion. 

Quality. We realize that the com­

fort and security of your home re­

quire a reliable system designed to 

operate 24 hours a day. Each mod­

ule is burned in and thoroughly test­

ted and includes built in self diag­

nostic functions. 

Guarantee. Your money will be 

cheerful ly refunded if within 90 
days you decide you are not sat­

isfied with the performance of your 

system. One year warranty, parts 

and labor, for defects in hardware 

or software. 

Prices include shipping. · 

Minnesota residents add 4% sales 

tax. 

D e l ivery expected to beg i n  in 9 0- 1 20 
days.  

automatic hardwa re co . 
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Figure 6: Programmable character generator 
10 circuitry. A 74LS7 38 3 to 8 decoder is 
gated by DECD, 10, and the OR combin­
ation of WR and DBIN to produce eight 10 
strobes. The OUT signal is used as the most 
significant address bit, splitting the output 
into four input and four output signals. An  
827 2 (made by Intel) is used to implement 
an 8 bit parallel input port and data available 
signal. The data available flag can be read 
with /SL-0 (bit 0} and can be wired ready­
high or ready-/ow. The data is read with 
/SL-7 .  Four monostables made with 555s 
connect to external 7 00 k ohm potentio­
meters to provide a simple joystick inter­
face. The monostables are triggered in 
parallel by OSL-O and remain high for a 
time dependent upon the external resis­
tance value. The timing range is from 7 00 J.1S 
to 7 000 J.l.S. Users must time the pulses with 
software loops or real time clocks while 
monitoring the outputs via ISL-0, bits 2 thru 
5. OSL-7 and OSL-2 will switch the select 
flip flop, and ISL-2 and ISL-3 will switch the 
memory protect flip flop. Finally, /SL-0 bit 
7 provides a look at the character data select 
line. This data is valid only for the fixed and 
programmed modes, since the line is 
switching in the programmed and automatic 
modes in a manner not synchronized with 
processor commands. 

Label Operator 

!NIT LXI 
LXI 
OUT 

CHK CALL 
IN 
RRC 
RRC 
ANI 
ORA 
JZ 
RRC 
JNC 
INR 
RRC 
JNC 
INR 
RRC 
JNC 
INR 
RRC 
JNC 
INR 
JMP 

Operand 

B,O 
D , O  
OC1H 
DELAY 
OC3H 

OFH 
A 
REPRT 

*+ 1 
B 

*+ 1 
c 
*+ 1 
D 

*+ 1 
E 
CHK 

Photo 3: The program­
mable character generator 
board. 

Commentary 

CLR COUNT 
CLR COUNT 
TRIGGER 
1 00 MICROSECONDS 
MONO INPUT 

TEST MONO FLAGS ONLY 

ALL DOWN, REPORT 
TEST FIRST 
NC - DOWN 
STILL UP, COUNT 

CONTINUE COUNTING 

Listing 7 :  joystick interface test program. A single output command triggers 
all of the monostables. The user must time each one with software. In this 
simple program the count for each timer is maintained in a register. On each 
pass through the loop, the register is incremented if its associated monostable 
flag is still high. When all four have come down, the loop ends and the values 
are reported to whatever routine has requested them. The DELA Y subroutine 
called is a 7 00 J.1S time user. The length of time delay used is determined by 
the R and C combinations in the hardware and the range of counts for which 
the software is prepared. 
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__
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MEMORY 
+ 5V 
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Figure 7: Programmable character generator power circuitry. +5 V for the logic and memory 
circuitry is provided through separate 7805 or 340-T5 regulators, properly heatsinked. Standby 
power for the memory is provided via a 7 A diode. A 3 to 5 V battery backup should be con­
nected to the board to use this feature, and suitable supply filtering at the regulators and on the 
board should be provided. The low current -7  2 V required by some keyboards is generated by 
a simple resistor and zener diode combination. 

The overal l absence of 1 6  scan l i nes wi l l  
force some adjustment of the vertical size 
and l i nearity of the monitor. 

PolyMorphi c  YTI 

The PolyMorphic VTI uses an u nusual 1 5  
by 1 0  matrix .  The 1 5  rows wi l l  cause no 
problems for graphics, but the ten dots per 
row wi l l  cause problems. Seven of the ten 
dots in the row come from the character 
generator socket. The other th ree are forced 
b lank. The p roblem is further compl icated 
by a 1 0  bit sh ift register which shifts out the 
b lank dots fi rst and the VT I "b lock graph ics" 
c i rcu i try. Obviou sly, the change to this ci r­
cu i t  is not s imple. I t  is recommended that 
the 74LS1 57 mu l tip lexers ( ICs 35 and 32) 
be removed and replaced with dual i n  l i ne 
package component carriers with jumpers to 
connect the 8 dot bits from the character 
generator to the rightmost bi ts (2 thru 9) 
of the shift register. To insu re that on ly 
e ight dots are output per character, i t  wi l l  be 
necessary to change the l oad number on IC1 4 
from 6 to 8 .  

Of  course, the usual graph ics abi l i ty of 

the YTI is l ost in the conve rs ion,  but these, 
p lus  many more characters, can be dup l i cated 
with the programmable character generator. 
(Note: Modification of the VTI c i rcu i t  
shou l d  not be attempted w i thout complete 
knowledge of the detai l s  of the VTI c i rcu it . )  

Software 

Once the p rogrammable character genera­
tor and video d isp lay device are joined, the 
software must take over. Detai l s  on the use 
of the programmable character generator 
along with some sample programm ing w i l l  be 
described in  part 2 of this artic le .• 

Note: The programmable character generator 
described in  this article is ava i lable from Objec­
tive Design I nc,  POB 20325, Tal lahassee F L 
32304, in the fol lowing configurations: 

• Complete Kit . . . . . . . . . . . . . . $1 49.95 
• Assembled and Tested . . . . . . .  $ 1 99.95 
• High Speed Version . . . . . .  add $ 1 6 .00 

P lus  shipping (5% US, 1 0% Canada, 1 5% 
Foreign )  



THE SSB •JSO 
FLOPPY DISCOUNT 

Affordable 
The tri be at Smoke Signal B roadcasting took our 
B FD-68 d i sk system and scalped the price, but 
not the features to create the AB FD-68 (Afford able 
Basic Floppy Disk) . We ap preciate the fact that 
the com puter hobbyist gave us our start and we 
haven't  forgotten you .  

$649 Assembled 
Compare Price.  O u r  SS-50 bus compati b le  d isk 
system is $ 1 50 less than the assembled p rice of the 
lead i ng S-1 00 d is k  system.  And you can at least 
double that savings when you b uy one of the 
comp uters man ufactured by MS I or SWTPC that 
use the su perior 6800 m i croprocessor. 

Programmable 
The BFD-68 is wel l  known for its f ine softwa re . The 
system comes with the best d i sk operati ng system 
avai lable and we offer a m u ltitude of oth er com­
patible software p rod ucts. These inc l ude a BASI C  
interpreter with d i sk f i le  h a n d l i n g  capab i l ity. By 
the way, o u r  DOS now easily handles true random 
access fi les as wel l  as seq uential .  Also, we have a 
super fast BAS I C compi ler for business appl ica­
tions. I n addit ion,  a Text Ed itor, 2 Assembl ers, a 

Circle 320 o� i nqu i ry card. 

Trace D isassem bler  useful fo r p rogram debugging 
and an O bj ect to Source Code Gen erator are a l l  
stock items avai lable fo r i m med iate del ivery. 
A word processor w i l l  be avai lable very soon.  

Reliable 
We del ivered our fi rst m i n i -f loppy d isk system a 
year ago - 6 months ahead of any oth er 6800 
based m i n i  system .  Thus,  we 've had twice the 
experi ence in b u i l d i n g  rel iab i l ity into the system.  
Our N EW d i sk contro l l e r  was designed using a l l  
we have learned i n  the past year about system 
re l iabi l ity. 

The AB FD-68 co ntai ns a l l  the bu i l t  in rel iabi l ity 
of our  reg u lar  B FD -68 p lus  you save money by 
supplying your own cabi net and power supply 
for the d isk.  

Available 
We've shi pped l itera l ly tons of o u r  B FD-68 d isk 
system in  the past year and have learned to keep 
our p rod uction up with demand.  G ive us a call and 
chances are we' l l  be able to s h i p  you the new 
ABFD-68 fro m stock and ch arge it  to you r  Master 
C harge or Visa card . Better yet, ask us for the name 
of the computer store nearest you that carries our 
complete l i ne of computer p rod ucts. 

BYTE May 1978 91 



A Low Cost Light Wand Amplifier 

Robin C Moseley 
14 Standish Circ 
Andover MA 0 1 8 1 0  

L I G HT WAND r - - - - - - - - - -, 
I L E D  : l .--- I 
I I 
I 01 I 
L_ - - - - - - _ _j 

Dl  

RB 
4.7K 

The purpose of th is artic le is to discuss 
some of the variables i nvolved in the reading 
of pr inted bar data, and to describe a s ignal 
processor whose operation i s  independen t of 
most of these variables, and tolerant of the 
remainder. 

For the most re l i able recovery of data, 
the effective aperture of the l i gh t  wand 
photodetector shou l d  be no wider than the 
narrowest data bar. I n  this case, fu l l  b l ack  to 
wh i te s ignal swing is obtained i n  response to 
narrow bars, and variables such as l amp out­
put, photodetector sensi tiv i ty ,  pen angle, 
and target con trast control only two output 
functions :  wh i te level photocurrent and 
b lac k  l evel photocurrent. 

In any l i gh t  wand hav ing a l i near photo­
detector, the rati o of these currents is deter­
m ined by the rati o of the reflectiv ities of the 
b lack and wh i te bars, i e :  target contrast. The 
abso lute val ue of the photocurrent may, of 

+ C6 l iOOJLF 

8 

R l l  
100 

cou rse, vary wide ly between d i fferen t  l i gh t  
wands, even those o f  the same design. 

The first step in the data recovery p rocess 
is to transform the photocu rrent  to a l og­
ari thmical ly vary i ng  vo l tage. The amp l ifier 
shown in figure 1 uses the wel l  known expo­
nential forward conduction  properties of a 
s i l icon d i ode (Dl ) to make thi s  transforma­
t ion.  The peak to peak s ignal vo l tage across 
th is d iode is proportional to the ratio of the 
wh i te and b lack  photocurrents and is i n de­
pendent of the abso lu te l evel of the p hoto­
current. 

The next step in process ing  the s ignal is 
to e l im inate the effect of the variation of the 
abso lute l evel of photocu rrent. Th is is most 
obviously ach ieved by capac i tively coup l i ng  
the s ignal devel oped ac ross the d iode. Th is 
method resu l ts in u nwan ted trans ient sh ifts 
of s ignal level at the output of the amp l ifier 
when the l i gh t wand  is fi rst p l aced on the 

L I N K  

+ 5V 

D IG ITAL OUTPUT 

Figure 7: Schematic diagram for light wand signal processor. IC7 is a National LM324 quad operational amplifier. A ll the diodes 
are general purpose silicon diodes such as 7 N4 7 48. Q2 is a general purpose NPN transistor such as MPS65 7 3 and Q3 is a general 
purpose PNP transistor such as MPS657 7. All resistors are 0.25 W and all resistances are measured in ohms. The output of the 
circuit is TTL compatible. 
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1 6k dynamfc RA(v'l, either. Now"' • .. ' , patibility, including the �ptia , • • Highly cost effective . 
you can get 1 61< arid 32k fully. ' ' Micro and Z-2. •• . • . .  "' •• No wait' states � . .  - . 
static RAM's tbat' are ouilt with the .. 1'1\t; Great 32K Sfatic-. • \ . .. Transparent r:efre._§h .. 
same unmatched engineering , . Me�ory. 250 ns., $995. 450 · •' 1 pk addressing boundaries 
ability and manufacturing-skill· ns:, $925. . · . ., • . Widest S- 1 00 mciinfrathe and 
that went into Egy.pt's wonaers of ' • 4k boundary' addressing disk system compatibility ,. 
the ancient world. • Full Schmitt trigger buffering All of Dynabyte's memories · 

When we say built, we mean • • No DMA restrictions , meet rigid industrial grade stand· 
completely built. Assembled, • ards. Design, components, con· 

• tested and burned in. We don't Why Dynabyte doesn't struction, testil)g and perfor-
leave anything undone. That way, build memory kits mance. Bt.,It if a module ever needs 
you can buy any Dynabyte repair, we provide factory service 
memory and know that it is backed Assembling a kit can be fun; with 24 hour turnaround for both 
by a factory guarantee for one full almost anyone can do it. warranty and non-warranty work. 
year. Kits and semi-kits can't But how about testing it? Ask for the Great Memories by 
say that. Do you have the test programs Dynabyte at your local computer 

Our 1 6k Static and Our 32k and equipment? Do you know t v: 1 · k which memory test program s ore. 10U can a so piC up com-
static are available with either 250 uncovers pattern sensitivity? plete product information while 
ns. or 450 ns. access time. Our Or which finds shorted data you're there. 
250 ns. module is completely bits but won't find address But if you haven't got a local 
compatible with the 4MHz Z-80A decoder faults? computer store, write Dynabyte, 
processors. The 450 ns. modules We do. It's our business. We Inc., 4020 Fabian, Palo Alto, CA 
are compatible with the 8080 and have the 200 MHz oscillo- 94303. Or telephone (41 5) 
the faster 3MHz 8085 processors. scopes, the logic analyzers, the 494-78 1 7. 

The Great t6k Static burn-in chambers, and the test 

2 0 $ 50 programs. We find the bugs, Memory. 5 ns., 555. 4 
even the subtle ones. ns., $525. . Which lets you concentrate • 4k block addressing along 4k on computing. 
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OUTPUT 

white margin of the pr inted data and also at 
the beginn ing of the data track. Provided the 
dynamic range of the ampl ifier is sufficient 
to accommodate these sh ifts, the decision 
th reshold c i rcu i t  descri bed below will com­
pensate for them . A more el egan t approach, 
however, i s  to borrow from television tech­
nol ogy and c lamp  the white level outpu t 
from the ampl i fier s tage at a fixed l evel . This 
is the function of comparator A2 and peak 
detector D2, C1 . 

Before the l i ght wand is p laced in contact 
with the p ri n ted data, the photocurrent i s  

I 

Figure 2. Sequence of events when the light wand is moved across a series of 
light and dark data bars. In this format the size of the black bars are changing 
and the size of the white spacings in between remains constant. 

DATA 
TRACK 

AMPLI F I ER  
OUTPUT 

VOLTAG E  
ACROSS 
C2 

D I G ITAL 
OUTPUT 

I I I I 

Figure 3. When the black and white bars are smaller than the aperture of the 
light wand it is still possible to have the correct output. The width of the 
digital pulses will change but will still be readable. 
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smal l .  The output  vol tage of amp l i fier stage 
A 1 rises unti l  i t  i s  equal to that at the other 
input of comparator A2. At this po int, the 
output  of A2 goes h igh, charging  capac itor 
C2 unti l  the vol tage across th is  capac i tor i s  
approximately equal to that at the anode of 
logari thmic  converter d iode D1 . When the 
l i ght wand i s  p l aced in contact with the 
wh i te margin of the data, the p hotocurrent 
increases. As the outpu t  l evel of the amp l i ­
fie r  tries to rise, comparator A2 output 
switches h igh . This rapid ly  raises the refer­
ence vol tage l evel across capac i tor  C1 to a 
new, h igher l evel corresponding to the white 
level vol tage at the anode of D 1 . As the 
wand moves over the b lac k  bars, the reduced 
photocu rrent causes the vol tage across D 1  
to  fal l .  The  output vol tage from the  ampl i­
fie r  fal l s  be low that at the other input  to the 
comparator, and the comparator vol tage fal l s  
to  zero, cutting  off charging  diode D2 .  S ince 
the time constan t determ ined by C1 and R4 
is l ong by comparison w i th the s ignal period, 
C1 h olds  the b i as input to the amp l i fier stage 
approx imatel y  constant u nti l the next peak 
wh ite s ignal "tops up" C1 . 

The peak whi te l evel of the s ignal at the 
outpu t  of the amp l i fier i s  fixed at a p redeter­
m ined vol tage (about 3.25 V in the design 
descri bed here) and the s ignal swing i s  nega­
tive from that po int. The peak value of the 
s ignal depends on ly on the contrast ratio of 
the data bars. Gain control R3 shou ld  be 
adjusted to set the peak to peak s ignal swing 
to the opt imum val ue ;  between 1 .5 V and 
2 Y. In the absence of an osci l l oscope, op­
tional components DS, D6, C4, CS and R1 0 
form a peak detector wh ich may be used i n  
conjunction with any reasonably h igh im­
pedance voltmeter to make th i s  adjustment. 
Switch the vol tmeter to the appropri ate DC 
vol tage range and connec t  i t  across CS. To 
prevent any d istortion of the s ignal during  
actual use, d i sconnect the  peak detector 
from the output of the buffer amp l i fier 
except when adjusti ng  the amp l i fier gain .  

The f ina l  step in processing the signal i s  
to convert the  ampl ified and clamped signal 
to the b inary output requ ired by  the m icro­
processor. My approach avo ids the complex­
ity of d ecisio n ci rcu its wh ich rely on mu l ­
t ip le  peak detectors to  determ ine the deci­
sion threshold whi le a l lowing variat ions of  
contrast rat io .  The thresho ld  i s  set a fixed 
voltage above (or below) the immed iate ly  
previous peak signal l evel .  Wi th  the wand i n  
contact w ith  t he  wh ite marg in ,  d iode D3 



conducts, and capacitor C2 is charged to a 
vo ltage one d iode d rop  (about 0 .6 V) b elow 
the wh ite level output from the amp l ifier. 
As the wand moves over the first b lack bar 
the ampl ifier output vo ltage fa l l s ,  and d iode 
03 is cut  off. When the output vo ltage fal ls 
to the same l evel as that across C2, the out­
put from the comparator A4 switches to 
max imum (about 3 .5 V) . As the s ignal con­
t inues to fal l ,  d iode 04 conducts, and the 
voltage across C2 fo l lows the signal except 
that i t  i s  now one d iode drop  more positive. 
As the wand moves onto a wh ite bar, the 
signal vol tage rises, and d iode 04 is cut off. 
When the signal rises to a val ue equal to that 
across C2, the output of the com parator A4 
fal l s  to ground . As the signal conti nues to 
rise towards the wh ite level, 03 conducts 
and the vo ltage across C2 fo l lows. This t ime 
it i s  o ne d iode d rop  less posit ive than the 
s ignal . Un ity ga in  buffer stage A3 and trans­
istors 02 , Q3 provide a low im pedance d rive 
to the decisio n circu it to ensure that the 
charging and d ischarg ing of capacitor C2 
does not d i stort the signal at h igh read ing 
speeds. The sequence of o peration of  the c ir ­
cu it  is i l l ustrated in  figure 2.  Notice that the 
d igital output of th i s  c ircuit fo l lows the 
usual  convention of a h igh l evel fo r b lack, 
and a low level for wh ite .  I f  t h is is not con­
ven ient, the two inputs of  comparator A4 
may be i nterchanged . 

Whi le  th is  signal processor was designed 
primar i ly  for the situat ion in which the 
effective aperture of the photodetector is no 
wider than the narrow data bars, it w i l l  per­
form cred itab ly  when the data is narrow by 
compariso n with the detector. In this case, 
i l l ustrated in figure 3, some t im ing erro r is 
theoretical l y  in troduced .  Fortunate ly, th i s  
error is q u ite systemat ic ;  the fi rst narrow bar 
fo l lowing a wide bar is wid ened by 20% to 
30% of its width ,  and the first wide bar fo l ­
lowing a narrow bar i s  red uced in  width ,  by 
1 0% to 20%. Some software comp l i cation is 
requ ired to accommodate th is .  Note, how­
ever, that these comments do not apply to 
the case where the aperture of the photo­
detector is no wider than the narrow data 
bars ; in th is  case the d igital output from the 
processor is an accurate rep I ica of the data 
bars. 

The construct ion l ayout requ i red fo r th i s  
circuit is not crit ica l ;  j u st ensure that the low 
potential ends of  Cl and C3 are connected 
close ly together, a long with that of the 
power supp ly decoup l i ng capacitor C6.• 

16K RAM 

Fully Static 

Using the TMS 4044 

250 nsec. chips-$425 
($375 intro. price ends May 15) 

Z-BOA 4 Mhz. Fast-This fully assembled and tested 
1 6K board was designed to operate without wait states 
in a 4 Mhz. Z-80A system allowing over-generous time 
for CPU board buffers. It " loafs along" in slower 8080 
and 8085 systems. 

450 nsec. chips-$375 
($325 intro. price ends May 15) 

For 2 Mhz. Systems - Same circuit as above but 
priced lower because of less expensive memory chips. 
It is fully assembled, burned-in, tested, guaranteed, and 
yet priced lower than many kits . 

Fully Static is Best- Both boards use the state-of-the­
art Texas Instruments TMS 4044 which requires no 
complicated and critical clocks or refresh .  The fully 
static memory chip allows a straight-forward, "clean" 
design for the board ensuring DMA compatibility. It uses 
a single 8 volt power supply at 1 .7 amps nominal. 

Fully S-100 Bus Compatible - Each 4K addressa­
ble to any 4K slot and separately protected by D IP  
switches. Jumpers to  customize board to  any known 
S-1 00 system .  

Commercial Quality Components - First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise. 

Guaranteed - Parts and labor guaranteed for one 
full year. You may return undamaged board within  ten 
days of receipt for full refund .  

Check your local computer store first 
Factory Orders - You may phone for MC, VISA. 
Cashier's check, M.O. speed shipment for mail orders. 
Personal check OK. Shipped prepaid with cross country 
orders sent by air. Shipp ing - Stock to 72 hours normal .  
We wi l l  confirm order and give expected shipping date 
for delays beyond this. Washington residents add 5 .4% 
tax. Spec. sheet, schematic, warranty statement sent 
upon request. 

/+_ eattle Computer Products, Inc. � 1 661 1 1 1 1 th S .E . ,  Renton, Washington 98055 
(206) 255-0750 
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A Bit ol the BASIC 
---Computer Resource Book-Algebra by 
Thomas A Dwyer and Margot Critchf ie ld is 
an exciting new way to learn about algebra 
and the inte resting th ings you can do with i t  
using a computer.  T h e  book uses t h e  BAS I C  
language, and f lowcharts a r e  used th rough­
out to show the structure of programs. 
There are 60 appl ications programs i ncl u ­
ding straight l i n e  graphs, polynomial  equa­
tions, a space probe navigator, temperature 
prof i les, computer generated animation, the 
u ltramatic root f inde r, random number 
generation and many more. Although it  
is particu lar ly suitable for students, just 
about everyone wi l l  f ind some i ntrigu ing 
and easy to use appl ications i n  th is  enter­
tai n i ng book. $5.20. 

---1 ntroduction to Computer Program­
ming by R udd A Crawford Jr and David H 
Copp. Here is an excel lent way to learn 
about the general aspects of computer pro­
gramming. I ntroduction to Computer Pro­
gramming ma kes use of a hypothetical com­
puter model and set of assembly language 
instructions designed to help the beginner 
see what goes on  in computer programs. 
The emphasis throughout i s  on general 
principles; such concepts as l oops, decis ions, 
f lowcharts and 1 0  routines are covered i n  
detai l .  The book also provides many ex­
ample problems and prompts the reader by 
posing several qu iz  questi ons. Anyone who 
masters its contents wi l l  have a sol id foun­
dation for the study of practical assembly 
and high level languages. It i s  especia l ly  
recommended for students, but just  about 
everyone new to the subject shoul d  profit 
from it .  $4.80. 

Send to: 
Bits, I nc. 
70 Main Street 
Peterborough NH 03458 

N m 

Address 

---Basic BASIC by James S Coan .  I f  
you 're not al ready fami l iar with BASIC,  
James Coan's Basic BASIC is one of  the 
best ways to learn about th is  popu lar  
computer language. BAS IC  (which stands 
for Beginner's Al l -purpose Symbol ic  I nstruc­
tion Code ) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter· 
mina l ,  writing programs, using l oops and 
l i sts, solving mathematical problems, under· 
standing matrices and more. The book con­
ta ins a wealth of i l l ustrations and example 
programs, and is  su itable for beginners at  
many different levels. I t  makes a f ine refer· 
ence for the experienced programmer, too. 

$8.95. 
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---Advanced BASIC by James S Coan .  
Advanced BASIC i s  the companion volume 
to James Coan's Basic BASIC. In th is  book 
you ' l l  learn about some of the more ad· 
vanced tech niques for programming in 
BAS IC ,  i ncl uding string manipulation, the 
use of f i les, pl otting on a termina l ,  s imula· 
t ion and games, advanced mathematical 
app l ications and more. Many usefu l  a lgor­
ithms are covered, inc luding some clever 
sorting techniques designed "to reduce 
program execution time. As with Basic 
BASIC,  there are many i l l ustrative example 
programs incl uded. BAS I C  doesn't have to 
be basic with Advanced BAS I C !  $7.95. 

Check Payment method: 
__ My check i s  encl osed 

---A Guided Tour of Computer Pro­
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman.  Colorful graphics 
abound in this l ively introduction to the 
BASIC . language. The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice, A G uided Tou r begins with a 
section on how to recognize a computer, 
fol l owed by some tips on working at a 
termina l .  By the end of the book readers 
are writing the ir  own p rograms and solving 
elementary problems in f i nance and busi­
ness. The emphasis throughout is on lear­
n i ng by doing. Anyone i nterested in com· 
puter programming shou ld  benefit from 
A G u ided Tour of Computer Programming 
i n  BASIC. $5.20. 

---Some Com mon BASIC Programs by 
Lon Poole and Mary Borchers, publ ished by 
Adam Osborne and Associates. At last, a 
s ing le sou rce for a l l  those hard to find 
mathematics programs ! Some Common 
BASIC Programs combines a diversity of 
practical a lgorithms i n  one boo k :  matrix 
mu lt ip l icat ion,  regression analys is ,  pri ncipal 
on a l oan ,  i n tegration by Si mps_on's rule, 
roots of equations, operat ions on  two vec­
tors, ch i -square test, check writer, geometric 
mean and variat ion, coordinate conversion 
and a function p lott ing algorithm. These 
are j ust some of the many programs in­
cl u ded. For  on ly  $7.50 you can buy the 
kind of programs previously ava i lable only 
as part of software math package systems 
for l a rge sca le computers. A l l  the programs 
are written in  a restricted BAS I C su itable 
for most microcomputer BAS I C  packages, 
and have been tested and debugged by the 
authors. $7.50. 

1�1 __ B i l l  my MC No. ____________ Exp.  date ____ _ 

-- B i l l  my BAC No .  Exp. date -----

Total for a l l  books checked $ ___ _ 

Postage, 75 cents per book for ___ books $ ___ _ 

City State Z ip Code Grand Total $ __ _ 

Si nature 

You may ph otocopy th is  page if you wish to leave your BYTE intact. 

Prices shown are su bject to change without notice. 
All orders must be prepaid .  
I n  unusual  cases, process i ng may exceed 30 days. 
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Tune In and Turn On, Part 2 

Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

Last month (page 1 1 4) I outl i ned the 
transmi tter secti on of a wire l ess AC rem ote 
control system that can be easi ly  attached to 
any computer with an 8 bit paral le l  outpu t 
port. As previous ly stated, i t  wi l l  al l ow re­
mote on and off con trol of u p  to ten AC 
powered devices. This month I cover the 
design of a typ ical receiver secti on. 

Figure 1 shows the schematic of a s ingle 
channel receiver station and photos 1 and 2 
i l l ustrate a typical Ia you t of a constructed 
receiver. (A photo of the  completed rece iver 
i s  shown in l ast month 's artic le . ) The re­
ceiver consi sts of th ree basic secti ons :  i n pu t  
fi l ter and power supp ly, o n  and off tone 
detectors, and ou tpu t  l atch .  Except for 
minor component value  differences neces­
sary to change the channel frequenc ies, a l l  
receivers wi l l  have the same configu ration. 

Input Fi lter and Power Supp ly  

Each receiver, designated as  a s ingle 
channel ,  receives two transmi tted fre­
quencies from the computer. One is used to 
turn the AC device on and the other  to turn 
it  off. These two tones must be c lose enough 
to be passed through the same fi l ter section 
bu t not close enough to i n terfere with each 
other. For th is  reason, a channel bandwidth 
has been designated to be 8 kHz,  and no two 
tones are c loser than 4 kHz. 

The fu nction of the i nput  fi l ter  i s  to 

reject the 60 Hz l ine frequency and al l other 
frequencies except the 8 kHz band of a 
specific channe l .  Whi le  th is  may appear true 
in theory, i t  i s  not qu i te the resu l t. I nstead, 
the amp l i tudes of various frequencies wi l l  be 
affected as they pass through the fi l ter. 

An AC Wireless Remote Control System 

Photo 7 :  The finished prototype receiver board. 

Photo 2: Internal view of finished prototype receiver chassis. 
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60 Hz wi l l  be v i rtual l y  nonexistent, and i f  
the passband i s  from 35  kHz  to  43 kHz, 
that frequency range shou l d  be the h ighest 
amp l i tude. This amp l i tude variation across 
the spectrum can be faci l i tated somewhat 
by the addition of a tuned i nductance and 
capacitance (LC) ci rcu i t, cal l ed a bandpass 
ci rcu i t. The center frequency of the LC 
circu i t  shou l d  be set  for the center of the 
particu lar passband desired. In the case of 
35  to 43 kHz, the i nductor and capaci tor 
are chosen to p roduce a resonance at 39 
kHz :  the resu l t  is a passive fi l ter. As  the  RC 
section passes frequencies c l ose to 39 kHz, 
the LC com bination s tarts to resonate 
(which increases the overa l l  amp l i tude  seen 
at the base of Q1 ) . In practice, a l ow Q 
s lug-tu ned 1 to 1 0  m i l l i h enry coil salvaged 
from an old TV set wi l l  wor k wel l .  By us ing 
th is LC circu i t, the  fundamental frequency 
of the transmitted waveform is suffic ient ly 
h igh in l evel to be differentiated from the 
second and th ird harmon ics also p resen t. A 
sensitivi ty adjustment  on the base of tran­
sistor Q1 aids in the detection p rocess by 
al l owing only signals of suffic ient amp l i tude 
th rough the next ampl ifier  fi l ter  section of 
Q1 . 

The use of an LC fi l ter  does requ i re 
some component value  changes to cover 
the 30 kHz to 1 1 0  kHz range of the trans­
mi tter. F i gure 2 is the schematic .of the LC 
combination in question and inc lu des the 
formu las requ i red to make th is calcu lation. 
Agai n ,  cal cu lations are only part of the 
answer and are acceptable only in 2 or 3 
channel appl i cations. For optimum tun ing, 
the component val ues shou l d  be chosen 
according to the equation.  Then us ing an 
osci l l oscope, measu re the vol tage across the 
LC circuit and s lowly adjust the s lug-tu ned 
coi l to peak at the desired frequency. A 
voltmeter on the AC setting  wil l not respond 
sufficientl y ;  only an osci l l oscope with 
high impedance i npu ts shou l d  be used. 

The power supply section i s  a standard 
rectifier and 3 termi nal regu l ator supp ly .  
The circu i t  requ i res l ess than 1 00 rnA and 
values are not cri tical . The LM309 vol tage 
regulator is the pl astic T0-5 packaged 
version of the standard LM309K, which i s  
a T0-3 metal can. E i ther can be  used and no 
heat s ink i s  requ i red. 

Table 7 :  Power wiring table for figure 7 .  

I C 1  
I C2 
I C3 
I C4 

IC Type 

N E567 
N E567 
7437 
LM309 

+S V 

4 
4 

1 4  
3 

Gnd 

7 
7 
7 
2 

A D J U S T A B L E  
S L U G  T U N E D  
C O I L  

L 
I TO 10 m H  c 

___ __._ ___ _ _  _ 

27T yTC 

f 0 = center frequency 
L = Henries 
C = farads 

27T = 6 . 28 
Exampl e :  

f o r  { f0 = 3 5 k H z 
C = . 0 1  /J.F 

then 
L =  2 m H  

Figure 2 :  Calculation of  inductor and capacitor values for the tuned bandpass 
filter used in the receiver's input section. 

Tone Detectors 

The heart of the rece iver IS 1n the two 
tone detectors, IC1 and IC2. Each is tu ned 
to a specific frequency or tone wi th in  i ts 
respective channel bandwidth. For the 
channel 1 frequencies I have chosen (3 5 kHz 
to 43 kHz ) , IC1 wou l d  be set for approxi­
mate ly 35 kHz and IC2 wou l d  be set 4 kHz 
h igher at 39 kHz. I C1 is considered the set 
frequency receiver and IC2 is the reset 
receiver. LEOs are attached to their outputs 
to fac i l i tate tun i ng. These l i gh ts wi l l  l ight 
on ly when the correct frequency is present 
at the respective pin 3 .  

As  with the  i nput  fi l ter, these are tu ned 
ci rcu its and they requ i re component value  
changes for t he  different channels .  F igu re 3 
shows an i nd ividual receiver and out l i nes 
the equations used to select components. 
The values I have chosen are standard and 
cou l d  be set c loser with the addi tion of trim 
pots, etc. In practice, this won't be necessary 
un l ess all ten channels are to be constructed. 

Output Latch 

The ou tpu ts of the set and reset tone 
detectors go to the set and reset fl i p  flop 
made from two NAND gates ( I C3a and 
IC3b ) . I f  either the set push button is 
pushed or ICl receives the proper s ignal , the 
fl i p  flop goes i n to the set s tate and the 
ou tpu t device is activated.  I t  wi l l  s tay i n  the 
"on " condition u nt i l  e i ther the reset push­
bu tton is pushed or a reset signal is received 
through IC2. 

Notes for Figure 1 .  
The sol id state relay noted i n  the schematic can be either a Sigma 226 R E 1 -5A1 as 
shown i n  photo 1 o r  th e h omebu i l t  u n it of ph oto 3 and f i gu re 4 .  M i n i m um current rating 
should be 6 A. 

1 .  
2 .  
3 .  

4 .  

5. 

A l l  resistors 1 /4 W carbon 5% u n l ess otherwise noted. 
Al l capacitors are 1 00 V ce ramic u n l ess otherwise noted. 
The values of L and C i n  the tuned f i l ter are computed for th e particular center fre­
quency chosen (see figure 2 ) .  I n  general L s h o u l d  be an adjustable s lug tuned in a 
range of 1 to 1 0  m H .  C wi l l  range from .001 to .01 . 
If this receiver is used on AC l i n es wh ich a l so power many i n d uctive devices such as 
motors and pumps, voltage surge protection may be req u i red on th e i nput. 
A 7400 can be substituted for the 7437 if  the set a n d  reset LEOs are e l i m i nated. 
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Figure 3: Selection of 
components for the tone 
decoder. 
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+5V 

4 

N E 567  
TONE  
DECOD E R  

7 2 

+5V 

1-'8"----+---\_____/ OUT P U T  

c 3  
OUTPUT  
F I LT E R  

Although the 7437 i s  qu i te capable of 
driving a s i l icon control led rectifier (SCR) 
d i rectly, tu rn ing on a triac i s  a bit m ore 
i nvolved. When the parts necessary to per­
form th is  fu nction cost more than a 
commercial sol i d  state swi tch, i t 's time to go 
commercia l .  There are experimenters who 
wi l l  want  to use SCRs because they h ave 
them, though . 

Figure 4 is a schematic of an al ternate 
1 000 W sol i d  state relay ; photo 3 is the 
prototype I constructed as an example. I t  i s  
important to note that, wh i l e  both the SCR 
and homebrew device in  figure 4 are opto­
isolated devices, the AC remote receiver 
i tself i s  not i solated, and care must be taken 
when probing i n to a p lugged-in un i t. In th is  
case, the only advantage of the opto-isolator 
i s  that it provides the required current to 
drive the SCR or triac ; a 7437 by i tself may 
not. SCR gate cu rrents have a wide variation 
( 1  to 1 00 rnA for various SCRs all rated for 
8 A) and a 743 7 does not have un l im i ted 
drive capabi l i ty. For some less current 
consum ing appl ications, a standard 7400 
can be u sed i nstead of a 7437. 

System Checkout 

There are two ways to cal i b rate th is  
system : trial and error (good for one or two 
channels on l y ) ;  or with the proper test 
equipment (necessary for three or m ore 
channels) .  I prefer the latter and wi l l  discuss 
that techn ique. 

The first th i ng  to do after bu i l d ing the 
transmitter i s  to determine what frequencies 
are being transmitted. Using the p rogram in 
l i sti ng  1 and a frequency counter attached to 
pin 6 of IC3 on the transmitter board wi l l  
aid cal i bration. The frequency output o f  the 
transmitter descr ibed last month wi l l  have 
256 possi b le val ues bu t not al l are requ i red 
at th is  time. A p rogram cou l d  be wri tten to 
scan slowly across al l frequencies and stop 
when the receiver p icks it u p. This method 
involves trial and error. I prefer to tu ne the 

Exampl e :  
for R 1 = 3 . 3  k and C1 = .01  

f0 = 33.3 kHz  

with C2 = .047 !iF 

Bandwidth ;, 1 600 H z  

c3 = . 1 !iF  

1 .  Sel ect R 1 and R2 

1 . 1 
fo ;, R 1 C1 
f0 = detection frequency (Hz )  

R 1 = ohms ( 1  k .;;; R 1 .;;; 20 k )  

c1 = farads 

2. Sel ect bandwidth of l ess than 2 kHz  for each 
frequency. For input  a mpl itude ;;. 200 mV 

BW ;, f0  c2 
f0 = detect ion frequency (Hz )  

c2 = ILF 

BW = bandwidth ( H z) 

and :  

3 .  c3 = 2 c2 min imum 

transmi tter to a known frequency, then tune 
in  the receiver. 

Once the transmitter is set up ,  the nex t  
project i s  the receiver. For reasons I 'l l  
descri be l ater, i t  i s  best t o  p lug  the trans­
m i tter and receiver i nto the same wal l socket 
i n i tia l ly  (use an extens ion cord if necessary) .  
Us ing the previous program, set the trans­
m i tter to continua l ly  transm i t  one tone i n  
the center o f  a channel ,  such a s  for channel 
1 (39 kHz}. Choose component values from 
figure 3 (figu re 1 is configu red for channel 
1 }  and adjust the coi l  s lug unti l  the 
maximum vol tage appears across the LC 
ci rcu i t  in the fi l ter section .  Reset the fre­
quency transm ission for the set frequency 
(3 5 kHz} and adjust the sensit iv ity pot u nt i l  
the LED at pin 8 of IC1 comes on. Fai l u re 
of the LED  to l i ght i ndicates any of the 
fol lowing: 

1 .  Insufficient transm iSSion ampl i tude :  
check transmi tter output. 

2. Wrong frequency transmitted or wrong 
components chosen for the receiver: 
check p rogram action and recheck 
calcu lations. 

3 .  Sensi tiv i ty pot m isadjusted :  attach 
scope to col l ector of 01 and note that 
sensitiv i ty pot tu rns s ignal on or off. 

4. Bad tone decoders. 

Once th is  phase i s  completed, set the 
transmitter frequency to the reset frequency 
(43 kHz) by entering the appropriate num­
ber  when runn ing  the  program of l isti ng  1 .  
Then check to see that the LED  on IC2 
l i ghts. The sensitivi ty pot may requ i re 
adjustment. The key is to fin d  a setting that 



G enerates ch aracter-by-character 
reversed video, red u ced intensity, 
block and l i n e  grap h i cs. 

1 024 characters - 1 6 l i n es x 64 
characters and uses 7 x 9 dot 
m atrix to p roduce an extre m e ly 
h igh q u ality, h igh resol ution 
d isp lay i m age. 

An eight bit paral le l  
port with latch ed 
strobe - m ay be used 
as a keyboard p o rt. 

Screen refresh 
m e m ory designed 
to operate with 
4MHz CPU clock 
rates. 

Vid eo output co nfo rm s  to RS-170 
req uirem ents - avai lable as co m ­
posite video o r  separate video 
and sync. 

C o m p letely assem b led and tested or i n  easy 
to bui ld kit fo rm. 

Circle 3 8 5  on inqu i ry card. 

Vector<iraphlc show and tell 
Vector<i aphlc show and tell 

ctor<iraphlc - - - - - tell 

Co m pati ble with S - 1 0 0  
bus m icroco m p u ters. Req uires o n ly +8Vdc at 
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O PTO I SOLATOR H I I C I  

5 
+ 

5 VOLT I N PUT 

I N400 1  2 4 

6 

47K  

100.0. 

G E  SC5 1  B 
OR 
G E  S C I 4 6 9  

1 20  VAC 
1 000 WATTS 

Figure 4: 7 0 A solid state relay suitable for use in a TTL to 7 7 5 VA C application. 

works for both set and reset frequencies 
simu l taneous ly .  This same procedure is 
repeated for any other channel . 

Using the System in the Home 

The transm itter is p lugged into any 1 1 0  
VAC ou tlet i n  the vic in ity of the compu ter. 

Photo 3: Homemade solid state relay (see figure 4). 

1 00 PR I N T  "WHAT I S  T H E  OUTPUT PORT N U M B E R  O F  T H E  TRANSM ITTE R "  
1 1 0  I N PUT N : R EM N I S I N D E C I M A L  
1 20 PR I NT "OUTPUT U PDATE V A L U E "  
1 30 I N PUT X 
1 40 OUTPUT N, X : R E M  X is sent to the transmitter DAC 
1 50 GOTO 1 20 

Listing 7 :  A simple BASIC program to aid the user in calibrating the trans­
mitter. A frequency counter is attached to pin 6 of IC3 in the transmitter in 
order to check the actual output frequency versus a typed in value. 

1 02 May 1978 © BYTE Publica lions Inc: 

Depend ing on the h ome, it may or m ay not 
transm i t  to a l l  outl ets i n  the house. Most 
homes have 220 V service which consists of 
two i ndependent 1 1 0 V AC I i nes. A fre­
quency transmitted i n to one l i ne may not 
pass over i n to the other l i ne with sufficient 
power to be detected at a l l  receiver l oca­
ti ons. I t  may be necessary to take one of the 
receivers and plug it i n to a number  of 
different outlets to determ ine wh ich are 
on the correct circu i t. This poten tia l  p ro­
blem is not u n ique with th is  particu lar 
design and is a factor to be considered in al l 
carrier cu rrent  designs. I n  m ost  cases, if 
there are suffic ient 220 VAC l oads in use, 
such as heaters and stoves, etc, the carrier 
frequency wi l l  pass eas i ly  th rough the l oads 
from one l i ne  to the other and the whole 
house wi l l  be covered. 

The most obvious appl ication of such a 
computer control system is a home l igh t ing 
system used i n  conju nction with a bu rglar 
al arm . The major problem with conven­
tional timer activated l ight contro l l ers 
is that thei r consisten tly repeated on and 
off periods are an immediate tip-off that 
no one is home. With this system and 
either a real t ime, time of day c lock, or  
tim ing  l oop function ing as a c loc k, the  on 
and off periods of  a number of l ights can 
be al tered dynamical ly .  The program wh ich 
accompl ishes this function can be imp le­
mented as eas i ly i n  BAS I C  as any of the 
test programs u sed to check out the AC 
remote control ler described in this artic l e . 

I hope that you have enjoyed th is l a test 
project and the hu morous as wel l  as u ti l i ­
tarian appl ications of such a system. I ' l l  
try to bring you s imi lar projects i n  the 
fu ture. I f  you have questions or  comments 
please feel free to write me and encl ose a 
stamped, self-addressed envel ope. 

Next month : d igi tized speech . •  

.. 



with a full-size, low-cost impact printer. 

U nt i l  now. the hobby ist  a n d  s m a l l  b u s i nessman have had one maj or  p ro b l e m  in asse m b l i ng a rea so n a b l y  pr iced 
m ic ro p rocessor system w i t h  the capa b i l i t ies  found i n  the m o re cost ly c o m p u te rs .  It was i m poss i b l e  to f ind  a 
h i gh-qu a l i ty ,  h i g h-output  p r i n te r  for h a rd copy needs at an afford a b l e  p r ice .  

Peri p h e ra l  V i s i o n  h a s  come u p  wi th  a sol u t i o n .  

W e  a re offeri n g  a f u l l -s i ze imp a c t  pr i nter  d e s i g n ed f o r  m i c ro p rocessors-and i t  c o m e s  w i t h  a m i n i  p r i ce .  P r i ces 
start as low as $540 for  the pr i n ter .  i n terface card k i t .  a n d  the power s u p p l y .  A n d  that  won't  i m pact you r  
pocketbook .  

· · 

Peri p h e ra l  V is ion 's  pr i nter i s  l oaded w i th  capab i l i t i e s .  Take a look 
• I t ' s  fast-1 20 c h a racters p e r  second 
• 96 c h a racters per l i n e ,  1 2  c h a racte rs per  inch h o ri zo nta l .  6 l i nes pe r i n c h  
• Makes u p  t o  4 cop ies s i m u l taneous ly  
• 5 x 7 c h a racte r matr ix  
• Ribbon has b u i l t- i n  re- i n kers for a l i fe of 1 0 ,000 .000 c h a racters 
• Paper c a n  be e i ther  a sta n d a rd 8 '/2- i nc h  rol l ,  fanfo l d  or c u t  page 
• I n terfaces to 8-bit  p a ra l l e l  ports (one i n put  & one output )  
• Com pat i b l e  w i th  the  S-1 00 b u s  ( use our  opt iona l  para l l e l  port card )  

J ust rem e m ber ,  Per i p h e ra l  V i s i o n  i s  c o m m itted t o  h e l p i n g  you get a l o n g  w i t h  you r com puter .  A s  a n  exa m p l e ,  
the p r i n te r  w e  a re offe ri n g  i s  h i g h  i n  q u a l i ty ,  l ow i n  cost a n d  w i l l  def i n i te l y  i m pact you r syste m .  O t h e r  exam ples 
i nc l ud e  F l op py Disk Dr ive  syste ms,  D i g i ta l  Cassette system s .  Stand A l o n e  A u d i o  Cassette i nt e rfaces and our 
i nexpens ive Keyboard.  

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

0 Send me m o re i n format ion o n  h ow to i m pact my compute r! 
0 O K ,  here's my $540, send a p ri n ter  k i t .  
0 Here's $695 for a n  assem b led & tested p r i n ter .  And t h a n k s l  

Name Company 

Address City State Z i p  
(Ban kAmericard/V I SA . Master C h arge o r  C O D's a l so welcome. ) 

Circle 300 on inqu i ry card. 

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

P.O. Box 6267 /Denver, Colorado 80206 303/777-4292 
BYTE May 1978 103 



Photo 7 :  The multiplier 
installed in 10 slot 7 of 
the SwTPC 6800 pro­
cessor system. The multi­
plier was constructed on a 
perforated board base, and 
is seen here between a 
parallel interface board 
and the power supply 
transformer. The heat sink 
for the multiplier 's on 
board regulator tends to 
dominate the board, and 
the multiplier integrated 
circuit itself is the white 
40 pin package partially 
hidden by a cable. 

How to Multiply in a Wet Climate 

Jack B ryant 
Mathematics Dept 
Texas A&M University 
College Station TX 77843 

Manot Swasdee 
E E Dept 
Texas A&M U niversity 
College Station TX 77843 

1 04 M.1y 1978 © 8Ylt Publicatiom Inc 

Part 2: Design Details 

In last month 's article, we discussed 
microprocessor arithmetic and how an 8 
by 8 bit two 's complement multiplier 
could do it faster. Specific examples, in 
Motorola M6800 assembly language, 
showed how multiple precision arith­
metic and quick matrix addressing could 
use hardware multiplication. We gave a 
logical block diagram of a circuit which 
would make the product (formed by a 
multiplier array) much easier to use. 
This month 's article contains details 
needed to construct and fully test a hard­
ware multiplier for the SwTPC 6800 
system using the TR W MPY-8Aj and 
eleven SSI and MSI TTL chips. 

This month we give detai l ed construction 
information on how to bui ld a wire wrap 
version of the hardware mu lt ip l ier  for the 
SwTPC 6800 system. Photo 1 shows the 
mu lt ip l ier  i nstal led i n  port 7 of the 6800, 
wh ich i s  the object of th is  effort. We used 
port 7 because the wire wrap p ins wou ld  be 
eas i ly  accessib l e  there and wou ld  not i n ter­
fere with other 10 i n terfaces. We begi n with 
some detai l s  about the SwTPC mother 
board address decoding. 

Addresses in  the 6800 are 1 6  bits, num­
bered from most sign ificant to l east signi­
ficant b it  as A1 5 ,  A 1 4  . . .  A1 AO. Decod­
ing ci rcu itry on the mother board traps any 
address starting with b inary 1 00 ( i e :  with 



The Electri c Penci l II i s  a Character 
Ori ented Wo rd Pro c e s s i ng S y s t em . Th i s  
m e a n s  t h a t  t e x t  i s  e n t e r ed a s  a 
cont i nuous st r i ng of c h a r a c t e r s  and i s  
man i pu l a t ed a s  su c h .  Th i s  a l lows t he 
user enormou s  f reedom and e a se i n  t h e  
movem ent a nd h a nd l i ng of t e x t . S i n c e  
l i nes are not de l i neated, any numbe r o f  
c h a r a c t e r s ,  w o rd s ,  L i nes o r  pa ragraphs 
may be inserted or de l et e d  anyw h e r e  i n  
t h e t e x t . T h e  e n t i r et y  o f  t he t ext 
shi fts and opens up or c loses as  needed 
in fu l l  v i ew of t he user. The typ i ng  of 
c a r r i a g e  r e t u r n s  a s  w e l l  a s  w o r d  
hyphen at i on  i s  not requi red s i nce L i nes 
of text are formatted automat i ca l ly .  

As t ext i s  typed i n  and t h e  e nd  o f  a 
s c reen L i ne i s  rea c hed, a p a r t i a l l y 
c o m p l e t ed w o r d i s  s h i f t e d  t o  t h e 
b e g i n n i n g o f  t h e  f o l l o w i n g  l i n e .  
Whenever t ext i s  i n s e r t ed or de leted, 
exi st i ng text i s  pushed down or pu l l ed 
up i n  a w rap a round fash i on .  Everyth i ng  
appears on the v i deo d i sp l ay sc reen a s  
i t  o c c u r s w h i c h e l i m i n a t e s  a n y  
guesswor k .  Text may be revi ewed at w i L L  
by va r i a b le speed s c ro l l i ng  both i n  the 
forward and reverse di rect i ons . By usi ng 
t he s e a r c h  or t he s e a r c h  a nd rep l a c e  
func t i on, any st r i ng o f  c h a r a c t e r s  may 
be L o c a t ed and/ or rep l a c ed w i th any 
other st r i ng of characters as desi red . 

When text i s  pri nted, The Elect r i c Penc i l II a u t omat i c a l l y i n s e r t s  c a r r i ag e  
r e t u rns where t hey a re needed . Numerous combi nat i ons of l i ne length, page l ength, 
L i ne spac i ng and page spa c i ng a l low for any form to be hand led . Character sp a c i ng ,  
BOLD FACE, mult i co l umn as we l l  as bi di recti ona l  pri nt i ng are i nc luded i n  the Di ablo 
v e r s i on s . Right j ust i f i cat i on  g i ves ri ght-hand marg i ns that a re even . Pages may be 
numbered as we l l  as t i t led . Thi s  ent i re page (except i ng the L a rge t i t les and L ogo)  
was pri nted by the Di ab lo ver s i on of The Electric Penci l II in  me pass. 

Now on CP/M 
You ' ve probab l y  seen 

The E lect r i c  Penc i l i n  
a c t i on by now .  I t ' s  t he 
most powe r f u l 8080 / Z 8 0  
c h a r a c t e r  o r i e n t ed word 
proce s s o r  on t he m a r k e t  
today. Mi chael Sh rayer i s  
now proud to pre s e n t  t he 
new Electric Penci l II. 

N E W F E A T U R E S : *** C P / M  C o m p a t i b l e * * *  D i s k  
Ope r at i ng System Suppo r t s  Two Di sk Dri ves *** S i mp le 
Fi le Management *** Qu i c k  and E a s y  D i s k  St o ra g e  and 
Ret r i ev a l  *** Dynami c  P r i nt Format t i ng  *** Mu l t i co lumn 
Pri nt i ng *** Pri nt Va lue C h a i n i ng *** Page-at-a-t i me 
S c ro l l i ng *** New B i d i r e c t i ona l Mu l t i speed Scro l l i ng  
Cont ro ls *** New Subsystem w i t h  Pr i nt Va l ue Sc o rebo a rd 
*** Automat i c  Word and Record Number Ta l ly *** Cassette 
B a c k u p  C a p a b i l i t y * * *  F u l l  M a r g i n  C o n t ru l  * * *  
End-of-Page Cont r o l  *** Non-Pri nt i ng Text Comment i ng 
*** Li ne and Paragraph Indentat i on *** 

Centering ,  Unde r l i n i ng and BOLD FACE 

The Electri c Penci l II i s  now avai lable on CP/M. Standard pri nt e r  ver s i ons 
Di ablo pri nter ver s i ons 

$225 . 
$275 . 

System Hardware MUST i n c lude : 

8080 or Z-80 Based Mi c rocomputer 
Printer (Diablo Hy-Term, TTY, etc . )  
Vi deo D i sp lay < VDM-1 ,  VTI o r  sa.J 
CP/M &,worted Di sk System or • • •  

North Star Mi ni-Floppy Di sk or • • •  

cassette Interface (Tarbe l l  or SOL) 

ID 
ss 

MICHAEL SHRAYER SOFTWARE 
3901 los Feliz Boulevard 
los Angeles, CA 90027 

(213)665-7756 

The Elect r i c Penc i l I i s  sti l l  ava i lab le for non CP/M users as fol lows : 

Versi ons Pri nter Vi deo Interface/Mass Storage Pri ce 

SS,SV,SP TTY or s i m i lar SOL/ Cuter,VDM-1 /Tarbe l l ,VTI/Ta rbe l l  $100. 
SSN, SVN, SPN TTY or s i m i lar SOL/NStar,VDM-1 / NStar,VTI/NSt a r  $125. 

DS, DV, DP Di ab lo Hy-Term SOL/ Cuter,VDM-1 /Tarbe l l,VTI/Ta rbe l l  $1 50. 
DSN, DVN,DPN Di ab lo Hy-Term SOL/NSt a r,VDM-1 /NSt a r ,VTI/NStar $175. 

Demand a demo from your dealer ! 

-
-

Circle 3 1 9  on i nqu i ry card . BYTE May 1978 105 



Table 7 :  Port 7 addresses 
and significance. Note that 
writing to the first three 
addresses is used to con­
trol the multiplication: 
address 807£ receives a 
control code, 807 C re­
ceives the X operand, and 
address 807 D receives the 
Y operand and simultan­
eously forms the product 
and clocks it into the 
output register P. 
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What H appens Whe
.
n the What H appens When the 

Hexadecimal Computer Writes into Computer Reads Data from 
Address this -Location this Location 

80 1 C  Clock the mult ip l icand into ... For th e l ast strobed product, read u 
M PY-8AJ register X .  ::J the left justified h igh order part '0 

2 of the products: PS, P 1 , . . .  , P7.  
c._ 

801 0 Clock the multipl ier i n to '0 For the l ast strobed product, read 
M PY-8AJ register Y and 1! th e left justified l ow order part of 
strobe the product into 

--
the product, with zero for the � 

product register P. c l east s ignif icant bit : P8, P9 , . . .  , 
:J P 1 4 ,  0 .  

80 1 E  Set control code: binary For th e l ast strobed product, read 
* * * *  *SFR > the overflow bit OV, then right 
F = strip sign X 0 justified and sh ifted product b i ts :  
S = strip sign Y 'O__c OV, PS, . . .  , P6. e.� 
R = set RO U N D  � ;:: 
* = "don't care" .c ..,  Ul u  

'"' "'  
80 1 F  N ot used ..C 'O  For th e l ast  strobed product, read 

Cl O  

a: a: the r ight justified and shifted 
product bits: P7, . . .  , P 1 4. 

Note: Using term inology of the MYP-8AJ and the previous article of this series, bits 
of the mul tipl ication data a re numbered 0 to 1 5, most significant to least s ignificant. 

Program Sequence: 
Set up control code (801 E ) .  
Store X mul tipl icand (801 C ) .  
Store Y mult ipl icand (801 D ) .  
Read a nd use shifted (801 E or  801  F )  

or unshifted (801 C or 801 D )  product bytes. 

A 1 5=1 , A 1 4=0, and A 1 3=0, hexadecimal 
addresses 8XXX or 9XXX where X means 
"don 't  care ." The last six bits (AS , A4, A3,  
A2 , A 1 ,  and AO) are exam ined to decode 
ports. For the first eight slots (one fu l l  
mother board ) ,  AS=O, and bits A4, A3, 
and A2 are decoded with a 74LS 1 38 3 to 
8 l i ne decoder. This  signal is port bus pin 1 :  
1 0  select. Remain ing bits A 1 and AO are 
buffered and become port bus signal RS 1 
and RSO, used by hardware plugged i n  a 
slot to select wh ich of the four bytes is 
being addressed . (Actual ly ,  we earl ier used 
the term "port" rather loosely to mean 10  
slot. We  now wish to  be  more precise and 
recogn ize that each 10  slot contains four  
ports.) 

A lthough the 10 slot is only four  bytes 
wide, the bytes which are read need not be 
logica l ly  the same as (or even related to) the 
bytes wh ich are wri tten to the same address. 
(Compare this with a memory where we 
wou ld hope they are the same ! )  Port bus 
s ignal RW tel ls hardware i n  an 10  s lot what 
to expect. To use our hardware mult ip l ier, 
we write (from the processor) i nto three 
bytes, and read from four  bytes of 10 s lot 
#7 . This  i s  summarized in  table 1 .  

I n  tab le 1 ,  th e MPY-8AJ registers X ,  Y 
and P are mentioned (along with ROU N D) .  
Figure 1 i s  a pinout drawi ng of the TRW 
product ( reproduced from the specifications 
sheets, cou rtesy of T RW E lectronics Sys-

Figure 7: Physical layout and pinout dia­
gram for the MPY-8Aj multiplier part, re­
produced from the specifications sheets, 
courtesy of TR W Electronic Systems Di­
vision, One Space Park, Redondo Beach 
CA 90278. Note that bits are numbered 
from 7 (most significant) to n (least signi­
ficant), a convention which differs from 
conventional microprocessor usage in which 
bit 0 is always the least significant. The text 
and . figures of these articles reflect the in­
verse ordering of the bit numbers on the 
multiplier side of the interface. 

NO. 1 LEAD 
IDENTI F I E R  

PR 5 1 T-v- 40 PR 4 

PR 6 2 39 PR 3 
PR 7 3 38 PR 2 

CLOCK P 4 � 37 PR 1 
T R I M  5 � 36  PR SIGN IMSPI 

TA I L  6 35 Y SIGN 
( LSPI PR SIGN 7 34 y1 

PR 8 8 33 y2 
PR 9 9 32 GROUND 

PR 10 1 0 <  � 31  y3 
PR 1 1  1 1  MPV-BA � 30  vee 
PR 1 2  1 2  TRW 29 y4 
PA 1 3  1 3 ' 28 vs 
PR 1 4  1 4  27 y6 x7 1 5 , � 26  y7 xe 1 6 '  � 25 ROUND 

x5 1 7  24 CLOCK Y 
x

4 
1 8  � 23 CLOCK X x3 19 ? 22 X S I G N  

x2 20 21 x1 
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POW E R  W I R I N G  TAB L E  

I C  +5 V Gnd 
N u m ber Type Pin Pin 

1 MPY-8AJ 30 32 
2 74 LS 1 1 1 4  7 

3 74 LSOO 1 4  7 

4 74 LS 1 0  1 4  7 

5 74 LS1 39 1 6  8 

6 74 LS74 1 4  7 

7 74LS74 1 4  7 

8 74 LS74 1 4  7 

9 74 LS 1 53 1 6  8 

1 0  74 LS 1 53 1 6  8 

1 1  74 LS 1 53 1 6  8 

1 2  74LS1 53 1 6  8 

1 3  74 1 25 1 4  7 

1 4  74 1 25 1 4  7 

terns Division) ,  the basic component of ou r 
mu lt ip l ier. Label l i ng bits as T RW does, from 
1 (most significant) to 1 4  ( l east s ignificant), 
we can write : 

X =  -xs + x1 2-1 + . . .  + x7 2-7, 

y 

p 

-1 2-7 
-ys + y1 2 + . . .  + y7 ; then 

X * y = -ps + P 1 2-1 + 

+ p 1 4  2
-1 4 + ROUN D · 2-8 

Signals CLOCK X and CLOCK Y move X 
and Y from the data bus to the mu lt ip l ier 
array i nput registers. In our app l ication,  we 
treat sign b its Xs and Ys d i fferentl y :  these 
are data bus signals ANDed with a control 
code bit wh ich i s  stored in a fl i p  flop and 
used to control stripp ing of s igns. 

The MPY-8Aj p i nout suggests an i nten­
tion of the designers to use the u pper and 
lower parts of the product i ndependent ly. 
In fact p in 5 ,  cal led T R I M ,  enables the three 
state output buffer for the most sign ificant 
part of the product (Ps P 1 . . .  P7 ) ,  and p in  
6 label l ed TRIL enables the l east sign i ficant 
Ps P8 . . .  P1 4· However, we are treating 
the product here as a s ing le  1 5  b i t  entity 
(wh ich we optional ly  return sh i fted l eft 
or right) ,  and do not requ i re the T R I L and 
TR IM signals s i nce external logic i s  em­
ployed in the c i rcu it .  

In our design the CLOCK P s igned i s  
generated 1 /2 c lock cycle after the stor ing 
in  (writ ing to) the Y register at hexadecimal 
address 801 D .  We cou l d  have used some 
other signal to clock the product i nto out-

+8 y 
UNREG. 

POWER SUPPLY WI R I N G  

Figure 2: The complete MPY-8Aj multiplier 
interface. The SwTPC (SS-50) and Motorola 
symbolic designations of processor · signals 
are shown at the left side of the diagram. 
RSO and RS 7 are signals derived from the 
low order address bits A O  and A 7 from the 
processor. 10 select is a signal from the 
SwTPC processor that indicates a reference 
to a range of four addresses; for slot 7 of the 
backplane these addresses are 807 C and 
807 F. 

put registers, but th is  wou ld  usua l ly  take 
another i nstruction. Usage of the m u l t ip l ier · 
can be summarized as fol lows : 

1 .  Set condit ion (which is set to 0 by 
RESET) . 

2. Store mu lt ip l icand X .  
3 .  Store mu l tip l ier Y .  
4 .  Read product as needed . 

The th i rd and fou rth steps may be repeated 
(for as many d istinct mu l t ip l i ers as are 
needed) without stor ing another X. How­
ever, the condit ion code wh ich prevai led 
when the last X was stored determines 
whether the sign of X is  str ipped.  The 
product remains unchanged u nt i l  another 
mu lt ip l ier i s  stored i n  hexadecimal  80 1 D. 
(The reason for stripp ing signs was exp lai ned 
l ast month .) 

One product of s igned 8 b it  n umbers 
treated as fractions seems "wrong" :  -1 x -1 
= -1 . Recal l that -1 is equal to the bi nary 
value 1 000 0000; there i s  s imp ly  no repre­
sentation of +1 as a s ignal b inary fraction. 
(Th i n king of the same binary numbers as 
i n tegers wi th the b inary point to the r igh t  
l eads to a d ifferent i n terpretation : there i s  
n o  1 5  b i t  two's complement representation 
of decimal 1 6 ,384 = 21 4. That is ,  the pro­
duct of -1 28 times -1 28 exceeds the 
capacity of 1 4  b its . )  Actual ly, the p roduct 
i s  correct "modu l o  2. " I n  any case, i t  
represents a n  overfl ow cond i ti on which 
needs to be flagged if poss ib le ,  main ly be­
cause i t  i s  so hard to detect with software. 
Lucki ly ,  w i th th is  design we h ave a spare b i t  

May 1 978 © BYTE Publications Inc 1 09 



Photo 2a: Component side 
of the multiplier board. 
The circuit is entirely 
socketed with wire wrap 
sockets. The Molex con­
nectors are mounted on 
the component side, with 
every other pin connection 
made by running wire 
wrap to solder termina­
tions on the component 
side. The overlay shows 
logical identifications of 
components from figure 2. 

1 1 0  May 1978 © B¥TE Publications Inc 

in a good p lace. The first bi t of hexadecimal 
location 801 D (which is usua l ly  0) . We turn 
th is bit on when the product of two negative 
nu mbers tu rns ou t to be negative. 

How to Bu i l d  the Mu lt ip l ier 

Figure 2 i s  a circuit d iagram of the 
hardware mu lt ip l ier. The prototype dis­
cussed here was bu i l t  in a few hours u sing 
the n ifty OK Machine & Tool Corporation 
WSU-30 hand w i re wrap tool ($5 .95 from 
j ames Electron ics and others) . 

Wire wrap D I P  sockets are inserted into 

Figure 3: Size and spacing of Molex con­
nector slots relative to lower board edge. 

r- 0.34 in� 
0 0 

EDGE OF BOARD 

Note:  The M PY-8AJ i s  ava i l able in  s ing le  unit  
quantities from TRW, One Space Park,  Re­
dondo Beach CA 90278. The authors have a 
few on hand for $ 1 00 postpaid. 

prepunched . 1  i nch grid Vectorboard. The 
layout of the in tegrated c ircu its is shown by 
the over lay on photo 2a. Molex sockets are 
used to p lug i nto SwTPC 1 0  ports ; th ree 1 0  
p in  connectors are needed . S i nce Molex 
connectors are not spaced on the .1 i nch grid 
of the Vectorboard,  slots must be  cut i n  
the Vectorboard t o  accommodate and hold 
the connectors. Figure 3 shows the d imen­
sions of the slots and their p lacement on the 
Vectorboard . Such slots can be made most 
eas i ly with a Dremel tool equ ipped with the 
tiny router type tip. The width of the slots 
is important :  i f  the slots are too wide, i t  
w i l l  be hard to get a sol i d  mounti ng. 

After all slots are cut, insert the con­
nectors with the p lastic hooks catch i ng the 
edge of the Vectorboard . Gently push the 
solder tabs into the slots, push ing the 
connector agai nst the Vectorboard wh i l e  
bending the extended solder tab  toward 
the edge of the board (see photo 2b ) . Wires 
may now be soldered to sol der tabs and 
brought to the proper wire wrap socket. We 
got a good mount ing with every other p i n  
straightened out  (so that on ly  ha l f  a s  many 
slots need be cut) . 

No unexpected su rprises accompany wi re 
wrapping the c ircuit, a l though the WSU-30 
requ i res a l i tt le practice before good tight 
wraps are obtained. 
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Photo 2b: The wiring 
side of the wire wrap 
prototype of the high 
speed multiplier. The 
Molex pins are bent over 
for mechanical support. 
All connections are wire 
wrapped with the excep­
tion of capacitors in the 
power supply and termina­
tions to the Molex con­
nector. 

The Digital Cassette Storage System 
with AUDIO CAPABILITY 

Co mpatible with all S-100 bus mi croc o mputer syste ms, alpha-1 
i s  the ideal storage syste m for use i n  any a p p l icati on . Your alpha-1 may be 

confi gured to uti l i ze from one to four d rives to p rovide  l i mit less capabil it ies.  
Alpha-1 is  a h igh ly  econo mical app roach to mass storage for your h ome computer, 

your business syste m, or  the c l assroo m. 

SEPARAT E  A U D I O  R E C O R D I N G  
This feature provides your system with 
capab ilities for: 
• Verbal student/computer interaction 
• Tal king games 
• Audio burglar alarm 
• intelligent p h one message system 

SPE E D  A N D  CAPACITY 
• Stores over SOO K bytes per C-60 side 
• Average access time for C-60 rape is 1 7  

seconds. 
• Load 8K i n  less than 1 1  seconds . 
• Data transfer rate at 6 2 5 0  baud. 

H A R DW A R E  
• Compatible with all popular S-100 bus 

microcomputers. 
• Audio track u n der computer control. 
• Replaces ROM/PROM monitors. 
• Independent motion control and read/ 

write electronics. 
• 2-button col d start capability. 

Circle 220 o n  i nqu i ry card. 

SO FTWARE 
• MCOS Operating System handles variable 

length named files, up dates, packs and 
copies with a single comman d .  I n cludes 
Editor, Assembler and Deb ugger . .  
all provided with alpha- 1 .  

• Extended B A S I C  (4.4) with MCOS for 

array handling and concaten ati on.  

• P D S 1 -a sophisticated editor/assembler. 

• Dynamic Debugger provides p rogram 

display, execution control and moni­

toring. 
• Games 

• AC R/Tarbell Load 

SYSTEM I N C L U D ES 
Mecadrive, case, controller, power supply, 
cabling, operating man ual and software on 
cassette. The n arural wood enclosure 
pictured here is optional. 

F R E E  B U Y E RS G U I D E !  
You d o n ' t  have all the facts about tape and 
disk systems until you have read our 
BUYER 'S G UIDE TO MASS STORA GE . . .  
Free for the asking! 

Available kit or assembled from dealers 
nationwide. For the dealer nearest you , 
write or p h o n e :  

IIICCJI 
7026 O.W.S. R oad, Yucca Valley, CA 92284 

(714)  365-7686 
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Table 2: A list of SwTPC 6800 computer system 10 bus pins and calculated 
worst case loading of these pins by the circuit of figure 2. The worst case 
loading is the current drawn when an input is in the logical 0 state. (The 0. 5 
A power supply loading into the regulator is not a logic signal, of course, and 
the GND pins have no such specification applicable.} 

Worst Cast 
' 

Worst Case 
P in  Signal Zero Level Load Pin S ignal Zero Level Load 

1 10 # -0.36 mA 1 6  D3 -0.42 mA 
2 R ES ET -3.60 mA 1 7  D2 -1 . 1 6 mA 
3 1 1 0 b N C  1 8  D1 -1 . 1 6 mA 
4 1 50 b N C  1 9  DO -1 . 1 6 mA 
5 300 b N C  2 0  RS1 -1 .80 mA 
6 600 b N C  2 1  RSO -1 . 1 8 mA 
7 1 200 b N C  2 2  I R Q  N C  
8 +8 u n reg 500 mA 23 N M I  NC 
9 +8 u nreg 24 I N D E X  NC 

10 R/W -0.72 mA 25 G N D  G N D  
1 1  ¢2 - 1 .08 mA 26 GND GND 
12  D7 -0.72 mA 27 +1 2 NC 
13 D6 -0.42 mA 28 - 1 2  NC 
1 4  D5 -0.42 mA 29 UD4 NC 
1 5  D4 -0.42 mA 30 UD3 NC 

Listing 7 :  Support software and test program for the hardware multiplier. 
This listing gives the complete source code and assembly listing of a 6800 
processor program which tests the operation of the multiplier circuit in a 
SwTPC 6800 computer system. The operation of the hardware multiplier is 
compared to an implementation of a version of Booth 's algorithm for signed 
two 's complement multiplication. 10 operations are performed with Motorola 
MIKBUG subroutines. 
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How to Test It: Booth 's Algorithm 

Listing 1 i s  a program wh ich repeated ly 
tests every function of the h ardware mu l ti ­
p l ier with every poss ib le comb ination of 
operands and condition code against a soft­
ware generated product. For each of eight 
val ues of the condit ion code, a l l  65,536 d if­
ferent products are formed and compared . 
This is a lot of logic and arithmetic, and we 
sought a more efficient software mu lt ip ly 
method than program M PY8SO i n  l isting 3 
of the fi rst part of th is  arti cle. Such an al· 
gorithm was d i scovered in  1 95 1  by Andrew 
Booth ; th is was qu ick ly coded u p  and tested . 
(Su rprise : in Booth 's notat ion ,  the algorithm 
fai l s  on the express ion m x r if r = -1 ,  al­
though i t  does eva luate -1 x r correctly .  The 
reason is that there i s  no two 's complement 
of -1 . That is, th is two's comp lement value 
overflows and the algorithm gets started 
i ncorrect ly .  The resu l t  i s m x -1 = m ,  wh ich 
i s  only correct if m equal s  0 or -1 . Booth 's 
"proof" rea l ly shows on ly that m x r is 
correct when r is regarded modu lo  2; si nce 
-1 and 1 are the same modu lo 2 ,  in some 
sense the algorithm works. I n  any case, an 
i ne legant fix i s  to in terchange m and r if 
r = -1 . )  

Algorithm 1 shows what the test program 
does, and algorithm 2 i s  (our mod ification 
of) Booth 's algori thm .  The test p rogram 
rings the system bel l  (ASC I I 07)  every t ime 
the cond i tion code changes, with every 
eighth be l l  r ing being rep l aced by a print of 
"OK."  Each complete cycle takes a l ittle 
over 3 1 /2 m inutes, with about 42 seconds 
separating bel l  r ings. ( Booth 's algorithm 
is abou t twice as fast as MYP8SO, al though 
i t  i s  trickier. We get about 1 560 tests per 
second [most of th is  time is spent i n  
BOOTH S] o r  about 641 J.l S  pe r  test . )  

Bus Loading 

One point we have neglected is the 
problem of how heav i ly  we are load ing the 
system bus. In order to al low the seven 
other slots to be fu l l  of 10 i nterfaces or 
other loads, we ind icate use of 74LS series 
TTL .  The worst case l oad i ng i s  shown 
i n  tab l e  2 .  The M PY-8AJ i nput  load ing 
is less than 1 rnA without input buffering. 
Tab le  2 also gives SwTPC bus pin num­
ber identifications. 

