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OPERATES -Up to 4 terminals running I N DEPEN DENT programs 

H ARDWARE TIME SHARE- Requires no modifications to computer 

IDEAL FOR -All multi-terminal applications 

The SwTPC mu lti-u ser system converts our standard 6800 

single u ser co mputer into a mu lti-user t ime share system 

that may be o perated w ith up to four term ina ls. The four 

term inals  operate independently and may be running four 

d ifferent programs. 

No mod if ications to the computer are necessary, you s im­

ply plug in the mu lti-u ser board and add an interface for 

each add itiona l term ina l. 

The mu lti-u ser system is idea l for program tra ining, mu lti­

station business appl ications and for com pu ter aided in­

struction (CA l). Speed reduction from a single u ser system 

is neg l ig ible becau se all sw itch ing is done in hardware. 

Multi -user BASIC, su itable for program instruction and sim­

ple business a pp l i cations, is included w ith the mu lti-user 

board. An 8 K d isc BAS I C  is a l so ava i lable for systems in 

which d isc d rives are u sed. This  software has a complete 

nine d ig it  f loating point math package, fu ll string featu res 

and data f i les. 

For computer a ided instru ction app l ications, a fu II feature 

version of P I LOT is avai lable. I t  includes math o perators, 

misspe l l ing match features and a l l  other proposed for the 

ANSI I standard version. The 6800 mu lti-u ser system is just 

as econom ica l ,  but far more f lexible and powerf u l  than 

mu lti ple sma l l  machines for CAl  a pp l i cati ons. 

MUB-68 Multi-User Board and BAS I C  Software 

Assembled and tested ..... . ...... . .... . . .  $1 50.00 

Kit . - ....... . .. . ................ . .. $1 29.95 

SOUTHWEST TECH N ICAL PROD UCTS CO RPORAT I ON 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 

Ci rcle 350 on inquiry card. 



Model Z-2 
Model Z-20 

One or two disks 
System Two 

Dual disk 
Up to 512K of RAM/ROM Up to 512K of RAM/ROM 

Up to 184K of disk 
Up to 512K of RAM/ROM 

Up to 184K of disk 

Fill your computer needs 
with the industry's 

most professional microcomputers 

#1 IN RELIABILITY 
When you choose Cromemco you 

get not only the industry's f inest 
microcomputers b ut also the ind us­
try's widest microcomputer selec­
tion. 

What's more, you get a computer 
from the manufacturer that compu­
ter dealers rate #1 in p roduct re­
l iabi l ity. • 

You r  range of choice includes 
our advanced System Th ree with 
up to fou r  8" d isk dr ives. O r  choose 
from the System Two and Z-20 with 
5" dr ives. Then for ROM-based work 
there's the Z2. Each of these com­
puters further offers up to V2 mega­
byte of RAM (or ROM). 

We say these are the industry's 
most p rofessional microcom puters 
because they have outstanding fea­
tu res like these: 
• Z-BOA microprocessor - oper­

ates at 250 nano second cycle 
time - nearly twice the speed of 
most others. 

*Rated i n  The 1977 Computer Store 
Survey by Image Resources, Westlake 
Village, CA. 

Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 

.• . . . , . , . ... • " 

System Three 
Two to four disks 

Up lo 512K of RAM/ROM 
Up to 1 megabyte of disk 

• 21 card slots to allow for un­
paralleled system expansion us­
ing industry-standard S-1 00 
cards. 

• S-1 00 bus - don't overlook how 
important this is. It has the in­
dustry's widest support and Cro­
memco has professionally imple­
mented it in a fully-shielded 
design. 

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

Specialists in computers and peripherals 

• Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys­
tems, and data acquisition in­
cluding cards for A-D and D-A 
conversion, for interfacing daisy­
wheel or dot-matrix printers, even 
a card for programming PROMs. 

• The industry's most professional 
software support, including FOR­
TRAN IV, 16K Disk-Extended 
BASIC, Z-80 Macro Assembler, 
Cromemco Multi-User Operating 
System - and more coming. 

• Rugged, professional all -metal 
construction for rack (or bench 
or floor cabinet) mounting. Cab­
inets available. 

FOR TODAY AND TOMORROW 
Cromemco computers will  meet 

you r  needs now and in the future 
because of their  unquestioned tech­
n i c al l ea d e rsh i p ,  p rofess i o n a l ism 
and enormous expandability. 

See them today at you r dealer. 
There's no substitute for gett ing 

the best. 

see next r\. 
page l/" [3Cromemeo 
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Anchouet",AK99502 
ALASKA 0\VERSIFIED DIGITAL 

1700 WntllottCOAv�nut 
(907)277-6112 

1\unuvlllc,AL)SIIOS 
COMPUTER LAND OF HUNTSVILLE 

)020 Univer�ily Drive, N.W. 
(205 ) Sl9 ·1200 

•LiUitRock,AR 12206 
COMPUTER PRODUCTS UNLIMITED 

2412 SouthBroldWAy 
(SOI)lll-0449 

Photni�. AZ8S013 
BYTE SHOP OF PIIOENIX 

24 W. C..mdb4ck R d. 
(601)26S.CXl6S 

Photnlx,AZ8S021 
COMPUTER RESEARCH CORP. 

2225 W. Min, View Ro�d -No.6 
(602)94)-8719 

Photni�, AZ 8S029 
COMPUTER WORLD 

2230 Wts1 Lirk\pur 
{602)94l..S92S 

Tuuon,Atiloni8S716 
BYTE SHOP OF TUCSON 

l612 Ent Bio.odw•y 
{602)3274579 

• C.•son,cA <J0746 
SUNSHINE COMPUTER COMPANY 

20710 Soutll LupwGOdA�cnue 
(213)321-2118 

•GuullhiJhU, CA 95610 
BYTE SHOP SACRAMENTO 
6041 Gr«nb"k Lint 
{916)961- BYTE 

El c�rrito, CA 94530 
COMPUTER LAND EL CERRITO 

11074 S�n P1blo Avenue (J15)2 3J.SOIO 
•FounuinV41 lcy,CA92708 

ADVENTURES IN COMPUTING 
87S6 Warnft A>enuc 
{714)84UJ88 

Fresno,CA93703 
BYTE SHOP OF FRESNO 

3139 E. McKinlr� A�cnue 
(209) 485·24 17 

lbywud,CA9.U42 
COMPUTER LAND OF HAYWARO 

22634 Foothii!Boulnud 
(41S)Sl8-3080 

HunlinKtonBuch,CA92647 
ALGORITIIM PERSONAL COMPUTERS 

7561 Rhine01i•t (714)7SI..S080 
lnKitwo o d,CA90102 
COMPUTER LAND OF W. LOS ANGELES 

6840 L� CicnCJl Bou ltv•rd 
(21))776-8080 

Lawndalc,CA92060 
BYTE SHOP OF LAWNDALE 

6S08 H•wlhorn¢llouleY.ar d 
(213)311·2..121 

•Loomis,CA95650 
lo:INGMONT ENTERPRISES, INC. 
9900 Kin1 Roid 
(916]988..SI89 

L01 AnJcltt, CA 90025 
AMERICAN RECORDER COMPANY 
16SS S•wtcllt Bou leY�td 

(2ll) 477-2063 

MenloPark,CA9--1025 
COM PUT ADA T A PRO CESSING SERVICE 
222SSh,.onRo•d-No.224 

Min;on Vltio, CA 926)0 
C0.\1PUTERLAND SADDLEBACK VLY 

24001 Vi1Fabriuntt-No.904 
(714)170..01]1 

Mor�Jl,CA9HS6 
ACCOUNTING BY COMPUTER 

1161 L•rci!A wc. 
(41S)376-11l0 

• Mounuin View, CA ')4().10 
BYTE OF MT. VIEW 

1061 W. EIC•mlno RuJ 
{415)969·S464 

Or.an&t,CA92667 
COMPUTER MART 
6H-BWn1 K•tcli1 Boulcv11d 
(71 4]6 ll·1222 

Palo Aito,CA94l06 
BYTE SHOP PALO ALTO 

2227 EI Camino Rul 
{41S)l27·8080 

Palo AI1o,CA94301 
MICROTECII EXPORTS 

912 CowpctStrcct 
(41S)328·1712 

Paudena,CA91101 
BYTE SHOP PASADENA 

4 96 SouihUhAvcnur 
(21])6&4·))

.
11 

Pl•ccrvillc,CA95667 
GRANITE BUSINESS SYSTEMS 

670 Piuunt V•IIcy Ro.od 
(916)626-11

.
61 

Suumento,CA95816 
MICROCOMPUTER APPLICATIONS SYS 

2)22 C.aplt11 Avcnue 
(916)4334944 

S•n0iqo,CA92211 
COMPUTERLAN O O F  SAN DIEGO 

42ll Convoy S11Ht 
{714)560.9912 

S.n Dit1o.cA92111 
THE COMPUTER CENTER 
820SRontonRo•d 

(714)292-5302 

S•nFt.andloCo,CA9410S 
COMPUTER LAND OF SAN fRANCISCO 

117 Ftcmont Snect 
(41S}S46- IS92 

•Sinfr�nci!.C;,CA94103 
THE COMPUTER STORE OF S.F. 

1093 Mi�o�ionSuect 
(415)431 .()640 

SanF.,nchco,CA94118 
litE NETWORK: 
49JThi• dAvcnur-No.8 
{41S)221·1112 

•DENOTES 'SYSTEM THREE' DEALER 

BYTE July 1978 

SEE YOUR LOCAL DEALER 
s�n jou,CA951'N 
BYTE SHOP#) of SAN JOSE 

1626 UnlonAvenur 
(408))77-4685 

Slnjo�.CA
.
9S11l 

THE COMPUTER ROOM 
124-11 Blonom lli!l Ro�d 
(408)22ii.S)83 

S•n Jow,CA9Sll2 
PLANE DATA WORKS 

)S84 MinloCourt 
(408)261.05

.
66 

S•nlulldro,CA94S77 
COMPUTER LAND CORPORATION 

14400 C.UIIirtll51fttl 
(415)895-93

.
63 

•S•nt.bteo,CA94401 
COMPUTER TERMINAL 

l09 S. SinMiteoOrlvr 
(41 S)l4 7- 9 894 

•Sint• An,,C
.
A9270S 

ADVANCED MICROCOMPUTER PIWO. 
1110 En1 E dinltf 
(714)H8-881l 

S•nu0ori,CA9SOS\ 
THE BYTE SHOP OF SANTA CLARA 

3400 EI C•mino Rul 
(4011)249-4221 

5AnUMonH:I,CA90401 
TilE COMPUTER STORE 

820 Bro• dw•y 
(2 ll)4S1-0711 

Sunnyv•lt,CA94086 
BYTE INDUSTRIES 

9JO W.M,u<k 
(415)739-8� 

• SunnY"•Ir. CA 940&6 
RECREATIONAL COMPUTER CENTER 

1l2.1SnulhMwrAv�nuc 
( ..108)732·3108 

Tuuin,CA91680 
COMPUTERLANO OF TUSTIN 
IQ..IWHifir�I Sirccl 

(714)S44.{)S42 

•v1n Nuy\, CA 9U I I  
COMPUTER COMPONENTS 

S848Xpulvcd� Boulcwud 

Wilnu1 Cnck,CA94S96 
BYTE StlOP COMPUTERS Of DIABLO VL Y 

1989 N. MiinSif«l 
{4 1S)9Jl..62;2 

Enalcwood,C080110 
BYTE SHOP OF ARAPAHO COUNTY 

3.163 SouihAcom.IStu·u (30 3)76 1..6)2 1 
F11rfield,CT064JD 
COMPUTER LAND OF FAIRFIELU 

247Sillick Rock Turnpike 
{203)114-2227 

Wind\<K Loch,CT06096 
TH[ COMPUTER STORE 
6J South M<�inSuccl 
(20))627-0188 

Ncw�rk,OE 19711 
COMI'UTERLANO OF N[WCASTLE CITY 
l.!lfo ShoppinJCcntrr 
Kirk,..oo d  Hi�hw<�y 

(302)738-96!6 

F t. Li ud c. d alc,FL J)3 J4 
BYTE: OF FT. LAUDERDALE 
IQ..I4 E. Oikl4nd Puk lll� d. 
!JDS)561-298J 

FI. Liud .. dalc,FllH12 
COMPUTERS FOR YOU,INC. 

l608 W. BrowlfdBI•d. 
(lOS)S81 .894S 

•Ft.Mcycu,FL))901 
MICRO COMPUTER SYSTEMS, INC. 

12800 U.S.41 South 
(81l)481·ll7G 

PllnUtion,Fllll17 
COMPUTER AGE 

1400 S.W.701hAvcnue 
(3 0S)791-30.SO 

• T1mp1,FLB609 
MICRO COMPUTER SYSTEMS 
14 .1 S. Oalc,.,bb•yA"tnuc 
(813}11794225 

• Atl•nu, GA 10HO 
ATLANTA COMPUTER MART 
S091-B8ufordlli&hw•y 
(4Q..I)4S5 ..o647 

Mlllcm,GA
,
30060 

EDUCATIONAL DATA SERVICES i9 0x for d Ro •d 

•tblku,,.bui,HI%703 
CAPACITY, INC. 
P.O. DoxA 

(S08)57S·2930 

•Honolulu ,HI':I681S 
COMPACT COMPUTERS 
lOS Ro�i l Hlwail<�n,Stc,407 

(808)l1l·27S I 

Kallui,O<�hu,tll961l4 
MICROCOMPUTER ENTERPRISICS 
14 SO Mokul u a Drivc 
(808)261·3281 

A!linKtonHd&hii,IL60004 
COMPUTERLANO ARLINGTON HTS. 

SO Em R<lndkoioJ 
(312)25S..6488 

Ch•m�i8",1l61820 
BYT[ SHOP CHAMPAIGN 

1602 S. Nc� S�rcct 
{217)352-2.3D 

0tiUJo,IL606)2 
BRONSON & RII:A TTON, INC. 

5161 S. MilludAvcnllf 
(312)135..6200 

Lhlc,IL60S32 
COMPUTER & CONTkOL AFFILIATE 

4315 Aulu,No.401 
( 3 12)96S.6S 48 

Lomb�r d,IL60148 
MIDWEST MICROCOMPUTERS, INC. 

708 Sooth MainStrttt 
(312)49S·9a89 

Naprr¥lllc,IL60540 
ILLINI MICROCOMPUTERS 

612 Eu1 Orden Avtnuc 
(312)420-8813 

Nilct,IL60648 
COMPUTER LAND NILES 
951 1 N.Milw•ukec A¥cnuc 
(112)967·1114 

O�k Lawn,IL604H 
COMPUTER LAND OF OAK LAWN 

109HSoulhCictro Avcnur 
(312)422-8080 

Rodfor d,IL61101 
IMPERIAL COMPUTER SYSTEMS 

110S -23 r dAnnUf 
(81S)126 .fl200 

Sduumbura,IL6019S 
DATA DOMAIN SCHAUMOURG 

1612 [ni AI¥onquinRoid 
(312) 397-8700 

•Btoomlnston: IN 47401 
DATA D OMAIN 

406SomhCollcttAvcnuc 
(812)])4 .3607 

•Fo11W<�ync,iN4680S 
OATA DOMAIN OF FOkT WAYNE 

2SOS EutS utc BouleYud 
('219)484·7611 

lndlinipOIII,IN46268 
DATA OOMAIN OF INDIANAPOLIS 

7027 Mich1Jit1Road 
(li7)1SI·ll

0
l9 

WHI bflyntc, IN 47906 
DATA DOMAIN OF W[ST LAFAYEn[ 

219 Wnt Columbla 
(31 7)743 ·3951 

Milsion,ICS66202 
COMPUTER CENTER 

SSU )ohnwnOri•e 
(911)412·29113 

OvtllindPalk,KS66206 
PERSONAL COMPUTER CENTER, INC. 

3819 W.9 S t h S!Iul 
{91l)649-S942 

LninJtOn, KY 40SOI 
DATA DOMAIN OF LEXINGTON 

S06·1/2 Eucli dA•enuc 
( 606) 233· 3146 

Loullville,ICY402l2 
COMPUTERLAND OF LOUISVILLE 

81)-B LyndunUn¢ 
{ S0 2) 42S -33 03 
Loullvllle,KY40220 
DATA DOMAIN OF LOUISVILLE 
3021Huntln&e<UM 
(S01)4S6·S242 

Loui!Yi11 c ,KY40106 
PRAGMATECII 

2JI0 MrllwoodAVMUC 
(S01)89S· I230 

•aurllnJ1on,t.1A 01801 
THE COMPUTER STORE 

120�mbrld�Sin·ct 
{617)272-3770 

Conc<Kd, MA 01742 
TRAIL EQUIPMENT COMPANY 

67 M•In 
(617)169·8643 

Collqc p,_k, MD 20740 
INT[LLIGENT BUSINESS MACHINES 

7ll8 B•Itimorc,Avtnue,Suitc200 
(301)179·7998 

•Pokn•·illc ,MD21208 
MODULAR SYSTEMS, INC. 

400SXvcnMilc Lanc 
(301)484..6322 

•Rochlllc,M020852 
COMPUTER WORKSHOP 

1716 Emjdferson 
[101)468-046) 

R«hillc,MD208SS 
COMPUTERLAND OF GAITIIERSOURG 
1606SFrcdttlckRo.�d,Rourc3H 
{)01)948·7676 

Sllvcr Sprin&,M020901 
C & M ENGINEERING, INC. 

9318 WollhA«nue 
(301)589·3779 

•Towtun,t.10
°
21204 

COMPUTERS ETC. 
0-A Alltlh�ny Avenue 
(301)l96.QS20 

AnnArbor,MI 4111 Q..I 
NEWMAN COMPUTER EXCIIANGE 
12 SO North M� lnStrrrt 
(313)994-4445 

AMAibor,MI481Q..I 
THE COMPUTER STORE 
J IO EmWul'llna•o n 

(31))995-7616 

AnnArbor,MI48104 
UNITEO MICROSYSTEMS COkP. 

1601 Souti!SultSir«l 
(313)668-6&06 

•BcrrlcnSptinJl,MI J9103 
TltEADACUS 
Roulc No. I, Bo• 19l,(Nii�Avrnuc) 
(616)429·1014 

GundR.apkii,MI49S08 
JEPSAN,GROUP K 

4706 Mornlnp.llkDrivc,S.t. 
(616)698·9057 

koral O��.MI 4S07J • 
COMPUTER MART OF ROYAL OAK 

1800 Wcu14 MilrRoad 
(313)576-0900 

E dln�,MN s543S 
COMPUTER DEPOT, INC. 

3515 W��� 70 1h Str«t 
(612)927·5601 

Chntufitld,Mo 61017 
COMPUTEk SYSTEMS CTR ST. LOUIS 

1J461011vt 8ou1eYUd 
(l14)S76·S020 

L•hSt. Loui\,M06H67 
DATA DYNAMICS, INC. 
IOOOL41..t S•intlllvd.,Stc.124 

(3 14)625 ·14 00 

Nuhu�,NH03060 
COMI'UTERLAND OF NASittJA 

419 Amhtrt1 
(603)8119·5238 

Hobokcn,NJ07030 
IIOBOICEN COMPUTER WORKS 
No.201tudlonPI<�cc 

(201)420·1644 

•t�ot�in,NJ oa8Jo 
COMPUTER MART OF NEW JERSEY 

SOl RourcNo. 27 
(201}281-0600 

M<KIIIIown,NJ07960 
COMPUTEkLAND OF MORRISTOWN 

2 De H�tt Srr«t 
{201)5394077 

Rcno,NV89502 
B�IE SHOP OF RENO 
4104 Klcukc L. anc 

(701)826-8080 

Bufblo,NY 141SO 
COMPUTERLANO OF BUffALO 

/:iii �tl�S��·"' Boulrv.rd 

•Duff�lo,NY 14226 
CORSON COMPUTEk CORP., INC. 

38lJM•inSif«l 
( 1 16)832.{1662 

Dt Win,NY 1l2 14 
COMPUTER ENT[kPRISES 

)478 Eric Ooulcv�td E411 
(315)446·1184 

llcwlcii,NY JI.S77 
LOUIS SCIIAEFFER 

l191t.mihonAvcntlf 
{S16)174·1286 

•Hollit,NY 11421 
SYNCHRO· SOUND ENTERPRISES 

19l-2SJ•m<liuAvcnue 
(212)468·7067 

hllac.a,NY 148SO 
COMPUTERLAND OF ITHACA 

225 EimiraRoid 
(607)271-1888 

New York Cit)·,NY 10016 
BYTE SHOP EAST 

130 E.40th Strcct 
(212)88941� 
R<>ehnt«,NY 14609 
COMPUTER HOUSE, INC. 
121 Atlantic Avenue 
(716)654·9238 

• Cincinnaii,Oit45409 
DIGITAL DESIGN 
7694 C..m.arao R d.( M.adicr.a) 
{S13)S61-67ll 

Cincinn.ali,OH4Sl02 
2 1 S T  CENTURY SHOP 
16 ConvnriunW•y 
Sl..ywall.., Vine & k .ac� 

(S0)6Sl·2111 

Columbui,OH43201 
MIDWESTERN DIGITAL ELECTRONICS 

801'!'rltlil'll' A•cnuc,Suitr 11 
{614)294-2991 

•Diyton,OH4S409 
DATA DOMAIN OF OA YTON 

19328rownS1rcCI 
(S0)22l·ll48 

Kcnr,OH44240 
01110 MICRO SYSTEMS 

23lSouth WIIetStrccl 
(216)678·S201 

Mlyfltl dHci;hu,OII44124 
COMPUTER LA NO OF CLEVELAND EAST 

1288 SomCr:nlcr ko.ad 
(216)461·1200 

Okl•homa CIIy,OK 71106 
HI Gil TECilNOLOGY 

1611 Northwul2)rdStrut 
(40S)528-&00!I 

Buverton. OR 97005 
BYTE SHOP OF DEAVER TON 

)4112 S .W. Ccd�t 11111 \ Boulc�••d 
{S03)644·2687 

EuitM,0R97401 
REAL OREGON COMPUTER CO. 

2 0S Wu! Tcmh Suce�,P.O. BoxS2 
[S03)484·1040 

•Tuil111n,Ok97062 
CREATIVE SYSTEMS 
8101 S.W. Nyhf•sRo• d 

( S03 )6 l8-8406 

Alli1onP�ri.,I'A 15101 
R. DON ICRIGG[R 

9180 Sprin�f i c- ld Ori•c 
(o!l2)16oi-494S 

Huntin11on V.allcy, PA 19006 
MARKETUNE SYSTEMS, INC. 

2)37 Philmon1Avcnuc 
(215)9H-6670 

KlnK ofPrU\Ii.a,I'A 19--106 
COMPUTEk MAkT OF PENNSYLVANIA 

S50..le K<�IbPikc( Routr202) 
(215)265·25110 

Pimbur�h,PA IS237 
ELECTRONICS PLACE 
7250McNish1 Road 

Wirwick,RI02886 
COMPUTER POWER , INC. 
1800Pott R�d 

(401)7384477 

•Columhii,SC2920S 
BYTE SIIOP OF COLUMBIA 

2018 Grttn Str�ct 
(1103)771·7824 

Memphis, TN 38101 
COMPUTEk SlOR[ 

2162 Counl.and Pl�cc 
{901)27..1·1918 

Nnhwillc, TNl7206 
COMPUTER WORLO 
62S,O.binStr«l 
(61S) 244..609� 

•Nuhvlllc, TN37211 
SURYA CORPOkATION 

S7SS Nolen•wlllc Ro�d 
(615)814·5638 

Am�rillo, TX 79109 
COMPUTER CORNER, INC. 

1800South�<><li• S r.,No.3 
(806)353-4194 

•Aullin, TX 78731 
COMPUTERS'N TIHNGS 

282Sibncockllrin 
(St2)4SJ.S970 

•CorputChri\li, TX 711411 
M1 Ck0 SYSTEMS SERVICES, INC. 

SlOI E vcrhm,SpKt ii-P.O. 8o�6S3S 
(512)11SS4S1G 

•ll•lla•,TX 75143 
COMPUSHOP 

211 Kcy1ton P�ol.., 139l3 North Unu•l 
(214) 234-3�12 

•ltouuon,TX770S7 
COMPUTERLAND OF S.W. IIOUSTON 

6419 We11hcime< 
(7 1))9 17 .(1909 

•Hou\lon,TX 77006 
COMPUTER lEX 

2300 RichmondAvenue 
{713)526..6934 

lloullon,TX 77016 
INTERACTIVE COMPUTERS 
7646·1/2 Ouhwoo d, P.O. 801 36584 

(71l)9J7.70)7 

[3Cromemeo 
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•uou\t<>n, TX 77098 
THEMOS 
185] Richmond Avenue 
(713) 527·8008 

Lollbock,TX 79412 
COMPUTER MART OF W. TEXAS 

lS06 D AHnuc,Q 
(S06)76S·7134 

Rlclurdwn. TX 75080 
THE MICRO STOkE 

634 SouthUntnl E•p10�nw•y 
(214)211·1096 

Provo,UT&4601 
TilE COMPUTER WORKS 

1lS Soot11S utcS�rnt,P. O.Bo�N 
(801)37)·7522 

Alcundri<�,VA223Q..I 
COMPUTERS PLUS , LNC. 
678S.Pickc11Stfct:t 
(70])751·5656 

MtLun,VA22101 
COMPUTER SYSTEMS STORE 

1984 Ch•in8ridacRo.od 
(703)821-3333 

Sulllt,wA 9sns 
THE RETAIL COMPUTER STORE 
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This month 's cover shows Bab­
bage 's 1 822 d ifference engine, a device 
designed to calcu l ate values in  mathe­
matical tab les .  Charl es Babbage was 
one of the earl ier  pioneers in the fie l d  
of computati onal mach i ne ry, whose 
work paved the way for later break­
th roughs in compu ting. 

In This ��II 
One way to demonstrate your 

K IM- 1  computer i s  to use it as a c lock. 
Robert Baker's art ic le K IMER :  A 
KIM-1 Timer shows you how to 
disp lay hours, m inutes and seconds 
on the computer 's LED disp lay. The 
program can a l so be used as a t imer. 

page 12 

Heat sens1 t1ve a lum in ized paper is 
the key ingredient i n  Axiom 's unusual 
EX800 pri nter. F ind ou t about one 
user's reactions to th is peripheral in 
The Axiom EX800 Printer: A User's 
Report by R J Bosen .  page 28 

Transform ing the goal " I  want th us 
and so function" into a program which 
performs that function is an act of 
design. Albert D Hearn prov ides the 
novice programmer with some back­
ground phi losophy about design of 
personalized programs in his artic le  
entitled Modular Programming. 

page 32 

Are you afra id of dynamic mem­
ories? Let author Lane T Hauck 
remove some of the mysteries about 
these devices in Who's Afraid Of 
Dynamic Memories? The greatest 
potential of the dynamic  memory for 
the experimente r  is i ts l ow p rice; 
read ing the artic le shou l d  prove to be a 
"refresh ing" experience. page 42 

Dr  J ames M Wi I I  iams takes readers 
on a fasci nating tou r of early experi­
ments in  automata in  his artic le  
Antique Mechan ica l  Computers, Part 
1:  Early Automata. Read abou t Vau­
canson 's mechanical duck and the 

4 J uly 1978 ©BYTE Publications Inc 

other mi racu lous pre-1 9th century 
devices that foreshadowed today 's 
compute rs .  page 48 

Today more and more design 
engineers are introducing para l l e l  
process ing into computer systems to 
improve throughput rates. With the 
advent of inexpensive m icroprocessors, 
experimenters can now investigate th is 
fasc inating area. Find out more by 
read ing Robert Loewer's The Z-80 
in Para l l e l .  page 60 

When d id personal computing rea l ly  
begin? Was i t  1 974 or  1 971 ? The sur­
pr is ing answer i s  1 966. Sol Libes' The 
F i rst Ten Years of Amateur  Comput­
ing traces the growth of th is rap idly  
growing fi e ld  over the past decade, 
and gives credit to the true pioneers. 

page 64 

The ab i l ity to control DC motors 
allows you to imagine appl ications 
from games to robotics. Robert L 
Walton describes a s imple method of 
shaft position control in his artic le, 
Contro l l i ng DC Motors. page 72 

j� <{1 d\ rjo 
�H t�t• 1;..,.....,--r{ 

Have you ever wondered how th i s  
business of  computing ever got 
started? And just what were the major 
developments and d i scoveries that 
made the computer industry what it is 
today? Wel l ,  take A Short H i story of 
Computing course by read ing the 
article by Keith S Reid-Green. I t  
p rovides a perspective on the antece­
dents of today 's developments in the 
fie ld  of computing. page 84 

If you wou ld  l i ke to turn your 
printer or other peripheral on and off 
from your computer keyboard , Steve 
Ciarcia describes a s imp l e  way to do 
it with an E ROM in Ciarcia's Circuit 
Cel lar :  Bu i l d  a Keyboard Function 
Decoder. page 98 

How do I choose a m icroprocessor 
for personal computing? I n  some 
respects the problem is analogous to 
attempting to choose between a V-8 
and a V-6 automob i l e  engine of the 
same horsepower :  both make the 
car go and most u sers cou l dn 't care 
less about the type of engine so long 
as the car gets them to the i r  desi red 
desti nations. S im i l ar cons iderations 
apply in  the choice of a personal 
computer product based on the 
microprocessor it contains. Who 
cares what m icroprocessor the prod­
uct contai ns, so long as i t  accom­
p l i shes a certain m in imum level of 
function with respect to systems 
and appl ications software? Lou 
Frenzel of the Heath Company gives 
some thoughts on How to Choose a 
Microprocessor in an artic le  in th i s  
issue. page 724 

Th in k ing of writ ing your own h igh 
level l anguage interprete r  for your 
home computer? If so, Ted Wi l l iams' 
and Steve Con ley 's arti c le ,  A High 
Level Language for 8 B i t  Mach ines, 
wi l l  supply you with an overview of 
one such imp lementation . The lan­
guage that they develop is su i table for 
use as both an i n terpreter or a 
compi ler . page 752 

If you own a Tarbe l l  cassette inter­
face, read How to Get Your Tarbe l l  
Going. Author Larry Weinstein ex­
p la ins how the un it works and gives 
some suggest ions  for improving 
performance . page 762 
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The UltiDtale 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 Introl™ 
system delivers on/ off commands 
over the existing AC lines -so you 
don't have to string a foot of wirel 

Control at any AC outlet. The 
Introl 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 115 VAC outlet The AC 
Controller is now connected to 
address as many as 64 channels 
remotely. But it's completely isolated 

from the 115v 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. 

Simple progranuning. 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 With 
your computer, you can program 
on/ off commands at any day and 
time using our optional Clock 
boards for S-100 or Apple II com­
puters. A self contained power 
source assures fail safe operation. 

Modest prices. The Introl 
Remote Control System consists of 
one AC Controller, either S-100 or 
Apple II, and one Dual ChannelAC 
Remote. It costs $329 completely 
assembled and tested. Additional 
Dual Channel AC Remotes are $99. 

The 100,000 Day Clock for 
S-100's costs $219 assembled and 
tested. The Apple Clock costs $179 
assembled and tested. 

All prices are f.o.b. Scotts Valley, 
CA. Prices are USA Domestic. Cal­
ifornia residents add 6% sales tax. 

Where to find it. The Introl 
System can now be found at compu­
ter shops throughout the US. and 
Canada. Drop by and ask for a dem­
onstration. Mountain Hardware, 
Inc., 5523 Scotts Valley Dr., Scotts 
Valley, CA 95066. (408)438-4734. 

AC Controller (Apple) 

Circle 260 on inquiry card. � Mountain Hardware AC Controller (S-100) 
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By Carl Helmers 

Articles Policy 

BYTL Publications Inc is continuul/y 
seeking quality manuscripts written by 
individuals who ore applying personal 
computer systems, designing such sys­
tems, ur who hove knowledge which 
will prove useful tu our readers. For 
a more informal description of pro­
cedures and requirements, potential 
authors should send a self-addressed, 
stomped t•nvelope to BYTE Authors' 
Guidt•, 70 Main St, Peterborough NH 
03458. 

Artides which ore accepted ore 
purchased with a rate of $45 per pub­
lished page, baSed on technical quality 
and suitability for the intended reader­
ship. As to articles appearing in 8 YTE 
magazine, each month, the authors of 
the two leading articles in the reader 
poll (8 YTf's Ongoing Monitor Box or 
"BOMB") ore prt'sented with bonus 
checks of S 100 and $50. Unsolicited 
materials should be accompanied by 
full nome and address, as well as return 
postage.• 
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Some Thoughts About Modems 

In the J u ne 1 978 issue of BYTE, on pages 
1 03 and 1 04, we printed a short report on 
activities of Ward Christensen and Randy 
Suess of the Ch icago Area Computer Hobby­
ist Exchange (or CACHE) . These two gentle­
men have implemented a sort of publ ic 
bu l letin board in  the form of a computer 
system wh ich answers the phone through an 
auto answer modem, determ ines the data 
rate of the cal l er's modem, generates an 
interactive se lf-documenting conversation, 
and is able to store messages on a floppy 
d i sk. [ For those who missed the original 
notice, the phone number to cal l i s  (3 1 2) 
528-7 14 1 . You wi l l  need a Bel l 1 03 sty le  
modem running in  originate mode at 1 1 0 or  
300 bps. ] 

Another very active i nput is the continu­
ing activity of the PCN ET committee on the 
West Coast, wh ich wi l l  sooner or later get 
around to defi n ing a protoco l appropriate to 
a number of users tal k ing to each other. I 
also received considerab le inspiration from a 
memo on Telemai l  put out by Ken Bowles 
of the Un iversity of Cal ifornia at San D iego. 
A l l  these i nputs add up to this present ex­
ploration of the state of modem tech no logy 
as app l ied to the personal computer. 

If you l ook i nto the technology of tele­
communications, it i s  easy to get turned off 
by timesharing. After al l ,  what reason is 
there to have your own computer if  it i s  not 
to avoid a l l  that accounti ng and bi l l  pay ing 
on an hour ly basis wh ich is use of a time­
shari ng account? Isn 't it better to pay a 
l ump  sum and have a self-contained com­
puter wh ich runs without any outside ties? 
This v iew of identity between timesharing to 
a big computer and telecommun ications in 
general has been a somewhat erroneous con­
c lusion in  my world view for several years. 

The conclu sion is easy to arrive at, since 
virtual ly  al l use of moderately large com­
puters i s  done by t imeshari ng telecommuni­
cations faci l it ies. But viewpo ints change 

when an open mind is maintai ned . The 
demonstration provided by the gentlemen of 
CACHE is  a key input  which sent me on an 
intel l ectual excursion i nto s imple, eas i ly im­
plementable uses of the smal l computer with 
the phone network. The ideas wh ich come 
from these thoughts are oriented towards a 
smal l integer number of people commun i­
cating with one another. These ideas are the 
kind wh ich can be implemented whenever 
two or a few people share a common goal 
and I ive far enough away from one another 
to make telecommun ications via their per­
sonal computers a u seful practice in l i eu of 
physical travel .  The technology i s  present 
and fair ly i nexpensive, so there is no reason 
why it shou ld  not be u sed. And, as readers 
wi l l  fi nd in the form of future articles in the 
magazi ne, the technology is being used . Now 
let's turn to two character istic models of 
modems and what they can do for their 
owners. 

S imple Commun icat ions :  

Two Computers+ Two People+ One 
Phone Line + Acoustic Couplers 

One of the s implest of models to imple­
ment in th is  sphere of computer to com­
puter data commun ications i s  dup lex trans­
m ission th rough the phone with s imi lar 
modems at each end. For example, l et us 
suppose that two readers are each the owner 
of a personal system with a spare serial port 
tal k ing RS-232 l evels to an acoustic modem. 
Fu rther, let's suppose that they want to talk 
to one another us ing d igita l  techn iques to 
send words by way of the phone l i ne. An 
ordinary telephone of the household variety 
is their l i nk  to each other v ia the phone net­
work. A s imple program model for conversa­
tions carried out th rough a typewriter style 
termi nal keyboard with a d isplay of mes-

Continued on page 1 04 
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Look To The North Star HORIZON Computer. 

HORIZON 1M_ 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 1M 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. 

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; Parity 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. 

NORTH STAR * COMPUTERS 
2547 Ninth Street • Berkeley, California 94710 • (41 5) 549-0858 
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answer1sa 
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. T he language 
handles serial access files, provides tape rewind and 
offers cursor control for graphics capability. 

The 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 similar to FORTRAN I V  

and has a full set of extensions designed 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. lt 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 sold and serviced by an outstanding group 

of conveniently located computer stores throughout the 
United States and Canada. T hey 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. 

Circle 305 on inquiry card. 
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See Sol at all these fine computer·centers. 
ALABAMA 

Birmingham . 

CALIFORNIA 

. . .  ICP- Computerland 
(205) 979-0707 

Costa Mesa . . . . . Orange County 
Computer Center (714) 646-0221 

Hayward . . . . . . . . . . . . . .  The Byte Shop 
(415) 537-2983 

Hayward . . . . . .  Computerland of 
Hayward (415) 538-8080 

Lawndale . . . . . . . . .  The Byte Shop 
(213) 371 - 2421 

Modesto . . . . . . .  Computer Magic 
(209) 527-5156 

Mountain View . . . . . . . . . . . .  Digital Deli 
(415) 961 - 2670 

San Rafael . . . . .  The Byte Shop 

Tarzana . 

(415) 457-931 1 

. . . . . . Byte Shop of Tarzana 
(213) 343-3919 

Walnut Creek . . . . . . . . . . . . .  The Byte Shop 
(415) 933-6252 

COLORADO 

Boulder . . The Byte Shop 
(303) 444-6550 

Denver . . . . . . . . . . . . . . . . . .  The Byte Shop 
(303) 399-8995 

FLORIDA 

Ft. Lauderdale . . Byte Shop of 

Miami . . .  

Tampa . 

GEORGIA 

Atlanta . 

Ft. Lauderdale (305) 561- 2983 

. . .  Byte Shop of Miami 
(305) 264- 2983 

. . . . . . . . .  Microcomputer 
Systems I nc.  (813) 879-4301 

. . .  Atlanta Computer Mart 
(404) 455-0647 

ILLINOIS 

Schaumburg . .  . The Data Domain 
(31 2) 397-8700 

IOWA 

Davenport . . . . . . . .  The Computer Store 
of Davenport (319) 386-3330 

MARYLAND 

Towson . . . . . . . . . . . . . . . . .  Computers, Etc. 
(301) 296-0520 

MICHIGAN 

Ann Arbor . . . . . . . . .  The Computer Store of 

M I NNESOTA 

Minneapolis . .  

NEVADA 

Reno . 

NEW J E RSEY 

Ann Arbor (313) 995-7616 

. . . . .  Computer Depot 
(61 2) 927-5601 

. . . .  Byte Shop of Reno 
(702) 826-8080 

Cherry H i l l  . . . . . . . . . .  Computer Emporium 

Isel i n . 

NEW YOR K  

(609) 667-7555 

. .  The Computer Mart of 
New Jersey (201 ) 283-0600 

Endwel l  . . . . . . . . . .  . . The Computer Tree 
(607) 748-1 223 

New York . . . . . . . . . .  The Computer Mart of 
New York (212) 686-7923 

White Plains . . . . . . . . . . . .  The Computer 
Corner (914) 949-3282 

NORTH CAROLINA 

Raleigh . .  

OHIO 

Akron . 

Columbus . 

. . . . . . . . . .  ROMs 'N'  RAMs 
(919) 781 -0003 

. . .  Basic Computer Shop 
(216) 867-0808 

. . . .  The Byte Shop 
(614) 486-7761 

Dayton . . . . . . . . . . . . . . . .  Computer Mart of 
Dayton (513) 296-1 248 

OREGON 

Beaverton . . . . . . . . . .  Byte Shop Computer 
Store (503) 644-2486 

Eugene . . . . . . . . . . . . . . . .  The Real Oregon 
Computer Co. (503) 484-1 040 

Portland . . . . . . . . . . . .  Byte Shop Computer 
Store (503) 223-3496 

RHODE ISLAND 

Warwick . . . . . . . . . . . .  Computer Power, I nc. 

SOUTH CAROLINA 

Columbi a .  

(401 ) 738-4477 

. . .  The Byte Shop 
(803) 771 -7824 

Processor n 
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TENNESSEE 

Kingsport . 

TEXAS 

. . . . .  Microproducts & 
Systems (615) 245-8081 

Arl i ngton . . . . . . . . . . . . . . . . .  Computer Port 
(817) 469-1502 

Houston . 

Lubbock . 

VIRGI NIA 

Mclean . 

WASHINGTON 

. Bel levue . . .  

WISCONSIN 

. . .  I nteractive Computers 
(713) 772-5257 

. Neighborhood Computer 
Store (806) 797-1 468 

. . . .  The Computer Systems 
Store (703) 821 - 8333 

. Byte Shop Computer 
Store (206) 746-0651 

Madison . . . . . . . . . .  The Madison Computer 
Store (608) 255-5552 

Mi lwaukee . .  . . . .  The Milwaukee 

Computer Store (414) 259-9140 

WASHI NGTON, D.C. 

Washington, D.C. . . . Georgetown 
Computer Store (202) 362-2127 

CANADA 

London, Ontario . . . . . . . . . . .  The Computer 
Circuit Ltd. (519) 672-9370 

Toronto, Or,tario .  . . . . . . . . . .  Computer 
Mart Ltd. (4 1 6) 484-9708 

Vancouver, B.C. . . . Basic Computer 
Group Ltd. (604) 736-7474 

Vancouver, B.C . . . . . . . . . .  Pacific Computer 
Store (604) 438-3282 

AUSTRALIA 

Victoria . . . . . . . . .  . . Sontron Instruments 
(03) 569.7867 

PHILIPPINES 

San Juan, Metro Mani la . . . Integrated 

JAPAN 

Tokyo . 

Computer Systems, Inc . 

. . . . . . .  Moon base Shinjuku 
(03) 375-5078.5079 

Circle 305 on i nquiry card. 



D ES I G N E RS BEWA R E :  SOME 27 1 6  
CON F U S I ON 

I j u st came ac ross a very u n t i d y  s itu­
ation i nvolv ing read only memory n u m ­
bers w h i c h  m ay be o f  i n te rest to a great 
n u m ber of read e rs. We are al l  fam i l i a r  by 
now w i t h  t h e  advantages o f  the 2 7 1 6  
erasable read o n l y  m e m o ry ;  h o weve r ,  
everyone should  be aware that  w h i l e  t h e  
I ntel versi o n  ( a nd possib l y  o t h ers) re­
q u i res o n l y  a s ingle  +5 V su p p l y ,  Texas 
I nstru m e n ts ma kes a s i m i l ar d evice w i t h  
identical memory organ ization, n u m ber 
T MS 2 7 1 6  t h at req u i res ± 5  V and + 1 2 V 
s u p p l i es. T h i s  part is d esigned to be p i n  
compat ib le  w i th t h e  o l d e r  2 7 0 8s. Texas 
I nstru m e n ts has another part labeled 
T M S 2 5 1 6  wh ich is p in com pati b l e  with 
an I n tel type 2 7 1 6 ,  req u i r ing only a 
+5 V s u p p l y .  W h i l e  t h i s  is assu red l y  
somewhat b i zarre, there see m s  to be 
argu m e n t  amongst the two compan ies as 
to who c l ai m e d  the name 2 7 1 6  first. I t  
i s  defi n i te l y  some t h i ng that  many w i l l  be 
in need to be aware of. 

David Marke 
So lar Dynamics Ltd 

3904 Wareho use Row , S u ite C 
Austin TX 7 8 7 0 4  

HOW TO STAY IN C I RCULATION 

I was so mewhat asto n is h ed ( a n  u n­
d erstatement)  to fi n d ,  w rapped in t h e  
splendor of the M arch 1 9 7 8  ( I  t h i n k )  
p l a i n  brown B Y T E  wrapper,  an A p ri l  
1 9 7 8  Playboy. N o w  d o n ' t  get m e  wrong, 
I enjoy looking at l ovely ladies;  in fac t 
it is one of my m ost t i m e  co nsu m i ng 
hobb ies. H owever, I can p i c k  u p  Hef's 
rag anywh ere i n  Ottawa, and right now 
m y  computer  needs m o re tips o n  oper­
ating than I d o .  S o ,  if you wou l d ,  I ' d 
ap preciate an issue of B Y T E  that 
m atches the enc losed m ai l i ng st icker. 
T h a n k  you.  

Kevin Szabo 
Box 8 6 ,  H i l l crest Dr 

RR #1 , Manot ick 
Ontario CANADA KOA 2NO 

W H E RE TO GET TECO 

Carl  H e l m ers' ed itorial  i n  the M arch 
1 9 78 BYTE, page 6 ,  was i n te resti n g  to 
me, s ince the LS I - 1 1 can ru n the R T 1 1 
operat ing syste m ,  fpr w h ich there is a 
version of real TECO (a supe rset of the 
o l d  P D P6 / P D P 1 0 T E CO) with most or 
a l l  of the features h e  w a n ts, p l u s  a b i l ity 
to use f loppies, etc.  Sou rces for said 
T E CO are avai l ab l e  from D E C U S  for a 
m i n i m al ch arge. I 'v e  wo rked on the 

Continued on page 1 20 
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KIMER: A KIM-1 Timer 

Listing 7 :  Combination digital clock and timer program written for the MOS 
Technology KIM-7 computer. The LED readout is used to display hours, 
minutes and seconds. 

Address Hexadecimal Label 
Code 

00 00 00 SETHR :  
01 00 SETM I N :  
02 00 CNTR : 

02 00 A5 00 START: 
02 02 85 FB 
02 04 A5 01 
02 06 85 FA 
02 08 A9 00 
02 OA 85 F9 
02 oc 80 03 1 7  
02 OF A9 04 
02 1 1  85 02 
02 1 3  A2  20 T IMER :  
02 1 5  CA DELAY: 
02 16  DO FD  
02 1 8  A9 F 1  
02 1 A  80  O F  1 7  
02 1 0  20 1 F  1 F  WAIT: 
02 20 2C 07 1 7  
02 23 1 0  F8 
02 25 C6 02 
02 27 DO EA 

02 29 F8 
02 2A 1 8  
02 28 AO 00 
02 20 A5 F9 
02 2F 69 01 
02 31 85 F9 
02 33 C9 60 
02 35 FO 04 
02 37 A2 1 9  
02 39 DO 23 
02 38 84 F9 M I N :  
0 2  3 0  1 8  
02  3E A5 FA 
02 40 69 01 
02 42 85 FA 
02 44 C9 60 
02 46 FO 04 
02 48 A2 1 4  
0 2  4A DO 1 2  
02 4C 84 FA HRS : 
02 4E A2 1 0  
02 50 1 8  
02 51 A5 F B  
02 53 69 01 
02 55 85 F B  
0 2  57 C9 24 
02 59 DO 03 
02 58 84 FB 
02 50 CA 
02 5E 08 SET: 
02 5F A9 04 
02 61 85 02 
02 63 4C 1 5  02 

1 2  July 1978 () BYTE Publications Inc 

Op Code 

#Do 
#Do 
#Do 

LOA SETHR 
STA PO I NTH 
LOA SETM IN 
STA POINTL 
LOA #DO 
STA I N H  
STA 1 703 
LOA #D4 
STA CNTR 
LOX #20 
DEX 
BNE DELAY 
LOA #F 1  
STA 1 70F 
JSR SCANDS 
B IT 1 707 
BPL WAIT 
DEC CNTR 
BNE T IMER 

SED 
CLC 
LOY #Do 
LOA I N H  
ADC #D1 
STA I N H  
CMP #60 
BEQ M I N  
LOX #J g  
BNE SET 
STY I N H  
CLC 
LOA POI NTL 
ADC #D1 
STA POINTL 
CMP #60 
SEQ HRS 
LOX #14 
BNE SET 
STY PO I NTL 
LOX #10 
CLC 
LOA POI NTH 
ADC #D1 
STA PO INTH 
CMP #24 
BNE SET 
STY POI NTH 
DEX 
CLD 
LOA #D4 
STA CNTR 
JMP DELAY 

Comments 

Set starting time. 

Set PB7 as input. 
Set timer loop count. 

Timer calibration . 

Start t imer. 

Disp lay current time. 
Wai t for timer interrupt. 

Decrement counter. 
Fi n ish second timeout. 

Set decimal mode. 
Clear carry . 

Get seconds. 
Add 1 .  

Check if next minute . 
Branch if yes. 
Set delay count. 
Wai t for next timer start. 
Clear seconds. 

Get minutes. 
Add 1 .  

Check if next hour. 
Branch if yes. 
Set delay count. 
Wait for next timer start. 
Clear minutes. 
Set delay count. 

Get hours digits. 
Add 1 .  

Check if next day. 
Branch if not. 
Clear hours . 
Adjust delay count. 
Clear decimal mode. 
Reset loop count. 

Start next cycle. 

Robert Baker 

15 Windsor Dr 
Atco NJ 08004 

This short program converts your K I M-1 
i nto a 24 hour d igita l  c lock and i l l u strates 
the use of the bu i l t- in  t imer for long time 
de lays, and the use of in struction loops for 
shorter de lays. The 7 segment d isp lays 
are used for output, and are used in con­
junction with one of the routines in the read 
on ly memory which dr ives them.  

To use the  internal t imer, 1 0  pin PB7 
of 6530-003 must be set as an input pin to 
a l low testing  of the t imer i n terrupt. Th is  is 
accompl ished by setting bit 7 of the d i rec­
tion register ( location 1 703)  to 0 before 
using the t imer. The t imer is started by 
loading it with the des i red  de lay count, and 
the address used determi nes the t imer 
frequency and whether or not to enable the 
timer i nterrupt. Bits 0 and 1 of the address 
se lect the timer frequency as 1 ,  8, 64, or 
1 024 JlS per t imer count wh i l e  b it  3 enables 
the timer interrupt if set to 1 .  

This clock program uses the internal 
timer for a time de lay of approximately 
250 ms. After four  t ime de lays (1 second) ,  
the cu rrent time i s  i ncremented by 1 and 
the tim ing cycle cont inues .  Whenever the 
t ime count is being incremented, i nstruction 
tim ing delays are added where needed to 
keep a l l  time delays constant  for whatever 
program route is ta ken .  An additional 
instruction delay i s  added with in  the 1 
second  timer to cal i b rate the timer to 
exactly 1 second .  If your system c lock i s  
sl ightly s lower or faster, you may have to 
adjust the timer count  ( location 021 9) for 
about 1 ms increments and the cal ibration 
count ( location 021 4) for 4 JlS i ncrements .  

To set the c lock,  enter the desired start­
ing t ime hours in location 0000 and minutes 
in location 0001 . To start the c lock, set the 
program starting add ress (0200) and depress 
"GO " at the desired starting t ime (as set 
in locations 0000 and 0001 ) .  I f  the starting 
time is set as 0000 (hours and min utes), the 
program can be used to measure e lapsed 
times for special appl i cations by using the 
"ST" button to stop the program. For even 
fancier appl ications, you can add testing of 
an external switch to start and stop the 
clock. If you wou ld  rather have a 1 2  hour 
clock, s imp ly change the contents of loca­
tion 0258 from 24 to 1 2.•  



.. 

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 8 8 1 3's typewriter keyboard, see them on the video 
screen, and instantly correct, revise, or print them. 

Using the 8 8 1 3 ,  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 8 8 1 3  includes a 
simple computer language, BASIC, that you can master in 
a few days. The 88 1 3  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, 93 1 1 1 ,  
(805) 967-0468, for the name of the dealer nearest you. 

PolyMorphic 
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-Why Apple I Is the worldS 

-

st selli� pe bnal computer. 

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 WWhich personal computer will be are Apples in the office, where they're 

most enjoyable and rewarding for you? being programmed to control inven­
Since we delivered our first Apple® II tories,  chart stocks and balance the 
in April, 1977, more people have chosen books. And there are Apples at home, 
our computer than all other personal where they can help manage the family 
computers combined. Here are the budget, control your home's environ-
reasons Apple has become such an ment, teach arithmetic and foreign 
overwhelming favorite. languages and, of course, enable you 

Apple is a fully tested and assembled to create hundreds of sound and 
mainframe computer. You won't need action video games. 
to spend weeks and months in assembly. When you buy an Apple II you're 
Just take an Apple home, plug it in, investing in the leading edge of tech-
hook up your color TV* and any cassette nology. Apple was the first computer 
tape deck - and the fun begins. to come with BASIC in ROM, for 

To ensure that the fun never stops, example. And the first computer with 
and to keep Apple working hard, we've up to 48K bytes RAM on one board, 
spent the last year expanding the Apple using advanced, high density 16K 
system. There are new peripherals, devices. We're working to keep Apple 
new software, and the Apple II Basic the most up-to-date personal computer 
Programming Manual. And wait till money can buy. Apple II delivers the 
you see the Apple magazine to keep features you need to enjoy the real 

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

colors & hi-resolution 
\lraphics, 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 
compose 
3-D images. 
Apple gives 

you the added 
capability of combining 

text and graphics, too. 

Back 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 is the 
proven computer. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of this ad 
each month for the latest in our grow­
ing 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 software. 
No other personal computer comes 
close to Apple's expandability. In addi­
tion to the built-in video interface, cas­
sette I/O, and four AID inputs with two 
continuously variable game paddles, 
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. 

Available now. 
Apple is in stock and ready for 

delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer 's 
Guide to Personal Computers," call 

800/ 538-9696* * 

. or write Apple 
Computer, Inc. ,  
10260 Bandley 

Drive, Cuper-

Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 
minimum. That makes it more reliable. 
If glitches do occur, the fully socketed 
board and built-in diagnostics sim­
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 

. ../.����--��� tino, CA 
"" 95014. 

test new Apples. 

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

* *In California, call 408/996-1010. 

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

manual and already I've programmed 
my own space wars game. 

ry card. 

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. 
Introducing Disk II'. : 
instant access to your fi les. 

Our newest peripheral is Disk II, a 
high-density 5W' floppy disk drive for 
fast, lowcost data retrieval. It's perfect 
for storing large bodies of data such as 
household finances, address files and in­
ventories; you can find any record in just 
half a second. No more searching through 

� .... � stacks of cassettes; with 
a few keystrokes, your 
system will load, store 
and run any file by 
name. 

Disk II consists of 
an intelligent inter­
face card, a power­

ful Disk Operat· 
ing System 

(DOS), and 
one or two 

minifloppy drives. Your 
Apple will handle up to seven 
interface cards and fourteen drives, 
for control of nearly 1.6 megabytes of 
data, with no expansion chassis. The com­
bination of ROM-based bootstrap loader 
and an operating system in RAM provides 
complete disk handling capability, includ­
ing these special features: 
• Soft sectored • Random or sequential 
file access • Program chaining capability 
• Universal DOS command processor 
works with existing languages and monitor 
• Full disk capability in systems with as 
little as 16K RAM • Storage capacity : 
113 kilobytes/diskette. 

See Disk II now at your Apple dealer. 
Sold complete with controller and DOS at 
$495.1 

Peripherals in stock 
Hobby Board (A2B0001X), Parallel Printer 
Interface (A2B0002X), Communication In­
terface (A2B0003X), Disk II (A2M0004X). 

Coming soon 
High speed Serial Interface, Printer II, 
Printer IIA, Monitor II, Modem IIA. 

t Price subject to change without notice. 

Circle 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. 

� 



The Second 

West Coast 

Computer Faire 

Photo 2: Robot trials at 
the Dynabyte booth, a 
popular attraction at the 
Second West Coast Com­
puter Faire. 

Photo 3: IBM 's booth, an 
auspicious addition to the 
show. 
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Photo 7:  Some of the 
74,000+ crowd amble by a 
young hacker program­
ming music on a Video 
Brain computer. 

By Chris Morgan, Ed itor 

San J ose was the p lace to be last March 3 ,  
4 and 5 for the  Second West Coast Com­
puter Faire. The Convention Center was 
eas i ly ab le to hand le  the crowd of 1 4, 1 69 
who came to see the l atest developments i n  
personal computing. 

A qu ick exam ination of some of the hun­
d reds of manufacturers' booths revealed 
some trends :  fl oppy d isks are on the in­
crease, with new mode ls  be ing shown or 
prom ised by Heathk it, Apple, Rad io Shack 
and many others; more and more personal 
computers are now being  offered with bu i l t­
in floppy d isks; peripherals and add-ons are 
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Photo 4: Ira Baxter 's 
chess playing system dis­
play, which competed in 
the Microcomputer Chess 
Tournament at the Faire. 

Photo 6: Objective Design 's Larry Weinstein displays Star Wars graphics. 
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Photo 5: Apple Computer's new minifloppy 
drive. 

now avai l ab l e  for a wide variety of computer 
buses. 

I enjoyed the many special features of the 
show, particu larly the exce l lent computer 
generated art on d isplay in  the lobby. The 
m icrocomputer chess tournament proved to 
be one of the h i ts of the show. Larry Wagner 
from Atari presided over the 3 day battle of 
the processors, tak ing t ime out to give me a 
gu ided tour of the tou rnament. The level of 
p lay was impressive ,  and the winn ing pro­
gram , cal led SARGON, was a 1 6  K byte 
Z-80 assemb ler  program written by a hus­
band and wife team, Kathe and Dan 
Sprack len .  I t  beat some h igh ly touted com-





Photo 7: Heath 's new H27 
dual floppy drive, sched­
uled to be available later 
this year. 

Photo 8: Students from Mills College Center for Contemporary Music in 
Oakland demonstrate- a digital and analog hybrid music synthesizer system, 
one of many special exhibits at the Faire. 

20 July 1978 Gl BYTE Publica!ions Inc 

pet1t 1on. (A copy of the SARGON program 
is avai lab le for $ 1 5  postpaid from the 
Spracklens, 1 0832 Macou ba PI, San Diego 

. CA 921 24. )  
I was impressed with the professional ap­

pearance of the show, which he ld its own 
with many of the estab l ished engineering 
and computing shows. The Third West Coast 
Computer Faire wi l l  be he ld th is  com ing 
November 3 ,  4 and 5 in Los Angeles. Plan to 
see it if you can.• 

Photo 9: Cromemco color 
video unit displays chess 
program at the Computer 
Room of San jose booth. 



The North Star 1 6K RAM board i s  a s t a r  p e rfo r m e r 
in o u r  H O R IZON com puter.  J ust as i m portant, it is the 
ideal memory for most other S-1 00 bus systems. No other 
RAM board can s u rpass the speed, rel iabi l ity, and q u al ity 
features of the North Star 1 6 K RAM at any price. 

SPEED - Th e  North Star 1 6K RAM is the fastest S-1 00 
bus memory board avai lable.  N o  wait states are req u i red, 
even with a Z80 at 4MHz. And, of cou rse, th is  o utstand­
i n g  1 6K RAM wi l l  operate with both 8080 and Z80 proc­
essors at 2MHz. I n d ustry stand ard 200ns dynamic RAM 
chips are used. I nv is ib le  on-board refresh c irc u itry a l l ows 
the processor to run at fu l l  speed. 

RELIABILITY - The Nort h  Star 1 6K RAM is designed to 
m atch the same h i gh standards as o u r  M ICRO DISK 
SYSTEM and H O RIZON comp uter. For example, a l l  ad­
d ress and d ata s ignals are fu l l y  buffered. A parity check 
option is ava i lable with the 1 6K RAM for appl i cati ons re­
q u i ri ng i m m ed iate hardware error d etect ion.  If a memory 

error occu rs, a status f l i p / flop is set and an i nterrupt can 
i nform the processor. O r, if preferred, an error status 
l ight w i l l  go o n .  

FEATURES - Th e  N o rth Star 1 6 K RAM offers m a n y  de­
s i rable featu res. A d d ressabi l ity is switch-selectable to 
start at any 8K boundary. The board can perform ban k 
switc h i n g  for special  software appl ications, such as t i me­
sharing. A l so, ban k switc h i n g  can be used to expand the 
amount of RAM beyond 64K bytes. Power consumption 
i s  m i n i mal - the m axi m u m  power req u i rements are: 
.6A @ 8V; .4A @ + 1 6V, and .1A @ -1 6V. 

PRICES - $399 kit .  $459 assem b led, tested and b u rned­
i n .  Parity opti o n :  $39 Kit. $59 asse m b l ed ,  tested and 
b u rned- i n .  

Write for free color cata log o r  vis it  you r  l ocal comp uter 
store. 

NoRTH STAR * CoMPUTERs 
2547 Ninth Street · Berkeley, California 947 1 0  • (41 5) 549-0858 
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INTRODUCING 
THE G2™PROG 

Ll 
Now you don't have to be a programmer to use 
'our computer I At last there's a reliable, professional source of useful and entertaining 

• programs for your personal computer. The G2 Program Library from GRT 
unlocks the full power of your personal computer. Without any programming knowledge on your parl 

The G2 Program Library consists of applications programs pre-recorded on cassette tapes. A detailed manual 
with each cassette provides complete instructions. And G2 programs contain prompting instructions. So they're 
easy to use every step of the way. Just load the tape and G2 puts your computer to work. 

The first three G2 program tapes are available now: For exciting family games, get Beat the House. You'll find 
Blackjack, Craps, Roulette and Slot Machine programs, with truly random chances and realistic, casino-like payoffs. 

Interested in your health? You'll want Clinic. Biorhythms, Dieting and Longevity programs give you new 
perspectives in health and happiness, along with some pleasant guidelines to follow. 

Need a better handle on your money? Buy Personal Finance. Checkbook is a comprehensive program to 
balance your account and keep within your budget, while Best Choice is a novel way to make decisions based on 
the facts you know and the relative importance of each. Use it for everything from choosing a new car to 
selecting your next stereo. 

Soon, every dealer that handles personal computers will stock the G2 Program Library. For the G2 dealer 
nearest you, call us toll-free at 800/538-1770. (In California, 800/662-9810.) And if your favorite computer outlet 
doesn't yet offer G2, have him call the same number. 

G2 is the newest product line from GRT, the world's largest independent producer of pre-recorded tapes. We've 
assembled a team of software specialists to produce the G2 Program Library. The finest library of personal computer 
programs available. 

Soon you'll see G2 program tapes in many other fields of interesl lncluding advanced programs to challenge 
the interest of even the most serious computer user. The G2 Program 
Library is available for most popular brands of personal computers. 
Just select the package marked for the computer you own. 

Start building your G2 Program Library now. 
And put the full power of your computer to 
work for you. THE REASON s YOU BOUGHT f'JI 

YOUR COMPUTER. -TM 
mr 
A product of GRT Corporation 
Custom Products Division 
1286 North Lawrence Station Road 
Sunnyvale, California 94086 C i rcle 1 48 on i n q u i ry card . BYTE july 1978 23 



·rhere's ill Ohio Scientific 
dealer near you. 

ALABAMA 

M.C.S. Corp. 
Pelham Mal l  
Pelham, AL  35124 
(205) 663·1 287 

ALASKA 

Scientilic Business lnslr's 
500 w. 271h 
Anchorage, AK 99503 
(907) 277-2650 

CALIFORN IA 

Expansion Techniques 
2534 Ganesha 
Altadena, CA 9 1 001  
(213) 794-0476 

Shuey Aircrafl 
1009 E. Vermonl 
Anaheim, CA 92805 
(714) 991-3940 

Olson Eleclronics 
1 1 332 Easl Soulh 
Cerrilos, CA 90701 
(213) 860-0060 

Computer Power 
1 276 Via Rancho 
Escondido, CA 92025 
(714) 746-0064 

Adventures in Compuling 
8756 Warner 
Fountain Valley, CA 92706 
(714) 848-8388 

Olson Electronics 
4642 Wesl Cenlury 
Inglewood. CA 90304 
(213) 674-5740 

Olson Eleclronics 
Kearny Mesa. 4840 Convoy 
San Diego. CA 921 1 1  
(714) 292- 1 1 00 

Systems Engineering 
900 3rd Street 
San Francisco, CA 94107 
(415) 777-3150 

Olson Electronics 
2 1 25 El Camino Real 
Santa Clara, CA 95051 
(408) 248-4886 

COLORADO 

Total Data Systems 
1 25 Fairway Lane 
Fort Coll ins, CO 80521 
(303) 491-5692 

Tricomp/Computer Country 
71 1 5  N. Federal 
Westminster. CO 80030 
(303) 426-77 43 

DELAWARE 

Delaware Microsystems 
92 East Main H1 
Newark. DE 1 97 1 1  
(302) 738-3700 (afler 7 PM) 

FLORIDA 

Olson Electronics 
5833 Ponce de Leon 
Coral Gables. FL 33146 
(305) 666-3327 

Olson Electronics 
1644 N. E. Second 
Miami, FL 33132 
(305) 374-4 1 2 1  

Calculator Place 
12  South Orange 
Sarasota, FL 33577 
(813) 366-7449 

Olson Electronics 
6901 22nd Avenue, N . 
Tyrone Square Mal l  
St .  Petersburg, FL 33710 
(8 13) 345-9 1 1 9  

Olson Electronics 
1215 South Dale Mabry 
Tampa, FL 33609 
(813) 253-3129 

GEORGIA 

Electronic Information 
1 20 Heatherwood 
Athens. GA 30601 
(404) 353-2858 
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Secom Syslems 
5241-F New Peach Tree 
Chamblee, GA 30341 
(404) 455-0672 

Olson Electronics 
2571 N. Decatur 
Decatur, GA 30033 
(404) 378-4201 

HAWAI I  

Smail Computer Systems 
3 1 40 Wailalae 
Honolulu, H I  96816 
(808) 732-5246 

ILLINOIS 

American Microprocessors 
1 1 00 E.  Broadway 
Alton, IL 62002 
(618) 465-4489 

Tech-Tron ics 
714 S. University 
Carbondale, I L  62901 
(618) 549-8495 

Adonis Computing 
2855 W. Nelson 
Chicago, I L  60618 
(312) 463-0847 

Electronic Systems 
61 1 N. Wells 
Chicago. I L  6061 0  
(31 2) 944-6565 

Olson Electronics 
4101 N .  Mi lwaukee 
Chicago. IL 60641 
(312) 545-7336 

Olson Electronics 
1 734 Ogden 
Downers Grove, I L  605 1 5  
(312) 852-9650 

A & H Associates, Ltd. 
2530 Crawford 
Evanston. I L  60602 
(312) 328-2800 

No-Name 
2701 Grand 
Galesburg, I L  6 1 401 
(309) 343-6135 

CompuTerminal Systems, Inc. 
1 1 32 Waukegan 
Glenview, IL 60025 
(31 2) 724-3690 

Tek-Aids Industries 
1 7 1 1  Chestnut 
Glenview. I L  60025 
(312) 724-2620 

American Microprocessors 
6934 N. University 
Peoria, I L  61614 
(309) 692-5852 

American Microprocessors 
20 N. Mi lwaukee 
Prairieview, IL 60069 
(312) 634-0076 

Wysocki Electric 
3080 South Blvd. 
Rockford, I L  61 109 
(815) 87 4-4846 

Data Domain 
1612 E. Algonquin 

Schaumburg, I L  60195 
(312) 397-8700 

I N DIANA 

American M i croprocessors 
146 N. Broad 
Griff i th,  IN 46319 
(219) 924-7901 

American M icroprocessors 
3602 East Washington 
Indianapolis. IN 46201 
(317) 359-7445 

American M i croprocessors 
2655 Irving 
Portage, IN 46368 
( 2 1 9) 760-2278 

Computer Management 
610 Monroe 
LaPorte, IN 46350 
(219) 362-58 1 2  

Data Domain 
406 S. College 
Bloomington, I N  46401 
(812) 334-3607 

Data Domain 
7027 N. Michigan 
Indianapolis,  I N  46268 
(31 7) 251-3139 

Data Domain 
1 0  N. Third 
LaFayette, I N  47902 
(31 7) 423-2548 

Olson Electronics 
5353 N .  Keystone 
Indianapolis, IN 46220 
(31 7) 253-1584 

IOWA 

American Microprocessors 
1 02 E. 4th 
Waterloo, lA 50703 
(319) 296-2255 

John E. Childs 
1 201  E. Second 
Ohumwa, lA 52501 
(515) 682-2 1 65 

Microbus 
1910 Mt.  Vernon, S. E. 
Cedar Rapids, lA 52403 
(319) 364-5075 

KANSAS 

Barney & Associates 
425 N. Broadway 
Pittsburg. KS 66762 
(316) 231-1970 

Technigraphics 
591 1 Claredon 
Wichita,  KA 67220 
(316) 744-2443 

KENTUCKY 

Data Domain 
3028 Hunsinger 
Louisvil le, KY 40220 
(502) 456-5242 

Olson Electronics 
1 1 7  Southland 
Lexington. KY 40503 
(606) 278-94 1 3  

Olson Electronics 
4 1 37 Shelbyville 
Louisville, KY 40207 
(502) 893-2562 

MARYLAN D 

Systems Engineering 
1 749 Rockville Pike H307 
Rockville, MD 20842 
(301 )  468- 1 822 

The Math box 
4431 Lehigh 
College Park, MD 
(301) 277-6828 

20740 

MASSACHUSETTS 

Bradshaw Enterpri ses 
18 H arborview 
H i ngham, MA 02043 
(617) 7 49-6844 

Computer Shop-Aircom 
288 Norfolk 
Cambridge, MA 02139 
(617) 661-2670 

MICHIGAN 

The Abacus 
Route 1, Box 1 93 
Niles Road 
Berrien Springs, Ml  49103 
(61 6) 429-3034 

Concept Engineering 
3706 Mal ibu 
Lansing, Ml 48910 
(51 7) 394-0585 

Great Lakes Photo 
5001 Eastman 
Midland, M I 48640 
(5 1 7) 631 -5461 

MicroComputer World 
313 Michigan N. E. 
Grand Rapids, Ml 49503 
(616) 451 -8972 

Olson Electronics 
291 2 1  DeQuindre 
Madison Heights, M l  
(313) 546-01 90 

MINN ESOTA 

. 48071 

Custom Computer Systems 
1823 Lowry 
Minneapolis, MN 554 1 1  
(61 2) 588-3944 

Micro Business Sales 
4345 Lyndale N . 
Minneapolis, MN 55412 
(612) 871 -9230 

MISSISSIPPI 

Jack Fisher Sales 
100 Main 
Michigan City .  MS 38647 
(601) 224-6470 

MISSOURI 

The Computer Bit 
1 320 S. Glens tone 
Spring field, MO 65804 
(417) 883-2709 

Computer Place 
At. H4, Box 9 1 - D  
Joplin. MO 64801 
(417) 781 - 1 986 

Futureworld 
1 909 Seven Pines 
St. Louis. MO 63 1 4 1  
(314) 434- 1 1 2 1  

Impact Systems 
Decker Bui lding 
613 W. 3rd 
P.O. Box 478 
Lee's Summit.  MO 66463 
(816) 524-591 9  

Norman Electronics 
402 Wall 
Jopli n, MO 74801 
(417) 724-0368 

MONTANA 

Lin co 
P.O. Box 2418 
Cut Bank, MT 59427 
(406) 336-3 1 1 7  

NEBRASKA 

Omaha Computer Store 
4540 South 84th 
Omaha, N B  68127 
(402) 592-3590 

NEW JERSEY 

Computer Corner 
224 Passaic 
Fairfield, NJ  07006 
(201) 835-7080 

Compuler Power 
235 Nulley 
Nulley, NJ 07 1 1 0  
(201) 667-5502 

NEW YORK 

Associated Consultants 
33 Ogden 
East Wi l l islon, NY 1 1 596 
(516) 746- 1 079 

Brag Microcomputers 
19 Cambridge 
Rochesler. NY 14607 
(716) 442-5861 

Computer Mart of N . Y. 
1 1 8  Madison 
New York, NY 1 0016 
(212)  686-7923 

Microcomputer Workshop 
234 Tennyson Terrace 
Will iamsville, NY 1 4221 
(716) 632-8270 

Yingco 
Two World Trade Center 
Penthouse 107th Floor 
New York, NY 1 0048 
(212) 775-9000 

OHIO 

Byte Shop 
2432 Chester 
Columbus, OH 43221 
(614) 486-7761 

Johnson Computer 
1 23 W. Washington 
Medina, OH 44256 
(216) 725-4560 

Lucas Office Equipment 
& Service 

869 E. Fran kl in 
Centerville, OH 45459 
(513) 433-8484 

Olson Electronics 
69 West State 
Akron. OH 44308 
(216) 762-0301 

Olson Electronics 
1 994 Brittain 
Akron. OH 44310 
(216) 633-4338 

Olson Electronics 
3265 W. Market 
Akron, OH 44313 
(216) 864-3407 

Olson Electronics 
2020 Euclid 
Cleveland, OH 441 1 5  
(216) 621 -6387 

Olson Electronics 
6813 Pearl 
Cleveland, OH 44130 
(216) 845-2424 

Olson Electronics 
6 1 53 Mayfield 
Cleveland, OH 44 1 24 
(216) 449-2690 

Olson Electronics 
21 850 Center Ridge 
Cleveland, OH 441 16 
(216)  331 -4600 

Olson Electronics 
1 975 Henderson 
Columbus. OH 43220 
(614) 451 -3245 

Olson Electronics 
7401 Market 
Southern Park Mall  
Youngstown, OH 44512 
(216) 758-3828 

OKLAHOMA 

Accounting Systems 
2709 Orlando 
Oklahoma City, O K  73120 
(405) 751-1537 �

1
a0g�[

e
��g i neering 

Clinton, OK 73601 

Gauger Engineering 
3824 S. 79th East 
Tulsa, OK 74145 
(918) 627-1 064 

OREGON 

Fial Computer 
1 1 0 1 3  S. E.  52nd 
M i lwaukie, OR 97222 
(503) 654-9574 

PEN NSYLVANIA 

Abacus Data Systems 
Route 8 
Reno. PA 16343 
(814) 677-6502 

Olson Electronics 
591 8  Penn 
Pittsburgh, PA 1 5206 
(412) 362-1333 

Olson Electronics 
3405 Saw M i l l  Run 
Pittsburgh, PA 1 5227 
(412) 881-0702 

Olson Electronics 
4778 McKni ght  
Pittsburgh, PA 1 5237 
( 4 1 2) 366-7298 

TEN NESSEE 

Computer Power of Memphis 
3065 Jamas 
Memphis, TN 38128 
(901 )  386-9905 

Computer Power of Oak Ridge 
800 Oak Ridge Turnpike 
Oak Ridge, TN 38730 
(615) 482-9031 

Smart Machine Mart 
5151  Hi llson 
Nashville, TN 372 1 1  
(615) 833-9773 

SOUTH DAKOTA 

Exe Engineering 
804 E. Lewis 
Verm i l l ion,  SO 57069 
(605) 624-64 1 1 

TEXAS 

Mr. Computer 
744 FM 1960 W . .  Suite E 
Houston, TX 77090 
( 7 1 3) 444-7419 

UTAH 

Smal l Computer Systems 
4450 Tri n ity 
Salt Lake City,  UT 84120 
(801)  967-7635 

VIRGINIA 

HIB Computers 
2 1 7  E. Main 
Charlottesville, VA 221 0 1  
(804) 295-1975 

Microsystems. Inc.  
5320 Wil l iamson 
Roanoke. VA 24012 
(703) 563-0693 

WASHINGTON 

Ye Olde Computer Shoppe 
1301 George Washington 
Richland, WA 99352 

(509) 946-3330 

WISCONSIN 

Madison Computer Store 
1863 Monroe 
Madison, W I  5371 1  
(608) 255-5552 

MicroComp 
785 S. Main 
Fond d u  Lac, WI 54935 
(414) 922-251 5  

Olson Electronics 
3125 South 108th 
West Allis, WI 53227 
(4 1 4) 541 - 1 406 

WYOMING 

Control Technology 
204 Crazy Horse Lane 
G i l lette, WY 82716 
(307) 682-0300 

CANADA 

Omega Computing Ltd. 
Box 220 
Station P 
Toronto, Ontario 
Canada M5S 2F7 
(416) 425-9200 

Robo-Tronics 
509 16th N. W. 
Calgary. Alberta 
Canada T2M OJ6 
(403) 282-9468 

EUROPE 

Pan Atlantic Computer 
System GmbH 

61 Armstadt 
Frankfurterstrasse 78 
West Germany 
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I f  you are interested in an ultra high per· 
formance personal computer which can be 
ful ly expanded to a mainframe class micro· 
computer system, consider the C2·8P. 

Features: 
• M i n i ma l l y  equ i p ped with  8K BASIC- i n- RO M ,  4K RAM, 
m ac h i n e  code monitor, v ideo d i s p l ay i nterface, cassette 
i n t e r f a c e  a n d  k e y b o a r d  w i t h  u p p e r  a n d  l o w e r  c a s e  
ch aracters. (Video mon itor a n d  cassette recorder optional 
extras.) 

• The fastest f u l l  feat u re BASIC in t h e  m i crocomputer 
i n du stry. 

• Boasts t h e  m ost s o p h i s t i cated v i d eo d i s p l ay in per­
sona l  com p ut i ng with  32 rows by 64 co l u m n s  of upper 
case, lower case, graph i cs and gam ing elements for an ef­
fect i ve screen resol ut ion of 256 by 512 e lements. 

• The CPU's d i rect screen access, coupled with its u l tra 
fast BASIC and h igh reso l ut i o n ,  m akes the C2-8P capable 
of spectacu l ar video a n i m at ion d i rectly in BASIC. 

• F u l ly assem b l ed and tested: 8 s l ot m a i n frame c l ass 
m i crocomp uter, six open s lots for expan s i o n .  Supports 
Ohio Scient i f ic's  u l t ra low cost dyn a m i c  RAM boards or 
u l t ra h igh rel i ab i l i ty stat i c  RAMs. 

• The C2-8P can s upport more i n-case expansion than its 
four nearest com petitors combi ned. 

• The C2-8P is  the only BASIC-i n-ROM com puter that can 
b e  d i re c t l y  e x p a n d e d  t o d ay to a c o m p l et e  b u s i ness 
system with  l i n e  pr inter  and 8"  f loppy d isk  drives. 

• I t  is t h e  o n l y  pers o n a l  c l as s  c o m p u t e r  t h at c a n  be 
expanded to s u p port a H ard Disk !  (CD-74) 

The C2-8P is the fastest i n  BASIC, h as the most soph i st i ­
cated video d i s p l ay and i s  the most i ntern a l l y  expandable 
person a l  com p u ter. Therefore, i t  s h o u l d  be the h i g hest 
priced? 

Wrong: The C2-8P is pr i ced consi derably below several 
model s  advert i sed in t h i s  magazi ne. The C2-8P is j ust one 
of s e v e r a l  m o d e l s  o f  p e r s o n a l  c o m p u t e r s  by O h i o  
S c i e n t i f i c ,  t h e  c o m p a n y  t h at f i rst offered f u l l  feat u re 
BASIC-in-ROM personal  com puters. 

For more i n format ion ,  cont act your local O h io Scient i f ic  
dealer or the factory at (216) 562-31 01 . 

1333 S. Chi l l icothe Road • Aurora, Ohio 44202 
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The C3-B 
by Ohio Scientific 

The world's most powerful 
microcomputer system 
is far more affordable 

than you may think: 

STA N DA R D  FEATU R ES: 

• 74 m i l l i o n  byte W i n c hester tech­
n o l ogy d i s k  d rive y i e l d s  m a i n f rame 
c l a s s  f i l e  a c c e s s  s p e e d s  a n d  
capacity. 

• H i g h  l e v e l  d a t a  f i l e  s o f t w a r e 
makes h i g h  performa n ce f i l e  struc­
t u re s  l i ke m u l t i k ey I SA M  easy to 
use.  

• T r i p l e  p r o c e s s o r  C P U  w i t h  
6502A, 6800 and Z-80 g i ves t h e  pro­
g ra m m e r  t h e  best of  a l l  w o r l d s  i n  
performance a n d  versat i l i ty.  

• S w i t c h a b l e  and p r o g ra m m a b l e  
C P U  c l ocks a t  1 ,  2 a n d  4 M H z y i e l d  
m ax i m u m  performance from each 
m i c roprocessor. 



• T h e  i n c l u d ed 6502A b a s e d  ex­
t e n d ed d i s k  B A S I C  b y  M i c ro s o f t  
o u t - b e n c h m a r k s  e v e r y m i c r o 
ava i l a b le ,  i n c l u d i ng 4 M H z Z-80 a n d  
LSI-1 1 w i t h  extended a r i t h m et i c .  

• 48K o f  h i g h  re l i a b i l i ty stat ic R A M  
i s  standard. 

• H i g h  d e n s i ty 8" f l o p pys p rov ide 
p ro g ram and d a t a  m o b i l i t y  f r o m  
mach i ne t o  mac h i n e.  

• Com p l etely i n teg rated m e c h a n i ­
c a l  s y s t e m  w i t h  U L - r e c o g n i z e d  
p o w e r  s u p p l i e s ;  c o n t i n u o u s  d u t y  
cyc l e  c oo l i n g ;  m od u l a r  c o n s t r u c ­
t i o n  a n d  r a c k  s l i d e  m o u n t e d  
s u bassem b l i e s .  

• Based on a 16 s lot  B u s-or iented 
arc h i tect u re w i t h  o n l y  7 s l ot s  u sed 
in t h e  base mac h i n e.  

• D i r e c t l y  e x p a n d a b l e  to 3 0 0  
m eg abytes o f  d i sk,  768K o f  R A M  i n  
1 6  p a rt i t i o n s ,  1 6  c o m·m u n i c a t i o n  
p o r t s ,  p l u s  c o n s o l e  a n d  t h r e e  
pr i nters.  

• C3- B ' s  h ave been in  prod u c t i o n  
s i n c e  F e b r u a r y,  1 9 7 8 ,  a n d  a r e  
avai l ab l e  now o n  very reaso n a b l e  
d e l i ve ry sched u l es .  

The C3-B was d e s i g ned b y  O h i o  
S c i e n t i f i c  a s  t h e  s t a t e  o f  a rt i n  
s m a l l b u s i n e s s  c o m p u t i n g .  T h e  
system p l aces i t s  power w h e re i t ' s  

D O  

o o  

n e e d e d  i n  t h e  s m a l l  b u s i n e s s  
e n v i ro n m e n t ;  i n  t h e  data f i l es .  The 
C3- B ' s  adva nced W i n c h ester tech­
n o l ogy d i s k ,  c o u p led w i t h  i t s  s m art 
c o n t r o l l e r  a n d  d e d i c a t e d  h i g h  
speed m e m ory c h a n n e l ,  g i ves the 
C3-B d at a  f i l e  p e rf o r m a n c e  com­
para b l e  w i t h  today's most powerfu l 
m a x i -com puters.  

T h e  system c a n  eas i l y expand 
u p w a rd f ro m  s i n g l e  user to m u l t i ­
u ser operat i o n .  O p t i o n a l  hardware 
a n d  softw are i n c l u d e  a real  t i m e 
c l ock and a 1 6  term i n a l  ( p l u s  con­
s o l e) real t i m e  o p e r at i n g  system. 
M u l t i p l e  term i n a l  programs such as 
m u l t i - s t at i o n  o rd e r  e n t ry c a n  be 
p ro g ram med d i rect ly  i n  BAS I C .  The 
system is s u per fast because mu lt i ­
t e r m i n a l  1 / 0  c a n  b e  h a n d l e d  
s i m u l ta n e o u s l y  w i t h  d i s k  1 / 0  d u e  to 
t h e  s m a rt d i s k  contro l l e r !  

B y  s i m p l y  add i n g memory i n  t h e  
a l ternate part i t i o n s ,  t h e  system can 
b e  e x p a n d ed to fu l l  m u l t i -t a s k i n g ,  
m u l t i -progra m m i n g  o pe rat i o n .  The 
m u l t i - t e r m i n a l  h a rdware s u p p orts 
both asy n c h ro n o u s  and synchron­
o u s  protoc o l s  in conj u n ct ion with  
t e rm i n a l s  and s m a l l e r  c o m p uters 
s u c h  a s  O h i o  S c i e n t i f i c ' s  BAS I C­
i n - R O M  a n d  f l o p p y d i s k  based 
s y s t e m s  a t  t r a n s f e r  rates up to 
500 K b i ts per secon d .  

• T h e  C3- B costs o n l y  s l i g ht ly 
m o re than m a n y  f loppy o n l y  com­
p u t e r s  b u t  o f f e rs at  l east a thou­
sand t i mes perfo rmance i m p rove­
m e n t  over s u c h  mac h i nes (50 t i m es 
storage c a p ac i ty m u l t i p l i ed by 20 
t i m e s  access s peed i m prove ment). 

B u t  w h at if your b u s i ness c l ient  
c a n n ot j u s t i fy start i n g with a C3- B? 
T h e n  s tart w i t h  O h i o  S c i e n t i f i c' s  i n­
e x p e n s i ve C3-S1  f l o p py d i s k  based 
system ru n n i n g OS-65 U .  When he i s  
ready, a d d  t h e  C D-74 b i g  d i sk and 
d i rect ly  transfer p rog ra m s  and f i les 
f r o m  f l o p p y  to b i g  d i s k  w i t h  N O  
m o d i f i c at i o n s .  

That 's  u pward expandab i l i ty !  

* R a c k  a s  s h o w n  o n  r i g h t  com­
p l ete w i t h  74 mega byte d i sk, dual  
f l o p pys,  48K of stat ic  RAM, OS-65U 
o perat i n g  system a n d  one CRT ter­
m i n a l  u nder  $13 ,000. 

M u l t i p l e  t e r m i n a l  s y s t e m s  w i t h  
pr i n te rs a n d  a p p l i cat i o n s  software 
are p ri ced i n  t h e  m i d-20's .  

IIII IIIEIITIRI 
1333 S. Chil l icothe Road • Aurora, Ohio 44202 

BYTE July 1978 27 



Photo 7 :  The Axiom EX BOO printer. It uses special aluminized paper; when a 
tiny electrical spark jumps from the print head to the paper, the layer of 
aluminum is burned off revealing the next layer which is darkly colored. 
Printing speed is a maximum of 7 60 characters per second including upper 
and lower case letters. The printer allows 80 column page width and quad­
ruple width characters. 

The 

Axiom EX800 Printer: 

A User's Report 

I r-� � C U T  
t r o m  t h e  A X I O M � Y - � � �  

A 8 C G E F G H I J K L M N O P O R S T U � w i Y Z a b c d e f � h t j k l m n 

n : : C D � F � : : L J K !  M N O ; · Q R S T  

Figure 7 :  A sample printout of the Axiom EX BOO printer. This sample was 
made by photographically reproducing the original silver colored paper image 
at a 7 :  7 scale. 
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R J Bosen 

POB 93 

Magna UT 84044 

Some time ago I decided I n eeded a hard 
copy pri n ter to make my computer system 
rea l ly  usefu l ,  but as I l oo ked over the possi­
bi l i ties on the mar ket I conclu ded that every 
al ternative was e ither too expensive, too 
sl ow, or too l im i ted  in capabi l i ty for my 
needs (wh ich i nc lu ded good l egib i l i ty and 
l ower case pr int ing) .  

J ust as I was about to abandon my plans, 
I saw a press rel ease concern ing a company 
cal l ed "Axiom " and a pr inter that appeared 
to solve all of my problems. It was adver­
tised at $660, cou l d  p ri n t  up to 1 60 char­
acters per second ( incl u ding  upper and lower  
case letters} with an 80  column page width, 
and offered dou ble and quadrup le  width 
characters as a bonus. I immed iately wrote 
to Axiom and was su rprised to receive a 
th ick information packet with i n  a week. 

My first (and on ly)  d isappoin tment 
came as I d iscovered that the 80 col umn  
page width was squeezed onto a 5 i nch 
rol l  of special paper which was a l i tt le hard 
to read, but other featu res of the pr inter 
looked promis ing enough to justify further 
investigation, so I experimented with the 
printout sample  they sent me to see i f  I 
cou l d  find  ways around  these annoyances. 
I went  to a photocopy center and found  
i t  was qu i te easy to  get very sharp copies 
wh ich were much more readable than 
the origina l .  I decided that if the narrow 
page width became a serious problem 
I cou l d  write software to sp l i t  a wide page 
i n to two 5 i nch columns and pr int a page 
in two passes. Experimenting with the 
photocopier confi rmed the feas ibi l i ty of 
th is  idea as I successfu l l l y  l ai d  two 5 i nch 
pieces of the samp le  pri ntout s ide by s ide 
and obtained the i l lus ion of a 9 i nch page 
width. 

I phoned the desk at Axiom to p lace 
my order; ten days l ater the printer was 
in my hands. I opened i t  u p  to reveal 
an I ntel 4004 processor contro l l ing an 
el ectrosens itive pr int ing m echanism that 
works with special paper, consisting of a 
l ayer of paper, a l ayer of i n k, and an 
alum inum upper l ayer. The print head 
strokes across the paper and burns the 
al uminum off in tiny dots, exposing the 
i n k  underneath in patterns stored in the 
processor read only memory. The processor 
controls character size and l i ne  l ength, 
al l owing very flex ib l e  mix ing of character 
sizes anywhere on any l i ne and giv ing 
automatic l i ne  feeds when the end of the 
l ine has been reached.  Other benefits of the 



microprocessor control inc lude a self-test 
feature activated by push ing  a button on 
the back panel wh ich pr ints a test pattern 
on the paper, and a convenient paral l e l  
in terface with s imp le  handshaking. A serial 
in terface is optional . 

I found  the documentation very complete 
and readable and had no  troub le  i n terfacing 
with my paral l e l  data port and writ ing d river 
software in a coup le  of dozen bytes. Trying 
it  out on l i ne  proved to be a reward ing  
experience; my interface and driver software 
worked the first time. I was final ly  ab le to 
try out the many ideas I had been consider­
ing wh i le  waiting  for sh i pment. I noticed 
the effect of the 1 28 character buffer that 
Axiom provided:  short printou ts requ i re 
almost no processor time, as the paral l e l  
in terface transfers data from the processor 
memory to the pr inter buffer very fast 
and the processor is immed iately freed 
to do other jobs. I was p l eased with the 
qu ietness. It is not as loud as a Teletype 
even though it  is about 1 4  times faster. 
It d idn 't take me l ong to discover the 
buzzer that can be activated by a special 
character, and I have learned to use it  for 
special effects in game p rograms even when 
the pr inter is not needed. 

The on ly  problems I have ever had with 
th is pr inter have been concerned in one way 
or another with the paper. This is not to 
imply that I have had a l ot of p roblems. I 
haven 't. But find ing a supp l ier  for paper was 
a problem for me in Salt Lake City. I cal led 
every paper supp l ier  i n  the phone book and 
I cou I dn 't get anyone to even recognize the 
existence of "electrosensitive " paper. Fortu­
nately, with i n  a few weeks I found  myse lf  
in DePere W I  repairing a computer system 
for my employer, and whi le  there I took  a 
tou r  of the Nicol let Paper Corn pany, where 
the e lectrosensitive paper is made. They sol d 
me a case of 24 rol l s  of the special paper at 
abou t $3  a rol l  and let me  l ook  at some of 
the experimental paper they are deve loping 
for use by electrosensitive printers. This new 
paper is m uch whiter than the s i lver grey 
original l y  sh ipped to me and I am anxious 
to see it  i ntroduced i n  p roduction quanti ties. 

I am very p leased with the Axiom EX800 
printer, and I recommend it  to anyone who 
needs a printer of this natu re. I nc idental ly ,  
Axiom also has a s imi lar pr inter with a 
graphics capabi l i ty that may be of interest 
to experimenters. You can obtai n  more 
information by writing  to Ax iom Corpor­
ation, 425 E G reen St, Pasadena CA 9 1 1 01 .•  

PERCOM's TAssembled and Tested 
FLOPPY DISK SYSTEM 

the [1[?@)o�@@ 

The LFD-400 is ready to plug in and run 
the moment you receive it. 

Nothing else to buy ! Not even extra memory! 
YOU GET: 
0 The popular Shugart SA 400 minifloppy'" drive. Drive alignment 

is double checked by PerCom before shipment. 6 The drive power supply-ful ly assembled and tested. 
E) LFD-400 Controller/Interface- plugs into the SS-50 bus · 

accommodates three 2708 EPROMs · 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. 9 Attractive metal enclosure. 

0 I nterconnecting cable-fully assembled and tested. G Two diskettes-one blank, the other containing numerous 
software routines including patches for SWTP 8K BAS I C  and the 
TSC Editor/Assembler. 0 70-page instruction manual- includes operating instructions, 
schematics, service procedu res, and the complete listing of 
M I NIDOS'" . ® Technical Memo updates - helpful hints which supplement the 
manual instructions. @ 90-day l imited warranty. 

Minifloppy is a trademark of Shugart Associates. 

MINI  DOS is a trademark of PER COM Data Company. Inc. 

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. f�EfUlllM l TM ._.........._ __ 

PERCOM DATA COMPANY, INC. 
Dept B 318 BARNES • GARLAND, TX. 75042 

(214) 272-3421 

PERCOMTM 'peripherals for personal computing' 
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Order your SCELBI Personal Computer Books and Ta pes today! They are 
" must" items for your collection. And, they make ideal special occasion gifts 
for that computer buddy too! 

llllml lOMII>IJIIII P rices shown for North American customers. Master 
Charge, V I SA .  Postal and Bank Mo ney Orders pre­
ferred. Personal checks delay shipping up to 4 weeks. I/I',O .. IIJ[II .. (i ... , Pric ing,  specifications, ava i l a b i l i ty subject to change � � � � 1 without notice. IMPORTANT! I n c l ude 75¢ postage/ 
h a n d l i n g  for each item del ivered by U.S. Mail Book Post Office Box 1 33 PP STN , Department B, M i lford, CT 06460 Rate; or $2 for each item s h i pped First Class or UPS. 30 BYTE July 1978 





Top-Down 
Modular 

Programming 
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Al bert D Hearn 

98 SW 1 3th Av 

Boca Raton FL 33432 

I f  you have done some programmi ng, 
you know that it's one of the most en­
joyab le and satisfying parts of personal 
computer  use. The very thought that the 
vast power in  the smal l system's processor 
is l im ited only by the program that you 
write for it is tremendously exciting. 

If you are new to the computer game, 
the programs you have written up . to now 
have probab ly been re latively smal l  and 
uncompl icated,  but  you have developed 
a lot of experience and confidence from 
them. Most . l i ke ly you haven 't used any 
particular techn ique  in designing and writ­
ing your programs :  you have probab ly 
approached program design in an informal 
way and re l ied upon your good senses to 
guide you in th is  unfami l iar task. You have 
probably also gained an understanding of 
the fu l l  capabi l ities of the instruction set 
and some of the l ittle tricks (yes, ADDing 
a b inary number to itse lf rea l ly does resu l t  
i n  a left shift of  one b it) which can be so 
usefu l .  You are also capab le of writing 1 0  
routines to d o  about any k ind of data 
transfer you want. 

So now you are ready to do a program 
which does someth ing real ly · usefu l .  The 
program you have in mind is go ing to be 
larger and more compl icated than those 
you have done previously. Wh i le  you m ight 
not expect th is, your previous informal 
methods of d esigning and coding might 
poss ib ly be inadequate and cou ld cause 
you much grief if you attempt to use them 
on a larger p rogram. 

Hopefu l ly, I can he lp · you prevent these 
k inds of d ifficu lties by showing you in this 
artic le an easy to use method of design ing 
and structur ing larger programs which can 
greatly s imp l i fy your personal efforts, 
regard less of comp lex ity. 

The Concept 

Someone once said, "To solve a complex 
problem, s imply b reak it down into a num­
ber of l ess comp lex pieces, then proceed to 
solve it one p iece at a t ime." Th is  approach 
has been used for many years in the des ign 
and bu i l d ing  of e lectron ic  equ ipment. I t  
resu l ts i n  a "bu i l d ing  b lock," o r  "modu lar" 
construction, where each b lock or modu le 
does some d istinct part of the total fu nction 
of the equipment. For in stance, th ink of the 
l ast time you saw a d i agram of a rad io re­
ceiver. I t  was probably in the form of a set 
of separate b locks representing the RF  
ampl ifier, mixer, I F  ampl ifier, and so on. 
The b locks were a l l  connected with flow 
l i nes showing the sequence in  which each 
equ ipment module processed a signal com ing 
from the antenna. The d iagram enabled the 
reader to understand the function of the 
rad io one modu le at a time, i n  relation to 
the whole rad io. 

So how does the idea of using bu i l d ing 
b locks and solving problems piecemeal 
relate to the programming of personal 
computers? The answer i s  that these same 
ideas are very app l icable to programming 
and have been i n  use i n  commercial pro­
gramming for a number of years. There i s. 
no reason that good use of them can 't  be 
made in  the amateu r  compute r  h obby also. 

Top-down Design 

Top-down design of m icroprocessor pro­
grams requ i res that you first have a clear 
notion about what it is that you want the 
program to do. You should ask yourse lf 
questions l i ke, "What function do I want 
performed?",  "What input information is 
ava i lab le?" ,  and "What output information 
or action do I expect? " When you can 
answer these questions, you've actual ly 
comp leted the h ighest l evel of design . 



BUYIIIG HARDWARE 
Pros 

Photo courtesy of Computerlond of San Francisco 

CompuCerlancl, .be DP 
HazeH�ne A INablo on �. 

Time was, buying hardware meant dealing factory 
direct. Then came the distributor, or factory indirect. The 
phone/mail order ad reads, "15% off." 15% off what? Delivery 
schedule maybe. After sales seNice perhaps. The only real 
savings just might be the Toll Free number in the ad. 

&*ore. 

HAZELTINE 1500 

0 24 X 80 Display (upper/ lower 
case) 0 High legibility 7 X 10 dot 
matrix 0 Teletypewriter format for 

Now there's an alternative. Introducing Computerland, a 
national network of DP equipment stores, with outlets across 
the nation. This means you, and the DP director, programmer, 
general manager or purchasing agent can take a quick ride 
across town, try out working equipment in a user environment, 
make product comparisons. then drive off with the hardware of 
your choice. And, still be back in time for the aftemoon coffee 
break. 

alphanumerics plus numeric pad 0 Switch-selectable upper I 
lower case 0 R S -232/C 20 ma.current loop interface 

Below is a sampling of the quality business information 
products, from more than 60 manufacturers of micro and mini­
computer systems and peripherals, available for you to try out. 
buy or lease and take home today from Computerland. 

ComputerLandTM 
14400 Catal ina Street, San Leandro, CA 94577 ( 4 1 5) 895·9363 

Franchise opportunities available. 
ALABAMA 789 Eut Highland Avenue 104 W F�ru Street GEORGIA 

3070 Uflrver�rtv Or. N.W 
San Be<nardino 714-886-6838 Tushn 714·544·0542 

2413 Cobb Parlcwav 
Huntwrlle 105·539- 1200 4133 ConYOV SHeet 1815 Ygntcio Valley Road Smyrna 404-953-0406 

�n Orego 714-560-9912 Walnut Creek 41 5-935·6501 
ILLINOIS 

CALIFORNIA 
1 1 7 Fremonr Sueet 6840 La Coen011a Blvd. 

50 Eau Rand Road 

0 Switch-reversible video. 

DIABLO 1620·3 

0 HyType daisy wheel character printer 
0 Full keyboard with numeric pad 

0 Microprocessor controlled 0 R S -232/C interface 
0 45 CPS D Tractor feed 0 Internal power supply. 

@ Copyright Computerlond 1978 

MICHIGAN NEW YORK WASHINGTON 

1927 · 28th Sueet, S. E 1612 NiljPII Fills Blvd. 14340 N. E. 20th 
Kentwood 61 6-942-2931 8uff1lo 716-836�511 Bellavue 206-746-2070 

29673 Norttw.eutrn HoghwJy n5 Eimira Road 1500 South 336th Stnet 
Sourhtiel d 3 1 3-J56-81 1 1  Ithaca 607-277-4888 Parkway <Anttr, Suill 1 2  

6743 Dublm Blvd. San Francosco 4 1 5-546·1592 
Inglewood 213·776-8080 

Dublin 41 5·828·8090 
Arlingron HeighU 3 1 "1·"155-6488 MINNESOTA OHIO 

Federal Way 206-838-9363 

8791 So. Ttcoma Way 

1 1074 San Pablo Avenue 
1077 Sara•og.a·Sunnyvale Ro.d COLORADO 9511 No. MiiWiulcee Avenue 8070 Morg.an Corcle Drill!! 1288 SCM Center Ro.d Tacoma 206·581.0388 

El ce ... to 415-133-5010 
San Jo�e 408·253-8080 

242:1 So. Colorado Blvd. 
Nd11 31:1-967·1714 81oomon9ton 611--884-1474 Mayfield Hei9hu 116-461-1200 

22634 Foo1hill Blvd 42 - 42nd A.wnue Oenwr 303 759-4685 10935 5 . .:icero Avenur NEW HAMPSHIRE OREGON 
WISCONSIN 

Hayward 41 5-538-8080 San Mateo 4 1 5-5 72-8080 0Jk Lawn 3 1 2-422-8080 
4 1 9 Amhent 1:10:10 S. W. Main Strrll 

6 1 1 . 5th Sueet 
CONNECTICUT KENTUCKY Nathul 603·889·5138 Ti�rd 503-6:10-6170 690 S. Whitney Way 

45-46 E• Camono Real Madilon !Directory Auiuance) 
LOl AltOl 4 1 5·94 1·R154 Santa Aos. 707·528· 1175 :1475 Slack Rock Turnpoke 813 B. Lyndon Lana NEW JERSEY TEXAS 

Fairfield 203-374·2227 Louolville 502-425·8308 
6840 La C•e111ga Blvd. 16720 So. Hawthorne Blvd. 1442 E . Route 70 3300 Ano:Hrson Lana INTERNATIONAL 
Inglewood 213-776-8080 Lawndate 11 3-371 ·7 144 DELAWARE MARYLAND Cherry Hill 609·795-5900 Auuin 512-452·5701 

52-SB Clarence Street 
14001 Voa Fabrocante .::gQ4 El Cid Plan · Suite 1()4 Anro Shoppong Center 16065 Frtderock Road, IR1. 3551 2 De Hart Street 6439 WellheimJr Sydney NSW 2000 
Monool"' V•IJO 714·170-013 1  Thousand Oakl 805-495-3554 Newark 302·73B·9556 Rockvdlt301 ·948· 7676 Morriuown 101-539-4077 Houuon 713-977..(}909 Aunralit TLX: AA 24757 

"SEE US AT P E R S ON A L  COMPUT I N G  '78 I N  P H I LAD E LP H I A ,  A U G UST 24-27" 
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The New WBI7 "Mini" floppy­
a Giani Leap l'orward in Ba 

Systems Sophistication! 