R E F E R ENCE 

Andrew D Booth , "A Signed Bi nary M ultipl ication 
Technique," Quarterly Journal of Mechanics and 
Applied Mathematics, volume 4 ( 1 951  ) , pages 236 
to 240. Reprinted in Computer Design and 
Development: Principal Papers, edited by Ear l  E 
Swartz lander Jr, Hayden Boo k Company,  R ochel le 
Park NJ,  1 976, pages 1 63 to 1 66 .  



Listing 1, continued: 

0 0 06 1 

O C 0 b 2  

0 0 0 6 3  

0 0 064 

C O Ob �  

0 0 066 

0 0 067 

O O O b tS  

C J 069 

0 0 0 7 0  

0 0 0 7 1  

0 0 0 7 2  E I C I  O L TEE t. 
0 0 0 7 3  8 0  t C  . .  
0 0 0 7 4  80 1 C  s• 
0 0 0 7 5  B O l E  u • P  

0 0 0 7 6  B O l F- L . P  

0 0 0 7 7  0 0 0 0  D C C I  M 

0 0 0 7 8  0 0 0 1  0 0 0 1  R 

O O C 79 0 0 0 2  O C 0 2  p 
0 0 0 8 0  ooo• 0 0 0 1 J l 

O O O t H  0 0 0 5  D C C I  J 2  

0 0 0 8 2  0 0 0 6  0 0 0 1  c c  
0 0 083 0 0 0 7  7F C O C 6  A G A I N  

0 0 064 O OO A 7F C O C 4  NEXTCC 
oooes 0 0 0 0  7F c o o s  N E X T  .J l  

0 0 08b 0 0 1 0  O E  C o  N E X T  .J2 

0 0 0 8 7  0 0 1 2  B 7  e o  t E  

O O Ob e  0 0 1 5  9 t  C 4  

0 0 0 8 ')  0 0 1 7  87 f O  lC 

0 0 0 9 0  'J O I  A 9 7  0 0  

0 0 0 9 1 00 I C  9 0  C 5  

0 0 09 2  D O l E  8 7  fO 1 0  

0 0 0 9 3  0 0 2 1  9 1  0 1  

0 0 094 

Algorithm 7 :  A test 
program for the multi­
plier. An equivalent soft­
ware multiply is used to 
compare the hardware re­
sult. The software multi­
ply, BOOTHS, is shown 
in algorithm 2. 

S l. C C F. S S  O F  T E. S T  l 5 I N D I C A T E D  t:IY 

._,EI-l i UU (( I H IIoG i hG CF T H E  B F. L L  A N U  

O U T P U T  O F  T h E  M E S S A G F  ' U K  E V E R Y  

C C JIIF L E T F C Y C L t:NG o r u  S TU P HE T F. S T  • 

P l-lt:. S S  ' � E S E T ' •  

E AC H  C Yt.: L E  CF T H C  T E S T  T A K E S  AI:HJU T  

F I VE ,. I NU T E S o T H I R T Y  SECONDS o W I T H  

T H E  BF L L  R l  I'I.<.> U �oG E V E R Y  4 2  S E  C C N D S  • 

t:. C V  S. E 1 0 1  M I K B U G  OU J P L T  S U B A O U T  I N f  

E CU S tS O l C  

E ac F M + l F O R T  7 

•oc F M + 2 v l A  S II T P o  

E C U  F M + J  

" "" l F l W S T  NUL T o  FCA BOOTHtS 

H Md SECONO 114UL T • 
" "" Pf'ODU C T o  

" " 8  ' R A W '  F I R S T  IIUL T o  

R M d  ' R A w •  StCt.:NO Joi U L T  • 

A M8 C Ct -.! 0 1  T I C  N o  

C L M  c c  
C L A  J l  

( L A  J 2  

L L.: A  • cc SET C C NU I T i t ,._  CODE 

S T A • U A P  UF H A R D W A R E  • 

L C A  J l  S TU�E F I R S T  

S T A FM lo4LL T l PL I C A N O .  

S T A  • M S A V E  F (JU liUOTH8 • 
L C A  • J 2  SAME FGA 

S TA • SM JillllJL T l PL I E R .  

S l A  • S A V F  F C A  B O C T H 8  • 

- - - - - - - - -,  

- - - - - - - -,  

_J 

_ _J 

Algorithm 2: BOOTHS, a faster S bit by S 
bit multiplication algorithm which replaces 
listing 3 of part 7 of this article in order 
to speed up tests of the multiplier circuit. 
As in part 7 of this article, the author 's 
original flowchart representations which 
were drawn with a computer controlled 
plotter are reproduced here. 
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Workhorse or 
Horseplay? 
----.- - , 

Software systems from TSC are designed for 
tough business and industrial uses on the job 
or just plain fun off the job. Whether you are 
looking for a system to be used primarily in 
a working situation or a system for the home, 
look into TSC software. 
Assembly Language Programs ( Includes 
Source Listings) 
SL68-29 6800 Text Processing System· $32 .00 
SL68-24 6800 Text Editing System· $23 .50 
SL80- 1 0  8080 Text Editing System $28 .50 
SL68-26 6800 Mnemonic Assembler· $23.50 
SL68- 1 9  6800 Micro BASIC Plus· $ 1 5.95 
SL80-9 8080 Space Voyage S 1 2 .00 
SL68-5 6800 Space Voyage· $ 1 2 .00 
SL68-27 6800 Disassembler S 9.00 
SL68-28 6800 Program Relocator S 8.00 
SL80-8 8080 Blackjack S 6.50 
*Kansas City Standard object code cassette 
tape available for an additional $6 .95 . 
Paper tapes available for some programs. 
Send 25C for complete catalog. 

BOX 2574 W. Lafayette , Indiana 47906 

"\...:=====::::::7 317-423 - 5465 

Specialists in Software & Hardware for Industry & the Hobbyist 

Circle 370 on inquiry card. 

Program-of-the-Month Club TM 

One year membership for $2 .00. Discounts 
offered with no obligations. 
To Order: Include 3% postage, $ 1 .00 handling 
on orders under S 1 0 .00, and Indiana 
residents add 4% sales tax. Check your 
dealer! 

TSC Monthly Feature: 
8080 Text Processing System 

O ver 50 commands in the Text Processor allow 
formatting capabilities such as multiple spacing, 
indenting. saving contiguous text. various forms 
of justification. titling. page numbering and line 
length control. Macros are supported for special 
user-defined formatting commands allowing 
footnotes. form letters. etc. There are even 
number registers for variable storage. condi­
tional commands. and terminal prompts. 

The text file must be edited externally. The TSC 
Text Editing System is recommended. as it and 
the Text Processor give your computer the power 
of the most complete text processing systems. The 
complete assembler language source listing 
is included. 

SL80- l l  8080 Text Processing System $32.00 
With Paper Tape $4 1 .00 
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Photo 4: The original rotating mirror, constructed from milled aluminum. 

Continued from page 1 8  
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tional accuracy of 0.01 i nches (0.025 em ) i n  
a volume of  3 by 3 by 6 i nches (7 .6  by 7 .6 
by 1 5.2  em ) ; yet  the system uses only a 
m in imal i n terface to an inexpensive XY 
osci l loscope d isp lay, and the program 
(wri tten here in MaxiBASIC) can run in as 
l i ttle as 1 8  K bytes of memory. 

A Sp inn ing M i rror 

Theoretical ly ,  a 3-D display cou l d  be 
bu i l t  by rap id ly  moving an osci l loscope 
d isp lay backward and forward in space. At 
any given moment, the d isp lay wou ld  be a 
certain distance from the observer. Any 
points d i sp layed at this time wou ld  appear 
to be at this depth. Of course, there are 

mechanical problems involved with th is  
techn ique. Fortunately ,  the same effect can 
be ach ieved by mov ing a m i rror i n  front of 
an osci l loscope screen and viewing the 
refl ection. This techn ique i s  i l l ustrated in 
figure 1 .  Here a vertical m i rror is rotated in 
front of the screen ,  caus ing the reflected 
image to move in space. Related techniques 
involv ing reflected d i sp lays are l isted in the 
references. 

Once a rotating  m i rror is bu i l t, d isp lay 
of a poi n t  in th ree d imensions becomes a 
matter of tim ing  and geometry. The vertical 
m i rror i s  the s implest to bu i l d .  I t  i s  also easy 
to compute the appropriate geometrical 
transformations. This  design does suffer 
from a l im i ted fiel d of view, h owever: the 
osc i l loscope screen i tse lf b locks the disp lay 
volume somewhat. Th is  type of rotating  
m i rror may be bu i l t  by moun ting  a metal l i c  
or  p lastic m irror on the  shaft of  a motor 
which can rotate at between 600 to 1 200 
rpm.  A variable speed motor offers some 
flex ib i l i ty in  the operation of the d i sp lay .  
Note: For  reasons of  safety, the  reflecting 
su rface of the m i rror shou ld  be made of 
either metal or refl ective p l astic (such as 
al um in ized Mylar) . DO NOT use a glass 
m i rror! 

An al ternate method of construction is 
shown in p hoto 4. Here a m i rror sl anted at a 
45° angle is mounted on the shaft of a 
motor, which is connected to a Variac vari­
ab le  speed motor control . This  m i rror was 
bu i l t  under a National I nstitute of Health 
grant. I t  was m i l led from a so l id b lock of 
6 inch ( 1 5  em ) diameter cyl i ndrical a lumi ­
num stock. The back of the mi rror h as been 
cut away for better dynamic balancing. The 

Photo 5: Close-up of the opto-coupler and 
white timing mark (a piece of tape). 



OSBORNE &-' ASSOCIATES , INC. 
The World Leaders In Microprocessor Books 

If you want information on microprocessors, begin with 

the Osborne books. 

PROGRAM BOOKS WRITTEN IN BASIC 

Payrol l  With Cost Accounting 
Accounts Payable And Accounts 

Receivable 
General Ledger 

These books may be used independently, or 
implemented together as a complete ac­
counting system. Each contains program 
listings, user's manual and thorough docu­
mentation. Written in an extended version 
of BASIC. 
#22002 (400 pages), #23002*. #24002* 

Some Common BASIC Programs 

76 short practical programs, most of which 
can be used on a ny microcomputer with a ny 
version of BASIC. Complete with program 
descriptions, listings, remarks and exam­
ples. 
#2 1 002 (200 pages) 
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ASSEMBLY LANG UAGE PROGRA M M I N G  

8080A/ 8085 Assembly Language Programming 

6800 Assembly Language Programming 

These books describe how to program a 
microcomputer using assembly language. 
They discuss classical programming techni­
ques. and contain simplified programming 
examples relevant to today' s microcom­
puter applications. 
#3 1003, 32003 (400 pages each) 

AN I NTRO D U CTION TO M I C ROCOM PUTERS 

Volume 0 - The Beginner's Book 

If you know nothing about computers. then 
this is the book for you. It introduces com­
puter logic and terminology in language a 
beginner can understand. Computer soft­
ware, hardware and component parts are 
described, and simple explanations are given 
for how they work. Text is supplemented 
with creative illustrations and numerous 
photographs. Volume 0 prepares the novice 
for Volume I .  
#600 1 (300 pages) 

Volume I - Basic Concepts 

This best selling text describes hardware 
and programming concepts common to all 
microprocessors. These concepts are ex­
plained clearly and thoroughly, beginning at 
an elementary level. Worldwide. Volume I 
has a greater yearly sales volume than any 
other computer text. 
#2001 (350 pages) 

Volume II - Some Real Prot:lucts 
(revised June 1 977) 

Every common microprocessor and all sup­
port devices are described. Only data sheets 
are copied from manufacturers. Major chip 
slice products are also discussed. 
#300 1A ( 1 250 pages) 

PROGRA M M I N G  FOR LOGIC DESIGN 

8080 Programming For Logic Design 
6800 Programming For Logic Design 
Z80 Programming For Logic Design 

These books describe the meeting ground 
of programmers a nd logic designers; written 
for both, they provide detailed examples to 
illustrate effective usage of microprocessors 
in traditional digital applications. 
#400 1 ,  #500 1 ,  #7001 (300 pages each) 
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6001 Volume 0- The Beginner's Book 

2001 Volume I - Basic Concepts 

3001A Volume 11 - Some Real Products ( 1977 edition) 

4001 8080 Programming For Logic Design 

5001 6800 Programming For Logic Design 

7001 ZBO Programming For Logic Design 

31003 BOBOA/8085 Assembly Language Programming 

32003 6800 Assembly Language Programming 
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Figure 2: Spinning mirror opto-coupler interface. A reflective opto-coupler (photo 5) is used to synchronize the position of the 
mirror with the program driving the display (photos 2b and 4). The circuit shown converts pulses from the opto-coupler to TTL 
level signals. Note the use of a feedback resistor at ICl to form a Schmitt trigger. 
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MOUNTED AS 
IN PHOTO 5 

mi rror and motor are housed in a p lywood 
frame, with al l i n terior surfaces except the 
mi rror face painted flat b lack to minimize 
reflections from room l ighting. 

The disp lay time of a point must be 
coord inated with the angle of the mirror. 
This is accompl ished with a timing mark on 
the side of the mi rror, consisti ng of a smal l 

4 9 8 17 18  
2 3 4 5 6 

I G I G  74 1 00  
OUTPUT PORT 2 ,  6, 1 0  . • .  

Figure 3: Modification to the Digital Group 10 board. The Z-80 processor, 
which forms the heart of the Digital Group computer, features a block output 
instruction (OTIR) that can output 7 byte every 9 J1S using the standard 
2.5 MHz clock. This degree of speed is needed to output the data needed for 
the 3-D display without using direct memory access circuitry. Adding the 
data ready line (shown in grey) to IC76 (Digital Group numbering) creates a 
status signal to the mirror circuitry. This avoids the necessity of using output 
bits from another port for this purpose, which would slow down the data 
transfer rate. (The choice of port 2 for the output port is particular to the 
authors ' system.) 
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SYNC  

E N ABLE 

piece of white tape which is viewed by a 
refl ective opto-coup ler. The opto-coupler is 
shown in photo 5. The unit consists of a 
matched phototransistor and l ight emitt ing 
diode (LED) mounted i n  a s ingle package. 
The d i rection of em ission and detection is 
away from the body of the package, so that 
i t  can detect the passage of a reflective sur­
face. Th is system uses a Fai rch i l d  Technol­
ogy Kit FTK0042 coupler. The c ircu i t  for 
converting  the l i ght levels to a TTL signal, 
taken from the documentation supp l ied with 
the kit, is shown in figure 2 and consists of a 
d river transistor connected to the input of a 
TTL gate. The output of the second i nver­
sion stage is connected th rough a resistor to 
the input to add enough feedback to form a 
Schmitt trigger. 

T im ing  and Disp lay of Points 

To obtain reasonable persistence in the 
d isp lay, a refresh rate of at l east ten frames 
per second must be main tained. A l though 
th is fl icker is sti l l  observab le, it does not 
seem to be too objectionable. Since the 45° 
mi rror we h ave been descr ib ing reflects the 
osc i l loscope screen during  someth ing  l ess 
than 1 50° of i ts rotation, this means that 
about 40 ms are avai lable to put up  al l of the 
d isp lay points. Al so, si nce the screen image 
is continual ly moving, an accuracy of about 
35 /.lS must be main tained i n  the tim ing  of 
the d isp lay points to ach ieve a 0.5% accuracy 
in the position of each d isp layed point in a 
typical image. Obviously, it is necessary to 
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Power Connections 

put up points as qu ickly as possible to ach ieve 
a reasonable density and accuracy in the dis­
p lay .  This e l im inates standard video d isp lays 
for the disp lay screen, s ince the display time 
of an ind ividual point cannot be control led 
to any better than 1 6  ms on a video d isp lay. 
I nstead, i t  is necessary to use an XY d isplay 
control led by digi tal to analog converters 
such as the "Beer Budget" graph ics in terface 
described in the November 1 976 BYTE, 
page 26. A l though any system with a ran­
domly addressable  XY di splay wi l l  work, i t  
is desi rable to  min imize the  amount of  time 
requi red to d isp lay each point so that the 
greatest possi ble number of points can be 
d isp layed. 

ory access ( DMA) c ircuit .  However, the out­
put  from a standard Digi tal G roup paral l e l  
10 port consists of  ju s t  the  e igh t  bits of data 
with no provision for control l i nes to indicate 
when the output byte is meant for the X 
d igital to analog converter and when it is 
meant  for the Y d igital to analog converter. 
Using one of the output b i ts of the port for 
control wou ld  al l ow only seven b i ts of resolu­
t ion,  whi le  us ing output bits from another 
port for control wou ld  requ i re add i tional 10 
i nstructions and wou l d  s low down the trans­
fer of data. I n  order to make use of the h igh 
output rate of th is i nstruction, the 1 0  board 
was mod ified as shown in figu re 3. The write 
strobe signal for output port 2 was fed to an 
uncommitted pin on the card to be used as a 
data ready s ignal . This was used, along with 
the port data, as input  to a control circuit 
for the digi tal to analog converters, as shown 
in figure 4. The choice of port 2 for the out­
put  port is particu lar to our system.  This 
control circuit is based on the schematic of 
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The Z-80 processor in the Digital Group 
system has a block output i nstruction 
(OTI R) which can output a byte every 9 JlS 
with the standard 2.5 MHz clock rate. This 
h i gh transfer rate to a pai r of 8 bit digital to 
anal og converters gives the lowest possible 
transfer time without a special d i rect mem-
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Figure 4: XY oscilloscope display driver. Two digital to analog converters (IC3 and ICS) drive the oscilloscope horizontal and 
vertical inputs by converting digital data from the computer 's output port into voltages. Horizontal and vertical data bytes are 
routed to their respective converters based on the status of flip flop IC7, which is controlled by the data ready line. 
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You can 't buy i nfo rmat ion 
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w h e re .  T h i s  is the book 

that eve ryo n e  who i s  i nto m i c ro­
comp uters needs fo r refe rence,  
for i d eas, fo r c l ues to p ro b l e m  
solv ing.  I t  i s  a t r u l y  authorita­
t ive text, feat u r i n g  easy-to-rea d ,  
easy-to- u n d e rsta n d  a rt i c l e s  by 
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g ro u n d  up.  Log i cal  a n d  com­
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g ram m i n g  y o u r  own c o m p uter  . . .  
step-by-ste p-by-step.  
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t ion.  Toys a n d  g a m es. S m a l l  
busi n ess acco u n t i n g  a n d  i nven­
to ry. And l ots, lots m o re. 
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Photo 6: Prototype board 
for the 3-D interface con­
structed on an Altair 
(5- 700) bus prototyping 
card. 

[ x , J 
[ v , J 

[ X2 ]  
[ Y2 ]  
[ 0 l 

[ F F ] 

[ X3 ] 
[ Y3 ]  

Table 7 :  Structure of the 
display table used to store 
the locations of points to 
be displayed on the oscil­
loscope screen. The points 
are represented by succes­
sive X and Y values,· empty 
locations are represented 
by hexadecimal (00, FF). 
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the " Beer Budget" graph ic display, to which 
we are indebted. 

The data ready pu l se is now used to toggle 
a fl i p  flop ( I C7) . A byte output when the 
fl i p  flop is h igh wi l l  go to a storage latch for 
the X byte ( I C1 ) ,  whi le the succeed ing out­
put  byte w i l l  be strobed into the Y storage 
l atch ( I C4) . At the same time as the Y value 
is stored, the previous X byte is transferred 
to another latch ( I C2) for display. IC2 and 
IC4 are both connected to 8 bit d igital to 
analog converters ( I Cs 3 and 5) which wi l l  
change the ir  output val ues s imu l taneous ly .  I t  
may be  necessary to  substitute s l ight ly dif­
ferent val ues for the +VR E F  resistors (R 1  
and  R4) to  obtai n a l i near output from the 
d igital to analog converters. 

A special condition of all 1 s  on the data 
i nput l i nes is detected by a NAND gate ( I C6) 
and used to reset the XY fl ip  flop to the Y 
state. This insures that the next byte from 
the output port w i l l  be the X byte of an XY 
pai r. 

This in terface circu it, along with the 
opto-coupler in terface, was wire wrapped on 
an Altair (S-1 00) bus prototyping card seen 
in photo 6 .  Only supply vo l tages were 
brought onto the card th rough the Altair 
(S-1 00) bus connector. I nput and output 
connections were made through a ri bbon 
cab le connected to a dual in l ine package 
( D I P) socket. 

Software Control 

The l ocations of points to be displayed 
on the osci l l oscope screen are stored in a 
disp lay tab le  as shown in table 1 .  This table  
consists of  a series of  XY pairs in successive 
locations in memory. Unused locations in 
the table are ind icated by an XY coord in ate 
pair, hexadec imal (OO, F F) .  The F F  value 
automatical ly sets the XY fl ip flop to the Y 
state. These unused l ocations in the table are 
a l l  d i sp layed at the same point in a corner of 
the screen. To prevent th is poin t from being 

d isp layed, the X and Y posit ions of the osci l ­
loscope shou ld b e  adjusted u nti l the po int  i s  
just out of the display fie l d .  Alternatively ,  
the output from IC6 (see figure 4) coul d  be 
used to gate a Z axis  ( i n tens ity modulation} 
signal on the screen, but th is is not con­
ven ient on many osc i l l oscopes. 

Several smal l mach ine language routines 
were written to provide support for BASIC 
software (see l isti ng  1 ) .  Level 1 Digital Group 
Maxi BAS IC  provides several unused pages in 
low memory for mach i ne language routines. 
The pages shown in these l ist ings are particu­
lar to th is level of Maxi BAS IC .  L inkage to 
these routines is th rough the extended 
BAS I C  function :  

Y = CALL(  A [ ,X ]  ) 

A is the 1 6  b i t  address of the mach ine rou­
tine. X is an optional 1 6  bit argument passed 
to the cal led routine in the D E  register pair. 
The val ue  of the function i s  contained i n  the 
HL pair when the routine  returns;  i n  many 
cases the routine wi l l  n ot return a computed 
val ue and the returned val ue  stored i n  Y wi l l  
b e  ignored by  the p rogrammer. Other  regis­
ters need not be p reserved. 

The first routi ne, SYNC, is a synchroniza­
tion routine that waits for a rising edge on 
the input l ine from the opto-coup ler. The 
routine first waits for a zero l evel , then waits 
for a one level . Whi le  waiting, the routine 
increments register pair H L, which p rovides 
a count  of the number of cycles spent in the 
wait loop. S ince the routine returns on ly 
after the transition from a zero to a one,  two 
successive cal l s  to SYNC wi l l  return in H L  
the number o f  wait l oops i n  one comp lete 
revol ution of the mirror (the val ue in HL  
from the fi rst cal l is ignored s i nce the posi­
tion of the m i rror when the routine is cal led 
is un known) .  The increment DE  i nstruction 
is added to the wait l oops as a do noth ing  
instruction which wi l l  lengthen the  l oop 
t iming to 40 mach ine cycles. This is exactly 
the number of cycles requ i red to output an 
XY pai r with the OTI R instruction .  The 
returned val ue in HL thus gives the wai ting 
time i n  terms of the number of poi n ts which 
can be disp layed in the same amount  of time. 

A tim ing  routine, T I M E, consists of two 
successive cal l s  to SYNC. 

The routine TSTORE  sets up  the param­
eters for c learing and disp laying the d isp lay 
buffer. I n  th is case, this consists of stori ng 
the number of 256 byte pages i n  the d isp lay 
buffer, passed in DE,  i n to storage l ocation 
N PAG E.  

The next  routine, D I S P, d isp lays the  d is­
p lay buffer. The buffer address is passed in 
DE .  N PAGE, assumed to be set by a cal l to 
TSTORE,  controls the number of OT I R cal l s .  



Register B wi l l  be zero at the beginn ing of 
each OT I R instruction, i ndicating 256 bytes 
to be transferred. Register E is l oaded from 
NPAGE to ho ld  the total number  of pages. 
Register C contains the output port number. 

Routine F I L L  uses the block transfer 
instruction LD I  R to rap id ly  c lear the d isp lay 
buffer. I t  is assumed that the number of 
pages has been preset by a cal l to TSTORE,  
and that the first two l ocations of  the  buffer 
contain the desired byte pair  to fi l l  the table .  
The address of the table  i s  passed in  DE 
when F I LL is cal led. This  address i s  moved 
to H L. Register DE is  then incremented 
twice. The LD I  R instruction moves the con­
ten ts of the location add ressed by H L  to the 
l ocation addressed by D E, increments H L  
and DE, decrements BC, and contin ues i f  BC 
is nonzero. Thus the first and second loca­
tions in the tab le  wi l l  be transferred to the 
th i rd and fourth , which will i n  turn be trans­
ferred to the fifth and s ixth , etc. S ince for a 
string of n words only n-2 moves are neces­
sary, BC is set to two less than the number 
of elements in the table .  

I n itial ization Routi nes 

Listin g  2 gives a s imple BAS IC  program 
to put up a d i sp lay .  The first few l i nes of the 
program are i n i ti al ization statements, which 
routines set up  the d isp lay table  and com­
pute various parameters for the d i sp lay con­
struction . Normal ly ,  they wi l l  begin any 
BAS IC  routine to d rive the sp inn ing m irror. 
Many of the statements are specific to the 
current revision of Dig ital Group Maxi­
BAS IC, s ince they make use of knowledge of 
the memory al l ocation used by the BAS IC  
interpreter. 

Since it was desi rable to be ab le  to run 
the program on a m in imum D igi tal Group 
Maxi BAS IC  system ( 1 8  K bytes) , w ith Maxi ­
BAS IC  extend ing up  to 1 3  K, we used BAS I C  
arrays for the display buffer. Extra memory 
wou ld  have perm itted ded icated areas i n  
h igh memory add resses to  be  used with the 
knowledge that BAS I C  wou l d  never extend 
up to these areas. This  wou l d  h ave permitted 
cleaner code, but the more comp l icated code 
requi red i s  a usefu l lesson in the i ncorpora­
tion of the i nternal data structu res of an 
operating  system in to the code of a h igher 
l evel l anguage. 

A stri ng in Maxi BAS I C  consists of a series 
of 1 byte elements. The maximum number 
of elements i s  g iven by the D I M  statement 
for the stri ng, but  the actual length of the 
str ing may vary dynam ica l ly as the p rogram 
executes, becomi ng any length from zero 
elements (an "empty" string) to the maxi ­
mum stated in  the D I M  statement. When the 
D IM statement i s  executed, an empty string 

Listing 7 :  Assembly language and machine language versions of five utility 
programs called by the programs in listings 2 and 3. The latter two programs 
create 3-D images in the rotating mirror (photo 4). S YNC is a synchronization 
routine that examines the input from the opto-coupler and counts the num­
ber of wait loops in one complete revolution of the mirror. Routine TIME 
consists of two successive calls to S YNC. This is necessary because S YNC 
may count a partial revolution on the first call. TSTORE sets up the para­
meters for clearing and displaying the display buffer. DISP displays the 
display buffer, and F! LL  uses the Z-80 block transfer function LDIR to 
rapidly clear the display buffer. 

BOO 2 1  0 0  0 0  
B 0 3  23 
B04 1 3  
BOS D B  0 2  
B 0 7  CB 47 
B09 C2 03 OB 
BOC 23 
BOD 13 
BOE DB 02 
BIO CB 47 
Bl2 CA oc 08 
BIS C9 

SYNCHRONIZATION ROUTINE 

WAIT FOR RISING EDGE FROM 
OPTO ISOLATOR CONNECTED TO BIT ZERO 
OF PORT 2 

ORG OBOOH 
SYNC' LD HL,O 
S L I '  INC HL ;INCREMENT TOTAL NUMBER OF CYCLES 

INC DE ;WASTE SOME TIME 
IN A,2 ;INPUT SYNCHRONIZATION BYTE 
BIT O,A ;AND CHECK BIT 0 
JP NZ,SLI ;NOT ZERO, LOOP BACK 

SL2' INC HL ;DUPLICATE ABOVE CODE 
INC DE 
IN A,2 
BIT O,A 
JP Z,SL2 ;BUT WAIT UNTIL BIT IS ONE 
RET 

TIMING ROUTINE 

GET TIME BETWEEN TWO SYNC MARKS 

ORG OB20H 
B20 CD 00 OB TIME' CALL SYNC 

CALL SYNC 
RET 

B23 CD 00 OB 
B26 C9 

828 7B 
B29 32 20 OB 
B2C C9 
B20 00 

B30 OS 
B31 CD 00 OB 
B34 E l  
B 3 S  O E  0 2  
B 3 7  06 00 
B39 3A 2D OB 
B3C SF 
B3D ED 83 
B3F I D  
840 2 0  F B  
B 4 2  C9 

B48 62 
B49 6B 
B4A 1 3  
B4B 1 3  
B4C 3A 20 OB 
B4F 47 
BSO OS 
BSI OE FE 
BS3 ED BO 
BSS C9 

OBOO I 2 1  0 0  
OB08 I 4 7  C 2  
O B I O  I CB 47 
O B I 8  I 00 00 
OB20 I CD 00 
OB28 I 7B 32 
OB30 I DS CD 
OB38 I 00 3A 
OB40 I 20 FB 
OB48 I 62 6B 
OBSO I OS OE 
READY 

00 
03 

STORAGE ROUTINE 

STORE NUMBER OF PAGES IN DISPLAY BUFFER 

ORG OB28H 
TSTORE' LD A,E 

LD (NPAGE),A 
RET 

NPAGE' DB 0 

DISPLAY ROUTINE 

DISPLAY BUFFER USING BLOCK OUTPUT INSTRUCTION 

DISP' 

DL I '  

ORG OB30H 
PUSH DE 
CALL SYNC 
POP HL 
LD C,2 
LD B,O 
LD A,(NPAGE) 
LD E,A 
OTIR 
DEC E 
JR N Z , D L I  
RET 

;PUSH PAGE ADDRESS 
;WAIT FOR SYNC EDGE 
;POP ADDRESS 
;LOAD PORT ADDRESS 
;LOAD COUNT (2S6) 
;LOAD PAGE COUNT 

;OUTPUT ONE PAGE 
;DECREMENT NUMBER 
;RECYCLE I F  NOT DONE 

FILL ROUTINE 

FILL' 

23 
OB 

FILL ENTIRE DISPLAY BUFFER WITH CONTENTS OF FIRST TWO BYTES 
NPAGE MUST BE SET BY A PREVIOUS CALL TO TSTORE 

ORG OB48H 
LD H,D ;MOVE PAGE ADDRESS 
LD L,E 
INC DE ;DESTINATION ADDRESS 
INC DE ;IS TWO HIGHER 
LD A,(NPAGE) ;NUMBER OF PAGES TO MOVE 
LD B,A 
DEC B ;SUBTRACT TWO 
LD C,OFEH ;FROM TOTAL NUMBER OF BYTES 
LDIR ;FILL 
RET 

13 DB 02 CB 
23 1 3  D B  02 

CA oc OB C9 00 00 
00 00 00 00 00 00 
OB CD 00 OB C9 00 
2D OB C9 00 00 00 
00 OB El OE 02 06 
2D OB SF ED B3 I D  
C9 00 00 00 00 00 
13 13 3A 2D OB 4 7  
F E  E D  B O  C 9  00 00 
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increasing 
memory 
addresses 

Listing 2: A BASIC program (written in 
MaxiBASIC) to create a 3-D "square spiral" 
(see photo 7 ). 

READY 

L I S T 1 0 , 3 3 0 

10 A= 2 66 2 4 - FR E E < r.J l  

2l! D I M  S $ C  Sli!li!li! l 

3(J tJ9= EXAM C A · 3 l  

ltJ N I = N 9 • 1 2 8 

5l S $= CHR H ii! l + C H R $ C 2 5 5 >  

6li! F I LL A ·  I ,  N9 

7� D=CALL C I I • 2 5 6+ 40 , N9 l  

80 D= CALL C I I • 2 56+ 7 2 , A l  

90 !'l EM  

1 0 0  REM C O M P \JT E A N D  D I SPLAY BOR DER O F  D I SPLAY 

1 1 0  DATA 1 , 0 , 0 , 1 , - 1 , 0 , 0 , - 1  

1 20 5 = 8  

1 3 0  X = 0  

1 40 Y = 0  

1 50 K =  I 

1 60 FOR N = l TO 1 0  

1 7 0  R ES TO !'l E  

1 8 0  FOR E =  I '!' 0  4 

1 9 0  READ X I , Y I  

200 FOR S l = l  TO 3 1  

21 0 X=X+ S * X I 

220 Y=Y+ S • Y I  

2 3 0  S ! C K , K l = CH!'l ! C X l  

240 S $ C K +  I , K +  I l = C H !U C Y l  

250 K = K +  2 

260 N EXT 5 I 

270 NEXT E 

280 N EXT N 

29 0 R EM Dl SPLAY BUFFER BY !'lEPEATED CALLS TO DI SP 

3(!0 # " DO N E" 

3 1 0  D=CALL C 1 1 • 2 S 6+ 4 B , A l  

320 G O TO 3 1 0  

330 EN D  
!'lEADY 

header byte 

maximum length - l ow order byte 

- h igh order byte 

current length - l ow order byte 

- h igh order byte 

data bytes of stri ng 
( if  any ) 

maximum 
length of 

string 

free space 

Figure 5: Structure of a string in level 7 Maxi BASIC. 
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is created at the fi rst avai lab le l ocation in 
memory. The str ing is stored i n  memory as a 
header byte, fol l owed by two bytes giving 
the maximum length  of the strin g, two bytes 
giving the current length of the stri ng, and 
final l y  the data bytes of the string itsel f. 
This structu re is shown i n  figure 5. 

The Maxi BAS IC  function F REE (O} 
returns the current amoun t  of available 
memory. This avai lab le memory is expanding 
and contracting  during  the execution of the 
program as memory for new variables are 
al l ocated and scratch areas for intermediate 
resu l ts are a l located and released. By experi­
mentation, i t  was found that the statements 

1 0  A=26624-F R E E (O) 
20 D I M S $ ( 5000} 

at the beginning of a program left A po inting 
to the first data byte of the string S$ ,  here 
shown arbi trari l y  as 5000 elements l ong. The 
number 26624 (26X 1 024) i s  the total num­
ber of memory bytes i n  our  system.  

The max imum ava i lab le  number of pages 
is determined in l i ne 30 of l ist ing 2 by 
exam i n ing the beginn ing of the string S$ .  
This is used to compute the  maximum num­
ber of XY pai rs i n  the buffer by noting that 
1 28 pairs are in each page. Variable N 1  ho lds 
the resu l t  of th is computation. The first two 
locations in the string S $  are set to the 
defau l t  values of a blan k point by state­
ment 50. The l ength of S$ is adjusted by the 
F l  LL statement in l i ne  60. Location N PAGE 
in the assembly routine area is set to the 
number of pages by statement 70. Routine 
Fl LL is cal led in stateme,nt 80 to clear the 
data bytes of S$ to an empty disp lay buffer. 

One of the easiest d isp lays to set up is an 
i l l umi nation of the borders of the d isp lay .  
The remai nder o f  the program in l ist ing 2 
fi l l s successive l ocations in the d isp lay table  
wi th the  addresses of poi n ts around  the 
border of the osci l l oscope screen. After the 
tab le  is fi l l ed, the program disp lays the buffer 
with repeated cal l s  to D ISP. 

A photograph of a typical d isp lay using 
th is routine is shown i n  photo 5. This disp lay 
shows, at the same time, the avai lab le dis­
p l ay volume for a given configu ration of the 
m i rror and screen, the number of points 
avai lable i n  the d isp lay buffer, and the 
effects of various motor speeds and synch ro­
n ization angles. I t  is a good way to experi­
ment with the physical configu ration of the 
d isp lay before going  on to more soph isticated 
displays. 

The i l l um inated edge disp lay is converted 



by the sp inn ing  m i rror into a true th ree­
dimensi onal d isp lay .  Since the ou ts ide edge 
of the screen is i l l um inated, the very edges 
of the avai lab le d isp lay vol ume w i l l  be dis­
p layed. Manipu lation ofthe relative posit ions 
of the osc i l l oscope screen and the m i rror wi l l  
show the poss ib le d i sp lay vo l umes in  d iffer­
ent orientations before you settle on a final 
positi on .  Different positions and angles for 
the screen give d isp lay volumes of d ifferent 
si zes and shapes. 

S ince the d isp lay buffer is fu l l ,  the h i ghest 
poss ib le point  density is d isp layed. This 
makes i t  poss ib le  to judge the best tradeoff 
of fl icker rate versus h igh po int  density at 
various motor speeds. 

Computation of Point Locations 

Figure 6 shows the orientation of the 45° 
mi rror with respect to the osci l l oscope 
screen .  The m i rror rotates about the Z axis 
and the screen is perpendicu l ar to the X axis. 
Suppose we wish to d isp lay a poi n t  at a 
certain l ocation .  I t  is then necessary to com­
pute the l ocation of a po int  on the d i sp lay 

C i rcle 2 7 0  on i n q u i ry card. 
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Figure 6: Orientation of the diagonally sliced spinning mirror. The mirror is 
rotated by an angle 8 about the Z axis; the screen is perpendicular to the X 
axis. To compute a point at a certain location, it is necessary to compute the 
location of a point on the display screen and a mirror angle which will create 
a reflection at the desired location. 
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f ( 9 )  

D 

(
E (ROOT )  / 

-r----------�--------����----��----- 9  l B C '---...__/t F  ( ANOTHER  ROOT) 

FIRST GUESS FOR 
LOCATION OF ROOT 

Figure 7: The Newton-Raphson method for determining the roots of an 
equation. One of the steps necessary in order to calculate the mirror angle for 
a given point in the 3-D display is to find a particular root of the equation 
f(8) = -Xi sin28 + Yi sin8cos8 + Zi cos8 + Xd = 0. One way to calculate the 
desired root is to use the Newton-Raphson method: a first guess is made of 
the location of the root (ie: where the function crosses the X axis); the guess 

· (point A) is obviously wrong, so the first derivative of the function is 
calculated and then evaluated at the point  guessed. This gives the slope of the 
function at that point (point  A). The process is repeated, but this time 
following the slope line down to the X axis to determine the next guess 
(point B). A fter a few iterations, the value converges rapidly to the root at 
point E. Complications can occur if a second root of the function is possible, 
as at point F in this example, or if the slope is too flat, as at point D. 
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screen and a m i rror angle which wi l l  create a 
reflection at the desi red l ocation. Depending 
on the l ocation and s ize of the screen, of 
course, there may not be a point that wi l l  
create the desired image point. For a given 
image point  (Xi , Yi , Zi ) ,  the equations for 
the corresponding display point (Xd, Y d' Zd) are :  

Xd = Xi s in28 - Yi sin8 cos8 

- Zi cos8 (Eq 7} 

Y d = -Xi s in8 cos8 + Yi cos28 

- Zi sin8 (Eq 2) 

Zd = -Xi cos8 - Yi sin8 (Eq 3) 

Xi = Xd sin28 - Y d sin8 cos8 

- Zd cos8 (Eq 4} 

Yi = -Xd sin8 cos8 + Y d cos28 

- Zd sin8 (Eq 5} 

Zi = -Xd cos8 - Y d sin8 (Eq 6} 

We know that the disp lay point must l ie 
on the face of the screen, which is at a fixed 
location on the X axis. This gives us an equa­
tion we can solve to find a mi rror angle for 
the disp lay: 

f(8 ) = -Xi s in28 + Yi s in8 cos8 

+ Zi cos8 + Xd = 0 (Eq 7) 

One method we can use to solve th is 
equation i s  known as Newton 's method (also 
known as the Newton-Raphson method) .  I t  
i s  frequently  used to compute other mathe­
matical functions such as square roots. Sup­
pose we h ave an equation, l i ke equation 7 
above, which gives a val ue  for any input 
value of some number 8 .  We want to find a 
value  of 8 for which the computed function 
is zero (cal led a root of the equation) .  Figu re 
7 shows a p lot of a function we might be 
testing. Suppose we start ou r search for the 
solution by checking point A. The value  of 
the function here is too h igh, but we can use 
it to make an educated guess about the next 
point to try .  This is done by com puting the 
slope of the function at point A and extend­
ing the slope down to the horizontal axis 
(point B ) .  Th is i n tersection point becomes 
the l ocation for the next guess. If the func­
tion is a straight l i ne, th is  one computation 
wi l l  give the right answer. If the curve i s  not 
changing very m uch from a straight l i ne, it 
wil l sti l l  be a very close estimate. From this 
new starting poi nt, another guess may be 
computed (point C). The p rocess is repeated 
unti l  the answer is close enough to zero to 
be satisfactory . 

One potential p roblem with this method 
i s  that an estimated point may be chosen for 
which the sl ope is too flat (point D, for 
example) . This gives a new val u e  that is 
much too far away ; i n  th i s  case it is better 
to move over sl ightl y on the curve and try 
the computation again .  Another  l im itation 
of the method is that on ly one zero value  
wi l l  be found at a time, although there may 
be more than one root of the equation 
(point F in figure 7, for instance) .  In ou r 
case, a m i rror angle may be found wh ich re­
qu i res that the d i sp lay point be off the face 
of the osci l l oscope screen even though there 
is another angle that gives a usab le  d i sp lay 
point. 

The slope of equation 7 at a given 8 is 
computed by find ing its first derivative : 

f '(8 ) = -2Xi s in8 cos8 + Yi (2cos28-1 ) 

-Zi s in8 (Eq 8) 

and eval uating i t  for the given 8 .  
Once the sl ope is computed, a new val ue 

for an estimate of the m i rror angle i s  com­
puted using the equation : 

(Eq 9) 



Listing 3 gives a complete BAS IC  program 
to put up a three-dimensional l i ne  d rawing. 
The sam ple DATA statements at the end of 
the program d raw a smal l  house wi th a tree, 
shown in a stereo view in p hoto 3 .  

The in i tia l ization statements discussed 
above are in l i nes 1 0  th ru 90. A cal l to T I M E  
i n  l i ne  1 40 returns the total number o f  d is­
play points in one revol ution i nto variable 
N2. The l ocation and size of the screen is 
then read into the variables XO, YO, Y1 , ZO, 
and Z 1 . 

The l ocati on of the po int  d isp layed when 
both the X and Y d igi tal to analog conver­
ters are set to zero is (XO, YO, ZO), us ing the 
orien tation shown in figu re 6. Note that in 
this orientation, the X digital to analog con­
verter moves points i n  the Y axis and the Y 
digital to analog converter moves poin ts in 
the Z axis. The size of the screen is given by 
variables Y1 and Z1 , with the sign of these 
variables indicati ng the d i rection in which 
points move when the val ues to each digital 
to analog converter increase. For the i n ter­
face used in this demonstration, a 4 by 4 
inch ( 1  0 by 1 0  em ) disp lay is generated with 
the zero poin t  in the upper righ t corner; Y1 
and Z1 are th us 4 and -4, respectivel y. 

The next variable read, N3,  is the angle in 
degrees of the m i rror when the tim ing  mark 
is sensed. This angle is converted to rad ians 
in l i ne 1 70. L ine 1 90 then reads the l ocation 
of the origi n · of the p lot i n to variables X ( 1  ) , 

X (2) , and X(3 ) . This is the l ocation of the 
point in th ree-dimensional space which wi l l  
be referred t o  as (0, 0 ,  0) during  the p lot. A l l  
locations given in the p lotting commands 
which fol low are given relative to this origi n .  
Being able to  specify the  l ocation of  the 
begi nning  of the p lot  makes i t  easy to move 
the disp l ay to different l ocations in space. 

Choosi ng  an origi n for the p lot  can be 
tricky, s ince the screen reflects i n to a curved 
volume as the m i rror rotates. Runn ing the 
border disp lay program above can he l p give 
an estimate of a good start ing poin t. An­
other method is to use equations 4, 5, and 6 
to compute the reflected posit ion of the 
center of the osci l l oscope screen at several 
different m i rror angles, and to use these as 
start ing points for the d i sp lay .  

The remain ing data statements are a series 
of p l ot commands. These consist of an 
i n teger command code, wh ich may be fol­
lowed by add i tional numbers. 

The resolution code (-1 ) is fol l owed by a 
fl oating point n umber giving the spac ing 
between points when drawing l i nes. Th is  i s  
stored in variable D2. 

A p lotting  command code ( 1  or 2 ) is fol­
lowed by the coord inates, in inches, of the 
location of the end of the next l i ne. If the 

code is a 1 ,  dots wi l l  be computed and dis­
p layed along a l i ne from the coord i nates of 
the last command (stored in X6, Y6, and 
Z6) to the coord inates in the p resent com­
mand (stored in X5, Y5, and Z5 ) . The dots 
wi l l  be spaced accordingly to the resol u tion 
parameter D2. I f  the code is a 2 ,  the curren t 
location wi l l  be moved to the i ndicated 
point, but no points wi l l  be drawn. This is 
used to move to the start of a new l ine  when 
no connection is desired with the l as t  l i ne .  
These commands are s imi lar to rnotions with 
the pen down or up on a conventional 
p lotter. 

The end code (9999) ind icates that al l 
the l i nes are d rawn and that the completed 
image may be d isp layed. 

Listing 3: A BASIC program (written in MaxiBASIC) to create a 3-D house 
(see photo 3). 

READY 

L! ST 

10 A = 2 E 62 4 - F R EE C � I  

20 D I M  S $ C  50 0 0 1 

33 N 9 = EXAM C A - 3 1  

lfll N I = N 9 * 1 2 8 

50 S $ = CH P. $ C 0 1 + C H R $ C 2 5 5 1  

60 F I LL A - I ,  N 9  

7 0  D = C ALL C I I *.2 5 6 +  4 0 , 119 I 

80 D=CALL C 1 1 • 2 5 6+ 7 2 , A I  

90 !'. EM  

1 0 0  R EM OPAl-' P R O G RAM 8 / 1 1 1 1  

1 1 0  REM 

1 2 0  R EM ORAl<' A S ER I ES OF P O I NT S  IN S T !'A I G H T  L I N E S  ON THE SP I NN I NG 

130 R EM M I RR O R  llS I NG P L O T T ER - L I K E  C O MMMl D S  

1 40 N 2 = CAL L C  1 1 • 2 5 6 + 3 2 1  

1 50 ?EM 

1 6 0 R EA D  X 0 , Y0 , Y I , Z 0 , Z I , N 3 
1 7 0  N J = - N 3 1 1 8 0 • 3 - 1 4 1 59 

I R "l  R E'1 R E A D  O R I G I N  

1 9 0  R EA D  X C I  I . X C 2 J , X C 3 1  

200 !'. EM R E A D  C OMMA N C  

2 1 0  ?. EAD N 0  

2 2 0  I F  N 0 = 9 9 9 9  T H E N  4 6 0  

230 I F  N 0 = - l  T H EN 44e 
240 R E M  PL O T T I �lG T O  N EV P O I N T ,  R EA D  I N  C O OR D I N A T ES 

250 R EA D  X 5, Y 5 , 7. 5  

260 I F  N 0 = 2  THEN 4 2 0  

2 7 0  I F  N 0 < > 1  T H E N  50 0 

280 REM ORAl<' FtlOM OL 0 TO N EV I<' I TH S P A C I N G O F  02 

290 R EM C O MPUTE Nl'MBER OF P O I N T S  I N  N 5  A N D  S PA C I NG S  IN X 7 ,  Y 7 ,  7. 7 

300 D= SQRT C C X 6 - X 5 J f 2  + C Y 6 - Y 5 1 • 2  + C c 6 - 7. 5 J f 2  I 

31 0 N 5= I NT C 01 02 I +  I 

320 X 7 =  C X 5 - X 6  I IN 5: V 7 =  C Y 5 - Y 6  I IN 5: 7. 7 =  C 7. 5 - Z  6 J  IN 5 

330 REM NOI-' PL O T  EA C H  0 0 I NT 

340 FOR J= I TO N 5 

350 X 6 = X 6 + X7 : Y 6 = Y 6 + Y 7 : 7. 6= Z 6+ Z 7  

360 X 9 = X 6+ X C  I I : Y9 = Y 6+ X C 2 J  : 7. 9 = 7. 6+ X C 3 1  

37 0 G O S UB 6 8 0  

380 R E M  S T O R E P O I N T I F  C O N V ERG E D  

390 I F  Z > 0  THEN G O  S UB 5 2 0  

lill 0 N EXT J 

41 0 R EM C H AN G E  L O CAT I O N OF C U R R EN T  D O I NT 

420 X 6 = X  5: Y 6 = Y  5: Z 6 = 7.  5 

430 G O T O  2 1 0  

440 R E A D  02 

450 GOTO 2 1 0  

460 REM P l'T UP D I SPLAY 

470 P R I NT "DON E" 

480 D= CALL C I I • 2 5 6 + 48 , A I  

49 0  G O  TO 4 8 1'!  

50 0  " P I NT " B A C'  "L O T  C O M M A N D  . . 
51 0 S T O D  

5 2 0  P EM L I ST S T O P E  '1 0 llT i tJ E  

530 " EM X AN [' v AP E P O I NT S  O N  S C R EEN: c I S  " O S I T I ON I N  L I S T 

540 R EM C H ECK X AN I: Y V I �H ! N  B O I"l>J D S  

550 I F  X > 2 54 0 �  Y < �  ! l i EN N "X O F F  S C AL E : " : X : P ETIJPN 

56 0  I F  Y > 2 5 4  OR Y< 0 THEN I "Y OFF S CAL E :  " : Y : R ETURN 
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Listing 3, continued: 

57 0 ?E!i CHECK BY T E  NUMBER Z2 C c 7. + 7. > I N  L I S T .  

:B �  REM I F  P O S I T I O N NOT EMPTY, CHECK NEXT P O S I T I ON 

590 7. 2 = 2 • I N T C !  l 
(,00 I F  Z 2 > N 1 + N 1  THEN I ''L ! S T " O SN TOO B ! G : '' I Z : R ETURN 

61 0 I F  A S C C S $ C Z 2 J J = 2 5 5  THEN 640 

620 Z 2 = 7. 2 + 2 : G O TO 600 

630 REM OK P O S I T I ON FOUN D .  S T O R E  

6 4 0  S $ C � 2 - 1 . J = C HR $ C X J  

650 S $ C Z 2 J = CHR $ C Y J  

66 0  I !  2 

67 0 RETURN 

ffi 0  REM C O N V ER S I ON R O UT I N E FOR P O I N T S  X9, Y9, � 9  

690 R EM X 0 , Y 0 , Y 1 , Z 0 , Z 1  A R E  A S S L'MED T O  B E  I N I T ! AL ! Z EI: 

700 R EM X , Y, Z  A R E  Ol!TPUT AS X AN D Y ON S C R EEN, & L I S T  P O S N  

7 1 0  R EM  I N I T I AL I Z E  L I M I T S AND START I NG VALUES 

720 N9= 20 

730 T 9 = . 0 1  

740 F9= . 3 

750 J 9 =  1 

760 REM S T AR T I NG ANG L E  C T8 J  W I LL BE L A S T  VALUE C OMPUTED T O  

7 7 0  R E M  S P E E D  I T ERAT I ON 

780 C 8 = C O S C T8 J  : . S 8 = S ! N C T8 J  

790 REM COMPUTE FUNC T I ON W H I CH I S  TO G O  TO Z ER O· 

800 F= l 9 • C 8  + Y 9 • S 8 • C8 - X 9 * S 8 • S 8  + X0 

8 1 0 REM T E S T  B EL OI.I THRESHOL D 

820 I F  A B S C F J < T9 THEN 9 9 0  

830 R EM  COMPUTE DER I VA T I VE 

840 D9= - Z 9 • S 8  + Y9 * C 2 • C 8 • C 8 - 1 J - X9• 2 • C 8 • S 8  

850 REM COMPUTE N EXT S T EP 1./ I TH N EI.I T O N ' S  M ETHO C 

860 REM CHAN G E  BY STANDARD AMOUNT I F  DER I VAT I VE I S  T O O  SMALL 

870 I F  ABS C D9 J < , 0 0 5  T H EN D9= . 0 0 5  

880 R EM O R  S T EP 1./0 UL D  B E  TOO B I G  

89 0 F= F / D9 :  I F  ABS C F J > F9 THEN F = F 9  

90 0  T8 = T 8 - F  

9 1 0 REM CHECK T O O  MANY I T ERA T I ON S  

920 J 9 = J 9 +  1 : I F  J 9< = N 9  T H EN  7 8 0  

930 I " D I DN T  C O N V ER G E  F O R " , X 9 , Y9 , l 9  

940 R EM S ET D I DN ' T  CONVERGE FLAG 

950 Z = - 1 

960 RETURN 

970 R EM CON\'ERGEI:I CONVERT ANGL E T O  L I S T P OS I T I ON MOD N2 

980 R EM C N2 = L ENGTH O F  L I S T >  

990 Z = C N 3 - T8 J • N 2 / ( 3 . 1 4• 2 >  

1 0 0 0  I F  Z > 0  T H EN  1 0 2 0  

1 0 1 0  Z = Z + N 2 : G O TO 1 00 0  

1 0 2 0  I F  Z < = N 2  THEN 1 0 4 0  

1 0 3 0  Z = Z - N 2 : G O T O  1 � 0 0  

I 0 �0 REM COMPUTE X A N D  Y P O S I T I O N  O N  S C R EEN 

1 0 50 R EM N O T E  THAT X ON S C R EEN C O R R E S P O N DS TO Y IN C O OR D I NA T E  SPA C E  

1 0 60 REM A N D  Y T O  Z 

1 0 7 0  X = - X9 • S B • C 8 + Y 9 • C 8 • C 8 - Z 9 • S 8  

1 0 8 0  Y= - X 9 • C 8 - Y 9 • S 8  

1 0 9 0  R EM CONVERT FROM L O CAT I ON I N  I N CHES T O  DAC OUTPUT VALUE 

1 1 00 X= 2 50 • C X- Y0 J /Y 1  

1 1 1 0 Y= 2 50 * C Y- � 0 J / 7. 1  

1 1 2 0 R ETURN 

1 1 3 0 R EM O ? ! G ! N  AND S I Z E  Of C R T  

1 1 40 D A T A  4, - 4 ,  4 ,  5 , - 4  

1 1 50 R EM  ANGL E O f  M ! RP O !'  AT SYNC 

1 1  6� DATA - 2 2 

1 1 7 0 r EM  R EL AT I V E O R I G I N  O F  P L O T  

1 1 8 0 DATA - 3 , 2 . 5, - 5 . 5 

1 1 9 0 R EM R ES OL UT I ON OF P L O T  

1 2 0 0  DATA - 1 , . 1 5  

1 2 1 0  R EM  DP.AI.I ! NG O f  HOUS E 1./ I TH T R E E  

1 2 20 R EM  fRAME 

1 2 3 0 DATA 2 ,  1 ,  - 1 ,  1 

1 2 40 DATA 1 ,  1 ,  - 1 , 0 , 1 ,  1 ,  1 , 0 , 1 , 0 , 1 , 0  

1 2 50 DATA 1 , 0 , 1 , 1 , 1 , 0 , - t , ! ,  t , t , - 1 , 1 

1 2 60 DATA J ,  I ,  J ,  I ,  1 , 0 , 1 ,  1 ,  2, J ,  1 ,  I 

1 2 7 0  DATA 1 ,  1 ,  1 , 0 , 2 , 0 ,  1 , 0 , 1 , 0 , - 1 , 0  

1 2 8 0  DATA 1 , 0 , - 1 . 1 ,  2 , 0 , - 1 , 0 , 1 . 1 , - 1 , 0  

1 2 9 0  R EM R O O f  

1 3 0 0  DATA 2 , 0 ,  - 1 . 1 ,  1 , . 5, - 1 . 1 .  5, 1 . 1 , - 1 , 1 

1 3 1 0  DATA 2 , . 5, - 1 , 1 . 5, 1 , . 5, 1 , 1 . 5, 1 , 0 . 1 . 1  

1 3 2 0  2 , . s, t .. t . s, 1 ,  1 , 1 ,  1 

1 3 30 REM D 0 0 !1  

1 3 40 DATA 2 , . 5, 1 , 1 . 5, 1 , 1 , 1 , 1  

1 3 50 DATA 2 .. .  4 , - 1 , 0 ., 1 , . 4  .. - 1 ,  . s  .. t ,  . 6, - 1 , . 5., t ,  . 6, - 1 , 0  

1 3 60 R EM OATH 

1 3 7 0  DATA 2 ,  . 4 , - 1 , 0 , 1 ,  . 4 , - 2 , 0  

1 3 80 DATA 2 , . 6 , - 2 , 0 , ( , . 6 , - 1 , 0  

1 3 9 0  R E!i  T R E E  

1 40 0  DATA 2 , 1 , - 1 . 5, e . t . t , - 1 . 5. t . 2 

1 4 1 0  DATA 2 , 1 , - 1 . 5, . 2, 1 , 1 . 4 , - 1 . 5  . .  6 

1 4 20 DATA 2 , 1 , - 1 . 5  . .  4 , 1 . 1 , - 1 . 1 5, . 6 5  

1 4 3 0  DATA 2 ,  1 , - J . S, . 6, J ,  . 7 ,� - t . S, . 9  

1 4 40 DATA 2 , 1 , - 1 . 5, . 8 . 1 , 1 , - 1 . 7 5. 1 . 0 5  

1 4 50 DATA 2 , 1 , - 1 . 5. 1 . 1 . 1 . 2 , - I . 5. 1 . 2 

1 4 60 DATA 9 9 9 9  

READY 
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These p lot commands are decoded in 
l i nes 2 1 0  th ru 270. Lines 280 thru 450 then 
compute the coordinates of the points to 
be d isp layed. The total d istance D between 
the l ast point and the current one is com­
puted in l i ne 300. This is d iv ided into an 
integer number of steps, NS ,  of sizes X7, Y7, 
and Z7. Then each of the NS points is gen­
erated by cal ls to two subroutines wh ich 
store values in a digital to analog conversion 
table  corresponding to each point. Once al l 
points are computed, the coord inates of the 
current l ocation are stored as the p revious 
one ( in X6, Y6 and Z6), and the next 
command is extracted from the DATA 
statements. 

If the end command (9999) i s  detected, 
l i nes 470 thru 490 are executed .  These put 
up  the d isp lay by repeated cal ls to D ISP. 
Another way to generate the d i sp lay is to 
use the tim ing  mark to generate an interrupt. 
In th is way the BAS I C  program may be 
interrupted du ring the computation of the 
disp lay points, and the d i sp l ay buffer m ay 
be viewed as it is being constructed. Mixed 
resu lts were obtai ned when us ing  this 
method with Max iBASIC;  some points 
wou ld  be computed incorrectly i f  a mode 2 
h ardware interrupt were sensed in the m id ­
d le  of a computation. Another way to view 
the d isp lay buffer as i t  is being  bu i l t  i s  to 
occasional l y  put up  a d isp lay for a few revo­
l utions of the m irror. 

Coord inate conversion is done in the sub­
routi ne in  l ines 680 to 1 1 20.  Variables X9, 
Y9, and Z9 contain the coord inates of the 
point to be converted. Variable N9 control s  
the number of  iterations of Newton's 
method to be attempted unti l  a given accu­
racy, T9, is reached. The angle of the m irror 
used in each iteration, T8, is in itial l y  set to 
the l ast val ue computed by the conversion 
routine. S ince, frequently ,  many points w i l l  
be  p lotted close together, th i s  is a good fi rst 
estimate of the angle of the mi rror. T8 wi l l  
be set to zero b y  Maxi BAS I C  the first time 
this routine is entered. 

Dur ing each iteration, the test function F 
is computed ( l i ne  800) . I f  th is is bel ow the 
tolerance l evel (T9 ) ,  the routine  h as con­
verged and the d isp lay points can be com­
puted. Otherwise, the s lope 09 is computed 
( l ine 840) .  This is used to compute the next 
test point in l i nes 870 to 900. 

Once the routine h as converged, T8 is 
converted to the appropriate position, Z, i n  
the d isp l ay buffer. The  values for the X and 
Y digital to analog converters are then com­
puted from the Y and Z coord inates, respec­
tively, of the image poi nt. 

F ina l ly ,  the computed val ues are stored 
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in the d isp lay buffer i n  the subroutine from 
l i nes 520 to 670. This routi ne checks that 
the values for X, Y and Z are with in  bounds, 
and stores them in the first empty location 
in the d i sp lay buffer after the desired 
location . 

Final Thoughts 

We hope th is artic le wi l l  encou rage 
readers to experiment with 3-D graph ics. 
The advantages of the technique are immed­
iately apparent when it i s  demonstrated, and 
the appl ications i nc lude such areas as com­
puter aided design and arch i tectural p lann ing 
as wel l as  action games.• 

Constructing the M i rror 

The sp inn ing m i rror used for the develop­
ment of the th ree-d imensional graphics 
descr ibed in this artic le was mach i ned from 
a sol id b lock of al um inum .  I t  was produced 
u nder the auspices of a National I n stitute of 
Heal th grant, and is obviously an impractical 
solution to m i rror construction for the per­
sonal computer experimenter. 

We d id ,  however, bu i ld  an a lternate, in ­
expensive, rotating  m i rror that is qu ite ade­
quate for produc ing th ree-d imensi onal 
images. It uses surp lus  parts avai lable from 
the dealers who advertise in th is magazine .  
The rotating  m i rror e lement is fabricated by 
cutti ng a 45° angle th rough a short section 
of cardboard ma i l i ng  tube of between 3 and 
5 i nches (7 to 1 2  em) in d iameter. Th is angle 
can be cut us ing the template shown in 
figure 8. The piece of mai l ing tube shou l d  
be  kept qu i te short. A piece of  a lumin ized 
My lar fi lm ,  avai lable from some art supply 
houses {or from Edmund Scien tific Co, 
300 Edscorp B ldg, Barrington N J 08007), i s  
cut  s l i gh tly  larger than the 45° angle end of  
the tube. The My lar  i s  then stretched over 
the end of the tube and taped to the tube's 
side. This shou ld be done by first stretch ing 
the Mylar a long the l ong ax is of  the 45° cut  
and tack ing down the Mylar with short 
pieces of tape, then stretch ing  the Mylar 
across the short ax is and tap ing  th at axis 
down. Then work around  the rest of the 
edge, tap ing opposite sides, and us ing care 
not to produce any wri nk les, unti l  the enti re 
edge is taped down. 

Any motor can be used to sp in the m i r­
ror, as long as it i s  a type whose speed can be 
con trol led with a Variac or motor speed con­
trol ler. A flywheel cut from plywood or 
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3-D I magi ng," Spectrum, volume 6, pages 37 
thru 43, 1 969. 

a luminum and mounted to the motor  s haft 
is attached to the cardboard tube. I f  a mai l ­
ing tube can be found  with a removable end 
cap,  the cap can be mounted to the flywhee l  
p late and the tube can then s imply be 
s l i pped into the end cap. 

The motor and Variac shou l d  be mounted 
i ns ide a sturdy enclosure. The motor sh aft 
shou l d  project up  th rough a ho le  i n  the en­
c losure; the flywheel and tube are then 
mounted to the shaft outside the enc losure. 
Motor, flywheel and tube shou l d  be care­
fu l ly cen tered and balanced. The temp late 
for cutti ng the 45° angle th rough the tube 
can also be used as a pattern for a p iece of 
black paper to be glued to the outside of the 
tube. The motor enc losure shou l d  be painted 
b lack to min im ize refl ections. 

If the motor used h as a shaft at both ends 
of the motor h ousi ng, a b lac k  d i sk, 3 inches 
{7 em ) or so in diameter, can be attached to 
the shaft inside the enc losure .  The reflective 
opto-coup ler described in the artic le can be 
mounted to the insi de of the enc losure i n  
cl ose prox imity to  the edge of  the  d i sk. A 
piece of white tape appl ied to the edge of 
the d isc wi l l  then trigger the opto-coup ler 
each time the motor makes a revo lu tion.  If 
the motor only has a shaft at one end, the 
opto-coup ler  wi l l  have to be mounted out­
s ide the encl osure, with the piece of white 
tape fastened to the cardboard tube. Guard 
against ambient l ight triggering  the opto­
coupler if  the l atter method i s  used. 

Ligh t  baffles and sh ie lds for the mi rror 
shou l d  be experimented with ; cauti on 
shou ld be observed around the sp inn ing m i r­
ror, as with any piece of moving mach inery .  

William Harris 
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set convers ion : the ATV Research " Pixe­
Verter," which uses the rad io frequency 
( R F) modu lator method, and the Pickles 
and Trout TVM-04, which uses the d i rect 
video entry techniq ue. 

The RF modu lator method has the 
advantages of s imp l icity and general ity. 
The modu lator c i rcuit i s  easy to construct, 
and no modifications to the TV set are 
requ i red . The ci rcu it board can be mou nted 
inside your computer or other v ideo source, 
and any TV set can be u sed s imply by 
cl ipp ing two wi res onto the antenna ter­
minals. The d i sadvantages are that the 
number of characters that can be d isp layed 
across a l i ne is l im ited, and that certa in 
precautions must be taken to avo id troub le  
with the Federal Communicat ions Com­
mission. 

When a video signal is u sed to modu late 
a very high frequency R F  signal which is 
then fed through the receiver c ircu its of a 
TV set, bandwidth l im itations are encoun­
tered . The practical l im i t  i s  about 3.5 M Hz, 
which is enough to d isp lay at most about 
32 characters per l i ne .  Photo 1 shows the 
ki nd of d i sp l ay you can expect when using 
an RF  modu l ator such as the Pixe-Verter. 
The video source here is an Ohio Scientific 
I n struments Model 4408 video board, and 
the television set i s  a H i tach i  Model PA-8, 
purchased new for about $90 from a 
discount house i n  Boston MA. 

When assembled, the Pixe-Verter l egal l y  
becomes what the FCC cal l s  a "Class 1 TV 
device. "  S ince the device is actua l ly  a tiny 
TV broadcast transmitter, the FCC doesn't 
want you to broadcast signal s which wi l l  
create i nterference on  you r  neighbor's 
TV sets. Actual ly,  the device is so l ow 
powered that in my experience interference 
is scarcel y  noticeable  on a TV set more than 
a few feet away. The un i t  should be 
enclosed in a metal box (a typical personal 
computer cab inet i s  fi ne) ,  and sh ie lded cable 
shou ld  be u sed to connect the u n it to the 
TV set. Photo 2 shows the Pixe-Verter 
mounted in the space provided on the OS I 
4408 video board. The u nit  requ ires a - 5 to 
- 6.5 V supp ly, but th i s  can be obtained by 
isolating the printed circu it  board from the 
video board and reversi ng the power con­
nections from the computer's +5 V supp ly .  

The s imp l icity of the R F  modu l ator 
method, as compared with the d i rect video 
entry method, can be i l l u strated by compar-

Photo 3: This inside view of the Hitachi Model PA -8 television set shows how 
the TVM-04 printed circuit board is mounted on the metal frame near the 
power transformer. 

Photo 4: The TVM-04 lines up with the back of the TV set 's plastic cabinet, 
giving access to a shielded cable connector for the video signal and a switch 
for selecting either normal program viewing or the computer generated 
display. 
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Photo 5: This view shows where modifications must be made to the underside of the Hitachi SX chassis printed circuit board. A 
foil trace carrying the video signal is cut and routed through shielded wire to the external switch, and a small disk capacitor (at 
top with spaghetti tubing on legs) is attached across a spark gap to improve the set 's response to abrupt black and white changes. 
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ing the instructions that come with the 
Pixe-Verter (eigh t  steps l isted on one page) 
with the instructions suppl ied with the 
Pickles and Trout TVM-04 (5 1  very d etai led 
steps on six pages) . The d i rect v ideo entry 
instructions a lso requ i re you to dr i l l  h oles 
in metal and p lastic, cut a p rinted circu i t  
board foil trace wh i l e  being careful not  to  
scratch other foi l traces a quarter of  an inch 
away, and remove a molded p lastic boss 
with a hot kn ife or other instrument. More­
over, when working inside the TV set 
cabinet, there is some danger of accidenta l  
breakage and implosion of the TV p icture 
tube !  Direct video entry is not for the 
person who has never soldered before. I f  
you are i n  th is position, ask your friend ly  
local computer store to he lp  you .  But  
the  experienced hobbyist can put together 
the Pickles and Trout k i t  without hazard 
in about half a day ,  and the resu l ts are 
we l l  worth it. 

I bought the Hitach i  Model PA-8 TV set 
with the intention of eventua l ly  converting 
it to d i rect video entry, since the Pickles 
and Trout TVM-04 is specifical ly designed 
for use in sets with the H itach i  SX chassis 
(Mode ls  P-03, P-04, P-05, P-08, P-53, P-63, 
etc) . The design of th i s  set fac i l itates swit­
ching between normal program v iewing 
and d i rect video entry, and p rovides suffi­
cient bandwidth to d isplay as many as 96 
characters on a l i ne. The TVM-04 is 
mounted on the TV set 's metal frame 
near the power transformer, as shown i n  
photo 3,  and l i nes up  with a flat area on 
the  set 's p l astic case to p rovide a p rofes­
sional looking external switch and sh ie lded 
cab le connector (see photo 4) . Sh ie lded 
wires are ru n to the point on the set's 
pr inted circuit board where the foi l  was cut, 
and a smal l capacitor is a l so so ldered across 
a spark gap to l imit the overshoot and 
ringing of the video amp I ifier when the 
video signal abruptly changes from b l ack 
to white (see photo 5 ) .  For comparison, 
photo 6 shows the same video source 
as photo 1 ,  us ing the same Hitach i  TV set 
as photo 1 ,  but with the d i rect video entry 
mode. As one would expect, the d isp lay 
is much cl earer, more legible and more 
stabl e  than the d i sp l ay obtained with the 
Pixe-Verter. For what i t 's worth, the two 
methods can be used together :  I can view 
either of two computer generated d isp l ay s  
at the fl ick o f  a switch !  

One consideration that  must be  borne 
in mind when using the TVM-04 is that the 
modifications to the set void the manu­
facturer's warranty. Hence it pays  to post­
pone making the mod ifications u nt i l  you 
have owned and operated the set for a 
whi le and are sure that it is work ing pro-

Photo 6: The same display source as that of photo 7, produced on the same 
TV set, but with the aid of the Pickles and Trout TVM-04. Note the sharpness 
of this direct video display in contrast to the R F entry of photo 7 .  

Photo 7: To illustrate the wider field possible with the Pickles and Trout 
direct video conversion, the 64 character display of a SOL-20 was used with 
the converted television perched on top of the SOL. We made no attempt 
to adjust the controls of the television set to remove the overscan con­
dition evident in this photo of the Processor Technology L !  FE demon­
stration program 's output. 
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Our MacroFloppy™ 
goes twice the distance. 
For $695. Introducing the Micropolis MacroFioppym : 1041 and 1042 disk drive sub­

systems For tile S-100/8080/Z-80 bus. Packing 100% more capacity i nto a 
5X -inch floppy disk than anyone else. 143K bytes, to be exact For as little 
as $695. 

Tile MacroFioppy:1041 comes with the M icropolis Mod I floppy packaged 
inside a protective enclosure (without power supply). And includes an S-100 
control ler Interconnect cable. M icropolis BASIC User's Manua l .  A d iskette con­
taining Micropolis BASIC, and a compatible DOS with assembler and editor 
The :1041 is even designed to be used either on your desk top, or to be inte­
grated right into your S-100 chassis. 

Circle 235 on inqu i ry card. 
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The MacroFioppy 1042 comes with everything the :1041 has, and more. 
Such as d.c. regulator-s. its own l ine voltage power supply, and, to top it off, 
a stri king cover Making it look right at home just about anywhere 

Both MacroFioppy systems are fu l ly assembled, tested, burned-in. and 
tested again For zero start-up pain, and long term rel iabi l ity. They're also 
backed up by our famous M icropolis factory warranty. 

And both systems are priced just right $695 for the MacroFioppy:1041 
and $795 for the MacroFioppy 1042. 

You real ly couldn't ask for anything more. 
At M icropolis. we have more bytes in  store for you 
For a descriptive brochure, in the U . S. ca l l  or write M icropolis 

Corporation, 7959 Deering Avenue. Canoga Park, Cal ifornia 91304. Phone 
( 213)  703-1121. 

Or better vet see your local dealer 

perly. After th i s  in itial "burn-in "  period 
you can be reasonably certain that the 
set wi l l conti nue to operate over the l ife 
of the warranty, and the mod ifications 

A note about the photographs :  The 
photos accompanying this article were 
made in B YTE's offices with ASA 400 
speed 35 mm film in a Vivitar single 
lens reflex camera with macro/ens, 
tripod, through-the-lens meter, and 
delayed release shutter. The pictures 
of the video displays were made with 
7/7 5th second exposure time so that 
an integer number of 7 /30th second 
television frames would be exposed. 
The close-up pictures of the internal 
and external details of the Hitachi 
television conversion were made with 
longer exposure times and room light 
as illumination. In all cases, the de­
layed shutter release was used so that 
any mechanical vibrations from 
manual release would be damped out 
over the 9 seconds or so delay possible 
with this feature. 

MICROPOLISM 
M ore bytes i n  store for you .  

can be made.  I took th is  p recaution and it 
paid off. I h ad trouble with the set during 
the first week after I bought i t, and h ad it 
fixed under warranty by a local TV repair­
man . Some time later I insta l l ed the TVM-04 
and have had no troub le  with it s ince .  

My experience has  been that either the 
RF modu lator method or the d i rect video 
entry techniq ue can be u sed with good 
resul ts. If 32 characters on a l ine is suffi­
c ient, the Pixe-Verter is qu i te satisfactory. 
I f  you want a more dense character d i sp l ay 
and have some experience with e lectronics 
assemb ly  (or someone to he lp  you ) , do not 
hesitate to use the TVM-04. I hope th is 
articl e wi l l  he lp you to make an inte l l igent 
choice.• 

The Pi xe-Verter Model P XV-2A is 
avai lable for $8.50 postpaid from ATV 
Research ,  1 3th and B roadway, Dakota City 
N B  6873 1 .  The TVM-04 is $20 f rom Pickles 
and Trout, POB 1 206, G oleta CA 9301 8. 
Simi lar products for both the R F modu lator 
method and the d i rect video entry tech­
n ique are ava i lable from Vamp I nc,  POB 
2931 5, Los Angeles CA 90029. 



MetaFloppy™ goes 
The Micropolis Meta Floppy™ gives you more than four times the capacity of 
anyone else's 5 X -inch floppy Because it uses 77 tracks instead of the usual  3 5 .  

The field-proven Meta Floppy, with thousands o f  units del ivered, comes 
in a complete family of models. And, l i ke our M acroFioppy'M fami ly of disk 
drives, MetaFioppy is designed for the S-100/8080/Z-80 bus. 

For maxi mum capacity, cl1oose our new Meta Floppy 1054 system Wl1ich 
actually provides vou with more tl1an a mi l l ion bytes of rel iable on-line stor­
age. For less money than you'd bel ieve possible 

beyond. 
The Meta Floppy 1054 comes complete witl1 four drives in dual  config­

uration. A control ler. Power supply Chassis. Enclosure. All cabl ing A new BASIC 
software package And a DOS witll assembler and editor. There's even a bui lt­
in Autoload ROM to el imi nate tiresome button pushing 

If that's more stat-age tl1an you need right now, try our 
Meta Floppy 1053, with 630,000 bytes on-l ine. Ot- our Meta­
Fioppy:1043, witll 315,000 bytes on-line. Either wav. you can 
expand to over a mi l l ion bytes on-l ine in easy stages. when you 
need to. Or want to. 

In other words. if your appl ication keeps growing, we've got 
you covered. Witl1 MetaFioppy 

The system that goes beyond the floppy 
For a descriptive brochure, in the US ca l l  or write M icropolis 

Corporation, 7959 Deering Avenue. Canoga Park, Cal iforn ia  91304. 
Phone ( 21 3 l  703-1121. 

Or better vet see your local dealer 

MICRO POLIS™ 
More bytes i n  store for you .  

Continued from page 8 

Atlan tic ocean i n to northern New Engl and .  
The storm sat i n  p lace, and the snow came. 
And came. And came. Before it was al l  
over, perhaps a fu l l  meter of new snow 
had been deposited over much of southern 
New Hampshire. Boston and the state of 
Massachusetts rol l ed  up the ir  s idewal ks 
again and cl osed down with some 68 em of 
snowfal l  (a previous storm h ad set l ocal 
records two weeks earl ier, on ly  to be ou t­
done by th is new storm ) . 

But the eval uation of such a storm 
depends upon you r poi nt of view. For those 
fortunate enough to be away from the raging 
sea and power ou tages, it is an opportu n i ty .  
I t  provides a n ice n ew  carpet o f  snow so  that 
when I go ski ing again next weekend  the 
s lopes wil l take on a whole new character. I t  
provides me with t h e  opportun i ty t o  spend 
20 minu tes and cross country s ki to the 
office today. 

Yesterday, whi le  the snow was fal l i ng and 
ou r office was c losed, i t  provided me (and 
many another personal computer user ) with 
an absolu te ly  su perb excuse to stay h ome 
with my computers. I spent  a qu iet  day 

working on the systems software for my new 
disk drive. During the course of one snowy 
day I vastl y u pdated my documentation of 
the systems software, created a new 1 K 
E ROM with l ow level d isk d rivers for i n ter­
ru pt driven b loc k  transfers between memory 
and disk, imp lemented a pr imitive physical 
10 operating system to use as a tool in 
deve lop ing the final operating system for 
my compu ter, and designed the detai l s  
of  the fi le  system for t he  new systems 
software ; a l l  in one snowy day which i s  
now cal led "The B l izzard of  ' 78. " 

A sol itary day i n  my basement labora­
tory, isolated by b lowing and d rifted snow, 
tu rned into an u nexpected opportu n i ty 
to steal some time to work on my personal 
creations. While the rest of the region 
freaks out over excess snow, a computer 
experimenter can certain ly  tu rn the t ime to 
advantage un ti l  the storm h as blown i tself 
away. 

Of course the real i ty of the snowy day 
returned at 6 : 00 this morn ing  when I began 
to dig out the driveway. But  the process 
of moving the snow is an opportu n ity: even 
computer peop l e  need a bit of vigorous 
exercise on occasion.• 
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Comments on PAS CAL, 

Learning How to Program, 

Gary A Ford, Assistant Professor 
Dept of Mathematics 
Arizona State Un iversity 
Tempe AZ 85281 
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and Small Systems 

The editorial i n  the December 1 977 
BYTE asked i f  PASCAL is the next BAS IC. 
Impl ic i t  in th is question is the suggestion 
that personal computing needs a widely used 
programming language. Ostensibly, th i s  wi l l  
fac i l i tate exchange of software, and thu s  
he l p  e l imi nate t he  existing software vacuum 
for personal computer systems. Shou l d  
PASCAL be  the  l anguage used to begin to 
fi l l  th is void?  To answer th is question, we 
shou l d  l ook  at the h istory of PASCAL to 
see for what purposes it was developed. 

Wi rth states two principal goals for 
PASCAL :  "to make avai lable a l anguage 
su i table to teach programming as a systema­
tic discip l i ne  based on certain fundamental 
concepts c learly and natu ra l ly  reflected by 
the l anguage, " and "to develop im ple­
mentations of this language which are both 
rei iable and efficient on presently available 
computers " (emphasis added ) . 

With regard to the first of these goals, 
Wi rth contends that "the language in which 
the stu dent i s  taught to express his ideas 
profound ly influences h is  habits of thought 
and invention . "  My experience shows that 
this is a remarkably accu rate statement. I 
have taught compu ter science to university 
u ndergraduates for several years, and recent­
ly taugh t several i n termediate l evel courses 
to students with a variety of programming 
backgrounds. The s tudents had a l l  had two 
or th ree quarters of formal computer science 
courses at the same university during the 
previous year, and all were fami l iar with the 
same computers. However, some had l earned 
to program in BAS I C, some in FORTRAN, 
and some in a structured variant of 
FO RTRAN which included, among other 
features, two varieties of if-then-el se, five 
varieties of i terative statements, two varieties 

41 G R EAT LOCAT IONS 

ComputerlandTM 
N OW OPE N : 

A LABAMA 
H untsvi l l e  (205)  539-1 200 

CA L I F O R N I A  
Dubl i n  (4 1 5) 828-8090 
E l  Cerrito (4 1 5) 233-50 1 0  
Hayward (41 5) 538-8080 
I nglewood ( 2 1 3 )  7 76-8080 
Lawndale ( 2 1 3 )  371 -7 1 44 
M ission Viejo ( 7 1 4 )  770-0 1 3 1  
Mountain View Cal l  Information 
San Diego ( 7 1 4 )  560-991 2 
San F rancisco (4 1 5) 546-1 592 
San Jose Cal l  Info rmation 
San Mateo (4 1 5) 572-8080 
Santa Rosa Call I n fo rmation 
Thousand Oaks ( 805) 495-3554 
Tustin ( 7 1 4) 544-0542 
Walnut Creek (41 5) 935-6502 

COLORADO 
Denver (303 ) 759-4685 

CON N E CT I CUT 
Fa i rf ie ld ( 203) 3 74-2227 

D E LAWAR E 
Newark (302) 738-9656 

GEOR G I A  
Atlanta (404) 953-0406 

I L L I N OI S  
Arl i ngton Heights (3 1 2)  2 55-6488 
N i les (3 1 2) 967- 1 7 1 4  
Oak Lawn (3 1 2) 422-8080 

K E NTUCKY 
Louisvi l le ( 502) 425-8308 

MARY LAN D 
Rockvi l l e  (301 ) 948-7676 

M I CH I GAN 
Kentwood (6 1 6) 942-293 1 
Southfield (3 1 3 )  356-81 1 1  

N EW HAMPSH I R E  
Nashua (603 ) 889-5238 

N EW J E RSEY 
Cherry H i l l  Ca l l  Information 
Morristown (201 ) 539-4077 

N EW YORK 
Buffalo ( 7 1 6 )  836-65 1 1  
I thaca (607) 2 77-4888 

O H I O  
Cleveland ( 2 1 6 )  461 - 1 200 

OR EGON 
Portland (503) 620-6 1 70 

TEXAS 
Austin (51 2 )  452-570 1 
Houston (7 1 3 )  977-0909 

WAS H I NGTON 
Bel levue ( 206) 746-2070 
Federal Way (206) 838-9363 
Tacoma Cal l  Info rmation 

WAS H I N GTON, D.C. Call Information 
I NT E R N ATIONAL 

Sydney ,  NSW Austra l ia  29-3753 

FRANCHISE  OPPORTU N IT I ES AVAI LAB LE 
CALL E D  FABER (41 5 )  895-9363 
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Rated [G] 
The Best Game in Town. 

Welcome to ComputerLand.  
An incred ible adventure i nto 
the world of personal 
computers. A one-of-a-k ind 
shopping experience. 

Each ComputerLand store 
presents everything you ever 
wanted to know about 
computers. And then some .  

Take o u r  Game Room, for 
starters. You' l l  f ind excitement 
for the whole family i n  our 
endless variety of challenging 
computer games. You can battle the Kl ingons in an 
out-of-this-world game of Sta r Trek.  Create an elec­
tronic work of art with a computer controlled N. Test 
your ski l l  in a game of computerized hangman. 

You can even plot your biorhythm .  

But we're more than just fun and g a mes. 
Each ComputerLand store offers a 
knowledgeable and person-
able staff of p rofessionals 

to serve you .  
Plus the g reatest avai l-

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

Read o n .  -

Genuine Service. 

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

That's why, at Com­
puterLand, you deal 
with real professionals 
who are also real 
people. People who 
speak your lang uage 

. .  in addition to BASIC, COBOL or FORTRAN . 

People, in short. who can offer both the novice and 
the old hand the same expert guidance in selecting 
the optimum system h e  or she needs. 

Yet. assisting i n  the purchase is o n ly the beg inning of 
ComputerLand's service . If the kit you bought requires a 
little more do-it-yourself than you yourself can do,  we 
provide assembly assistance. 

If that complex program proves to be just that. we provide 
prog ramming assistance. 

Circle 75 on i nqu i ry card. 

And if your system breaks down, 
our in-store service department 
will get you back up and 
running . 

Right now! 

Great Selection. 

Your first stop at ComputerLand 
may wel l  be your last stop. 

ComputerLand offers the f inest 
qual ity and 

largest selec­
tion of a l l  the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Diablo. 
Hazeltine. ICOM. IMSAI. Lear Sieg ler, 

National Semiconductor. North Star. Texas 
Instruments. Vector Graphics a nd more. 

Plus a complete inventory of tools, books and accessories. 

What's more, at ComputerLand.  we deal in product. Not 
promises. Our inventory is on our own shelves. Rather than the 
manufacturer's. So you can take del ivery on tomorrow's com­
ponents today. 

Which means. 
simply put. that at 
ComputerLa nd, you 
get exactly what 
you want. 

Exactly when you 
want it. 

Be Our Guest. 

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

Then tell us your needs. We'll sit down and talk  about the system 
that's right for you. It's as easy as that at ComputerLa nd . 

The g reat computer store. RATED G .  

Call o r  write for the address of the Computerland store nearest you. 
Franchise opportunities available. Computetland" 
1 4400 Catalina St., San Leandro, CA 94577 (4 1 5) 895-9363 
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of mu l tip le  branch structures, and a s imple 
but powerful procedure faci l ity .  The struc­
tu red FORTRAN programmers proved to be 
significantly better performers in the inter­
mediate l evel cou rses in all ways. They were 
much qu icker to understand new algorithms, 
new data structures, and new appl ications. 
They were su perior in applying this know­
ledge to new problems, which can , in part, 
be attr ibuted to the fact that they were not 
th in king in the narrow terms requ ired in 
BAS IC  and FORT RAN. They wrote better 
programs in assembly language, perhaps 
again because they cou l d  th i n k  in structu red 
programming terms. They al so, not unex­
pected ly, learned PASCAL (which was 
taugh t in conjunction with a data struc­
tures course}  much faster than the other 

Your MicroComputer 
can be a Money-Making 
Machine with SOFTWARE 
from SYNCHRO-SOUND 

Here are two Software packages that enable you to profitably make 

f u l l  use of the potential in you r  smal l computer system: Synch ro­

Sound's i nteractive busi ness systems desig ned for use on an 8080-

or Z80-based m i c rocomputer w i t h  f loppy d i sks and a hard-copy 

pri nter. Wri tten in M icrosoft Basic (known as Altair Bas i c * ), the soft­

ware supports f i le mai ntenance, query and report i ng functions. This 

support i n c l udes creation,  mod i f ication and delet ion of customer 

records and p rocessi n g  of transactions to be posted agai nst the 

fi les. 

students . In fact, some of the BAS I C  and 
FORTRAN programmers never d id  make 
the transit ion to PASCAL; they wrote 
PASCAL p rograms that l ooked l i ke l i ne by 
l i ne  translations of BAS I C  and FORT RAN 
programs. An informal fol l ow-up  of  some 
of these stu dents in more advanced cou rses 
showed that the BAS IC  and FORTRAN 
group continued to l ag beh ind, especial l y  
in cou rses in anal ysis of  al gori thms  and 
design of l arge systems. 

Of cou rse, th is was not a con tro l l ed 
experiment, so the conclusions cannot be 
su pported scientifical ly .  However, I bel ieve 
it is true that s i nce so much of compu ter 
science involves abi l i ties to analyze, to or­
gan ize, and to p lan, the th i n king process 
taught in a fi rst programming cou rse, which 

ACCO U N TS R ECEIVABLE PAC KAG E I N VENTO RY PAC KAG E 
The AIR module creates a history fi le of charges, cred it and pay. 
ment records for audit purposes. Payments can be appl ied to a 
part icu lar invoice, or to the oldest open items .. Batch Mode for 
monthly statements, aged receivables sched u le,  and del i n­
quency notice as wel l  as on-l ine inqu iry mode for specific infor· 
mation are both fu l ly implemented. 

Operators Manual & Disk-Single Copy $500.00 

The inventory system maintains a current l isting of stock items 
featuring on- l ine transaction processing.  Reporting fu nctions 
include a master inventory l ist ing with price and cost data, 
reorder alerts, vendor specification, and summary valuations. 
Year· to-date usage records are kept for each inventory item to 
faci l i tate sales analysis. 

Operators Manual & Disk-Single Copy $500.00 
Operators Manual only- $35.00 refundable upon purchase of Software Package. 

---�"'- M icrosoft Disk Basic-Single Copy $350.00 

WRITE OR CALL 
FOR FU RTHER 
I N FO R MATION 
F u l l  Software-Hardware 

Systems are n ow 

ava i lable  a n d  additional  

Software Packages w i l l  

b e  ava i l able i n  t h e  

near future 

· Altair is a trademark of M ITS, Inc. 
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SYN C H RO-SO U N D  E n terpr ises,  I n c .  

Dept. BS 

1 93·25 Jamaica Avenue 
Jamaica, New York 1 1 423 
21 2/468· 7067 TWX 71 0·582-5886 

H o u rs 9-4 Dai ly  
and Satu rday 

Work i n g  Systems 
on d i s p lay 

BankAmericard/ M aster C h arge 

Circle 355 on inquiry card. 



A D M  1 A  TERMI NAL 
Assembled 

$1529.00 
A D M  2 TERM I NAL 

Assembled $1995.00 
HAZELTI N E  1 500 
VI DEO T E R M I NAL 

Assembled $1 149.00 
Kit also avai lable 

MODU LAR 1 
I NTELLI G E NT 
TERM I NAL 

Assemb led $16 59  • 00 
I MSAI 8080 M I C ROCOM PUTER 

W i t h  2 2  s lot  

$649.95 

SPECIAL BUYS 
IMSAI Double Density Persci  Drive . . . . . . . . .  $2295.00 
Sorac IQ 1 20 Video Term inal . . . . . . . . . . . . . . 959.00 
D I G I T A L  Systems Dual Density F l oppy . . . . . . 2746.00 
Compucolor 8001 Color Computer . . . . . . . . .  2595.00 
I COM M i c rof loppy System . . . . . . . . . . . . . . .  989.00 
Nort h  Star M icrof loppy D i s k  Kit . . . . . . . . . . . 599.00 
Cromemco Z-2 Kit . . . . . . . . . . . . . . . . . . . . . . . 565.25 
Jave l i n  9" Video Monitor .  . . . . . . . . . . . . . . . . 1 59.95 
M icropol i s  Modei 1 053MOD 2 . . . . . . . . . . . . .  1 799.00 
IMSAI  AP44-44 Col .  Printer Kit .  . . . . . . . . . . . . 329.00 
TDL Xi tan A l pha 1 Computer Kit .  . . . . . . . . . . 699.00 
I COM Model FD 371 2  . . . . . . . . . . . . . . . . . . . .  2795.00 

We carry a f u l l  l i ne of t h e  fol l ow i n g :  T D L, 
Centro n ics,  Seals, H aze l t i ne, M i c ro p o l i s ,  
H ayden, I MSAI ,  C romemco, 
Compucol o r, lcom,  Lear S i e g l e r, O k i data, 
D EC, J avel i n, North Star, Peri p hera l  V i s i o n .  
Same day d e l ivery and s h i p p i n g  o n  m ost 
items. F u l l  modern repa i r  fac i l i t ies on 
p rem i ses for com p l ete serv i c i n g  of 
everyt h i ng we se l l . 

Circle 355 on inqu i ry card. 

Tractor Feed 

$1279.00 
RS 232C Serial  I nterface 

$260.00 
M O D E L  22 LI N E  P RI NTER 

Tractor Feed $2249.00 
TELETYP E  M O D E L  

4 3  P R I NTER 

$1299.00 

I M SAI PC S-80/ 1 5  8085 
COM PUTER 

Assembled 

$929.00 
SYNCHRO-SOUND ENTERPRISES. I NC. 
The Compute r  Peo p l e  

1 93-25 Jamaica Ave nue,  
J amaica, N ew York 1 1 423 
2 1 2/468-7067 TWX: 7 1 0-582-5886 
H o u rs 9-4 d a i l y  V i s i t  o u r  new s h ow room 
and Sat u rday Worki ng u n i t s  on d is p l ay 
Dept. BBB BankAmericard • Master Charge 
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SYSTEM Z Development Software 
Requires l North S tar Disk Drive . 

and l 2 K  RA M 

ASMB Z80 Disk Based Assem b ler for ra pid 
developmen t  of m o dera te ly size d asse m b l y  
langu age programs.  Requires 8 . 5 K  of 
memory .  Pri c e :  $60 

DASMZ A Disk Based Asse m bler for develop·  
men t of  large assembly  language progra ms. 
Requ ires 6 K  of memory . Price : $60. 

ZEDIT A powerfu l text edi tor w i t h  fu ll 
tex t  m a n i p u l a tion  opera t ions .  Rer tu ires 
l .5 K  of memory.  Price : $60. 

ZEBUG A Debug M o n i tor/Disassembler that  
tra nsla tes object code i n to i ns truct ion men­
m onies.  Requires 3 .5 K memory . Price $60.  

BUSINESS PACKAGE 

General Ledger $60 
Accoun ts Payable $60 
Accoun ts Receivable $60 
Payroll  $60 
Inventory $60 
Amort iza t ion $35 
Mail ing  List $60 

Purchase complete Busin ess Package for $395 
Dealer i nquiries are i nv i ted . 
Write or call for full Software Package details : 

Sunshine Computer 
Company 

207 10 S.  LEAPWOOD AVE. ,  CARSON, CA 90746 
(2 1 3) 327-21 1 8  
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in tu rn depends on the language used, has an 
enormous impact on the deve lopment of 
computer scienti sts. 

Thus, PASCAL sounds l i ke a good l an­
guage for begin ners ( i e :  many of today 's 
computer h obbyi sts) . There are other 
reasons for su pporting the spread of 
PASCAL, inc lu d ing, for example, i ts out­
stand ing data s tructu ring  fac i l i ties . Some 
problems are easi l y  stated and solved in 
terms of such s tructu res as sets, l ists, 
sequences, trees, or groups  of disparate 
i tems. PASCAL a l lows the programmer 
to define  and to deal di rectly wi th such 
structures, whereas BAS IC  and FORTRAN 
force the p rogrammer to d isgu ise these 
structures as arrays. Of course, obscu ring 
the original i deas often l eads to obscure 
p rogram logic. 

With regard to Wi rth 's second goal 
for PASCA L, we sudden l y  h ave a problem. 
The personal computer systems of today 
are qu i te d ifferent from the "present ly 
avai lab le compu ters" Wi rth h ad in  m ind  
ten years ago. Therefore, some langu age 
features that are desirable for p resent 
personal compute r  systems are absent 
from PASCAL. Perhaps the most important 
of these features are in  the category of 
access to peri phera l  devices and processor 
hardware faci l i ties. 

PASCAL has only two pr imi tive 10 
operations :  get and pu t. Each moves a si ngle 
un i t  of data (character, i n teger, record, etc ) 
from or to a sequential fi le .  F i l es are not 
necessari l y  associated with or stored on 
secondary storage devices, a l th ough two 
special predefined fi l es (named i npu} and 
output) are avai lab le for those fi les asso­
ciate d  with devices that wil l also be accessed 
by humans. There are in addi tion two pre­
defi ned procedu res (named read and write ) 
that perform data transmission from or to 
fi les in particu larly u sefu l ways, but i t  i s  
important to emphasize that these are 
procedu res (subp rograms ) and not state­
ments or operations in the l angu age. 

The peripheral devices of personal com­
puter systems are extremely varied, and very 
few system configu rations are exactly a l i ke. 
Therefore, each user wi l l  need somewhat 
differen t  10  capabi l i ties in the language. 
Many users have an on l i ne termi nal , access 
to which requ i res the abi l i ty to access 
specific absolu te addresses in memory or  
specific port  addresses. Users with d i sks 
wi l l  need d i rect access fi l e  capab i l i ties. 
Others may want the abi l i ty to p rocess 
i n terrupts for real time appl icati ons. None 
of these capabi l i ties exist i n  PASCAL, and 
none can easi l y  be imp lemented as a dis­
guised sequential fi l e .  



The obvious conclusion is that if a push 
for PASCA L as the language of personal 
computing is made, there wil l be a variety 
of nonstandard impl ementations. This is 
exactly what we h ave seen with BASIC.  
Each i ndividual implementor wi l l  add her  
own versions of her  own favorite bel ls and 
whistl es. We may expect numerous methods 
of specifying absolute memory addresses 
(peeks and pokes) , d i rect access d i sk  fi l e  
statements, and  al l k inds of  faci l i ties to 
hand le  the exotic periphera ls being attached 
to personal systems. I n  addition, imp le­
mentors wi l l  wan t to add their own favorite 
data type (for examp le, PASCAL does not 
have  a bui l t- in string  data type ) , and their 
own favorite operator (for example, 
PASCAL does not have an exponentiation 
operator) . Next, seeing the size of the 
resu l ti ng compi ler, imp lementors wil l begin 
to delete their l east favorite standard fea­
tures (often meaning the ones they l east 
understand ), in  order to come u p  with a 4 K 
version of "eensyweensyPASCA L ."  

One approach to  p reventing some of  the 
problems just mentioned is to get al l of u s  
hobbyists together t o  agree ( i s th is possi b le? ) 
on a standard set of additions and deletions, 

First, s e e  o u r  o t h e r  a d  t o  g i v e  y o u  a n  idea of where 
our company is going and then we will meet back here . . .  
See ya . . . .  

Glad to see you back again. We have developed two other 
packages that run exclusively on the . .  4 K . .  PET. The 
first one relies very heavily on the excellent graphic capa· 
bilities of the PET. Graphic ( I )  has 3 graphic games on 
tape.  

I .  3 · D  Tic·tac-toe Display boards in 3 D  
P V S .  P .  P V S .  C .  C V S .  C 

2. Space Wars Real time graphics with 
moving targets 

3. Tank Battle Exploding mines and a lot of 
obstacles 

All Three S 1 4 .95 
WANT TO LEARN BASIC LANGUAGE 

Interactively with your PET? Our first tape (Basic- I )  is 
ready now. Two other tapes will follow and will be ready 
when you finish Basic- I .  

I .  Basic- ! Tape I Fundamentals of 

2 .  Basic-2 

3 .  Basic-3 

Basic 
Tape 2 Advance Program­

ming 
Tape 3 Graphics and files 

Basic· I 5 1 9 . 9 5  
There is already another company t h a t  has tutorial basic 
on one tape; w e  are offering three tapes. 

SEND IN YOU R NAME AND DESCRIPTION OF 
YOU R COMPUTER AND RECEIVE 5 FREE 

FINANCIAL PROGRAMS 

CONTRACTORS' MANAGEMENT 
SYSTEMS, INC. 

P.O. Box 2 1 2, Chantilly, Va. 2202 1 

Circle 74 on inqu iry card. 

C i rc l e  74 o n  i nq u i ry card. 

Tired of nagging non-users asking what that machine can 
do besides counting from I to I 000 and playing games ­
can't get no respect?? 

We are developing programs that are useful to you and will  
involve your family with your computer. Our first set of 
programs are finished and tested to run in 3 k  (useable 
memory) using these verbs: ABS DATA DEFFN DIM F N  
F O R - N E X T  GOSU B R N D  G O T O  I N PUT P R I N T  R E A D  I F ·  
THEN RETU R N  

These programs (25 in al l )  a r e  tutorial, u s i n g  you or your 
child's name. I t  gives several tries, and displays helping in­
formation, if necessary. 

Most I m portantly, i t  continually adjusts to the operator's 
skill  so people from I st grade to college will  be challenged. 

Math I Includes 7 programs for addition, subtraction, 
multiplication and division of whole numbers 
and same with intergers 

Math 2 Includes 9 programs for addition, subtraction, 
multiplication and division of decimals and same 
with fractions. Also area and volume. 

Math 3 Includes 9 programs in three areas, algebra, 
percentage. and metric conversions. 

Each set includes source listings, documentation and costs 
59.95 per set of 7-9 programs with money back guarantee. 
Where else can you buy extremely useful and educational 
programs for about 5 I each. Al l  three sets will  be 5 24 . 9 5  
during May and wil l  also i n c l u d e  5 free financial programs. 

or perhaps a few standard sets in order to 
deve lop 8 K, 1 2  K, 1 6  K, etc, versions. The 
traumatization of the language cou l d  be 
min imized by requ i ring that al l th e new 
features be implemented as procedu res, 
rather than as new statement types, thus 
main tain ing  the syntactic integri ty of the 
language. Of course, this wou l d  requ i re a 
capab i l i ty to l i n k  external procedu res to 
each PASCAL program, and none of these 
procedu res cou l d  be wri tten in PASCAL. 
This means e i the r  that a l l  users wi l l  need 
to know another programming language, 
or that the imp lementors of the new 
varieties of PASCAL wi l l  h ave to supp ly 
customized p rocedures for each customer. 

There is a fundamental flaw i n  this 
approach, however. PASCAL was not in­
tended to be a l l  th ings to a l l  people .  I t  was 
designed with specific, wel l  thought ou t, 
predefined goals .  Al l aspects of the l anguage 
were designed to comp lement 

·
each other 

in attain ing  those goals .  Any de letion from 
the language, however m inor it seems, w i l l  
upset  th is bal ance, and thus damage 
PASCAL 's abi l i ty to ach ieve its goals .  Dele­
tions and additions wil l a lso change the 
character of the l anguage, and i t  is th is 
overal l character of PASCAL that has 
brought i t  so many devotees. 
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D E L I V E R Y  FROM STOCK 

TO 30 DAYS 

Adva nced SK Model 
-on ly $795 

No computer know-how needed ! Uses extended "BASIC" 
-the sensible computer language. Self-contained with its 
own 9" video display. Bui lt·in keyboard with 128 alpha· 
numeric and graphic characters. Built·in cassette tape recorder. 
Complete with 1 4 K  operating system and 8K mem ory built·in 
(expandable to 3 2 K ) .  

-Coming So on­
B US I N ESS SYST EMS FO R PET 

System includes PET Model 8 K  Computer, second Tape Drive, 
and an 80 column, 1 20 cps impact printer- about $1 500. 
Available software includes: ACCOUNTS R EC E IVAB L E ,  
INVENTO R Y  CONTROL, ACCOUNTS PAYAB L E ,  CASH 
R E C E I PTS AND D I SBURSEMENTS, and G E N E R A L  L E D G E R .  
Other software programs include: Checkbook ($1 5.95), 
Mortgage ($ 1 5.95), Startrek ($9.95). Annual Report Analyzer 
($22.95). Options Analysis ($24.95), Finance ($12.95).  and 
many more! 

Send $795 (plus $ 1 0  shipping) for PET model 8K. PET 
Printers and second tape Drives also available. NYS Residents 
please add Sales Tax . Master Charge and V I SA accepted. 

THE COMPUTER FM:TORY 
790 Madison Ave. (cor. 67th St.) 

New Y ork, NY 1 002 1 · 

21 2-PE T  -2001 
Open 1 0-6 pm Tuesday - Saturday 21 2-249-1 666 

A better approach, I bel ieve, is for those 
of us in personal compu ting to get together 
to agree on principles for the next widely 
used language, rather than on the features 
to add to or delete from an existing l an­
guage. This is not any kind of vote against 
PASCAL;  to the contrary, I hope PASCAL 
wi l l  become avai lable to al l hobbyists 
with systems that can support standard 

PASCAL, and that i t  be used for all suitable 
appl ications programm ing. I h ave used 
PASCAL for at l east 95% of my own pro­
gramming over the l ast three years, and I 
cannot recommend i t  too strongly. 

If a new personal computing language 
were developed from guid ing  pri nciples, 
I wou l d  hope that it wou l d  h ave much of the 
flavor of PASCAL. I wou l d  h ope it wou l d  be 
syntactical l y  uncl u ttered l i ke PASCAL, 
not on ly  because i t  makes the language 
easier to use, but a lso .because it al l ows 
much s imp ler  (smal l er) l anguage trans­
l ators. I wou l d  hope it wou l d  h ave con­
trol structu res at l east as strong and as 
l ogical as those of PASCAL, and data 
structur ing faci l i ties as s imp le  and powerfu l  
as those o f  PASCAL. I t  shou l d  b e  designed 
so that we can wri te a lmost  al l of our soft­
ware in th is  one language, i nc lud ing both 
systems and appl ications programs. It shou l d  
not try to p rovide every feature o f  every 
existing language, but rather, l i ke PASCAL, 
provide a smal l  set of pr im i tive constructs 
from which users can define the ir  own 
powerfu l features. It shou l d  al l ow us to 
write tru ly  portable p rograms and to main­
tai n  a l i brary of p rocedu res, s i nce a good 
procedu re fac i l i ty, l i ke that of PASCAL, 
is perhaps the s ingle most important tool 
for software devel opers. But whatever we 
choose to pu t in the language, let  us design 
it from pri ncip les, and not evolve it from a 
set of i ndependent features, as was the case 
with BAS IC and FORT RAN.  

There are probably several persons ou t 
there with thoughts on this su bject, and I 
commend BYTE 's Languages Forum as a 
means of communication .  I wou l d  also 
en joy corresponding d irect ly with anyone 
with ideas in this area. • 

- - . .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - .  : why lhe lasl rnrn�g) is lhe besl [TI[IDg)g) � 
• I t  h a s  the l a test news fo r us e rs 
• ( and prospect i ve us ers ) of Heath 
, Co.  compu ter produ cts . It i s n ' t  
, company- contro l l ed-- BUSS can get 

new product i n forma ti on and ti d­
' b i ts about i tems be i ng devel oped 
• before the offi c i a l  announcement 
• by Heath Co . B u t  BUSS does more 
, than that- - BUSS al so l ets you i n  

o n  news of compa ti b l e  hardware & 
so ftware from other vendors . H8 
and H l l users may s a ve enough on  
these products to pay for a BUSS 
s ub s c r i pti on severa l t i mes over . 
And users of the ET- 3400 Tra i ner 
a ren ' t  l e ft out ei ther . 
The fi rs t i s sue of BUSS came out 
more than a year ago in  Apr i l of 

1 97 7 .  Every i s s u e  goes by fi rst ' 
c l ass ma i l  and a l mo s t  a l l orders • 
for new s u b s c r i p t i ons are f i l l ed • 
wi th i n  two days . Ba.ck i s s u es go , 
fas t ,  b u t  mos t of those for 1 978 
are s ti l l  avai l ab l e .  BUSS keeps 
gett i n g  bette r .  S o  s e n d  for i t :  ' 

12 I ssuEs FoR $ 6 . 80 
THE I NDEPENDENT NEWSLETTER OF HEATH Co . CoMPUTERS 325 PENNSYLVAN IA  AVENUE,  S . E .  WASH I NGTON,  DC 20003 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - -
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Comments on 
APL's Characteristics 
John E Howland, chairman 
Computing and I nformation Sciences 
Trinity University 
751 Stadium Dr 
San Antonio TX 78284 

I wou ld l i ke to add some comments con­
cerning the APL l e tters publ ished in the 
November 1 977 " Languages Foru m . "  Many 
of the comments pub l ished i nd icate a l ack of 
fami l iari ty or u nderstanding. This fam i l iarity 
comes only after extensive use of a pro­
gramming language. There seems to be a 
general impression that APL is a rela­
tive l y  new language which h as design flaws 
wh ich are due perhaps to the hasty way in 
which the language was put together and 
wh ich are eas i ly  corrected by making one or 
two s imple chahges. For examp le, "the APL  
character set is not ideal for use with 5 by 7 
dot matrix pr inte rs or v ideo d isp lays, " so 
we shou ld redesign the APL character set. 
There are a l ready several successfu l existing 
5 by 7 dot matrix implementations of the 
APL character set; however, the real po int 
here should be that we shou l d  consider us ing 
a 7 by 9 dot matrix o r  some other size or 
hardware techn ique to implement the APL 
character set rather than change the  char­
acter set to fi t the hardware. 

Another example  concerns the order of 
execu tion . APL goes from right to l eft wh ich 
is clearly backwards, so let's just make one 
simple change and have it go l eft to righ t. 
One suggestion was that this wou l d  be a 
great he lp  to al l those APL  programmers 
who begin entering the ir  p rograms before 
they have finished writing them. To me, 
th is is s imi lar to the person who opens his 
mouth and begins to speak before engaging 
his brain .  The real solution to the suggested 
problem has noth ing to do with the order 
of evaluation of APL expressions. 

S ince many readers h ave only recent ly 
encountered APL,  · some d iscussion of order 
of eva luation may be appropriate . Moti­
vation for the APL  order of execution can 
be traced to the standard mathematical way 
of hand l ing functions of a s ingle argument. 
In a sequence of functions such as S i n  
Arctan X, the  order of eva lu-ation i s  S in  of 
Arctan of X .  The value of the ent ire expres­
sion to the right is the argument to a unary 
function, and this argument is usual ly 

Telephone (703) 536-7373 

88 -MODEM: A complele senal 1 / 0 pori and an Ong,nale / Answer MODEM on an 
S I 00 bus compalib le board. The 88-MODEM lea lures aulomalic aula-dialer (nol 
sollware limed). operales al  any soflware selecled baud rale between 66 and 600 
baud. has separale 8 -pole lransmll and rece1ve ac11ve fi llers. and all funclions are 
software selecled. The 88 -MOOEM prov1des commun1cai10n Ia -58 dbm and is intended 
for use w1lh e1ther a CBS ( f OO I DI or CBT Data Access Arrangement lor conneclion 
Ia lhe lelephone syslem. The kil  pnce 1s $245.00 

88-UFC UNIVERSAL FREQUENCY COUNTER The 88-UFC IS an S1 00 compalible 
frequency and penod measuremenl module. The 88-UFC l1as lour soflware selecled 
in puis Frequency measurement Ia a bo ve 600MHz and penod measuremenl Ia I I 1 Olh 
microsecond are slandard The counler prov1des n1ne d1g1IS of readoul and IS priced 
al $ 1 79.00 1n k1l form. 

88-SPM CLOCK MODULE: The 88-SPM prov1des a lime of day clock and an inde­
pendenl reallime clock on one S I 00 compal1ble module. Provisions are included for 
ballery backup so lhe 88-SPM can mainla in lhe l ime during power-off condilions. 
$96.00 kil 

1 001 0 (Type CST) Oala Access Arrangemenl 
88-RCB 16 Channel Relay Control Board K i l  
MCTK Morse Code Tra1ner/ Keyer Kit 
TSM Temperature Sens,ng Module K11 
OAC -8 8-811 D1Q1tat Ia Analog Conver1e1 Kl l  
88-TCXO T emperalure Compensaled Crystal 

Osc1llator lor 88-UFC 
88-XTAL Crystal T11nebase opt1on lor 88-SPM 

$ 1 25.00 
$ 1 79.00 

29 .00 
24 00 
1 9 .00 

1 45.00 
25.00 

TERMS Paymenl w11h order sh1pped prepaid. added lor COD. Master Charge accepled 
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wri tten on the righ thand side of the func­
tion. The APL language incl udes a large 
number of prim i tive functions. Rather than 
deve lop a comp l i cated ru le giv ing priorities 
of pr imitive and user defi ned functions, a l l  
such priorities were e l im inated. This also 
a l lowed user defi ned functions to be given 
the same importance and syntax as pr imitive 
functions. The rule for evaluating functions 
of a single argument is extended to functions 
of two arguments, using infix notation, by 
having the right argument be the value of the 
enti re expression to the right and the l eft­
hand argument be the first value to the 
l eft of the function. A consequence of th is  
extension i s  that the only nonredundan t 
use of parentheses, to a l ter the order of 
evaluation, is to form the left argument of a 
fu nction. 

To summarize, APL order of evaluation 
from right to left comes from the use of 
standard function notation of writi ng the 
argument of a monadic fu nction on the 
right of the fu nction and the desire to 
introduce no h ierarchy of evaluation such as 
mu l t ip l ication before addition. 

If one desires to evaluate express ions 
from left to righ t, us ing no priorities among 
functions, then one wi l l  probably have to 
in troduce a " l eft monadic" notation such as 

X Arctan S in .  

wh ich ,  unfortunately, has  to be read from 
right to left ! I f  one extends th is notation to 
functions of two arguments in a s imi lar 
manner, then one has the problem of writing 

the subtrahend and d iv isor to the l eft of the 
function symbol  so that 3 -:- 6 equals 2 .  
A l so, assignments are probab ly  made to  the 
right, rather than the l eft. S uch extensions 
lead to a confus ing notation because they 
must be read from righ t to left. 

I t  shou ld be clear at this poi n t  that the 
right to left order of evaluation ru le which 
is used in  APL was not chosen in  an arbi­
trary manner. I t  was chosen so that APL 
cou ld  be  read from left to  right. 

APL is not a new l anguage which was 
th rown together q u ick ly .  Actua l ly ,  it i s  
one of the ol dest computer l anguages 
dating back to before 1 962. Un l i ke most 
computer l anguages, APL  enjoyed an 
extended period of deve lopment and 
refinement before i t  was imp lemented 
on a computer. Dur ing this time, many 
changes were made. The changes were 
easy to make because there were no i n ter­
preters to ch ange and no u ser commun ity 
to comp la in .  The APL character set evo lved 
during this t ime to i ts present form. One 
unusual aspect of th is character set is the use 
of overstr ikes to represen t  some functions. 
Th is techn ique a l lows easy add i ti on of new 
characters for new functions when they are 
incorporated into the APL language. 

In summary, the APL language was very 
carefu l ly  designed.  Few, if  any, arbi trary 
choices were made during the deve lopment 
of APL. Some of the controversial features, 
such as the character set and order of evalu­
ation, are based on standard mathematical 
notation and convention and are not easi l y  
changed.• 

MORE 6800 SOLUTIONS: 
FOR SWTPC 6800 

AS-1 ANALOG INTERFACE MODULE 

• FAST, ACCU RATE AID, DIA 
CONVERSIONS 

• EIGHT ANALOG I N PUT CHANNELS 
• O N E  H I GH-SPEED ANALOG OUTPUT 
• OCC U P I ES ONE 1/0 SLOT 
• $87.50 KIT $1 1 5.00 ASSM. 

SC-1 SERIAL INTERFACE CARD 

• RS-232 SERIAL I NTERFACE 
• F U LL CONTROL SIGNALS 

IMPLEMENTED 
• MOST V E RSAT I LE SERIAL i/O 

AVA I LABLE 
• $30.00 KIT $40.00 ASSM. 

. U.S. Orders Postpaid 

FOR MOTOROLA "02" 
DA-1 UPGRADE KIT 

• CONVERTS D2 TO TERM INAL 1/0 
• R ETAINS F U LL CASSETTE i/O 

CAPABI LITY 
• I NCLU DES RT/68MX ROM ­

MONITOR/O.S. 
• ALLOWS USE OF BASIC, EDITORS, 

ASSEMBLERS, ETC. 
• RS-232 SERIAL I NTERFACE 
• DA1 w/70 p. MANUAL $69.95 

MOTOROLA MMS68104 16K RAM 

• 16K BYTES DYNAM IC RAM 
• ENGIN EERED SPECIF ICALLY FOR "D2" 
• EXORCISOR - TYPE BUSS 
• $395.00 ASSEMBLED 

Master Charge & V I SA Welcome 

M6800 SOFTWARE 

A/BASIC COMPILER 

• 8K EXTENDED BASIC COMPILER 
• CONVERTS BASIC PROGRAMS TO 

FAST, M EMORY E F F I C I ENT 
MAC H I N E  LANGUAGE 

• DESIGNED'FOR RT/68 - SU PPORTS 
M U LTIPROGRAMMING 

• EXTREMELY VERSATILE 1/0 
• KC CASSETTE + MANUAL - $49.95 

RT/68MX OPERATING SYSTEM 

• EXPANDED CONSOLE MON I TO R  ROM · 
• R EAL T IME OPERATING SYSTEM 
• D I R ECT M I K BUG R EPLACEMENT 
• PIA O R  M U LTI-ACIA I/O 
• RT/68MX ROM w/MANUAL $55.00 

Write or call for Free Catalog. 

MICROWARE .SYSTEMS CORPORATION 
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Warnier-O rr Diagrams: 
Some Further  Thoughts 

The arti c le "Structured Program Des ign" 
in the October 1 977 BYTE, page 1 46, has 
certain ly  s impl ified my th i n ki ng. However, 
the use of the symbol G seems to violate 
a rule imp l ic it in the Warn ier-Orr d iagram 
that one need not and in fact must not go 
up in a l i st contained with in a bracket of a 
given order. The G symbol requ i res 
checking up and down the l i st of case 
statements .  I bel ieve th at what is mean t 
is i l l ustrated in figure 1 .  I n  this example  
CASE J i s  equ ival ent to RO LL = " j . "  
This  manner of diagramming cl ari f ies the 
relationsh ip  between statements hav ing 
al ternatives and statements not having 
al ternatives. I t  a lso el im inates the need for 
the i nstruction S K I P, s ince the fi nd ing of 
no more i tems in a l ist of a given order i s  
the equ ivalent of an ins tructi on to return 
to the proper p l ace in the l i s t  of the next 
lower order, where the order of a l is t  is 
i ts posi tion from left to righ t as shown 
in figure 2.  

I wou ld  l i ke to define  the in struction 
RETU RN to mean "in the l is t  of next lower 

Figure 7 .  

B E G I N  TU R N  
(= R O L L  D I E ) 

GT Wedemeyer 

#1 7 Forest View Tr lr  Ct 

I owa City l A  52240 

D ETE R M I N E  "J" { P I C K  R A N DOM "J " B ETW E E N  
O N E  A N D  S I X  

CHOOSE CASE "J" 

(R ETURN)  

Figure 2. 

{ { 
O R D E R  1 O R D E R  2 

{ CASE 1 

{ CASE 2 

{ CASE 3 

{ CASE 6 

{ { 
{ { 
{ { 
{ { 

O R D E R  3 . . . . . O R D E R  n 

Now, a book 
for the practicing 

professional . . .  

" Tizis io tire best handbook of data 
conmll l l l ications system technology 
tlzat tlzis reviewer lzas ttet 
cncoun tered. " - Arvid G. Larson in 
ACM ComP.u ting Reviews 
February 1 9  7 8 

Digital Press announces the 
publication of TECHNICAL 
ASPECTS OF DATA COMMUNI­
CATION by John McNamara. 

Written for the practicing pro­
fessional, TECHNICAL ASPECTS 
OF DATA COMMUNICATION 
details the nuts-and-bolts prob­
lems and solutions in configuring 
communications systems. It 
features: • comparison of protocols 
(DDCMP, BISYNC, SDLC) • exten­
sive explanation of interface stand­
ards (CCITT/V.24, RS232C, RS422, 
RS423) • six comprehensive 
appendices (how far/how fast?, 
modem options, codes, UART, 
fotmat and speed table for asyn­
chronous communication, chan­
nel conditioning) • 20 milliampere 
loop • telephone switching 
systems • error detection 

• 382 pages • 125 figures • 70 
pages of tables • index • hardcover 

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

I ,.,D�D"�D ���I:::i����tseivices I 
I � � LJ � Digital Equipment Corp. I Crosby Drive, Bedford. MA 01730 

I would like to order ___ copies of I TECHNICAL ASPECTS OF DATA 
COMMUNICATION at $19.95 per copy. I 0 Check enclosed 0 Money Order enclosed 
(Note: Minimum order for Digital Press to I process purchase order is $35). 

Name ___________ __ 

Address 
I I I City State Zip___ I 

L _ _  
Prices app�n U.S. only. _

_ 
...J 
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• PRHSU I H t. IWP SU/UEIIS 
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.6" H O U RS & MINUTES 

.J" S E C O N DS 

COMPLETE WITH W O O D  CASE 

1 1 7  VAC 

K I T :  $34.95 . . . . . . . ASS E M B L E D :  $39.95 
E C O N O M Y  C A R  C L O C K  

y;· L E O MODULE !  

COMP L E T E  W I T H  CASE, 

. B R A C K E T & T I M E  SET 
PUSH BUTTONS 

A L A R M  OPTION 
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PE N D u l u M 
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Listing 7 .  

Figure 3. 

order th an the l ist in which th is i nstruction 
is found, comp lete the step immediate ly 
fo l l owing the lowest comp leted step ."  
A l though th is  i nstruction seems imp l ic it, 
as I i nd icated above, I wou l d  prefer that 
it be expl ic it ly stated,  and I th i n k  it wou ld 
make the d i agrams more eas i ly fol l owed. 

Dave Higgins replies: 

I t  appears from your letter that you are 
very i n tereste d  in usi ng  the Warn ier-Orr 
di agramming  techni ques. I th i n k  you wi l l be 
p leased with the resu l ts .  

I 'd l i ke to comment on the suggestions 
you made for improvi ng  the diagrams. 
Un l i ke flowcharts, which have become qu ite 
rigid and i nfl exib le in form, the Warn ier­
Orr d iagrams are st i l l  i n  a relative i n fancy , 
and do sti l l  change occas ional l y .  We here at 
Langston, Ki tch h ave made some minor 
modifications to the d iagrams in the last  
year in order to add some capabi l i ties that 
were previously vague or nonexis tent. 
We are continua l ly  eva luati n g  the diagrams, 
looking for shortcomings or amb igu i ties, 
and therefore welcome suggestions a long 
these l i nes. It  is in th i s  l i gh t that I consi dered 
your  suggestions for revi s ing some of  the 
notation .  

F i rst of  al l ,  with respect to  your  i deas 
conce rn ing  the rep resentational form of a 
CASE statement :  I th i n k  your objection 

300 R EM CAS E  STAT E M E N T  
3 1 0  R EM D ET E R M I N E  CASE "J" 
320 LET J= I NT( R N D (0) *6+1 ) 
330 ON J GOTO 340,380,420,460,500,540 
340 R EM CASE 1 
350 

case 1 p rocess 

370 GOTO 570 
380 R EM CASE 2 
390 

case 2 process 

4 1 0  GOTO 570 

cases 3-6 as above 

570 R E M  E N D  CASE 

{ DAY = MON DAY /VVV\. (0, 1 ) 

G 
/1./VV\. DAY = TU ESDAY { /1../VVl-(0,1 ) 

G 
DAY = WEDN ESDAY { NVVV 

(0,1 ) 



Listing 2. 

300 R EM CASE STAT E M E N T  
3 1 0  I F  D$;"MON DAY" T H E N  330 E LS E  I F  D$;"T U ES DAY" THEN 360 

E LS E  IF D$;"W E D N ESDAY" T H E N  400 
320 GOTO 440 
330 R E M  CAS E 1 : DAY ; M O N DAY 

monday process 

350 GOTO 440 
360 R EM CASE 2 : DAY ; T U ESDAY 

tuesday process 

390 R E M  CAS E  3 :  DAY ; W E D N ESDAY 

wednesday process 

440 R EM E N D  CASE 

to the use of the G) symbol s tems from 
the fact that there are two p rimary ways to 
actual ly code a CASE  structure. One way is 
with the use of a "computed GOTO or 
GOSUB ."  The d iagram you show is i deal l y  
su i ted for translation i n to a computed 
GOTO, which wou l d  l ook someth ing  l i ke 
l i sting  1 .  But I don ' t  th i n k  th is  is a worth­
wh i le  change to make to the bas ic form 
of the diagrams themselves. The reason is 
th i s :  al though your method works fine for 
CASE statements that l end themse l ves to 
computed GOTO's, there are a whole h ost  
of  other CASE statements where the use  of  
a computed GOTO is  an extreme i nconven­
ience. Take,  for examp le, the CASE of 
figure 3 .  I t  wou l d  be i nconven ient  to h ave to 
r ig up  a computed GOTO to execute th is  
CASE .  I t  i s  m uch s impler to code i t  us ing 
a "nested  I F " statement, wh ich is the other  
popu lar way to  code CASE statements. I n  
pseudocode, th i s  CASE i s :  

IF  DAY = MONDAY 
TH EN MON DAY-ROUTI N E  

E LSE I F  DAY = TU ESDAY 
TH EN TUESDAY-ROUT I N E  

ELSE I F  DAY = WEDN ESDAY 
THEN WEDN ESDAY-ROUTI N E  

You can see the natu ral one-to-one corre­
spondence between the Warnier-Orr d iagram 
and the pseudo-code. This  is eas i ly  transl ated 
to code in l isti n g  2. Listi ng  3 shows an 
al ternative for those BAS ICs w i th out the 
nested I F  capab i l i ty. This  is the preferred 
method for codi ng  a case statement because 
this method wi l l  work for all CASE state­
ments, regard less of whether or not the 
CASE is su i ted for a computed GOTO. 
Also, with the computed GOTO, you must  
be sure th at your " J " i s  restricted to the 
proper range. This is not to say th at you 
can never use the computed GOTO; just 
be sure th at i ts use is justified and then 

B I G  
SAVI N GS 

1 0 % - 1 5 % - 20 % -
25 % OFF · 

I M SA I - T D L - N O R T H  STAR ­
C R O M E M CO - V I STA ­

D Y N A B YT E - A N D  OTH E R S  

S PR I N G  S PEC IALS 
TD L XITA N :  
D Alpha 1 reg $1 039 

D Alpha 1 .5 reg $ 1 1 38 

D Al pha 2 reg $1 749 

D Al pha 4 reg 21 49 

TD L 

$ 87995 
96495 

1 30995 
1 59995 

D V D B  25x80 Video Display 
Board reg $369 NOW $31 4°0 

All TDL units factory assembled and tested 
I M SAI 
D 8080 w/22-slot motherboard 

and I M SAI 4K RAM Board 
reg $808 N OW $59995 

0 ABOVE, incl. Serial Interface Kit 
and 1 6x32 Video Display Board 
assembled and tested $78995 

N O RTH STAR 
H O R IZO N S  

- A LL MODELS -
ABSO LUTELY B EST PRI CES 

AND B EST D E LI VE R I ES 

Call for informa tion 
DYNABYTE - LESS 20% 

CROM EMCO - LESS 1 0% 

S-1 00 M EM O RY BOARDS 

North Star  1 6 K Dynamic RAM 
K i t  List $399 $ 329 
Assem b led List $459 379 

D T D L  1 6K Static assm/test $549 

D TDL 32K Dynamic, " $739 
Prices good until June 30, 1978; limited to 

existing inventories 
Add $ 1 . 50 per board and/or $ 1 0  per system for handling. 
shipping. and msurance 

Send for free catalog 

M in i M icroMart, I nc .  
1 6 1 8  James S t reet 

S y racuse, N ew York 1 3203 
Phone (31 5) 422-4467 
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The LFD-400 is ready to plug in and run 
the moment you receive it. 

Nothing else to buy ! Not even extra memory! 

YOU G ET: 
0 The popular Shugart SA 400 minifloppy'" drive. Drive alignment 

is double checked by PerCom before shipment. 
0 The drive power supply-ful ly assembled and tested. 
€) LFD-400 Controller/Interface- plugs into the SS-50 bus • 

accommodates three 2708 EPA OMs • fully assembled and tested . 
0 M I N I DOS'" - the remarkable LFD-400 disk operating system on 

a 2708 EPROM · plugs into the LFD-400 Controller card • no 
extra memory required · no "booting" needed. 0 Attractive metal enclosure. 

(:) Interconnecting cable-fully assembled and tested. 
f) Two diskettes-one blank, the other containing nu merous 

software routines including patches for SWTP 8K BASI C  and the 
TSC Editor I Assembler. 

0 70-page instruction manual- includes operating instructions, 
schematics, service procedures, and the complete listing of 
M I N I DOS'" .  ® Technical Memo updates - helpful hints which supplement the 
manual instructions. @ 90-day l imited warranty. 

Minifloppy is a trademark of Shugart Associates. 

M I N I DOS is a trademark of PERCOM Data Company. I nc. 

The LFD-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa­
tion about the LFD-400 Floppy Disk System and LFD-400 
software. 

To save you money, the LFD-400 Floppy Disk System Is available 
only from PerCom. Because of the special pricing, group and 
dealer discounts are not available. 

MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow three 
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available 
immediately. Allow three weeks for testing and transportation. Texas residents add 5% 
sales tax. 
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300 REM CASE STAT E M E NT 
3 1 0  I F  D$="MO N DAY" T H E N  3 50 
320 I F  D$="TU ESDAY" T H E N  400 
330 I F  D$="W E D N ESDAY" T H E N  450 
340 G OTO 500 
350 R EM CASE 1 :  DAY = M O N DAY 

mon day process 

390 GOTO 500 
400 R EM CAS E 2 :  DAY = T U ES DAY 

tuesday process 

440 GOTO 500 
450 R EM CASE 3 :  DAY = W E D N ESDAY 

wednesday p rocess 

500 R EM E N D  CASE 

Listing 3. 

be very carefu l .  Personal l y, I feel i t  is more 
trouble than i t  is worth . 

As for the e l im i nation of the brackets 
with "SK I P" in them :  I don't  bel ieve that 
you real l y  want to do th is .  For instance, i n  
th e BUG game pub l ished in  the October 
1 977 BYTE, no action i s  taken when a 
p l ayer rol l s  a " BODY" on the dice but 
al ready has a body. This bracket is fi l l ed 
with the notation "S K I P, "  which i n d icates 
th at, al though the bracket is an essen ti al 
part of the l ogic of the di agram, noth ing 
is to be done there. However, i n  future 
versions of the game, you m igh t just decide 
to te l l  the p l ayer that "YOU ALREADY 
HAVE  A BODY" when that cond i ti on 
occu rs. I f  the ori ginal di agram is l eft with 
the empty brackets i n tact, you h ave a 
fixed and ready p l ace to put  that P R I NT 
command. The desi gn is very easy to change 
and the documen tation for the new program 
is on ly a matter of erasing  one l i ne and 
replaci ng  i t  wi th another. 

Also, I don ' t  bel i eve that we need to add 
the ( RET U RN ) command at the end of the 
brackets as you suggest. As you state, the 
retu rn to the next h i ghest leve l i n  the 
di agram is al ready imp l ied at the end of each 
bracket: therefore add ing  (RETU RN ) on 
each bracket wou l d  amoun t  to a lot of 
"busywork," which wou l d  c l u tter up 
the diagrams w i th a lot  of unnecessary 
information . 

Agai n ,  I ' d l i ke to thank you for your 
suggestions and extend an invi tation for a l l  
the readers of BYTE to subm i t  the ir  sug­
gestions for improvement of the Warn ier­
Orr d iagrams to either Langston, K i tch and 
Associates or to me for examination. 

Dave Higgins 

Langston Kitch and Associates Inc 

7 1 5  E 8th 

Topeka KS 66607 

(9 1 3 )  233-2349• 



ON USI N G  AMATE U R  R A D I O  
FO R P C  N ETS 

j eff Steinwedel  offers the on ly  fea­
sible solu tion for C I E  Nets, Distributed 
Com munications N etwork, or  whateve r 
you may wish to call i t .  Amate u r  radio, 
because of its discip l i ned ranks, wou ld  
be the very idea l  p lace to start. We do 
not need anothe r  uncontrol lable 
"Topsy " that one finds on the Cit izen's 
Band. 

Some refined com puter  work has 
already begun on the am ate u r  bands. 
I 've j ust completed an i n te rface board 
for freq uency contro l ,  and another for 
the compute r  to do all of the log work 
by fi l ing dates and t ime of contacts, and 
even their call signs. Cond i tions are 
a lready open :  the al lotted V H F  fre­
quencies welcome experimentation, 
within FCC ru les, of cou rse. 

j ack  Chance l lor  W9SON 
4 736 Amethyst Rdg 
Rockford I L 6 1 1 02 

MORE ON COM P U T E R  CONTRO L L E D  
P ROSTH ESES 

The j anuary 1 97 8  BYTE Letters 
column contains a letter from Don 
Baker regarding com p u ter  con tro l led 
prostheses. I cal l  to h is atten tion the 
work currently being carried out  at 
Northwestern Un iversity's Rehabi l itation 
Engineering Center at the Rehabi l itation 
I nsti tu te of Chicago. 

Under the d irection of Dr  Du dley 
Ch i ldress, the Center has developed 
a mu ltitude of prosthetic devices for 
the cripp led patient. Forem ost among 
these ( in m y  opin ion)  is the design 
and constru ction of prosthetic l i m bs, 
namely a "bionic" arm and hand. This 
device ampl ifies the m yoelectric su rface 
potentials on the sk in wh ich are gener­
ated by m uscle contraction and con­
verts the signals into finger motion 
through a network of e l ectronic circuitry 
and e lectromechanical compone nts. By 
"th ink ing" to extend the arm , for 
example, the patient can open and c lose 
the th u m b  and forefinger on the p ros­
thetic l imb .  Whi l e  the gr ip strength of 
25 pounds is nowhere near the ab i l i ty  to 

crush stee l ,  the patient gains a great deal 
of freedom in  l ifestyle than that which 
he  had as an amp utee. 

M r  Baker suggested a computer  con­
tro l led wheelchair as a possible solu tion 
to mobi l i ty problems for the handi ­
cap ped. North western has already 
thought of the sam e thing and h as gone 
on to develop such a machine. It consists 
of an e lectric whee lchair fitted with an 
array of batteries, electronic hardware, 
and special l y  designed input and output  
devices which are in the form of straws. 
The effectiveness of the device is best 
seen  in abi l ities of the Rehabi l itation 
Center's receptionist/secretary , who is a 
quadr ip legic. Doubl ing as a pub l i c  
re lations spo kesperson as we l l ,  she  can 
operate s l ide sh ows, te lephones, l ights, 
and even type from her seat in the  
whee lcha i r  v ia  cou pl i ng to a m icro­
co mputer. Paralyzed from the neck 
down, she comm unicates with the 
computer  by sipping and puffing on 
straws coupled to pressure sensing 
instruments. Output from the computer 
is on a v ideo terminal ,  which is also 
co n nected with an electronic typewriter. 
Th rough the use of the s ipping and 
puffi ng mechanisms, and computer 
suppl ied "best f it" ch aracters, the typist 
is able to create words and ent ire le tters 
on the com p uter, which are then se nt to 
the typewriter for p rinting. 

At p resent, the cost of micro­
co mpute rs l im its this comp lete system 
to a re latively small segment of the 
popu lation. Th us, al ternate systems 
have been deve loped,  a l lowing the user  
to con trol e ight devices within the home 
(eg :  l igh ts, tele ph one, toaster, e tc ) .  As 
the cost goes down, we ' l l  be see ing more 
of these systems in the near future. 

With the devel opment of new tech­
niques and mechanisms, the Rehabi l i ­
tat ion Enginee ring Center is  enabl ing 
more and more crippled patients to face 
the world more effectively and he lp ing 
them gain pride i n  themse lves. 

Christopher A Kryzan 
1 01 2  Waveland Rd 

Lake Forest I L 60045 

Ch ristopher is preside n t  of the Tech 

Undergradua te Council, North western 

University Technological Institu te. 

NEVER 
AGAIN? 

If it ca n happen in New York 
it can happen anywhere . 

@ 

I I �PS 
Protect you r  M emory and Systems 
agai n st Blackout with one of S. C . I . ' s 
U N I NTER R U PT I B L E  POWER S U PPLY 
SYSTE M S  . . .  , or  desi g n  you r  own 
system u s i ng S . C . I .  modu les . 

UPS S ERIES p riced from : 
$ 1 5 5 . 00 to $22 5 . 00 ( u n it pr ice) 

PER FO R MANCE!  
• Re l iab le  Float Charge Battery Backup 

Systems 
• Regu lated S ing le & M ult i  Outputs 

• 36 Standard High Performance , High 
Efficiency M odels 

The M emory Savers from the No.  1 
S o u rc e .  Want the Facts Fast? 
Call Frank Frontiero 

S E M  ! C O N D U C T O R  
C I R C U I T S ,  I N C .  

P O W E R  S O U R C E S  O I V IS IO N  

306 R I VE R ST .. H A V E R H I L L . MA 0 1 830 

TE L . (61 7 )  373·9 1 04.  TW X .  7 1 0·3470269 
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Circle 1 1 1  on i nqu i ry card . 

Get your PC masters 
in as little as 2 weeks 

At Echo Design your circuit drawings can be con­
verted into finished artwork masters in only 2 to 6 
weeks, depending on complexity. 

We do board layouts for many of the biggest names 
in the business. 

And we have broad capability. Such as computer 
boards having 450 ICs. 

Choose any or all these services: 

• Layout (to digitizing • 
standards if desired) • 

• Tape-up (artwork) • 
• Fab drawing • 

Assembly drawing 
Schematic drawing 
Bill of material 
Printed board 

Place a call now to John Offenbacker or AI Chew 
and get your new board moving at competitive prices. 

FREE 

Ask for 

a copy 

Basic 
Guidelines 

for 
Printed 
Circuit 

Partitioning 

echo 
D E S I G N  A N D  
DEVELOPMENT 
CORPORATION 

195 EAST GISH ROAD • SAN JOSE, CA 95112 

408-292-091 8 
We also provide contract technical personnel world wide 
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T RO U B L ESHOOTING Q U E RY 

I h ave a BA in photograp h y ,  but  due  
to  a recent ca r  accident  m y  back  was 
inj u red causing my legs to become 
partly cr ippled . Because of this I can no 
longer work as a ph otographer, and 
at present I am repairing calculators 
for Texas I nstru ments. 

Looking toward the future I have 
decided to open my own m icrocomp uter 
repair shop as a new career (with some 
luck ) .  

Most of  the  local colleges and 
training schools offer programm ing and 
design theory, but this is not trouble· 
shooting and repair. 

Where can I fi nd such a col lege or 
training school which offers basic 
electronic and computer repair? Where 
can I write to fi nd such information 
if you don't  have it?  

Relocati ng to another state wil l  be 
no prob lem,  and I ' m  not concerned 
with the ti me requ i red to attain the 
trai n ing. 

Larry Bernard 
1 625  1 6  St,  A pt 255 
L ubbock TX 79401 

Readers who can answer Mr 

Bernard's questions are encouraged to 
correspond with him directly. 

A D  TO A F ROM T H E  U K  

I n  certain articles of BYTE I have 
noticed circuits which cou ld ,  in  my 
opinion,  be improved by use of British 
devices which ,  for some reason ,  are not 
used in  A merican articles. 

The best example of this is the 
Fe rranti ZN425 E 8 bit d igital to analog 
converter. This device retails for approxi­
mately $8 in  the UK and,  as  far as I can 
te l l ,  is supe rior to the MC1 408 L-8. One 

Circle 400 on inquiry card. 



advantage is that the Z N 42 5  E can be 
converted to an analog to d igital con­
verter w ith the add i tion of just two 
more I Cs costing about $3 total. 

Also, I t h i nk  there shou l d  be more 
articles l i ke Ciarcia 's C i rcu it  Ce l lar ,  
s ince h is  artic les are  eas i l y  adapted to 
any m icrocom p uter, rather than be ing 
designed for use with any one type. My 
reason fo r this b ias is that I am de­
sign ing m y  own mic rocomputer. 

A K Kenny 
43 S imon barn Av 

Fenham ,  Newcastle upon Tyne 
Tyne and  Wear N E4 9VA 

E N G L A N D  

In terested readers can con tac t 
Ferranti Electric Inc, E Be thpage Rd, 
Plain view N Y  7 7 803. 

READING STR INGS 

read with great in terest Wayne 
Ledder 's  description of how a str ing of 
ASC I I  d ig its can be read and converted 
to a binary num ber  in "A N ovice's Eye  
on  Com puter A rithmet ic" ( j anuary 
1 9 78 BYT E ,  page 1 5 0 ) .  A faster, 
cleaner, and easier algor i thm exists for 
this pu rpose. 

To read a 3 d igit n u m ber ,  Ledder 
recom mends p lac ing the fi rst d ig it  (after 
subtracting A SC I I  "0") i n to m e mory 
location H U N S ,  the second i nto T E N S ,  
a n d  the th i rd i n to U N ITS .  T h e n  H U NS 
is  m u l tip l ieu by 1 00, TENS by 1 0, and 
these resu l ts are added ; U N ITS is  added 
to th is sum to give the f ina l  resu l t. 
Clear ly ,  th i s  method works. However, i t  
is i nconvenient to use for two reasons. 
F i rst, the program itself must  be mod i ­
fied if one  wishes to  i nput ,  say ,  fou r  
digit num bers. Second ,  the n u m ber  m ust 
be typed us ing a fixed num ber of d ig i ts .  
Now,  how wou l d  you feel if your  t iny  
BAS I C  m ade you type  th i ngs l i ke 0000 1 , 
or interpreted 0001  e ither as someth ing 
r id icu lous or an error? 

I th i nk  there is a better way. The 
fol l owing algorithm is  c leaner and as 
easy to im plement.  

1 .  Set N U M to O . 
2. Get a d ig it  from i nput.  If it is not 

a d ig it  (eg: a b lank or  a new l i n e ) ,  
terminate. 

3 .  Otherwise, convert the d ig i t  from 
ASC I I  by su btractin g  the code for 
ASC I I  "0" from it .  

4 .  Mu l t ip ly  N U M  by 1 0. Then ad d 
the d ig i t  to it. 

5. Go to step 2 .  

When the algori thm te rm in ates, t h e  va lue 
of N UM wi l l  be the b inary n u m be r  
corresponding t o  the ASCI I coded i n put .  

Several com ments are i n  order. F i rst, 
the m u l t ip l i cation in step 4 can be per­
formed qu i ck ly  by add ing the val ue of 
N U M  sh i fted left th ree t imes to the value 
of N U M  sh i fted left once. Second ,  the 
processing of the first d ig i t  should pro­
bably be moved outs ide of the l oop. 
This fac i l i tates checking for a negative 
sign , avoids an unnecessary m u l tip l i ­
cation i n  step 4 on th·e first i te rat ion, 

and m akes i t  possi b le to check for a 
com p letely blan k l ine (wh ich  shou ld  
be treated as  an error, not as zero).  

This algorith m req u ires no leading 
zeroes and works for n u m bers of any 
length . I t  is also q u ite fast; in read ing  
n u m ber  l e ss  than  65 ,536 ,  i t  req u i res on ly  
3 n 1 6  b i t  sh ifts and 2 n 1 6  bit  adds ,  to 
read an n d igit n u m ber. U nfo rtunate ly ,  
I can  c l a im  no cred it for i t  s ince i t  has 
been in  existence for many years. 

Eric Ham i l ton 
Du nster D-1 1 

H arvard U n iversity 
Cambridge MA 021 3 8  

D E M I S E  O F  M A P L E  

S a d  t o  report, MicroAPL Enthusiasts 
has gone to see d .  The major cause of i ts 
de mise h as been a severe defic iency in  
creative l i te rary sap.  When we started 
th i s  seed l i ng ,  we'd hoped for a forum 
wh ich would someday branch to many 
i n teresting d iscussions on that most 
fasc inating of languages: APL.  S ince 
then,  a lthough the response has been 
good , the l i terary stuff has been flowing 
i n  at the rate of frozen maple syrup .  
As the  instigators of  a l l  this ,  we found  
ourselves un able to  gather enough 
m aterial to form the crit ical mass needed 
to get the chain reaction of ideas started .  
Therefore, we  have decided to  d i s -

corporate, and retu rn M A P L E  to  virtua l  
memory storage i n  that  bit bucket in 
the sky.  

R Low 
J Siko rsk i  

POB 574 N U M S  
Ch icago I L 6061 1 

H U M A N  FACTO RS E NG I N E E RI N G  
N E E D E D ?  

Today d iscovered that nobody 
real l y  cares about us ,  at least those of us 
who use computer  term inals day after 
day .  

I was do ing a d ata base search 
through the I N S P E C  fi les looking fo r 
i nformation about  "the office of the 
future . "  Most searc hes that we re per­
formed were q u ite successfu l (giving u p  
t o  1 60 references).  However, a co m b ined 
search on d isplay devices and  h u man 
factors fou n d  one en try (on d igital 
watches) .  E ven less reward ing was a 
search on d ata acq uis it ion and h u man 
factors-no references. I can on ly  assume 
that no one cares abou t the user .  