Now you can give your HS the 
power and versatility only a 
floppy disk system can provide! 
The WH17 lets you load programs 
in seconds instead of minutes, 
store huridreds of programs on 
a single disk with immediate 
access. update files virtually 
instantly. It's fa� more versatile 
and reliable th;:n papeP tape 
or cassette storage and really 
makes your H8 a:'total capa­
bility" computer system! 

Storage media for the WH17 
consists of the standard, hard­
sectored, 40-traGk diskette. Mea­
sur;ing just 5.25" in diameter, 
each disk offers the user access 
to 400 sectors (10 per track) or 
better than 102K; bytes of 
available program and data 
storage area. 

Supplied fully assembled, the 
WH17's model 82 WANGCO 
drive posts a conservative 30* 
ms track seek specification, and 
random sector typical access 
times of less than 350* ms. (A · 

figure considerably better than 
that of many equivalent com­
petitive drives.) 

A diskette containing all re­
quired H8 operating systems is 
sold separately. This software 
includes the Heath Disk Operat ­
ing System (HDOS), with its 
unique diagnostic, BUG·8, a 
console debugger, TED-8, our 
powerful text editor, HASL-8, and 
extended Benton Harbor BASIC. 

The fully assembled WH17, 
with dual-drive, controller and 
systems software, will be 
available in June, 1978, for $975. 

r----------------------
1 � HEATH � Heath Company, Dept. 334-430 

I =$QMjjj,[§l-= Benton Harbor, Ml 49022 

1 Please send me my FREE Catalog. I am not on your mailing list. 

I Name 

1 I �� 

I I 
Crty State Zrp I I ' Prrces and specrfrcatrons subject to change wrthout notrce CP·147 

L---------------------� 
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H EATHKIT ELECTRONIC 
CENTERS PROVIDE 
SALES AND SERVICE 
COAST-TO-COAST 

Unlls of Schlumberger Products Corporation. 
Retail prices on some products may be sllgtltly 
h1gher. 

ARIZONA-Phoenix, 2727 W. Indian School Ad. 
(602) 279·6247. 

CAL!FORNIA-Anohelm,330 E. Ball Ad. (714) 776·9420; 
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Figure 7 :  A basic top­
down design diagram is a 
structure like this. The 
number of levels may vary, 
and the number of boxes 
may vary, but the basic 
idea is given by this 
prototype. 

Figure 2: The first level of 
design is the act of saying 
"I want a program to do 
thus and so. " Here "thus 
and so " is defined to mean 
checkbook balancing. 
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The basic principle of top-down design 
procedure says that you start at a very h igh 
level of function defin ition and then pro­
gressively expand that function into more 
and more detail unti l  you 're at a low enough 
level to begin cod ing your program. 
Actual ly,  th is is a very natural way to 
design solutions to any problem, but, for 
some reason,  this method was very slowly 
appl ied to programming. The top-down 
method is d ifferent from bottom-up ,  where 
the concern is for coding and detai ls before 
a real program design has been done. Bot­
tom-up methods work on the "how" aspects 
of the program before the "what" aspects. 
An analogy of this method would be the 
bu i ld ing of a house, using no structural 
plans, by first laying down a convenient 
foundation and then gradual l y  adding 
wood and stone unti l some desirab le struc­
ture has evolved. 

Let's take an example of a function 
that could be performed on a microproc­
essor system for the purpose of i l lustrating 
the technique of modu lar, top-down pro­
gram design. The function, monthly check­
book balancing, was selected because it is 
a process that is fam i l iar to most of us and 
it  contains al l of the elements which make it 
a good example.  

In order to design what you want the 
program to do, begin by d rawing a mu l ti­
level design diagram l ike the one shown 
in  figure 1 .  The d iagram wi l l  describe what 
the p rogram does at a number of d ifferent 
levels of detai l ,  starting with the h ighest 
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level wh ich is a single b lock describing the 
overal l function. The next lower level of 
blocks breaks the h igher level function into 
a number of more detailed subfunctions. 
The next level takes those blocks and b reaks 
them into even greater detai l ,  and so on. 
An important point to remember is that the 
total function of the program is represented 
at each level . 

F igure 2 i l l ustrates the first steps i n  the 
top-down design of your checkbook balanc­
ing program. The first block s imply states 
that the program wi l l  balance your check­
book. There are no detai ls in  that block and 
it certain ly doesn't invite cod ing at this 
point in the design. For input, you know 
that you wi l l  have your checkbook entries, 
month ly statement from the bank, deposit 
slips and cancel led checks. The output you 
want is  a comparison of your checkbook 
balance (adjusted for recent deposits, ser­
vice charges and outstanding checks) and the 
balance shown on the bank statement. You 
also want to know where any errors were 
made and what corrections are requ i red. 

The second level of design, shown in 
figure 3, breaks the first level block into 
three major subfunctions. Al though this sub­
division cou ld  have been done differently  in  
terms of the content of  the second level 
blocks, the sum total of those functions 
always adds up to the entire function of the 
program. The idea is that you start the 
process sl owly and don't attempt to develop 
too much detail too soon . Keep the number 
of subfunctions smal l ,  five or  fewer, under 

{ com pari son of check book 

a n d bonk b a l ances 

errors 

correct ions 
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balance 

Figure 3: Once the first 
level of design has been 
determined, the next level 
is specified by breaking up 
the task into parts which 
are fundamentally inde­
pendent of one another. 
Here, checkbook balancing 
is viewed as three separate 
modules of function. 
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Figure 5: A fter the modu­
lar structure of the ap­
plication is determined in 
a hierarchy such as those 
exemplified in figures 7 to 
4, then attention can be 
given to sequencing of 
functions. This flowchart 
shows general level se­
quencing of the checkbook 
balancing application. 
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Figure 4: Carrying the process one step further, the next level is shown here for one of the 
branches of the structure of the programs. 

each function block. Don 't worry about the 
order in  which these subfunctions wi l l  be 
performed in your program. Remember, 
you 're on ly concerned at th is po int about 
what i s  to be done, not how i t  i s  to be done. 

Next, take the design to the next l ower 
l evel by further subdiv id ing each of the 
second l evel blocks. F igure 4 i l l u strates a 
portion of this step.  J ust make sure that 
each subblock represents a complete sub­
function and that the subfunctions at any 
level are equivalent to the program function . 

You ni ight ask at th is point, "How many 
levels must I go th rough?", or "How do I 
know when to stop ?"  There is no precise 
answer to these questions, a l though the fol­
l owing gu idel ines shou l d  help. In general , 
you wi l l  find  that you should stop when the 
l owest l evel of fu nctions is so s imple that 
you can easi ly  write a program module to 
do each one. A modu l e  should be considered 
to have about 50 program instructions, or 
less . Experience wi l l  he lp you to know when 
you have reached th is point. Al so, you wi l l  
fin d  th at the more complex the program, 
the more design l evel s  you wi l l  need ;  general­
ly ,  about th ree or four l evels wi l l  be 
suffic ient. 

Another method of determin ing if you've 

carried the design to a l ow enough l evel 
comes about almost au tomatical ly .  If you 
are attempting to complete one of the l ower 
l evels and you find  that the o rder of sub­
function execution is becom ing  d i fficu l t  to 
ignore, then you 've probably gone far 
enough . Al so, if you find  that i t  is becoming 
necessary to show that p rogram b ranch ing 
or decision making i s  requ i re d  (top-down de­
s ign d i agrams shou l d  show no decis ion l ogic) , 
then you know that you h ave about the 
right level of design . You are n ow ready to 
start th ink ing  about the how of you r  
program . 

Modular Construction. 

If you try to make each b lock at the 
l owest l evel of your design d iagram in to a 
module ,  you might determine  that some 
b locks are s imp le  and can be combined 
into fewer modu les. On the othe r  hand, 
there wil l  probably be b locks wh ich wou ld  
resul t  in modu les l arger than the  min imum 
size of 50 instructions we h ave established. 
In th is  case, take the b locks th rough one or 
more addi tional levels of design. 

Now decide what sequence the functions 
shou l d  be performed in .  Begin d rawing a 
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Figure 6: While the sequencing of the diagram shown in figure 5 is adequate, 
it is often useful to explicitly partition all sequencing of execution in a 
separate module called the "executive " for the application. This flowchart 
shows a simple example of such an executive program which sequences the 
major operations of the application. 

38 July 1978 © BYTE Publications Inc 

flowchart showing the requ i red sequence. 
Wi l l  each function be performed for each 
pass through the program? I f  not, add deci­
sion blocks showing the conditions under 
which each such function is executed. Also 
add any function blocks which may be 
necessary to in i tial ize data, clear tables, 
10 data, etc. 

Figure 5 shows a sequence of functions 
which resul ts from the design of your exam­
ple checkbook balancing program . Actual ly, 
the functions shown are probably too h igh 
level for th is ste'p, but for the sake of i l l ustra­
tion, the diagram should make the point. 

At this time, I wou ld  recommend that 
you consider making use of a special pro­
gram structure called an executive routine, 
wh ich offers some significant advantages. 
The executive is the main routine in the 
program and primari ly contains cal l s  to 
the function modules which do all the 
processing duties. It makes all decisions 
about the sequence of execution. It also 
contains the starting and ending points of 
the program. The objective of the executive 
is to concentrate most of the decision logic 
and common function of the program into 
a separate routine wh ich becomes another 
program module. 

In th is  way, the function modu les need 
not, and shou ld not, make sequencing deci­
sions. They shou ld  never d i rectly pass con­
trol to another function module. Th is shou ld  
be  done only through the executive. A func­
tion module's only responsibi l i ty is to be 
given control by the executive, do its 
assigned job, and then return control back to 
the executive. Function modules are written 
in the form of subroutines using the call and 
return faci l ities of the programming language 
being used. They should also contain a 
generous sprink l ing of comment statements 
to insure a h igh degree of understandabi l i ty ,  
as wel l  as a wel l -defined 1 0  i nterface to the 
outside worl d and the rest of the program . 

Figure 6 i l l ustrates the final step in the 
modular, top-down design of your check­
book balancing program. You have added an 
executive routine and some necessary house­
keeping routines. You cou ld  begin cod ing 
the program from thi s  flowchart by first 
writing the executive and the associated 
subroutine cal l s  for each of the processing 
modules .  By writi ng dummy subroutines 
wh ich s imply return control when they are 
called, you can test your executive for cor­
rect operation without the need for the real 
processing modules. 

The next step, of course, i s  writing the 
processing routi nes. This is s impl ified by the 
design approach described in th is article 
because it  al lows you to work on each routine 
as a separate un i t  which can be wri tten and 
tested independently of al l other routines in  
the program. When a l l  routines are com­
pleted, they simply p lug i nto the executive 
to form a total program. Later, if you want 
to change the sequence of execution, add or 
delete functions, i t  can be s imply a matter of 
manipulating modular routines. • 
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Centro n ics,  Seals ,  H azel t i ne, M i c ropo l is , Vista, 
H ayden,  I MSAI ,  Cromemco, Dig ital Systems, 
Compucolor, l com,  Lear Sieg l er, Okidata, 
DEC, J avel i n ,  N orth Star, Peri pheral V is ion .  
Same day d e l i very and s h i p p i ng on most 
items. F u l l  m odern repair  fac i l i t ies on 
prem ises for complete serv ic ing  of 
everyt h i n g  we se l l .  

Ci rcle 356 o n  i n q u i ry card. · 

FLOPPY DISK 
SYSTEM 

Dual Density 
Version 

2745.00 

SPECIAL BUYS 
Vista V80 Floppy Disk System . . . . . . . . . . .  $61 9.95 
Cromemco Z-2 Kit . . . . . . . . . . . . . . . . . . . . 565. 25 
Compucolor  800 1 Color Computer . . . . . . 2595 . 00 
I M S  16K Stat ic Memory . . . . . . . . . . . . . . . . 525.00 
N ort h Star M i c rof loppy D i s k  K i t  . . . . . . . . .  599 .00 
North Star Horizon 1 Kit . . . . . . . . . . . . . . . 1 499.00 

• North Star Horizon 2 Kit . . . . . . . . . . . . . . . 1 899 . 00 
Jave l i n  9" V i deo M o n itor . . . . . . . . . . . . . . . 1 59 . 95 
Livermore Modem Model 76 . . . . . . . . . . . . 299 .00 
M i cropol i s  M odel  1053 M O D  2 . . . . . . . . . 1 79 9 . 00 
I M SAI A P44-44 Col .  Pr inter K i t . . . . . . . .  299. 00 
TDL Xi tan A lpha 1 Assem bled . . . . . . . 939 .95  
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Who's Afraid of Dynamic Memories? 

I t  is not necessary to re­
fresh every cel l of the 

dynamic programmable 
memory i ndiv idual ly ,  but 

only the rows of the 
memory matrix. 

(Conversation overheard in l ocal com-
puter store ) :  

Customer: What 's the difference be­
tween static and dynamic memory? 
Salesman : Static memory works and 
dynamic memory doesn 't. 

I t  is unfortunate that the dynamic 
memory has had a rocky start in the smal l  
systems worl d, but i t  i s  not  real ly  surprisi ng. 
The dynamic programmable memory is a 
part general ly  avoi ded by most designers 
because it i s  not nearly as s imple to use as 
static memory. But tak ing the extra trouble 
and design care can pay handsome cost and 
performance div i dends, s ince the dynamic 
memory is inherently a l ower cost part than 
i ts static counterpart (by present standards 
of technol ogy) . 

The purpose of this artic le is to remove 
some of the mystery about dynamic mem­
ory parts. In order to best cover al l the 
trade-offs involved in a dynamic memory 
design, the d iscussion centers around  the 
design of an actual dynamic programmabl e 
memory with the fol lowing spec ifications :  

1 .  32 K bytes on one card. 
2. Al tair (S-1 00) bus compati b le (an 

el us ive specification, as we ' l l  see l ater) .  
3 .  Refresh mechanism inv is ib le to the 

processor. 
4 .  Lowest power d issipation possi b le 

with current  integrated c ircuits. 
5. Fu l l  speed operation in a 2 mHz sys· 

tem (no wai t states) . 
6. Fool proof operati on : refresh main­

tai ned despite halted processor and 
di rect memory access operations, 
interrupts and prol onged wait states. 

Note: A commonly seen misnomer is the abbreviation "RAM"  used to 
refer to a typical volatile programmable memory part such as those dis­
cussed in this article. RAM stands for "random access memory, " which is 
descriptive of any memory part which addresses a unique memory cell 
given a set of binary inputs. A "read only memory "  for example is also a 
random access memory, yet it is quite different in function from the vola­
tile programmable memories. Thus in reading advertisements and manu­
facturers ' literature, be aware that the term RAM as used really means 
"volatile programmable memory, " a resource for the programmer who 
uses the system . . .  CH 
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F igure 1 is the usual starting  point i n  any 
d i scussion of programmable memory .  I t  is 
shown here only to point out that the static 
programmable memory ce l l  uses six MOS 
transistors, wh i l e  the dynamic ce l l  uses only 
one (end of cost advan tage argument) .  

The dynamic programmable memory cel l 
uses a charge storage techn ique to store d igi­
tal information. The capaci tor Cc in figure 
1 b is charged for one l ogic state and d is­
ch arged for the oppos i te state. Capaci tors, 
bei ng  what they are, don 't h ol d  charge for­
ever (due to leakage ) ,  so the ce l l  shown 
works fi ne, but only for a few m i l l i seconds. 
After that, the charge decays bel ow a usable 
value .  This i s  the reason for the mechanism 
cal led refresh . A refresh operati on reads the 
value  of the charge on the capaci tor, amp l i ­
fies i t  to i ts i n i ti al val ue, and dumps it back 
into the capacitor. 

L ife wou l d  real ly  be d ifficu l t  if the de­
signer had to implement the enti re refresh 
operati on (read, amp l i fy, wri te )  in a dy­
namic memory system.  Dynamic memory 
designers have made th ings s imp le  by estab­
l i sh ing the fol l owing refresh " ru l es" : 

1 .  I t  is not necessary to refresh every cell 
i n  the dynamic memory i nd ividual ly,  
but only the rows of the memory 
matri x. 

2 .  A refresh operati on i s  accompl i shed by 
s imply accessing the requ i red  number 
of rows with any type of memory 
operation (read, write, or do noth ing 
but set  up the correct add resses ac· 
companied by a " strobe" or t iming 
pu lse) .  

Programmable memories are organ ized 
in  an XY matrix of rows and col umns .  
The matrix i s  genera l ly  square, so i t  is 
poss ib le  to deduce the number of rows 
in the memory that must be accessed during 



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 
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Compiler. 
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B IT  L I N E  

Figure 7 :  Comparison of static and dynamic memory cells. The static mem­
ory cell (figure 7 a) is actually a flip flop (or bistable multivibrator) made up 
of six MOS transistors and capable of storing one bit of information. The 
dynamic memory cell (figure 7 b) uses one MOS transistor and a capacitor to 
store one bit of information. The major differences between the two memory 
storage techniques are cost (dynamic memories are significantly cheaper than 
static ,memories) and the fact that dynamic memories must be "refreshed" 
regularly to maintain the charges on the capacitors. 

REFRESH 

PRO C E S SOR A D DRESS 
COUNTER 

L1 N E S  1 MUL Tl P L E X E R  1 
I A 8 

MULTIPLEXER I R E F R E S H  I ARBITRATION 
CONTROL I LOGIC 

ADDRESS L I N E S  

DYNAMIC MEMORY RW 
A R R A Y  

Figure 2: Refresh implementation block diagram. Dynamic memory cells 
must be refreshed periodically, or the capacitors used to store the bits of 
information will discharge. Refreshing is done by simply accessing the cells in 

· question with any type of memory operation (read, write, or do nothing but 
set up and strobe the correct addresses). Because dynamic memory cells share 
common lines, it is necessary to access only the rows of the memory matrix. 
All dynamic memories are set up so that the row decoders are fed by the least 
significant address lines (AO thru A S  for a 4 K part, for instance). The mem­
ory address lines are fed by a multiplexer that selects either the A lines (proc­
essor address lines) or the 8 lines (refresh counter lines) as directed by the 
refresh arbitration logic. The selected lines are then fed into the dynamic 
memory array. The refresh arbitration logic insures that the refresh opera­
tions and the processor operations do not interfere with each other. 
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a refresh interva l .  For example, a 4 K by 1 
bit memory is 64 by 64, so 64 memory 
cycles must be performed for refresh ; a 1 6  K 
by 1 bit memory is 1 28 by 1 28 and requi res 
1 28 refresh cycles. The specification for 

· refresh interval is genera l ly 2 ms. This means 
that al l  rows of the memory matrix must be 
"exercised" at least once every 2 ms. 

How do you know where the " rows" are? 
All dynam ic memories are set up so th at the 
row decoders are fed by the least sign ificant 
address l i nes; for a 4 K part, this means the 
six l ow order address l i nes, or AO, A 1 ,  A2, 
A3, A4 and AS. During the refresh opera­
tion, the remain ing address l i nes A6 thru 
A 1 1  are in "don't  care" states. For a 1 6  K 
part, the seven low order address l i nes AO 
th ru A6 constitute the row address l ines. 

Figu re 2 shows how refresh is accom­
pl ished. The memory address l i nes are fed by 
a mu l tiplexer that selects address inputs 
from mu l tip le sources. When the A i nputs 
are selected, the processor accesses the mem­
ory ; when the 8 inputs are selected, the 
refresh address counter accesses 'the mem­
ory. The role of the refresh arbitration logic 
is to insure that the refresh operations and 
processor access operations do not in terfere 
with each other. The block diagram in  
figure 2 shows a 2 i nput  mu l tip lexer. A l ater 
section of this artic le shows how the number 
of inputs may be expanded to accommodate 
a mu l tip lexed address programmable 
memory.  

Some system designs al l ow the use of dy­
namic memories without having to imple­
ment any refresh c i rcu itry whatsoever. The 
most common system of this type is a video 
system that uses raster scanning. I n  order to 
present a stable image on the video disp lay, 
al l information is stored in  a refresh mem­
ory. As the el ectron beam scans the screen, a 
digital address th at identifies the beam posi­
tion is developed by the video disp lay's tim­
ing c i rcui try and fed to the memory address 
l i nes. The memory thus sequences continu­
ously th rough i ts addresses. This satisfies the 
refresh requ i rement automatical ly, since the 
refresh counter of figure 2 is in effect re­
pl aced by the video disp lay's counters. 

The 4 K dynamic memory is currently 
avai l able in th ree different packages: 22 pin, 
1 8  pin and 1 6  pin .  The survivor of the in­
compatib i l i ty battle is c learly the 1 6  pin · 
package, due largely to i ts superior design, 
l ow power and true compati bil ity between 
mu l tip le sources. I ron ical ly,  the small est 
package, the 1 6  pi nner, was the easiest one 
to convert to a 1 6  K memory part. (Several 
manufacturers of personal computers take 
advantage of this to offer memory in differ­
ent combinations of 4 K and 7 6  K byte 
blocks . . . CM} We 'l l see how this was done 



The AJ 841 1/0. 
A completely 

refurbished IBM Selectric 
ASCII terminal with RS 232 

or parallel interface. 
FEATURES : 
• ASCI I  code. 

• 14.9 cha racters per second pri ntout. 

• Spec i a l  introductory price - $995 
(regularl y  $1 ,195). 75% d iscount from __ 

ori g i na l  price of new un it. 
· ·  · 

• Seri a l  RS 232 or 
para l lel i nterface. 

• Order d i rect from 
factory 

• Re l i a ble, heavy duty Selectric 
mechanism.  

• Off- l i ne use as typewriter. 

AJ 841 WARRANTY AND SERVICE 
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The current wonder of the 
semiconductor world i s  
the 16 K dynam ic p ro­

grammable memory.  

RAS 

CAS 

v , H_ 
A D D R ES SE S  

V I L-

when address mu l tip lexing is discussed l ater 
in th is  artic le .  

The current wonder of the semiconductor 
worl d is the 1 6  K dynamic programmable 
memory. The 1 6  K dynamic memory part 
that provides the prototype for the industry 
is the MOST E K  M K41 1 6 . This is the part 
that vi rtual ly al l semiconductor memory 
makers are l aboring to emulate, due to i ts 
h igh performance and l ow power. I n tel i s  
another l arge suppl ier of 1 6  K dynamic 
memories in  the form of the 21 1 6, but the 
21 1 6  .dissipates much more power than the 
4 1 1 6  and is not tru ly  compati b le with the 
4 1 1 6  type part wh ich the rest of the indus­
try is l i n i ng  up beh ind .  I n tel wil l shortly 
have a newly designed part that performs 
l i ke the 4 1 1 6 . Texas I nstrumen ts is also in  
the process of  redesign in-g their 16  p in part 
to perform l i ke a 41 1 6 . 

The 1 6  K dynamic memory is in h igh 
demand these days, and the suppl iers have 
not begun to meet the demand. This spel l s  
bad news for the experimenter, because 
prices wi l l  remain h igh ($20 to $30 each 
even in n igh vol ume) u ntil the suppl iers 
catch up  to the demand. The day the 1 6  K 
chip becomes a "jel lybean " part, such as the 
2 1 02, is p robably about two years off. 

t R C  

t RAS 

t AR � 
I lRSH t RCD I t eAS I 

There is, however, a sneaky way that the 
1 6  K part can be used econom ical l y  today. 
L ike al l integrated ci rcu i ts, the 1 6  K p art 
undergoes thorough testing  before it i s  
packaged and sol d as a part. The die s ize of 
the 1 6  K part is so l arge that the probab i l i ty 
of someth ing  bei ng  wrong with one or a few 
array cel l s  is fair ly h igh . Clever manufac­
turers (presently MOSTEK and I n te l )  are 
taking the parts wh ich h ave problems as a 
1 6  K part, and retestin g  them to see i f  ei ther 
of the two 8 K h alves of the array function 
'perfectly. And they do  i ndeed find  many 
parts which are perfectl y acceptable 8 K 
parts. These parts are not factory "rejects" :  
they meet a l l  spec ifications for the 16  K 
device, but you can only use h alf  of the part. 
Two part numbers specify the devices and 
tel l  the designer that a particular address 
l i ne  (AO) must be always h igh or always l ow. 
This permanen tly  selects only the "good 
hal f. "  

I f  you  l ook cl osely at some of the current 
dense Altair (S-1 00} bus compatib l e  memory 
boards, you ' l l  see these devices ( I ntel cal l s  
theirs the 21 08; MOSTEK 's i s  the 4 1 1 5) .  
This type o f  part makes everybody happy.  

Continued o n  page 140 

W R I T E  
V IHC­

V I L  -��������� 1..--- t CAC ---� 

V oH -
D o u r  ---------------------

VoL -

t RAC ------___,� 
O P E N  

V A L I D  
DATA 

Figure 3: Dynamic memory timing for the MOSTEK MK4 7 76 76 K dynamic memory (Courtesy MOSTEK). The following 
steps are necessary for a memory cycle: set up the low order 7 bit address on the address line (for the case of the 7 6 K memory) 
by setting the address multiplexer to state 2; wait for the address lines to settle; drop the row address strobe (RAS) line to the 
low state to latch the low address into the port; wait the "row address hold time' '; set up the high order 7 bit address on the 
address lines; finally, drop the column address line to the low state, which latches the high address into the port. 
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�\... G ET T H E �S· LOW DOWN B E FO R E  YO U B U Y  

SO YO U WAN T  TO 
B U Y  A CO M P U T E R ?? 
Th i s  n ew b o o k  p r e s e nts a n  o bj e c t i v e  l o o k  at t h e  to p 24 m 1 c ro sys t e m s  s o l d  

t h ro u g h o u t  t h e  w o r l d .  

I t  d i s c u s s e s  t h e  Pros a n d  Co n s  o f  e a c h  syst e m  i n  N o  U n c e rta i n  Te rm s a n d  t a kes a 

stra i g h tfo rw a rd l o o k  a t  t h e m i c ro c o m p u t e r  i n d u s t ry a s  i t  re l at e s  to Y O U .  

Writte n e s p e c i a l ly fo r t h e  l a ym a n  1 n  a l a n g u a g e  h e  c a n  u n d e rsta n d .  P rof it  f rom t h e  

m i sta k e s  o f  o t h e rs .  

I n c l u d e s h u n d reds of refe re n c es.  

Ta b l e  of Conte nts 

1 .  I ntroduct ion 

2.  Do n 't get  h u ng u p  o n  t h e  c h i p s  

3.  W h i c h  category d o  you f it  i nto 

4. Now - About t h e  H a rdware 

5 .  Peri p h e r i a l s  t h at p l u g  i n ?  

6 .  What? N o  Softw a re ! 

7 .  H e l pf u l  S u g g e st i o n s  before s p e n d i ng m o n ey 

8 .  Ad d re s s e s  

$4.50 p e r  Vo l u m e  BANKAMERICARO 
Vo l u m e  d i s c o u nts ava i l a b l e  -

S C I E N T I F I C  R ES EAR C H  
P . O .  Box 49009 9 - B 

Key B i s c ay n e ,  F l o r i d a  3 3 1 49 

P h o n e  O r d e rs Ca l l  800 - 3 2 7 - 6543 

Add $ 1  h a n d l i n g ,  a l l  d o m e s t i c  s h i p m e nts 

s e n t  U . P . S .  e x c e pt APO a n d  P . O .  Box 

w h i c h  go p a rc e l  post. Fore i g n  o rd e rs a d d  

$ 4  f o r  a i r  s h i p m e n t  a n d  m a k e paya b l e  i n  

U . S .  fu n d s .  
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58 Trumbul l  St 

New Haven CT 0651 0  

There i s  a h igh technology 
in every age, not just our  

own. 
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Antique Mechanical 
Computers 

Part 1. : J1:ar y Autom.ata 
My purpose in writ ing these articles is to 

remind computer enthusiasts that there is a 
high techno logy in every age, not just our 
own . Descr ibed herein are some of the 
stel lar accompl ishments of earlier t imes. The 
techno logy of electron ics is merely the latest 
l i nk  in a continuous chain of technological 
develo pments spanning 20,000 years. Before 
that, th ere was a mechan ical technology. 

Part 1 of this three part series descr ibes 
some high l ights in the development of auto­
mata up  to the 1 8th century. Part 2 contin­
ues with 1 8th and 1 9th century develop­
ments, and part 3 concl udes with a descrip­
tion of Torres' 1 9 1 1  chess automaton .  

I am  not go ing t o  speak here o f  those i n ­
candescent moments long ago when the 
tru ly great and critical achievements of 
mechanics were d iscovered : that day when 
an ancient man hooked a st ick under one 
large stone and over another to invent the 
lever. Nor wil l I consider the wheel , which, 
however it came about, mult ip l ied mechan­
ical poss ib i l it ies so manyfold (pu l ley, cam ,  
gear, cran k, escapement} that a s  the know­
ledge spread humanity was i rrevocably 
changed . We s imp ly do not know the story 
of mechanical knowledge and its spread , so 
we must spin scenarios instead of h istories. 
We w i l l  also have to concentrate on high­
l ights, s ince an exhaustive treatment of 
mechan ical computers would fi l l  many 
books. 

We do know most of the latest chapter, 
however. It has taken place in the past 
3 50 years, beginn ing in Renaissance times, 
flourish ing in the I ndustrial Revolut ion, 
and final l y  leve l l i ng off in  the early years 
of this century . The mechanisms that are 

now commonplace were being born back 
then, and what excit ing times they must 
have been .  G lance through a compi lation 
of mechanisms and note the dates of first 
appearances in mach inery. You w i l l  be sur­
prised to see how many basic movements 
date from two centuries ago . And with study 
and appl icat ion, a man cou l d  learn them, 
make them h is own, and employ them in 
mechanisms of h is own . Consider the thri l l  
o f  the  obscure local b lacksmith in ,  say, 
Saxony 400 years ago who copied in wood 
the mechanism of the town c lock's stri king­
j ack - the clock, a wonder that was the 
envy of other towns, imported at great 
expense from I ta ly - and d iscovered for 
h imself the means of transforming rotary 
motion into intermittent l i near motion, via 
a cam . (Medieval cathedral c loc ks general ly  
had a l i fe-s ize figure, man ,  ange l ,  o r  devi l ,  
which carried a mace to  str ike hours on a 
bel l : the "stri k i ng-J acques" o r  "stri ki ng­
jack . ") I magine the chal l enge and excite­
ment in real iz ing that one cou l d  construct a 
clock that wou ld  strike noon fair ly consis­
tently when the shadow of the church 
steeple touches a part icu lar jo int  of flagstone 
in the v i l l age square . Cou ld  one compress 
this wonderous mechanism i nto a container 
smal l enough to carry, and be  ab le to see 
the t ime whenever he wished? Cou ld one 
construct a c lock for the pocket? 

The first ones showed up aro und 1 650, 
bu l ky as an ostrich egg and not much 
better at keeping rel iab le time. A l ittle over 
two centuries ago a carpenter from York­
shire, England ,  J ames Harriso n ,  who had 
taught h imself mechan ics over a period of 
30 years, constructed h is  fou rth h igh ly 
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Photo 7 :  The bird organ, a popular novelty of the 7 8th and 79th centuries. 
The device is a sophisticated automaton capable of imitating the sound and 
movements of a real bird: the wings flap, the head turns, and the beak moves 
to the accompaniment of assorted bird whistles. 

B I R D  
WH ISTLE 

VOLUME VALVE 

W I ND  
CHEST 

Figure 7 :  Schematic diagram of a typical bird organ mechanism. Two metal 
cams control the birds voice: the far cam controls the pitch piston (located 
in the body of the bird whistle), and the near cam controls the volume valve 
(located inside the wind chest) . 
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accurate watch (chronometer) and won a 
pri ze of £20 ,000 from the Brit ish govern­
ment i n  1 760. Determ ined to make th e 
Brit ish Navy the master of the seas, the 
Admi ra lty offered a prize for a watch that 
would perm it  a sh ip  to calcu late its l ongi ­
tude with an accuracy of 60 naut ical m i l es 
after be ing at sea for s ix weeks. (Lat i tude i s  
relat ively easy to  calcu late by accurately 
measur ing the e levat ion above the horizon 
of any celest ia l  body. Longitude is more 
d ifficu lt ,  and requ i res knowing the e l evat ion 
at a time known relat i ve to a fixed ref­
erence, the zero mer id ian at G reenwich , 
England . ) 

Mechan icians (an exce l l ent name for the 
pract i t io ners of th is  craft ) chose to work in  
the  fie ld for much the  same reasons we a l l  
choose a fi eld today : because i t  was an 
abso rb i ng and genteel means of earn i ng a 
I iv i ng, because it offered acco 111 pi ish ments 
o ne cou ld  show with pride ,  and because it 
was the area fo r future expansio n ,  the grow­
i ng edge of the technology . Look at the 
legacy of mach ines they have l eft us: the 
L inotype ,  the typewriter and its relatives, 
the repmducing piano (and its less inte l ­
l igent cousi n ,  th e player p iano ) , clocks 
and watches of every descri ptio n .  They 
are all fi ne mechan isms, but most of them 
were perfected and essentia l ly  atta ined 
the i r  present  configu r·at ion 80 years ago 
and more .  E lectron ic  devices have d isp laced 
most of them . 

The flowering of mechan ical technology 
had other b ranches that have now d i ed 
out ,  though , l eaving on ly  accounts i n  boo ks 
and a few decay ing museum specimens 
of mach i nery which once sti rred general 
adm i r·at ion and brought fame to the i r· 
creators : the Orrery, a clockwork model of 
the solar system, complete with moons, 
that once stood proud ly  in the exhib i t ion 
room of every s ignificant un iversi ty ;  the 
dazzl i ng vari ety of music boxes which once 
were found i n  every parlor; and so on .  And 
who nowadays reca l l s  the bird o rgan (see 
photo 1 and figu re 1 ) 7  

The b i rd organ was a mechan ical device 
that produced a very close s imu lat ion of a 
b ird 's so ng; 200 years ago it was a very 
expensive and much cheri shed o rnament 
in the parlor of every gentle home.  I have 
seen el ectron ic  vers ions of c i rcu its for such 
a device and have b u i l t  one, but together 
with its transformer and loudspeaker it 
occu pies most of the space in a smal l b i rd­
house. A commercial versio n I pu rchased 
is sl igh tly smal ler, housed in a 3 i nch plastic 
sphere. Around  the year 1 800 there was a 
bi rd organ made for sale to replace the 
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I n  computer terms ,  the 
bird organ can be  de­

scribed as a spring driven 
power trai n contro l l ed 

by a mechan ical read on ly 
memory . 
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head of a gentleman 's wal king stick. A 
h inged l i d  sprang open by a concealed 
catch ,  and out pgpped a minute feather 
covered b ird model that opened its beak, 
spread its wings and sang . The entire device, 
except for its wind ing key, was housed in a 
gold o rnamented cyl i nder 1 Y2 by 2 inches 
(3.8 by 5 em) long. How's that for min iatur­
ization?  Arid I ' I I  wager it made a better song 
than my b locking osci l l ator version .  

There Were b ird organs, or accounts of 
them , in  antiquity. The Greeks used steam 
or air to drive wh istles mounted in b i rd 
figures; the Arabs and Persians supposed ly 
d id the same.  The mechanism was some­
times a c luster of tuned whist les l i ke a bank 
of m in iature organ p ipes, and th is arrange­
ment i s  found in a clock from 1 750, but the 
modern b ird organ dates from about 1 770 
and was l i ke ly  devised as a means of teaching 
domesticated songb irds to sing. Soon m in ia­
turized , it was incorporated into decorative 
objets d 'art of a l l  sorts: snuff boxes, per­
fume flasks, tab le  centerpieces (these often 
had smal l  fountains of water and other d is­
tractions built in) , clocks, even watches 
(but these were very rare) , and free stand ing 
forms. One del ightfu l version of the latter, 
perhaps 9 inches (23 em) h igh, depicts a 
lady seated at her desk and a b ird on a perch 
pole nearby . Her hand is on a (mock) b ird 
organ, which she cranks whi le her pet l istens 
attentively .  The b ird then tr ies to copy the 
song, but makes errors, which she corrects 
by playing the l esson agai n so that the b ird 
" l earns" and repeats it accurate ly,  with 
much enthusiastic flapping of wings, p ivot­
i ng on the perch , etc. 

Large or smal l ,  the mechanism of b ird 
organs was always the same (see figure 1 ) :  
a main spring d rove a gear tra in which oper­
ated a bel l ows to compress air in a wind box, 
and another gear train drove an intricate ly 
cut cam which, via a piston, varied the pitch 
of a wh istle connected to the air supply. A 
s imi lar cam operated a valve to contro l the 
vo lume of the wh istle tone . More gears drove 
cams that contro l led the beak, wings, and 
p ivoting actions via push wires ascending 
the perch pole · and the b i rd 's hol low legs. 
Songs of eight or n ine species are to be 
found among b ird organ mechan ism s (some 
elaborate d evices had double or tr ip le songs) , 
and the nightingale was most popular. 
Remember the fairy tale about the mechan­
ical n ightingale by brothers Grimm,  about 
1 855? It l ived in  a jewel led tree, and some 
dev ices were made in  this form, but the 
objet d 'art was perhaps most popular, 
being fin ished in enamel and go ld and 
frequently decorated with precious stones . 
Whi le  b ird organs were essential ly one of a 

k ind mach ines, there was a sort of produc­
tion l ine for them mainta ined by the most 
famous makers, and many thousands of 
them ex ist in m useums .  A great many were 
exported from France and Switzerland to 
the Orient. They are sti l l  made, and, whi le  
expensive, they are no longer the l uxury of 
rich men. [A German bird organ about the 
size of a pocket calculator is currently avail­
able for under $400 . . .  CM] 

In computer terms, the complete mecha­
nism m ight be described as a spring d riven 
power tra in control led by a mechanical read 
on ly memory whose values are stored as a 
d istance of the edge of the cam from the 
cam's center of rotat ion. I n  45 seconds of 
singing, there m ight be a fair number of 
places where the notes sound, perhaps, six 
to eight per second (during a tri l l ) .  

Referring to  figure 1 ,  if we  have two cams 
which rotate in 45 seconds, and we a l low a 
time divis ion of ten samp les per second, 
and i f  we al low eight b its of precision per 
sample, we wou ld  requ ire 900 bytes of read 
only memory to s imu late the control func­
tions of these cams. 

A longer song, as in  the tutorial automa­
ton described above, m ight requ i re th ree 
times as many bytes together with a smal ler 
number to control b ird and figure motion. 
This gives a total of 3 K bytes of mechanical 
read only memory d ivided u nequal ly  among 
several cams (someth ing approaching the 
storage capacity of contemporary read on ly 
memory parts) .  

A better way to l ook  at th is  sort of mech­
anism m ight be as a computer with analog 
storage (vary ing cam cu rves) and analog 
output (vary ing posit ions of the vo lume 
va lve and pitch piston) .  I nformation is 
stored in the intricate curves of the cams. 
The information is fixed there for al l time, 
or u nt i l  wear or rust alter it, and may be 
recovered whenever it i s  needed by rotating 
the cam whi le  the cam-fo l lower r ides on its 
periphery . It is i n  every way an "analog" of 
the desired sound ,  but it is not a record ing, 
because it has been d istorted in storage to 
su it the particu lar readout mechanism being 
employed ( the  cam-fo l lower) . ( I have de­
scri bed the stored information as digital 
in order to faci l itate the comparison ;  this 
has val id ity because of the relatively smal l 
number of analog posit ions and their re­
so lvab i l ity into bytes of restricted number.) 
Even in the 1 770  to 1 850 era the cam was 
not a new i nvention ,  but th is appl ication 
was novel. It was a benchmark in the field 
of mechanics. Storage of information had 
now become a too l  of the mechan ician , 
where formerly mere repetitive movement, 
the regular back and forth movement of a 



clock's mechanism , was known to be 
avai lable . 

With the poss ib i l ity of storing info rma­
tion comes the possib i l ity of craft ing com­
plex and seeming ly nonrepetit ive movement. 
If it is the desire of the bu i l der of the mecha­
n ism, these movements may be arranged to 
mimic the movements of l iv i ng organ isms .  
Th i s  i s  the basis of more com plex m echan­
ical toys l ike the rabb it that wal ks about 
beating on a drum.  ( I ncidenta l ly ,  i n  1 880 a 
m inute go ld rabbit ,  perhaps an inch h igh,  
who also played h is  drum,  was sold as a 
brooch. Not to men tion a 3 i nch  gol d  
caterpi l lar  that sedatel y  crawled i ts path , 
ci rca 1 850. )  

However engaging, these were funda­
mental ly s imple and regu lar movements 
that d id not tax the designer. Mechanicians 
have constructed far more com plex ma­
ch ines designed to dup l icate the most 
i ntricate and coord inated movements per­
formed by l iv ing creatures and to produce 
an effect of i l l u sory l ife for the few m inutes 
the mechanism operates. Why wou ld  c lever, 
ded icated people do such a thi ng? Why bu i l d  
an automaton?  

Mach i nes That I m itate Life : a Rationale 

Unti l  modern times there was a pervasive 
and uncha l l engeable view that the bodies of 
human bei ngs were not fit subjects for in ­
vestigation .  Death was  the  penalty for 
human d i ssection d uring the m idd l e  ages, 
except for rare occasions when the Church 
sponsored demonstrations of the corpses of 
criminals. C learly ,  anyth i ng so stern ly for­
bidden must have been wel l  worth i nvesti­
gating; cou ld it have been that the secret of 
l i fe lay concealed i n  the structure of the 
body? There were some who took the r isk, 
and they always found that an imal and 
human structure were very sim i l ar. Si nce, 
in the influential and respected view of Rene 
Descartes ( 1 596-1 650) , an imals  were ma­
chines that d iffered from humans ch iefly· i n  
their J ack of d iv ine i nsp iration, i t  i s  easy to 
see the framework for a " mechanistic" 
view of J iv ing organ isms. The notion held 
much appeal . It expla i ned in terms that 
were comprehensib le to the average edu­
cated man how l iv ing creatures were con­
structed by substituting mechanism for 
mystery . 

Popular expositions of science from the 
1 890s right up to the 1 940s typ ical ly  de­
picted d rawi ngs of a person cut away to 
reveal bel lows and pump rooms  i n  the chest, 
the chemical factory in the abdomen, the 
telephone switchboard in the sku l l ,  the 
pi stons and gears in  the l imbs, and so on·. 

I suggest that th is  conception of orga­
n isms as chains of mechan isms, and the 
coro l lary ,  of a god as the d iv ine watchmaker 
who constructed and set them i n  motion, 
was perhaps the most infl uential factor l ead­
ing to the construction of mach i nes designed 
to imitate l ife. Note the variety of l i terature 
in  which the attempt to create l ife i s  central 
to the theme: from bal lads and fai ry tales 
dating back to the begin ning of language to 
Mary Shel ley 's Frankenstein ( 1 81 8 ) ;  from 
Offenbach's opera with the clockwork 
bal ler ina, Tales of Hoffman ( 1 881 ) ,  through 
countless science fiction works, to tales such 
as Shaw's Pygmalion . And of course there 
is recombinant DNA research, the l ead i ng 
edge of b iochemical i nvestigation at th is  
moment where the purpose is ,  man ifest ly,  
to explore the mechanisms of l i fe i n  l iv i ng 
cel l s .  The impu l se i s  st i l l  there i n  u s  although 
the metaphor is d ifferent in d ifferent ages, 
and the mechanisms employed are de­
pendent on avai lable technology . 

Aston ishing Automata 

Abou t 1 709, in Grenoble, the Ed i son of 
automata, j acques de Vaucanson ,  was born . 
Little is known of h i s  early l ife, except that 
he was someth ing of a rake and a sem inary 
dropout who d isrupted affai rs at the monas­
tery by making wood and paper wings that 
flew about. But much i s  remem bered of h i s  
automata, which, though they no longer 
exist, were the marvel of the i r  age, the 
object of admiration by a l l  gentlemen who 
saw them, and the envy of mechanicians ever 
si nce. 

Vaucanson was not a showman, but a 
ph i losopher and inventor. He often spoke of 
"moving anatomy," h is expression for the 
concept that l ife, especia l ly  l ife in  l ower 
animals, was in  fact a series of u nd i rected 
movements (what we wou ld  today cal l 
" reflex movements") ,  and that by dup l i cat­
ing the movements and actions of a l ive 
creature, one m ight succeed in  dup l i cating 
the l ife of the creature. Whi le such a notion 
seems absurd to us ( i t  is, accord ing  to cur­
rent understandi ngs of the formation of 
ideas, magical, and therefore prim i ti ve) there 
is precedent for it from a character no l ess 
important than St Thomas Aqu inas. Vaucan­
son had a splendid opportun ity to com e  
across S t  Thomas's writings, si nce he  l ived 
in  a monastery for perhaps 1 5  years. Books 
were expensive treasures in  1 709, and mon­
asteries were the main pl aces where col lec­
tions existed. St Thomas's works wou l d  
probabl y  have been among them . I n  the 
Summa Theologica (01 3 ;  Art 2 ;  Reply 
obj 3; Part I I )  there i s  a passage: "An imal s  

About 1 709, i n  Grenoble, 
the Ed ison of automata, 
J acques de Vaucanson ,  
was born . 
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show orderly behavior and are mach i nes, as 
d ist inct from man who has been endowed 
with a rational sou l and therefore acts by 
reason ."  

special pains to  reproduce v ital deta i l s  l i ke  
respiration, d igestion and excretion, etc (so 
runs the argument) , one wou l d  then have 
created the next best th ing to a real l iv ing 
an imal .  I f  animals are orderl y mach ines, i t  migh t  

be  poss ib le to make a mach ine that looks 
and behaves l i ke an animal .  I f  one took 

Vaucanson arrived in Paris in 1 735 at the 
age of 26 to pursue h is moving anatomy con-
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Figure 2a: Three automata invented by jacques de Vaucanson in the mid-78th century. Shown 
are a flute player, mechanical duck, and a flageolet (whistle) and drum player. The novelty of 
these figures caused a sensation in their time (from an 7 8th century engraving, courtesy 
Bettmann Archive). 
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cepts. He promptly ran out  of money.  There 
is documentation to show he had the i dea 
". . . of gett ing assistance by producing 
some mach i nes that cou l d  excite pub l ic cur i ­
osity . . .  " as a means of rais ing fu nds. He 
exc i ted p lenty of publ ic cur ios ity, for i n  
1 738 h e  s imu l taneously d isp layed th ree 
au tomata (see fi gu re 2a ) . An au tomaton 
duck " . . .  made of gi l ded copper who 
dr in ks, eats, quacks, sp lashes about on the 
water, and d igests his food l i ke a l i v i ng  
duc k "  was one ,  and a pai r  of au tomata 
music ians who p layed flu te and drums  were 
the o thers. 

The machines were l i fe-size and were 
mounted on cub ical pedestals about three 
feet on a s ide, which contained the bu l ky 
mechanism.  They were u n ique  and or ig ina l ,  
and they created a publ ic sensat ion for 50 
years. To me, the fl u te p layer seems the 
most remarkab le mechan ism of the th ree. 
De J uvigny, a friend of Vaucanson 's, wrote 
in 1 777 ,  "At first many people wou ld  not 
be l ieve that the sounds were produced by 
th e fl u te the automaton was ho ld ing. These 
people bel i eved that the sounds must come 
from a b i rd organ or German organ encl osed 
in the body of the figu re. The most i ncredu­
lous, however, were soon convinced that 
the automaton was in fact b lowing the flu te, 

MED IUM PRESSURE  

- H IG H  PRESSURE  

th at the breath com ing from h i s  l i ps made i t  
p lay and that the movement  of h i s  f ingers 
determ ined the d ifferent notes . . .  The spec­
tators were permi tted to see even the i nner­
most springs and to fo l l ow thei r move­
ments. " F igure 2b shows the mechan i sm i n  
out l ine form.  A l l  that needs ment ion i s  the 
weigh t motor (not shown ) , and the fact that 
d ifferent weigh ts were added to each bel lows 
in  the set of th ree to provide d i fferent pres­
su res of air .  H igh , med ium and low pressu res 
provided the designer with the possib i l i ty of 
playing notes loudly or soft ly i n  the lowest 
register, or of shift ing the flute to a h igher 
register by employing greater pressu res. The 
d istr ibutor valve selected the correct pres­
su r·e for a given note. 

The i l l ustrat ion mer·ely h i nts at the head 
mechanism, wh ich must have been extremely 
compl ex. This descr ipt ion of fl ute playing i s  
from the Encyclopedia Brittanica: "The 
fl u te is held s ideways to the right of the 
player, who forms h is I ips to make an aper­
ture and d i rects h is breath streilm across the 
mouth hole and onto its fu rther edge, where 
it breaks up in to eddies that al ternate regu ­
lar ly above and below th is  edge and so exci te 
the air col umn of the fl u te i n to v ibrat ion .  
Stab i l i ty of the notes i n  the var ious registers 
and at d ifferent loudnesses is ach ieved by 

Figure 2b: Details of 
Vaucanson 's remarkably 
sophisticated flute player 
automaton. A music box­
lil?e drum with pro­
grammed pins controlled 
the motion of the fingers, 
volume of air and shape of 
the mouth (made of 
rubber) so that the device 
actually played a standard 
flute. 
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"(Vaucanson 's mechanical 
duck) is the most admi­

rab le thing imagi nable ,  a 
piece of h uman work­

mansh ip  a lmost pass ing 
u nderstanding. " 

control of l ip aperture, angle of breath im­
pact, and b reath force. The compass i s  th ree 
octaves. . . . " Vaucanson 's compl ications 
came from h is decision to use the true fl ute, 
b lown from the side, and not a recorder, 
which is an air pipe instrument blown from 
one end l i ke a pennywhistle or organ pipe. 
In both i nstruments, air co lumn length is 
varied by closing the appropriate holes i n  the 
body. To some degree Vaucanson s impl ified 
his task by emp loying seven active fingers 
( instead of eight, the modern standard : or 
maybe h is particular flute had only seven 
fingerholes ) ,  but  he took on and overcame 
the chal l enge of provid ing means to produce 
the proper size of l ip aperture and the 
proper angle of breath stream to mouth 
hole. I t  seems qu ite l i kely that Vaucanson 
used actual rubber, first seen in  France in 
1 736, i n  the l i p  mechanism, for there is evi­
dence (in another automaton) that he knew 
how to fabricate rubber. 

Now, I can imagine a mechanism that 
wou ld d i l ate and contract the aperture in a 
set of rubber l i ps, and vary somewhat the 
angle of a stream of air blown th rough the 
hole, but  I have the considerab le advantage 
of bei ng able to draw on two centu ries '  accu -

Figure 2c: Details of Vaucanson 's mechanical duck, showing the intestine­
like tubing within. The duck could drink, quack and splash about, and was 
able to eat, digest and eliminate food (from an 78th century engraving, 
courtesy Bettmann Archive). 
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mulation of mechan ical knowledge. Vaucan­
son was starting from scratch, bu i ld ing  a 
mechan i sm never before seen ,  to produce a 
motion never before defined, to perform a 
task never before attempted . That he suc­
ceeded so wel l  i s  astonish ing; that he  d i d  it 
with in 36 months i s  staggering. And remem­
ber, he  employed main ly hand too ls .  There 
was no local machine  shop h e  cou l d  cal l on 
to m i l l  a part. We have no record of where 
Vaucanson l earned h i s  mechan ics, but h i s  
sk i l l s  were prodigious. 

The combination tabor (drum) and 
flageolet (pennywh i st le) p layer shown at the 
right in  figure 2a was undoubted ly  con­
structed along s imi lar l i nes; I have not seen 
an explanation of i ts mechan ism. It wou ld 
have been s imp ler, s ince the flageol et is 
easier to p lay than a fl ute (only four  or five 
finger holes, b lown from one end) , and ma­
ch inery to make the right arm beat the d rum 
wou ld  be relatively s imp l e  to figu re out. I t  
seems un l i kely the two automata cou l d  have 
been so wel l synch ronized that they played 
together. 

Vaucanson 's Mechanical Duck 

I t  always startles me to read th ings l i ke 
this anonymous appreciation of Vaucanson's 
duck : " I t  is the most admirab le thing 
imagi nable, a p iece of human worksmanship 
a lmost pass ing understanding." I try to ac­
count for the powerfu l attraction that con­
structing s imu lacra of lower animals held  for 
men 200 years ago. Sti l l ,  it catches me off 
guard to see the adu lation the duck evoked. 
Dr G C Beireis ,  the fourth owner of the ma­
ch ine in 1 785, rhapsod izes, " I t  was in th is 
duck that Vaucanson's gen ius  reached its 
h ighest point. I have sti l l  not got over my 
astonishment at thi s  work. (He had seen it 
th i rty years ear l ier . )  One s i ng le  wing con­
tains more than 400 articu lated p ieces. " I 
doubt we wou ld  feel that way today about 
an automated Scottie, say, but maybe ducks 
make better pets. 

It was, from all accounts, a s i ngular I i ke-
ness to a duck, and h ere i s  what it d i d :  

After a l igh t touch on  a poi nt  on  the 
base, the duck in the most natural way 
in the world begins  to look around 
him, eyeing the aud ience with an intel­
l igent air .  H i s  lord and master, how­
ever, apparently interprets th is differ­
ently, for soon he goes off to look for 
someth ing for the b i rd to eat. No 
sooner has he fi l led a dish with oat­
meal porridge than our fami shed 
friend p lunges h is beak deep into it, 
showing his satisfaction by some char­
acteristic movements of h i s  tai l .  The 



way in which he takes the porridge 
and swal lows i t  greed i ly is extraord i­
nari ly true to l ife. In next to no  t ime 
the bas in  has been half empt ied ,  a l ­
though on several occasions the b i rd ,  
as if alarmed by some u nfam i l iar 
noises, has raised h i s  head and glanced 
curiously around h im .  

After th is, satisfied w i th h is  frugal 
meal, he stands up and begins to fl ap 
his wings and to stretch h imse lf  wh i le  
expressing h is gratitude by several con­
tented quacks. But  most aston ish i ng of 
al l  are the contractions of the b i rd's 
body c learl y showing th at his stomach 
is a l i tt le  upset by th is  rapid meal and 
the effects of a painfu l  d igest ion be­
come obvious. However, the brave b i rd 
ho lds ou t, and after a few moments we 
are convinced i n  the most concrete 
manner that he  has overcome h is in­
ternal d ifficul t ies. The truth is that the 
smel l wh ich now spreads th rough the 
room becomes a lmost u nbearab le .  We 
wish to express to the art ist inventor 
the p leasure which his demonstration 
gave to us. {From Chapu is ' book, 
Automata: Historical and Technical 
Study, see deta i led b ib l iography i n  
part 3 of th is artic le . )  

Someth ing here for everyone, i sn ' t  there? 
Passion, sati sfaction, and a dash of s lapstick. 
The mechan icians i n  the aud ience were 
dazzled by Vaucanson 's sk i l l  in b u i l d ing  a 
duck th at cou l d  swivel its neck in every 
d irect ion whi le  s itt ing or stand i ng; th i s  does 
suggest some remarkab l e  tech n iques for 
managing the pushwires ascend ing the l egs, 
maybe even some internal mechanisms 
with i n  the body. 

Probably  written by Vaucanson and cer­
tain ly  based on data on ly he cou ld  have pro­
vided ,  the fol l owing passage from an article 
in a 1 777 d ictionary of science shows how 
proud he was of the i n ternal mechanisms 
that caused grain to be " . . .  d igested as in  
real an imals by d isso l ut ion and not by 
(gr ind ing) . . .  the  i nventor does not  se t  th i s  
up as  a perfect d igest ive system capab l e  of 
manufacturing b lood and nourish i ng j u ices 
to support the an imal ,  and it wou l d  be un ­
fai r  to  reproach h im w i th  th i s  shortcoming ."  
But  i t  is cl ear how we l l  he knew the 1 8th 
century idea that b lood comes from food , 
and he impl ies he was trying to fol l ow i t .  
I n deed, in  some accoun ts the body was 
covered by latticework so the i n terior 
mechanisms cou l d  be viewed as th ey d id  
thei r job .  Vaucanson had good reason to be 
proud, for the body contained h i s  new 
invention, the ru bber tu be. Any mach ine  

capable of  making that  k ind of smel l had 
to be al ive ! 

One wonders what the " . . .  chem ical lab­
oratory where the pr incipal part of the food 
cou ld be decomposed . . .  " mentioned in the 
article m igh t refer to .  I t  may have been 
that h is rubber tube i n testine actua l ly  con­
tained some chemical s or enzymes that 
attacked th e starch in oat porridge, cau sing 
i t " . . .  to leave the body in marked ly changed 
form. "  But there was hard ly time enough in 
a performance of a few m i nu tes to convert 
anyth ing. More l i ke ly the operator between 
performances drained the stomach of i ts 
contents and l oaded the nether-part of the 
i ntesti ne with the im i tation duck dung  that 
so impressed audiences. 

The ·duck and the two musicians probably 
made a good deal of money for Vaucanson ,  
but because i t  was necessary to  transport 
them to other capi tal s of Eu rope for further 
exh ib i t ion he  sold them al l i n  1 743 to show­
men who took them to England, Russia, and 
fi nal ly to Germany. In St Petersburg i n  1 782 
the th ird owners t in kered w i th the mecha­
n i sms ,  in terchanging parts so they wou ld 
break if anyone e lse tried to show them. 
Dr Beire is had th is partly repaired ,  but 
when Goethe v iewed the duck in 1 805,  he 
fou nd ,  "Vaucanson 's au tomata were para­
lyzed. The duck had lost i ts feathers and,  
red uced to a skeleton ,  wou ld  sti l l  bravely 
eat i ts oats, but cou ld no longer d igest 
them . "  The duck was 1 08 years o ld  when 
Rechsteiner , a sk i l l ed mechan ic ian, was 
h i red to repair i t. It was exh ib i ted in I taly 
in '1 844 and in London two years l ate r. 
After that i t  dropped out of sight. Some 
photographs turned up  i n  the early 1 950s, 
ev i dent ly left by the former cu rator of 
the Par is Museum of Arts and Crafts .  They 
are gl ass p late negatives that probably date 
from before 1 900. The skeleton they reveal ,  
together with the appearance o f  t h e  mecha­
n ism, s trongly suggests the wreckage of 
Vaucanson 's duck, as they were l abe l led .  
The p lates were sa id to be from Dresden,  
and if the duck survived Wor ld War I I ,  
one hopes i t  i s  i n  a d ry attic. The music ians 
were lost from sight somet ime around 1 800. 
None of the im i tat ions of Vaucanson ' s  
automata, incl ud ing mekani ker Rechsteiner's 
dup l icate duck, now su rvives. These won­
drous mechanisms are al together lost . 

Vaucanson h imsel f seems to have pros­
pered (he was a member of the Academy of 
Science in 1 777 )  and cont inued i nventi ng. 
In 1 741 he dev i sed the system of pu nched 
cards that contro l led l ooms in the j acquard 
tapestry factory. This is general ly  considered 
to be the first d igi tal number storage and 
readout system.  In 1 760 he i nvented the 

Satisfied with h is frugal 
meal , the mechanical 
duck stands  up and begins 
to flap h is wings and to 
stretch h imself while ex­
pressing h i s  gratitude with 
several contented quacks. 
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Note: 

A complete bibl iography 
for this part of "Antique 
Mechanical Computers" wi l l  
appear with "Part 3 :  Human 
and Machine Action and the 
Torres Chess Automaton" in 
September 1 978 BYTE. 
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modern metal-cutting lathe, wi th a shaped 
gu ideway to prevent chatter and twisting of 
the too l .  

Mechan ism of  the Automata 

Whi le  re l atively s imple to explain and easy 
to grasp when explained, Vaucanson 's 
mach ines real ly  are very sophisticated in  
performance and embody concepts easi ly 
1 00 years ahead of their time. The weight­
motor is a heavy weight suspended from a 
rope wrapped around a drum wind lass, 
which, wh i le  s lowly fal l i ng, dr ives a gear­
tra in (speed control l ed by a governor) .  
These gears sl owly tu rn a cam-drum, the 
master contro l ler  "memory " mechan i sm, 
one rotation of which equa ls  one perfor­
mance of the au tomaton . This drum, per­
haps the d iameter of a smal l keg and three 
feet l ong, has on i ts su rface an array of rows 
of studs of some sort, nai ls or wooden 
knobs. Cam-fol lowers, some sort of spring 
l oaded l evers, ride on the drum su rface, one 
for each row (ci rcl e )  of stu ds in the array, 
and each cam-fol l ower is for a moment 
pushed out of p lace if a stud rotates by to 
push on i t. 

There are as many circles of studs on the 
drum as there are functions of the automaton 
to be control led, and the cam-fo l lower un ique 
to that c irc le of studs does the contro l l ing. 
Thus, one row, say, control s  the d i lation and 
contraction mechanism of the l i ps, and 
another row migh t  manage the movements 
of the first finger, l eft hand, and so on. There 
wou ld  be about 1 2  fu nctions to be contro l l ed ,  
so  about 12  rows o r  circles of  studs are 
on the drum.  I t  is rather l i ke a giant music 
box movement, except that instead of steel 
need les being p l ucked, cam-fo l lowers are 
disp laced , and with d i sp lacement each fol ­
lower pu l l s  on a fl exib le cab le which is l i n ked 
by its own pu l l ey system to the finger, l i p ,  
or  valve that i s  un ique to i t .  I n  some cases, 
l i ke the l i p  control mechanism, the require­
ment to produce music is for smooth varia­
tion from one s ize to another, so the row of 
studs  for that fu nction is replaced by a 
smooth ly  vary ing curve, a cam. I n  other 
cases, the fingering mechanism, a finger 
either does or does not cover a flute hole. 
This i s  d igital control (the word comes from 
counting on the fi ngers) ; the former is ana­
log, mean ing  that a l ittle movement here 
causes a proportional movement there . 

When it is a l l  put together and regulated 
carefu l ly ,  the mach ine wi l l  p lay the flute 
using wind pressures as selected by the 
d istr ibutor valve. For the sake of impressive 
appearance, the mach ine is covered with a 
wooden framework in human shape and is 

c lothed, but it would do i ts job bare. How­
ever, it wou ld look l i ke a mach ine and not 
a person . 

The tabor and flageolet  p layer is s imi lar, 
but probab ly  on ly two levels of wind were 
employed , and the fingering is s impler, 
probably four fingers. 

The duck was essentia l ly a giant version 
of the mechanism that operated the b i rd 
figures described earl ier but  with many 
more, and more complex, movements. 
Whi le it is poss ib le  that some weight sensit ive 
area was bu i l t  i nto the pedestal so that the 
duck started to gobb le  the food only when a 
plate was p laced before it, it seems much 
more l i ke ly that the operator carefu l l y  mem­
orized the duck's movements (which, of 
cou rse, are identical every t ime) and retu rned 
with the p late at just the right moment. 
Otherwise the bird wou ld have been gu lp ing 
down th in air .  

I f  they sti l l  exi sted, these mach ines wou ld 
prov ide an i ntrigu ing catalog of early 1 8th 
century movements, probably includ ing 
some that Vaucanson dev i sed for special 
purposes that wou ld  not be redi scovered for 
75 years or more. But, as computers, the 
mach ines were incred ib le .  Here, 240 years 
ago, was a d igital and analog computer 
preprogrammed with perhaps 300 to 500 
bytes of read only memory, each byte 1 0  
or 1 2  b i ts wide. Vaucanson appears to be 
the first person to have seen the need for 
synchronous control of mu lt ip le  fu nctions 
(how else cou ld you p lay a fl ute except by 
regu lating breath angle and pressure wh i l e  
s imu ltaneously fi nger ing the  proper notes?) 
as wel l as the first who saw the possibility 
of design ing mechanisms to effect such con­
tro l .  That he used the music box sp ind le 
approach to h i s  prob lem is  not to h i s  d is­
credit , for that mechanism was known to 
function rei iably over long periods wh i le 
u ndergoing l i tt le  wear. His incorporation of 
music box memory devices into an array 
on a single drum (the master contro l l er) 
enabled h im to produce some remarkable 
resu lts. He cou ld control a variety of s imu l ­
taneous, interdependent functions because 
they were all d riven by the same "c lock ." 
This was para l le l  data process ing, in  rela­
tively smal l ch unks, to be sure, but para l lel 
beyond doubt. The l i kes of it were not seen 
agai n  in mechanics unt i l  the p layer p iano 
with i ts paper tape. It is not so very d i fferent 
from the way the central nervous system 
deals with data in many paral le l channels 
s imu l taneous ly .  

But why is th is surpris i ng? J acques de 
Vaucanson was attempting to create l i fe . 
I t  was h i s  gen ius  to approach the task in 
the manner of l iv ing th ings.• 
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P RO C ESSOR 1 

PROCESSOR y 

Many design engineers have introduced 
various types of paral l el processing into 
systems in order to ach ieve h igher through­
put rates. A lmost without exception though, 
these appl icat ions have been l im ited to 
med ium and large scale computers due to 
price and complexity. 

I n  the past two years, microprocessors 
have reached a l evel of soph istication wh ich 
makes them cand idates for paral le l  process ing 
systems. Such systems cou ld conceivably 
offer m in icomputer performance at micro-

1 '\.! ........ .. 

============� S H A R E D  � E MQR¥ ( 32K ) 

K E Y  
- DATA BUS 
- ADDR E S S  BUS - CONTROL BUS 

Figure 7 :  The author 's parallel Z-80 system. Both processors work indepen­
dently, each supported by 32 K bytes of programmable memory. The proces­
sors are linked by 32 K bytes of shared programmable memory. The shared 
memory, addressable by either processor as the upper 32 K, has its own 
address and data buses. Shared memory conflicts are resolved by the arbiter 
circuit shown in figure 2a. 
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computer cost. This art ic le is an investiga­
tion of that idea. 

The Z-80 

The Z-80 m icroprocessor, manufactured 
by Z i log, is a th i rd generation LSI device 
which offers fu l l  software compati b i l i ty with 
the 8080 processor. Upgraded features 
provided by the Z-80 inc lude :  two sets of 
exchangeable registers, i ndexing, a fu l l  range 
instruction set ( inc lud ing register or memory 
bit operations) ,  e l even addressi ng modes, a 
nonmaskable in terrupt, dynamic memory 
refresh address generation, and an interrupt 
register to provide a h igh speed vectored 
interrupt response to any location in  
memory. 

The Z-80 's m in imum number of control 
bus signals makes i t  easy to interface in 
mu l tip le processor configu rations. 

System Layout 

My design consists large ly of two Z-80 
m icroprocessors (processor X and processor 
Y) operat ing independently, each supported 
by 32 K bytes of programmable memory 
(see figure 1 ) .  The processors are ind irectly 
l i n ked by 32 I< bytes of common m emory, 
making a system total of 96 K bytes. The 
shared memory, addressable by either 
processor as the upper 32 K, has its own 
address and data buses. Data or add ress 
s ignals are gated onto their respective bus 
when ( 1 )  e ither processor performs an opera­
tion involving a read or write against the 
shared memory, or  (2) either processor 
attempts an op code fetch from the shared 
memory, or (3) mach ine in structions com­
b ine ( 1 ) and (2) . 

Shared memory bus confl icts are resolved 
by the arbiter (see figu re 2a) . S ince the 
processors use opposite phases of the clock, 
requests for bus access can never be in it iated 
at exactly the same t ime. However, depen­
d ing upon the instruction sequences being 
executed , bus request confl icts can occur. 
This problem, summarized in  table 3 ,  has 
been carefu l ly exam ined and i s  represented 
by figure 3b .  I t  i l l u strates what is assumed to 



X A l 5  +5V 
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Figure 2a: The shared memory arbiter. This circuit resolves conflicts between the two proces­
sors if both attempt to gain simultaneous access to the shared memory bus. For example, a 
request from processor X (XMREQ low) will cause IC3a to drive the XSELECT line low and 
will also disable IC3b. Processor Y will be locked out during X's memory request. If Y makes a 
memory request while locked out, the output of IC4a will go low, activating the YWA IT line. 

be the worst poss ib le  case of bus confl i ct :  
both processors s imu l taneously execut ing 
shared memory read or  write i nstructions 
from the shared memory. Of course, one 
cannot pred ict when each processor w i l l  
attempt to  access the shared memory, so  a l l  
possible i nterprocessor state relat ionsh i ps 
have been investigated . 

The basic memory read or write instruc­
tion has seven "T" cycles (T is defined as 
the duration of one clock period ) . The T 
states and their fu nctions are : 

M l ,Tl 
M l ,T2 
M l ,T3 
Ml ,T4 
M2,Tl � 
M2,T2 
M2,T3 

I nstruction 
decoding 

Op code fetch 

Memory read or write operation 

The M cyc les are mach ine cycles. Table 3 
shows the seven interprocessor T state al ign­
ments: Ml ,Tl active for one processor when 
states Ml  ,Tl thru M2,T3 for the other are 
active. Figure 3b i l l u strates an examp le  of 
the processor request signals and signals 
from th e confl ict arbitration  l ogic. Note that 
after a very short period (maximum of seven 
clock cycles) the arb iter synchron izes and 
thereby provides complete cooperation 
between the two processors' fetch and 

execution cycles by putt ing one of the 
processors into one or two wai t states. 
Further, in the seven poss ib le  i n terprocessor 
T state re l ationsh ips, there are two in which 
opposing shared memory access request 
signals are synchronized, in wh ich case the 
arb iter does noth ing. Th is means that, 
regardless of the processors' i nstruction 

N umber Type +5 v G N D  

I C 1  74S04 1 4  7 

I C2 74S 1 0  1 4  7 

I C3 74S 1 26 1 4  7 

I C4 74S32 1 4  7 

IC5 741 25 1 4  7 

I C6 741 25 1 4  7 

I C7 741 25 1 4  7 

I C8 741 25 1 4  7 

I C9 741 25 1 4  7 

I C1 0  741 25 1 4  7 

I C1 1 741 25 '· 1 4  7 

I C 1 2 741 25 1 4  7 

I C 1 3 7432 1 4  7 

I C 1 4  7408 1 4  7 

I C 1 5 74S1 57 1 6  8 

I C 1 6  74S1 57 1 6  8 

I C 1 7 74S 1 57 1 6  8 

I C 1 8 74S1 57 1 6  8 
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Table 7 :  Power wmng 
table for figures 2a and 2b. 
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Figure 2b: Control cir­
cuitry for the shared 
memory parallel Z-80 
system. The respective 
processor data buses 
and the shared memory 
data bus are shown at 
the top. The shared 
memory address bus 
is at the right. The 
shared memory arbiter 
is shown in the center 
(see figure 2a for a de­
tailed schematic). This 
circuit works on a first 
come, first served basis 
to resolve all conflicts 
between the two pro­
cessors. 
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Figure 3a: The basic Z-80 memory read or write cycle. Clock periods are referred to as T cycles 
and the basic operations are referred to as M (for machine) cycles. The first machine cycle of 
any instruction is a fetch cycle (Ml). Subsequent M cycles move data to or from the memory. 

sequences, 86 percent of the t ime the system 
is at most one wait state away from syn­
chron izat ion. Thereafter, both processors 
can execute read and write instructions from 
the shared memory at 1 00 percent processor 
uti l ization,  assuming the instruction syn­
chron ization is not lost. 

Certain ly opposing software w i l l  not 
cons ist sole ly of i nstructions which offer no 
bus interference. But i t  i s  c lear that the most 
efficient method of solv ing the shared mem­
ory bus confl ict problem is the one that wi l l  
ach ieve short term interprocessor synchroni­
zat ion whenever poss ib le .  

Arb itration Logic 

Each processor provides signals to the 
arb iter wh ich identify a val i d  shared memory 
access request. I C2a and IC2b receive R FSH,  
MREQ, and A1 5 (the h igh o rder add ress b i t  
signal) from their respective processors. 
M REQ ind icates that a memory read or 
write operation i s  underway : either A 1 5  l i ne 

Beginning 
Event 

X A 1 5 h igh 
X R FSH h igh 
X M R EQ l ow 

X A 1 5 h igh 
X R F S H  h igh 
X M R EQ low 

YA 1 5 high 
Y R FSH high 
Y M R E Q  low 

YA1 5 h igh 
Y R F S H  high 
Y M R EQ low 

XA1 5 h igh 
X R FSH high 
X M R E O  l ow 

YA1 5 h igh 
Y R FSH h igh 
Y M R EQ l ow 

XSE LECT h igh 

YSE L ECT h igh 

Finishing 
Event 

to X S E L ECT low 

to X S E LECT low 

to Y S E LECT low 

to Y S E L ECT low 

to XWA IT low 

To YWA IT l ow 

to YWAIT h igh 

to YWAIT h igh 

go ing h igh identifies the shared memory as 
the object of the request ; and the R FSH 
l i nes insure that the  dynamic memory refresh 
strobe from one processor w i l l  not interfere 
with the shared memory access request of 
the other. 

IC3a and IC3b provid e an opposing grant 
or deny shared memory bus access proviso 
that is strictly first come, first served. A 
request from, say, processor X w i l l  cause 
IC3a to d rive XSE LECT low, and coinciden­
tal ly d isab le IC3b .  Processor Y wi l l  be 
locked out for the length of  processor X 's 
memory request. Now suppose processor Y 
does make a request for bus access when 
processor X is us ing the bus .  This  condit ion 
wi l l  force IC4a to i ts low state, activat ing the 
YWA IT l i ne. The wait s ignal wi l l  conti nue 
unt i l  processor X concludes its memory 
access. Under no circumstances, however, 
w i l l  processor Y be forced into more than 
one wait state for th is  processor X access. 
When XM REQ goes h igh, XSE LECT fol lows 

Stipulation Delay Before Occurrence ( ns) 

YSE LECT h igh 28 

YSE LECT low 25 after Y S E L E CT goes h igh 

XSE L ECT high 28 

X S E L ECT low 25 after X S E L E CT goes h igh 

YSE LECT low 53 

X S E LECT low 53 

YSE LECT low 22 

X S E LECT low 22 

Continued on page 1 74 

Table 2: Timing considera­
tions in the arbiter cir­
cuitry. The arbiter takes a 
finite amount of time for 
its logic circuits to effect 
the changes shown. The 
corresponding delays are 
shown at the right. 
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Photo 7 :  Hal Chamberlin 's 
home built HA L-4096 
computer system, built in 
7972. This system, which 
is still in service handling 
10 for an /MP-16 micro­
computer system, features 
TTL logic, a 7 6 bit word 
length, 7 6 registers, 4 K 
bytes of magnetic core 
memory (a surplus IBM 
7620), and priority 
interrupt. 

The First Ten Years of Amateur Computing 

If one cou l d  find  a 
specific date for the b i rth 
of personal computing, it 

woul d  be May 5 1 966. 
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Sol Libes 

President, Amateur Computer Group of New Jersey 

995 Chimney Ridge 

Springfield NJ 07081 

Most people I meet are under the mis­
taken notion that personal compu ting 
started on ly two or th ree years ago, w i th the 
introduction of the Al tai r  8800 by M I TS.  
Noth ing could be further from the truth. 
In fact, the amateur computing hobby 
was then a lmost ten years o ld .  

I therefore decided to write th i s  article 
to set the record straight, give cred it to the 
ear ly pioneers in th is hobby and shed some 
l ight on the early h i story of m icroprocessors. 

If one cou l d  find a specific date for the 
b i rth of personal computing, it would be 
May 5 1 966. For it was on that date that 
Steven B Gray founded the Amateur 
Computer Society and began pub I ish ing 
a quarterly cal led the A CS Newsletter. 

The newsletter exchanged information 
on where to get surp lus  computer gear, how 
to bu i ld  not too compl icated c ircu its, where 
to get integra ted c ircu its, tips, experiences 
and where to get he lp .  By the end of 1 966, 
the Society reported that it had over 70 
members. 

1 966 a lso saw the pub l ication of the first 
books on how to bu i ld  a home computer. 

Typ ical was We Built Our Own Computers 
by A B Bolt and pub l ished by Cambridge 
Un iversity Press. 

I n  J anuary 1 968, a survey in the A CS 
Newsletter reported that two amateurs 
had their home bu i l t  systems up and 
runn ing and that many others were actively  
work i ng on their systems. The su rvey 
ind icated that programmable memory sizes 
ranged from 4 to 8 K with some as h igh 
as 20 K, a l l  magnetic core of course. Tele­
types and F lexowriters were popu lar for 
1 0 .  Clock speeds ranged from 500 k Hz to 
1 M Hz, with the average 500 k Hz .  Most 
used discrete transistors, and a few reported 
us ing those new and hard to come by RTL 
integrated c i rcu its. I n struction sets were 
smal l ,  rang ing from 1 1  to 34 instructions. 
Word sizes were from fou r  to 32 b its, with 
1 2  b i ts the typ ical number. Registers ranged 
from two to 1 1 ,  with three most common. 
Most reported that they had been working 
on their mach i nes for about two years. 

The Apri l  1 968 issue of Popular Me­
chanics reported on ECHO I V  (E lectronic 
Computing Home Operator) , a home bu i l t  
computer constructed by j im Sutherland . 
I t  had fou r  registers, u sed a 4 b i t  word, had 
8 K bytes of core memory, 1 8  in structions 
and a clock speed of 1 60 kHz. 

I n  December 1 968 Don Tarbe l l  (now 
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Photo 2: The author's TVT-7, designed by Don Lancaster and built in late 
7973. Intended only as a TV typewriter, it was interfaced to a modem and 
used with an IBM timesharing system. 

The first computer kit was 
introduced in  1 971 . I t  
featured 52 TTL inte­
grated circu its, a 32 by 8 

bit programmable 
memory, and 1 5  i nstruc­
tions for $503. 

The Kenback-1 computer 
featured a 1 K byte MOS 
sh ift register memory 
made by a small, young 
manufacturer cal led I ntel. 
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known for h is high speed tape cassette 
interface) reported on h is  home bu i lt com­
puter in the A CS Newsletter. I t  had a 4 b i t  
word size, four registers, 10  kHz  clock and 
was constructed using RTL integrated 
c ircu i t  logic. He u sed a Teletype for 1 0 .  

I n  1 967, Dave Digby ran an ad in CQ 
magazine offering a computer ki t. I t  was 
advertised as featuring RTL logic, four 
registers, a 5 1 2 to 1 024 byte delay I ine 
memory, and serial i nput and output. The 
price was $ 1 000. As far as I know, he 
never del ivered any un its. 

Most early bu i lders constructed copies 
of the D ig ital Equ ipment Corporation's 
PDP-8 m in icomputer with thei r own mod ifi­
cations. I n  the surp lus  area, 1 000 M inute­
men I miss i le gu idance processors became 
avai lable in 1 971 . 

1 97 1  a l so saw the introduction of the 
first computer kit .  I t  was part of the 
National Rad io I nstitute's cou rse on com­
puter electron ics. I t  used 52 TTL integrated 
c ircu its, had a 32 by 8 bit i n tegrated circuit 
memory, 1 5  instructions and an operator's 
panel, and it sold for $503. Louis E Frenzel, 
then of N R l  and now at Heathkit, was the 
designer. 

I n  late 1 97 1 ,  the Ken back Corporation 

introduced the Kenback-1 c.omputer for 
$750. I t  was intended primari ly for educa­
tional u se. I t  had a 1 K byte MOS shift 
register memory made by a smal l ,  young 
in tegrated c i rcu it  manufacturer cal led 
I ntel .  It a l so had three registers, an 8 bit 
word size, 65  instructions, operator's panel ,  
and an audio cassette for program storage. 

The December 1 97 1  i ssue of Computers 
and Automation described five home bu i l t  
computer systems. And by the  end  of  the 
year 1 971 , there were reported to be 1 95 
members i n  the Amateur Computer Society. 

I n  1 972 th ings continued to pick up. I n  
J u ne Don Tarbe l l  reported that he had 
written an editor program for h i s  new home 
bu i l t  system and was working on an as­
sembler program. H i s  system used an 8 bit 
word , 1 6  registers, and 4 K bytes of core 
memory. 

Early 1 972 saw the introduction of the 
8008 m icroprocessor, by I n tel, the opening 
of a number of u sed computer equ ipment 
stores, l arge p rice drops i n  TTL logic and the 
avai lab i l i ty of the 1 1 01 programmable 
memory at low cost. Al l of this proved to be 
a tremendous stimu lus  for amateur com­
puter experimenters. 

I n  the September 1 972 i ssue of the A CS 
Newsletter Hal Chamberl i n  reported on h is 
home bu i l t  HAL-4096. This  1 6  b i t  mach ine 
ut i l ized surp lus I BM 1 620 core memories. 
Hal furn ished a complete set of construction 
plans for $ 2. The system had 1 6  registers, 
priority i nterrupt, Selectric and paper 
tape 10, and many other very advanced 
features. 

The September 1 4  1 972 issue of Elec­
tronic Design carried an article on how to 
bu i ld  a circu i t  which would  d isp lay 1 024 
ASCI I characters on a TV set. 

I n  1 973 amateur  computing advanced 
in several areas. I n  May, the EPD company 
advertised the System One computer k it  
for $ 695.  I t  had 1 K bytes of memory 
with expansion to 8 K and contained 82 
integrated circu i ts. I t  had 57 instructions 
encoded in  a d iode matrix read only 
memory . 

The September 1 973  i ssue of Radio 
Electronics pub l ished Don Lancaster's p lans 
for the construction of the TVT-1 . Although 
intended as a TV typewriter, many enter­
pnsmg experimenters in terfaced it to 
modems and home bu i l t  computers. 

I n  late 1 973, the Scelb i  Computer 
Consu l t ing Company introduced the 
first computer kit using a m icroprocessor. 
The kit was cal led the Sce lb i-8H and i t  sold 
for $ 565.  I t  used the I n te l  8008 and had 
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Dynabyte's new Basic Controller: Check out 
its capabilities and imagine your applications 

The Basic Controller™ is a powerful, 
versatile and easy to use single board 
microcomputer system designed for 
control applications. 

It is heavily into control I/O: relays, 
flags and sense inputs. What makes 
controlling these 1/0s (and the external 
devices they control) so easy is our ZIBL™ 

(Z-80 Industrial Basic Language). lt is a 
superset of NIBL, National Semiconduc­
tor's control BASIC, and was written by us 
specifically for control applications. 

We've divided the control world into six 
categories: sense inputs, flag outputs, lites, 
relays, A/Ds and D/ As. ZIBL implements 
64 channels of each in such a way that you 
need not know anything more about them 
than their names. 

In ZIBL it is valid to say: 
1 00 IF TIME = 053010 AND SENSE 

( 18) = 0 TURN ON RELAY 5 
Simple, isn't it! 

Some but not all of the Basic 
Controller's mouth watering features 

Circle 1 1 0 on inquiry card. 

include: 
• File structures that allow multiple 

programs written in ZIBL to reside 
concurrently in RAM. Each program may 
be individually LOADed, RENAMEd, or 
RUN. Any program may access another 
program as though it were a subroutine, 
while still retaining its own line numbers 
and variables. 

• Complete communication versatility. 
LISTing, PRINTing and INPUTing may be 
done to or from any serial or parallel I/O 
channel or the self-contained CRT 1/0. 

• Single key SAVE or LOAD to and 
from cassette. 

• Single key SAVE to EPROM. No worry 
about PROM addressing or programming 
routines, it is handled by ZIBL ­
automatically - even if there are other 
programs already in PROM. 

• ZIBL in ROM: TURNON, TURNOFF, 
DELAY, TIME, REM, IF THEN, DO UNTIL, 
GOTO, GOSUB, @(exp), TRACE MODE, 
LINK, READ, DATA, DIR, RND(x,y), strings, 

triple precision integer arithmetic, plus the 
usual statements. 

• On board: Z-80 MPU, 32 flags, 32 
sense, 8 relays, 8 lites, 2 serial, 1 parallel, 
cassette 1/0, 64x 1 6  video, keyboard port, 
two 271 6  sockets with programming 
capability, up to 16k on-board RAM, up to 
48k off-board RAM, real time clock, 
vectored interrupts, Lite Port on board, a 
kitchen sink, and an Expansion Bus. 

$750 assembled, tested, warranted 1 
year. You add power supply, keyboard and 
monitor. Available now - see your 
computer retailer. 
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1 K bytes of i n tegrated c ircu it program­
mable memory. I t  was expandable to 1 6  K 
bytes of programmable memory { $2760) 
and had options such as cassette 10, ASCI I 
keyboard input, osc i l loscope output and 
serial 10 .  

I n  1 973, Digita l  Equ ipment Corporation 
offered the PDP-8A with 1 K words of 1 2  
b i t  programmable memory for $875.  Also 
in  1 973, a smal l pub l ish ing house catering 
to computer and d igital electronics hobby­
ists began pub l ish ing with a book on wire 
wrap construction techn iques. I t  was cal led 
M P Pub l i sh ing Company and was a part 
time activ ity of Carl Helmers {who later 
began a month ly  cal led Experimenters ' 
Computer System which after five issues 
was transformed i nto BYTE in 1 975) . 

1 974 marked a year of substantial in­
crease in  amateur computing. In J u ly, 
Radio-Electronics magazine carried a con­
struction article by J onathan Titus on 
bu i l d i ng the Mark-8 processor, which 
u sed the I ntel 8008 m icroprocessor. It i s  
estimated that over 500 of these u n its 
were bu i l t  by avid experimenters. 

I n  October, Southwest Techn ical Pro­
ducts Company {SwTPC) introduced the 
TVT-1 1 kit for $ 1 80 and an ASCI I key­
board kit for $40. 

I n  September, Hal S inger started the 
Micro-8 Newsletter to exchange information 

Photo 3: The author's Mark-8 processor, built in late 7 974. Designed by 
jonathan Titus, it uses the Intel 8008 microprocessor and has 7 K bytes of 
programmable memory. 
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among hundreds of experimenters who were 
bu i ld ing the Mark-8 u ni t. 

I n  November 1 974, Hal Chamberl i n  and 
some associates began another very popular 
but  short-l ived magazi ne cal led The Com­
puter Hobbyist. 

1 975 was the year that personal com­
puting exploded. It began, i n  J anuary, when 
Popular Electronics carried an  artic le  on  the 
Alta i r  8800 m icrocomputer by M I TS .  F i rst 
de l iveries were in Apr i l  1 975. The kit sold 
for $375 and inc luded 1 K bytes of p ro­
grammable memory, bu t  no 1 0. M I TS cla ims 
that by the end of 1 976 they h ad sold over 
1 0,000 A l ta i r  8800s {80% to hobby ists) . 

I n  Apr i l ,  the first computer c lub held 
its meeting. Started by Bob Re i l ing and 
Gordon F rench, and cal l ing i tself  The 
Homebrew Computer C lub, i t  met in  Men lo 
Park CA. One month l ater the A mateur 
Computer Group of New J ersey was formed. 

I n  the fal l  of 1 975, M I TS released i ts 
4 K and 8 K BAS IC  interpreters, SwTPC 
i n troduced their 6800 based m icrocomputer, 
and the first decade of amateur computing 
was complete. S i nce then, the f ie ld as we 
know it today has rap id ly matured and 
expanded. 

Some M icroprocessor H istory 

I n tel Corporation must be cred ited with 
developing the microprocessor, the single 
chip integrated c ircu i t  which performs the 
basic functions of a central process ing u n it. 

I n  1 969, a J apanese company, Busicom, 
contracted with I ntel to develop a ch ip set 
for a pr inter-calcu lator. I t  used a 4 b i t  d ata 
bus and consisted of fou r  i n tegrated c ircuits 
i n  a set: a processor, read only memory with 
10, programmable memory with 1 0, and a 
sh ift register type memory. Bus icom per­
m i tted I ntel to market the chip set for 
noncalcu lator app l i cations, and the first 
generation of m icroprocessors was born. 

The processor chip was designated the 
4004, and it sold for $ 200. I t  came i n  an 
1 8  p in  dual i n  l i ne  package { D I P) and wou ld  
interface on ly  with the  other chips i n  the 
fami ly. Programs had to be stored in the 
erasable read on ly memory. Data and 
address information was mu lt ip lexed 
on the 4 b i t  bus.  S i nce program could 
on ly be executed out of read on ly memory, 
and s ince progammable  memory was used 
only to store data, debugging software 
proved to be d ifficu lt. Further, a great 
deal of support logic was requ ired. 

At nearly the same time, Datapoint, 
a manufacturer of i ntel l igent terminals, 
contracted with I ntel and Texas I nstru­
ments to produce a true processor on a 
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Photo 4: Roger A midon 's 
4 bit processor, built in 
7 9 72 and fondly referred 
to as the "Spider. " It 
was built with TTL logic 
and used to control an 
amateur radio (R TTY) . 
The Spider was featured 
on the cover of April 7 9 77 
BYTE. 
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chip.  I ntel succeeded i n  doing th is. Un­
fortunately, the device proved to be too 
s low for Datapoint's u se. I ntel decided, 
therefore, in 1 97 1 , to market the device for 
$200 and cal l it the 8008. I t  marked the 
first generation of "true" m icroprocessor 
integrated circuits. 

The 8008 used an 8 bit data word with 
a more powerfu l i nstruction set than the 
4004, but it sti l l  had many of the d isadvan­
tages of the 4004. It requ i red considerable  
support logic. The 8008 however was a 
more general pu rpose device. For example, 
it contained a set of l ogical operations that 
the 4004 d id not have. I ts i n struction set 
was s imi lar to a min icomputer's, and it 
cou l d  d i rectly add ress 1 6  K bytes of pro­
grammable memory. I t  even had interrupt 
capab i l i ty .  

At the same t ime,  I ntel introduced the 
1 1 01 , a 256 by 1 bit programmable 
memory (which enab led the experimenter 
to bui ld a 1 K by 8 b it  memory with only 
32 i ntegrated c ircu its! ) , and the 1 702 
256 by 8 bit E ROM. With the 8008, 1 1 01 
and 1 702 i n tegrated c ircu its, general purpose 
computers could now be bu i l t. 

I n  1 972 several other manufacturers 
recognized th is  emerg ing market. Most 
notable was National Semiconductor who 
i n troduced the I MP-1 6, a chip set which 
may have been a l ittle ahead of its t ime. 
It was a b it  s l ice system of variable word 

length and u ser definab l e i nstruction set. 
I t  l ater developed i nto the th i rd generation 
Pace m icroprocessor. 

I n  l ate 1 973, I n tel introduced the 8080 
processor, and, soon after, Motorola intro­
duced the 6800. The 8080 has become the 
de facto i ndustry standard, u sed i n  more 
appl ications than any other processor. The 
8080 is  basical ly an enhancement of the 
8008. I t  came in a 40 p in  dual in l i ne  
package and cou l d  d i rectly add ress 64 K 
bytes of programmable memory and read 
only memory. I t  had a true bid i rectional 
data bus and an expanded instruction set. 
However, it sti l l  requ i red an external clock 
and mu ltip l e  power suppl ies. The 6800 
on the other hand requ ired only one TTL 
compatib l e  power supp ly, had s impler 
control c ircu i try, and an instruction set 
more compatib le  with l arger computers. 

1 975 and 1 976 saw the introduction 
of enhanced th i rd generation m icro­
processors. The Zi l og Z-80, an enhanced 
8080, featured a larger i nstruction set, 
more registers, on ch ip clock, and more. 
The 6502, from MOS Techno logy, was an 
enhancement of the 6800. The Texas 
I nstruments TMS9900 and TMS9980 
became the first widely avai lab le s ingle 
chip 1 6  b it  microprocessors. 

1 977 marked the introduction of the 
fourth generation of m icroprocessors. I n  
fact, these devices now could be cal led 



microcomputers i n  a s ingle integrated 
circu it. These new devices inc lude the 
comp lete m icroprocessor, read on ly 
memory, programmable memory, and 
1 0  circu itry on one ch ip .  A min imum of 
support logic i s  requ ired . 

The future prom ises an increase i n  word 
size, functions, speed and memory capacity .  
( I t looks l i ke the s ing le ch ip  processor 
that runs BAS I C  may soon be a real i ty . ) 
The next ten years i n  m icroprocessors and 
personal computing shou l d  be even more 
amazing than the past decade.• 

Photo 5: The Scelbi-8H processor. This was 
the first kit to utilize a microprocessor. It 
employed an Intel 8008 processor and was 
introduced in late 7 973; design work began 
on the unit in A ugust 7 9 72. The prototype 
featured an oscilloscope display and audio 
tape unit. Scelbi has since discontinued their 
hardware line to concentrate on software 
and applications publications. The last 
Scelbi-8H was sold in December 7974. 

S m a l l h o m e  ro bots 
cont ro l l a b l e  by you r co m p uter.  
Attachable to any computer v i a  paral lel i nterface ( not inc l u ded ) 

Terrap i n™ Tu rtles can :  
• 'walk' (on 2 "  radius wheels) 
• ' ta lk '  (via 2-tone speaker) 
• 'b l ink'  (with l ights as eyes) 
• 'draw· (with solenoid-controlled pen) 
• 'feel '  ( using 3W' radius dome as touch sensor) 

Use you r Turtle to m a p  rooms,  solve m azes, dance, ex­
p l o re A rt i f i c i a l  I n t e l l i g e n c e ,  t e a c h  g e o m et r y  o r  
p rog ra m m i n g .  

A u n iq u e  peri p h e ral  t o  keep y o u  " i n  touch" with you r 
computer. 

Lim ited delivery from stock • B rochures avai lable 

Kit 300 Assembled 500 
S-1 00 I nterface $40 S h i p p i n g  $5 8 33 E d i n bo ro u g h  Street, 6th F loor --;,""""""".-..... � -- B oston ,  M A  021 1 1  
Mass. residents add 5% sales tax 

Circle 374 o n  inquiry card. 

(61 7) 482-1 033 
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Figure 7 :  Schematic diagram for the motor driver. The 7400, IC7, has +5 V 
connected to pin 74 and pin 7 is connected to ground. 

Controlling DC Motors 
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561 6 Houston Rd 
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This artic le w i l l  explain one inexpensive 
way to control the position of a smal l 1 .5 V 
to 3 V hobby DC motor  to with in a quarter 
turn out of a total range of 1 6,384 tu rns. 
Various types of mechan ical apparatus may 
be attached to this shaft for accurate posi­
t ioning. The feedback portion of th is c.i rcu it  
may be used alone for posi tion sensing of 
shafts which reverse d irection during opera­
t ion.  Modifications to obtain reso lution 
better than a quarter turn and to drive 
h igher powered DC motors wi l l  be d iscussed. 

The impetus for developing th is circuit 
came whi le est imating the cost and com­
plex ity of implementing the circuit shown 
by Leon Sweer, Thomas Dwyer and Margot 
Critchfield in the arti cle "Contro l l i ng  Smal l  
DC Motors with Analog Signa ls" (August 
1 977 BYTE, page 1 8) . My lack of a d igital 
to analog converter, the apparently h igh 
power d issipation  in the power op amp, and 
the mechanica l  complexity of the feedback 
potentiometer gear reduction were all 
negative factors. An "al l d igital " scheme was 
devised to overcome these problems. 

The motor driver circu it  is shown in 
figure 1 .  The c i rcuit is s impl ified consider­
ab ly by the presence of on ly three modes of 
operation : fu l l  forward fu l l  reverse and 
completel y stopped . AI (  transistors �re in 
cutoff or satu ration at al l t imes. The s ignals 
labeled FOR and REV are at a h i gh level, +5 
V, wh i l e  the motor i s  stopped. When FOR is 
brought l ow, Q 1 ,  Q4, and Q6 become 
saturated, or "tu rned on ."  This effectively 
connects motor pin 1 to +5 V and motor 
pin 2 to ground.  When REV is brought low, 
Q2, Q3, and 05 conduct, connect ing m otor 
pin 1 to ground and motor pin 2 to +5 V. 

Note that FOR and REV must never be 
grounded simu l taneous ly;  if th i s  si tuation 
occurs, heavy cu rrent w i l l  flow through Q1 , 
Q2, Q3, and Q4, potentia l ly d amaging the 
devices. To e l im inate the poss ib i l ity of this 
happen ing due to a programming bug wh i le  
the motor d rive is connected to a computer, 
the FOR and REV signals have been mod ified 
to GO and Dl R signals by the gate logic of 
IC1 . The motor w i l l  be stopped as long as 
the GO signal is low. I t  wi l l  run forward 



MODEL CC-8 
$185.00 (4800 Baud) 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
1 08 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 6.0" per second. 1 10 volt, 60 Hz, 5 watts. (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 
Can be used in remote locations from a 1 2  Volt battery. 

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 3M3 B).  

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 t�e 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. 

AVAILABILITY - Off the shelf. 

2SIO (R) CONTROLLER 
$190.00, Tested & Assmb. 

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 m onitor 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 
$190.00, Tested & Assmb. 

The ROM program supplements the M IKbug program and is entered automatically on 
reset. SWTbug compatible ROM is also available .  

AVAIL ABILITY - 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 ZSO and ROM so that you are up and running with your 
present SWTP memory and MPS card. 1 K ROM on board replaces MIKBUG. 

AVAILABILITY - Off the shelf. 

_______________________ $190.00, Tested & Assmb. 
For U .P . S .  del ivery, add $3.00. Overseas and a i r  sh ipments charges col lect, N .J .  Residents add 5% Sales Tax. WR ITE or  CALL for further 

i n formati on .  Phone Orders on Master Ch arge and Ban kAmericard accepted. 

�atiunal Multiplex Cur-pur-atiun 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201 ) 56 1 -3600 TWX 7 1 0-997-9530 

Ci rcle 275 on i nqui ry card. BYTE Ju ly  1978 73 



Figure 2: Opaque disk to 
be attached to motor 
shaft. Two gaps are cut 
so the disk will be rota­
tionally balanced. 

TOP VIEW 

·-

when GO and D l  R are h igh, and reverse 
when GO is h igh and Dl R is low. The Dl R 
signal may be reversed with GO remain ing 
h igh without damage. This reversal may 
occur as often as desi red , even many times 
per second, without el ectronic damage. 
Diodes D1 , D2, D3 and D4 are used to 
suppress switch ing transients from the 
motor. 

Higher powered motors or higher vol tage 
motors may be accommodated by using 
7426 open col l ector gates in place of the 
7400 gates or by us ing add i tional transistor 
d river stages, as appropriate. 

Posit ion Feedback 

Determin ing how many times a shaft has 
turned in one d i rection is s imple .  Attach an 
opaque d i sk with period ic gaps in it to the 
shaft as shown in  figure 2. Shine a beam of 
l ight on one side of the d isk and p lace a 
phototransistor on the other side. Apply the 

MOTOR 

SID£ VIEW 

Figure 3: Placement of phototransistors A and B. The phototransistors 
should be within an eighth of an inch of the disk. The disk should be opaque 
and painted flat black. The 60° gap size and 30° placement of the photo­
transistors will provide a steady count once every 90° of rotation. 

L IGHT  

DA R K  A 
L I GHT 

DARK 8 

_j 
4a: COUNTERCLOCK WISE ROTATION 

L I G H T  

DA R K  A 

L I G H T  

DA R K  B _j 
.......... 

4b: CLOCKWISE ROTA TION 30" ROTAT ION 

Figure 4: Photo transistor timing diagram. Note that the counter must count 
up when a dark to light transition occurs on A and 8 is dark, or when a light 
to dark transition occurs on 8 and A is dark. The counter must count down 
when a dark to light transition occurs on B and A is dark or when a light to 
dark transition occurs on A and B is dark. This assumes that a counterclock­
wise rotation causes an increase in count. 
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output of the phototrans istor to a Schmitt 
trigger and count  the h igh to low transitions. 
Note that i t  i s  not poss ib le  to determine 
the d i rection the shaft is rotating by observ­
ing the electrical signals generated . 

By adding another phototransistor, it i s  
poss ib le  to determ ine the d irection the shaft 
is turn ing. The two phototransistors, i denti ­
fied as A and B, must be arranged as shown 
in  figure 3 .  The d i rection of rotation can be 
determined by observ ing which p hoto­
transistor is the first one on when the gap 
is encountered as shown i l'] figure 4. The 
d i rection can also pe determined by observ­
ing wh ich phototransistor is the last one 
off. I t  is real !  y necessary to l.lSe both of these 
transitions in order fo i:jvoid m iscounting 
when the osci l l at ing s i tuation explained in 
the caption of figure 5 is encou11tered .  

The ci rc!J it to detect i:jnd register the 
shaft turns is shown in  figu re 6. This ci rcu it 
fu nctions by propagation delay. Signals A 
and B are h lgh wnen thf)ir respective photo­
transistors are on .  Signals AD and BD are 
signals A and !3 ,  respectively, del ayed by  
pass ing through four  inverters. S imi lar 
term ino logy applies to A+B and (A+B)D .  
These signals are then "anded " and "ored" 
together to make up  and down counting 
signals for the fou r  cascaded counters. 

The four  counters provide 1 6  bits of 
position information, or one part in 65,5 36. 
I n  the un l i kely event that add itional preci­
sion is requ i red, more counters may be 
added. Note that the c ircu it generates fou r  
counts per revo lution.  I f  more counts per 
revo lution are requ ired, add itional narrower 
gaps may be cut in th e opaque d isk and the 
phototransistors may be p laced closer 
together. 

Construct ion 

The opaque d isk may be made from a 
sandwich of two i ndex cards and al uminum 
foi l  gl ued together. The d isk may then be 
dr i l led to fit the motor shaft and fastened 
with a d rop of epoxy. I f  the motor shaft i s  
mounted vertica l ly  wjth the d isk up, the 
phototransistor may pe mounted beneath 
the d i sk .  An inca11pescent desk lamp may be 
used to i l l um jnate the d isk .  The photo­
transistors may have to be adjusted a l ittle 
to get the un i t  fu nction ing. �e sure the 
co l l ector of each phototransistor reads over 
4 V when d ark and un9er · 9.5 V when 
i l l um inated .  Be sure th is is true a l l  the way 
around the d isk .  Note : you wi l !  not be able 
to see the up  and down col.jr.'ter inpu ts or 
the outputs of the four  "and"  gates on any 
but the very fastest osci l loscopes. 

To test the ci rcu it, wire the GO motor 
i nput h igh and wire p in  7 of IC7 {figure 6) 
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Introductory offer to new members of the 
Computer Professionals' Book Club 

Special $1 .89 bonus book comes to you with your first c lub selection 
THIS new professional club is designed to meet your day-to-day on-the-job needs by 

providing practical books in your field on a regular basis at below publisher prices. If 
you're missing out on important technical literature-if today's high cost of reading curbs 
the growth of your library-here's the solution to your problem. 

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

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

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

VALUES UP TO $35.00 WITH MAJOR DISCOUNTS ON ALL OTHER CLUB SE­
LECTIONS. Your bonus books come with the first selection, and you may choose both 
of them from the books described in this special introductory offer. 

EXTRA SAVINGS : Remit in full with your order;- plus any local and state tax, and 
McGraw-Hill will pay all regular postage and handling charges. 

NO RISK GUARANTEE: 
If not completely satisfied return selections for full refund and membership cancellation. 
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Photo 7 :  A breadboard of the motor controller. The photocells may be seen in front of the 
motor. 

to the motor D I R  input. Tie the LOAD 
input (figure 6 )  to +5 V.  The motor should 
seek one end of one of the gaps and 
"chatter" there. The rate of chatter may be 
anywhere from five to 1 00 times per second .  
The angle the d isk turns during th is chatter 
shou ld  be on ly  a few degrees. Experiment 
with the l i ghting to obtain the fastest chatter 
rate. Pass ing your hand in front of the lamp 
wi l l  cause the motor to run away. When 
your hand i s  removed, the shaft wi l l  again 
seek a posit ion .  

Use 

It is wise to have a mechan ical arrange­
ment using a s l i pc lutch or a s imi lar device to 

POS I T I O N  OF A -

L I G H T 

prevent mechanical or el ectrical damage if 
the motor runs away. Such an accident 
cou l d  resu lt  from a program problem or a 
burnt out l ight sou rce. S uch an arrangement 
a lso provides the faci l i ty for automatical ly 
zero ing the posit ion when power is first 
appl ied to the circuit .  The motor is d ri ven in 
one d i rection long enough to ensure that the 
sl i pc lutch i s  sl ippi ng, and then the LOAD 
l ine i s  momentari ly  lowered to load the 
counters with the known position. The 
counters w i l l  then contain the correct ab­
sol ute posit ion unti l  power i s  turned off or 
the s l ipc lutch operates again .  

To  set the motor to a specifi c position , 
perform the program i n  l isting 1 (flowchart 

P O S I T I ON OF A 

P O S I T I O N  OF s - - ·  

DA R K  A ----------------------------------------------

L I G H T  

D A R K  8 

Figure 5: Reason for decoding trailing edge of signals. A 30 · oscillation of the disk between the 
positions shown will create the above waveform. If the trailing edge was not decoded, the 
counter would be decremented once for each oscillation and lose track of the correct position. 



the electric P�,��,!! II TM 

Th e  Electric Penc il I I  is a Character Or iented 
Word Process ing Sys tem . Th is means th a t  te x t  i s  
ente r ed a s  a s t r ing o f  continuous characte rs and 
i s  man i pu l a ted as s u ch . Th i s  a l l ows the u s e r  
e n o r m o u s  f r e e d om and e a s e  i n  t h e  movement and 
hand l ing of tex t .  S ince l i ne end i n g s  a r e  nev e r  
d e l i ne a ted , a n y  numbe r o f  c h a r a c te r s , w o r d s , 
lines or par ag r aphs may be i n s e r ted or d e l e ted 
anywh e r e  i n  the t e x t .  The enti r e ty of the tex t 
shifts and opens up or closes as needed in f u l l  
v iew o f  the user . The typing of c a r r iage r e turns 
as we l l  as wo rd hyph e n a t i o n  is n o t  r e q u i r e d 
s ince l ines of text are formatted au tomatically . 

As text is typed in and the e nd of a s c r e e n  
l i ne i s  r e ached , a p a r tially comple ted word is 
s h i f ted to the beg inn ing of the fol low i ng l i ne . 
Whenever tex t  i s  i n s e r ted or deleted , e x i s t ing 
te x t  i s  p u s h e d  down o r  p u l l e d  up i n  a w r ap 
a r o und f a s h ion . Ever yth ing appea r s  on the v ideo 
d i splay screen as it occurs wh ich el iminates any 
g u e s s w o r k .  T e x t  m a y  be r ev i e wed at w i l l  by 
var iable speed s c r o l l ing both in the forward and 
r eve r se d i r e c t i o n s . By u s i ng the search or the 
s e a r ch and r e p l a c e  f u n c t i o n , a n y  s t r i ng o f  
cha r a c t e r s  may b e  l o c ated and/or r eplaced w i th 
any other str ing of characte r s  as des i r ed . 

When tex t  is pr inted , The Electric Pencil II automatically ins e r ts c a r r i a g e  r e t u r n s  whe r e  they 
are needed . Numerous combinations of l ine leng th ,  page leng th , l ine spacing and page spa c i ng allow 
for any form to be handled . Char acter spa c i ng , BOLD FACE , mu l t i co l um n  a s  we l l  as b i d i r e c t i o n a l  
pr inting are included in the D iablo versions . Right j us t i f ication g ives r igh t-hand marg ins that are 
even . Pages may be number ed as wel l  as ti tled . This e n t i r e  page ( e x c e p t ing the l a r g e  t i t l e s  and 
logo ) was pr inted by the D iablo ver s ion of The Electric Pencil I I  in one pass . 

Now on CP/M 

You ' ve p r o b a b l y  s e e n  
The Elec tr i c  P e n c i l  i n  
a c t i o n  by now . I t ' s  the 
mos t  powe r f u l  8 0 8 0/ Z 8 0 
c h a r a c t e r  o r i e n ted w o r d  
proc e s s o r  o n  the m a r k e t 
today . Michael Shrayer is 
now proud to p r e s e n t  the 
new Electric Pencil I I .  

N E W F E A T U R E S : ! ! !  CP/M Comp a t i b l e  ! ! !  D i s k  Ope r a t i ng Sys tem 
Suppor ts Four Disk Dr ives ! ! !  S imple F i le Management ! ! !  Qu ick and Easy 
D i s k  Storage and Retr ieval ! ! !  Dynamic Pr int Formatting ! ! !  Mul ticolumn 
P r i n t i ng ! ! !  Pr int Value Cha ining ! ! !  Page-at-a-time S c r o l l ing ! ! !  New 
Bid i rectional Mul t i speed S c r o l l i ng Con t r o l s  ! ! !  New S u b s y s tem w i th 
P r i n t  V a l u e  S c o r e b o a r d  ! ! !  Automatic Word and Record Number Tal ly ! ! !  
Casse tte Bac kup Capab i l i ty ! ! !  Fu l l  Ma r g i n  Con t r o l  ! ! !  E n d - o f-Page 
C o n t r o l  ! ! !  N o n - P r i n t i n g  T e x t  Comm e n t i ng ! ! !  L i ne and P a r ag r aph 
Indentation ! ! !  Cente r ing ! ! !  Under l ining ! ! !  BOLD FACE ! ! !  

W I D E  S C R E E N  V I D E O ! ! 
Available to Imsai VIO v ideo users for a huge 80x2 4  character sc reen ! !  

HAVE WE GOT A VERSION FOR YOU ? 
The Electric Pencil II ope r ates with any 8080/ Z 80 ba s e d  m i c r o c ompu t e r  tha t  s uppo r ts a CP/M d i s k  
sys tem and uses a Imsa i  VIO , Processor Technology VDM- 1 ,  Polymorph i c  VTI , Sol id S tate Mus ic VB- lB , 
Vector Graph i c  Flashw r i te r  or any s imilar memory mapped v ideo inter face . Spe c i fy wh e n  u s ing CP/M 
that has been mod i f i e d  for M i c r opol is or Nor th Star d isk sys tems as fol lows : For Nor th Star add 
suffix A to ver s ion numbe r ,  for Micropol is add suf f i x  B to vers ion number , e . g .  SS- I I A ,  DV- I IB . 

Ver s .  Video Pr inter Pr ice 

SS-II SOL TTY or s imilar $ 225 . 
SP-II VTI TTY or s im i l a r  $ 225 . 
SV-II VDM TTY or s im i l a r  $225 . 
SI-II VIO TTY or similar $250 .  
DS-II SOL Diablo 1 6 10/20 $275 . 
DP-I I  VTI Diablo 1 610/20 $275 . 
DV-I I  VDM Diablo 1 6 10/20 $275 . 
DI-ll VIO Diablo 1 6 1 0/20 $300 .  

coming 
attractions 

Sort & Merge Utility ! ! !  

The NEC pr inter package ! ! ! 

The HELlOS Electric Pencil ! ! ! 

Pencil to CP/M f ile convers ion ! ! ! 

CP/M to Pencil file convers ion ! ! ! 

m M I C H A E L  S H R A Y E R  S O F T W A R E  
1 2 5 3  V i s t a  S u p e r b  a D r i v e 

ss G l e n d a l e ,  C A  9 1 2 0 5  
( 2 1 3 )  9 5 6 - 1 5 9 3 

The Electric Pencil I is still available for non CP/M users :  

Ver s . Video 

ss SOL 
SP VTI 
sv VDM 
SSN SOL 
SPN VTI 
SVN VDM 
DS SOL 
DP VT I 
DV VDM 
DSN SOL 
DPN VTI 
DVN VDM 

Pr inter 

TTY or s imilar 
TTY or s imilar 
TTY or s imilar 
TTY or s imilar 
TTY or s imilar 
TTY or similar 
Diablo 1 6 10/20 
Diablo 1 6 10/20 
Diablo 1 6 10/20 
Diablo 16 10/20 
Diablo 1 6 10/20 
Diablo 16 10/20 

Cassette 

CUTS 
Tar be l l  
Tarbe l l  

CUTS 
Tarbe l l  
Tarbe l l  

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbe l l  
Tar be l l  

D i s k  Dr ive 

Nor th Star 
Nor th Star 
Nor th Star 

Nor th Star 
Nor th Star 
Nor th S tar 

Pr ice 

$100 .  
$100 . 
$100 .  
$125 . 
$125 . 
$125 . 
$150 .  
$150 .  
$150 .  
$175 . 
$175.  
$175.  

Demand a demo from your dealer ! 
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Figure 6: Schematic dia­
gram for the encoder cir­
cuit. The data input lines 
should be wired to the 
state corresponding to the 
desired initial position of 
the motor. The dotted in 
capacitors may be required 
to obtain sufficiently wide 
clock pulses for the up 
and down counters. 
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in figure 7) at l east twenty t imes per second.  
On an 8 b i t  mach ine, read ing a 1 6  b i t  real 
t ime quantity poses a problem. I f  one byte 
is read and then the other, there is a real 
poss ib i l i ty that the 1 6  bit input may have 
changed between the two operat ions. 
Therefore the position is read twice and 
checked for agreement before proceed ing. 
With a 1 6  b i t  mach ine, only a s ingle input 
operation need be performed . 

+5V T I M E  D E L A Y  

I K  

+ 5 V  

I K  

LOA D 
I C 7  

+5V 5 4 7 4 1 93 

U P  D N  

DATA 
15 

A DATA 
I N P UT I I N P U T  

The motor w i l l  race at top speed toward 
the desired sett ing. When it goes past the 
setting, i t  wi l l  turn around and race back, 
again overshooting. After a couple of qu ick 
osci l l ations, the desi red posit ion wi l l  have 
been reached and the motor w i l l  shut off. 
A better algori thm cou ld  be devised by 
estimating the speed of the motor and 
anticipating the overshoot, caus ing the 
motor to approach zero speed very close to 
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Personai Connputers 
& Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 
you up-to-date in digital electronics. 

Design of Digital Systems - six volumes 
The products of digital e lectronics techno­

logy wi l l  play an  i mportant  role in  your 
future. Calcul ators, d ig i ta l  watches and TV 
games are a l ready commonplace. N ow, 
microprocessors a re generat ing a whole new 
range of products. Personal com puters wi l l  
be i n  widespread use very soon. Your TV, 
telephone and computer w i l l  combine to 
change your ch i ldren's education, your job­
you r ent i re way of l i fe. 

WR ITT E N  BY E X P E RTS 

These courses were wr i tten by experts in 
electronics and learn ing systems so that you 
cou ld teach yourself the theory and appl i­
cation of d ig i ta l  l ogic.  Learn ing by self­
instruction has the advantages of being 
faster and more thorough than c l assroom 
learn ing. You work at your own pace and 
respond by answer ing quest ions on  each new 
piece of information before proceedi ng. 

After completing these courses you w i l l  
have broadened your career prospects as wel l  
as you r u nderstand ing of the rap id ly chang· 
ing technological world around you.  

The cou rses are  designed as much for the 
profess ional engi neer as for the amateur 
enthus iast. You' l l  learn about m icroprocess­
ing as wel l  as perso nal  comput ing - not to 
mention a l l  the other aspects of dig ita l  
e lectronics design. 

A D V AN C E D  C O U RS E  
DESI G N  O F  D I G I T A L  SYST EMS 

Design of Digita l  Systems is  wri tten for the 
engineer and serious hobby ist who wants to 
learn more about digita l  e lectronics. I ts s ix 
l a rge-format volu mes-each 1 1  Y. "  x BY." a re 
packed with i nf ormation, d i agrams and 
quest ions designed to lead you step by step 
th rough number  sy stem s  and Boolean a lgebra 
to memories, cou nters and s imp le  a r ithmetic 
c i rcu i ts,and f inal ly to a complete u n de rstand­
ing of the design and operat ion of micro­
processors and computers. 

C O N T E N TS 

The contents of Design of D ig ita l  Systems  
inc lude:  

Book 1 :  Octa l ,  hex adec imal  and b inary 
number systems; representat ion of negative 
numbers; complementary systems;  b inary 
mul itpl icat ion and div is ion.  

Book 2:  O R  and AND funct ions; logic 
gates; NOT, exclus ive- O R ,  NAN D, N O R  and 
exc lus ive - NOR funct ions;  mu l t ip le  input 
gates; truth tables; DeMorgan's Laws; c anon­
ical forms; l ogic conventions; Karnau gh map­
p ing; three-state and wired l og ic. 

Also available a t  leading computer store-s: 

Computer Man of New York, 1 18 Madrson Ave . . New York. NY.  
Er ie  Computer Co . .  1253 West 8th St. ,  Em!,  PA. 
lnteracttve Computers. 76461', D<.�SI!woud. H ou s ttlll, TX. 
In teract ive Comp1rters. 161140 E l  C.unum Rc.tl, Houston. TX. 
ln1erac 1 1ve Computers. 217 W. S<in F r. uu . .: r Sl:u . Sante Fe.  NM. 
Readout Computer Stores. 6 W1nspc,H Ave . .  �ufl.tlu. NY. 
lmpcr1o�l Computcr Systmns, lnc.:. , 2 1 0� 2Jrtl Avt!., Rock ford. l l .  
Horne Computer Center. 6 101 Yunljt.! St.. Wil lowd,rle. On t,lfHl, Can.Jda 

and many others. Ask your dealer. 

Book 3: Ha l f  adders and fu l l  adders ;  sub­
tractors; ser ia l  and para l l e l adders; processors 
and a r ithmetic logic u n its ( A LUs ) ;  mu l t i­
pl ication and d iv is ion systems. 

Book 4: F l ip- f l ops; sh ift registers; asynch­
ronous counters; r ing, J ohnson and exclus ive 
-OR feedback cou nter; random access mem­
or ies ( RAMs) ;  read-only memories ( R OMs ) .  

Book 5: Structu re of  calcu lators; key board 
encod ing; decoding display data; register 
systems; control u n it; program ROM;  address 
decodi ng; i nstruction sets; i nstruct ion decod­
ing; control program structu re. 

Book 6: Central process ing u n i t  ( CP U ) ;  
memory organ izat ion; ch aracter represen­
tat ion;  program storage; address modes; 
inpu t/output systems; program interrupts; 
i nterrupt priori ties; program m ing;  assemblers; 
execut ive programs, operating systems, and 
t ime-shari ng. 

BAS I C  C O U RSE 

Digital Computer Logic & Electronics 

C O N T E NTS 

D igital  Compu ter Log 1 :  and E l ectronics is 
designed for the beginner. No m athmetical  
k nowl edge oth er than s imple a rithmet ic i s  
assumed, though you shou ld  h ave an aptitude 
for l ogical  thought. It cons ists of 4 vol l.! mes­
each 1 1 Y2' x BY." -and serves as an intro­
duction to the subject of d igital e l ectronics. 

Contents inc lude:  B ina ry ,  octal and decimal 
number systems; convers ion between number 
systems; AND,  OR, NOR and N A N D  gates 
and inverters; Boolean algebra and truth 
tables; DeMorgan's Laws; design of l ogica l  
c i rcu i ts us ing NOR gates; R-S and J -K fl i p­
fl ops; b i nary counte rs ,  sh i ft registers and 
ha l f-adders. 

NO R I S K  G UA RA N T E E  

There's absol ute ly  no r i sk to you .  I f  you're 
not compl etely sat isf ied with your  cou rses, 
s imply return them to G F N  with i n  30 days. 
We' l l  send you a prom pt, fu l l  refu nd, P l u s  
retu rn p o stage.  

TAX D E D U CTI B L E  

I n  most cases, t h e  fu l l  cost of G F N 's 
cou rses can be a tax deduct ib le  ex pense. 

H OW TO O R D E R  

To order by c redit card, ca l l  G F N's to l l ­
f ree n u m ber - ( 8 0 0 ) 3 3 1 - 1 0 0 0 ;  o r  send your 
check or money o rder  (payabl e to G F N  
I ndustr ies, I nc . )  t o  the address be low. 

Pr ices inc lude overseas su rface mail post­
a�e. A i r  M ai l :  addit ional costs ( 1 0 vol umes) ; 
Cari bbean $ 1 0; Eu rope $ 1 5 ;  Afr ica, South 
America $20; Austral ia,  Asia $25; or write 
for exact qu ote 

Write for educat ional d i scounts, quant ity 
d i scou nts and deal e r  costs. 

L OW P R I C E S - SAVE $5 
We sh ip  pro m ptly from stock .  There are 

n o  e x t ras-we pay a l l  sh ipp ing costs; we even 
pay your  sales tax where requ i red. And i f  
y o u  order both cou rses, you sav e $5. Order 
at no  ob i lgat ion today. 

Design of Digital Systems $ 1 9.95 
- 6 volumes 

Digital Computer Logic . . $ 14.95 
& Electronics - 4 volumes 
Both courses - 10 volumes . . . . . . .  $29.90 

G G F N  I ndustries, I nc. 

F Su ite 400-B 

N 888 Seventh Ave. 

New York 

N . Y. 1 00 1 9  

Call T O L L - F R E E  (800) 331-1 000 
(orders only) 
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Octal 
Address 

001 000 
001 002 

001 004 

001 005 
001 006 

001 007 
001 01 0 
001 0 1 1 

001 0 1 2  
001 01 5 
001 0 1 6  

001 0 1 7  
001 022 

001 023 
001 026 
001 031 

001 032 

001 033 

00 1 034 
001 037 
001 042 

001 044 
001 047 

001 051 
001 054 

001 056 

Operation 
Codes 

066 aaa 
056 bbb 

1 01 

3 1 0  
1 07 

320 
1 01 
271  

1 1 0 004 001 
1 07 
272 

1 1 0 004 001 
277 

1 40 047 001 
1 1 0 054 001 
301 

061 

277 

140 047 001 
1 1 0 054 001 
006 000 

1 04 056 001 
006 002 

1 04 056 00 1 
006 003 

1 27 

Mnemonic 

L L I  aaa 
L H I  bbb 

R E A D  I N P  0 

LBA 
I N P  3 

LCA 
I N P  0 
CPB 

JFZ R EA D  
I N P  3 
CPC 

J F Z  R EA D  
CPM 

JTC LOW 
J F Z  H I G H  
LAB 

D C L  

CPM 

JTC LOW 
JFZ H I G H  
LAI 0 

JMP OUT 
LOW LA I 2 

J M P  OUT 
H I G H  LAI  3 

OUT OUT3 

Commentary 

set memory address 
registers to l ocation 
of h igh byte of 
desired position 
get low byte of 
current position 
save in  B register 
get h igh byte of 
current position 
save in  C register 
read l ow byte again 
compare to previous 
read 
re-read if not same 
read h igh byte again 
compare to previous 
read 
re-read if not same 
compare h igh byte 
with desired high byte 
jump if less 
jump if greater 
h igh byte equal-recall 
l ow byte to A 
decrement address 
registers to point to 
l ow byte of desired 
position 
compare l ow byte to 
desired l ow byte 
jump if less 
jump if greater 
equal ,  set A for 
D I R and GO = O  
go output D I R  & G O  
position l ow - set 
G0 = 1 , D I R = O  
go output GO & D I R  
position h igh - set 
G0 = 1 , D I R = 1  
output GO and D I R  

Listing 7 :  Intel 8008 program for motor control. This segment 
of code should be executed at least 20 times per second. The 
desired position is in location bbb-aaa (high byte) and the next 
previous location (low byte). The two locations must be on the 
same page. Input port 0 is the low byte of the counter and port 
3 is the high byte. Output port 0 has DIR in its least significant 
bit and GO in the next bit. 
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Figure 7: Program flow­
chart. Variables DU and 
DL hold the upper and 
lower bytes of the de­
sired position. This pro­
gram must be executed at 
least 20 times per second. 
If the motor runs away, 
complement the DIR bit 
outputs. Do not attempt 
to reach positions closer 
than 50 turns to 0 or 
65535 with this algorithm 
because of the counter 
overflow which occurs. 

the desi red pos 1 t 1on .  Such a scheme wou ld  
reduce the  sett l i ng t ime of the  system to a 
min imum.  

Modifications 

For those purists who insist on doing 
everyth ing in  software, th e Schmitt trigger 
outputs may be tied d irectly to two com­
puter input l i nes, or even interrupt l i nes, and 
the decod ing and counti ng may be done  in  
the  computer. For those other purists who 
prefer not to tie their mach ine up with 
repetit ive l oops such as the one in  figure 7, 
this positio ning scheme may be implemented 
in hardware by i nstal l i ng four  4 bit compara­
tors on the counter outputs. Cascade the 
comparators together and connect two 
output ports from a computer to the other 
comparator in puts. I n vert the "equal" 
comparator output  and connect i t  to GO. 
Connect the "greater than " comparator 
output to D I R. If the motor  runs away 
connect the " less than " comparator output 
to D l  R.  Now the computer outputs 1 6  b it 
posit ion val ues and the circuit positions the 
motor to fo l low the computer output.• 



TH E 1 st F U LL DAY I N D USTRY TRAD E S H OW A U G .  24th ·· 

LARG EST S H O W  EVER H E L D !  

300 B O OTHS 

Open Only To: 
E X H I B ITORS 

D EALERS - RETAI LERS 

I N D U STRY REPRESENTATIVES 

EXHI BITOR G U E STS 

• A Full D ay To See Your Suppl iers, D ealers, D istributors 
• N ew Products and New M anufacturers 
• Plus Three Additional D ays 
e Aug. 25th-27th, Personal Computing Show 

PRE REGI STRATI O N  I N C LU D ES :  

e Distinctive Badge for Admission to Aug. 24th Trade Show 
e Specia l  Seminars and Meetings 
eAdmission to Personal  Computing S how Aug. 25th-27th 
e Hotel and Phi ladelphia Information Package 
• N ewsletter See our ad on page 1 5 1 .  

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

I D Send _ O e aler-Reta i l er 

I Registrat ions at $ 1 5 . 0 0  each 

I 0 Send Exhib itor Information I 
I 
I 
I 
I 
I 
I 

Amount Enclosed S ___ _ 

Please inc lude your bus in ess card 

or  Letterhead .  

COM PANY NAME ________________ _ 

NAME ____________________ _ 

STREET ____________________ _ 

CITY ___________ STATE ____ Z I P  __ _ 

P H O N E  ___________________ ___ 

Send To: 
P E R S O NAL C O M P UTI N G  Inc.  
Rt. 1 Box 242 • Mays Landing, N .  J. 0 8 3 3 0  • 609-6 5 3- 1 1 88 BYT E  

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  
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r----------------------------------------------------
Books to Make the Summer 
Just 

Arrived ! 
__ The Cheap Video Cookbook, the latest i n  Don Lancaster's series of hardware books, 
continues where the TV Typewriter Cookbook leaves off. New, inexpensive video display 
circuits (and the software to drive them) are described. The designs a l low a variety of alpha­
numeric and graphics formats to be implemented, including h igh resolution graph ics . The 
circuits are designed for use on 6500 or 6800 systems, but can be adapted to other proces­
sors. Chapters also cover methods for displaying memory contents and a description of 
transparency techniques. 256 pp. $5.95. 

__ BASIC:  A Hands-on Method by Herbert D Peckham is a l ight-hearted but thorough 
self-study course in BAS I C, designed for people new to the subject. The introduction 
defines what BAS IC is, gives some background on its origins, and tel l s you how to get 
started. Chapters cover: computer arithmetic and program management; input, output 
and simple applications; decisions and branching; looping; working with col lections of 
numbers; subroutines; and more. Although the book is oriented towards the implementation 
of BAS IC on time sharing terminals, the ideas and techniques are applicable to the personal 
computer. 244 pp. $7.95 . 

.------- Not Just a Good Buy But An Investment ____ __, 

__ Microprocessor Lexicon, Acronyms 
and Definitions by SYBEX. 1 1 0 pp. This 
l i ttle book is a necessity to anyone who 
wants an explanation of those hard-to­
fathom acronyms and other micro terms. 
Incl uded are sections on signals in the 
main standards, functions of essential 
chips, and more. At 4Y," x 5Y:!' it can be 
pocketed easi ly . For only $2.95 every 
microcomputerphi le should have a copy. 

• •  

Supplernentlo 
The TIL \ Data Book I \::'" 

__ The 8080 Programmer's Pocket 
Guide written by Scelbi Computer 
Consulting Inc is a handy 3" x 4" com­
pendium of 8080 facts. I ncl uded are 
detai led descriptions of the 8080 in ­
struction set, information about an 8080 
paper tape loader program, and an in­
struction set summary and index. 8080 
programmers wi l l  want a copy of this 
useful book. 1 30 pp. Only $2.95. 

__ computer Science: A First Course, Second Edition, by Forsythe, Keenan , Organick, 
and Stenberg. Over 760 pp. $1 8.25 hardcover. 
__ Computer Scien-ce: Projects and Study Problems by A I Forsythe, E I Organick, and 
R C Plummer. This companion text to Computer Science: A First Course is a series of work 
problems designed to intrigue the reader. Problems include plotting graphs, s imultaneous 
equati ons, the eight queens problem, designing a perceptron (a machine that learns) , as wel l  
a s a series o f problems specifical ly designed to complement the chapters of Computer 
Science: A First Course. 292 pp. $9.75. 
__ Computer Science: Programming in FORTRAN IV by A I Forsythe , R M Aiken, 
C E Hughes, and E I Organick. This supplement to Computer Science: A First Course, 
Second Edition, shows how to turn flowcharts into equivalent FORTRAN programs. Fea­
tures incl ude chapters· on FORTRAN 10 statements, assignment statements, rounding, 
formatting, subroutines, practical applications, etc. The advent of FORTRAN software 
packages for small systems makes this a timely addition to the l iterature. 2 1 0  pp. $5.25 . 

__ The TTL Data Book for Design E ngineers, Second Edition, by Texas I nstruments is a 
cu rrent source of information on the design specifications and characteristics of the "Texas 
I nstruments 7400 series of devices. In it you' l l  find a complete section of 7400 series pi nout 
diagrams at the front, plus the. usual deta i led descriptive i nformation on the more compl i ­
cated circuits . How do you f ind out what a 744 1 2  does? Turn to its pi nout diagram on page 
5-74, then vector to the detail information on page 7-502 where you discoveF that it's Texas 
I nstruments' version of the Intel 821 2 part. 828 pp. Only $4.95 hardcover. 
--Supplement to the TTL Data Book for Design Engineers, Second Edition, by Texas 
I nstruments. As the name impl ies, this supplement brings your Texas I nstruments TTL 
Data Book up to date with the latest information about new TTL devices. The 56-page 
book incl udes information about synchronous counters, function generators, and many 
other devices. $1 .25. 

IJIJS·The Microcomputer Bookstore �---------------------------------------------------
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· - - - --------------------- ------- - - - -----------------� 
Last All Year Long 
--BASIC with Business Appl ications by R ichard W Lott focuses on the BAS IC language 
and its appl ication to specific bus iness problems. The book is divided i nto two sect ions . Part 
one introduces the BAS I C  language and the concept of logical flowchart ing. Part two pre­
sents problems and possible solut ions . Topics i nclude : i n terest rate ca lcu lati on, break·even 
analysis, loan rates, and depreciat ion. Exercises at the end of each chapter give a greater un­
derstanding of BAS I C  by actual p rogramming. This book is a great a id to the beginner want­
ing to learn BAS IC  without having a technical or scientif ic background . 284 pp. $ 1 0.50. 

Business 

__ Financial Analysis and  Business Decisions on the Pocket Calculator by Jon M Smith is 
designed to aid the experimenter in performing appl ied analysis. I t  gives a variety of numer i ­
ca l techn iques, approximations, tables, graphs, and flowcharts for calculations. Al l methods 
have been opt imized for the pocket calculator, and the book stresses the use of the busi ness­
type calcu lator having the usual complement of business functions. Topics i nclude : calcu· 
lating present and future values, consumer f inances, real estate ca lcu lations, business statis­
tics, and systems analysis. 3 1 7  pp. An i nval uable source tool at $ 14 .95 hardcover. 
__ Charging for Computer Services by D Bernard, J C Emery . R L Nolan, and R H Scott 
is written for managers who must deal with service charges. This book provides the manager 
with principles and guidelines for a better u nderstanding of the charge problem . The book 
provides general design principles a long wi th specif ic suggestions to deal with specif ic prob­
lem areas. Charging for Computer Services is a necessary book for the manager who must 
make decis ions i n  th is vital area. 1 20 pp. $ 1 0.00 hardcover. - · 

A . I .  
__ I ntroduction to Artificial I ntelligence by Ph i l ip C Jackson Jr su rveys the field be­
g inn ing with Tur i ng's test, the mathematical description of phenomena, fi nite state ma­
chi nes and l im its to computational abi l i ty, fol l owed by chapters on problem solvi ng, game 
playing, pattern perception, theorem provi ng, semantic information process ing, paral le l 
processing, evolut ionary systems, robots, and a look at the future of the f ie ld. This thought­
ful and unusual boo k wi l l  ma ke a useful addit ion to your l i brary. A 50-page bibl iography is 
included. 453 pp. $ 1 8.50 hardcover. 

Just Out! 

• 

__ How to Bui ld a Computer-controlled Robot by Tod Loofbourrow. This book combines 
the dream of robotics-to create an i ntel l igence other than human-with the rea l i ty .  by pro­
viding both hands-on experience with robotics and an application of a microprocessor. You 
can learn the fundamentals whi l e  ut i l i z i ng the u lt imate in cu rrent hobby computer technol­
ogy . This book deta i ls the step-by-step d i recti ons for bui ld ing a robot, named "Mike," con­
trol led by a K IM-1 microprocessor, with the complete control programs clea rly written out. 
Photographs, diagrams, and tables help to d i rect you in the construction . $7.95. 
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Photo 7 :  A Chinese abacus. 
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A few weeks ago a master's degree candi­
date in computer science confided, w i th an 
embarrassed laugh, that he  had never seen a 
computer_ H i s  experience with the mach i nes 
of his chosen vocation had consisted ent ire ly 
of su bm itting punched cards th rough a hole 
in  a wal l and later getting printed resu l ts the 
same way. Whi le h is opportun ities to see 
equ ipment are restricted due to h i s  student 
status, there are also thousands of working 
programmers and analysts us ing large scale 
equ ipment who have no contact with 
existing hardware and w i l l  never have a 
chance to see any first or second  generation 
computers in  operation. 

This is i n  sharp contrast with the way 
programmers worked in the late 1 950s and 
early 1 960s. Before 1 964, when mu l tipro­
gramming computers were introduced, the 
typ ical programmer had opportun i ties to 
come in contact with the computer  if he  or 
she wanted to do so. Prior to 1 960, in fact, 
most programmers actual ly operated the 
mach ine when debugging the i r  programs. 
These people learned of the computer as a 
physical device; the current programmer i s  
more l i kely to th ink  of i t  as a vague logical 
entity at the other end of a terminal .  Thus, 
many large system programmers have the 
rare d i stinction of us ing a tool without 
knowing how i t  works or what it looks l i ke. 
Th is is in spite of the fact that many im­
portant computer developments have 
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Photo 10 courtesy of the Sperry Rand Corpor­
ation . 



Photo 2: Pascal 's adding machine. Note that the rightmost dial has 7 2 positions and its neighbor has 20. The machine was in­
tended for calculations involving the French currency of the period. 

occurred wi th i n  the average programmer's 
l ifetime. 

However, i n  the past year or two, dra­
matic reductions in the cost of m in icom­
puter components and the advent of the 
microcomputer have retu rned the hands-on 
computer to respectabi l i ty in  two ways. 
F i rst, it i s  now poss ib le to justify hands-on 
debuggi ng on a smal l  computer, si nce the 
hourly rate of the programmer is h igher 
than that of the mach in e .  Second, the 
decreas ing cost of home computing has 
fostered the b i rth of a new class of "renais­
sance programmers" :  people who comb ine 
programming expertise with hardware know­
ledge and aren 't  afraid to admit  i t. Renais­
sance programmers can learn much from the 
lessons of computer h istory; s imple and 
inelegant hardware isn't necessari ly best, 
but it's frequently cheapest. 

In short, the stored p rogram computer 
became a necessary too l only recent ly, even 
though various mechanical a ids to compu­
tation have been in  existence for centu ries. 

One of the first such aids was the abacus, 
the invention of which is c la imed by the 
Chinese. It was known in  Egypt as early as 
460 BC. The Chinese vers ion of the abacus 
(as shown in photo 1 )  consists of a frame 
strung with wires conta in ing seven beads 
each . Part of the frame separates the top­
most two beads from the lower five. The 
right-hand wire represents un i ts, the next 
tens, the next hundreds, and so on. The 
operator sl ides the beads to perform addi­
tion and subtraction and reads the resu l ting 
sum from the final position of the beads. 
The principle of the abacus became known 
to Roman and early European traders, who 
adopted it i n  a form i n  which stones (cal led 
by the Lat in calculi, hence the word "calcu­
late" ) are moved around in  grooves on a flat 
board. 

The use of precision instruments dates 
back to the Alexandrian astronomers. L i ke 
the mathematics of the period, however, the 
deve lopment of scientific i n struments d ied 
away with the dem ise of the Alexand rian 
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school .  The Arabs renewed interest in  
astronomy in the  period between 800 and 
1 500 A D, and i t  was during this time that 
the first special ists in  instrument making 
appeared. The center of instrument making 
sh ifted to Nuremberg, begi nning abou t 
1 400. By the m idd le  of the 1 6th Century, 
precise engrav ing on brass was wel l advanced 
due in part to the interest in book printing. 

Calendrical calcu lators used for deter­
min ing the moon's phases and the positions 
of the p lanets crop up in all the major 
periods of scientific thought in the past two 
thousand years. Parts of a Greek mach ine 
about 1 800 years o ld ,  apparently used to 
simu l ate the motions of the p lanets, were 
found in 1 902 in the remains of a ship off 
the is land of Anti kythera. The gears of the 
mach ine i ndicate amazing technical abi l ity 
and knowledge. Later calendrical calcu lators, 
which were usual ly of the type in which two 
or more flat d i sks were rotated about the 
same ax is, came to i nclude a means of te l l ing 
t ime at night by visua l ly al igning part of the 
Big Dipper with the pole star. 

Trigonometric calcu lators, working on a 
graphical princ ip le, were in use in the Arabic 
period. Such calcu lators were used main ly 
to determ ine triangu lar relationships in  
su rvey ing. The popularity of  this device was 
renewed in 1 4th Century Europe; in fact, 
calcu lating aids of all k inds grew rap id ly  in  
popularity as  we l l  a s  i n  scope from this time 
onward, large ly due to the d ifficulty of the 
cu rrent arithmetic techniques. Napier was 
continual ly seek ing ways to improve com­
putational methods th rough his i nventions. 
One such invention, "Napier's bones, " con­
si sted of a number of flat sticks s imi lar to 
the k ind now used in ice cream bars. Each 
stick was marked off into squares contai n ing 
numbers. To perform calcu lations, . the user 
man ipu lated the st icks up and down in  a 
manner remin iscent of the abacus. Of parti­
cular interest i s  the fact that Nap ier's inven­
tion was used for general cal culation at a 
time when many other devices were used for 
the specific determination of one measure­
ment, such as the volume of l iqu id in a 
partly fu l l  barre l ,  or the range of an arti l lery 
shot. 

Pascal i nvented and bu i l t  what is often 
cal led the first real calcu lating mach ine in 
1 642 (shown in  photo 2) . The machine 
consisted of a set of geared wheels arranged 
so that a complete revolu tion of any wheel 
rotated the wheel to its left one tenth of a 
revolution. Digits were inscri bed on the side 
of each whee l .  Add itions and subtractions 
cou ld  be performed by the rotation of the 
whee ls ;  this was done with the aid of a 
sty lus. Pasca l 's calcu lator design is sti l l  

wide ly seen in  the form o f  inexpensive 
plasti c vers ions found in  variety stores. 

I n  1 671  Le ibn iz invented a mach ine 
capable of mu l tip l ication and d iv is ion, but 
it is sa id to have been prone to inaccuracies. 

The work of Pascal, Leibniz, and other 
pioneers of mechanical calcu lation was 
greatly fac i l itated by the knowledge of gears 
and escapements gained through advances in 
the c lock. I n  the 1 3th Centu ry, a clock was 
devised for Alfonso X of Spain which u sed a 
fal l ing weight to turn a d ia l .  The weight was 
regulated by a cyl indrical container d ivided 
into parti tions and partly fi l led with mer­
cury. The mercu ry flowed slowly through 
smal l holes in the partitions as the cyl i nder 
rotated ;  th is  tended to counterbalance the 
weight. By the 1 5th Century, the reco i l  of a 
spring regu l ated by an escapement had made 
its  appearance as a sou rce of motive power. 
Gear trains of increasing complexity and 
ingenu ity were invented. Clocks cou l d  now 
str ike on the hours, have minute and second 
hands {at first on separate d ia ls ) ,  and record 
calendrical and astronomical events. Gears 
opened the door to wonderfu l automata and 
gadgets such as the Strasbou rg clock of 
1 354. This dev ice included a mechanical 
rooster which flapped i ts wings, stretched 
its metal feathers, opened i ts beak and 
crowed every day at noon. Later, important 
improvements in t imekeeping inc luded 
Ga l i leo's i nvention of the pendu l um ;  and the 
accurate driving of a c lock without weights 
or pendu lum which led to the portable 
watch .  

A lthough mechanical and mach ine shop 
techniques sti l l  had a long way to go (con­
sider the 1 9th Century mach in ist's i nab i l ity 
to fit a piston tightly into a cyl i nder) ,  the 
importance of mechanical i nventions as aids 
to computation was overshadowed by 
electrical d i scoveries begi nn ing with the 
invention of the battery by Volta in 1 800. 

During the 1 700s, m uch experimental 
work had been done with static e lectric ity .  
The so-ca l led electrical mach ine underwent a 
number of improvements. Other el ectrical 
inventions l i ke the Leyden jar appeared, but  
al l  were based on static e lectricity which 
releases very l ittle energy in  a very specta­
cular way. I n  1 820, fol lowing Volta's d is­
covery, Oersted recognized the pr incip le 
of el ectromagnetism that a l lowed Faraday to 
comp lete the work leading to the dynamo, 
and eventual ly to the electric motor. I t  was 
not unti l  1 873, however, that G ramme 
demonstrated a commercial ly practicable 
d i rect current motor in  Vienna. A l ternating 
cu rrent (AC) was shown to be the most 
feas ib le type of e lectric power for d i stri­
bution, and subsequently the AC motor was 
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--Chess Skill in Man and Ma­
chine edited by Peter W F rey. 
This is a most chal lenging book, 
concerning itself with the when, 
how, and why of computer chess. 
21 7 pp. $1 4.80 hardcover. 

__ Game Playing with Com­
puters by Donald D Spencer. 
Read this book for an introduc­
tion to numerous recreational 
uses of the computer. Topics in­
clude mathematical problems, ca­
sino games, board games, unusual 
gambling games, and logic games. 
Many BAS IC language programs 
and l istings are incl uded to show 
details. 3 1 2  pp. $ 16 .95 hardcover. 

__ What to do After You Hit 
Return or PCC's First Book of 
Computer Games. This is PCC's 
first book of computer games, a 
compendium of computer games, 
including listings of 37 selected 
BAS IC games. 1 70 pp. $8.00. 

__ BASIC Computer Games: 
Microcomputer Edition edited by 
David H A h i .  Here are 1 02 classic 
computer games, every one i n 
standard microcomputer BAS IC ; 
every one complete with large leg­
ible l isting, sample run and des­
criptive notes. All the classics are 
here: Super Star Trek, Footba l l ,  
Blackjack, Lunar Lander, Tic Tac 
Toe, Nim, Life and Horserace. 
This revision of 1 0 1  BASIC Com­
puter Games is a must even if you 
own the origi nal . 1 85 pp. $7.50. 

__ The Best of Creative Com­
puting Volume I .  
__ The Best o f  Creative Com­
puting Volume I I  

Cul led from the pages of 
Creative Compu ting Magazi ne, 
these two volumes provide fic­
tion, fun, fool ishness, and plenty 
of nuts and bolts commentary 
and programming i nformation for 
anyone curious or serious about 
the wonderfu l world of personal 
computing. $8.95 per volume. 
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Just Arrived: 
__ Chess and Computers by 
David Levy. I f  you enjoy playing 
chess, then you will thoroughly 
enjoy Chess and Computers. This 
1 45-page book is loaded with 
chess games played by and with 
computers. When you settle down 
with this book, it would be a 
good idea to set up your chess 
board and play the games. Half 
the enjoyment is found in playing 
along, dupl icating the moves, 
reading the comments by the au­
thor and adding your own com­
ments. $8.95. 

__ Game Playing With BASIC 
by Donald D Spencer lets you en­
joy the chal lenge of competing 
with your own computer. Games 
descri bed include: 3D Tic Tac 
Toe, N im, Rou lette, S lot Ma­
chines, Magic Squares, Keno, 
Morra, Baccarat, Knight's Magic 
Tour , and many others. The style 
is nontechnical, and each section 
gives complete rules for the game, 
how it works, i l lustrative flow­
charts, and example outputs for 
each program. The last chapter 
contains 26 games for reader solu­
tion, i ncluding Hexapawn and 
Poker Dice. 1 66 pp. $6.95. 

__ 57 Practical Programs and 
Games in BASIC by Ken Tracton 
is j ust that: a col lection of practi­
cal BAS I C  applications programs 
for experimenters, students and 
professionals. In addition to the 
more conventional programs, 
there are several unusual ones 
(Hydrocarbon Combustion, I nter­
active Growth Patterns, Vector 
Cross Product, and Pi-Network 
Impedance Matching, to name a 
few) .  The book i ncludes many 
flowcharts and diagrams to aug­
ment the text and programs. 
204 pp. $7.95. 
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Photo 3: The jacquard loom, one of the first machines to use holes punched in cards to control its actions. 
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invented i n  1 888 by Tesla. The value  of e lec­
tric power for transportation was qu ick ly 
recogn ized and emp loyed i n  tramways and 
electric railways. This  led to improvements 
in methods for contro l l i ng  e lectricity. E lec­
tri c l ighting methods sprang up l i ke weeds 
during the latter half of the 1 9th Centu ry.  
The most successfu l were due to the efforts 
of Swan in England and Ed ison in the 
Un ited States. Work on e lectric l ighti ng, the 
telegraph and the telephone led to the 
wonder of the age: rad io.  I n  1 895, Marconi  
transmitted a rad io message over a d i stance 
of one m i le, and six years l ater from E ngland 
to Newfoundland.  

As a consequence of the rap i d  growth of 
interest in the radio, much work was done 
on the vacuu m  tube. Lee de Forest d is­
covered the pr inc ip le of the triode in 1 907. 
Unti l the development of the transistor, the 
vacuum tube was the most important device 
in computer technology due to its ab i l i ty to 
respond to changes in e lectrical vol tage i n  
extremely short periods of t ime. The 
cathode ray tube, i nvented by Wi l l i am 
Crookes, was used in computers for a few 
years prior to 1 960. It faded temporari ly 
from view but returned in  1 964 due to 
advances in technology that improved i ts 
economic feasib i l ity as wel l  as i ts value  as 
a d i sp lay too l .  I n  1 948 Bardeen, Bratta in 
and Shockley devel oped the transistor, 
which began to rep lace the vacuum tube in  
computers in 1 959. The transistor has  many 
advantages over the vacuum tube as a com­
puter component: it l asts much longer, 
generates much less heat, and takes up less 
space. It therefore replaced the vacuum 
tube, only to  fal l  prey in  turn to  m icro­
m iniaturization. Of course, the transi stor 
principle d idn 't go away, but  the l i tt le 
fly ing saucers w ith th ree wires com ing out 
of their bases d id .  

Odd ly enough, one of the most funda­
mental dev ices i n  the early h istory of com­
puting predates the electronic computer by 
more than two hundred years. The punched 
card was first used to control patterns woven 
by the automatic loom. Although J acquard 
is commonly thought to have originated the 
use of cards, it was actual ly done fi rst by 
Falcon in 1 728. Falcon's cards, which were 
connected together l i ke a rol l  of postage 
stamps, were used by J acquard to control 
the first fu l ly  automatic loom in France, 
and later appeared in Great Bri ta in about 
1 8 1 0  (see photo 3 ) .  At about the same time, 
Charles Babbage began to devote h i s  
th in king to  the  development of computing 
mach inery. Babbage's first m ach ine, the 
Difference Engine, shown i n  photo 4, was 
completed in 1 822 and was used in the 

computation of tables. H i s  attempts to 
bu i ld  a larger D ifference E ngine were un­
successfu l ,  even though he spent £23,000 
on the project (£6,000 of h is own, and 
£1 7,000 of the government's ) .  

In 1 833 Babbage began a project that was 
to be h i s  l i fe's work and h i s  supreme frus­
tration :  the Analytical Engine. This  mach ine 
was man ifestly s im i lar in theory to modern 
computers, but in  fact was never completed. 
During the forty years devoted to the 
project, many excel lent engineering d rawings 
were made of parts of the Analytical E ng ine, 
and some parts of the mach ine were actua l ly 
completed at the expense of Babbage's  
considerable personal fortune. The mach ine, 
which was to derive i ts motive power from 
a steam engine, was to use punched cards 
to d i rect its activ i ties. The Engine was to 
include the capabi l ity of retain ing and d i s­
playing upon demand any of its 1 000 fifty­
digit numbers (the first suggestion that a 
computing mach ine should have a memory) 
and was to be capab le of changing i ts cou rse 
of action depend ing on calcu lated resu lts. 
Unfortunately for Babbage, his theories 

Photo 4: The Babbage Difference Engine. 
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Photo 5: The first use of 
punched cards for data 
processing, Hollerith 5 card 
sorter dramatically re­
duced the time required 
to process data collected 
in the 7 890 census. 
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were years ahead of ex1stmg engineering 
technology, but he contributed to posterity 
the idea that punched cards cou ld be used as 
inputs to computers. 

Herman Hol lerith put punched cards to 
use in  1 890 in  his electric accounting 
mach ines, which were not computers, but 
mach ines designed to sort and col late cards 
according to the positions of holes punched 
in  the cards (see photo 5) . Hol lerith's 
mach i nes were put to effective use in the 
Un i ted States census of 1 890. 

I n  1 91 1 ,  the Computing-Tabu lating-Re­
cordi ng Company was formed, which 
changed its name to I nternational Business 
Machines in 1 924. I n  the period between 
1 932 and 1 945 many advances were made i n  
el ectric accounting machines, cu lm inating 
in  1 946 with I BM 's announcement of the 
I BM 602 and 603 electronic calcu lators, 
which were capable of performing arithmetic 
on data punched onto a card and of punch­
ing the resu lt . onto the same card. I t  was 
Remington Rand, however, who announced 
the first commercia l ly avai lable e lectronic 

data processing mach ine, the Un ivac I ,  the 
first of which was del ivered to the US 
Census Bureau in  1 950. In 1 963, just th i r­
teen years after the beginn i ng of the com­
puter business, computer rental costs in the 
Un i ted States exceeded a b i l l ion do l l ars. 

Un ivac I was not the first computer, even 
though it was the first to be offered for sale. 
Several one of a k ind computers were bu i l t  
in the period between 1 944 and 1 950 partly 
as a resu l t  of the war. I n  1 939 work was 
begun by I BM on the Automatic Sequence 
Control led Calcu lator, Mark I ,  which was 
completed in 1 944 and used at Harvard 
Un iversity (see photo 6 ) .  Re lays were 
used to reta in numbers; s i nce relays are 
el ectromechan ical and have parts that 
actual ly move, they are very s low by modern 
standards. 

In 1 943, Eckert, Mauchly and Go ldstine 
started to bu i l d  the E N I AC (E l ectronic 
Numerical I ntegrator and Calcu lator) ,  which 
became the first e l ectronic computer  u sing 
vacuum tubes instead of re lay s  (see photo 
7) . The next year J ohn  von Neumann 



became interested in EN l AC and by 1 946 
had recogn ized a fundamenta l  flaw in i ts 
design .  I n  "Pre l im inary Discussion of the 
Logical Design of an E lectron ic Computing 
I n strument, "  von Neumann pointed out 
the advantages of us ing the computer's 
memory to store not only data but the 
program itself. Mach i nes without stored 
program capabi l i ties were l i m i ted in scope, 
si nce they had to be partly rewired in order 
to solve a new problem (as was the case with 
EN IAC} .  Th is  process sometimes took days 
during which t ime the mach ine cou l d  not be 
used . If rewir ing of such mach ines was to be 
avoided, i n structions had to be entered and 
executed one at a time, which greatly 
l im ited the mach ine 's decis ion making capa­
b i l i ties. Mach ines with stored program capa­
b i l i ties automatical ly store not on ly numeric 
data but a lso the program (which loo ks l i ke 
numbers and can be treated l i ke numbers) in 
memory . I n  short, stored program instruc­
tions can be used to modify other instruc­
tions, a concept that l eads to programs 

which can modify themselves. It i s  the von 
Neumann stored program concept which i s  
un iversal ly used in modern compu ters from 
the smal lest microcomputer to the l argest 
number crunchers. 

The growth of the m issi le industry i n  
the 1 950s greatly stimu lated the progress of 
computers used for scientific work. The 
nature of m issi le data hand l i ng at that t ime 
was such that work loads were very h igh 
during the week or so after a fir ing and 
virtual ly nonexisten t  in  between.  Computers 
were too expensive to leave id le, which led 
managers to look for other work for the 
mach ines. Business data processing grew 
from these roots to its presen t  status, 
accounting for the l ion 's share of mach ine 
usage today. 

The latter part of 1 959 saw the arrival of 
the transistorized computer. As a conse­
quence of th i s  in novation, air cond it ion ing 
and power requ i rements for computers 
were reduced. Several new compu ters in  
that year were announced by I BM ,  Control 

Photo 6: IBM 's A utomatic 
Sequence Controlled Cal­
culator (ASCC), the Mark 
I, built at Harvard be­
tween 7 939 and 7 944. 



Photo 7: In 7 943, Eckert, 
Mauchly, and Goldstine 
started to build the 
EN/A C, Electronic Numer­
ical Integrator and Calcu­
lator, which became the 
first electronic computer 
to use vacuum tubes in­
stead of electromechan­
ical switches. 

Data Corporation, General E lectric, and 
other manufacturers. Among the I BM 
announcements were the 7070 general 
purpose computer; the 7090, a h igh speed 
computer designed for a predominance of 
scientific work; the 1 401 , a relatively inex­
pensive computer aimed at the medium 
sized bus iness and the 1 620, a low pr iced 
scientifical ly oriented computer. The fan­
tastic growth of the computer fie l d  con­
t inued through 1 96 1  and 1 962 with the 
announcement of more than 20 new 
mach ines each year. I n  1 963, con t inu ing 
the fami ly  l i ne  from the grandfather 704 
(as shown in  photo 8) , the I BM 7040 was 
announced. Th is  mach ine embod ied many 
of the featu res of the 7090 at a reduced 
cost. In the same year at least 23 other 
computers were · announced by several 
d ifferent manufacturers. I n  1 964, I BM 
announced the 701 0, an en larged and 

Photo 8: The IBM 704 had a core memory capacity of 32 K words with 36 bits per word. A /though a card reader, punch, printer, 
magnetic tape drives and drums and a video display were available as peripherals, the concept of simultaneous /0 and processing 
was not yet developed. 
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OSBORNE � ASSOCIATES, INC. 
The World Leaders In Microprocessor Books 

If you want information on microprocessors, begin with 

the Osborne books. 

* New prices apply to orders 
postmarked after June 30, 1 978 

PROGRAM BOOKS WRITTEN I N  BASIC 

Payroll 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* 

$ 1 5.00 ($1 2.50 prior to July 1 ,  1 978) 

Some Common BASIC Programs 

76 short practical programs, most of which 
can be used on any microcomputer with any 
version cf BASIC. Complete with program 
descriptions, listings, remarks and exam­
ples. 
#21002 (200 pages) 
$8.50 ($7 .50 prior to July 1 ,  1 978) 

ASSEM BLY LANGUAGE PROGRA M M ING 

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. 
#31003, 32003 (400 pages each) 
$8.50 each ($7.50 prior to July 1, 1 978) 

AN I NTRODUCTION TO MICROCOMPUTERS 
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) 
$7.95 ($7.50 prior to July 1 ,  1 978) 

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) 
$8.50 ($7 .50 prior to July 1, 1 978) 

Volume II - Some Real Products 
(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 1 A  ( 1 250 pages) 
$ 1 5.00 (no change in price) 

PROGRA M M I N G  FOR LOG IC DESIGN 

8080 Programming For Logic Design 
6800 Programming For Logic Design 
Z80 Programming For Logic Design 

These books describe the meeting ground 
of programmers and 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) 
$8.50 each ($7.50 prior to July 1 ,  1 978) 

OSBORNE & ASSOCIATES, INC. • P.O. Box 2036 • DEPT. 1 1 0  • Berkeley, California 94702 • 
9 : 00 a.m. - 5 :00 p.m. Pacific Time 

(41 5) 548-2805 TWX 9 1 0-366-7277 

See prices above 

6001 Volume 0- The Beginner's Book 

2001 Volume 1 - Basic Concepts 

3001A Volume II - Some Real Products ( 1977 edition) 

4001 8080 Programming For Logic Design 

5001 6800 Programming For Logic Design 

7001 ZBO Programming For Logic Design 

31003 SOBOA/8085 Assembly Language Programming 

32003 6800 Assembly Language Programming 

2 1002 Some Common BASIC Programs 

22002 Payroll With Cost Accounting 

6 '12%. SF Bay Area residents only 

PRICE 

$ 

QTY AMT 

TOTAL 1------t 6%. California residents outside SF Bay Area 

Payment by check or money order 
Sales Tax (Calif. residents only) 

must be enclosed for orders of 

1 0 books or less. 

Circle 293 on inquiry card. 

1------t 
Shipping Charges 1----� 

TOTAL AMOUNT ENCLOSED 

NAME 

ADDRESS 

CITY STATE ZIP 

SHIPPING CHARGES 

PHONE 

0 4th class $0.35 per book (allow 3-4 weeks within U.S., not applicable to discounted orders l 
0 $0.75 per book, UPS (allow 10 days) in the U.S. 

0 $ 1 .50 per book, special rush shipment by air in the U.S. 

0 All foreign orders. $3.00 per book for air shipment 

Shipping for large orders to be arranged. 

*These books are scheduled to be published during 1 978. 
Please notify me when they are available: Please send information on: 

0 23002 Accounts Payable and Accounts Receivable o Becoming an O&A dealer 
0 24002 General Ledger 0 School discounts 

0 list of foreign distributors 

F8 
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Photo 9: Cray Research Inc has recently introduced their entry into the field 
of supercomputers, the Cray-7, which can perform between 20 million and 
60 million floating point calculations per second. 

Photo 7 0: The UNI VA C I 
computer system was the 
first commercial computer 
produced by Remington 
Rand (now the Sperry 
Univac division of Sperry 
Rand Corporation). The 
first UNI VA C I was sup­
plied to the United States 
Bureau of the Census in 
March 7957 .  It was the 
first computer to be 
equipped with extensive 
peripheral equipment. 
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faster version of the 1 4 1 0, and the 360, 
which came in many d ifferent sizes and 
embodied many features not found  in 
previous computers. Control Data Corpor­
ation announced the 6600, and General 
E lectric their 400 series. The I BM 360/370 
is typ ical of a trend in computer manu­
factu r ing which is cu rrently fol l owed by 
most manufactu rers : upward compatib i l ity. 
In the years prior to 1 965, every manu­
facturer spent huge sums of money on 
research and programming support for 
several types of computers; several went out 
of business doing so. L i kewise, computer  
users spent a lot of  money to develop their 
systems for a particu lar computer only to 
find it had been superseded by a faster, l ess 
expensive machine. As a consequence, the 
deadly management decision of the period 
was, "Do we get the cheaper mach ine and 
spend the money on rep rogramming, or do 
we risk staying with an obsolete computer 
and l osing our programmers to the company 
across the street? " 

Current developments point to a new 
trend away from the bigger mach ines. The 
combination of l ower prices for components 
and programmable read on ly memories i s  
attracting many manufacturers to the fie l d  
of  m in icomputers and  microcomputers. The 
current  trend is clearly toward the personal 
computer, with TV game microprocessors 
leading the way .• 

..-· 



The u lt imate book 
about m i c rocom p uters. 
Written by experts 
. . .  SC E L B I  and BYT E .  Ove r 
400 pages. A col lector's i tem,  
featur ing T h e  Basics 

-·· 

from the fi rst 1 6  i ssues of BYT E  and S C E L B I 's 
c lassic l i brary of boo ks. Yo u r  m i c rocomp uter 
bookshelf is i n c o m p l ete without  t h i s  pr i celess edit ion.  

You can't buy i nfo rmat ion 
o rgan ized l i ke t h i s  any­
where.  This  is the book 

that everyone who is  i nto m i c ro­
comp uters needs for reference, 
for id eas, for c l ues to p ro b i e m  
so lv ing.  It  i s  a truly authorita­
tive text, feat u r i n g  easy-to-read, 
easy-to-understand a rt i c les b y  
more t h a n  50 recog n ized p ro­
fessional authors, who k now a n d  
l ove m i crocompute rs f rom t h e  
g round u p .  Log ical  and com­
plete, it  featu res many g l os­
saries, and is i l l u m i n ated with 
p rofuse i l l ustrat ions and p h oto­
g raphs. 

The Scelbi/ BYTE P ri mer is  
d iv ided i nto fou r  log i cal  sec­
tions, that take you f rom p o i nt 
"0" t h rou g h  b u i l d i n g  and p ro­
gram m i n g  your own com puter . . .  
step-by-step-by-step .  

What c a n  you do with a micro­
computer? Checkbook balanc­
i n g .  Reci pe convert i n g  and food 
i n ventory. Heat i n g  and a i r  condi­
t ion i n g  contro l .  Home and busi­
ness secu rity and management. 
P l ay i n g  the pon i es. Analysis of 
the stock ma rket. M a i nta i n i ng 
massive d ata ban ks. Self- instruc­
t ion.  Toys and games. S m a l l  
b u s i ness account ing and i nven­
tory. And lots, lots m o re.  

Circle 322 on i nquiry card. 

How does a microcomputer do 
it? Lots of " how to" theory. I n­
trod u c i n g  you to m i crocom p uter 
operation. 6800, 6502, Z80 C P U  
c h i p  capabi l i t ies. RAM and R O M  
memories. Add ress i n g  methods. 

T�E �[JElEI/��TE IJ�IrTlE� 
Over 400 pages. Selected articles 
from BYTE and SCELBI books. 
Profusely illustrated. Many 
photographs. $10.95, plus $1 

shipping and handling. 

How to control per ipherals.  
Trans m i ssion of i nformation to 
and from computers. Mag netic 
record i n g  dev i ces for bulk stor­
age. Analog to d ig ital conver­
s ion.  How a computer can talk. 
Othe r  1 / 0  tech n iq ues. And more. 

Order your copy today ! 
SCELBI COM PUTER 
CONSULTING I N C. BITS 
Post Office Box !33 PP STN 70 Main Street 
Dept. B Peterborough, N H  
Milford, CT 06460 03458 

1 ·800·258·54 77 

Prices shown for North American customers. 
Master Charge. Postal and bank Money 
Orders preferred. Personal checks delay 
shi pping u p  to 4 weeks. Pr ic ing,  specifica­
t i ons, avai labi l i ty subject t o  change without 
notice. 

All about building a m icro­
computer system. Over 1 2  com­
p lete construction a rt i cl es. F l i p­
f lops.  LED devi ces. Recyc l i ng 
used I Cs. Mod u l ar construction.  
M a k i n g  yo u r  own p.c .  boards. 
P rototype board construction.  
M a ke you r own log i c  p robes. 
Construct ion p l ans for 6800 and 
Z80 computers. B u i l d i n g  p l ans 
fo r 1 / 0s - TV and CRT d is p l ays, 
cassette i nterfaces, etc. Mathe­
matics fu nctions. R O M  p rog ram­
m e r. P l u s  m uc h ,  m u c h  more. 

How to program a m icro­
computer. P rogra m m i n g  for the 
beg i n n e r. Asse m b l i n g  p rog rams 
b y  hand.  Mon itor ing p rog rams. 
N u m be r  conversions. Game of 
Hexpawn. Des i g n  your own as­
sem b l e r. Lots more.  

And that's on ly  the beg i n n i ng ! 
Others have spent m i l l i ons ac­
q u i ri n g  the type of m i c rocom­
p ute r i nfo rmat ion fou n d  with i n  
t h e  400 pages of The Scelbi/ 
BYTE Primer. B ut, it  costs you 
o n l y  $1 0.95, p l u s $1 for postage 
and hand l i n g ,  compl ete ! You 
kn ow the qual ity of Sce l b i  and 
BYTE. This is  your assurance of 
exce l l ence t h roug hout th is  M UST 
text. O rder  you r copy today! And, 
get one for a fr iend ! 
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Our MacroFloppyTM 
goes twice the distance. 
For $695. 

Introducing tile M icropolis M acroFioppy'" :1041 and : 1042 disk drive_ sub­
systems. For the S-100/8080/Z-80 bus. Packing 100% more capacity into a 
5Y.-inch floppy disk than anyone else. 143K bytes. to be exact. For as l i ttle 
as $695. 

The MacroFioppy 1041 comes with the M icropol is  Mod I floppy packaged 
inside a protective enclosure (without power supply) And includes an S-100 
control ler I nterconnect cable. M icropolis BASIC User's Manua l .  A diskette con­
ta ining 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 inquiry card. 

Olu�s a"� 
NewsleiiePs 

Conducted by David Wozmak 
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The MacroFioppy:1042 comes with everything the 1041 has. and more. 
Such as d .c regulators. its own l ine voltage power supply, and. to top it off. 
a striking cover Making it look rigl1t at home j ust a bout anywhere. 

Both MacroFioppy systems are fully 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 M acroFioppy: 1041 
and $795 for the MacroFioppy:1042 . 

You rea l ly couldn't ask for anything more. 
At M icropolis, we have more bytes in  store for vou 
For a descriptive brochure, in the U . S .  ca l l  or write M icropolis 

Corporation. 7959 Deering Avenue. Canoga Park. Cal iforn ia 91304. Phone 
( 213 )  703-1121. 

Or better vet. see your local dealer 

The Computer Hobbyist Group of 
North Texas 

The Printed Circuit i s  a month ly pub l ica­
tion of The Computer Hobbyist Group of 
North Texas, a nonprofit organization dedi­
cated to the interests of the personal and 
hobby computer enthusiast. The officers of 
the c lub are R Nei l  Ferguson, president; B i l l  
Lewis, vice-presi dent; Dave Aos, secre­
tary, and Ted Palmer, treasurer. Subscri ption 
to The Printed Circuit may be obtained by 
jo in ing the group at a rate of $7  per year . 
Dues should be sent  to Ted Palmer, 1 704 
Downey Dr, Fort Worth TX 761 1 2. A l l  
correspondence regard ing The Printed Cir­
cuit should be addressed to POB 1 344, 
Grand Prarie TX 7505 1 . 

ACG-N J 

The Amateur  Computer Group of New 
J ersey cosponsored the Trenton Computer 
Festival on Apri l  22 thru 23. The show had 
an attendance of just over 2000. There were 
a number of presentations on items of 
interest to the hobby ist. The tal ks incl uded 
such topics as beginn ing in personal com­
puting, software, robotics, amateur rad io, 
i nterfacing, and many special m icrocom­
puter app l i cations. The l ist of speakers in­
c l uded Carl He lmers from BYTE, Sol Libes 

MICROPOLISM 
More bytes i n  store for you .  

(ACG-NJ } ,  David Ah l  (Creative Computing} , 
and many others. 

Also featured at the festival was a flea 
market coveri ng more than 5 acres, more 
than 40 exh ib ition booths, and the MSC 
I EEE  Student Paper F inals . 

ACG-NJ is a nonprofit educational corpo­
ration located in northern New J ersey_ 
Mem bersh ip i s  $5 per year (US and Canada) 
or $ 1 2  year (foreign } .  Th is  fee covers a 
newsletter su bscription. ACG-NJ can be 
reached by writing to the Amateur Com­
pu ter Group of New j ersey, UCT I ,  1 776 
Rari tan Rd, Scotch Plains NJ 07076. 

SEMCO 

The Southeastern M ich igan Computer 
Organ ization i s  a charter member of the 
Midwest Affi l iation of Computer C lubs 
(MACC} and is a nonprofit, registered orga­
n ization. The c lub has many special i n terest 
groups (S IGs} bu i l t  around the various com­
puters: S IG-6800, S I G-HUG (Heath Users 
Group for H8 and H 1 1 }, S I G-RS (Radio 
Shack T RS-80} ,  S IG-S-1 00 ( I MSAI and 
A l tair, 5-1 00 bus} ,  S IG-K I M ,  S IG-Digita l ,  
and also S IG-B IG, which is a group for those 
interested in b ig mach i nes. 

SEMCO puts out a newsletter, The Data 
Bus, which has an excel lent format. I t  has 



MetaFloppy™ goes 
The M icropolis MetaFioppy'M gives you more tha n  four times the capacity of 
anyone else's SX -inch floppy Because it uses 77 tracks instead of the usual 3 5 .  

The field-proven MetaFioppy, with thousands o f  u nits del ivered. comes 
in a complete family of models. And. l i ke our MacroFioppy"·' family of disk 
drives. Meta Floppy is designed for the S-100/8080/Z-80 bus. 

For maximum capacity, choose our new MetaFioppy:1054 system Whicll 
actual ly provides you with more tha n  a m i l l ion bytes of rel ia ble on- l ine stor­
age For less money than you'd bel ieve possible 

beyond. 
The MetaFioppy: 1054 comes complete with four drives in  dual config­

uration. A control ler. Power supply Chassis. Enclosure. All cabling A new BASIC 
software package And a DOS with assembler and editor. There's even a bui lt­
in Autoload ROM to el iminate tiresome button push ing 

If that's more storage than you need right now. try our 
Meta Fioppy:1053.  with 630,000 bytes on-l ine. Or our Meta­
Floppy 1043, with 315.000 bytes on-l ine. Either way, 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 a ppl ication keeps growing, we've got 
you covered. With Meta Floppy 

The system that goes beyond the floppy. 
For a descriptive brochure. in the US call or write M icropol is 

Corporation. 7959 Deering Avenue. Canoga Park. Cal ifornia 91304. 
Phone ( 21 3 !  703-1121. 

Or better vet. see your local dealer. 

MICRO POLIS™ 
More bytes i n  store for you . 

c lub information, and articles which are 
both informative and entertai ning. 

Membersh ip is $ 1 0  per year and inc l udes 
the newsletter. For more information wr ite 
to the Southeastern M ich igan Com puter 
Organization, POB 9578, Detroi t  M l  48202. 

Sacramento Microcomputer U sers Group 

SM UG meets on the fourth Tuesday of 
every month at 7 : 30 PM (J u ly 25, August 
22) on 99th St, off Hwy 50, i n  Sacramento. 
Write to SM UG for exact location or for 
other information at POB 1 61 5 1 3, Sacra­
mento CA 9581 6. 

Alamo Computer En thus iasts 

Located in San Anton io, th i s  group meets 
on the fou rth F riday of each month at 7 : 30 
PM in  room 1 04, Chapman G raduate Center, 
Trin ity Un iversity. Special i n terest groups 
include the Z-80, 8080, 6800, 6502, North 
Star BASIC, Microsoft BAS IC, Teletypes, 
graph ics, and process contro l lers. For more 
information wr ite to the A lamo Computer 
Enthusiasts, 75 1 7 J onqu i l ! , San Antonio TX 
78233. 

The Apple Core 

The San F rancisco Apple U sers Group, or  

the Apple Core, has been formed, and has 
held th ree meetings to date. The group was 
organized by Scot Kam ins from San F ran­
cisco in ear ly Apri l  1 978. 

Membersh ip regu lations are somewhat 
exc lusive; members must own or u se an 
Apple compu ter. For more information con­
tact Scot Kamins, organizer, San Francisco 
Apple Users Group, POB 481 6,  Main PO, 
San Francisco CA 941 01 . 

M icroprocess ing Club of 
Gloucester County Col l ege 

Located in Sewe l l  N J ,  the M icroprocess­
ing C lub of G loucester County Col l ege i s  
now up and running. Membersh ip  is open to 
students of GCC and honorary membersh ip  
i s  open to a l l  (however, honorary members 
cannot vote ) . To fi nd out more about th is  
clu b  contact M i ke Sei ler, Microprocessing  
Club, Gloucester County Col lege, Tanyard 
Rd, Sewel l NJ 08080. 

N ECS 

The New England Compu ter Society 
meets month ly  at the Mitre Corp cafeteria, 
Bedford MA. For i nformation wri te to the 
New England Computer Society, POB 1 98, 
Bedford MA 01 730.• 
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Figure 7 :  Sample hardware 
circuit to decode a single 
control code (in this case, 
CONTROL R). The pulse 
output width is the same 
as that of the key pressed 
strobe. 

K E Y- P R E S S E D  Jl 
S T R O B E  

A S C I I C O N T R O L  R 
B I N A R Y  C O D E  

0 B 6  

0 8 5  

I B4 

0 8 3  

0 B 2  

I 8 0  

0 B l  
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Build a Keyboard Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

Function Decoder 

"Dear, when you g o  downstairs wou ld  
you turn  the pri nter on for me?" 

My wife J oyce was on her way to the 
basement with an arm load of photographic 
suppl ies. "And could you see if I turned the 
video d isplay off as wel l ? "  

I was recl in ing in an overstuffed chai r 
with the keyboard i n  my lap. J oyce stopped 
at the doorway and said,  "Who was your last 
servant?" 

"Please do it for me, honey," I said ,  
chastened. " I  have papers a l l  over my lap 
and you wou ldn ' t  want me to spi l l  my mar­
tin i ,  wou ld you ?"  

"Hey, k i d ,  I thought computers were sup­
posed to make l i fe easier for us poor fol k. "  

"They do !  I t 's t he  peripherals that don 't." 
The next logical question I asked myself 

was : why shou ldn 't turning the printer or re­
corder on and off be as easy to do as any 
other computer transaction? A couple of 
qu ick so l u tions came to mind .  One is to 
instal l an i n tercom system and station a 
person next to the computer whi le  the re­
mote term inal is in operation .  

A second and more practical al ternative 
is to put l ong extensions on the power l i nes 
of your peripherals and apply power to them 
from a remote location, but th is means re­
wir ing your house if the computer is down­
stairs and the terminal is upstairs (as in  my 
case) . 

The th ird and probab ly best approach is 

U O U T P U T  

to  use some of  the  u nused functions on your 
keyboard to control per iphera ls remotely. 
There are a number of unprinted characters 
on a keyboard such as : end of transmission, 
end of text, o r  device control codes. By at­
tach ing an ASC I I  decod ing  circuit to moni­
tor the I ine between the keyboard and the 
computer, these functions can be isolated 
and ut i l ized as peripheral device control sig­
nals - more about th is l ater. 

The ASC I I  Code 
Most keyboards use ASC I I  coding, a 7 b i t  

b inary code with an eighth b i t  sometimes 
added for parity checking. (Here we ignore 
the proposed extensions to the officia l ly  de­
fined ASCI I code wh ich makes it a true 8 b i t  
code or n ine  b i ts with parity. ) A complete 
l ist of ASCI I codes is out l i ned in  "Complete 
ASCI I "  by Dave Ciemiewicz (February 1 978 
BYTE, page 1 9) .  When your computer pro­
gram is executing and await ing data from the 
keyboard, a special keyboard input routine 
is usual ly acti vated in  the program. The sub­
routine first determines whether a key has 
been pressed by check ing for a key-pressed 
strobe signal . On systems that do not check 
parity (and thus use only 7 bit ASCI I ) , the 
eighth b i t  of an input port i s  often set as the 
strobe b it. The o ther seven b its are not con­
sidered un less th is strobe b i t  is "true . " When 
th is is the case, the seven b i ts are compared 
to a val id entry tab l e  with in the program to 
determine what to do with the input. I f  
there is no  val id comparison,  t he  i npu t  key 
does noth ing. 

The software read and compare routine 
i s  anal ogous to a hardware address decoder. 
For a particu lar ASC I I code l i ke CONTROL 
R hexadec imal 1 2, a c i rcu it  such as that in 
figure 1 cou ld be u sed to decode and iden­
tify only this particu lar code. For routine 
uses such as a hardware reset, th is  is the way 
many computer experimenters decode an 
ASCI I code. This basic c ircu i t  can be dup l i ­
cated many times to decode other codes. 
F igure 2 i l l ustrates how this approach can 
enab le  a CONTROL  R to turn on a device 



Wait No Longer! 
The new educational programs are here. 

Discover how to get more out of 
your computer. 

Magnemedia has produced the 
innovative line of software pro­
ducts you've been waiting for. 
Designed for use both at home or 
in the classroom, these programs 
make learning an exciting ex­
perience. 

This software comes in hand­
some two-cassette albums. E ach 
cassette provides voice instruc­
tion on one side and a machine 
readable code on the other. 
Separate instruction booklets are 
p r o v i d e d  in n o n - t e c h n i c a l  
language. 

All software is for APPLE I I .  
Programs available for other 
micro computers indicated by 
following key: 

* RADIO SHACK TRS-80 
(Level II) 

ti COMMODORE PET 
...- HE ATH H8 (E xtended 

Basic) 

Programs Now Available 

• Quiz Baseball ( 16K)-An ex­
citing game for two teams or 
players, using your questions. 
Computer simulates action, total­
ing batting averages and scores. 

e S a  v e - A - S k e t c h  T M  ( 8 K ) ­
Create a colored picture with your 

computer keyboard. Save it for 
your gallery or use it as an il­
lustration in another computer 
program. 

• Save-A-Story™ ( 1 6K)-Write 
or copy a story for practice in typ­
ing, speed reading, or for storage 
in your computer library. 

• Learning Basic ( 1 6 K ) - A  
package of two cassettes with 
multiple programs. Learn pro­
gramming the easy way-let the 
computer teach you. 

• Mystery Word™ ( 8 K ) - D e­
velop your logic skills by guess­
ing the secret word. Computer 
tells you how many letters are 
correct in each guess. 

• Reverse (8K)-A challenging 
math game that's a real brain 
teaser. How many times will you 
have to switch the numbers to get 
them in proper order? 

e S upermath™ ( 1 6 K ) - The 
computer teaches you to add, sub­
tract, multiply and divide on your 
own level-in color! 

• True/False Quiz (8K) * 1:! v ­
Tells you how to enter your own 
quiz. 

• Variable Message (8K) ti ­
y ou choose message and colors, 
the computer does the rest. 

• Matching Quiz (8K) * -Three 
changeable categories in each pro­
gram. Match item on left correct­
ly with one on right and they both 

disappear. 
• D o n ' t  Fall™ ( 8 K )  ti - The 

computer chooses a word-you 
try to guess the letters without 
falling off cliff. Then you give the 
computer a word. 

• Memory Aide (8K) ti - Help 
memorizing facts, verses, lists. 
Computer prompts you, asks you 
to provide missing words, etc. 

• Study Aide (8K)-The com­
puter gives questions in random 
order. If you miss, it saves the 
question for a later try. 

• Keyboard Organ (4K)-Turn 
your computer into a musical in­
strument. Play the keys like a 
piano! 

• Grading Routine ( 1 6 K ) ­
Takes the drudgery out of finding 
class curves. Different categories, 
grading scales, etc. 

• D rawing ( 4 K ) * ti v -
Computer picks word at random 
from list you supply. 

H e re ' s  the b e s t  news of 
all-each package of two pro­
grams sells for only $ 1 2.00! In­
dividual programs are available 
for $7.50. 

M agnemedia s oftware is in 
s tock at compu ter stores 
everywhere. ( D ealers listed 
below). If  not available yet at 
your store, ask them to order for 
you. 

1111••••••••••-Authorized Distributors•••••••••••!� 
Arizona 

Personal Computer Place, Mesa (602) 833-8949 
Arkansas 

Datacope, Little Rock (501) 666-8588 
California 

A-Vidd Electronics Co., Long Beach (213) 598-0444 
Byte Shop, Marina Del Rey (21 3) 530-3860 
Byte Shop, Tustin (714) 731-1 686 
Byte Shop Computer Store, Walnut Creek (41 5) 933-6253 
Byte Shop No. 8, Hayward (415) 537-2983 
Computerland, El Cerrito (415) 233-501 0  
Computerland, Lawndale (213) 371-401 0 
Computerland, Mission Viejo (714) 770-0131 
Computerland of West LA., Inglewood (213) 776-8080 
Computers Are Fun, Los Angeles (213) 475-0566 
Recreational Computer Ctrs, Sunnyvale (408) 735-7480 
The Computer Store, Santa Monica (21 3) 451-0713 

Colorado 
The Byte Shop, Inc., Eng lewood (303) 761-6232 

Connecticut 
Computerland, Fairfield (203) 374-2227 

Florida 
Byte Shop, Miami (305) 264-2983 

Georgia 

B1te Shop, Atlanta (404) 255-8984 
Datamart Inc.,  Atlanta (404) 266-0336 
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Computerland of Atlanta, Smyrna (404) 953-0406 
Illinois 

Byte Shop, Champagne (217) 352-2323 
Computerland, Arlington Heights (312) 255-6488 
Imperial Computer Systems, Rockford (815) 226-8200 

Kansas 
Personal Computer Center, Overland Park (913) 649-5942 

Louisiana 
Computer Shoppe, Metairie (504) 454-6600 

Maryland 

Computerland, Rockville (301)  948-7676 
Massachusetts 

New Jersey 
Computer Corner, Pompton Lanes (201) 835-7080 
The Computer Emporium, Cherry H i l l  (609) 667-7555 

New York 
Computer Shop of Syracuse, De Witt (315) 446-1284 
Computer Tree Inc. ,  Endwell,  (607) 748-1223 
Computer Micro Systems, Manhasset (51 6) 627-3640 

North Carolina 
Byte Shop, Raleigh (919) 833-0210 

Ohio 
2 1 st Century Shop, Cincinnati (51 3) 651-21 1 1  

Oklahoma 
M i crolithics Inc. ,  Oklahoma City (405) 947-5646 The Computer Store, Burlington (617) 272-8770 

Michigan 
Computerland of Grand Rapids, Kentwood 
942-2931 

(616) Texas 

Byte Shop, Richardson (214) 234-5955 
CompuShop, Dallas (214) 234-341 2  New Hampshire 

Computerland, Nashua (603) 889-5238 
New Mexico 

Interactive Computers, Santa Fe (505) 892-9997 

Magnemedia 
1 7845 Sky Park C i rcle, Suite H 
I rvine,  CA 927 1 4  (71 4) 549-91 22 

Computer Terminal, El  Paso (915) 532-1 777 
Computerland, Austin (512) 452-5701 
Computers 'n Things, Austin (512) 453-5970 
Interactive Computers, Houston (713) 486-0291 
Interactive Computers, Houston (713) 772-5257 
Micro Computer Shop, Corpus Christi (512) 855-4516 

Washington 
Ye Olde Computer Shoppe, Richland (509) 946-3330 

Ontario, Canada 
The Computer Mart, Toronto (416) 484-9708 
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Figure 2: Printer on and off control designed with discrete logic elements. Pressing CONTROL R causes a logic signal to acti­
vate an external relay in series with the printer power line. Pressing CONTROL T resets this circuit and turns the printer off. 

I Jl 
K E Y-PRES S E D  
S T R O B E  

ASC I I  I N PU T  
C O N T R O L  R 
FROM 
K E Y BOARD 
022  OCTAL  

B6  

B 5  

B4 

B3 

B2 

B l  

BO 

AO - A 7 A D D R E S S  
I N P U T  

A 7  

A 6  

A 5  

A 4  

A 3  

A 2  

A I  

AO 

such as a pr inter, and a CONTROL T to turn 
it off. The method reaches a point of d im in­
ish ing retu rns when more than one device 
i s  to be contro l led, though. 

Another d i sadvantage of this handwired 
decod ing i s  that it is d ifficu lt to change the 
decoded value. I recently received a l etter 
from a reader who needed a remote reset 
button.  He bu i l t  a circu i t  s imi lar to the one 
in  figure 1 ,  and it worked fine for the soft-

1 70 2 A  

D O - D7 DATA 
OUTPUT  

ALL OT H E R  OUTPUT 
B I TS R E MAI N H I GH 
H E XA D E C I M A L  7 F  STORED  
AT  H E XA DEC I MAL 
A D D R ESS 92  

Figure 3: 7 702A erasable read only memory used as an 8 bit address decoder. 
When CONTROL R is depressed on the keyboard, the output at D 7  goes low 
(or true) for a period equal to that of the key-pressed strobe. This circuit can 
replace up to eight of the circuits shown in figure 7.  
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ware he was us ing at the time. But  when he 
changed from Maxi BAS I C  to Zapple BAS IC, 
he found that the control code h e  had 
chosen for reset was necessary for u se in the 
BAS IC, so out came the sol dering i ron and 
in went another i n tegrated c ircu i t. Then 
came the expansion of more software from 
other manufacturers, and the c i rcuit had to 
be changed again .  His compla int was con­
cerned not with the method of decoding the 
signal but rather with the d ifficu l ty in chang­
ing i ts particu lar add ress. 

I, of course, wanted to have a hardware 
reset and peripheral device contro l l er. I 
cou l d  bu i l d  a combination of the c i rcuits i n  
figures 1 and 2 and hope that the  next p iece 
of software I get doesn 't  u se one of the con­
trol codes I u sed , but a concept th is  s imple 
shou l dn 't requ i re that m uch wir ing or make 
it that hard to change addresses. 

S ince I l i ke the idea of us ing the key­
board to control the peripheral devices and 
don't l i ke to solder any more than necessary, 
the best alternat ive for me is a program­
mable read on ly memory board control code 
decoder. 

Consider how a p rogrammable read on ly 
memory works: a b inary code is impressed 
on the address input  l i nes and, in the case of 
the 1 702A, an 8 bit b inary word stored at 
that l ocation appears at the output. By se-



Control 
Keyboard 

Hexadecimal Octal Parity Character Equ ivalent Alternate Code Names 

00 000 EVEN NUL @ NULL,CTR L SH I FT P,TAPE LEADER 
01 001 ODD SOH A START OF HEADER,SOM 
02 002 ODD STX B START OF TEXT,EOA 
03 003 EVEN ETX c END OF TEXT, EOM 
04 004 ODD EQT D END OF TRANSM ISS ION ,END 
05 005 EVEN ENQ E ENOU IRY,WRU,WHO ARE YOU 
06 006 EVEN ACK F ACKNOWLEDGE,RU .ARE YOU 
07 007 ODD BEL  G BELL 
08 0 10 ODD BS H BACKSPACE, F ED 
09 0 1 1 EVEN HT I HOR IZONTAL TAB,TAB 
OA 012 EVEN LF J L I N E  F EED,N EW L I NE,NL 
OB 0 13 ODD VT K VERTICAL TAB,VTAB 
oc 014 EVEN F F  L FORM FEED,FORM PAGE 
00 015 ODD CR M CARR IAGE R ETURN,EOL 
OE 0 16 ODD so N SH I FT OUT,RED SH I FT 
OF 0 1 7  EVEN S l 0 SHI FT IN ,BLACK SH I FT 
10 020 ODD O LE p DATA L INK ESCAPE,DCO 
1 1  021 EVEN DC1 Q XON,READER ON 
1 2  022 EVEN DC2 R TAPE,PUNCH ON 
1 3  023 ODD DC3 s XOF F,READER OFF 
14 024 EVEN DC4 T TAPE,PUNCH OFF 
15  025 ODD NAK u NEGATIVE ACKNOWLEDGE,ERR 
16 026 ODD SYN v SYNCHRONOUS IDLE�YNC 
1 7  027 EVEN ETB w END OF TEXT BUFFER ,LEM 
1 8  030 EVEN CAN X CANCEL,CANCL 
1 9  031 ODD EM y END OF MED IUM 
1A  032 ODD SUB z SUBSTITUTE 
1 B  033 EVEN ESC [ ESCAPE,PREF IX 
1 C  034 ODD FS I F I LE SEPARATOR 
1 0  035 EVEN GS 1 GROUP SEPARATOR 
1 E  036 EVEN RS II RECORD SEPARATOR 
1 F  037 ODD us - UN IT SEPARATOR 

Note: To transm it any control code, depress the CTR L key wh i l e p ressing the character key 
on the same l i ne under Keyboard Equiva lent .  

lectively storing specific va lues at designated 
l ocations in the programmable read on ly 
memory, a s ing le 1 702A can be structured 
to perform the functions of e ight separate 
decoders l i ke the one in figure 1 .  For exam­
ple, if a CONTROL R code were impressed 
on the address l i nes of the 1 702A, and hexa­
decimal 7F (b inary 01 1 1 1 1 1 1 } is stored i n  
hexadecimal address 1 2, the most s ign ifi cant 
output bit wi l l  go low whenever th is  pattern 
appears. A l l  other output l i nes w i l l  remain 
at a h igh level. The same method can be u sed 
for eight d ifferent ASCI I codes. The fu nc­
tion of the circuit shown in figu re 1 can be 
performed by an erasab le  read on ly  m emory 
(EROM) as shown in figure 3 .  

To use an E ROM for th is  purpose, first 
choose eight d ifferent ASC I I  codes wh ich 
are avai lable on your keyboard and wh ich 
are not used as software control codes. By 
convention, CONTROL Q, CONTROL R, 
CONTROL S and CONTRO L T have been 
set aside to represent Reader On, Punch On, 
Reader Off and Punch Off, respectivel y. The 
other four control codes cou l d  be CON­
TROL W, X,  Y and Z, etc. Table 1 shows the 
ASCI I control codes. 

An u nprogrammed (erased } E ROM has a l l  
bits set to  the 1 state. Th i s  i s  true for the 
1 702A, the 2708 and the 271 6 .  Next, 

choose eight control codes and make a l ist 
such as the one in  table  2. 

Store the b inary word l i sted at the respec­
tive add ress location equ ivalent to the ASCI I 
code with the eighth b it  (the strobe b it) set 
high. For a CONTROL R, a hexadecimal 1 4  
code, this wou ld  become an add ress of h exa­
decimal 94. When one of these part icular 
keys is pressed, a particular output b it of the 
E ROM goes low for the duration of the key­
pressed strobe. Obviously, if on ly  a short 
pu lse is necessary for you r control app l ica­
tion, no further logic is necessary. I n  my  
appl ication it i s  necessary to "hol d "  the 

Hexadecimal 
Hexadecimal EROM 

Keyboard Code Address* 

CTL Q 1 1  9 1  
CTL R 1 2  92 
CTL S 1 3  93 
CTL T 1 4  94 
CTL W 1 7  97 
CTL X 1 8  98 
CTL Y 19 99 
CTL Z 1 A  9A 

Table 7 :  A SCII code of 
control characters. 

Table 2: Hexadecimal 
values to be stored in 
EROM to decode eight 
control codes. 

Hexadecimal Value to be 
Stored in E ROM 

7 F  
B F  
OF 
EF 
F7 
FB 
FD 
FE 

Note : All other address locations should have h exadecimal F F (fu l ly erased data) 
stored in  them. 
*The EROM address is the 7 bit ASC I I  code w ith the eighth bit set h igh . 
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state of three devices and pu l se two of them. 
This requ i res l atches made from external 
gates to maintain the control output after 
the i nitiating pu l se. One method is to trigger 
an RS fl ip flop on and off with two separate 
codes. I n  this way, CONTROL R and CON­
T ROL T can be used to turn the printer on 
and off, respectively. Figure 4 i l l ustrates the 
completed keyboard function decoder ut i l iz­
ing a 1 702A E ROM.  It a l lows latched on and 
off control of three devices and pu lsed con­
trol of two more. I chose a 1 702A because 
of its cost advantages: at $3 .50 it is more 

K E Y  P R E S S E D  n 
S T R O B E  ....1 L 

B 6  

B 5  

B 4  

A S C I I  I N P U T  
F R O M  B 3 
K E Y B O A R D  

B 2  

B l  

+ 5 V 

A 7  

A 6  

A 5  

A 4  I C 6  
1 70 2 A  

A 3  

A 2  

A I  

+ 5 V  

2 .  2 K 
T Y P  
( 8 )  

I I 
D 7  

1 0 
D 6  

9 
D 5  

8 
D 4  

7 
D 3  

6 
D 2  

Figure 4: £ROM-based 
function decoder circuit 
with three latched and two 
strobed outputs. These 
outputs can be used to 
control solid state relays 
and, in turn, printers and 
other peripherals. 

B O  A O  

cs  
1 6  

- 9 V 

D l  

D O  

24 

Notes: 

6 8 .0.  
1 / 2  w 

- 1 2 V  - 9V 1 10/ 2 5 V  9 V 

+ 5 V � + 5 V  

I 3 3 0 / 1 5 V  

1 .  The EROM i s  programmed a s  per t h e  EROM address and binary value infor­
mation I isted in table 1. Al l other address locations should be left ful ly erased 
( hexadecimal F F ) .  
2 .  The signal outputs from i ntegrated c i rcu its 7 and 8 can b e  connected t o  sol id 
state relays, wh ich i n turn provide on and off control of the designated periph­
erals. For an explanation and a design of a solid state relay, see "Tune In and 
Turn On, Part 2," May 1 978 BYTE, page 97. 
3. Al l resistors are 1 /4 W 5% unless otherwise specified. 
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appeal ing than a $ 1 2.50 2708 ; but the 2708 
may be more eas i ly  programmed for most 
people (see " Program Your Next EROM in 
BAS I C,"  March 1 978 BYTE,  page 84) .  It 
can be used instead of the 1 702A with the 
appropriate p in  ass ignment changed. Since 
the 2708 is a 1 K E ROM and the 1 702A is 
256 bytes, the two extra add ress l i nes A9 
and A 1 0  shou l d  be grounded on the 2708. I f  
you decide to use  the  method of figure 2 
and not use an E ROM to make the circuit of 
figure 4, it w i l l  take 1 4  TTL ch ips just to 
create the l ogical equ iva lent of the E ROM. 

7 4 0 0  

7 4 0 0  

Key Pressed 

CONTROL  Q 
CONTROL R 
CONTROL S  
CONTROL T 
CONTROL W  
CONTROL X 
CONTROL Y 
CONTROL  Z 

R E C O R D E R  C O N T R O L  

..r-

P R I N T E R  C O N T R O L  

A U X I L I A RY C O N T R O L  

S T R O B E  
CO N T R O L  Y 

S T R O B E  
C O N T RO L Z 

Function 

Recorder power on 
Printer power on 
Recorder power off 
Printer power off 
Auxil iary power on 
Auxi l iary power off 
Bit 1 low true pulse 
B it 0 low t rue pu lse 



Table 3: Power wiring table for figures 2 
and 4. 

Number Type +5 v Gnd 

IC 1 7404 14 7 
IC2 7404 1 4  7 
IC3 7430 1 4  7 
IC4 7430 1 4  7 
IC5 7400 14 7 
IC6 1 702A see schematic 
IC7 7400 14 I 7 
ICB 7400 14 7 

Some F inal Thoughts 

I guess I don't have to worry about find­
ing someone to be my peripheral "s lave" any 
more. The uses of this remote control sys­
tem can be extended beyond the ones I 've 
outl i ned ; my horizons were l im ited at the 
time. Once I s it back in that chair with a 
keyboard in my lap, it takes an earthquake 
to move me. 

Do you have any questions, comments or 
ideas for an article? Write to me; I try to 
answer every l etter. P lease encl ose a stamped 
self-addressed envelope. Next month : a 
touch panel d igi tizer. • 

BYTE's New 
Toll-free 
Subscriber 
W.A.T.S. Line 

( 800) 258-5485 
We thank you and look 

forward to serving you. 

su bscription,  
you are i nv i ted 

to cal l * 

A RAM board for only $289? 
Central Data� s got it! · 

Central Data ' s  1 6K RAM board comes com­

pletely assembled, tested and burned in for only 

$ 2 8 9 .  Our competitors find that hard to beat .  But , 

the low price is not all we offer. 

The Central Data 1 6K RAM board is complete 

when you buy it from us, but we offer the added 

feature of expandability to 3 2 K .  Someday you 'll 

need more than 1 6K ,  and when 'that day comes , 

you 'll be ready . The cost of adding 1 6K to your 

present Central Data 1 6K RAM board is $ 2 00 . A 
32K RAM board, assembled, tested and burned in, is 

$4 7 5 .  
The invisible refresh feature o f  our board means 

that the performance of your system can never be 

degraded by wait cycles .  

Our RAM board is S- 1 00 compatible , and it has 

an access time of 450ns . 

Each Central Data board comes with a one-year 
warranty . 

Ci rcle 45 on i nqu i ry card. 

To order your 1 6K RAM board or to receive more 

information , write to us at Central Data today. 

(C®mJliu©1� [Q)@u@ (C(Q)u[p) 0 

PO Box 2484, Station A 
Champaign,  I L  6 1 820 
(2 1 7) 359-80 1 0  
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Telephone (703) 536-7373 

88-MODEM: A complete serial 1 /0 pori and an Originate/Answer MODEM on an 
S1 00 bus compatible board. The 88-MODEM lea lures automatic auto-dialer (not 
software limed), operates at any software selected baud rate between 66 and 600 
baud, has separate 8-pole transmit and receive active filters. and all functions are 
software selected. The 88-MODEM provides communication to -58 dbm and is intended 
for use with either a CBS ( 1 001 D) or CBT Data Access Arrangement lor connection 
lo the telephone system. The kit price is $245.00. 

88-UFC UN IVERSAL FREQUENCY COUNTER: The 88-UFC is an S1 00 compatible 
frequency and period measurement module. The 88-UFC has four software selected 
inputs. Frequency measurement to above 600MHz and period measurement to 1 11 Oth 
microsecond are standard. The counter provides nine digits of readout and is priced 
at $1 79.00 in kit form. 

88-SPM CLOCK MODULE: The 88-SPM provides a time of day clock and an inde­
pendent realtime clock on one S1 00 compatible module. Provisions are included for 
battery backup so the 88-SPM can maintain the time during power-off conditions. 
$96.00 kit 

1 001 D (Type CBT) Data Access Arrangement 
88-RCB 1 6  Channel Relay Control Board Kit 
MCTK Morse Code Trainer/Keyer Kit 
TSM Temperature Sensing Module Kit 
DAC-8 8-Bit Digital to Analog Converter Kit 
88 -TCXO Temperature Compensated Cryslal 

Oscillator for 88-UFC 
88-XTAL Crystal Timebase option for 88-SPM 

$1 25.00 
$1 79.00 

29.00 
24.00 
1 9 .00 

1 45.00 
25.00 

TERMS: Payment wilh order shipped prepaid. added for COD. Masler Charge accepled 

104 July 1978 © BYTE Publications Inc Circle 1 85 on inquiry card. 

Continued from page 6 

sages sent and received woul d  b e  the follow­
ing l i tt le loop: 

var 
hangup : boolean ; 

hangup : = fal se ;  
repeat [look at keyboard, send latest input] 

messages to line and display [look at line, send any input] 
messages to display . 

unti l  hangu p ; 

(This p rogram fragment is represented i n  
PASCAL with the u s e  o f  i tal ics enclosed in  
square b rackets [ ]  to denote functions de­
scri bed verba l ly  but  not in detai l .  Note that 
"hangup" i s  a d u m my variab le with in  the 
context of th is  fragment as shown. ) 

This s imp le  programming model is ap­
p l ied at both ends of the commun ications 
l i ne  through the phone network. I t  m ight in 
fact be imp lemented in  two tota l ly  d ifferent 
computer and software systems, say in  as­
semb ly  language on one party 's computer 
and in  PASCAL on the other party's com­
puter. It also has the u nfortunate d isadvan­
tage of d isplaying the incom ing message 
from the l i ne  m ixed with the l atest outgo ing 
message from the keyboard. 

Wal k ing through the process of establ ish­
ing and hold i ng a conversation i l lu strates 
some fundamental points wh ich apply to 
any computer to computer  commun ications 
method. In th is case, much of the work in­
volved in  setting u p  the conversation, the 
protocol ,  is accompl ished manual ly. Let's 
look at what a conversation between two 
parties might be l i ke, us ing X and Y as suit­
ab le  arbitrary names in this script :  

Phone rings. X picks up the phone. 
X :  " He l lo, X here ." 
Y:  "Hi ,  X .  Shal l  we proceed with the 

commun ications experiment?" 
Note the implicit protocol: Y assumes X 

is looking for a computer to computer 
conversation. 

X :  "Sure. I ' l l  load my program. Let me 
set my modem in  the originate mode." 

Y:  " F ine. I ' l l  set my modem i n  the an­
swer mode and load my program. "  

Note the complementary settings of  the 
modem modes. For a full duplex con­
versation, one end must be in answer 
mode, the other end in originate mode. 
A mode is simply the set of transmis­
sion and reception frequencies chosen 
for use by the modem from two al­
ternatives. 

X :  " I 'm  starting my p rogram. How's 
yours doing?" 



Y:  " M ine is just fi ne. Do you hear the 
tones from the modem?" 

X :  "Yes. Okay, let's try the phones. " 
Both parties conclude verbal communica­

tions by placing their phone handsets 
in the acoustic couplers. A computer 
to computer conversation ensues, 
using data from the keyboards and 
sending data to the displays at each 
end. 

Th is is perhaps one of the s imp lest models of 
computer to computer commun ications over 
a phone l i ne via a modem. But it  i l l u strates a 
coup le  of important points wh ich are re­
qu ired in any system wh ich uses the d ia lup 
network. 

First, there must be a protocol tying the 
two systems together l ogica l ly .  This  protocol 
provides a method of estab l ish ing contact. 
Here, I used the conversation as an example 
due to the s impl icity of the equipment and 
the model. I t  cou ld be as comp l icated as a 
fu l l  network protocol l i ke  those of ARPA, 
PC NET or C l  E Net. The protocol must also 
involve the agreement upon a functional 
model of the software dr iv ing the communi­
cations channel . Here the PASCAL program 
fragment, however it is. imp lemented in de­
tai l ,  p rovides the common functional model 
for both ends of the l i ne. The actual detai ls  
of a conversation are i ndependent of the 
protocol u sed. 

Second, the equipment used at both ends 
must be compatib le with respect to modem 
design. Here, I have tacitly assumed a 
modem is avai lab le wh ich has one outgoing 
channel and one incoming channel. This 
coul d  be a Bel l 1 03 sty le  modem which is 
one of the most commonly avai lab le forms 
on the market, or it cou l d  be some haywire 
k l uge with nonstandard frequencies which 
are shared by the two parties to the conver­
sation and nobody else. The choice of "an­
swer" or "originate" in the context of this 
example  is arb itrary ; when using such a mo­
dem with a timesharing computer, the 
choice is not arbitrary. 

Third ,  the protocol can easi ly  be auto­
mated to some extent; with proper equ ip­
ment and appropriate systems software 
running in your system and your network 
correspondent's system, the entire conversa­
tion can take p lace without human interven­
tion from start to finish. But more on that 
subject a l i ttle l ater. · 

The conversation ju st described, and its 
protocol, are not intended as a serious sug­
gestion for the u se of a typical acoustical l y  
coup led modem. I t  represents i f  anyth ing 
j ust a costly way to bypass the US Postal 
Service and a l l  its prob lems and transmission 
delays; but then the same is true of the tele-

16K RAM 

Fully Static 

Using the TMS 4044 

250 nsec. chips-$425 
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. 