At the Canadian Computer  S how in 
Toronto in  N ove m ber, m y  s ister and I 
ran a qu i ck  informal su rvey of keyboards 
of computer termi nals. Typica l l y ,  the 
key boards could not  h ave been d esigned 
with any user i n  m i n d .  Problems of 
ugly color schemes;  gl are on the keys 
from overhead l ight ing ,  lack of "fee l"  

HOBBYISTS ! ENGINEERS ! TECHNICIANS ! STUDENTS ! 
Write and run mach ine lang uage programs at home,  d isp lay v ideo graph ics 
on your TV set and design m icroprocessor c i rcu i ts - the very f i rst n ight 
- even if  you've never used a computer before ! 

SPECIFICATIONS 
ELF I I  features an RCA COSMAC 
COS/ MOS 8-bit microprocessor ad­
dressable to 64k bytes with DMA, in­
terrupt, 16 registers, ALU, 256 byte 
RAM, full hex keyboard, two digit hex 
output display, 5 slot plug-in expansion 
bus, stable crystal clock for timing pur­
poses and a double-sided plated-through 
PC board plus RCA 1861 video IC to 

RCA COS MAC microprocessor /mini­
computer 

i\ THOUGHTFUL G I FT 
FOR ANYONE WHO MUST 

STAY U P  TO DATE I N  
COMPUTERS AND 

ELECTR O N I C S '  

video momtor o r  T V  screen. Jl 
display any segment of memory on a sgg95 
Use ELF II to . . . PLAY GAMES using Elf 
your lV for a videodisplay . . .  CREATE ..- - - - - - - SEND TODAY - - - - - - , GRAPHICS pictu res, alphanumer- I NETRONICS R&D LTD., Dept. 8 Y 5 

. 
ICS, ant mated effects ... learn how to 333 Litchfield Road New Mi lfo r I C r  0677(, Phone ( 103) 354-9375 D E S I G N  C I R C U I T S  us m g  a · ' · ' - · 

microprocessor ... the possibilities Yes! I wm11 to run pro�:rams at con�rollers. et�. (soon to ?e 
are infinite! h a m  e a 11 d h a v e  en c I o s e d :  avatlable as ktts). Manual Jn-

NOW AVAILABLE 
ELF II explodes into a giant when you 
plug the GIANT BOARD'" into ELF's 
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bit P I/ 0 and system monitor{ 
editor ... rneaning your ELF II is now the 
heart of a full-size system with unlimited 
computing power! $39.95 kit. S2 p&h. 
• 4k Static RAM addressable to any 4k 
page to 64k. $89.95 kit. S3 p&h. 
o Prototype (Kluge) Board accepts up to 
32 I. C.'s of various sizes. S 17.00 kit. S I 

p&h. 
o Expansion Power Supply. $34.95 kit. 
S2 p&h. 
o Gold plated 86-pin connector. $5.70 
postpaid. 
Cominc Soon ! ..,  ______ ,.. 

Tiny Basic 
ASCll KEYBOARD• CONTROLLER 
BOARD • D-A, A-D CONVERTER • 
CABINET 

Circ le  280 on i n q u i ry card. 

0 $99.95 plus $3 p&h for RCA eludes instructions for assembly, 
COSMAC ELF II kit. Featured test ing ,  progr amming,  video 
in POPULAR ELECTRONICS. graphics and games plus how 
includes all components plus you can get ELF 11  User's Club 
everything you need to write bulletins. Kit can be assembled 
and run machine language pro- in a single evening and you'll 
grams plus the new Pixie chip still have time to run programs, 
t h a t  l e t s  you d i s p l a y  v i d e o  including games. video graphics, 
graphics on your TV screen. De- contr:ollers. et..::: . .  before going to 
signed to give engineers practice bed' 0 $4.95 for 1 .5 amp 6.3 
in computer programming and VAC power supply, required for 
microprocessor circuit design. ELF 11 kit.  0 SS.OO for RCA 
ELF I I  is also perfect for college 1 802 User's Manual. 
and college-bound students ( who 0 1 want mine wired and tested 
must understand computers for with the power transformer and 
any engineering, scientific or RCA 1802 User's Manual for 
business career). Easy instruc- $149.95 plus $3 l>&h. lions get you started right away, Conn . res. add sales lax.  
even i f  you've never used a com-
puter before! NAME ___ _ 

As your need for computing 
ADDRESS power grows, five card expan- ------

sion bus (less connectors) allows CITY ________ _ memory expansion. program de-
bugger/monitor, cassette l /0. A STATE-ZIP---:-:--:---­
to D and D to A converters. 0 Send info on other kits' 

L ��·�� �b=��·- ._!>::!,e�=i�=e,:!_ ..J 
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LEARN 1_� 
PROGRAM 
A n d  at a n  a ffo rd a b l e  p r i c e .  T h e  
M o d u - Le a r n ™  h o m e  s t u d y  c o u r s e  
f r o m  Log i c a l  Serv ices .  

Now you can l earn m i c rocom p u t e r  
prog ra m m i n g  i n  ten com prehe n s i b l e  
lessons.  A t  home.  I n  your own t i m e .  At 
you r  own pace.  

You learn to solve c o m p l ex problems 
by b re ak i n g  them down into eas i ly 
p rogrammed mod u les .  Prepared by 
profess i o n a l  d e s i g n  e n g i n e e rs .  t h e  
Mod u - Learn T M  cou rse p resents sys­
temat i c  software d e s i g n  tec h n i q u es ,  
structu red p rog ra m  d e s i g n ,  and prac­
t i c a l  e x a m p l e s  f r o m  r e a l 8 0 8 0 A  
m i c ro-compute r  a p p l i cat ions .  A l l  i n  a 
mod u l ar-seq u e n ce of 1 0  l essons . .  
more than 500 pages , bound i nto one 
pract ica l note book for easy reference.  

You get d i ve rse exa m p l e s ,  p rob l em s ,  
and so lu t i ons . With  thoro u g h  back­
g ro u n d  mater i a l  on m i c ro-com puter 
arch i tectu re, hardware/software trade­
otis, and u sefu I reference tab l es .  A l l  
for o n l y  $49.95 

For $49. 95 you l earn d e s i g n  tech­
n iq u e s  that make software work for  
you M o d u - L e a r n ™  s t a rt s  w i th t h e  
bas i c s .  O u r  p ro b l e m - s o l ut i o n  a p­
proach e n a b l e s  you to " g rad uate" as 
a p rogrammer.  

C i rc l e  the rea d e r  serv ice number be­
low to receive our free d e s c ri pt ive 
b roc h u re and course o u t l i n e .  

U s e  yo u r  M as t e r C h a r g e  o r  V I SA 
card to o rcle r  today. C a l l  Pat at (41 5 )  
965-8365. 

Circ le  2 1 5 on i n qu i ry card.  

P.O. Box 60968 
Sunnyvale, CA 94088 
408-245-8855 

LOGICAL 
SERVICES INCORPORATED 
1 52 tv1ay 1 978 © BYTE Publ icati ons Inc 

in the key board , beeps (often not 
adj ustable ) to replace tacti le feedback ,  
and  soft keying ( i nstead of  a bouncy 
switch ) , lack of position adjustment  of 
the key board , and lack of an arm rest in 
front of the keys were pro blems that we 
frequent ly noted. On ly  about two or 
three key boards came anywhere near 
being reasonably p leasant to use. Human  
factors appear to  have been ignored by 
a lmost a l l  manufacturers. 

Hopefu l l y  in the fu ture we can h ave 
some articles about hu man factors i n  the 
term ina l  device design. For too long the 
industry has pushed h u m an factors in 
man-mach ine  d ialog software and 
ignored  the hardware. 

Dr j ohn  C McCal l um ,  Assistant P rofessor 
Dept of Computer Science 

York U n iversity 
4700 Keele St 

Downsview Ontario M3j 1 P3 
CANADA 

M E D ICAL AND D ENTAL SO FTWA R E  
N E E D E D  

A recent copy o f  Time magazine 
referred briefly to a successful U S  
appl ication o f  microcomp uters to the 
basic requ irements of ind iv idual  doctors 
and dentists. 

If you or any of your readers hap­
pen to know of the firm (s ) responsib le 
for th is  appl ication I would be most 
grateful to l earn their address (es ) . 

Ph i l i p  D B u rke  
GPO Box 498 

Adelaide S A  USTRA L I A  5001 

ANOTH E R  L ETTE R  R EC E I V E D  
WITH A COM P L ETE D 

READ E R  S U RVEY FORM 

Misce l laneous com ments apropos 
pe rsonal computer  usage: 

The languages avai lab le are atroc ious. 
The few good l anguages are not avai lab le  
on personal systems. Languages I con­
sider good ,  even if  not practical on a 
m i cro, are: APL,  PASCA L,  A LGOL 6 8 ,  
MOD U LA (yes, I 've seen examples of 
MOD U LA ) , in no part icu lar order. Each 
has some good and some bad features. 
What we need is a synthesis. 

I keep hearing about "high leve l  
language mach ines." I n  my op in ion ,  
they  are  long  overd ue.  Where are  they?  
Where ,  at least, is the computer  that  
can efficien tly run an in termed iate 
l anguage interpreter, at a p rice I can 
afford ? What I need is an H P-3000 
m icrocomputer ,  I guess. 

Where languages are concerned,  I 
su ppose that a good systems i m ple ­
me ntation l anguage is most needed ,  
a lthough why do so  few peop le  seem 
to recognize this obvious fact? Th ink  
how it wou ld  s imp l ify deve lop ing 
operating systems and Star  Trek games 
that are i dentical on all compute rs 
they run on. Is that bad ? 

I want to h ave fun and  learn th ings 
with my com puter. To me, fu n is wr it ing 
aesthetica l ly p le as i ng  and  correct pro­
grams. That's hard to do in  BASIC .  

CLH 

R EC E I V E D  F ROM A R ESPON D ENT 
TO BYTE'S 1 978 R EA D E R  S U RV EY 

I would  l i ke to offer some add it ional 
com m en ts which y ou may f ind useful 
i n  your su rvey .  I fu l l y  intend to purchase 
a persona l  computer system in the very 
near future. The equ i pment  and  approxi­
mate p rices I i n te n d  to pay are detai led 
i n  the survey .  The m ajor factors i n flu ­
enc ing  th is  pu rc h ase a re  as fol lows: 

• The ava i l ab i l ity or near avai l ­
ab i l i ty of a h igh  l eve l  b lock 
structured language comp i l e r  (C,  
PASCA L or  A LG O L ) . 

• The vendor's f inancial  stab i l i ty .  
• The ava i lab i l i ty and  co m pati b i l ity 

of per iphera l  e qu i pment .  
• The ava i l ab i l i ty of  a s imp l e ,  

powerful moni tor or operating 
syste m .  

w i l l  purchase a pre b u i l t  system a n d  
have very l i tt le i n terest i n  assem b l y  o r  
hard ware fid d l i ng. I a l s o  have very l i ttle 
i n terest i n  asse m b l y  l anguage cod ing and 
w i l l  use the home com p u ter  to develop 
projects i n  the area of artific ia l  i n te l l i­
gence. 

Anonymous 

COM P UTE R CH ESS 

I am told by j oh n  M L usa of  I nfo­
syste m s  that your  m agazine  specia l izes 
in smal l  system s. 

I wonder if you know of a co mputer  
that  p lays chess at  the m aster level .  I am 
very desirous of owning such a product  
and I wou ld  tru ly ap prec iate i t  i f  you 
cou l d  i n  any way lead m e  to it .  

Phi l ip Restagno 
291 0  De Witt PI 

Bronx NY 1 0469 

Playing chess at a master level is one 
of artificial intelligence 's perenial pro­
jec ts. A s  of now, the closest you can 
come is an expensive laboratory project 
executed on a large computer of con­
ven tional design. But this is h ardly a 
commerical product available at your 
local computer store. 

MATS USH ITA MYSTERY P ROC ESSOR 

Recent ly  I came across a M atsush i ta 
M N 5 7 6 3  m icroprocesso r, and have been 
unable to fin d  any info rm ation about it .  
Could you or a reader te l l  me anyth ing 
about  th is part  or about where I can 
obtain information on i t?  

jeff S poelstra 
7405 Palm Dr 

Urbandale lA 50322 



SPRING CLEARANCE 
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ON 

FLO P PY D I S K  

D R IVES 

Electronic Music Workshops at 
New England Conservatory 

The New England Conse rvatory of 
Music w i l l  hold a Summer  School  
J une 26  thru A ugust 4 1 97 8 ,  featu r ing 
workshops, courses and master  c lasses. 
H igh l ights w i l l  be the E lectron ic  M us i c  
Workshop, J une 26 th ru J u ne 30  w i th  
Robert Cee ly ,  and the  E le ctronic M us i c  
i n  t he  Classroom Workshop, j u ly  10  thru 
j u ly  14 with Larry A l len .  

The E l ectronic M us ic  Workshop with 
Robert Cee ly  wi l l  be d iv ided i n to two 
parts. Part A wi l l  be a l ectu re demon­
stration of the hard ware and software 
of e lectronic m usic.  Part B w i l l  give 
students hands-on experience with 
various synth esizers. 

E lectron ic  M usic i n  the Classroom 
with Larry A l l en  w i l l  be an exp loration 
for the classroom music educator of the 
goals,  out l ines, lesson plans, and e lec­
tron ic  equ ipment  to be used i n  deve lop­
ing a com prehensive jun ior  h igh , sen ior  
h igh ,  col lege or  adu lt  education m us ic  
curricu l u m .• 

I nstruction Search 

Have you ever found  yourself exe­
cuting as i n structions i nformation you 
intended as d ata, only to get garbage ? 
S u re you have ;  we a l l  do th is  at one t ime 
or anothe r. 

One day ,  w h i le i n te racting with m y  
K I M-1 , I fou n d  m yself execut ing a 
hexadeci m al 27 wh i ch I had accidenta l ly  
left in a location. I t  m u l t ip l i ed  another 
number by two and  added one .  U po n  
closer inspection, I found hexadec ima l  
27 to be a p reviously undefined rotate 
one bit  left i nstruction ,  a very powe rfu l 
instruction. I nc l ud ing  my new instruc­
tion, there are now 14 7 i nstructions 
defi ned for the 6502 processor, out of 
256 poss ib le  in  the range from h exa­
decimal 00 to F F .  That l eaves 1 1 9  
instructions undefined . The proble m is  
find i ng the m .  

I am i nc l i ned t o  bel ieve t h e  best way 
to determine  the d iffe rence between 
garbage and a val id  i nstruction i s  to 
cont inue p rogra m m ing in  a normal  
fash ion and when an e rror is made and 
I find m yse lf execut ing an u n defined 
instruction , fol low i t  through . Th i s  
instruction search i s  not l i m ited to  the 
6502; i t  app l ies  to every p rocesso-r on 
the m arket. I n deed,  the store zero 
i nstruction on the I BM 7090 was found 

in  a s im i l ar fash ion at a t ime when that 
m acrocomputer  was at a stage s im i l ar to 
that of the presen t  m icrocompute r. 

I do not advocate s loppy p rogram­
m i ng. It shou ld  be advoided at  al l costs. 
However, when a m istake i s  made  and a 
resu l t  is obtained ,  it shou ld  be stud i ed .  
Someth ing  of  va l ue  may  be found .  

Francis J O ' Rei l ly  
42 Markwood Rd 

Ardsley NY 1 0502• 

A Quick Wire Unwrapping Tool. . .  

U n wrapping wires fro m posts on 
c i rcu i t  boards is a s imple  task with the 
correct too l .  Com mercial u nwrapping 
tool s  are  usua l ly  not  practical for the  
person hav ing on ly  an occas ional  need , 
so i m provised m ethods are in order. One 
such m ethod was descr ibed on page 1 7  
of the Decem ber 1 97 5  BYTE.  I found 
that  method took more t ime than I 
wanted to spend on these j obs. 

A si m p le tool that can be made in a 
few m inu tes meets the req u i rements of 
be ing cheap,  easy to use , made from 
read i ly  ava i lab le  material .  It does not 
dam age the posts and removes the wire 
rap id ly .  All you need i s  a sma l l  d i ameter 
m etal (brass if  you are concerned about 
dam age to the posts) tube th at fits 
c lose ly  over the posts. S uch tubing is 
often ava i lab le  in  brass at hobby shops. 
To m ake i t  into an un wrapping too l ,  
s imp ly  f i l e  a notch across the s ide  and  
end of the  tube to  a depth  abou t twice 
the d iameter of the wi re to be rem oved . 
To preserve the strength of the fitted 
end of the tube, fi le the notch i nto 
about 1 /3 the d iameter of the tube.  I f  
you have a fine f i le  o r  other too l ,  c u t  a 
sma l l  n ick i n to the s ide of the notc h .  
Th i s  enables i t  t o  h o o k  o nto t h e  wire,  
which wi l l  then be removed fro m the 
post when i t  is un wrapped and the tool 
i s  removed .  

Ready sources of  tu bes ( i nc l ud ing  
hand l e )  are mec han ical penc i l s  and bal l ­
p o i n t  pens. T h e  mech anical penc i l  i s  
best and easiest t o  " b u i l d "  i n to the 
desired tool .  To convert ba l lpo int  
pens i n to un wrapping tools, i t  i s  of 
cou rse necessary to remove the bal l ­
po int  and i n k .  I t  wi l l  a lso p robably be 
necessary to dr i l l  the tube to a size 
that wil l  fit over the w i re wrap posts. 

Donald C Weber 
1 201 I nwood Ter 

j acksonville FL 32207• 

N O R T H  S T A R - V I STA - M I C R O PO L I S  

EX TRA SA VINGS 
IMMEDIA TE D ELI VER Y 

D North Star M icrodisk 
I nterface w/drive, kit 

List $699 S PEC IAL $589 
D Vista M icrofloppy, kit 

List $649 S PEC IAL $544 
A D D  $80 F O R  A S S E M B L E D  8 T E S T E D  U N I T S  

For the ultima te in storage capacity, 
get yourself an assembled and tested 
M I C ROPOLIS a t  special prices. 

D M odel  1 041 Macrofloppy 1 43 
ki lo ca p ., incl .  cover $625 

D M odel  1 042 w/case & power 
supply, 1 43-kilobyte capacity 

N OW O N LY $709 
D Model 1 053 Dual  Metafloppy 

630-ki lobyte ca pacity 

Reg $ 1 895 N OW $ 1 695 
ALL I N T E R FA C E S  I N C L U D E  DOS A N D  BAS I C  

SPECIA L VERSIONS FOR 
HEA TH H-8 & RADIO SHACK TRS-80 

A D D  $49. 95 
Interfaces also ava i lable 

M I C R O M A T I O N  
T A R B E L L  

M O R R O W  
S O  S A L E S  

Prices good until June 30. 1 9 78, limited to 
existing inventories 

H EATH H-8/TRS-80 

TO S-1 00 ADAPTE RS 

AVA I LA B LE 
D S pecial S-1 00 Ada pter for 

TRS-80, inc l .  backplane, P .S.  
and 32K of memory 

ALL FOR O N LY $495 
FULL L I N E  O F  M E M O R Y BOAR D S ,  V I D E O  
D I S P LAY M O D U L E S ,  A N D  P R O T O T Y P E  
B O A R D S  F O R  T H E  H EATH H 8  AVAI LA B L E . 

Add $5 for  s h i p p i n g .  h a n d l i n g .  and i n s u rance 
for each i tem ordered . 

Send for free catalog 

M i n i M icro Mart, I nc .  
1 6 1 8  J a mes S treet 

Sy rac use, New York 1 3203 
Phone (3 1 51 422-4467 
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C i rcle 351 on inqu i ry card. 

Available for Immediate Delivery 

QUAliTY 
BUSinESS 

PROGRAmS 
G ENERAL LEDGER. A compre­
hensive GL system desig ned for 
professional accou ntants and 
small  busi nesses. Q U IC K LY set 
u p  any c ustom charts of accou n t s  
to hand le s i n g l e  or m u l t ip le  de· 
partments. I NT E RACTIVELY verify 
data. CUSTOM IZE report formats 
and head i ngs. EXHAUST! VEL Y 
docu mented. COM PUTER know­
ledge not requ i red. Written in 
CBASIC, t h e G L  system costs 

$995 

N A M E  A N D  ADDRESS (NAD) 

SYSTEM with optional  reference 
informat i o n  MAI NTAI N S  f i les and 
a l lows S ELECT I O N  on all f ie lds for 
pri n t i ng LABELS, REPORTS, or  
new f i les. Thoroughly  docu mented 
and written in CBAS I C .  O n l y  $79 
QSORT. A fast a n d  eff icient,  easy 
to u se, F u l l  Disk Sort/Merge. I t s  
AUTOMATIC operat ion,  m u l t i p l e  
sort keys, a n d  complete bac k u p  
provide power and f lex i b i l ity.  I n  
8080 code, $95 
CBASIC. An Advanced, Com pre­
hensive, Commercia l ly  O riented 
Compi ler/I nterpreter i nc l u d i n g  f u l l  
d i s k  access, P R I NT U S I N G ,  1 4  
dig i ts  o f  precis ion,  and much 
more. With 85 page manual,  

$99.95 

A l l  programs requ i re t he 8080 o r  
Z-80 CPU and the CP/M floppy-d i s k  
operat i n g  system. A l l  o u r  software 
is attractively packaged and ship­
ped from stock. 

To order or for more information, Call: 

/tructured /yJtemJ Group 
561 5  KALES AVE. 

OAKLAND, CA. 9461 8 
(41 5) 547·1 567 

California residents add 61/z %  Sales Tax. 
Prepaid or COD only. 

Dealer Inquiries Invited. 

CP/M is a trademark of Digital Research. 
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Component Types and Values 

U n less otherwise noted , a l l  com· 
ponents and values i n  the schematics of 
BYTE magazine are assu med to be 
typical · of low power logic and s ignal  
e lectron ics: 

Resistors: Power ratings of )t,i W, carbon 
composit ion, 1 0% tolerance or 5% 
tolerance depending on value are stan · 
dard d efau lt  assu m p tions. Values are i n  
ohms (no un its symbol ) ,  dec i ma l  
thousands of ohms (K un i ts sym bol ) ,  
dec imal  m i l l ions of ohms (M un i ts 
sy mbo l ) .  Typical exceptions to t hese 
defau l ts are : 

1 0  W, y, W are notations of 
typical power ratings d iffe r ing 
from )t,i W.  

1 %  is a notation of an exp l i c i t  
resistance va lue  tolerance when 
1 0% is not  adequate . 

Capacitors: Capacitors are assumed to be 
20% tolerance, nonpolarized , w i th vol· 
tage ratings greater than or  equa l  to the 
d ifference between the most positive 
power supp ly  vol tage and the m ost 
negative power supp ly voltage . Values 
are in m icrofarads (no un i ts sy m bo l ,  or 

New Product I nformation 

Lucas-Adams Labs U n  Ltd i s  p roud 
to announce the perfect ion of the 
fol lowing special function boards, a l l  
p l ug-in com pati ble with A l ta i r  ( S - 1  0 0 )  
bus mai nframes, and  adaptable for other 
buses with a transfer :  

Mainframe expander board - hy drau l i c :  
T w o  2 em hydrau l i c  j a c k s  extend t o  a 
max imum of 1 4  em to expand the 
ava i lab le  internal space of most duct i le  
mai nframes. Comp lete with i n tegral 
fl u id  reservoirs and h igh capac i ty pump. 

F reon cycle refrigerator board with 
m ult ip le  radiator boards: E l im i nate the 
noisy mechanical  fan and kee p you r 
m icro's te mperature down with this 
quiet running refrigerator board. Com­
pressor runs off the mainframe's +8 V 
supp ly ;  usable with up to 1 2  radiator 
boards, each to be located near a 
mem ory or processor board to keep i t  
cool .  

Solar energy package board :  F o r  an 
ecological l y  sou nd second power source, 
try our  solar energy board. F i tting into 
a s ingle A ltair (S- 1  00)  bus slot, an ex­
tender on top of the board u nfo lds ,  
software contro l l ed ,  to expose a 1 2  foot 
squ are solar panel , with ample  capacity 
for your ent ire bus during the day l ight 
hou rs. 

Hydroelectric power board: This  c lean 
source of power i s  generated by a d ive r-

un i ts sy m bol  p.F or JJ.F ) or p icofarads 
(un its sy m bol  p F ) .  Typica l  except ions 
to these defau l ts are : 

E le ctrolyt i c  capacitors are ind i ·  
cated by exp l i c i t  notation of 
po lar i t ies  (+)  and (- ) on the 
d iagram .  

Exp l ic i t ly  n oted voltage ratings 
a lways appear for e lectrolytics, 
and occasiona l l y  for other types. 

Where some other tole ran ce para· 
mete r  is cr i t ical (such as te mpera­
ture coeffi c ient ,  type of capacitor 
techno logy , etc) i t  w i l l  be noted 
near the part in q uestion .  

Power  Supp ly  Circu its: Power  d istri­
bution c i rcu i ts are assumed to fo l low 
good engineer ing ·p ractices  for p rototype 
equ ipment :  h eavy d istri but ion bus con­
du ctors, freq uent  bypass capacitors ( . 0 1  
to  .5 p.F ceram i c  d isk )  spre ad throughout 
the board i n  question ,  and at  l e ast one 
fai r ly  large (eg: 5 to 2 5  p.F )  e le ctro lyt ic  
bypass capacitor per  supp ly  voltage per  
board .  Bypass capacitors are wired from 
the supply vol tage to ground .  These 
assum ptions are not noted i n  each 
d rawing,  but shou ld  be obse rved as a 
matter of cou rse . •  

s i o n  of t h e  source t o  d rain f l o w  of 1 0 1 2  

F ETs contained i n  o n ly 64 LS I ch i ps. 
H igh tension pr inted c i rcu i t  l i nes transfer 
power to an on board substation for use 
on the bus .  

Garbage com pactor board : Both e red by 
garbage from o ld  p rograms ,  obsolete 
data, i n it ia l ization ? Our  garbage com­
pactor board comp resses · the equ iva lent  
of a fu l l  64 K of garbage i nto the space 
of only one 4 K stati c  or  dynamic  
memory board, for  easy d isposal .  

Term ina l  board : This  board i s  so l d  with 
only two days l i fe left of dec l i n ing  ser­
v ice,  at which point i t  se lf-destru cts. 
No nrepairable .  

D A RT random n u m ber  b oard : O n  the 
board are four  concen tric sh ift register 
rings and 16 pointed ,  feathered e le c­
trodes for tru ly random n u m ber gen­
eration. 

P ROM m em ories board : Com plete with 
a b ig band c lock ing and rh ythm section , 
th i s  board boasts a hard wood d ance 
floor option and fast access t ime. 
Refresh area on board (for volat i le 
sp i r i ts on l y ) .  

Abacus board : Th i s  nonvolat i le p ro­
cessor can provide emergency com­
put ing ab i l i ty during  co m p lete power 
fai l u re .  Comes with on board d i rect  
access B E A D  me mory. ( U se r  must 
prov ide so me l og i c . )•  



A Note A bout S imu lations, Part 3 

I have just received a letter from 
David O'Nei l  of Greenacres F L pointing 
out some errors in  the p rogram which 
accompanied my artic le "S im ulation of 
Motion Part 3 "  in  the j an uary 1 978  
BYTE.  Accord ing to  D ave, l i nes 680 and 
970 should be changed as fol lows: 

680 LET A=(COS(G) *D *V2+ 
COS(L)*F)/M 

970 DATA 1 .6, 5.6,0.033 7 , l . OE-4 , 1 . 7 ,  
0 .0 ,0 .0333,l .OE-4 , l  00,0.0,  
0.0333, l .OE-4 

Line 330 is incorrect and should be 
deleted ;  and l ines 490, 5 1 0  and 5 5 0  are 
superflous and may be deleted . I agree 
in all cases and apologize for my poor 
proofreading.• 

Stephen P Sm ith 
POB 841 

Parksley VA 23421 

That's the Way the Paper Folds  

I would l i ke to cal l to your atte n tion 
an error noticed on the cover of the 
Decembe r  1 9 77 BYTE.  

The paper  coming out of the p rinte r  
has a very unusual fol d ;  it i s  n o t  the 
normal fan fold .  In fact it is difficu lt  to 
see how the paper is fed with that fold 
pattern (un less on a rol l } .  

Other than the "ancient tech nology " 
of paper fold ing ,  I e njoyed the article 
on the Star Trek computers.• 

Richard L McCracken 
85 E E merson 

Chula Vista CA 9201 1 

There is no obvious supply of paper, 
either. But the idea is con veyed, and 
even if we could, we 're not about to 
revoke Robert Tinney 's artistic license. 

Address Correction 

In Sol L ibes' article " Where to Get 
Bargains in Used Computer Equ i pment" 
which appeared i n  the Dece m ber 1 977 
BYTE on page 1 5 4, the en try for the 
Rondure Co was in correctly stated .  
The cu rrent address of  that  company 
is:  

Rondure Co 
2522 Butler St 
Dal las TX 75235 

Thanks to Stan Shannon,  president of 
Rondure,  for pointing out this error.• 

.. 

24 Channe l LOG I C  ANALY Z E R ,  compl ete with 2 cards a n d  3 sets of probes . 

Featu res 
- 24 channels with 256 samples each . 

D i splay of d i sasse m b l ed program f l ow .  

D u a l  m o d e  operation - external mode a n a l yses any external  l ogic 

system. I nternal  mode monitors users  d a ta and add ress bus.  

- Selectable tr igger  point anywh ere in  the 256 samples.  

- 0· 1 6  bit  trigger word format or external  q u a l i fier .  

- B M H z  sample rate 

- Synchronous clock sample with coincident o r  del ayed clock mode. 

- User defi ned reference memory.  

- D isplays and system control  th rough keyboard entry.  

- TT L  Logic level compati b l e  ( 1 5  pf and 1 5  J..l a typical  i n put l oading. ) 

Displays in B i nary 

The DATA LY Z E R  
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D i sp l ay of disassembled 
program fl ow. 

Designed to plug eas i l y  into your  S- 1 00 Bus,  the DATA LYZ E R  is  a 

compl ete system -- for only $595 . D i splay of di sassembled program 

f low is a standard feature, not an extra. And the low price includes 30 

l ogic probes, so you can hook up im med iate l y ,  without add itional  

expense. 

The DATAL YZ E R  is  ava i l ab le  in kit form ($595},  and as a fu l ly 

assemb led d ev ice on two P C B 's ($695) .  Operators' manual  $7.50 . A 

sub stantial  warranty,  and the Databyte, I nc. com m i tment to service 

make the DATA L YZ E R  a worthwh i l e  i nvestment.  

Databyte, I n c. 
Circle 82 on i n q u i ry card. 

7433 Hu bbard Avenue 

Middleton, Wisconsin 53562 
Tel : (608) 831 -7666 
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Chess and 
Computers 

__ Chess and Computers by David Levy . 
If you enjoy playing chess, then you should 
thoroughly enjoy Chess and Computers. 
This 1 45 page paperbound book is loaded 
with chess games played by computers. The 
games are computer versus computer and 
computer versus h uman. When you settle 
down with this book,  it wou ld  be a good 
idea to set up your chess board and play 
the games. As with any good chess book ,  
h a l f  the enjoyment is  found in playing 
al ong, dupl icating the moves, reading the 
comments by the author and adding your 
own comments. $8.95. 

__ Basic Computer Games: Microcom­
puter Edition edited by David H Ah l .  Here 
are 1 02 classic computer games, every one 
in standard microcomputer BASIC;  every 
one complete with large, legi ble l i sting, 
sample run and descriptive notes. 

A l l  the classics are here: Super Star 
Tre k (one of the most chal lenging versions 
anywhere ) ,  Footba l l  (two versions ) ,  B lack­
jack,  Lunar Lander (th ree versions) ,  Tic Tac 
Toe, N im ,  Life and Horserace. 

This revision of 1 01 BAS I C  Computer 
Games is a real must, even i f  you own the 
original . $7.50. 

__ Programming Proverbs by Henry Led­
gard . "Programmers can and should write 
programs that wor k  the first time." This 
statement may sound ideal istic to those 
accustomed to long hours of debugging .  
Yet, it's the theme of this boo k-a un ique 
col lection of "proverbs" or rules and 
guidel i nes for writing more accurate error­
free programs. And l i ke all proverbs, they 
are compact gems of truth . $6.95. 

__ Dr Dobb's Journal of Computer Calis­
thenics and Orthodontia Volume I is a 
col lection of everything from the first year 
of Jim Warren's outstanding jou rnal . As 
Carl Helmers, Editor in Ch ief of BYTE 
Magazine says, "Dr Dobb's Journal can help 
make your computer an indentured 
servant." $ 1 3 .00. 

__ Assembly Level Programming for Small  
Computers by Walter H Wel ler .  One of the 
most professional ly  produced books we've 
seen. From front cover to back, this boo k  is 

��.: ��� � , ..... � .. ). � v i'} ���) 
�� 

__ M icroprocessor Systems Design by 
Edwin E K l ingman. Outstanding for its i n ­
formation on  real microprocessors, this text 
is both an introduction and a deta i led refer­
ence sou rce treating over a dozen pro­
cessors, inc luding new third generation de­
vices. No prior knowledge of micropro­
cessors or microelectronics is required. De­
signed to be self-contained, there are many 
i l lustrations to clarify timing concepts and 
control structure. Hardback $ 1 7.50. 

__ The Compulator Book by R P 
Havi land. Tel ls you how to mate the com­
puter with the calculator . This u nique new 
volume provides ideas, design information 
and/or pr inted circuit boards for calculator 
chip projects inc luding computer i n terface 
for log and trig fu nctions, electron ic l ock, 
dial a te lephone, interface to Teletype, tape 
control of calcu lator, giant d isp lays, store 
and display, and many more. Yours for 
$7.95. 

The ' 'Simplified Computer' ' Series 

�� L�- ' 
{ ·-> 

\ {' ./ I 

clear, detai led, and beauti fu l ly  produced.  For those j ust beginning computer programming, knowledge of binary arith metic, com-
Using a pseudo mnemonic assembly lan- puter logic, and program design often comes hard. Never fear ,  help is  on the way !  
guage, Walter Wel ler  takes you inside the __ With Simpl ified Computer Arithmetic, you can learn the ins and outs of arithmetic the 
whys and hews of table referencing, data way computers do it, including the various methods of representi ng numbers, addition and 
stacks, number conversions, f loating point subtraction, and negative number representation .  
arithmetic, and much , much more. Sure ly __ I n  Simplified Computer Logic, learn how comparisons of numbers by the computer 
one of the most complete books on this are performed with detai led examples and text. 
topic .  Assembly Level Programming for __ Simplified Computer Flowcharting wil l  show you how to design efficient, effec-
Small Computers is a must for the serious tive programs. This book is laden with examples and detailed figures to make it easy for the 
small systems user. $ 1 4 .95 hardcover.  beginner to understand and reta in .  $1 .50 each includes postage and handl ing. 

�--------- --------------------- ------------------------------------------------------------
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__ The Linear And Control Circuits 
Handbook is the latest offering i n  the Texas 
I nstruments series. Roboticists and others 
interested in  l i near and analog control 
circuitry wi l l  f ind much of interest here. 
Devices covered include op amps, t imers, 
voltage comparators, anal og switches, and 
voltage regulators. 

A special section covers differential  
video ampl if iers ,  l ogarithmic ampl if iers, 
precision level detectors, and a na log pro­
cessors. 

If you have an analog circuit appl icati on ,  
this . could be  the  book you 've been looking 
for. $2.95. 

The M6800 __ Practical M icrocomputer Programming: 
The M6800 by W J Wel ler .  This second 
volume of the Practical M icrocomputer 
Program ming series addresses the problems 
of appl ications programming at assembly 
level for the M6800. In 16 chapters and 
more than 1 00 formal examples, the funda­
mental tech niques of assem bly level pro­
gramming a re appl ied to the so lution of 
specif ic  problems with the 6800. N owhere 
theoretica l ,  it is a thorough and detai led 
methods text for the beg inn ing  and i nter­
mediate appl ication programmer using the 
6800. Hardback $2 1 .95.  

__ Take A Chance With Your Calculator 
is a first step to introduce the use of pro­
grammable ca lcu lators in the study of prob­
abi l ity and statistics. The book can be used 
as a sou rce of ideas for teachers, or it can be 
used for self study as an i ntroduction to 
these fields. It can a l so be used as a supple­
ment to existing teach ing  mate rials in  
probabi l ity and statistics. You wi l l  need n o  
previous experience e ither i n  probabi l ity 
theory or  in programming to learn both 
from Take A Chance With Your Calculator. 
$8.95. 

The First Book of Kim 
S9.00 

f-fill 

THE F I R ST'" ' 
B O O K  

O F  
K I M  

ORB 

__ The F i rst Book of K I M .  Attention 
K I M  users ! Here i s  the book you 've been 
wait ing for. In it you ' l l  find a begin ner's 
guide to the MOS Technology K I M-1 
microcom puter as wel l  as an assortment 
of games inc luding Card Dea ler, Chess 
Clock, H orse Race, Lu nar Lander and 
M usic Box. Also featured are diagnostic 
and ut i l ity programs for testi ng both the 
computer and external equipment (such as 
cassette recorders ) ,  and chapters on ex­
panding memory and control l i ng analog 
devices. This 1 76 page volume should 
prove an essential addition to any K I M  
user's l i brary. $9.00. 

D I A L  Y O U R  B A N K C A R D  O R D E R S  ON T H E  B I TS TO L L  F R E E  H O T  L I N E :  1 -800-258-5477. 
I n  New Hampsh i re ,  cal l :  924-3355 

Send t o :  

B I TS, I nc. 
70 Main Street 
Peterborough NH 03458 

N m 

Address 

-...... -

C1 ty S t a t e  z , p  Code 

Si  n a t ure 

• -- . 
iiiii 

Check Payme n t  m e t h o d :  __ M y  c h e c k  i s  e n c losed 

__ B i l l  my MC No ·----+---f----1-c---E xp . date ____ _ __ B i l l  my BAC No.  E xp .  date  ____ _ 

Total  for a l l  boo k s  c h e c k e d  $ __ _ 

Postage.  75 c e n t s  per  book for ___ books $ __ _ 

Outside U.S. $1 .00 per book fo r ___ books $ __ _ 

G r a n d  Total  $ __ _ 

Prices shown are subject to change without notice . 
You may p h o t ocopy t h i s  page if y ou w i s h  to l eave y o u r  B Y T E  1 n t a c t .  B i l l ing  charge $1 .00 ( I nstitutional orders on ly ) .  ) ---- - ----- ------- - - - - ------ -- - -- - ----- - ------- - ---- -- - -------- - ---- --------- - - ----
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Look To The Horizon. 
tm 

The North Star 

HORIZON Computer. 

HORIZON ™ 
To begin programming in extended BASIC, merely add 
a CRT or hard-copy terminal. HORIZON-I includes a 
Z80A processor, 16K RAM, minifloppy TM disk and 12-
slot S-1 00 motherboard with serial terminal interface-all 
standard equipment. 

And, Look To Computer Enterprises 
For The Lowest Prices & Fastest 

Del ivery O n  North Star Horizon 
Computer System: 

Credit 
Card 
Price 

Horizon 1 System (one drive) kit • . .  $1497 

Horizon 1 Systein (one drive) 
assembled . . . . . . . . . . . . . . . . . . . .  $1777 

Horizon 2 System (two drives) kit . .  $1871 
Horizon 2 System (two drives) 

Cash 
Discount 

Price 

$1439 

$1709 

$1799 

assembled • • • • . . . • . . . . . . . • . . • •  $2199 $2114 

A LSO: Run T D L  Software On You r  

H orizon . . .  
TDL Package A with Super Basic . •  $ 228 S 219 

For You r  Serial Termi nal :  
Lear Siegler ADM-3A (kit) . . . . • • . Call o r  write 

Lear Siegler ADM-3A (assembled) • for prices 

Cal l  Or Write Today 

For Computer E nterprises' 

F R E E  Spring Computerlogue! 

lMSAI PCS-80/30 kit . . . • . . . • . . .  $1097 $1055 

IMSAI PCS-80/15 kit . . • . • • • • . . .  $ 748 S 719 

IMSAI VIO-C kit . . . . . . . . . . . . . . .  $ 297 S 286 

TDL ZPU Board (assembled) • • • • • $ 1 83 S 176 
TDL XITAN ALPHA 1.5 kit . . . . .  $ 812 S 781 
Seals 8k 250ns RAM (assembled) . .  $ 203 S 195 
Dynabyte 16k 250ns Static RAM 

(assembled) . . . . . . . . . . . . . . . . . .  $ 577 S 555 
Cromemco Z2D kit . . . . . • • . . . . . . .  $1399 $1345 
Cromemco Bytesaver less Proms kit $ 136 S 131 

Shipping charges: $10 per CPU on larger units; $ 1 .50 per kit. $2.00 min. 
per order. 
Delivery is stock to 30 days on most items. Shipment is immediate for 
payment by cashier's check, money order or charge card. Allow 3 weeks 
for· personal checks to clear. N.Y. State residents add approp. sales tax. 
Availability, prices and specs may change without notice. �TM Operating Hours: 

M-W 1 0-5 E . S.T.  

TH-F 1 0-9 E . S.T.  

Closed Sat.  & Sun. 

P. 0.  Box 71 Fayettevi l le, N .Y. 1 3066 
Phone (31 5) 637-6208 Today ! 
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The Dragons of E den 
by Carl Sagan 
Random House, New York 
263 pages, 6� by 9� inches 
$8.95 

Carl Sagan 's premise is that the human 
brain is a very h igh ly  devel oped general 
pu rpose biol ogical computer. Dragons of 
Eden traces the evolu tion of this machine 
from i ts most pr imitive beginn ings. The 
provocative t it le stems from the i n teresting 
theory that the early repti l i an (hence 
dragon ) bra in is sti l l  very active in · h umans 
as a su bcomponent of our  fu l l  mental 
equipment. The theory that brain evo lu tion 
occu rred not so much by change as by 
accretion of new components seems to be 
su bstantiated both by physiol ogy and by 
function. Sagan suggests that occasional 
apparent subversion of h igher brain func­
tions by the "dragon ian " su b-brain may be 
the true referent  of various Eden mytho-
1 ogical al legories. 

Later chapters of the boo k  deal with 
brain functioning and potent ial for deve lop­
ment. A most i n teresting aspect of th is  is 
that the left and r igh t hem ispheres of the 
brain appear to function with a h i gh degree 
of i ndependence, a l though they are closely 
in terconnected in the normal brain .  One 
hemisphere seems to operate p ri ncipal l y  
in a "digital " mode, deal ing with analytical 



computations, wh i le  the other s imul ates 
more "analog" qual i ties, and is the seat of 
such nebu lous functions as insp iration and 
intu i tion .  

I n  h i s  discussions of the computer, for 
comparision of the brain to an artific ial l y  
evolved inte l l igence that i s  more completel y 
understood, Sagan inc lu des the fol l owing 
observations (page 21 6 ) :  

The two games, Pong and Space 
War, suggest a gradual elaboration of 
computer graphics so that we gain an 
experiential and intuitive understand­
ing of the laws of physics. The laws of 
physics are almost always stated in 
analytical and algebraic-that is to say, 
left-hemisphere-terms,· for example, 
Newton 's second law is written F = 

m a, and the inverse square law of 
gravitation as F = G M m/r2. These 
analytical representations are extreme­
ly useful, and it is certainly interesting 
that the universe is made in such a way 
that the motion of objects can be 
described by such relatively simple 
laws. But these laws are nothing more 
than abstractions from experience. 
Fundamentally they are mnemonic 
devices. They permit us to remember 
in a simple way a great range of cases 
that would individually be much more 
difficult to remember-at least in the 
sense of memory as understood by the 
left hemisphere. Computer graphics 
give the prospective physical or bio­
logical scientist a wide range of experi­
ence with the cases his laws of nature 
summarize; but its most important 
function may be to permit those who 
are not scienUsts to grasp in an intui­
tive but nevertheless deep manner 
what the laws of nature are about. · 

Benefits to be derived by the computer 
enthusiast from the understand ing of the 
function ing of the human brai n presen ted 
in this book are twofol d :  it offers new 
understanding of the way biol ogical inte l l i­
gences function which may be of value  i n  
deve lop ing computer systems, and it suggests 
ways in which computers may be u sed to 
augment and stimu late the biol ogical m ind .  
Sagan submits that the computer i tself may 
logical l y  be considered to be the next step 
in hu man brain evolu tion, the m ind  having  
by  its own abi l i ty fi nal l y  rel eased i tself from 

VECTOR 
PACKAGING MATERIALS 
SAVE TIME- & MONEY 

S 1 00 CARDS- 1 00 P L U G  CONTACTS-Convenient u niversal 
tin ned pads and bus l i nes. For interface, memory expansion, 
breadboarding.  Mount a lmost anything anywhere on card. 

S100 CON N ECTORS for W I R E  WRAPP I NG or SO L D E R I N G  

BEAUT I F U L  
NEW V ECTOR -PAK 
CASES for micro-computer 
circuitry, assembled. Constructed 

Model VP2 

of a luminum, fin ished i n  vin y l .  Sl ide out covers for easy 
access. Incl udes card guides, heavy chassis plate, perforated 
bottom cover for cooler operation . 
Card guides perpendicular to front pane l ,  Model V P1 , $1 28.30. 
Card guides parallel  to front panel ,  Model VP2 , $1 34.30. 

Model 
8803 

S 1 00 MOTHE R  BOA R D ,  $29.50. 1 1  positions ready for 
connectors. Glass epoxy,  plated thru holes, circuitry for 
active termination ,  1 2  tantalum capacitors and instructions. 

PLUS revolutionary Sl it-N-Wrap wiring tools, Micro-Vector­
bard,® printed circuit kits, I :c. sockets, extenders. 

Send for new catalog.  @VECTOR E LECTR O N I C  COMPA N Y ,  I nc. 
1 2460 Gladstone Avenue, Sy lmar, CA 9 1 342 

phone ( 2 1 3 )  365-966 1 , twx 91 0·496-1 539 
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restri ction to a pure ly  b io logical mechanism. 
Dragons of Eden wel l  deserves i ts h igh 

p l ace on the nation 's nonfiction best-sel l er 
l ists, and shou l d  be read with relish by 
anyone with an i nterest i n  the mechan ics of 
inte l l igence, whether natu ral or artificial . 

Jim Heter 
1 07% S Carondelet St 

Los Angeles CA 90057• 

Digi tal Computer  E l ectronics 
by A lbert Paul Malvino 
McGraw-Hi!!, New York 7977  
393 pages 
$ 74.95 

" I f  the action of smal l  computers is not 
qu i te c l ear, if you feel someth ing is b l ocking 
you r u nderstand i ng of microprocessors, or if 
the whole computer th ing has never q u ite 
come together, then th i s  is the book you 've 
been waiting for ." Thus, author Malvino 
describes the aud ience for whom this book 
was written .  And,  a lthough i t  i s  a text for 
techn icians, the author presents the material 
i n  such a c lear, readab le  sty l e  that the book 
is an inval uable reference for anyone wish ing 
to improve h i s/her understand ing of com­
puters in general and microcomputers in 
particu lar. 

Prerequ i sites to understand ing the book 
are e lectron ics to the level of DC and AC 
theory, with transistors and d iodes. 

The first seven chapters are d evoted to 
the basic logic c i rcu i ts, b i nary numbers and 
arithmetic c i rcuits. Exp lanations of l ogic 
ci rcu its, fl ip flops, registers and memories 
make the book worth the price for these 
topics a lone. 

Most computer books present a b lock 
d iagram of a "typica l "  computer and use 
that as the frame of reference for the rest 
of the book. Dr Malvino has designed a 
work ing 8 b i t  computer  with on ly six 
instructions in its instruction set. He  cal l s  
i t  SAP-1 (for s imp l e  a s  possible, #1 ) . He  
uses SAP-1 to  explain how the  basic 
e lements of a computer are tied together 
into a working system. Anyone with an 
understand ing of TTL could bu i l d  a SAP-1 
computer if desired .  SAP-1 is used to 
exp la in such concep ts as busing, three 
state logic, e lementary programming, in­
struction fetch cyc le, instruction execution 
cyc le, and operation of the i n ternal control 
un i t. 

I n  chapter 9, the author expla ins the 
sign ificance of adding jump instructions 
to the instruction set of a computer, and 
proceeds to design SAP-2, a 1 2  bit working 
computer with 28 instructions in i ts instruc­
tion set, incl ud i ng six j ump i nstructions. 

Chapters 1 0, 1 1  and 1 2  cover advanced 



concepts of computers. I n  chapter 1 0, the 
author p resents SAP-3, a computer  with 
most of the characteristics of modern 
computers. Chapters 1 1  and 1 2  cover such 
topics as m icroprograms, m icrorouti nes, 
variable machine cycles, manual l oad ing, 
bootstrap loading and fixed po int, floating 
point, and double p recision ar ithemetic. 

Although the book is organ ized as an 
orderly progression from the basics of l ogic 
c i rcuits through advanced computer con­
cepts, each chapter could almost stand 
alone as a comprehensive treatment of its 
topic. For example, if you al ready under­
stand the type D f l ip flop, then you wou ld  
have no trouble i n  understand ing chapter 6 
on registers. 

I f  you are associated with computers 
from a pure ly hobbyist viewpoint, with 
l i ttle or no interest in  the tech n ical " in ­
nards," then th i s  book i s  not  for you.  How­
ever, if you hope to learn enough to trouble­
shoot your own, then th is  book wi l l  surely 
prove he lpfu l .  If you have a strong technical 
interest in computers, whether as a hobbyist 
or a technician, then you need a copy of 
this book. 

Dr Tom L ukers 

Rt 1 Box 2778 
Lufkin TX 75901 • 

The E lements of Programming Sty l e  
by 8 W Kernighan and P j P!auger 
McGraw-Hi!!, New York 7974 
7 4 7 pages paperback 
$2.65 

Th is book shou ld  be in the l i brary of 
every computer  enthusiast, for it br idges 
the awful gap between those beg inn ing 
moments, and clean, effic ient code. By 
teach i ng sou nd p ri nc ip l es, the authors 
give the reader a defi n ite method for 
improving sk i l l s  in programming. There i s  
a need for programmers to proofread the ir  
code with a copy ed itor 's b lue penc i l .  Yet 
few of us know how. The old adage pre­
vai l s :  " I f  it works, l eave i t  a lone ."  This 
bromide is a carte b lanche for programmers 
of every l evel of sk i l l  to leave confus ing 
code a lone, s ince most programs are judged 
by the resu lt, and not by the means. Yet i n  
the m ic rocomputer bus iness, i t  i s  crit ical 
that space be we l l  used . 

To their ever lasting cred it, the authors '  
first lesson is, i n  my op in ion ,  the most 
important. It req u i res c lari ty of express ion .  
Make the code show what it does, don't 
h ide the purpose in  e legant expressions. 
Noth i ng is more frustrating than to attempt 
to figure out the mean ing of myster ious 
code. A programmer must keep i n  mind 
that somewhere i n  the futu re it may be 

Circle 405 on i nqu i ry card . 
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b y  xybek 
The Ultimate EPROM Memory Board 

For Your S1 00-Bus Computer 
* Accommodates from 1 k to 30k of the above EPROMS. in 

any combination. each addressable on any 1 k (2k for 
271 6) boundary within the board's 32k address space. 

* 1 k of scratch-pad RAM. 

* On-board programming for all three EPROM types. 

* Tri-state buHers on all address and data l ines. 

* Empty EPROM sockets do not require address space. 

* Assembled, tested, ready to run - only $ 369.50 

xybek • P . O .  Box 4925 • Stanford, CA 94305 

Telephone: (408) 296-81 88 

Motorola EXORcisor� 
Compatible Hardware 

• 8 K Static Ram 
2 - 4 K write protected blocks 

500 nsec version - regular price-$324 95 
l ntroducto1y offer· - $2 75. 

• Backplane and Card Cage 
+5v and :!: 1 2  volt regu lators and 
daisy chain connector 5 slots-$1 24.95 

1 0 slots-$ 1 44. 95 
connectors ( i nstal led )-$5.50 ea. 

• Unregulated Power Supply 
+5v @ 8 amps.± 1 2v @ 1 .0 a mps-$ 1 24 95 
+5v @ 1 5  amps. : 1 2v @ 1 . 5 amps-$1 44.95 

Industrial qual ity, Motorola EXORcisor ® 
compatible hardware by 

American 
Technolog ies 

P 0 Box 23001 Rochester. N V  1 4692 
7 1 6-244-8070 
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• Completely compatible with your I MSAI , ALTA I R *  
SOL** o r  other S-1 0 0  m icrocomputers. 
Trademarks of *M ITS, * *Processor Tech nology • Designed for use on the dial telephone or TWX 
networks, or 2-wire dedicated l i nes, meets a l l  
FCC regulations when used with a CBT coupler. 

• All digital modulatiol] and demodulation with on 
board cyrstal clock and precision f i lter  mean that 
NO A DJ USTM ENTS AR E R EQU I R E D  • Bel l 1 03 standard frequencies • Automated dial (pulsed) and answer • O riginate and answer mode • 1 1 0 or 300 BPS speed select • Complete self test capabil ity • Character length, stop bit, and parity • 90 day warranty and full documentation 

PR ICES Bare Board and Manual 49.95 
Assembled (48 hour burn in )  279.95 
Master Charge or Visa accepted. 

D C  Hayes Assoc . 

ATTE N T I ON 
COMMODORE P ET USERS !  

Low Cost F i nancial  Software o n  C ompatible 
Cassette Tapes for your P ET Computers. Samples 
from our program l i brary include:  
MO RTGAGE $ 1 5.95 
Calc u l ates m o rtgage d ata,  e .g . ,  pri n c i p a l  p a i d  to date, 
o u tsta n d i n g  p ri n c i p a l ,  m o rtgage equ ity,  i n te rest paid to 
date, o u tst a n d i n g  i n terest, a n d  m ore. 
A N N U A L  R E P O R T  A N A LYZ E R  ( M a n u a l )  $22.95 
With a n n u a l  report i n  h a n d ,  y o u  i n p u t  5 y rs reven u es 
a n d  i nc o m e ;  p rogram c om p u tes : Percentage growth i n  
sa les ,  p rofits,  earni ngs per s h a r e ;  P E  rati o ;  Prof i t  
m ar g i n s ;  C u rre n t  rati o ;  B o o k  v a l u e ;  R e t u r n  on e q u i ty ;  
Payou t rati o ;  D i v i d e n d  y ie l d ;  Theoretical  v a l u e  for 
stock & P E  rati o ;  I m p l ied y i el d & growth rate ; more. 
STO C K  A N A LYZ E R  (Autom atic Data E n try) $34.95 
Same as A n n u a l  R eport Ana ly z er except d ata i s  au to­
m at i c a l l y  e n tered from Data Base tapes s i m p l y  by en­
teri n g  t icker sym bols.  
DATA BASE ( U p da ted monthly)  $ 1 75.00 Per Yea r 
Statist ica l  data on ove r 2, 500 I nd u st r i a l  Stocks on the 
N ew York,  Ameri c a n  and Over the C o u n te r  Excha nges. 
O PT I O N S  $24.95 
For both option bu yers and w r i ters,  p rogram c o m p u tes 
the th eoret i c a l  v a l u e  of a n  opt ion with grap hics .  
P u rsu a n t  to R u l e  2 0 6 ( 4 ) - l ( A ) ( 3 )  of the Secu rities a n d  Ex· 
change C o m m ission,  i t  should be n oted that t h e  above men­
t i o n e d  p rograms should n o t  i n  a n d  of t h emselves be u ti l ized in 
making i nvest m e n t  decisi o n s. T h e  scope a n d  useful ness of t h e  
a b o v e  p rograms a r e  l i m ited,  w i t h  val u es in s o m e  cases being 
pu rely th eoretical .  

S E N D  FOR F R E E B R OCH U R E  

NAT I O N A L  CORPORATE SC I E NC ES, I NC.  
(Registered Investmen t Advisors - Our 10th Year) 

790 MADISON AVE N U E  
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necessary to mod ify the p rogram. That i s  
hard to  do when  the  existing code cannot 
be dec iphered by anyone, i nclud i ng the 
originator. In every computer  center, there 
are gobs of temporary programs d rafted 
in to continued use for years. 

To i l l u strate the pr inc ip les  of good code, 
the authors u se excerpts of actual p rograms. 
For any example ,  the flaws are pointed out, 
the segment is rewritten ,  and the general 
rule is stated.  Several points may be d is­
cu ssed for each examp le .  FORTRAN and 
PL/1  are u sed as model languages, since 
each is i n  common u sage. Also, fam i l iar ity 
with one language imp l ies that the other can 
be u nderstood . However, the ru l es d i scussed 
app ly  in any l anguage, inc lud ing BAS IC and 
assembler. 

The models u sed are taken from begin­
n ing textbooks, where code i s  u sual l y  first 
seen by the neophyte .  One wou ld  th i n k  that 
good sty le wou ld  abound in textbooks, but 
i t ' s  just not true .  With the authors '  he lp ,  
the reader can read other programmers '  
code fi l tered through a so l id foundation of 
pr inc ip l es. 

There are l essons in structu re, design of 
input and output and how to format code 
for c lar ity. There is an exce l l ent  chapter 
on documentation, my personal curse. Do 
your variable names mean someth i ng? They 
should carry the mnemonic image of what 
they represen t. I s  your code modu l arized ? 
Do you use comments, or worse yet, overuse 
them? The recurr ing theme in this sp lend id 
book is to p l an your work to be s imp ly 
stated and executed . 

The models used p rovide a spectrum of 
programming appl ications. Some of the 
examp les requ i re a b it  of higher math to 
fol l ow, but the lesson is very cl ear. There 
are models dea l i ng with student grades, 
salesmen 's tal l ies, and sorting. There is 
meat here, for both the novice and p ro­
fess ional .  

In c it ing the textbooks from which 
they d rew examples, the authors provide 
a l i st of manuals of in struction for the 
reader. There is a somewhat brief sect ion 
on supplementary readi ng, as we l l  as a 
thorough index. There is a summary of 
ru les, which condenses the lessons of the 
text. Each chapter has a few q uestions 
wh ich wi l l  a l l ow you to app ly the points 
d iscussed .  It wou ld  be a barga in at a much 
h igher p rice than the modest $2 .65. This is 
a valuable book, and I 'm glad i t  i s  on my 
shelf. 

Noel K Julkowski 
Naval Environmental 

Prediction Research Facility 
Monterey CA 93940• 



Standardization of 
High Level Languages: 
Some Questions 
E M  Greene 
5067 Bluestem Dr 
Colorado Springs CO 809 1 7  

Glen  A Tay lor proposes standardizing 
a h igh level language for personal com­
puting ( Languages Forum ,  Novem ber 1 977 
BYTE, page 1 90) .  The proposal h as meri t, 
but there are several factors to consider 
before in i tiating a standards activ ity .  

1 .  What is to  be standardized? 

The existing standards for the COBOL, 
FORTRAN, PL/1 , BAS IC and M UM PS 
languages were deve loped starting from 
defin i tions wh ich ex isted when the i r  
respective standardization activities were 
in i tiated .  There was experience in us ing 
and implementing the languages pr ior to 
and during the standardization process. The 
point is that h istorical ly standards organ i ­
zations have not been defin ing new l an­
guages, but instead h ave only been refin ing a 
defin ition of an existing language. 

Perhaps Mr  Tay lor had in m ind  the 
standard ization  of an exist ing l anguage 
such as APL ,  PASCAL, or one of the string 
processing languages. A l l  other "major" 
languages have standards i n  existence and 
organ izations respons ib le for continu ing 
support. 

I f  Mr  Tay lor had in m ind  the defin ition · 
of a subset of an existing language, it shou ld 
be noted that ANSI has committees active ly· 
engaged in preparing standards for subsets 
of PL/1 and COBOL. American N ational 
Standard In stitute (ANS I )  pub l ication 
X3.1 0-1 966 contains a FORTRAN subset 
defin ition. The COBO L standards define  a 
modu lar approach to imp lementing COBOL 
compi lers. 
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: I MSA I 8080 : 
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8700 Processor: 6503 MPU. Wear free "Active Keyboard". 
Micro-Diagnostic� Extensive documentation. FullySocketed. 

Piebug Monitor: Relative address calculator, Pointer High-low. 
User Subroutines, Back-step key. 

Cassette Interface: Load & Dump by file #. Tape motion 
control . Positive indication of operation . 

Applications systems from $90 (lOunit quantity) 
Development systems from $149 (single unit) 

TELL ft\E MORE . ; -�;;,; ;� -��� ·r�; .. ,;;;;;,; ·,;,�; ·��� �;�� ,�· ���- ;.:.,�":�,: .· 
: ( ) Please send documcnt:ttion 

; �d pt;cc lists. Sto  enclosed. name: ---· --------

: ( J I don1 t need documentation ; please send price lists. address: __________ _ 

; ( J Please send FREE CATALOG. 
city: state: __ zip: __ : 

: IDiA : : • . _ELECTROMI_C_S_ .'?�'.".':
· 
. . s:!� -� . 1020_ .�: -��!shire_ Bl.•d: .'. O_k�h·.�� Cily: OK _ _  n_l16 . _140�! -�43:����: 
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\\� er Hobbyist from dilithi1111, 
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HOME COMPUTERS: 210  QUESTIONS & ANSWERS 

by Rich Didday 
Volume 1 : Hardware 
Volume 2: Software 

STEP BY STEP INTRODUCTIONS TO 8080 
MICROPROCESSOR SYSTEMS 

by James Melsa & David Cohn 

$7 . 95 
$6.95 

$7 . 95 

HOME COMPUTERS: A BEGINNER'S GLOSSARY 

AND GUIDE 

by Merl Miller & Charles Sippi $6 .95  
8 0 8 0  MACHINE LANGUAGE PROGRAMMING 

FOR BEGINNERS 

by Ron Santore $6 . 95  
BEGINNING BASIC 

by Paul Chirlian $ 9 . 95 

dilithium Press books are available 
from your local computer store. 

Publishing Personol Computing Books is Our Business! 

MP I 
QUAL I TY CONTROL TEST 
KEYBOARD TEST 300 BAUD RS232 SERIAL PORT 
KE\'80ARD TE"T 399 BAUD CURRENT LOOP 
0�1 LlltE TEST 9699 EiAUO RS"232 SERIAL PffiT 

BUFFER WRAP AROUND 
1234561�0 12345f5;'8?91234S678901 234567890 
1 234 �67890 1 234567890 12:'345� '?e90 12345�7891:1 123456789(1 123456i'89e ZX CHARACTER PATT ERN • E:COE.FGH :I .....JKLt'1NOPQRST U '  \,1" .Y:Z -1_ :2 3 4 !!5678:90---..... t ;�"'���� . < "> G'!a:: _ .1 • ::. ...... ::« ,.  - -< 

Need Hard Copy? 
TRY O U R  SOFT PR ICES 

S4 2 5  

• 
,.. 0 
; en .... 
a .. 0 < C1) 
• 

0 .. C1) = 0 ::I 
...0 
....... -
-
00. 
• 

C o m plete s t a n d a l o n e  40 c o l u m n  i m p act dot mil t r i x  pr i nter w i t h  a 64 
c h a rilcter AS C I I  s e t .  I nc l u des power s u p p l y .  casPwork and i n terface 
r l e c t ro n i cs for connect ion t o  a m i n i  1m icro processor pnral le l  flOrl 

Serial i n terface versions for R S232 'c u rren t loop a p p l ic a t i n n s  start at 
S575 i n  sinqle q u a n t i t y  �� 

ln

SEND FO 

I

R

I

FREE8��T:

2

::�URE 

� San Lake City, Utah 841 22 
,._ (801 ) 364-2411 
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2. Will there be sufficient interest to support 
a standardization activity? 

The preparation of a standard is a 
lengthy, techn ical l y  comp lex and expensive 
process. There cannot be a standardization 
activity without a firm comm itment on the 
part of ind iv iduals and organ izations to 
provide continu ing su pport. I n  addition to 
the in itial deve lopment of a standard, con­
sideration has to be given to the continuing 
support requ i red to maintain an active 
standard . 

3. Is a standardization activity premature? 

A standard formal izes th ings "as they 
are" and assumes a stable environment. The 
personal computing environment i s  anyth ing 
but stab le considering the rapid ly  changing 
state of the art of small compute rs. Wou ld 
a standard ization activity be ab le  to accur­
ately predict the personal com pu ting envi­
ronment far enough into the futu re to pre­
vent producing  a standard which wou ld  be 
obsolete before it is adopted? 

4. How would compliance with a standard 
be obtained? 

Compl iance with standards in the Un ited 
States is vo luntary un less compl iance is 
requ i red by law, regu l ation, d i rective or 
contract. A l anguage standard for personal 
computing may not be effective un l ess the 
vendors can be induced to comply .  

5 .  Is there a need for a language tailored to 
personal computing? 

The impetus for a personal computing 
h igh l eve l  language seems to arise from the 
concern with the "size " of the existing 
" large computer" languages. This emphasis 
is misdi rected in that it ignores the h i story 
of d igital comput ing :  specifical ly ,  "smal l "  
computers are getting  functional l y  larger 
as hardware costs continue dropping rap id ly ,  
and the existing standard l anguages, espe­
cia l l y  FORTRAN, were developed in rela­
tively ancient times when the " large " com­
puters d idn 't h ave much more capacity than 
present  day "smal l "  computers. Comp i l ers 
have been successfu l ly deve loped which 
su pport a substantial subset of PL/ 1  and 
operate in a 1 6  K byte computer supported 
by a single d rive floppy d isk .  

Programming languages are standardized 
to promote hardware independence, com­
monal ity and transportabi l ity of programs. 
Defin ition of a specia l language for smal l 
computers wou l d  go counter to the stan­
dard ization objectives by creating a barrier 



to deve lop ing programs on one size com­
puter  and using them on a computer of 
another s ize. Organ izations and persons 
involved in programming computers of 
various sizes are not going to be enthusiastic 
about d i ss im i lar l anguages for d i fferent sizes 
of computers. If a l anguage for personal 
computing is not significantly d i fferent  from 
existing standard languages, then the effort 
requ i red to p roduce a standard wou ld  not 
be justified.• 

Grappling with GRAPL: 
Some Choice 
Comments 
Andrew Koenig 
401 Route 22 #46E 
North Plainfield NJ 07060 

I wou ld  l i ke to comment on some of the 
points that Wi l l iam Leier made in h i s  artic le 
("G RAPLing with APL, "  N ovember 1 977 
BYTE, page 220) .  I n  particu lar, most of  
h is objections to  the  l anguage were rea l ly 
objections to particu l ar imp lementations, 
and these shou ld  real l y  be much better 
distingu ished. 

His first objection i s  that "al l  arrays 
in APL must be homogeneou s" and then 
he goes on to expla in that th is  means 
that a l l  e lements must be of the same 
"type." I don 't know wh ich " type" he 
means here. Does he mean that they m ust 
all be e ither numeric or character in form? 
I f  so, such an objection i s  hard ly  adequate, 
because permitt ing some e lements of an 
array to be characters wh i le  others are 
numbers comp l icates substantial l y  the 
problem of defi ni ng the actions of the 
various fu nctions that make up the l an­
guage. I f, instead, he means that one cannot 
mix " integer" and "floating-point" values 
in a single array (an interpretation  of h i s  
remark which i s  rendered possib le  by  h is 
use of the phrase "data type" to mean 
just that in  a subsequent paragraph de­
scribing G RAPL) ,  then his crit icism has 
noth ing to do with the language, which 
defines no d i stinctions between i n tegers, 
bits, real numbers, and so on .  APL val ues 
are numbers or characters, and that's the 
extent of its type d istinctions. ( For one 
approach to the problem of homogeneous 
versus heterogeneous arrays i n  APL, see 
"General Arrays, Operators and Functions" 
by Ziad Ghandour and J orge Mezei, i n  the 
j u ly 1 973 IBM journal of Research and 
Development.) 

Circ le  1 78 on inqu i ry card. 

Circle 306 on inquiry card. 
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And now • • •  a few 
well chosen words from EMM 

256 words on one chip ,  to be exact. With TTL compatible 
inputs and outputs, a 400 ns maximum access t ime, 
and needing on ly a single + 5V power supply to func­
tion. It 's a small memory system in one standard 22-pin 
DIP, with mu lti-sourced pin-out. And it 's avai lable for 
off-the-shelf del ivery. Now. 

Get the latest word on the EMM S E M I  3539 256x8-bit 
static RAM from any E M M  S E M I  sales office or 
d istributo r. Or cal l us today. 

Emm sEMI, INc. 
A subsid iary of E lectronic  Memories & Magnetics 

3883 N . 28th Ave., Phoenix, AZ 8501 7 (602) 263-0202 

Software 
Games • CRAPS (Las Vegas style) $6.00 

• MULTIPLE LUNAR lANDER $8.00 
• SLOT MACHINE $6.00 
• GAME PACKAGE: Russian Roulette, Mad 

Scientist. and ABM $8.00 
Graphics • PICTURE MAKER with AMP'L ANNY $1 2.00 

• GRAPHICS PACKAGE 1: Laser Beam. Space 
Shuttle. and Blast Off $1 0.00 

• GRAPHiCS PACKAGE II: Rain in Greece, Flea. 
Textwriter. Random Walk $10.00 

Scientific • FOURIER FIT: Does curve fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• HEX MEMORY LOADER $1 0.00 
• MEMORY DUMP PROGRAM $10.00 
• MEMORY SEARCH $5.00 

All Programs Written in BASIC 

Complete Easy to Read Documentation 
Programs Completely Tested 

SO FTWARE RECORDS 
P.O. BOX 8401-B 

UNIVERSAL CITY, CA 91 608 
(cal residents add 6% sales tax) 
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His  next objection i s  that there are no 
constructs for serial operations. Th i s  i s  a 
m inor problem, s ince conditional branches 
and recursion are both avai l ab le :  more than 
that m ight be nice, but hard l y  necessary. H is 
comment about "much wasted compu­
tation" presumably comes from expressions 
l i ke :  

( X= '  ' ) 1 0 

to find the first nonblank string in X ;  if he 
objects to the fact that a l l  e lements of X 
are tested for equal i ty to b lank, this ob­
jection is to an implementation shortcoming, 
not to a language shortcom ing. I d ioms of 
th is sort can easi ly  be recogn ized by an 
appropriate optimizing comp i le r, and m uch 
of the del ight of us ing APL i s  in the fact 
that it frees the programmer from worry ing 
about  cod ing drudgery of th i s  sort. 

His th ird objection is that "APL i s  
terrib le for dataset manage ment. " Th i s  i s  
a vo id  objection, because the  concept of 
a "data set" or "fi le" i s  not defined in 
APL at a l l .  I nstead, there is a "shared 
variable" facil ity, which is exp l icit ly 
designed to permit  APL programs to 
commun icate with other · programs, pre­
sumably written in some other language. 
This defin i tion leaves the particular oper· 
ations to be imp lemented as defined by the 
host envi ronment, and su itable auxi l i ary 
processors can make al l the data manage­
ment faci l ities of a particu lar environment 
avai lable to the APL programmer. A fai l u re 
to make a desired faci l ity avai lable must 
again be classed as an imp lementation ob­
jection. 

H is  next objection is to APL's lack of 
interrupt hand l ing. This i s  an acknowledged 
problem with the language as currently  
defined, and he wi l l  probably not have long 
to wait for a reasonable solution. 

H is next objection is to APL 's use of 
storage space. Sure ly  this is only an imp le­
mentation objection!  I n  fact, in most APL 
systems I have used, it is poss ib le to  get 
much more work done in a given amount 
of space in APL than in  FORTRAN, because 
APL programs take up much less space than 
their FORTRAN counterparts. 

H i s  next objection is that "almost no 
translation can be performed on APL code." 
This is s imply not true. In particular, neither 
of the two APL implementations I have 
worked with requ i re any symbol table 
lookups while a program is being executed 
(un less it uses the "execute" function) . 

H i s  last objection is to APL's  l ack  of 
character hand l i ng. Lack character hand l ing 
it may, but i t  is certai n ly better than many 
other l anguages in that regard. See the 



aforementioned paper for a big possible 
improvement. 