450 nsec. chips-$375 
For 2 Mhz. Systems-same circuit as above but 

priced lower because of less expensive memory chips. 
It is fully assembled, burned-in, tested and guaranteed. 

BK Versions Also Available 
Both boards available fully assembled with sockets 

for all 32 MOS chips but supplied with only 8K of chips. 
8K-250 nsec.-$265. 4K chip set-$95. 8K-450 
nsec.-$235. 4K chip set-$85. 

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. They 
use a single 8 volt power supply at 1 .7 amps nominal. 

Fully S-1 00 Bus Compatibl�ach 4K addressable 
to any 4K slot and separately protected by D I P  switches. 

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 ful l  
year. You may return undamaged board within ten days 
for a full refund. (Factory orders only----<:lealer return 
policy may vary). 

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. Shipping - Stock to 72 hours normal. 
We will 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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r • • • • • • • • • • • • • • • • • • •  
I I 
: Computers For Everyone! ; 
: Prices For Everyone ! : 
I I 
I I I PET 2001-8 by Commodore : 
I • BK user RAM (expandable to 32K) 1 • BK BASIC in ROM I • Built-in video display I • Built-in keyboard with graphic characters 

1 • Built-in cassette recorder I 
I PET 2001-8 (8k BAM) $795. I 
1 1 0  Blank C-10 cassette 20. I 
I "BASIC BASIC" Book 9. I 
I reg. $824. I 
: $795. : 
I I 
I I 
I I 
I I 
; . Apple II 16K by Apple Computers I 1 • 1 6K user RAM (expandable to 48K) 1 • 6K Integer BASIC in ROM 1 • 2K Monitor in ROM 1 • Full ASCII keyboard I • 1 6-color graphics (low resolution 40H x 40V) 1 
I • 4-color graphics (high resolution 280H x 1 92V) I • Game Paddles included 

I • Includes BABIC software on cassette: I • !6K Startreck program • Color demonstration programs 

I • 1 OK Floating point BASIC • Breakout video game I interpreter 

1 • Your color TV set required for display I I APPLE II (16K BAM) $ l l95. I I Meriton cassette recorder 80. I 1 M&R RF Modulator 30. I I reg. $ 1 305. I I I 
I $ 1 195.  I I I 
I I 
I I 
I I 
I Add S! 0.00 per system for shipping and handling. To qualify for these I 
I spectal package prices, full payment must accompany your order. We will I refund full amount if you wish to cancel before we ship. 

� Write or Call : 
I I 
I TM I 
I I 
I I 
1 , P.O. Box 7l 1 Fayetteville, N.Y. 13066 � Phone (315) 637-6208 Today! � Operating Hours: I M-W 1 0-B E.S.T. I 
I Th-F I 0-9 E.S.T. I Closed Sat. & Sun. 
� - - - - - - -- - - - - - - - - - - �  
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phone used without a computer. The inter­
esti ng uses are those which take advantage of 
the computer at both ends of the conversa­
tion. Estab l i sh ing communi cations between 
modems w i l l  invo lve a s imi lar  phone cal l 
scenario ; but now instead of the toy pro­
gram, suppose we substitu te a more interest­
ing process. 

For starters, a u sefu l u ti l i ty al ready em­
p loyed by many personal computer people 
is that of a fi l e  swapping program. Here, in­
stead of keyboard i n pu t, after the communi ­
cations is estab l ished and verified in a key­
board to d isplay mode, one or the other of 
the two parties to the conversation accesses 
a local file on floppy d isk and dumps it i nto 
the floppy d i sk of h i s  correspondent over 
the phone l ines. The fi le sent m ight be veri­
fied by the receiv ing person by one or more 
methods such as group ing the data into 
bl ocks with checksums or s imp ly sending 
the message redundantly. 

The content of the fi le sent by this 
method is arb i trary. The fi l e  cou ld  be as 
simple as the ed i ted text of a l etter, or as 
compl icated as the source code of the latest 
version of a computer game which the re­
ceiving person is to try out, evaluate and 
comment upon.  And of course, for the occa­
sional busi ness u ser or privacy fanatic, the 
program does not have to send the d ata d i ­
rectly :  it cou ld  use a pr ime factors c ipher to 
ensure that a l l  the computers in the world 
wou ld  never be able to crack the code in 
practical lengths of t ime g iven our present 
knowledge of such c iphers and their 
properties. 

But exchanging data fi les sti l l  does not 
exhaust the potential of having a computer 
at both ends of the l i ne. What other activi­
ties invo lve partic ipation by people at each 
end of the l i ne? (Remember: we are sti l l  
us ing s imple modems with a manual pro­
tocol at the start of commun ications.) A 
computer at each end and a person operating 
the computer sounds l i ke defin ing character­
istics of a new class of cha l lenging computer 
games. 

For one degenerate case, let us suppose 
that each player has as h i s  goal to "take 
over" the other p layer's computer, us ing a 
commonly defined operating system nuc leus 
and a set of ru les governing l egal moves. The 
result wou ld be a very abstract, possibly 
qu ite exciting (and poss ib ly q u ite du l l ) 2 
processor remote version of the c lassic cal led 
core war. [Core war is a game su rrepti­
tiously p layed by systems programmers on 
large instal lations, where a p layer's goal i n  
each fixed t ime s l ice of  real t ime i s  to  propa­
gate h i s  program elsewhere in memory ,  whi le  
do ing as much "damage" (read : c learing to 
zero) as possib le  at random p laces in the 



hopes of causing the opponent's p rogram to 
b low up . ]  The game of core war is rare ly 
mentioned with more than a wh isper, and 
thus tends to be lost amid the din of easier 
and l ess abstract games such as Star Trek, 
Adventure or Dungeons and Dragons. But, 
just as a 2 computer version of a c lassic is 
possib le, these contemporary games might 
wel l  be adapted to a 2 sided mode employ­
ing two computers and two teams of p l ayers. 

Games border on the world of s imu la­
tions, and simu l ations border on the world 
of games. The use of two local processors 
across the phone l i nes {or in the same room 
sans modems) has much potential .  Suppose 
each computer is runn ing a s imu lation of a 
p l ane in fl ight. A natural variation would  be 
to loosely coup le the state variables between 
the s imi lar programs across the l i nk, so that 
the two "p i lots" cou l d  attempt formation 
flying and maneuvers. The key software 
which is needed is of course a s imu lation 
program with d i rect memory outputs to a 
display on each computer, and the ab i l i ty to 
keep track of the "other guy" from the 
point of view of the l ocal s imu l ation. For 
most one p layer versus the computer games, 
the random number sou rces of d ata typica l l y  
used coul d  be rep laced by parameters re­
ceived across the communications l i ne from 
the second computer. At 300 bps {30 char­
acters per second,  rough ly)  the potential for 
some 2 party interaction is defi nitely pres­
ent, relying upon l ocal s imu lations in each 
computer for most of the actions observed 
on each screen. 

But enough of th is b l ue  sky. How much 
does the equ ipment cost? A l l  of these 
suggestions cou l d  be imp lemented us ing a 
typ ical personal computer wh ich has a spare 
serial 10 port with RS-232 l evel s (the more 
froppy d i sk  drives the better of course, with 
zero as the min imum acceptable number) . 
The cost for the modem , based on two 
advertisements in the May 1 978 issue of this 
magazine, wou l d  be e ither $ 1 39 or $ 1 29 
depending u pon whose modem you buy.  
The basics requ i re no particu l ar attention to 
the phone l i ne itself, other than making sure 
you h ave a standard handset which fits the 
acoustic coup ler. And of course, having 
made the investment you also get access to 
the local time sharing service, wh ich may 
have such ju icy tid bits as cross assemblers 
and compi lers which are not yet up and 
running on your own system .  But th is is 
merely a taste of the possi b i l i ties of tele­
commun ications :  even more function can 
be had at a sl ightly higher expense through 
the use of modems wh ich feature automatic 
dial ing, automatic answering  and telephone 
company compatib l e  "data access arrange­
ment" (DAA) featu res. 

SMO KE S IGNAL B ROADCASTI NG'S 

M-lBA STATIC MEMORY SYSTEM 
IS NOW B E I N G  O F F E R E D  AT A N EW 

LOW P R I C E  O F  $379 .00 - $150 .00 LOW E R  

THAN EVE R  B E FO R E !  

F EATU R E S :  

• SWTP C  6800 P l u g  Co m pati b l e  
• STAT I C - N o  refresh req u i red 
•A l l ows SWTP C  6 800 expansion to 48K 
• Low Power 
• u ses Sing le  +8 Volt  S u p p l y  

T h e  M·1 6A STATI C  random access memory system , 

with a total storage capacity of 1 6834 words of 8 bits 
each , is  switch selectable to any 4K starting address, 

and a h ardware write protect switch is also i ncluded. 
The system's storage e lements are 4 K  by 1 STAT I C  

mem ory c h i p s  which store 4 ti m es a s  m uch i n  only 
1 2% more space than the l ow power 2 1 02's. Typical 

access time is fast enough to work with a 6800 based 

computer operatin g  at 2 M Hz and a l l  systems are 

factory tested at 2 M Hz. 

Send for FREE NEW 
Computer Products Catalog 

includes our complete line of 6800 
Super Software products . 

SMtfJI� SE(!jrlNfA.1 JB)B.tfJAD�A.STilNftrfr 
� 6304 Y ucca/Hol lywood, CA 90028 :�� (2 1 3 ) 462-5652 
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.JULY 
FIREWORKS - i i Tr'� OUR 

S . D .  Sales Expandoram 
32K Kit with 8K of Chips 

Tarbell Cassette Interface Kit 
Percom Cassette I nterface Kit 
Trace Electronics 32K Static 

LIST CASH 
PRICE PRICE 

1 51 00  1 2500 
1 2000 9995 

8995 7495 

Memory - Assembled 99900 7ggoo 
North Star Floppy Disk Kit 

M DS-A f39900 58995 
with Power Supply Cabinet 
and 3 Extra Diskettes 79050 65995 
All T.D.L. Systems 300k Discount 

T.D.L. D-32 Memory Board - Assembled 
25% Discount 

Above Prices I nclude Cash Discounts. 
Shipping Charges Extra. 

Subject to Available Quantities. 

S - � D D , i m::: . 
7 WHITE PLACE • CLARK, N.J. 07066 

{201 ) 382-131 8  

Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
• Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32 , 16/64 . . . .  even 32/64 
• User selectable line lengths 

: .iEiLME ·MailE:"! ·�· i .  ���� ·i�:;r��;i�� -���a� ·f�l: ��� ��;-�·�i� · :  
with full operational details. $ 1  enclosed. · : ( ) SEND FREE CATALOG 

Name; ______________________ __ 

::: BUA 
.._. 

Address: ---------------------
: ELECTRONICS, INC. City: --------- State: ___ Zip: _ 

: DEPT. 7- B, 1020 W. WILSHIRE BLVD. ,  OKLAHOMA CITY, 0 K 73 1 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Automatic Commun ications: 

N computers + N People + Auto A nswer 
+ A uto Dial + DAA 

The p rotocols appropriate for an acousti­
cal ly  coupled modem are heavi ly biased by 
the need for m anua l  operations .  J u st as the 
audio cassette recorder i s  the poor second 
cousin of the floppy d isk  as a mass storage 
medium, the acoustical ly  coup l ed modem 
works for telecommunications but has many 
fewer features of mer it than the more 
expensive modem options. 

The first extension to consider i s  that of a 
form of the modem which is w ired perma­
nently to the phone company 's network via 
an appropriately approved data access 
arrangement or DAA. G iven th is extension 
alone, there wou l d  apparently be no great 
improvement in fu nction relative to the 
s imple acoustic modem.  

Thus we must consider the second 
extension, u se of an auto answer option 
through the data access arrangement. Here, 
with appropriate software, you r computer 
gets a signal from the i nterface wh ich tel l s  i t  
when someone i s  cal l i ng. The computer can 
then rep ly  with a signal wh ich "l ifts the 
phone off the hook" by changing appro­
priate electrical l evels in the interface wh ich 
s imu late that normal ly  manua l  action. The 
computer can then proceed to verify that 
there is indeed a modem on the other end 
and commence its automated version of that 
conversation between X and Y given a l ittl e  
earl ier. For thorough description of how 
such protocol s work, consu l t  any text book 
on systems software for timesharing sys­
tems :  th is model is u sed by your friendly 
timeshar ing service to receive cal l s  from i ts 
users with ordinary modems at the other 
end.  

The th ird of these three extensions of the 
basic model is the auto d ial fu nction .  Here 
the intent is to al l ow your computer to p lace 
the cal l automatical l y, an event wh ich 
imp l icit ly assumes the number being d ialed 
can receive such cal l s  un l ess the modem is 
d isconnected after the cal l is made. 

This more general function can be had at 
reasonable prices. The board u sed by Ward 
Christensen and Randy Suess costs about 
$300 assemb led and tested,  p lugging into 
an S-1 00 bus s lot. Another brand ,  also 
assembled and tested, but comp lete with a 
Be l l  approved data access arrangement 
module ,  runs about $500 and a l so p lugs into 
an S-1 00 bus slot. (The difference between 
buying you r own data access arrangement 
modu le or using a phone company version is 
one of paying monthly instal lments forever 
or paying a l ump sum of about $ 1 00 to 
$ 1 50 once. ) 



With the econom ics of the auto d ial and 
auto answer versions and data access arrange­
ment settl ed ,  what are the poss ib i l it ies wh ich 
may be fu lfi l l ed? F irst, there is the matter of 
regu lar correspondence with a c lose friend 
on the other side of the continent. If you 
commun icate via the s imple model of the 
unautomated l i n k, your pr ime time  for 
originating a cal l may be d ifferent from the 
hours of pr ime fu nction ing as a human 
being. The phone company rates are much 
lower in the wee hours of the morning .  So, 
let your automated computer servant sit up 
late and take advantage of the cheap rates to 
telephone your correspondent 's computer, 
send the mai l you l eft for him or her and of 
course receive the mai l l eft for you. More 
than one correspondent? S imply keep a l i st 
of phone numbers associated with the 
names, and cal l a l l  of the ones wh ich have 
been l eft messages on a disk fi l e  or in mem­
ory . Don 't care to waste phone charges? 
Wel l ,  use the auto answer feature to wait for 
your correspondent's ca l l s .  (This concept of 
using the auto answer and au to d ial featu res 
to implement Telemai l service is one of the 
pet projects of Ken Bowles at the Un iversity 
of Cal iforn ia at San Diego . We can expect to 
see a p rotocol establ i shed from that sou rce, 
wri tten in PASCAL of cou rse, which w i l l  be 
widely avai l ab le  for a nominal charge. ) 

Let's extend the model a bit to the world 
of games so often frequented by the per­
sonal computer u ser. But now, consider the 
N party game, a sort of computerized 
version of Dungeons and Dragons viewed as 
a prototype of the N p layer s imu lation 
game. Now, the phone network and d ia lup 
features can be used to some advantage : 
instead of one week 's l ong conversation on 
a party l i ne (the brute force approach ) , each 
p layer node in the game has a computer with 
a l ocal model of the game p l u s  interaction 
model s which involve dia l ing up other 
p layers in the game for information or to 
send game messages wh ich affect the other 
p layers. To be less than proh ib itive in l i ne 
costs, it wou l d  have to be done local ly  
with i n  a "free " d ia l i ng  zone of  your local 
exchange. It is a chal lenging problem to even 
th i nk  about defin ing such a game, let a lone 
p lay ing it. It i s  a suggestion which is qu ite 
within the capab i l i ties of a ded icated group 
of N enthusiastic partic ipants .  Who wi l l be 
the first to define and imp lement such a 
disc ip l ine? 

And then, of cou rse, there is the l ess 
esoteric but qu ite u sefu l concept of the l ocal 
computer c l ub  bu l l etin board, as p rototyped 
by Ward Ch ristensen and Randy Suess. Here, 
both the auto answer and the auto dia l  
modes can be u sed to advantage. The auto 
answer mode is of course cu rrently being 

Circle 1 36 on i nqu iry card. 

And now • • •  a few 
well chosen words from EMM 

256 words on one chip ,  to be exact. With TTL compati ble 
inputs and outputs, a 400 ns max i m u m  access t ime, 
and need ing only a single + 5V power supply to func­
tion. It's a small  memory system i n  one standard 22-pin 
DIP,  with m ulti-sou rced p in-out. And it's avai lable fo r 
off-the-shelf del ivery. Now. 

Get the l atest word on the E M M  S E M I  3539 256x8-bit 
static RAM from any E M M  S E M I  sales office or 
d istri butor. Or call us today. 

Emm sEMI, INc. 
A subsid iary of Electro n i c  Memories & Mag netics 

3883 N . 28th Ave. ,  Phoenix, AZ 8501 7 (602) 263-0202 

The Best S E L ECT R IC I I *  Printer Going 
for ANY Computer ! 

SE LECTRA-TER!vl is a b rand 
new I BM Selectric I I *  typewriter 
which has been ful l y  converted 
for direct co n nection to your 
computer. A special typing ele­
ment gives you ful l  A S C I I  and 
u p per/lower case alphanu merics. 

You also have backspace, tab , i n ­
dex and bell -al l  u n d e r  computer 
control. 

SELECTRA-TERM can also be 
used as a standard typewriter. It 
has been ap proved for computer 
use and comes with t h e  I BM war­
ranty .  You may also obtain t h e  
yearly service agreement f o r  the 
typewriter port ion.  M C D  provides 
• Reg. trademark of I BM Corp. 

C i rcle 226 on i nquiry card. 

their  own factory warranty on the 
e l ectronics conversion.  

Complete electro nics package, 
cable sets and documentation are 
suppl ied.  Price is $ 1 750  with 
many o p tions. Ask your dealer 
for details or contact : 

micro 
computer 

devices, inc. 

960 E Orangeth orpe, Bldg. F 
Anaheim. California 92801 
Telephone (7 14) 992-2270 
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ECHO lab 

F I N D YOURS in 'The I ndex of Smal l 
Computer Products a nd Companies · 
The Computer Data Di rectory is a new comprehensive 
index which contains profi les of over 675 small com­
puter manufacturers, stores, distributo rs, publ ishers, 
and electronic dealers . .8J!.addresses are up-to-date and 
at your finger tips! Products are cross-referenced to 
thei r manufacturers. Simi lar to a telephone di rectory. 
I ncludes reader service card which is "Your Q.!..BEQory 
connection" to over 675 fi rms! Definitely a useful re­
ference source. Order yours today - ONLY $4.98 -

postage i ncl uded. 

0 SYSTEMS 
0 PER IPHERALS 
0 ACCESSOR I ES 

1 1  0 July 1978 © BYTE Publlc•tions Inc 

0 COMPUTER STORES 
0 EASY TO USE 

emp loyed in the interactive message center 
concept: users can cal l in from anywhere 
and l eave messages wh ich are eith er broad­
cast, or specific to particu lar users. The c lub 
can a lso prepare a fi l e  wh ich is sent to every 
active user upon logging  i nto the system. 

The concepts of auto d ia l ing and autc 
answering can a lso be app l ied to personal 
use independent of the use of the modem 
if provision is made  to manual ly  switch from 
modem data to voice d ata. The auto answer 
feature is of course typical l y  used in a 
standard tel ephone answeri ng machine, but 
by having your computer answer the l ine  
and l i sten with one of  several voice response 
boards on the market, you m ight be able to 
cal l up you r house and h ave various options 
such as l ights, radios or spr in k lers change 
state in response to voice command .  If the 
voice recognition method of remote control 
does not work then consider using a touch 
tone telephone to sen d  a coded pattern of 
numbers wh ich are detected by another 
special demodu lator after the phone is 
answered .  

Auto d ia l i ng  coup led with the  usual voice 
mode enab l es you to bu i l d  a file of fre­
quently cal led numbers, a " l ittl e brown d isk" 
i nstead of a l ittle b l ack book .  These numbers 
cou l d  then have sym bol ic  names l i ke 
"F I RE , "  "MOTHE R, "  "SUZY," " J UDY," 

' 498�-0NLV $ -
Postage Inc luded ORDER TODAY 

r - - - - - - - - - - - - - - -
1 Enclose $4.98 each (postage i ncluded ) .  

I Place your order to either: 

BITS I nc. 

I 
I 
I 25 Route 1 01 West 
I Peterborough, N H  03458 

The Com puter Data Directory 
Box 598 Department B 1  
Cleveland, Ohio 441 07 

I DIAL BANK CAR D  ORDERS 
TOLL F' R E E  1 -800-258-5477. 

Circle 35 on i nqu iry card. 

Ohio residents 
please add tax. 
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etc. When a phone conversation is desired, 
d ia l ing cou ld  be· done symbol ica l ly  by 
selecting a name with one character referring  
to a menu l ist on you r d isplay. Of course 
there are certa in th ings one wou ld  not want 
to do . with an auto d i al feature, such as 
create i ntrusive automatical ly  d ia led j unk  
phone cal l s .  

Summariz ing the State of the Art . . .  

Computer to computer commun ications 
via the d ialup phone network are a very real 
possib i l i ty for the personal u ser .  The com­
mun ications can be as s imp le  and inexpen­
s ive to implement as an acoustic coupler on 
an ordinary telephone, or s l i gh tl y  more 
elaborate (but sti l l  l ess than $500 for an 
S-1 00 bus computer) with automatic answer­
ing and d ia l ing features. However you 
implement your l i n k  to the outs ide world 
from a personal computer, the appl ications 
of the system expand considerably .• 

How Much I s  That Turtle i n  the Window? 

As noted with a ohotograph and some 
background information on page 6 of the 
March 1 978 BYTE, personal computer  
users w i l l  soon be ab le to  add an  abso­
lutely fascinating new peripheral : an 
electromechanical "turtl e . "  Recent word 
from Cambridge i s  that the Terrap in™ 

turtl e was schedu led for a m i d  May press 
conference announcement by Terrapi n 
I nc, 33 Ed inborough St, 6th Fl oor, 
Boston · MA 021 1 1 . (This  note was 
written April 24 1 978, fol lowing a phone 
conversation with Dav i d  McClees of 
Terrap in . )  

Us ing s imple programming  concepts in  
versions of the LOGO l anguage , i t  i s  
possib le  to teach young ch i ld ren many of 
the concepts of computer science us ing 
the mechan ism of the turtle to emphasize 
points .  A lso qu ite poss ib le  with such a 
mobi le  robot aprendage are various other 
appl ications from del ighting friends at an 
adu l t  or ch i l d 's party to imp lementing the 
world 's l east expensive p lotter output 
us ing the tai l dragging capab i l i ty of the 
turtl e 's solenoid contro l led pen . Sensors 
on th is  i nexpensive robot are four micro­
switches which can determ ine one of 
eight poss ib le d i rections when the un i t  
runs into an  object. 

How much for that "tu rtl e i n  the 
window" at your local pet store? Whi le  
final prices have not yet been set, the k i t  
version i s  expected to be about $300. To 
be complete, Terrap in  I nc wi l l  a l so se l l  an 
assembled version for $500 or so.• 

Circle 1 01 on inqu i ry card . 

Retro-Grap-hics™. 

WtiAT0IT.M 
(Wow! Howd /\I I  Thalc!>Luff 8el In There?) 

1 She's a Conversational Ouery System!  

1 She's an I ndexing/Filing System!  

t She's a 'Data Base Manager' for  your  Microcomputer! 

"One of the first software products of the 
New Computer Age . . .  " 

-Ted Nelson,  author of 
Computer Lib/Dream Machines 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

M a i l  to:  Information Unl imited (authorized distributor) 
P.O. Box 55B, Hebron, Indiana 46341 

0 Model NS-3 for North Star B A S I C  ( requires 24 K R A M ) ,  $75.00 

D Quan t i ty d i scou nt schedule for dealers 

D More information ( I 'm running ______ disc BASIC 

on a 

computer) 

A C R E A T I O N  OF 

()(U)()UTrn ocAOWmE: TM 
BOX 1 4694 S A N  F R A N C ISC0 94 1 1 4 
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Pat Fitzgerald 
Winchmore Irrigation Research Station 
Private Bag 
Ashburton NEW ZEALAND 

BASIC to Assembly Language Linkage 

Listing 7: PDP- 7 7  assembly language listing of program to output a quo­
tation mark. 

1 7 7 5 6 4  TPS = 1 7 7 5 6 4  ; te l eprinter status 
1 7 7 5 6 6  TPB = 1 7 7 5 6 6  ; te l eprinter buffer 
0 0 0 0 5 0  . = 5 0  ; l ink between BASIC and 

; external function 
0 0 0 0 5 0  0 3 7 4 2 6  . l'/ORD SEXF ; st a r t  address of 

0 3 7 4 2 6  . = 3 7 4 2 6  ; external function 
0 3 7 4 2 6  1 0 5 7 6 7  SEXF : TSTB TPS ; i s printer ready? 

1 4 0 1 3 2  
0 3 7 4 3 2  1 0 0 3 7 5  BPL SEXF if not branch 
0 3 7 4 3 4  0 1 2 7 6 7  MOV # 0 4 2 , TPB ; move ASC I I  code for quotation 

0 0 0 0 4 2  
1 4 0 1 2 4  ; mark t o  buffer and print 

0 3 7 4 4 2  0 0 0 1 6 7  JMP 5 2  ; return to BASIC 
1 4 0 4 0 4  
0 0 0 0 5 2  . END 5 2  

Listing 2: Driver program for the assembly language program in listing 7. 

1 0  PRINT " IN BASIC T H E  QUOTATION MARK ( " ;  
2 0  LET T = EXF ( l )  
3 0  PRINT " )  I S  A DELIMITER" 

Listing 3: Sample run of the BASIC program of listing 2. This is one simple 
solution to the problem of printing a quotation mark in a BASIC inter­
preter, lacking appropriate escape mechanisms. 

IN BASIC THE QUOTATION �lARK ( " )  IS A DELIMITER 

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

Frequently  one needs to use a BAS IC  
interpreter to do things i t  was never designed 
to do. Getting around  the p robl em can 
requ i re a great deal of ingenu i ty .  A case i n  
point i s  David Chapman 's artic l e, "Al l  This 
j ust to Print a Quotation Mark? ", in  May 
1 977 BYTE. 

Several versions of BASIC al l ow assembly 
l anguage p rograms to be added to the BAS IC 
interpreter; these programs are  l i n ked to 
BAS IC  at l oad time and usual l y  cannot be 
deleted without reloading BAS I C. Using this 
techn ique p rovides a very s imp le  method of 
getting around  the problem described by 
David Chapman. The assem bly language 
l isting is given in  l isting 1 and the BASI C  
l anguage p rogram i s  given i n  l isting 2 .  A run 
of the program is in l ist ing 3. I t  appears that 
a re l atively s imp le  solu tion to the problem 
has been found.  

The version of BAS IC  I use i s  single 
user Digi tal Equipment Corporation 's BASIC 
V008A for the PDP- 1 1 series of m ini­
computers. Th i s  BAS I C  a l l ows the user to 
cal l  the assembly l anguage p rogram by use 
of an EXF function. Obvious ly in other 

: why lhe lasl mrn�� is lhe besl mrn�g) : 
' I t  h a s  the l at e s t  news fo r u s ers 
• ( and prospecti ve u s ers ) o f  Heath 
, Co . computer produ cts . I t  i s n ' t 
, company- contro l l ed-- BUSS can get 

new p rod u c t  i n forma t i on a n d  t i d­
' b i ts about i tems bei ng deve l oped 
• before the offi c i a l  announ cement 
• by Heath C o .  But BUSS does more 
, than that-- BUSS a l s o  l ets you i n  

o n  news o f  compati b l e h a rdware & 
s oftwa re from o ther vendors . H8 
and H l l u s e rs may s a ve enough on 
these products to pay for a BUSS 
s ub s c r i pti on s evera l t i mes over . 
And users of the ET-3400 Tra i ner 
a ren ' t  l e ft out e i the r . 
The fi rs t  i s s u e  of B USS came out 
more than a year ago in  Apr i l o f  

1 977 .  Every i s s ue goes b y  f i r s t  ' 
c l a s s  ma i l  and a l mo s t  a l l  o rders ' 
for new s u b s c r i p t i ons a r e  f i l l ed • 
wi t h i n two days . B a c k  i s s ue s  go , 
fas t ,  b u t  mos t of those for 1 978 
a re s t i l l  a v a i l ab l e .  BUSS keeps 
gett i ng bette r .  S o  s e n d  for i t :  ' 

12 I ssuEs  FoR $ 6 . 80 
THE I NDEPENDENT NEWSLETTER OF H EATH Co . CoMPUTERS 325 PENNSYLVAN IA  AVENUE ,  S . E .  WAS H I NGTON , DC 20003 

1 1 2  July \978 © BYTE Publica lions Inc 
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versions of BAS IC  the cal l i ng  p rocedure 
wi l l  be different. The EXF function cal l  
can be used as an expression o r  as a n  e le­
ment of an expression anywhere that an 
expression is legal i n  BASIC syn tax. 

The assembly language p rogram is  cal led 
by use of the EXF function . The argument 
for the quotation mark p rogram is  a dummy 
one and any number wou l d  suffice. However 
th is is a trivial use of the power of the l i n k­
ing method.  More useful p rograms can be 
written to al low BASIC to be used i n  a 
variety of app l ications from real time con­
trol of i nstruments to reading data from 
cassette transports. I t  can a lso be used to 
add powerful fu nctions to i ncrease the 
number crunching abi l i ty of BAS I C. I n  
short the uses of this tool are on ly l im i ted 
by the user's imagination. 

One particular use we can make of the 
assem bly l i n kage is a program to reta in  a 
BAS IC program in the machine  when the 
power is turned off. On the PDP- 1 1 seri es 
when BASIC is restarted, information 
necessary to reca l l  the user p rogram is 
lost from two of the volati l e  registers 

(al though the main core memory retu rns i ts 
information ) . However, use of the assem bly 
language program shown in  l isting 4 al l ows 
the contents of these registers to be saved on 
power down and restored at power up .  

To use this program when you have 
temporari ly  fin ished with the BAS IC  p ro-

Listing 4: A nontrivial use of BASIC to assembly language linkages. This 
PDP- 7 7 assembly program saves the PDP-7 7 's registers and restores them 
so that the program may be used after a restart occurs. 

0 0 0 0 0 1  R1= % 1  ; de f ine reg i s t ers t o 
0 0 0 0 0 5  RS = % 5  ; be saved 
0 0 0 0 0 6  S P= % 6  ; r eg i s t er 6 to be stack 
0 0 0 0 5 0  . = S O  
0 3 7 4 0 6  . = 3 7 4 0 6  

0 3 7 4 0 6  0 1 0 1 4 6  START : MOV R1 , - ( S P )  ; save R 1  and RS 
0 3 7 4 1 0  0 1 0 5 4 6  MOV RS , - ( S P )  ; on s tack 
0 3 7 4 1 2  0 1 0 6 6 7  MOV SP , SAVE ; save stack 

0 0 0 0 1 6  
0 3 7 4 1 6  0 0 0 0 0 0  HALT 

; EX I T  AND RE-ENTRY POINT 
0 3 7 4 2 0  0 1 6 7 0 6  RSTRT : MOV SAVE , S P ; re s tore stack and 

0 0 0 0 1 0  
0 3 7 4 2 4  0 1 2 6 0 5• MOV ( S P ) + , RS ; r e g i s t e r s  1 and 5 
0 3 7 4 2 6  0 1 2 6 0 1  MOV ( SP ) + , R 1 
0 3 7 4 3 0  0 0 0 1 6 7  JMP 5 2  ; back t o  BAS I C  

1 4 0 4 1 6  
0 3 7 4 3 4  0 0 0 0 0 0  SAVE : . WORD 0 

0 0 0 0 52 . END 52 

� wire wrapping cent�r � 

Circle 289 on i nquiry card. 

WIRE WRRPPin[i HIT WH · 5  
CONTA I N S :  
Battery Tool BW-630 
Hobby Wrap Tool WSU -30 M 
PC Edge Connector CON- t 
D I P/ I C  Extractor Tool E X - 1  
D I P / I C  I nsertion Tooi i N S- 1 4 1 6  
P C  Card G u i d es & Brackets TRS-2 
M 1 n i-Shear with Safety C l i p  SP- 1 52 
1 4 ,  1 6, 24 a n d  40 D I P  Sockets 
Term i nals WWT-1 
Tri-Color W i re Dispense r  WD-30-TRI 
H o b by Board H-PCB-1  
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gram, you type "Print  EXF (N ) "  where N 
is an arbi trary number. When you wish 
to reuse the program, you start at address 
03 7420 rather th<.Ln the conventional 
000000 which wou ld  destroy the user pro­
gram. The mach ine responds by typ ing the 
number N.  In this version of BAS IC  the 
l i n kage between the interpreter and the 
assembly l anguage program is maintained 
through l ocation 50; this address must 
contain the start address of the assem bler 
language program. Return to BASIC is 
achieved by a jump to location 52. Several 
arguments can be used in the EXF function, 
bu t it is the user's responsib i l ity to evaluate 
each argument after the first. By th is tech­
n ique an assem bly program with several 
en try points can be cal led up from a BAS IC  
program to  do a mu l ti tude of  tasks not 
provided for i n  the BAS IC l anguage. 

Of cou rse this requi res that the pro­
grammer learn the assem bly language . 
Fortunate ly for the PDP- 1 1 user an excel lent 
introductory mc. : 1ual has been provi ded by 
R W Sou thern (see references ) . 
Moral 

Try using assembly language programs 
before attem pting complex contortions 
with in  BASIC.• 

R E F E R E NCES 

Chapman, David, "Al l This Just to Print a Quota­
t ion Mark?", May 1 977 BYTE, page 1 32. 

Southern, R W, PDP- 1 1  Programming Funda­

mentals, Algonqui note 1 2, Algonqu i n  College 
Bookstore, Ontario CANADA, 1 972. 

L anguages Forum is a 
feature which is intended as an 
in teractive dialog about the 
design and implementation of 
languages for personal com­
pu ting. Statements and 
opinions submitted to this 
forum can be on any subject 
relevant to its purpose of 
fostering discussion and com­
munication among B YTE 
readers on the subject of lan­
guages. We ask that all corres­
pondents supply their full 
names and addresses to be 
printed with their commen­
taries. We also ask that corres­
pondents supply their tele­
phone numbers, which will be 
printed unless we are expli­
citly asked to omit them. 

BASIC is BASIC is • • •  

And BASIC does wbat it should. But if you're ready to step up 
from Beginner's All-purpose Symbolic Instruction Code, look 
at OPUS, the high-level 8080/Z80 language from A.S.I. . . .  roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like extended precision, string 
handling, and easy formatting. OPUS/TWO takes up where 
OPUS/ONE leaves off, allowing subroutines, overlays, and 
extended disc file management. 

But we didn't stop there. OPUS programs and data are 
directly upward-compatible, all the way up through TEMPOS, 
A.S.I. 's multi-user, multi-tasking operating system. 

Ask your dealer, or contact A.S.I. We'd like to tell you more. 

OPUS/ONE . . . . . . . . . . $99.00 OPUS/TWO . . . . . . . . . .  $ 195.00 
S.O.S . . . . . . . . . . . . . . . . .  $385.00 TEMPOS . . . . . . . . . . . . .  $785.00 

����0!il ADMINISTRA TIVE S YSTEMS, INC. IIII¥R�_Un:Ptj 222 Milwaukee Suite 1 02 - �1=::.'; +.&.t-:r , 

l;lillril Denver, co 80206 (303) 32 1 -2473 

1 1 4  july 1978 © BYTE Publicorions Inc 

ORDER A MANUAL NOW and we'll apply the price 
toward your software purchase. 

OPUS User's Manual . . . . . . . . . . . . . . . . . . . . . . . . $12.50 
S.O.S. Manual Set (includes OPUS Manual) . . . . . $20.00 
TEMPOS Manual Set (includes OPUS Manual) . . $20.00 

MASTER CHARGE and VISA accepted. 

Add $ 1 .50 per manual (set) for shipping/handling in U.S. 

Circle 4 on inqu i ry card. 



Fooling 

with the Stack Pointer 

I th ink Dr Borrmann (" Relocatab i l ity and 
the Long Branch, "  page 26, October 1 977 
BYTE) used the righ t word when he said he  
was "fooling with the stac k pointer. " Using 
the stack pointer as a general data pointer is 
bad programm ing practice; when the system 
uses N M I  interrupts for real time  clock main­
tenance it  i s  s imply i n tolerable.  I n  th is case 
it is not even particu l arly necessary: the 
same two subroutines can be imp lemented 
in a stac k-safe way for on ly eigh t  more 
bytes, as fol lows: 

Tom Pittman 
POB 23189 
San Jose CA 951 53 

Label 

LONGBS 
Op Code 

STX 
DES 
DES 
TSX 
PSHA 
LDAA 
STAA 
ADDA 
STAA 
LDAA 
STAA 
ADCA 
STAA 
BRA 
STX 
PSHA 
PSHB 
TSX 
LDAA 
LDAB 
LOX 
ADDA 
ADCB 
TSX 
STAA 
STAB 
PULB 
PULA 
LOX 
RET 

Operand 

XSTOR 
Commentary 

[save X for later] 

LONGBR 

BPUSH 

3 ,X 
1 ,X 
#2 
3,X 
2 ,X 
o ,x 
#0 
2,X 
BPUSH 
XSTOR 

3 ,X 
2 ,X 
2 ,X 
1 ,X 
O,X 

3,X 
2,X 

XSTOR 

make room for copy of return 

point to it in X 
save A on stack 
low byte of return address 

point to actual return 

high byte of return 

finish add 

s kip over start of LONGBR 

save b on stack 
point to top of stack in X 
get address of offset . . .  
. . .  i nto A&B 
also i nto X, 
so to add offset 
to its address 
get back to stack 
put sum there 

restore saved A& B 

[restore old X ]  
[go to  address] 

Dr Borrman i l l ustrated a very good idea 
with a poor program. However, it was a good 
article, bringing to peop le 's attention the 
fact that the 6 800 alone of a l l  popu lar 
processors is capab le  of se lf-relocatab le  code. 
Someth ing that Dr Borrmann perhaps d id  
not  notice is that the  subroutine LONGBS 
(and its chain of B RA stepping stones) i s 
superfluous. At least where the subroutines 

- . _, . 

now 

SOHT 
with 

CP/M* 
IN CUSTOMER USE FOR 

OVER ONE YEAR 

Full  fi le sort for variable length records, 
arbitrary length key(s). Ascending o r  
descending o rder. 

Single-key 
Multi-key 

Runs on 1 6K or larger system. Uses a l l  
ava i lab le memory. 

FILE IN DEX 
Prod uce cross-i ndex of f i le names 
sorted a lphabetica l ly across all diskettes 
in a col lection .  

To order or for more information, write 

260 S heridan Avenue 
Palo Al to ,  CA 94306 

( 4 1 5 )  324-8850 

Please provide your CP I M Serial # 
California purchasers add Sales Tax 

Pre· paid only. Immediate del ivery. 

Dealer inquiries invited 

*CP/M is a trademark of Digital Research 

Circle 308 on inqu iry card. BYTE July 1978 1 1 5  



L I NKn 

EX ITn 

BSR 
BRA 
BSR 
FDB 

SAVE IT 

I N IT 
F I RST 

.1 16 july 1978 © BYTE Public.tions Inc 

are to be i ncl uded in the program, it i s  
probab ly  more economica l  to do the sub­
routine cal l s  th is  way : 

L INKn 
EX ITn 
LONGBR 
SUBR-* 

[ i nstead of JSR LONGBS] 
[ jump over l i nkage] 
[or JSR if LONGBR is in monitor] 
[relative address of subroutine] 

There is a lso the techn ique of using the 
indexed addressing mode w ith J M P  or J S R  
when X i s  not needed i n  the cal l i tself. Once 
in the p rogram you compute the address of 
the first of a dense b lock of su broutines. 
Then each time you need one, the fo l low ing 
l i n kage is used (notice that LONG BR  is not 
needed ) :  

LDX AF I RST =address of first subroutine 
JSR SUB-F I RST, X 

The easiest way to compute the address 
of F l  RST is to jump to a BSR just before it 
as shown next: 

BRA ! N IT 
PULA 
STAA AF I RST 
PULA 
STAA AF I RST+l 

BSR SAVE IT 

(part of in it ia l izat ion )  
get h igh byte 
save it in RAM 
now low byte 

(continue with main program ) 
push address onto stack 
(f i rst subroutine) 

If every subroutine knows its stack depth , 
you can leave the return address generated at 
I N IT on the stack, then use the fo l lowing 
cal l i ng  sequence : 

TSX point to stack 
LDX depth,X get saved address of Fl RST 
JSR SUBR-F IRST, X 

Of course these w i l l  not work if you need 
the index register to pass an argument to the 
sub routine.• 

More On Varistors: 
A Supplier of Some Note 
Comments 

Will iam G Morris 
General E lectric Research 
and Development 
POB 8 
Schenectady NY 1 2301 

I don 't know which brand of varistor 
Stephen Sorger of W N Phi l l i ps Inc ( Letters, 
Apri l 1 978  BYTE) was us ing when he 
experienced "agi ng, " thermal "runaway, " 
and a "fire hazard , "  but  i t  certa in ly  was not 
a General E lectric G E-MOVR varistor. As 
a typ ical example, the V1 30LA 1 0  G E-MOV 
varistor wi l l  ru n at fu l l  rati ng to 85 "C 
am bient, which is 1 5  ·c greater than I ntel 
specifies as max imum temperature for the 
8080. This varistor a lso exh i b its an observed 
fai l u re rate of less than 0.2% per 1 000 hours 
dur ing accelerated testing  at 1 00 ·c am bient. 

The reader shou l d  be rem inded that tran­
s ient su ppression is essential to rel iable 
operation of m icroprocessor systems, par­
ticu larly in industrial env i ronments, but also 
in hobby appl ications. Varistors continue to 
represent  the most cost effective m ethod of 
ach iev ing transient suppression. 

The V 1 30LA 1 0  G E-MOV varistor, wh ich 
can be u sed d i rectly on 1 1 0 VAC l i nes, i s  
avai l ab le for $ 1  to  $2  from most i n dustrial 
el ectron ics sup p i  i ers. Add itional i nformation 
i s  avai lab le from General E lectric Company, 
E lectron ics Park, Syracuse NY 1 3201 . •  
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Lnstant Freeze-Dried Computer 
Programming in BAS IC  
by jerald R Brown 
Dymax, POB 370, Menlo Park CA 94025 
$6.95 

How quickly  the personal computer  
owner trades the student 's notebook for 
the teacher 's chal k. Says the friend, "Neat, 
you got a computer. How do you get it to 
do X or Y? " Or you modestly back yourself 
into a corner :  "Programming isn 't hard. I 
cou l d  teach you BAS I C  i n  a few hou rs. " 
I n  my case it was a deal with m y  neighbor's 
recent h igh school graduate to teach h im 
programm ing in return for h i s  do ing  some 
of my more rou tine programming chores. 
But however you got the teaching job, 
Instant Freeze-Dried Computer Program­
ming in BASIC is i n  my opin ion an inter­
esting, involving and entertain i ng text  you 
can use to ease the teaching task. 

The book resembles a half inch th ick 
col lection of BAS I C  oriented flashes that 
somehow escaped from the pages of Ripley 's 
Believe It or Not. We see the scene of the 
keyboard LET fading into the su nset beyond 
the h i l ls, captioned by "And so, in the name 
of Efficiency and Ease, the LET was 
banished forever from Statement! and . . . .  " 
Throughou t each page the student is ex­
horted to e ither read the explanatory text, 
or, more often,  "do i t" :  the signal for you to 
actual ly type out one of the hundreds of 
brief examples on your waiting terminal .  
The l ayout i s  designed t o  b e  both a text 
and a practical workbook. For example, 
immediate ly after you l earn to l oop with the 
GOTO statement, h alf inch type warns you 
to "WA IT!  STOP !  HALT !  CEASE ! 
D ES IST! " before runn ing, so the saving 
properties of the Controi-C can be exp lai ned 
to keep you from the terror of the i nfi n ite 
loop. 

The examples are so c lear that not even a 
computer cou l d  complain of ambigu i ties. 
The actual keys punched are pictu red using 
the standard key markings of the ASR-33 
Teletype. The pr inted  l isting for each 
example expla ins why you typed this and 
why the computer  typed that. 

Besides being an exce l l ent  teaching text, 
the book has the two necessities that m ake 
it a handy manual to keep forever, p lus  
several bonuses. The necessities are  a set  of 
concise summary boxes at appropriate spots 
th roughout the text gaud i ly  su rrounded by 
pol ka dots ; and a good i ndex that not on ly 

tel l s  you where the concept is taught, bu t 
the p recise l ocation of the summary box .  
The  bonuses are the examples cnosen by  the 
author: a broad set of games, p ictu res, 
string techniques and useful business pro­
grams, a l l  indexed and ready to run .  

The d ial ect o f  the BAS IC  taught i s  both a 
strength and a weakness of the text. Al tair 
8 K BAS I C, revision 3.2 (essential l y  the 
same as DEC BAS IC  Plus) ,  is that u biqu i tous 
version that started so many of us  hac kers 
off in BAS IC  and served us so wel l .  But  
revis ion 4 .0  is now out, and ,  especial l y  in its 
extended version, i t  far su rpasses 3 .2  8 K 
BASIC in fl ex ib i l i ty and power. Bu t of 
course, the further you go from standard 
BAS I C  the more mach ine dependent you 
become . For the beginner, or those writing 
for a variety of interpreters, Brown 's choice 
was a wise one. 

All said, Instant Freeze-Dried Computer 
Programming in BASIC is the most pa in less 
and i nvolv ing text for that l anguage yet on 
the market. 

Jay P Lucas 
3409 Saylor P I  

Alexandria VA 22304 • 

Address Correction 

David Clapp, who re­
viewed Z-80 Programm ing 
Manual by MOSTEK (june 
7978 B YTE, page 7 7 8) has 
changed his address to: 
POB 507, Streetsboro OH 
44240. • 

SO FTWARE 
SYSTEMS SPECIALISTS 
Growth corporation has immediate open ings AT 
ALL LEVELS for candidates with a BS or MS i n  
Engineering/Science and a background i n  t h e  fol low­
ing areas: 

• M ic roprocessors • M i n icomputers 
• Rea'l Time Systems • Operating Systems 
• Event-Driven Appl ications • Diagnostic Programming 

• 8080 Assembler, P L M  

TECHN ICON is the i ndustry leader in the manu­
facture of State-of-the-Art automated laboratory 
i nstruments. Located in subu rban NY ,  we provide 
a professional working environment, along with 
competitive salaries and a full range of company­
paid benefits. Send resume including salary h i story 
in confidence to: 

Manager, Technical Staff i ng 

Tomorrow's Technology Tod�y 

Technicon 
Tarrytown, N.Y. 1 0591 

TM 
An Equal Opportun i ty Employer M/F 
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�\'TE's �its 
Portia Isaacson to Edit  New Book Series 

Announcements in BYT E 's Bits are 
usual ly confined to products and services 
rather than details of who is doing what 
in the personal computing industry . We 
cou ld  never hope to find room to print  
al l  the people oriented press releases 
that come our  way every month .  Be­
cause of the contributions she has made 
to  personal computing, however, we are 
making an exception here to report 
that Portia Isaacson has now joi ned 
book pub l isher Prentice-Hall as series 
editor and advisor for the firm 's new 
Personal Com puting Book Series. 

D r  I saacson is cu rrently chai rperson 
of the ACM Special I n terest Group in 
Personal Computing, ed itor of a monthly 
"Personal Computing" col umn in Data­
mation, acting president of the Com­
puter Retailers Association, an E lec­
tronic Data System fe l low, and co­
owner of the Micro Store. Named 
as an honorary fe l low of the Asso-
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c1at1on of Computer Programmers and 
Analysts in 1 977 ,  she also chaired 
the 1 977 National Compute r Confer­
ence. Dr I saacson has been associated 
with Textron,  Lockheed E lectronics, 
and Xerox Corporation and is a former 
university professor. She wil l author 
the first book in the Personal Computing 
Series, The Microcomputer in Business. • 

H eard on a BOM B  Card 

" I f  th is feed back he! ps you why is 
this card not postage paid?  I real ly do 
not know why I put a stam p on th is every 
month .  You real ly do not wan t this card 
back ,  do you ? "  

Why does anyone write a letter to the 
editor? It costs a m in imum of $ . 1 3  and 
has no guaranteed or measurable resu lt  
for the sender. Formalized rating feed­
back is qu ite adequate ly provided by 
those readers who are opinionated 
enough to return a fi l led out BOM B 
card. I f  we received as much as 1 0% of 
the 1 35 ,000 or so cards mailed with the 
May 1 978 BYTE,  the analysis would re­
qu i re a nearly fu l l -time person. By pro· 
viding the filter of requ iring a person to 
back h is or her opinion with a stamp, the 
numbers are kept within manageable 
l im its . . .  cH•  

Circle 132 on  inquiry card. 

At the suggestion of a reade r, this 
emergency equ ipment now hangs on a 
certain ed itor's wal l  at BYTE. The hexa­
decimal abacus was created by B l aise 
Liffick, and the now obsolete scientific 
and engineering calcu lator at one time 
was the primary computer of yours 
truly . . .  C H •  

DeMorgan Gets Half-Bo m bed 

An error appeared in one of the defi­
nitions of DeMorgan's two laws in Dan 
Bunce's "Some Musings On Boolean 
Algebra" (February 1 978  BYTE, page 
26 ,  second paragraph ) .  The last sentence 
of the paragraph shou ld read : " Figure 3a 
also gives us the other law,  p V q = 

p A q . "  Thanks go to Steve Shade, 
Lehigh Un iversity, Bethlehem PA 1 80 1 5 ,  
for spotti ng this error.• 

M icrobot Bug 

A minor bug appeared in l isting 1 of 
j ohn Webster's " Robot S imu lation on 
M icrocom puters" (Apr i l  1 978  BYTE,  
page 1 36 ) .  The assem bler code at add ress 
001 7 should read : " LX I  B, OA040H" 
instead of " L X I  B ,  0A004H."  The hex 
code l isting is correct as it stands.• 

Correction 

The add ress for P ick les and Trout on 
page 5 1  of Dan Fy lstra's "The Radio 
Shack TRS-80: An Owner's Report" 
(April 1 978  BYTE,  page 49) should 
read : Pickles and Trout, POB 1 206, 
Goleta CA 930 1 7 ,  (805 ) 967-9563 .  Our 
apologies to Messrs Pickles and Trout.• 



Beating North Star-

MITS Incompatibility 
Alan R Mil ler 
New Mexico Tech 
Sorocco NM 87801 

I f  you have a North Star floppy d i sk and 
you want to use i t  to load M ITS extended 
BAS IC, there may be a sl ight p rob lem. The 
North Star d isk operating system requ i res 
2.5 K bytes of memory starti ng at hexadeci­
mal add ress 2000. M ITS extended BAS IC  
also uses this same area. The  solution i s  s im­
p le :  load BAS IC  i n  the old way (cassette or 
paper tape) , but don't start i t  up .  Next, load 
the 23 byte automove program in l i st ing 1 
at hexadec imal 4000. Use it to relocate 
BAS IC at hexadecimal 4020. J ump  to hexa­
decimal E900 and reload the d isk operating 
system .  Final ly save the combination auto­
move and BASI C  (hexadec imal 4000 to 
7F F F  for version 4.0; hexadecimal 4000 to 
6 F F F  for earl ier vers ions) on the N orth Star 
d isk with fi l e  name M BAS IC. 

When you want to load M ITS BAS IC  
from d isk, type GO M BAS IC and  the d isk 
wi l l  copy BAS IC into memory above the 
d isk operating system and j ump  to the auto­
load routine. Th i s  routine w i l l  i n  turn copy 
BAS IC i nto its proper location, then j ump  to 
it. The d isk operati ng system wi l l ,  of cou rse, 
be overlaid by BAS IC. When you're through 
with BASIC, jump to the d isk bootstrap to 
recopy the d isk operating system back i nto 
memory. With BAS IC  versions 4.0 and 
above, type : 

DEFUSR=& H E900: X =  USR (9) 
[carriage return ] .  

For ear l ier versions type: 

POKE 65,0 : POKE 66,233 : X =  
USR(9) [carriage return ] .• 

; HEADER PROGRAM T O  HOVE B AS I C  OVER NORTH S T AR DOS 
; 

; pRQGRAHHED B Y  ALAN R .  H I LLER 

; NEW ME X I C O  T EC H ,  SOCORRO , NH 9 8 90 1 . 505-835-5 6 1 9  

BAS I C  EClU 4 0 2 0 H  ; ST A R T  OF UPPER BLOCK 

E<ASEND EClU 7 F F F H  ; EN D  OF U P P E R  BLOCK 

BEG I N  EClU 0 ; ST A R T  OF LOWER BLOCK 

4000 2 1 00 0 0  STA R T :  L X I  H . BE G I N  ; DE S T I NA T I ON ADDRESS 

4003 1 1 2 0 4 0  L X I  D . BA S I C  ; sTART OF UPPER 

4 0 0 6  0 1 FF7F L X I  B . BASEND ; END O F  UPPER 

4 0 0 9  ! A  N E X T : LDAX [I ; GE T  B Y T E  FROM UPPER BLOCK 

4 0 0A 77 MDV M , A  ; F·UT I N  LOWER BLOCK 

4 00B 2 3  I N X  H ; I NCREMENT P O I NTERS 

400C 1 3  I N X  [I 
4 0 0 [1 79 HOV A , C  ; c H E C K  FOR END 

4 00E 93 SUE< E ; sU B T R A C T  L O W S  

4oor 7 8  M D V  A , B  

4 0 1 0  9A S B B  [I ; SU B T R A C T  H I GHS 

4 0 1 1 [1::' 0 9 4 0  J N C  N E X T  ; c ONT I NUE I F  N O T  DONE 

4 0 1 4  C 3 0 0 0 0  J H P  BEG I N  ; [lONE , S T A R T  PROGRAM 

Listing 7: Program to move previously relocated MITS BASIC back where it 
belongs when using a North Star floppy disk. To move the original program, 
the parameters must be changed. BASIC must be set to hexadecimal 0000, 
BASEND to 3FFF, and BEGIN to 4020. 

modem I 'mo • dam I [ modulator 
+ demodulator] n - s : a device for 
transmission of digital information 
via an analog channel such as a tele­
phone circuit. 

of us who live on the North American continent 
are blessed with an incredible non-natural resource 
consisting of a gigantic web of tiny copper wires linking 
virtually all of our homes and businesses together into 
the greatest telecommunications network in history. 
The Bell System and over 1600 independent 
telephone companies have been stringing wires 
and microwaves nearly everywhere for up to 
100 years. Now, the B0-103A Data 
Communications Adapter brings 
this amazing network to 
S-100 Micro 
Computers. 

The 
80-103A Data 

Communications 
Adapter is more than 

just a modem. It is a complete 
data communications sub-system 

combining on a single S-100 board 
functions which formerly required a 

modem, an automatic calling unit, and serial 
and parallel interfaces. This fully programmable 

unit gives you flexibility never before available at such 
a low cost. Fully assembled, tested, and burned in with 

full documentation and our standard 90 day warranty, the 

B0-103A is available at retail computer stores across the 
for only 

D.C. Hayes Associates Inc. 
P.O. BOX 9884 • ATLANTA, GA. 30319 • (404) 231 -0574 

Distributed In Canada by TAINTRONICS LIMITED, Toronto 
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Continued from page 1 1  

RSX-1 1 and DOS-1 1  variants of the 
same ed itor and can testify to the usefu l ­
ness of the scope su pport features bu i l t  
into the newer versions. One goes 
through a rather large amount of hass le 
with D EC to get the software for RT1 1 
(pricing is never very cl ear) . but the 
resu lt  is fairly worthwhi le. If you guys 
ever get a version of TECO running, I 
have an E L I Z A  demo that runs in it, just 
to show you a bit of what can be done 
with an edit ing l anguage. 

Glenn C Everhart 
2 1 1 Great Rd 

Maple Shade N j  08052 

I S  TH E R E  ANY CP1 600 I NTE REST? 

Have any of your m ultitude of read­
ers expressed an interest in the General 
I nstrument CP1 600 chip and their 
G I M I N I  microcomputer? I have been 
interested in  this processor ever since 
its deve lopment and would l ike to 
communicate with others on the subject. 
I was recently tal king to one of the 
people at General I nstrument's Hicksvi l l e  
p lant  and he was tel l ing me about their 
latest offering, which is a single card 
3 2  K byte {add ressed as 1 6  K words) 

implementation of this processor in­
clud ing read only memory operating sys­
tem .  This card is to be, in most cases, 
avai lable as a fu l ly assembled , bu rned in 
and tested card for original equipment 
manufacturer type appl ications. He also 
said that it might be possible to d iscuss a 
hobbyist type kit, unassembled,  perhaps 
with fewer chips and capabil i ties and 
also less expensive. I would l ike to hear 
from anyone else who is interested in 
this powerful 1 6  bit processor {wh ich 
uses a very PDP-1 1 l ike instruction set) 
and possibly tal k again to General l nstru-. 
ment about interest in the hobbyist kit 
version. 

Brian D M cCul lough 
Site 9 ,  Box 37 

R R2 
Sherwood Park, A lberta 

CANA DA T8A 3 K2 

M U LT I P ROC ESSORS 
A RE BECOM I N G  

EAS I E R  T O  D ES I G N  

The article, "The I ntel l igent Memory 
B lock" by K Castleman in the March 
1978  BYTE,  page 1 86 ,  was an interest­
ing and an en l ightening system design 
concept. However, his premise that the 
current development of mu l tiprocessing 

From the acclaimed New Yorker series 
-now expanded lor book pul:.lication. 

Thomas Whiteside 
"Anyone contemplating a l ife in strictly modem crime 

or who is worried about those who are should read 
Thomas Whiteside's guide." -JOHN KENNETH GALBRAITH 

T.Y. CROWELL 
An alternate selection of Book-of-the-Month, 

Fortune, and Macm i l lan Book Cl ubs. 
2nd printing before publ ication . 10 East 53rd St. , New York, NY 1 0022 
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systems is l agging is no longer relevant. 
This i s  because of the mechanisms on 
many new microprocessors. 

National 's 8060 and Motorola's 6801  
and  6809,  for example,  have the  neces­
sary on-the-chip hardware for bus access 
contro l .  This a l lows for two or  more 
microprocessors to be interconnected 
to perform different tasks on a time and 
memory share basis. I ntel 's  new 1 6  bit 
microprocessor, 8086, is interesting 
because of i ts software control feature 
in mu l tiprocessor appl ications. A special 
1 byte prefix attached to any instruction 
can compel the processor to assert a bus 
lock signal for the duration of the 
instruction operation ,  thereby al lowing 
processors to share resou rces. By using 
these new microprocessors the memory 
block can now be intel l igent but with 
a lot less hardware and timing strin­
gency. 

J ohn C Peterson 
j et Propulsion Lab 

Pasadena CA 9 1 1 03 

FOR SOME, 
H IG H  P RI C E=NO SALE 

Thank  you very much  for your  
editorial " Don't  I gnore the High End  
. . . .or My Search for  Manuscript 
Ed iting Paradise" which appeared in  the 
March 1 978  BYTE, page 6. 

I feel compel led to write to you 
because my thinking has been paral l e l  
to  yours on this same topic and for the 
very same reasons. 

I started out with the idea that elec­
tric typewriters have been around for 
many years; there is a market for them 
and the manufacturers have been able 
to make p rofits. 

These days we have a lot of very 
good and very cheap e lectronics so that 
it seems reasonable to expect electric 
typewriters with inbu i l t  memories and 
editing capabil ities at reasonable prices. 
The price would also be increased by 
video displays and magnetic tape storage 
devices, but I do not expect that it  
would be anywhere near the $8000 
which you mention. The potential 
market for reasonably priced goodies 
may wel l  inc lude all those people around 
the various university campuses who 
type and retype dissertations, thou­
sands of articles for p ubl ication in  
journals { including B YTE)  and term 
papers. If I could get one with insert 
and de lete capabi l i ties for around  $ 700 
I wou ld  go out  tomorrow m orning and 
get one right away. But that day seems 
to be rather remote at present. 

Phi l ip S Barker 
59 Acadia Bay 

Winnipeg Manitoba 
CANADA R3T 3) 1 

There is a bit of a difference between 
an output peripheral (the typewriter) 
and a complete computer system with 
soft copy displays, magnetic auxiliary 
storage and lots of memory. 



620/L VARIAN COMP U T E R 
I N FO RM ATION A N D  PA RTS N E E D E D  

W e  have a V A R I A N  620/L which has 
been loaned to our computer center by 
one of our teachers. We are writing to 
find out if there are any readers of your  
publication who can he lp us  locate 
additional p lug in boards, either stuffed 
or unstuffed , for this mach ine so that 
we can make more effective use of it. 
We would appreciate hearing from any­
one who may be wi l l ing and able to help 
with any aspect of this machine. 

Norman Lee, Asst Prof 
Electronics- E D P  

College of The Albemarle 
El izabeth City NC 27909 

D RAMA REQU I RES S P E E C H  
A S  W E L L  A S  ACTION 

was delighted to see the article by 
Gerrard, Ghent, Hemsath and Seawrigh t 
( j une 1 978  BYTE, page 1 53) descri bing 
a simple modification to the Processor 
Technology V DM board which results 
in a greatly enhanced graphics capabi l ity 
for the small computer use r. 

It may be of interest to a number of 
readers that this same mod ification is 
also quite useful for d isplaying and 
editing the control parameters for the 
Computal ker  Model CT-1 Speech Syn­
thesizer. With a vertical reso lution of 
208 l ines, it is possible to display up  to 
three CT-1 parameters s imultaneously 
with 6 bits resol ution on each. The 
horizontal resol ution of 64 is sufficient 
to see more than 1'2 second of speech 
data at a time, p lenty of d isplay for good 
editing. 

We are cu rrently exploring the 
possibilities of using such a graphics 
display in connection with a d igitizer 
pad, which wi l l  make it much easier 
to produce good q ual ity speech output 
with the Computalker board. 

Lloyd Rice, partner 
Computalker Consultants 

POB 1 95 1  
Santa Monica CA 90406 

(21 3 )  392-5320 

WO R D  OF A B ETT E R  S O RT 

As a computer science major inter­
ested (when I find  the time) in getting 
into personal computing, I enjoy reading 
BYTE. In general, the material is  worth­
while and educational, but in  your A pril 
1 978  issue I was greatly disappointed to 
find one of the worst methods for 
sorting an array of items that I have ever 
seen publ ished .  Rene Pittet's algori th m ,  
presented in "Program ming Quickies," 
page 1 48 ,  is a slow variant of the ubiqui­
tous bubble sort. I am writing this letter 
to inform your readers that there are 
much better sorting methods around,  
including some no more d ifficu lt  to code 
or to understand .  

A well Known method (which is 

about four times as fast as the one Pittet 
presented) is cal led straight insertion 
sort. To understand how it works, ob­
serve that at the beginning of each 
iteration of the FOR-N E XT loop, the 
first 1 - 1  elements of the array are already 
in  sorted order. The body of the l oop 
mere ly inserts the l th e lement into its 
correct position in that in itial sorted 
segment. My code segment, which 
fol lows, replaces the actual sorting part 
of Pittet's code. 

I nsertion sort is probably the method 
of choice when less than 30 items are 
being sorted - it is easy to write and to 
debug and incurs very l i ttle overhead. 
However, it can be shown that the 
amount of time required to sort N items 
using this algorithm is proportional to 
N *N.  Thus, if sorti ng ten items take 1 00 
units of time, 1 000 items wi l l  take about 
1 0000 units of time !  Many algorithms 
exist which require an amount of time 
proportional to N times the logarithm of 
N. I refer the interested reader to a 
book ,  which al l  hobbyists should read 
anyway, by Kernighan and Plauger: 
Software Tools. They describe the quick­
sort algorithm ,  the generally recognized 
method of choice in a wide variety of 
appl ications. Mathematically incl ined 
readers who want to know "everything 
you ever wanted to know" about sorting 
(and searching) shou ld refer to The A rt 
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of Compu ter Programming, Volume 3: 
Sorting and Searching, by Donald E 
Knuth.  

Neal D McBurnett 
POB 4 1 73 

Brown University 
Providence Rl  0291 2 

W H Y  NOT J UST U S E  T H E  P H O N E ?  

I was p leased with Mike Wi l ber's 
article on C I E  standards ("CI E N ET: 
Part 1 ,  The Beginnings" February 
1 978  BYTE, page 1 4) and look forward 
to seeing more in the same vei n .  How­
ever, I was not equal l y  taken with j eff 
Steinwede l 's artic le ("Personal Com­
puters in a Communications Network" 
February 1 978  BYTE, page 80) on the 

Write and run ma nguage programs ay video graphics on your TV set and des1gn microprocessor circuits-the very first night-even if you've never used a computer before ! 

ELF II by 
MEJROMICS 

As featured 
In PIJPULAR 

ELF II featuring RCA COSMAC 
microprocessor I mini 

COMPUTER 

Learning '"""""'m••au•am 
A Short Course On 

Microprocessor And 
Computer Programming 

Stop reading about co•putm and get yur hands '" ou! ELF II 
Is an outstanding trainer for anyo•e who needs to ill a co•pwter 

to 11a1imize his or her personal effoctltims. B·ot ELF ll ilft"t jwst a 
trainer. hpanded. it ca• bee••• the hurt of a powerfoi co•poter 

syste• capable of soitlng sophisticated bwslms. industrial, scintlflc and personal 
finance problems. ELF II also Includes the 111 Plsie Graphics chip that lets yu display 
any 15& byte seg•ent o f  •emory •• a tid eo •onltor or  1l scrun. Easy iutroctlons get 

you started right away. m• if yn'11 nmr 111d a co•poter before. ELF II caa bo 
asse•bled in a single mnlng a•d you" II still hm ti111 to ron progra•s inciodinl l••es. 
tideo graphics. etc. before going to bedl 

Written For Anyone! Minimal Background Needed! f":- _ - _ SEND TODAY! - _ _ _  -. 
Why spend a small fortune on a personal computer without 

7� I knowing how to use its admced capabilities! We'll teach you NETRONICS R&D LTD., Dept. BY-7 (203) 354-9375 
hw to •ake ELF II respond to your needs, without waiting for 333 Litchfield Road. New Milford. CT 06776 I so11eone to dmlop the software. In learn. In non-technical o YES! 1 want to run programs at home and have enclosed: o $99.95 plus $3 I language. each of ELF ll's !I inslructions 10 you" II undersland 

p&h for RCA COSIIAC ELF II kit. o $4.95 for power supply. required for HF II kit mrything ELF II can do . . .  and how to get ELF II to do II. It's your o $5.00 for RCA 1802 User's Manual. I chance lo •aster an adnnced personal co•p•ter 1uickiy and 
,alnlusly, nen if you'u nenr used a co111puter before! o $4.95 for..Short Course on Microprocessor & Computer Programming. 

o ELF II connects fo the video input of y<�ur TV set. If y<�u prefer to connect ELF l i to y<�ur I ---- SPECIFICATIONS ---- antenna terminals instead. enclose $8.95 for RF Modulator. 
ELF II fealures an RCA COSMIC COS/MOS 1-bil microprocessor o $39.95 plus $2 p&h for ELF GIANT BOARD'" kit. 
addressable to &4k bytes with DMA. lnlerrupl, I& registers. ALU. _ 4k Static RAM kit, $89.95 ea. plus $3 p&h. I 15& byte Rll. full hll keyboard. two digit hll outpwt dlsflay, 5 o $17.00 plus $1 p&h for Prototype (Kluge) Board. I slot plug-In 11pansion bus (less connectors). stable crysta clock o $34.95 plus $2 p&h for Expansion l'llwer Supply · 

for tilling purposes and a double-sided. plated·tbroug� PC board _ Gold plated 86-pin connectors at $5.70 ea. 
plus RCI II&I tid eo IC to display any ser•ont of ••�ory on a o $64.95 plus $2 p&h for ASCII Keyboard kit. 1 
tideo monitor ar TY screen. o $14.95 for ELF II finy BASIC cassette. 

Ex"'ANSION OPTIONS o I want my ELF I I  wired •nd tested with the power transformer. RCA 1802 1 .-. User's llanua\ and Short Course on Microprocessor & Com puler Prorram· 
ELF 11 GlUT BOARD'" with cassette i/O, RS 132-CITTY VO. I-bit P min& for $149.95 plus $3 p&h. 1 ��ni:.'r�::r::r �'h1t1!���·�·��- ��d�:::���:\o

l�s 
,:;d

4: p�:�·
�� "kltal enclosed (Conn res. add t3l) $ ___ o Check here if y<�u are enclosing 

&4k 0 Prototype (llugel Board accepts up to 35 1C"s 0 Gold plated Money Order or Cashier's Check to e.pedite shi�ment. 1 
&&·pin connector • Expansion Power Sopply (Mot required on less 

NAME ------------------- I addlng4k Rill • Ill of t�e ab010 PC bonds pill diroctiy into ELF 
ll"s npansion bus. ADDRESS __________________ _ 

ELF II TINY BASIC ·t Co•mands include SIYE, LOAD, :t, x ,  + . I  1. 1& miables I·Z, CIJl __________________ _ 
LEt IF/THEM. IMPUt PRlMt GO TO, GO SUB, RETURM. UO, REI. I CLEAR. List RUM. PLOT. PEEl, POlE. Co•es fully docu•enled. (4k STATE ZIP ---,-;-...,.------
11emory required.) ._ - - - - Dealer Inquiries I nv ited! • - - - ...I 
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How to say 
low-cost data tablet/digitizer 

in two words. 
Bit Pad" Bit Pacl� Bit Pad Bit Pad" 

• T M  B1t Pad 

B i t  Pad is the low-cost d i g i t ize r  for  s m al l com puter 
syste ms.  Better than a j oysti c k  or  keyboard for ente r i n g  
g r a p h i c  i nform at io n ,  i t  converts a n y  p o i n t  o n  a p a g e ,  any 
d istance i nto i ts  d i g i ta l  e q u i valents .  I t's a lso a m e n u  for  
d ata entry. Yo u ass i g n  a va l u e  o r  an i nstructi on to any 
locat i o n  on the pad . At the tou c h  of a sty l u s ,  it's entered 
i nto y o u r  system .  

W h o  can use it? A n yo n e  f ro m  t h e  ed ucator a n d  the 
e n g i neer to the h o b by i st a n d  the com puter g ames 
enth u s i ast. The d ata struct u re i s  byte o riented for easy 
com pat i b i l ity with s m a l l c o m p u ters,  so you can add a 
power s u p p l y ,  stan d  a l o n e  d i s p l ay ,  cross- h a i r  c u rsor 
and many other o pt i ons.  

B i t  Pad by S u m m ag ra p h i cs .  T h e  lead i n g  man ufac­
t u rer of d ata tab let d i g i t izers.  B i t  Pad . The o n l y  words 
you n eed to say w h e n  c o n s i d e ri n g  d i g it izers. 
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use of RF in a data exchange network. 
His generali ties do no j ustice to the 
enormous technical , pol i tical and finan­
c ia l  complexity of  such  a system _  I t  i s  
unfortunate that someone who m ust 
know qu i te a bit on  this subject would 
author overs imp l ifications which could 
lead less wel l  informed persons to be l ieve 
that such a system is rea l ly a practical 
option. 

Anyone who plans to p ropose that 
the FCC a l locate 1 MHz of p recious 
VHF or U H F  spectrum for a short haul ,  
fixed,  unattended ,  personal rad io 
communi cation service should be pre­
pared to be laughed out of Washington. 
F i rst, just where does Mr Stei nwedel 
suggest that this 1 M Hz come from:  
amateurs, government ,  broadcasters? 
Don't count on i t !  The fact is that 
there is nothing l i ke a 1 M Hz block 
ava i lable below 900 M Hz. Second , a l l  
services are al located frequencies on the 
basis of international standards and 
demonstrated nee d .  How can anyone 
demonstrate the need for a frequency 
hungry rad io  network to . l i nk  homes 
around town so we can al l  play Star Trek 
together? How would he reply when 
asked , "Why not j ust use the phone?" 
Third ,  Mr  Steinwedel  totally ignores 
the h igh cost of such a system .  This is 
probably due to the fact that amateurs 
don't have to pay first class technicians 
to maintain their equ i pment. Why do 
you th ink the cost of mobile telephone 
is so high ? F ina l ly ,  the suggestion that 
the FCC would authorize this service 
to employ total ly unsupervised trans­
mitters exhi bits unfami l iarity with one 
of the prime p ri nci p les of FCC regu­
lation. That is, who is  going to pu l l  the 
p lug when the thing gets stuck in trans­
m it mode? Every chapter of the FCC 

Rules and Regulations expounds on this 
principle at l ength under the heading of 
"Operator Req u i rements." The cases 
where the FCC has authorized total ly 
unsupervised transm itters are so few as 
to not  be worth noting. In short, why 
don't you j ust use the phone? 

I don't want to give the impression 
that I am totally against d igital radio 
com mun ications. It is fine by me if 
amateu rs wish to combine hobbies. I 
p.e rsonal ly wou l d  love to help set up an 
intercity tropo ·or sate l l ite l i nk  for C I E  
use. However, I would not b e  'so bold as 
to suggest that i t  would be cheaper than 
"Ma  Bel l ." 

Anyone who wishes to explore the 
poss ib i l i ties of d igital exchange and 
cal l ing by radio should obtain a copy of 
the International Telecommunications 
Union CCI R Study Group 8 Draft 
Recommendation #493 which proposes 
some international standards for s imi lar 
systems. I would also suggest that any­
one interested in  writing C l  E standards 
should first take a long look at standards 
accepted by the ITU  and other organi­
zations so that international compati­
b i l ity can be maintained. 

Donald R Newcomb 
81 9 Bayou Blvd 

Pensaco la  F L  32503• 

- --



College 

Sports Report 

Grinnel l  Wins Second Midwest 
Regional Progra m ming Competition· 

Grinnell Coll ege of Grinnel l  l A  barely 
nosed out DePauw University of Green­
castle IN in  the Second Midwest Re­
gional Programming Competition held at 
Taylor U niversity, Up land I N ,  Apr i l  1 
1 9 78. The host team, Taylor, finished 
third and Wabash Col l ege of Crawfords­
v i l le  IN was fou rth. G rinne l l ' s  2 person 
team led by Scott Parker of Champaign 
I L and sponsored by Prof Mark Gru nd l e r  
defeated DePauw's squ ad by  on ly  three 
points in  the 4 person, 4 hou r competi­
tion using Taylor Un iversity's D E C  t ime­
sharing system.  However Evansvi l l e  Un i­
versity used their I BM 360 over tele­
phone l i nes for the competition. 

Each team h ad only one 300 charac­
ter per second print ing term inal on 
which to write, test and debug their p ro­
grams. A team of six judges l ed by ch ief 
judge Bruce Gaff of P lycom Industries 
(P lymouth I N )  and j e re Truex ( Upland 
IN)  reviewed the sol u tions wr i tten in 
BASIC and ind icated if the solutions 
were correct or incorrect. The  sco ring 
method inc luded the number  of prob­
lems, the time requ i red to compl ete the 
solution, and the number of judged runs 
subm itted . 

The fou r problems posed incl uded 
writing check amounts in words, screen­
ing inaccu rate data from an e lectronic 
instrument for accuracy, connecting 
pairs of points in  a geometric plane, and 
retrieving prices from descrip tions in a 
catalog. 

Al though 1 4  teams from seven m id­
western states were expected , schedu l e  
changes and other factors caused some 
teams to m iss the com petition. In add i­
tion to the fou r teams al ready men­
tioned , others com peting were the Un i­
versity of Wisconsi n/Pl attevi l l e, Asbury 
Coll ege of Kentucky, p lus Grace Col l ege 
and Rose-Hu lman I nstitute from I nd iana. 

Next year the Midwest Region w i l l  
be  he ld  at Rose-Hu lman or Tay lor  Un i­
versity. It is hoped that a N ational 
BASIC com petition between regional 
champions w i l l  be held at a later d ate. 
Taylor U niversity h ad two freshm en on 
their third place team and other schools 
had freshmen participating also, so i t  is 
anticipated that next year's com petition 
wil l be even more strongly contested . 

Taylor's young team i nc luded senior 
Steve Olsen from Wyckoff N J ,  ju nior 
Mark Tom l i n  of West M i l ton OH, plus 
freshmen David Woodal l of Marengo I L 
and Stan Rishel  of Kalam azoo M I . The  
alternate members were  freshmen Cory 
Waller of Frank l in  Lakes N J  and Mark 
Coll ins of I n d ianapolis, who m issed the 
competit ion because of i l l ness. •  

DATALYZER . . . a 24 cha n ne l  
Logic Ana lyzer  for you r 5100 Bus 

/ 

24 Channe l LOGIC  ANA LYZ E R ,  complete with 2 cards  and 3 sets of probes. 

Featu res 
24 channels with 256 samples each.  

D isplay of d i sassembled progra111 f l ow .  

D u a l  mode operation - externa l  mode ana lyses any exter na l  log ic 

system. I nternal mode monitors users d ata and add ress bus.  

Selectable tr igger point anywhere i n  the 256 sam pies .  

0- 1 6  bit tr igger word format or external qual i f i e r .  

8MHz sam ple rate 

- Synchronous cl ock samp le  with coinc ident or  de l ayed c lock mode. 

User def i ned reference memory. 

D isplays  and system control through keyboard entry. 

TTL Log ic  level  compatible ( 1 5  pf and 1 5  IJa typical  i nput loading. )  

Disp lays in Bi nary 

T he DATA L YZER 
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Display of disassembled 
program f low. 

Designed to plug eas i l y  into y o u r  S-1 00 B u s, the DATA LYZ E R  is a 

compl ete system -- for only $595 . D i splay of d isassemb l ed program 

f low is  a standard feature, not an extra. And the low price inc ludes 30 

logic probes, so you can h ook u p  immed iate l y ,  without addit ional 

expense. 

The DATAL YZ E R  is  ava i l ab le  in kit form ($595 ) ,  and as a fu l l y  

assembled d ev ice o n  two PCB's ($695 ) .  Operators' manual  $7.50 . A 

su b stantia l  warranty, and the Data byte, I nc.  commitment to serv ice 

make the DATA L YZE R a worthw h i l e  i nvestment.  

Databyte, Inc. 
C i rcle 86 on i nqu i ry card . 

7433 Hubbard Avenue 

Middleton, Wisconsin 53562 

Tel :  (608) 831 -7666 

July 1978 © BYTE Publications Inc 1 23 



How to Choose a Microprocessor 

Lou Frenzel 
Heath Company 
Benton Harbor Ml 49022 
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Al l  personal and hobby computers are 
microprocessor based. That is, they use a 
s ingle processor integrated circu it  ch ip .  
One of the most important decisions you 
wi l l  ever make in purchasing a personal 
computer is choosing the type of micro­
processor. The semiconductor manufacturers 
have provided computer designers with a 
wide range of m icroprocessing un its having 
varying degrees of power and soph istication. 
As a resu l t, there are at least a half dozen 
d i fferent processors avai lable in hobby 
computers. This wide variety of products 
makes your choice somewhat flex ible, or 
at least it seems that way. I n  reality, having 
so many processor styles to choose from, 
your decision becomes much tougher. I f  
you are a beginner, i t  may be particu larly 
d ifficu l t  to make an inte l l igent choice. The 
purpose of this article is to provide you with 
some gu idel ines in making this important 
decision. The emphasis is on how to choose 
the best microprocessor for you when pur­
chasing a personal computer. 

What's Avai lable 

Below is a l ist of a l l  of the avai lab le  
m icroprocessor architectures and their pri­
mary manufacturers. 

I n tel 8080, 8085, 8048, 8086 
Motorol a  6800 
MOS Technology 6502 
Zi l og Z-80, Z8000 
Signetics 2650 
RCA 1 802 
Fai rch i l d  F8, 9440 
MOSTEK 3870 
l ntersi l 6 1 00 
Texas I nstruments 9900 
National Sem iconductor SC/M P, PACE, 8900 
D EC LS I -1 1 
Data General m icroNova 
General I n strument 1 600 

With this wide variety, is it any wonder 
that it is a d i fficu l t  choice? Yet with al l  of 
these avai lab le devices, the choice narrows 
down rather qu ickly when several important 
factors are considered. What makes things 
even more confusing is the fact that many of 
the above microprocessors wi l l  u ndergo 
changes and improvements. Semiconductor 
manufacturers w i l l  also develop and i ntro­
duce even newer improved microprocessors. 
The whole m icroprocessor business is a 
dynamic  one. Changes occur a lmost dai ly .  
The b iggest d i lemma is not so much the 
changes themselves but  the rap id i ty with 
which they occur. Today you may make a 
decision to use a p articu lar m icroprocessor 
on ly to find  that six months l ater the choice 
is apparently incorrect because a newer, 
better, improved dev ice h as become avai l ­
able. There is no complete solution to this 
prob lem. The rap id changes i n  th is field 
w i l l  continue to occur. For that reason, 
you must make a choice and stick with it. 
You must attempt to select a device that 
has the greatest longevity potential as wel l  
a s  one that meets the criterion for perform­
ance in your app l ication. You must not let 
the rap id ly changing technology paralyze 
your decision making process. It is best to 
choose among the presently avai lable devices 
and take your chances with the future. To 
obtain the most value  from your personal 
computing system, you must select a micro­
processor that meets your immed iate needs 
but offers future potential as wel l .  

Selection Criteria 

There are many factors that go into the 
process of selecting a m icroprocessor. You 
shou ld consider a l l  of these factors even 
though some of them affect you only in­
d i rectly .  You shou ld also be influenced by 
the factors that ord inari ly wou ld i nterest 



only the designer. Below are l i sted some 
of the key e lements in  choosing a 
microprocessor. 

Cost 

Cost is always a major consideration in 
choosing a m icroprocessor. However, of a l l  
the factors i nvolved, th i s  is one that the user 
shou ld be least concerned about. Cost is 
primari ly the concern of the computer 
manufacturer. Most m icroprocessor inte­
grated circu i ts are in the same price range; 
and the cost of the m icroprocessor i tself i s  
only a fraction of  the overal l cost of  the 
computer system.  The cost of memory and 
peripheral s is far more than the cost of the 
processor. Thus for purposes of our d is­
cussion here, cost is i rrel evant. 

Speed 

One of the factors considered in the 
evaluation or comparison of computers is 
processing speed. This is the rate at which 
instructions are executed .  Whi le speed is 
primari ly a function of the clock frequency 
and the upper frequency l im i t  of the micro­
processor i tself, it is a lso affected by the 
memory · speed and the arch itecture of the 
processor. Most modern m icroprocessors are 
not known for their  processing speed. After 
a l l ,  most m icroprocessors are metal oxide 
semiconductor (MOS) circu i ts wh ich are 
inherently slower than bipolar (TTL) c ir­
cu its. Over the years great improvements 
have been made in the speed of MOS cir­
cuits. The slow "P channel" circu its have 
been gradual ly rep laced by smal ler  and 
faster "N channe l "  ci rcu its. Continu ing 
developments in the N channel process 
promise even further improvements in 
speed. Speeds approach ing b ipo lar l evels are 
ach ievable. I f  processing speed is the most 
i mportant criterion, then b ipo lar c i rcuits 
should be selected over MOS m icroproc­
essors. Speed is of l i tt le or no consideration 
in choosing a m icroprocessor-based personal 
computer. Most MOS microprocessors used 
in personal computers execute an instruction 
with in several microseconds which is fast 
enough for most app l ications. 

Whi le  processing speeds can vary as much 
as four to one among MOS microprocessors, 
the d ifference is a lmost unnoticeab le. For 

From the machine and assembly 
language programmer's point of view, 
the Signetics 2650 processor shown here 
is often considered to be a superior 
machine. But it has never become popular 
in the personal computing field, most 
likely because it entered the 8 bit market­
place later than the major contenders. 
This photograph was supplied by Sig­
netics. 

The Digital Group leaves out no major microprocessor choice. While 
their emphasis is on the Z-80 processor, they cover all bases with options 
for 8080, 6800, 6502 and Z-80 processor boards. This photo, supplied by 
Digital Group, shows a board which features the 8080 processor. 
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ADM·3A $ l§§OO* 
I N  KIT FORM and Handling 

• 80 CHARACTERS/LI N E  
• 24 LIN ES/SCREEN 
• A D DRESSABLE CURSUR 
• 9, 1 0, or 1 1  BIT WORDS 

• 75-1 9,200 BAUD 
• FULL & HALF DU PLEX 
• ODD/EVEN/NO PARITY 
• RS232 I NTERFACE OR 

20 ma CURRENT LOOP 

GET COMPLETE DETAILS WITH A DIRECT CALL: �� 214 258·2414 TWX 910·860·5761 TELEX 73·0022 

• 800 527· 3248 cap1tal 
equipment brokers \ 930 N. B ELTLI N E  • IRVING .. TEXAS 75061 ,' 

' - - - - - - - - - - - - - - �  

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 
• 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 . . .  

• 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 � 
· · · Coburg, OR 97401 � 
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examp le, most hobbyists use the BAS IC  
l anguage. The speed o f  the m icroprocessor 
wi l l defin i te ly determ ine the l ength of time 
that i t  takes to execute a program. However, 
with an i n terpretive l anguage such as BAS IC, 
an order of magnitude d ifference in execu­
tion speeds is frequently a lmost unnotice­
able to the u ser. Whi le  it may take 200 J.lS 
to execute a program on one computer and 
20 J.lS on another, the u ser is often total ly 
incapab le of recogn iz ing the d ifference. 

The real value  of speed comes when your 
appl ication requ ires it. If your applications 
involve lengthy, comp lex mathematical 
operations or h igh ly complex real time 
functions, speed may be an important con­
sideration. Otherwise, speed is one factor 
wh ich you cou l d  p ractical ly  ignore in the 
selection of a personal computer. Few per­
sonal computer manufacturers know h ow to 
specify it, let alone mention it. 

Com put ing Power 

Computing power is a rather nebu lous 
designation that refers to the power of the 
in struction set and architecture of the com­
puter. Computing power also effectively 
involves speed as d i scussed above. Yet 
computing power is far more important 
than raw speed in determin ing the capa­
b i l i ties of a m icroprocessor. 

I t  is d i fficu l t  to provide any specific 
gu idel ines for determin ing whether one 
m icroprocessor is more powerfu l than 
another. However, as a general gu ide l ine 
there are several factors to look for in 
determin ing wh ich m icroprocessor has the 
greatest power. These factors are : number of 
instructions in the instruction set, number of 
work ing registers, and number and type of 
address ing modes. Those microprocessors 
with the greatest n umbers of i nstructions, 
registers, and address ing modes are essential ly 
the more powerfu l m icroprocessors. They 
can accompl ish more comp lex operations 
in l ess time than other m icrocomputers with 
lesser characteristics. 

I t  is the wide variation in architectures 
which makes the choice of a m icroprocessor 
interesting. I n  some cases, a superior in­
struction set, more flexib le register organ iza­
tion and more address ing modes can offset 
the superior computing speed of another 
m icroprocessor with a s impler architecture. 
There are never any c lear cut answers to 
the question of which m icroprocessor is 
the most powerfu l  s ince usual ly the answer 
l ies in a specific app l ication. When a partic­
u lar app l ication can be defined , the choice 
of m icroprocessor can be optim ized. How­
ever, when choosing a microprocessor-based 
general purpose computer wh ich m ust be 



useab le in a wide range of app l ications, the 
speed and computing power consideration 
becomes fuzzy at best. 

Second Sources 

Another way to assess the value of a 
m icroprocessor is to consider the second 
sources. Second source refers to a manu­
facturer other than the original manu­
facturer, producing the same device. When a 
semiconductor manufacturer introduces a 
new microprocessor, he attempts to capture 
as much of the market as poss ib le with 
various features and pricing strategies. 
However, one of the strategies that works 
best is i f  competing manufacturers choose 
to make the same device. These secondary 
manufacturers w i l l  compete with the pri­
mary manufacturer. Despite this competi­
tion, i t  i s  usual ly the original manufacturer 
who benefits from this s ituation.  I t  p rovides 
alternate sou rces. The competition creates 
pricing advantages. I n  add ition, the rel ia­
b i l ity of supply is improved. One way to 
determine the popu l arity and widespread 
use of a microprocessor is to determ ine its 
second sources. The more second sources 
that a device has, the more widely it is used 
and the more competitive is the p ric ing. 
Don't overlook th is as a way of choosing a 
m icroprocessor. 

Popu larity 
It may seem almost l ud icrous to inc lude 

such a general and seem ingly mean ingless 
criterion for selecting a m icroprocessor as 
popularity. Yet this rather inexact factor is 
important. Most people tend to want to go 
along with the crowd . They want to sel ect 
devices · that are wel l  k nown and widely 
used by others. For that reason, you cannot 
overlook the popu l arity factor. Most people 
feel that a device that i s  popu lar and widely 
used must have someth ing going for i t. This 
tends  to make the i r  own choice easier. I n  
effect, they are rely ing upon the decis ions 
of many others to back up their own 
decision. This i s  why Chevrolet sel l s  more 
cars than any other US manufacturer. 
Popularity in computing also has benefits 
with regard to avai l ab i l i ty of software. 

The choice of a m icroprocessor is also 
large ly emotional .  Even though a device may 
not have the benefits of software avai l ­
ab i l ity, speed and computing power, the 
device may be h igh ly regarded . This may be 
because of the reputation of a particular 
manufacturer or a particu lar un ique  featu re . 
Many times the features or benefits are per­
ceived rather than rea l .  A strong sales p itch 
by a trusted friend or respected sou rce can 
also eas i ly sway an i nd ivid ual 's choice. I n  

C i rcle 265 on i n q u i ry card. 
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QUAL I TY CONTROL TEST 
KEY BOARD TEST 3M BAUO F:S232 SERIAl PORT 
KEYB•)ARO TEST 300 BAUD CURREHT LOOP 
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Need Hard Copy! 
TRY O U R  SOFT P R I C E S  

54 2 5  
C o m p lete standalone 40 c o l u m n  i m p a c t  dot m a t r i x  p r i n t e r  w i t h  a 64 
ch�r�cter ASC I I  set . I n c l udes power supply. c a sework and i nterface 

elec t ro n i cs for con nP.ct ion to  a m i n i  'm i cro procPssor p a r a l lel  port . 

SC' " a l  i n terface vers i o n s  for R S232 'C l l rrr. n t  loop a r [l l ic a t ions start  at  
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� Salt Lake City, Utah 841 22 

� (80 1 )  364-241 1 

TERMINALS FROM TRAN SNET 
PURCHASE 

1 2·24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 

DESCRIPTION 
PURCHASE PER MONTH 

PRICE 12  MOS. 24 MOS . 36 MOS. 

DECwriter I I  . . . . . . . . . .  $1 ,495 $ 1 45 $ 75 $ 52 
DECwriter I l l  . . . . . . . . . . 2,895 275 1 45 99 
DECprinter I . . . . . . . . . . 2,495 240 1 25 86 
VT52 DECscope . . . . . . 1 ,695 1 62 85 59 
VT55 DECgraphic C RT 2,695 260 1 35 94 
ADM 3A CRT . . . . . . . . . 875 84 45 30 
ADDS Regent 1 00 . . . . . 1 ,325 1 26 67 46 
Tl 745 Portable . . . . . . .  1 ,875 1 75 94 65 
Tl 765 B ubble Mem. . . . 2,995 285 1 52 99 
Tl 81 0 RO Printer . . . . . 1 ,895 1 81 97 66 
Data Products 2230 . . .  7,900 725 395 275 
QUME, Ltr. Qual.  KSR . 3,1 95 306 1 63 1 1 2  
QUME, Ltr. Qual.  RO . .  2,795 268 1 43 98 
FlexiFile 21 , Flpy. Disk 1 ,995 1 90 1 02 70 

FULL OWNERSH I P  AFTER 1 2  OR 24 MONTHS 
1 0% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSO RIES AND PERI P H E RA L  EQUI PMENT 
ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 

R IBBONS • INTE R FACE MODULES • FLOPPY DISK UN ITS 

PROMPT DELIVERY • EFFICIENT SERVICE 

1 RANSNEr CoRPORA TJON 
2005 ROUTE 22, UN ION ,  N . J .  07083 
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About Your �··· Software ? HUNT N �DnE ! ··7Smoke Signal Broadcasting ¥ ' presents the N EW 

TP-1 TEXT PROCESSING SYSTEM 
for docu ment preparation - form letters - footnote handl ing 

• The most powerfu l text formatter avai l a ble .  
• Over 50 commands for easy paging,  margi n  sett ing 

and spacing. 
• A formatting l anguage that a l l ows the creation of 

macros including variables. 
• Page numbering (Arabic or Roman numeral s ) .  
• Comp lete page s ize contro l .  
• Conditional formatti ng control . 
• Exact tit le placing. 
• Contiguous space and text contro l .  or-\'1 

qS 
�3q . 

•• We're the "CHIEF" in 6800 products software 

guill\1! SI��rrA\If, m>Difl\1-\\D�I�tvm� .bVJ!JIJ!.W�--' .ilL JJ!.ll=�-!,!1 J.[I)!U!.'l!JE=- l!!!=�,Q) � Jl.!11lJ( 
6304 Yucca/Hol lywood, CA 90028/( 2 1 3 )  462-5652 
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ATTENTION DISC SYSTEMS USERS 
A l l  Ed Smith's Software Works programs a r e  n o w  available on diskette in Smoke Signal 
Broadcasting format. 

For diskette media (mini-floppy) order as follows: 

M68AS-O Disc oriented Relocating Assembler & Link Loader . 
M68RS-O Relocating Disassembler & Segmented Source Gen . .  

M68ASPK Above two programs on single diskette . 

M68DT·D Disassembler/Trace . . . . . . . . . . . . . . . . . . . . • . . • .  
M68SG-O Disassembler/Source Generator . 
M68EP-O Eprom Supporting Relocator . 

M680TPK Above three programs on single diskette . 

M68RL·D Relocate . . .  
M68BL·D Binary Loader . 

. . .  $55.95 
. . . .  $40.95 

. . .  $85.00 

. . . .  $25.95 
. . . .  $30.95 

. $25.95 

. . . .  $65.00 

. $20.95 
. . . . . . . . . $20.95 

Nore: M68DT and M68SG are equivalent to Smoke Signal Broadcasting programs TD-1 and 
SG· l .  

ANNOUNCING 
S-M+HHl-U-Il 

F I RMWARE fmm Ed Smith's SOFTWA R E  WORKS 

A 2k Monitor Disassembler-Trace Debugging Tool in  EPROM. Use as stand-alone monitor or 
as an adjunct to your Smart bug or Swtbug. Requires ACIA as control port. Provides all the 
monitor commands (231 you could ever ask for, plus the convenience of a mnemonic dis· • 
assembler and single stepping disassembler trace display. I nteractive use of single or dual 
breakpoint with trace pickup at breakpoint, plus many new monitor functions and sub· 
routines, makes this a super tool you will love to work with. Uses location $F800 to 
$ F F F F .  Furnished on two 2708's or one 2 7 1 6. Includes Manual and commented assembly 
listing. Specify ACIA location and present monitor in  order to keep $AOOO RAM com· 
patibi lity. SMITH BUG ON 2708's . . . . . . . . .  $60.00 

SMITH BUG ON 2716 . . . . . . . . . .  $70.00 
NEW PROGRAM 
M6800 EPROM SUPPORT program is an expanded version of the Relocate Program 

(M68RU. It has the additional capability to adjust a program in RAM to operate at 
another address without actually relocating the program, as well as the ability to 
move a program without any adjustment. With this program, you can assemble and 
test programs in RAM, then adjust them for an EPROM operating address and then 
block move it to your EPROM burner address. 

M68EP . . . . . . . . . . . . . . . . . . . . . .  $20.00 

Order direct by check. Specify system configuration if other than 
SwTPCo.California residents add 6% sales tax. 

Ed Smith's 
SDFTWPIAE WDAHS 

P. 0. Box 339 
Redondo Beach, CA 90277 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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selecting a m icroprocessor, you are often 
buying mystique or potential rather than 
real practica l  computing capability . The 
thought of hav ing the newest, best, fastest, 
most powerfu l m icroprocessor is a strong 
sele"ctio n inducement. Whi le  these factors 
wi l l  no doubt influence you, you should 
attempt to be more practical ,  real i st i c  and 
analytical i n  the selection of a m icroproc­
essor fo r your own personal computer .  

Docu mentation 

Documentation refers to a l l  of the 
written material ava i lab le for a particu lar 
microprocessor. Th i s  inc ludes magaz ine 
artic les, books, courses, manufacturers ' 
l i terature and any other printed sources. 
Good documentat ion is hard to come by 
and often it wi l l  make the d ifference be­
tween fai l u re and success in getting your 
system to work . You wil l get more value 
from your own investment if you have 
plenty of written sources to refer to and to 
he lp you in applying it .  This is particu larly 
true if you are a begin ner. The more sources 
of information you have for the micro­
processor, the easier it wi l l  be for you to 
learn to use it. You should always con­
sider th is  factor before making your final 
decision .  

Upwards Compatib i l ity 

Upwards compat ib i l ity refers to the 
future of a given microprocessor. It tends to 
ind icate that a part icu lar microprocessor wi l l  
eventua l ly  be upgraded or replaced by a 
compatib le  device. Computer manufacturers 
found out early that upwards compatib i l ity 
was an extremely important part of their 
development and marketing strategy. The 
upwards compatib i l ity factor is t ied to soft­
ware. I n div iduals who pu rchase compu ters 
proceed to develop considerable amounts 
of thei r own appl ication software. I f  at 
a l ater date they decide to replace that 
computer, they must take i n to consideration 
the status of their appl ications software. I f  
the rep l acement computer is upwards com­
pati ble with the previous computer, the i r  
present software w i l l  run  on  the  new com­
puter. Because of the signifi cant amount of 
time and money invested in software, the 
desirabi l ity of upwards compatib i l ity is 
extremely important. If an entire ly  different 
microprocessor or computer is selected, it 
may be necessary for the users to completely 
convert or abandon their present software. 
This is h igh ly  undesirable s ince it involves 
throwing away a considerable investment. 

When considering a m icroprocessor, you 
shou ld  examine the concept of upwards 
compatibi l i ty .  W i l l  the microprocessor you 



se lect eventua l l y  be rep laced and upgraded 
by a compat ib l e  improvement? I f  so , it i s  
probab ly a good choice .  This  means that 
you w i l l  obta in va luab le  usage from your  
present computer but then u l t imate l y  up ·  
grad e to a more powe1·fu l system at a later 
date without any lo ss of software capab i l i ty .  
Most o f  the major microcomputer manu­
factU I·ers are qu i ck ly learn i ng the i mportance 
of the upwards compat i b i l i t y  concept .  

Software 

It seem s  a lmost un necessary to ment ion 
the importance of the software facto 1· in  
choosing a m icrocompute 1· .  Even a beg i nner 
qu i ck ly  \cams that the m inocomputer 
hardware i tse lf i s  use less without good soft· 
ware . Th is  means not on ly  good systems 
software that a l lows you to develo p you r 
own appl i cat ions programs ,  but a l so the 
ava i l ab i l i ty  of a wide range of "canned"  or  
p1·edeveloped programs wh ich can  be run on  
t he  computer .  Most computer hobby ists 
want to write and develop the i r  own pro ­
gl·ams. But the val ue  o f  the i r  systems i s  
h igher i f  they can  a lso 1·ead i \ y  obta in  other 
softwal"e that w i l l  ru n on  the i r  computers .  
A ll things considered, software and its 
availability is by far the most importan t 
decision making factor in choosing a 
microprocessor. 

ThCI"e arc two so ftware cons iderat ions 
which you shou ld make. F i rst ,  how easy i s  
the micmpmcesso1· to understand and 
program7  Second ,  how much software i s  
ava i l ab le  fm that panicu lar  dev ice? I n  the 
first case, the s imp l i c i ty of the  i n st ruct ion 
set and Mchitecture makes a great d i fference 
in learn ing to u se a m icrocomputer .  If t he  
instruct ion set i s  straightforwa1·d and  the  
arch itecture textboo k-l i ke ,  the  m ic ro co m­
puter wi l l  be easy to program and use .  Even 
a beg innN wi l l  learn to use it qu i ck ly  and 
obta in satisfactmy resu Its .  

In the second case, how much software i s  
ava i l ab le  for t h e  minoprocessor? I f  the 
mi croprocessor i s popu iM and very wide ly 
used , chances are  there  i s  a tremendous 
amount of software ava i l ab le .  Programs are 
l i sted in magazi ne art i c l es or are ava i l ab l e  
fo r sal e .  Regardl ess of  the source, if software 
is avai lable for the mi cropmcessor, then the 
cho ice is a good one .  The l ack  of avai lab le  
software i s  a c l ear i nd i cat ion that the proc­
esso r i s  not wide ly  used and that you w i l l  
have to  develop most of the  software your­
se lf should you choose i t .  Software shou ld  
be  your  s ing le  most important cons iderat ion 
i n  choos ing the  m icropro cessor .  A l l  other 
factors, speed,  cost and comput ing power 
are practi cal ly  irre levant or  at  l east far less 
important than t he  software cons iderat ion .  

Our  Mode\ 60 is called "The 
Blue Box" by thousands of 
users. This compact u nit 
packs the most testing capabil­
ity per dollar. Pinpoi nts the 
source of trouble between the 
Modem and Terminal . Pro­
vides access to all 25 l ines of 
the E\A RS 232 interface. Has 
1 2  monitoring LED's plus two 
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voltage-sensing LED's .  24 
min iature switches al low iso­
lated testing and observation 
of al l  s ignals .  M in i-j u m pers 
i ncluded for cross-patching 
and s ignal  m onitori n g ,  Sturdy 
1 0  oz. un it has hard plastic 
case, is  battery powered ,  reg­
u lar or  rechargeab le . I m­
mediate delivery. ;;•oj) INTERNATIONAL 

DATA 
SCIENCES, INC. 

1 00 Nashua St., Prav., R.I. 02904. Tel . (401 ) 274-5100 TWX 71 0-381-0285 
EXPORT EMEC. BOX 1285, HALLANDALE; FLORIDA 33009 

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 
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(a) 

(b) 

{c) 

Shown at {a) is the Heathkit H8 computer, which uses the 8080 processor 
to provide general purpose computing capability. It is typical of a number of 
units based on the popular 8080, Z-80, 6502 or 6800 processor integrated 
circuits. Other examples of personal computers include the Cromemco Z-2 
(b), and the Equinox 700 {c). 
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The Big Four 

Of a l l  the microprocessors l i sted earl ier, 
four are clearly the most popular and widely 
used . I t  i s  probably safe to say that these 
four devices accou nt for more than 90 per­
cent of all m icroprocessors used in personal 
computi ng systems. I t  is strongly recom­
mended that you choose one of these four 
devices when selecting your m icrocomputer. 

The microprocessors most widely used i n  
hobby and personal computers are the 8080, 
the 6800, the 6502 and the Z-80 in that 
order. You won 't go wrong if  you choose 
one of these four  m icroprocessors. A con­
s iderable amount of software is avai lab le  for 
each and there is evidence to support the 
concept of upwards compatib i l ity. Let's 
take a look at each of these devices and 
analyze its present capab i l it ies and futu re 
potentia l . 

8080 
The I nte l 8080 microprocessor was the 

first of the second generation 8 b it  m icro­
processors. Because it was first, it read i ly  
captured a large portion of the 8 b it proc­
essor market. Later second generation 
microprocessors such as the 6800 had a 
more d ifficult t ime i n  penetrat ing the mar­
ketp lace s imply because of the great lead 
that I ntel he ld . The 8080 was announced in 
1 973  and even today desp ite inroads by 
other 8 bit m icroprocessors, the 8080 is 
sti l l  "k ing of the h i l l . "  

Whi le the arch itecture, speed and com­
puting power of the 8080 are not spectacu lar 
when com pared with other chips, it is 
nevertheless a u seab le  device . It h as proven 
its worth and value  time  and time again  
not  on ly in ded icated industrial control 
appl ications but also in stand alone general 
purpose microcomputers. It is so widely 
used and well docu mented that it i s  by far 
one of the best choices you can make. I n  
add it ion ,  there i s  more software avai lable for 
the 8080 than for any other 8 b it m icro­
processor. Whi le  exact data is d ifficult to 
obtain ,  an est imate I have seen c la ims that 
over 60 percent of  a l l  8 bit microprocessors 
in use are 8080s. 

Another factor that the 8080 has go ing 
for it is that upwards com patib l e  devices 
are avai lab le .  I ntel 's new 8085 microproc­
essor is an improved 8080 . By using the 
8085, you can develop a m icrocomputer 
with greater capabi l it ies than the 8080 . The 
8085 uses fewer support chips sin ce the 
clock and system contro l ler fu nctions nor­
mal ly  requ i red for the 8080 are effectively  
bu i l t  i n to the 8085. I n  addition, the 8085 
uses a single power supply el iminating the 
additional two supp l ies requ i red by the 



8080 . An added bonus is that the 8085 
operates at a h igher speed and has several 
more instructions. 

Another u pwards com patib l e  device fo r 
the 8080 is the wel l  known Z-80. This 
device is a newer and more powerfu l micro­
computer with far greater capab i l ities than 
the 8080 . Neverthe less, the Z-80 was de­
signed to inc lude the 8080 inst ructions so 
that software written for the 8080 wi l l  a lso 
run on the Z-80. The 8080 instruction set 
is in effect a subset of the Z-80 i nstruction 
set. The Z-80 is not on ly faster but has 
nearly twice as many instructions making it 
a far more powerfu l microprocessor. L ike 
the 8085, the Z-80 requ i res fewer external 
support chips and on ly a s ingle 5 V power 
supply in contrast to the 8080. 

Evidence of the popularity of the 8080 
can be demonstrated s imply by l isting the 
number of personal computer manufactu rers 
who use the 8080. A probably  incomp lete 
l i st of manufacturers of 8080 systems 
includes: 

Digital Group  
E&L I nstruments 
Equ inox 
Heath Co (H8) 
IMSAI  (8080) 
M ITS (Altair 8800b) 
PolyMorphic 
Processor Technology 
Vector G raphic 

There are more 8080 based personal com­
puters than any other type. 

Another consideration is the number· of 
second sources avai lable for the ch ip itself. 
As ind icated earlier, the number  of second 
sources is a clear evidence of the popu larity 
of a particular microprocessor. Semicon­
ductor manufacturers typica l l y  wi l l  not 
gear up  to second source a device un l ess 
there is a large demand and an identifiable 
market for that device. A l ist of supp l iers of 
the 8080 is given be low. 

I ntel (the original 8080 design ) 
Advanced M icro Devices 
Texas I nstruments 
National Semiconductor 
N EC (Nippon E lectric) 
Siemens 

Again, there are more second sources 
for the 8080 than for any other 8 bit 
microprocessor. 

Another factor to consider is the bus 
design associated with the 8080 based m icro­
computers. The popu lar M ITS Altair or 
S-1 00 bus is used by most of the manu­
facturers incorporating an 8080. The S-1 00 
bus is in effect an 8080 bus. The signals 
defined on that bus are pecu l i ar to the 
8080 . The S-1 00 bus over the past several 
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The world's only 
single .. chip LSI Universal 
Printer Controller is here! 

The very low-cost new 40-pln CY-480 controls ANY standard 5 x 7 dot matrix 
printer with print speeds up to 200 cps! The new CY-480 Universal Printer 
Controller from ()ybernetic Micro Systems is the first-and only-40-pin LSI 
device Yihidi will control and interface any standard 5" x 7" dot matrix printer 
(Including those from Victor, LAC, Practical Automation and Amperex) having a 
print speed up to 200 cps. It operates from a single +SV power supply and will 
tnterface a printer with any microcomputer or minicomputer system through 
standard 8-b� ports. The CY-480 accepts either serial (RS232C) or parallel ASCII 
input from the host system's data channel. 
The CY-480 replaces bulky, expensive dedicated controllers. The small, 
single LSI package offers a 5 x 7 dot matrix character generator, full upper and 
lower case ASCII 96-character font, and a 48-character (expandable to 96) 
lntemJ!I Iine buffer storage. Standard are a 10, 12 or 16 characters/Inch variable 
charaCter density command, 2·color selectable print command, forward/backward 
printing command, and horizontal and vertical independently expanded print 
command. The CY-480 provides graphics capability and includes a '11ip-print" 
operati"!1 mode for 180" viewin(l. Ready lines provide full asynchronous 
communications with handshaking, and an optional foreign language character 
generator is available. 

New low price! $35 a single unit! 

CYBERNETIC MICRO SYSTEMS 
· 2378-A Walsh Ave. • Santa Clara, Calif. 95050 

Phone (408) 249-9255 L---------------------� 

MICRO BUSIN ESS SOFTWARE 
AS YOU WOULD EXPECT ON A LARGE COMPUTER 
AS YOU WOU LD EXPECT TO PAY ON A M ICRO 
No w available-fast  running, professional 

business software. 

Designed for use with CP/M T . M .  

Written in FORTRAN 

General Ledger - Designed for CPA's, general ized, flexible, 
200 accounts, 9 levels of totals , cu rrent and YTD percentages 
on P&L, forces balancing entries, verifies accounts are va l id , 
multiple postings per period a l lowed, detai l selectable at run 
time, 1 /E total i ncl uded in Balance Sheet, Year End Pro­
cess ing and automatic backup of f i les. 

Payroll - Multistate, three types of local taxes, three perma­
nent and three temporary deduct ions, pr ints checks and com­
prehensive stubs, W2's, 941 's, a l lows mult iple entry of hours, 
can enter data for manually written check, can pay one or a l l ,  
salaried or hour ly, departmentalized reporting, tax tables 
changeable by user, and automatic backup of f i les .  

A ccounts Payable and A ccounts Receivable un­
der development. Customization and New 
Systems available up on request. 

G/L, P/R $775 each. A/R, A/P $495 each. Or $2250 for all four. 
User's Manual $ 1 5  each. 

E ngram Associates, I nc. 

1 1 60 1  R odney Parham R oad 
Little R ock, Arkansas 7221 2  

501 /227-8885 

Dealer Inqui ries I nvited. 
Arkansas Residents add 3% sales tax .  
Program l i cense agreement requ i red. 
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years has become nearly a standard .  Whi le 
not an offi cial standard , it does neverthe­
less provide the user with a wide choice of 
options and accessories fo r h is 8080 based 
m icrocomputer. However, keep in mind that 
the Altair bus became a de facto standard by 
virtue of being the first widely sold design . 
Many manufacturers jumped on the A ltair 
bus bandwagon when they started because 
it had a bu i lt- in marketing advantage; th is 
he lped snowbal l interest in the Altair bus .  
Whi le the A ltair (S-1 00) bus is certain ly not 
an optimum choice, it is strong inducement 
to many i nd ividuals s imply because so many 
peop le  are using it and so many accessory 
products are avai lab le .  By choosing an 8080 
m icroprocessor you wi l l  no doubt at the 
same time be choosi ng an S-1 00 bus. That 
isn 't all bad . Keep in  mind ,  however, that 
several 8080 designs on the market do not 
use the S-1 00 bus. Notab ly these are the 
Heath kit and D igital Group designs. 

6 800 

The second most popu lar and widely used 
microprocessor i s  the Motoro la 6800 . I t  was 
announced a lmost a year after the 8080 . 
Desp ite its t ime lag beh ind the 8080, the 
6800 has come from beh ind to capture a 
rather large fo l lowing. Whi le it is sti l l  not as 
widely used as the 8080, it is a clear-cut 
second p lace with many fo l lowers and 
supporters . 

The architecture of the 6800 is extremely 
s imp le .  I t  is a c lassic, a lmost textbook-l i ke 
design . I ts instruction set is easy to learn 
and understand .  And at the same time, it 
incorporates a variety of addressing modes. 
While it is s l ightly slower than designs l i ke 
the 8080 or Z-80, the 6800 makes up the 
lack of speed in its superior instruction set, 
architecture and addressing modes. 

A wide variety of software has been 
developed for the 6800 . This software is 
widely avai lab le to most 6800 users . 

The popularity of the 6800 can be i l lus­
trated by the number of hobby and personal 
computer manufacturers using the 6800. 
A probably i ncomplete l ist of these is 
given below. 

Southwest Techn ical Products 
(SwTPC 6800) 

Wavemate 
E lectron ic  Products Associates 
M ITS (Al tai r 680b) 
Digital Group 
Motoro l a  
MS I  
Heath Company 

A l ist of second sources for the 6800 
ch ip  i s  given below. 

Motoro la 
American M icro Systems I n c  
Fai rch i l d  
H itachi 

Un l i ke the 8080 , the 6800 does not 
appear at present to offer upwards com­
pat ib i l i ty .  I t  i s  poss ib le  that a more powerful 
6800 w i l l  be offered in the future. However, 
improved versions of the 6800 h ave been 
announced by Motoro la .  They i nclude 
features such as on-ch ip  clock and memory 
and h igher speed versions .  These i mproved 
versions w i l l  he lp  lengthen the l i fe of the 
6800 . 

A l l  i n  a l l ,  the 6800 is a we l l  estab l ished 
m icroprocessor .  You w i l l  certai n ly  not go 
wrong in choosing th i s  device in  your 
microcomputer. 

6502 

The MOS Techno logy 6502 is essential ly 
i n  th i rd p lace in the hobby and personal 
computing fie l d .  Th is  device i s  very s imi lar 
to the 6800 . There are a number of d if­
ferences i n  that the 6502 does feature an 
on-ch ip  c lock, on ly  one accumulator, and 
d ifferent indexed address ing modes. I t  
i s  widely used i n  hobby and  personal 
computers. 

Due to the large number of K I M -1 com­
puters in the fie ld , the 6502 does have an 
enthusiastic fo l lowing of users and an in ­
dependent users ' pub l i cation .  

Some of the personal computers using 
the 6'502 are l i sted be low.  

Ohio Scientific I nstruments 
Apple Computer 
MOS Technology ( K IM -1 ) 
Commodore PET 
M icrocomputer Associates J O LT 

At the present t ime there are th ree 
sources for the 6502. These are MOS Tech­
nology , Synertek and Rockwe l l .  

Wh i le the  6502 is  way down the l i st i n  
terms of popu larity when compared with the 
8080 and 6800 , it is sti l l  a widely used 
device. L ike the 6800, it is s imple to learn 
and use. It is a p ractical choice for a per­
sonal computer. 

Z -80 

The Z-80 is one of the most popular and 
certain ly the most tal ked about 8 b it  micro ­
processor of 1 976 and 1 977 .  Wh i l e  it was 
introduced a number of years after the 8080 



SERVICE!!! 
TIRED OF WAITING 2 MONTHS? 

National Digital 
Diagnostics ... cAN HELP!!! 

Your t>quipmtnt is ordiiUJrily on its way 
homt within 5 dilys of its arri.,al. 

SPECIALISTS IN SERVICING O F '  

All S- 100 Bus Micro Procusors & P�ripherels, T T L  Cir· 
cuitt, "Horne Brew P rojKb", other Micro Processors. 

SA LES 

W t  se l l  computer equipment from major menufacturers 
at the lowest prices in N. Y .C. 
We also Jell previously owned microcomputers and peri­
phertls 11 super low prices. 

We Ire OPEN 7 DAYS A WEEK for the convenience of 
the hobbyist and small businessman. 

MON-FRI 5pm-7pm, SAT 10em-Spm, SUN 1 0em-2pm 

NATIONAL DIGITAL D I AGNOSTICS 
80 5th AVENUE, RM. 1 206 

NEW YORK, N.Y.  1 001 1 
1212 )  929·1694 
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ot�\\4 MEGABYTE cOTAPE RECORDERI 
QUAD 5 CHANNEL 1/4" TAPE 
TRANSPORT, ONE FURNISHED 9 oJ!,- LOGIC F O R  AUTO SELECT, REWIND, E O T, 
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HIGH 1 9 " W I D E  20"DEEP, WT 85 LBS, FREIGHT COL. 
USED-GOOD COND-LIMITED QTY. DATA BOOK $ 1 0.'-' 

.025 SQUARE PIN PUSH-ON TERM INALS, 
FOR JUMPERS - PATCH-POWER-PLUG REPAIR, ETC., 
HARD TO F I N D !  10/$0.50 100/$4.50 
PC LEAD CAPACITORS 20/$ 1.00 
70PF N1500 IOOVOLT 5% DISC } 
120 PF IOOVOLT 5 %  DISC 6 PAX 
.01 MFD 200VOLT TUBULAR CERAMIC :gg��;g 1�0

o
0
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.006 8 M F D  IOOVOLT SQ. DIPPED POLY 
. OIMFD 50VOLT 5% POLY TUBULAR, LONG LEADS, 

10/$1.00 100/$7. 5 0  

,....,..-,..- BI-PIN BASE T-1 3/4 1 2V 40MA '-..I....__J.- INCANDESENT 10/$1.00 100/$9.00 
CORE MATRIX STRIPPED FROM COMPUT 
ERS - 8  PLANES -NO DRIVERS-NO DATA­
As IS -NO RETURN. 256+BYTES $19.95, IK BYTES 
$27.95, 4K+ BYTES $ 39.95. 2 ONLY 1620 ASS'Y 
GOOD COND EACH $125.00 
CARD GUIDE a FRAME-15PR-5 112H 5 1/4W 12 1/2L; OR 
15 SOCK ETS ELCO NO. 700B-035-163-002 ON RAILS, 
YOU STRIP-CHOICE $9.95 EACH. OTHER SURPLUS­
SEND $1.00 FOR LIST OR CALL 817-625 - 2 9 6 1 ,  M C ,  
B A C ,  VIZA ACCEPTED. $10.DO M I N I M U M  ORDER 

J S. E E L ECTRONICS SALES 
P 0 BOX 4504, FT. WORTH, TEX, 76106 
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Excess 
Inventory Sale 
Price Reduced Over 50% 

• G E  Term i N et 3 0  Data 

• M ITS M icro Computer 

• M ITS Circu its Boards 
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0 SC:C>PE I> ..a.. T ..a.. 
I N C O R P O R A T E D  
A SUBSIDIARY OF SCOPE INC .• RESTON. VA. 

P R I N T E RS FOR S A L E  
• A  L o M I T E D Q U A N T I T Y  O F  U S E D  

E L E CT ROS E N S I T I V E N O N · I M P A CT P R I N T E R S  

A R E  A V A I L A B L E  F ROM T H E  M A N U F A CT U R E R  

• A S  I S  W A R R A NTE D T O  W O R K  O R  
W I L L  R ECON D I T I O N  TO L I K E  N E W 

• 300/ 1 2 0 0  B A U D ,  2·10 C P S ,  8 0  C O L  

B U F F E R E D ,  S E R I A L  O R  P A R A L L E L  

• R E C E I V E O N L Y  A N D  K E Y B O A R D  

S E N D/ R E C E I V E  F O R  CRT H A R D  COPY O R  

P R I N T E R  T E R M I N A L S  

• T H E S E  P R I N T E R S  O P E RATE W I T H  

R A D I O  S H A C K .  TRS·BO,  H E A T H K I T , I �I S A I .  

L E A R  S I E G L E R .  A D D S .  H A L E LT I N E  & O T H E R  

S Y S T E o\IS 

• P RICES START A T  S39S.OD EACH 
-CALL OR W R I T E  

WALT PL YTER,  SCOPE DATA, INC.  
3 728 S I LVER  STAR RD. 
ORLAN DO, FL  32808 (305) 298-0500 

Ci rcle 3 1 2  on i nquiry card. 

MICRD-VCRTCR 
A S P E C I A L  C O L O R  M O D U L A T O R  F O R  A P P L E  II U S E R S ! !  

U H F  Vers1on. Operates :a b o v e  channel 1 4 .  E l i minates worms! 

Operates above the SWitching harmoniCS of the computer, 

thereby y1eld1ng a cluner. worm-free picTUre. Tunable 

over a m1n1mum of 4 channels. Interfaces directly with 

the Apple I I  as well as most oltter micros. Comes with 

Yldeo cable and RF output stub coupler. Two-toned cowl 

type dec orator cabinet. Siu: S.Scm J S . S cm x I I .S c m .  

P o w e r : + S V .  Current approx. I rna. Self-powered w i t h  4 

pence I I  baneries. Operating lite in excess ot I ODD hours 

or neou shell-lite of baneries. E x cellent stability. Precise 

frequency adjustment, N o  assembly required ncept tor 

installation of baMeries�ied, MOD E L  MVX-500. 

A V A I L A B L E  FROM Y O U R  L OC A L  C O M P U T E R D E A L E R  
o r  direct from A T V  RESE A R C H .  C O S T  including shipping 

anywhere in USA and Canada- SJ5.00, 

" P I X E· P L E X E R "  An IC type v i deo-to· R F  modulator 

includes FM sound sub-carrier, color subcanier and 

separate R·Y and B·Y inputs. Des igned around ltle 

LM-1889 chip. A desi gnerS dream wiftl full data sheets. 

Model P X  P-4500. Kit form. $24.50 postpaid. 

" P I X E · V E R T E R "  T h e  original computer video-to·RF 

interface module, kit form: S8.50 Model P X V-2A � PHOHE or WRITE TODAY. DIAL 402-981-Jlll • .-=-: 
� 

13-B Broadway AT�h Oakota City, ::
T�i 

Circle 1 7  on inquiry card. 

S U R P L U S  E L E C T R O N I C S  

ASCI I  

I BM SELECTRIC @ 
BASED 1/0 TERMINAL 

WITH ASCI I  CONVERSION 
I NSTALLED $695.00 

• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Supplies 1 2V 1 5A, 1 2V25A, 
5V35A Others, • Displays 
• Cabinets • X F M RS • Heat 
Sinks • Printers • Components 

Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
10 FLAGSTONE D R I V E  
HUDSON, N . H .  03051 

Phone orders accepted using V I SA 
or MC. Toll Free 1 -800·258·1 036 
In N.H.  603-885-3705 

Circle 395 on inquiry card. 

!!!JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII � 
= = i Infinite Programming Possibilities i 
= = � Microcomputer Handbook by Charles J Sippi defines the Top-down Structured Programming Techniques. What is � 
:= present state of computer technology very wel l ,  con- structured programming? Clement L McGowan and § § centrat ing on both hardware and software. Lucid and John R Kel ly answer this question i n their lively, § § complete glossaries are combined with a variety of wel l -written book, Top-down Structured Program- § 
§ i l lustrations. Topics covered i nc lude: microcom- ming Techniques. Discover the three basic types § 
§ puters--where they are, what they are doing, and of fl owcharts and how to opt imize them . One § 
§ what is next; kits; distributed i n te l l igence; and section deals with the best ways to manage pro- § 
§ why the new systems are easie r to use. The grams being written by a team of programmers. S 
§ book was written by a computer industry lee- An important feature of this book is its univer- § 
§ turer and consultant and is h ighly recom- sality : practica l ly any program in any language § 
§ mended for the i nte l l i gent lay person as wel l  as can be improved by us ing the ideas described § 
§ for professi onals and experimenters . The glos- in it. 288 pp. $1 5.95 hardcover. § 
§ saries alone are worth the price of the book- § � don't miss this one! This hardcover reference is For convenience in ordering, please use the order � 
§ only $1 9.95. form on page 83 , writing in the books you want. § � IDJJ�- The Microcomputer Bookstore cALL vouR BANK  cARD  oRDERs � 
S Kl � 25 Route 101 West, Peterborough NH 03458 . 

TOLL F R E E  1 -800-258-5477. § 

iJUUIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIJUIIIIIIIIIIIIIIIIIIIIIIIIIffi! 
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(d) 
(a) 

(b) 

(c) 

Several firms manufacture microprocessor trainers like these. The unit 
at {a) is an E& L Instruments MMD- 7 8080 based trainer, shown with a 
tape recorder for mass storage and documentation. The unit at (b) is the 
Heathkit ET3400 trainer, based on the 6800 design. The unit at (c) is the 
MOS Technology KIM- 7 single board 6502 computer, probably the most 
widely sold board in personal computer experimental circles. The unit at 
(d) is a Motorola 6800 training kit available from the manufacturer. (These 
photos supplied by the respective manufacturers.) The training computers 
tend to have limited memory and limited peripheral capability, but excel­
len t documentation designed to train technical people in the operation of 
a particular computer and in general principles of computer controlled 
systems. 

134 july 1978 <!J BYTE Publications Inc 

and 6800, it has managed to capture a 
sign ificant portion of the microprocessor 
market. It has a lso been wide ly accepted in 
hobby and personal com puting. Because 
it is essentia l ly  an improved and more 
powerfu l 8080 , the Z-80 can be considered 
a part of the 8080 movement. Nevertheless, 
it deserves some attention on its own.  

Some of the  personal computers u sing 
the Z-80 are l i sted below. 

· Technical Des ign Labs 
Cromemco 
D igital Group 
Rad io Shack 

The Z-80 also has two pr imary suppl iers . 
These are Z i log and Moste k .  

S ince the Z-80 wi l l  ru n most 8080 soft­
ware , it is an exce l l ent cho ice with respect to 
software . Besides the upwards compati­
b i l ity and software factors, the Z-80 is also 
far more powerfu l .  It runs at a h igher speed , 
has a larger instru ction set and more soph is­
ticated add ressing modes . The Z-80 is  per­
haps the best 8 b it m icroprocessor currently 
on the market. 

Despite these advantages, the several Z-80 
based processor boards developed as replace­
ments for S-1 00 based m icrocomputers have 
not been a l l  that popular. It is d ifficu lt for 
the owner of an 8080 based A l tair bus 
microcomputer to justify a three or four  
hundred do l lar expense s imp ly to replace 
an 8080 processor with a Z-80. Whi le you 
sti l l  maintain software compatib i l ity, the 
Z-80 provides the add itio nal benefits of 
greater computing power and speed . How­
ever, most hobbyists do not requ i re the 
greater power and com puting speed .  The 
capabi l ities of the l ess powerful 8080 are 
more than adequate. 

Choosing a microprocessor for a m icro­
computer design is an agon izing process. Yet 
once a l l  of the factors are considered, the 
choice narrows down rather q u ickly. For a 
general purpose microcomputer, most de­
s igners circa 1 975 to 1 977 qu ickly identified 
the four  choices given above. Choosi ng 
among them then becomes somewhat sub­
jective. I was personal ly involved in making 



a decision for the microprocessor of the H8  
Heathkit computer. When that choice was 
made in early 1 97 5, the Z-80 was not 
avai lab le .  The 6502 was a fair ly new device 
and no second source was avai lab le .  Th is  
narrowed the choice rather qu ickly to the 
8080 and 6800 . At that time the 6800 had 
not penetrated the 8 bit market as much as 
it has now. As a resu lt ,  not as much software 
and documentation support were avai lab le. 
Because of this, the 8080 became the most 
obvious choice in our p l ann ing. Today, even 
with the greater penetration of the 6800 and 
the announcement of the 6502 and the 
Z-80, the choice of the 8080 for the Heath kit 
H8 was sti l l  a good one .  The 8080 sti l l  has 
sufficient computing power for nearly any 
hobby and personal computing app l i cation .  
But today with more choices avai lable, the 
6800 , Z-80 and 6502 are certai n ly  viable 
alternatives . At some point in  the decision 
making process, techn ical capabi l ities, speci­
fications and other factors become meani ng­
less and the cho ice is made strictly on  
subjective o r  emotional grounds .  

What About the Others? 

What about al l those other microproc­
essors wh ich are avai lable to the hobby and 
personal computing user? Why shouldn 't  a 
hobbyist consider these devices as wel l ?  The 
answer is a difficu It one.  F irst the other  
microprocessors are certain ly  capab le  of 
producing the same or even improved per­
formance over the most popular devices in 
use. However, s ince they have not been 
widely adopted by m icrocomputer manu­
facturers ,  most of them are s imply not 
avai lab le .  

2650 

The Signetics 2650 is  a good example . 
This device was announced wel l  after the 
8080 and 6800 . However, it is a su perior 
design in many ways. The 2650 is  in effect 
more l i ke a min icomputer than a micro­
processor. It i s  extremely powerfu l in that 
it has a superior arch itecture and powerfu l 
instruction set .  I t  a l so operates at a h igh 
rate of speed . Yet th is device never real ly 
caught on. Today there are no wide ly used 
hobby and personal computers avai lab le 
using this device. As a resu lt, there is l i m ited 
software avai lab le for it .  For the homebrew 
experimenter th is device may be an exce l l ent 
choice provided he is w i l l i ng to develop his 
own hardware and support software . 

SC/MP 

The National SC/MP is another very 
interest ing 8 bit m icroprocessor. It is per­
haps one of the s im plest and lowest cost 

Circle 6 on inqui ry card. 

N O RTH STA R BAS I C  P ROG RAMS 
H U N D RE D S  SOLD, EACH SYST E M  COM P L ET E  ON D I S K ETTE 
R E ADY TO R U N .  WO R D  PROC E S S I NG, NORTH STA R T U TO­
R I A L  I, NORTH STAR T UTO R I A L  I I  (TEACHES NO RTH STA R  
BAS I C) ,  ACCOUNTS PAYAB L E ,  ACCO U NTS RECE I V A B L E ,  
PAYRO L L, G E N E RA L  L E DG E R , M E D I CA L-PROF ESSION AL, 
B I L L I NG ,  SALES WITH SALES A N A L Y S I S  A N D  G ROSS PRO· 
F I T, I N V E NTO RY, H I STOG R A M  G E N E RATO R, COM P U T E R  
CH ESS, M A I L I NG L A B E LS. $35 .00 each. 

SO FTWA R E  LOCAT E R  ( LOCAT E, I N D E X- F R E E  SOFTW A R E ) ,  
CHECKBOOK B A L A N C I N G ,  BOW L I NG·GO L F  H A N D I CA P P E R ,  
CO I N  CO L L E CT I O N  I N V E NTO RY, I M PO RTANT DOC U M E NT 
LOCAT E R, B U DGET P LA N N E R, G A M E  D I S K .  $ 25.00 each. 

IQ TESTE R, CO M P U T E R  M E MO R Y  D I AGNOST I C  PE RSO N A L  
F I NANCE, B US I N ESS F I NANCE,  B I O R H YT H M  G E N E RATOR, 
D I ET PLANN E R, C RYTOG RAPH I C  E N CO D E R, M AT H  TUTOR, 
A SO RT U T I L ITY. $ 1 5.00 each . 

EQUIPMENT REQUIRED, SINGLE DRI VE, BK FREE MEMOR Y, 
PRINTER OPTIONA L. 

TRS·80 LEVEL I & I I  (ON CASS ETTE ) STOCK M A R KET A N A LYS IS ,  
G RAPHICS,  TREND L I N E  ANA LYSIS ,  BUS I N ESS A PPLICATIONS.  $ 1 5 .00. 
BLANK D IS KETTES $3 .80 ( U N D E R  T E N  O R D E RE D ,  A D D  $ 2.00 FOR 
S H I PP I N G ;  OVE R TEN SHIPPED POSTPA I D ) . 
CPM COMPATI B L E  BAS IC PROGRAM L IST INGS  A LSO AVAI LABLE .  

SOF T WARE 
D E PT.  1 1  P .  0 .  BOX 2 528 
O R A N G E ,  CA 9 2669 

Circle 291 on inquiry card. J uly .1978 © BYTE Public.rions Inc 135 



Circle 330 on i nq u i ry card.  

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 $1 5.00 
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 C11Y, CA 91 608 
(cal residents add 6% sales tax) 

•£• � ./.A:  8 ��5 GITAL] .IL 
8K STATIC RAM 

ASSEM BLED 

RELIABI LITY QUALITY DEPENDABI L ITY 
ON-BOARD SWITCH WRITE PROTECTS!UNPROTECTS All6K 
OR EACH 4K BLOCK CAN BE PROTECTED VIA FRONT PANEL 

AU. S-100 BUS LINES ARE FULLY BUFFERED 
ONE LS·TIL 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 

ADDRESS ING 

PROTECT 
BUFFER ING 

LOW POWER  

WAIT  STATES 

QUAL ITY  

GUARANTEE 

D EL IVERY 

P H A NTO M 
TEST ING  

FULL SOLDER MASKS ON BOTH SIDES. FLOW SOLDERING, GOLD CONTACTS 

SPECIAL 
( 7 14 ) 992 - 5540 

IF NOT SATISFIED RETURN THE UNDAMAGED 6KRS WITHIN 
10 DAYS FOR FULL REFUND · ALSO 90 DAY UMITED WARRANTY 

STOCK TO 30 DAYS · CALL BElWEEN 8:30 AND 6:00 TO RESERVE 
YOUR BKRS OR FOR MORE INFORMATION 

MEMORY DISABLE IS IMPLEMENTED VIA PHANTOM !PIN 07) 

COMPlETE TESTING NOT ONLY OF ALL MEMORY CEU.S BUT ALSO 
OF All.. SUPPORT CIRCUITRY AND OPTIONS 

INTRODUCTORY 

PRICE 

ASSEMBLED I TESTED 

450 ns 250 ns 

$149� $189� 
CALIFORNIA RESIDENTS A D O  6% TAX 

2555 E. CHAPMAN AVE. 
SUITE 604 
FULLERTON, CA 92631 

i36 July 1978 © BYTE PubliCdlions lnc Ci rcle 294 on i n q u i r y  card. 

devices ava i lab le .  Because ii is so s imp le it 
does not offer the computing power of the 
other devices. Neverthe less , i t  is extremely 
easy to l earn and use. 

The main reason why the SC/M P  has not 
been widely used i s  that again no hobby and 
personal computer manufacturer has selected 
it for its processo r. National Semiconductor 
does provide several deve lopment k its that 
have found some i nterest in hobby and per­
sonal computing fie lds .  I n  add ition ,  National 
has developed a BASIC-l i ke language cal led 
N I BL that was developed w ith the hobby ist 
in m ind .  For the homebrew enthusiast, the 
SC/MP is a good choice . 

1 802 

The RCA 1 802 is another interesting 8 
b it  m icroprocessor .  Th is  is a CMOS device 
wh ich has extremely low power d iss ipation . 
I ts low power d issi pat ion has led to incor­
poration of the 1 802 design into one wel l  
known experimente r 's project, the next 
se ries of AMSAT rad io amateu r  sate l l i tes . 
Aga in ,  no hobby and personal computer 
manufactu rer has selected th i s  as the pr i ­
mary processo r of a general purpose com­
puter .  The arch itectu re and i n struction set 
of the 1 802 is pecu l ia r  and thus more d iffi ­
cu lt to use than other devices. L ittle or no 
software i s  ava i lab le .  Nevertheless, the 1 802 
is relat ively easy to u se and the homebrew 
hobbyist may fi nd it a desirable choice. 
RCA makes several development k its that 
serve as a good start ing point, one of wh ich 
is in tended as a low cost hobby computer .  

F8/3870 

The F8/3870 m icroprocessor i s  another 
wide ly used 8 bit m icroprocessor .  The F8 
i s  effectively a two ch i p  m icroprocessor 
featuring a ROM on one chi p .  The 3870 is 
MOSTE K's version of the Fai rch i l d  F8 in 
a s ingle ch ip form.  Neither of these devices 
has caught on for hobby and personal com­
pute r use. Only one hobby and personal 
computer manufacturer ever announced an 
F8 based mach ine  and the company wh ich 
manufactured it appears to be no longer i n  
busi ness. Both the F 8  and the 3870 micro­
processors were not designed for general 
purpose computer app l icat ion . I nstead, they 
were designed to be hardwi red d igital logic 
replacements. These are the m icroproc­
essors that were designed to be bu ried i nside 
of equ i pment as control l ers. As a result they 
make very poor choices as general pu rpose 
d igital computers .  

The same i s  true of the  new I ntel 8048/ 
8748 . L i ke the F8 and 3870 , the 8048 i n ­
corporates a l l  circu itry on one  ch ip .  Th is 
inc lu des the processor, c lock, both pro-



CANADIANS! 
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 
ASS M :  $ 1 245.20 

Canadian Duty and Federal Tax lncludad 

Hobby systems from $999.00 (Kit). 
Business/engineering systems from 

$1 1 ,900.00. 
(Assembled and I nstalled*) .  

Educational d iscounts 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 .. k 
Cybernetics � 

Box 1 448, Calgary, Alta. T2P 2H9 
Phone (403) 283-8076 

(Installation outside Western Canada extra). 

Circle 309 on inquiry card. 

DIABLO 
TERMINALS ! 
L I MITED O F F E R  

HYTYPE I TERMINAL 
$1 595.00 

30 character per second 

Daisy wheel printer 

AS·232 serial interface 

Also: 

HyType I I  
NE C Spinwriter 
Qume 
Sanders 1 2/7 
Centronics 
Univac 

Complete line of 
microcomputer products 

rn 1[1 111 IJ rn fl 111 T 
MICROCOMPUTERS, P E R IPHERALS AND SOFTWARE 
1 0 1 5  Navarro San An1onio. T X  78205 51 2/222- 1 427 

Circle 231 on inquiry card. 

Engineers 
Hardware/Software 

Our clients are stepping up 
their engineering effort! 

Growth positions in the 15-40K 
range are available with manufac­
turers of sophisticated systems. Di­
verse areas include Graphic A rts, Text 
Handling Systems, Micro-Based Con­
trollers, Manufacturing Systems, and 
Communications. 

H A R DWA R E - Design capability in 
TTL and C M O S  Devices. Peripherals, 
and C P U .  

S O FTWA R E - R e a l  T i m e  Operating 
Systems, Compilers, and Data Base 
Design - DO S .  

Call u s  a t  603-888-5500 (collectl or 
send us your resume - in confidence, 
of course. 

Touchstone Associates Inc. 
Engineering / E D P  M gt Consultants 

104 D .W . Hwy . ,  Nashua , N . H .  03060 

Circle 376 on i nquiry card . 

SAVE $10.00 

LAST a-IANCE to get the popu­
l ar OP-80A at the ol d $74.50 
price. Due to i ncreasing costs, 
there wi l l  be a modest price in ­
crease (our fi rst) in  the OP-80A. 
Effective j u ly  31 the price wi l l  
be $84.50 Kit - $99.95 A & T. 

Ol iver Advanced Engineering, I nc. 
676 W. Wi lson Avenue 
Glendale, Calif. 9 1 203 

Circle 292 on inqu i ry card . 

DAJEN/TELETEK 
K�====���K====��K-====�w 

Dajen E lectronics has merged 
with Teletek to provide greater 
customer service. We continue 
to offer the System Central 
I nterface, and the Universal 
Cassette Recorder I nterface. 
Cal l or write Ann Roberts for 
order and information. 

- --

T eletek Enterprises, Inc. 
11505 B Douglas Road 

Rancho Cordova, Ca 95670 

916-351-0535 

Circle 371 on inquiry card. 

D I SK ETTES 
VERBATI M for Your DRIVE 

MINI Soft Sector sa 90 Ea. in 10 Sector boxes 
16 Sector • of 10 

STANDARD S4 1 0 ��x!� Soft or Hard Sector • of 10 

CP/M 1 .4 b'i��&
r
�ho

s
r'��n $1 45 

PLASTIC BOX 1%r Ji�
a
k��;� sa 

HAZELTINE CRT 1 500 ����es1 000 
Complete 1•2•3 Computer 51 45 System: Hazeltir.e 1500, $ 
Horizon-2, Centronic 779 
Visa, Master Charge, Cash, C.O.D. 

MAN liNt� 1 tH tUUirMtrH liO., Inc. · 
30 Midland Ave. • Hicksvil le,  N.Y. 1 1 80 1  

Call Collect: (5 1 6) 433·06 1 3  

Circle 21 7 o n  inquiry card. 

ATTENTION MOTOROLA 

M EK6800D2 USERS 

4 Slot Card Rack 
Designed Speicifical ly for the 

M EK, M MS68104 M EMORY 
BOARD, EXORciser, and 

M icromodule Boards. · 
Kit $64.95 

Assembled $79.95 
Check, Money Order, VISA or MC 
add $2.00 shipping,  PA. residents 

add 6% sales tax. 

DEALER I NQU I RY WELCO M E  

PENTEC, I N C. 
P.O. Box 1 48, Whitehall, PA. 1 8052 

Circle 299 on inquiry card. · 

USR- 3 1 0  
ORIGINATE 
ACOUSTIC 
COUPLER 

Operates W1!h 

Also Available: 
Direct 1 Telco2 

Connect OAA 

Style Style 
USR·330 Orrgmate/Auto-Answer Modem 
USR-320 Auto-Answer Only Modem 

$314 1181 
1199 $160 

t l  r C.C. CerhlreC: Package. Connectron to phone hnes vra 
standard e.l.lens•on-phone tack l 

12 Connect•on to phone hnes v1a CBS· IOOIF OAA wh•ch can be 
leased lrom phone company lor appro1 $5 00/mo plus mstallatmn 
tee) 

INTERFACES' 
• USR-310 - RS232C only 
• USR 320 and USR-330 - RS232C and 20mA 

ISpec1ly w1th order II both 1nterlaces are requned. add SIO to 
unit pnce.l 

ALL UNITS FEATURE, 

• 0·300 Baud Data Rate • Fully Assembled and 
Tested • Stand Alone Umt 

• Hall/full Ouple1 
• 90 Day Warranty 

• Opt1onal Annual 
Mamtenance Coverage 

Pnces mclude sh1pp1ng and handhng m cont1nental U S  llhno•s 
Res•denls add 5'\. sates ta1 

U.S.  R O B OTI CS, I N C. 
801 5502 I Ch•cago. llhno•s 60680 I 13121·528·9045 

Circle 386 on inquiry card. 

BIT BASEMENT 
BARGAINS 

SOROC IQ1 20 lassbledj . . .  $869.95 

LEAR ADM- 3A [assbled] . . .  $859.95 

LEAR ADM - l A  [assbled] . .  $ 1 1 99 . 9 5  

1 6 K  R A M  BOARD [assbled] . $495.00 

2 SOnS 1 80 day warranty 

CENTRONICS 7 7 9  . . . . .  $ 1 1 39 .95  

M ICROPOLIS 1 042 Mod I . . $779 .00 

BIT BASEMENT 
P .  0. Box 1 7 1 9  

Santa Monica , CA 9 0 4 0 6  - (2 1 3) 322-9070 CE:J 
all items shipped FOB factory 

Circ;le 31 on i n
.
quiry card. 



(a} 

(b) 

Digital Equipment Corporation, the largest minicomputer company, 
introduced the LSI- 7 7 microprocessor based single board computer to 
extend its minicomputer line downward into the microcomputer world. 
This PDP- 7 7/03 system (a} is the DEC finished package based on the LSI- 7 7 .  
The Heath Company offers a version of the LSI-7 7 (b) which is called the 
H7 7 which is available at lower cost in partial kit form along 
with extensive documentation aimed at the personal computer kit builder 
and experimenter. These photos are supplied by Digital Equipment Cor­
poration and Heathkit, respectively. 
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grammable and read on ly memory, as we l l  
a s  i nput and output interfaces. The 8048 
was designed as a hardwired logic replace­
ment and not for general purpose d igital 
computer appl icat ion.  

What About 1 2  and 1 6  B it M icroprocessors? 

Without quest ion the trend in micro­
processor development is toward larger, 
more sophisticated designs. Wh i le  most 
m icroprocessor activity is centered around 
8 bit devices, there is clear evidence that 
s ingle chip 1 6  bit microprocessors wi l l  

eventual ly replace the 8 b it  u nits. As semi­
conductor techno logy i mproves, it w i l l  be 
just as easy to manufacture a 1 6  bit m icro­
processor as it is an 8 bit device . When that 
t ime comes, the price d ifferentia l  wi l l  be 
min ima l .  As a result, most purchasers of 
new equ ipment w i l l  go to the more powerfu l 
1 6  bit device over the 8 bit device, even 
though the com puti ng power avai lab le is 
overki l l  for the app l ication .  

There are a number of 1 6  b i t  micro­
computers and one 1 2  b i t  device now on 
the market. In  terms of overa l l  m icroproc­
essor usage, their popu larity i s  smal l .  But it 
i s  growing rap id ly as more devices are 
developed . As these devices are i n corporated 
in designs, the demand w i l l  go u p  and prices 
w i l l  decl i ne .  

Some of  the  manufacturers making a 
1 6  bit m icroprocessor are given  below. 

National Semiconductor PACE, 8900 
General I nstrument 1 600 
Data General m icroNOV A 
D igital Equ ipment Corp LS I -1 1 
Texas I nstruments 9900 
Fairch i l d  9440 

At present there are few hobby and 
personal computers based on 1 6  b it micro­
processors. Notab ly those that are avai lable 
are the Heath kit H 1 1  wh ich i s  based on the 
popu lar D EC LS I -1 1 and the Technico 9900 , 
based on the TMS-9900 part from Texas 
I nstruments. 

The reason why 1 6  b it m icroprocessors 
haven't caught on in personal com puting is 
that they have not beer widely adopted 
e lsewhere. The price is sign ificantly h igher 
than 8 bit devices and l ittle o r  no software 
is avai lab l e .  1 6  bit m icroprocessors are far 
more powerfu l and can process data much 
faster than an 8 bit m icroprocessor. How­
ever, for most personal computing appl ica­
tions such power is not necessary . 

At th is  t ime, the most widely used 1 6  
bit microcomputer i s  the DEC LS I -1 1 .  This 
particular computer has a wide fo l lowing 
among hobbyists because of the great DEC 
software base . I t  is an ideal choice for the 
advanced user. 

None of the other avai lab le 1 6  b it  m icro­
processors has yet caught on .  The first 1 6  
bit microprocessor avai lab le was National 
Semiconductor's PACE.  Despite its early 
l ead , PACE never became popular. 

The newer Texas I nstruments 9900 1 6  
bit m icroprocessor shows promise of becom­
ing one of the more popu lar 1 6  bit micro­
processors. This device may eventual ly be­
come the 8080 of the 1 6  bit microproc­
essors. Th is device i s  gain i ng acceptance in 
many areas . I t  is a powerfu l ,  general pu rpose 



device. I n  addit ion, much of the software 
avai lable for Texas I nstruments m in icom­
puter l i ne i s  compatib l e  and could poss ib ly 
be converted in the future for use on th i s  
device . F inal ly, Texas I nstruments i s  one of 
the largest and most aggressive semicon­
ductor manufacturers. They have the manu­
facturing and market ing power to support 
and promote this device . Watch for it i n  
future designs. 

The Micro NOV A is another very power­
ful 1 6  bit microprocessor. It can effective ly  
run  a l l  of  the software avai lable for the 
popular Data General NOV A l i ne of min i ­
computers . However, th is  device l i ke some 
of the others has not caught on .  I t  i s  an ex­
pensive device and not widely avai lab le .  
Whi le  the arch itecture i s  straightforward and 
easy to learn and the Data General software 
base is tremendous, it is doubtful that Data 
General wi l l  promote this device for the 
personal computing market or make such 
software avai lable at competitive prices. 
(However, Data General i s  promoting the 
M icro-NOV A through selected retai l  stores 
and electron ics d istributions .  Fairch i l d 's 
9440 MPU uses the Data General arch itec­
tu re and w i l l  run the software. Although it 
i s  expensive, someone may eventua l ly  use 
the 9440 in a personal computer. 

The l nters i l 6 1 00 is a 1 2  bit CMOS m icro ­
processor. Its c la im to fame is that it has the 
arch itecture and instruction set of the 
famous DEC PDP-8/E min icomputer .  I t  wi l l  
also ru n software writte n for that mach ine .  
This gives the  6 1 00 an  excel lent software 
base . But despite the software advantage the 
6 100 hasn 't caught on in personal com­
puting. One reason i s  the  high price as­
sociated wi th 6 1 00 based computers. These 
inc lude l ntersi l 's own I ntercept series and a 
mach ine made by PCM .  For the prices of 
these mach ines, a user can buy a used but 
real D EC PDP-8 . In any case, the 6 1 00 is 
a good ch ip with much potentia l .  

Summary and Conclusion 

The message in  th is artic le is relatively 
clear. If you are choosing a microcomputer 
for hobby and personal computer appl ica­
t ions, your best cho ice l ies in the 8080, 
Z-80, 6800 or 6502 based machines. This i s  
the mai nstream of personal computing. The 
8080/Z-80 combination probably has the 
edge over al l of these.The biggest question 
is who is going to make the 1 6  b it  m icro­
processor. Wi l l  it be the new I n tel 8086? or 
wi l l  Z i log's Z8000 w i n ?  We  wi l l  have to  wai t 
and  see. 

F ina l ly ,  the message here i s  that "a proc­
essor alone does not a computer system 

Another 76 bit minicomputer architec­
ture available in microcomputer form is the 
Data General Corporation 's MicroNO VA 
shown here in a picture supplied by Data 
General. In the foreground is the processor 
chip standing alone,- in back of the inte­
grated circuit is a printed circuit board 
version of the computer intended for use in 
dedicated applications. In the background 
can be seen the MicroNO VA fully inte­
grated minicomputer system. These pro­
ducts are available at several retail computer 
stores and at several electronics distributors. 

make ." When it comes right down to it, the 
type of processor is almost i rrelevant to the 
user who is programming in BASIC or 
PASCAL or some other h igh level language . 
Overa l l ,  it is the software that gets the job 
done. If  you base your choice of a personal 
computer system on the avai lab i l ity of good 
system and appl ication software , you wi l l  
not go wrong, whatever low level mach ine 
architecture is used.• 
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.Ci rcle 1 49 on inqu i ry card.  

A PROFESSIONAL COMPUTER 
TERMINAL FOR THE HOBBIEST 
SINGER 

7 100/7102 

New & Reconditioned 
Terminals with 
ASCII Code 

FEATURES:  
7100 

$650. to $1 295. 

o ASCII CODED without tape punch or reader 
o 110 to 150 BAUD ( 1 1  to 1 5  CPS adjustable) 
o Word Processing Quality o RS232 Serial or 

Current loop Interface o Nationwide Service 
o Warranty o Off line use as Typewriter 
o (Option) Special Interfaces available for Hobby 

Computers (state which when ordering) 

7102 

o Same features as 7100 plus tape punch & reader 

TERMS:  
C.O.D. and 

Cashier's Check 

Shipping and 
Handling $35 .00 ea. 

140 July 1978 <0 BYTE Public<�tions Inc 

COMPUTER CORPORATION 

H&l< COMPANY 
15 East 31st Street 

Kansas City, Missouri 641 0 8  
(81 6) 561-1776 

C i rc l e  1 79 o n  i nq u i ry card . 

Continued from page 46 

The i n tegrated ci rcu i t  manufacturer c an sel l 
parts that wou l d  otherwise h ave to be 
th rown away, and the designer can buy state 
of the art parts for prices far below those of 
the equivalent 1 6  K part. 

The design task b reaks down i n to the fol­
lowing steps :  

1 .  Select the memory ch ip .  Fo r  reasons 
stated earl ier, the M K41 1 5  (or equiva­
l ent} is the clear choice. 

2. Deci de h ow to h and le  refresh . 
3. Analyze the tim ing requi remen ts for 

the memory and the processor. 
4. Merge these two t iming d iagrams so 

that they work togeth er. 
5. Design the c i rcui try . 
6. Lay out the c i rcu it  board. 

Refreshing Strategy 

When shou l d  you refresh ? There are two 
types of refresh used in a dynamic memory 
system.  Burst refresh suspends al l other 
memory activity and quick ly refreshes al l  
the requ i red l ocati ons at the top memory 
speed. Th is  burst occurs once every refresh 
interval (genera l ly every 2 ms ) .  

A p1·eferable approach i n  a microproces­
sor system is to use a distributed refresh 
approach, in  which refresh cycles are in ter­
spersed with processor access cycles. I n  th is 
manner the refreshing action i s  even ly spread 
over the 2 ms refresh i n terval . 

Let's exam ine some refresh al ternatives: 

1 .  Use a 2 ms timer  to interrupt  the 
processor and te l l  i t  th at the memory 
requ i res refresh. The processor inter­
rupt routine then counts out the 
proper memory add resses and returns 
to normal processing. 

2. Use a timer with an i n terval of 2 ms 
d ivided by the number of requ i red 
refresh cycles, and perform item 1 on 
a d istributed basis. 

3 .  I n terl eave the refresh operation with 
normal processor t iming: For example, 
notice (as the Z-80 designers d id} that 
the processor add ress l i nes serve no 
useful pu rpose on the tail end of an 
i nstruction fetch cycle. During th is 
time the p rocessor must decode the 
instruction fetch�d from memory in 
anticipation of execu ti ng i t. Why not 
put the refresh cycle (wh ich needs 
the add ress l i nes} i n to th is time slot? 

I tems 1 and 2 above requ i re processor 
overhead (processing time} since the inter­
rupt system is used to provide programmed 
refresh. Of the two, the d istributed  approach 
is preferable because i t  produces less of a 
t iming d i scontinu i ty in the background pro-



gram execution wh ile the i n terrupt is being 
serviced. I tem 3 is  best i n  al l respects, s ince 
n o  d i rect p rocessor i n te rvention is req u i red 
to perform refresh . Th i s  is the so-cal led 
" transparent" or " i nvis ib le" refresh.  Th i s  
approach has al ready been impleme n ted i n  
some small system designs. I t  d oes h owever 
h ave some d rawbacks in AI tai r  (S- 1 00) b u �  
p roducts. I n  exam i ning t h e  deta i l s  of th is 
approach, we' l l  describe an even better 
method of ach ievi ng " A l ta i r  (S-1 00) refresh . "  
Th is d iscussion assumes a n  8080 or equ iva­
lent  p rocessor. 

Catch i ng the Bus 

The only t ime the  p rocessor can guaran­
tee that the add ress bus is  n ot needed is the 
second half of an i nstruction fetch cycle. 
Th is point in time is signified by the p roc­
essor control signal cal l e d  M 1 ,  wh ich means 
" mem ory cycle one" of any i nstruction.  
Every i nstruction execution starts with an 
M 1 mem ory cycle,  in wh ich tlie i nstruction 
is brough t i n to the p rocessor from memory. 
Depending on the instruction, fu rth er 
memory cycles m igh t be req u i red to fin ish 
execution of the i nstruction. D u ring these 
subsequent cycles, the M 1 signal is inactive. 
For example, the 8080 STA (store A) i n­
struction operates as fol l ows: 

1 .  M 1 :  in struction word fe tched from 
memory. 

2.  M 2 :  first h alf  of t h e  stor ing l ocation 
read from m e m ory. 

3 .  M3: second h al f  of the stori ng l oca­
tion read from mem ory. 

4. M4: accumulator conte n ts wri tten 
i n to mem ory l ocation specified 
by data b rough t  i n  by steps 2 
and 3 .  

T h e  STA in struction is a 3 byte i n struc­
tion, and M2 and M3 are needed to read i n  
the add i tional two bytes of the in struct ion.  
M4 does the actual execution of the i n struc­
ti on, storing the accumul ator. I n  th is ex­
am ple,  the M 1  control signal i s  active on ly  
for step 1 .  The actual M 1 cycle is  d iv ided 
in to five p rocessor cycles, cal led t ime states 
or "T-states. " By the end of T3, the p roc­
essor has received the first byte of the in­
struction and n ow requ i res two m ore time 
states, T4 and TS,  to fi gu re out  what to do. 
Th is is  th e l ogical time to force a memory 
refresh (to be exact, T 4 and TS of M 1 ) .  

Th is i s  al l very n ice, b u t  what h appens 
when the p rocessor is h al ted? D u ring H A LT, 
the signal needed to l ocate the p o i n t  in t ime 
for refresh, M 1 ,  i s  not the re.  In fact, most of 
the processor signals are not there. Th is  is 
also tru e for p rocessor R E S ET, wai t states, 
and d i rect mem ory access cycles. Th is  means 

Circle 1 20 on inqu iry card. 

�!TRS!80;fTRS;atrYFRSl8D!;tTRS4JD;!;!;TRS'40'\Tc8SmO':'ffR&i80}TA, 

1 TRS-80 I I SOFTWARE EXCHANGE I 
I JOIN I N O N TH E FU N ! ! ! !  I I s::C H

(o:�:��;.�)
o �Y�7�:,�g:�e:: I � i nterest program . I n  ret u r n ,  we send I··· 

I you one of our  C i rcu it  Exchange ·· 
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e;rd�ap:/� 1.:.·.·., ! co ns1 ere or retai l sal es,  a n d  you ,. 
� rece ive co m m issions on every prog ram I sol d .  

M A R K ET PLACE 

S U B SC R I B E  TO T H E  TRS-80 
SO FTWA R E  EXC H A N G E  M A R KET 

BASKET. 
$3 a year - a catalog of over 1 00 
ava i lable software p rog rams, prices 
start i ng at $1 . 

� Write· TRS-80 SO FTWA R E  EXCH A N G E  I I 1 7  Briar  C l iff D rive �· I Mi lford, N . H .  03055 
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Circle 405 on i n qui ry card. 

2708 
_. JJPD 458 
__. TMS 271 6 
PRAMMER III 

by 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 buffers on all address and data l i nes. 

* 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 

16K Static RAM 

s330 Kit s355 Assembled 
WATCH FOR N EW PRODUCTS 

e Very Low Power-650MA+5V; 90MA+1 2V; 
1 6MA-5V 

• Applications Notes-6800 and 6502 Sys. 
• Low-profile sockets for all ch i ps 
• Solder mask; silk screen; plated through holes 
• Each 4K addressable to any 4K boundary 
• Fully buffered S-1 00 bus-gold-plated contacts 
• N E C  UPD 41 0 D memories 

COD, Master Charge, B of A, Visa Accepted . . . .  
Orders shipped prepaid. California residents 
add 6% sales tax. \/! AADENBERG DATA PRODUCTS 
PO BOX 2507 SANTA MARIA CAliFORNIA 93454 
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Ci rcle 388 on inquiry card. 

th at the design m ust do someth i n g  special 
for these cases. 

What is real ly needed is an app roach 
independent of processor control signals 
for refresh. The on ly  signals on the Al tair 
(S-1 00 ) bus th at are p resent u nder al l  c ir­
cum stances (except p ower off) are the 
p rocessor c lock signals  4> 1 an d 4>2. 

Plan Ahead - Backwards 

. H ere's  the p l a n :  the m e mory design sh ou ld  
contain a self-contained refresh system that 
uses only 4>2 for i ts operation.  The con trol 
i s  arranged so th at the mem ory is n ormal l y  
refresh i ng, a n d  i t  i s  t h e  exception cycle that 
d iverts it away from refresh to perform a 
processor access. This  e m p h asis  is " back­
wards" from most syste ms, which treat the 
refresh operati on as the except ional case. 
Now the card merri ly refreshes i tself u n ti l  
cal led on by the processor. I f  the  p rocessor 
" goes away,"  for exam p l e, in a p rol onged 
wait state (a method fre q u e n tl y  u sed to im­
p lement si ngle-step and othe r  front panel 
operations) , the refresh cont in ues. 

When the p rocessor needs to access the 
mem ory card, it m ust do it on a synch ro­
nous basis. Th is m eans that the p rocessor 
tim ing on a mem ory access i n to the dynamic 
mem ory card is  designed to not  jeopardize 
a refresh cycle in p rogress ( i t  is synch­
ron ized with th e refresh tim ing) . I m agine 
the p rocessor crash i n g  in on a refresh cycle, 
and 64 data l ocations in the memory not 
being p roperly refreshed an d going to 
i n determ i n ate states. Th is is the k i n d  of 
" soft error" that occu rs only when you 
demon strate th e system (" I t  worked per­
fectly on the bench . . .  " ) , and p romp tly goes 
away when you try to fix it. 

Programmable Memory Timing 

Let's  take a detai led look at the dynamic 
mem ory i n tegrated circuit i tself, and at 
exactl y wh at signals are req u i re d  to m ake it 
work. The i n tegrated c i rcu i t  described cou l d  
be a n y  of the various 1 6  K parts of the 
M OSTE K M K41 1 6  type;  or, w i th one small 
exce p tion,  any of the 4 K parts of the 
M K4027 type. 

S i nce 1 6  K i s  equal to 2 1 4, the part re­
q u i res 1 4  add ress l i nes to u n iquely select any 
of i ts cel l s. A l l owing one l i ne for DATA I N  
and an other for DATA O U T, th is  adds up 
to a l l  of the p i n s  of the 1 6  pin package. 
That's fi ne if the chip  doesn't  req u i re power 
sup p i  ies or read and wri te control, but un­
fortu nately,  it does. Th is  d i lemma is solved 
by us ing a m u l tip lexed add ress approach. 
O n ly seven p i n s  are u sed for ad dress inputs, 
and the address is l oaded in two parts. One 



of the big benefits of th is  app roach is that, 
when the tech nology j u m ped from 4 K to 
1 6  K, an add i t ional two add ress l i nes cou ld  
be  had with only one add i tional p in .  On the  
4 K parts, th is  " u n used" p i n  i s  a Chip  
Select i np u t, which i s  used to select only one 
bank of parts that share the same output 
bus. As we ' l l  see, the 1 6  K part d oes  the 
c h ip select fu nction w i thout  a ch ip  select 
p in. 

Two con trol pins cal led RAS and CAS 
strobe the two 7 bit parts of an ad d ress 
in to the mem ory part. These signals stan d 
for Row Address Strobe an d Column A d­
dress Strobe. They are active low signals, 
which means th at they are normal l y  at a 
h igh l ogic level, and are " strobed "  by going 
i n to the l ow state momentari ly .  

The �equence of  eve n ts necessary for a 
memory cycle is as fol l ows (see figure 3 ) :  

1 .  Set u p  the l ow order 7 b i t  address on 
the address l i nes. Th is  req u i res set­
ting the address m u l ti p lexer to state 2 
(for exam ple) . 

2. Wai t a su i table t ime for the add ress 
l i nes to settle. There w i l l  be a certain 
delay through the m u l t ip lexer, as  we l l  
a s  some l i ne sett l i n g  time. 

3. Drop the row add ress strobe (RAS ) 
to the l ow state. Th is  latches the low 
address i n to the part.  Both RAS and 
the col u m n  add ress strobe (CAS ) 
start out h igh. 

4. Wai t the " row add ress h o l d  time," 
which specifies for how l ong after 
RAS d rops the add ress l i nes must  not 
ch ange. This  req u i rement is due to the 
setup time of the on-c h i p  latches. 

5.  Set up the h igh order 7 b i t  address on 
the address l i nes. Th is  req u i res select­
ing mul tipl exer state 3 (for example) . 

6. Let the I i nes settle. 
7 .  Drop CAS to the l ow state. Th is  

l atches th e h igh add ress i n to the  part. 
Don't  remove the ad dresses unt i l  after 
the "col u m n  ad d ress h o l d  t ime." 

When th e l ogic level  of the col u m n  ad d ress 
strobe d rops, th e output l i nes go from a h igh 
im pedance state to a val id  data state after 
the i n terval cal l e d  "CAC" for Col u m n  
ACess t i m e .  T h i s  i s  o n e  way o f  specify i n g  
the access ti me o f  t h e  memory part. 

These seven steps are the same for e i ther  
a memory read or wri te cycle, the only d if­
ference being the treatme n t  of the RW p i n  
wh ich controls the choice o f  Read or Write 
operation. I f  th i s  p i n  is he ld  h i gh through out 
the cycle, a read operation is performed. To 
do a write, the RW pin i s  p u l l e d  low some­
time after RAS. Exactly when i t  i s  p u l led  
l ow determ ines whether the  outputs become 
val i d  for the ol d data in the selected ce l l ,  

Circle 9 5  on i nquiry card. 

C P / M™ 
LOW-COST 
M I C RO C O M P UTER 
SOFTWARE 

C P / M™ OPERAT I N G  SYSTEM: 
• I ncludes Editor, Assembler, Debugger and Uti l it ies.  
• For 8080, Z80, or I ntel M OS. 
• For I B M-compatible floppy d iscs.  
• $1 DO-Dis kette and Documentation. 
• $25-Documentation (Set of 6 manuals) only.  
MAC™ MACRO AS S E M B LER:  
• Compatible with new I ntel macro standard. 
• Complete guide to macro appl ications. 
• $90-Dis kette and Manual .  
S I D™ SYM B O L I C  D E B U G G E R: 
• Symbol ic memory reference. 
• Bui lt-in assembler/disassembler. 
• $75-Diskette and Manual .  
TEX™ TEXT FORMATTER : 
• Powerful text formatting capabi l it ies.  
• Text prepared us ing C P / M  Editor. 
• $75 Diskette and Manual . 

([I] [)�[j�TRL t\ESERt\CH 
P.O. Box 5 7 9  • Pacific G rove, Cal ifornia 9 3 9 5 0  

[408J 649-3896 

canada syslems, inc. Boards DO Someth ing  

$98-Kit 

Cl2400 
Real Time Clock 

$1 35-Assembled 

I f  your system needs to know what time i t  is, our CL2400 is 
the board for you. The p resent t i m e  i n  hours ,  m inutes , and 
seconds  i s  always avai lab le  for  i n p ut ,  and i s  conti nu ous ly 
u pdated by the h ig hly accu rate 60 Hz power l i ne fre q ue ncy . 
Need per iod ic i nterru pts? The CL2400 can do that, too , at any 
of 6 rat e s .  Refere n c e  m a n u a l  with B A S I C  and a s s e m b l y  
language software exam ples  i nc luded . 

PC3200 
Power Control System 

PC3232 $299-Kit 
PC3216  $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 con tro l o f  l i g h t s ,  m o tors , 
appl iances,  etc . ,  our PC3200 System components a re for 
you . Control boards a l low one  I /0  port to control 32 ( PC3232) 
or 1 6  ( PC321 6)  external  Power Control U n its , such as the 
PC3202 which controls 1 20 VAC l oad s to 400 Watts. Optical ly 
i s o l a te d ,  l o w v o l t a g e ,  c u r r e n t- l i m i t e d  c o nt r o l  l i n e s  are  
standard i n  th is g rowing product l i n e .  

canada __ 
systems, inc. 

(formerly comptek) 
Circle 40 on i nquiry card. 

P .O .  Box 51 6 
La Cana d a ,  CA 91 0 1 1  

(213) 790-7957 
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Ci rcle 202 on i n qui ry card. 

, �eU'· 

PencU Style 
WIRE WRAPPING GUN 

For sem i automatic  m ac h i nes and test lab use, t h i s  new 
penc i l  style w i re wrap p i n g  g u n  can ' t  be beat ! I t ' s  l i g h t !  
Operators f i n d  i t  easier t o  use than heavier o l d  style 
p istol g r i p types. With precision made motor, i nternal 
gear ing and clutch mechan ism , i t  is  as q u iet and 
dependab l e  as a swiss made watch .  

Supplied with wrapping bit, sleeve and un wrapping 

For 30AWG Wire 
tool all for $ 58. 25 FOB ELDO N ,  MO. 

Gun Number: 830WT-1 

For28 AWG Wire 
Gun Number: 828 WT-1 Call or write for our ca talog on 

Bread Boards, I C Sockets, Racks, 
Connectors, and more or circle 
our "Bingo " number. 

ICIEL -Aa. I NC .  
702 E. Hwy. 54 
[314] 392-7174 

Eldon, Mo. 65026 
Telex: 42-301 

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.@/.> t.IV . � )

( 
• a brand new facility 
in Pennsylvania. 
We'll be able to 
serve our South Jersey­
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We've 
enlarged our showroom 
in Isel in.  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 Pike 
Ise l in , NJ 08830 King of Prussia, PA 1 9406 
201 -283-0600 21 5-265-2580 
Tue.-Sat. 1 0:00-6:00 Tue.-Thur. 1 1 :00-9:00 
Tue. & Thur. til 9:00 Fri. & Sal. 10:00-6:00 
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(our only locations) 

Circle 76 on i n q u i ry card. 

or whether  they stay h igh impedance 
th roughout  the wri te operati on.  

The ch ief d ifference between the 4 K and 
1 6  K part tim i ng  is in  how the data ou tpu ts 
are treated when the col umn  add ress strobe 
becomes i n active (h igh ) .  I n  the 4 K part, 
the data ou tpu ts rema in  val i d  u n t i l  the 
Column Address Strobe agai n  makes a 
negat ive trans i t ion .  I n  the 1 6  K part, they 
en ter  the h i gh impedance state when the 
column  address strobe goes h igh, effectively 
d i sconnect ing the data outpu t  from the ex­
ternal bus in a system.  

Maintaining Control 

There arc several ways to con trol these 
strobe l i nes du 1· ing refresh .  The s implest 
way i s  to perform a fu l l  memory read cycle 
(row, then col umn add ress strobes) and not 
tu m on the data i npu t  bus  d r ive rs; th i s  docs 
the refresh wi thout affect ing the external 
data bus. The p 1·ob lem with th i s  method is 
that i t  is not the lowest powe1· approach .  
Remember that for refresh only the row 
addresses ( the least s ign i ficant ha l f of the 
add ress l ines) are needed. The dynamic 
memory designers have p rovided for a 
mechan ism cal led " RAS-on ly refresh " i n  
the spec sheets, wh ich consumes less power 
than a fu l l  row and col umn  add ress cycle. 
In th i s  method, the refresh cou n te r  address 
is app l ied to the address l i nes, and the row 
address strobe i s  made active ( l ow vol tage 
leve l ) .  No  other address b i ts or strobes are 
needed for th is special refresh cycle. 

The chip select fu nct ion i n  the 1 6  K 
memory i s  performed i n  effect by row and 
col umn  address strobe t iming ( remember 
th at the chip select pin was sacr i ficed for an 
add i t ional address p i n  i n  the trans i t ion from 
4 I< to 1 6  K) .  The method is qu i te s imp l e :  
on ly those devices that rece ive both row and 
col umn  address strobes i n  a memory cycle 
w i l l  ac tivate the i r  outputs; o the rwise they 
w i l l  be in a h igh impedance cond i t ion. 
Th is means that it i s  poss ib l e  to select one 
bank of programmable memories ou t of 
many whose outputs arc t ied together by 
(a) feed ing a cont inuous row address strobe 
signal to al l parts, and selectively feedi ng a 
col umn  add ress strobe to only the selected 
ban k, (b ) the opposite ( feed ing a conti nuous 
col umn address strobe and se lect ing a bank 
w i th row address strobe), or (c) both (select­
ing a ban k w i th choice of column  and row 
add ress) . The manufacturers' l i te ratu re fre­
quently refers to th is as " decoded RAS" 
or " decoded CAS."  

There i s  a sl igh t  power advan tage to feed­
i ng the col umn  add ress strobe to a l l  devices 
and decod ing the row add ress strobe to do 
bank selecti ng. However, a reft-esh cycle 



us ing the row address strobe on ly uses less 
power than a " RAS-CAS" refresh cyc le 
us ing both strobes, as  noted above . I t  turns  
ou t  for l ogic s imp l i c i ty (a real cons ide ration 
i n  view of the smal l amount  of A l tai r (S-1 00 ) 
bus cat·d space avai l ab le )  that the decoded 
column address s trobe method of  se lect ion 
is the optimum choice. I t  also happens to 
fi t beau t i fu l l y  i n to the 8080 sy stem t im ing. 

I t  i s  now apparent  th at the programmable  
memory address p ins  must  be  fed from th ree 
d i ffe ren t  sou rces :  for a processor access, 
the l ow address hal f and h igh address hal f 
const i tute two of the sources; and fm re­
ft·esh , the refresh coun te r  address const itu tes 
the th i rd. To se lect these th ree groups of 
address l i nes, a TTL mu l t ip lexer (74 1 53 )  
may be used. Th is i s  a dual one-o f- four 
selector that accepts fou r  i nputs and feeds 
a common ou tput .  The input  wh ich is 

selected depends on a 2 b i t  code (ca l led the 
select b i ts) i nput  to the mu l t ip lexer . These 
s ignal s are labeled MUX1  and M UX2 (see 
figu re 4 ) .  For the 8 K part, wh ich requ i res 
14 add ress l i nes, the mu l t ip lexer has to be 
seven b i ts "wide" so that the sw i tch ing  i s  
done seven b i ts at a t ime. Th i s  means that 
th t·ee and one hal f 741 53 i n tegrated c ircu i ts 
are requ i red. 

Processor Tim ing 

Turn ing our atten tion now to the 8080 
system control s ignal s, the dynam i c  memory 
t iming must  be "dove ta i led" i n to the 8080  
system tim ing. F igu re 4 shows the t im ing for 
an 8080 fe tch cycle .  

L i nes 1 to 4 are con trol l i nes common to 
any 8080 system :  the two clock s ignal in­
pu ts ¢1 and ¢2, the address bus {actual l y  

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

8 ¢ 1  

0 ¢ 2  

0 ADDRESS BUS 

8 S Y NC 

8 M U X  2 

0 MUX I 

0 M U X  STATE 

8 RA S 

0 C A S  

e D ATA I N  TO 8 0 8 D  

0 DB I N  

0 WR 

14---- T 1 ---+--- T 2 ---+!4---T 3 ---+! 
1 5 00 n S )  

f4-200nS-.j 

1-----1- 120 n S  

0 3 0 

LsELE C T E D  

@ DATA O U T  O F  8 0 8 0  '!NJ\'IJIXYW'I..X!\MXXXXXlJ\MJ\}.JJ\L __ .:..:VA.:.::L::..:I D:...._ _______ _ 

Figure 4: Master timing diagram for an 8080 dynamic memory fetch cycle using the A ltair 
(S- 7 00) bus. Lines 7 thru 4 show the control lines common to all 8080 systems: the two clock 
signul inputs (¢ 1 and ¢2}, the address bus und the processor S YNC output. Lines 5 and 6 are 
the control lines to a one-of-four multiplexer. Line 7 shows the state of the multiplexer selected 
by the t wo control signals M UX 7  and M UX2. L ines 8 and 9 are the row address strobe (RA S) 
and the column address s trobe (CA S), respectively. Lines 7 0 and 7 7 show the processor timing 
requiremen ts for accepting data read out of the memory. Line 7 2 is the write line (WL) from 
!he 8080 used to enable a memory write ii1to the programmable memoty. 
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MINICOMPUTERS • 

MICROCOMPUTERS • WORD PROCESSORS 

Here's your chance to buy DEC, Data General, I B M, 
lmsai,  Commodore and other famous brands of com­
puters & word processors at fantastic savings. 

We have to clear our m i l l io n  d o l l ar i nventory -
thousands of items must go.  

Mai l  this coupon or write o n  your letterhead to re­
ceive your FREE copy of our valuable Mail  Order Auc­
tion Catalog. On ly mail order bids will be accepted. 
Hurry - Auction date is Mon. July 31st 1978. 

Please Print 

Name ________________________________ _ 

Firm ________________________________ _ 

Address ______________________________ _ 

City, State, Zip ---------------------------

Newman C o m p u te r  Exc h a n g e ,  I n c .  
P.O. Box 861 0,  Dept.BY? 
A n n  Arbor,  M i c h i g a n  48 1 07 

1 976/1977 Cover Price * 
plus postage 
and handling 

Back Issues for sale 
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'77 
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900 June 
900 July 
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1 6  l i nes) ,  and the p rocessor SYNC ou tput. 
Li nes 5 and 6 show the control l i nes M U X 2  
and M U X 1  t o  a one-of-fou r m u l ti p l exer, and 
l i n e  7 sh ows th e state of the m u l ti p l exer 
sel ected by the two control s ignals M UX2 
and M U X 1 . L i nes 8 an d 9 show the p rinc ip le  
mem ory t iming s ignals the row address 
strobe ( RAS) an d the col u m n  add ress 
strobe (CAS ) ;  l i nes 1 0  an d 1 1  show the p roc­
essor t iming  req u i reme n ts for accepting data 
read ou t of the p rogram mable memory .  
The "val i d "  i n d ication on the waveform of 
l i ne 1 0  sh ows when the e igh t  data l ines i n to 
th e p rocessor m ust be stabl e for a success­
fu l mem ory read . The DB I N  s ignal ( l i ne 1 1 )  
i s  a s ignal issued by the 8080 to notify the 
i n p u t  buffers to tu rn on in p re parati on for 
rece iving input  d ata. L i n e  1 2  shows the write 
l i ne  (WR) from the 8080 wh ich is used to 
e n ab l e  the wr ite operation i n to the memory. 

Work ing Together  
L i nes 5 th ru 9 of figu re 4 consti tute the 

actu al mem ory system design, the resu l t  of 
trad ing  off memory , Al tai r (S-1 00) bus 
and p rocessor parame te rs, a n d  verify i ng th at 
a l l  the p rocessor an d mem o ry t iming con­
s iderations are met. The u l t imate cr i te rion of 
a good design is  th at it can pass a "worst 
case" analys is  - eve ry specification for the 
8080 and the p rogrammable memory can 
be the worst . specified in the data sheets, 
and th e system wi l l  sti l l  work. I n  fact, a 
good figure of mer it  for a d ig ital design i n­
vo lv ing com p l ex t im ing (such as th is  one) is 
how far beyond worst case the specifications 
can be for the system to sti l l  fu nction 
p roperly. This  is kn own as margin .  The 
bette r the m argi n,  th e better the designer 
sleeps at n igh t, an d th e better guarantee th at 
the system wi l l  work ove r a l ong p roduction 
run.  

N otice the sim i l arity between ¢2 an d 
RAS ( l ines  2 an d 8 )  of figure 4. RAS is 
s imply ¢2 w i th ce rta in  positive p arts m issi ng. 
Whenever the 8080 starts an in stru ction 
fetch cycle (s ignal led by SYNC),  the RAS 
l i ne must m ake i ts negative tran s ition d u r­
i ng M U X  state 2 and stay there th rough ou t 
th e me mory cycle.  I f  the ¢2 p u l se dur ing  
T2 were al l owed th rough, the  memory tim­
ing req u i rements wou l d  not be m e t. To 
i n h i b i t  th is ¢2 p u l se ,  SYNC is  de layed 
sl igh tly and used to gate off th e un wanted 
part of ¢2. Notice th at th is  gating s ignal is 
M UX 1  ( l i n e  6 ) .  SYNC is delayed very s imply 
by feed ing  SYNC to the D input  of a fl i p  
fl op and c locking the fl i p  fl op with the l ead­
ing edge of ¢1 . 

Before th is  cycle gets underway with row 
add ress strobe l i n e  RAS d ropping, the 
add ress l i nes to th e mem ory must be set up 



to receive the l ow order p art of add ress l i nes 
from the p rocessor. The m u l tip lexer  m u st 
the refore switch from state 0 (the refresh 
select state) to state 2 (p rocessor-l ow address 
state ) p rior to the fal l of RAS. This i s  
accomplished by the  signal M UX2, wh ich i s  
tu rned on by the  lead ing  edge of SYNC.  
This  edge gives the  address l ines  m ore than 
en ough time to settle before they are sam p led 
by RAS. 

Afte r the row ad d ress strobe part of the 
cycle i s  satisfied, the m u l tip lexer switches 
to state 3 (the othe r  half  of the processor 
address l i nes) , and col u m n  add ress strobe is 
activated. The co lumn add ress strobe l i ne 
goes l ow when three s ign al s are asserted as 
fol l ows: 

1 .  ¢2 h igh . 
2. M UX 1  h igh . 
3. The bank of p rogram m able memories 

is selected. 
The th i rd control, often cal l e d  " th is mem­
ory,"  performs the c h i p  select fu nction by 
feeding the co lumn add ress strobe to only 
one bank of p rogram mable m em ories at a 
time. 

Looking now at l i nes 9 and 1 0  of figure 
4, we can calcu late the access time m argi n  
o f  th e mem ory system. T h e  data out of the 
p rogram mable mem ory becomes val i d  some­
time after CAS makes i ts negative transit ion.  
The data into the p rocessor m ust be stable 
and val id  at the t ime shown i n  l ine 1 0. 
Counting the time from CAS-l ow to the 
earl iest time data m u st be val id ,  the p ro­
grammable mem ory access time sh o u l d  be 
6X55 ns (each d iv is ion is 55 ns) , or 3 30 ns.  
I n  a system, th is  time is reduced by app roxi­
m ately 50 ns to al low for the de lays th rough 
the data buffers and l i n e  sett l ing  time. 
Let us  say that the CAS to data access time 
(CAC) must be 330-50 or 280 ns.  The speci­
fication for the sl owest M K41 1 5  gives a 
m ax i m u m  tcAC of 1 65 ns,  a very comfort­
able m argin .  ( I f  the m argi n  p o i n t  seems 
to be  overstressed, i ts importance w i l l  be 
seen in the section on AI tai r  (S-1  00) bus  
compatibi l i ty ) . 

To com p lete the cycle, the CAS l i n e  
must  b e  he ld  low u n ti l  the p rocessor i s  
defin itely through w i th the d ata l i nes. Th is  
is  i n d i rectly specified in the 8080 data sheet 
as being the time that D B I N  goes h igh . S i nce 
th i s  po int  is anywhere from 25 to 1 40 ns 
after the rising edge of ¢2 i n  T3, the CAS 
l i n e  is h e l d  l ow u n ti l the fal l i n g  edge of ¢2 
in  T3.  N o te th at th e RAS l i n e  m akes i ts low- . 
to-h igh trans ition wel l  in advance of CAS's 
going from l o w  to h igh. This i s  permi tted in 
th e newer dynam i c  mem ory parts but  wou l d  
n o t  b e  accep table i n  the o lder  ones, such 

Ci rcle 3 1 8  on i nq u i ry card.  

FORTRAN IV 
T H E  MOST E XT E N S I V E  F OR TRAN 

SYSTEM AVA I LAB LE ,  R UN N I N G  O N  THE Z-80 

* A N S I  Sta ndard F ortra n IV C o m p i l e r  

- Byte, Word, Real, Double, Complex, and 

String data types and operations. 

- Produces efficient and compact code. 

- Compiles up to 600 statements per minute. 

- Expressions in Do loops, output l ists, etc. 

* L i n k i ng Loader 

- Merges, l inks, and locates F ortran and As­

sembler modules. 

- Searches l ibraries for needed modules. 

* R u ntime L i b ra ries 
- ANSI standard formatter. 

- All standard mathematical functions. 

- Sequential, Random and Blocked disk 1/0. 

- Supports CP/M® and user-defined devices. 

AVA I LAB L E  N OW ! !  $349 
OEM I nquiries invited. 

:fffi@ll ll g�g�@ffig SERVICES, INC. 
P.O. Box 2400 Stn. A Champaign, Illinois 6 1 820 

CP/M is a Trademark of Digital Research Group. 

FAM OS™ 
. . .  A S U P E R B  M U LT I -TAS K I N G  DOS 

O F  R EVOLU T I O N ARY D E S I G N  T H AT E N S U R ES 
A TROU BLE-FR E E  AN D COST E F F ECTI V E  

M U LT I - U S E R E N V I R O N M ENT 

* C RASH PROOF - the res u lt of  c a refu l 
design & coding 

* H I G H  T H R O U G H P UT - m e m ory & C P U  
effi c ient 

* O P E RAT I O N AL S I M P L I CT I Y  - easy for 
n o n -s ki l l ed users 

* N O TE R M I N AL LOC K- U PS - for n o n -stop 
process i n g  

Sta ndard support i n  FAM OS i n c l udes :  m u l t i-sess i o n ­
i n g ;  d evice i n dependent  f i l e  syste m ;  automatic f i l e  
record lock-outs; dyn a m i c  t a s k  & m e m ory a l l ocati o n ;  
dyn a m i c  ra ndom access f i les ;  pr inter spooler; m u l t i ­
u s e r  security; u s e r  accou nti n g ;  etc . 

! I M M E D I ATE D E L I V E RY T 
. . . .  MVT-BAS I CN Compiler: powe rfu l stri ng f i l e  1/0; 
fast executi o n ;  s h area b l e  o bject code; BAS I C  pro­
gram l i brary fac i l it ies;  keyed access fi le support; 
BAS I C  program segme ntati o n  fac i l it ies;  1 0  d ig it  pre­
c is ion;  floati ng point h a rdware s u p port. 

* HAR D D I S KS S U P PO RT E D * 

MVT Microcomputer Systems, Inc.  
2 1 822 S h e rm a n  Way,  Su ite 1 0 1 

Ca noga Park, CA 9 1 303 
( 2 1 3 )  348-2030 

I M M I N ENT: M U LT I - U S E R  D I S K  BAS E D  WO R D  
P R O C ESS I N G SO FTWAR E 
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80 percent of d y namic 
memory design is p ri nted 

circ u it board layout. 

RAS/CAS CYCLE 

as the M K4096 dynamic 4 K (both col umn 
and row add ress strobes had to go h i gh 
together) . By the time the RAS l i ne makes 
i ts next negative tran sition, the m u l tip lexer 
h as swi tched back to state 0, se lecting the 
refresh address, and an other refresh cycle 
begi ns. 

The p rocessor access cycle chain of 
eve n ts is  i n i tiated by the 8080 SYNC signal.  
Anytime the SYNC s ignal is  not there, the 
c i rcui try automatical ly reverts to refresh 
operati on.  ( M u l tip lexer state 0 selects the 
refresh cou nter, the RAS l i n e conti nuously 
cycles, and the CAS l ine remai n s  in active 
( h igh)  for the RAS-only refresh operati on.)  
Th is  imp lements a strategy that maintains 
refresh on a fail-safe basis.  

The refresh cou n ter is cl ocked by a s ignal 
wh ich i s  suppressed during a p rocessor access 
cycle, so th at none of the refresh add resses 
is s ki p ped.  A refinement detail  of the de­
s ign is a fl i p  fl op wh ich e l i m i nates some of 
the redu ndant refresh cycles to con serve 
power. T h i s  is possible because the latter 
scheme considerably " over-refreshes" the 
memory, s ince a fu l l  1 28 row refresh is per­
formed in  m uch less time than the 2 ms the 
specificati on cal l s  for. Refresh ing m ore 
frequently than the specification requ ires 
h as no effect on p roper mem ory operation.  

For  a write operation, the 8080's wri te 
l i ne (W R) is timed such that it can be fed 
u n m odified to th e mem ory's  read or write 
con trol ( RW) p i n .  The write operation i s  

LONG RAS /CAS CYCLE RAS ONLY CYCLE 
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Figure 5: Supply current waveforms for the MOSTEK MK47 76 76 K 
dynamic memory (courtesy MOSTEK) . 
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term i nated by the W R  l i ne goi n g  l ow to 
h igh, or the CAS l i n e  going low to h i gh ,  
wh icheve r occurs first. 

Now, the Hard Part 
You m i gh t th i n k  th at the design is com­

p l e te when the fi n al schematic is drawn. 
N o t  so:  i t  i s  about h al f  compl ete. As any 
dynamic mem ory system designer wi l l  te l l  
you, 8 0  percent of dynamic memory design 
is printed circuit board layout. These parts 
don ' t  j u st s i t  there l i ke the i r  static counte r­
parts, resp ond ing w i th data wheneve r ad­
dressed. The dynam ic p art is actu al ly a 
soph isticated analog p art i ns ide, aside from 
being a dense mem ory array. The c i rcui try 
that senses th e ch arge on the storage capaci­
tors must  resolve m i l l ivo l t  levels in the 
presence of con ti nuous ly  ru n n i ng 1 2  V 
c l ocks. The power d istri b u ti on system and 
power supply n oise decou p l i n g  are therefore 
the most cr itical e lements of a good dy namic 
mem ory design. Th is  consideration has 
k i l l ed m ore dynam ic designs than any 
am o u n t  of poor c i rcu it  design. 

The dynam i c  mem ory h as four power 
p ins :  1 2  V, 5 V,  grou n d  and -5 V. The 5 V 
supp ly  i s  con nected on ly  to the output 
transistors ( to p rovi de  TTL com pati ble 
outputs) , and draws next to n oth ing in 
p ower. The -5 V supply p rovides h i gh 
curren t pulses of very sh ort d u rations. S i nce 
these p u lses are b ipolar in natu re, the actual 
DC cu rre n t  for the -5 V supp ly  is also very 
l ow. It is the 1 2  V supp ly  and grou n d  system 
that need special layout considerati on .  

The fou r  p ower p i n s  are l ocated on the  
four  corners of the  dual  i n  l i ne package, 
wh ich somewhat s impl i fies a good power 
d istri bution l ayout. The best l ayout for 
p ower is one in which al l p ower p i n s  are fed 
from a h orizon tal and a vertical d i recti on. 
Th is  is known as "gridded" p ower d istribu­
tion, s ince each p ower pin i s  p l aced at the 
i n tersec tion of a gr id  of power l i nes that 
s imul ates a p l ane su rface. Whereve r p ossible, 
the power l i nes sh ou l d  be as wide as the 
array density wi l l  al l ow. When density con­
s i derati ons p roh i b i t  wide p ower buses on 
al l four suppl ies, the 5 V and -5 V supp ly  
buses can be  fed w i th smaller traces (but  
shou l d  sti l l  be  gr idded) .  

The second importan t consi deration is 
power su pp ly  bypassi ng. The c u rren t  drawn 
by the M K4 1 1 6  is sh own in the waveforms 
of figure 5. N otice that al l the current  is 
drawn as a resu lt  of RAS and CAS transi­
tions. The factor which sets the MOSTE K 
41 1 6  apart from al l other  1 6  K devices is 
that after th e RAS and CAS current  de­
mands, the l o o ( 1 2 V cu rrent) d rops to 
nearly 0. The fact that other  parts drop to 
some con tinuous  curren t (on the order of 



20 rnA) when the RAS l i n e  and CAS l i ne are 
inactive ( h igh) accounts for the wide d i f­
ference in power d issip atio n  be tween the 
M K41 1 6  and the others. MOST E K  d oes i t  
b y  tu rning off the sense amp l i fiers when 
they are not needed, and the rest of the 
semi con ductor world is p resently design ing 
(or  redesign ing) to  dup l icate th is  featu re. 

Looking at the most cri tical cu rre n t  
waveform of figure 5 ,  1 0 0, i t  is seen that 
the i nstantaneous current d rawn is about 
1 00 rnA max imum.  1 00 rn A  per device 
times 32 devices ( i n  a 32 K mem ory com­
prised of 8 K parts) is 3.2 A at 7 2 V. Before 
ru n n ing out to buy a water p u m p  to cool the 
1 2  V regul ator, notice that the 1 00 rnA 
is  drawn for only a very b rief time. Suppose 
y ou connect a capacitor between 1 2  V and 
ground, let i t  ch arge up d u r i n g  the low c u r­
rent  demand time and s u p p l y  the in stan ta­
neous cu rrent  pu lses when needed. Th is  is 
the role of the so-cal led " bypass" or " de­
coupl ing" capacitors. The val ue needed for 
these capacitors can be readily calcu lated by 
estimating the area u n der the c u rves in 
figure 5. Using the form u l a  C=( il1t)/l1v, the 
capacitance can be calcu l ated for any 
al lowed drop in the 1 2  V supp ly  (l1v ).  The 
M K4 1 1 6  all ows a 1 0  percent  tolerance on 
all sup p l ies, so a good conservative n umber 
to use for the 1 2  V su pp ly  i s  about 2 percent  
or 0.24 V. E stimati ng il',t ( the area u n der 
one of the cu rrent  waveforms) from figure 5 
to be about 50 ns times 1 00 rnA, the form u l a  
y ie lds  a val ue for C of approx i m atel y  
0.02 p F .  (0. 1 p F  capacitors sh ou l d  work 
fine.) 

The reason for the above exercise i s  that 
even though the data sheets may say so, 
n ot al l dynam ic memories are iden tical.  
The prim ary d i ffe rence between today 's  
dynamic mem ories i s  i n  th e cu rren t wave­
forms, and only two manufacturers ( MOS­
T E K  and I n te l )  even p u b l i sh them. 

For  the bypass capacitors to be effective, 
they must be l ocated as c l ose to the memory 
power p i n s  as p ossible,  so th at the i n d u ctance 
of the p r i n ted w i re feeding the i nstan ta­
neous cu rre n t  to the part d oes not  i n terfere 
with th is cu rrent  su pp ly .  Note th at for 
exactly the same considerations as th e 1 2  V 
supply,  the -5 V su pp ly  sh ou ld  be ade­
quately " bypasse d "  with capaci tors. The 
bypass capaci tors shou l d  be evenly d i s­
tri buted th rough out  the memory array. 

An often neglected detai l  of dynamic 
mem ory layout is th at the ground system 
between the ad dress l i n e  drivers and the 
mem ory array must be very heavy. As the 
n u m ber of i n tegrated c i rc u i ts i n  the mem ory 
array increases, the req u i rements on the 

address l ine  dr ivers become more stringent. 
Each address p in  contri b u tes a capaci tance 
of about 4 picofarads, and they are al l tied 
together in the array. If you fol l o w  any 
address l ine  through a p r i n ted c ircu i t  board 
memory array, you ' l l  see th at it takes a 
rather long and usual l y  d i scon tinuous path . 
For th is reason, series dam p i n g  resistors 
should be p l aced between the add ress 
b u ffers an d the memory array to he lp  damp 
out the undershoot and ove rshoot caused by 
the layout d i scon ti n u i ties. 

It is q u i te a trick to ach ieve opti m u m  
p ower d istr ibution layout on a n  A l tair  
(S-1  00)  bus format card . The system ground 
p in  comes in  at only one corner of th e card, 
and i t  must be routed in a " web" for a good 
board level grou nd d istri but ion.  A d dit ional l y, 
the req u i red on board regulators u se u p  a 
l o t  of space wh ich, along with the perm is­
s ib le  heat d i ssipation, p uts an upper  l i m i t  on 
the n u m ber of chips that can exist on a 
card. The message here is th at a good mem ory 
design req u i res extreme cooperation be­
tween the designer and the pr inted c i rc u i t  
b oard layout person. 

Ah, That "Altair (S-1 00) Compatibi l ity" 

I f  you have p l owed you r way th rough the 
t iming d iagrams and techn ical d i scussion 
of this article, you can now app reci ate the 
fact that the question, "Is i t  A l ta ir  (S-1 00) 
bus com pati ble ? "  is one th at can n ot be 
answered with an u nqual i fied yes or no.  
The memory system is designed to be 
AI tai r  (S-1 00) bus com patible, but when you 
p lug i t  i n to a Stromdecker X-3 m ai n frame, 
ru n n ing a Fan tastroi d  Z-800 p rocessor 
card with memory-managed-ph an tom­
ind i  rec t-parabol ic-vectored-res tart i m p le­
mented, i t  m igh t not work. The design 
p h i l osophy is to use as few of the A l ta ir  
(S-1  00)  signals as  poss ib le, to accou n t  for 
u n foreseen variations in various systems. 
Bac k  to figu re 4:  the only tim ing l i nes 
the mem ory counts on being there are 
¢ 1 ,  ¢2, SYNC, D B I N  (actu al ly M E M R, 
mem ory read) and WR (actua l ly  mem ory 
write) .  In the case of the mem ory write 
l i ne, any A l tair (S- 1 00) design sh ou l d  
derive the mem ory wri te signal from SOUT 
and W R, s ince early designs pu t the gate to 
do this on the fro n t  panel board, and you 
therefore cannot guarantee th at the s ignal 
M E M W  wi l l  be there i n  al l systems. 

Some analysis of the i n terl ocked tim ing 
of figu re 4 reveals that the card w i l l  work 
with any imp lemen tation of ¢ 1  and ¢2 
that meets the 8080 specifications. The ¢1 
and ¢2 tim ing shown i n  figure 4 i s  th at 
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I magine p u l l i ng out fou r  
8 K static memory cards 

and p lugging in  a s ingle 
32 K card that uses l ess 

power than one of the 8 K 
cards.  T h is can be done 

with today 's dynamic 
memories. 

provided by systems using an 8224 
cl oc k  generator wi th an 1 8  M H z  crystal ; 
th is is the most popu lar A l tair  (S-1 00) 
i mp lementation. W i l l  it work with Z-80 
processor cards? M ay be. The Z-80 req u i res 
only a s ingle c l ock, has n o  SYNC output, 
and times i ts read and wri te operations 
sl igh tly d i fferen tly than the 8080. Designers 
of Z-80 based A l tair (S- 1 00) cards real ize 
that there is a b ig  com patible wor l d  out 
there th at they must back in to, so they 
attempt to syn thesize 8080-type signals 
out  of the Z-80 system ti m i ng. H ow suc­
cessfu l ly  they emu late the 8080 (meaning 
h ow accu rate ly they reproduce signals such 
as </> 1 ,  ¢2 and SYNC) determines the degree 
of com pati b i l i ty in a system of A l tair  
(5-1  00) cards. 

I nc idental ly,  a fi nal look at figu re 4 i l l us­
trates the e l usiveness of the memory " access 
t ime" specificati on.  How many times have 
you seen ads that say someth ing l i ke " 300 ns  
memories," and won dered what th is  actual ly 
means i n  an 8080 system? F i gure 4 sh ows 
that the access t ime is not i tse lf  a figure of 
meri t. The actual memory timing  must be 
compared with the system tim ing requ i re­
ments to m ake any sense. The general idea 
in  a dynamic memory design is to crowd the 
m u l tip lex ing of row and col umn address 
strobe events as cl ose as possi b le to the 
processor add resses becoming val i d, so that 
the max i m u m  mem ory access time is  all ow­
able.  One th i n g  is certain - faster memories 
always cost more than slow ones, so a cost 
effective design sh ou ld  accommodate the 

sl owest ava i lable .  The access time m argin i s  
so w i d e  i n  figure 4 that t h e  system cou l d  
actual ly run m u ch faster and s t i l l  retain 
comfortabl e  m argins .  

F inal Thoughts 

T h e  design prese n ted here is intended 
pr imari ly to show the i m portant areas of 
consideration in a dynam ic mem ory design. 
The general concepts can b e  app l ie d  to any 
p rocessor and mem ory i n terface, us ing the 
same methodol ogy of carefu l ly analyzing 
the specific ti m i n g  req u i re m e n ts of the sys­
tem and the program mable memory com­
ponents, and then mergi ng the two together. 
Exactly h ow th is i s  done i s  the excit ing part 
of d igital design, where the d esigner can be 
creative. I t  is most i m p ortan t to first exam i ne 
the system requ irements and keep the 
mem ory fai thfu l to these speci ficati ons. 

A dynamic design p ay s  h andsome d ivi­
dends in a system. By us ing l ow power 
Sch ottky TT L (74LS fam i l y ) ,  the 5 V cur­
re nt  re qu irem e n t  is kept  so l ow that the 5 V 
regu lator on the card does n ot even need a 
heat s ink.  The 1 2  V regu lator re q u i res a 
modest heat s ink .  The total p ower require­
ment of the board can be general ly l ess 
than any static board, regardl ess of density. 
I m agine p u l l i n g  out fou r  8 K static cards and 
pl ugging in  a s ingle 32 K card which uses 
l ess power than one of the 8 K cards. Th is  
type of  performance is  poss ib le  on ly 
with today's h igh p e rformance dynamic 
memories.• 
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Assignment 

A. VAR = exp 

I I  Branch 

A. IF (3 VAR relation exp 

B . E N D I F  

I l l  Loop 

A. DO 

B .  UNT I L  (3 VAR relation exp 
C. EN DDO 

IV Subroutine 

v 

VI 

A. CALL (3 NAME 
B. SUBROUT I N E  NAME 
C . RETURN 

Input and Output 

A. READ (3 channe l ,  VAR 1 ,  VAR2, . . .  

B. PR I NT (J channel , l VAR ! 
quotes 

! 

Leaving Interpreter 

EX IT  
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A High Level Language 

for 8 Bit Machines 

Variable VAR i s  set t o  the value of 
the expression on the right side of 
the equal sign. 

The code fol lowing, up to the cor­
responding END I F ,  is executed only 
if the variable va lue satisfies the 
relation. 
I ndicates the portion of code to be 
executed if the earl ier I F  statement is 
satisfied. 

The code between a DO and an 
ENDDO is executed repetitively unti l 
the variable satisfies the inequal i ty. 
More than one UNTI L may be 
i ncluded i n one DO loop. 

A CA LL executes the code fol l owing 
the SUBROUT INE statement with 
the same name unti l a RETURN is 
encountered. 

READ specifies a transfer from the 
device specified by channel, conver­
s ion to float ing point, and transfer to 
the locations in memory specified by 
the variable names. 
PR INT sends data to a specified out­
put device in binary coded decimal 
form, prints ASC I I  code between 
quotes, and sends a carri age return 
for each " ! " . 

Causes the i nterpreter to return to 
the monitor. 

I n terpre ters such as BAS I C  or APL do 
not translate the h igh level sou rce code i n to 
mach ine  language . Rath er, th ey scan the l ine  
of  code  and then  perform a set  of operations 
based u pon th e i nstruction an d data stored 
in tables from previous i nstructions.  Thus an 
interpre te r  saves th e ti me consumed by 
translation, but n o  mach i n e  code is saved for 
later execu tio n .  The m ai n  advan tage of an 
i n terp reter is the ease of e rror correct ion.  
The resu l ts of each l ine of code can be 
pri n ted an d the exact source of d i ffic u l ty 
can be p i n po i n ted.  The p ri ce p ai d  for th is  
feature i s  memory .  The source code, data, 
tables and the i n terpre te r  p rogram must  al l 
be res ident  in mem o ry at th e sam e time. 

Table 7: The interpreter instruction set 
allows the evaluation of expressions, condi­
tional branches, loops, subroutine calls with 
multiple returns, and 10 instructions. Key­
words are indicated by boldface type in this 
table. The variable names must contain six 
or less alphanumeric characters and start 
with a letter. Expressions (exp) may contain 
numbers, operators, variables, functions and 
parentheses. Any of the following relations 
may be used: >, > = ,· < , < =, =, > < . i3 
indicates mandatory space. All other spaces 
are ignored by the interpreter. The only 
limit to the number of loops that may be 
nested is the amount of memory space 
available for storage on the stack. Everything 
past a semicolon on a line will be ignored as 
a comment. Each statement must be 
terminated with a carriage return. 



Programs also ru n s lower because th e code 
wi th in loops must be rei n te rpreted on each 
pass. 

The language p roposed h e re i s  su i table  for 
use with both an i n terpre ter an d a com p i ler .  
I f  both are avai lable then th e ti m e  con­
su m i ng p rocess of com p i l i n g  i s  avo ided u n ti l  
permanent  machine level code i s  req u i red ;  
fu rthermore, the debugging o f  a d eve loping 
program may be done q u ick ly  and eas i ly  
with an i n terpreter i n  an  i n teractive m ode.  

The pu rpose of th is  art ic le is to  i n tro­
duce readers to concep t  i n terpre te rs and to 
present an exam ple  of an i n terpre te r  for a 
h igh level language. 

The interpre te r  i nstruction set i s  sh own i n  
table 1 .  I n  addition t o  eval uating exp res­
sions, th e in terpreter can also perfo rm condi­
tional bran ches, loops, su b routine cal l s  w i th 
multip le  retu rns, and 1 0  i nstructions.  Th ese 
instructi ons are suffic ient to execute very 
complex tasks. In fact, the l anguage i s  
devised to encou rage a top d own approach 
to writing code so that it is easy to u n der­
stand, debug an d modify .  More com p l ex 
group ings such as an I F  T H E N  E L S E  con­
struction migh t  yield sl igh tl y  shorter p ro­
grams if  incl uded in the language, b u t  the 
convenience of us ing such structu res d oes 
not seem to warrant the considerable effort 
requ i red for i m plementation.  Good p rogram­
ming tech n iques are esse n tial to usefu l  code. 