Now some questions about Wi l l iam 
Leier's claims for G RAPL :  

1 )  I f  G RAPL executes left to  righ t, what 
about assignment? If I want to assign the 
sum of B and C to A, am I goi ng to have 
to write A+-(B+C ) or wi l l  the parentheses 
be un necessary? If they are unnecessary, 
the language cannot a l so have both strict 
left to right execution and equal fu nction 
precedences. One reason APL is righ t to 
left is that that permits both polynomia ls  
and continued fractions to be written 
without any parentheses at a l l .  Can 
G RAPL cla im a s im i lar advan tage? 
2) "GRAPL is b lock structured l i ke 
ALGOL, wh ich a l l ows a simp l e  and 
effic ient storage management scheme." 
What is there about APL's b lock struc­
ture that requ i res comp l i cated or in­
efficient storage management? 
3) What is a KE I L  structure? 
4) "When a program is  execu ted,  1 t  I S  
partia l ly compi led and then execu ted 
interpretive ly .  This is one of the fastest 
methods of execu tion ."  This  sou nds a 
whole lot l i ke the way I BM 's APL sys­
tems handle program execution. 
5) Are spaces rea l ly  ignored in  G RAPL 
programs? In other words, i s  

SQRT 2 

the same as 

SQRT2 

? I f  so, how do you write fu nction SQRT 
with argument 2? 

SQRT (2 ) 
? I f  th is is the case, you seem not to have 
gained much ; in  fact you have lost some 
consistency by giv ing pr im itive fu nctions 
a d ifferent syntax from user defined ones. 

Hewlett-Packard now has a ( large ) m in i­
computer ava i lab le with APL m icrocode. 
I BM has APL microcode for some 370 
models. Can a personal APL system be far 
behind7 (A Canadian company, last I heard ,  
was sel l i ng comp lete APL mach ines for less 
than $ 5000.) 

I am becoming increas ing ly convi nced 
that people who say "here are a few thi ngs I 
don't l i ke about th is  l anguage ; let 's design a 
new one" are bark ing up  the wrong tree: 
I th i nk  there 's a good deal more to be 
learned about compi ler  design r ight now 
than about language design ! •  

Circ le 91  o n  i nqu i ry card. 

LSI-1 1 TIME 

It's TIME you brought your LSI- 1 1  up to DATE. TIME and 

DATE, two important parameters in the computer world, are 

available to your LSI- 1 1  on one DUAL SIZE BOARD. When 

requested, the TCU-500 will present you with the date (month 

and day) , time (hour and minutes) , and seconds. Turn your 

computer off and forget about the time - your battery sup­

ported TCU-500 won't, not for 3 months anyway. The correct 

date and time will be there when you power up. 

The TCU-500 is shipped preset to your local t ime, but can be set 

to any time you want by a simple software routine.  

AT $295 
YOU CAN'T AFFORD TO IGNORE TIME 

Time is only one way we can help you upgrade your LSI- 1 1  or 

PDP- 1 1  system . We'd also like to jell you about the others. So 

contact Digital Pathways if you're into - l l 's. We are too. 

N O RTH STA R BAS I C  P ROG RAM 

EACH SYSTEM COM P LETE,  ON D I S K ETTE 
READY TO R U N  

*ACCO U NTS R EC E I V A B L E  *G E N E RA L  L E D G E R  
*ACCOU NTS PAYA B L E  * P A Y R O L L  
*SOFTWA R E  LOCATO R * N .S.  BAS I C  TUTO R I A L  
* B U S I N ESS STATIST ICS * B I O R H YTH M G E N E RATO R 
*WO R D  P ROCESS I N G  
* R E NTAL LOCATO R S E RV IC E  * C H E C K  BOO K B A LANCE 
* M E D I CA L  B I L LI N G  
* I N V E NTORY *SA LES  A N A L Y S I S  
*BOW L I N G  H A N D I CAPP E R  
*CO I N  CO L L ECTOR 
* D I ET PLA N N E R  
* I M PO RTANT DOC U M E N T  LOCATO R 

--ON L Y  $ 3 5 .0 0  P E R  S YSTEM,  POSTPA I D-­
EQU I PM E N T  R E Q U I R E D , S I N G L E  D R I V E , 
8 -K  F R E E  M EM O R Y ,  P R I NT E R  OPT I O N A L 

Circle 4 on i nqu i ry card. 

A) A SO FTWA R E  

SOF TWARE 
DEPT. 1 1  P .  0 .  BOX 2528 
ORANGE,  CA 92669 
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Circle 40 on inqu i ry card. 

canada 
syslems, inc. 

Boards DO Someth ing  

$98-Kit 

CL2400 
Real Time Clock 

$1 35-Assem bled 

If your system needs to know what t ime i t  is, our CL2400 is  
the board for you .  The present t ime  i n  hours .  m inutes , and 
seco nds  i s  a lways avai lab le  for i nput ,  and  i s  conti nuo usly 
updated by the h igh ly accu rate 60 Hz power l ine  frequency. 
Need per iodic i nterru pts? The CL2400 can do that,  too,  at any 
of 6 rate s .  Reference  m a n u a l  w i th  BAS IC  a n d  asse m b ly 
language software examples i nc luded . 

PC3200 
Power Control System 

PC3232 $299-Kit 
PC321 6 $1 89-Kit 
PC3202 $39. 50-Kit 

$360-Assm . 
$240-Assm . 

$52-Assm.  

I f  y o u r  system n e e d s  o n / off contro l  of l i g h t s ,  motors ,  
app l iances ,  etc . ,  our  PC3200 System components are  for  
you . Control boards a l low one I /0  port to  control 32 ( PC3232) 
or 16 (PC32 1 6) external Power Co ntrol U n its, such as  the 
PC3202 which controls 1 20 VAG l oads to 400 Watts. Optically 
i s o l ate d ,  l ow v o l ta g e ,  c u r r e n t- l i m ited  c o nt r o l  l i n e s  are  
standard i n  th is  g rowing product l i ne .  

canade� __ 
systems, inc. 

(formerly comptek) 

168 i\hy J 978 Q BYTE Publ ic.nions Inc 

P . O .  Box 51 6 
La Canada , CA 91 0 1 1  

( 2 1 3) 790-7957 

Circ le  291 on inquiry card. 

R andy G Soderstrom 
4601 Goldfinch D r  
Madison WI 537 1 4  

Line Combinations 

One of the first p rograms I wrote for my 
Altair 8800 and TVT-1 system was one 
which demonstrates the p roblem of the 
printed l i ne. 

Suppose you h ave a pri nter that contin­
uously pr ints l i ne after l i ne  of characters, 
automatical l y  changing the rightmost char­
acter each t ime. For example ,  it cou l d  start 
with "a a a a a" fol l owed by "a a a a b , "  
" a  a a a c , "  and so on. When col umn 1 
becomes a again ,  col umn  2 becomes b 
much l i ke the odometer in your car. 

Eventua l ly ,  every possib le  combination of 
l etters w i l l  be pr inted out. Most wi l l  be 
meani ngless, but among them wi l l  be every 

Listing 7: Source listing for an 8080-based system with a 
video output. The program may have to output a carriage 
return for some video displays. 

0 
1 
2 
3 
4 
5 
6 
7 

10 
1 1  
1 2  
13 
14 
1 5  
1 6  
1 7  
20 
2 1  
22 
23 
24 
25 
26 
2 7  
3 0  
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 
46 
47 
50 
5 1  
5 2  
5 3  
54 
55 

AAA 

LXI H 041 
040 040 
AAA AAA 
MVI E 036 
300 300 
DCR L 0 5 5  
MOV M ,E 163 
JNZ 302 
005 005 
BBB BBB 
DCR L 055 
INR L 054 
MOV A,M 1 76 
INR A 074 
ORI 366 
300 300 
MOV M,A 167 
CPI 376 
300 300 
JZ 3 1 2  
0 1 3  0 1 3  
BBB BBB 
MVI L 056 
000 000 
IN 333 
377 377 
RAL 027 
cc 334 
04 1 041 
BBB BBB 
JMP 303 
0 14 0 1 4  
BBB BBB 
MVI L 056 
040 040 
DCR L 055 
MOV A,M 1 76 
Cal 3 1 5  
XXX XXX 
yyy yyy 
DCR L 055 
INR L 054 
JNZ 302 
043 043 
BBB BBB 
Ret 3 1 1 

Page of character string 
Page of program 

;Point to 
;text line in 
;memory 
;Initialize line 
;to ASCII @ 
;sign 

;Get character from memory 
;Increment it 
;Make sure it's still 
;an ASCII character 
;Then put it back 
;If this one flipped over to 
;an @ sign; increment 
;next character 

;Else reset pointer to 
;start of line 
;Do you want 
;to write 
;out this 
�ine? 

;Start over 

;Line output 
;routine 

;Call output 
;routine 

;Are we at end 
;of the line? 
;If not, get next 
;character. 

;If so, return 

BBB 
YYY :XXX : Address of output subroutine 



l ine of next  month 's BYTE and every l i ne  
from every book that ever h as or ever wi l l  
be  written .  A l l  you h ave to do is look 
through the printer output and p ick out the 
good pieces. 

But wait a minute :  just how many d iffer­
ent l i nes are there? On my TVT-1 there are 
64 characters and 32 characters per l i ne. 
This means there are approximatel y  
6 X 1 o57 d ifferent l i nes. I t  wou ld  take your 
microprocessor many times the age of the 
universe to generate them al l !  [ If your 
microprocessor produces 50 lines per 
second, it will take about 4 x 7 (/f8 
years . . .  RC] 

You can h ave some fun generating  and 
display ing a few of them on your video 
output. In this program, the computer dis­
p lays only the current  l i ne  when sense 
switch 1 5  is raised. When 55 1 5  is lowered , 
the mach ine keeps grind ing out new l i nes, 
but does not write them out. This is 
obviously much faster. 

Note that, si nce my television type­
writer scrol l s  automatical ly  at the end of 
the l i ne, no carriage retu rn is sent. If your 
l ine length is d ifferent or you use a Tele­
type, you wil l have to make su itable 
modifications. See the end of l isti ng 1 for 
address exp lanation.• 

C i rcle 294 on i n q u i ry card. 

·t · a.,c;t .u: GITAL] .IL 

8 ��5 
8K STATIC RAM 

ASSEMBLED 

REL IAB I L ITY 
QUALITY 
DEPENDAB I L ITY 

ON-BOARD SWITCH WRITE PROTECTS/UNPROTECTS ALL 8K 

OR EACH 4K BLOCK CAN BE PROTECTED VIA FRONT PANEL 

ALL 5·100 BUS LINES ARE FULLY BUFFERED 

ONE LS·TlL LOAD PER LINE 

21L02 RAMS · THE 8KRS TYPICALLY REQUIRES 1.5 AMPS 

AT 8 VOLTS - 4 ON-BOARD 5 VOLT REGULATORS 

0. 1 ,  OR 2 WAIT STATES MAY BE SELECTED 

VIA A PlUGGABlE JUMPER 

THE BOARD IS GLASS EPOXY WITH SILK SCREEN LEGEND. 

s - 100 

ADDRESSI NG 
PROTECT 
BUFFER ING  
LOW POWER 
WA I T STAT ES 

QUAL I TY 
GUARANTEE  
DE L IVERY 
PHANTOM  
TEST ING 

RJLL SOLDER MASKS O N  BOTH SIDES. FLOW SOLDERING. GOLD CONTACTS 

SPECIAL 
( 714)  992 - 5540 

I F  NOT SATISFIED RETURN THE UNDAMAGED 8KRS WITHIN 

10 DAYS FOR FULL REFUND · ALSO 90 DAY LIMITED WARRANTY 

STOCK TO 30 DAYS · CALL BETWEEN 8:30 AND 6:00 TO RESERVE 

YOUR 8KRS OR FOR MORE INFORMATION 

MEMORY DISABLE IS IMPLEMENTED VIA PHANTOM (PIN 67) 

COMPLETE TESTING NOT ONLY OF ALL MEMORY CELLS BUT ALSO 

OF ALL SUPPORT CIRCUITRY AND OPnONS 

INTRODUCTORY 
PRICE 
ASSEMBLED/TESTED 

450 n s  250 ns 

$149� $189� 
CALIFORNIA RESIDENTS ADD 6% TAX 

2555 E. CHAPMAN AVE. 
SUITE 604 
FU LLERTON , CA 92631 

Practical Microcomputer Programming 

PRACTI CAL M I C R OCOMPUTER PRO­
GRAMM I N G :  T H E  M6800 by  W J Wel ler .  

This second volume of the Practical 
Microcomputer Programming series ad­
dresses the problems of applications pro­
gramming at  assembly level for the M6800. 
In  1 6  chapters and more than 1 00 formal 

PRACTICAL M I C R OCOMPUTER PROGRAM M I N G :  T H E  I NT E L  8080 by W J Wel ler, 
A V Shatze l ,  and H Y N ice. 

Here is a comprehensive source of programming information for the present or 
prospective user of the 8080 microcomputer, i nc luding moving data, b inary ·arith­
metic operations, multipl ication and divi s ion ,  use of the stack poi nter, subrouti nes , 
arrays and tables, conversions, decimal arithmetic, various 1 0  options, real t ime cl ocks 
and interrupt driven processes, and debugging techniques. 

This 306 page hardcover book is wel l  worth its $21 .95 price and should be in  every 
8080 or Z-80 user's l i brary. 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Name ____________________________________________________________ __ 

Address __________________________________________________________ __ 

CitY---------------------------------State 

Send to:  
B ITS, I nc 

PRACTICAL 

MICROCOMPUTER 

PROGRAMM I N G :  

70 Main  Street 
Peterborough NH 03458 

0 Check enclosed 

THE INTEL 8080 @ $21 .95  

THE M6800 @ $21 .95 

Postage $ .75 

Postage outside USA $ 1 .00 

Total 

Zip 

$ 

$ 

$ 

$ 

$ 

examples, the fundamental techniques of ·�---i 
assembly level programming are appl ied to . _ _ _ _ _:_j 0 Bil l  MC #---------,f--------t--------r------ Exp.  Date ________ __ 

the solution of specific problems with the t J 6800. N owhere theoretica l ,  it is a thorough 
· · 0 B i l l  BA # ---------,f-------f--------t------ Exp. Date ----------

and detailed methods text for the begi nn ing � 
and intermediate appl ication programmer � Signature ________________________________________________ _ 

using the 6800. Hardback.  $21 .95. _) '-----------------------------'-------�o�_"'_a��:�t����t_h�s!��!��o�_w:_s���������!��=!:'���----
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C P / M™ 
LOW-C OST 
M I C RO C O M P UTER 
SO FTWAR E  

C P / M™ OPERATI N G  SYSTEM: 
• Includes Editor, Assembler, Debugger and Util ities. 
• For 8080 or Z-80 systems. 
• For I B M-compatible floppy discs.  
• $1 DO-Diskette a nd Documentation.  
• $25-Documentation (Set of 6 manuals) only. 

MAC™ MAC RO ASSEMBLER: 
• Compatible with new I ntel macro standard. 

• Macro l ibrary facil ities. 
• Complete guide to macro appl ications. 
• $90-Dis kette and Manual .  
• $1 5-Manual only. 

S I D™ SYMBOLIC DEBUGGER: 

• Runs with CP/M and MAC. 
• Symbolic memory reference. 
• Built-in assembler I disassembler. 
• Real time breakpoi nts. 
• $75-Diskette and Documentation. 

P.O. Box 579 • Pacific G rove, Cal ifornia 93950 

(408J 649-3896 

���� C A L I F 0 R N I A 1m: ��� tm: ���: 
[l��j[l]IJ A P P L I E D �=:=: �::: · 

t=:=:t=:=j•====�[==:l J:�:�:�:r� T E C H N 0 L 0 G Y ��l�i :�: . �? :;: 
32K-M EM O R Y  CAR D-$4 1 0  
S- 1 00 PS E U DO STAT I C  K I T  

2708E-450-NANOS ECOND-$ 1 4  

2708 E P R OM 650 NANOS ECOND 
$ 1 0.95 

80 MAJO R COMPUTE R P RODUCT 
L I N ES A N D  AN E X H A USTI V E  L I N E 
OF E L ECTR O N I C  COMPON E NTS 

COMPUTE RS 
H A R DWA R E  AND SO FTWA R E  
C USTOM H A R DWA R E  AND 
SO FTWA R E  R E SEARCH A N D  
DEV E LOPM E N T  

P. 0 .  Box 1 239 
TW E N TY N I N E  PALMS, CA 92277 
7 1 4-367-6996 

F R E E  BASI C  P ROG RAM A N D  
CATA LOG 
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Circle 3 6  on i nqu i ry card. 

Continued from page 46 

system currently being distri buted i nc lude 
the fol l owing :  

• Single user operating system. 
• PASCA L Compiler. Standard PASCAL 

p lus  extensions for str ings, disk fi les, 
graph ics, system programming (busi­
ness oriented extensions are p l an ned) .  

• Editors. High performance screen 
oriented ed itor for p rogram deve lop­
ment and word process ing, l ine oriented 
ed itor for hard copy devices. 

• File Manager. General purpose uti l i ty 
for maintain ing  a l i brary of d isk fi les 
(usua l ly floppy d isks) .  

• Debugger. S ingle statement and break­
poi nt  p rocess ing, access to program 
vari ables. 

• Utilities. Programs for pr inting, com­
municating, access ing  d i sks wri tten 
u nder DEC's RT1 1 system, d iagnosing 
d isk faul ts, desk calcu l ator, etc . . .  

• BASIC language compiler. Imp le­
mented for those who insist on using 
BAS IC, but may wish to write power­
fu l subroutines in PASCAL.  (The com­
p i l e r  works, but subroutine b ind ing is 
not yet ready.) 

Major components now operating, but 
not qu i te ready for general d istribution, 
inc lude the fol l owing: 

• CA l Package. Adaptation of the m ajor 
Computer Assisted I nstruction package 
devel oped at Un ivers ity of Cal i forn ia  
I rv ine; inc ludes automated materials 
for an introductory PASCAL p rogram­
ming course. 

• Assemblers. For the PDP-1 1 ,  8080 
and Z-80, these are wri tten in PASCAL 
for machine independence, but gen­
erate native code for those processors. 

• TREEMETA.  A metacompi ler  deve l ­
oped at UC I rvi ne. 

The UCSD PASCAL Project 

The Project is one of the pr incipal activi­
ties of the I nsti tute for I n formation Systems, 
an embryonic "organ ized research u nit" 
concerned with interdisc ip l i nary stud ies, and 
with related i nstructional and pub l ic service 
activi ties. The main objectives of the Project 
inc lude the fol lowing: 

• Machine Independence. To foster the 
widespread use of mach ine indepen­
dent software systems, particu larly for 
smal l computers, as a means to avoid 
software obsolescence. A major p remise 
of the project is that appl ications soft­
ware can best be made tru ly portable 
by mak ing the entire operating system 
and support software portable to a 



new processor at the cost of on ly a 
sma l l  effort (even tua l ly :  one to th ree 
programmer months; current ly :  about 
six months) .  

• PASCA L. To p romote the widespread 
use of standard PASCAL, and stan­
dardized extensions, as (the basis of) a 
general purpose p rogramming language, 
both for writing system p rograms such 
as operating  systems and compi l e rs, 
and for app l ications software in educa­
tion, research and business data pro­
cessing. 

• Software Exchange. To foster the 
development of a national or in ter­
national marketplace within which 
authors of computer based course 
materials, and other appl ications soft­
ware, may receive reasonabl e  royalties 
to compensate them for their work. As 
an in i tial step, the Project wi l l  operate 
a Software/Courseware Exchange, 
using Tel e-Mai l techniques, for users 
of the UCSD PASCAL Software 
System. 

• Mass Education. To demonstrate that i t  
is practical to  improve the qua l i ty of 
mass education at the col l ege level 
(and adu l t  train ing in techn ical topics), 
whi le simu l taneously reducing costs, 
th rough the use of microcomputer 
based course materials. 

• Research and Development. To p rovide 
fac i l i ties, a team working environment 
above cri tical size, and salary support 
for students and facu l ty members who 
wish to conduct research or develop­
ment projects i n  software engineering 
and many related fie lds  of study.  

Hardware Configurat ion 

The UCSD PASCAL System h as been 
designed to run as a single u se r  i n te ractive 
system with superior response characteristics 
when one or more floppy disks are u sed for 
secondary storage. Whe rever poss ib le, s ingle 
ch aracter commands are used, and p rompting 
messages rem ind the user of the significance 
of the various commands that are avai lab le 
in different contexts. Whi le the system has 
proven that m ach ine i ndependence of a com­
p lex software system is p ractical, the re are 
of course practical l im i ts to the range of 
ch aracteristics that can be accommodated on 
the host machine. The major characteristics 
of a typ ical system needed to run UCSD 
PASCAL inc lude the fol l owing: 

• Main memory. 56 K bytes (48 K 
wi l l  do, but only for comp i l i ng  sma l l  
p rograms) . 

• Word Size. 8 b i t  bytes, 1 6  b i t  words 
(h ardware or simu l ated ) .  

C i rc l e  2 2  o n  i nq u i ry card.  

commodore R a d i o  S hack 
P ET T R S -B O  

EI THER WA Y . . .  We've got software for you! 
Combine your hobbies with these sophisticated game programs. Just 
drop in the cassette and you 're ready to play on your BK PET or 4 K  
TRS-80. Fuller program descriptions i n  B Y TE March & April. 

BRIDGE CHALLENGER: ( For  P ET on ly ,  by George Du isman)  P lay 
Contract Bridge against a tough opponent: your P ET com puter. Let 
the PET deal any of 10 m i l l i o n  hands,  or set up deals for study and 
practice p lay and save them on cassette. Replay deals when the cards 
are known. Or p lay two person D u p l i cate B ridge. With 3 D  T I C-
TACTOE: Play on a 4x4x4 c u be against your  PET . . . . . . . . . $1 4.95 
ARMCHAIR FOOTBALL: (For  TRS-80 on ly .  by Steve Harter) P lay 
long and short passes. draws, sneaks, p i tches, sweeps and punts to 
score touchdowns and f ie ld g oals  o n  a g raph i c  football  f ie ld .  Defend 
with rush, b l itz. key m an-to-man and pass in terception strateg ies. 
With simple graphic G O L F  and T E N N I S  p rograms, too . . . . $1 4.95 
6502 ASSEMBLER IN BAS I C  (For  PET on ly )  Now with text editor,  
d isassem bler and both one and two pass assemblers . . . . . . $24.95 
I NTRODUCTORY SPECIAL with 4 fu l l  length games . . . . . . $1 4.95 
STI M U LATING SIMULATIONS with 64 page book . . . . . . . . . $14.95 
PERSONAL FINANCE app l icat ions . . . . . . . . . . . . . . . . . . . . . . . $1 2.95 
GRAPHICS PACKAGE d raws, p lots and letters . . . . . . . . . . . .  $1 2.95 
ORDERS: Check. money order or VISA/Master Charge accepted. We 
guarantee you functioning programs, readable cassettes and prompt 
delivery. Our catalog, $1 or free with any cassette, fully documents 
these and other programs and describes our royalty program for 
software a uthors. For a FREE flyer, use reader service card, or send a 
self-addressed stamped envelope for faster service. 

� Personal Software™ -
- P . O .  Box 1 36-84, C a m bridge,  M A  021 38 

V I SA/MC telephone orders welcome at (61 7) 783-0694 
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HS PROGRAMS 
GAMES. I ncludes B lackjack, 

'
Hangman, Sil ly Sentence Maker. Poem Writer, 

23 Matches. Word Puzzle, Backtalker, Math Quiz, Caricature Printer, Typing Speed 
D r i l l ,  and Ti0ac - Toe. 

PERSONAL FINANCE, I ncludes three programs. Balancer reconciles your 
checkbook and bank statement. Personal B udget helps you control cash flow so that 
money is available when it's needed. I n terest calculates interest for various kinds of 
loans and investments. 

All programs are wricten in Extended Basic and are recorded on cassette tapes 

ready for immediate use. Included with each tape are complete program listings 

and user instructions. Each tape is protectively packaged in a rigid plastic box. 

ED-PRO. I N C  .. 6580 B U C K H U R ST TRAIL, ATLANTA, GA 30349 

Please send the following program tapes for my Heathkit H B :  

0 G A M E S  

Amount Enclosed (Save by ordering both tapes ) :  

0 $ 1 0  (Any 1 Tape @ $ 1 0) 

0 PE RSONAL F I NANCE 

0 $ 1 8  12 Tapes @ $9.00) 

Name ______________________________________ __ 

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

City ---------------------------------------

State --·------------------- Z I P  _____________ _ 

The All New ! 

Personal & Small 
Business Computer 

P l a n  
To 

E x h i bi t  

Expo 
...._ 

nSouth" 
Plan 

To 
Attend 

May 1 9- 2 1 , 1978 , E x posit ion Pa rk 
Orla ndo, F l o r i da 

For Deta i l s  C a l l  Or Wr it e :  
Fel sburg A ssoc iates , l nc.(301 ) 262- 0305 
P.O. Box 735, Bowie.Md., 207 1 5  
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• Secondary Storage. Standard 8 i nch 
floppy disk ( the  major system p rogram 
fi les occupy rough ly  70 K bytes) .  

• Console Display. 9600 bps ASCI I 
term inal w i th x-y cursor addressing 
works best (slower C RTs or h ard copy 
term inal s  can be h andled, but less 
effective ly ) .  

• Keyboard. Uses ASC I I  keys for CR, 
ESC, ETX, BS, D E L  and four  posi­
t ion ing  arrows (up ,  d own ,  l eft, r igh t) . 

I n  addi tion, the system is be ing use d  to drive 
a variety of pr inters such as the D iablo 
HYTYPE and Pr intronix 300, and for com­
mun icating  via standard asynchro nous l i nes. 

Compatib il i ty with Other Software Systems  

I n  Project d iscussions w i th m anufacturers 
of computers, on wh ich the UCSD PASCAL 
System might potential ly be run,  the most 
frequently asked question is :  " How much 
effort w i l l  i t  take to adapt PASCAL to run 
under my software system ? "  This question 
is understandable in view of the approach 
genera l ly  taken by the computer  industry 
when a new l anguage is to be instal l ed  on a 
mach ine p roduced in quant ity .  Unfor­
tunately, th i s  question misses the m ain  po int  
the Project is try ing to make regard ing  trans­
portable software. The effort needed to con­
vert the PASCAL compi l e r  to run under the 
operating  system of manufactu rer "X"  w i l l  
genera l ly  be  far greater than the effort to 
make the enti re UCSD PASCAL System run 
on that manufacturer's h ardware. In the 
in terest of p romoting software transportabi l ­
i ty, the Project wi l l general ly not agree to 
adapt just the compi ler  to run under another 
operating system. 

PASCAL Language Extensions 

L ike many others who u se PASCAL as 
the bas i s  for writing l arge system programs, 
the Project h as found it necessary to extend 
the language. The most notab le extens ions 
h ave to do with strings of characters, for 
natural reading and writing from and to i n ter­
active fi les, and for tools needed in writ ing 
the software. A concerted effort h as been 
made to implement al l of the "standard" 
PASCAL l anguage as defined in PASCA L 
User Manual and Report, by Kath leen j ensen 
and N ik l aus Wi rth (Springer Verlag, New 
York and Heidel berg, 1 975) .  ( However, 
UCSD PASCAL sti l l  l acks the abi l i ty to 
al low procedure and function names to be 
passed as parameters.) The Project is making 
an effort to serve as coord inator among 
several l arge industrial fi rms wh ich are p re­
paring to use extended versions of PASCAL 
for major p rogramming  projects. I t  is hoped 



that a consensus w i l l  emerge from th i s  effort 
on extensions to the l an guage for system 
programming. UCSD PASCAL imp lements 
i n tegers i n  two's complement form in 1 6  
bit words, and real numbers in a 32 b i t  
fie ld. S ince neither form is su itable for 
l arge i n tegers or for business app l i cations, 
it is p lanned to add the fac i l i ty to h and le  
fixed dec imal numbers whose p recision may 
be declared by the p rogrammer. 

Speed of Execution 

Al though the system is enti re ly i n ter­
pretive, as current ly imp lemented, execu­
tion speed is fast enough to permi t  h igh l y  
in teractive programs to  be  run on m icro­
computers. For examp le, comp i l ation speed 
ranges from 600 to 700 l i nes per m in ute on 
the DEC LS I - 1 1 ,  or on an 8085 with a 3 MHz 
c lock. 

Avai l ab i l ity 

Cop ies of the system may be obtained by 
writing to UCSD PASCAL Project, Mai l ­
d rop C-021 , La J o i l  a CA 92093 .  The system 
is ava i l able at a subscription fee of $200, 
made payable to " Regents of the Un iversity 
of Cal ifornia," which pays for materials, 
handl i ng, and a l im i ted amount  of d i rect 
assistance to users. Those who wish to 
order the system shou l d  send deta i l s  de­
scribing the system on wh ich they wish it to 
run, or shou l d  request an order b lan k from 
the project. The system is copy righ ted, but 
r ights are granted to educational institutions 
and to bonafide computer c l ubs to make 
add i tional cop ies for their own noncommer­
cial uses. A copy of the l atest package of 
printed user manuals  (about 250 pages) is 
ava i lable at a charge of $ 1 5, again made 
payable  to the Regents of the Un iversity 
of Californi a. 

Though p l ans are in motion to convert 
the system to ru n on many different  pro­
cessors and configu rations, the on ly systems 
currently supported use LS I - 1 1 ,  8080 or 
Z-80 microprocessors w i th at l east 48 K 
bytes of main memory, and I B M  3740 com­
patib le standard floppy disk d rive (s) . For 
8080 and Z-80 users, the method of adapting  
the system to run  on new hardware is sim i l ar 
to that used by Digi tal Research I nc in 
distr ibuting the CP/M operating  system;  and 
the Project wi l l  d i stribute a conversion 
package sim i l ar to the i rs. Versions of the sys­
tem for other microprocessors are not l i ke ly 
to be ready for release unt i l  October 1 978 at 
the earliest. Release on fl oppy d i sks other 
than those compati b le with the 3740 format 
wi l l  depend u pon avai l abi l i ty of hardware to 
the Project. 

In addition to the main software system, 

educational materials are ava i l ab le  separatel y 
for an introductory course on problem solv­
ing and programming using PASCAL .  A 
textbook (Microcomputer) Problem Solving 
Using PASCA L is avai lable from Sp ringer 
Verlag Publ ishers, 1 75 F ifth Av, New York 
NY 1 001 0 ($9. 80) . The Project can supp ly 
a set of automated qu izzes designed for use 
wi th the textbook in a self-paced course 
of study.  

He lp from the User  Commun ity 

Readers can he lp by letting the i r  favorite 
h ardware vendors know that they want 
UCSD PASCAL to oe ava i lable in machine 
independen t form . The Project h as · noted 
an increasing number of manufactu rers who 
report that customers are requesting 
PASCAL, and this h as a real influence on 
their business decisions. Readers can also 
help by jo in ing the i n ternational PASCAL 
Users ' Group (send $4 c/o Andy M icke l ,  
227 EX, 208 SE Union St ,  Un iversity of 
Minnesota, Minneapol i s  MN 55455) and 
pressing PUG to establ ish a technical board 
to oversee UCSD PASCAL as a commun i ty 
project .• 
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A healthy Pet is a happy P ET. 
Here a re the latest i n  n utritional p rograms. 

Star Trek (BK PETS only) 
Black Jack 
Star P ilot 
Bio·Rhythms 
The D ragon 

$29.95 
1 9.95 
19 .95 
19.95 
9.95 

PETrifying Special . . . . . .  When a l l  five are ordered together 
the total price wi l l  be $85.00. ( 1 5% discou nt) . You wi l l  also 
receive as a bonus the origi na l  "Housebreak Your Pet" tape 
and a s ix  month membership in The Pet Lovers Club at no 
extra charge. 

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

Dear Don Alan E nterprises : 
P. 0. Box 401 : 
Marlton, NJ 08053 

Enclosed is my check or money order for __ _ 
(I'm from NJ too, so I added 5%.) Ship the fol­

lowing: Star Trek_, Black Jack_, Star Pi lot_, 
Bio-Rhythms_, The Dragon_ , The Special_. 

On second thought, charge it to my BankA mericard/VISA 

or MasterCharge. My card number is _______ _ 
and it expires on ______ _ 
Thank you, 

ROBOTICS 

MODULAR ROBOTS for 
Industrial and Personal Application 

Send for complete brochure: 
GALLAHER RESEARCH, INC. 
P.O. Box 1 0767 
Salem Station 
Winston-Salem, N.C. 27 1 08 

I 
I 
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Conducted by David Wozmak 

Delaware Users of M icroprocessor Systems 

j odie Hobson, di rector of th is c lub,  wrote 
to us from the Wi lmington-Newark area to 
inform us ou tsi ders that the Delaware Users 
of Microprocessor Systems is a l ive and wel l ,  
an d cu rrently l iv ing in t h e  Wi lmington­
Newark section of Delaware. Contact 
J odie S Hobson, Delaware Users of Micro­
processor Systems, 2405 Max we l l ton Rd, 
Stanton DE 1 9804, {302) 998-5594. 

Help Wanted 

W P Dart of Ojai CA is i nterested i n  
forming a computer  c lub  i n  h i s  area, and 
wants to hear from other in terested people. 
Write W P Dart, 21 3 Val l e  Rio Av, Ojai CA 
93023, or cal l (805) 646-5824. 

Portland OR Computer Society 

The Portland Computer  Society has 
changed i ts mai l i ng  address to: Portl and 
Compu ter Society,  403 2 SE  G rant Ct, 
Portl and O R  9721 4. 

Robot Bu i lder 

This newsletter, working on i ts  sixth 
issue, is on that interesting  su bject, the 
robot. Wh i l e  the publ ication i s  not overly 
l arge, i t  is extremely captivating. 

I t 's pu t together by Michael Westvig 
of Palos Verdes Estates CA and consi sts 
main ly of artic les and letters from people 
in to robotics. Topics of d iscussion in Robot 
Builder inc lude stepper motors, computer  
control of  movement, power sou rce p rob­
lems, past robot designs, and p rototypes, 
h i n ts on where to buy materials at good 
prices, and so on. 

To get on the mai l i ng  l ist, or to send i n  
a n  article for publ ication, send a letter along 
wi th a SASE to Michael Westvig, 208 Via 
Colorin, Palos Verdes CA 90274. 

H P-65 Users Club 

The HP-65 Users Clu b  is a volunteer, 
nonprofi t, loosely  organ ized, i ndependent, 
worl d-wide group of people who own and 
use Hewlett-Packard PPCs. The purpose of 



the c lub  is to function as an educational 
information outlet, and to pub l i sh appl i ­
cations information in a form most usabl e 
for calcu lator solu tion. 

One of the benefits of being a mem ber of 
the H P-65 is being  informed and up to date 
in the wor ld  of calcu lators. Many mem bers 
have taken advan tage of the official (news­
letter and phone bu l leti n )  and u nofficial 
(meetings and phone cal l s )  communication 
network that is wel l  establ ished among the 
membership .  

For information contact Richard J 
Nelson, 2541 W Camden PI , Santa Ana CA 
92704. 

Theater Computer Users Group 

Th is group concerns itse lf main ly with 
the appl ication of compu ters to the theater. 
Some appl ications incl u de :  scenery esti­
mation programs, tic ket sales, bookkeep ing, 
text editi ng and computer con tro l l ed l i ght­
ing systems. (One type of l igh ting system 
uses no analog components and control is via 
keyboard as wel l  as optical l y  encoded fader 
wheels. Control i nformation for this d igital 
dimmer system i s  fed seria l ly  over the power 
distri bution system. ) 

TCUG is al ways looking for information 
to go i n to the newsletter, and we lcomes 
your articles, inqui ries and problems. Write 
to TCUG-TSI for more information at 1 04 N 
St Mary, Dal las TX 7521 4. 

The Computer Hobbyist (TCH)  

The Computer Hobbyist 2650 Computer 
User Notes is pu bl ished bimonth l y  and 
edited by Bi l l  Mclaugh l i n  from San Lu is 
Rey CA. 

It contains a good number of articles 
pertain ing to the 2650, 6502 and so on. 
Subscrip tion rates are $5 per year i n  the US, 
$1 0 per year overseas. Contact B i l l  
Mclaugh l i n ,  c/o Bookmakers, POB 1 58, 
San Luis Rey CA 9206 8. 

Electronotes 

This newsletter concerns i tse l f  main ly 
with computer music, synthesizers, and 
so on. Late ly there has been a runn ing 
artic le on bu i l d ing the "ENS-76 Home­
bu i l t  Syn thesizer System " by Bernie 
Hutch ins, who also edits the newsletter. 
When finished, th is  synthes izer wi l l  be 
complete and ready for operation. 

E/ectronotes is the pub l ication of the 
Musical Engineer ing G roup i n  I thaca NY. 
Meeting times were not ava i l able, but can 
be obtained by wri ting B A Hu tch ins, 
1 Pheasant Ln, I thaca NY 1 4850. 

Circle 81  on i nqui ry card. 

Can your computer read and solvl this problem by itself? 
"ON THEIR VACAt rON , TOM AND DICK VISIT EO A 
FARM. W H ILE TlfERE,  THE Y  NOTI CED A PEN 
CONTAINING CHICKENS ANll PIG$. TOM SA iD 
TH E R E  WEllE 3 TIMES AS MANY CH1CKENS AS 
PIGS. D ICK SA i l)  HE COUNT�!) iOQ . LEGS IN THE 
PEN. HOW MANY C HICK ENS WE R E  IN THE Pt:I\IY 

with NLOS/1,  it can ! 
N LOS/l is a cassette-based system requiring a m in i mum 
of 1 2K ,  a serial 1 /() board a nd any cassette interface . . · 
The system comes complete with a f ul ly documented set 
of <)Ssembly l anguage source listings, The cost is on ly 

.· �§Q; I . STOP PRO� R AMM ING YOUR COMPLITER, �DUCAT� IT! 
. . 

ORDER TODAY ! 
· :::: 

::: 

C.:LBE•l·i'l\it\�f.£ ..... ·csi••••••••••••·••···· ··· ·••••• 
R .D.  #3 BO X 1 QrlA 

NAZA R ET H  PA 1 80&4 

Programs 
• TAN FORA N :  The thoroughbred o f  h orse races. Pari­

m u tue l ,  exacta betting by 4 players.  Stat i s t ics  for each 
of 7 horses and joc keys, and the l ast two races presen ted 
each ru n .  Odds change each race and on amou n ts bet. 
Horse, joc key, post posi tio n ,  track condi t ion ,  weigh t 
effect ou tcome. Wins or l osses are t a l l i e d  for your day 
at  the races. 1 1  K reqd.  For D i s k .  $ 1 5 .00 

• F I VE .CAR D·ST U D :  You p lay 'The Man ' for h igh sta kes. 
Nevada ru les. You rn ust  play your cards righ t. For 
Disk .  $ 1 0 .00 

• T H R E E.CAR D-DRAW: No penny a n te garne .  Chal l eng· 
ing. For Disk .  $ 8.00 

• B LACKJ ACK : f 'or 4 play ers. U n i que layou t.  For 
Disk.  $ 6.00 

• KENO:  Right frorn Nevada.  For the SO L bu t translat· 
able.  Displays cards for 4 pl ayers and the board of 
ca l led n u m bers. $ 5 .00 

• H OROSCO P E :  A fu n game .  Di fferent horoscope for 
each day . F or Disk .  $ 5 .00 

• TT AKTOE : Shortest known u n beatable  vers ion.  87 
l i nes. Disp lays board each p lay .  Al ternates lead.  No 
tric ky code. $ 4 .00 

• T I KTAK:  Bea ta ble vers ion .  Tal l ies w ins and draws. 
$ 4.00 

COM P L E T E  SET 
A l l  l i st ings are absol u te s i m u l a tions i n  North Star  Basic.  

Wri tten for easy transl a tion to m ost  Basics. 
$40.00 

Robert C. Kelly 
2622 Miramar Ave. Castro Val ley, CA 94546 
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Ci rcle 1 40 on i nqu i ry card . 

K IMSI 

The KIM to S- 100 bus 
Interface/Motherboard 

• Combines the power of the 6502 with the flexibility of 
the S- 100 bus 

• Attaches to any unmodified KIM 
• Complete interface logic and fully buffered motherboard 

in one unit 

01 
.s :; 
c. E 
0 

u 
0 

• On-board regulation of power for KIM § 
• Eight slots of S-100 compatibility for additional RAM. � 

Video and 1/0 boards. PROM Programmers. Speech � 
processors . U 

• Includes all parts. sockets for ICs. one 100 pin connector. � 
and full Assembly/Operating documentation 

• Kit $125, Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
• P.O. Box 386-F 1 1 Coburg, OR 97401 

YIS4' • 

I BM 274 1 - compatible or 
standard ASC I I  (with Break and 

Contro l code features). RS 232-C 
interface. 

RECOND IT IONED SELECTR I C  

G1 Dol-�o�:�:�!" ��I�� MO<kioobi,d looo � Su ite 1 400 · Dallas, Texas 75247 • 2 1 4- 630-97 1 1 

1 76 Mt�y 1 978 (j BYT[ Publ ilatmm J m 

SLACC 

The St Lou is Area Computer C lub meets 
on the first Thu rsday of every m onth, at 
7 PM. Dues for the c l ub  are $5 for a cal endar 
year. For meeting l ocations and information 
write S LACC, POB 28924, St  Louis MO 
631 32. 

Homebrew Computer C lub  

The  Homebrew Computer C lub i s  l ocated 
in Moun tain View CA, and is more or l ess 
even ly  d istri buted across the fi e l d  of hobby 
compu ters . Thei r meetings are he l d  at the 
Stanford Li near Accele rator Audi torium 
at 7 PM. For i nformation concern ing 
meeting dates and exact l ocations, write 
Homebrew Computer Clu b, POB 626,  
Mountai n View CA 94042.• 

We are in the process of updating our 
clubs and newsletters file, and need to hear 
from your club. Simply send a newsletter 
or information concerning club events to 
B YTE, Clubs and Newsletters 70 Main St ) ) 
Peterborough NH 03458. Please include 
meeting locations, dates, times, contact 
addresses, telephone numbers, e tc. 

C i rcle 4 1  on i nqu i ry card. 



S-100 P. C .  Boards 
8K RAM 8080 CPU 
12-Siot Mother 

28.00 
28.00 

Board 33.00 ITHACA AUDIO S-100 P. C. Boards 
8K RAM 28.00 
Z-80 C P U  28.00 SOLID STATE MUSIC S-100 Kits & 

Bare Boards 
M B-3 2K/4K EPROM 

Uses 1 702A E P R O M S . 
Kit w/o E P R O M S  59.95 

M B-4 4 K  STATIC RAM Kit 95.00 
Bare Board 25.95 

M B6A 8K Kit 1 29.95 
STATIC RAM Bare Board 25.95 

KITS SOLID STATE MUSIC 
M B9 STATIC PROM/RAM 

Kit  Less M e mory 
VB1A V I D EO I N T E R FACE 

Kit  
Bare Board 

102 PAR R E L L  1/0 
And Kludge 
Kit 
Bare Board 

104 2 + 2  1/0 Kit 
S Y N T H E S I Z E R  S B-1 M U S I C  

K i t  with 
Software 

MT- l 15-S iot Mother 

MB7 16K STAT I C  RAM BOOKS 
Board 39.95 

Kit 435 .00 XB-1 EXTEN D ER BOARD 
Bare Board 25.95 The BASIC Workbook . Bare Board 8.99 

M ���K£}8�·
s
EPROM b���������:s?cerbs Semiconductor Circuit Elements 6.95 SSM 8080 M O N ITOR Vl 

Digital Experiments . Digital Signal Analysis 
O N  2-2708 4 7.00 

Less Ef>ROMs 7 5.95 COBOL with Style �====:...;_:..::..=:....:....=;...;;;...; Advanced BASIC ON 8-1 702A 47. 

74L$00 TTL 
74LSOO 
74LS02 
74LS04 
74LS08 
74LS!O 
74LS14 
74LS20 
74LS21 
74LS22 
74LS30 
74LS32 
74LS37 
74LS38 
74LS42 
74LS47 
74LS48 
74LS73 
74LS74 
74lS75 
74LS76 
74LS86 
74LS90 
74LS92 
74LS93 
74LS109 
74L S 1 1 2 
74LS 1 1 3  
74LS 1 1 4 
74LS 1 2 5  
74LS126 
74LS!32 

.21 

.21 

.24 
.21 
.21 
.85 
.23 
.23 
.23 
.23 
.30 
.31 
.31 
.60 
. 7 5  
. 7 2  
.35 
.35 
.53 
.37 
.36 
.52 
.52 
. 52 
.36 
.36 
.36 
.36 
.46 
.46 
.75 

74LS138 .70 
74LS139 .70 
74L S 1 5 1  .65 
74LS153 .66 
74LS154 1 .00 
74L$157 .62 
74 l $ 1 60 .82 
74LS161 .82 
74l$162 .82 
74LS163 .82 
74LS164 .98 
7 4 L $ 1 7 4  .75 
74LS 1 7 5  .79 
74LS190 .90 
74LS191 .90 
74LS192 .90 
74LS196 .80 
74LS197 .80 
74LS221 1 .06 
74LS257 . 7 1  
74LS258 . 7 0  
74L$266 .26 
74L$283 .72 
74LS365 . 5 5  
74LS366 .55 
74LS367 .55 
74L$368 .55 
74L$386 .39 
81LS95 . 7 7  
B l l $96 . 7 7  
8 1 LS97 . 7 7  
B l l $98 . 7 7  

Basic BASIC Standard Dictionary of Computers & Information Processing Game Playing with Comr,uters 
����������owst�s��s c Home Computers: 210Questions 

16.95 
16.95 

6.95 
8.95 

and Answers Volume 2 :  Software 6.95 Min icomputers 13.95 , Microcomputer Dictionary and Guide Microprocessors Microprocessor Basics Modern Data Commun ications Home Computers: 210 Questions and Answers Volume 1: Hardware Understanding I Circuits 

19.95 
10.95 
10.95 

8.95 

f{�ig'�'2'�u6'/;i��ff�1��ojects Fundamentals and Appl ications 
40� �i���aJ.,t-r0B�s�����?ume 2 Analysis and Design of Digital Circuits and Computer Systems Finite State Fantasies Telephone Accessories You Can Build Basic Electronic Switching for Telephone Systems Basic Carrier Telephony How to Get the Most Out of Your Low-Cost Electronic Calculator Calculator Users Guide and Dictiona 

f<,_v· 

22.50 
1.25 

4.95 

6.95 
6.85 

4.95 

o'b � t;;)�� o�o ���� 'b «oss l-4-o2 5-CM-OS-. !-'t6 "<('V r...� :g�g ;� 6820 8.00 6850 8.00 8212 3.45 
8214 8.00 MEMORY 
8216 3.7 5  1 702A 3.75 8224 3.50 2708 12.50 8228 6.25 2716 22.50 8226 3.85 2 1 L02 450ns 1.25 8238 7.95 21 L02 250ns 1 .60 

� 4035 .98 
4040 .99 
4049 .34 
4050 .34 
4051 .89 
4052 1 . 1 5  
4053 .89 
4066 .59 
4071 .19 
4081 .23 
4082 .23 
4507 .39 
4 5 1 0  1 .05 

7400 . I I  7462 

7401 . 1 3  7463 
7402 . 1 3  7485 

7403 . 1 3  7466 

7404 I S  7489 

740S . 1 3  7490 

7406 1 6  7491 
7407 .23 7492 

7406 1 7  7493 
7409 1 7  7494 

7 4 1 0  . 1 3  7495 

7 4 1 1  1 8  7496 
7 4 1 2  1 3  74100 

7 4 1 3  25 74107 

7 4 1 4  . 6 1  741U� 

7416 24 7 4 1 2 1  

7 4 1 7  .22 74122 

7420 1 3  74123 

7423 25 74132 

7425 2 5  7 4 1 4 1  

7426 .22 74145 

7427 . 1 7  7 4 1 50 

7430 . 1 3  7 4 1 5 1  

7432 .23 7 4 1 5 3  

7 4 3 7  2 1  74154 

7436 2 1  7 4 1 5 7  

7 4 3 9  25 7 4 1 6 1  

7440 1 3  7 4 1 63 

7441 70 7 4 1 64 

7442 37 74165 

7443 59 7 4 1 70 

7444 59 7 4 1 7 3  

7445 65 7 4 1 74 

7446 .62 7 4 1 7 5  

7447 .59 7 4 1 7 6  

7448 60 7 4 1 7 7  

7450 . 1 3  74160 

7451 1 3  7 4 1 6 1  

7453 1 3  74190 

7454 1 3  7 4 1 9 1  

7460 · " 74192 

7470 26 74193 

7472 .2 1 74195 

7473 21 74221 

7474 .2 7  74251 

7475 .4 5  74365 

7476 28 74366 ,. ��!�OPROCES�:i� ••••••••• 8080A 11.50 
. Z-80 24.95 

Z-80A 34.95 �------::::::=:f:"::;;;;;-;;;.-1 j l 6800 . 

. ! 6  

.99 

. 1 6  

. 7 9  

. 3 7  

. 3 7  

. 1 6  

. 1 6  

.29 

.74 
.74 
.29 
.79 
.79 
.23 
.84 
.89 
.89 
. 1 6  
.67 ,_ N EW 

1978 

7480 3 1  74367 

7481 .95 74368 

VISA 
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gc My Char 
O M  
D B  

.c. 
AC (VISA) 

Name•-----
5 7 16 W. Manchester Ave. 
S u ite # 5  
Los Angeles. C A  90045 

TELEPH O N E  ORDERS: 
Ca l l  (213) 641-4 2 0 0 

Exp. Date: 

• - -
Add ress•------------------------------------
City·-�---------State: ____ Z i p,  ____ __ 

Send you r com p lete catalog, I 
quic kly. I D Please send me the followingl 
items 1 have l isted below: I Qty · Stock No Price I 

I 
I 

Postage/Handling $1.50 

Satisfaction iOO% G u a ra nteed I 
Cal iforn ia Residents Add 6% I 
Sales Tax I 

1 Note: M inimum Order $10.00, 5% Discount over $100.00 on I.C:s only. I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

IC MASTER 
• O v e r  40,000 

I C's l i sted. 
• Over 2 ,000 

pages. 
• U pdated every 

90 days. 

Retail Value 
$55.00 
Your Price 

$46.00 
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Mortal Engines 
by Stanislaw Lem 
translation and introduction by Michael Kandel 
Seabury Press 
New York, 7977 
$9.95 

Wi l l  robots achieve consciousness? "Cer­
tain ly," comes the trad itional answer of the 
science fiction writer. "Not in my base­
ment," says the robotics hobbyist. " I t's not 
needed," responds the domestic android 
manufacturer preparing for 1 980 del ivery 
(Consumer Reports, J u ne 1 977, page 334) . 
"Perhaps," observes the computer scientist, 
theorizing that consciousness al lows an 
organism with fewer neurons to behave as 
successfu l ly  as an unconscious organism with 
many more neurons. 

Suppose the scientists are right, that the 
" law" of fewer parts forces the robot makers 
of the futu re, l i ke contemporary calcu lator 
makers, to provide more functions for less 
money through large scale integration of 
consciousness. After a time robot behavior 
becomes so complex as to be unpredictable, 
and the robots appear to exhibit "free wi l l ." 
Eventual ly these creatures become capable 
of perce1vmg the ambigu ities of their 
existence. They fear breakdown and loss of 

• 80 & 160 Watt Audio Modules (al B Ohms) 
• Ultrasonic Bandwidth-5Hz to 100 KHz 
• Hi Slew Rate-50V/us • Lo Dlstorllon-.05% 
• Hi Damping-2000 • HI S/N Rallo-100 dB 
• True 5 Terminal DeYice (V + ,  V-, G, ln,  Out] 

Advanced design audio power amplif ier 
module can be used in computers, stereos, 
PAs. and instrument amplifiers. A PC edge 
connector. card guides. and on board heats ink 
and fuses simplify hookup and mounting. 

AMPS-Amplifiers Assembled & Tested 
Requires a DC Power Supply 

BO Wall A m p / $75 1 60 Wall A m p / $1 35 

POWER SUPPLIES-For 1 or 2 Amps. includes 
X-former. FW Bridge & Caps. Add $5 shipping. 
torSO Wall Amps/$55 1 60 Wall Amps / $ 1 00 

Send MO. Check . or CC� & Exp. Date To: 
LINTECH ELECTRONICS 

. 

P.O.  BOX 25124 
ALBUQUERQUE. N M 87125 
15051 255-1900 

personal identity; they resist prog:a
_
m­

ming, and slavery. They rebel from capt1v1ty 
and flee throughout the galaxy. 

This scenario has prov ided and wi l l  
continue to provide the framework for much 
science fiction, and it i s  reiterated in  the 
introduction of the current work merely 
as a point of reference. For Lem is not 
concerned with h is robots' technical h i story, 
but with the fact that they are human, that 
they feel and fear and do absurd and gal lant 
thi ngs. But there is no shal low Planet of 
the Apes turnabout here. Lem's creatures 
are not just humans in robot c lothing, they 
experience environments and l ife forms 
unknown to man, and thei r  consciousness 
is dominated by one common drive, to avoid 
their former masters. 

Of the 1 4  short-short stories contained in  
th is book, 1 1  have been previously printed 
as "Fables for Robots" in The Cyberiad, 
1 972. A l l  are powerfu l ly  written and t!ans­
lated . Most are told from the robot point of 
view, and constitute the author's "oral tra­
dition" of sorts for the robot races, yarns 
that m ight have been passed from generation 
to generation. But these are also haunted 
tales, nightmares sta lked by the fair sk inned 
monster mankind, whose body may be weak 
and gelatinous but whose cunn ing mind has 
turned h im into a vengefu l hunter. 

Mortal Engines is provocative, enter­
tain ing, ski l lfu l ly-crafted l i terature, robot 
fiction at its. best. 

Ted M Lau 
1 21 9  Pioneer Dr 

St Louis MO 631 32• 

BUSINESS PROGRAMS FOR SWTPC 
Edllor • Leiter Wrller• . . . . . . . . . . . . . . . . . . . . . $100 

��!���:rt(r��1)t:�itt�i������ ��hr�:� 
andwnte . • . . . . . . . . . $100 

Poyrqll"" . . . . . . . . . . . . . . . .  $400 
lnYenlory• . . . . . . . . . . . . . . . . . . . . . . . . . . .  $400 
UtJIIIy Pac:kege (Hex Loader - Mikbug • lor-
malleddumpwithspaces) . . . . . . . S 10 

Single Step Debugging Program• (with 
mnemonics. register d1splay. and user se-
lectable RAM d1splay. Requ1res MP-T) . . S 2t 

Power Supply ModlfJc.tion Kit lor SWTPC 
Computer (Ftll mother board w1th as much 
memory as you w1sh without voltage drop) . . . S 20 

SWTPC Oltk ConYertlon Kit (Connect your 
SWTPC d1sk dnves. cabinet. and power 

���
p
�;n1�k��?;;a��������,���{e�:�� �u� 

soltware Pr1cc mcludes Smoke S1gna1 con-
troller board an1 operatrng system) . . . S2ti 

208 Megabyle GIMIX M•mory for SWTPC 
!PhOne lor detailS! 

SoHwere Add,....l»e GIMIX 18K Memory 
B011rd tor SWTPC (Facillitates t1me sharing. 
multi-taSking. large programmrng) . . • . . . . . . . $599 

4K GIMIX Ptom Bperd and Programmer . . . . .  $259 

0:!��m�G,J��-T��ior����- �r�et�:��:���C: 
Centtanics. lear S1eg1er. Soroc. etc 

AAA Chicago Computer Center 131�����5�33waveland Ave . . Chi(t�� �� ���ty) 
"ill�iul � Us  llllimilld lit!li .. 'PI'"" gum.ola. 

··�t��iul � Us  quliliol lihli .. 'Pi'"" i""'"'-



Introducing our kit-by-the-month 
plan available for only $500.00 down 
and $1 50.00 per month. 

(Write for more information) 

I MSAI 8080 KIT: $897 .50 
ASSM :  $ 1 245.20 

Canadian Duty and Federal Tax Included 

Hobby systems from $999.00 (Kit). 
Business/engineering systems from 

$1 1 ,900.00. 
(Assembled and Installed*) .  

Educational discounts available. We 
will develop custom application pack­
ages. Contact us for further informa­
tion. Send $1 .50 for catalogue. 
VISA • CHARGEX ACCEPTED h� 

Rotundra 'il ... a Cybernetics -
Box 1 448, Calgary, Alta. T2P 2H9 

Phone (403) 283-8076 

-++­
...... 
-++-
-++-
-.+--. 
...... 
-++-

•SOL - A New Dawn Is Here! 
• JMSAI 8080 

•POLY - 88 

•TDL Z-80 

• Memories & 1/0 Boards 

• computer Book Service 
• Magnetic Tapes & Disks 

• Full Line of Magazines 
• Brain Games & Puzzles 

• Workshops & Club Information :;::. Visit THE COMPUTER CORNER for 
.....,._. all your computer needs. Stop in and 
.....,..._ browse - you'll / ike our personal service. 

-.+--- W��eE P�a��P�a�E� �;;,��Ce�el 
--II+- 200 Hamilton Avenue 
--11+- White Plains, New York 1 0601 

--11af-- Tel: (914) WHY · DATA ¥ Ample Parkirig -kf.._ 
.#' 10-6 Daily & Saturday � 
-/i '* • • fl*Tr�·� · • •  .,\� 

PROGRAMMER I MEMORY 
* S - 1 0 0  b u s  compa t i b l e * P r o g ra m s  b o t h  
2 7 08 ' s  a n d  2 7 1 6 ' s  • R e a d s  8 K  b y t e s  o f  
2 7 0 3  • O n  b o a r d  p r o g rammi n g  power * 
Swi tch s e l e c ta b l e  I / 0  & memory a d d r e s s  
* E x t e r n a l  z e ro t h r u s t  p r o g r a mm i n g  
s o c k e t  o n  3 6 11 p l a n a r  c a b l e  * C o m p u t e r  
c o n tro l l ed p r o g rammi n g  a s s u r e s  e r r o r  
f r e e  E - PROMS • C o mp l e t e ,  e x c e p t  f o r  
E - P R O M S  * A s s e m b l e d ,  t e s t e d  a n d  b u r n e d  
i n * S o c k e t s  for a l l 1 c • s  * N i n e ty 
day l i m i te d  w a r ra n ty * T o t a l  p r i c e  
d e l i v e r e d  i n  u.  s . - - - - - - - - - - - - - $ 2 38 . 9 5 

So ftwa re comma n d s :  

Z .il. E - PROM C L EAN ? 

P � � O V  M + PROG S KT 

fl. MOV P R O G  S K T  + M 

� CMP M ++ PROG S KT 

Sh.i pped from s t oc k ,  S e n d  c h e c k  o r  
money o r d e r .  A l l ow t i m e  f o r  p e r s o n a l  
c h e c k s  to c l e a r .  T e x a s  re s i de n t s  a d d  5 %  s a l e s  t a x  f o r  a t o t a l  o f - ·- - $ 2 5 0 . 9 0  

N 0 R A H S - S I R H C & A S S 0 C .  
1 2 6 2 3  B A R R Y KNOLL L A N E  
H O U S TO N ,  T E X A S  7 7 0 2 4  

l!i!b'l' !�.M .. 'l'l'l !b !  

!"recision rnachined tape guide 
lnterface directly to a l"H\ or lll\�'l' 
'l'ri·state buffer output 
�II handshake logic· 'l'!!. compatable 
!bull thru tape· !'leads !I To �!l!l!l cps 
lnterface thru a 14 pin IC plug , PRovoo•o• 

,.,!!•� A S S U B U D  &. rESTlD � 42.50• 

�!:�• � PLUG·IH HANDSHAKE ADAPTER !, 7.50" 

MIC ROCOMP P.O. B O X  1221 
FOND OU L A C ,  WI 54935 

WE SPECIALIZE IN MICROCOMPUTER SYSTEMS FOR 
H 0 B BY ·  BUSIN ESS · EDUCATION 

WE ARE EXCLUSIVE 081 D E A L E R S  • • •  

• • ·  WE DO A B ET T E R  J O B. 

AN S-100 BUS COMPATIBLE 
COMPUTER FOR UNDER $150? 
Single board, S-100 compatible 8080-based computer 
designed at the University of Iowa to use the Intel 
cosmetic reject k1t. 
Features are: 

Memory: four 1 702 EPROM"s or 
three 1 702"s and two 211 l " s  

Power-on j u m p  a n d  independently selectable board 
address 

Uses TMS5501 multi-function l/0 controller: 
Parallel in, parallel out 
USART 
Five interval timers 
Handles vectored interrupts 

TTY or RS232 interface on board 
Fully S-100 compatible 
Socket for front panel connection 

(IMSAI front panel connector pin compatible) 
Ideal CPU replacement for IMSAI's and Altairs. · 

Will run with just applied unregulated voltages as a 
single board computer. 
Bare board, schematics, l imited documentation $35 
Schematics, l imited documentation (includes 
simple monitor for single board operation) $3 

uPMEM 
1291 Center St .  N.E.  Cedar Rapids. Iowa 52402 

get Graphic Add for 

Sol or VDM 
GRAPH ICS 

HARDWARE 
• Graphic Add piggyback PC boeld mounts on 

VDM ex Sol lex bit-mapped graphics 128 x 48 

• Grephk:o mode is 100ftw.,. oelecteble 

Sol SOFTWARE PACKAGE 
• BASIC5-GRAPHICS EXTENSION including 

powerful PLOT & LABEL STATEMENTS 
• Graphics Driver with BASIC Links 
• LIFE & ROBOT animat ion programs 

GraphicAdd Kit wi th Sol � $50. 
MICRO-WARE LTD. 

27 Firstbrooke Road 

Maslercha<ge Toronto CANADA 

Visa Accepled M4E 2L2 

phone 418·424-1413 

CAN A D I A N S  

A n n o u n c i n g  

H A M I LT O N  L O G I C  

S Y S T E M S  

Specia l i z i n g  in  l og i c  

dev i ces , m i c rop r o c e sso r s , 

m e m o r y s ,  T T L , C m os , 
e tc .  

f o r  you r cata logue 

C R E E K  

L S G 3 X 7  

PRIN�EP · CI.RCU(T 
BOARDS 

(BARE 80,�05 ONH) 

, , �Q.95. EA. 
: " vbuR.cH¢icE OF . S.-100•BUS . 8K ·�· WW EXT ''i·4K ROM ·;,. , -. - OR. 
.• , . '.6800,BUS .•· 

' :· 8K''• wW �XT 
. We .also stock compl;ment·S 

·-,!",for all 'above be,adls. . · ' 
Guar.;��t�ed, if not cqmp .letely 

•sat1�f1ed return fonefund. 
We back everything we selL 

! !  F R E E  G I FTS ! !  
FREE Tl fi1 with purchase of 

$ 1 ,000 of TECHNICO systems equipment 
WRITE OR CALL FOR DETAILS 

Tl 57 and 59 also available at LOW, LOW prices 
with no other purchase required. 

TECHNICO 9900 SS 16 BIT COMPUTER 

16 bit microP, 31 bit 1/0, hardware muh & di�de, buffered bus, 10 rna loop, 

AS 131C, B intermpts, lui� socketed. Expands up to 64 KB memmy. 

lilnguages: Assembler, BASIC, SUPER BASIC. (COBOL, FORTRAN IV 
available soon.) Super Starter Kit . . . . . . . . .  $299 

Assembled .. . .  . . $399 

TELETYPE TERMI NAL MODEL 43 
. .  only $  985 lowest prices 

with RS 131 . .  . . . . . . . . . . . . . . . . . . . . .  on� $1185 anywhere! 
Other Teletype machines a/sa available. Tell us your interests/needs. 

Also: Boards for RS 231, Modem, UART with BAUD RATE generatOI. 
To order: Check, money order, major credit cBrds. $3 
shipping, NYC residents add 8% tax. 

OWENS ASSOCIATES, DEPT. B 

147 NORWOOO AVENUE 
STATEN ISLAND, N.Y. 1 0304 

We have no reader inquiry number, 
Please. write or cal l .  

· ·�·· · 



MASS STORAGE 

I 
New 64 K Bit CCD Memory from Texas I nstru ments 

A new 64 K bit ch arge coupled 
device (CCD) mem ory has been 
announced by Texas I n stru ments." Desig­
nate.Q the TMS3064, the memory is or­
ganized external ly as 65 ,5 3 6  1 bit ·words 
and internal ly as 1 6  add ressable 4096 bit 
serial-paral le l -serial loops. 

A new 2 phase coplanar e lectrode 
CCD structure was used in the design of 
the device. The two · c lock and the chip 
enable i nputs can be  driven by standard 
MOS level drivers. 

All other i nputs have 200 m V  of DC 
noise immun i ty when interfacing with 
standard TTL logic. No pu l l  up resistors 
are req ui red .  The 3 state output wi l l  
dr ive at least two standard series 74, 74S 

.or 74LS loads without  the use of pu l l  u p  
resistors. 

The maximum data rate is 5 megabits 
per second. Maximum access time (at 5 
M H z) is 800 J.LS. The TMS3064 h as a 
typical operating power d issi pation of 
300 mi l l iwatts at 5 MHz and a stan d by 
power dissipation of less than 30 m i l l i ­
wa'tts. The  mem ory comes in a 1 6  pin 
ceram ic dual in l ine package with p in 
rows on .4 inch ( 1 .02 em)  centers. The 
single piece price is $ 1 95 . .  

For more information ,  contact Texas 
Instru ments I nc, I nq uiry Answering 
Service, POB 1 443,  M/S 669 (Attn : 
TMS3064),  Houston TX 77001 . •  

Circle 635 o n  inquiry card. 

Floppy I nterface for PCM- 1 2  Computer 

Users of the P DP-8 compatible 
PCM-1 2 m icrocom puter can attach the 
Data Systems Design Model  2 1 0  floppy 
disk system to their comp uters through 
this interface modu le.  The 1 2440 
module enables users to execute a l l  
PDP-8 floppy disk d iagnostics and makes 
the PCM-1 2 com patib le  with the mass 
storage operating syste ms developed for 
the PDP-8. The PCM-1 2 ,  bu i l t  around 
the l n tersil I M 6 1  00 microprocessor, can 
be used as a d i rect rep lacement for 
P DP-8s in many appl ications. The 1 2440 
interface modu le  sel l s  for $ 259 as­
sem bled and $ 1 69 in k it  form , with 
volume d iscounts of 1 0  to 25 percent, 
from Pacific Cyber/Metrix Inc, 3 1 20 
Crow Canyon Rd , San Ramon CA 
94583 ,  (41 5 )  837-5400.• 

Circle 636 on inqoiry card. 

ATWOOD ENTERPRISES 
KITS I 

I 
$ 79.95 4K RAM Avai lable assembled and tested $89.95. I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
$ 1 29.95 4K PROM Bipolar 51 2 x 8 P�oms 93448/63'

41 . _jl 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

$ 1 49.95 8K EPROM Needs only 4K space 2716 .  I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 
$ 59.95 DIGITAL 1/0 8 para l lel  ports plus 1 6  interrupts. I ------------------ ------------� 
$ 99.95 ANALOG I N  3 2 inputs, 8 bits, 1 00 microseconds. _jl 

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

$ 49.95 PROM PROGRAMMING can
8������ 3 . 1 

DI D YOU 
KNOW . .  
ANALOG I N  

32 channels .  

2 separate A to D .  

• 

1 00 microsecond conversion t i
.
me .  

8 bit resol ut ion.  

5 volt only .  

On board or external reference. 

Can be purchased as 1 6  channel for: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 
$ 1 29.95 SERI AL 1/0 7 seria l ports;� ��'6�o�:���e control led. I $79.95 

- - - - - � - - - - - - - - - - - -- - - - - - - - - - - -�- - - - - - - - - - - - - -

MOTHER BOARD 
8 S LOT 44 P I N  B U S  

5 0  P i n  E dge Con nector 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card guides for above $1 0.00 per set . 

1 80 · May 1978 © BYTE Publication� Inc 

MAKE CHECK OR MONEY O R D E R  PAYABLE TO: 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Discounts available at OEM quantities. For orders less than $25 tota l ,  add $1 .25 
for sh ipping. Ca l ifornia residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks a l l ow 7 days for check to clear. 

Circle 25 on inqu i ry card. 



0 

S U R P L U S  E L E C T R O N I C S  

I BM S E L ECTR I 
BAS E D  1/0 T E R M I N A L  

( U S E D )  $695.00 
• Tape Drives • Cable 

• Cassette Drives • W i re 
• Power Supplies 1 2V 1 5A, 1 2V25A, 
5V35A Others, • Displays 
• Cabinets • X F M R S  • Heat 
Si n ks • Printers • Components 

Many other items 
Write for free catalog 
WO R LDW I D E  E LECT. I NC. 
10 F LAGSTO N E  D R I V E  
HUDSON, N.H. 03051 
Phone orders accepted us ing V I SA 
or MC. Tol l Free 1 -800-2 58- 1 036 
In N . H. 603-885-3705 

Circle �95 on i'nquiry card. 

Circle 72 on i nqU'iry card. 

Circle 29 on i nquiry card. 

T H E  E L F  HAS G R OWN U P !  

COSMAC 1 802 COMPUTE R CAR DS 
Full  65K memory capabi l ity. Use standard SS-50 
BUS memories. All EF flags, 0, N, and DMA lines are 
brought out to the BUS. 4K or BK on board EPROM. 
(4 X 2708/271 6 )  On board RS232C or TTY interface. 
Option of SV or 1 OV for C D P 1 802CD or C D P 1 802D. 

Other Cards Available 
1 6 K  RAM memory BK EPROM memory 'lswTPC & MSI compatible) 
1/0 Network boards Serial & Parallel cards 
Expandable M

'
other boards 

D�D Do7,
umentat!on for 1 802 boards 

All 9 X SY1 cards w1th edge connectors 
Serial & Parallel interface cards 
Mother boards and 1/0 Network cards 

with connectors 

s 7.00 
$27.00 ea. 
$ 1 2 .00 ea. 

$29.00 ea. 

D I G I TAL S E RV ICE & D E S I G N  
P. 0. Box 741 . 

Newark, Ohio 43055 
Order direct bv check, VISA or MASTER CHARGE. 
Ohio residents add 4�% sales tax. 

Circle 1 01 on i nquiry card. 

USR- 3 1 0  
ORIGINATE 
ACOUSTIC 
COUPLER 

Operates W1th 

Also A variable 

USR-330 Ongmate/Auto·Answer Modem 
USR-320 Auto-Answer Only Modem 

Connect 
Style 
$314 
1199 

Telco2 
DAA 
Style 
$ 1 81 
1 1 60 

I 1 F C.C Certrlred Package Connection to phone lines �ra 
standard extensmn ·phone Jack ) 

12 Connectton to phone lines vra CBS- \OO I F  DAA wtnr.h can be 
leased from phone company tor appro� $5 QQ, mo plus mstallat10n 
lee) 

INTERFACES, 
o USR-310 - RS2J1C only 
• USR 320 and USR-330 - RS232C and 20nrA 

ISpwly wrth order If both rnterfaces are requrred. add $ 1 0  to 
unl\ pnce ) 

ALL UNITS FEA·TURE , 

• 0·300 Baud Data Rate • Fully Assembled and 
Tested • Stand Alone UM 

• Hall/full Duplex 
• 90 Day Warranty 

• Optmnal Annual 
Mamten�Jnce Coverage 

Prrces mclude sh1ppmg and handlmg m con!lfl�n!al U S llllno1s 
Res1den!s add 5'\ sales tax 

U.S. R O BOTICS,  I N C. 
Box 5502 I Chtcago. llhnOIS 60680 I (312)  528 9045 

Circ,l_e 382 on inqujry card. 

The " EXTERMINATOR" 
by VA MP 

All N e w  D ua l  F u nc t i o n  B o a rd : 
Serves as an extender card & also 
termi nates S-1  00 bus. E l i m i na t es 
crossta l k ,  overs h o o t s  & n o i se 
which can scr a m b l e  data. Occ u pies 
o n ly a single slot.  Fully fused. 
Asse m bled & Tested. 
VTE·1 00 "Extermi nator" .$49 . 9 5  
Extender C a rd o n l y ·  

with c o n nector . . . . .  $ 2 1 . 9 5  
Add $ 2  S h i p p i ng 

6% C a l i f. Sales Tax. 

VAMP Inc. 
Box 293 1 5  

Los Angeles, C alif. 90029 

Circle 384 on inquiry card. 

� 

P RO GRAM M I NG 
C ON T E S T  

- W I N -

1�' P R i l f. - F L O P P Y  D I S K S Y S T E �l O R  H O O O  C A S H  

z n d  P R ! l F.- F L OA T HJG P O I N T  B O A R D  O R  �:.. oo· C A S H  
3'd P R I Z E - t.U D I O  I NT C R F A C E  O P .  S 2 00 (,", S H  

M A 

0 0 

W N 

N 
OF COJRSt: YOJ 1-!.'oVE THE SE.'.RCH!t'.'G fJ.ID SGR'[!riG S!<;!LLS 

ACCUIRED BY EVER't' HACK PR(X;R:...U."'ER SiNCE ENJAC.: KJT 
00 YOU HAVE ,\ CLt:tHtiG AND CLEVERNESS TH .. ,T RA.Ii'<S YOJ 
WITH C I A  CALI!r-E CODE CR,\CKERS� PUT 't'O� PERS!:Yl:OL 

Ca-IPUTER 10 fiORK ARCt..t>JD TH:: CLOCK SOLVI/Ib C'.JR 

t,R:CUOUS V.URD FUlllE W A.I-J /,1 i EMPl TO: 

n" EXPA"'D YOUR SYSTEM BY '"INNING PRilES *** 

F'or e n t r y  �onn ar.d o f f i cJ. .J. l  n J l c �  se:td 

.J. se l f  o�c!.drcss�d St.J.rr.pe:d cn\'clope t o :  

MJCRO·PUZztES """ ' A 1 8 )8 Cant<:�l ollpC ,\·:c .  
9l-i02 

Clllfi(J(jfj[Jf: 
Canada's 

HOME COMPUTER CENTRE 
in 

TORONTO 
"The One Stop Computer Shop" 

Home - Small Business - H obbyists 

SOFTWARE 
PET 8 K Version 

20 programs on cassette 

just $49.95 
Includes: Music, graph, entry, daytimer, monitor, 

and disassembler 

Or bought separately. $ 1 2.00 each 

HOME COMPUTER CENTRE 
6 I 0 I Y onge Street 
Willowdale, Ontario 
CANADA M2M 3W2 
(4 1 6 ) 2 2 2 -1 1 6 5  

Chargex and BankAmer;card accepted 

....-aiiDIIIIIIIIIIIICIIIIIIID--

P. E.T. food 
Crelllille SollwDre '""' the ,,,,.,n9 

program� on ca�setle tape� lor 8K PETs· 

HOUSEHOlD FINANCE PARIS I ancl I I . .  15 .00 
GAME PAC •1 ·· f 1'1'e  games tor  the PET.. 12.00 
GAM[ PAC 12 • •  ftve more P[T game

.
s . .  12.00 

MATH PRACT ICE · · MulliDIIta!ion and dl'l'l�ton. . . . . .  10.00 
SPA([ WAR · ·  Adapt� tor the PET . .  . . 10.00 
AIICI l .  00 per program packing anci �hipping. 

INTRODUCING a low pric� joysltck · · plugs right mto 
the P(T with no roodllications or a�sembly. Compll'!e 
wilh two programs. 

JOYSTICK 111ith MI\Z[ game aM SKOCHPAD game . . . 35. 00 

AOcl 2. 00 \hipping and insurance lor JOYSTICK. 

EDUCATORS . . ,.,·e are de'l'eloping a l1brary or educational 
programs lor graeles I · 1 2. Tell us )"QUr needs. 

Send tor more intormalion and list of other programs. 

CreDllve Sollwue 
P. O. B o J  4030 

h\ASTERCHARG£ AND V I S A  ACCEPTED 
Ca\Jtornta residents please add 6'lo sales lax 

aaa-.aaaaaaaaaaaaa... ........ 

Circle 79 on ioquiry card. 



W�at's NewP PUBLICATIONS 

Catalog Descri�es Test I nstruments 

This new short form , 1 2  page color 
catalog describes a variety of test instru­
ments such as dual and single trace 
osci l loscopes from 30 to 4 M Hz band­
width, d igital m ult imeters, audio 
analyzer systems, color bar generators, 
signal generators, commun ications 
testers, counters, bridges and many other 
instruments. The catalog is free from 
Leader I nstruments Corp, 1 5 1  Dupo.n t  
S t ,  P lainview N Y  1 1 803.• 

Circle 6 1 9  on inquiry card. 

How to Bui ld  a Microwave Oven 

This 1 1  page report, entitled 
Thyristor Gating for Microprocessor 
A pplications, covers the use of the most 
com mon thy ristors, triacs and si l icon 
controlled rectifiers in  m icroprocessor 
based systems for appliance and in dus­
trial control. A microwave oven appl i ­
cation is used as an exam ple .  The book­
let briefly describes a triac and an SCR 
and  d iscusses microprocessor control of  
these devices. E lectrical isolation,  tran­
sient noise problems and circuit mal­
function protection are a l l  covered. 
The report is avai lable free as Bu l letin 
CA-1 9 r  from Texas Instruments I nc ,  
I nqu i ry Answering Service, POB 501 2 
M/S 308, Dallas TX 75222.• 

Circle 620 on inquiry card. 

Small Business Systems Brochure 

This broch ure, entitled The Merger 

the Business World Waited For: Data 
General and Small Business Systems, 
describes the new Commercial System 
CS/40 fami ly ,  its A N S I  standard COBOL 
and interactive real time features. I t  is 
avai lable from Com mun ications Services 
MS 8231 0, Data General Corp, Rte 9 ,  
Westboro M A  0 1 5 8 1 ,  (61 7 ) 366-891 1 .• 

Circle 621 on inquiry card. 

Educational Grade VIDEOTAPE Special: Yz'x2400' 20 boxes/$125.00 

The "Pro" fully encoded ASC I I  Keyboard by Cherry. Auto R E· 
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in 'The Case',  Below) $1 1 9.00, 3199.00, 1 0+189.00 

USED SYL VA NIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with ful l  1 28 char. ASC I I  UC+LC 
You Fix: $24.95 font with a l l  control characters displayed. 

Working: $69.95 300- 1 9 ,200 baud RS232. 2nd font addressable 
from �eyboard i n  you-program-it 2708 for 

· Cold Chassis, 251bs. APL, Graphics sets, etc. Plug in monitor 

New Creative Computing Catalogue 
This 1 6  page catalogue describes 

1 00 books, British and American maga­
zines, games, T-shirts and ot�e r  i tems of 
interest to the seasoned com pu te r  pro­
fessional as wel l  as the beginning novice. 
Copies are free from Creative Com­
puting, POB 789-M, M orristown N j  
07960.• 

Circle 6 2 2  on inquiry card. 

How to Write a Program Y ou Can Read 

The Addison-Wesley Publ ish ing Com­
pany has recen tly pub lished a 1 5 1  page 
book entit led The Little Book of BASIC 

Style by j oh n  M Nevison. Anyone who 
has written and run a com pute r  program 
is l i terate in computing; however, be­
coming fluent takes t ime and p ractice. 
This book concerns itself with writing 
a well sty led BAS IC  program in order 
to move on to writing wel l structured 
programs in other languages. The book 
offers 1 9  ru les of style that can red uce 
time and practice necessary to turn out 
legible, correct programs. The contents 
inc lude F rom Problem Solving to Pro­
gram Writing, Typing: Elemen tary Kind­
ness to the Eye,  Comment:  Clothing 
the N aked Form , Code :  The N aked 
Form , Examples: The Program at Work 
and Play, and Beyond BAS IC :  Larger 
Programs. The book is $4.95 from 
Add ison-Wesley Publ ishing Company 
I nc, Reading MA 0 1 867,  as well as 
from com pute r  retail outlets.• 

Circle 623 on inquiry card. 

* Hard and Soft Sectoring 
* Single and DU111 Density 
* Double side configuration 
as a retrofit at any time. 
*I I 0/220 V, '50/60Hz 
*Pin for pin comparable with 

Shugart 800,801,850,85 I 

110 connector, 1 1 0VAC and you are ready. 
I N C L U D ES: 'The Case', Cherry Kbd. A used MEMOREX F I V E-F I FTY 

(50 pin edge connector) 
$536, 21499, 51475, 1 0/449 
251425, 100/405 

Double Sided Retrofit $200 
monitor, ESAT 200A, all options except ..,.J----------------------------1 
vector addressable cursor and modem. 

' Bu l letproof design and construction. 
Normally $675.00 What you always 

wanted your ADM3 to be: 

SVSTEM"A" $649.00 1 u,,,,,,_,, ... 

"The Case" Beautiful and sturdy 

MINIDISKETTES (5.25') 1-9 10-24 25+ 
1 0, 16 or Soft Sector $4.79 4.65 4.45 

STANDARD (8 ' )  D ISKETTES 
Hard or Soft Sector $5.99 5.33 4. 79 

S U R P L U S  Muffin type fans $ 7. 95, Lambda Power Supplies 
5 V/70A-$I45,00, 35A-$89. 00, I 6A-49.00, J 2 V/7.3A-$69,00 

4.35 
3.90 

anodized aluminum case in deep black designed to conta i n  the Contains IC's, T.I." Sockets (I  cen t/pin) 
ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. OUR CATALOGUE A d v ice and m u ch m ore. It is free. 
(in&talled as shown above) Choose deep brown, light yel l ow, or crim- l"::::-:--:----:--::-"""7.:---:::--:-------::-:------------l 
son to accent or color code your installation. The only choice for Shipl!.ing and Handling: Surface: $0.40/lb. Air: $0;75/lb., 1 .00 minimum 
hard-use institutional and educational applications. $69.00, 1 01 59.00 Cal. lax: 6.5% Insurance: $0.50 per $1 00.00 

1 82 May 1978 © BYTE Publications Inc Ci rcle 1 1 5  on inquiry card. 



P A S S  A S S E M B L E R  
FOR 1010, ZIO, & 1015 STSltMS 

RESIDENT IN A SINGLE 2 7 0 I EPROM 

0 
0 
0 
0 

FEATURES: 

ASSEHBLES D I RECT FROH KEYBOARD OR 
FROH SOURCE ANYWHERE IN RAH 

ALLOWS ANY 5 I ZE SYHBOLI C LABELS 

HEX & DEC/HAL RAD I X  

8080 INSTR. S E T  PLUS PSEUDO OPS 

STO ORDER FOR POLY-88 565 
(PLUGS I NTO EHPTY SOCKET ON CPU BOARD) 

SPECIAL ORDER 580 
{SUPPLY, IN HEX, ADDR FOR THE IK ROI't & 
ADOR FOR A 2K RAH WORKSPACE) 

AOVAHCEO I HTERACT I VE SYSTEMS 

8216 P I C KE R I NG ST� 
PHI LA. , PA. I 9 1 50 

......_ __ _ 

D.C. METRO AREA 
TYSONS CORNER, VIRGINIA 

THE 
COMPUTER SYSTEMS 

STORE 
MICROCOMPUTERS & PERIPHERALS 

HOME. SCHOOL & SMALL BUSINESS 

FEATURING 
Small Business Systems Complete with 

Application Software Including 

Word Processing 

DEALERS FOR 
Commodore Pet 
Processor Technology 
Polymorphic 
Cromemco 
Southwest Technical 
Micro-Computer 

Business Systems. Inc. 

Send S3U5 !Cam. residents add 

Lear Siegler 
Diablo 
Texas Instruments 
DEC 
North Star 
Anderson Jacobson 

�s & Magazines 

1984 Chain Bridge Rd. 
Mclean, VA. 

703-821 -8333 

s'lo sales ta•Jt• �el:'ibT'Fio'i\fl'cs 

2400 BAUD ! 
or 

300 BAUD KCS CASSETTE INTERFACE 
Read and Write Interface Board 

Works with MIK BUG or SWT BUG 
Loads 8K ·Basic in < 1 min. 
Plugs • into the 6800 1/0 Bus 

Assembled, Tested, & Documented 

Super Low Price : $59.95 ppd. 
Delivery stock to 4 weeks. To order, call or write today. 

We welcome Mastercharge, Visa, Checks, or C.O.D.'s 

Personal Computing Co. 
3321 Towerwood Dr. Dallas, Tx. 75234 (214) 620-2776 

S U P P L I E S 

·&.�· 
• FLOPPY 01SK

.
( M1N1  OR 

STANDARD MEMOREX OR  3M 
• 3M DATA CARTRIDGES 

OC300A, OCl OOA 

• 3M DIGITAL CASSETTES 

• 3M OR MEMO REX AUDIO 
CASSETTES, C·60 

• 3M OISK CARTRIDGES 

WE OFFER: 
• COMPETITIVE PH ICING 

• IMMEDIATE DELIVERIES 
(Any Quantity) 

• UNCONDITIONAL GUARANTEE 

BETA BUSINESS SYSTEMS 
8369 VICKERS ST .. it'G � SAN DIEGO, CA 921 1 1  !aia1 liiiiiil 1714) 565-4505 � 

S & R Electronics, Inc. 
4020 Hempstead Turnpike 

Bethpage, New York 1 1 714 

Phone : ( 5 1 6 )  73 1 -8200 

• Finest commercial quality S-1 00 Bw 
Memory Boards by Industrial Micro 
Systems. 

+ Fully socketed, assembled, tested and 
burned in. 

+ 6 month warranty on parts and labor. 
+ All address & data lines fully buffered. 

8k-450 Nanosec. - - - - - - - $ 1 94 .60 
8k-250 Nanosec. - - - - - - - $214.80 
16k-450 Nanosec.- - - - - - $434.60 
16k-250 Nanosec.- - - - - - $479.80 

Ban kAmericard and Master Charge accepted. 

Personal cheCks wil t  delay s h i p m e n t  unti l 

cleared. Complete systems configured 

to your needs. N Y  state residents 

please add sa les tax. 
Call  or W r i t e .  

Circ,te .31.3 on i11quiry ce'td . 

MINI Soft Sector sa 90 Ea. In 10 Sector boxes 16 Sector • of 10 

STANDARD S4 1 0 g�x!� Soft or Hard Sector • of 10 

CP/M 1 4 for Northst
.
ar $145 , Disk & .Honzon 

PLASTIC BOX ��r �i�'k���� s3 
HAZEL TINE CRT 1 500 ����es1 000 

Complete 1•2•3 Computer 
· 

System: Hazeltlr.e 1500, S51 45 
Horlzon-2, Centronic 779 

LIST SALE PRICE 
IMSAI 8080 W/22 SLOTS $751 $649 
POL YMORPHICS SYSTEM 2 $135 $615 
SHUGGART MODEL BOO $650 $595 

S I M I L A R  DI SCOUNTS ON: 
IMSA / 4K, 16K, 32K RAM, M/0 etc. 
POL YMORPH!CS VIDEO 
DYNABYTE 16K �SMJ RAM 
MICRODESJGN 2108/2116 EPROM BOARD 
NOVA TJON ACOUSTIC COUPLERS 
ljJS BK (ASM! RAM 
PROCESSOR APPLICATIONS DMA FLOPPY 

DISC CONTROLLER (ASMI 
TA RBELL. FL OPP Y DISC CONTROLLER 
TA RBELL CASSETTE INTERFACE 
GSI MODEL T 10 
PICKLES AND TROUT MOD FOR HITACHI TV 
ALL SWTP PRODUCTS 
APPL E II 
MODEL 43 TELEPRINTER (OCTOBER} 
ADM 3A TERMINAL 
SO ROC 10120 TERMINAL 
TELETYPE MODEL 40 300 LNP 
CENTRONICS PRINTER 
REPAIRS IN·HOUSE A T L OWCOST 
CUSTOM SOFTWARE & FIRMWARE 

General Ledger 
• • • Written in Fortran CP/N Operating System 
Runs in 32K·65K Systems 



MEMORY 

Memory Boards for PCM-1 2 
M icrocomputer 

These memory expansion boards are 
i ntended for the PCM-1 2 micro­
com pu ter, an l n tersil 6 1 00 based system 
which is software compati ble with the 

Memory Board for Alta ir  (5-1 00) Bus 

The 8 K RS is a new 8 K byte static 
program m able memory board for the 
Altai r  (S-1 00) b us from Pacific Digital. 
The 8 K RS memory card is  organized as 
two indepe ndentl y  add ressable 4 K 
blocks with address . selection by a 
un ique jumpe r  and plug system. A write 

H igh Density Memory Boards 
for SBC 80 

The S BC 032,  048 and 064 Memory 
Expansion Boards store 32 K, 48 K, and 
64 K bytes of data, respective ly .  They 
are bu i l t  with 1 6  K bit  memory chip·s 
and other advanced devices m anufac­
tured by I ntel .  Each board is organized 
in blocks of 1 6  K bytes, and the 
addressing of each block is j umpe r  

1 84 · May 1978 © BYTE Publications Inc 

Digital Equipment PDP-8. The 1 2020A 
memory module holds 4 K 1 2  ·b it  words 
of static memory and is priced at $289 
assembled or $ 1 99 in  kit form. The 
1 2 1 60 module holds 1 .5 K 1 2  bit words 
or erasable programmable read only 
memory and 5 1 2  words of static 
memory,  at a price of $455 assembled 
or $385 in kit form. With the 1 2040A 
Memory Extender module,  this board 
can · be used in any 4 K fie ld of memory 
in the PCM-1 2. The 1 22 1 0  nonvolati l e  
memory module inc ludes 4 K 12  b i t  
words of  CMOS me mory with recharge­
able batteries sufficient to main tain the 
contents of mem ory for 30 days 
fol lowing a power fai lure. It is priced 
at $580 assembled or $490 in k i t  
form. The boards are avai lable from 
Pacific Cyber/Metrix I nc, 3 1 20 Crow 
Canyon Rd, San Ramon CA 94583 ,  
{4 1 5 ) 837-5400.• 

Circle 609 on inquiry card. 

protect feature for the entire board is 
provided by an accessible on board 
toggle switch .  In addition write protect 
logic is provided for either or both 4 K 
blocks via front panel controls in those 
systems contain ing this feature. Memory 
disable is i m plemented via the Phantom 
l ine and zero, one, or two wait states 
can be selected using plug and j umpe r. 
A l l  b us l ines are buffered with one LS 
TT L load per l i 11e. 

The board features a solder mask on 
both sides and a si l k  screen legend.  The 
8 K RS is fu l ly  assem bled and tested. The 
board is priced at $ 1 99.95 for a 450 ns 
access time version and $ 2 1 9 .95 for the 
250 ns version. Contact Padfic Digital , 
2555 E Chapman Av, S uite 604, 
Fu l lerton CA 9263 1 ,  ( 7 1 4) 992-5540.• 

Circle 610 on inquiry card. 

selectable. Storage can be dedicated to 
one computer or shared by several 
com puters, as supported by the M ul tibus 
bus structure. To fac i l i tate battery 
backup,  each board contains an auxi l iary 
power bus and memory protect control 
which prevents read or write accesses 

· du ring system power down seq uences. 
The auxi l iary bus can be connected to a 
battery supply. Refreshing c ircu itry is 
also i ncluded on the boards. The 
memory requires +5, +1 2 and -5 V 
suppl ies, · consumes 1 5  W in normal 
operation and has a maxim urn access 
time of 450 ns. The boards are priced 
at $ 1 650 for the S BC 032, $2 300 for the 
S BC 048, and $ 2950 for the S BC 064, 
with OEM d iscounts for quantities of 
ten or more boards, from I nte l Corp, 
3065 Bowers Av, Sa'

nta Clara CA 9505 1 , 
{408) 349-8027.• 

Circle 61 1 on inquiry card. 

Memory Boards for SBC 80/1 0 
Compatible Microcomputers 

These 4 K and 8 K byte memory 
boards are compatible with I nte l 's S BC 
80/ 1 0  and N ational 's B LC 80/1 0 micro­
computers. They em ploy low power 
static me mory ch i ps with a cycle time 
'of 630 ns. Typical power consumption 
for an 8 K board is 9.5 W. Address 
selection is imp le mented with jumpers. 
The 4 K m emory board is priced at 
$295 and the 8 K board at $395,  from 
Electronic So lutions I nc, 7969 E ngineer 
Rd,  San Diego CA 921 1 1 ,  { 7 1 4) 
29 2-0242.• 

Circle 612 on inquiry card. 

Central Data 1 6  K Programmable 
Memory Board 

Central Data has announced a new 
16 K programmable  memory board for 
A l tair {S-1 00) com puters which inserts 
refresh cycles between your computer's 
normal memory access cycles. According 
to the manufacturer i t  is designed to 
use less than one half the power of a 
comparable static programmable 
memory board. The board comes com­
pletely assembled,  tested and burned 
with a one year warrantee for $ 289 and 
can be p urchased with ful l  3 2  K of 
program mable m em ory for $475 or add 
on 1 6  K { $ 200) later. Write Central 
Data, POB 2484, Station A, Champaign 
I L 61 820.• 

Circle 61 3 a� inquiry card. 



Circle 30 on i nqu i ry card. 

Beckian Enterprises All Prime Quality - New Parts Only - Satisfaction Guaranteed 
EVGE CARV CONNECTORS : GOLV PLATEV . 2 5  PIN V B  TYPE _SUBMIN I ATURE CONNECTORS . 
BODY: Non brittle, solvent resistant, high temperature G . . E. Vel ox. The finest elec- CANNON : Gold Plated. The Best You Can Buy. 
trical properties available. CONTACTS: Bifurcated Phosphor Bronze, Gold over 

DB25P Male Plug $2.60 ea. 5 pes. Nickel.  
DB25S Female Socket $3.70 ea. 5 pes. 

ALTAIR TYPE: Contact Ctrs . .  1 25:  Row Spacing, . 1 40 DB 5 1 2 1 2-1 Hood. (Grey) $1 .00 ea. 5 pes. 
' DB 51 226-1A Hood. (Black) $ 1 . 1 0  ea. 5 pes. 

50/100 Dip Solder $4.25 ea. 5 pes. $4.00 ea. D 204 1 8-2 Hardware Set $0.80 ea. 5 pes. 

HISAI TYPE: Contact Ctrs . . 1 25:  Row Spacing, .250 SAll E :  B U Y  A cmiPLETE S ET .  --
50/100 Dip Solder $4.25 ea. 5 pes. $4.00 ea. Complete Set includes: 1 pc. DB25P: 1 pc. DB25S: 
50/100 Wire Wrap ( 1  Turn) $4.25 ea. 5 pes. $4.00 ea. 1 pc. HOod of your choice Grey or Black. 
IMSAI Card Gu ides 

(3 Turn) 
. 25 per pair to I MSAI Prices 1 Set $6.50 ea. 5 Sets $6.25 ea . 

Note: Also good for CROMEMCO. Note: For D 2041 8-2 Hardware Set, add $0.75 ea. 

OTHER CONNECTORS Al!AT LAB LE 2 7 0 8  - PRIME 8 0 8 0A - PRUIE 
• 1 00" Conta.e-t Ctv., : . 1 4 0 "  Row Spa.c..tng . (450 nS) $1 0.00 ea . 

$14.00 ea. 
1 5/30 Solder Eyelet $2.30 ea. 5 pes. $2. 1 0  ea. r .  c .  SOCKETS : V I P  S O LVER 22/44 Dip Solder $2.75 ea. 5 pes. $2.40 ea. 
22/44 Wire Wrap (3 Turn) $2.50 ea. 5 pes. $2.20 ea. Low Profile. 
40/80 Wire Wrap (3 Turn) $4.00 ea. 5 pes. $3.70 ea. 14 pin. & 1 6  pin.  $0.16 ea. 

Note.: -- (l).{/U'. W!i.ctp Spa.c..tng .{.)., . 2 0 0 "  ( Row Spa.c..tng ) HEAT SHRINK TUB I NG 
. 1 5 6 "  C o  n-ta.e-t C.Vr..o : • 1 4 0" Row Spa.c..tng • 1 /8

11 
Shrinks to 1 /1 6

11
1 .0. $0.35 per ft . 

1 8/36 Dip Sol de{ $2.25 ea. 5 pes. $2.00 ea. CAB L E  TI ES 
22/44 Dip Solder $2.50 ea. 5 pes. $2.25 ea. 3Yz11 and 5%11 $0.03 ea. 1 5/30 Wire Wrap (3 Turn) $2.00 ea. 5 pes. $1 .80 ea. 

. 1 56"  ContaC-t Ct.Jt-6 : • 2 0 0" Row Spac..tng • 
WRITE FOR LARGER QUANTITY VISCOUNTS 

DEALERS WELCUI1E 
22/44 Wire Wrap (3 Turns) $2.80 'ea . 5 pes. $2.50 ea. 
36/72 Wire Wrap (3 Turns) $4.00 ea. 5 pes. $4.00 ea. I. I I  NUl liM ORVER : $ 1 0 .  0 0 :  Add $ 1 . 0 0 6011. 1 5/30 Dip Solder $1 .90 ea. 5 pes. $1 .65 ea. 
1 8/36 Dip Solder $ 1' .9 5  ea. 5 pes. $1 .70 ea. ,� /upp.tng • O!tde.Jt!.> OVe!l $ 2 5 . 0 0 ,  we pa.IJ 
36/72 Dip Solder $4.00 ea. 5 pes. $3.65 ea. .the Mupp.tng . Ca.U6 . Ru-Uie.n.:t6 a.dd 6 % 
43/86 Dip Solder (6800) $4.90 ea. 5 pes. $4.75 ea. Ta.x. . NO C . O . V . SHT PAIENTS . 
WE ARE YOUR CONNECTOR S PECIAL ISTS . 
I F  YOU V O  NOT S E E  THE CONNECTOR HERE THAT Ottde.Jt Fltom : Beckian Enterprises YOU NEEV, PLEASE WRITE US . TN AIOST C T RCUAISTANCES , 
WE CAN SUPPLY I T  TO YOU . P.O. Box 3089 Simi, Calif. 93063 

MICROS I N  STOCK: Brand New! 
• SWTPC 6800 & 6800/2 • RCA Cos mac VIP 

• National Sem i  SC/MP • Sol-20 
• Kim 6502 • lmsai 8080 

VI DEO 
MONITOR 

9," SANYO VM-4209 

$2.25 ea; 
$3.45 ea. 
$0.95 ea. 
$1 .00 ea. 
$0.75 ea. 

$160 HfeGHLIGHTS
• ;��� 6�;ANT USED GEAR INVr�EN�T�O:R�Y:��dJ 

IBM 1050 . . .  $995 

"COMPLETE 1/0 "  
Control, Printer w i th 

Keyboard, Paper Tope 

1 / 0 ,  C o rd Reader 

Circle 78 o n  i nqu iry card. 

60-KEY 
ASCII 
KEY­
BOARD 

$49 

DATAPOINT 
2200-2000 

$395 
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SOFTWARE 

N e w  A/V Operating System for 8080 

A program designed for the 8080 is 
now avai lable for t ime coded indexing 
for ed iting, assembl ing and other appl i­
cations associated with fi l ms and tapes. 
The d isplay is i n. everyday language and 
wi l l  hand le up to eight sources simul­
taneously. I t  is written in 8080 assem­
bler language so no h igh level l anguage 
is requ i red .  Program resides in 3 K of 
contiguous memory and is suppl ied on 
punched paper tape with a manual 
com plete w i th source l isting. The pro­
gram requ i res two paral l e l  input ports 
and wi l l  operate with most video display 
modules having on board screen 
memory. It also inc ludes a routine to 
write a continuous SM PTE (Society of 
Motion Picture and Television. Engineers) 
record using one output port. Priced at 
$39 postpaid ,  it i ncl udes one pre­
soldered, tested in terface module.  
Add itional modules are $7 .5 0  each . 
J S Wiener, 4440 N Kedzie Av, Chicago 
I L  60625.• 

Circle 614 o n  inquiry card. 

Nutrit ion Analysis Program in BASIC 

The N utrivalue programs enable users 
to analyze recipes, meal p lans and dai ly 
or weekly menus for their nutritional 
content including vitamins, mine rals, 
prote in  and calories. The analysis is 
computed from the list of ingredients 
and is printed or disp layed in tabular 
form. Nutrival ue I ,  which runs in 5 K 
bytes of memory, refers to ingredients 
by · number and thus does not req uire 
BASIC with string handl ing fac i l i ties. 
It inc ludes nutrient data for 53 ingre· 
dients. Nutrivalue I I  uses string hand l ing 
to refer to ingredients by name,  and can 
be ordered with databases of 1 00 or 200 
ingredients. Both programs come with 
complete documentation i nclud ing a 
source l isting, flowchart and logic 
description, and instructions for instal­
lation , operat.ion and expansion.  Pape r 

. · tapes are optionally available .  Prices 
range from $ 1 0  for the Nutrivalue I 
l isting to • $40 for N utrivalue I I  with 
the 200 item database, from Consu ltus, 
POB '86, Ar l ington MA 021 74.• 

Circle 6 1 5  on inquiry card. 
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Federal Income Tax Program Runs 
on Many Computers 

FIT, a Fede ral I ncome Tax program 
written in BASIC, does the calculations 
required by Form 1 040 and is formatted 
so that Form 1 040 can be printed using 
a 6 line per inch printer. It is inter· 
active and prints warnings if the user 
tries to violate I RS rules. F I T  runs i n  
8 K of memory, while a n  expanded 
version cal led F ITAB, which handles 
Sched ules A and B, runs in 1 2  K of 
memory. Both programs use only 
elementary features of BASIC in order 
to be adaptable to as many computers 

· as possible. A source l isting and use r 
instructions is $ 1 4.75 for F I T  and 
$ 1 9.60 for F ITAB, while special ized 
versions are offered on North Star 
diskettes and Tarbe l l ,  PET and TRS-80 
cassettes for prices ranging from $ 1 6.60 
to $22.60, from Softbyte, 3 1 5 
Dominion Dr, Newport News VA 
23602.• 

Circle 6 1 6  on inquiry card. 

Want Software for the Xitan Z-80 
Computer? 

Technical Design Labs has introduced 
three new programs for their Xitan Z-80 
computer: 

• Z-TEL (Text Editing Language) is a 
util ity program designed to provide a 
powerful set of techniques

\ 
for ed iting 

and manipu lating text files. Z-TEL has 
the capabi l i ty of moving large blocks 
of text inside the buffer, avoiding the · 
de letion and manual rety ping of text. 
It provides decision making capabi l i ties 
and transfer of control (branching) from 
one part of a com mand string to 

· another. Additional features inc lude 
nested iteration and backward search 
which offers the user more complete 
ways of editing text. Z-T E L  is a relo­
catable program which requ i res Je·ss 
than 7 K of memory. It is avai lable on 
paper tape at $50, on cassettes at $40, 
and will soon be available on d isk .  

• Micro-S E E D ,  a database management 
system ( DBMS) is an implementation 
of I D B 's S E E D  CODASY L  system. I t  
w i l l  support both hierarchical and 
network data structures, providing both 
"schema" and "subschema" views. The 

· Micro-S E E D  package consists of Data 
Definition Language ( D D L )  ' processor 
that checks and compi les the data defi· 
nition of a database into a 'schema table; 
Data Manipu lation Language ( D M L )  sub­
routines that can be invoked from 
FORTRAN . or assembly language pro­
grams to retrieve and update database; 
and Database in itial ization program 
( D B  IN IT) that prepares a . disk area for 
the load ing of the database. A user's 

CP/M on N orth Star D isk 

CP/M, a widely used Altair (S-1 00) 
floppy d isk operating system is now 
avai lable for users of North Star Disk 
and Horizon Computers. I ts features 
inc lude dynamic al location of d iskette 
storage, relocatabi l i ty of system i n  
memory, intrinsic com mands t o  save, 
rename, erase and d isp lay d i rectories 
of files and complementary context 
ed itor, assembler  and dynamic debugging 
program.  Without any hard ware changes, 
CP/M can be run with al l  the features 
avai lable to the users of the system on 
standard floppy d isks. M icrosoft 
FORT RAN-SO and Disk Extended 
BAS IC can also be suppl ied  on 5 J4 
inch d iskette to run on the "CP/M on 
North Star Disk." A l l  the software is 
fu l ly  8080/Z-80 compatible. Prices 
are : CP/M on North Star D isk, $ 1 1 2; 
FORTRAN-SO, $400; D isk Extended 
BASIC, $ 300. F O RT RA N-SO inc ludes 
relocating assembler  and l i n king ·loader. 
The compi ler is said to meet the fu l l  
A N S I  specifications except for complex 
data types. Disk Extended BAS IC is a 
CP/M generation of A l tair D isk BAS I C  
4.1 . · Contact Lifeboat Associates, 3 6  
W 84th St,  New York N Y  1 0024.• 

Circle 61 7 on inquiry card. 

manual is supplied w i th the M icro-S E E D  
package, along with three months of 
maintenance for $ 1 250.  The M icro­
S E E D  package requ i res Techn ical Design 
Labs' Z-80 Disk System configuration 
p lus  an ad d itional 48 K of Random 
Access Memory. Various options to 
M icro-S E E D  are available to extend the 
database capabi l ities to meet the specific 
requi rements of the user. 

• FO RTRAN I V  is said to be a com­
plete A N S I  STA N D A R D  FORTRAN I V  
for the Z-80, also featuring many ex­
tensions such as the data types 
INTEG E R*1 , INTE G E R *2 , . REAL ,  
DOU B L E  PREC IS ION,  COM PLEX,  
LOGICAL and  ST R I N G. Other features 
include named <:;.OM MON, E Q U I VA­
LENCE,  statement functions, ful l  type 
conversion,  a fu l l  l ibrary of scientific 
and string fu nctions, l i nk ing l oader with 
automatic l ibrary search (can l i n k  w ith 
assembler  output), full formatted 10; 
seq uential or d i rect access 10, hexa­
decimal constants. The compi le r  a l lows · 
control over placement of data and code 
areas so that the code  can run from 
Read Only Memory. Operational ly ,  this 
FO RT RAN is a d isk oriented system 
which runs in less than 24 K with a 
disk operating system .  Both F DOS 
I V  and CP/M versions are avai lable. 
This com plete package for $ 349 includes 
both the floppy d iskette with object 
code and a user's manual. Additional 
documentation and support packages 
are avai lable. 

Contact Techn ical Design Labs, 
Research Park, Bui ld ing H,  1 1 01 State 
R d ,  Princeton N J 08540.• 

Circle 6 1 8  on inquiry card. 



� Ctjfficcm BOARDS 
MB-1 MK-8 Computer RAM (not S-100), 4KX8, uses 
2102 type RAMs, PCBD only . . . . . ............. .. . ....... $22.00 

MB-3 1 702A EROM Board, 4KX8, S-100 switchable 
address and wait cycles, kit less PROMS .... .. . .  $58 00 

MB-4 Bas1c 4KX8 ram, uses 2 1 02 type rams S-100 
buss. PC board . . . . . . .. . . .  $25.95 

MB-6A Basic 8KX8 ram u2es 21 02 type rams, S-100 
buss. PCBD . . . . . . . ................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.95 
MB-7 1 6KX8, $tatic RAM uses uP410 Protection, 
fully buffered. K IT .. .. ..... . .. .... .. . .  $375.00 

MB-8 2708 EROM board, S-1 00, 8KX8 or 1 6KX8 kit 
without PROMS . .. .... ...... .. ...... . ................ .... $65.00 

MB-9 4KX8 RAM/PROM Board uses 2 1 1 2  RAMS or 
82S129 PROM kit without RAMs or PROMs .... $72.00 

10-2 S-1 00 8 bit parallel 110 port, 'h of boards is for 
kludging. Kit . . . . . . . . . . .. $46.00 PCBD ... . . . . . . . . .  $25.95 
10-4 Two serial 110 ports with full handshaking 
20/60 ma current loop: Two parallel 110 ports. 
Kit . . . . . . . . . . . . . . . .  $ 1 30. PCBD . . . . . . . . . . . . . . .  $29.95 
VB-18 64 x 16 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 

· Kit . . . . . . . . . . . . . . . $1 25.00 PCBD . . . . . . . . . . . . . . . .  $25.95 
Altair Compatible Mother Board, 11 x 11 y, x Yo ". 
Board only .... $40.00. With 15 connectors ... .  $90.00 
Extended Board full size. Board only . . . . . . . . . . . . .  $ 9.00 
With connector ... . ... . . . . . . . . . . . . . . . . . . . . . . . ........ . . . . . . . . . .. .  $ 1 3.00 

SP-1 Synthesizer Board S-100 
New Low Price.. . . . . . . ..... Kit . . ... $1 35.95 

82523 
82S123 
82S1 1 4  
82S1 1 5  
825126 
82S129 
82S130 
825131 
82S136 
82S141 
MM I6330 

$1 .50 
1 .50 
2.95 
5.50 
1 .95 
1 .95 
3.00 
3.00 
3.95 
3.95 
1 . 50 

PRIME DEVICES 

8080A 
8212 
8214 
8216 
8224 
8228 
8251 
8255 

$1 2.00 
3.75 
6.30 
3.95 
5.00 
6.95 
9.95 
9.95 

(wmc);nc. WAM ECO I NC .  
MEM-1 8KX8 fully buffered, 5-100, uses 2 1 02 type 
rams. PCBD .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.95 
Mother Board 12 slot, terminated, S-100, board 
only . . .............. . . . . . . . . . . . . . . . . . . . . . .. . . . ... . . . $30.95 
CPU-1 8080A Processor board S-1 00 with 8 level 
vector interrupt PCBD . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.95 
RTC-1 Realtime clock board. Two independent in-
terrupts. Software programmable. PCBD . . .. . . ... $23.95 
EPM-1 1 702A 4K Eprom card PCBD .. . . . . . . . . . . .  $25.95 

1 0% discount on 10 or more of WAMEGO PCBD 
in  any combination. 

21 02AL-2 Prime 250 NSEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 .60 
21 02AL-4 Prime 450 NSEC .. . . . . . . . . . . . . . .  $1 .25 
2708 Intel Prime ( .5USEC) . . . .. . ... $1 5.00 
2708 Prime (National) . .. . . . . .  . . ...  $1 0.00 
1 702A·6· AMD Prime ... . . . . . . .. . . . . .. . . . . . . . . . . . . .. .. . $3. 50 
1 702A Intel Net Prime (2U5) · .. . . .. . . . ..  $1 .50 
TM5-60 1 1  Prime ... . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  $6.95 
2501 B $1 .50 1 488N $1 .50 
2502B

. 
1 .50 1 489N 1 .25 

2504 1 .50 4044 2.25 
2507V 1 .50 8038 3.90 
2510A 1 .50 5320 5.95 
2517V 1 .50 5554 1 .90 

. 251 8B 1 .50 5555 2.50 
251 9B 1 .50 5556 2.50 
2521 1 .50 5055 1 .25 
2522 1 .50 5312 4.00 
2525 1 .50 MH0025 1 .50 
2527 1 .50 MH0026 1 .75 
2532V 1 .50 MH0028 1 .90 
2529 2.75 
2533V 1 .95 

41 9 Portofino Drive 
San Carlos, California 94070 

Please send for IC, Xistor 
and Computer parts list. 

Circle 242 on i nq u i ry card. 

M I KOS PARTS ASSORTM ENTS 

All  piece parts tor assembly of Wameco and SSM 
PCBD's. All  Factory Marketed Parts. Order PCBDs 
right. 

Mikos #1 Parts for MEM-1 PCBD with prime 
21 02AL-4 450 nsec rams. Less PCBD . . . .. . . .  $1 03.00 

Mikos #2 Parts for CPU-1 PCBD with prime 8080A 
821 2's and 821 4. Less PCBD . . . . . . . . . . . . . . . . . . . . . . . . . .  $60.00 

Mikos #3 Parts for MEM-1 PCBD with prime 
21 02AL-2 250 nsec rams. Less PCBD ..... . . .  $ 1 1 3.00 
Mikos #'4 Parts for QM-1 A with super low loss gold 
plated connectors. Less PCBD . . . . . . . . . . . . .. . . . ... . . .  $52.00 

Mikos #5 Parts for RTC-� . Less PCBD . . . .  $40.00 

Mikos #6 Parts for VB-1 B less molex connectors 
and PCBD. . .  . . . . . . . . . . . . . . . .  $62.00 

82S06 $1 .00 8T26 $2.00 
82507 1 .00 8T28 2.00 
82S50 1 .00 8T34 2.50 
82562 1 .00 8T37 2.50 
82S90 1 .00 8T38 2.50 
82S91 1 .00 8T74 1 .50 
8T01 2.50 8T80 2.50 
8T09 1 .25 8T90 2.50 
8T1 0 2. 50 8T95 2.30 
8T13 2 . 50 8T96 2.45 
8T1 4 2.50 8T97 1 .50 
8T20 2.50 8T98 2.00 
8T23 3.00 8T1 1 0  2.00 
8T24 2 . 50 567 1 .50 

Check or money order only. If you are not a reg­
ular customer and your order is large please 
send either a cashier's check or a postal mon. 
ey order, otherwise there will be a delay of two 
weeks for the check to clear. All items post paid 
in  the U.S. Calif. residents add 6% tax. Money 
back 30 day guarantee. We cannot accept re ­
turned IC's that have been soldered to. Prices 
subject to change without notice. $10 minimum 
order. $1 .00 service charge on orders less 
than $10. 

COMMERCIAL GRADE EQUIPMENT · HOBBYIST ·PRICES! ! 

... . � . 
� 

· .
. 

·· � . MODEMS AND 

1�. - �· E:3J 
��("Y'� PHO N E  CO UPL ERS 

TAPE D R I V ES V '  S E L ECTR I C  T E R M I NA LS 

• SELECfRIC 1/0 TERMINALS (by GTE/I nformation Systems). I ncludes 8080 
interface plus software ASC I I  translation and 1/0 driver routines. 1 5 "  carriage, 
interchangeable type spheres & carbon/fabric ribbons. Built-in modem optional. 

MODEL 5 5.4 1 ! I BM correspondence code, 2741 type termina l ) : S 895 
MODEL 5550 korres. code, with bu ilt-in cassette tape drive for 

off-line data storage or use as memory typewriter).  
MODEL 5560 (ASC I I  code, with cassette tape drivel : 

S l 495 
S l 495 

• IBM SE LECfRIC TYPEWRITER with magnets, switches & magnet dr iver PCB 
(from GTE/I S Terminal above). I ncl udes instructions for 8080 pri nter/driver 
interface (output o n l y ) .  

Typewriter mechanism complete, clean e n  & adjusted 
Aluminum case & Power Supply (+5V, ± 1 2V ,  + 24V 

• MODEMS: 
Send/receive Bell- 1 03 Ty pe by Vadic Corp, ( requires +5V± 1 2V);  
Also 202-type modems, some with reverse chanel transmission 
and/or auto answer features. 
Telephone Coupler 

• IBM PlN-FEED PLATENS for 1 5 "  Selectrics ( 1 31'.'' pin-to-pin paper ) 
New 

• ASCII ENCODED K EYBOARD w/numeric pad, assembled 

S325 
s 75 

$75 

S2S 

S50 
$60 

• AMPEX MODEL TMX TAPE DRI VES with built-in N A Z I  formatter. BOO 
BPI,  9 track, 1 2  IPS, 8" reel includes 8 bit CPU controller diagram and 8080 
interface instruct\ons. l�eal for microcomputerist who wants back-up mass 
storage and access to I B M-type systems via standardized Y," mag tape. $750 

• POWER SUPPLIES (from D iablo HyType I Term ina l ) :  pot adjustable, O V 
protect. Inputs: 1 1 0 or 230 VAC; Outputs: +5V reg. @ 30A; ±1 5V reg . @  
7A; -9V @ 5A (adjustable to - 1 2 V ) :  unreg. +5V (adj. to + 1 2 V )  S75 

• PAPER TAPE READE R (Addmaster 60 1 - 1  ) :150 cps, LED sensors 
read 5-8 level tapes, bidirectional stepper motor, incl udes TT L serial 
interface plus 8080 parallel  i n terface instructions, Requires +5V & 
+24V: 

• INTER DATA Model One B Bit  M I N ICOMPlJTER, includes full front 
panel, 4 K  core memory ( 1 6 K  addressable),  plug-in teletype port, plus 

software: · 

• FORMS TRACTO RS, variable width 
MOORE FO RMALINER for 15" IBM Selectrics 

• AC LINE FI LTERS: 

El iminate AC hash," power surges and brown-out disturbances from 
your system with these heavy-duty ( 1 0  Amp fused) line f i lters. Can 
handle 1 1  OV or 220V inputs. 

S90 

SJOO 

$50 

S I O  

Call  o r  write for detai ls, q uantity d i scounts, order 
forms. All orders shipped from stoc k - no back orders, 
no substitutions. All equipment is shipped insured 
FOB Palo Alto within 7 days after check clears or C O D  
order is received. M/C & V I SA cards accepted. 

" PACIFIC OFl'ICE SYSTF.)\[S, INC. 
2 600 EI. CA�ll:-<0 RJ.:AT., Sl.'ITE 502 

PALO Al.TO, CALIF. 9 4 3 0 6  

90 d a y  warranty against defects i n  material o r  work· 
manship on a l l  used equipment. FU l l  documentation 
i n c l uded PLUS interface instructions where indicated. 
Ava i l a b i l i t y  subject to p r i o r  sale. P r ices may change 
without noticeG Tel: (415) 32 1 -3866 

Circle 296 on i nqu iry card. BYTE May 1978 1 87 
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ZIO SUPPORT DE\IICES 

lUI p.,_.,., , 0 C"''"OOio• 
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SHIFT REGISTERS STATIC: 

01�:'1101 '6 
1101 
,,� 1101! 
)10/IO '"""" , .. 54010 

:��.7.: ��!:� 

.\Y� !Q<J• 
•YS- IOU-' 
·� •601� 
TVsecl11 :=� 
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li • 6 H·o l 0 1o1Ho 
•o"' . 6 a., 1 � .. ,., 
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XI• �- I tl  ·�• 
200• ...... . ,,  ·�· 
lf()ot e ..... ·� ..,., 
JllO� a ..... ·� ·•·• 

lroi!SC OTHER COMPONENTS 

. .. 
1 00  N(W 
· � '  l iD  N(W 

1 1 )\ · "" ,, ... , 
1 1 1S •  
10 00 o  
U ID t  
n oo  Niw 

8 1 5 Nf"' 
, .. , 

llOO•  ' � · · � ·  
. ��'  
10�'  ·� · . ..  n oo  "'"' · � · 

JlOO • · � · · � ·  

MOTH E R  BOA RD's - S- 1 00 Style 

1 3  slot 

BAR E  
K I T  

- w/front 

BOA R D  
panel slot 

$35.00 
$95.00 

22 slot $ 1 49.95 
ASSEMBL E D  & T ESTED 

TMS·4027 
Dynamtc Ram\ 
100 lor S3. 50 t'a 

] l l01 1450<>11 

StJIIC RJnl\ 
I OO !ur 51 J O e  .. 

an� 4 7t.'J•: · 
co. .. � <i•"• tJ, n,., 
:i'S loo S8 15··J H,. , a,,,,,, TS 

100 lor IOc ,.� 

STAT.IC RAM BOAR DS 

8K 

250ns ASSEMBLED & TESTED 
450ns ASSEMBLED & TESTED 

250ns KIT 
450ns KIT 
BARE BOARD 

6800 ADAPTER to S-100 Svuem 
KIT 

16K 

250ns ASSEMBLED & TESTED 
450ns ASSEMBLED & TESTED 

450ns KIT 

·32K 

250ns ASSEMBLED & TESTED 
450ns ASSEMBLED & TESTED 

450ns KIT 

$ 189.95 
$149.75 

$169.95 
$ 1 25.00 

25.00 

$ 1 2.95 

$435.00 
$380.00 

$335.00 

$850.00 
$775.00 

$675.00 

DYNAM I C  RAM BOAR DS 
On bo;ard Ralnsh powtt 11 poovod1d w<Th "o w•ll 

UIIH Of t;'f(:t. ltUI<OV IIK!tur.d, 
•8VOC 400MA DC, • 18VOC 400MA OC •nd 
- 18VOC 30MA OC. 

EXPANDABLE 

8K (375m) KIT 
16K (37Snsl KIT 
24K l375nsl KIT 
32K (375m) KIT 

EXPANDABLE 

16K (375nsl KIT 
32K (375m) KIT 

48K l375nsl KIT 

64K l375nsl KIT 

32K 

64K 

$ 1 5 1 .00 
$259.00 
$367.00 
$425.00 

$281.00 
$519.00 
$757.00 
$995.00 

JADE PAR A L L E L/.S E R I A L  
I N T E R FACE K I T  

5· 1 00 $ 1 24.95 K I T  
2 Se1 1a1 l n ! e i l<�c�� w ! l h  RS232 
on terlaces 01 l K;�rna� Co1v caHC I I t:  
ullerlace 
Ser.ai ' " " � ' l aces <He CIYSI.tl cuntrnl ltHl 
Selectable bowd 1ate� 
Casselte work� uD t o  1 200 baud 
1 parallel POll 

JADE V I DEO 
I N T E R FACE KIT 

F EATUR ES $99.95 
S-100 Bus Compatible 
32 or 64 Characters per line h6 lines P"::'illr��c� 1 t���o�?�;�."V;�Jo 
On board low-power memory 
Powerful softw

�0
e in

�
luded for 

��;�;Ct����C. L,  croll Graphics/ 

Mf.�&�o";�h lfe
w
£r ,!;�1�e�o2tiT!.\ 

SHIO •u�c�,... CT IDD I 
TIME & CALENDAR 

MlcroproctWifl nMd tht powtr thll a tU1 tome cloc� 
an oller. Ot1t and ltmt btcomu •nittntly ava•llblt 
COMPUfTIME don not htvr to bt <n<I•JhHd rvrry tomt 
1ht system it powrrtd up lt Qossts.sel a crvml·con1tolltd 
limtb111 1oobttonwptl<or �ccuracv and hat rwo tetablt 
comcidsncr counttfl Trmt. d�lr. and counlfrs arf Itt ..,,. solrwart 

COMPUTATIONAL FUNCTION 
Mictoprocruors netd to be comphmtn!td by hJrd,..�rf 
arithmttoc.s to lrn up mamoty ttlgrs drii<CIItd !o lloal 

f",\.�
o

i;r1o���:;":' •'O
d

lu��:�o������1ul1a���w:;��vc�oM��: 

1 70?A 6502 
E PROM MoCtOJIIIICo:\\Ul 

S lur $ 1 1  00 .: .. 8 1or 53. 7!) .,., 

14368 74LS367 
Hl" lnvt·t 1t• TS 
100 too . 7011' ''" 

Ho , B.,tt,·r 
100 tor 70a 

NUMBER CRUNCHER 
To .. C 1 l00 ,, , ·•�"''"'''�''"'"' ""''o'�"''""' ·�""""� 
•·� �,.. ,, . •�o"' .,.,� .• .,,,.,, <hOI .. ,,..,. '"' '"'"''' 
................. "''�''""' 
!�'.!' [I)SI �:� A CA�CUlAIO� CH" 1tlEHI Alii -.0 
/ ... CIJOO � .. • "�'""" ••<�•""'"' I'••< '' '"'''""" '" 
t .. , lASt< t�nc..,o•-•• 1>•1•"' "''�'" • '''""' 1"·• 
�·M<I,.. .,,.,,,•t•••• _, ,.,.,., ,.,. CIJOO to ...,., ''"' '"" 

_, .. ANV SIOO HUS "M«DP'O<•<>OO toll•"' It •I 
•<l"'ploto<o <M'"'''"'' "''" 18(1 l .. ll/ oo"''"' ..... 
111110 WIOO t'.t01 ""'""""'"'"'' A ""'-'" """""' 
.............. ... ... � ... .. .,. ........... .. . ""·" .. ''" ..•. 
... .,.._ .... ............... ... ........... . ..... ... ... ... . 
..... '""''·� "''""'''""" A<l <1«<><1"'9 <>1 5100 ''"' 
. .., ... ,., .. ...... . ·� ....... ,., ............... ,, , ............. .... .. 
........ � ......... "' ,,_ .. ,,, .... ............ "' , •• < ... . 

PRICE $249.00 
lnclu(Je� M.llludl, ASSEMBLED lit TEST EO 

full ASCI I 

'ROFEBSIONAL KEYBOARDS 
fwii i11 CI\tooc,., A5(111 
!., . ......,. MOS II\Cod"'9' 
MOS OIL TIL c-Pf"�'• Ow'P"'' 
........ � ·� .... � .. · 
••�•• •"CI •�••• �"obo' MODEL �"''' ontl Al�o �oH' 711<8 
���.·::·:.. '�·� .. .. �00"' j56 kl'l't) 
- --

-. ,� ... .....o .. cll 1759� 
� 7S.It 10o!J 649� 
....... 102 '"''"""'· )9 ·� 
...... l 110 Nu.._,. ,od 9 9 $  
...... 1 7S6Aol' Mtg ,, • ..,. l OS 

TARBELL 
CASSETTE INTERFACE 

• Plw'I'•''"'''' '"'""""'IM::OAintALfAIR' 

• r .. ,,., � •. ,r., ••to 1111 Jot.ond.,dl '"'"n"''"' '"'""tl 
• l·�•-••·H�hablo - i>lo&"' o"'O<I.-d ,,... <kocO·•gl 
• ol [•fro St.otu<l.•.,., ol[•noronn<;J t .,..., 
• 17o•� "'""""'"""'d"' 
• 1>.-�• C·-d• ::,..�o,tob!o �, on• ,,. " '  
• C•o•ll',.. o/( .. .,.,.,..,..I(A�..,, c.�. '"""' ofoc . ......... -.� ·�·""" ''Q"''"cl "' ... ,1 •• , ...... � . .... �� .. 

JAnr o< l l '  $999!:1 A�SP.\UU O 5 1'1 !> 00  
' < G  '"·"'' "'" " '' !• " l A O ! •  MIINU�� S400 

-
110·103.0. !.oo"" "0 "'d I�" ..,_,. •o• 
1>'0, ... .,.. ........ .. _ , __ ,, ...... 

0 Compto.-r �1101o-lto rO<>• !MSAI, ... I.f"'ll\' 
SOL'' oo otto .. S· IDCi tnic•IX-...-o 
T,_.,lto ot 'I,IITS, '''•......,. T-n.olot�o 

• � to- .- o" "'''hoi iii..,.,. Oif'WII 
,.-�•. O< 2-wo•o -·u1""' ,,,... -"oil 
FCC •I9ol'"'_'_..,,..., ..,.,,,ceTc,.....: .. 

• Alld;g;,.. ,.o0o.>f•1•"" --''''" " _ ., "" 
- �,.Ill doc\ -pror;tlfiO« f�t.t .....,,. "''' 
NO ... OJUSTt.IENTS ARE AEO\JIItEO 

O l.olt iOJ II..-CIIf-11'\C'" 
. ,..,.,,.... .... d,lfi lpul-l ond .,_• 
• On,Onou - - tnoel<o 
o t 10.,)DCIII'S..-.,oo:o 
• Complou -'1 ' .. 1�h1V 
: �:O�';:.!��·:.!aar::u�/;.:.,";!,!:,'::, .... 

�?O:R���''' 
B lur $ 1 1  OOt'.t 

74LSJ68 
Ho•• lon·t•t t"' 
100 to• JOt 

11 l01 !1S0.1\) 
Sloll•r A.offi\ 
100 luo Sl 36 o·a 

· 1 S 1 3 !Svl 
c� ... .... ,,., r,.,, 
5 IOI S9.00 t� 

JADE Z8Q -•th PROVISIONS lor KIT 
0N80o\RO m •  ilnd POWER O N  JUMP 

$1 35.00 EA. ' 'M" ' ' 

$149.95 EA. "'" ' ' 

BARE BOA R D  $35.00 

J.A.X»E 
Z80 "UPGRADE" K I T  

Ch.I<HJo: YIJ<II JADE 2MHJ ZBO TO � 4MHl Vl'l\•11'1 

o111y $1 7.95 with trade 

$49.95 purchase. 
To ltiidt'. Y!Jtl muu q<vt' u\ your 7MHt Z80 chop 
d<ttl 8224 cloclo. dt.vc• 

T,_,.., "UPGRADE t<tT" ollcluCie� 

280A rh<rl. 
621>� 4 clocl. d"""'' 
36F.1 Ht tr�·\t�1 

I 6K t<'\<\H•• 

'lri ot c.p;.c•lo• 

E-PROM BOA R DS 
MR·8 (SK uses 2'1081 KIT $99.50 

with 1 K  RAM 
MA· l6T 1 16K uses 27161 KIT S99.50 

with 1K RAM 
MM- 16 I 16K u\es 27081 \ $99.00 
AAM/N/AOM fl6K uses any 

E-PROM) KIT 5 1 1 7.00 
JG· B/ 16 (usc� 2708 or 27 16) 

KIT 559.95 
BARE BOARD $30.00 

.... ----.... 
TlJ-� 

Convert T . V .  set to 
V i deo Mon itor. 

K I T  J. . . . . . . . . . .  $8.95 

PRICES· !:!IoRI' 6Qto.RO �·�• '.!,.,,.,, S49.95 lt-·------------t 
,o.,.,.mbt..,1 !•8 b• II•"" •N $279.95 
x; o" ' "  � 

J.ILlDlEJ 
REAL T.E CLOCK FOR 1-1• lUI 

1 MHZ C:ry1101 Oocoll0101 
Two l�ntoi'I•<NPII 
One ol't-n.afll u- 18 bot CO..OIII"' on 
tO USfC1� 
O!fter Mtr.rNpt <I m CIIK.Idt nope hom 
tOOUJECto 10-.:. 8o1ft ...,,_,. PfOI'........oll 
loottd tM> bl •lt<¢tM tJor 1 lt dwtCI 
codlt*f1. 
Compton doaHrotottiOt•""' '"""- •oh· 
-IW!Od>oipi ... ...... Of dlv Ooublo oid<MIOOidt< IN<Ik 
Sotk K .... ft Pir11 1oYOUI 

J<i ·Rl .\SSEMRLfO & TESTED 5179.95 
JG- RT lOT S124.95 
BAR[ BOARD "'"" Monuo> $30.00 

JADE 8080A K I T  
$ 1 00.00 K I T  

B A R E  BOA R D  $30.00 

TH E PROM S ETTER 
WRITE & READ 

EPROM 

l702A - 2708 - 2716 

5204 - 6834 
' Plug• dlli!C.IIy onto yOur ALTAIR IMSAI ComtJ.,Il'< 
' Include' Mam Mod,.lc BoJ<d 1nd E • tem�l EPROM 

Sotket Un11 · The EPROM Sockt't Un•t '' connecu.•o 10 !he Corn 
p.ute• th<ough a 15 pon connecoo• 

• Prograonmong t\ accompl<ihtd by !11l' Cornp.,oto 
• J"" rrad "' !he P<og<ilm tb be W""""" on ,.,., 

EPROM tnto yOu< P•�no• and'"'' tht Comuutt'• 
do lhe rcu 

• Use Socket Un•• to Re;)d EPROM'• Contl!'nl\ uoto 
you• Compuler 

' Soltw�•e oncluded 
' No t• 1trna1 DOwt't \I,JPflhl'i Yout compu1�1 dOe\ 

<I I'll, 
' Ooublu iii ;�n E ogh1 Bol P.!rallel 1/0 
' Manual lnl'luded. 

KlT ... . . . . . .  $210.00 

ASSEMBLED . . . . . . .. . $375.00 

CONNECTORS 

DB - 25P 
DB - 25S 

$3.00 
$4.00 

algebraic, 111.9anomuroc. basoc arthmti•C o•o�ltn11 r • n  
br solvrll wr1hout thr nrrd al d��rlopong soptoosi•CdiPtl '�� ... :.::.:.�.�."'.· .�.'."'•"'•�•:f.�_ .... o_::•:•'•-•-41 • •:a::: 

Compu ter Products 
COVER 

44 Pin 
44 Pin 
86 Pin 
86 Pin 

1 00 Pin 
100 Pin 
1 00 Pin 

$ 1 .50 

PC & EYE 
ww 
(6800) PC 
(COSMAC E L F )  

P C  
(Altair) PC 
( l msail PC 
( l msai) WW 
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$ 1 .95 
$2.50 
$5.00 
$5.00 

$4.50 
$3.75 
$4.25 

K I M- 1 
ASSEMBLED & TESTED 

M EMORY PLUS 
for K I M- 1  

B K  R A M  ( 2 1 L02) 
BK EPROM 

$245.00 

ASSEMBL ED & TESTED 

$245.00 

5351 West 1 44th Street 
LAWNDALE, CALI FOR N I A  90260 

(21 3) 679-33 1 3  

R ETA I L STO R E  HOURS :  

Discounts ava
'
i lab le  a t  O E M  

under 1 0  lbs. for shipping. 
6% sales tax. 

Monday - F r iday 9-7 
Saturday 9-5 

quant it ies A D D  $ 1 .50 
Cal ifornia residents add 

NEW CATALOG NOW AVA I LABLE 

Circ le 1 95 on i nqu i ry card. 



New Clismac Super "ELF" 
RCA CMOS expandable microcomputer w/HEX 
keypad input and video output for graphics. Just 
turn on and start loading your program using the 
resident monitor on ROM. Pushbutton selection 
of all four CPU modes. LEO indicators of current 
CPU mode and four CPU states. Single step op. 
for program debug. Built in pwr. supply. 256 
Bytes of RAM. audio amp. & spkr. Detailed assy. 
man. w/PC board · & all parts fully socketed. 
Com p . Kit  $106.95. High address display option 
8.95; Low address display option 9.95; Custom 
hardwood cab .. drilled front panel 19.75. Nicad 
Battery Backup Kit w/all parts 4.95. Fully wired 
and tested in cabinet 151 .70. 1 802 software 
xchng. club; write for info. 

4K Elf Expansion Board Kit with 
Cassette 1/F $79. 95 
Available on board options: 1 K super ROM moni· 
tor $19.95. Parallel 1/0 port $7.95. RS232 1/F 
S3.50. TTY 20 ma 1/F $ 1 . 95. S-100 Memory 1/F 
$4.50 

Tiny Basic for ANY 1 802 System 
Cassette $10.00 
On ROM Monitor $38.00 

Super Elf owners take 30% off. 

RCA CosmacVIP Kit $275.00 

Ci rcle 307 on i nquiry card . 

P.O.  Box 4430X Santa Clara, CA 95054 

Same day shipment. First line 
parts only. Factory tested. 
Guaranteed money back. 
Quality IC's and other 
components at factory prices. 

INTEGRATED CIRCUITS 

MICROPROCESSOR 2708 1() 50 
6800 24 50 OM8577 2 90 
8080A w1th data 1 1  50 8223 2 90 
Z80 29 95 27 1 6 36 00 
6212 3 50 
8214 8 00 IC SOCKETS 
8216 3 85 Solder Tin Low Profile 
8224 3 50 PIN 1 UP PIN IUP 
8228 6 25 8 1 5  2 4  36 
8251 1 1 50 14 1 8  28 .43 
8255 10 75 16 20 36 58 

21 F02 
2 1 04A-4 
21078 
21 1 1 ·1 
2 1 1 2-2 
MK4116 
25

.
1 38 

21l02·1 
MM5262 
MM5320 
MM5330 

r will call only: (408) 988·1640 

1 85 
3 95 
-l .OD 
7 00 
7 90 

2750 
8 75 
1 49 

40 
5.95 
5. 9� 

Scott Blvd. 

CRYSTALS 
1 MHz 
2 MHz 
4 MHZ 
5 MHZ 

10 MHz 
1 8  MHt 
20 MHZ 
32 MHz 
32768 Hz 

4 50 
4. 50 
425 

• 4 25 
4 25 
3. 90 
3. 90 
3 90 
4 00 

1 .6432 MHz 4. 50 

2 0100 MHz 1 95 
2 097152 MHz 7 75 
2 4576 MHz 7.50 
3 2758 MHz 7 50 
5 0688 MHz 4 50 
5 185 MHz 4 . 50 
5 7143 MHz 4.50 
6 5536 MHt 4 50 
14 3 1 8 1 8  MHz 4. 25 
18.432 MHz 4 50 

COP1802CO 1 9 95 18 27 40 61 P04 1 1 0-3 4.00 3 5795 MHZ 1 20 22 1 1 84 MHz 4 50 
COP1 8020 25.00 22 35 PD4110-4 5 00 
CDP1861 1 2 95 
6820 12.00 
6850 1 5 00 
6502 ?4.50 

3 IC\"el wolewHO gOid 
I� Pill 3!1 . 16 pm 39 
z levcl l•l pm ww 25 

P5101 
4200A 
82S25 
9 1 L02A 

COMPUTER BOARD kiTS 1 3 95 
12 50 8K RAM Board Kr1 $134 95 

2. 90 4K EPROM K11 1 1 4. 95 

2 50 110 Board Kit 44 50 
H00165-5 6.95 Extender Board w/connector 12.50 

CONNECTORS MM57100 9 50 Video Interface board kit 125.00 
PROM 44 plll edge 2 00 GIAY38500-1 13.95 16K EPROM board kit w/o PROMS 74. 50 
1702A 4.95 100 p•n edge 4 50 MCM657 1 A  15.00 16K Stat1c RAM board kit 395.00 
N82S23 2 95 100 1JIIl edgc WW 5 25 9368 3 00 North Star Floppy Disk Kit $665.00 
N82S123 3.50 Additional Drive Krt 415 .00 
N82S126 3 75 
N82S129 3 75 MOS/MEMOAY RAM INTERFACE Paratroniu 1 00A Logic 
�l82S 131 3 75 2 1 0 1 - 1  3 95 N 8T26 
N825136 8 75 2102·1 1 28 N 8T28 
N82S137 8 75 2 102Al-4 I 60 N BT97 

Video Modulator Kit $9.95 
Convert your TV set into a high quality monitor 
without affecting normal usage. Complete kit 
with full instructions. 

'78 IC Update Master Manual 
1978 IC Update Master Manual $30.00 
Complete IC dala selector 2175 pg.  Master ref­
erence guide. Over 42 ,000 cross references. 
Free update service through 1978. Domestic 
postage $3.50. Foreign $6.00. Final 1977 
Master closeout $15.00 

2 00 Analyzer Kit $199.00 
2 75 Model t O  Tngger Exoander Kit 5299. 00 
1 35 Model l 50 B11S Grabber K1t 5369 00 

Auto Clock Kit $15.95 
DC clock with 4-.50" displays. Uses National 
MA-1012 module with alarm option. Includes 
light dimmer. crystal timebase PC boards. 
Fully regulated, comp. instructs. Add $3.95 
for beautiful dark gray case. Best value any­
where. 

Sinclair JY2 Digit Mullimeter 
BaM. oper. 1 mV and . 1 NA resolution. Resis­
tance to 20 meg. 1% accuracy. Small, portable, 
completely assem. in case. 1 yr. guarantee. 

$59.95 

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. BankAmericard and Master Charge accepted. Shipping charges will be added on charge cards. 
FREE: Send for your copy of our NEW 1978 QUEST CATALOG. Include 24¢ stamp. 

* YOUR BEST BUY IN WIRE WRAP SUPPLIES * 
P R E C U T  W I R E  

WHY B U Y  W I R E  ON R O L LS ? 

PRECUT & STRIPPED WIRE IS: 

F .. t - No more cutting & stripping by hand 
Aellablft - Good. clean. uniform strip 

• Economical - Cheaper than using bulk wire 

Precut Wire Bulk Wire 

tOO pes ot 3"' ar S.82 , 3'/,Cflt. 50 It roll at S I 99 : &eltl. 
100 pes ol 6" at 1 06 2C/tt. tOO It roll <1\ 2 95 = 3Cm. 
W1te K1I t at S6.95 = 2 t/3C/Il. 

• 30 Kynar stripped 1" on eacn end Lengtns 8Ht overall 
Colors Red.Biue.Green.Yellow.Biack.Orange.wnore 
Wore packaged 1n plest•c bags Add 25Ctlengrn lor tubes 

.!E£. ... = = 
2'"'" 78 2 <0 4 30/K 3 89/K 
J '" 82 2 60 -1 7111( -1 22/K 
3·, ,n 86 2 80 5 12/K 4 5511< 

90 J OO  5 52/K 4 88/K 

•·, ,n ,. , ,  5 93/K 5 211K 
5 '" " J <2 6 3-1/K 5 521K 
s·, ,n 0 02 J 65 6 75/K 5 86/K 
6 '" 0 06  J 85 7 16/K 6 1911( 

s•, ,n " '  4 05 7 57tK 6 52/K 
7 m "0 4 25 7 98/K 6 85/K 
7''> 1n. ' "  . .  , 8 39/K 7 1811( 
8 m ' " 4 65 8 80/K 7 5311( 

8', ,n 0 32 4 85 9 2 111": 7 841K 
9 m ' " 5os 9 62/K 8. 17/K 
g·, ,n ' "  5 25 1 0 03/K a SOIK 
10 on , ., ' "  1 0  44/K a a31K 

Addl. iOChes '" 82/K "'" 

W I R E  KITS 

"'�1�--"�-�� �·�'----�·�1·�-·�· 

250 , .. "" 
250 3..., .. '{)() 
HlO ,. " "  

250 2'"-'" 
, . 500 , .. 
, .. 500 3'�" 

500 

Choose One Colo• 
or A!SOI1ment 

Circle 297 on inqu iry card. 

250 4 ' /' 250 6' 
250 , .. "'" 6 ·:· 
H)() 5't/' •oo , .. 

I 250 II Roll Bulk 

W I R E  WRAP SOCKETS 
� 10-2� l.� � 250-� \K-SK 

8pon·  " J8 J5 ,, 29 27 
1 4 p • n ·  " J9 J6 J2 29 27 
16pon ' •6 4J J9 J5 J2 JO 
16pon'  6J "' 54 " .. -" 
20 pon ,, 78 " 6J 59 " 
22pon· O JO 0 20 ' " 95 90 ... 
24 pon ,, .. 78 68 .. 50 
28 p1n "' ' " 1 08  95 89 " 
40pln ' "  ' " ' "  ' "  "5 " '  

Gold :!·level Closed Entry Soc�ets 
Encl & S1de Steckat>lrt All prices include gold 
' Ton soc�ets and 2-levef sockets available 

I NT E R C O N NECT CABLES 
Rot>t>on caDre conne<:lors lor connect1ng boards to 

tront panels. or board to boerd 

SINGLE ENDED DOUBLE ENDED 

14 pl(l 1621n 24p11l 14p•n t6p1n 

, . ' "  ,, 2 05 "' 2 45 
' 2' ,, ' "  2 2' 2 JJ 2 55 
24" "2 ' "  ' "  2 52 2 76 
,,. ' " 2 06  3 40 "' ' "  

W I R E  WRAP TOOLS 

$34.95 
W1th Free Wtre K 1 t  1 
($6.95 Value) 

HOBBY WRAP 

Model BW 630 

24pon 

J J7 
J92 
4 30 
5 08 

Batter1es & Charger $ n .oo 

WSU 30 Hand Wrap-Unwrap Strip Tool 5.95 
WSU 30M. lor Modified Wrap 6.95 
BT 30 Extra Bit 2.95 

W IRE WRAP BOARDS 
ww 

!..:". :u! 10-24 Connector 

H-PCB 1 4x4 '1, 44 
3662 4·6 44 
3682 4 x 1 0  4 4  

3682-2 4•6 " 
4066-4 4 • 6  72 
3 7 1 9· 1 4•6 72 

3 7 1 9-4 4 x 1 0  72 
4350 7x9YJ 80 
BBOOV 10x5.3 1 00 

1 69P84 8'/,)r 1 7  

SOC KET 
SALE! 