Some other  s impl ifications are mad e  just 
to s impl ify th is  i n terpre ter.  N o  i n teger vari­
ables, arrays, com plex vari ables o r  double  
precision variables are  inc luded.  A l l  n u m bers 
are considered to be fl oating poi n t  n u m be rs 
with a 4 byte man tissa and a 1 by te ex­
ponent. Also th e subrou t ine cal l s  do not pass 
arguments. S ince al l the variables are global 
sym bols, local variable names w i th i n  a sub­
rou tine m ay not d u p l i cate th ose in anoth er 
routine.  These restrictions are made so that 
the code for the i n terpreter wou l d  fit on a 
small mach ine  and so that the main features 
of th e i n terpreter wi l l  not be obscured. 

The i n terpreter program is  wri tten in 
terms of a u n i versal set of instructions, 
MACL 1 .  These macroi nstructions can be 
translated i n to m ach ine  code i nstructions for 
a variety of m icroprocessors if the expan­
sions for each m acroin struction are defi ned 
for you r m i croprocessor. The trans l ation of 
the i n terpreter i n to m ach i ne code is s i m p l i ­
fied by th e u s e  o f  a p rogram cal l e d  a 
macroprocessor. Otherwise i t  can be done by 
hand. 

High Level Language Statements 

�:,�:::, ' ) 2 • x ) >3 � 
D E LTX=0.1 ) 
I N D = 1 1 

DO 

E N DDO 

X = I N D * 0. 1  

YP LUS=(X t 2 ) + ( 2 * X ) +3 l 
A R EA=A R EA+D E LT X *  ( Y P LUS+Y) *0.5 f 
U N T I L  I N D > = 1 00 

I N D = I N D+1 

P R I NT 1 ,  "The area is", A R E A  

E X I T  

E N D  

Notes 

i n i t ia l ization 

loop con dit ion counter is 
" I N D " 

start of DO l oop 

; sum areas usi n g  trapezoi­
dal i ntegration rule 

U N T I L evaluates l oop re­
iteration con dit ion 

E N D D O  tests l oop reitera­
tion condit ion 

output message and A R EA 
th rough channel  1 

go back to mon itor 

Listing 7 :  This example program, written in the high level language 
of this interpreter, is a trapezoidal integration routine for the function 
Y=(Xt2)+(2*X) 3. 

P2=3. 141 59*0.005 

R E AD 2,A 

I F  A < S I N  ( P2) 
PR I NT 1 ,A "A IS TOO S M A L L " ,  
E X I T  
E N D  I F  

I F  A > S I N ( 1 00 * P2) 

LOW= 1 

H 1 = 1 00 

DO 

E N D  DO 

PR I NT 1 ,A, "A I S  TOO B I G ", !  
E X I T  
E N D  I F  

UNTI L H I < = LOW+1 
M I D = I NT (  ( H I + LOW) /2 ) 
I F  A >S I N ( P2 * M I D ) 

H I = M I D  
E N D  I F  

I F  A> S I N ( P2 * M I D) 

LOW= M I D  
E N D  I F  

I F  A=S I N ( P2 * LOW) 
H I = LOW 
E N D  I F  

I F  A=S I N ( P2 * H I )  
LOW= H I  
E N D  I F  

X LOW=S I N ( P2* LOW) 

X H I = S I N ( P2 * H I )  

PR I NT 1 ,X LOW,X H I .A 

E X I T  

E N D  

Listing 2 :  This example 
program gives the flavor of 
a longer program with 
re ferences to various 
mathematical routines. In­
dentation is done to 
e mp h as iz e  program 
structure. 
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The fol l owing sections d iscuss the im­
p lemen tation of each of the five types of 
instructions and show the function of the 
instructions in  flowchart form. Two exam­
p les shown in  l istings 1 and 2 i l l u strate the 
si mpl icity of the resulting h igh level 
language. 

I n terpreter Organization 
The basic e lemen ts of the interpreter and 

the u ti l ization of memory are shown in  
figure 1 .  Besides the  sou rce code and the 
i n terpreter routines, there are four tables, 
two stacks an d a workspace for control 
pointers. The workspace is  used for poi n ters 
to keep track of positions in  the various 
tables, l i m iting add resses for the tables, 

. scratch area for temporary resu l ts, and ad­
d resses for 10 channels. 

The stacks are used for saving subroutine 

C O DE TO BE INTERPRETED 

S E M ANTIC 

P LOT 

D O N E  

SY M B O L  VALUE 
TABL E  

TOKEN POI N T E R  

NYSM 

X 

CONTROL PO INTERS 

SEMANT I C  
I C U R  

I M A X  

0 
p 
E S 
R T 
A A 
T C 
O K  
R 

0 

c 
A 
L 
L 

p s 
E T 
R A 
A C 
N K 
D 

return add resses and for eval u ati ng equations 
as descri bed in our d i scussio n  of the assign­
ment operations  section.  The four tables are 
for remem beri ng: 

1 .  where p reviousl y d efined variab les are 
store d .  

2 .  where subro u tines are l ocated in  the 
source code. 

3 .  where subroutines are l ocated in  the 
i n terpreter code.  

4. the l ocation of routi nes to perform the 
operati ons (+, -, *, /, t) and functions  
defined for th is  l an guage. 

The tables are searched by a l i near search 
rou tine which starts w i th the porti on of the 
table most l ikely to contai n th e i tem . The 
ASC I I  byte string in  th e name l ist  i s  com­
pared with the desired name.  The end of a 
name or symbol i n  the tab le  is denoted by a 

I N TE R P R E T E R  

E 
v 
A 
L 

STA T E M E N T  
EVA L UA T I ON 

SEMANT I C  LOO K U P  
TABLE 

I 
F 

TOKEN 

OP ERAT I ON 
C ODE TABLE 

TOKEN 

* 

S I N  

Figure 7 :  A map detailing the utilization of memory by the interpreter. Part of the memory consists of four tables that are used 
to look up values of previously used variables, locations of subroutines in source code, locations of machine language subroutines 
for the interpreter, and locations of routines for symbols and functions defined by the interpreter. The two stacks are used in 
the parsing of equations and when a subroutine is cal/ed or returned from. The two largest areas of  memory contain the source 
code and actual machine code for the interpreter. 

· 
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one in the most sign ifican t b i t, cal l ed a 
term inator. When a term inator is reached i n  
the name l ist, th e poin ter  in the cor­
responding address table  or val ue  table  is 
incremented to the next i tem . When a name 
is found, the pointer i n  the corresponding 
l ist points to the location where the va lue 
for the symbols table  or the address is 
located. The desired name or sym bol  is 
always added to the l ist to make sure that 
the search does not run off the end of the 
table .  After the search, the name pointer can 
be checked to see if_the search wen t  beyond 
the current  length of the l ist. This techn ique 
i s  faster than putting an end check in to the 
search routine. 

The subroutines in the h igh level source 
code are not the same as the rou tines u sed 
by the interpreter for perform ing operations 
and functions. The first set of su broutines 
contain source code and the second set 
contain mach ine code for operations exe­
cuted by the interpreter. 

I n terpreter Operation 

I n itial ize : The in itial ize portion of the 
interpreter has two functions. I t  loads the 
source code from' a peripheral and it  in i ­
tial izes the workspace. As i t  l oads, i t  a lso 
scans the source code looking for subroutine 
statements. The name of each subroutine is 
put into the su broutine name table ,  and the 
corresponding position in the code is put 
into the su broutine address lookup table  
shown i n  figure 1 .  The in i tial ize routine is 
en tered from the system monitor, and the 
in itial ize rou tine returns control to the 
system mon i tor. 

Scan : The scan portion of the interpreter 
receives control from the monitor and scans 
the code starting from the curren t con tents 
of the l i ne poi n ter. Depending upon  wh ich 
of the 1 2  instructions of table  1 is encoun­
tered, th is routine j umps to one of the 
routines as shown in figure 1 in order to 
execu te one l i ne  of code. If an end of fi l e  
(EOF)  character or an  error is encoun tered, 
the scan routine transfers back to the moni­
tor for text editing, reload i ng or further 
execution. 

A trace option is incl uded in the scan 
routine wh ich pr ints the name and val ue  of 
all assignment statements as they are exe­
cuted . This option is incl uded for debugging  
and tutorial purposes. 

Assignments : If the scan routine detects 
an assignment statement then the interpreter  
jumps  to the EQN routine of  figure 2. The 
EQN routine operation is outl i ned in table 2 
as a l ist of operations and operands. 

The EQN routine uses the routine EV AL  

Operation 

.JSR 

.JSR 

.POP 

.MOV 

.JSR 

Operand 

l gvarad 

leva I 

wdeval 
(wptr ) , 
wdeval 
l finstm 

Description 

; Get variable address. Use current l i ne pointer to 
fetch variable name. See if name is in name table. 
If it is, transfer its address to (wptr l .  I f  it is not, add 
name to table. Transfer symbol address from symbol 
va lue pointer to workspace at (wptr ) . Update the 
line pointer up to the equal sign . 

; Subroutine E V A L  evaluates the right side of the 
express ion and returns the value on the stack. 

; Put result from E V A L  call i nto workspace. 
; Transfer the resu lt from EVA L call to the location 
specified by the contents of (wptr ) .  

; Scan the rest of the l ine of code skipping over the 
comment field up to the carriage return and update 
the current l ine pointer. 

Table 2: An outline of the EQN routine. The routine first gets the variable 
address, then evaluates the right side of the expression and puts the value into 
the workspace. It then skips over the comment field to the carriage return, 
updates the line pointer, and decodes the next line of code. This outline flows 
from top to bottom, with the "operations" and "operands" intended to be 
used with a macroassemb!er. 

L 1 mode : I n  this mode an operand, unary operator, left parenthesis, or function is 
expected. 

If this token 
type is 
received Then perform operation 

operand : stack the operand. If the operator stacked is not a " (" , 
perform the indicated binary operation. Proceed to 
mode L2. 

operator: must be unary. Stack operator and stay i n mode L1 . 
Push a 0 onto the stack if operator is a minus sign. 

function :  push variable near operand stack. Push $ onto opera-
tor stack to indicate a function. Stay i n mode L 1 .  

right 
parenthesis: error. 
left 
parenthesis: push it onto operator stack. Stay in mode L 1 .  

L2 mode: In this mode an operator, right parenthesis, or carriage return is expected. 

If this token 
type is 
received Then perform this operation 

operator :  push operator onto stack. Go go mode L 1 .  

operand: error. 
left 
parenthesis: error. 
right pull operator from stack. If it is a "(" unstack it and 
parenthesis: return to mode L2 . If it is a $ perform the function, 

then return to unstack operation. 
carriage check operator state. Operand stack should have 
return : exactly one va lue. Convert value to floating point. 

Return to EON routine. 

Table 3: The Bauer-Same/son algorithm to determine the order of operation 
of an expression. The algorithm starts in the L 7 mode looking for an operand. 
The execution of the expression starts in the innermost parenthesis and works 
from left to right without any consideration for precedence. 
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P U S H  ' 0 '  
O N T O  
O P E R A N D  
S T A C K  

P U S H ' { '  
O N T O  
O P E R A T OR 
S T A C K  

P U S H ' - '  
ON T O  
O P E R A T O R  
S T A C K  

O U T P U T  
E R R O R  5 
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r - - - - - - - - -,  
: OPE R A T O R  : 
L ON L 
t OPERATOR � - -L STACK I ' ' 
L - - - - - - - - - - ...J 

P U L L  N E X T  
C H A R A C T E R  
F R O M  
O P E R A N D  
STACK 

E V A L  

PUSH ' � '  
O N T O  
O P E R A T O R  
S T A C K  

G E T  
N E X T  
CHARA C T E R  

G E T  
N E X T  
C H A R A C T E R 

C O N V E R T  
N U M B E R  
T O  B I N A R Y  
FLOAT I N G  
P O I N T  

G E T  
N E X T  
C H A R A C T E R  

PUSH 
OPERATOR 
ONTO 
OPERATOR 
STACK 

PU L L  N E X T  
CHARACT E R  
O F F  
O P E R A T O R  
S TA C K  

O U T P U T  
E R R O R  4 

Explanation of error messages used in this flowchart 

Error 1 :  An operand, " (" , or u nary operator ex­
pected at this point. 

Error 2: Variable name exceeds six characters. 
Error 3: An operator, " )" , or terminator expected 

at this point. 
Error 4: A left parenthesis not found to balance 

th is right parenthesis. 
Error 5: A carriage return was encountered pre­

maturely. Check for missing right 
parenthesis. 

PUSH L E T T E R  
O N T O  
O P E R A N D  
S T A C K  

G E T  
N E X T  
C H A RA C T E R 

C O N V E R T  
V A R I A B L E  
T O  N U M B E R  
ON O P E R A N D 
S T A C K  

O U T P U T  
E R R O R  2 

Figure 2: Flowchart of the modified Bauer­
Same/son algorithm. The table of error 
messages summarizes all the errors that may 
be encountered while an expression is being 
evaluated. For an algorithmic explanation 
of the flowchart see table 3. 

P U L L  
F U N C T I O N  
N A M E  O F F  
O P E R A N D  
S TA C K  

00 F U N C T I O N  



Equation : X =  +4.t VAR (CR)  

Present Character New Operand New Operator 
Mode Obtained Stack Stack 

L1 +4. 4 
L2 t 4 =,t 
L1 VAR 4,VAR = ,t 
L 1  (unstack)  4t VAR 
L2 CR 4t VAR 

Equation : X = (+4* - VAR + COS(S I N ( -Y) ) )  (CR) 

Present Character New Operand New Operator 
Mode Obtained Stack Stack 

L 1  ( = ,( 
L1 +4 +4 =,( 
L2 * +4 =, ( , * 
L1 -VAR 4,0,VAR = ,( .* ,-
L1 ( unstack) (4*-VAR) -,( 
L2 + ( ) = ,( .+ 
L1 COS( ( ) ,COS =, ( ,+,$ 
L1 S IN  ( ( ) ,COS,S IN  =,( .+,$,$ 
L1 -Y ( ) ,COS,S IN ,O,Y =,( .+,$,$,-
L1 (unstack) ( ) ,COS,S I N , (-Y) =,( .+,$,$ 
L2 ) ( ) ,COS,S I N (-Y) =,( .+,$ 
L1 (unstack) (no change) 
L2 ) ( ) ,COS,(SI N (-Y) =,( .+ 
L1 (unstack )  ( ) =, ( 
L2 ) ( ) 
L1 (unstack) no change 
L2 CR exit 

Listing 3: Two examples of parsing done by the E VA L routine. The first equation is performed 
sequentially from left to right since there are no parentheses to change the order of execution. 
The second expression contains parentheses to modify the order of execution. The first opera­
tion performed is the sine of - Y. The cosine of that value is then determined. The value of 
VA R is then subtracted from that value and added to +4. The symbol t is used to designate 
exponentiation. 

to evaluate the righ t side of the equation, 
then the val ue retu rned on the operand stack 
is transferred to the location assigned the 
variable. The F I N STM routine sk ips over any 
comment fie ld up to the carriage return. 

EVAL :  The EVAL routine  u ses a sl i ghtl y  
modified Sauer-Samelson a lgori th m to  deter­
mine the order of execution of an expres­
sion. [For a thorough discussion of this 
method see February 7976 BYTE, page 26.}  
The execution starts i n  the i n nermost 
parentheses and works from left to r igh t  
wi thout any consideration for precedence.  
Since many d ifferent  types of precedence 
have been used in other  l anguages, confusion 
is l i kely. Th is  procedure m i n im izes the s ize 
of the stack and conforms with the conven­
tions of APL and most assemblers. Prece­
dence is establ ished by parenth eses wh ich 
make the ordering unam biguous. 

The a lgorithm is shown i n  tab le  3 as an 
action table  with two modes L 1 and L2. The 
algori th m  starts i n  the L 1 mode, expecting 
an operand,  which i s  a variab le or a name. If 
an operand i s  found,  the algorith m goes to 

the L2 mode, expecting  an operator .  After 
an operand is found, any operators at the 
top of the operation stack are executed.  A 
flowchart of the algorithm is shown in figure 
2. 

Two examples of pars ing by EVAL are 
shown in Usting 3. The t symbol is u sed for 
exponentiation. I n  mode L 1 ,  the + and - are 
considered unary operators, bu t  if they are 
encountered in mode L2 they are considered 
b inary operators. Th is d istinction i s  the 
rationale for operating in the two modes. 
The errors descri bed in  the table  of figure 2 
cause the interpreter to terminate execu tion, 
print  the l i ne of code up to the error, and 
print  an error message ind icating  the 
difficu l ty .  

I F : The routine shown in  figure 3 fi rst 
compares the variable with the expression 
and then the i n terpreter executes the code 
up to the corresponding END I F  statement, 
but on ly if the variable meets the cond i tions 
specified by the IF statement. Th is  rou tine 
uses the EVAL and SEARCH rou tines. 

A flowchart of the SEARC H  routine is 

G E T  
VA R I A B L E 
A N D  I TS 
VA L U E  

S E T  
I N E Q U A LI T Y  
F L A G  

C A L L  E V A L  

E VA L U A T E  
E X P R E S S I O N  

CAL L  S E A R C H  

L O O K  FOR 
E N D ,  E N D I F ,  
OR I F  

CALL F I N S T M  

S K I P  T H E  
C O M M E N T  
F I E L D  

Figure 3: The IF routine 
evaluates the expression 
and then checks to see if 
the inequality has been 
satisfied. If the inequality 
is not satisfied it will per­
form the operations 
between the IF statement 
and the line containing the 
ENDIF statement. If the 
inequality is satisfied then 
the interpreter skips over 
the instructions and goes 
to the line of code directly 
after the ENDIF state­
ment. 
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shown i n  figure 4. The SEARCH routine 
scans the l i ne of code try ing to find an 
END I F  statement. If another I F  statement is 
encountered the su broutine cal l s  itse lf to try 
to first find another END I F  before it goes 
back to search ing for the first EN Dl F. If one 
END I F  statement i s  not found for each I F  
before an E N D  or EN DDO statement, an 
error i s  announced. 

An I F  and i ts corresponding END I F  may 
not stradd le  an ENDDO. If th is were al­
lowed, the data stored on the stack by the 
DO loop migh t  not be unstacked as the DO 
loop i s  ex ited. 

Search :  Each l i ne  of code i s  inspected 
unti l  an END, E N D I F  or I F  is encountered. 
An I F  causes the search to in i tiate another 
search for an END I F, an END causes an 
error, and an EN D I F  causes a return. 

Figure 4: The SEA RCH routine inspects each line of code until an END, 
ENDIF or IF command is encountered An IF statement causes the search to 
initiate another search for an END/F. Note that this means that the routine 
will be calling itself recursively, so care must be taken in allocating and pre­
serving local data within SEA RCH during recursion. An END statement 
causes an error and an ENDIF statement causes a return from the SEARCH 
routine. 

r --- - - - - , 
I I S  I 
I E X P R E S S I O N  I 

I. E N D ,  E N D I F, 1- - - -
l E N D D O  OR I F  : 
'- - - - - - - - - .J 
r - - - - - - - ,  
I I S  I I EXPRESS I ON I _ _ _  _ 

I F  ! 
I I 
� - - - - -- J  

.- - - - -- --, 
l i S  I I I : E X PR E S S I O N  �----
1 E N D  O R  E N D D O  

. L __ _ _ _ _  .J 

GET N E XT 
E X P R E S S I O N  

N O  

C A L L  S E ARCH 

RE C U R S I V E  
SE A R C H  

O U T P U T  
E R R O R 

Figure 5: The DO routine will perform the operations between the line of 
code containing the DO statement and the line of code containing the 
ENDDO statement until the inequality is satisfied. When the inequality is 
satisfied the interpreter will exit the DO loop and perform the first line of 
code that follows the ENDDO statement. 
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P U S H  L I N E  
P O I N T E R  
O N T O  
S TA C K  

C A L L  F I N S T M  
JUMP O V E R  
C O M M E N T  
F I E L D  

C A L L  S C A N  

E X E C U T E  
I N S T R U C T I O N  

P U L L  O L D  
L I N E  
P O I N T E R  
F R OM S T A C K  

S T O R E  L I N E  
POI N T E R  
I N  L I N E  
P O I N T E R  
R E G I S T E R  

C A L L  F I N S T M  
J U M P  O V E R  
COMMENT 
F I E L D  

C A L L  SCAN 

E X E C U T E  
I N S T R U C T I O N  

r;�;;E�E��- - -,  I L I N E  POINTER I 
I TO F I R S T  I 
I LINE A F T E R  1 
LE!'��o _ _ _ _  _J 

r - --- ------, 
___ ) UNTIL I 
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adjustment required. Visual indication of logic levels. 
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portable {pro\Cctive t ip cap and removabl e  coil  cord). 
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COMPUTER 
MART OF 
MASSACHUSETTS 

Featuring a wide variety of 
program development systems. 

XITAN[TDL) DISK BASIC $159 

Now avai lable for Z-80 based 
systems running CP/M. 

Ask us about the new XITAN 
GENERAL. 
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At last a real world fully address­
able SS-50 control interface. Con­
trol robots, appliances, organs, solar 
devices, etc. Applications limited 
only by your imagination . Easy to 
use with machine language as well 
as basic. Fully buffered board 
plugs directly onto mother board 
and responds to any address de­
fined by user. 8 fast relays latch 
data while 8 opto-isolators allow 
handshaking capacity. 

Kit $98.00 
Assembled and tested $125.00 

Visa & Master Charge 

Shipped pre-paid 
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GET 
SUBROU T I N E  
NAME 

F I N D  
S U BROU T I NE 
L O C A T I O N  I N  
L O O K UP 
TABLE 

J U M P  OVER 
C O M M E N T  
F I E L D  

P U S H  CURRENT 
LINE N U M B E R 
ONTO S T A C K  

LINE 
POI N T E R: z  
SUBROUTINE 
LIN.E N U M B E R  

CALL S C A N  

E X E C U T E  
I N S T R U C TI O N S  

START OF I PULL O L D  
R E T U R N  1 ---- LINE POI N T E R  
ROUTINE I OFF S T A C K  

I 

_ _ _ _ _ _ _ _  J 

J U M P  OVE R 
COMM E N T  
F I E L D  

C A L L  S C A N  

E X E C U T E  
I N S T R U C T I O N  

S C A N  N E X T  
L I N E  O F  
C O D E  

G E T  
VARIABLE 
VAL U E  

O U T P U T  
E R R O R  
M E S S A G E  

J U M P  O V E R  
C O M M E N T  
F I E LD 

G E T  
VA R I A B L E  
VALUE 

R E S E T  
L I N E  
POI N T E R  

C L E AR S Y M BOL 
TA B L E  A N D  
S TA C K S  

S K I P  O V E R  
C O M M E N T  
F I E L D  

Figure 7: The END statemen t should b e  the 
very last statement at the end of a program 
or subroutine. If during normal operation an 
END statement is encountered, there has 
been an error in execution. This END 
ERROR routine is used before the inter­
preter exits to the monitor program. 

SCAN N E X T  
L I N E  O F  
C O D E  

O U T P U T  
E R R O R  
MESSAGE 

R E T U R N  

Figure 6: Flowchart for the CA L L  and RE TURN routines. The interpreter 
allows multiple return statements and allows the subroutine to have a return 
from within a DO loop. Subroutines may be nested with the only limit being 
the amount of memory space that is available for use by the stack. 
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Figure 8: The EXI T  routine transfers control 
bac/? to the monitor program. The line 
painter is reset to the beginning of the 
program, the stac/?s are rese t  to their original 
values, and the symbol table is cleared. 

DO: The flowchart of the DO routine i s  
shown in figure 5 .  The DO loop routine 
stores the l i ne po inter  on the stack .  The l i ne  
poin ter w i l l  be u sed l ater by the ENDDO 
macroinstruction to determine where to 
return in the source code .  The use of a stack 
a l lows nested DO loops. The l ack of state­
ment labe ls  excludes the poss i bi l i ty of errors 
caused by not nesting DO loops w i th i n  each 
other (which is poss ib l e  in a language l i ke 
FORTRAN ) . 

Th e UNT I L  i n struction provides the 
means of ex i t  from a DO l oop. When the 
variab le sat isfies the i nequal i ty, the program 
moves to the code past the next E N D DO 
statemen t. For a DO loop of fixed length the 
variable must be i n i tia l i zed  prior to the DO 
statement and i ncremented w i th i n  the loop. 

Subroutine Cal l : The CA L L  routine 
shown in figure 6 determ ines the location of 
the su broutine code in the code l ist by 
looking up the location i n  a tab le .  The table 
of locations i s  bu i l t  for late 1· u se du ring the 
i n i tial i zation process before any code is 
executed .  The l ocation of the current  pos i ­
t ion in the code i s  saved i n  the stack .  Usual ly 
the operand stack i s  u sed . 

The RETU RN routine recovers from the 
subrou ti ne by load ing the o ld  l i ne address 
from th e stack i n to the l i ne  poin ter .  A 
RET U RN from wi th in a DO loop presents a 
special problem wh ich i s  resolved by search­
ing for any lone E NDDO statements and 
pu l l i ng the loop add ress off of the stack .  

END and EX IT :  The END routine i s  
shown i n  figu re 7 .  The E N D  rou tine denotes 
the end of the program or su broutine .  I ts 
main purpose is to preven t the program 
execution from proceeding i n to another 
rout ine,  caus ing an error .  

The EX IT  rou tine  shown in figure 8 is 
responsi b le  for transferr ing con trol back to 
the monitor and mopp ing up  chores such as 
resetting the l i ne pointer  to the beginn ing, 
resetting stacks, and clearing the sym bol 
tab le .  I t  normal ly wou ld  not clear the 
su brouti ne tab le  as the code may be rerun 
later .  

Conc lusion 

The i n terpreter  i s  especial ly adapted to 
interactive programm ing. The language 



presented here is tai lored to structu red 
programming techn iques wh ich can y ie ld 
clear, precise code.  Our i mplementation of 
the interpreter i s  written in  a macrol anguage 
which may be adapted to any m icroproces­
sor by defi ning each macro instruction in the 
assembly language of the m icroprocessor. A 
compi ler for the same macro language was 
also wri tten so that a res ident mach ine 
l anguage version may be m ade  when i t  is  
requ i red. 

The main  features of th is  i n terpreter are : 
the structured language, the methods for 
eval uating expressions, and the methods for 
hand l ing  10. Much of the deta i l  in h and l ing 
data i s  taken over by the i n terpreter so that 
on ly the fundamental considerations must 
be considered i n  wri ting a program.• 
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Presenting a growing line of 
professional quality S-lOO I MSAI / ALTA I R  

COMPATI BLE 

[lli�£�� 
BOARDS 

8K BLA N K  RAM BOARD I0<2102 type memol'f. $25.00 
-with MEMORY PROTECT/UNPROTECT and SELECTABLE WAIT STATES 

Z-80 CPU BOARD $35.00 
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$25.00 

FULL BUFFERING on ALL DATA and ADDRESS LINES 1 
SOLDER MASKS and S I LK SCREEN 1 

D I P  SWITCH ADDRESSING 1 

GOLD EDGE CONN ECTORS 
PLATED THROUGH HOLES 
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How To Get 
Larry Weinstein 
Objective Design I nc 
POB 20325 
Tallahassee FL 32304 

Your Tarbell Going 

S H I F T O U T  

B U S  
I N T E R FA C E  

S H I F T I N  

Genera l Theory 

The function of the Tarbel l cassette 
�nterface (referred to as the "Tarbe l l ") 
1s to enab le a computer system to save the 
contents of memory on  audio tape. The pur­
pose of this arti c le is to explai n how the 
Tarbel l  interface works and to suggest some 
improvements to its design fo r readers who 
have had d ifficu lt ies with the un it . 

The Tarbe l l  is intended for use with 
i nexpensive cassette recorders : the inputs 
and outputs are matched for the typical 
Aux I n ,  Ext Spkr and Earphone connec­
t ions. The computer interface to the Tarbel l  
i s  on a byte leve l ,  with the bytes and com­
mands passed by 10 instructio ns on the 
A ltair (S-1 00) bus. 

A N A LOG S E C T I O N  

} C A S S E H E  

B U S  
I N T E R FA C E  

Figure 7: Block diagram of the Tarbell cassette interface board. 
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The Tarbel l  converts d ig ital i nformation 
to an aud io form that can be written on 
magnetic tape. In turn, i t  recovers the 
d igital data from the aud io signal . These 
are the primary functions; the rest have to 
do with the "housekeeping" i nvo lved with 
the A ltair (S-1 00) i nte rface. 

Figure 1 shows a s impl ified b lock d raw­
i ng of the Tarbel l .  

A cassette recorder has d efin ite fre­
quency l im itatio ns .  The h igher the  fre­
q uency, the less accurate the signal repro­
duction wi l l  be. On the other hand, speed 
of operation is crit ica l  for the success of a 
storage med ium.  The Tarbel l makes its 
comprom ise at approximately 1 500 bps. 
This is determined by the i nterface clock. 

The · rate of data flow to the cassette 
must be known if the data is to be re­
covered . At fi rst it might seem that we 
could use the same clock to move raw data 
to and from the tape. The prob lem is that a 
cumulative error wi l l  qu ick ly bu i l d  up when 
a long stream of data i s  read . There are two 
�e lutions to th is .  F i rst, write the data on ly  
1 n  smal l  groups (say t en  b its) with definite 
start and stop points in  each group .  This 
is cal l ed asynchronous record ing. Second 
write lo ng un interru pted d ata streams and 
inc lude some clock information with the 
d ata. This is cal l ed synchronous record ing. 

The Tarbel l generates synchronous data 
streams.  Some clock information is added 
to the data by a techn ique known as phase 
encod ing. To phase encode, one s imply 
performs an exclusive OR o perat ion w ith the 
clock and data (see figure 2). The Tarbel l 
b lock d iagram now takes on the form of 
figure 3.  



Note that phase encod ing does not mean 
that the decod ing circuitry is free from the 
task of generating a match i ng clock. This 
wi l l  st i l l  be a critical part of the operation .  
We  have s imply e l im inated the poss ib i l ity 
of cumulative t iming errors. 

Assembly 

The Tarbel l  cassette interface board is 
plated through but does not use a solder 
mask or si l k  screen printing. A 30 page 
manual is i ncluded with a l l  needed parts. 
The kit does not incl ude sockets for inte· 
grated ci rcuits. 

Assembly is not d ifficu lt .  The original 
design lacked several pul l up  resistors and 
smal l capacitors, which l ed to noise prob· 
lems. Subsequent revisions have incor· 
porated these parts without any major 
board changes. Consequently, some of these 
parts are in un l i ke ly places. A careful ex­
amination of the assembly d rawing is re­
qu ired . If you have access to a copying 
machi ne, I suggest that you copy the-parts 
l i st, assemb ly  drawing, and two schematic 
pages to faci l itate construction. Repeated ly  
fl ipp ing back and forth in  the manual be­
comes t ir ing and one does not feel so bad 
about checking off items in penci l on  a 
working copy as construction progresses. 

There is a 50 k potentiometer on the 
board that is inappropriate. It is of the 
thumbwheel variety, and is too b ig :  you 
cannot insert a board in  the A ltair bus slot 
d i rect ly i n  front of a Tarbe l l .  There are also 
electron ic prob lems with th i s  part, wh ich we 
wil l get to presently .  

Operation (Digital Sections) 
For output, bytes are loaded into a shift 

register. A timer clocks data out of the 
register into an excl usive O R  gate. The same 
timing signal goes into the other i nput of 
the exclusive O R. The resu lt  i s  that a phase 
encoded signal i s  written o nto the tape. A 
status bit i nforms the computer program 
that the last bit is be ing transmitted and the 
next byte can be loaded . 

For in put, the decoded clock signal feeds 
the data i nto a shift register. For startup, the 
register is examined for a sync byte. When 
this pattern i s  detected , a modu lo 8 counter 

C LO C K  

D ATA 

P H A S E  
E N C O D E D  
R E S U LT 

Figure 2: Phase encoding. The Tarbell interface uses this technique, which 
involves performing an exclusive OR operation with the clock and the data. 

is enabled . This counter flags the com puter 
program after eight new b its (byte) are 
l oaded into the sh i ft register. The sync 
byte pattern (hexadecimal E6, or b i nary 
1 1 1 001 1 0) is hardwi red into the i nterface. 

A cassette with a sync stream written on 
it is suppl ied.  An LED  on the Tarbe l l  i s  
supposed to l ight up when the  aforemen­
tioned sync code i s  detected . The setup 
operation consists of adjusti ng the cassette 
volume control and the 50 k pot unti l  the 
LED remains on w ith a steady l ight. H ere is  
where the d ifficult ies begi n .  

C L O C K  

A N A L O G  S E C T I O N  

S H I FT O U T  

B U S  
I N T E R FA C E  

S H I F T I N  

B U S  
I N T E R FA C E  

C A S S E T T E  

Figure 3: A more de­
tailed block diagram of 
the Tarbell cassette inter­
face showing the phase 
encoding and decoding 
procedures. 
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A 

B 

A ( I K .U  
O U T P U T  T O  C A S S E T T E  
A U X  I N P U T  

The  presence of  a steady sync l ight i s  a 
good ind ication, but  it does not guarantee 
the ab i l i ty to read long fi l es . A s ing le missed 
clock pu l se in the sync stream w i l l  almost 
certa in ly go u nnoticed . H owever, a single 
mi ssed c lock pu l se du ri ng the read ing of a 
data fi le  w i l l  cause the subsequent b its to 
be read incorrect ly .  A l so,  the sync stream 
does not have a 01 0 pattern in i t, wh ich 
turns out to be a pr ime cand idate for d rop­
p ing a clock pu l se .  

Figure 4: Output section of the Tarbell interface. The circuit contains a 
simple low pass filter with a cutoff frequency of7 .5  kHz. The filter eliminates 
the high order harmonics to produce an approximate sine wave, which is 
then recorded onto the cassette. 

With some cassette p l ayers and Tarbel l  
comb inations, the control settings are non­
critical . The l ack of a good setup ind icator 
isn't important in these cases. On other 
cassette p layers the settings are critical ; 
extremely so. Here, the absence of a source 
of feedback for the setup i s  sorely m issed. 

Our ear ly experiences w i th the Tarbe l l  
were prob lematica l .  As  we began to look 

+ 5  
R l *  
3 K  

+ 5  

r - - - - -
1 + 5  
I 
I 
I 9 K  

7 1  

I 
I 
I 
I 

5 K  

L _ _ _ _  _ 

R Z  C R I  
4_7 K  I N 9 1 4  

R 3  
1 . 5 K  

8 T 2 0  

A - - - - - - - - - - - -
9 

PO S I T I V E  E D G E  

C 7  
.0 3 3  

+ 5  

1 4  1 2  

I 
M O N O S TA B L E : 

I 
I 
I 

N E GAT I V E  E D G E  I 
_ _ _ _ _ _ _ _ _ _ _ _ _  _j 

1 3  

* O N S O M E  M O D E L S ,T H I S  MAY B E  A 2 . 4 K R E S I S T O R  

R 8  
5 0 K  
POT 

R A W  
DATA 

Figure 5: Input circuitry of the Tarbell cassette interface (internal details of the 8T20 circuit have been included for clarity). 
The incoming sine wave signal is transformed into a digital signal by the comparator circuit inside the 8T20 (see figure 6). 
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more closely at the device, we ran into more 
questions than answers. For example :  

A .  Why d o  different Tarbel l u n its have 
d ifferent l evels of re l iab i l ity? 

B .  Why do seem ingly equ ivalent tape 
decks yie ld d ifferent performances? 

C. Why wil l a very cheap cassette mach ine 
outperform one cost ing many times 
more money? 

-

D. Why do some very good cassette tape 
brands  fai l  to do wel l  with the Tarbel l ,  
wh i le  others, even l ess expensive 
ones, do a fine job? 

E. Why must (as the manual recommends) 
the tone control be p laced at maxi­
mum treble? With the h ighest fre­
quency we wish to have on the tape 
being 1 500 Hz, the resu l ts shou l d  be 
better with the tone control on a 
h igh bass setti ng. 

F .  How were the resistance and capaci­
tance values in the . analog sections 
chosen? 

With these questions in  m ind ,  we took a 
closer look at the Tarbel l and came up  with 
the fol lowing i nformation .  

The critical part of any tape storage sys­
tem is the analog input sect ion .  The entire 
d igital data and c lock recovery ci rcu it  of 
the Tarbel l  is constructed from a s ingle 
IC (the 8T20) and a few passive components. 

Figure 4 gives the output section .  Th is  is 
real ly  a s imple low pass fi l ter with a cutoff 
frequency of 1 .5 kHz. The fi l ter e l im i nates 
the h igh order harmon ics of the output d igi­
tal signal . The resu lt  i s  a s ine wave, or nearly 
so. 

The input section of the Tarbe l l  is shown 
in figure 5. We have d rawn out the i nternal 
8T20 circuitry . Data on the 8T20 in  the 
early Tarbel l  manuals was absent. 

To recover the data, i t  i s  first necessary 
to convert the s ine wave recovered from the 
cassette un it to a d igital signal . Assume for 
the moment that the s ine wave is symmetric 
about 0 V. A comparator with one input 
grounded (a zero detect c i rcu it) wou ld  then 
produce a d igital signal that matches the 
original one (see figure 6) . 

Once the i nput signal passes th rough C6 {a 0.2 t-�F capacitor in the Tarbe l l  input sec­
tion ) , it loses any DC l eve l .  The DC l evel i s  
then set by the 9 k and 5 k vo l tage d ivider 
resistors ins ide the 8T20. To convert the 
signal properly, the positive input  of the 
8T20 comparator must a l so be set to th is  
voltage. This i s  accomp l ished by the vol tage 
d ivider formed by R 1 and R3 .  As figu re 5 
shows, R2 and d iode CR 1 p lay a part i n  

th is  circu it by  provid ing hysteres i s :  When 
the output of the comparator i s  h igh the 
d ivider circuit is e lectrica l ly  equ ivalent to 
figure 7a. When the output is low, the cir­
cuit is rough ly  equal to that of figure 7b .  
The  effect of  th is  i s  to e l im inate osci l l ation 
about the b ias point. 

0 C:, (\ (\ C\ ' 
A �o:a�, u 

I I I I I I I I I 

I I 1 1 1 I I I I 
I I 1 1 I I I I I � B  

Figure 6: Action of the comparator inside the 8T20 circuit. The comparator 
acts as a zero crossover detector to transform the sinusoidal input from the 
cassette into a stream of digital pulses. 

(7a} (7b} 

+ 5  + 5  

3K 3 K 

1 . 9 V  :!: 1 0 %  I .G V  ! 1 0 %  

1 . 5 K  1 . 5 K  4 .7 K 

(7c} 

Figure 7: Equivalent circuits for the voltage divider input circuit (R 7, R3, 
R2 and D 7} in figure 5, plus the resulting output waveform. Figure 7a shows 
the equivalent circuit for the case when the comparator is high, and figure 7b 
shows the equivalent circuit when the comparator is low. Figure 7c is the 
output waveform. This hysteresis effect is designed to eliminate oscillation 
of the comparator if a signal "hovers" about the bias point. 
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O R I G I N A L  
C LO C K  

E N C O D E D  
S I G N A L  

R E C OV E R E D  
C L O C K  [_-/ iool•----1•1 P U L S E  I S  7 5 %  O F  C LO C K  P E R I O D,Tc 

M O N O S TA B L E 
T R I G G E R  

R E S U LT O F  A L L  I s  
OR A L L  O s  \ 

J 
C LO C K R E C O V E R Y  
O U T  O F  S Y N C  

\ 
N O W  I N  S Y N C  

Figure 8:  Recovery of the clock from the 
encoded signal. The encoded signal is formed 
by performing an exclusive OR operation on 
the data and the clock. To recover the clock, 
a one shot with a duration of exactly 0. 75 
clock cycles fires on every transition of  the 
encoded signal. 

Figure 9: A utomatic synchronization of the 
one shot (monostable) pulses and the signal 
transitions (see figure 8). As  soon as a 7 to 
0 or a 0 to 7 transition takes place in the 
data, the recovery one shot is forced to 
"fall in line. " 

Figure 70: Complete timing diagram for signal processing in the Tarbell 
interface. 

H E X A D EC I M A L  2 2  E 6 H - S Y N C  B Y T E  

0 0 0 0 0 0 

� D A TA B E C O M ES VA L I D  A F T E R  F I R S T  
0 TO I T R A N S I T I O N  
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0 0 0 

O R I G I N A L  D A T A  TO TA R B E L L  

O R I G I N A L  C L O C K  

P H A S E  E N C O D E D  C L O C K  A N D  D A T A  

A N A L O G  S I G N A L  T O  A N D  F R O M  
C A S S E T T E  
A S S U M E S  " P E R F E C T '' R E P R O D U C T I O N  

D I G I T A L  S I G N A L  R E C O V E R E D  F R O M  
A N A L O G  

R E C O V E R E D  C L OC K - G E N E R A T E D  B Y  
M O N O S TA B L E  

R E C O V E R E D  D A TA - W H I C H  I S  I N V E R T E D  

I N V E R T  TO OR I G I N A L  DATA 

@T H I S  LOW F R E Q U E N C Y  WAVE W I L L  O F T E N  BE LOW I N  
V O L U M E  A N D  D I ST O R T E D ,  R E S U LT I N G  I N  A D R O P P E D  
CLOC K A N D  L O S S  O F  S Y N C H R O N I Z AT I O N  



S Y M M E T R I C  S I N E  W A V E  
I N P U T  TO C O M PA R AT O R  

} D C  " T R I G G E R " L E V E LS, ------,f---j-----___Jt--------f--',�-----\------ W I T H  H Y ST E R E S I S ,  
I N P U T  T O  C O M PA R ATOR 
S H O W N  I N C O R R E C T LY 

C1 6 reduces any very h igh frequency 
no ise com ing in on the l ine .  C6, besides 
serving as a coup l i ng  capacitor, al so forms 
a fi l ter with the 8T20's i nternal 5 k resistor. 
The effect i s  to reduce the low frequency 
part of the signal . It i s  a lso an effective 
60 Hz and "wow" fi l ter. 

Once the original d igita l  signal has been 
recovered, we can proceed to reconstruct the 
clock signal , and from that, the data. On 
every transit ion of the d igital signal , a 
monostab le i s  triggered (see figure 8 ) .  The 
tim ing of the pu l se i s  critica l .  It shou l d  be 
75% of the period of the output c lock. 
(You may have to study figu re 8 carefu l ly 
in order to understand how th i s  recovery 
process works.) 

Next, exam ine figure 9. It shows the 
automatic synchronization process of the 
monostable pu l ses and the signal transi­
tions. As soon as a 1 to 0 or a 0 to 1 transi­
t ion occurs i n  the original data, the recovery 
monostable is forced to "fal l in l i ne . "  For 
this reason ,  some k ind of start byte is re­
qu i red ahead of the normal sync byte when 
using the Tarbel l .  The enti re process is 
shown in  figure 1 0. 

The major prob lem with th is c ircu it i s  
i ts sensitiv ity to waveshape and ampl itude. 
The pr imary cause of this rests i n  the way 
the DC levels are set for the comparator. 
The 8T20 specifications give the reference 
vol tage avai lab le  at pin 7 as a nominal 1 .4 V, 
with m in imum and max imum values of 0.8 

S E T  F O R  S I N E  W AV E ,  
T R U E  D C  L E V E L  

S I N E  W A V E  D C  L E V E L  

} S Y M M E T R I C  R E S U LT O F  
M ATC H E D  D C  L E V E L S  I N P U T S  TO 
C O M PA R ATOR 

} A S Y M M E T R I C  R E S U LT OF 
M I S M A TC H E D  DC L E V E L S , W I T H  
H Y S T E R E S I S  

and 2.0 V ,  respectively .  S ince the "+" i nput 
to the comparator i s  set by an i ndependent 
vol tage d ivider, an error of ha lf a vo l t  is 
possib le .  Figure 1 1  shows the effect of m is­
matched DC levels. As you can see, the 
more closely these DC level s  are matched, 
the better off you wi l l  be. 

The t iming d i stortion produced by th is  
effect can be compensated for by the proper 
setti ng of the monostable, up  to a po int.  
However, the more the t iming i s  off, the 
more critica l  the pot setti ng wi l l  be. 

The monostable pu l se time i s  determ ined 
by C7 and R8,  a 50 k pot. The t iming i s  
defined by the relation :  

T w = (C) (R )  ( I n  2 )  

For the given Tarbel l  output frequency we 
requ i re a pu lse of ( .67 ms) (0.75) = 0 .5  ms.  
Therefore, the R/C relation is R= .72/C, wi th 
R in ki lohms and C i n  microfarads. For a 
.033 pF capacitor, R shou l d  be 21 .85  kS1; 
for .039 pF, it shou l d  be 1 8.5  k.Q. A la rge 
fixed resistor in series with a 5 k.Q trim pot 
wou ld do a far better job here. 

The next factor affecting th is  t im ing i s  
i n  the cassette transport i tself. F l utter, a 
h igh frequency variation i n  tape speed , w i l l  
cause the s i ne  waves to vary i n  period . 
F igure 1 2a shows the effect of flutter. 

The shape, symmetry, and ampl itude 
of the wave wi l l  a lso affect th is  t im ing. 
I nexpensive tape mach ines genera l ly  use 
tone contro ls  that work in  tandem with the 

Figure 7 7: Effect of mis­
matched comparator input 
DC levels. 
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Figure 72: Factors causing timing distortion in Tarbell processed signals. Figure 72a shows the 
effects of flutter, or high frequency variations in tape speed. Figures 12a, l2b and 7 2c illustrate 
the effects of shape, symmetry and amplitude, respectively, of the signal waveform on the 
digitized output. Figure 72 shows how changes in signal amplitude caused by the low pass filter 
in the input circuit (see C6 in figure 5) can affect pulse width. 
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HYSTE R E S I S  P R E S E N T  

Figure 7 3: Effect of the presence of hys­
teresis: a sudden unexplained dip in DC 
level. 

Figure 74: High amplitude signal with steep 
sides resulting from a high treble setting on 
the cassette recorder. 

vol ume control . Each wi l l  affect the other. 
The effects of these factors are shown i n  
figures 1 2b, c ,  and d .  

The h igh pass fi l ter created by C 6  i n  the 
Tarbel l causes the ampl itude of the i nput 
signal to vary accord ing to frequency. The 
resu lt  i s  shown in  figure 1 2e .  This frequency 
change area is al ready a sensitive point; 
the m i smatch of ampl i tudes compounds 
matters. 

We noticed one add itional effect in a 
Tarbel l un it, for wh ich we have no explana­
tion as yet. The i nput appears as in figure 1 3  
whenever the hysteresis c i rcu it  i s  connected . 
With the hysteresis removed the wave 
osci l l ates about a fixed center l i ne .  

Bearing al l of th is i n  m ind ,  we 're ready 
to try for some answers. 

Tarbel l  un its with the more c losely 
matched DC level inputs to the i r  comparators 
w i l l  be less sensitive to al l of the factors 
that can cause problems. A very s l igh t  
d ifference, even 200 mV ,  i s  s ign ificant. 

A l so, the h igher the i nput signal amp l i -



tude, the l ess l i kely any of the waveshape 
factors are to have any effect. 

Figure 7 5: Suggested changes to the Tarbell 
front end circuitry. 

+ 5  

_ _ _  ;;;: ® r Why do some Tarbe l l  un i ts work in the 
h igher end of their volume range but not at 
the very top? This i s  due to the connection 
between the vol ume and tone contro ls .  
When the vo lume is at maximum,  �special ly 
where the treble  control is a lso at an ex­
treme, the waveshape is severely  d i storted . 

When the tone control is at max imum,  
the ampl itude of the signal i s  i ncreased and 
the waveshape i s  affected . The general out­
come is a wave w ith steep s ides about the 
"zero level " (see figure 1 4) .  The ampl itude 
increase and steep sides tend to produce a 
more accurate d igital signal . 

+ 5  

) 1 . 5 K  

8 T 2 0  

A 

I 9 

4 . 7 K  

"- R E M O V E  H Y ST E R E S I S  

L E D ./ 
( O R  U S E  LOG I C  
P R O B E  H E R E )  

A h igh bass setting reduces the  ampl i tude 
of the wave with a greater effect on the 
h igher frequency section .  With some cassette 
players, a fu l l  bass setting can produce up 
to a 3 dB  per  octave loss begin ni ng i n  the 
area of a few hundred Hz. It i s  the overal l 
signal loss that makes a h igh bass tone setting 
unacceptable .  

S U B S T I T U T E  P O T  T O  
A D J U S T I N P U T  D C  L E V E L  

NORTHWES� 
ROCOMPUTER 

SYSTEMS 
• Ful ly i ntegrated UCSD PASCAL 
• CP/M * 
• 3 Mhz 8 0 8 5  CPU 
• Double density DMA d isl� contro l l e r  
• 1 . 2 Megabytes o f  on- l i ne storage 
• 54 K of static P-AM 
• 2 4 x 8 0 ,  1 2" Cr-T disp lay 
• r-S2 3 2  Seria l  commu nication port 
• r-S2 3 2  Ser ial  pr inter port 
• TIL compatible para l le led ports 

N OW S H I PP I NG 
$ 7495 complete 

* CP/M is  o (rodemorl� of Digi(Oi  Research 

NMS 8 5/P  

Options inc lude:  

8 0 8 5  + PASCAL 

H a rdware f lootinq point  
AMD 95 1 1 ,  .32 oit ,  arithmetic, tri g .  
functions divide approximately 1 20 J1S 

G raphics, b it-mopped dot 
5 Mhz 8085 CPU 
FORTr.AN , 8AS I C-C,  C080L 
Appl ications software 

MAI N  O F F I C E ,  1 2 1  EAST ELEVENTH AVE .  • EUG E N E ,  O REGON 9 740 1 • ( 5 0 3) 485-0626 
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Listing 7 :  The author's 
test tape for the Tarbell 
cassette interface. 

C A S C  

C A S C  

The presence of even mi ld  dropouts on 
the cassette tape wi l l  a lso cause problems. 
A 1 ms  loss of a few decibels of output level 
wou ld n't be noticed in  audio work, but 
cou l d  mean the fatal dropping of a clock 
pu l se when recording d igital information .  
Thus, some cassette tapes that pass audio 
tests with flying colors may be unacceptable 
for d igi tal appl ications. (We have had ex­
cel lent resu l ts with Scotch low noise, h igh 
density C-60 tape.) 

As for the d ifferences in  cassette decks, 
there are many possi b le factors: probably 
the main one i s  the ampl i tude of the output 
signa l .  However, the ampl itude effect i s  
c losely t ied to the waveshape, and a pure 
s inewave does not always yie ld the best 
resu l ts .  I n  other words, h igh cost and ac­
curate reproduction do not guarantee good 
performance. 
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Corrections 

A few s imp le  changes in the Tarbe l l  i nput 
section wi l l  s ign ificantly i mprove perform­
ance. ( Refer to figure 1 5 . )  

F i rst, remove the hysteres is circu it, 
either by cutting the trace on the rear of 
the card that connects R2 to CR 1 ,  or by 
s imply removing one of these two com­
ponents. I f  you are a d iehard be l iever i n  
hysteresis ,  replace R2 w i th a 47  k o r  l arger 
resistor. Bear in m ind  that the 8T20 specs 
give a ±4 mV input thresho ld .  

Next, replace R 1 with a 5 k or 10  k pot. 
Th is w i l l  enable you to set the "+" input 
level to match the signal DC l evel . 

Set up the Tarbe l l  w i th its cassette 
p layer. P lace a logic probe on p in  1 or 9 of 
the 8T20 (or add a resistor and L E D  as in  
figure 1 5 ) .  With the cassette p l ayer off, 
adjust the R 1 rep lacement pot near the 
area where the l igh t switches from on to 
off. 

Set the tone and volu me control s  to their 
halfway points .  U se the program in l i sting 1 
to generate a test tape .  Note that a special 
test byte (hexadecimal 22, b inary 001 0001 0) 
al ternates with sync. 

Now p lay back the tape w ith the test 
program runn ing. A signal ( l ight, beep, 
etc) impl ies an error. F i rst adjust the 50 k 
Tarbe l l  pot. You shou ld be ab le to get a 
steady sync I ight with few or no error 
signal s. From there, adjust the volume and 
tone contro l s  unt i l  you can run a long test 
without a s ingle error signal . As with a wel l  
ru nn ing Tarbe l l ,  you shou ld have a l arge 
range of acceptable cassette setti ngs. 

Our experiences with Tarbe l l s  with these 
few changes have been exce l lent. They are 
tota l ly re l iab le .  Further, tapes wri tten on 
other systems, can general ly be read without 
readjusting the various control settings. 

Conclusions 

With revision D of the board, the noise 
prone floating i nputs have been tied down 
(or up) .  But the i nput circuit i :; sti l l  lacking. 
The 8T20 internal b ias resistors are c learly 
in tended for use with a TTL input, not an 
analog one. The lack of adjustment on th is 
b ias w i l l  continue to cause problems, necess i· 
tating fixes such as the one given .  

On the  p lus  s ide, t he  Tarbe l l  i s  a con­
t inual ly evolv ing and improving device. The 
responsiveness of i ts manufactu rer (Don 
Tarbel l )  i s  unsu rpassed in  the industry. 



The board is avai I able, has no "exoti c"  
components, and  i s  s imple to  set up and  use. 

The cassette wri ting scheme which the 
Tarbe l l  executes i s  one of several cassette 
methodologies now bei ng used in the per­
sonal computing fie ld .  Several versions of 
this type of record ing method are now 
avai lab le in the hobby market. The 1 500 bps 

speed i s  acceptable for work w ith smal l to 
med ium length data fi les .  For program load­
i ng, it i s  excel l ent. 

We' l l  take th i s  opportun ity to cast our 
vote for phase encod ing at  800 b its per i nch 
as a cassette standard and recommend i t, 
from whatever manufacturer, for smal l  
computer systems.• 

Manufacturer's Reply 

Thanks for the opportunity to reply to 
Larry Weinstein 's article. 

First, to reply to the questions posed: 
A, 8, C, and D are somewhat related. The 
main source of reliability problems we have 
found on the interface is faulty integrated 
circuits. These are sometimes difficult to 
isolate, especially when the problem is not 
occurring all the time. Tape drives vary 
considerably in their performance charac­
teristics. The main requirements for our in­
terface are a frequency response to 8000 Hz, 
and an output amplitude of at least 5 V 
peak to peak. We haven 't found any recorders 
that have these characteristics that haven 't 
worked with the interface. Some expensive 
recorders, sadly, don 't have the above 
minimum requirements. 

As mentioned in question E, the highest 
frequency the interface works with is ap­
parently 7 500 Hz. A certain number of har­
monics above this, however, are required to 
accurately reproduce the phase shifts that 
this method uses. That 's why it 's usually 
better to have the tone set high. To answer 
question F, the parts values were generally 
first chosen by a combination of calculation 
and experience. They were then tuned 
empirically (ie: diddled on the breadboard) 
for optimum operation. 

I don 't think of C6 as a filter capacitor so 
much as I think of it as a differentiating 
capacitor. Its main purpose in my mind, 
in addition to removing the DC component, 
is to translate the peaks of the input wave­
form into zero crossings. In this way, the 
circuit becomes less dependent on input 
amplitude. Although the worst case toler­
ances of the components in the input sec­
tion theoretically cou l d  cause a problem, 
our experience is that they don 't. Out of the 

many units that have been returned for 
repair, none required adjustment or replace­
ment of these components to make them 
work. On the other hand, it is true that 
replacement of R 7 with a potentiometer 
could mean the difference between operating 
or not operating with a marginal recorder. 
The reason that a pot was not used in the 
design is that I felt the fewer pots there were 
to adjust, the better off the user would be. 

We don 't put a fixed resistor in series 
with the 50 k pot because we want to allow 
the user to adapt to much faster or slower 
speeds, as his requirement dictates. The 
reason for the hysteresis is to reduce the 
effects of noise on the input signal. With a 
sufficient amount of input amplitude, the 
percentage of distortion introduced by the 
hysteresis is minimal. Many computers have 
a fairly high level of noise, a.nd so do many 
recorders. If you have a very clean system, 
you may not need the hysteresis, and can 
remove it as he suggests. This will also allow 
you to work with lower amplitudes, such 
as are generated by tape decks without 
amplifiers. 

In spite of the above comments, I feel 
that Mr Weinstein 's article is a valuable 
one, and is accurate, on the whole. His test 
program, especially, is excellent. I hope, 
however, that readers will not try the 
changes suggested in the article unless they 
actually are having problems. I would also 
like to take this opportunity to announce 
that the 90 day, no fault warranty on this 
product has now been extended to six 
months, and to encourage customers to send 
their boards back for a quick repair. 

Donald E Tarbell 
Tarbell Electronics 

20620 S Leapwood Av, Suite P 

Carson CA 90746 
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Mow, a book 
for the practicing 

professional . . .  

"This is the best handbook of data 
communications system technology 
that this reviewer h as yet 
encountered. " - Arvid G. Larson in 
ACM ComP.uting 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, 
format 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 

. - - - - - - - - - -, I ,.,D�D"�D ���i:=�i��e:tservices I I � � u� Digitai Equipment Corp. l 
Crosby Drive, Bedford, MA 01730 

I I would like to order ___ copies of I TECHNICAL ASPECTS OF DATA 

I COMMUNICATION at $19.95 per copy. I 0 Check enclosed 0 Money Order enclosed 

I (Note: Minimum order for Digital Press to I process purchase order is $35). 

I Name I I Address I I City State Zip___ I 
L _ _ 

Prices apply in U.S. only._ � _j 
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Th is month we begin a formal Event 

Queue, a calendar of coming e vents 

which we know about as of press time. 
In order to gain optimum co verage of 

your organization 's meetings, computer 
conferences, seminars, workshops, etc, 

no tice should reach our office at least 
three months in advance of the date o f  

the e vent. Entries should be sent to: 

Event Queue 
8 Y TE magazine 

70 Main St 
Peterborough NH 03458 

Each month we publish the curren t 
con tents of the queue for the month of 

the cover date, and the two following 
calendar mon ths. Thus a given event may 
app ear as many as three tim es in this 
section if it is sent to us far enough in 
advance. 

J u l y  1 7 -1 9 ,  Data Processing Operations 
Management, Houston TX. This  seminar 
wi l l  offer the senior data processing 
professional an opportun i ty to gather  
the  latest management sk i l l s .  The cur­
ricu lum is designed toward practical , 
applied data processing management 
techn iques. Contact Ph i l ip  M Nowlen,  
Program Chairman, Director, Center 
for Continu ing  Education , Un iversity of 
Chicago, 1 307  E 60th St, Chicago I L  
60637 .  

J u ly  1 7 -2 1 , Coding and  I nformation 
Theory,  UCLA, Los Angeles CA. This 
course wi l l  present the fu ndam entals of 
representation, storage and transm ission 
of data. Protection against storage and 
transm ission errors using erro r d etection 
and error correcting ( inc lud ing ham­
ming) codes wi l l  be developed. Effi­
ciency enhancement th rough . infor­
mation compressing codes, predictive 
run encoding and Markov chains (pro­
bab i l istic fin i te state mach ines) wi l l  be 
discussed. Contact Short Course Program 
Office, 6266 Boelter Hal l ,  UCLA Exten­
sion, Los Angeles CA 90024, (2 1 3 ) 
825-3344 or 825-1 295.  

J u l y  25-26 ,  Workshop o n  Use of Com­
puters in Teaching Statistics, Un iversity 
of New Hampsh i re ,  Du rham N H .  Work­
shop participants wi l l  be scheduled for 
hands-on use of the fol lowing packages: 
Min i tab I I ,  I DA, SAS, SPSS and BMDP .  
Contact D r  J erry Warren ,  D i rector, The 
Office of Academic Com puti ng, 304 
McConnel l  Hal l ,  Un iversity of New 
Ham psh i re ,  Du rham N H  03824. 

J u l y  26, Third A n nua l  I ndy  Micro­
com puter Show,  Hol iday I n n ,  I ndi­
anapol is I N .  There wi l l  be exhi bits ,  
demonstrations and techn ical seminars 
addressing the engineering, i ndustrial, 
scientific ,  business and personal appl ica­
tions of m icrocompute r  systems. Contact 
Thurman H Gladden,  Naval Avionics 
Center, D -8 1 0, 600 E 2 1 st St ,  I ndi­
anapol is I N  462 1 8 ,  ( 3 1 7 )  35 3-3208.  

J u l y  3 1 -A ugust 4,  Digital Fi lters, Uni ­
versity of Toronto CAN A D A .  This 
cou rse will provide a practical i n tro­
d uction to the subject of d ig ita l  filters. 
Topics wi l l  i nc lude the frequency ap­
proach , Fourier series and i n tegrals, non­
recursive fi l te r  design ,  theory of recu rsive 
fi lter design , d iscrete Fourier  transforms, 
fast Fourier transfo rm im plemen tation , 
estimation of power spectra and non­
l i near phenomena due to quantizing 
signals. This cou rse wi l l  be of in terest to 
those who use l i near combinations of 
data. The emphasis is on its basic nature 
and practicabi l ity. Contact Nonie 
Watanabe, Short Courses, 6266 Boelter 
Hal l ,  UCLA Extension ,  Los Angeles CA 
90024. 

August 7-9, Third J erusalem Conference 
on  I nformation ,  J erusalem I S RA E L. 
The conference w i l l  cover a broad range 
of topics on computing appl ications, 
science and tech nology. Primary em pha­
sis w i l l  be on the role of computers i n  
t he  transfer of  tech nology between large 
and smal l  countries. Con tact Robert W 
Rector, Executive D i rector, A F I PS ,  2 1 0  
Summi t  Av, Montvale N J  07645 , (20 1 )  
3 9 1 -98 1 0. 

August 7-9 ,  Laser Beam I nformation 
Systems, M inneapol is M N .  This sem­
inar will cover the growing appl ica­
tion of laser technology in image and 
data manipu lation in the form of scan­
n ing, transm ission ,  reproduction and 
control. The princ iples and practice of 
laser beam information systems wil l  be 
covered in preparation for d i rect appl i ­
cat ion to such fie lds as facsim i l e ,  com­
puter memory and d isplay, target 
identification,  reconnaissance, photo­
composition and image man ipu lation. 
Contact Phi l ip M Nowlen, Program 
Chairman, Director, Center for Con­
t inu ing Education, the U n iversity of 
Ch icago, 1 307 E 60th St, Ch icago I L 
60637.  

August 7 -1 1 ,  Coding and  I nforma­
tion Theory, U n iversity of Toronto 
CANADA.  See j u ly 1 7-21 , UCLA,  
for information. 



Save 20 % on a l l  Dyna byte 
Save 1 5 % on a l l  

I M SAI and Cromemco 
Save at least 1 5 %- on a l l  

TDL and North Star 
Contact  us for sa vings on 

Micropolis 

N O RTH STAR 
H O R IZO N S  

ABSOLUTELY B EST P R I C ES 
A N D  B EST DELIVE R I ES 

Horizon 1 K i t ,  Lis t $ 1 599 _ $ 1 349 
Assembled a n d  tested, List $ 1 899 _ 1 599 

Horizon-2 (with 2 drives) K i t , List $ 1 999 1 699 
Assembled and tested, List $2349 _ 1 939 

TD L XIT AN ALPHAS 
- LIMI TED TIME SPECIALS -

Xi tan Alpha 1 ,  List $993 _ . 
Xitan Alpha 15,  List $ 1 1 72 _ 

Xitan Alpha 2, List $ 1 60 1  

Xi  t a n  A l p h a  3, List $ 1 54 1  . 

X i tan Al pha 4, List $ 1 970 . 

Xi tan Alpha 5, List $2041 

X i tan Alpha 5-Pius, List $24 1 0  _ 

$ 839.95 
964.95 
1 309.95 
1 278.95 
1 599.95 
1 703.95 
201 7.95 

M in i M icro M a rt 
ALPHA 1 .95 SPECIAL 
S i m i lar  to T D L  X i ta n  A l pha 2 ,  K i t . $798 

TD L Z1 6K STAT I C  
M E M O RY BOA R D  

Assembl ed and Tested 
O ri g i n a l l y  $695 

O U R  PRI CE: $339 
We also stock TARBELL; MORRO W, 

SO SALES, X/ TEX. and others ! 

- SEN D  FOR F R E E  CATALOG -

Min i Mi c r o Ma rt, I nc .  
1 6 1 8  Ja mes Street 

Syra·cuse ,  N e w  York 1 3203 
Phon e :  (31 5) 422-4467 

Circle 250 on inquiry card. 

A ugust 21 -25 ,  D igital F i lters, UCLA .  See 
. j u ly 3 1 -August 4, Un iversity of Toronto, 
for information. 

· 

August 2 1 -September 2 ,  Courses on 
M icrocomputer I nterfacing  and A na­
log S ignal Condit ion ing, Virg in ia Poly­
technic I n stitute and State Un iversity, 
B l acksburg VA 24060. The objective of 
these programs is to provide an educa­
tional experience for sc ientists, engin.­
eers, teachers, managers or techn icians i n  
the areas of  microcomputer data acqu isi­
t ion, instrumentation,  and measurement 
systems ranging from the analog sensor 
th rough the analog data channels to the 
m icrocomputer. The cou rses provi de a 
combined lecture/ laboratory experience. 
Continu ing  education un i ts are provided 
for each course. Contact Dr L inda 
Leffe l ,  Center for Con tinuing Educa­
tion , Virg in ia Polytechnic I nstitute an d 
S tate U n iversity, B lacksburg VA 2406 1 ,  
( 303 )  95 1 -5241 . 

August 24-27, PC '78,  Phi lade lph ia  
Civic Center, Ph i ladel phia PA.  The 
first day of PC '78 (August 24) w i l l  
be an  i ndustry trade show wh ich  i s  
open  to  dealers, the  industry and ex­
h ib i tors' guests. For the remain ing 
three days the ful l  Personal Comput ing 
Show and Personal Computing Col l ege 
wi l l  be ru nn ing. Over 80 hours of free 
sem inars are planned. Contact j oh n  H 
D i l ks I l l ,  Rt 1 ,  POB 242 (Warf Rd ) ,  
Mays Landing N j  08330.  

August 29-3 1 , Data Processing Oper­
ations Management,  New York N Y .  
See j u ly 1 7- 1 9 , Houston T X ,  for infor­
mation. 

September 6-8 ,  COMPCON Fal l  '78, 
Capitol H i l ton Hote l ,  Wash ington DC. 
Sponsored by the I EE E  Com puter 
Society , th is  conference wi l l  cover 
computers an d com mu nicati ons, i n ter­
faces and i nteractions. Such topics as 
m icroprocessors in communications, 
mu l tip le  com puter systems, advances in 
com mun ications technology and many 
others wi l l  be d iscussed at this confer­
ence. Con tact Kenneth H Crandall j r , 
COM PCON Fal l ' 78 ,  POB 639 ,  S i l ­
ver  Spring MD 2090 1 . 

September 1 1 -1 5 ,  Cod i ng and I nforma­
tion Theory, Georgia I nstitute of Tech­
nology, Atlanta GA. See j u ly  1 7-21 , 
UCLA , for information. 

September 1 8-22 ,  Digital F i lters, Georgia 
I nstitu te of Technology, Atlan ta GA .  
See  j u l y  3 1 -August 4 ,  Un iversity of 
Toronto,  for i nformation .  

September 29-0ctober 1 ,  I nternat iona l  
M icrocom puter Exposit ion ,  Dal las Con­
ven tion Center, Dal las TX. This exposi­
tion will be d i rected toward al l levels of 
tech nology from the professional engi n ­
e e r  to  t he  begi nn ing computer hobbyist. 
In addition to the seminars, a panel of 
experts wil l be avai lable to answer 
questions. Contact Beverly Tanner at 
( 2 1 4 )  27 1 -9 3 1 1 .• 

LEARN 1_1) 
PROGRAM 
l'I J(;U_O(;C,ltJJ•(r'I'I�U.S 
A n d  a t  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 TM h o m e  s t u d y  c o u rse 
from Log i c a l  Services. 
Now you c a n  l e a rn m i c rocom p uter 
prog ram m i n g  in ten com p rehe n s i b l e  
lessons.  A t  h o m e .  I n  y o u r  own t i m e .  At 
your own pace. 
You l ea rn to solve c o m p l ex problems 
by b reaking them down i n to eas i l y  
prog rammed mod u l es.  Prepared by 
p rofe s s i o n a l  d e s i g n  e n g i neers,  the 
Modu-Learn TM course p resents sys­
temat ic software d e s i g n  tech n i q ues. 
structu red p rogra m  desi g n ,  and p rac­
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-comp uter a p p l icat ions.  A l l  i n  a 
mod u l a r  sequence of 1 0  l essons . 
m o re than 500 pages,  bound i nto one 
pract i c a l  notebook for easy reference. 

You get d i verse exa m p l es .  p roblem::;, 
a n d  solut ions .  With thorough back­
g round m ateri a l  on m i c ro-com puter 
arch i tecture, hardware/software tradP.­
offs. and u sefu l refe rence tab les .  A l l  
for o n l y  $49.95.  

Fo r $49. 95 you l earn d e s i g n  tech­
n i q ues that make software work for 
yo u .  M o d u - Le a r n TM s t a rt s  with the 
b a s i c s .  O u r  p r o b l e m -s o l u t i o n  a p­
p roach e n a b l es you to " g rad uate" as 
a p rogrammer.  

C i rc l e  the reader service n u mber be­
low to receive o u r  free d esc riptive 
b rochu re and c o u rse out l i n e .  

Use yo u r  M aster C h a rg e  o r  V I S A  
card t o  o rd e r  today. Cal l  P a t  a t  ( 4 0 8 )  
2 45-88 5 5 .  

Circle 21 5 o n  i n q u i ry card. 

P.O. Box 60968 
Sunnyvale, CA 94088 
408-245-8855 

LOGICAL 
SERVICES INCORPORATED 
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Continued from page 63 
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Tl  I T2 I 
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M l  

T 3  I T l  I T2 I T 3  

M l  

Figure 3b: Ml, T7 /Ml, Tl, one of the seven interprocessor T state alignments 
shown in table 7. Synchronization is achieved after three clock cycles in this 
example. A complete discussion of the M and T states can be found in the 
Z-80 technical manual. (Note that, even though the arbiter activates the wait 
lines at periods during synchronization, this has no effect on the processors 
because the lines are not sampled until the falling edge of T2.) 

I nter·processor 
State Relationship Synchronization Pattern Wait States T States Until 

PX/Py M 1 ,T 1 /M 1 ,T3 M 1 ,T1/M2,T3 P
x 

Py Synchronization 

M 1 ,T1 /M1 ,T1 .J 0 1 3 

M1 ,T 1 /M1 ,T2 .J 1 0 3 

M1 ,T1 /M1 ,T3 .J 0 0 0 

M 1 ,T1 /M1 ,T4 .J 0 1 6 

M 1 ,T1 /M2,T1 .J 0 2 7 

M1 ,T1 /M2,T2 .J 1 0 3 

M 1 ,T1 /M2,T3 .J 0 0 0 

Table 3: Timing analysis for two Z-80 processors in parallel. The seven 
possible interprocessor state relationships are shown at left. The center 
column lists the two possible classes of operation for the parallel processors: 
the first (Ml, T7 /Ml, T3) occurs when both processors are performing an op 
code fetch at the time of synchronization; the second is the case when one 
processor is performing an op code fetch while the other is performing a 
memory read or write. The wait states column indicates how many wait states 
each processor must undergo until synchronization occurs. Note that in two 
of the cases, the shared memory arbiter (see figure 2a) need not be employed, 
since the two processors fall into synchronization spontaneously. 
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M 2  M l  I T 3  1 T 4  
M 2  

T I 1 T 2  

T 2  I 
M 2  

T 3  I T l  I T2 1 T3 I 

M l  

su it, enab l i ng  IC3b ;  ie : granting processor 
Y 's request. 

System Timing 

I n  order to choose a memory that is 
su bject to overlapp ing access req uests from 
more than one processor, system t iming 
must be carefu l ly  exam ined.  Important 
considerations in this design include the 
control logic propagation delay and the 
"window size " provided by the processors 
for read or write accesses to the common 
memory. 

In the s ingle processor system, the 
smal l est memory access window of any Z-80 
instruction occurs d ur ing the op code fetch 
cycle. The effective l ength of that cycle is a 
few nanoseconds less than 1 .5 clock cycles 
( 1 .5 <P}. However, the dual processor config­
u ration reduces the window size for two 
reasons :  ( 1 }  the delay in processor selection 
( i e :  the data gating signal} incurred by the 
control logic and, (2) the overlap of the 
memory request - si gnals from opposing 
p rocessors that is requ ired to perm it fu l l  
speed operation by the  processors. Further, 
the memory cycle time  requ i rement 
becomes more stringent, accommodating 
from more than two clock cycles in  a 1 pro­
cessor system to l ess than one clock cycle in  
th is  system. 
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The c lock that dr ives the  processors 
oper'ates at 2.5 M Hz, defin i ng  a basic cycle 
time of 400 ns. With this i nformation it is 
now poss ib le to calcu late the operating char­
acteristics requ i red of the shared memory. 

As stated earl ier, the memory access 
window depends on the control l ogic switch­
i ng delay and the request s ignal s overlap. I t  
has been shown (see figure 3 )  that the 
smallest window occurs at t imes of bus 
request confl icts, and that this window has a 
l ength of one clock cycle. The equation, 

IM D 5  � J3 IM D 2  

� t S H A R E D  M E M O R Y  
DATA B U S  

then, for actual window length is : 

La = 1) - o - T c - T d 

where : 

400 ns (1 c lock cycle) 
maximum delay i n  fal l i ng edge of 
M REQ 
maximum propagation de lay of 
control logic 
maximum propagation de lay of 
decoding logic 

I M D I  M D 0  

Figure 4: Block diagram of 
the shared memory The 
memory is arranged in a 
square array of 64 static 
programmable memory 
integrated circuits with 
4096 bits per circuit. 
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Examin ing the contro l l ogic t iming shown 
in tab le  2, we observe that the maximum 
t im ing delays from either M REQ l i ne  go ing 
active u nt i l  the arb iter sets the correspond­
ing SE LECT line active are as fol lows: 

Maximum 
IC In Signal Propagation 

Path Delay (ns) 

74S04 5 
74S 1 0  5 
74 LS 1 26 +1 8 

-

Total Arbiter 
Delay: 28 ns 

Substituting into the equation for La, we 
obtain :  

La � - o - T c - T d 
400 - 20 - 28 - T d 
352 - Td ns 

The switching de lay of the decod ing 
logic, T d (SELECT ac_tive u ntil the memory 
receives the signals) , fu rther reduces the 
memory access window. Referring to figures 
2b and 4, the signal path T d is :  

Fi nal ly ,  

7408 + max [74S 1 57 (select), 
74S1 57 (enable) ] + 74Sl 38 
1 9  + max [ 1 5 , 1 1 ]  + 1 2  
46 ns 

La 352 - T d 
306 ns 

This a l lows p lenty of time for a memory 
access operation ;  so m uch t ime, in fact, that 
we do not need the faster and more expen­
s ive b ipolar programmab le memory.  

We m ust a lso consider the memory cycle  
t im ing ( Lc) ,  reduced by this two processor 
system to � - o : 

Lc � - o  
= 400 - 20 
= 380 ns 

I t  is good design practice to calcu late 
delays in the system using the maximum 
t ime  figures rather than typical ones, and  to 
adjust the resu l ts by inc lud ing a safety mar­
g in .  Accord i ngly, we specify the fo l lowing 
requ i rements for the shared static program­
mable memory : 

• Access t ime 280 ns or l ess 
• Cycl e  time 350 ns or l ess 

Conclu sions and Poss ib le Appl ications 

The pr inc ip le ad vantage of  two (or more) 
para l le l  processors performing complemen­
tary tasks i s  th e cost savings. For example, 
l et u s  say that we operate a packet switch ing 
network i n  wh ich m ult ip le  m icroprocessors 
perform the relay functions of each node, 
such as the TELENET of Telenet Com muni ­
cations Corporation.  Our  respons ib i l it ies 
inc lude insur ing d ata rel iab i l ity (eg :  using 
cyc l i c  redundance coding (CRC) , checksum, 
etc ) ,  doing format checks, and recogniz ing 
the dest ination of the traffic and rout ing it 
to another node in the network. Further, 
this service must be p rovided at h igh speed. 

Clearly, for one processor to perform 
these and other nodal fu nctions without 
some de lay, h igh performance and h igh cost 
systems wou ld  be requ i red. Converse ly, mu l ­
t ip l e  m icroprocessors cou ld  perform a l l  of 
these tasks in para l l e l  at a sign ificant reduc­
tion in cost. 

For the experimenter, a mu lt iprocessor 
system doesn 't appear to offer m uch beyond 
an interesting d iversion in  design engineering. 
As m entioned earl ier, the benefit from this 
type of design is i ncreased throughput  (by 
virtue of the reduced per un i t  cost) . This i s  
an idea that has l ittle s ign ificance for persons 
with a ded icated system .  

One  poss ib le  appl ication does come to 
m ind ,  however. Many 8080 system owners 
are upgrad ing to the Z-80 for the expanded 
i nstruction set, but  for some, d irect replace­
ment of a processor board is not poss ible. 
Why not consider add ing  a Z-80 with your 
cu rrent system acting as a front end?  
Adm itted ly ,  it seems l i ke  a b it  of overk i l l ,  
but i t  i s  an  inexpensive way ( $8  for the 
interface c ircu itry of th is design) to upgrade. 
Of course, after insta l l i ng  another processor, 
the owner m ust write an operat ing system to 
accommodate the add ition ;  but  that's part 
of the conti nu ing chal lenge to be found in  
the  world of m icroprocessors.• 

R E F E R ENCES 

ZBO-CPU Technical Manual, Zilog, 1 70 State St, 
Los Altos CA 94022, 1 976. 



85/P = 8085 + P A SC A L  

The n e w  8 5 / P  program m e r's work­
bench from N orth west M i crocompu ter 
S ystems I nc c o m b i nes the · t h rough p u t  
of t h e  3 M H z  I n tel  8 0 8 5 A  and t h e  p o w e r  
of PASCA L. 

Designed fo r the seri o u s  a p p l i c a t i o n s ·  
program mer,  the system fe atu res i n c l u d e :  
8085A processor, a PASCA L c om p i l er 
and i n terp reter, CP/M s u p p ort ing BAS I C ,  

N e w  6800 I n d u strial BAS I C  

1 S t  A 

•SII�Fllt 
R::C.t<H • 1(.,1':! 
� 1;01(.( r 

f•rl[ r J I..eTI8 

W i n tek 4 K B A S I C  is a 6 8 0 0  B A S I C  
i n terpreter o p t i m i z ed for i n d u str ia l  
appl ications.  F eatu res of the p ac kage 
i n c l u d e  c o n trol of i n terru p ts ,  d i re c t  
mem ory read a n d  w r i t e ,  asse m bl y  l a n ­
guage s u b rou t i n e  capab i l i ty a n d  fl ex i b l e  
1 0 .  T h e  pac kage is  or iented toward p roc­
ess con trol and m on i to r i ng. 4 K B A S I C  
retains al l th e advan tages of an i n ter­
active h i gh l evel langu age , i n c l u d i n g  
rap id cod i n g  a n d  d e bu ggin g ,  easy m ai n ­
tenanc e ,  a n d  advanced c on t rol stru c tu res. 

The i n te r p reter may resi d e  i n  p ro­
gra m m a b l e  m e m o ry or i n  p rogram m a b l e  

C O B O L  a n d  F O R T R A N ,  d i r�ct mem ory 
access, two S h u gart f loppy disk d rives 
w i t h  1 M by tes of o n l i n e  sto rage , 54 K 
b y tes of 4 5 0  ns user ava i l a b l e  static 
program m a b l e  memory ,  a Hal l effect 
key board w i t h  1 0 3 keys, two serial ports 
( R S 2 3 2 C ) ,  two para l l e l  ports ( 1 6  b i ts) ,  
and a 24 by 80 character 1 2  inch ( 3 0.5 
e m )  v ideo d isplay , a l l  encl osed i n  a 
s ing le  ca b i n e t .  

T h e  system p rovides t h e  fu l l  PASCA L 
e n v i r o n m e n t  i n c l u d i ng a 725 l i n e  per 
m i n u te c o m p i l e r  and i n terpreter,  random 
and seq u e n tia l  f i les,  a screen o r i ented 
ed itor,  i n teractive sou rce l i n ke d  d e b u g· 
ger,  p l u s  fu l l  d o c u m en tation a n d  a 9 0 . 
d ay warranty . Pr ic ing fo r the c o m pl ete 
syst e m  is $ 7 4 9 5 .  A variety of o t h e r  
packages a r e  avai l a b l e ,  i n c l u d i ng a screen 
orien ted acc o u n t i n g  package and a w o rd 
p roc esso r,  from N o rth west M i crocom· 
p u te r  Systems Inc,  1 2 1  E 1 1 t h ,  E u ge n e  
O R  9 7 40 1 . • 

Circle 602 on inquiry card. 

read o n l y  mem ory for instan t power on 
o pe rati o n .  If the BAS I C  p rogram is also 
stored i n  p rogra m m ab l e  read only m em ­
ory , t h e  i n te r p re te r  w i l l  i m m ed i a te ly  e n ­
t e r  t h e  R U N  m o d e ,  a l l o w i n g  u nattended 
o p e rat ion i n  ded icated appl ications.  

4 K B A S I C  is  ava i l a b l e  on cassette at 
. $ 95 or i n  p rogra m m a b l e  read only m e m ­
o r y  on a W i nc e  read o n l y  m em ory m o d u l e  
for $ 2 9 9 .  T h e  sou rce l i sti n g  is  avai l a b l e  
f o r  $ 9 5 .  F o r  fu rther i n formation c o n tact 
W i n te k  Corp,  902 N N i n th S t ,  Lafayette 
I N  4 7 9 0 4 . •  

Circle 603 o n  inquiry card. 

N e w  2 7 0 8  Erasable  Read O n l y  
M e m ory Progra m m er 

A n e w  2 7 0 8  e rasa b l e  read o n l y  m e m ­
ory p rogram m e r  h as been annou nced b y  
S mo k e  S i g n a l  B roadcasti ng,  POB 2 0 1 7 ,  
H o l l y wood C A  90028.  Designated the 
POP-1 , the unit  l ists for $ 1 49 and i s  d e­
s igned to i n te rface to t h e  c o m p a n y 's 
P-38-1  and P-3 8-F F e rasa b l e  read o n l y  
m e m ory boards,  w h i c h  a r e  S wTPC SS-50 
bus c o m p ati b l e  produ cts. C o m p le te soft­
ware is  provided on au d i o  cassette. A n  
adap tive p rogram m i n g  tec h n i q u e  i s  used 
that a l l o ws m ost 2 7 08s to b e  pro· 
gra m m ed in 1 5  seconds. A separate s e l f­
c o n t a i n e d  p o w e r  s u p p l y  is used fo r t h e  
p rogram m i n g  vol tage i n s u r i n g  suffi c i e n t  
c u rrent  capabi l i ty to p rogram e rasab l e  
read o n l y  m e m ory from a n y  m a n ufac­
tu rer .• 

Circle 6 0 1  on inquiry card. 

Text P rocessi n g  S ystem for 
M i crocom puters 

T h e  D i as p a r  Text S ystem is sa id  to b e  
a p ac k age o f  fou r  p rogram s w h i c h  form 
a c o m m e rc i al tex t p rocessi n g  system . 
Text fi les are stored on d i s ke ttes u s i n g  a 
n a m e d  fi l e  stru c t u re w i th p asswords. Ac­
c o r d i n g  t o  the v e n d o r, h a rd w are needed 
for  t h i s  p roduct  is  an 8 0 8 0  base d m i c ro­
com p u t e r  w i th 32 K of m ai n  m e m o ry ,  a 
screen term i n a l ,  f loppy d i s k  a n d  a p r i n t­
i n g  term i n a l .  S oftware requ i re d  is th e 
CP/M o p e rati n g  system a n d  C BA S I C  run­
ti m e  pac kage. The system c o m es on 
standard d iske ttes w i t h  a user's m an u al 
for $ 1 9 5 from D i aspar Data S ystems, 
POB 888, S a n  j u an Capis trano CA 
9 2 6 7 5 . •  

Circle 604 o n  inquiry card. 
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of INTEREST to DESIGNERS 

Keeping Connected 

The new 2505 MODCON series is 
avai lab le i n  double row configurations of 

New Probe Extends AQ6800 
Microprocessor A nalyzer to 6802 Use 

This buffered probe extends the 
capabi l i ties of the AQ6800 Microproc-

200 and 400 W Open Frame Switch ing 
Regu lated Power Suppl ies 

. - ·  . .  �"'1"'�.2'.. ,., .. � : ' ;' 

.· �·:...- .- -� £ ·' =- ·· ,: : . --- . 

The O L-200 is a fou r  output un i t  
which supp l ies 200 W of continuous 
power,  +5 V at 25  A (maxim um )  from 
one output ,  -s V at 4 A, and ±1 2 V at 
4 A each . The O L-400 is a five output 
un i t  that is  capable of supply ing a 
cont inuous 400 W, ±s V at 45 A from 
one output ,  ±1 2 V at 1 0  A each from 
two outputs, and -5 V and +24 V at 
4 A each from the remain ing two out­
puts. Each un i t  is capable under  tran­
s ient cond i tions of hand l ing thr,ee times 

178 J u l y  1978 © BYTE Publications Inc 

1 0, 20, 40, 60, 80 and 1 00. These modu­
lar high density receptacle connectors 
are designed for board to board in ter­
connect appl ications. The connectors 
are easy to mount using box form con­
tacts that mate with conventional 0 .025 
by 0.025 wir ing posts on 1 00 inch 
cen ter to center spacing. The series 
ope rates in temperatures between -55 
to +1 5 0° C. Operating voltage is 800 VDC 
at sea leve l ;  insu lation resistance is  
5000 M .11 minimum at 5 00 VDC;  curren t  
rating is maximum 3 A ;  and con tact 
resistance is 1 0  mD at 3 A.  Contact 
Stanford Appl ied Engineering, 340 Martin 
Av, Santa Clara CA 95050.• 

Circle 629 on inquiry card. 

essor Analyzer to 6802 microprocessors. 
With the P R B68/02 probe, the AQ6800 
displays al l add ress, data and status 
information of any 6802 mi crocomputer 
system ,  and provides d i rect user i n ter­
action with al l  memory locations, 10  
ports, and  in ternal microprocessor regis­
ters. The probe cl ips d i rectly to the 6802 
mic roprocessor chip i n  the system being 
tested. I n teractive features include the 
abil ity to exam ine or mod ify the contents 
of al l  6800 or 6802 in te rnal registers, 
plus the program wu nter, manual ot 
breakpoint program halt, single step 
operation ,  execution of single byte 
instructions independent of normal 
program flow and many other con trol 
capabi l i ties. The probe is priced at ' $295 
and the AQ6800/02 system ,  complete 
with probe, is $ 1 950 .  Contact AQ 
Systems I nc, 1 736 Front St, Yorktown 
Heigh ts NY 1 0598 . •  

Circle 630 on inquiry card. 

the rated current. Both un its can be 
adapted to provide vol tages specified 
with in ±70 V and up to 4 A per output 
for the O L-200 and 1 0  A per outpu t for 
the O L-400. I nput  vol tages are a lso user 
selectable: Both un its wi l l  operate from 
either 1 1 5  VAC or 230 VAC and are 
equ ipped with brownout protection 
that al lows them to operate without 
performance degradation at l i ne  voltages 
as low as 95 VAC ( 1 1 5  V option ) o r  
1 90 VAC ( 230  V option ) .  Both power 
suppl ies can provide 1 6  ms of cont inu­
ous power after fu l l  loss of input .  S tan­
dard features inc lude an input EM I 
filter, a series therm istor that red uces 
input  l ine  surges at turn on, reverse 
vol tage protection ,  and protection 
against system shorts. The O L-200 is 
priced at $248 and the O L-400 at $ 395  
i n  quantities of  1 00. Contact Boschert 
Associates, 384 Santa Trin ita, S unnyvale 
CA 94086.• 

Circle 631 on inqutry card. 

Miniature Switching Power Supp l ies 

Th ree 1 2  V ,  1 5  V and 24 V un i ts, 
with effic iencies from 75 to 85  percent, 
have been added to Gou ld 's MMG l i ne  
of  5 V ,  25  W switch i ng  power  supp l ies. 
The n'ew un i ts operate from 1 1 0 and 1 20 
V or 220 and 240 V ±1 0%, 5 0  or 60 Hz, 
and cu rren ts from 1 .4 to 2 .5 A. Optical 
coup l i ng is used to p rovide 4 kV rms 
insu lation (5.7 kV peak) between input  
and outpu t. U n its can  be used i n  series 
or parallel operation without special 
i n terconnections. 

Remote sens ing is avai l able from 
te rm inal s  on the pr inted  cifcuit board 
adjacent to the output  connections for 
control of voltage at the load i nstead of 
at the power supply.  S tandard features 
inc lude ove rcu rre n t  and overvoltage 
protection. Gou ld  M M G  switch ing power 
suppl ies carry a 5 year warranty. 

The u n its cost $ 1 35 i n  quan tities of 
one to n i ne. Con tact Gou ld 's E lectronic 
Componen ts D ivision, 460 1 N A rden Dr,  
E l  Monte CA 9 1 73 1 .• 

Circle 632 on inquiry card. 

I t's Late in the Learn ing Curve for 
8080s 

National Sem iconductor Corporation 
has announced across the board price 
reductions for its version of 8080A 
microprocessors. The price of Nation al 's 
p lastic package I N S8080AN is now l isted 
at $9.98 in quan tities of 1 to 24, reduced 
from a previous l ist ing of $ 1 5 .5 0  each. 
I n  quan tities above 1 00 ,  the device has 
been marked down by one th ird , from 
$ 1 0.80 to $ 7 . 1 0 ,  as quoted in National 's 
l atest OEM price l ist. Contact National 
Semiconductor Corp, 2900 Semiconduc­
tor Dr,  Santa Cl ara CA 9505 1 . • 

Circle 633 on inquiry card. 



II 
� PLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR G UARANTEE YOUR COMPLETE SATISFACTION 
u � Huge Discounts! v; 

� ./!-;���,�� HOBBY WORLD ELECTRONICS � 
� ' . . •  Savmgs u p  t o  70% on m a j o r  b r a n d  I C  p a rts a n d  com p uter � 
z . : :�-\'1 kits. For com plete IC l ist ings wnte for o u r  catalog. > 

S-100 P. C.  Boards 
8K RAM 
8080 CPU 
12-Siot Mother 

Board 
ITHACA AUDIO S100 P.C. Boards 

8 K  RAM 
Z-80 CPU 28.00 
2708/2 7 1 6  E P R O M  

Boards (New) 28.00 
W/W Prototype 

Board (New) 
SOLID STATE MUSIC S-100 Kits & 

Bare Boards 
M B6A BK Kit 
STATIC RAM Bare Board 
M B 7  16K STAT I C  RAM 

Kit 4 3 5.00 
Bare Board 25.95 
BB BK/16 K E P R O M  
U S E S  2708's 
Kit Less E P R O M s  75.95 

The Basic Workbook bi��������rsyc;erbs 

COBOL with Style ,.,.....,=��.,...,..,...--;:;;:!""'.; �?.,",;'g;;g 8i��b�arY of Computers 
& Information Processing 16.95 

g��� ������� �/�� ��'5'/i;"ters 1�:�� 
rY and 

Basic BASIC 
Introduction to BASIC 

KITS 
SOLID STATE MUSIC 
V B 1 B  V I D E O  I NTERFACE 

Kit 
Bare Board 25.95 

RF Mpdulator TV-1 Converts Video 
Output to RF For TV antenna 
term inals,  complete Kit 8.95 

N EW FROM CYBERCOM DIV OF SSM 
M BBA - 2 708 16K EPROM with 

Vector J u m p  Kit 85.00 
OB-1 Vector J u m p  & Prototype 

Kit 49.00 
Board 25.95 

104 2 + 2  l/0 Kit 139.95 
SYNTHES IZER S B-1 M U S I C 

Kit with 
Software 

MT- 1  

6.96 6.95 

15-Slot Mother 
Board 39.95 

XB-1 EXTEN DER BOARD 
Bare Board 8. 99 

SSM 8080 MON ITOR VI  
O N  2-2708 47.00 
ON 8-1 702A 47.00 

74-L$00 TTL 
Minicomputers 13.95 
Microprocessors 10.95 
Digital Experiments 8.95 Home Computers: 210 Questions 

and Answers 

74LSOO 

74LS02 

74LS04 

74LS08 

74LS10 

74LS14 

74L$20 

74LS21 

74LS22 

74LS30 

74LS32 

74LS37 

74LS38 

74LS42 

74LS47 

74LS48 

74LS73 

74L$74 

74LS75 

74LS76 

74LS86 

74LS90 

74LS92 

74LS93 

74LS109 

74L S 1 1 2  

74LS 1 1 3  

74LS 1 1 4 

74LS125 

74LS126 

74LS132 

.21 

.21 

.24 

.2 1 

.21 

.85 

.23 

.23 

.23 

.23 

.30 

.31 

.31 

.60 

.75 

.72 

.35 

.35 

. 53 

.37 

.36 

.52 

.52 

.52 

.36 

.36 

.36 

.36 

.46 

.46 

. 7 5  

7 4 L S 1 3 8  . 7 0  

7 4 L $ 1 3 9  . 7 0  

74L S 1 5 1  . 6 5  

7 4 L S 1 5 3  .66 

74L$154 1.00 

74L$157 .62 

74LS160 .82 

74L$161 .82 

74L$162 .82 

74LS163 .82 

74l$164 .98 

74LS174 . 7 5  

74L S 1 7 5 .79 

74LS190 .90 

74LS191 .90 

74LS192 .90 

74LS196 .80 

74LS197 .80 

74LS221 1.06 

74LS257 .71 

74LS258 .70 

74LS266 .26 

74LS283 .72 

74LS365 .55 

74LS366 .55 

74LS367 .55 

74LS368 . 5 5  

74LS386 . 3 9  

81LS95 .77 

8 1 LS96 . 7 7  

8 1 L$97 . 7 7  

8 1 LS98 . 7 7  

Charge My 
0 M.C. 
0 BAC (VISA) 

Digital Signal Analysis 19.95 
Digital Troubleshooting 9.95 lbg ?d��s

s
f�:'bt;ii�� .\J�j�,;t,� 2 1�:?� 

Analysis and Design of 
Digital Circuits and 
Computer Systems 

Telephone Accessories 
You Can Build 

Basic Electronic Switching for 

Ba
�1�eg����r

5f�����ny 

6820 
6850 
8212 3.45 
8214 8.00 1 702A 
8 2 1 6  3.75 2708 
8224 3.50 2 7 1 6  Tl 
8228 6.25 
8226 3.85 
8238 7.95 

Volume 2: Software 
M icrocomputer Dictionary 

and Guide 
M icroprocessor Basics 
Home Computers: 210 Questions 

and Answers 
Volume 1: Hardware 

Understanding Integrated 
Circuits 

emiconductor Circuit Elements 
ications 

6.95 
19.95 10.95 
7.95 
4.95 6.95 

. 1 6  

.74 

.22 

.98 

.99 

.34 

.34 

.89 

1 . 1 5  

.89 

.59 

. 1 9  

. 2 3  

.23 

.39 

1 .0 5  

7400 1 1  7482 

7401 . 1 3  7483 

7402 . 1 3  7485 
7403 . 1 3  7486 

7404 1 5  7489 
7405 . 1 3  7490 
7406 . 1 6  7491 
7407 23 7492 
7408 1 7  7493 
7409 . 1 7  7494 
7410 . 1 3  7495 
7 4 1 1  . 1 8  7496 

7 4 1 2  1 3  74107 
7 4 1 3  2 5  7410'::1 
7 4 1 4  6 1  7 4 1 2 1  
7 4 1 6  .24 74122 
7417 22 7 4 1 2 3  
7420 . 1 3 74132 
7423 .25 7 4 1 4 1  
7425 25 74145 
7426 • .22 74150 
7427 , 1 7  7 4 1 5 1  
7430 . 1 3  74153 
7432 .23 7415� 
7437 2 1  7 4 1 5 7  
7438 .21 7 4 1 6 1  
7439 .25 74163 
7440 . 1 3 74164 

7441 70 74165 
7442 .37 74170 
7443 59 7 4 1 7 3  
7444 59 74174 
7445 65 7 4 1 7 5  
7446 62 74176 
7447 .59 74177 
7448 60 74!80 
7450 .1 3  74181 
7451 13 74190 
7453 1 3  7 4 1 9 1  
7454 . 1 3  74192 
"60 . 1 4  74193 
7470 26 74195 
7472 21 74221 
7473 21 74251 
7474 2 7  74365 
7475 .45 74366 
7476 .28 74367 

7480 74368 

7481 

5716 W. M a nchester Ave. 
S u ite # 5  

0 Send your com plete catalog, I 
q u ickly. I 0 Please send me the following 
items I have l i sted below: 

N EW 
1978 

Los Angeles, CA 90045 

TELEPHONE ORDERS: 
Ca l l  (213) 641-4200 Qty. Stock No Price 

Exp. Dote: _________ t"----+-----+------1 

IC MASTER 
• Over 40,000 

IC's l isted. 
• Over 2,000 

pages. 

• U pdated every 
90 days. 

s;g. _______________ _ Retail Value Your Price 

L-��L-��-r��� $55.00 $39.99 
N a me'----------------------------------

Postage/Handl ing 1--$_1_ . .:..50"----1 
Address ___________________________________ _ Satisfaction 100% G u a ranteed 

Cal ifornia Residents Add 6% 
Sales Tax 

Check catalogue for more 
l ist ings on l i nears, voltage 
regu lators, resistor books, 
IC sockets and m o re. 



Ci rcle 25 on i nquiry card. 

ATWOOD ENTERPRISES 
KITS I . I 

$ 79.95 4K RAM Available assembled and tested $89.95. I --�------ - - - ------�--�--------� 

DI D YOU 
KNOW • •  • 

$ 1 29.95 4K PROM Bipolar 5 1 2  x 8 Proms 93448/634 1 .  _jl 

Sl49.95-8K-EPROM- Needs��K =�e 271:----- I 
BI G SA L E  

1 each board: 

Digital 1/0 
Eprom prog,ramming --------- ---------------------� 

$ 59.95 DIGITAL 1/0 8 parallel ports plus 1 6  i nterrupts. I 8K Eprom Board (lll(ithout 271 6's) 

-------- ---------- ------------� R EG U LAR P R I C E  
��9.95 _ ANALOG

_
!N 

_ _:_
2
_:

put
�

8 bi
�

1 oo
_:

icro
�

c
��

j $ 1 39.85 
49.95 PROM PROGRAMMI NG can

B
������ 3 . 1 JU N E ON LY 

$-1 29-95-SERI AL-1/0---:;-:i;por;-ful ly soft:-r:-;;;:t�led.
-

�
1 

$ 1 00.00 
• To 500 baud. Extra zero insertion force sockets $5.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �- - - - - - - - - - -- - -

MOTHER BOARD MAKE CHECK OR MONEY ORDER PAYABLE TO: 

I 

8 S LOT 44 P I N  BUS 
50 P i n  Edge Connector 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card gu ides for above $ 1 0.00 per set . 

Discounts avai lable at OEM quantities. For orders less than $25 total, add $1 .25 
for shipping. California residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks a l low 7 days for check to clear. 

Beckian Enterprises _-All Prime Quality - New Parts Only - Satisfaction Guaranteed 
EVGE CARV CONNECTORS : GOLV PLATED . 2 5  PIN VB TYPE SUBMINIATURE CONNECTORS . 
BODY: Non brittle, solvent resistant, high temperature G. E. Velox. The finest elec· CANNON:  Gold Plated. The Best You Can Buy. 
trical properties av.ailable. CONTACTS: Bifurcated Phosphor Bronze, Gold over 

DB25P Male Plug $2.60 ea. 5 pes. $2.25 ea. Nickel. 
D825S Female Socket $3.70 ea. 5 pes. $3.45 ea. 

ALTAIR TYPE : Contact Ctrs . .  1 25: Row Spacing, .140 DB 5 1 2 1 2·1 Hood. (Grey) $1 .00 ea. 5 pes. $0.95 ea. 
DB 51 226·1 A Hood. (Black) $ 1 . 1 0  ea. 5 pes. $1 .00 ea. 

50/100 Dip Solder $4.00 ea. 5 pes. $3.90 ea. D 204 1 8·2 Hardware Set $0.80 ea. 5 pes. $0.75 ea. 

IAISAI TYPE: Contact Ctrs . . 1 25: Row Spac;ng, .250 SAVE: BUY A COMPLETE S ET .  --
50/100 Dip Solder $4.25 ea. 5 pes. $4.00 ea. Complete Set ;ncludes: 1 pc. OB25P: 1 pc. 0825S: 
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 Guides 
(3 Turn) 

. 25 per pair to IMSAI Prices 1 Set $6.50 ea. 5 Sets $6.25 ea . 

Note: Also good for CROMEMCO. Note:  For 0 2041 8·2 Hardware Set,  add $0.75 ea. 

OTHER CONNECTORS AVAI LAB LE 2 7 08 - PRIME 8 0 8  OA - PRHIE 

. 1 00"  Contac..t C.tv.. : . 1 4 0" Row Spac.-i.n!J . (450 nS) $9.40 ea. 
$14.00 ea. 

1 5/30 Solder Eyelet $2.30 ea. 5 pes. $2. 1 0  ea. 
SOCKETS : VIP S O LVER 22/44 Dip Solder $2.75 ea. 5 pes. $2.40 ea. I .  c .  