Buses o n  both s•des 

Blank 

Buses o n  one s1de 

Buses on one s•de 

Buses on both s1des 

Blank 

Blank 

Buses on borh sides 

Buses on both s•des 

Blank 

1 4  P•n Gol d WW 
1 6  pin Gold WW 

24 pin Gold WW 

4 . 7 5  
6 . 2 5  

10.50 

9.50 
1 3 .50 

9.00 

1 1 .00 
1 7 .50 
1 9.50 

6.25 

!J) 
.34 
.36 
.75 

Prices good through 

6 / 1  / 7 8  
when purchased with 
Wire K i t  tt 1  o r  ::1: 2  

4.50 
5.85 

1 0 .00 

9.00 
1 3 .00 

8.50 

1 0.50 
16.50 
1 7 .96 

5.75 

4.00 
5.50 
9.50 

8.25 
1 2.50 
B.OO 

10.00 
16.00 
16.95 

5.25 

� 
.32 
.35 
.70 

PAG E D I G ITAL 
ELECTRON ICS 

Ordering tnfonnatlon: 

3.00 
3.00 
3.00 

3.00 
4.00 
4.00 

4.00 
7.00 
5.00 

2Q..!!l? 
.30 
.33 
.68 

Orders under $25 and COO's. add $2 
All others, shipped Ppd in U.S. via UPS 

• F or Blue Label (Air) or 1st  Class. add $1 
We accept Visa & Mastercharge 

, • Most orders shipped same day 

1 35 E. Chestnut Street 4A 
M o n rovi a .  Cal i fornia 9 1 01 6  

Phone ( 2 1 3) 357-5005 

Dealer lnquir�es Invited 
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SYSTEMS 

A Complete PASCA L System 
with Graphics 

Over Ch ristmas we had a chance to 
see this state of the art hardware and 
software system in action at the Un iver· 
sity of California, San Diego. It features 
a com plete PASCA L based programming 
system running on an LS I ·  1 1  m icro· 
computer with extensive graphics capa· 
bi l ities. The computer is a Terak 8 5 1  0/a 
with 56 K bytes (28 K 1 6  bit words) 
of memory, a floppy disk d rive and a 
disk control ler  which hand les up to fou r  
drives, video control ·circuitry a n d  an 
integral power supply.  The d isplay is a 
1 2  inch d iagonal P4 phosphor black and 
white monitor with a two inch speaker, 
and the ·7 1  key keyboard features the 
fu l l  1 28 character ASC I I  set plus a 
cu rsor control group and n u me ric key· 

pad. 24 l ines of 80  characters are d is· 
played on the monitor from a 1 92 char­
acter code set defined by dot patterns 
in user alterable memory, so that foreign 
language, APL,  and p rim itive graph ics 
sym bols can be d isplayed .  Each char­
acter block is an 8 by 1 0  dot matrix, 
whi le graphics patterns can be generated 
from a bit mapped mem ory with 320 
horizontal by 240 vertical point reso· 
l u tion. Horizontal and vertical dot 
spacing is · identical, so that dimensional 
scal ing of graphics patterns is si mp l ified . .  
Ch aracter and graphics dot matrices 
overlap yet are visually d istinct, so both 
can be d isplayed s imultaneously. Three 
horizontal b lanking zones are avai lable 
in both character and graphics d isp lays, 
and continuous motion panning of the 
text d isp lay is possi b le. Software avail· 
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able with the system includes a macro· 
assem bler, · single and m ult ip le use r 
BASIC,  FORTRAN I V, A P L  and 
PASCAL.  

The PASCAL system was developed 
at the UCSD I nstitute for I n formation 
Systems under the d i rection of D r  
Kenneth Bowles, and inc ludes a compi ler 
for ful l  PASCA L with graphics exten· 
sions, a text ed itor and text output 
formatter, a debugger, and a d isk fi le 
management SY.Stem with a com m an d  
language. A l l  this software i s  written 
in PASCAL and is translated into a very 
compact pseudocode which features 
freq ue ncy based encod ing of the pseudo· 

instruction set, so that the PASCA L 
compiler, for exam ple, runs in 28 K 
words of memory. Only the pseu do· 
code interpreter need be rewritten to 
make the system run on another m icro· 
computer, and Bowles and his col leagues 
reported ly also have PASCAL im ple· 
mentations for the 8080 and Z-80 up 
and runn ing. Another part of the pack· 
age is a computer assisted instruction 
system consisting of tests and exercises 
running on the Terak 8 5 1  0/a' and written 
in PASCAL, which is used each term by 
several hundred students in the intro­
ductory programming course at UCSD.  
The textbook for th is  course, entitled 
Microcomputer Problem Solving Using 
PASCA L, was written by Bowles and 
produced,  both text and graph ics, on 
the PASCAL system. It emphasizes 
structured program ming concepts 
wh ich are expressed q uite naturally in 
PASCA L ,  and i l lustrates PASCA L 
programming features with examples in  
graphics and text processing. PASCA L's 

special features, such. as its data struc· 
tures, dynamic storage, set variables 
and recursion turn out to be surprisingly 
useful and practical in  m any of these 
�ppl ications. The Terak 8 5 1  0/a, wh ich 
is priced at $7850 with su bstantial 
d iscounts for educational institutions 
which are mem bers of the E D U COM 
consortiu m ,  is avai lable from Terak 
Corp, 1 4425 N Scottsdale Rd, S uite 
1 00 ,  Scottsdale AZ 85260, (602) 
9 9 1 ·1 580;  a l l  software for the system 
is priced separately. The UCSD PASCAL 
system is avai lable for a d istribution fee 
of $200 from the I n stitute for l nfor· 
mation Systems, Mai l  Code C-02 1 ,  
Un iversity of Cal ifornia at San Diego, 
La J o l la  CA 92093,  (7 1 4) 452-4526. 
The textbook Microcomputer Problem 
Solving Using PASCA L is avai lable for 
$9 .80 per copy from S pringe r-Verlag, 
1 75 F ifth Av, New York NY 1 001 0, 
(2 1 2 )  47 7-8200 . . .  Dan Fylstra• 

Circle 597 for Terak. 
Circle 598 for UCSD PASCAL. 
Circle 599 for Springer-Verlag. 

The if7f�r;matl(mjJi:inte 
new · products pages · of 8 :Y7/Vt l$ · 

obta.iped from "ne w prodt'JP:C'of 
"pres!/ release " copy. sen't by •the--i 

promoters· of new pr:oduc(s. :/Mn' 
our judgment the nea� new whiz� 
bong gizmo or sa.ve the wotf/d 
software package is of - iaterest 
to the personal eomputing_e1<peri­
menters and hqmebrewer!l . who 
read 8 YT£, we print the informa··· 
tion in some farm. We openly 
solicit such Information from 
fiJOnufoctuPei's and supp)ters -to 
this marketplace. The informotipn 
/s pl'inted more or less ·qs- o  fits-tin 
first out que11e, su'Qject' to 01;: 
coslonol prtorit.y mo'(fif� 

· 



CA L i f o R N i A  I N d u s T R i A L  
Post Off ice Box 3097 B • Torrance , Ca l i forn ia 9050 3 

PRINTER ONLY ! Keyboard models 
NOT avai lable. 

In February. w h e n  t h i s  ad· 
vertisement was submitted 
to the publisher, we were 
negotiating lor the pur· 
chase of several hundred 
used Diablo Terminals. 

If we are successful in 
acquiring these units,  they 
will be available in late 
April for only $850.00. FOB 
Los Angeles. 

All  terminals were removed 
from service in operating 
condition. 

HEXADECIMAL KEYBOARD 
Maxi·Swltch he�adeclmal keyboa�ds are designed lor $34�5 
mlcrocomputersystems thatrequlre4- bl.t ou!put 
ln standa.rd hexcodo. • 
Each assembly consists ol 16 hermctl· • 

. � 
��r

.
��::u�cc;' ������':;� and TIL "one 

_ -�'� 
Aellable lowlrlct!onacolal rcsln � 
plungorsarecradlted lorthe smooth 
operation and long me ol this premium 

�%:�:�Ingle + 5 volt�;upply. �-'"" 
Walnut�ralned cJecorator clock leatures Fargo .7" LEO display which Is 
driven by the new National MM5385 alarm clock chip. Prase! 24·hour alarm 
funcllon allows you to awaken at lila same time each momln�: wllhout 
resattlno. Upon reacllii'JOI lila wake-up time, the clock's loudspeaker l!mits 
a JOIOillle tone. Touch the snooze bunon and doze oil for an addlllonal 9 
minutes ol JJieep. Clock also lunctlonJJ as a ten-minute elapse timer. 
'"Alarm Set" Indicator, AM-PM display. 

Ttlellmuu• SIH""Y Un•••c 11r() ,loll""'ll �eyt>Oird Utlmbly 
t1 now n••ltbil lrom Calolom•l lnO�IIrlll lor only l?ISS 
rne odul compuler Input d�••c• lor •ccounUnh 1nd 
"'llhtomtlo<:•lhl lne numeroc �"VI ••eP'ac., J O f"l ltot ro.,er 
rnreoe raw• to '":14mble 1 ten \ry oi.Cid•n.o mKII"" lll01 
l<>rm1\ IIIO•<t one "'"""" nu....,.•c dau enrry · 

The Cull!! Buss !rom California Industrial Ia 
quality engineered. No short cuts have been taken 
lo produce this mother board. Active termination 
clrcullry prevents nol�e and cro53talk. Manufac· 
lured from· ektra heavy FR·4 epoky glass. Features 
2 ounce double thlckneasCopper traces. 

All cas�oues are mechanically perlecl and will 
substantially out-per!orm any tape of &l.ldlo 

quality. Unlortunatety, these cassettes have not 

been certified and therelora must be sold as 
SECONDS. 

Orogon11 COli wu llS!I. Uloed IN\ gu�_,lftHd on UCIIItnl 
coiiCo:oon Complele wlln doc�roentlliOf"l 

s�!29.95 ldeal lor analoginlerlace systems sucrras Scuth· 
west. l arbcll and the Commodore Pet. 

ScotcH Certified Digital CASSETTES -' 0 '{�S T l  c k "':• 5&12 volt 
R E G ULATORS 

S}l9 _!L _ill_ 

s-100 PROTOTYPE BOARD :J��o-:��m��������!l��� S 19.98 
addross decodlng and bul· 
IBllng !or 5100 sysrems. 
Room lor 32 rmcommmod 16 
pin IC's. s b\15 bUittr & d&· 
eodlng chlps. l DIP oddres. 
se�d swilcll, o S ¥011 r&gu· 
totOfondmore. 
WWlOO.Wlra wtOp l»llld· 
boorcl. stmllor lollla GPlOO. 
AJlows wlfe wropol oll slln 
o1 sockets In any stzn ot 
soctlets In any comblnollon. 
An utro reguiCIOf posfilon 
lor muHlple YOIIoge oppllco-

II I'I: A N D  

DISKETTES 

.59 
.7ll ·" 
.99 
.99 
.99 .25 
.25 
.25 25 .25 
.2S <01]1 
.39 ""' 
.39 """ 
;)5 ""'' 
... """ 
.39 """ 

399 "'" 
.79 "'" 
.99 "'" 
.99 "'" 
·" "'" 
... «liS 

'·"' "'" 
2.79 "'" 

... "'" 

.99 "'" 

... """ 

... ""' 

.79 ""' 

.79 ""' "'" ""' ""' "'" ""' """ '"" 

Won't drop a B I T !  •sso II• CALIFORNIA 
INDUSTRIAL 

is '" 
Authorized 

Dealer ot 
Scotch Brand 

D•ta Products 

1.99 M E M O R Y  1.69 
1.99 "' 1702)1 us t..t9 
1.49 "'" >OS 
1.49 82si2J 2.05 
2.49 2102 1.7ll 
2.49 2102·1 1.89 

19 21l02 1.19 
19 250nS B9 

301H .39 lSON 
301CN .39 351CN 
302H 1 .29 370H """ 1.29 J70N 
JOSH 99 J7JN 
J07H ... JnN 
Xl7CN .39 380N 
J08H .99 381N 
J08CN .99 382N 
309H 1.09 NESSSv "'' .99 NE556 .25 J10H 1.19 NE565H 

25 J10CN 1.19 NE565N 
1.99 JI1H .99 NE566N 

25 J1tN .99 70JCN 
1.49 312H 1.99 709H 
.69 318H 1.79 '"'" 
.69 3t8CN 1.4:9 710N .25 319CN 1.29 71tH 
.2S ��:�2, 

711N 
... 72311 1.49 320T·5 I 723N 

1.39 725H .69 733H 1.29 320T-12 733N 
1.69 "'" 
1.79 ' WH 
1.39 74:7N 
1.49 748H 
1.25 � J 748N 

.25 340K·12 
1414N 

1.19 1456 
.25 U A R T  " 1 .25 5 · 1 0 1 l A  1.99 340T-5 
69 340T·12 '4.98 ... 

SPECIAL 
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W�at's NewP SYSTEMS 

A H igh End " Appl iance" Com puter 

A self-contained desktop computer 
with floppy d isk d dve and systems soft­
ware is now being marketed by CMC 
Marketing Corp, 5601 Bint l iff, S uite 
5 1 5 ,  Houston TX 77036. The system,  
man ufactured by  T E l  Inc ,  is based on  

Complete Business System 
Unde r  $ 1 0,000 

The I N FO 2000 Business System,  
said to com pete i n  performance and 
capabil ity with minicompute r  systems 
sel l ing for $ 3 0,000 or more, employs the 
A l tair {S-1 00) bus with a Z-80 processor, 
up to 56 K of user memory, 8 K of read 

More Capabil ities in  This New 
6800 System 

The M S I  6800 computer system 
offers additional memory and inter­
facing - capabi l i ties using the SwTPC 
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the A ltair {S-1 00) bus design and in­
cludes the fol lowing key items: 

• 8080 central processor 
• 32 K static programmable 

memory 
• disk control ler capable of hand­

l ing three drives 
• one Shugart SA-400 minifloppy 

d isk d rive 
• three paral le l  eight bit data ports 
• three serial data ports with select­

able rates from 75 to 9600 bps, 
RS-23 2  or TTL levels. 

• video display with 24 l ines of 80 
characters using a 1 5  inch dia­
gonal high resolution monitor 

• ASCI I keyboard with eight special 
function keys for user definitions, 
and numeric keypad 

· 

• ·  CP/M operating system and . a 20 
K BAS IC interpreter 

The model MCS-PT1 1 2/32 comes ful ly 
assem bled and tested at a price of 
$4795 . •  

Circle 601 o n  inquiry card. 

only memory, a filtered forced air cool ­
ing  system and  a heavy duty power sup­
p ly.  Mass storage is provided with Persci 
dual flexible d isk drives. The prin ter, 
which operates at 1 60 characters per 
second,  provides 1 32 columns of 95 
ASC I I  upper and lowe r  case alphabetic 
and graphic characters. The video 
terminal features dual display intensity , 
protected fields and 1 9,200 bps oper­
ation. Business appl ication software in­
cludes CPA 2000, an accounting 
package, TEXT 2000, a word processing 
package, and a d isk operating system.  
-Optional software includes a d isk 
BAS IC, ANS I  FORTRAN,  a macro 
assem bler,  text editor, debugger . and 
uti l ities. Planned are the PAY 2000 
payrol l  system and the STOCK 2000 
inventory control system. More details 
are avai lable from I N FO 2000 Corp, 
20630 S Leapwood Av, Carson CA 
90746, {2 1 3 )  53 2-1 702.• 

Circle 600 on inquiry card. 

{SS-50)  bus. I ts power supply de l ivers 
20 A at 5 V and 3 A at 1 5  V to sup port 
up to 56 K bytes of memory, using 
either 1 1  0 V 60 Hz or 220 V 50 Hz l ine  
current. The motherboard p rovides 1 6  
slots for full size system boards, and an 
interface adapter board {with eight 
slots) m ust be used to accommodate 
smal ler  interface boards. The p rocessor 
board incl udes sockets for 4 K bytes of 
programmable read only memory and 
separate system and serial data rate 
clocks. An ACIA is used for the standard 
serial device interface. The MSI BUG 
system mon itor, supplied in read only 
memory, offers flexible memory 

Consumer Oriented Compute r  Comes 
with Program Library 

Aimed at the average consumer, the 
VideoBrain compute r  comes with a pre­
programmed l i brary of entertain ment, 
education and· h ome management appli­
cations on plug in cartridges. Based on 
the F 8  m icroprocessor, the basic un i t  
inc ludes 4 K bytes of read only memory 
and 1 K bytes of programmable 
memory, whi le the p lug i n  cartridges can 
corltain up to 1 3  K bytes of read only or  
programmable memory. The  VideoBrain 
is designed to connect to a h ome color 
television set and comes with an AC 
adapter, TV hookup cord, antenna 
switch box, two joysticks, and three 
introductory cartridges. The typewriter 
style keyboard inc ludes 36  keys capable 
of prod ucing 71 d istinguishable input  
sym bols, whi le the  v ideo output  circuits 
provide soun d  and picture signals for the 
TV set. The programs which come with 
the system. in  read only memory al low 
the user to type and ed it  a message of 
seven l ines and 1 6  characters per l ine,  
change the color of the screen or the 
size of the letters, examine a clock 
and calendar, or p reset an alarm which 
wi l l  sound on the TV set at the appro­
priate time and d isplay the stored 
message. Twelve p lug in cartridges are 
currently offe re d :  F inance, Cash 
Management, Stock Valuation,  Real 
Estate, M usic Teacher, Math Tutor·, 
two Wordwise programs, G lad iator, a 
gam e with 384 variations, Blackjack, 
Checkers and P inba l l .  Over 50  programs 
are under develop ment and wi l l  be 
released over the coming year. The 
VideoBrain wi l l  be sold through depart­
ment stores and . specialty electronic 
stores at a suggested retail p rice of 
$500, and is . made by Umtech I nc, 
1 5 0  S Wolfe Rd, Sun nyvale CA 94086, 
{408) 73 7-2680.• 

C i rcle 6 2 9  on i n q u i r y  card. 

exam ine and ·change, register dump and 
instruction l ist, and terminal 10 control 
functions. A l l  memory addresses are 
fu l ly  decoded, with only the upper 
8 K bytes of the address space used for 
the system and extended monitors. Fu l l  
modem control functions are supported 
on the M S I  serial i nterface board. The 
MS I  6800 measures 20 by 1 6  by 7 inches 
and is suppl ied with 8 K bytes of user 
memory, the interface adapter and serial 
interface boards - for $595 in kit form or 
$895 assembled and tested ,  from Mid­
west Scientific Instru ments, 220 W 
Cedar, Olathe KS 6606 1 .• 

Circle 630 on inquiry card. 
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PERIPHERALS 

Digitizer Input  for the S R-52 Calcu lator 

This d igitizer, a first in periphe rals 
for p rogram mable calcu lators, is de­
signed to e l iminate m an ual entry of 
graph ical data to the cal culator, saving 
time, hand calcu lations and transcription 
errors. The G P-352 consists of the basic 
G raf/Pen Model G P-3 sonic digitizer, a 
Texas I nstruments S R-5 2 cal culator, and 
the necessary interface, cab l ing, and plug 

Text Ed iting System F its I nside S electric 

40 Column Printer Has Some I nte l l igence 
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in connector. The interface sim u lates the 
action of pressing keys on the calculator 
to provide data input. Although the 
resu lting system is somewhat slower than 
other digitizers, the user gains the advan­
tage of the large l ibrary of appl ication 
programs available from T l .  The m anu­
facturer also operates a telephone hot­
l ine .and wi l l  write custom programs for 
users. The sonic d igitizer includes a 1 4  
inch aluminum data tablet, sty lus or 
cursor, and control u nit. A moveable 
NT-Series sensor bar may be used in 
place of the data tablet, and standard 
sizes larger than 1 4  inches are also 
avai lable. The GP-352 system ,  which 
inc l udes the calcu lator, is priced at 
$ 2850. Customers may provide the ir  
own calcu lators, but the manufacturer 
wi l l  honor the Texas I nstru ments war­
ranty only for calcu lators which it  
suppl ies. Also planned is the G P.-359 for 
the Tl 59 calculator. More information 
is avai lable from Science Accessories 
Corp, 970 Kings Highway W, Southport 
CT 06490, (203} 255-1 526.• 

Circle 593 on inquiry card. 

The Transwriter is housed entirely 
within an unaltered Selectric I I correct­
ing typewriter and uses "memory wafers" 
as its storage media. Each wafer measures 
about 2 by 1 by 0.2 inch es and stores up  
to 20 typewritten pages. The  unit's text 
editing features include automatic tab­
bing, stop codes, automatic l ift off cor­
rection and format stored with the text, 
and the abil ity to insert an un li mited 
amount of new text. The Transwriter, 
which wi l l  be sold through l ocal office 
machine dealers at a l ist price of $2995 , 
is offered by Transaction Data Systems, 
2909 Oregon Ct #C-6, Torrance CA 
90503, ( 2 1 3 )  624-321 3.• 

Circle 594 o n  inquiry card. 

The S P-302 Digital Printer uses a 
microprocessor control ler to add som e  
"inte l l igence" t o  its printing functions. 
S pecial features include double width 
p rinting, double and triple spacing, and 
standard tab functions for sim pie soft­
ware control from a host device or 
computer. The device prints al phabetic 
and num eric information in  40 characters 
per l ine at speeds up to 50 characters per 
second,  with m ultiple copy capabi l i ty. 
An RS232 and 20 mA .current loop 
interface are incl uded , with a standard 
data rate of 1 1 0 bps. Other data rates as 
well as the printing intensity can be set 
with internal jumpers. The S P-302 is 
$ 5 75 in single quantities from Syntest 
Corp, 1 69 Mi l lham St, Marlboro M A  
01 752, (61 7 )  481 -7 827.• 

Circle 595 on inquiry card. 

Offl ine Recorder for S i lent 700 

The Memodyne A N S I  Compatible 
Recording System M odel 2 1 4 6  is a com­
pact write on ly recorder designed to 
record offl ine  at remote sites and t imes 
to free u p  a term inal. I t  accepts serial 
data at five se lectable d ata rates from 
1 1 0  to 1 200 bps and records in ANSI  
and ECMA format at 800 bits per 
inch. It will also accept paral le l  data. 
Standard Ph i l ips cassettes are used. The 
unit wi l l  play back d i rectly on a Texas 
I nstrum ents S i lent 700 terminal or on a 
Memodyne 3765-8 recorder. The Model 
2 1 46 inclu des fron t panel controls, input 
and output connectors, power suppl ies 
and a carrying case, measures 1 0.5 by 7 
by 1 1 .5 i nches and weighs ten pounds. 
It sells for $ 1 725 with quantity d iscounts 
avai lable from Memod yne Corp, 385 
E l l iott St, Newton M A  021 64, (6 1 7 )  
5 27-6600.• 

Circle 596 on inquiry card. 

2704/2708 E ROM Programmer 

The E PB-2 Programmer for 2704/ 
2708 E ROMs has been developed by 
F & D Associates, 1 2 1 0  Tood Rd ,  New 
Plymouth O H  45654. The · un i t  uses 
software for its t iming and control func­
tions. A l l  components, includ ing power 
supply, fit on one 5 i nch by 8 · inch 
printed circuit board. The unit  was 
primarily designed for the SwTPC 6800 
but, according to the m anufacturer, can 
be easily adapted to the 10 ports of 
other m icroprocessors. The software 
provided  is written for a SwTPC 6800 
m icrocom pu ter system using a Teletype 
or TV type interface operating with the 
M I KBUG monitor. To faci l i tate custo­
mizing or adapting to other systems, i t  
i s  written in  short su broutines a n d  a 
source l isting is su ppl ied.  The bare 
board, software and documentation is 
avai lable at $29  plus $ 2.50 shipping. 
Documentation only is avai l able at $5 
postpaid refu ndable with order.• 

Circle 608 on inquiry card. 



UART 
& BAUD 
RATE 
GENERATOR* 
Part no. 101 
• Converts serial to parallel and 
parallel to serial 
• Low cost on board baud rate 
generator 
• Baud rates: 1 10, 150, 
300, 600, 1 200, and 2400 
• Low power drain +5 volts and 
- 1 2  volts required 
• TTL compatible 
• All characters contain a start 
bit, 5 to 8 data bits, 1 or 2 stop 
bits, and either odd or even 
parity. 
• All connections go to a 44 pin 
gold plated edge connector 
• Board only $12.00; with parts 
$35.00 

IK 
STATIC 
RAM 
Part no. 300 
• 8K Altair bus memory 
• Uses 2102 Static memory chips 
• Memory protect 
• Gold contacts 
• Wait states 
• On board regulator 
• S-100 bus compatible 
• Vector input option 
• TRI state buffered 

· • Board only $22.50; with parts 
$160.00 

To Order: 

liiiii!!!!!ll1 •. � -
Circle 1 25 on inqu i ry card . 

RS • 232 / TTL 
INTERFACE * 

Part no. 232 
• Converts TTL to RS-232, and 
converts RS-232 to TTL 
• Two separate circuits 
• Requires - 1 2  and + 1 2  volts 
• AU connections go to a 10 pin 
gold plated edge connector 
• Board only $4.50; with parts 
$7.00 

DC 
POWER 
SUPPLY * 
Part no. 6085 
• Board supplies a regulated 
+5 volts at 3 amps., + 12, - 12, 
and -5 volts at 1 amp. 
• Power required is 8 volts 
AC at 3 amps., and 24 volts AC 
C.T. at 1.5 amps. 
• Board only $ 12.50; with 
parts $4-2.50 excluding 
transformers 

TIDMA* 6 · - ·· . 

Part no. 1 1 2  1)­
• Tape Interface Direct Memory 
Access 

• Record and play programs with­

out bootstrap loader (no prom) 
has FSK encoder I decoder for 

direct connections to low cost 

recorder at 1200 baud rate, and 

direct connections for inputs and 
outputs to a digital recorder at 
any baud rate. 

• S-100 bus compatible 
• Board only $35.00; 
with parts $ 1 1 0 . 00  

I ' Part no. 1 1 1  J. TAPE 
INTERFACE * 
• Play and record Kansas City 
Standard tapes 
• Converts a low cost tape 
recorder to a digital recorder 
• Works up to 1 200 baud 
• Digital in and out are TTL-serial 
• Output of board connects to 
mic. in of recorder 
• Earphone of recorder connects 
to input on board 
• Requires +5 volts, low power 
drain 
• Board $7.60; with parts $27.50 
• No coils 

Part 
no. 107 

RF 
MODULATOR * 
• Converts video to AM modu­
lated RF, Channels 2 or 3 
• Power required is 1 2  volts AC 
C.T., or +5 \·olts DC 

• Board $7.60; with parts $1 3.50 

Apple II 
Serial I/O 
Interface

* Part No. 2 
• Baud rates up to 30,000 
• Plugs into Apple Peripheral 
connector 
• Low-current drain 
• RS-232 Input and Output 

SOFTWARE 
• Input and Output routine from 
monitor or BASIC to teletype or 
other serial printer. 
• Program for using an Apple II 
for a video or an intelligent ter­
minal. Board only - $1 5.00; 
with parts - $42.00; assembled 
and tested - $6 2. 00. 

RS·Z3Z/TTY * INTERFACE � 
.Part no. 60 0  .. • Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 
• Two separate circuits 

• Requires + 1 2  and -12 volts 

• Board only $4.50, with 

parts $7.00 

TELEVISION 
TYPEWRITER 

Part no. 106 

• Stand alone TVT 

• 32 char/line, 16 lines, modifi­

cations for 64 char /line included 

• Parallel ASCII (TTL) input 

• Video output 
• 1K on board memory 

• Output for computer con­

trolled curser 
• Auto scroll 

• Non-destructive curser 

• Curser inputs: up, down, left, 

right, home, EOL, EOS 
• Scroll up, down 

• Requires +5 volts at 1.5 amps, 
and - 12 volts at 30 rnA 

• All 7400, TTL chips 
• Char. gen. 2 5 13 

• Upper case only 
• Board only $39.00; with parts 

$ 145.00 

MODEM * 

Part no. 109 
• Type 103 
• Full or half duplex 
• Works up to 300 baud 
• Originate or Answer 
• No coils, only low cost com­
ponents 
• TTL input and output-serial 
• Connect 8 ohm speaker and 
crystal mic. directly to board 
• Uses· XR FSK demodulator 
• Requires +5 volts 
• Board $7.60; with parts $27.50 

Mention part number and description. For parts kits add "A" to part number. Shipping paid for orders 
accompanied by check, money order, or Master O.arge, BankAmericard, or VISA number, expiration 
date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% for tax. 
Parts kits include sockets for all ICs, components, and circuit board. Documentation is included with 
all products. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984.• Designed by John Bell. 
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PERIPHERALS 

Terminal Features Characte� Level Mapping of Graphics 

The 4025 display terminal represents 
graph ics patterns in  its inte rnal memory 

Altair (S-1 00) General Purpose 10 Board 

I nfinite I ncorporated, 1 9 24 Waverly 
PI, Melbourne F L 3290 1 ,  has annou nced 
the M F I 0-1 , an A ltair (S-1 00) com ­
pati ble general purpose 1 0  board. The 

Smart Min ifloppy Controller Uses I n tel 8084 
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on a character by character basis rath er 
than as a bit map for a l l  the points on 
the screen. Each character area, an 8 by 
14 dot matrix, can display either an 
alphanu meric character or the pattern of 
dots represented by a bit map of that 
character position. Thus less memory is 
requ ired to represent a graph that fi l l s  
on ly part of  the  screen, and  graphs can 
be scro l led up the screen along with 
a lphanu meric characters. The 4025 's 
d isplay screen provides 34 l ines of 80 
ch aracters each, or 640 by 480 add ress­
able p oin ts for graphing pu rposes. 3 0  
pages o f  3 4  l i nes with a n  average o f  20 

board features a memory or 10 mapped 
paral le l  input port for keyboard, 
memory or 10 mapped serial 10 port 
with crystal contro l led switch selectable 
data rates of 50 to 1 9200 bps, j umpe r  
selectable RS 2 3 2  or 2 0  m A  current 
loop, memory or 10 mapped cassette 
interface with switch selectable data 
rates of 300 ( Kansas City Standard ) , 
600, 1 200 and 2400 bps, 1 2 8 bytes of 
program mable scratch pad memory ,  and 
slots for two 2708 erasable read only 
memories. A 2 1  command , 2 chip moni ­
tor program is available in read only 
memory .  Total power requ irement is less 
than 1 A. 

The M F I 0-1 is being made avai lable 
in three versions, assembled and tested 
($282 ) ,  com plete kit ( $234) ,  and bare 
boards ( $65 .95 ) .•  

Circle 632 o n  inquiry curd. 

The 8201 Micro-Contro l ler  provi des a 
general purpose minfloppy d isk drive 
interface for byte oriented com puter 
systems. One version of the 8201  is pin 
com patib le with the Altair (S -1 00) bus. 
The interface features aFJ I nte l 8048 
microcom puter on a chip which sup­
ports n ine commands from the host 
com puter syste m. - The 8201 wi l l  per­
form soft sectored formatting with 1 6  
sectors per track and 1 28 bytes pe r 
sector. It can control up to fo u r  d rives 
and will dupl icate information from 
one drive to another upon a single 
command from th e host system.  A 
diagnostic command is also included .  
The in terface is bu i l t  on a pri nted circuit 
board which can be mounted on to p of a 
min ifloppy disk drive. The 8201 is 
priced at $490 in single quant ities with 
OEM discounts avai lable from Wangco 
I nc, a d ivision of Perk in-E lmer  Data 
S ystems, 5404 J andy PI ,  L os Ange les 
CA 90066, (2 1 3 )  390-808 1 . •  

C1rcle 633 o n  inquiry card. 

ch aracters per l i ne  can be stored in the 
term ina l 's internal  3 2  K byte m em ory. 
The graphics memory can also be used 
to define add itional character fonts 
wh ich can be sent to the term inal from 
the host com puter. Com m ands from 
the com puter to the terminal  are rep­
resented by " E ngl ish language " ASC I I  
strings instead o f  special codes, and may 
be intermixed with ·d isplay information. 
Graphics p lotting packages are avai lable 
for im plem entation  on  the host com­
puter_ The 4631 copier, which can copy 
up to 5 3  80 character l i nes or graphics 
patterns on  an 8.5 b y  1 1  inch sheet of 
paper, can be attached to the 4025 d is­
play contro l le r. The 4025 is avai lable at 
a base price of $ 3595  w ith a wide variety 
of expansion options from Tektronix 
I n c ,  POB 5 0 0 ,  Beaverton OR 97077,  
( 503 )  644-0 1 6 1 .• 

Circle 631  on inquiry card. 

North Star N ow Offers Terminal 

for H orizon 

North Star Computers h as introd uced 
a 24 l ine by 80 ch aracter video display 
te rminal marketed for use with their 
H orizon compute r. 

· 

The C RT terminal is manufactured 
by So roc Technology, and can be 
connected to the Horizon with data 
rates up to 9600 bps. The terminal is 
the Soroc model IQ 1 20 with an 
addressable cu rsor, upper and lower case 
ASC I I  character set and a nume ric  
key pad. A 90 day l im ited warranty is 
honored by S oroc. 

The N orth Star H orizon comp uter 
is a d isk orien ted comp uter with a 4 
MHz Z-80 A processor, 1 2  slot A ltair 
(S-1 00) motherboard , 1 6  K byte pro­
grammable mem ory , one or two Sh ugart 
min ifloppy d isk d rives and the serial 
10 interface which tal ks to the terminal .  

The Soroc I Q  1 20 Terminal  is $995 
fu l ly  asse m bled .  

Del ivery i s  q uoted as  stock to 9"0 
days, and the terminal is avai lab le at 
local North Star dealers. N orth Star 
Com puters I n c  is located at 2 547 N inth 
St,  Berkeley CA 947 1 0. A 1 6  page 
catalog detai l i ng North Star products is 
also avai lable on request.• 

Circle 634 on inquiry card. 



�(j A "Smart'' VIDEO BOARD d��c; The EW-2001 KIT At A "Dumb" Price! 
�� A VIDEO BOARD + A MEMORY BOARD + AN I/0 BOARD - ALL IN ONE! 

• STATE OF THE ART TECHNOLOGY USING DEDICATED M ICROPROCESSOR l.C. $ 1 99 95 
• NUMBER OF I .C.s  REDUCED BY 50% FOR HIGHER RELIABILITY • MASTER PIECE • 

OF ENGINEERING • FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 
SPECIAL FEATURES : • Programmable no.  of scan lines OPTIONS :  

• S- 1 00 bus compatible • Underline blinking cursor Sockets . . . . . . . . . . . . . . $ 1 0.00 
2K Static M emory • Parallel keyboard port 

• On board 4K screen memory 
(optionaJ)*  relocatable to main 
computer memory 

• Cursor controls : up,  down , left ,  · 

right, home,  carriage return (with Sockets) . . . . . . $45 .00 

• Composite video 4K Static Memory 
*Min. 2K required for .operation·of this board. (with Sockets) . . . . . . $90.00 

• Text editing capabilities (soft­
ware optional) 

DISPLAY FEATURES : Complete unit, assembled 

• Scrolling : up and down through 
video memory 

• 1 28 displayable ASCII charact­
ers (upper and lower case alpha­
numeric, controls) 

and tested with 
4K M emory . . . . . . . $335 .00 

Basic software on ROM . $ 20.00 

Text editor on ROM . . . . $75 .00 • Blinking characters 
• Reversed video 
• Provision for on board ROM 

• 64 or 32 characters per line 
Uumper selectable) 

• 32 or 1 6 lines 
Uumper selectable) 

• Provision for onboard scratch 
pad RAM ( 2 5 6  x 8)  

• CRT and video controls fully 
programm able (European TY) 

• Screen capacity 2048 or 5 1 2  
• Character generation : 

7 x 1 1  dot matrix 

DEALER 
INQUIRIES WELCOMED 

APPLE II 
I /0 · BOARD KIT 

Plugs into slot of APPLE II MOTHER BOARD 

FEATURES : 
• 1 8-Bit Parallel Output Port 

(Expandable to  3 Ports) 
• 1 Input Port 
• l SmA Output C�rrent Sink 

or Source 
• TTL or CMOS Compatible 
• Addressable anywhere in 

memory output area 
• Can be used for peripheral 

equipment such as printers, 
floppy discs, cassettes, 
paper tapes, etc. 

KIT INCLUDES : 

P.C. Board, I .C. 's Sockets 
and Assembly Manual. 

PRICE : 
1 Input and 
1 Output Port 

1 Input and 
3 Output Ports 

$49 
$64 

. . 

DEALER 
INQUIRIES INVITED 

INSTRUCTION MANUAL AND 
SOFTWARE LISTINGS AVAILABLE FOR : 

PR-40 SWTPC Printer . . . . . . . . . . . . . . . . . . . $ 1 0 .00 
Converted Selectric . . . . . . . . . . . . . . . . . . . . . $ 1 0 .00 

SHIPPING: Keyboard and Video Board: $ 3 . 5 0 ;  1/0 Board : $ 1 .00 ---- California residents add 6% sales tax ----
ELECTRONICS WAREHOUSE Inc. 

1 603 AVIATION B LVD. 
R EDON DO B EACH ,  CA. 90278 

TEL. (21 3) 376-8005 
WR ITE FOR FREE CATALOG 

You are invited to visit our store at the above address 

Circle 1 30 on i nq u i ry card. 

ASCII 3rd GENERATION $
*

6
o

8
N L

O
Y 

O KEYBOARD KIT · 

• TTL Logic Circuits 
• Power :  +SV 275mA 
• Upper and Lower Case 
• Full ASCII Set (Alpha 

Numeric, Symbols, 
Control) 

• 7 or 8 Bits Parallel Data 
• Optional Serial Ou tput 
• Selectable Positive or 

Negative Strobe ,  and 
Strobe Pulse Width 

• 'N' Key Roll-Over 
• Fully Debounced. 
• Carriage Return Key 
• Repeat Function Key 
• Shift Lock, 2 Shift Keys 
• 4 User Defineable Keys 
• P.C. Board Size : 

1 7-3/ 1 6" X 5 "  

OPTION S :  
• Me tal Enclosure 

Painted IBM Blue 
and White) 

• 1 8  Pin Edge Con. 
• l.C. Sockets 
• Serial Output (Shift 

Register) 
• Upper Case Lock 

Switch for Capital 
Letters and 
Numbers 

$25 .00 
$2 .00 
$4.00 

$2 .00 

$2 .00 

KIT INCLUDES : Keyboard, 
P .C .  Board, all required com­
ponents & assembly manual. 

NOTE : If you have this 63 
Key Teletype Keyboard you 
can buy the Kit without it. 
for only $44.95.  

· 
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Compac I ntroduces Programming Aides 

BASE CONVERSION TABLE 

ooc "" 2'"t COMP "" oc' ooc "" 71 COMP 

: "' : 
'""""' '"' .. � .. 

" ,.,., ,,, " " 
' " ' 1000010 "' M ., M 
' ., ' 1001)011 "' " ., " 

.. UXI0100 ... .. .. 
' .. ' 1000101 ... .. .. .. 
. " . 10001•0 '" " � " 

" ' 10001 1 1  101 ,, .. 
. " . 1001000 "' " � " 
' " ' 1001001 " .. " 

,, ,. ,, 1001010 "' " 
" 1001011 '" " ,, " 

" oc ,, 1001100 " <C " 
, , 00 ,, 1001101 ::� " •o " 

,, Th ,, 
1001110 " .. " 
1001111  " .. " 

" " 1010000 '" " " " 
" " 10111001 !� .. ,, " 
" " " . 10100 10 " " " 
" , , " 

II 
" " " 

I 
,, 

" .. � .. 
,, .. " .. 

" " . .. .. 
,, 

" '" " " " 
,. 

:� 
.. .. .. 

,, " .. " .. 
" 

� .. ... .. 
" " " " 

•C " " I 
" 

w � " " 
"' .. .. 
,, :H " " 

" " .. .. 
,, " " " H � .. , .. I " ::� " 

" '"' H " iii!� ... '" 
" ... '" 
" "' "' 

" ., '" ... 
., ,'l . , 

'" ... 
"' '" 

., � ., "' '" � ... '" 
.. � " "' '" 
.. .. ll!� m "' 
.. .. "' � '" 
.. .. :� ' "  " '  
" " iii " 
" � " "' " '" 
" " "' " '" 
" " "' " "' 
� � � '" " '" 
" " "' "' 
.. .. '" " '" 
" " " '" �� '" 
.. "' .. "' "' "' 
" ,. g '" "' "' 
"' � ... ,,. "' 
" ::; "' "' 
" 1 1 1 1 1 1 0  · �  �� '" 
" " "' "' 

The Base Conversion Table enables 
the programmer to easi ly look up the 
representation of decimal numbers 0 to 
25 5 in binary, octal , hexadecimal and 
two's complement bases. This table is 
tabu lated in easy to read columns and 
pre punched for notebooks. Retai l  price 
is $2 each or $5 for three. 

Another offering is a Coding Form , 
designed to be com patib le  with most 
m icroprocessing assembly language for­
mats, wh ich wi l l  organize and s implify 
your source code.  Features include 
col u m ns for labels ,  op  codes and 
operands of source code; 50 sheets per 
pad and 25 l i nes per page; holes pre­
dri l led to m atch 3 ring binders. Retai l  
price is $ 2 .25 each or $ 6  for th ree. 

Dealer inqu i ries are invited on both 
of these items. Contact Com pac, POB 
1 84 70, Cleveland O H  441 i 8.• 

Circle 624 on inquiry card. 

Better Bug Trap 

198 May 1978 © BYTE Publications Inc 

An I ndex to Pub l ished Microcomputer 
Software 

How do you find  that program you 
need today which you th ink you saw 
publ ished in some personal computer 
magazine sometime in the last six 
months? You can avoid an exhaustive 
(and exhausting) search with the aid of 
the Schreier Software Index. The 55/ 
indexes hundreds of publ ished programs 
in over 1 30 categories, com plete with 
cross references. I ts sources inc lude 
ten d ifferent personal computer maga­
zines and n ine compilations of pro­
grams in book form. Programs in BAS I C  
a s  w e l l  a s  in machine language for the 
popular m icroprocessors are indexed so 
that, for example,  finding a random 
number routine for the 8080 takes but  
a few seconds. The j anuary to j une 
1 9 78 issue of the 55/ is printed on 5.5 
by 8.5 inch enameled stock with a 
textured cover and should withstand 
repeated use. Future issues wi l l  be pub­
l ished biannual ly.  The first issue is $ 4.95 
from the Schreier Software I ndex, 
4327 E Grove St, Phoenix AZ 85 040.• 

Circle 625 on inquiry card. 

The Better Bug Trap is an Altair 
(S-1 00) bus compatible board providing 
functions for software debugging and 
real time processing. Four hard ware 
breakpoints anywhere in mem ory detect 
al l memory accesses, not just instruction 
fetches. Real time functions i nc lude t ime 
of day c lock,  in terval timer, and watch­
dog timer. The Better Bug Trap gener­
ates its own interrupts an d services them 
with a SA LL instruction to a su broutine 
anywhere in memory. A l l  functions, 
tim ing, breakpoints and subroutine 
addresses are set using software. Docu­
mentation . inclu des a hardware manual 
with schematics, a software manual ,  and 
a software package for setting the 
board 's functions. 

The Better Bug Trap is assembled,  

Catalog Describes M icrocomputer  Boards I 
This six page, 2 color brochure de­

scribes a broad l i ne  of m icrocom pu te r  
boards, printed circu i t  boards and off 
the shelf designer breadboards. Featured 
products inc lude a 3 2  K byte static 
memory board , a general purpose board 
and f wire wrap board for the Altair 
(S-1 0'0 ) bus. The catalog also describes 
the technical capabi l i ties of the manu­
facturing firm. Copies are free from 
A rtec E lectronics I nc, 605 Old County 
·Rd, San Carlos CA 94070.• 

Circle 6 2 7  on inquiry card. 

Stimulating Programs 

Stimulating Simulations is a compi­
lation of ten original s imulation game 
programs in BAS I C, designed both for 
entertainment and for self-education in 
programming concepts. I t  was written 
by Dr C Wi l l iam E ngel ,  who is professor 
of mathematics education at the Un iver­
sity of South F lorida. The programs, 
such as Diamond Thief, Lost Treasure, 
Forest F ire and S pace F l ight, are written 
to be i n triguing, yet comparatively easy 
to understand and modify. Each pro­
gram comes with a complete source 
listing, sam ple run, user instructions, 
flowcharts, variables l ist and suggestions 
for major and minor modifications and 
improvements. The narrative text and 
i l lustrations serve to h eigh ten the enter­
tainment value of each game. The pro­
grams are written in M ITS 8 K BAS I C  
Version 3 .2,  a n d  should be adaptable  to 
si m i lar BAS I Cs. S pecial versions of the 
programs for the Commodore PET and 
and Radio S hack T RS-80 computers 
are also available on cassette. The book 
alone is $5 per copy from E ngel Enter­
prises, PO B 1 66 1 2 , Tampa F L  33687,  
(8 1 3 )  988-3 1 42,  whi le  the P ET br 
T RS-80 cassette alone is $9.95, or 
$ 1 4.95 together with the book, from 
Personal Software, POB 1 36, Cambridge 
MA 02 1 38 ,  (6 1 7 ) 783-0694.• 

Circle 628 on inquiry card. 

tested , and del ivered from stock for 
$ 1 80.  A partial kit consisting of printed 
circuit board, vol tage regulator, heat 
sin k, and complete documentation is 
availab le for $45. A set of 52  integrated 
circuit sockets is $ 1 2. Contact Micronics 
I nc, POB 1 2545,  Raleigh  NC 27605.• 

Circle 626 on inquiry card. 



j 
D I O DES/ZE N ERS SOCKETS/B R I DG ES TRANSISTORS. LEOS, etc. 

1 N9 1 4  1 00v 1 0mA .05 8·pin pcb .25 ww .45 2N2222A NPN I2N2222 Plastic . 1  0) . 1 5  
1 N4005 600v 1 A  .08 1 4-pin pcb .25 ww .40 2N2907A PNP . 1 5  

1 N4007 1 000v 1 A  . 1 5  1 6-pin pcb .25 .40 
2N3906 PNP (Plastic) . 1 0  ww 2N3904 NPN (Plastic) . 1 0  

1 N4 1 48 75v 1 0mA .05 1 8-pin pcb .25 ww .75 2N3054 NPN .35 
1 N753A 6.2v z .25 22-pin pcb .45 ww 1 .25 2N3055 NPN 1 5A 60v .50 
1 N758A 1 0v z .25 24-pin pcb .35 ww 1 . 1 0  T1 P1 25 PNP Darlington .35 

1 N759A 1 2v z .25 28-pin pcb .35 1 .45 
LED Green, Red, Clear, Yellow . 1 5  

ww D.L.74 1 7 seg 5/8" High com-anode 1 .95 
1 N4733 5. 1 v  z .25 40-"pin pcb .50 ww 1 .25 XAN72 7 seg com-anode I Red) 1 .25 
1 N5243 1 3v z .25 Molex pins .01 To-3 Sockets .45 

MAN71 7 seg com-anode ( R ed) 1 .25 

1 N 5244B 1 4v z .25 MAN361 0 7 seg com-anode (Orange) 1 .25 

1 N 5245B 1 5v .25 2 Amp Bridge 1 00-prv 1 .20 MAN82A 7 seg com-anode (Yel low) 1 .25 z MAN74A 7 seg com-cathode (Red )  1 .50 
25 Amp Bridge 200-prv 1 .95 F N D359 7 seg com-cathode ( R ed) 1 .25 

C MOS - T T L -

4000 . 1 5  7400 . 1 5 7473 .25 741 76 1 .25 74H72 .45 74S 1 33 .40 
4001 . 1 5  7401 . 1 5  7474 .30 741 80 .75 74 H 1 01 .75 74S1 40 .55 . 
4002 .20 7402 .20 7475 .35 741 81 2.25 74H1 03 .75 74S1 51 .30 
4004 3.95 7403 .20 7476 .40 741 82 .95 74H 1 06 .95 74S1 53 .35 
4006 .95 7404 . 1 5  7480 .55 741 90 1 .75 74S1 57 .75 
4007 .35 -7405 .25 7481 .75 74 1 91 1 .05 74LOO .25 74S1 58 .30 
4008 .95 7406 .35 7483 .95 741 92 .75 74L02 .25 74S1 94 1 .05 
4009 .45 7407 .55 7485 .75 741 93 .85 74L03 .30 74S257 181 231 1 .05 
401 0  .45 7408 .25 7486 .25 741 94 1 .25 74L04 .30 
401 1 .20 7409 . 1 5 7489 1 .35 74 1 95 .95 74 L1 0 .30 74 LSOO .25 
401 2 .20 741 0  . 1 0  7490 .55 741 96 1 .25 74L20 .35 74LS01 .35 
401 3 .40 741 1 .25 7491 .95 741 97 1 .25 74L30 .45 74 LS02 .35 
401 4 .95 741 2  .30 7492 .95 74 1 98 2.35 74L47 1 .95 74LS04 .30 
401 5 .90 741 3 .35 7493 .35 74221 1 .00 74 L51 .45 74LS05 .45 
401 6 .35 741 4  1 . 1 0  7494 .75 74367 .85 74L55 .65 74 LS08 .25 
401 7 1 . 1 0  741 6  .25 7495 .60 74 L72 .45 74LS09 .35 
401 8 1 . 1 0  741 7  .40 7496 .80 751 08A .35 74L73 .40 74 LS1 0  .35 
401 9  .50 7420 . 1 5  741 00 1 . 1 5  751 1 0  

\ 
.35 74L74 .45 74LS1 1 .35 

4020 .85 7426 .30 741 07 .35 75491 .50 74L75 .55 74 LS20 .25 
4021 1 .00 7427 .45 741 21 .35 75492 .50 74L93 .55 74LS2 1 .25 
4022 .85 7430 . 1 5  741 22 .55 74 L 1 23 .85 74LS22 .25 
4023 .25 7432 .30 74 1 23 .55 74HOO . 1 5  74LS32 .40 
4024 .75 7437 .30 74 1 25 .45 74H01 .25 74SOO .35 74 LS37 .35 
4025 .30 7438 .35 741 26 .35 74H04 .20 74S02 .35 74 LS40 .45 
4026 1 .95 7440 .25 741 32 1 .35 74H05 .20 74S03 .30 74 LS42 1 . 1 0  
4027 . 50 7441 1 . 1 5  741 41 .90 74H08 .35 74S04 .30 74LS51 .50 
4028 .95 7442 .45 741 50 .85 74H 1 0  .35 74S05 .35 74 LS74 .65 
4030 .35 7443 .65 741 51 .65 74H 1 1 .35 74S08 .35 74 LS86 .65 
4033 1 .50 7444 .45 74 1 53 .75 74H 1 5  .45 74S 1 0  .35 74 LS90 .95 
4034 2.45 7445 .65 741 54 .95 74H20 .30 74S 1 1  .35 74LS93 .95 
4035 1 .25 7446 .95 741 56 .95 74H21 .25 74S20 .35 74 LS1 07 .85 
4040 1 .35 7447 .95 741 57 .65 74H22 .40 74S40 .20 74LS1 23 1 .00 
4041 .69 7448 .65 741 61 .85 74H30 .20 74S50 .20 74 LS1 51 .95 
4042 .95 7450 .25 741 63 .85 74H40 .25 74S51 .25 74 LS1 53 1 .20 
4043 .95 7451 .25 741 64 .60 74H50 .25 74S64 .20 74 LS1 57 .85 
4044 .95 7453 .20 741 65 1 ·.50 74H51 .25 74S74 .35 74LS1 64 1 .90 
4046 1 .75 . 7454 .25 741 66 1 .35 74H52 . 1 5  74S1 1 2  .60 74 LS367 .75 
4049 .45 7460 .40 741 75 .80 74H 53J .25 74S1 1 4  .65 74 LS368 .75 
4050 .45 7470 .45 74H55 .20 74C04 .25 

· 4066 .95 7472 .40 74C1 51 2.25 
4069 .40 
4071 .35 MCT2 . 95 L I N EARS, R E G U LATORS, etc . 
4081 .70 8038 3.95 LM320T5 1 .65 LM340 K 1 5  1 .25 LM723 .50 
4082 .45 LM201 .75 LM320T1 2 1 .65 LM340K 1 8  1 .25 LM725N 2.50 

MC 1 4409 1 4.50 LM30 1 .45 LM320T 1 5  1 .65 LM340K24 .95 LM739 1 .50 
MC 1 441 9 4.85 LM308 ( M i n i )  .95 LM324N .95 78L05 .75 LM74 1 18-1 41 .25 

LM309H .65 LM339 .95 78L 1 2  .75 LM747 1 . 1 0  

9000 S E R I ES LM309K (340K-5)85 7805 (340T5) .95 78L1 5 .75 LM 1 307 1 .25 

9301 .85 95H03 1 . 1 0  LM3 1 0  1 . 1 5  LM340T 1 2  1 .00 78M05 .75 LM 1 458 .95 
9309 .35 9601 .45 LM31 1 D (Mini)  .75 LM340T1 5 1 .00 LM373 2.95 LM3900 .50 
9322 .75 9602 .45 LM3 1 8  ( M in i) .95 LM340T 1 8  1 .00 LM380 (8-14 P I N )  .95 LM75451 .65 

LM320K517905)1 .65 LM340T24 .95 LM709 (8, 14 PI N).25 N E555 .50 
MI CRO'S, R AMS, LM320K 1 2  1 .65 LM340K 1 2  1 .65 LM7 1 1 .45 N E 556 .95 

CPU'S, ETC. N E 565 .95 
74S1 88 3.00 INTEGRATED C IRCU ITS UNL IM ITED N E 566 1 .75 
1 702A 4.50 N E 567 1 .35 
MM53 1 4  3.00 
MM53 1 6  3.50 
21 02-1 1 .45 7889 Clairemont Mesa Boulevard, San D iego, Cal ifornia 921 1 1  
21 02L-1 1 .75 (714) 278-4394 (Calif. Res.) SPECIAL 
TR1 602B 4.50 DI SCOUNTS 
TMS 4044-45N L 1 4.50 A l l  orders shipped prepa id No min imum Total Order Deduct 
8080AD 1 2.00 O pen accounts invited $35 - $99 5% 
8T1 3 1 .50 COD orders accepted $ 1 00 - $300 1 0% 8T23 1 .50 

Discounts available at 0 EM Quantities California Residents add 6% Sales Tax $301 - $1 000 1 5% 8T24 2.00 
8T97 1 .00 AI I I C's Prime/Guaranteed. All orders shi pped same day received. $1 000 - Up 20% 
21 078·4, A 4.00 

24 Hour Toll Free Phone 1 -800- 854-221 1 American Express I BankAmericard I Visa I MasterCharge 2708 1 1 .50 
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SOCKET Males with two rows of .02s·· 
d ta .  posts on patterns of 

JUMPERS ���b�r�c���s 
s
h
h������ back. 

of 6"" or 1 8"' length. 
No. of Contacts Length 

26 18" 
26 5·· 
40 18'" 
40 6"" 
50 1 8"" 

8 Bit Input/Output 
Priority Interrupt Control 
Bi-Directional Bus Driver 
Clock GeneTator/Driver 
System Controller Bus Driver 

cpu·s 
6GBOA Super SOOB S10.\l5 
2650 8 Br1 MPU 26.50 
P8085 CPU 29.\15 

SR"S 
15il' 1024 Dynamtc 5 3.95 
2518 Hex32 BIT 4.95 
2519 He� 40 BIT 4.00 
2522 Ouai 132 Brt SSR 2.95 
252� 512 Dynamrc 99 
2525 1024 Oynamrc 2.95 
2527 Oua1 256B!T 2.95 
2528 Ouat 250 Bii S1atrc 4.00 
2529 Ouai 512 BIT 4.00 
2532 Oua!I BOBIT 2.95 
2533 1024 S1ahc 2.95 
3341 Fifo 6.95 
74LS670 16 x 4 Reg 1.95 

UART"S 
AY·5·1013 30K Baud S 5.95 

ROM'S 
2513(2140) Cl\ar. Gen ·upper case $ 9.95 
2513(3021) Char. G�n -Tower case 9 95 
2516 Char Gen. 10.95 
MM5230 2048 BIT{51 2 x 4 on 256x8) 1 95 

IMM5262 

1702A 
5203 
82523 
825123 
7�5287 
3601 

12708 
27161.1. 
2715 1ntet 
6301·1 
6331l·1 

CPU 
CPU 
8 Bi1 MPU 
128 K 8 Static RAM 
Peri ph. lntertace Adapter 
1024 x 8 Bit ROM 

Permits instant line-by-line switching for diagnostic or QA 
testing. Switches actuated with pencil or probe tip. Mates with ��ii--..l.ll.i.l....::::Oil. .... ��;;!��!"ftftp,... __ ..i;iii...l.li.IOIII!l-.i::i-4 
standard .10" x . 1 0" dual-row connectors. Low profile design. 
Swit�h buttons recessed to eliminate accidental switching. Featured on February's Front Cover of Popular Electronics 

�"'.;;rt,;;N�o'".:,;;15ii·2;;;6��N�o ... .,'�1 �co�n�lao.'
1.;".,2.;;6 -�""'-:��..;..-1 Logic Analyzer Kit Modet tnoA Madet 1o 

- -""".4�� CRYSTALS : W'-- Model 100A - .:_:��' THESE FREQUENCIES ONLY �- $229 • 00/k"lt Plr'l # Frequency Case/Styli! Prlce-
CY1A 1 .000 MHz HC331U $5.95 
CY2A 2.000 MHz HCJJ•U S5.95 Analyzes any type of digital system 

ICY2.0t 2.010 MHz HC33tU s:o]ID Checks data rates in excess ol 8 
CYJA 4.000 MHz HC\8/U S4 .95 million words per second 
CY7A 5 .000 MHz HC18iU 54 .95 o Trouble shoot TIL. CMOS. DTL. RTL. 
g��: i� ���,��Hz ��i:uu �: .�; Schottky and MOS families 
CYt9A t8 000 MHz HCl8rU 54 95 • Displays 1 6 1ogic states up to 8 digits wide 

I I  P I  
" · · · · · · ·  

• • • • 
. . . .  -

CY22A 20 ooo MHz HC181U S4.95 • See ones and zeros displayed on your 
CYJOB 32 . 000 MHz HC181U S4 .95 CAT. octal or hexadecimal format . . .... ....::.;:::.:��====:.:7:7::-=:=-::-:::-=--=:.:....--t. Tests circuits under actual operating conditions - Ch�cktng coun�er and shtft 

CONN E CTQ R S • Easy to assemble- comes with step-by-step construction regt�ter _operation 

PRINTED CIRCUIT EDGE-CARD 
manual which includes 80 pages on logic ana�er operat�n. - Momtonng 1/0 sequences 

. - Ventymg proper system operatiOns 
. t 56 Spacing·Tin·Oouble Read-Out (Model tOOA Manual - $4.95) during testing 

B1lurcaled Contac1S - Fits .054 to .070 P.C. 
1 5/30 PINS (Solder Eyelet) 
1 8/36 PINS (Solder Eyelet} 
22/44 PINS (Soldet Eyelet} 
50/100A f.100 Soacin�J PINS (Wire Wrap} 

25 PIN-0 SUBMINATURE (RS232) 

-;�--

� 
II 
·;r � 

P L U G  
SOCKET 

COVER 

JMT121 SPOT 
TOGGLE JMT123 SPOT 

JMT221 DPDT (sub·n1ina1Ure) JMT223 OPOT 

MPC121 SPOT 
TOGGLE MPC123 SPOT 
(Printco Cucuit) MPC221 OPOT 

MPC223 OPOT 

PUSH BUTION �:��� SPOT 
SPOT 

on-off-on S1 .95 
on-none-on 1.65 on-o11·on 2.55 
on-none-on 2. 15 

on·oll·on S2.05 
on-none-on 1.75 
on·oll-on 2.65 

2.25 

maintained 1 . 95 
momentary 1.95 

I I  PUSH BUTION MSt02 OPST ���::� �t���d - �� ll " Mmature MSl03 SPST 

I OtPSW!lCH 206-4 S pm drp 4 swnch 
206-7 14 prn dip 7 swnch SPST 

\�:::::::: ... 
....... ·.·::. 

206·8 1 5 pm dip 8 swlfch 

1 / 1 6  VECTOR BOARD 
0 1"" Hnte Spacong 

Pari No 
P·Pancrn 

l w 

1 75 
1 .95 
2.25 

. overlold Protecled 
• J" htQh LEO Drsplay 
• Bauery m AC operatoon 
. Auto Zerorng 
• lrnv. tVa, 0.1  ohm resolution 
• Ove1an11e teadlno · 
• 10 meg mput imoendence 
• DC Accuracy 1% 1yp•cat 
Ranges: DC Voltage !:0·1000V/ 
AC Voltage: 0-1000V 
Freq. Aesponse 50·400 HZ 
DC.'AC Current 0·100mA 
Restmnce D·lO megohm 
Stze: 5.4" x 4.4' x 2" 

Accessories: 

AC Adapter BC-28 $9.00 
Rechargeable 

BaUerles BP-26 20.00 
Carrying Case LC·28 7.50 

1 00 MHz B-Digit Counter 
• 20 Hz-100 MHz Range • Four power sauces. I.e. • .6" LEO Display banenes, 1 1 D or 220V wilh • Crys1at-conlroUed timebasc charger 12V wllh auto • Fully AutomatiC lighter adapterand external 
• Ponable - completely 7.2-10V power suppty 
• ���

·
�nl1a.i� � x 7 .38" MAX·100 $134.95 

x 5.63" 

ACCESSORIES FOR MAX 100: 

Madei 100 - CLA S3.9S 

•11 t1:r· ,-I,,;J r,,:r•j,1t,'l i,.' , H1,11t,H • · ·�-·�J!iMii�· OT 59S !lll!lii.IC !lllld.U: or-18s 
��, �� • OT-598 �i�s·r····�· · r:�:I;!· , . oJ)�h� l!l!l!l!iiiOOllllil[{il• o. ·�7s 

' '"" "'�..-!'!·' • 01·476 

. OT·12S 

• Srtgh1 6 Otgll LEO Oosplay 
. Times t o 5 9 mmutes59.59 seconds 
. Cryslat Conrrotled lime Sase 
• Three Stopwa1ches In One 

TimesSmcle Eveni - Spii1 & Taytor 
. s,ze 4 5"" A 2.1 S"" x 90"" (4\': ounces) 
. uses 3 Penllte Cetls 

� . . 
l ' . 1 2 or 24 Hour 

. ' '  . 
. � � . . � . . . - . . . "" ...... 

JE803 PROBE 
PHENOLIC 

EPOXY 
GU\SS 

�!'lt :
lim

� OT·BS 

:Ml�· ���
e
t�������;�D�� ·�������� 1\s����:��o:�:.� ������::' 

• d•• �loli [Mt. •�" "•• ! OT·358 • r:l�;i• OT·lS TIL OIL. All CMOS II derove� 1ne oower r1 
:=-:: : o1 3SS 
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ll-..,...,,...,.,,...,...-.,.-,.=::_�.:,::::_ ____ ::_ ___ .=;;;;::;:;:::�=::::,;:::;;;�"'=!.--1 neeas 10 operale dttecllv ol1 o1 111e tncuo1 under 
1es1. Orawon g a scan1 1QrnA ma• II uses a MAN3 
readoul lo onarcale any oi U!e lollowong slaleS tly 
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Advertised Prices Good Thru 

$29.95 
IN STOCK 



7400 TTL -
SN7400N .16 
SN7401N . 1 6  SN7472N .29 SN741 60N 
SN7402N . 18 SN7-HJN 35 SN74161N 
SN7403N .16 SN7474N 35 SN74162N 
SN7404N .18 SN7475N' .49 SN7416JN 
SN7405N .20 SN7476N

. .35 SN74164N 
SN7406N . 29 SN7479N 5.00 SN74165N 
SN7407N .29 SN7480N .50 SN74166N 
SN7408N .20 SN7482N .99 SN74167N 
SN7409N .20 SN748JN .59 Stl74170N 
SN7410N .16 SN7485N .19 SN74172N 
SN7411N .25 SN7486N .35 SN74173N 
SN7412N .25 SN7489N 1.75 SN74174N 
St/7413N .40 SN7490N 45 SN74175N 
SN7414N .70 SN7491N .59 Stl74l16N 
SN7416N 25 SN7492N .43 SN74177N 
Stl7417N .25 SN7493N .43 SN74179N 
Stn420N .20 SN7494N .65 SN74180N 
SN7421N .29 SN7495N .65 SN74181N 
SN7422N .39 SN7496N .65 SN74162N 
SN74l3N .25 SN7497N 3.00 SN74184N 
SN7425N .29 SN74100N ... SN74185N 
SN7426N .29 SN74107N .35 SN74186H 
SN7427N .25 SN74109N .59 SN74188N 
SN7429N .39 SN74116N 1.95 SN74190N 
SN74JON . 20 SN74121N 

. 
.35 SN74191N 

SN7432N .25 SN74122N .39 SN74192N 
SN7437N .25 SN7412.JN .49 SN74193N 
SN7438N .25 SN74125N .49 SN74194N 
SN7439N .25 SN74126N .49 SN74195N 
SN7440N .20 SN74132N .75 SN74196N 
SN7441N .89 SN74136N .75 SN74197N 
SN7442N .49 SN74141N .79 SN74198N 
SN7443N . 7> SN74142N 2.95 SN74199N 
SN7444N .75 SN74U3N 2.95 SN74200N 
SN744SN .75 SN74144N 2.95 SN74251N 1.i9 
SN7446N .69 SN74145N .79 $N74279N .79 
SN7447N .59_. SN74147N 1 .95 SN74283N 2.25 
SN7448N .79 SN74148N 1.29 SN742B4N 3.95 
SN7450N .10 SN74150N .89 SN74285N 3.95 
SN7451N .2D SN74151N .59 SN74365N .69 
SN7453N .20 SN74153N .59 SN74366N .69 
Sti7454N .20 SN74154N 99 SN74367N .69 
SN7459A .25 SN74155N .79 SN74368N .69 
SN7460N .2D SN/4156N .79 SN74390N 1.95 
SN7470N .29 SN74157N .65 SN74393N 1.95 

CO<OOI 23 
CD4002 .23 C04049 .49 74C02 
C04006 1.19 C04050 .49 """ 
C04007 .25 CD4051 . 1 19 74C08 
C04009 49 CD4053 1.19 74CIO 

CD4010 .49 C04056 2.95 74C14 

CD4011 .23 C04059 9.9S 74C20 

C04012 .15 
C04060 1 .49 74C30 
C04066 .19 74C42 C04013 . 39 . CD4068 .39 74C48 

C04014 1.39 
C0401S 1 .19 C04069 .45 74C73 

C04070 .55 74C74 
C04016 .49 C04071 .23 74C89 
C04017 1.19 C04072 .49 74C90 
C04018 .99 CD4076 1'.39 74C93 
CD4019 " C04081 .23 74C95 
CD4020 1.19 CD4082 .23 74C107 
CD4021 1.39 C04093 .99 74C1S1 
CD4022 1 . 1 9  CD4098 2.49 74C1S4 
C04023 .23 MC14409 14.95 74C1S7 
C04024 .19 MC14410 14.95 74C160 
CD4025 .23 MC14411 14.95 74C161 
CD4026 2.2S MC14419 4.9S 74CI63 
C04027 .69 MC1443J 1 4.95 74C164 
C04028 .89 MC\4506 .75 74C173 C0<029 1 .19  MC14S07 .99 74C192 
C04030 .49 C04508 3.95 74C193 
CD41l35 .99 C04S10 1 .39 74C19S 
C0<040 1 .19  C04511 1 .29 74C922 
C04041 1.2S C04SIS 2.9S 74C923 
C04042 .99 CD4518 1.29 74C92S C04044 .89 C04520 1.29 

74C926 C04046 1 .79 14.50 
CD4047 2.50 2.25 dOC95 

80C97 

LM733N 
LM739N 

LMJOIH .35 LM741CH 
LM301CN .35 LM741CN 
LM302H .75 LM340T·8 1.25 LM741 -14N 
LMJ04H 1 .00 LM340T-12 1.25 LM747H 
LMJOSH .60 LM340l·15 1.2.5 LM747N 
LM307CN/H .35 LM340T-18 1.25 LM748H 
LM308H 1.00 LM340T-24 1 .2S LM748N 
LMJ08CN 1.00 LM3SON 1.00 LMI303N 
LM309H 1 .10  LM351CN .65 LM1304N 
LM309K 1.2S LM370N 1 .15  LM1305N 
LM310CN 1 .1 5 LM373N 3.25 LMI307N 
LM311H ·"' LM377N 4.00 LM1310N :!.95 
LMJIIH ·"' LMJ80N 1 .25 LM13SIN 1.65 
LM317K 6.50 LM380CN .99 LM1414N 1.75 
LM318CN 1.50 LM381N 1.29 LM14S8CNIH .59 
LM319N 1.30 LM382N 1.19 MC14t18 1 .95 
LM320K·5 1.35 NE501N 6.00 MC1489 1.9S 
LM320K·5.2 1.35 NE510A 6.00 LM\496N .95 
LM320K·12 1 .35 NES29A 4.95 LM1556V 1 .75 
LM'J20K-15 1.35 NES31H 3.00 MC1741SCP 3.00 
LM32DK-18 NE536T 6.00 LM2901 N 2.9S 
LM320K·24 NE540l 6.00 LM3053 1.50 
LM32QT-5 NES50N 1.30 LM306SN .69 
LM320T·S.2 NESSSV .39 LM3900N(3401).49 
LM320T-8 NES56 .99 LM390SN .69 
LM320l·12 NE560B 5.00 LM3909 1.25 
LM320T-15 NE561B 5.00 MC5558V 1.00 
LM320T-18 NES628 5.00 LM7S2SN ·"' 
LM320T-24 NES6SH 1.7S LM7534N .75 
LM323K-S NE565N 1.25 60388 4.9S 
LM324N NE566CN 1.75 LM75450 ... 
LM339N NE567H 1 .2S 75451CN .39 
LM340K-5 NES67V .99 75452CN .39 
LM340K·6 NE570 10.50 75453CN .39 
LM340K·8 LM703CN!H .45 75454CN .39 
LM340K·12 LM709H .19 75491CN .79 
LM340K·I5 LM709N .19 75492CN 
LM340K-18 LM710N .79 75494CN 
LM340K·24 LM711N .39 RC41SI 
LM340T-5 LM723H .55 RC4194 

Circle 200 on inquiry card. 

XC109 XC1 1 1  
XC109 Green XCIII  
XC109 Orange XClll 
XC209 Yellow .200"" dll. XC1 1 1  

• 200'" dla .18S'" dla . XC556 ,,, 5/SI 
XC22 '"' 5/Sl XC526 '"' 5�1 XC555 '" 1 00/S8 
XC22 Green 4/Sl XC526 '" 1001$8 X\:556 Gre!n 4/SI 
XC22 Yellow 41SI XC525 Green 4/SI XC555 Yellow �lSI 
XC22 Or�noe 4/S1 XC526 Yellow 4/SI XC556 Otan�e 4151 
SSL·22 AT 4�1 XC521i Clear 4/SI --:C556 CleAr 7151 

DISPLAY LEOS 
TYPE POLARITY HT PRICE TYPE POLARITY HT PRICE 

MAN I Common Anode-red .270 2.95 MAN 6680 Common Catnocle·oange .560 .99 
MAN 2 S x 7  Dot Matrix-red .300 4.95 MAN 6710 Common Anode·red·O.O. .560 .99 
MAN 3 Common CathOde-red .125 4/$1 MAN 6730 Common Anode· red :: 1  .560 .99 
MAN 4 Common Gathode-red .187 1 .95 MAN 6740 Common Galhade-red-0.0. .560 .99 
MAN 52 Common Anode-green .300 1.25 MAN 67SO Common Cathode-red � 1 .560 .99 
MAN 71 Common Anode-red .300 1.25 MAN 6760 Common Anode-red .560 .99 
MAN 72 Common Anode· red .300 .99 MAN 6780 Comman CalhOCit-rtd .560 .99 
MAN 74 Common C.Jtlv:lde·red .300 1.2S Dl701 Common Ar.ode·red � 1  .300 .99 
MAN 81 Cammon Anode-yellow .300 .99 OL702 Common Cathode-red .300 1.2S 
MAN 82 Common Anode·ytl\ow .300 .99 Ol704 Common G.Jihode·rtd .300 .99 
... .. Common GathoOe-yet\ow 300 .99 Dl707 Cammon Anode·reG 300 .99 
MAN 3620 Common Anode-ofilnge .300 .99 Ol741 Common Anode-reG .600 1.25 
MAN 3630 Common Anode-annge � 1 .300 .99 Ol746 Common Anode-red � I  .630 1.49 
MAN 3640 Cammon Gathode-annge .300 99 OL747 CommonAnode-rtcl .600 1 .49 
MAN 4610 Common Anode-ora� .300 .99 DL749 Common Cathode-red � 1  ·"" 1 49 
MAN 4640 Common Ga11v:lde-oran� .400 .99 Dl7SO Common Calhode-red .600 1.49 

MAN 4710 Common Anode-red ::: 1 400 99 DL338 Camman Calhode·red .110 .35 
.400 .99 FND70 Common Cathode .250 .69 MAN 4730 Common Anode-red 

.99 FND359 Cornman Anode 350 .75 MAN 4HO Cammon Calhade-red .400 
FNOSOJ Cammon Cathode (FNDSOO) .sao .99 MAN 4810 Cammon Anode-yellow .400 .99 
FND507 Cammon Anode {FN0510) .500 99 MAN 6610 Common Anode-arange-0.0. .560 .99 5082-7300 4 x 7 Sgl . 01!111-RHDP 600 19.95 MAN 6630 Common Anade·annoe .560 .99 
5082-7302 4 x 7 Sgl. DIOit-U-lOP .600 19.95 ""' I .99 
5082·1304 0verranoe chafilcter \ ::: 1)  .600 15.00 1 .99 
5082-73.CO 4 x 7 Sgl. Dlgit·Hexadedmal .600 22.50 

XR-2206KA Kit $14.95 

EXAR TIMERS 
KR-555CP S.39 
XR ·320P 1.55 
XR·55kP .99 
XR-2556CP J 20 
XR·2240CP HO 
PHASE LOCKED LOOPS 
XR ·210 5 10 
XR-21 5 6 60 
XR·56iCP .99 
XR ·567CT 1.25 

1·24 25·49 50- 100 1·24 25-�9 �0·100 
8 p1n LP 5 17 16 15 • • 22 pmLP 5 31 " 35 

14 pmLP 2D 19 18 l4om lP 38 37 36 
16 p1n LP 22 1 1 20 28 om LP 45 " 43 
t8 p1n LP " 18 27 36 0in lP 60 " 58 
20plnLP .34 .32 .30 SOLOERTAIL STANOARO (TIN) •o '" LP 63 61 6' 
1 4 pln ST 5 27 25 ,, - 28p1n ST S 99 90 - 6' 
T6 o1n ST 30 17 25 - 36om ST • 39 1 26 : 1 5 
18 pm ST 35 31 30 �a pon ST 1 59 1 0:5 • 30 
24 pm ST " 45 41 

SOLOERTAtL STANDARO (GOLO) 
B p1n SG 5 30 27 " - ... ?4 pm SG $ iO 63 51 

14 01n SG 35 31 " 28pmSG "' • oo  "' 
16 !)In SG JB 35 J1 36 PIA SG 1 15 1 40 ' " 
1 8 om SG " " 4J 40plnSG 1 75 "' 1 45 

WIRE WRAP SOCKETS (GOLD) LEVEL #3 
.95 .36 .35 .. - 22 olnWW 

41 37 7.4 pm WW . 1 05 
38 37 28 pmWW 1 40 
41 41 36pmWW 1 59 
" 61 4Q plnWW 1 75 

RESISTOR ASSORTMENTS 
IO OHM 12 0HM 15 OHM 18 OHM 

5 u  27 OHM :JJOHM 39 OHM 47 0HM 114 WATI 5�;, SO PCS. 

68 0HM 82 OHM 100 0HM 120 0HM 150 0tlM 
S n. 1600HM 220 0HM 270 0HM 3300HM 3900HM 114 WATT 5% SO PCS. 

4i0 OHM S60 0Ht.l 6800HM 820 OHM " 
50 PCS. ' S ea. 1 1K I SK ' "  ' "  ' "  114 WATT 5�;, 3 3K 3 '11< ' "  5 6K 6 B< 

S ea. 6 2K 10K 11K ISK 16< 114 WATT s�. SO PCS. 
'" "' 3JK 39� "' 

S u. 56K 68K 61K lOOK 120k 114 WATT 5�� - SD PCS. 

ISOK IBOK 220K 2701-: 330K 
S ea. 390K 470K 560< 6BOK 820K 1/4 WATT 5% SD PCS. 

'" "" ' 5M I SM 2 2M 
ASST. 7 S n. 2.7M 3.3M 3.9M 4 7M 5.6M 114 WATT 5�0 � 50PCS. 

ASST. OR Includes Resistor Assortments 1 -7 $9.95 ea. 

$5.00 Minimum Order - U.S. Funds Only Spec Sheets - 25" - Send 35" Stamp lor 1978 Catalog 
Clllloml1 Residents - Add ll% Still Til Dealer lnlormallon Available Ol�r.jJa•nes �:1����G � �  �w '+�� AVAILABLE r.j 1021-A HOWARD AVE .. SAN CARLOS. CA. 94070 

1 PHONE ORDERS WELCOME - (415) 592-8097 

E LE CTRON I C S  
Advertised Prices Good Thru May 

WIRE-WRAP KIT - WK-2-W .. - ·  . 

WRAP o STRIP o UNWRAP \��� � 
Tool lot 30 AWG W11e 'JIIIii \1 
Roll of

.

50 Ft. White or Blue 30 AWG Wire \� �\ 
50 pes. each 1 · · .  2 · · .  3'" & 4" 1engths - \ .._ 
pre -stnpped wire. · .. 0 � . $12.95 ·. .

· . 

,.. 7 WIRE WRAP TOOL WSU-30 
WRAP o STRIP o UNWRAP -$6.95 

WIRE WRAP WIRE - 30 AWG 
25ft. min. $1.25 50ft. $t .95 t00ft. S2.95 TOOOft. $t5.00 
SPECIFY COLOR - White · Yellow • Red · Green · Blue • Black 

WIRE DISPENSER - WD-30 

Prima Stock 
Inventory Clearance 

PIN 10{mln.l 100 1000 p,� 101mln.l 1D'J 1000 
SW7401 S1 .201lol S9.00.1ol S80.00�SW7482 $4.gj/klt �.00/lo: 4)() 00!101 
SW7407 2.20 19 00 180.00 S\V7JSJ 3.50 31.00 300.00 
SW7416 2 20 19po 18000 SW7486 2.20 19.00 16000 

2.20 19.00 18000 S\'17491 3.50 31 00 300.00 
1 30 1 1 .00 10000 SW7�94 3 50  31 00 300.00 
2.20 1900 180.00 SW749S 350 31 00 300.00 
1.70 \4 00 130.00 S\'17496 350 31 .00 300.00 
1 so 12.00 110.00 S\'174100 6.90 66.00 &50 00 
1.50 1200 110.00 SW74104 2.20 19.00 18000 
1.50 12.00 110.00 SW7�105 2.20 19.00 18000 
1 50 12.00 110.00 SW74107 2 20 19.00 16000 
1 50 12.00 1 1 0 00 SW74121 2 20 19.00 180.00 
1 .20 9.00 80.00 SW74123 2.50 22.00 200.00 
3.50 31.00 300.00 SW74145 5.50 51.00 500.00 
3.50 31.00 300.00 SW741SO 6.90 66.00 650.00 
3.50 31.00 300.00 SW74151 3.50 31.00 300.00 
4.00 36.00 350.00 SW74153 4.00 36.00 350.00 
1.20 9.00 80.00 SW74156 4.00 36.00 350.00 
1 .20 s.oo ea.oo SW74180 4.50 41.00 400.00 
1.20 9.00 80.00 SW74181 9.90 96.00 950.00 
1 20 9.00 &1.00 SW74182 4.50 41.00 40000 
2.20 1 9 00  180.00 SW9601 2.50 22.00 200.00 
3.50 31 00 300.00 S\'19602 4.90 44.00 430.00 

SW7480 2 90  26.00 
Pre-tubed • No 

TYPE VOLTS w PRICE TYPE VOLTS w PRICE 

INNS 3.3 400m 411.00 1N4005 600 PIV 1 AMP 10/1.00 
1N751A 5.1 •OOm 411.00 IN4006 800 PIV 1 AMP \0/1 . 00  
1N752 5.6 400m 4/1.00 1N4007 1000PIV I AMP 1011 .00 
1N753 6.1 400m 4/1.00 1 N3500 SO 200m 611 .00 
1N754 6.6 "'"" 4/1.00 1N414B 75 tOm 1511 .00 
1N959 6.2 400m 811.00 1N41S4 35 tOm 12/1.00 
1N965B 15 400m 411 .00 1N4305 7S 25m 2011 .00 
1N5232 5.6 500m " IN4734 5.6 1w " 
1N5234 6 2  500m " 1N4735 6.2 lw " 
1NS235 6.8 500m " I N4736 6 8  " 
1N5236 7.S 500m " IN4738 8.2 lw " 
1N456 15 40m 6/1 .00 ltl4742 12 1w " 
IN458 150 7m 611.00 INH44 " .. " 
1N485A lBO I"" 6/1.00 IN1183 50 PlV 3S AMP 1 .60 
IN4001 SO PJV I AMP 1211 .00 1N1 1 84 100 PIV 35 AMP 1 .70 
1N4002 100 PIV I o\MP 12/1 .00 1N1185 ISO PlV 3S AMP 1 . 50 
1N4003 200 PIV I AMP 1211 .00 1N1186 200 PIV 35AMP 1 .60 
1N4004 400 PIV I AMP 1211 00 INI188 400 P\V 35 AMP 3.00 

SCR AND FW BRIDGE RECTIFIERS 
15A @ 400V 5CR SI.9S 
35A@ 600V SCR 1.95 
1.6A@ 200V SCR .50 
12A@ S0V 1 .9S 

'""' i/S1 00 

2H3102 5/Sl OO 

' 2Hl701 "'" " 
""" SIS\.00 � "'"" S.l\ 00 

21010r S/$1.00 

, 210711 �1$1 00 ,, I Vll124 ' " 
2'0125 '" "  I , 
21ilm " "  '""" 51$1 00 
"""' 4/SlOO '""" •• 11 00 

IO pl .0011-'F 
22pf .0047,_.F 
47pl .Ol,..F 

10Q pt .022,..F 
220 pl .o.u,..F 
J7Q pt 

00\mf .12 1 1  08 
0012 . 1 2  .1 7 .13 

. 0047m1 .1 2 23 .17 
.Qi ml .22 

113SV ,, 
. IS/35V .22 
.22135V .12 
33/35V .23 

.47/35V .25 

.68/JSV .29 
I .0/3SV .40 

47/50V . 10 .47125V . 10 
! .OiSOV .1 1 47/SOV . 1 1  
3.3/SOV . 10 1 .011 6V .10 
U125V .14 .12 1 .0/2SV . 14 .1 1 

10125V . • 3 .10 1.0/SOV . 14 11 
10/SOV 14 ·'' 4.7!16V . • 3 . 10 
22/25V •5 . 12 4.7/25V 13 .10 
22/SOV .2D .18 4.7/SOV .14 1 1 
47125V 17 

·
" 1 0/16V .12 09 

47/SOV ·" ·" 10125V . 13 .10 
100/2SV .20 .IB 10150\1 .14 .1 2  
!OO!SOV .30 ·" 47/SOV ·" . 19 
220!25V .26 .25 100/ISV .IS .14 
220/SOV .41 .36 101li2SV .20 . IB 
470125V .29 .27 100/SOV .30 .26 

1000116V . 17 .16 
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Precision Drive DC Motor 

The M BG-1 50,  a new DC motor and 
generator for precision d rive applications 
such as tape cassette decks and med ical 
and laboratory instruments, p rovides 
1 /30  horsepower, speed ranges of 1 000 
to 1 ,  and load regulation of better than 1 
percent. An optional feed back control 
system gives the un i t  more precise speed 
control and load regulation than is 
possible using variable voltage or silicon 
controlled rectifier approaches. Each 
rotor is  dynam ical ly balanced and test 
run for 24 hours prior to shipment. 
Typical M BG-1 50 design inclu des 24 
VDC input  with a speed of 6750 revolu ­
tions per min ute a t  5 oz-in continuous 
rated torq ue. Other designs are available 
as well from Dynetic Systems I nc,  1 9 1 28 
I ndustrial Blvd,  E lk  River  M N  5 5 3 30 ,  
(6 1 2) 441 -4300.• 

Circle 602 on inquiry card. 

Straighten Pins and I nsert Chips 
with This Tool 

· 

The I N S-1 4 1 6  D I P  I nsertion Tool 
inserts 1 4  and 1 6  pin d ual in l ine pack­
ages into sockets or p redri l led boards. 
A pin straightener is bu i l t  into the 
handle, with an automatic ejector from 
the straightening saddle. The insertion 
mechanism is  designed to ensure accu­
racy, and the narrow profile of the 
handle permits i t  to be used on densely 
spaced circuit boards. The I NS-1 41 6 
is $ 3 .49 from O K  Machine and Tool 
Corp, 3455 Conner St,  Bronx N Y  
1 0475,  (2 1 2 )  994-6600.• 

Circle 603 on inquiry card. 
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Thinking Aids for Logic Diagramming 

This kit lets you construct logic 
diagrams by pressing plastic symbols on 
a special worksheet. Changes can be 
made simply by peel ing off a symbol 
and moving it .  The sy m bols stick to the 
worksheet electrostatically and requ i re 
no adhesives. Following the latest A N S I  
standard, the sym bols include ands, ors, 
amplifiers or buffers, delays, circles, 
blocks and rectangles. A starter kit 
(S K L-075 ) ,  which comes with a padded 
vinyl folder, a set of ten 8.5 by 1 4  inch 
worksheets, a pad of 5 3 7  precut sym­
bols, and a custom pen and eraser, is 
$ 1 0  plus $ 1 .50 shipping from F ickled 
Thinking Aids, POB 6064, 990-M 
Enterprise St, Orange CA 92667, ( 7 1 4 )  
639-906 1 .• 

Circle 604 on inquiry card. 

Second Generation 1 6  K Bit M emory 
Chip 

The 2 1 1 7  memory chip employs a 
fabrication process which has been used 
for nearly three years to p roduce the 
·2 1 1 6  and other h igh density memory 
components. I ts access time is as low as 
1 50 ns. Power d issipation and maxi m u m  
supply current have also been reduced , 
and the 2 1 1 7  provides a 1 0% tolerance 
on all three power suppl ies, +5 , + 1 2  and 
- 5  V. A new latched output mode can 
be used to provide h idden refresh , which 
does not disturb the chip 's data output 
state. Prices in quantities of 1 00 or more 
range from $55 for the highest speed 
2 1 1 7-2 to $39 for the 2 1 1 7-4 with 
250 ns maximum access time, from I ntel 
Corp, 3065 Bowers Av, Santa Clara CA 
9505 1 '  (408) 249-8027.• 

Circle 6 0 5  on inquiry card. 

Now Standard Wire Can Be S l i t  
and Wrapped 

The new P 1 84 S l i t-n-Wrap bit makes 
it  possible to wire wrap connections 
wi.th standard 28 gauge Tefzel insulated 
wire without measuring, cutting and 
stripping. Previously only polyurethane­
nylon wire could be slit and wrapped.  
The new tool can be used to "d aisy 
chain" interconnections, avoid ing the 
need to measure and cut the wire 
between each pair of wire wrap posts 
and req u iring only about five seconds 
per post. A standard connection of seven 
wrapped turns has a resistance of only 
.003 ohms between post and w i re and 
requ i res a force of more than ten pounds 
to pull it off. The Tefzel w i re is avai lable 
in  50 foot spools with red ,  green,  white 
or yel low insu lation, at a unit  price of 
$4. 1 8  per package of two 50 foot spools. 
The bit m ay be used with a Model 
P 1 84-4T1 pistol grip wrapper with a 
1 1 7  V AC motor ( $89 )  or the M odel 
P 1 84-4T nickel cad m i u m  battery 
powered pencil type u n it ($80) .  A 
manual wrapper, the Model P 1 84 
($ 29.50) is also avai lable,  from Vector 
E lectronic Co I n c, 1 2460 G ladstone Av, 
Syl mar CA 9 1 342, (2 1 3 )  365-966 1 .• 

Circle 606 on inquiry card. 

Printing and Magnetic Media Suppl ies 
Offered in Small Quantities 

Hobby ists can pu rchase small q uan­
tities of printing wheels, ribbons, 
d iskettes, cassettes and other printing 
and m agnetic recording suppl ies using 
Master Charge and V I S A  cards through 
this newly formed mail order source. 
The prod uct l ines offered inc lude 3M 
Scotch and l TC Verbatim b rand mag­
netic media, Qume and Diablo cartridges 
ancj p rintwheels, and I BM Selectric I I  
compati ble r ibbons and ty ping elements. 
A catalog and price list may be obtained 
by writing Printcraft Systems I n c, Dept 
MO, 1 1 -1 7 Beach St,  New York NY 
1 0 0 1 3 ,  (2 1 2 ) 966-0001 .• 

Circle 607 o n  inquiry card. 



S-1 00 DEC® LSI·l l 16K MEMORY BOARD S-100 EXPANDABLE MOTHER BOARD 

32K STATIC MEMORY BOARD 
• Q-BUS-FULLY • BUFFERED AND • 8-SLOT EXPANDABLE BACKPLANE-in 

features: 
L FULLY STATIC - usable with all DMA devices. 

STATIC NOISE SUPPRESSED 
• MODULAR • PROM COMPATIBLE 
• ADDRESSABLE TO 128K WORDS 
• MAPPABLE IN 4K INCREMENTS 

line male and female connectors enable 
backplanes to be plugged together, or the 
female may be used in  place of an extender 
board. 

2. BUFFERED - with noise suppressed control inputs. 
3. MODULAR - populated in 1 k  i ncrements. ASSEMBLED, COMPLETE 

QUIET-ground plane decouples all signal 
lines. 

4. RELIABLE - single source + 5V regulator 
5. PROM COMPATIBLE - monitors available on request 

TESTED 
& $124900 BURNED IN 

KIT $ 1 1 5900 RELIABLE-SAE 8 1 00 phenolic body, gold 
contact connectors. 

AVAILABLE EITHER IN COMPLm KITS 
OR ALREADY ASSEMBLED UNITS WHICH 
HAVE BEEN FULLY TESTED AND BURNED IN.  

BARE BOARD $38°0 
KIT 

8K $27ooo 

16K $44ooo 

24K $58000 

32K $69500 

ASSEMBLED 

$29600 
$46500 

$61200 

$74000 

MAXI SWITCH KEYBOARDS 

LARGEST & FASTEST STATIC MEMORY AVAILABLE 

UNIVERSAL "U DESIGN" WIRE WRAP BOARDS 
All BOARDS ARE G - 1 0  GLASS EPOXY. HAVE Vee AND GROUND 

PLANES. PLATED THROUGH HOLES. & GOLD PLATED EDGE CONNECTORS 

No. 1 "BEST ON THE MARKET" 
MICRO CPU CARD WITH S-100 BUS. 3 
ON BOARD REGULATORS. FITS All STAN· 

OAilO I.C. SOCKET CONFIGURATIONS. 

1700+ HOLES. 

SIZE l"xiO" $2395 

No. 2 
UNIVERSAL BOARD FITS 8 6  P IN 

SOCKET WITH 0.10" CONTACT 

SPACING. MADE BY lEADING COM· 

PUlER MANUFACTURER AS "IN HOUSE" :
�

��R� 7 �:�:7\/��lES $7 95 

UNENCODED- MOUNTED ON G-10 GLASS EPOXY BOARDS:A BLACK 
METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. 

OUR N EW 
ASCl l KEYBOARD 

No. 1 
-53 key main keyboard 
-10 auxiliary & cursor control keys 
- 1 1  key numeric pad 
-Bank of 5 auxiliary power and 
control, rocker arm switches­
one of them lights up. 

$3995 
WIRE WRAP SOCKET CONNECTOR 
FOR NO. 1 KEYBOARD $295 

No. 2 
-53 key keyboard 
-1 auxiliary power/control 
DPDT rocker arm switch 

$2995 
BEIGE METAL FRAME MOUNT FOR 
NO. 2 KEYBOARD $995 
SOCKET CONNECTOR FOR 
NO. 2 KEYBOARD $295 

HAS ON BOARD UV PROM, A MAIN 

KEYBOARD SECTION OF 58 KEYS, A 

HEX PAD OF 15 KEYS AND 16 MORE 

PERIPHERAL KEYS. 89 KEYS TOTAL & 
ASCll ENCODED for only $9995 

WE ARE THE. MOST 
COST EFFECTIVE ANSWER 

TO YOUR PARTS PROBLEMS 

BIPOLAR PROMS 4K STATIC RAMS MINIATURE 

1 6  BUTTON PADS BUILD YOUR OWN 
PAPER TAPE 

READER 

8223 
82523 
63061 
825126 

256 BIT 
256 BIT 

2K TRISTATE 
256x4 

$2.65 
$3.40 
$5.45 
$4.95 

2 1 1 4  650ns 600mw $6.25 
TMS-404 5 - 4  450ns 300mw SI0 .95  
HM-47 2 1 1 4  300ns 200mw $ 1 1 .95 

4x4 MATRIX ENCODED $ 1 9 5  

1110" CENTER STACKABLE 

I .C. SOCKETS 
PHOTO 

TRANSISTERS 

1 0/$9 60 LOW PROFILE-SOLDERTAIL 

GOLD WIRE WRAP 

SOCKET STRIPS 
MAKE UNIVERSAL 

END AND SIDE 
STACKABLE WIRE 

WRAP BOARDS 

FtE���48c 

�4
tE�[N48c 

3 lEVEl 56C 

7 PIN STRIP 
IIUDIII 

TOP VIEW 

SIDE VIEW Ill 
8 PIN 

14  PIN 

16  PIN 

22 PIN 

24 PIN 

28 PIN 

40 PIN 

GowEDGE CARD CONNECTORS 

No. 1 
SACI85/2-2 
SINGlE ROW. 18 
PIN CONNECTOR 
WITH 0.156" CON· 
111:1 SPAONG. 

99c 

No. 2 
SAC22S/2-2 
SINGLE ROW. 22 
PIN CONNECTOR 

WITH 0.156" CON· 
TACT SPACING 

99c 

No. 3 
2VH31/ICB6 
3 1  SOLDER lUG 
CONNECTOR WITH 
0.125" CONTACT 
SPACING 

99c 

GOLD 

INLAID TIN 

10/$1.59 10/$1.35 

10/$1.89 10/$1.49 

10/$1.99 10/$1.59 

5/$1.69 5/$1.49 

5/$1.89 5/$1.59 

5/$1.99 5/$1.69 

4/$1.99 4/$1.69 

WIRE WRAP HI-REL GOLD 

POST WIRE WRAP 
2 LEVEL SOCKET PIN 

I0/98c 10/$11° 

100/$7" 100/$900 

1000/$6400 1000/$7900 
LIST PRICE 29c 

ULTRA LOW CURRENT 

REGULATOR 
TTL COMPATIBLE 

REED RELAY 
(MOTOROLA) 

400 OHMS 

!IV al 1 0  m;cooamps 
95 C $149 ea. 7/$9 75 

OPTO DEVICES 

PHOTO 

TRANSISTORS 

SIMILAR TO FPT 100 
4/98c 

PHOTO 

DARUNGTONS 

MOTOROLA 

4/98c 

OP AMPS 
SINGLE 

709 JOe 

741 12e 

DUAl 

MCI458 39e 

QUAD 
LM3900 49e 

ULTRA 
HIGH 

SPEED 
PHOTO 

DE1£CTOR 

0.5NS 
RISE TIME 

$375 

DIODES 
IN91 15c 

IN270 12e 

IN914 15e 

IN3600 15e 

IN4148 JOe 

EXTREMElY 
SENSITIVE 

liGHT-ACTIVATED 

SCR 
triggerable by 
flashlight at 
several hun· 

dred yards 

$295 

TRANSISTORS 
2N2222 12e 

2N3904 12e 

2N3906 12e 

2N3053 49e 

ASSEMBLE0$8 9 00 

S-1 00 EXTENDER BOARD 
with connector 

A MUST for trouble· . $ 1 7  95 shooting your Computer boards 

BUILD YOUR OWN 

LOGIC PROBE 
24 TO -92, SMALL SIGNAL OARLINGTONS $495 
AND 24 LEOS-ALL FUNCTIONAL only 

POWER SUPPLY PARTS 
DIODES 

IN4001 
IN4003 
IN4007 
IN250 
IN3909 

BRIDGES 

50V al lA 
200V al !A 

IOOOV al ! A  
60V al 20A 
50V al 30A 

FAST RECOVERY AVALANCHE BRIDGE 

6c 
Be 

1 2 c  
9 5 e  

!1 .15  

IN4436/T 200V al lOA S4.25 

FULL WAVE "MINI BRIDGE" WITH TAB TERMINALS 
PR - ! O F  IOOV al 1 2 A  

. 
$3.75 

5'1. ZENERS 

IN4733A 5:1V lw 39c 

IN4739A 9. 1 V  lw 39c 

IN4744A !5V lw 39c 

VOLTAGE REGULATORS 
PlASIIC METAl 

uA723-VARIABLE 2V lo 3.7V 38c 69c 

78L05· 5V al IOOmA T0-92 3
/

98c 
340T·6 6V al I AMP T0-220 1/98c 

PASS TRANSISTORS 

MJE3055 
1N? 5 
2N5301  

lOA PLASTIC 
lOA T0-3 
30A TD-3 

89c 
95c 

$1.95 

PROTECT YOURSElf. INSTAll AN ElECTRONIC 
CROWBAR CIRCUIT IN YOUR POWER SUPPLY. 

CROWBAR SCR C220D 400V al lOA $ 1 . 7 5  

INFRA RED 
DETECTOR . 

ULTRA LOW LEVEL 

���/r rna $495 
HEWLETT·PACKARD 

JUMBO·RED 

HIGH EFFICIENCY 

LED 
ON BOARD 

���r�:TOR 6/$}00 

SOLAR CELLS 
2 x2 cm 130ma 

$ 1 59 ea. 10/$990 
HIGH INTENSITY 

RED 

LED lAMP 
EXTREME WIDE ANGLE VIEWING 

3/98c 10/$245 
PRIME A-1 LEDS D/A RED LEOS CONVERTER MINI  10/99e 

SIGNETICS JUMBO 10/$1.20 

NE5008 HI  EFFICIENCY 10/$2.25 

YELLOW, GREEN, OR $995 AMBER LEOS. (sPECIFY COLOR) 

3/89c 

MAIL ORDER 
11GOOF PROOP' 

GUARANTEE 

NO BACK ORDERS WE PAY POSTAGE & HANDLING 
F. Reichert Sales 
1 1 1 0  E. GARVEY AVE. 
W. COVINA, CA. 91 790 Because MAIL ORDER CUSTOMERS 

cannot inspect their parts before pur­
chase, for them only, we guarantee an 
IMMEDIATE REFUND-NO QUESTIONS 
ASKED-should you be unhappy with 
the parts: or should the parts fail for 
any reason: Just ship parts to us in a 
protective carton with proof of purchase 
witui n  30 days of receipt of shipment 

MOS AND LED DEVICES EXCLUDED! 

All ITEMS SUBJECT TO PRIOR SAlE 

Circle 214 on inquiry card. 

YOUR PARTS OR IMMEDIATE REFUND ON U.S. ORDERS ONLY! - CAliF. RES. AOD 60:.· SALES TAX 

$20 MINI MUM 
FOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER, CERTIFIED OR CASHIERS CHECK. 

SORRY' WE CANNOT ACCEPT PURCHASE ORDERS, COO'S, PHONE ORDERS OR CREDIT CARDS. 

FOREIGN ORDERS 
·CANADA. PUERTO RICO. U.S. 
POSSESSIONS ADO U.S. S3.50. All 
OTHER ADD U.S. $7.00. 
- I MMEDIATE SHIPPING ON CHASE 
MANHATTAN. FIRST CITIZENS. 
CASHIERS CHECKS & CANADIAN 
POSTAL MONEY ORDERS. 

DROP INTO ONE OF OUR LOCATIONS 
LOS ANGELES PORTLAND 

( 2 1 3 )  967-46 1 1  1503)  646-4044 

LMN ELECTRONICS WIZARD OF PARTS 
1042 E. GARVEY AV.. W. COVINA. CA. 8225 SW CIRRUS OR .. BEAVERTON. ORE. 

(VINCENT & SAN BEROO. FWY.) IKOLl BUS. CNIRIWASHINGTON SQUARE) 
TU[. to SAT 10 8-CtOS[D SUN. & MOH 

DENVER 
1303) 573-5214 

ELECTRONIC LOLLIPOP 
5643 N. BROADWAY. DENVER. CO. 

1 1-25 & 581h AV[.) 

PRICES SUBJECT TO CHAHGE 
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Catalog Describes M icro Printer 

This 1 4  page, fou r color brochure 
describes the A I R 40, a low cost {$ 425 ) 
40 col umn  alphanumeric im pact printer. 
The A I P-40 includes a printhead ,. paper 
feed mechanism , power supply,  and 
choice of serial or 8 bit paral lel inter­
faces. The device prints at an average of 
50 characters per second in a 64 char­
acter standard ASC I I  font'. A serial 
interface can sustain a conti n uous 300 
bps transm ission and printing rate. The 
broch u re, wh ich details electrical and 
physical parameters, tim ing and char· 
acter set, and suggested applications, is 
free from Datel Systems I nc,  1 020 
Turnpike St,  Canton MA 0202 1 , (61 7) 
828-8000.• 

Circle 579 on inquiry card. 

An I mportant New G lossary 
An interesting book entitled Running 

Press Glossary of Computer Terms has 
recently crossed our desk. The book 
is written by john Prenis; and is pub­
lished by the Running Press, 38  South 
N ineteenth St, Ph i ladel ph ia PA 1 9 1 03 .  
The  book is available for $ 1 .95 p lus  
$ .25 postage from the  publ isher, and  
we would  expect it  to  be seen in 
numerous computer  stores during, the 
com ing months. 

There have been nu merous glossaries 
pu blished to date, to which the R unning 
Press Glossary of Computer Terms is but 
the . latest addition. However, there are 
several points to be made about this new 
glossary: it concentrates on a set of 
terms most l i ke ly to be encou nterd by a 
new computer user trying to make sense 
of the field of com puting for the first 
time. 

Some samples of the defin itions in 
this glossary, pu l led from th is 86 page 
paperback book ,  may provide the best 
way to i l l ustrate what it can do for the 
reader: 
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First West Coast Computer Faire , 
The tal ks an d technical papers 

presented at the F i rst West Coast Com­
puter Faire in  San Francisco last April 
are now available in the form of a 320 
page softbound book . The Conference 
Proceedings inc ludes 93 papers under  
25 topic headings, inc luding comp uter  
art, speech syn thesis an d recognition, 
computers and music (43 pages) ,  and 
the use of small computers in ed ucation 
(38 pages). Other sections provide both 
tutorial and design discussions concern­
ing hardware and software for h ome 
computer systems. I t  is available for 
$ 1 2.68 ( $ 1 3 .40 for California residents) 
from The Computer Faire, POB 1 5 79,  
Palo Alto CA 94305 , (4 1 5 )  8 5 1 -7664.• 

Circle  582 on inquiry card. 

Report on Small Business Com puters 
I 

A ll A bout Small Business,Compu ters 
provides detailed specifications on 249 
low cost computer systems for smal l  
business. Systems from 8 7 vendors are 
compared in 50 pages of com parison 
charts. S pecifications covered include 
the m i n jcomputer used in each system 
and its 10 ,  mass storage and main 
memory features, keyboard and other 
10 faci l i ties, commun ications capabi l i ­
ties, software support, pricing and 
avai labi l i ty. The report also sum marizes 
the experience of about 750 survey 
respondents with a total of nearly 1 800 
min icomputers. Reprinted from Datapro 

Reports on Minicompu ters, it is $ 1 2  per 
copy from Datapro Research Corp , 1 805 
Underwood Blvd, Del ran N J 08075.• 

Circle 583 on inqu1ry card. 

Constant. Any number you don't 
expect to change. I nstead of giving it  a 
variable name, it can be written into the 
program expl icitly. I t 's wise to m ake 
sure that you won 't ever want to change 
it  before you do this. 

Data structure. The decision on how 
data are to be organized in memory and 
refe rred to by the computer is an 
im portant one. Picking the proper data 
structure can simpl ify the com puter's 
job greatly. Some data structures often 
encountered are files, lists, arrays, stacks, 
and queues. 

Matrix. A matrix is a two dimen­
sion.al array, or table of num bers. In the 
hardware domai n ,  a matrix can be any­
thing arranged in a grid-like pattern. 

Stack. The stack is a region of 
memory which works by special ru les. 
Each time the com puter stores a word 
there, it goes "on top of the stack," and 
all the previously stored words move 
down one level. When a computer  takes 

A Computer Needs a Foundation 

Attention S-1 00 b us homebrewers: 
CMC Marketing, 5601  Bintl iff, Suite 
5 1 5 ,  Houston TX 77036,  is offering this 
foundation module  manufactured by 
TE I I n c  as the hardware basis of systems 
using one  or more of  the many Altair 
(S-1 00)  bus boards available in the 
marketplace. According to the l i terature 
accom panying this photograph ,  the 
MCS-1 1 2  foundation un i t  contains a 1 2  
slot m other board, along with a power 
supply rated at 1 7 A on the +8 V bus 
and 2 A on the - 1 6  V and + 1 6  V sup­
pl ies. (With Al tair (S-1  00) bus boards, 
regulators to prod uce typical +5 V ,  
+1  2 V a n d  - 1 2  V are m ade a part of 
each ,board to transform the system 
su pply voltages into locally usable 
voltages. )  The heavy d u ty al uminum 
cabinet features a 1 15  C F M  muffin 
fan which maintains positive pressure 
inside the cabinet, so that a washable 
dust filter can be used.  The p rice of 
this· hard ware fou ndation for a home­
brew system is $395. A lso available is 
a larger chassis, model MCS-1 22 with 22 
edge connector slots, and a power 
supply with 32 A at 8 V,  4 A at +1 6 V 
and 4 A at - 1 6 V.• 

Circle 5 8 1  o n  inquiry card. 

a word off the top of the stack, every­
thing moves up one leve l ,  unti l  the stack 
is empty .  Notice the computer has access 
only to the top of the stack .  Pi l ing a 
word on the stack is called a " push," 
and taking a word off is cal led a "pu l l"  
or a " pop." The stack s impl ifies some 
operations enormously .  

User-oriented. Set  u p  for somebody 
who is not expected to be knowledge- ! 
able about computers. · 

These defin itions were picked "at 
random" to i l lustrate the typical terms 
and explanations fou n d  in the book, 
and i l l ustrate the user-oriented nature of 
the terms. Engineering terms are for the 
mosf part omitted ,  unless they refer to 
the specification of a system's overall 
characteristics, and the m ajority of 
terms concern software concepts, which 
are the m ost important ones for a 
computer's users. As a starting point 
for the neophyte, this book of termino­
logy is highly recom mended . . .  CH• 

Circle 580 o n  inquiry card. 
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EXPANDABLE EPROM BOARD 
16K OR 32K EPROM $49.95 WfOUT EPROM 

Allows You to U!>e E•ther 2708's For 16K of Eprom or 
2716's For 32K of Eprom. 

KIT FEATURES: 
I. All Address Lines & Data Buffered 
2. Qual•ly Plated through P.C. Board Including 

Solder Mask and S1lk Screen 
3. Selectable Unit States 
4. On Board Regulat•on Prov•ded 
5. All Sockots Prov•ded W/Board 

WE CAN SU PPLY 450As 2708's AT $1 1 .95 
WHEN PURCHASED WITH BOARD. 

4K LOW POWER RAM K I T  
The Whole Works - $79.95 

FuJI Buffered • on board regulated • reduced 
power consumption utilizing low power 21 L02·1 
SOOns RAMS · Sockets provided for all IC's. 
Oual1ly plated through PC board. 

'Add SIO.OO lor 
250ns RAM opefioiiOI""I. 

S.D. COMPUTER . PRODUCTS A N  EMPIRE INC. C O  

P.O. BOX 288108 DALLAS, TEXAS 75228 

EXPAN DORAM 
THE U LTI MATE RAM BOARD 

32K FOR $475.00 
32K MODEL 

BK . . . . . . . $151.00 
16K . . .  259.00 
24K . . . .  367.00 FK 475.00 

THE 32K VERSION USES THE MOS· 
TEK MK4 1 1 5 RAM AND HAS BK 
BOUNDARIES AND PROTECTION & 
U T I L I Z E S  D I P  SWITCHES. P. C. 
BOARD COMES WITH SOCKETS FOR 
J2K OPERATION 

BUY A SIOO COMPATIBLE RAM 
BOARD AND UPGRADE THE SAME 
BOARD TO A M.UIMUM OF 6!iK 
MEMORY IN STEPS OF EITHER BK 
OR I6K AT YOUR OPTION BY MERE­
LY PURCHASING MORE RAM CHIPS 
FROM SO COMPUTER PRODUCTS. 

64K MODEL 
16K . . .  $281.00 
32K 519.00 
48K 757.00 
64K 995.00 

THE 64K VERSION USES THE MQS. 
TEK MK4116 RAM AND HAS IGK 
BOUNDARIES AND PROTECTION & 
UTILIZES D I P  S W I T C H E S .  P. C. 
BOARD COMES WITH SOCKETS FOR 
64K OPERATION 

LOOK AT THE FEATURES WE HAVE BUILT INTO THE EXPANOOAAMI 

• MEMORY ACCESS TIME IS 375 ns 
• MEMORY CYCLE TIME IS 500 

• POWER REQUIREMENTS ARE: 
8 VDC 400 MA DC 

• NO WAIT STATES REQUIRED 
• NO CYCLE STEALING NEEDED 
• ON BOARD REGULATION 
• CONTROL, �ATA & ADDRESS INPUTS 

18 VDC 400 MA DC UTILIZE LOW POWER SCHOTTKY 
-18 VDC 30 MA DC DEVICES 

• ON BOARD INVISIBLE REFRESH • DESIGNED TO WORK WITH Z-80, 
8080, 8085, CPU's 

ADD $50.00 TO ABOVE PRICES FOR FULLY ASSEMBLED AND TESTED BOARDS 

Low Cost 
Cassette 

I nterface Kit 

$19.95 

Futures: Play and record K . C .  St1nd11d 2400/1200 H z  
tapes, 900 Baud, nL l/0 Compat•blr, Phne lock loop, 
Both 22 P1n Connector and 8 Pin Motu Connector. 
Comes parliJlly assembled. Ost111.11tor and phue lock 
loop pre tuned to K.C. StandJrd. Selector switch sends 
cassette d11.11 01 auxi1i1ry input data to microprocessor. 
LED indicates lo�ic I leyel. 

8K LOW POWER RAM 
$1 59.95 

FULLY ASSEMBLED AND TESTED. NOT A K IT. 
lmsa1 - Altai/ - S-100 Buss compatible, uses tow power 
stat1c 21L02-!i00ns luUy bullered on board regulaleO. 
qual1ty plated through PC board. iroclu01ng solder mas� 8 
pos. 01p swrlcttes lor address select 

"' =.J!!I!!'C!-= 
'Add $30.00 !0< ... � 

250ns RAM operat1on �� 
�-- . � .... �. 

Z-80 CPU BOA R D  K I T  
Complete Kit  $1 39. N E W  FROM S.D. 

' 'VERSAFLOPPY' IT" KIT 
THE VERSATILE FLOPPY DISK CONTROLLER 

ONLY $149.00 

Z80 STARTER KIT 
LEARN COMPUTERS FROM THE START! 

SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION, 
PROGRAMMl)IG, OPERATION, MEMORIES, INTER· 
FACING, COMPUTING, AND CONTROLLING WITH 
AUDIO CASSETTE INTERFACE CAPABILITIES. 

Complete Kit i':lcludes; Key board and Display; ZBO 
Central P�ocess•.ng U n 1 1 ;  Instructions; Operation Man· 
ual; Learnmg Gu•des. 

CHECK THE ADVANCED FEATURES OF OUR Z-80 
CPU BOARD: Expanded set of 1 5 8  instructions, 

8080A software capabil ity, 
1 operation from a single i. 5VDC power su pply; always 

I stops on an Ml state, true 

FEATURES: IBM 3740 Soft Sectored Compatible. S·IOO BUS 
Compatible for Z·BO o r  8080. Controls up to 4 Drives (single 
or double sided). Directly controls the following drives: 

1 .  Shugart SA400/450 Mini Floppy · 

Features: Powerful ZBO CPU with 158 instructions • 1024 
Bytes (Expandable to 2048 Bytes O N  BOARD) of RAM • 
2 Bi-Directional Input/Output Ports with Handshaking 
• Kansas City Standard Audio Cassette Interface for 
Pro�ram Slorage • Hexadecimal Keyboard and Display 
• W�rewrap area for custom circuitry • 5·100 Connector 
o n  board for Memory and 1/0 Expansion • 27 1 6/2758 
PROM Programmer • "Z·BUG" Monitor ROM (Including: 

· 
sync generated on card (a 
real plus feature!) ,  dynamic 
refresh and NMI available, 

2. Shugart SAB00/850 Standard floppy. 3. PERSCI 70 and 277. 
4. MFE 700/750. 
5. CDC 9404/9406. 

either 2MHZ or 4MHZ op­
eration. qual ity double sided plated through PC 
board; parts plus sockets provided for a l l  IC's.  
*Add $10. extra for Z-80A chip which a l lows 
4MHZ operation. 

34 Pin Connector lor Mini Floppy. 50 Pin Connector for Stand­
ard Floppy. Operates wilh modified CP/M operating system 
and C-Basic Complier. The new "Versafloppy" from S.D. 
Computer Products pro_vides complete control for many of 
the available Floppy 01sk Drives. Both Mini and Full Size. 
"FOI771B·l Single Density Controller Chip. listings lor Con­
trol Software are included in price. 

FO 17718-1 CHIP AlONE $39.95 

Memory, Port and Register Examine and Change Com-
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Many more unique features. The best computer edu­
cational kit on the market . . .  the complete computer 
and educlltlonal package for only $199.00. (Available 
June 1978). 

INTRODUCING THE SBC-100 
(The Z-80 Based, S - 1 00 Single Board Computer) 

$349.00 

FEATURES: 
• No Front Panel Needed 
• Z·BO CPU (2 or 4 MHZ) 
• l K  RAM 
• 4 ROM/PROM Sockets for 4K/8K of Memory 

SYNCHRONOUS/ASYNCHRONOUS Seroal 1/0 woth 
RS-232 and Current loop Interface and Software 

Programmable Baud Rate 
Parallel InPut Port 

• Parallel Output Port 
4 Channel T1mer /Counter 

• 4 Vectored lnlerrupts 

0. E. M. SPECIAL 
ASK ABOUT SPECIAL O. E . M. DISCOUNTS ON T H E  S. D ""COMPATIBLE SET . 

SOC-100 - SINGLE BOARD COMPUTER $349.00 
VERSAFLOPPY"1 - FLOPPY DISK CONTROLLER $149 00 

EXPANDORAM - 32K RAM $4 75.00 
EACH KIT IF PURCHASED SEPARATELY TOTAL $973.00 

ORDER ALL 3 KITS TOGETHER FOR 

$899.00 
This Power-ful Threesome Operates Together to Form A Comolete Computer for Your System. 

Z·SO 
Programming Manual 

IN DEPTH D ETAI L OF 
TH E Z·BO CPU 

M I CRO-COM PUTER 

S. D. SALES SPECIAL $9.95 
RAMS S.D. NOW HAS SOFTWARE FOR IT'S CUSTOMERS MICROPROCESSOR CHIPS 

21 L02 · 506NS 
21 L02 · 250NS 
2 1 1 4 - 4 K 
1 1 0 \ A - 256 
1 1 03 - I K  
M K  4 1 1 5  · 8K 
745 200 - 256 

8 1 1 1  50 
8 1 1 5  95 

14 95 
8/$4.00 

J5 
I S  45 

3 95 

CPU's 
Z-80 1nc1uaes manual 29 9S 
Z-80A 1nctudes manual 34 95 
8080A CPU 8 B I T  1 1 95 
8008 CPU 8 B I T  6 9 S  

PROMS 
1702A · 1K · l . Sus 
2708 · BK · 450ns 
5204 · 4K . . .  

. .  3.95 or 10/35. 
. 14.95 

. . . . 7.95 
. 2.50 
.9.95 

82S129 - 1K . . . . . . . .  . 
2708U 8K signetics 650ns 

COUNTER CHIPS 
M�50397 6 Digit elapsed timer . 8.95 
MK50250 Alarm clock . .  4.99 
MK50380 Alarm chip . . . . . . .  2.95 
MK5.D395 6 digit up/dn. count. 12.95 
MK5002 4 digit counter . . . . . .  8.95 
MK5021-Cal. chip sq. root . : . . .  2.50 

CP/ M "  DISK OPERATING SYSTEM . $99.95 
CP/ M is 11 powerful dtsk operating system wh1ch has become an rndustry standard. It IS compilttblc wtth several 
dtsk based FORTRAN antj BASICS. Thrs package rndudes a CP/M d1skettc (m1m or 1u11 SIZe) adapted lor S . D . " s  
SBC-100/VE RSAFLOPPY EXPANOORAM board set. Complete documentation IS 1ncluded . C P / M  r s  a reg· 
istered trademark of D1gotal Research Corp., Pactflc Grove. CA. 

Z-80' DISK BASED ASSEMBLER . .  $69.95 
Runs on ANY CP/M based d1sk system. Assembles 
the off1cial Zllog·Mostek MnemoniCS. Conta1ns ex­
tensive set of pseudo-cps. Ava1lllble on m1n1 or 
full size dtskette. 

VERSAFLOPPY""' CONTROL FIRMWARE . . .  $24.95 
Provides control for VERSAFLOPPY and boots up 
CP/M. Th1s runs on Z-80. 8080 or 8085 based 
computers. Ava1lable tn 2708 or 2758 prom . 

SO MONITOR • $49.95 
Powerful mon1tor for SBC-100 s1np,lc board -com­
puters Includes all  VERSAFLOPPY control ftrm· 
ware. Comes rn 2716 prom. Ava1lable in 4-6 weeks. 

VERSAFLOPPY DIAGNOSTIC PROGRAM . . $24.95 
Prov1des rout1ncs wh1Ch are helpful tn chcckmg out 
a d1sk based system Ava1lablc 1n 2708 o r  2758 
prQm . 

* SUPER FLOPPY SPECIAL ·* S. 0. SALES" VERSAFLOPPY $-100 CONTROLLER BOARD PLUS 
SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY 

$449.00 

8212 · 1/0 port . . . .  3.50 
8214 - P.I.C. . . . . . . . . . .  12.95 
8216 - Non Invert Sus . .  4.95 
8224 - Clock Gen. . . 4.95 
8226 - I nvert Bus . . . . 3.95 
PlO lor Z-l!O 14.95 
CTC lor Z-l!O . . . . . . . . . . . .  14.95 
8228 Sys. Controller . . . . . . .  8.20 
8251 Prog. comm. interfact 10.95 
8255 prog. prep. interface . . .  13.50 
8820 Dual line Recr . . . . . 1 .75 
8830 Duo I line Dr.  . . . . 1 .75 
2513 Char. Gen. . . . . . . . . 7.50 
8838 Quad Bus. Recvr. . . .2.00 
74LS138N - 1/8 decoder . . . . .  99 
8T97-Hex Tri-State Buller . . . .  1.25 
1488/1489 RS232 . . . . . . . .  1 .50 
TR 16028 Uart . . . . . . . . .  . 1  . •  3.95 
TR 1863 Uart . . . . .  8.50 
FD 17718·1 . 39.95 

CMOS 
4001 19 4029 �9 
4002 1 9  4042 69 
4 0 1 1  1 9  4047 !.50 
4013 32 4049 35 
4016 32 4069 23 
4017 95 4071 19 
4020 97 4076 97 
4022 97 14518 1 . 1 0  
4024 75 14528 85 
4027 39 14529 85 

CALL IN YOUR BANKAMERICARD 
(VISA) OR MASTER CHARGE OR­
DER IN ON OUR CONTIN ENTAL 
TOLL FREE WATTS LINE: 

T exu Residents C. II Collect: 

214/271-0022 - -'-· - !J 
(All prices subject lo change 

without orior notice. l 

NO COD's. TE XAS RESI DENTS ADD 5% .SALES TAX. ADD 5% OF O R D E R  
FOR POSTAGE & HAN DL ING . O R ·  
D E RS UNOER $10.  A D O  75c HAND· 
LING.FORE IGN OR D E RS - U. $. 
F UNDS ONLY!  1-800-527- 3460 DEALER INQUI R I ES I NV I T E D !  

Circle  31 5 on inquiry card. BYTE May 1978 205 



WANT E D :  For Microdata 1 600 processor (Reality) : 
magnetic tape controller and disk controller. 
Jack Hardman, 1 40 Forest Av, Glen Ridge NJ 
07028, (20 1 )  429-8880. 

FOR S A L E :  Homebrew 8080, \ MSAI front panel 
mounted in vector rack with 1 2  slot Altair IS-1 00) 
backplane and 15 A power supply, $450. 16 by 
s4 alphanumeric video display board, memory 
mapped with ASC I I  keyboard port, $100. 8 K 
memory, 450 ns, $ 1 50. 4 K memory, 450 ns, 
$75. Doug Lehmann, 1 1 46 Scott St, Maumee D H 
43537. 

HEATH H9 V I D EO T E R M I N A L :  Fully assembled 
and tested by an experienced engineer. Interfaces 
to virtually all microcomputer systems via AS-232, 
20 rnA loop or TTL. Includes many unique fea­
tures. Price includes shipping. $530. R Edison, 
4 Longfellow PI, Boston MA 021 14.  161 7) 
742-3074. 

FOR S A L E :  One Hewlett-Packard 2640A inter­
active display terminal, one Spintronic data com­
munication terminal and one 3M dry photocopier. 
Purchased 1 976 but hardly used due to i l lness. 
Original purchase price over $8000. Part of estate, 
wil l  sell for $3000. George Danek, 1 021 Harbor 
Dr, Rt 7, Annapolis MD 2 1 4 03, (301 ) 263-31 34. 

WANT E D :  Hardware and software required . to 
organize and maintain a mailing list. Please write 
i f  you have any information that can help me get 
this going. Write W Pomeroy, 5790 Bull Hi l l ,  
LaFayette N Y  1 3084. 

WANT E D :  Used K I M-1 microprocessor. Prefer 
complete system with expansion boards if possible. 
Norman G Church, 1 83 1 0  Franklin Way, Gladstone 
OR 97027, (503) 659-6763. 

FOR SALE : Improved Sphere System 330. Con­
sisting of 20 K dynamic memory, 2 K 21 02s. 
2 K EROM monitor, KC cassette interface, serial 
interface and 6830 modem chip, sockets for 
B K 270Bs also with CRT i nterface, keyboard, 
and mother board. Requires only power supply 
and modified television. Only $700 takes this and 
more. Bil l  Vodal l ,  Box 75, Kevin MT 59454, 
(406) 337-2222. 

. 

f;OR SALE : Monroe programmable calculator 
Model 1 B30. Excellent condition, under factory 
service contract. Cost new $31 00. Wil l  sell for 
$2200, which includes about $800 wonh of 
magnetic storage cards. B Fremerman, 4041 
Central, Kansas City MD 641 1 1 .  

FOR SA L E :  I B M  1 620 system, $2000. Includes 
all software and curriculum materials that were 
used by the Mathematics Dept at Monona Grove 
High Sclhoo\. Donald Helstad, Principal, Monona 
Grove High School, 4400 Monona Dr, Monona W I  
53716, (608) 222- 1 29 1 .  

Readers who have equipment, software o r  other items 
to buy, sell or swap should send in a clearly typed notice 
to tha t  effect. To be considered for publication, an adver· 
tisement should be clearly noncommercial, typed double 
spaced on plain white paper, and include complete name 
and address information. These notices are free of charge 
and will be printed one time only on a Space available 
basis. Insertions should be limited to 100 words or less. 
Notices can be accepted from individuals or bona fide 
computer .users clubs only. We can engage in no cor.res­
pondence on these Bfd your confirmation of placement 
is appearance in an issue of BYTE. 

Please note that .it may take three or four months for 
sn ad to appear in the magazine. • 
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FOR S A L E :  Heath kit H9 video terminal assembled 
and tested. Used only 5 hours. $500. Howard 
Schimmelpfennig, 351 N 4th West, Logan UT 
84321 ,  IB0 1 )  752-19B7. 

. 

FOR SALE : SwTPC 6BOO computer system. 
KBD-3, TVT- 1 1  with modulator, AC-30, 8 K, inter­
face cards, two recorders, software. Beautiful 
custom cases. Packaged for portabil ity, $650. 
Anderson-Jacobson 841 Selectronic terminal. 
Correspondence code, RS-232 interface, modem 
and coupler. Attractive case. $725. Daniel L 
Wright, 2BO Perrymont Av, San Jose CA 951 25, 
I40B) 925-3367 days. 

FOR SALE: Teletype Model 35 ASR, heavy duty 
printer ·with paper tape readeripunch. Currently 
operating on 20 rnA loop, convertible to E I A 
RS232. Has remote tape reader switch for use as 
local console or remote terminal. Best offer. 
Brad Jude, 42B Ridge Av, Clarendon Hil ls  I L 
60514, ( 3 1 2) 323-8093. 

WANT E D :  A\t�ir BBOO or 6BO construction 
package with PC board etching guide and parts 
placement guide. Ben Galewsky, 1 035 Dowlen 
Rd, Beaumont TX 77706. 

FOR SALE : Altair BBOO minicomputer with 21 K 
programmable memory, 2 K read only memory, 
cassette interface, video display interface, parallel · 
and saria\ \0 interface, ASC I I  keyboard, video 
monitor, connecting cables, manuals and some 
software. Asking $1 275. M Harris, POB 1 053, 
New Britain CT 06050, 1203) 225-0504. 

WANTE D :  BYTE ;;7, volume 1, March 1976. 
Wil l  trade volume 1, issues 1, 2 or 3 or cash. Write 
details. S Finbarg, POB 82, MIT Br, Cambridge 
MA 021 39. 

REWARD: $10 for information leading to the 
comprehension of a Prentice P 1 03 ANS modem. 
Need schematics, manual, etc. Will iam L Palya, 
St Joseph's College, Rensselaer IN 47978. 

FOR SA L E :  Computer Automation Alpha LSI 
2/20G minicomputer. 16 bit processor, hardware 
multiply/divide, stack and byte processing, priority 
interrupts, DMA, read only memory automatic 
load, Teletype interface, 8 K core memory, power 
supplies, chassis, programmer's console. Includes 
general and interfacing manuals, partial schematics, 
software listings for: assemblers, diagnostics, 
editor, loaders and math functions. $1 200 plus 
shipping, or trade for DEC LS\-1 1 equipment or 
24 by BO CRT. Paul Sorenson, 220 Cedar St. Apt 
7, E Lansing M l  4BB23, ( 5 1 7 )  337-0223 or 
353-9487. 

WANTED: Programs on B inch \ COM 3700 disk 
subsystem. I use \COM·58, DEBB I / I MSA\ and 
FDOS 1 1 1 . I also use the Cromemco Dazzler and 
the Cybernetic Speech Synthesizer. Please send me 
a copy of your disk and I wil l  pay you for it. Dr 
John M Larimer, 55 La Gorce Cir, Miami Beach F L  
3314 1 . 

FOR S A L E :  Assembled BOBO system, \ MSA\ 
22 slot mother board, large power supply, PIC-8 
28 K Godbout programmable memory. North 
Star disk, PolyMorphic video board, and Digital 
Group keyboard and cabinet, $2BOO. Morrow 
cassette board assembled, $70. Godbout read only 
memory with 4 K of BOBO assembler/monitor, 
$200. 3P+S kit, $1 1 0. Oliver tape reader as­
sembled, $60. C Watrobinski, 4923 N Kedvale, 
Chicago I L 60630, (31 2) 736-6920. 

FOR SA L E :  Make offer for complete set of 
BYTES, September 1 975. thru October 1 977, l ike 
new condition. sold singly or complete set to best 
offer. M Bakke, 44B Carlyle E, Belleville I L 6222 1 ,  
(61B) 235-5686. 

FOR S A L E :  Digital Group Phi Deck digital tape 
system (6400 bps), 20 second access time. Four 
drive cable case controller board. All factory 
assembled and tested. Used for three months, 
working fine when replaced by disks. All docu­
mentation and Phi-Mon operating system. Asking 
$824, you save $1 36. Will consider trades; I need 
a sophisticated terminal. Wi l l  ship UPS collect 
upon confirmation and receipt of $60 deposit. 
Confirm by phone IB04) 83B-1 950 Monday thru 
Friday B AM to 5 PM. 

FOR S A L E :  Five 4 K Altair IS-1 00) static memory 
boards. Factory assembled and sti l l  on warranty. 
one never out of box. I am swi tch ing to 16 K 
boards. $1 00 each. No cash please. AI Marshall, 
408 Oakwood, Angola IN 46703. 

FOR S A L E :  ASR 33 Teletype, new covers, work­
ing reproducing tapes now, on stand and with 
plywood shipping crate, used, $850. Teletype 
1 inch paper tape $4 per 7 roll box. Altair 680b 
ready to go, $375. Digideck digital Philips cart­
ridge tape deck and electronics, all documenta­
tion, $145. These tape decks look perfect but are 
untested. All items plus shipping. Jim Beistle, 
3728 Wilkie Way, Ft Worth TX 76133. 

WANT E D :  BYTE volume 1, issues 1 thru 1 1 . Must 
be in good condition. Mail price to Byron de Vries, 
Box S-2B 1 ,  Castle Point Sta, Hobo ken NJ 07030. 

L I N E  PR I NTE R :  Altair BBLP Okidata 1 1 0  with 
tractor feed. controller, cable and documentation 
for sale. Less than one roll of paper run through 
it.  Cost new $1 750, will sell for $1 400"; you pay 
freight. Dave Uhring, 7 1 0  Cedar St. Collinsville 
I L 62234, ( 6 1 B) 344-5188 days. 

FOR S A L E :  Altair IS-1 00) microcomputer, 
assembled and tested. 8080 processor, VDM-1 
video display, Solid State T V  monitor, Tarbell 
cassette, Pennys recorder, ASC I I  keyboard, Tarbell 
disk controller with Cal Camp 1 40 disk, CPM 
software, 44 K static memory, parallel 10 board 
with two inpor:ts. two outports. 1 2  position 
mother board, 2B A power supply and cabinet. 
Comes complete with popular software, all I Cs 
socketed, and full documentation. $3000. 
P. Sargent, 4209 Knoxville, Lakewood CA 90713, 
( 2 1 3) 421 -952 1 .  

F O R  SA L E :  Complete PolyMorphic system, 
includes processor board. two 8 K boards, video 
board, 5 slot mother board. Panasonic tape re­
corder, keyboard, converted TV, all cables and 
assoned prerecorded software. All less than 9 
months old, preassembled. Valued at over $2300, 
will  sell to best offer over $ 1 750. Scott Hayden, 
23921 Col fax St, Lowell IN 46356, ( 2 1 9 )  
552-0232. 

SOFTWA R E :  POLY AOO BASIC. With dynamic 
graphics - Bomber9, Missile, Tank, Pursuit, 
Equation Plot, Biorhythm, Sketch, Splat, New 
Lun Lander. $3 each. Send for complete list. 
Ted Carter, 902 Pinecrest, R ichardson TX 750BO. 

FOR SA L E :  IMSAI 16 K assembled memory 
cenified good by I MSA I :  $299. Assembled and 
tested Poly BB System 2: $499. Assembled and 
tested lvinually riew) I MSA\ disk drive with 
interface, cable, and DOS-A '(FDC2- 1 ,  F I F ,  
Cable C ,  DOS-A) : $1 399. Shipping paid. Call 
G reg Jewell to reserve the equipment you want. 
1208) 234-0495 evenings. 

FOR SALE : CT1024 socketed, RS232 interface, 
good condition, $95. Les Zoltan, 1 51 Buckingham 
D r  #280, Santa Clara CA 95050, (408) 984-769B. 

FOR S A L E :  Hewlett-Packard Model 1601 A logic 
state analyzer for use with any 1 80 series main­
frame as a d isplay unit. Includes two Mode\ 1 0231 A 
6 bit data probes, and two blue light filters - one 
for 1 82 and one for 180 series display units. See 
HP 1976 catalogue, page B2, for further info. 
Brand new condition, $1 400 or bes) offer. Mike 
Rosenthal, 906 NW 30th St, Corvall is  OR 9,7330, 
(503) 754-0593 evenings. 

· 

FOR SALE : MITS COMTER 256 keyboard 
terminal with built-in acoustic coupler, RS-232 
interface, FSK tape output, factory adjusted, 
l i ke-new condition. Steve Fritts, (61 5) 637-6705 or 
(61 5) 525-5407. 



VISI BLE 
OR 

I N FRA RED 

USED FOR CHARACTER 
RECOG N ITION FOR 
COM PUTERS WITH 

EXTERNAL CI RCU ITS 

MAY BE USED I N  
A VACU U M ,  

U N DER WATER', 
H I G H  ALTITU DE 

I N  M AG N ETIC ENVIRONM ENT 
BECAUSE T H E R E  I S  NO 

HIGH VOLTAG E  OR 
MAG N ETIC DEFLECTION 

M I NATU R E  SOLI D STATE 

202 VI DEO CAM E RA KIT . 
FEATURING A . . .  1 00 x 1 00 BIT SELF SCAN NING CHARGED COUPLED DEVICE 

TH IS UNIQUE UPDATED CAM ERA KIT 
FEATURES THE FAI RCHILD CCD 202C IMAGE SENSOR 

A D VA N TA G ES 
• IN T H E  FUTU R E  

WE W I L L  S U PPLY A 
COMPUTER VI DEO INTERFACE CARD 

• All clock voltages operate at 6V 
reg u i ri ng no adjustments 

• H i g her video output signal 
• We su pply the power board, so only  

a 5V 1 Amp power sou rce is needed 
• The c i rcu itry has been s i m p l if ied for 

easier assem bly 
• Two level TTL output is s u p p l ied for 

i nterfacing 

FEA TURES 
• Sensit ive to infra red 

as wel l  as visible l ight  
• May be used for IR surve i l lance 

with an IR l ight sou rce 
• Excellent for standard 

survei l lance work, because 
of l ight weight and smal l size 

• Al l  components mounted on 
paral lel  3 3.4 "  x 61/2 "  s ing le  
sided boards 

• Total weight under 1 l b. 

We supply a l l  semiconductors, boards, data sheets, 
d iag rams, resistors and capacitors, and 8MM lens. 

$349°0 
Add $75.00 to assemble and test 
Add $2.00 Postage and Hand l ing Sorry we do not supply the case, batteries and 5V supply. 

UNIVERSAL 4Kx8 MEMORY 

$69.95 2N62J3-NPN SWITCHING POWER S 1.95 
MRF-8004 a CB R F  Transistor NPN S 1.50 
2N3772 NPN S• T0-3 . .  $ 1.00 

8 PIN .22 �4 PIN .40 
1 4  P I N  .25 28 PIN .50 

4001-
4002-
4006-
4007-
4009-
4010-
401 1-

:::::: :�?:u 
...... 1 6.75 ...... I l.!IO 

. s •.so 
........... ' l,l!i 
··········- $ 3.4!1 1 �-.n· 

S 2.75 
1 4.2!1 
1 4.95 
1 1 0.95 

... ..... . . . • 1.95 
$ 6.9!1 

264L - 128 FIVE·TIE POINT 
T E R M I NALS ....... , .......... $12.75 

2 1 2 R  - POWER BOARD ............. S 2.50 
2248L- 96 FIVE-TIE POINT 

T E R M I NALS ............. , .. ,. S 9. 75 
209R - POWER BOARD ...........•• $ 2.25 

I C  TEST CLIPS 
TC·l 6 - $4.75 

This hoar el lS <l 1 / 1 6 "  SlnHie SICICd pi!pcr epOKV 
boH,cl. 4 ' .• 'Jt6'·i" D R I L L E D  ;�ncl ETCHED 
whit:h W1ll  hold up 10 2 1  s•ngle 1 4  p1n IC's 
or B. 16. or LSI DIP IC's wtlh t.usses lo• 
power supply conncclor. . . $4.00 
MV 5691 Y E L LO'N-G R E E N  

B I POLAR LED. . . . .  S .90 
FP 100 PHOTO TRAN!) . . S .50 
R E D, YE LLOW, G R E E N  or AMBER 

LARGE LED's .2" . . 6/$1.00 
1 L-5 (MCT·21 OPTO·ISOLATOR . . . S . 75 
MOLEX PINS . . 1 00/51.00 

1 000/SB.OO 
1 0  WATT ZENERS 3.9, 4.7, 5.6, 8.2. 

18,22,100,150 or 200V . oa. $ .60 
1 WATT Z E N E A $ 4.7, 5.6, 1 0, 1 2, 1 5  

1 8 or 22V ea. S .25 
MC6860 MODEM CHIP $9.95 

MCM 657 1 A 7 x 9 character gen $10.75 

Silicon Power Rectifiers 

$ 1 .00 

2N1 546 PNP GE T0-3 . . . $  .75 
2N4908 PNP S• T 0- 3 S 1 .00 
2N6056 NPN 5, 10 ·3 Q;.,ltn!JICn 5 1 . 70 
2N5086 PNP S• T0-92 . . 4/$ 1 .00 
2N3 1 3 7  NPN Si RF . . . . . . . . . . . S . 8 5  

2N404 P N P  G E  T0-5 SIS 1 .00 
2N3919 NPN S• T0 -3 R F  . .  S 1 .50 
MPSA 13 NPN S• 10·92 . 315 1 .00 
2N3 76 7 NPN S• T0-66 . . S . 70 
2N2222 NPN S• T0·18 . 5/S I .00 
2N3055 NPN S• T0-3 . . .  S .50 
2N3904 NPN S• T0-92 . 5/S 1 .00 
2N3906 PNP St T0·92 . . . 5.'5 1 .00 
2N5296 NPN St T0-220 . . . . S .50 
2N6109 P N P  S• T0-220. . . .  S .55 
2f.J36:!8 PNP 5, T0-5 . 5/S 1 .00 

1400- .1 3 
7401 - . 1 3  
7402- .1 3 
7403- . 1 3  
7404- . 1 5  
7405- . 1 3  
7406- .16 
7407- .20 
7408- .18 
7409- .18 
7410- .1 3 
741 1 - . 18 
7412- . 1 3 
7413- .36 
7414- .60 
741 6- .22 
7417- .25 
7420- . 1 3  
7425- .25 
7426- .22 
7427- . 1 9 
7430- . 1 3  
7432- .22 
7437- .21 
7438- .21 
7440- . 1 3  
7441- .70 
7442- .37 

TIL IC SERIES 
7445- .85 
7446- .68 
7447- .58 
7448- .88 
7450- . 1 5  
7472- .25 
7473- .28 
7474- .28 
7475- .45 
7476- .30 
7480- .31 
7483- .65 
7485- .87 
7486- .28 
7490- .42 
7491- .58 
7492- .43 
7493- .43 
7494- .67 
7495- .65 
7496- .65 

74107- .28 
74121- .29 
74122- .38 
74123- .45 
74125- .40 
74126- .40 
74150- .94 

74151- .61 
74153- .61 
74154- .94 
74155- .58 
74157- .55 
74161- .55 
74163- .55 
74164- .85 
74165- .95 
74170- 1 .68 
74173- 1.20 
74174- .95 
74175- .85 
741 76- .75 
74117- .75 
74180- .65 
74181- 1.90 
74190- 1.00 
74191- 1.00 
74192- .79 
74193- .79 
74 1 94- .so 
74195- .85 
74196- .86 
74279- .55 
74367- .65 
75491- .50 
75492- .50 

s 1.85 

74LSOO - ·" 74LS126 - ·" L M 1 0 1  - ·" 
74LS02 ·" 74LS1J2 - .80 LMJOI/748 .29 
14LSOJ - ·" 74LS1JB - .39 LM307 - .JO 
74LS04 - ·" 74LS1JB · .70 LM J08 - .75 
74LS05 .28 74LS1J9 - .70 LM 3 1 1  - .7S 
74LSOB - ·" 74LS161 - .>0 L M J 1 8  - 1 .20 
74LS09 - .28. 74LS15J - .>0 t.M J 1 9  - .95 
74l.S10 .21 74LS155 - .70 LM 324 - 1.05 
74LS11 - .21 74LS156 - .70 LM339 - 1.10 
74LS13 - .44 74LS157 - .72 LM J58 - 1.40 
74L.SIS - .25 74LS160 - .88 LMJ70 - 1.15 
74LS20 .24 74LS161 - .85 LMJ71 - 2.50 
74LS21 - ·" 74LS162 - .85 LM 380 - .95 
74LS22 .28 74LS183 - .85 LMJ81 - 1.25 
74LS28 - .J2 74LS168 - 88 LMJ82 - 1 .25 
74LS27 - .J2 74LS169 - .85 LM 637 - 2.50 
74LS30 - .25 74LS170 - 1 .68 l.MS53 - 2.60 
74LS32 - .J2 74LS17J - 1.10 LM555 - .J9 
74LSJ7 - .J2 74LS174 - 1.00 t.M fl58 - .85 
74LSJ8 - .J2 74LSI15 - .80 NES40L - 2.26 
74LS40 .28 74LS190 - . as ... - 2.00 
74LS42 - .55 74LS191 - .as 565 - .85 
74l.S47 - .79 74LS192 - .95 5&l - 1.25 
74LS61 .28 74LS19J - .95 587 - 1.30 
74LS54 - .28 74LSHIS - .95 70] - .90 
74LS90 - .95 74LS196 - .95 709 - .25 
74LS74 - .JS 74t.S197 - .95 ,. - .JS 
74LS76 .35 74LS221 - 1 .25 741Cor V - ·" 
74LSOS - 1.30 74LS2�7 - .70 "' - .65 74 1...586 - .35 

74LS258 - .70 L M 1 3 1 0  -2.50 74LS90 - .55 
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•correspond directly with Company 

Brains Take BOMB-Again 

Readers voted first place in the BOMB to 
'The Brains of Men and Mach ines " for the 
second month in a row. Part 2, enti tled 
"How the Brain Controls Outputs, " page 
84, placed 1 .  7 standard deviations above 
the mean. Second prize goes to Webster and 
Young for "Add a $3 Light Pen to Your 
Video Display, " page 52, which placed 1 . 1  
standard deviations above the mean. Prizes 
of $ 1 00 and $50 wil l  be awarded to the , 
respective authors. • 
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Experience 
the excitement of owning the world's 
finest personal computer-
IMSAI 8080 
Waiting for you-all the incredible 

performance and power of the 

IMSAI 8080. And at a price you 
would normally pay for a fine 

home music system. 

Introduced more than two years 
ago, the IMSAI 8080 is sold world­

wide and acknowledged as the 
finest personal computer available. 

WORLD OF USES 
The IMSAI 8080 is a superbly 
engineered, quality computer. It is 
versatile, expandable and power­
ful, putting literally hundreds of 

applications and uses at your 

fingertips. Imagine sitting at your 
desk and enjoying interaction with 
your IMSAI 8080! Press the on 
switch and you're ready for game 
playing, research, education, busi­
ness applications, or for laboratory 

instrument control. It has all the 

power you need, and more, to make 
your application ideas come alive. 

GROWS WITH YOU 
The IMSAI 8080 is designed for 
many years of pleasure. With its 
open-chassis engineering you can 
expand your system by adding 

peripherals and interfaces. The 22-

slots and 28 amp power supply 

mean that you can plug-in today's,  

plus tomorrow's modules. 

Right now you can add a module 

for displaying line graphics and 

characters on TV; a ready-to-use 
keyboard; small and large printers, 
and a single interface · that lets 
you attach multiple devices. Expect 

the latest, exciting equipment from 

IMSAI. We are committed to leader­

ship in this expanding technology. 

EASY TO PROGRAM 
Choose your language, BASIC, 

FORTRAN, ASSEMBLER. We 
have them all! With advanced text 

editing a!ld file management, you 
can program sophisticated and 
unique applications, limited only by 

your imagination. 

If you're thinking personal computer, 
treat yourself to the very best­
IMSAI 8020 
Call or w ri te for name of oea11est 
dealer. 

The Standard of Excellence 
In Microcomputer Systems 

IMSAI Manufacturing Corporation 
1 4860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 TWX 91 0-366-7287 

Ci rc le 1 75 on inqu i ry card. 



This a .. bil �nachine, 
by itself, is as versatile 

as a lot of syste�ns 
that include peripherals 

U F. A "t u •r•• 
----

Be sure to use coupon on 
page 48 of this magazine 

to order your FREE 
Heathkit Catalog! 

Responding to simple instructions 
the "intelligent" panel displays 
memory and register contents, lets 
you inspect and alter them even 
during operation. And for greater 
understanding, the front panel 
permits you to execute programs a 
single instruction at a time. The 
result is a powerful, flexible learn­
ing tool that actually lets you "see" 
and confirm each detail of HB's 
inner workings. 

If you need further evidence, con­
sider the fact that HB's system 

orientation allows you an almost 
unlimited opportunity for growth. 

Memory is fully expandable, the 
BOBOA CPU extremely versatile, 
and with the addition of high speed 
serial and parallel interfacing 
you gain the added flexibility of 
1/0 operation with tape, CRT con­
soles, paper tape reader/punches, 
and soon floppy disk systems! 

The HB offers superior documen­
tation including complete step-by­
step assembly and operation 
manuals, is backed by 54 yeo:rs of 
Heath reliability, and comes 
complete with BASIC, assemble.t 
editOr, and nAnnttr 
others charge 

C i rc l e  1 60 on i n qu i ry card.  
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