22/44 Wire Wrap (3 Turn) 52.50 ea. 5 pes. $2.20 ea. Low Profile. 
40/80 Wire Wrap (3 Turn) $4.00 ea. 5 pes. $3.70 ea. 14 p;n. & 16 p;n. $0.16 ea. 

Note. : W.ilte. Wtc.ap Spac.-i.n9 b., -- . 2 0 0 "  ( Row Spa.c.-i.n!J ) HEAT SHRINK TUBING 

• 1 5 6"  Co n..tac..t C .  til.,� : . 1 4 0" Row Spac.-i.n!J . 1 /8" 
Shnnks to 1 /1 6

11 
I 0. $0.35 per ft. 

1 8/36 Dip Solder $2.25 ea. 5 pes. $2.00 ea. CAB L E  T I ES 
22/44 Dip Solder $2.50 ea. 5 pes. $2.25 ea. 

3%11 and 5%11 $0.03 ea. 1 5/30 Wire Wrap (3 Turn) $2.00 ea. 5 pes. $1 .80 ea. 

. 1 56 "  Conxac..t c.t.tw : • 2 0 0 "  Row Spac.-i.n!J . WRITE FOR LARGER QUANTITY VISCOUNTS 
VE'AL ERS WELCUI�E 

22/44 Wire Wrap. ( 3  Turns) $2.80 ea. 5 pes. $2.50 ea. 
36172 Wire Wrap (3 Turns) S4.00 ea. 5 pes. $3.80 ea. IIINIAIUAI ORDER : $ 1 0 . 0 0 :  Add $ 1 . 0 0 &oft 1 5/30 Dip Solder S 1 .90 ea. 5 pes. $1 .65 ea. 
1B/36 Dip So.lder $1 .95 ea. 5 pes. $1 .70 ea. -6 /U.pp-i.ng . O!r..deM OVeJr. $ 2 5 . 0 0 ,  w e  pay 
36/72 Dip Solder $4.00 ea. 5 pes. $3.65 ea. the -6 /U.pp-i.ng . CaU6 .  ReA-i.den..t-6 add 6 %  
43/86 D;p Solder 168001 $4.90 ea. 5 pes. $4.75 ea. Tax .  NO C . O . D .  SHIPI.!ENTS . 
WE ARE YOUR CONNECTOR SPECIAL ISTS . 
I F  YOU VO NOT S EE THE CONNECTOR HERE THAT O!tdeJr. FJr..om :  Beckian Enterprises YOU NEEV, PLEASE WRITE US . IN A!OST C I RCUA!STANCES , 
WE CAN SUPPLY IT TO YOU . P.O. Box 3089 Simi, Calif. 93063 
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FOR A L L  CUSTOM E RS EXC EPT CAL I F .  CAL L  TO L L  F R E E  800-42 1 -5809 

21 LD 2 (4 5 0 ns) 
Static Rams 

1 7 0 2 A  
E-P R O M  

2 7 0 8  (4 5 0 ns) 
E-PROM 

1 0 0 @ $ 1 . 1 0  ea. 8 @ $ 3 .7 5 - ea. 

6 5 0 2  
M i croprocessor 
5 @ $ 1 1 .0 0  ea. 8 @ $ 1 1 .0 0  ea. 

8 2 2 4 -4 4 0 9 6  Z-H O 
Mi croprocessor 
5 @ $ 2 0 .0 .0  ea. 

Cl k.Gen.&Dvr. 
2 5  @ $ 8 .7 5ea. 

4 1 0 D  (2 0 0 ns) 
Static Ram 
1 0 0 @ $ 8 . 7 5 ea. 

Dynamic Ram 
1 0 0  @ $ 3 .5 0  ea 

MI CROCOMPUTE R  COMPONENTS 

MICROPROCESSOR'S MISC. OTHER  COMPONENTS E-PROM BOARDS 

FB 1 6 . 9 5  
ZBO 12.00 
ZBOA 28.00 
COP1 8 0 2 CO 1 9 . 9 5  
2 6 5 0  2 4 . 9 5  
AM2 9 0 l  2 2 . 9 5  
6 5 0 2  1 1 .9 5  
6 8 0 0  1 8 . 9 5  
6 1 0 2  25.00 
8008·1 9.95 
8035 22.00 
8080A 1 1 .9 5  
8 0 8 5  2 7 .00 
TMS9 9 0 0 T L  75.00 

8080A SUPPORT DEVICES 
8 2 1 2  3.50 
8 2 1 4  9.00 
8 2 1 6  3 . 7 5  
8 2 2 4  3.50 
8 2 2 4 ·4 9.95 
8 2 2 6  3 . 9 5  
1 2 2 8  7 .9 5  
8 2 3 8  7 .50 
8 2 5 1  9 .9 5  
8 2 5 3  2 1 .9 5  
8 2 5 5  2 1 .9 5  
8 2 5 7  2 1 .9 5  
8 2 5 9  2 1 . 9 5  
8 2 7 5  7 5 . 0 0  
8 2 7 9  2 0 . 0 0  

FLOPPY OISC CONTROLLER  
1 7 7 1  B 5 5 .9 5  
I 7 1 1  B-<1 1 5 7 .9 5  

KEYBOARD CHIPS 
AVS-2 3 7 6  1 3 .75 
AVS-3 6 0 0  1 3 . 7 5  

PROM'S 
1 7 0 2 A  
2 7 0 4  
2 7 0 8  
2 7 1 6  
2 7 1 6  Inti 
2 7 5 8  
03601 
03604 
5 2 0 3 AQ 
5 2 0 4 AQ 
6 8 3 4  
6 8 3 4 ·1 
1 11 5 2 3 8  
8 2 5 1 2 9 8  
1 2 2 3 8  

6800 SUPPORT 

4 .0 0  
1 5 .00 
1 2 .00 
30.00 
3 8 .0 0  
2 6 . 6 0  

4 .5 0 
1 3 .00 s.oo 

7 . 5 0  
1 7 .50 
1 4 .95 

4.00 
4 . 2 5  
] . 5 0  

6 8 1 0 P  4 .9 5  
6 8 BI O P  6.00 
6 8 2 0 P  7 .50 
6 8 2 1 P  7.50 
6 8 2 8 P  1 1 .2 5  
6 8 3 4  p 1 6 .9 5  
6 8 S O P  9 . 1 S  
6 8 5 2 P  1 1 . 7 5  
6 8 6 0 P  1 0 .00 
6 8 6 2 P  1 4 .50 
6 8 1 1  p 2 8 . 0 0  
6 8 7 5 P  8 . 7 5  
6 8 8 0 P  2.50 

Z80 SUPPORT DEVICES 
3 8 8 1  1 2 . 9 5  
3 8 8 2  1 2 .9 5  

STATIC RAMS 
21 L0 2 1 .50 1 .2 4  
2 1  L02 f���J : :� �  1 .3 5  
2 1  LD2 1 .6 0  
4 1 0 0  1 0 . 7 5  1 0 .0 0  
I l D l A  1 .00 .90 
2 1 0  1 ·1 2 . 9 5  2 . 7 5  
2 1 0 2 . 1 .2 5  L I S  
2 1 1 1 ·1 3 . 9 5  3 . 5 0  
2 1 1 2·1 2.95 2.80 
2 1 1 4·3 1 1 .0 0  1 0 . 0 0  
2 1 2 S L  1 1 . 1 0  9.00 
2 1 4 7  3 7 .50 
l l  Ul l  2.50 2.35 
3 1 0 6 3.95 3.10 
3 1 0 7  3.95 3.70 
TMS·4 0 4 4  9 . 9 5  9 .00 
4 2 0 0 A  1 2 .95 
TMs-4 0 4 5  1 1 .0 0  1 0 .0 0  
5 1 0 1  8 . 3 0  7 . 4 0  
H C8 9  3 . 2 5  3 . 0 5  
7 4 8 9  2 . 2 5  2 . 1 0  
7 4 52 0 1  4 . 5 0  4.00 
PB l O I  4 . 2 0  3 . 4 0  
PB I 5 5 1 7 .00 1 4 .0 0  
PB I 56 2 1 .0 0  1 8 .0 0  
8 5 9 9  1 .8 8  1 . 7 5  
9 1 0 2 8PC 1 .6 5  1 .4 5  

1 .1 8  
1 .2 5  
l .SO 
9.25 

.80 
2.60 
J .O O  
3 . 2 5  
2.69 
9.25 
8.30 

2.00 
3.25 
3 . 2 5  
8.95 

9 . 2 5  
7 .2 5  
2 . 8 5  
1 .9 0  
3 . 7 5  
2 .8 0  

1 .6 0  
1 .3 0  

CHARACTER GENERATORS 
2 5 1 3  6 . 7 5  
2 5 1 3  5 v u pper 9 . 7 5  
2 5 1 3  S v  tower 1 0 .9 5  
2 5 1 6  1 0 .9 5  
M C M6 5 7 1  1 0 .95 
M C M6 5 1 1  A 1 0 . 9 5  
MCM6574 1 3 .2 5  
MCM6 5 7 5  1 3 . 2 5  

WAVEFORM GENE RATOR 
8 0 3 8  3 . 5 0  
MC4024 2.25 
566 1 . 50 

DYNAMIC RAMS 
4 1 6 0/4 1 1 6 3 2 .00 
1 1 0 3  1 .00 
2 1 0 4  4 .00 
2 1 0 7 8  4 . 2 5  
2 1 0 7 8-4 3 . 9 5  
TM54 0 5 0  4 .0 0  
TM54 0 6 0  4 . 5 0  
TMS4 0 7 0 ·2 3 2 . 0 0  
4 0 9 6  4.00 
4 1 1 6 /4 1 6 0  3 2 . 0 0  
M M 5 2 7 0  4 .50 
MCf¥16 6 0 5  5.00 

USRT 
52350 1 0 . 7 5  

UART'S 
AY5·1 0 1 3 A 5.25 
AY5·1 0 1 4 A  8 . 2 5  
T R I 6 0 2  8 5.25 
TMS6 0 1 1  5.95 
t M6 4 0 2  1 0 .80 
IM6403 1 0 . 8 0  

JADE 8080A K IT 
$100.00 K I T 

BARE BOARD $30.00 

Circle 1 95 on i n quiry card. 

N8T20 
N8T26 
NBT95 
N8T96 
N 8 T 9 7  
N 8 T 9 8  

M fl  A I IlK "'" 1/081 I( I I 599 �0 
'""'� 111 RAM 

Mfi i6T 116K '"�' 11161 11.11 S99!l0 
..... � 111 HAM 

MM 16 116K "'"' 170111 59900 
RAMIN/fiQM 1 1611 "'"' •nv 

8 1  LS95 
81 L.S9 7 
1 4 8 8  
1 4 8 9  
0 3 2 0 5  
Ol 2 0 7 A  
D3 2 0 8 A  
03 2 1 1  
Bl 2 2 2  
83 2 4 2  
03 2 4 5  
C 3 4 0 4  
P3 4 0 8 A  
P4 2 0 l  A 
MM5320 
MM5l69 
TMSS S O I  
DMB I J O  
OMS l l l  
O M 8 8 l l  
O M 8 8 3 5  
OM8 8 3 7  
M K S 0 2 4 0  
M K 5 0 2 5 0  

3 .3 9  
2 . 1 0  
1 .3 5  
1 .3 5  
1 .3 5  
1 .3 5  
2 . 0 0  
2.00 
1 . 7 5  
1 .7 5  
4 . 0 0  
4 . 5 5  

1 4 .2 0  
1'o.oo 

9 . 7 5  
1 0 . 1 5  

5.60 
6 . 7 5  

1 2 .0 0  
5.20 
1 . 5 0  
1 .9 0  

2 4 .9 5  
2 . 9 0  
2 . 7 5  
2 . 5 0  
2 .50 
1 . 7 5  

20.00 
1 5 .0 0  

( PII.OMI K I T  S l l J  00 
JG B. 16 h"" 11011 ,,. 11161 

BARf HOARD 

TU-� 

K l l  5�9 9!1 
53000 

Convert T.V. set to 
Video Monitor. 

KIT . . . . . . . . . . . .  $8.95 

STATIC RAM BOARDS 

BK 
250ns ASSEMBLED & TESTED 
450ns ASSEMBlED & TESTED 
250ns KIT 
450ns KIT 
BARE BOARD 
6800 ADAPTER to S-100 System 

KIT 

16K 
250ns ASSEMBlED & TESTED 
450ns ASSEMBLED & TESTED 
450ns KIT 

32K 
250m ASSEMBlED & TESTED 
450ns ASSEMBLED & TESTED 
450m KIT 

$ 1 89.95 
$149.75 
$169.95 
$ 1 25.00 

25.00 

$12.95 

$435.00 
$380.00 
$335.00 

$850.00 
$775.00 
$675.00 

DYNAM I C  RAM BOARDS 
On bo¥d Rllr•,lh powt< 11' prowodld wllh no w••• 
IUIH or cycl1 nul•ng rtquored 
•8VOC 400MA DC, • tSVDC 400MA DC •nd · 18VDC JOMA DC. 

EXPANDABLE 32K 

8K l375nsl KIT $ 1 5 1 .00 
16K l375nsl KIT $259.00 
24K (375nsl KIT $367.00 
J2K !375nsl KIT $425.00 

EXPANDAB L E  64K 
16K l375nsl KI T $281.00 
J2K (375m) KIT $519.00 
48K (375ns) KIT $757.00 
64K l375nsl KI T $995.00 

MOTHER BOA RD's - S·100 Style 
1 3  slot - w/hont panel slot 
BARE BOARD $35.00 
K I T  $95.00 
22 slot $149.95 
ASSEMBLED & TESTED 

THE PROM S ETTE R  
WRITE & READ 

EPROM 
1702A - 2708 - 2716 

5204 - 6834 
' Plug\ duecl1y 11110 vouo A L T A I R  tMSA I C""'l'""'' ' lntludrs M�•n Moduli! Board 11nd E o "'"'•'' EPROM 

Sockrl Un•t ' Th� EPROM Socket U•o.t •s CO"""''"" tn rroo• Cu"' 
putt!< lh<ough .t ]� ll•" c;ootnecto• 

· P•ogr;�mmong '' accomlll•l"efl bv '�" c.,,.,.,.,,., 

• Jvst r"•d :n t�e Ptogram 1n bl' W'"'�" "" lh•· 
E PRQ�: u11o vou• Pooceun• ""d ,.., ''"' c,.,..,,,.,., 

do t�l' reu ' U1e Sotktt Un<� w Rt'ad EPROM', C"""'"'' '"''' 
vou• Compul•'• 

' Sollwart" onr.lurn,cJ 
' ��

�
�•ll'tn,!l pO�t!!l IUPIJI<O!\ "fnno �IHIOih<l<•• <I<«'' 

' Ooublt•1 •1 "" Etgnt B<t p.,,.n�l 1 10 
• M•nual ontludo:-d 

KIT . S 2 1 0.00 

ASSEMBLED ·- . ..... $375.00 

K I M- 1 
ASSEMBLED & TESTED $245.00 

MEMORY PLUS 
for KIM-1 
8K RAM 121 L02) 
BK EPROM 

ASSEMBLED & TESTED 

$245.00 

21 LD 2 (2 5 0 ns) 
Static Rams 
1 0 0 @ $ 1 .3 6  ea. 

Z-8 0 A  
Micro processor 
5 @ $ 2 5 .0 0  ea. 

8 2 1 2  

; 
8 Bit 1/0 Port 

2 5  @ $ 3 .0 0  ea. 
4 1 1 6 (2 0 0 ns) 
1 6  K Dyn. Ram 
1 6  @ $ 2 4 .0 0  ea. 

4 2 0 0 A  (2 0 0 ns) 
Static Rams 

74 LS3 6 7  
Hex Buffer 

74 LS3 6 8  

2 5  @ $ 1 0 .0 0  ea. 1 0 0  @ .7 0 ¢  ea. 
Hex I nverter 
1 0 0  @ .7 0 ¢  ea. 

2 5 1 3 (5 v)  
Character G en. 
5 @ $9 .0 0 ea. 

JADE Z8Q 
-wolh PROVISIONS ID< KIT 
ONBOARO 2708 and POWER ON JUMP 

$1 35.00 EA. 12MHZI 
$149.95 EA. ,.MHZ• 
BARE BOARD $35.00 

J.A.:K>E 
Z80 "UPGRADE" K IT  

Chan� your JADE 2M H z  Z80 to il 4MHz versiort 
w•th th•s s•mple k•t: 

only S17.95 with trade 

$49.95 purchase. 

To \fadt, ynu must give us your 2MHz ZSO c.h•P 
and 8224 c.toc.k dnvtr. 

The "UPGRADE KIT" mc.tude� 
ZBOA chip, 1.8K le\IS!OI 

7Qpl. capacitor 8224·4 clock driver 
J6MH1 crvual 

SIOO BUS COMPATIBLE 

CDMPU/TIME 
CT IDD 

TIME & CALENDAR 

Microprocessors need the power that a real ·ttml! clock 
can offer. Date and time becomes instantly ava•table 
COMPU/TIME does not have to be mil•al,zed everv I• me 
the system is powered up. II possesses a crvstal-conlrolled 
time base to obtain superior accuracy and has two setable 
coincidence counters. Time, date, and counters are sel 
via software. 

COMPUTATIONAL FUNCTION 

Microprocessors need to be complimented bv hardwa1e 
arithmetics to free up memo1v pages dedicated to float· 
��M�

oi
;r1o�f�e1�n:s :a

nd
fu��:ro�

a
�����l5a���:;��vc�oM���� 

algebraic, 1r1gonomwic. basic arthmetic prot>lenu can 
be solved wi

1
hou1 the need ol developing soplust•cated 

software. 
Suv II Ynur Wav 

COMPUfTir.tE CT!OO $199 KIT $245 Auemtlled 

$189 Au�n�blerl 

S205 Auemhlccl 

. COMPU unly CIOI S149 KIT 

T I M E  o n l v  TIO I  $165 KIT 

COMPU/TtME PC OoMd o••tv $80 

full ASCI I  

PROFESSIONAL KEYBOARDS 
Full 128 Chort�cter ASCII' 
Tr..Mode MO!:I Encod•ng' 
MOS OH TTl Coonpalablc Ou•pu•' 
lwo·�ev Rollover' 
levr:ol end P11lse Strobe' 
Sholl end AIJ:<h<l lock' 
Selectable Parol'(' 
Po�''''"e or Negel.ve log•c' 

,.ICING INfORMATION 

MODEL 
756 

156 keysl 

Model 756 (usembled) $75.95 Model 7561C (l•tl 64.95 
Model 702 Enclosure 29.95 
Model 710 Numeric Pad 9.95 
Mod•l 756MF Mig Fr,me 8.95 

J.A.:K>E 
REAL TIME CLOCK FOR 5-100 BUS 

1 MHZ Cryual Oscillator 
Two .independent interrupts 
One •nterrupt u$es 16 bit counter in 
10 usee ueps 
Other interrupt is 1n decade neps from 
100 usee to 10 sec. 
Both sohware programmable 
Board can be selected by 128 device 
code pa•rs. 
Complete documentauon includeS soft· 
ware to display time of day. 
Double sided solder mask 
Silk screen Parts layout 

JG-RT ASSEMBLED & TESTED $179.95 
JG-RT KIT $124.95 
BARE BOARD wrth �\anuat $30.00 

TARBELL 
CASSETTE INTERFACE 

• Plugs difec!ly into your IMSAI or ALTAIR • 
• Fllstest trllnsfer Tllte· 187 lstMdllrd) to 540 bytes/second 
• EKIIemely Relillble- Ph.:ne encoded (self-docking) • q EKtra Status Lines, q Extra Conllol Lines 
• 37-page manual included 
• Device Code Se(ec.tdb!e by DIP-switch 
• Capable of Generllling Kansas City !apes also 
• No mod1ficdtion required on audio cassette recorder 

JADE KIT' $99.95 ASSEMBLED S 175.00 
"(fi month wanautv · hom JAOEJ MANUAL $4.00 

JAD E  PAR A L L E L/S E R I A L  
I N T E R FACE K I T  

S· 1 00 $ 1 24.95 KIT 
2 Serial I nterfaces with RS232 
i nterfaces or 1 Kansas City cassette 
interface. 
Serial interfaces are crystal controlled. 
Selectable baud rates. 
Cassette works up to 1 200 baud. 
1 parallel port. 

80·103A· St"•' 110 �nd FSI( modtm lor 
P<Oit\IIIIOII and hgbb-,i CQmmuniUiiOnt, 

• Compltttly compuible Wilh your IMSAI, AL TAlA" 
SOL • • or othtr S-100 microcomputtrs. 
Trtd.,mtrks of "MITS, • "P roctnor Technology 

• Oesigrofit lor vse oro tht dill ltltphone or TWX 
networks, or 2·wlre dedic1tl'd tines, meeu tll 
FCC rf9ultTions when use-d with t CBT coupl..-. 

• All digiti! modulltion trod dtmodultlion with on 
bo.lrd cvn'-1 clock 1nd Pti'Cision lilt�r m11n thlt 
NO ADJUSTMENTS ARE REQUIRED 

• Bell 103 U•ndlrd lrtau1noCit1 
• Automlttd die! lpuls.dl 1nd �ns-• 
• Originllt 1nd enrwer modt 
• ItO or 300 BPS 5Peed seiKt 
• Complttt s.ell !Itt tap1bihtv 
• Cher�eter h:tngth, stop bit. 1nd p1rity 
• 90 dey w•rr•nty end lull documentltion 

PRICES: BARE AOARO and Manual S49.95 

A��r.>mhl�·d 148 hr burn 1n) S279.95 
JG- DCA KIT 5159.95 

NUMBER CRUNCHER 

The CT200 ·� t1 numbo::r-oru�nted m•croproceuor •ntended 
lor use m those applications that require tau �eriatite 
mathematical solut•ons. 
THIS IS NOT A CALCULATOR CHIP. THERE ARE NO 
KEV DELAVS. 

The CT200 has a unique architecture that is designed to 
be a TASK procl!ssmg svstem within a system. Tho� 
unoque archicecture will allow the CT200 to work 1nd run wi1h ANV 5100 BUS mitroptocessor system. h it 
completely compatible wi1h Z80, 4MHZ version also. 
8080. 6800, 6502 mrcroproa!s�or. A micro in coded 
instruction set allows progr1mming in a calculator like 
langua!JI'. The mstruc110n set •ncludes a lull set ol test 
and branch in�trucl•ons. All decodong of SIOO bus 
sig\lals llo• select or control lunctionsl is performed wrlh 
snobed latches to elimmate the poss•bll•tv of ghtchl.'t. 

P R ICE:  $249.00 
Includes · Manual. ASSEM B L E D  & TESTED. 

CONNECTORS 

DB - 25P $�.00 
DB - 255 $4.00 r•• J"��:E 

0 == Compu ter Products 
COVER $1 .50 
44 Pin - PC & EYE 
44 Pin - WW 
86 P;n - 168001 PC 
86 Pin - (COSMAC E L F I  

1 0 0  P i n  -
100 Pin -
100 Pin -

PC 
(Altair! PC 
l lmsail PC 
( l msaO WW 

$1 .95 
$2.50 
$5.00 
$5.00 

$4.50 
$3.75 
$4.25 

5351 West 1 441h $[reet 
LAWN D A L E .  C A l l  F O R N I  A 

1 2 1 31 679·3 3 1 3  
90260 

R E T A I L STORE HOURS . Monday F t tdav 9 - 7  
SalUr day 9-5 

Dtscounts available a1 O E M  quantH•es ADO $1.50 
under 10 lbs. for sh•ppmg. Cal 1f0rn1a restdents add 
6% sales tax.  

NEW CATALOG NOW AVAILABLE 
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PERIPHERALS 

Parallel and Serial 10 

A new peripheral board , ca l led the 
B it  S treamer, is now avai lable i n  assem-

A New Audio Cassette Interface 

This standard PerCom C IS-30+ inter­
faces with the M ITS 680b compute r. 
The unit inte rfaces two cassette record-

Add a Programmable Scientific 
Calcu lator to Your System 

This new microcalculator, Model 85 ,  
is intended for operation with an 8 b i t  
microprocessor. The Mode l  85 requ i res 
only +5 V for operation and interfaces 
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bled or kit form from Vector Graphic 
I nc,  790 Hampshire Rd, Westlake Vil­
lage CA 9 1 3 6 L  According to the com­
pany, the Bit S treamer combines two 
parallel input and output ports, and a 
serial 10 port using an 8251 program­
mable univ.ersal synchronous or asyn­
chronous receiver and transmitter 
U S A RT. One parallel port also can be 
used as a keyboard input port. The 
USA RT is designed to interface easily 
to an S-1 00 bus structure and is capable 
of being configured for a wide variety of 
commun ication formats. The price is 
$ 1 95 assembled and $ 1 55 for the kit. 
Technical data covering the Bit S treamer 
and other  products may be obtai ned 
from the company.• 

Circle 624 on inqu•rv card. 

ers and a data terminal to a m icrocom­
puter using the 6800 processors. It pro­
vides user selected data rates of 3 00, 
600 or 1 200 bps: The two cassette inter­
facing circuits are independent and si­
multaneous dual tape operations are pos­
sible. Optional program · control of re­
corders is avai lable. Cassette data record­
ing is done using the Kansas City S tand­
ard ( bi-phase-M, double frequency).  The 
data terminal communication mode is 
fu l l  duplex. The MITS 680b read only 
memory monitor may be used for load­
ing running programs, except for flip­
ping the tape switch to on for program 
loading. The C IS-30+ sells . for $ 79.95 i n  
k i t  form, and $99.95 assembled and 
tested. An instruction manual is includ­
ed .  Contact PerCom Data Company, 3 1 8 
Barnes, Garland TX 75042.• 

Circle 625 on inquiry card. 

with the microprocessor thru an 8 bit 
·' bidirectional 10  port. Each entry that 

wou ld  normally be made by a key is 
replaced with an 8 bit instruction from 
the microprocessor. The number of in­
put  instructions is not l im ited, restricted 
only to the user program or the amount 
of memory in the microprocessor sys­
tem. I nstruction entry to the microcalcu­
lator is under microprocessor software 
control. I t  accepts instructions, provides 
a means to detect busy status, and out­
puts the 1 4  digit display bac k  to the 
m icroprocessor for storage or display. 
Complete software for control l ing the 
microcalculator in both read and write 
modes requi res less than 256 bytes of 
m icroprocessor system memory. The 
Model 85 has scientific calcu lation capa­
bi l i ties for handling scientific engineer­
ing, mathematical or statistical p rob­
l ems. Priced at $ 1 89 from A rtisan Elec­
tronics, 5 Eastmans Rd, Parsippany N j 
07054.• 

Circle 626 on inquiry card. 

Floppy Controll er Uses New 
M otorola Chip 

The new Motorola MCM 6843 floppy 
disk control ler integrated c ircuit has 
been incorporated into a low cost but 
versatile floppy disk controller. The 4h 
by 6h inch ( 1 1 .4 x 1 6.5 em) module in­
terfaces to any fu l l  size or minifloppy 
disk drive. The module supports both 
hard and soft sectoring, I B M  3740 or 
user programmable read and write for­
mat, automatic CRC generation and 
checking, and programmable step and 
settl ing times. The p rice is $ 1 99. Contact 
Wintek Corp, 902 N 9th St, Lafayette 
I N  47904.• 

Circle 627 on inquiry card. 

Moving H ead D isk Control ler  for 
LSI-1 1 Systems 

I 

The PX-C45 L moving head d isk con­
trol l e r  enables you to add up to 40 
m egabytes of storage to D E C  PDP-1 1 /  
03 ,  V03 Systems. I t  is Q-B US com­
pati ble and eqUipped with a 5 or  1 0  
megabyte disk d rive. The control ler  is 
compatib le .with RT-1 1 ,  FORTRAN, 
BASIC and other LS I - 1 1 software. Wh.en 
used with a 5 m egabyte d isk d rive, the 
removable media is interchangeable with 
D EC R K05 disk m ed ia. The un i t  is sup­
pl ied in a 1 9  inch (48.3 em) rack mount­
able 5\-11 inch ( 1 3.3 em) chassis complete 
with bootstrap loader, +5 V, 25  A power 
supply, sl ides, card cage assembly fans 
and a 5 or 1 0 megabyte disk drive. An 8 
foot ( 2.4 m) flat cable extends to the 
PDP-1 1 /03 Q-B US and three p rewired 
Q-B US  10 slots are avai lable for user 
peripheral devices. The PX.C45 L m ay be 
pu rchased separately or as part of a 
complete disk system. Contact Xylogics 
OEM Components G roup I nc, 42 Third 
Av, B u rl ington M A  01 803.• 

Circle 6 2 8  o n  inqUiry card. 



Educational Grade VIDEOTAPE Special: Wx2400' 20 boxes/$125.00 

Circle 1 1 5  on inquiry card. 

MINIDISKETTES (5 .25') 1 -9 1 0-24 25+ 
1 0, 16 or Soft Sector $4.79 4.65 4.45 

STANDARD (8')  DISKETTES 
Hard or Soft Sector $5.99 5.33 4. 79 

CASSETTES 
R-300 Certified Phillips Type $5.25 4.99 4.35 

1-1 50 Certified for audio decks $4.60 4.30 3.90 
& SWTP 

Stand Alone ASCII Keyboard Specification 

�4 SIMULTANEOUS OUTPUTS AVA I LABLE:  THE ON LY ONE 
ON THE MARKET 
1 .  SER IAL TTL LEVEL 
2. BUFFERED 8 BIT (TRI -STATE LATCH )  PARALLEL 

OUTPUT WITH VAL I D  DATA SYNC PULSE AND LEVEL 
3. 20 MA OPTO-ISOLATED CURR ENT LOOP, POLARITY 

INDEPENDENT 
4. EIA RS232C 

�SINGLE +5 VOLT 300 MA (NOMINAL) POWER SUPPLY 
(REQU I R E D) 

�INDUSTRY STANDARD 2 KEY ROLLOVE R ENCODER 
�ANSI-COMPATI BLE KEY SET; FOR SL IM-L INE "H I DE­

AWAY" PACKAGI N G  

fE: COMPO N ENT SALES INC. JJ . 778-A BRANNAN. SAN FRANCISCO, CA 941 03 
(415) 861-134!5 

Circle 60 on inquiry card. 

·-�·· ·· 
ASSEMBLED 
AN D TESTED 
Plus $3.00 handling charge. 

California residents 
add 6112% sales tax. 

�SEGMENTED SPACE BAR ALLOWS FAST M U LTIPLE­
SPACING WITHOUT R EPEAT KEY 

� R EPEAT KEY R EPEATS AT CHARACTER RATE 
�USER SELECTABLE UPPER CASE ONLY ( KSR/ASR/33 

REPLACEMENT) OR UPPE R/LOWER CASE 
� FACTORY SET AT 1 10 BAUD BUT EAS I LY ADJUSTED BY 

USE R TO ANY BAUD RATE F ROM 1 1 0  TO 9600 BAUD 
� FLEXIBLE PARITY 
�LED I N DICATOR FOR SHI FT-LOCK KEY EL IMINATES 

CASE UNCERTAINTY 
�24 P IN  DUAL-IN L INE CONN ECTOR 
� LOW PROFI LE CASE (OPT IONAL)  $40.00 

• Orders accepted by phone or mail. I VISA"] 
MASTERCHARGE � VISA � COD � CH EC K  � MONEY ORDER 
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W�at's NewP PERIPHERALS 

Centronics Announces Front Feed 
Option for 700 Series Pri nters 

An optional front feed device has 
been introduced by Centronics Data 
Computer Corp; H udson NH 0305 1 .  The 
front feed is designed for use on eight 
members of the fi rm's 700 series of dot 
m atrix prin ters and permits automatic 
front insertion of cut forms and cut  
mu l ti part form sets. I t  can be used in 
any appl ication that requ i res informa­
tion for immediate uti l ization, inc lud ing 
invoic ing, accounti ng, ban king and stock 
certificates. The price for the front feed 
option is $ 7 00.• 

Circ le  6 3 9  on inquiry card. 

Assembled and Kit P lotters 

Pl otter kits and p lotters completely 
assembled are offered by Sy lvanh i l ls 
Laboratory I nc,  POB 646, Pittsburg KS 
66762. The kits requ i re the pu rchaser to 
mount them on a d rawing su rface and to 
do the interconnection between the con­
trol printed  circuit boards and the com­
puter. Plotters requ i re an 8 bit paral le l  
1 0  port and 5 and 24 V power sou rces. 
A basic 8080 software program is in­
c luded in the owner's manual. Appl ica­
tions inc lude architectural, mechanical, 
and schematic drawings; printed c i rcuit 
board artwork; positioning of smal l ob­
jects; computer generated art; games; 
etc. S izes avai lable are 1 1  by 1 7  inches 
(30 by 43 em) at $795 in kit form , 1 7  
by 22 inches (43 by 5 6  em) at $950 in 
kit form,  and 22 by 34 inches (56  by 86 
em) at $ 1 300 in kit f�rm .• 

Circle 640 on inquiry card. 
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Micromodul e  Has 1 6  Keys and 
1 5  Displays 

Add Some Color 

The RM 9050  series, a new fami ly of 
raster scan color imaging and graphic 
systems, has been announced by the 
Ramtek Corp, 585 N Mary, Sunnyvale 
CA 94086. The RM 91 50, 9250, 9350  
and  9351  are the first mem bers of  a 
compati ble fam i ly of solid state d igi tal 
television image generation systems capa­
ble of d isplaying in color, gray scale and 
black and white. The series was devel­
oped to provide a basic imaging system 
p lus graphics ( p lots, vectors and bar 
charts) and alphanumeric capabi l i ty .  

Speed Up DECwriters 

The SuperDEC throughput optim izer 
is a printed circuit board designed to re­
place the existing d igital electronics in 
D i gital Equi pment's LA361 D ECwriter 
1 1  tel eprinter, upgrading it to 1 200 bps. 
I nstallation of the optim izer takes l ess 
than five minutes and is completely p lug 
compatible with the cables in the D EC­
writer. Standard features inc lude auto­
matic and manual top of form, fu l l  hori­
zontal and vertical tabs (addressable and 
absol ute) , adjustable right and left mar-

This new Wince console 1 0  module 
provides a versati l e  but i nexpensive 
means of communication between a hu­
man operator and a microprocessor. A 
1 6  key keyboard al l ows entry of parame­
ters such as p roduct codes, gas chro­
matograph stream selects, etc, and 1 5  
7 segment displays. I t  a l lows output of 
data such as torque ,  item counts, etc. 
Also inc luded is a real time clock for 
provid ing interrupts and d isplaying t ime. 
For fu rther i nformation contact 
Wintek Corp, 902 N 9th St, Lafayette 
I N 47904.• 

Circle 641 on inquiry card. 

The basic system i nc ludes scrol l i ng, 
char;�cter scaling, readback, cursor and 
interactive capabi l i ties. An ass�rtment 
of custom video boards are avai lable 
p roviding enhancement l ookup tables 
and- d igital to analog converte�s which 
can produce from 256 gray l evels to 
4096 different colors. Keyboards and 
cursor contro l l e rs are avai lable as add­
on options. Pricing for a basic 64 color 
system is u nder  $6000 with black and 
white l ess than $5500.• 

Circle 6 4 2  on inquiry card. 

gins and an RS-232C interface. Featu res 
not previously offered to D ECwriter 
users inc lude a double wide character 
set, bidi rectional printing and 32 user 
programmable characters. An APL  char­
acter set, selective addressing and an 
answer back feature are optional . Price 
is $395 with a one year warranty on all 
parts and workmanship. Contact I nter­
tec, 1 9530 C lub  House Rd ,  Gaithers­
burg M D  20760.• 

Circle 643 on inquiry card. 



$ 2 � 5. 

This Rube Goidbcrgized pl'int e r ,  
wlnm properly interfaced t o  your 
data processing system, offe rs tht• 
capability of producing CITOJ� free 
dupli cate personalized Letlcr·s. 
A seven bit TTL s i&rnal direcls one 
of the 50 solenoid dl'i.vcn fingers to 
depress the proper typewriter kl!y, 
Expandable inct·emcnlal spacing 
.:Ulo\VS the operator to software 
control justified copy. 
The heart of this machine is an 
Executive "D" serviceable by any 
1 El\•1 rep a i t· cent e r .  
Shipping east of t h e  M i s s i ssippi 
ndd S20.00;  Cal i fornia add .'$1 0.00 
all other s tates add .';; 1 5 .00.  IBM E X E C U T I V E  D" { Copy above reduced t o  hal f  s i z e . ) 

C O N N E C T O R S  
your c.Joice 

D B 2 5 P  
m a l e  p l u g  & hood 

" 
D B  255 female 

s3�5 

Certified Digital 
CASSE T T E S  

Won•t drop a B I T !  Ill$ S.SO CALIFORNIA 
INDUSTRIAL 

is an 
Authorized 

Oe.aler of 

1 Scotct· Br.and 
O.at.a Products 

.l 0 'l s 't 1 c K s4.50 

. 3 ; •. fJ for 

'10.00 
nus Jo�stic� feature lour lOOK votcntro· 
meters. II>BI vary rosrst�nce prOI>Orhonal 10 
tne ao91e or tne she� Purlcct lo• tciCvrsoon 
game$. quad �1urco nnd raaoo cOtrttollttd 
artcral1 

Definitclv thC' be st small svstcm kevboanl that 
we have

· 
se-..:n. i\<l axi-Switcl; h:�s in�or·poratC'd 

atl the inopor·t�ult keyboard featur..:s at a reason­
able pr·icc. Full 128 ASCII fll!1 (:tionl:i, " N "  ke.v 
rollovl:r·. automatic repeals, u s e r  cksil,'ll atc<.l 
special function keys. escape, cant rol & lots 
o f  othcr·s. Data sheet upon I't:qucst. 

t.10'JCfl'l ICCI'II'IOIOgy l'liiS pronc.:••l•CI 11h.' lh!•ciO�menl O l  !I>•!> 
ul'lrQuC CI>Jritclef p�onleo 0llf M�nual Goa;>htte CrSpl,;y 
�n�:rJIOri>Jslhe cap,tDrhlyol tHOttur.rnp the lull ut:PC'•tnd 
lower case ASCII �ct Sell contnrn("J curr.or .r&��mbly a11uws 
lhc operator lo elllnrn,uc crroneuu�IV Cllh1PCd rnlmm,llrun 

EJCh Ul'l•l IS manufJ!:ItUCd IO SI,CI IOI<lfJI1Cl'� �S prC�CiobCd 
t� slan!lards sct lotrn Dy Cahlornoa lnrfu�l•ral One hec w•tn 
rNCty Of(lCf 

.;olJ 1.99 
M E M O R Y  4035 1.69 

.;040 1 99 
404t 1.49 

l702f. 4 95 4042 1.49 "'" 1.49 82s23 2 95 
[Ug.ia� CasseUe [)r•ue 

C O M P UTER C DNTRDLED 41>14 1.49 82sl23 2 95 

41146 2.49 2102 1.79 

4047 2.49 2102·1 169 

4049 79 21l02 1 . 19 
4050 79 2SOnS B9 
4051 1.99 

C P U 's C LO C K's 

.59 3SON 

.79 351Crl 

.89 3701i 

.99 370N 

.99 37JN 

.99 37W 

.25 "'" 
" JaW 

25 382N 

" NE555� 

25 NE556 

" "'" .25 NE565H 

39 4002 .25 NE565�l 

.39 4006 1.99 NE566N 

35 4007 .25 703CN 

.40 4008 1.49 709H 

39 4009 .69 709N 

3 99 4010 69 ?tOll 

79 4011 .25 71tH 

.99 4012 .25 711N 

.99 4013 .49 723H 

.99 4014 t.49 723N 

.49 4015 1.39 725H 

3.40 4016 .69 7JJH 

2 79 4017 1 .29 733/l 

.49 4018 1.69 739N 
99 �019 1.79 741N 

49 4020 139 747N 

49 4021 1.49 748H 

79 4022 1 25 748N 

.79 4023 25 1414N 
4024 1. 19 J.l0K·12 1458 
4025 25 U A R T  
4027 69 
4028 1.25 S · 1 0 1 3 A  
4029 1.99 J.lOT-5 ""' .69 3401·12 '4.98 4032 49 

SPECIAL 

... 10 so 100 

2 N 2 2 2 2 A  .20 .18 .16 .IS 
2N30SS . 6 9  .65 .59 .55 

MJ 3055 .79 . 75 .69 .65 

2N3772 I.S9 B9 !.39179 

2N3904 .IS .11 .09 .07 
2N3906 .IS .11 .09 .07 

D i o d e s  
10 25 100 

IN4002 100¥ . .  08 06.05 
IN4005 600, . .  10.08.07 

IN4148 sirnal .07 .05.04 

This precision 1/0 assembly features 
remote software controlled search 
capabil it ies. Two independent capstan 
drive motors allow the computer to 
control direction and speed of lhe 
transport. 
The assembly consists of a Raymond 
cassette transport. chassis. mother· 
board and three edge cards: read/write, 
capstan drive & control card. 
Current replacement valued at over 
$700.00. Schemat ics and complete 
documentation included. USED, but in 
excellent condition. ,...--------1 

Power Ada ter R E LAYS 
SPDT MINIATURE 

10 25 100 

'1.19 ... sus 104 .89 

Coil 12 Volt de. 

ea. 10 SO 

80,0 0 0 / I O Y .  3.9S 3�9 2.9S 
4500/ 5Qy,Si+9 135 1)9 
1000/ I S •  S.55 49 .45 

a11.1.al 

.1 disc 

.01 d isc 

S.!2 .09 
.06 .OS 

wire wrap 
ea. 25 SO 

37< 36 35 

38 37 36 

99 93 85 

low profile 
ea. 25 SO 

17• 16 IS 

18 17 16 

19 18 17 

36 35 34 

169 ISS 139 63 60 58 

KYNAR�m 



PERIPHERALS 

I ntel l igent Paral le l  Pr inter  I nterface 
Card for Apple II Compute r  

Apple Compute r  I n c  has introduced 
the  Mode l  A2B0002X intel l igent printer ' 
interface card. The unit gives Apple I I  

· owners hard copy from popu l arly priced 
printe rs such as those offe red by Axiom , 
Centronics, Qume, Prin tron'ics, OKI  
Data, SwTPC and  other. Users can  pro-

LSI-1 1 to I nstrumentation Bus 

N ational I nstruments, 8330 Burnet 
Rd, Austin T X  78758 ,  h as announced an 
interface from the D igital Equipment 

New I mproved TV Modification Kit 

The TVM-04 television mod ification 
kit (see May 1 978 B YTE,  page 22 ) has 
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duce permanent copy of program 
l istings, generate reports, p rint letters 
and labe ls  and gene rate graphics on 
printers with graphic capabi l i ty .  It comes 
fully assembled with i nstructions for 
connecting it to a printer. The card has 
a wide line format, capable of handl ing 
l ine widths up to 255 characters per l ine.  
I t  features high speed operation , up  to 
5000 characters per second, the equi ­
va lent of 3700 l ines per minute at 80 
characters per l i ne .  The power requ i re­
ment is low, as card components are 
automatical ly powered down when no 
printing occurs and no external power 
is requ i red for the card. It also features 
a general pu rpose 8 bit paral le l  output 
port. The card comes with firmware 
in read only memory, printer configur­
ation block, ribbon cable and Instruction 
manual. 

The price of the A2B0002X is $ 1 80.  
Contact Apple Computer I nc ,  1 0260 
Bandley Dr, Cupertino CA 9501 4.• 

Circle 6 1 9  on inquiry card. 

Corporation LS I - 1 1 to the I E EE  stand­
ard 488-1 975 general pu rpose inte rface 
bus (G P I B) . The unit, designated the 
G P I B 1 1 V-1 , can be used with either  the 
LS I - 1 1 or Heath H 1 1 .  The unit is fur­
nished with a 4 meter bus cable and a 
complete software package i nc lud ing 
d rivers, uti l ities, and d iagnostics. The 
drivers and util ities are fu rnished as 
MACRO source files which can be as­
sembled as FORT RA N ,  BAS I C  or 
MACRO cal lable subroutines. The i n ter­
face can be used with such G P I B  devices 
as voltmeters, counters, frequency syn­
thesizers, and other control lers such as 
the P ET microcomputer. The unit, in­
cluding software and cable, sel l s  for 
$695.• 

Circle 620 o n  inquiry card. 

been superseded by the improved 
TVM-41 , all owing greater monitor band­
width than with the TVM-04. The new 
80 character video generator displays 
look crisp and sharp. Ope ration as a 
monitor or TV receiver is switch select­
able. The TVM-41 also extends the num­
ber of sets which can be modified to in­
c lude Hitachi model number P-04, P-05, 
P-08, PA-4, PA-5 , PA-8, P-40, P-4 1 ,  (al l  1 2  inch ) and the 9 inch model 1 -28. 
Total cost for the monitor is about 
$ 1 00, depending on the local price of 
the TV set. The TVM-41 is p riced at $20 
including hardware, wire and a five foot 
video cable for connecting to your video 
source. For more information contact 
Pickles & Trout, POB 1 206, Goleta CA 
9301 7.• 

Circle 621 on inquiry card. 

"OEM I I "  Brochure on Open Frame 
DC Power Suppl ies 

A new 1 2  page, i l lustrated brochure 
is now being offered by Powertec I nc, 
9 1 68 DeSoto Av, Chatsworth CA 9 1 3 1 1  
that describes the company's OEM I I  
series of second generation, open frame 
DC power suppl ies. D escribed in the bro­
chure are Powertec's broad product 
range of single output low power to 375 
W, and mu l ti p le outputs dua l  and 
triple power suppl ies. The p ri n ted  cir­
cu it  board electronics have been de­
signed to p rovide high efficiency and 
low primary power consumption. A list­
ing of specifications is also inc luded.  
Vol tage and current rating charts are 
l isted for user convenience.• 

Circ le  6 2 2  on inqu1ry card. 

Gl itch Exterminator for the 
S-1 00 Bus 

Vamp I nc has introduced the Ex­
terminator (VTE-1 00) which they claim 
puts an end  to bus problems on S-1  00 
computer systems. The VTE-1 00 is a 
dua l  function board serving as a bus 
· terminator and card extender. Bus 
termination by the VTE-1 00 is  said to 
clean up  noise, cross tal k, overshoot and 
other bus problems that can scram ble 
data unpredictably. The board also 
serves as a card extender for memory or 
10 cards which may requ i re analysis or 
maintenance. The Exterminator, through 
on board termination, e l iminates inter­
ference from adjacent boards which may 
radiate digital R F  al lowing any memory 
or 10 card to be extended without fear 
of having the board perform unpredict­
ably. It fuses all extended power buses 
to protect both the extended card and 
the power supply from any accidental 
damage. The fuses also a l low for easy 
access to all power buses to permit the 
monitoring of cu rren t consumption. The 
Exterminator comes fu l ly  assem bled and 
tested for $49.95 plus $2 to cover ship­
ping and handl ing from Vamp I nc, POB 
293 1 5 , Los Angeles CA 90029.• 

Circle 623 on inqu1ry card. 
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Circle 297 on inquiry card. 
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* YOUR BEST BUY IN WIRE WRAP SUPPLIES * 
P R EC U T  W I R E  W I R E  W RAP SOCKETS W IR E  W RAP BOARDS 

WHY BUY WIRE ON ROLLS? !.:2 10.24 25·99 1()()...249 250-Wit 1K·SK ww 
PRECUT & STRIPPED WIRE IS: 

• F11t - No more cutting & stripping by hand 
• Rell•bte - Good. clean. uniform strip 
• Economical - Cheaper than using bulk wire 

Precut Wire Bulk Wire 

Bpm" 
1 4 p m ·  
1 6 p m •  

1 8 p m •  20 pm 
22p•n· 

24 plfl 
28 pon 
40 pon 

" 38 35 " ,. ·" 
" 39 36 " ,. ·" 
.. •3 39 35 " 30 
63 58 " " .. ·" 
8• 18 " 83 " ... >30 " 0  ,0 95 90 .. 

" .. 18 .. .. " 
"5 ' "  • oa  95 89 " 
' "  > 55 ' "  ' "  ,5 1.09 
Gold 3-leve1 CloJed Entry Sockets 

!.:! � 10-24 Connector 

H-PCB- 1 4x4''• 44 Buses on both s•des 4 . 75 4.50 4.00 3 .00 
366Z 4>6 44 Blank 6.25 5.85 5.50 3.00 
3682 4 x 1 0  44 Buses on one s1de 10.50 1 0.00 9.50 3.00 

3682·2 4>6 44 Buses on one S•de 9.50 9.00 8.25 3.00 
4066-4 4>6 72 Buses on both s1des 1 3 .50 1 3 .00 12.50 4.00 

4o6 9.00 8.50 8.00 4.00 100 pes o! J" 11 S 62 , 3'/.C/11. 50 II roll at S l  99 • 41/h. 
100 pes of 6" at 1 06 • 2Cin. 100 It roll at 2 95 ' :M/ft. End & Stde Stacklble All prtces include gold 

3 7 1 9- 1  7 2  Blank 

Wtre Ktt l 81 $6 95 • 2 1/JC/fl T m sockets end 2-level sockets available 
37 1 9-4 4 x 1 0  7 2  Blank 1 1 .00 1 0.50 10.00 4.00 
4350 7x9'1, 80 Buses on both sides 1 7.50 16.50 16.00 7.00 

• 30 Kynar stnpped 1 "  on each end Lengths are overall aaoov 1 0x5.3 100 Buses on both sides 19.50 1 7.96 16.95 5.00 

Colo� Aed.Biue.Green.Yellow.Btack.Orange.Wh•le 
Wue packaged on plas!tc bags Add 25CIIength lor lubes INTERCON N ECT CAB LES 1 69P84 8%x 1 7  Bla nk 6.25 5.75 5.25 

100 � !2!!!! 
. """ 

.!!12!1. 
3 89/K 

Rtbbon cable connecton lor connecttng boards to 
Iron! panels. or bolrd to board 

2 '? 111 78 2 40 
3 " , 60  4 71/K • 22/K 
3'? 11'1 .. " 0  5 12/K 4 55tK SINGLE ENDED DOUBLE ENDED 90 3 00  5 52:K 4 88/K 

... ,., ,, 94 3.21 5 93/K 5 2111< 
5 '" 98 , ., 6 34/K 5 5211< 
s·� ,, ' "  3 65 6 7511< 5 86/K 
6 '" ' "'  3 85 7 16/K 6 1911< 

6".-, on "5 4 05 7 5711( 6 521K 
1 '" ' '" 4 25 ' """ 6 8511< 

u 1?:'" 16 1!:'" 24e•n "E!'" 16e•n 24eon 

6" , ,. ,, 2 05 ' "  ' "  331 
12" ' "  . .. , ,. 233 2.55 3 9, 
24" ' "  0 65 2 63 ' "  2 76 "' 
48'" ' "  ' "'  3 •0 2 9, 3 1 1 508 

14 pin Gold WW Socket .30 .27 per 400 

. SOCKET ·16 pin Gold WW Socket .32 .29 per 350 
24 pin Gold WW Socket .75 .65 per 1 1 7  

SALE! 
44 p i n  ST E d ge  Card Connector 1 .7 5  1 .50 per 1 0  

1 0 0  P • n  S T  Edge Card Connector 3.50 3.00 per 10 
7''1 111 ' "  . .. B 39/K 7 18/K 
8 '" , ,. < 65 6 60/K 7 SJIK 

100 P• n W'N Edge Card Connector 3.50 3.00 per 10 

a·.., on "' . .. 9 21/K 7 84/K 
9 '" ' "  S os 9 62/K 8 17/K W I R E  WRAP TOOLS 

Prices good through 8 / 1 178 when purchned with Wire Kit  = 1 o r  =2 
g•.; m ' '" 5.25 10 03/K 8 50/K 
10 lfl ' "  5 5> 10 4•VK 8 8J>K 

Addl. inches 10 '"" 6&K 

W I R E  K ITS 

�, $6.95 . 
250 3'" 100 4'�--
250 3'.-,'" 100 5·· too 4'" 100 s·· 

=z $19.95 
250 2.,,.. 250 •• .., .. 250 s·· soo 3·· 2so 5 .. 100 s··;· 500 3'-'1" 100 s·�-- 100 ;--
500 4· 1 250 It Roll Bulk 

Choose One Colo• 
or Ass.or1ment 

New Cosmac Super "ELF" 
RCA CMOS expandable to 64K microcompuler 
w/HEX keypad input and video output for graphics. 
Just turn on and start loading your program using 
lhe resident monitor on ROM. Pushbutton selec· 
lion of all four CPU modes. LED indicators of 
current CPU mode and four CPU states. Single 
slep op. for program debug. Built in pwr. supply, 

$34.95 
With Free Wire K i t  1 
($6.95 Value) 

HOBBY WRAP 
Model BW 630 

Batteries & Charger 

WSU 30 Hand Wrap-Unwrap Strip Tool 

WSU 30M, for Modified Wrap 

BT 30 Extra Bit 

256 .Bytes of RAM, audio amp. & spkr. Detailed 
assy. man. w/PC board & all parts lolly socketed. 
Camp. Kit $106.95. High address display option 
8.95; Low address display option 9.95; Custom 
hardwood cab.; drilled Iron! panel 19.75; Nicad 
Battery Backup Kit w/all parts 4.95; fully wired & 
tested in cablnel 151 .70; 1802 software club. 
10-12 pg. monthly publication 12.00 per yr. 

4K Ell Expansion Board Kit with Cassette 1/F $79.95 
Available on board options: 1K super ROM monitor $19.95. Parallel I/O port $7.95. RS232 1/f $3.50. 
nv 20 ma 1/F. $1.95. S-1 00 Memory 1/F $4.50. 

Tiny Basic for ANY 1802 System 
Cassette $10.00 , 
on ROM Monitor $38_00 

Super Elf owners take 30 Yooff. Object code listing or 
paper tape wilh manual $5.50 

PAGE DIG ITAL 
ELECTRON ICS 

Ordering lnfonnellon: 

5 1 1 . 00  

5.95 
6.95 
2.95 

• Orders under $25 and coo·s. add $2 
All others. shipped Ppd in U.S. via UPS 

• Fpr Blue Label (Air) or 1st Class, add $1 
We accept Visa & Mastercharge 

• Most orders shipped same day 

Dealer Inquiries Invited 

Same day ahlpment. First I 
parts only. Factory tested. 
Guaranteed money back. 
Quality IC's and other 
components at factory prices. 

INTEGRATED CIRCUITS 

MICROPROCESSOR 
6600 19.50 
8080A with data 6.95 zao 29.95 
6212 2.90 
8214 . 6.00 
8216 2.90 
8224 2.95 
6226 5.35 
8251 9.25 
6253 10.00 
8255 9.25 
COP1802CD 19.95 
CDP16020 25.00 
COP1861 12.95 
6620 9.95 
6650 12.95 
6502 16.50 
PROM 
1702A 3.95 
N82S23 2.95 
NB2S123 3.50 
N62S126 3.75 
N62SI29 3.75 
N82S131 3.75 
N82S136 6.75 
N82S137 8.75 

2706 14.65 
OM6577 2.90 
6223 2.90 
2716 26.95 

IC SOCKETS 
Solder Tin Low ProUie 
PIN 1 UP PIN 1UP 

6 .15 24 .35 
14 .16 26 .42 
16 .20 36 .56 
16 .27 40 .61 
22 .30 J level wire wrap gold. 

14 pln .25 1 6 pln .27 
2 18vtl 14 plnww .21 

CONNECTORS 
�4 pin edge 2.00 

100 pin edge 4.50 
100 pin edge WW 5.25 

MOSJMEMORY RAM 
2101-1 3.95 
2102-1 1 .28 
2102Al-4 1 .60 
21 F02 1.85 

21 04A-4 
21078 
2 1 1 1-1 
2112·2 
2114 
MK4 1 1 6  
25138 
21l02-1 
MM5262 
MMS260 
MM5320 
MM5330 
PD4110·3 
P04110·4 
P5101 
4200A 
82525 
91 l02A 
H00165-5 
MM57100 
GIAY3B500·1 
MCM6571A 
9366 
INTERFACE 
8T26 
8T28 
8T97 

1 35 E .  Chestnut Street 5 
Monrovia, California 9 10 16 

Phone (21 3 )  357-5005 

4.95 
4.95 
4.95 
3.95 
6.50 

27.50 
6.30 
1.49 

.40 
3.00 
9.95 
5.94 
4.00 
5.00 

13.95 
12.95 

2.90 
1.75 
6.95 
4.50 
9.95 

10.95 
3.50 

1 .69 
2.75 
1.69 

CRYSTALS 
1 MHz 4.50 2.0100 MHZ 1.95 
2 MHz 4.50 2.097152 MHz 4.50 
4 MHz 4.25 2.4576 MHz 4.50 
5 MHz 4.25 3.2768 MHz 4.50 

10 MHz 4.25 5.0688 MHz 4.50 
18 MHz 3.90 5.185 MHz 4.50 
20 MHz 3.90 5.7143 MHz 4.50 
32 MHz 3.90 6.5536 MHz 4.50 
32768 Hz 4.00 14.31818 MHz 4.25 
1 .6432 MHZ 4.50 18.432 MHz 4.50 
3.5795 MHZ 1.20 22.1184 MHz 4.50 
60 Hz Crystal nme Base Kit S -4.-40 
30 MHz Frequency Counter Kit $-47.75 
freaealer Kit to 350 MHz $19.95 

COMPUTER BOARD KITS �� 
�:�0�

o
�� 

Kit . $��:�; 
110 Board Kit 44.50 
EKtender Board w/connector 12.50 
Video lnterface board kit 125.00 
16K EPROM board kit w/o PROMS 74.50 
t6K Static RAM board kit 395.00 
Nortb Star Aoppy Disk Kit $665.00 
Additional Drive Kit 415.00 
Paratronlc& 100A logic 
Analyzer Kit $199.00 
Moder 10 Trigger Expander Kit $229.00 
Model l 50 Bus Gr.�bber Kit $369.00 

Auto Clock Kit $15.95 
DC clock with 4·.50" displays. Uses Nalional 
MA-1012 module with alarm option. Includes 
lighl dimmer, cryslal limebase PC boards. 
fully regulaled, comp. inslrucls. Add $3.95 
lor beaulilul dark gray case. Besl value any· 
where. 

Video Modulator Kit $8.95 
Converl your TV sel into a high quality monllor 
withoul affecting normal usage. Complete kit 
with full instructions. 

RCA CosmacVIP Kit $275.00 
VIdeo compuler with games and graphics. 

;��a ��� u����
t
�a�e���:u�anuaiS3o. oo- l••••••••••••• .. 

Complele IC dala seleclor 2t75 pg. Masler ref· Sinclair 3Vz Digit Mullimeter 
erence guide. Over 42,000 cross references. Batt. oper. lmV and .1NA resolution. Resis· 
Free updale service lhrough 1978. Domestic lance to 20 meg. 1o/o accuracy. Small, porlable, 
poslage $3.50. foreig n ' $6.00. final 1977 complelely assem. in case. 1 yr. guarantee. 
Masler closeoul $15.00 $59.95 

TERMS· $5 00 mm order U S Funds Cahf res1dents add 6% lax BankAmencard and Master Charge accepted Sh1ppmg charges w111 be added on charge cards 
FREE· Send for your copy of our NEW 1978 QUEST CATALOG Include 24¢ stamp 
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UART 

f?l BAUD 

RATE 

GENERATOR* 
Part no. 101 
• Converts serial t'o parallel and 
parallel to serial 
• Low cost on board baud rate 
generator 
• Baud rates: l l O, 150, 
300, 600, 1 200, and 2400 
• Low power drain +5 volts and 
- 1 2  volts required 
• TTL compatible 
• AU characters contain a start 
bit, 5 to 8 data bits, 1 or 2 stop 
bits, and either odd or even 
parity. 
• AU connections go to a 44 pin 
gold plated edge connector 
• Board only $1 2.00; 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: 

Circle 1 25 on inquiry card. 

RS • 232 / TTL 
INTERFACE * 

Part no. 232 
• Converts TIL to RS-232, and 
converts RS-232 to TTL 
• Two separate circuits 
• Requires - 1 2  and + 12 volts 
• AU connections go to a 1 0  pin 
gold pia ted 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 * i!ffit!l Part no. 1 1 2  , l) ·' · 
e 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, a10d 
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 10.00 

Part no. l l 1  

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 TIL-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 coiiB 

Part 
no. 107 

RF 
MODULATOR * 
• Converts video to AM modu­
lated RF, Channels 2 or 3 
• Power required is 12 volts AC 
C. T ., or +5 �·olts DC 
• Board $7.60; with parts $1 3.50 

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 froin 
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 - $62.00. 

RS·ZJZ/TTY * INTERFACE � 
Part no. 600 4. • Converts RS-232 to 20mA 

current loop, and 20mA current 
loop to RS-232 
• Two separate circuits 
• Requires + 12 and -12 volts 
• Board only $4.50, with 
parts $ 7.00 

TELEVISION 

TYPEWRITER 

Part no. 106 
• Stand alone TVT 
• 32 char/line, 16 1ines, 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. 2513 
• Upper case only 
• Board only $39.00; with parts 
$ 1 45.00 

MODEM * 

•' Part no. 109 
• Type 103 
• Full or half duplex 
• Works up to 300 baud 
• Originate or Answer 
• No coiiB, only low cost com­
ponents 
• TIL 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 Otarge, BankAmericard, or VISA number, expiration 

date and signature. Shipping charges added to C.O.D. ord�s. 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) 226-4064.• Desi gned by John Bell. 
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Wbat's NewP PERIPHERALS 

A Video Camera Kit 

This 202 video camera kit may be 
used for visi ble or infrared viewing and 
survei l lance with an infrared l igh t  source, 
and is excel lent  for standard su rveil l ance 
work because of i ts i ight weigh t ( under 
one ; pound ) and small size (3% by 6!1, 
inch boards ) . A 5 V,  1 A power supply is 
needed. The kit inc ludes all semicon­
ductors, boards, data sheets, d iagrams, 
resistors, capacitors, and an 8 mm lens. 
The kit sel ls for $ 349 from Solid S tate 
Sales, POB 74B , Somervi l l e ,  MA 021 43.• 

Circle 615 on inquiry card. 

Video Terminal Offered by Phone 1 

The new model P 1 -1 1  video terminal 
features the fol lowing: 80 by 24 screen, 
local editi ng, upper and lower case dis­
play, dual screen intensity, full or half 
duplex operation,  numeric cluster key­
board, and 300 bps acoustical modem. 
The unit  sel ls for $ 1 075 complete and 
$800 for the terminal a lone .. Contact 
Phone 1 I nc ,  1 330  E State St,  Rockford 
I L  6 1 1 08.• 

Circle 6 1 6  on inquiry card. 
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M odule I nterfaces Voice and 
Instruments to Synthesizers 

The Aries A R-333  pitch and envelope 
follower is an electronic module that i n­
terfaces external signal sources, such as 
voice, single note instruments, and tape 
recorders, to most synthesizers. A one 
octave change of input signal produces a 
1 V change in pitch con trol output for 
control l ing VC osci l lator frequency, fil­
ter frequency, etc. Linear and logarith­
m ic envelope fol lower outputs al low 
control of syn thesizer functions by the 
ampl itude of the input signal. On the 
front panel, a trim pot lets you adjust 
the tracking sensitivity of the pitch con­
trol output, and permits use of the mod­
ule with different synthesizers without 
retrim ming oscil lators. The front panel 
also provides a tuning control for adjust­
ing oscillator frequency which allows 
tu ning to the pitch of other instruments, 
and a retriggering sensitivity control for 
picking up accen ts. A low d istortion 
compressor output is also provided. The 
module 's 36 db, low noise microphone 
p reamp accepts Y. inch phone plugs. I t  
sells for $349 (kit) and $499 (assem­
bled) . An assembled A R-333  with case 
and power supply (Model G E-1 0 1 ) sells 
for $550. Contact Aries Music I nc ,  Shet­
land I ndustrial . Park, POB 3065,  Salem 
MA 0 1 970.• 

Ctrc1e 618 on
'
inqu1ry card. 

Isolated Digital Output Board 
for I ntel M icrocomputers 

Plug compatible 1 6  or 32 channel iso­
lated digital output systems are avail ab le  
for  the I ntel S B C  80 and l ntel lec MDS 
microcomputers. Isolation e l iminates 
ground loop problems and p rotects the 
processor from real world transients. 
Memory mapped M P801 ( 1 6  channel ) or 
MP802 (32  channel) systems are con­
tained on a single pri n ted circuit board 
and provide all control and t iming 
c i rcuitry. Channels are i m pl emented by 
dry  reed relays protected by metal oxide 
varistors and can handle up to 1 0  W.  Re­
lays provide low "on-impedance ," high 
output cu rrent and isolate output chan­
nels from the computer  bus ( to 600 
VDC ) and from channel to channel (3 00 VDC) . They are treated as memory 
by the processor, eigh t output channels 
occupying one memory location. P rices 
of the 1 6  channel MP801 are $ 295  and 
$4 75 for the 32 channel MP802 in quan­
tities of one to nine. Contact B urr­
B rown, I n ternational A irport I ndustrial 
Park, Tucson AZ 85734.• 

C1rc1e 61 7 on inquiry card. 

Where Do New Product Ite m s  
Come Fro m ?  

The infor:moti�i:I· R�<inted frt ih� � 

nfw products pif�'e.s'' af B Yr:Eh,� � 
·obtained from "new product" or-· 

"press release " copy. sent by the · 

promoters of new products. If in 
our judgment the ne.at new whiz- · 
bang gizmo Of.· 1 §i:we 1:he wol'/d' 

'soitwor:e package 'is of irrterest' 
to the personal computing experi­
menters and homebrewers who 
read 8 YTE, we pr:jnt the informa­
tion in some fonn.' We openly' 
solklt- such inf()rffta,tipn froFJ1 
manilr�c'turers ·una'· suppliers . (�' .  
this marketplace. The information�. 
is printed more If)( i'ess as a first in 
firsi au\ queue, subject to oc­
casional priority modifications, ' 

. · : . .::._. 



�(J A "Smart'' VIDEO BOARD ���(; 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 MICROPROCESSOR I .  C.  · $ 1 9 9 9 5 
• 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 0 0  bus compatible • Underline blinking cursor Sockets . . . . . . . . . . . . . . $ 1 0.00 

2K Static Memory • Parallel keyboard port 

• On board 4K screen memory 
(optional)* relocatable to main 
computer memory 

• Cursor controls : up, down , left ,  
right, home, carriage return (with Sockets) . . . .  � .  $45 .00 

• Composite video 4K Static Memory 
* Min. 2 K  required for opera tion, 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 Memory . . . . . . . $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 3 2  characters per line 
Uumper selectablei 

• 32 or 1 6 lines 
Uumper selectable) • CRT and video controls fully 

programmable (European TV) • Screen capacity 2048 or 5 1 2  
• Character generation : 

7 x I I  dot matrix 

DEALER 
INQUIRIES WELCOMED 

82 1 2  

82 1 4  

82 1 6  

8228 

825 1 

8555  

8080 SUPPORT 

. . . . . . . . . . 

• • • •  0 • • • • •  

. . . . . . . . . .  

• • • • • • •  0 • •  

. . . . . . . . . . 

• •  0 • • • • • • •  

$3 .00 

7 .95 

3 . 5 0  

5 .95 

7 .95 

8 . 5 0  

l /4W RESISTOR 
1 0  Ohm - 1 . 5m 

$ 1 .75/ 1 00 
of one value 

CPU 

$7.75 

RAM - 2 1 1 4  
1 Kx4 450ns 

$8 .00 

RIBBON CABLE 
32 Conductor 

26 A WG - $.60/Foot 

1 Pole 1 0 Pos. MINIATURE H EXADECIMAL 
ROTARY 
SWITCH 

3 for $ 1 .00 

1 Pole 8 Pos. 
T05 Miniature 
Rotary Switch 

3 for $ 1 .00 

Slide Switch LABEL KEYBOARD 
DPDT 

$. 1 5 ;  1 0/$ 1 .00 - Matrix coded output 
- Interfaces with 74C922 

Push Button 
Momen tary 

Switch 
3 for $ 1 .00 

for binary code 
- Zero bounce 
- Est. life :  1 00 million 
- Remove back to stick on 

SHIPPING: Keyboard and Video Board : $ 3 . 5 0 ;  others: $ 1 . 2 5  

---- California residents add 6% sales tax ---
ELECTRONICS WAREHOUSE ln<t:. 

1 603 AVIATION BLVD. 
¢,Af REDONDO BEACH ,  CA. 90278 (��/ 
� TEL. (21 3) 376-8005 

WR ITE FOR FREE CATALOG 
Minimum Order: $ 1 0  

Circle 1 30 o n  i nquiry card. 

ASCII 3rd GENERATION $*6o8NLOY O KEYBOARD KIT · 

• TTL Logic Circui ts 

• Power:  +5V 275mA 

• Upper and Lower C ase 

• Full ASCI I  Set (Alpha 
Numeric, Symbols, 
Control) 

• 7 or 8 Bits Parallel Data 

• Optional Serial Output 

• 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" 

OPTIONS : 

• Metal Enclosure 
Painted IBM Blue 
and White) 

• 1 8  Pin Edge Con. 
• I .C .  Sockets 
• Serial Output (Shift 

Register) 
• Uppe r Case Lock 

Switch for Capital 
Letters and 
Numbers 

$ 25 .00 
$2 .00 
$4.00 

$2.00 

$2 .00 

KIT INCLUDE S :  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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What's NewP PERIPHERALS 

The Writehander: a New Typing 
Keyboard for One Hand 

A typing keyboard has been designed 
that perm i ts ty p ing all 1 28 characters 
of the ASC I I  code with one hand and is 
particu larly usefu l with com puters and 
term inals that accept  ASC I I  coded 
para l l e l  i npu t. To use the W ri tehander ,  
the typist p l aces fou r  fingers on fou r  

L i ne  Printer wi th  Graph ic  Capabi l i ties 

The Model 1 60 Ma l ibu  Line Pr inter 
is a commercial grade dot matrix 
machine which ope rates b id i rect ional l y  
a t  1 6 5  cha racters per second and has 
graph ics capab i l i ties. The pr inter 's fea­
tures inc l ude l ogic seeking capabi l i ties 
for fast throughput ,  re i nk i ng ro l l e rs (said 
to increase ribbon l ife up  to 50 m i l l ion 
characters) ,  and j u m per  selectable pri­
mary voltage ( 1 1 0  to 220 V, 50 to 60 
Hz). S tandard software supports the 96 
character ASC I I set ,  but  the user may 
easi ly change the characters to exotic 
la�guages, scient ific symhols, or what­
ever can be pri n ted with a 9 pin head .  
The tractor operated paper  feed a l lows 
gwups of dots to be p l aced immed iately 
adjacent to one another either hori­
zonta l l y  or vertica l ly ,  giving graphics 
capabi l i ties a t  3000 dot locations per 
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pres� switches and the thu m b  on one of 
eight press switches. The fou r  finger 
switches ope rate as the lower four b its 
of the 7 b it  ASC I I  code, selecting the 
group of characters (out of 1 6  groups) 
that con tains the desired character. The 
group contains a choice of eight letters, 
numerals, sym bols, etc. The thumb then 
presses the particu lar  switch that selects 
the desired character from the choice of 
eight. A computer  is not requ ired to 
operate the te rminal .  The Writehander 
wi l l  d i rect ly operate terminals such as 
the Diab lo HyType, Teletype ASC I I 
modified Selectric, or a video mon itor 
that accepts parallel 7 b i t  ASC I I  signals. 
Requ i red power is 200 mADC from 5 V 
regu lated or 7 to 25 V unregu lated. The 
unit  connects to the te rminal th rough a 
ri bbon cable that has l ines for the 7 b i t  
ASC I I  code, a 1 bit fixed parity , strobe 
and acknowledge signals and the power 
and common l ines. The pr ice of the 
Writehander is $98 and i t  can be ob­
tained from the NewO Company,  246 
Walte r  Hays Dr ,  Palo A l to CA 94303.• 

Circle 646 o n  inquiry card. 

square inch.  The Ma l ibu accepts paper 
from 4 inch ( 1 0  em)  to 15 (37 .5 em)  
i nch  w id th  and  p rints u p  to  1 32 char­
acters per l ine. Normal l i ne feed is 1 /6 
inch (0.4 e rn ) , but in crements of 1 }60 
inch (0.04 ern ) are possib le under 
software contro l .  A l l  C i rcui try is de­
signed in to three c i rcu i t  boards which 
p lug i n to the mother board . An  optional 
A l tair (S- 1  00) interface card is avai lab le ,  
making the pr inter immediately operable 
with many popu lar computers. An 
RS-232 option with a Z-80 p rocessor on 
board a l l ows the prin ter to accept serial 
input  (up to 9600 bps) or paral le l  ASC I I  
i nput with handshaking. The Ma l ibu  
pr inte r  i s  priced at less than $ 2000 from 
Mal ibu Design Group I n c ,  2 1 1 1 0G 
Nordhoff St,  Chatsworth CA 9 1 3 1 1 .• 

Circle 653 on mqu1ry card. 

Fu l l  Character L ine Printer 

The F UTRA Model 1 0  Line Printer 
i n corporates a belt  impact,  fu l l  character 
(not dot matrix) 80 col umn  pr int ing 
mechanism. The un i t  operates at a m ini ­
mum pr int  rate of 1 50 l ines per m inute 
using the 64 ASC I I character set or a 
m i n imum of 84 l ines per m inu te using 
a fu l l  96 ASC I I  characte r set and can 
produce u p  to fou r  copies inc lud ing the 
origina l .  The i npu t  is an 8 bit paral lel 
which can be i n terfaced to a 3P+S or 
s imi lar  in te rface card.  The un i t  h as a 
buffer size of one ful l  l i ne (80  char­
acters) and a m ax imum data input rate 
of 75 ,000 characters per second.  

The Model 10  is priced at $2695 
and comes with p in feed paper h and l ing 
mechanism,  format con trol un it  (top of 
form ) ,  e i ther 64 or 96  ASC I I  character 
set and paral lel i nterface. Options are 
an off l i ne test pr int  excercisor, $ 7 5 ;  
and serial i n te rface ( RS-232c ,  20  rn A  
current  loop,  T T L  d i rect inte rface with 
1 0 1 0  by te buffe r ) ,  $ 5 9 5 .  Con tact 
F U T R A ,  342 1  Onyx St, POB 4380,  
Torrance CA 905 1 0 , ( 2 1 3 )  3 7 1 -8 1 38 .• 

Ctrcle 583 o n  inquiry card. 

Fast Cassette I nterface 

The Wince Cassette I n terface d u m ps 
and l oads programs at a data rate of 
2400 bps. I t  a lso supports the 300 bps 
Kansas City standard . The u ni t  i n ter­
faces d i rectly to a Motorola 6850  AC IA  
and  inc ludes an  RS232  in terface at data 
rates from 1 50 to 9600 bps. The inter­
face board is priced at $ 1 39 in  single 
quantit ies from Wintek Corp, 902 N 9th 
S t ,  Lafayette IN 4 7904, ( 3 1 7 )  742-6802. • 

Circle 584 on 1nquiry card. 



D I O DES/ZE N E RS SOCKETS/B R I DG ES T RANSISTORS, LEOS, etc. 
1 N9 1 4  1 00v l OrnA .05 8-pin . pcb .20 ww .35 2N2222 NPN (2N2222 Plastic . 1 0) . 1 5  

1 N4005 600v l A  .08 1 4-pin pcb .20 ww .40 2N2907 PNP . 1 5  
2N3906 PN P ( Plastic - Unmarked) . 1 0  1 N4007 1 000v l A  . 1 5  1 6-pin pcb .20 ww .40 2N3904 NPN (Plastic - Unmarked) . 1 0  

1 N4 1 48 75v l OrnA .05 1 8-pin pcb .25 ww .75 2N3054 NPN .35 
1 N4733 5. 1 v  1 W Zener .25 22-pin pcb .35 ww .95 2N3055 NPN 1 5A 60v .50 

1 N753A 6.2v 500 mW Zener .25 24-pin pc,b .35 ww .95 T1 P 1 25 PNP Darlington .35 
LED Green, Red, Clear, Yellow . 1 5  1 N758A 1 0v .. .25 28-pin pcb .45 ww 1 .25 D . L .747 7 seg 5/8" High com-anode 1 .95 

1 N759A 1 2v .. .25 40-pin pcb .50 ww 1 .25 MAN72 7 seg com-anode ( R ed) 1 .25 

1 N5243 1 3v .. .25 Molex pins .01 To-3 Sockets . 25 MAN36 1 0  7 seg com-anode (Orange) ' 1 .25 

1 N 5244B 1 4v .. .25 MAN82A 7 seg com-anode (Yellow) 1 .25 

1 N5245B 1 5v .25 2 Amp Bridge 1 00-prv .95 MAN74A 7 seg com-cathode ( R ed I 1 .50 
.. 

F N D359 7 seg com-cathode ( R ed )  1 .25 
25 Amp Bridge 200-prv 1 .95 

C MOS - T T L -

4000 . 1 5  7400 . 1 0  7473 .25 741 76 .85 74H72 .35 74S1 33 .40 
4001 . 1 5  7401 . 1 5  ' 7474 ' .30 741 80 .55 74H 1 01 .75 74S140 .55 
4002 .20 7402 . 1 5  7475 .35 741 81 2.25 74H 1 03 .55 74S 1 51 .30 
4004 3.95 7403 . 1 5  7476 .40 74 1 82 .75 74H 1 06 .95 74S1 53 .35 
4006 .95 7404 . 1 0  7480 .55 74 1 90 1 .25 74S1 57 .75 
4007 .20 7405 .25 7481 .75 741 9 1  .95 74LOO .25 74S1 58 .30 
4008 .75 7406 .25 7483 .75 74 1 92 .75 74L02 .20 74S194 1 .05 
4009 .35 7407 .55 7485 .55 74 1 93 .85 74 L03 .25 74S257 (81 23) 1 .05 
401 0 .35 7408 . 1 5 7486 .25 741 94 .95 74L04 .30 
401 1 .20 7409 . 1 5  7489 1 .05 741 95 .95 74 L 1 0  .20 74 LSOO .20 
401 2  .20 741 0 ' . 1 5  7490 .45 741 96 .95 74L20 · .35 74 LS01 .20 
401 3  .40 741 1 .25 7491 .70 74 1 97 .95 74 L30 .45 74 LS02 .20 
401 4 .75 741 2 .25 7492 .45 74 1 98 1 .45 74L47 1 .95 74LS04 .20 
401 5 .75 741 3  .25 7493 .35 74221 1 .00 74L51 .45 74LS05 .25 
401 6 .35 741 4 . 7 5  7494 .75 74367 .75 74L55 .65 74LS08 .25 
401 7 .75 741 6  .25 7495 .60 74L72 .45 74LS09 .25 
401 8  .75 741 7 .40 7496 .80 751 08A .35 74L73 .40 74LS1 0 .25 
401 9  .35 7420 . 1 5  741 00 1 . 1 5  75491 .50 74L74 .45 74LS1 1 .25 
4020 .85 7426 .25 741 07 .25 75492 .50 74L75 .55 74 LS20 .20 
4021 .75 7427 .25 741 21 .35 74L93 .55 74LS21 .25 
40�2 . 7 5  7430 . 1 5  741 22 .55 74 L 1 23 .85 74 LS22 .25 
4023 .20 7432 .20 74 1 23 .35 74HOO . 1 5  74LS32 .25 
4024 .75 7437 .20 741 25 .45 74H01 .20 74SOO .35 74 LS37 .25 
4025 .20 7438 .20 741 26 .35 74H04 .20 74S02 .35 74 LS38 .35 
4026 1 .95 7440 .20 741 32 .75 74H05 .20 74S03 .25 74LS40 .30 
4027 .35 7441 1 . 1 5  741 41  .90 74H08 .35 74S04 .25 74 LS42 .65 
4028 .75 7442 .45 74 1 50 .85 74H 1 0  .35 74S05 .35 74LS51 .35 
4030 .35 7443 .45 74 1 51 .65 74H 1 1 .25 74S08 .35 74 LS74 .35 
4033 1 .50 7444 .45 741 53 .75 74H 1 5  .45 74S1 0  .35 74LS86 .35 
4034 2.45 7445 .65 741 54 .95 74H20 .25 74S1 1 .35 74LS90 .55 
4035 .75 7446 .70 741 56 .70 74H21 .25 74S20 .25 74LS93 .55 
4040 .75 7447 .70 741 57 .65 74H22 .40 74S40 .20 74 LS1 07 .40 
4041 .69 7448 .50 74 1 61 .55 74H30 .20 74S50 .20 74LS1 23 1 .00 
4042 .65 7450 .25 741 63 .85 74H40 .25 74S51 .25 74 LS 1 5 1  .75 
4043 .50 7451 .25 74 1 64 .60 74H50 .25 74S64 . 1 5  74LS1 53 .75 
4044 .65 7453 .20 74165 1 . 1 0  74H51 .25 74S74 .35 74LS1 57 .75 
4046 1 .25 7454 .25 741 66 1 .25 74H52 . 1 5 74S1 1 2  .60 74LSi 64 1 .00 
4049 .45 7460 .40 741 75 .80 74H53J .25 74S1 1 4  .65 74LS1 93 .95 
4050 .45 7470 .45 74H55 .20 74 LS367 .75 
4066 .55 7472 .40 74 LS368 .65 

4069/74 C04 .25 
4071 .25 MCT2 . 95 L J N EA RS, R EG U LATORS, etc . 
4081 .30 . 8038 3.95 LM320T5 1 .65 LM340 K 1 5  1 .25 LM723 .40 
4082 .30 LM201 .75 LM320T 1 2  1 .65 LM340K 1 8  1 .25 LM725N 2.50 

MC 1 4409 1 4.50 LM301 .45 LM320T 1 5 1 .65 LM340K24 1 .25 LM739 1 .50 
MC 1 441 9 4.85 LM308 (Mini) .95 LM324N 1 .25 7 8 L05 .75 LM741 18-1 41 .25 

451 1 .95 LM309H .65 LM339 .75 78 L 1 2  .75 LM747 1 . 1 0  
74C1 .51 1 .90 LM309K (340K-5)85 7805 (340T5) .95 78L1 5 .75 LM 1 307 1 .25 

LM31 0  .85 LM340T 1 2  .95 78M05 .75 LM 1 458 .65 
9000 S E R I ES LM31 1 D (Minll .75 LM340T 1 5 .95 LM373 2.95 LM3900 .50 

9301 .85 95H03 1 . 1 0  LM31 8  (Minll 1 .75 LM340T 1 8  .95 LM380(S-14 PIN) .95 LM75451 .65 
9309 .35 9601 .20 LM320K51790511 .65 LM340T24 .95 LM709 (8,14 PI N).25 ' N E 555 .35 
9322 .65 9602 .45 LM320K 1 2  1 .65 LM340K 1 2  1 .25 LM7 1 1 .45 N E556 .85 

MICRO'S, RAMS, CPU'S, 
NE 565 .95 

INTEGRATED C IRCU ITS UNL IM ITED N E 566 1 .25 
E-PROMS N E 567 ' .95 

74S188 3.00 8214 8.95 
1 702A 4.50 8224 3.25 
MM5314 3.00 8228 6.00 7889 Clairemont Mesa Bou levard, San D iego, California 921 1 1  
MM53 1 6  3.50 825 1 8.50 (714) 278-4394 (Calif. Res.) ' SPEC I A L  
21 02-1 1 .45 8255 1 0.50 DI SCOUNTS 
2102L·1  1 .75 8T1 3  1 .50 A l l  orders shipped prepaid No minimum Total Order Deduct 
2 1 1 4  9.50 8T23 1 .50 Open accounts invited COD o rders accepted $35 - $99, 1 0% TR1602B 3.95 8T24 2.00 
TMS 4044- 9.95 8T97 1 .00 Discounts avaiiCjble at OEM Quantities California Residents add 6% Sales Tax $ 1 00 - $300 1 5% 

21078-4 4.95 All I C's Prime/Guaranteed. All orders shipped same day received. $301 - $1 000 20% 
8080 8.95 2708 9.50 24 Hour Toll Free Phone 1 -800- 854-221 1 American Express I BankAmericard I Visa I Master Charge 821 2  2.95 Z80 P I O  8.50 

Circle 1 M  on Inquiry card, bYTE July 1978 1£13 





- 7400 TTL . BUG BOOK® n �"��·:.:,·�'!.:�, ,._ .....,, m "  '" "' WIRE-WRAP KIT - WK-2-W __ . Continuing Educat10n Senes � ,.  . . . ..  ..,. ...,-. _ _  , ., «�_, .,.,_ ,. ,"" WRAP • STRIP • UNWRAP ,�-- -
· ��� 

SN7400N .16 ;·�" ;) =�=��:Wrrm�ou'!L=�=-:�tt:;����ol e Tool for 30 AWG Wire ' . 
SN7401N . 18 SN7472N .2'9 3N74160N B9 �· .� ' "-a. 0 �� rllclrorocs Widudi"'l ;llu tlopt1op1 Lllcllts llllvt dttOC!t� m� 
SN?<C02N Ill SNJ41JN .JS SNl.tiSIN .B9 . p&ut� dtnU!ifllt.ttB L{Od� RAM s ROMs ll'lll ml.dl muc:ll moll • Aol1 of 50 Ft. White or 81ue 30 AWG Wire\,� 
SN1403N . 18 SH7474N .35 SN74162N 1 .95 th= BUGBOOK 111 15 00 • 50 pes. each t .. , 2", J" & 4" lengthS - \ . SH740o4N . 18 SN7475N' .49 SN74163N .119 Rr-..nrv-..._ .., ..._ II ..,., DnU G Unn W141n'J pre-Stripped Wire. '·. ft SN740SH 20 SN74715N' .35 SN74164N .89 �I1J � SH7406N .29 SN7479N S.OO SN74165N 89 ( I  f';::::-___ -; !.:'irl:-::..-::�ta=I=�::��N�:��= $1 2.95 ··.,_ . . . · · · · SN7407H 29 SN7480N .50 SN74166N 1 .25 \. r.:::.... a.nm�� lflll lhi! RS rnt irllelf� lUn!Un:l P•llocuitJ!y i"KOIIIlrllfiCI 

;=�= -� ��;:= .: �;::�J: � :�; ntn ss nMER APPUCATID;;;- • sus .,;u..,;..,,;'":"�'""---------snt<s.OOrnl t1l- '7 WIRE WRAP TOOL WSU·30 �7.4IOH ·18 SN7.485N ·79 SN7.CI72N 6·00 SOURCOOOK Willi EXPERIMENTS "' .... ,'- "-'· om. G. la"ln. 'd4HY,, ........ .. lhn ,.,-. WRAP • STRIP • UNWRAP-$6.95 SN7411N .2S SH7.486N .35 SN7417JN 1.25 llytfcrn.rd M . .. r11rt WJHB Httt iJ 11111 DOok N po.tJ • ll lo\ltN'. 8n4ts 111Mg mut:11 nlkl�Me tt.r �=�::� .� ��:::: I 
1:!� �;:�;�: :� :::=�=�:��==:�:Cf�l�.:��::-1 =�·�n::�t=-=:rs-::-::���� WIRE WRAP WIRE - 30 AWG 

S147.4UN .70 SN7491N .59 SN74176N .79 =--���1o.�'r!:":c.":::.' :r=':y���� =:1:'..��1:':i ��"*:'�1iiTG� 1� �· 25ft. min. $1 .25 SOft. $1.95 100ft. $2.95 1000ft. $15.00 
i:;::�= :�� ��:: :� �

N7
"
177N ,·� l;"".,;;:"";i;;;i'-;;;;;,· '""'"'"';;--------..-;;;; i;1111;;;0iiooiiioK;;v,-;;;04.-;�;;-'--'--'--<s>o10;;;00n.;;;-;;; l SPECIFY COLOR.- White - Yellow - Red - Green - Blue - Black 

SH7.C20N ·10 SN7.c�N 65 s��!��� :79 �:��c���!:�� � �nr� u  . .... �r� QuurOOil'l r!r!! �llrMe. u.!.. """"· ,_,.· ....... '- T"IIH • '" stt 
WIRE DISPENSER - WD·30 SN7421N .29 SN7495N .65 SN74181N 1 .95 tl$1fnmenQ. W<;19tStions lorl�llheriUC):IIQ.�olau!IICrUOPIGKIIIO hperlrncttll lll IIIOiUI �ronies. IIOo!CIA motJ"OCOIIIIIIjttf ClfOQrli!III"IWIO ltld 

SN7422N .39 SN7<t96N 65 SN74192N .79 d191Q!tl«<rOIIOQ .tomust lol sell·ructw>g tlldttlll"..a!s. 1!1080A moctoc:orn:tuttr wllfD"IoQ. M O'IItQr1lld '""*" to 1111-wlrueltd • 50 ft. roii 3Q AWG KYNAR wire wrap wire $3.95 83. SN7423N 25 SN7497N 3.00 SN74184N 1.95 OP AMP MANUAl lq HDWiniM. 8trlln WJHB SIJ.DO ���.;..�:a,a::...-.:�� • Cuts wire to desired /ength SN7425N 29 SN74IOOH .89 SN74185N 1 .95 M tq�tnrnent � fG � oi OOt�a�iona' a!IIQblor11 !Mf n upt11. IIOIOA ,.uocompu�r, �rnnmirlg _, mLtrfJCint OttP 6 11bomory St "ps 1 "  1 .  1 1. Spoclly Blu V II Wh" R d  sN7425N .29 sN7•1o7N .35 SN74180N. 9.95 :;� flhl$n ol ()p .tom"' 

ss.oo ;;;�=";;'"Oi,_'ii�':.:""::;�;;:";;;;;iii.ci'i;;";;;,;:::'"•"'ER.------,,,-,_,.d 
• n o msu a 1on - e- e ow- ��e- e 

���:� :;; �=�::�= 1:� ��:�: �:� eoeo ll'lk� ��- , P'QVfllll liN IJI!tmQ. � 11111 iiOilllt AND H.u!DIOOK Ntw ezpandtd v.ntcm REPLACEMENT DISPEltSER SPOOLS FOR WD 30 
���:�: :� �=:::�:· :� ��!��: 1 .

� ti........,::;:;;:;;-�;:';;"':;:�:;:·;;;-;;;;:;;:;:-::o�:":":�':"::'�-::f•:;:"":::":::""'::::::•:;:""""::::.::.•:;:c•::;os�"""'==�=""::;:••:.:•�• .... -11-;;;Spe=cli;;fy:;;bilue�,�l"';:i,llo;.:.w.:. • .;,wh_:�.::•..:o.:.r_:ned.--__--:=="'S;-
1.
;;98;;;/..;IfiGO:,--I-j 

SN7437N .25 SN74123N .49 SN74193N .79 ctlMPLETE MANUAL FOR DIGITAL CLOCKS by Jolin Welu end Jolin Brook• XR2206KA $14.95 XR2206KB $19.95 SN7433N 25 SN7.4125N .49 SN741�N .89 FamitJariles lectrnrcian or t10bbyist with basic theories behind dioila1 clocks Includes trouble shooting gurdes. basic Function Generator Klt EXA R Fui'ICtlon Generator Kit �:;:�: :� �;::�� :�� ��!�:= ::� characletrsl!cs ol clocks. solde · lechni ues, clock com nenl data slleets �nd construction tips. 
S3.95 �����d=�d

cr��i:�Ons) ���u:O�r���a���������ns} SN7441N .:9 SH74136N .75 SN74197N .89 125"" dll. • xc111 ��::;� -�� �;;�;;� 2:� ;=�::: :::: �: ��en ��� �gii: ���� Micro-Power version of the Precision timing circuit tor �=�::�� �� �=:;�:;� �:� ���:�� �:� ��� ���c;: ·��� _200 .. dia. xc11 1 Or�noe � popular 555 Timer and directly g neun1e0ra1t•
ihn�.�!,.min,g0d

p
dua
l"'ys'o

irnupm110-

XR-L555 $1.50 XR2242CP $1.50 

SN7446N .69 SN741.45N .79 SN74279N .79 .200 .. dia .US" dil. XCS5G Red 5111 Interchangeable. Dissipates ..,.. 
i��!�: · :� ��!�!�� ::�� �=�:��� ;::: �g� ri�n !�� ��:: :: ���� ��;: ��!n 
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� ��:: ·.� ;�;:;: :� SNl.c367N 69 • SSL·22 RT 4/Sl XCS26 Clear 4/SI �C556 Clear 71$1 XR20S S 8.40 XR\489 1 _39 XR2556 S 3_20 

�=�!�� �� �::�';i� . �: ���:�:� �:� DISPLAY L�DS ��:� :::� :=�: ! :� ���} � :� 
<;N7470H .Z9 SN74157N .65 SN74393N 1.95 · XRJ20 1.55 XR2207 3.85 XR4136 1.25 

l-:c:::-,.:::ooo:::---:_ ,:::-,----:C::-/:::M�O::-S:----,::,:::40:::70�-::,-t ::::I �!� Analle·red �0 �� :::6680 ��"�"Calflode·o�nge �� P:E �=�� :� ����� . u� �=!�� �::� . C04001 23 C04071 23 MAN 2 S • 7 Dol Malri-·red .300 4.95 MAN 6710 Common Anode·ll!d·O.O. .560 .99 XR567CP 99 XR2211 5.25 XR42u.! 3.60 C04002 13 C04028 C04072 49 MAN 3 Common CathOde·re� 125 .25 MAN 6730 Common Anode·red ! I 560 .99 XR567CT 1.25 XR2212 4.35 XR4212 2.05 C04006 t 19 C040?9 C04076 1.39 MAN .C CommonCilttJode·ll!� .187 1.95 MAN 6740 Common tathotle-red·O.O . . 560 .99 XR1310P 1 30 XR2240 3.45 XR4558 .75 C04007 25 C040JO C04081 23 MAN 52 Common Anode-gretm .300 1.25 MA:� 6750 Common Catllolle·red :: I  .560 .99 XR1468CN 3.85 XR2264 4.25 XR4739 1 IS C04009 49 C04035 CD4082 .23 MAN 71 Common A.node·ll!d .300 1.25 MAN 6760 Common AnGde·red 560 99 XR1488 1.39 XR47�1 1.47 C040t0 .49 C04�0 C04093 .99 MAN 72 Common Anode-red .300 .99 MAN 6780 Common Cathode-red .560 99 C040" 23 C04041 C0<098 2.<9 MAN 74 Common cau--"' 300 1.25 Ol70< Common Mod•·<od 'I .300 .99 ZENERS - DIODES - RECTIFIERS C04012 25 CD4042 MC14409 14 95 MAN 81 Common Anode-vetlow .300 .99 DL702 Commorr Calhode·ll!d 300 I 25 TYP£ VOLTS W PRICE TYPE VOLTS W PRICE C04013 39 C04043 MC14410 14.95 MAN 82 Common'Anode·� .300 99 DL70-4 Common C.llllode·lfll .300 .99 IN746 3 J .COOm 411 .00 1N4005 600 PIV 1 AMP 1011.00 C04014 1.39 CD4o-14 MCT44 1 1 14.95 MAN84 i:ommon Cilho6e·}'!l10w 300 .99 Ol707 Common AnoOe·red .JOO 99 1N751A 5.1 400m 4/1.00 \N4006 BOO PIV I AMP i0/1.00 C04015 1 .1Q C04046 MC14419 4.� MAN 3620 Common Anoffe-oranoe .300 .99 OL741 Common Mode·red .600 1 .25 1N752 5.6 400m 4/1.00 1N4007 1000 PIV 1 AMP 1011.00 C04016 49 C0-4047 MC144J3 19.95 MAN 3630 Common Modt·OfV19t �I 300 . 99 OL746 Common Anode· red � 1 .630 1 .49 1N753 6.2 400m 411.00 1N3600 50 200"n 611.00 
C04017 1.19 CD4048 MC14506 75 MAN�O Common Ca\hoOe·orange: .300 99 0L747 Common Anode·red .600 1.49 IN754 6.8 400m 411.00 11«148 75 !Om 1511.00 C04018 .99 C04049 MCI4!)(]7 99 MAN 4610 Common Anolle·oranoe 300 .99 Ol749 Common Cathode-ll!d ::I .630 1.49 IN959 8.2 400m 411.00 IN4154 35 10m 12!1.00 C04019 .49 C04050 MC14562 14.50 MAH 46.40 Common CathDde-orange .400 99 0L750 Common Cathode.'reff 600 1.49 1N965B 15 400m 411 DO IN4305 75 25m 2011.00 C04020 1 19 C04051 MC14583 3.50 MAH 4710 Common Anodf:·led .:1 .400 99 Ol338 Common Cathode·ttd 110 .35 1N5232 5.6 50()n 28 1N4734 5.6 lw 28 C04021 I 39 C04053 C04508 3.95 MAN 4730 Common Anode·ftd 400 .99 FN070 Common Ca\llode .250 .69 1N5234 6.2 S00m 28 \N..\735 6.2 tw 28 
C04022 1. 19 C04056 C04510 1.39 MAN 47.40 Common talhode·ftd 4oo 99 FN0359 Common Anode · 350 .75 1N5235 6.8 500m 28 I H-4736 6.8 1w 28 C04023 .23 C04059 C04511 1.29 MAN 48IO Common Anode·yellow 400 .99 FN0503 Common Catllode (FN0500) .500 .99 1N5236 7.5 500m 18 1N4738 6.2 tw 28 C04D24 7!1 C04060 C04515 2.95 MAN 66to Common Anode-orillge·O.o. .560 99 ��2�� �m;ns;.���������510l .: 1g� ��:�: �� 4: :�::� :�:�:� :� �= �: 
�: :�:�� gg:: gg:�� ::� �: = �m:;: ::::�n�·O.O. ·: :� 5062·7302 h 7 Sgt. OiOit·LHOP 600 19.95 1N485A 180 1B'n 5·LOO IN1183 SO PIV 35 AMP 1 .60 4027 C04 2.25 MAH 6650 Commoo C:IItlode·ofllllge �1 .S60 .99 5082·73114 <Mrranoe cl'l�ractu ( � 1 )  .600 15.00 1N4001 50PIV 1 AMP 1211.00 1N1184 100PIV 35 AMP 1 .70 
7� .ss 74Ci64 �-� ..,:"::"":::.:6660::::..:::eom:::""":::::::..:""':::":::"':::":::""��:-"T ... "";:::.:�-"�:-;:;":::':-':::·":::":::::' ':-'-'r' .. _0.:.1oH_·"'
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.... :;-:::::-'-'- "--t :-�:� : :� : :� ���:-� :�: ::� : :� �� =: :.� 
""" 75 7<CI73 2 50  RCA LINEAR CALCULATOR CHIPS CLOCK CHIPS IN<OO< <OO PN I AMP 1211 110 '""" <OOPN JS AMP 3.00 ;:� :; '"19' ' " AND DRIVER MM5309 5 9 95 t-=::.:....:::::::--:-;;;::=-:=�=��::::===::=-:-=-t 
""" 3 00  ;:g::; g; CA3013 2.15 CA30B2 2.00 FCM3817 s s.oo """" ; ;; CJ60 

SCR ���: BRIDGE �c��J,'!� 1
ERS 51_95 ::m .� ;::l �:!! ill&H Hi §��i! :J� ��m: H� �mm .• �--�.;5 ����28 ��:"��a:v : ��� 

CA3046 1 30 M�5318 MOA 980·1 12A@ S0V FW BRIDGE REC. 1.95 ���� �.� ��6 �:.� CA3059 3:2s g��u� L�� ��=�; . �-� ����� �-:; MOA9&l-l 12A@ 200V FW BRIOGE REC. 1.95 
r'"':..�'�:--J;-';'':'!75---"'"""-----" ....... --"",."'7J3�N--I-' . .,""'-fm�� 3.25 CA3160 1 .25 DM8887 t-;;,'"'e<:',--,===""'"'5"'"::---1 CIOOBI ,._ .80 LINEAR LM739N 1 . 19 CA30Bf 2
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PUBLICATIONS 

New B ITS Catalog Offered 

The n e w  B I TS personal co m p u te r  
p u b l icat ions catalog is  n o w  avai l a b l e  
from B I TS,  7 0  M a i n  S t ,  P e te rborough 
NH 0 3 4 5 8 .  The 1 3  page i l l u strated 
catalog i s  a c o m p re h e nsive l ist ing of 
ove r 1 00 p e rsonal co m pu t i n g  books, a l l  
eva l u ated by the e d i tors of B YT E .  The 
books cover  such topics as:  funda·  
m e n tals for  the novice a n d  k n o w ledge· 
able;  refe rence and resource p u b l i ·  
cations;  t h e  a r t  o f  c o m p u te r  p rogram· 
m i ng ;  R rogra m m i n g  languages; the 
com p u te r  artist and musician;  b u i l d i ng 
y o u r  own com p u te r ;  f u n ,  games and 
foo l ish ness; and m a n y  other  areas o f  
i n terest to t h e  personal  com p u te r  user.  
W r i te for your free catalog.• 

Circle 598 on inquiry card. 

Computer I n terconnections From 
Hewlett-Packard 

A new appl icat ion n o te,  Computer 

Interconnections, describes m e t h od s  by 
which H e w l e tt-Packard H P  1 00 0  com · 
p u te r  syste m s  and HP 9 8 2 5  d esk top 
c o m p u ters can be i n te rconnecte d  to 
serve toge t h e r  in a w i d e  range of i nstru­
ment control  measurement and ana lysis 
appl i cations.  It  is  ava i l a b l e  free of 
charge from H e w l e tt-P ackard.  T h e  a p p l i ­
cation n o t e ,  A N  2 0 1 -6 ,  descri bes l i n k i n g  
t h e  two c o m p u te rs v i a  d i ffe rent com­
m u n ications tech n i q ue s :  H P- J B  ( H ew l ett­
Packard 's i m p l e m e n tation of I E E E  stan­
dar.d 488 - 1 9 7 6 ) ,  RS 2 3 2 C  a n d  an HP 
3070A term i n a l .  Example  p rograms and 
flowcharts depicti n g  program-to-p rogram 
com m u n i cations for the d i ffe rent net­
work.? are i n c l u d e d .  Con tact I n q u i ries 
M anager, H e w l e tt-Pac kard , 1 5 0 7  Page 
M i l l  R d ,  Palo Alto C A  9 4 3 04.• 

Circle 599 o n  inquiry card. 

196 july 1978 © BYTE Publicatiuns Inc 

Electrical E ngineering Fundamentals 

A Programmed Review for Elec trical 

Engineering is a review of e l ectr ical  
engineering fu ndamentals.  I ts p r i m ary 
e m p h asis is  o n  solvi ng the ty p e  of p rob­
lems fou n d  on the P rofessional  
E ngineer ing Exam inat ion.  Each p ro b l e m  
h a s  b e e n  se l e cted to i l l ustrate a specific · 
concept.  Backgro u n d  material , i n  the 
form of tables, formu las, charts and 
graphs, provides a l l  the necessary i n for­
mation to solve the p roblems.  A t  l e ast 
one solut ion is  given for each problem . 
T h e  book covers a l l  the basic p r i n c i pl e s  
of e l e c trical  engineering.  S pecial  con­
side ration is given to two significant 
areas: the f ie ld of digita l  l ogic  and the 
study of engineering econ o m i cs. An 
i n trod uctory section i n cl udes add resses 
of state l i censing boards and guid e l i n es 
for exam p repara t ion.  An ex tensive 
b i b l iograp h y  rdunds out the vol u me .  
T h e  b o o k  i s  wri tten by J a mes H B e n tley 
and Kare n M Hess P h D  and is  p u bl ished 
by Van N ostrand Rein h o l d ,  450 W 3 3 rd 
S t ,  Ne w York N Y  1 0 001 . The price is  
$ 1 4.50.• 

Circle 600 o n  inquiry card. 

H a n d  Portable 1 0  Channel  P r i n t i n g  
Data Logger Catal og 

A re cent ly p u b l ished 1 2  page bro-
. c h u re descri b ing a h igh reso l u tion 

print ing data Jogge r,  M od e l  P D L- 1 0 ,  i s  
avai lab le  from Date! Systems I n c , 1 02 0  
T u r n p i ke S t ,  Canton M A  0202 1 .  The 
P D L- 1 0 offers a s imple ,  l o w  cost ap­
proach to measuring,  scan n i n g ,  and 
Jogging analog voltages. Ten i n p u t  
channels  are provi d e d ,  along w i t h  a 
4 y, d ig it  panel meter, a 7 co l u m n  ther­
mal  pr inter  for · i nstan t hard copy p rint­
out,  scan e le c tronics, and a 9 9  m i n u tes 
or seconds scan i n te rval c lock.  I n pu t  
co n ne c tions are made th ro ugh con­
ve n i e n t  rear panel term inals.  This color 
b roch u re detai ls  e l ectri cal and p h ysical  
parameters, operating i nstructions, block 
d i agrams, appl ication n o tes, and o rd e r i n g  
i n formation.• 

Circle 601  on inquiry card. 

Literature Available for I ndividuals 
Interested in Voltage Control Equipment ' 

This 60 page powerstat variable trans­
fo rmer catalog P 1 7 8 conso l i d ates 
descriptive and techn ical  d ata on t h e  
compl ete produ c t  l i n e .  I t  

·
gives ratings, 

d i mensions,  p e rform a n ce c u rves and 
sch e m atic  connection d i agrams i n  an 
easy to read format,  a n d  i n cl u des m e tr ic  
e q u ival e n ts for  u n i ve rsal use a n d  easy 
refe rence. F o r  a free copy write to t h e  
S u pe rior E lectr ic  C o m p a n y ,  3 8 3  M id d l e  
S t ,  B ristol C T  0 6 0 1  O . •  

Circle 6 0 2  o n  inquiry card. 

New Software Buyer's G u i d e  

A new p u b l icat ion,  Packaged Soft­

ware Buyer's Guide, is said to i n c l u d e  
4 4  pages of i m porta n t  software i n for­
mation and can be h e l pful  to any 
busin essman w h o  i s  conte m p l at i n g  p u r­
chasi n g  such a syste m .  

T h e  g u i d e  i s  repo rted to give the 
prospective software buyer a n  i n  d e pth 
analysis of the fol l o w i n g  su bjects :  how 
to buy a software package fo r s m a l l  
busin ess co m p u te rs ;  h o w  to b u y  a 
ge neral  ledger software pac kage ; the 
acc o u n ts rece ivable pac kage ; the 
acc o u n ts pay a b l e  pac kage ; the payrol l  
software package; and the inventory 
control  package. P rice is $ 1 5  fro m M J C ,  
1 40 Barclay C e n te r ,  C h e rry H i l l  N J  
08034.• 

Circle 6 0 3  o n  inquiry card. 

Computer  Accessories Catalog 

This catalog contains a w i d e  va riety 
of word and data p rocess ing s u p p l ies and 
e q u i p m e n t  i n c l u d i ng :  magetic tapes, 
cassettes , cards, cartridges,  floppy d isks, 
disk packs, pape r tapes, ro l l s, cont inuous 
forms, therm al qu iet  paper,1 storage 
cabine ts, co n ta i n e rs, racks, r�e l s ,  ve rtical  
fo rmat tapes, p u n ch e s ,  sp l icers,  au to­
matic  w i n de rs and m ore. Avai lable  from 
C o m p u te r  A ccessories Corp,  2 1 1 N e w  
Y o r k  A v ,  H u n ti ngton N Y  1 1 7 4 3 . •  

Circle 604 o n  inquiry card. 



S-1 00 

32K STATIC MEMORY BOARD 
S-100 EXPANDABLE MOTHER BOARD DEC<!> LSI-1 1 16K MEMORY BOARD 

• Q·BUS-FULL Y • BUFFERED AND • 8·SLOT EXPANDABLE BACKPLANE-in 

features: 
1. FULLY STATIC · usable with all DMA devices. 

STATIC NOISE SUPPRESSED 
• MODULAR · • PROM COMPATIBLE 
• ADDRESSABLE TO 128K WORDS 

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 1k increments. 

• MAPPABLE IN 4K INCREMENTS 

ASSEMBLED. COMPLETE 

QUIET-ground plane decouples all signal 
l ines. 

4. RELIABLE • single source + 5V regulator 
5. PROM COMPATIBLE • monitors available on request. �m�� tN $ 1 19900 KIT $ 1 1 0900 RELIABLE-SAE 8100 phenolic body, gold 

contact connectors. 

AVAILABLE EITHER IN COMPLETE KITS 

OR ALREADY ASSEMBLED UNITS WHICH 
HAVE BEEN FULLY TESTED AND BURNED IN. 

BARE BOARD $38°0 

8K 
16K 
24K 
32K 

KIT 

$27000 
$44000 
$58000 
$695°0 

ASSEMBLED 

$29600 
$46500 
$61200 
$74000 

PRICES QUOTED ARE FOR lOOns MEMORIES 
KITS AND ASSEMBLED UNITS INCLUDE DOCUMENTATION 

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. & GDlp PLATED EDGE CONNECTORS 

No. 1 · ·BEST ON THE MARKEr 
MICRO CPU CARD WITH S-100 BUS. 3 

ON BOARD REGULATORS. FITS ALL SIAN· 

DARO I.C. SOCW CONFIGURAIIONS. 

1700 + HOLES. 

SIZE �··xiO" $2395 

No. 2 
UNIVERSAL BOARD FITS 8 6  PIN 

SOCKET WITH 0.10" CONTACT 

SPACING. MADE BY LEADING COM 

PUlER MANUFACTURER AS ' ·IN HOUSE'" ��R� 7 ::�� t
51

��LES $7 95 

UNENCODED· MOUNTED ON G-10 GLASS EPOXY BOARDS-A BLACK 
METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. 

OUR NEW 
ASCII KEYBOARD 

No. 1 
·53 key main keyboard 
-10 auxiliary & cursor control 
· 1 1  key numeric pad 
·Bank of 5 auxiliary power and 
control, rocker arm switches· 
one of them lights up. 

keys 

$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 $2 95 

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 & 
ASC1 1 ENCODED for only $9995 

EDGE VIEW METER 
CHARGE DISCHARGE SCALE READS ·20.0.-40 
MOVEMENT + 60, · 1 2 0 mA $2 4_9 0.1 35 OHMS 

TTL COMPATIBLE 
REED RELAY 

400 OHMS 

4K STATIC RAMS MINIATURE 

BUILD YOUR OWN 
PAPER TAPE 

READER I 

1/10" CENTER STACKABLE 

$1 49 7/$9 15 

I .C. SOCKETS 

1 1 1 4  650 ns GOO mw $6.25 
TMS-4045-4 450ns 300mw $10.95 
HM-472 1 1 4  lOOns 200mw $ 1 1 .95 

1 6  BUTTON PADS 

4 x4 MATRIX ENCODED $ 195 

lor that prolesslonal touch CARBIDE DRIU. BITS 

lor P.C. BOARD WOIII( 
PHOTO 

TRANSISTORS LOW PROFILE ·SOLDERTAIL ASSORTMENT Of SIZES FROM NO. 55 TO NO. 70 10/$960 
GOLD WIRE WRAP 

SOCKET STRIPS 

MAKE UNIVERSAL 
7 

PIN STRIP 
END AND SIDE IUIID3II 

STACKABLE WIRE 
TOP VIEW WRAP BOARDS 

FLE��� 48c 
SIDE VIEW II }4

LE�[N48c 
3 LEVEL 56c 

8 PIN 

14 PIN 

16 PIN 

22 PIN 

24 PIN 

28 PIN 

40 PIN 

Gow EDGE CARD CONNECTORS 

No. 1 
SACI85/2·2 
SINGLE ROW. 18 
PIN CONNECTOR 
WITH 0.156" CON· 
TACT SPACING. 

99c 

No. 2 
SAC22SI2·2 
SINGLE ROW. 22 
PIN CONNECTOR 
WITH 0. 156'" CON· 
TACT SPACING 

99c 

No. 3 
2VH31/ICB6 
3 I SOLDER LUG 
CONNECTOR WITH 
0. 1 25··  CONlACI 

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 

41$1.99 4/$1.69 

WIRE WRAP 
POST 

HI·REL GOLD 
2 LEVEL WIRE WRAP 

10 '98c 
100'17 40 SOCKET PIN 

1000/$64 00 10/.$110 3 LEVEL 100/$900 
1 0 1 1 25 

10 0 ' 18 60 1000/$7900 
10001$ 1 1 00 UST PRICE 29c 

S MIX/$749 10 MIX/$1249 100 MIX/$9900 

OPTO DEVICES 

PHOTO E!IREMHY 

TRANSISTORS ULTRA SENSITIVE 

HIGH UGHT·ACTIVATEO SIMILAR 10 FPI 100 SPEED SCR 4/98c 
triggerable by 

PHOTO 

DETECTOR 
flashlight a t  

PHOTO several hun· 

OARUNGTONS 0.5 NS dred yards 

MOTOROLA 
RISE TIME $295 

4/98c $315 

OP AMPS DIODES TRANSISTORS 
SINGLE 

709 IDe IN9 1 15c  2N2222 12c 
741 12c  IN270 1 2 c  2N3904 1 2 c  
DUAL IN914 1 5c 
MCI458 39c IN3600 1 5 c  2N3906 12c 

QUAD IN4148 IDe 2N3053 49c 
LM3900 49c 

ASSEMBLED$8900 

S-100 EXTENDER BOARD 
with connector 

A MUST for trouble· $ 1 ]  95 
shooting your Computer boards 

BUILD YOUR OWN 

LOGIC PROBE 
24 T0-92. SMAll SIGNAL DARUNGTONS $4 95 
AND 24 LEOS-ALL FUNCTIONAl only 

POWER SUPPLY PARTS 
DIODES 

IN4001 
IN4003 
IN4007 
IN150 
IN3909 

BRIDGES 

50V al lA 
200V at lA 

IOOOV a1 lA 
60V al 10A 
50V at lOA 

fAST RECOVERY AVALANCHE BRIDGE 

6c 
Sc 

12c 
95c 

$1 .25 

IN44361T 100V at l OA $4.25 
FULL WAVE "MINI BRIDGE" WITH TAB TERMINALS 
PR · IOF  IODV al 12A $3.75 

5' liNERS 

IN47JJA 5 . 1 V  l w  
IN4739A 9 . 1 V  lw 
IN4744A 1 5 V  l w  

VOLTAGE REGULATORS 

uA/23 -VARIABLE 2V lo 3. /V 
78LD5· IV al IOOmA 10·92 
340f. 6 6V a1 I AMP 10·220 

PASS TRANSISTORS 

MJEl055 
2N3055 
2N5l01 

lOA PLASTIC 
lOA 10·3 
lOA 10 · 3 

39c 
39c 
39c 

PLASTIC METAL 
38c 69c 

3/98c 
2/98c 

89c 
95c 

$ 1 .95 

PROTECT YOURSELF. INSTALL M< ELECTRONIC 
CROWBAR CIRCUIT IN YOUR POWER SUPPLY. 

CROWBAR SCR C220D 400V at lOA $1 .75 

INFRA RED 

DETECTOR 
UlTRA LOW LEVE L 

���n7rma $495 
HEWLE TT -PACKARD 

JUMBO-RED HIGH EFFICIENCY 

LED 
ON BOARD 

����g;IOR 6/$1 00 

SOLAR CELLS 

2 x 2 cm 130ma 

$ 1 59 ea. 10/$990 
/'11GH INTENSITY 

RED 

LED LAMP 
£XTR[M[ WIDE AtfGLE VIEWING 

3/98c 10/$245 

D/A SUB MINIArURE LEDS 
CRYSTAL 

CONVERTER YELLOW, 
FILTER 

SIGNETICS GREEN. OR 
NE5008 

455 KHZ AMBER 
WITH BAJA 

(SPECifY COLOR) $995 $295 3 /88c 
EPOXY 

HIGH VOLTAGE DIODES 1500V at I AMP 
2500V al 350mA 

6KV at 2SmA 
20KV at IOOmA 

10/$1.99 
9Sc 

$1.9S 
$2.95 

NO BACK ORDERS FREE DELIVERY BY UPS ON u.s. ORDERS ONLY! 

F. Reichert Sales 
1 1 1 0  E. GARVEY AVE. 
W. COVINA, CA. 9 1790 

EG2SO 
HVGOH 
SUBMINIATURE 

3-1/2 DIGIT LC. D.'s 

YOUR PARIS O R  IMMEOIATE REFUND OR BY SURFACE MAIL, IF >PECIFIEO - CALIF. RI'S. ADO 6� SALES lAX 
MONEY BACK GUARANTEE (MOS AH O  LED DEVICES EXCLUDED) $20 MINI MUM 

FOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER. CERTIFIED DR CASHIERS CHECK. 
SORRY' WE CANNOT ACCEPT PURCHASE ORDERS. COD'S, PHONE ORDERS OR CREDIT CARDS. 

LIQUID CRYSTAL DISPLAY 

No. 1 No. 2 

FOREIGN ORDERS 
·CANADA. PUERTO RICO. U.S 
POSSESSIONS ADD U.S $3.50. All 
OTHER ADD U S. S 7 .00. 
· IMMEDIATE SHIPPING ON CHASE 
MANHATTAN. FIRST CITIZENS.  
CASHIERS CHECKS & CANADIAN 
POSTAL MONEY ORDERS. 

L(JS ANGELES 
1 2 1 3 )  967 4 6 1 1  

DROP INTO O N E  OF  O U R  LOCATIONS 

PORTLAND DENVER 
0.4" CHARACTER 
WITH CONNECTOR 

$695 
THIS MINIATURl l C 0 
IS IDEAL FOR POCKll 
SilEO INSIRUM(NJS 

$3 95 
Ill ITEMS SUBJECT TO ,RIOR S!LE 

Circle 207 on inquiry card. 

LMN ELECTRONICS 
104Z L GARVEY AY .. W COVINA. CA 

(VINCENT & SAN BEROO. FWY. ) 
IUE In SAT 10 8-CLOS£0 SUN & MON 

1503)  646-4044 

WIZARD OF PARTS 
8215 SW CIRRUS OR . BEAVERTON. OR[ 
(KOLL BUS. CNT R/WASH INGTON SQUARE) 

ll03) 57J.5 2 1 4  

ELECTRONIC LOLUPOP 
5643 N. BROADWAY. DENVER. CO. 

1 1·25 & 58th AYE. ) 

PRICES SUBJECT TO CHUG£ 
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Circle 24 7 on i n q u i ry card. 

� CtjbefcCfTl BOARDS 
MB-1 MK-8 Computer RAM (not S-100), 4KX8, uses 
2 1 02 type RAMs, PCBD only . .  $22.00 

MB-3 1 702A EROM Board, 4KX8, S-100 swilchable 
address and wail cycles, kit  less PROMS . . . . . . . .  $58.00 

MB-4 Basic 4KX8
. 

ram, uses 2102 type rams S-100 
buss. PC board . . ..... . . .  $24.95 

MB-6A Basic 8KX8 ram uses 2 1 02 type rams, S-100 
buss. PCBD . . .  $24.95 

MB-7 1 6KX8, Static RAM uses uP4 1 0  Protection, 
fully buffered. KIT..  .. . . .  $375.00 
M B-BA 2708 EROM Board, S-100, 8KX8 or 1 6KX8 
kit without PROMS ....... . .  ....... ........ . . . . . . ...... $75.00 

MB_-9 4KXB RAM/PROM Board uses 2 1 1 2  RAMS or 
82S129 PROM kit without RAMs or PROMs . . . .  $72.00 

10-2 S-100 8 bit parallel 1 / 0  port, '·' of boards is for 
kludging. Kit . . . . . . . . . .  $46.00 PCBD. . . .  ... $24.95 

1 0-4 Two serial 1 / 0  ports with full handshaking 
20/60 ma current loop: Two parallel 1/0 ports. 
Kit . ........ . . . . . . .  $ 1 30. PCBD . . . . .. . . . .  . . .  $24.95 

VB-1B 64 x 16 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 
Kit . . . . . . . . . . . . . .  $1 25.00 PCBD ... $24.95 

Altair Compatible Mother Board, 1 1  x 1 1  y, x Ya ". 
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 . . .  .. $135.95 

82S23 
82S123 
82S126 
82S129 
82S130 
82S131 
MMI!l330 
4N26 
4N27 
4N2E 
LM323 

$1 .50 
1 .50 
1 .95 
1 .95 
3.00 
3.00 
1 .50 

.75 

.75 
.75 

2.95 

P R I M E  DEVICES 

8080A 
821 2 
8 214  
821 6 
8224 
8228 
8251 
8255 
2 1 L 1 4  

$ 1 1 .50 
3.75 
6.50 
3.95 
4.00 
6.95 
9.95 
9.95 
8.50 

(wmc};nc. WAMECO I N C .  

MEM-1 8KX8 ful ly buffered, S-100, uses 2102 type 
rams. PCBD .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  $24.95 
Mother Board 12 slot, terminated, S-1 00, .board 
only . . .  .. ......... . . ........ . ... . . . . . . . . .. . . . .  $30.95 
CPU-1 8080A Processor board S-1 00 with 8 level 
vector interrupt PCBD . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  $24.95 
RTC-1 Realtime clock board. Two indepe ndent in-
terrupts. Software programmable. PCBD . . . .  $23.95 
EPM-1 1 702A 4K Eprom card PCBD . . .  $24.95 

EPM-2 2708/ 2716 1 6K/32K 
EPROM CARD PCBD . ...... . .... $24.9� 

SHORT MOTHER BOARD Short Version of QM-1 A 
8 Slots PCBD ... . . . . . .  ........ . . . . ..... $25.95 

21 02AL-2 Prime 250 NSEC . .. . . . . . . .  $1 .70 
21 02AL·4 Prime 450 NSEC .. . . . . . . . .  . . . . .  $ 1 .30 
2708 Pri me (National) . . . . .  $10.00 
1 702A·6

· 
AMD Prime

·
. . . . . .  $3.50 

1 702A I ntel Not Prime (2US) . . . . . .  $2.00 
2501 B $1 .50 1 488N $ 1 .50 
2502B 1 .50 1 489N 1 .25 
2504 1 .50 • MC4044 2.25 
2507V 1 .50 8038 3.90 
251 OA 1 .50 5320 5.95 
251 7V 1 .50 5554 1 .90 
2518B 1 .50 5555 2.50 
2519B 1 .50 5556 2.50 
2521 1 .50 5055 1 .25 
2522 1 .50 531 2  4.00 
2525 - 1 .50 MH0025 1 .50 
2527 1 .50 MH0026 1 .7 5  
2532V 1 .50 MH0028 1 .90 
2529 2.75 5262 .so 
2533V 1 .95 2101 3.50 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC. Xistor 
and Computer parts list. 

M I KOS PARTS A S S O RT M ENTS 

A l l  piece parts f o r  assembly of Wameco a n d  SSM 
PCBD's. Al l  Factory Marketed Parts . .Order PCBDs 
right. 

Mikos #1 Parts for MEM-1 PCBD with prime 
21 02AL-4 450 nsec rams. Less PCBD . . .  $ 1 05.00 

Mikos #2 Parts for CPU-1 PCBD· with prime 8080A 
821 2's and 8214. Less PCBD ............ . . .  $62.00 

Mikos #3 Parts for MEM-1 PCBD with prime 
21 02AL·2 250 nsec rams. Less PCBD . . ... . $1 28.00 

Mikos #4 Parts for QM- 1 A  with super low loss gold 
plated connectors. Less PCBD. . .  . . . .. ...... $52.00 

Mikos #5 Parts for ATC-1 . Less PCBD .. . . . . . . . .  $40.00 

Mikos #6 Parts for VB-1 B less molex connectors 
and PCBD. . .  ..... . . . . .. . . . .  $65.00 

82S06 
82S07 
82S50 
82S62 
75324 
75325 
8T01 
8T09 
8T10 
8T1 3  
BT1 4  
BT20 
8T23 
8T24 

$1 .00 
1 .00 
1 .00 
1 .00 
1 .50 
1 .50 
2.50 
1 .25 
2.50 
2.50 
2.50 
2.50 
3.00 
2.50 

8T26 
8T28 
8T34 
BT37 
8T3B 
8T74 
BT80 
BT90 
8T95 
8T96 
8T97 
8T98 
8T1 1 0  
567 

$2.00 
2.00 
2.50 
2.50 
2.50 
1 .50 
2.50 
2.50 
2.30 
2.45 
1 .50 
2.00 
2.00 
1 .50 

Check or money order only. If you are not a reg­
u lar customer and your order is large please 
send either a cashier's check or a postal man. 
ey order, otherwise there wi l l  be a delay of two 
weeks for the check to clear. All items post paid 
i n  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 ! ! 

TAPE D R I VES 

MODEMS AND 
PHO N E  CO UPLERS 

•AMPEX MODEL T M X  TAPE DRIVES with built-in N RZl formatter. 8 
BPI , 9 track, 12 IPS. 8" reel includes 8 bit CPU controller diagram and 8080 
in terface instructions. Ideal for microcomputerist who wants back-up mass 
storage and access to I B M·tvpe systems via standardized W' maQ tape • . .  $750 

•AMCOMP SERIES 2700 TAPE DRIVES: current model, vacuum column 
control; l i ke new : 

(2 1 MODEL 2749 • 45 ips, 800 B P I ,  7-Track, 1 0" reel • • .  
· 

. . • • • .  $1 500 
(3) MODEL 2769 • 1 25 ips, 800/1 600 B P I ,  9-Track, 1 0 "  reel • . • $3000 

•TAPE DRIVE FORMA TIERS. "Pertec Standard Interface": . 
(3) AMCOMP SERIES 2900 NRZ I /Phase E ncoded, 25-125 ips ; .f.1 500 
(I )  PfCO MODEL 1 0 1 1 ,  NRZ 1 ,  800 BPI FORMATTER / 

CONTROLLER for PDP-1 1 . . • • • . • . • . • . • • • • • • • • • . • . .  · • .$2000 
•MODEMS, Full-Duplex, Auto Answer circuitry, by VA D I C  CORP. 

BELL 103 Type (300 Baud I '  Circuit Card only • . • . . • • . • • •  · • • · • . • •  $7 5 
BELL 103 Circuit Card, Power Supply, Case, Connectors . . . . . . . . • .  $1 25 
BELL 202 Type (1200 Baud I with Reverse Channel Transmission from $ 1 25 

• DB-25 MALE CONNECTO R + 2 wire cable to Phone Jack . . . . • • . . . . . • . • .  $4 
• PAPER TAPE READER (ADDMASTE A 601-1 l: 1 50 cps, LED sensors read 

5-8 level tapes, bi-directional stepper rqotor, includes TTL serial i nterface 
plus 8080 parallel interface instructions. Requires +5V & 24V • • • • • • •  $90 

•DATA TEST PROGRAMMABLE AUTOMATIC CIRCUIT CARD ANALYZER 
MODEL 4000A • • • . . • . • . . • • • • . . . . . . . • • . . . • . . . . . • . • . • • . . . . .  $:?000 
MODEL 4700 • • • • • • • • • • • • • • . . • • . . . • • . • • • • • • • • • • . • . • • • • • • •  $6000 

•DIABLO SYSTEMS Spare Circuit Cards for HyType Printer, Series 20 + 40 
Disk' Drives; complete but defective or below current revision level . • • • • .  ,$20 

•ASCII ENCODED KEYBOARD from HyType Terminal , never used . • . • . • $60 
• TELEP ONE ACOUSTIC COUPLER • • • • • • • • • • • • • • • • • • • • • • •  • • • • •  $2? 

S E L ECTR I C  T E R M I N ALS 

• SELECTRIC 1/0 TERMINALS ( b y  G T E / I N FORMATION SYSTEMS). In­
cludes 80i30 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 554 1 I I  BM Corresoondence Code, 274 1 -tvpe terminal )  . • • • • •  $895 
MODEL 5550 (Corres. Code w/350 char. l ine b u ffer memory + built-in 
cassette drive for data storage/r.ff·line printi ng/word processing . •  • :$1495 
MODEL 5560 (ASCI I  Code, with cassette tape drive) • • . • • • • • .  · • • •  $1495 

• IBM SELECTRIC TYPEWRITER with magnets, switches & magnet driver PCB 
(from GTE/IS Terminal ) plus instructions for 8080 printer/driver interface. 
Typewriter mechanism complete, cleaned & adjusted • • • • • • • • • • . • • • •  $325 
Aluminum Case & Power Supply (+24V, ±12V,  +5V @ 5V) . • • . . . . . • • .  $75 

• CONVERT IBM OFFICE SELECTRIC to 1/0 Typewriter: solenoids, switches, 
wire harness magnet driver PCB plus instructions +  8080 Interface DiaQ. $ 1 50 

• IBM PIN-FE
,
ED PLATENS for 1 5" S E LECTRIC$ ( 1 3  1 /8 pin-to-pin )  new $50 

• IBM SELECTRIC APL TYPE SPHERES (Specify EBCDic or Correspondence 
Code I. new . • . • . • • . • . . • . • • . . . • . . . . . • . . . . . • . . . • . • • . . . • • . • • . • • •  $1 5 

• FORMS TRACTORS, Moore Variable-width "Form-A-Liner" . • . . . .  new $50 
for 1 5" Carriage I BM SE LECTR I CS . • . . . . . . . • • • . • . . . . . • • . . . . .  used $30 

• DIGITAL CASSETTE DRIVE (from GTE/IS Terminal)  2400 baud, FWD/ 
R EW I ND/STOP circuitry, plus tape head, but no read/write electronics . • •  $25 

• JNTERDATA 8-BIT MINICOMPUTER (Model One).  incl udes full front panel, 
4K core memory ( 1 6 K  addressable). plug-in teletype port; optional serial 1/0 
+ TaPe Drive Controller PCB's. software . . . . . • . . • . • . . • . . . • • . • •  • • . • •  $300 

• RIBBON CABLE 50 Strand X 4' long terminated with 3M edge connector 
(.1 0" soacinq) + paddle card • . . . . . . . . . • • . • . . . • . •  • • • • • · • . • •  • $3 

• AC LINE FILTER l OAMP R F I  ( 1 1 0/230V) with Line Relay + Fuses new $1 5 

Call or write for details,_ quantity discou nts, order 
forms. All orders shipped from stoc k - n o  back orders, 
no substitutions. All equipment is shipped insured 
FOB Palo Alto within 7 days after check clears ol- COD 

rder is received. M/C & V I S A  cards accepted. 

PACIFIC OF:FICE SYSTEMS, INC. 
2600 EL CAMINO REAl .. SUITE 502 

PALO ALTO. CAUF. 94306 

90 d a y  warranty against defects in material or wor
-
k­

manship on a l l  used equipment. F u l l  documentation 
included PLUS interface instructions where indicated. 
Availability subject to prior sale. P rices may change 
without notice� 
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Close�out Purcha·se by MiniMicroMart 
Save u p  to 50 % 
on the famous TD L S M B  
System M onitor Board 
TWO S E R I A L P O RT S ,  P A R A L L E L  P O R T , MON I T O R  R OM , 2 K  O F  RAM , 

A N D  C A S S E T T E  I N T E R FA C E  ON O N E  B OA R D . FEAT U R E  A R T I C L E  I N  A P R I L  B Y T E . 

- AVAILABLE BARE BOARD, PARTIAL KIT, COMPLETE KIT, OR ASSEMBLED AND TESTED -

FEATURES 
• Does power-on j u m p  to monitor 

S M B  Bare Board w/const. manual . 05-1 002-0 $ 49.95 
S M B  Board, ai i i C  sockets, addressing and bufferi ng 

components, power-on jump c i rcuits and 

• Two ful ly prog rammable serial ports ( 1 1 0 to 9600 baud 
support circuitry for R O M/ R A M s  05-2002-1 99.50 

SMB Board, same as above but incl .  all components R S232 or 20-m i l loop) 
• P rog rammable 8-bit  1/0 port 

for one para l lel/one serial interface05-2002-2 1 1 9.50 
• P rovision for 1 200-baud audio cassette interface 

S M B  Complete Kit, incl .  para l le l  port, two serial 
ports, audio cassette i nterface . .  05-3002-0 1 47.50 

1 97.50 
29.95 
29.95 

• P rovision for 1 K or 2K on-board static RAM S M B  Assembled and Tested . . . . . 05-4002-0 
Zapple Monitor ROM for above . . . . 05-9002-0 
1 K RAM (two E M M  4 1 48's) for above 05-6002-0 

• P rovision for 2K R O M  (TDL Zapple Mon itor or, with 
minor changes, one 2708 or 27 1 6  E P R O M )  

Add $2.00 for shipping and insurance. 

RAM S/EPRO MS C LOSE-O UT 
Prime 2708 E P R O M s  S PEC IALS fu l l  spec, 450ns 

$9.95 each S-1 00 1 6K Static RAM Boards 

EM M4200 4K Static RAMs for EM M 4200's (bare boards) 

$24.95 
$ 1 0.95 each S-1 00 1 702 EPROM board 

T. l .  4 K  Static  R A M s  (holds 8 PRO Ms) complete kit  

$49.95 
4K x 1 T M S  4044' s 

(as used in Heath boards) S-1 00 4K Static RAM Board 
$8.98 each Kit ( less 2 1 02's) 

1 K x 4 T M S  4045' s $ 1 9.95 

$9.89 each CONTACT US FO R 
4K x 1 T M S  4027-25's ( 1 6-pin)  A D D-ON M E M O R Y  

$3.95 each FOR TR S-80 

S-1 00 Prototype Boards 

I B M  735 1/0 General-Purpose 

$ 1 8.95 

Selectrics (usedl Wi re-Wrap Version 

from $395.00 $ 1 9.95 

M in i M icro Mart, I nc. 
Circle 251 on inquiry card. 

ASC I I  
Keyboards 

Used surp lus 
Excel lent condition 
Control  functions 
U pper/ lower case 

R eady to use 

$49.95 

Teletypes ( used) 
- I M M E D I AT E  DEL IVERY -

KSR-33's . . . . . .  from $495.00 

ASR-33's . . . . . .  from $695.00 

LOTS O F  OTH ERS 

Write for  close-out and surplus catalog 
for fantastic prices on TV Typewriter I l l  
boards and kits, cursor boards, screen-
read boards for abov� (can also be used 
with SWTP CT- 1 024);  also, 25 x 40 
video boards, UART boards, and 
Baudot-to-ASCI I  conversion boards. 

1 6 1 8  James S treet, Syracuse NY 1 3203 
P hone (31 5) 422-4467 
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What's NewP SYSTEMS 

I N FO 2000 D isk System U pgrades 
Heath kit H8 to Z-80 

A complete d isk system for the 
Heathkit H8 has been annou nced by the 
I N FO 2000 Corporation, 20630 S 
Leapwood Av, Carson C A  90746. The 
I N FO 2000 Disk System is designed to 
u pgrade the 8080 computer to a Z-80 
system by rep lacing the Heath kit 8080 
p rocessor board with the I N F O  2000 

Microcomputer System Features 
Dual Disk Drives 

The GNAT-PAC System 9 which in­
tegrates the GNAT microcomputer sys­
tem with dual standard floppy disk 
d rives is now avai l able. With disk storage 
of up to 1 mil l ion bytes, the System 9 is 

S ingle Board M icrocomputer Holds 8 K 
PROM plus. 8 K Volat i le Memory 

The Little B rain I is a microcomputer 
us ing the 6802 processor mounted on an 
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Z-80 disk adapter board. The complete 
disk system for the H8 computer in­
cludes PerSci dual diskette d rives, power 
supply, case, i ntel l igent control l er, 
adapter, cables and disk mon itor in eras­
able read only memory. The adapter 
board contains the Z-80 microprocessor 
and all support chips, 7 K of erasable 
read only memory, 1 K of scratch pad 
programmable memory for the disk 
monitor, and al l necessary logic for i nter­
facing the disk system to the Heath kit 
H8.  With the addition of the system and 
instal l ation of its adapter board, the H8 
computer can operate in e ither of two 
switch selectable modes. One  mode en­
ables continued use of the H8 erasable 
read only memory monitor with the ex­
isting Benton Harbor software. The sec­
ond mode supports the disk monitor, 
and other software adapted to the sys­
tem for use with all their d isk systems. 
Cost for the complete system is $ 2750 
with a 90 day warranty. A 5% discou nt 
is offered when payment in fu l l  accom­
panies order.• 

Circle 634 on inquiry card. 

intended for use in small business appl i­
cations, communications, or process con­
trol. The standard computer hardware 
inc ludes the 8080A processor, 32 K 
bytes of programmable memory, 1 6  K 
bytes of read only memory with 2 K 
bytes of programmable read only mem: 
ory, 4 RS-232 serial 1 0  ports, and floppy 
d isk control ler. Dual disk drives provide  
500 K bytes of  d i sk  storage per d rive. 
The System 9 is packaged in a 1 OJ!, inch 
h igh cabinet ( 26.67 em) and includes 
card rack, fan, 1 1  s lot mother board , 
R F I  l ine filter, wiring and power supply. 
Software inc ludes a mon itor, loader, 
d isk operating system with assembl er, 
ed itor and dynamic debugger. FOR­
TRAN,  BASIC and other h igh level 
l anguages are avai l able. Price is $5500 
from GNAT Computers I nc,  7895 Con­
voy Ct, Unit 6 ,  San D iego CA 921 1 1 .• 

Circle 635 on inquiry card. 

S-1  00 board which includes as much as 
8 K words of u l traviolet erasable read 
only .memory and 8 K words of ful ly  
static .programmable memory plus an  
RS-232C channel on a single board . The  
Little B rain I has on-board voltage regu­
l ators, fu l ly  buffered address, data and 
control buses a long with a 1 28 word 
scratchpad memory. Custom program­
ming services are av.ai lable. The fu l l y  
socketed version with a 2 K monitor and  
debug program and  1 K words of  pro­
grammable memory sells for $395 and is 
backed with a one year warranty. Con­
tact BPI Electronics, 4470 SW 74th Av, 
Miami FL  3 3 1 55 .•  

Circle 636 on inquiry card. 

M icroprocessor Card for S-1 00 Bus  

The 6800-C P U  microp rocessor card 
for the S-1 00 bus brings all the ad­
vantages of the 6800's architecture to 
the S-1  00 user. The software support for 
the 6800 is now avai lable to the S-1 00 
bus user. For  the smal l  business user or  
personal computer user, this m icro­
processor card p rovides fu l l  turnkey 
operation and maximum system com­
patib i l i ty as well as an RS-232 20 mA 
interface ( bps rate selectable with a 
D I P  switch ) ,  paper tape reader control, 
Motorola M I KB U G  read only memory 
operating system ,  power on reset, on 
board dynamic memory refresh, slow 
memory interfacing and three state data, 
add ress, and con trol l ines. P rices are 
$ 1 79 in kit form and $269 assembled, 
bu rned in  and tested. Contact 
Datatronics, 208 E Olive, Lamar CO 
81 052.•  

Circle 6 3 7  on inquiry card. 

Ohio Scientific Catalog 

Now avai lable from Ohio Scientific 
is a 1 9  page i l l ustrated catalog detai l ing 
a fu l l  l ine  of compu ters, software and 
hardware for personal and business use. 
Prices range from $298 for their C2-0 
Model 500 which is a com plete com­
puter on a board featu ring standard 8 K 
BASIC in read only memory ,  6502 
microprocessor, 4 K of programmable 
memory and a serial port up to $3590 
for the C3-S 1 Chal lenger 1 1 1  System 
with dual drive floppy, 32 K program· 
mabie memory, se rial port, cabinets and 
power suppl ies. For this free catalog 
write Ohio Scientific, 1 333  S Chi l l icothe 
Rd, A u rora OH 44202.•  

Circle 638 on inquiry card. 



1¢ 
SALE 

dig 1% DC . . . . . . . . . . . $125. 
3� dig .5% DC . . . . . . . $147. 

4 dig .1 % DC . . . . . . . . . . $190. 
4 dig .03% DC . . . . . . . . . .  $227 

Rechargeable batteries and charger In· 
eluded 
Measures DC Volts, AC Volts, Ohms and 
Current 
Automatic polarity, decimal and overload 
Indication 

Rechargeable batteries and charger 
Measures DC Volts, AC Volts, Ohms and 
Current 

• Automatic polarity, decimal and overload 
Indication 
No zero adjustment and no full-scale ohms 
adjust 
Battary-operat!!KI - NICad batteries; also AC 
line operation. 
Large LED display for easy 
Interpolation 
Size: 1.i"H x 2..7"W x 4"0 Pan a & labor guarantHd 1 year 
Tllt atand option . 

• Leather caao . 

1!16 J/ti10'i BOARD 
.042 dia holes on 

0.1 spacing for IC's 
PRICE 

SIZE 1 - 9 10 · 1 9  
4.5x6.5" $ 1 .49 1 .3 4  

1 69P44XXXP 4.5x17" 83.51 3.16 

Epoxy Glass 

64P44 
84P44 
1 69P44 
1 69P84 

4.5x6.5" 
4.5x8.5" 
4.5x17"" 
8.5x17" 

S 1 .70 
$2.10 
$4.30 
$7.65 

LIQUID CRYSTAL DIGITAL 
CLOCK-CALENDAR 

• For Auto, Home, Olllce 
• Small in size(2x2Yn1h) • Push button lor seconds release for dale. 
• Clock• mout�1 1nywht111e wllh el1her 3M double· 

sided IIPI or VElCRO. Included. 
o 2 MODELS AVAILABLE: 

LCO·IOI. POrllbll model runs on I 
blllerle5 lor better thin • r•ar 
LC0-102. cuns ot� 12 Volt systlm 1nd Is 
lighted. 

. 
• LCOIOior LC0·102 

• 15 megahertz bandwidth. 
• External and Internal trigger. 
• Time base - . 1  mlcrosec. to 0.5 Sec/dlv · 21 PROBE 1( with the 

settings . !.3%. s purchase ol SCOPE 
: ������tl�r�lt7�e����a=�- and ,the MENTION 
• Power consumption < 15 wllts. l h 1 s  MAGAZINE 
o VortiCII Gim - .01 10!JO VIOI¥ · 12MIIIngs l. l "'o  
o y;,.,.,ng atll l. \"" • 1.:16"". 
o cu. .,u2 r·M . e .··w .  7-S""O. lPOunos. 
• Patt, , utoo• o""'"'''"" ' '""' 
' IO I O I . I O m.o l>'- U4.W) 
• ,_..,� .. u,..,..nv co" uooo 

I--+-..- Plugboards 

Un1versa1 M1crocompuler/processor 
plugboard.  use w11h 5·100 bus Com· 
plete w11h heill s1nk & hardware . 5 3 · · x 
1 0 " " x 1 / 1 6 " " 

1·4 
$19.95 

5·9 
$17.95 8801·1 

10·24 
$15.96 

Same as 8800V eJtcep1 pla1n : less power 
buses & heat smk 

1·4 5·9 10·24 

�· 
3682 9.6" X 4.5" 

$10.97 
3682·2 6.5" X 4.5" 

. $9.81 
H1·0enslly Oual·ln·Une 
Plugboard lor Wire Wrap 
with Power & Grd. Bus 
Epoxy Glass 1 1 1 6 . .  44 
pin con. spaced . 1 56 

�LL 'l:#lfLJCi� 
W<IDIInSulllW*Iflon .025"" squiii()OS11 .� 
FOUR TIMES FASTER ... 

P180 
with two 

tOO" spool! 
ol <'tl gl. 

,// $24.50 

#ira! @  (_ f".::��;;L NO PRE·STRIPPING' • - ' � · r;:;.-' NO PRE.CUniNG" 
SPOOL·FEOWIRE' 
'The �COC!rd '"""4 PiUU lhrough tilt tall ;�o.ut .1 !l,n,ng ttl� 
nul lo tnr wr.10 po'l � ���"""" longoluc!lnJI tYI >S � '" lhe 
onsu/Jhon .. �e•t rl P'U'-'1 tne �u.�re pcm 
fOI"fl t•t O�•l<l tDilOI' '' "'Offtll<l Dy '"' '""P "'"" 
i1 1"''> • 1lf0111KIII 

SLIT·N·WRAP 
WIRE NO. 28 GAGE INSULATED 
WIRE, 100' SPOOLS 

S 1 OO·WWG 50/100 Cont . .  1 25 ctrs. 
3 LEVEL WIRE WRAP .025'' SQ. posts 
on .250 spaced rOws. GOLD plated. 

1 -4 5-9 1 0 -24 
$4.00 $3.75 $3.50 

51 00-STG 50/ 1 00  Cont. . 1 25 ctrs. 
DIP SOLDER TAIL on .250 spaced 
rows for VECTOR and IMASI 
motherboards GOLD plated. 

1·4 5-9 1 0 -24 
$4.00 $3.75 $3.50 

RG81 G  50/100 Cont . .  125 ctrs. DIP 
SOLDER TAllon . 1 40 spaced rows for 
ALTAIR motherboards. GOLD plated. 
$5.00 

S l OO-WWN 50/ 1 00  Cont . .  1 25 ctrs. 
3 LEVEL WIRE WRAP .025'" sq. posts 
on .250 spaced rows. NASGLO tir:· 
nickel plated. 

1 -4 5-9 10-24 
S3.50 $3.25 $ 3 .00 

S 1 00-STN 50/100 Cont . .  1 2 5 ctrs. 
DIP SOLDER TAIL on .250 soaced 
rows for VECTOR and IMASI 
motherboards. NASGLO tin-nickel 
plated. 

1 -4 5-9 1 0-24 
$3.50 $3.25 $3.00 

R681 -3 50/ 1 00  Cont . .  1 25 ctrs. 
PIERCED SOLDER EYELET tails. 
GOLD 
$7.35 

Other Popular Edge Connectors 
22/44 Cont . .  156 ctrs. 

PIERCED SOLDER EYELES tails. 
GOLD plated. 

1 -4 5-9 10-24 
$3.00 $2.75 s'2.50 

$1 0.90 
3677-2 6 . 5 "  X 4 . 5 ' '  $9.74 

G e n .  

R644-3 22/44 Cont . .  1 56 ctrs WIRE 
WRAP tails. GOLD 
$4.71 

1 4 - G3 1 00  for 

$30 .00 

1 6-G3 1 00  for 

$30 .00 

These low cost DIP sockets will accept 
both s�andard width plugs and chips. 
For use with chips, the sockets oller a 10w 
protne height ol only .125" abova the bo1rd. 
These socketsareend stack.able. 

24 PIN DIP PLUGS 



W��t's NewP 
Light Pen Literature Avai lab le 

Wide A pp l ic;�tio ns for New 30 M H z  
Dual  Trace Scope 

The LB0-520 osc i l loscope is a 30 
MHz  d ual trace instrument with a fixed 
delay l ine .  Accord ing to the manufac-

Single Sided Wire Wrap Boards 
in Metric Sizes 

S ingle sided integrated ci rcu it pl ug­
gable wire wrap boards are ava i lable in 

202 July 1978© BYTE Publiulions Inc 

A new model LP-3 1 6  super h igh sen­
siti vity l ight pen for long or  d iffe rent 
focal d istances has been introduced by 
I nformation Control Corp, 96 1 0 
Bel lanca Av, Los Angeles CA 90045 . 
The pen features a finder beam to locate 
the target, and patented touch sense acti­
vation to al low the pen to be held back 
away from the screen for better visi­
bi l ity. Lumi nous sensitivity can be ad­
j usted down to 0.5 footlam berts. The 
LP-3 1 6  carries a fu l l  year warranty. For 
more information and a compl ete 
catalog of I CC l ight pens, contact the 
company .•  

Circle 645 o n  inquiry card. 

turer, it has been designed for appl i ca­
tions requiring h igh accuracy signal 
viewing, single shot trigger, bu i lt- in d elay 
and h igh sensitivity. It is further re- · 

ported that the unit  has 5 mV sensitivity 
to fac i l i tate accu rate signal viewing from 
video cameras and other low level 
sources. The instrument's 1 shot trigger, 
on both channels, assures instant capture 
of transient phenomena without guess­
work or double takes. A 20 ns per em 
sweep capabil ity combined with a rise 
time of 1 1 .7 ns lets the observer view the 
fastest signals in  typical smal l  computer 
systems with ease. The 1 20 ns bu i l t-i n 
de lay l ine perm its easy viewing of the 
leading edge of a pu lse or pulse train for 
qu ick  determ ination of signal character­
istics. Contact Leader I nstruments Corp, 
1 5 1  Dupont St, Plainview NY 1 1 803 .•  

Circle 646 o n  inquiry card. 

metric d imensions from Garry Manufac­
tu ring Company ,  1 0 1 0  j ersey \Av, New 
Brunswick N J 08902.  Both s ingle sizes 
{series SMP64) and double sizes (series 
D M P64) are included in  the new l ine .  
The SMP64 accommodates 20 1 6  posi­
tion integrated circuit ch ips while the 
DMP64 size will accept 55 1 6  position 
integrated c ircu it  chi ps. The boards are 
suppl ied with either 1 6  position molded 
sockets or 1 6  position patterns of indi­
vidual  socket/term inals for maximum 
heat d issipation. They are designed to 
provide wire wrapping te rminals on the 
component side, a l lowing the wire wrap 
boards to be spaced interchangeably 
with standard printed circu i t  board rack 
assembl ies. The boards are suppl ied with 
or without a 64 position r ight angle 10 
connector {Garry P/N MPS64-PD ) .  They 
are available at prices ranging from $ 2  
to $3  per integrated circuit socket 
position .•  

Circle 6 4  7 o n  inquiry card. 

2708 and 271 6 E ROM .Programmer 
for K IM-1 

Optimal Technology I nc, Blue Wood 
1 2  7,  Earlysv i l l e  VA 2 29 36,  announces 
a programmable read only memory 
programmer for the K I M-1 microcom­
puter with provisions for p rogramming 
both the 2708 and 2 7 1 6 ( 5  V on ly)  
E ROMs. By using the K I M-1  mo,nitor, 
any programmable memory starting 
address may be specified up to 65 K. 
Addi tional ly ,  any starting add ress w i th in  
the  address space of the  programmable 
read only memory m ay be specified 
along with the number of bytes to be 
programmed.  The programmer has a 
verify mode which confirms that al l bits 
have been p rogrammed correctly. Com­
pletely assem bled and tested ,  the pro­
grammer is packaged on a single pr inted 
circu i t  board and the connector is fur­
n ishe d .  The program wi l l  run on al l  
computers which ut i l ize the M OS 
Technology 650X microcomputer. One 
and a ha lf  10 ports are  requ ired. Price 
is $59 .95 . • 

Circle 648 on inquiry card. 

New Soldering' F lux 

The fl ux is cal led S pec-Master and  is  
avai lable as a l i qu i d ,  cored so l der, paste 
so lder and solde ring paste. It is intended 
for use where a perfectly clean and safe 
residue is necessary after only a mi ld  
water wash. Accord ing to the company, 
the f lux is avai lable in  strengths strong 
enough to solder stain less steel yet safe 
enough to y ie ld el ectronical ly c lean sur­
faces after water wash ing. I t  is said to be 
nonflammable ,  nontoxic, nonirritating 
and nonfuming. For further information 
write: Nokorode Soldering Products 
D ivision,  M W D u nton Company, POB 
6205,  Providence Rl 02940.• 

Circle 64 9  o n  inquiry card. 



V�l21Vti�l2AL£ MAIL ORDER 

� VAl2T' W()l21\,ti()V 
POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE 

FOR THE ELECTRONIC MAIL-ORDER HOBBYIST! 

DISCRETE LED'S 
Order In muttlples �a

��i3s of 6 of each type! o 751944 
0 752138 DJUMBO .34" h o 752785 

0 MEDIUM .24" � ::�r�; OMICRO .21" o 751948 
(T0·18) c 75'2140 

6 for $1.19 
Description Similar to 
Jumbo Red MV5053 
Jumbo Yellow XC556Y 
Jumbo Green XC556G 
Medium Red XC22 
Medium Green XC22G 
Micro Red XC209 
Micro Yellow XC209Y 
Micro Green XC290G 

• • • • • • • • • • • • • • • • • • • • • • • • • • • •  • COMPUTER �1•8,000 w�go 5�.�; • 
: GRADE c 13,ooo 40 2.25 : 

• CAPACITORS; ��:�� �� m :  
: 

��;;1
b
: a��\::�1 � ��:ggg �� �:�� • • ' D 44,000 30 3.95 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Ill II IIIIMII pI I II 11111 ij liM I MIN Mil I I illCT'T"OTI 

I 
FULL BRIDGE RECTIFIERS: 8 WAVE 2 AMP 6 AMP 10 AMP 25 AMP 8 
PlY (0-751346) (#75'2456) (#752447) (#752273) >! 

D 50 $ .59 $ .88 $1.05 $1.20 � 
0 100 .65 .99 1.15 1.25 � 
0 200 .69 1.19 1.29 1.95 lj o 400 .89 lAO 1.79 2.95 � 
D 600 ,99 1.69 1.95 3.95 0 800 1.19 1.95 2.25 4.95 
0 1000 1.25 2.25 2.50 5.50 

Orer by Cat. No. A.mperaa:e and Yotta&e B CIDa::JJCDJCXDa::occJJa::xx:x:IJc:o:n::::DCIXIDCCDXICID 

SPECTRA-TWIST • !;�,� ... d ."o�f:1 �4�J�uy 
RIBBON 0 Cot. No. 753680 48 eond. 2 ft. $1.98 CABLE D Cot. No. 754081 32 eond. 2 ft. $1.98 

CIXDXIDi Mllll I I MIll U IMiiilc
O
n�: 1;:�! MilD� 

I RIBBON CABLE c 20 8 ft. 51.98 � 
AT THIN PRICES � � � :: :::;: • Ultra-flat! e 28 AWG! o 40 4 ft. $1.98 • Sfna1e c�or! lndelled! o 50 3 ft. $1.98 

Order by Cat. No. 753939 and conductors J OOCJ:DCIXJCCIJIIDm:JCIDaTTTTIITTlfT'T'XTTTTY"l 

Cat. No. 715001 Kit $69.95 
Cat. No. 715002 Wired $75.00 

���- \����dt���l-��e�b��t���f�:,!Ct�;�d�� k��hr�ll����r�tE1�����;\� : ��·,__ .. ,_-.• .,_, .••. " •. 
shift lock and carriage return. ;I mode:;;: Normal. control. shl(l, • shift/1..-ontrol. Additional functions can be a.s�if:'ned by user. +5. • • 

k2x'i'c��fv�0�e�tr:!�fr!��; 7 orL�ii·�i''d i�0�:�}: J�h"�''As8C�Jct����: • 

Complete kit. nothing el�e to buy! Sile: &· x 5 1/2 x 1 1/4". 3 lbs. 0 2708 o MK4116 ���������������������!!"���!!"�!!"��!!"��� o MK4200P11 
****************************** � ==��g� ; Low Power ICs � C-MOS �;�;;:y&c;;�::o. � ::m� 
;: Order By Cat. No.! 7S3667 & Type No. � 0 c"J':�oo i_�; 0 c

T
ri'::22 �.�: � =��� ; Type Sale 

Q 7:�:;32 
��;� Jt. 0 CD4001 ,29 0 CD4023 .29 0 8224 ... 8 �:t��� $:�� * 8 gg:gg� 1:f: B �g!��� :�: � =��� � 0 74LS04 .35 8 �:��g: �:�: � 0 CD4007 .29 0 CD4027 .69 o 8255 Jt 0 74l508 ,32 0 74LS151 1.25 Jt 8 C04008 79 0 CD402B 89 : 8 �:���� :;� 8 �=��:�� �:�� : o gg:g�: :�: B gg:g�� �:�: Jf. 0 74LS13 ,64 0 74LS160 1.47 If- 8 gg:g�� :�: g gg:g�� l::g >1-i 8 ;:��i? :�i 8 �:t��:� �::� : 0 CD4013 ,69 0 C04040 1 .19 0 74LS22 .32 0 74LS163 1.47 Jt. 8 C

co
04
4

0
01

16
5 1.,4

1! 00 C
C

D
0

4
4

0
0

4
42

1 1.,2858 0 74LS27 ,39 0 74LS168 1.68 .. ., I 0 74LS30 .32 C 74LS169 1.68 � 0 CD4017 1.19 0 CD4046 1.79 e j:t�i� �:: a �:t���� �-.�� : a gg:g�: 1:�� rs ��!�:� :�: 
E �:t�!� 1:1; DB �:t���� �-�� * B gg:g�� 1 :�; 0 C04071 .29 

C 74LS47 ,99 74LS192 1�75 : �!....::�=�='--'--------1 .. L 74LS74 .49 § 74LS193 1.75 
SILICON POWER i 0 74LS90 .89 74LS19S 1.25 i 0 74Ls92 .89 74Lsts7 1.2s 

STUD RECTIFIERS' 8 74LS93 .89 0 74L5257 1.35 • : 0 �:t���; :;: B �:t��:� :i: : Order by Cat. No. Ampera1e and votta1e. 

� 8 �:t�� �� ::: 8 �:t��:g 2:�: : PIV (!�::;�) (�:��) fn��:::, 
****************************** � �::0 $ 3: $.:I� �l� 
r-POLY111P1A11K11S1�'1C1�;;-;::�·;::;a � :g �� t�� �ig I D 600 .79 2.25 10.50 

IC AND CRYSTAL PRICES! c 8oo .so 2.1s u.so 
Order by Cat No. 714048 and Type No! IType Deocriptlon Sale DIP SWITCHES 

DICM7205 Stopwatch . . . . . . . . . . . . . . . . $14.95 Cat. No. Switches Sale � 
oAYJ-8500·1 6 TV Games . . . . . . . . . . . . . . . . .  9.95 0 71 3668 2 $-77 �� 

1��0�:�
30 �:tD���t��":,�: : : : : : : : : : : : : :::� B .�:;g�� ! ::: QC: .'� 

I
DKR2376-139 8CD Encoder Rom . . . . . . . . . . .  6.95 0 .75 3670 5 1.1 9  � :::o'"-
oKR2376-ST ASCII Encoder Rom . . . . . .  14.95 0 .713671 6 1.29 
D11C90DC GSOMHz Prescaler . . . . . 14.95 0 •75 2677 7 1.79 
C95H90DC 3SOMH• Pmule< . . . . . . . . . . .  8.88 EECO 10-POSITION BCD �=2��� ����·G���.f�1�5ijj m THUMBWHEEL SWITCH 
�r���AfJl

08 ��Zt�?:tit:Mr��-, • .- : · · · · : :  �;�� ����j���� 11?b�?ed ����t.11E.: 3 tor 
oMM5369 60 Hz nmebase IC . . . . . . . . . .  1.95 (f' coded tor S. L coded for $4.  

l
o3.579MHz Tlmebase Xtal . . . . . . . . . . . . . . .  1.95 9bl)n

.ckW
blnl

�kog,nou
u

m
nd

•
.
'"E

i
o'co

on
8 0

•
0 0 ol.OOMHz Touchtone" X tal . . . . . . . . . . . . . . 5.95 I • 

I 03.2768MHz Stopwatch Xtal . . . . . . . . . . . . . . 4.95 
I ce:��No� lf41s3t,;�6 X l!z''·$1 .49 ...................................... 

................. ... ~ ! IC SOCKETS ! 
: as low as l7C ea. : 
• e Low proflle, sokter tall. • • c 75'2123 8 pin mlnldlp$ .17 : WOW I 
: � �:ng; �: =� �:: �� : . 
: o 713378 18 JMn dip .25 • • • •• • • • • • • • • •••••••• 

iVIOTHERBOA R D 
EDGE CONNECTOR 

D 

$2.50 

1 0 6  pins (53 ench !jJde ) .  
Uso with IMSAI & ALTAIR! 0.126" pin ct.rs, goldplo.ted 
.5Ja.ll wlro wrnp leads, Open ends, fit wide PC boards. 8. ozs.Cat. No. 7513987 

"MICRO-TONE" 2688 
AUTOPATCH 
ENCODER KIT 

0 
Only 2 1/8 x 1 5/8 x 1/2". small enough to mount in a mike! Snap • Complete action bubble keys contact In its own 
�'�:�ur�noturt�\ltcJev�liKcft"�fj� mlnk:ablnetl 

��'h\���-ze�eq�l�c�8'4.5n�chJ.E : �ri':!1:�� VDC. Complete kit! Nothing else • • 
to buy! Wt. 12 uz. • 
Cat. No. 754086 kit $26.88 Emergency! 
Cat. No. 154087 wired$32.95 

• •••••••••••••••••••••••••••• ! TTL'S � �=�m 3� ! 
• Type SaJe o SN7474 .31 • • :1 5Nl400 $0.14 o SN1475 .48 • • 0 SN7401 .14 o SN7476 .39 • • o SN7402 .11 o SN7483 .69 • • o SN7403 .14 o SN7485 .88 • • o SN7404 .17 o 5N7486 .29 + • D SN7405 .18 a SN7490 .69 : 
: D �N7:g� :�: � �=�:=� .45 + 
• � S=�408 .18 o SN74107 � • 
: o SN7410 .14 D SN74121 .31 : 
+ D SN7411 .19 D SN74123 A9 + 
• D SN7413 .39 o SN14125 .39 + 
• o SN7414 .61 o SN74132 .83 • • a SN7417 .24 o SN74145 .89 • • D SN7420 .14 o SN74151 .63 : : � �=�:�� j� � i:�:�� :� : 
• D 5N7432 .24 D SN74151 .64 + 
• o SN7437 .24 o SN74161 .87 + • D SN7440 .14 o SN74164 .95 • • D SN7441 .79 o SN74174 .93 • 
• D 5N7442 .49 o SN74175 .88 • • D SN7445 .69 c SN74181 1.95 • • o SN7446 .79 o SN74190 1.15 • • o SN7447 .79 o SN74191 .99 • • 0 SN7448 .75 o SN74192 .83 • 
: g �=�:�� :�: � -�=�=�:� �� : 
: D SN7470 .28 o SN74251 1.39 : 
••••••••••••••••••• •••••••••• 

�Y�M301H, v 
D LM307H, V, N 
o LM308H, V 
o LM309K 
o LM311H, Y o LM320T·5Y 
o LM340T-5V o LM340T-12V 
D LM340T-15V 
o LM340K-SV 
D LM340K·12V 
o LM340K·15Y 
D LM322N 
o LM324N 
o LM339N 
D LM377N 
D LM379N 

Ouq,ut V. AmpM 

:.�; I � t:�:�: 
.25 . o LM555V 
.79 c LMSSSV 

1.19 o LMS65N 
.79 a LMS67V 

1.19 D LM703H 
1.19 a LMl09H, N 
1.19 o LM710N 
1.19 o LM723N 
1.19 a LM741H, V, N 
1.19 o LM747H, N 
1.19 o LM1458V 
1.19 a LM1800N .99 o LM3900N 
1.09 a LM39009Y 
1.50 o LM75491 
4.95 D LM75492 o PA263 

10 AMP POWER TAB SCR'S, PlY 
TRIACS, QUADRACS! cot. No. � f!oo 

G.:JV 500ma. I Metul encased 
6 . : 1\' lA Open frame 
12V 300mn 011en frame 
12V lA Open frame 

Sale 
Each 
$1.98 $2.49 $1.95 
��-�� $1.19 

Circle 303 on i nqu i ry card. 

SCR'S . . . . . .  751730 o 200 
Order by Cat. No. TRIACS . . . .  751448 o 400 

and \lottaa;e QUADRAC5 751590 o GOO 

1.N4000 Epo�31 Rectifiers 
• Miniature! • 1.5 Ampl 
Order by Cat. No. and Typo No. 

l lOV :uloma I Isolaiion 
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Circle 353 on inquiry card. 

IBM® Selectric-Based 
1/0 Writers 

·. 

$249.95 
WOR K I N G  & 

CLEANED 

Excellent Robby Printers 
Series 72/731 
Heavy Duty 
8V2 "  Platten 

Al l  Solenoids 
Origi nal Documentation 
While Supply Lasts 

SUPER SALE 
These terminals are from a large a ir l ine reservation 
system . They are heavy duty and were u nder continuous 
maintenance. The un its have been i n  storage.  We make 
every effort to ensure that al l  essential parts are i ncluded . 
Most work when plugged i n .  No warranties are g iven or 
implied . 
Conversion Kits. 
1 .  Conversion instructons, P C board for printer only using soft­
ware approach $59.95 
2 .  1/0 kit makes the u nit into a conversational terminal .  I nstruc­
tions, P C board , components for a parallel or RS232 i nterface. 
Wi l l  work with any IBM terminal $249 .95 
3 .  Completely converted u nit and assembled interface for 1 / 0  us­
ing kit $999 . 95 

$299 .95 Card reader by HP with RS232 interface 
Printec l ine printers, parallel interface 
Honeywell 5 1 6  & 3 1 6  mini ' s ,  make offer. 
conductor, 1 00 ft with connectors 

$1 500 . 00 
Cables, used 1 1  

Electronic parts and circuit boards 1 I 4 l b  bag 
$9 . 99 
$4 .99 

C heck , Money Order, Cas h .  Personal checks req u i re 3 
weeks to clear. No CO D ' s .  U nits sh ipped U PS or PP 
collect. Prices Net FOB Tu lsa 

SUPER SURPLUS SALES 
P . O .  BOX 45944 TU LSA, OK 741 45 1 -91 8-622-1 058 

· �������--------��--��--------������==-� · 4101 STATIC, TTL III.AlUT 4096•1 M-MOS RAM w tQI - t€k, me. INTEGRATED TONE RECEIVER 
1808 Nonh 27th Avenue { !\ GENERAL Pho<nl•. k!•o .. I5021 MK5102 N,-5 DESCRIPTION 16021 995-9352 

Part Numbe•4801 Slgnetics 2504TA 1024 bit S,R, memory ( loi04A) . . . ,50 
is a4K aemlcon- MCM 6671P Character Generator 9. 95 
duct or random MCM6571 AP ChlrKt:M Generetor 9 .• 95 
acceumamort MC14409P Ttlophont Robry Pul• 10.88 
organized as 4096 1-bit worda. It is tully static and MC14419P Touch Pad Converter for 14409 4.25 
t.eedsnoclockor refresh pulses. II requires a 1 MC144 1 1P 81Ud Rltl Gtntrltor 1 1.88 
ringle +5 volt power supply and is tully TTL com- MC14412VP CMOS Modem Chip 18.95 
patibleon input and output lines. The 4801 is MM57109N Number Crunc:htf Micro 18.95 
packaged in a convenient 18 pin dual-in-line 74C915 7 Segment to BCD Converter 2.99 
package. 74C922 16 Key Keyboonl Encoder 6.35 

FEATURES 74C923 20 key Keyboorn Erteodtf 6.45 
• Sing� +sv Power Supply . 74C925 4 Decide Counter w/latchn: 12.00 • 4Kx1 Organization 74C926 4 Decade Counter w/earry 12.00 
• Replaces 4 10241t 1 Static RAU. 74C935-1 J'Ja Digit DVM CMOS Chip 16.98 • Completely Static-NoCiocks or Relteah 
• 18 Pin Package 
• Access/Cycle Times eoo n�ee max 
• 2SO mw Typical Operating Power 
• Separate Data In and Data Out 
• TIL Compatible 1/0 
• Three State Outputs 
• Data Bus Compatible !10 Function 

� STATIC, nL IN/OUT 101h4 11-MOS RAM 
GENERAL 
DESCRIPTION 
Pan Number 4804 
is a 4K semicon· 
ductor random 
access memory 
organized as t024 4-bil words. II is tully static and 
needs no clock or relresh pulses. II reQuires a 
single · S voll power supply and •s tully TTL com· 
patible on input and output lines. The 4804 is 
packaged in a convenient 18 pin dual·in·line 
package. 

FEATURES 
• Single t-SV Power Supply 
• 1 Kx4 Organization 
• Replaces 4 102-4x1 Static RAMs 
• Completely Static-No Clocks or Refresh 
• 18 Pin Package 
• Acce"/Cycle Times 600 nsec rna,; 
• 250 mw Typical Operaling Power 
• Common 1/0 Bus · 
• TTL Compatible 1/0 
• Thr&e Stale Outputs 

4801 or -4804 4K RAM's 
S8,95 B/$60.00 16/$100.00 

IN4003 200 V 1 amp 
IN4004 400 V 1 amp 
IN4148 Hi Speed Signal 

12/$1.00 
10/$1.00 

1 51$1.00 100/$5.00 
D-600 1 1 5  V, 100 mA Hi Speed Signal 
D2131 200 V. 25A S1Ud 
D2135 400 V. 25A S1Ud 
D2138 600 V. 25A S1ud 
D3289R 200 V. 160A S1Ud Anode 
03909-4 50 V. 45A Fast Racouery 
IN4732A-47A 1W 5'11. Zenen 
13 Assorted Brand New Zener Diodes 
50V 3 amp Epoxy Bridge 
200V 30 amp Bridge 
600V 4 amp Epo•y B•idll" �¥ �� s{�g_f•itJ!Id Loods 
D 1 A·0030 30V DIAC 

VOLTAGE REGULATORS 
780S.Q6.Q8. 12·1 5-24 Tfl220 
78L05A·12·15 4'11. 100 mA T0-92 Plostic 
78H05KC SV SA T0·3 
78H12KC 12V 5AT0·3 
78H 1 5 KC 15V SA T0·3 
Lm31 7K 1 .5A Adjustable T0-3 

t�� � ��P
1

·.�� ��r:::.�;. f8!� 
TL430C Adjustable Zener·Thinlc About It 
TL497C Switching Reg. & Inductor 
RCA CA 3085 100 rnA Adjustable 

P1Uiol g .... "' .. 1 ICICifOH1 lot UPS lf>IOfllnt wP> ... POMID ... 
C.O.D. "'0 NfUI POll C.O.Q, 

UPS C.O.D. ACICI tS4 III II'-· 
An�t COUOHPO..aotnCI nol COnftiOCIMI wlll'l YOUI 01 .. , 

fllel""uloi MINOIIII tll .. t lnO inC ... CifSASE: tor rtoply, 

20/$1.00 
85c 

1.00 
1.55 
5.85 
2.00 

4/$1.00 
. 1.00 

79c 
2.00 
1 .49 

.89 
15/S I . OO  

10/$1.00 

95c 5/$4.50 
50c 

9.15 
9.15 
9.15 
4.99 
3.99 

13.95 
1 . 50  
9.50 

.60 

o, .. , ....,. ti\MI uo nu to••ll"l oiMM ..,.. tl 
l'llnOIInt- ::.�� �uri1C1 U>ltl111"9 only In USA, ClnMS.I 1nCI 

""-- "'DIKt to� ••tr-n roattca. 
An�t •.tuna. wut M .,. cl'l«.ll, nOt criCtlt wovc,_., 

�.r.:-;,,c;:.;:� .. ���"'.:.:.=•, :C::::' )a Hwt •• 
=:� r.:,o;:-c.::•::.'r:-1:�.·�,�� W*:ill r..ftCIII"9, et�.l 
Folllt n 011Mf' (Ucectl ClnMSa 11\CI MUICOI "IItr\lt• II'WI 

IIU II'oiiiiii .... E•uwwiiiM r•tun-oeo . 

FEATURES 
o Detects all 18 standard OTMF digiu 
0 Requires minimum external parts count for 

minimum system cost 
o Uses inexpensive 3.579545 MHz crystal for 

reference 

0 Digital counter detection with period averaging 
insures minimum false response 

0 1 6-pin package for hi� system density 

0 Single supply 5 Volts t 1 0'11. 
0 Output in either 4-bit binary code or dual 2-bit 

row/column code 
0 Latched outputs . 

DESCRIPTION 
The MK5102 is a monolithic integrated circuit 
fabricated using the complementary-symmetry MOS 
(CMOS) -process. Using an inexpensive 3.579545 MHz 
t�evision colorburst crystal for reference, the 
MK5102 de1ec1S and decodes 1ht 8 standa•d DTMF 
frequencies used in telephone dialing. The requir• 
m.nt of only 1 single supply and its construct�n in a 
16-pin package make the MK5102 ideal for IPJ)Ii· 

cations requiring minimum size end exterMI pans 
count. 

DETECTION FREQUENCY 
low Group 10 

Row 1 •  597 H.t 

R ow 2 • 710 Hl 

Row 3 • 852Hl 

Row 4 • 1M 1 Ht 

Hifh Group t0 

�umn 1 • 1209 Hl 

�umn 2 • 1336 Hl 

Column 3 • 1477 Hl 

Column 4 • 1633 Hl 

JULY SPECIAL 'TIL 31 JULY 
MK51 02N-5 • • • • • • • • • • • • • • • • • • • • • •  $33.00 
Spec. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .40 
600 ,600 C.T. p/,one t•onsfc.mer • • •  S I . SO  

P .  C.  BOARD TERMINAL STRIP 
Molded body encloses postive screw activated clomp 
which will occomodate wire sizes 14-30 AWG. Contacts 
and pins are solder plated copper .  Pins are on .200 
inch (5.08mM) for standard P. C. mounting. 1 0Amp  
rating. Compare our prices before you buy. . .... 

Ts-2504 .99 ·�·· ·· 
4 pole 
8 pole 
12 pole 

Ts-2508 1 .49 
T5-251 2  2 . 1 9  . 

......................................................................... . 
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A -· 
EXPANDABLE EPROM BOARD 

16K OR 32K EPROM $49.95 W/OUT EPROM 

Allows You to Use Either 2708's For 16K of Eprom or 
2716's For 32K ol Eprom. 

KIT FEATURES: 
1. All Address lines & Data Buffered 
2. Quality Plated through P.C. Board Including 

Solder Mask and Silk Screen 
3. Selectable Unit States 
4. On. Board Regulation Provided 
5. All Sockets Provided W/Board 

WE CAN SUPPLY 450As 2708's AT $11.95 
WHEN PURCHASED WITH BOARO. 

4K LOW POWER RAM KIT 
The Whole Works - $79.95 

Full Bullered • on board regulated • reduced 
power consumption utilizing low power 21 L02-1 
500ns RAMS - Soc�ets provided lor all JC's. 
Quality plated through PC board. 

'Add SlO.OO lor 
250ns RAM ooer<suon. 

S.D. COMPUTER PRODUCTS AN EMPIRE I N D .  CO 
P.O. BOX 288108 DALLAS, TEXAS 75228 

EXPAN DORAM 
THE ULTI MATE RAM BOA R D  

32K FOR $475.00 
8K . -���-�-�D��$151.00 .: . 
16K . . . . .. . . . 259.00 
24K . . . . . . .  367.00 

. . . 
32K . . . . .  475.00 . 

" "' · , ., 

64K MODEL 
16K .$281.00 
32K 519.00 
48K . . . . . . . .  757.00 
64K 995.00 

THE 32K VERSION USES THE MOS- :��RO
A 

A
S
Ntgo u�2J!��TI:H

L
E
E 

S��� THE 64K VERSION USES THE MOS· 
TEK MK4115 RAM AND HAS 8K BOARD TO A MAXIMUM OF GSK TEK MK4116 RAM AND HAS 16K 
BOUNDARIES AND PROTECTION & MEMORY IN STEPS OF EITHER BK BOUNDARIES AND PROTECTION & 
UTI L IZES D I P  SWITCHES.  P. C. OR IGK AT YOUR OPTION BY MERE- UTil iZES D I P  SWI TC HES.  P. C. 
���RgPE

C�fr�oS 
N 
WITH SOCKETS FOR LY PURCHASING MORE RAM CHIPS BOARD COMES WITH SOCKETS FOR 
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LOOK AT THE FEATURES WE HAVE BUILT INTO THE EXPANDORAMI 

• MEMORY ACCESS TIME IS 375 ns 
• MEMORY CYCLE T I M E  IS 500 ns 
• POWER REQUIREMENTS ARE: 

8 VOC 400 MA DC 

lB VOC 400 MA DC 
-18 VOC 30 MA DC 

• NO WAIT STATES REQUIRED 
• NO CYCLE STEALING NEEDED 

• ON BOARD REGULATION 

• CONTROL, DATA & ADDRESS I N PUTS 

UTILIZE LOW POWER SCHOTIKY 

DEVICES 

• O N  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 

Interface Kit 
$ 19.95 

Futures: Play and record K.C. Sllndard 2400/1200 Hz 
tapes. 900 Baud, TIL l/0 Compatible, Phase lock loop, 
Both 22 Pin Conneclor and 8 Pin Molu Connector. 
Comes puliaJiy assembled. Oscillator and phase lock 
loop pre- tuned to K.C. Standard. Selector SYtilch sends 
cassette data or au1iliar� inpiJI data to microprocessor. 
LEO indicates toeic I level. 

8K LOW POWER RAM 
$1 59.95 

FULLY ASSEMBLED AND TESTED. N O T  A KIT. 

lmsa• - A!laor - S-100 Buss compatible. u3e3 low power 
s1a11c 2tL02-500ns tully buffered on· board regulated, 
Quahty ptaled through PC Doard, includong solder ma31\. 8 
pos . d1p switches lor adCiress setect. 

"Add SJO.OO '" fWij· ���=�=���!��!"! 250ns RAM operation i-·i 
� -'Oil � 

Z-80 CPU BOARD KIT 
Complete Kit  $1 39. N EW FROM S.D. 

' 'VERSAFLOPPY' m KIT 
THE VERSATI LE FLOPPY DISK CONTROLLER 

ONLY $149.00 

Z80 STARTER KIT 
LEARN COMPUTERS FROM THE START! 

SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION, 
PROGRAMMifjG, OPERATION. MEMORIES, INTER­
FACING, COMPUTING, ANO CONTROLLING WITH 
AUDIO CASSETTE INTERFACE CAPABILITIES. 
Complete Kit i':lc ludes: Key boa�d and Display; ZBO 
Central Processtng Un1t; J nstruct10ns; Operation Man-

CHECK THE ADVANCED FEATU RES OF OUR Z·80 
CPU BOAR D: Expanded set of 158 instructions, 

. 8080A software capabil ity, -� operation from a single 
5VDC power supply; always 
stops on an M1 state, true 
sync generated on card (a 
real plus feature!), dynamic 
refresh and NMI available, 
either 2MHZ or 4MHZ op· 

FEATURES: IBM 3740 Soft Sectored Compatible. S-100 BUS 
Compatible !or Z-80. or 8080. Controls up to 4 Drives (single 
or double Sided). D�tcctly co_ntrols the following drives; 

1. Shugart SA400/450 Mmi Floppy 

ual ;  Learning Guides. · 
Features: Powerful ZBO CPU with 158 instructions • 1024 
Bytes (Expandable to 2048 Bytes O N  BOARD) of RAM • 
2 Bi-Directional I n put/Output Ports with Handshaking 
• Ka nsa s  City Standard Audio Cassette Interface for 
Pro�ram Storage • Hexadecimal Keyboard and Display 
• W1rewrap area for custom circuitry • S-100 Connector 
on board for Memory and 1/0 Expansion • 2716/2758 
PROM Programmer • "Z·BUG" Monitor ROM (Including: 

2. Shugart SAS00/850 Standard Floppy. 3. PERSCI 70 and 277, 
4. MFE 700/750. 5. CDC 9404/9406. 

Memory. Port and Register Examine and Change Com-
eiation, quality 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 for Mini Floppy. 50 Pin Connector for Stand­
ard Floppy. Operates with modified CP/M operating system 
and C-Basic Comptler. The new "Versafloppy" from S.D. 
Computer Products provides complete control for many of 
the available Floppy Disk Drives, Both Mini and Full Size. 
'FD17718-l Single Density Controller Chip. Listings lor Con­
trol Software are included in price. 

FD 17718-1 CHIP ALONE $39.95 

lo��
d

�0�
r

�uk��i;
n

�;e����l
e

u:��
p

p�i,:�
l i

��:��i�d!j
pe 

Many more unique features. The best computer edu­
cational kit on the market • . .  the complete computer 
and educational package for only $199.00. (Available 
June 1978). 

INTRODUCING THE SBC-100 
(The Z·80 Based, S·lOO Single Board Computer) 

$349.00 
FEATURES: 

• No Front Panel Needed 
• Z·BO CPU (2 or 4 MHZ) 
• !K RAM 
• 4 ROM/PROM Sockets for 4K/8K of Memory 
• SYNCHRONOUS/ASYNCHRONOUS Serial 1/0 w1th 

RS-232 and Current Loop Interface and Software 

• Programmable B<rud Rate 
• Parallel InPut Port 
• Parallel Output Port 
• 4 Channel Timer ;Counter 
• 4 Vectored Interrupts 

0. E. M. SPECIAL 
A S K  ABOUT S P E C I A L  O . E . M .  DISCOUNTS ON THE S.D.  · · C O M PATIBLE SET . .  

SOC-lOO - SINGLE BOARD COMPUTER $349.00 
VERSAFLOPPY�"" - FLOPPY DISK CONTROLLER $149 .00 
EXPANDORAM - 32K" RAM $475.00 

EACH KIT I F  PURCHASED SEPARATELY TOTAL $973.00 
ORDER ALL 3 KITS TOGETHER FOR 

$899.00 
This Powerlul Threesome Operates Together to Form A Comolete Computer for Your System. 

Z·BO 
Programming Manual 

I N  DEPTH DETAI L OF 
TH E Z·BO CPU 

M I CRO-COMPUTER 

S. D. SALES SPECIAL $9.95 
RAMS S.D: NOW HAS SOFTWARE FOR IT'S CUSTOMERS MICROPROCESSOR 

CHIPS 
21 L02 5(io'N S 
21L02- 250NS 
2 1 1 4 - 4K 
1 lOlA - 256 
1 103 - 1 K  
MK 4 1 1 5 - 8K 
745 200 . 256 

CPU's 

Bl 1 1 . 50 
6 1 1 5 . 95 

14 95 
81$4 .00 

. 35 
1£. . 45 

3.95 

Z-BO .ncludes manual 29 95 
Z-BOA 1ncludes manual 34 95 
8080A CPU 8 BIT 1 1  95 
8008 CPU 8 BIT 6 95 

PROMS 
1702A . 1K . ! .Sus . 3.95 or 10/35. 
2708 . 8K • 450ns· . . . . . . . . . .  14.95 
5204 · 4K . . . . .  7.95 
825129 - 1 K  . . . . . . . . .  . . .  2.50 
2708U 8K slgnotics 650ns . 9 .  95 

COUNTER CHIPS 
MK50397 6 Digit elapsed timor 8.95 
MK50250 Alarm clock . . . . . . . .  4.99 
MK50380 Alarm chip . . . . . . . .  2.95 
MK50395 6 digit up/dn. count. 12.95 
MK5002 4 digit counter . . . . .  8.95 
MK502 1·Cal. chip sq. root . . . . .  2.50 

CP/M " DISK OPERATING SYSTEM $99.95 
CP/ M is a powerful d1sk operat•ng system wh1ch has become an Industry standard. It  I S  compat1ble with several 
disk based FORTRAN anti BASICS. Th1s package mcludes a CP/M diskette (m1m o r  full s•ze) adapted for S.D.'s 
SBC-100/VERSAFLOPPY EXPANDORAM board set. Complete documentat•on IS InCluded. I "  C P / M  IS a reg· 
1stered trademark of D•g1tal Research Corp., Pac•f•c Grove. CA. 

Z-80' DISK BASED ASSEMBLER . $69.95 

Runs on ANY CP/M based d•sk system. Assembles 
the of11cial Zilog-M ostek Mnemonocs. Conta•ns e �< ·  
tensi..,e s e t  of pseudo-cps. A\lallable on m • n •  or 
full size diskette. 

VERSAFLOPPY ' "  CONTROL FIRMWARE . . .  $24.95 

Pro\lides control for VERSAFLOPPY and boots u p  
C P / M .  Th1s r u n s  on Z-80. 8080 or 8085 based 
computers. A\lallable 1n 2708 or 2758 prom. 

SD MONITOR $49.95 

Powerful mon•tor for SBC·lOO smgle board -com­
puters Includes all VERSAFLOPPY control f•rm­
ware. Comes m 2716 prom . Available 1 n  4-6 weeks. 

VERSAFLOPPY DIAGNOSTIC PROGRAM . . . $24.95 

Provides routmes wh1Ch are helpful in check1ng out 
a d1sk based system A\lailable •n 2708 or 2758 
prom. 

* SUPER FLOPPY SPECIAL * S. D. SALES' VERSAFLOPPY S-100 CONTROLLER BOARD PLUS 

SHUGART SA 400 FLOPPY DISK DRIVE INCLUDING CABLE FOR ONLY 

$479.00 

8212 • 1 /0 port . . . . . . .  3.50 
8214 - P.I.C. . . .  12.95 
8216 - Non Invert Bus . . . . .  4.95 
8224 - Clock Gen . . . . . . . . . .  4.95 
8226 - Invert Bus . . . . . . . . .  3.95 
PIO for Z-l!O . . . . .  . . . . . 14.95 
CTC for Z-l!O . . . . . . . . . . . .  14.95 
8228 Sys. Controller . . . . . . .  8.20 
8251 Prog, comm. interfact. . 10.95 
8255 pro g.  prop. interfaca . . .  13.50 
8820 Dual Line Recr . . . . . . . .  ).75 
8830 Dual Line Or. . . . . . . . .  I.  75 
2513 Char. Gen . . . . . . . . . . . .  7.50 
8838 Quad Bus. Recvr . . . . . .  2.00 
74LS138N - 1/8 decoder . . . . . 99 
8T97·Hex Tri·State Buffer 1.25 
1488/1489 RS232 . . . . . . . 1 .50 
TR 1602B Uart . . . . . . . . . 3. 95 
TR 1863 Uart . . . . . . . . . . . 8.50 
FD 1771B·1 . .  . .  . . .  . .  39.95 

CMOS 
4001 19 4029 �y 
4002 19 4042 69 
4011  19 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 LI N E: 

Texu Residenu C.ll Collect: 214/271-0022 ..... 
- - -....__ _  � 

(All prices subjecl to change 
without Drior notice. l 

NO COD's. TEXAS RESIDENTS ADD 
5% .SALES TAX. ADD 5% OF O R D E R  
FOR POSTAGE & HAN D L I NG . O R ·  
DERS U N D E R  $ 1 0. ADD 75c HAND· 
L I N G . F O R E I G N  O R O E RS - U.  S. 
F U N DS ONLY! 1-800-527-3460 DEALER I NQU I R I ES I NVITED!  
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TRADE: BYTE, volume 1 ,  number 2, good condi· 
tion; for Dr Dobb's Journal of Computer Calisthen­
ics and Orthodontia, volume 1, number 1 ;  I need 
the article on N I B L  BASIC for the SC/MP chip. 
Joe Price, POB 543, Olton TX 79064. 

FOR SALE: TRS-80 LEVEL-l BASIC tapes and 
lists: Star Trek (needs 1 2  K memory), list $7, 
tape $9.95: Biorhythm (4 K), l ist $4.50, tape $7: 
Lunar Lander (4 K). list $3, tape $5. R Menzies, 
7 106 Colgate Dr, Alexandria VA 22307. 

FOR SALE: ASR 32 Teletype with stand, paper 
tape punch and reader, documentation; excellent 
condition, $325. David Shorthil l ,  RFD #2 ,  Wells 
ME 04090, (207 l 646-5465. 

TERMINAL:  Texas Instruments 725, 30 cps, 
hard copy, built in modem and coupler, rugged 
portable case. Very quiet, popular professional 
terminal, $775 plus shipping. Also memory: 
Solid State Music, 8 K, static, 500 ns (no waits). 
assembled, works, $1 50, Wright, POB 7576, 
Menlo Park CA 94025 (41 5) B54-5678. 

FOR SALE: Heath kit computer system. System 
includes: HB computer, H9 video terminal, 8 K 
memory ,  all standard Heath kh software plus 
extended BASI C. Completely assembled and 
tested. 'Asking $1400. Call or write Paul Randazzo, 
37 Maxwell Dr, Wethersfield CT 06109 (203) 
529-0530. 

WANTED: Back issues of CACM, JACM, and 
JCCs. W Hutchison, Princeton Arms N 1 9 1 ,  
Cranbury N J  08512. 

FOR SALE : Shugart SA400 min ifloppy disk drive 
and ten minifloppy disks, $390, (no controller 
or power supply). Working video interface per 
February 1 976 BYTE, $1 00. DECwriter keyboard, 
$50. Power supply, $35. Case, $42. Parts for 
6800 processor board including 6800, 2x6810, 
2x6820, 2708, wire wrap sockets and support 
ICs $1 50. Everything except disk, $31 0. James 
Thomas, POB 26, Sandy Spring MD 20860, 
(301 ) 774-7686. 

' 

FOR SALE: DEC PDPBe modules and periphe'rals 
DKBEP, $375. ADS 1 6  channel A/D $975. DEC­
writer $1050. Omnibus expanders, power supplies, 
KLBEs; lots more. Send for list and tell me if you 
have anything for trade or sale. I will repair any 
DEC part or build custom interfaces or modules. 
J Simpson, POB 632, W Caldwell NJ 07006. 

FOR SALE: Th inker Toys "Speakeasy" board 
assembled, RS-232 serial port used, $100. Paul 
Lamb, 1 31 01 Parson Ln, Fairfax VA 22030. 

FOR SALE: The Northstar Users group has over 
230 outstanding programs induding real estate, 
investment, business, debugging aids and games. 
I will copy these public domain disks for $5 per 
disk plus the cost of a disk (or send a disk). About 
15 progr8ms on each disk. For a list of programs 
and details send SASE to J Dvorak, 704 Solano 
Av, Albany CA 94706, (41 5) 527-7730. 

Reeders who hs�e equipment, sohiNBre or other 
items to buy, sell or swap should sMd in a clearly 
typed notice to thet effect To be considemd for 
publication, sn advertisement should be clearly 
noncommercial, typed double spBCBd on plain 
white paper, end include complete name end 
address informatiOn. These notices are free of 
charge and will be prin ted one time only on e space 
wei/able basis. Insertions should be limited to 100 
words or Ins. Notices can be accepted from 
individuals or bona fide computer uStJrs clubs only. 
We can engage in no correspondence on these and 
your confirmation of placement is appearance in 
an issue of 8 YTE. 

Please note that it may take three or four 
months for an ad to appear in the magazine. • 
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FOR ·sALE: F loppy Tape Peripheral: complete 
with 10 board, 8 tapes. new and used. Uses stereo 
8 track cartridge. Each cartridge can hold one 
program per 'rack or 8 per cartridge. Program 
length limited only by tape length. The used tapes 
have 5 or 6 programs on each and are included 
free. They are ready to run and cover Star Trek. 
Othello. other games and technical programs. Will 
interface to most microcomputers. schematic 
incl

.
uded. Will ship UPS. $100, R Mendelson, 27 

Somerset PI, Murray Hiil NJ 07974, (20 1 )  464-
5244. 

FOR SALE : Teletype model 33ASR, Excellent 
condition, $600. ALTAIR 8080a, with 8 K mem­
ory, TTY and cassette 10 boards-. Factory perfect 
condition, all MITS, $580. Selectric based type­
writer with paper tape RDR/PCH. Nice TTY 
alternative, $480. All for $1 500 Andrew Frankford, 
2014 Marietta Av, Lancaster PA 1 7603, (717)  
299-2456. 

TELETYPE FOR SALE: (All 8 level ASC I I )  Model 
33ASR (new) . $1 000. Modei 35KSR (new). $1 500. 
Model 35ASR (used, very good), $1500. Model 35 
reperf and reader set, $425. Parts for Model 33 and 
35 machines, gears, modems. Model 28 Baudot 
machines. Send SASE for complete list and prices. 
Lawrence R Pfleger, 2141  N 52nd St, Milwaukee 
WI 53208. 

PROGRAM EXCHANGE: Programs are now avail· 
able, in source form, to run on most any home 
microcomputer. These programs come from various 
sources and are written in BASIC and other 
languages. In addition, our club needs other pro­
grams that you may have developed, making them 
available to other hobbyists for fun, enjoyment, 
and practical use. If you can make available such 
programs we want to hear from you. Please write 
to us soon. For complete descriptive literature and 
a list of currently available programs, send $1 to 

· cover copy and mailing costs to : Mi kel Home 
Computing, POB 1 7105, Irvine CA 927 1 3. 

FOR SALE: "Elf" microcomputer trainer, $60 
complete. Built 'from Popular Electronics articles. 
Carefu lly wi re-wrapped on Vector board; all ICs 
socketed. Full hexadecimal keyboard in out­
board module. Hexadecimal display shows 1 0  
byte and memory address. A l l  modifications fully 
documented. RCA User's Manual, article reprints, 
much extra data included. Bob Levine, 32 King 
St, New York NY 1 0014. 

FOR SALE: MMD-1 by E&L I nstruments, $250, 
Bug Book V included (6 units). Contact (805) 
522·5276, after 6 PM. 

FOR SALE:  BYTE September 75 through 
December 76 excluding January 76. All in per­
fect condition. Make an offer: Fred Henry,. 104 
Heathercreek Dr, Plainfield I L 60544, (81 5) 
436-61 1 1 .  

FOR SA LE: North Star BASIC programs: Corres­
pondence Editor: $5, Stock Market Analysis 
package: $5, Mailing list and random access pack­
age: $3, Spacewar game package: $3, plus: Stock 
Market data on 30 heavily traded companies on 
North Star disk. Includes: P/E, price, volume, and 
percent yield, weekly averages for 1 977 :  only 
$25 for all 30. Send blank disk, or include $5.25 
for disk. Write for complete list. Herbert Schildt, 
1 007 N Division, Urbana I L 61801 . 

TRADE: 1 2  slot A LTAI R  8800A with HD power 
supply plus 1 0  slot I MSAI for factory assembled 
Altair 8800B. Both units fully socketed and fac­
tory checkout. Ken Roberts, 1 0560 Main, #5 1 5, 
Fairfax it A 22030. (703) 591 -6008 or (703) 
378-7266. 

FOR SALE: PORTACOM briefcase ASCII printing 
terminal w/modem, keyboard, instructions, $596. 
DEC PDPBes, modules, ASR33s, ham gear, free 
lists, buy, trade, repair, design also. K2DCY, 
1 1  Squire Hill, N Caldwell NJ 07006. 

FOR SALE: Digital Group Z-80 four board system 
including CPU, 10, TV cessetie and mother board 
assembled. Two 8 K memory boards, one with ICs, 
both with sockets, unassembled. Complete 
assembly plans and documentation. Going to 
college, must sell. $750. Richerd Yero, 1 2323 
Algonquin Ad, Palo Park IL 60464 or call (3 1 2) 
448-2609 after 4:00 PM or weekends. 

FOR SALE. Altair 8800a with IMSAI 20A power 
supply installed in original cabinet. With serial 1 0  
board, Tarball 1 702A prom board, and 4 to  32 K 
programmable memory. Everything works 100% 
and software is included. Tell me what you want 
and I will quote a price, or make me an offer. For 
more information call (518) 456-871 7  or send 
SASE to Michael Favitta, 4 Sherwood Forest Ad, 
Albany N Y  1 2203. 

FOR SALE. NCR high speed paper tape punches, 
1 10 V, 60 Hz, used but overhauled about 1 00 cps 
(according to technical manual ) ,  self-contained 
cabinet, tape spooling mechanism built·in, eight 
tracks, weight 40 lbs. Delivery within 5 weeks after 
your order comes in (ie: 5 weeks till you have it). 
Price $200 including freight, collective orders from 
clubs (minimum 5 punches) $ 150 per punch plus 
$100 for freight. Order accompanied by croosed 
checks should be sent to T IME OUT, Siegfried 
Manfred Rambaum, Rossdoerfer 44, 6100 
Darmstadt, G ERMANY. 

FOR SALE:  Control Data 200 UT remote batch/ 
interactive terminal, equipped with a 14 inch CRT, 
63 character keyboard, 300 CPM card reader, 
300 LPM-136 column line printer and 4800 baud 
communications capability. Complete original 
service and operation documentation included. 
Excellent condition, currently under CDC main­
tenance contract. Contact: Bob Levy or Bob Minor 
(30 1 )  565-9544 8750 Georgia Av, Silver Spring 
MD 20910. 

FOR SALE : Motorola ME K6800D2 evaluation 
kit, 8 K Solid Sta'te Music ,Memory board. Includes 
4 slot Altair (S-1 00) extender board, cabinet, 
5 V 6 A power supply, Mik-Bug f i rmware, 8 K 
(SwTPCJ BASIC, 8 k (SwTPC) Text El:iitor and 
Assembler, 4 K Tiny Assembler, PCC's BASIC 
games, (the evaluation module has an integral 
Keyboard/Cassette interface) and COMPLETE 
SYSTEMS/Family Documentation. Must selll 
Asking $350 - will take best offer. Amn Trotz, 
Psc Box 1 1 1 6, Wurtsmith A F B  M l  4.8753. 

FOR SALE: Lunar Landing simulation program 
for any Radio Shack TRS-80 compu1er. On cas­
sette, ready to load. Send check or money order 
for $7.50 to J Quistgaard, 7 1 5  S Alder St, P�rt 
Angeles WA 98362. 

FOR SALE: H eath kit H-9 video terminal, expertly 
assembled, $600. Also, box of ten 8 inch Data 
Packaging (DPI) floppy disks, never used, $50. I 
pay shipping. Andy Thornburg, 400 E Jackson St, 
De Soto I L 62924. 

WANTED:  Card extender or connector (male and 
female E LCO PN00-701 5-0S9-000-002) for DATA 
POINT 3300-101  59 pin. Cecil T Rutledge, 2726 
Sandy Ln, Fort Worth TX 761 1 2. 

FOR SALE: Altair 88008 comp�ler with 32 K 
200 ns static programmable memory, two serial 
ports, one parallel port, PROM board, ACR 
cassette interface, floppy disk drive and .con­
troller, panel mounted baud rate switches for 
fast device change, extended BAS IC on cassette, 
disk extended BASIC, and DOS, along with 30 
floppy disks, $5000, Steve Mastrianni, 2952 Main 
St, Coventry CT 06238. (203) 742-6727 or (203) 
664-2401 . 

Apple II Software cassette: 1 6  K Blackjack mutli· 
color card display, 2 player paddle input, full 
Las Vegas rules, optional autoplay by computer, 
sound effects, documentation included, $10. 
George W Lee, 1 8803 S Christina Av, Cerritos 
CA 9070 1 .  

FOR SALE: A l l  issues o f  BYTE from September 
1975 to August 1977. All issues completely 
intact and in mint condition. Best offer over $60 
within one month after ad's appearance. Richard 
Fermoyle, 7597 NW 73rd Ter, Tamarac F L 
3331 9. 

FOR SALE: One Compucolor 8001 color terminal 
with BASIC 800 1 ,  background color option 32 K 
programmable memory (8 K for CRT), floppy 
tape bulk storage. CPU opera.ting system includes 
memory manipulation and paper tape 10 sub­
routines. One free serial 10 port. In perfect 
operating condition, $2995. Contact D Brown, 
(803) 771 -6087, 1 308 Shirley St, Columbia SC 
29202. 



VISIBLE 
O R  

I N FRA R E D  

USED F O R  CHARACTER 
R ECOG N ITION FOR 
COM PUTERS WITH 

EXTERNAL C I RCU ITS 

MAY BE USED I N  
A VACU U M ,  

U N DER WATER, 
H I G H  A LTITUD E  

I N  M AG N ET I C  ENVIRO N M ENT 
B ECAUSE TH ERE I S  N O  

H I G H  VOLTAG E O R  
M AG N ET I C  D E FLECTION 

M INATU R E  SOLID STATE 

202 VIDEO CAM E RA KIT 
FEATU R I NG A . . . 1 00 x 1 00 BIT SELF SCAN N I N G  CHARGED COUPLED DEVICE 

THIS U N IQUE U PDATED CAM ERA KIT 
FEATU RES T H E  FAI RCH I LD CCD 202C I MAG E SENSOR 

A D VA N TA G ES 
• I N  T H E  FUTU R E  

W E  WILL SU PPLY A 
COM PUTER VI D EO I NTERFACE CAR D 

• A l l  clock voltages o perate at 6V 
reg u i ring no adj ustments 

• H i g her video output s ignal 

• We supply the power board ,  so on ly 
a 5V 1 A m p  power sou rce is needed 

• The c i rc u i try has been s i m p l i f ied for 
easier assembly 

• Two level TTL output is  supp l ied for  
i nterfacing 

FEA TURES 
• Sens it ive to i nfra red 

as we l l  as v is ib le l ight  
• May be used for  IR  survei l l ance 

with an IR l ight sou rce 
• Excel lent for standard 

surve i l lance work, because 
of l i ght weight and smal l s ize 

• A l l  components mou nted on 
paral lel  3 3/.1 "  x 6 V2 "  s ing le  
s ided boards 

• Total weight u nder 1 l b .  

$349°° KIT 
Add $75.00 to assemble and test 

We supply all  semiconductors, 
boards, data sheets, diagrams, 
resistors and capacitors, and 

4001 -
4002 -
4006-
4007 -
4009 -
401 0 -
401 1 -
401 2 -
401 3 -

210&8K EPROM (450 ns) ... . 
2522 STATIC S H i f T  RE6 ............. . 
26\J CHARACTER GEN .................... . 
2518 HEX 32 BIT SA .......................... . 
5203·2K EPROM •. . .  
2102·1 (450nsl ................................ . 
21 L02·1 (450nsl ................................. . 
MM5210·4KXI DYN ................ .. 
M K  4008P .......................................... .. 
21 0 1 · 1  ·254 " 4  STATIC ..................... .. 211  1 · 1 ·256 :o: 4 STATIC ••• 
2 1 1 2·1·256 x 4 STATIC ...................... . 
6280/:ii107B 4K DYNAMIC RAM ...... . 
TMS 4050L .............................................. . 
620441( I> ROM , ................................ . 
82523 .......... . 
AY·S.. 1 0 1 J  UART ................ . 
870JC TELEDYNE J STAGE 

BINARY 8 BIT AID CONVERTER 

s 9.75 
s 1.96 
s 6.75 
s 2.20 
s 4.50 s .99 $ 1.26 $ 3.45 
s 1.95 
s 2.45 $ 3.45 $ 2.76 $ 4.25 
s 3.96 
$ 1 0.95 
s 1.96 
s 6.95 

CHARGED COUPLE DEVICES 
CCO 321 A H 2· 5 1 2  Analog Shift Register . $95.00 
CCD 2 0 1 C  1 00x 100 1rnago Sensor . . . . . $95.00 
CCD 202C lOOK 100 Imago Sensor . . . . $ 1 45.00 

VERI PAX PC BOARD . . . . . . . . . . . . . $4.00 
This board Is a 1 / l G"singlc sided paper cpoiCY 
board, 4Yr"x6�1•" D RILLED and ETCHED which 
will hold u p  10 21 single 1 4  pin IC's or 8 , 1 6  or LSI 
DIP IC's with busses for power supply connec:tor. 

FP 1 00 PHOTO T R A NS . . S .50 
RED, Y E LLOW, G R E E N  or AMBER . LARGE LED's .2" . . . . . 6/51.00 
TI L·1 1 8 0PTO-ISO LATOA , . . . . . . .  $ .75 
MOLE X "PINS . . . . 1 00/$1.00 

1 000"/58.00 
10 WATT ZENEAS 3.9, 4.7, 5.6, 8.2, 

18,22,100,150 or 2DOV ea. $ .60 
I WATT ZENEAS 4.7, 5.6, 1 0, 1 2, 1 5  

1 8 or 22V . . .  ea. $ .25 
MC6860 MODEM C H I P  , 59.95 

R E G U LATORS 
$ .95 340K- 1 2, 1 5  

$1 0.7? 

$ .50 or 24V. . . . S .95 

$ .60 340T ·5, 6, 8, 1 2  
1 5, 1 8  or 24VS .95 

$ 1 .00 78 MG . .  $ 1 .35 
79 MG $ 1  35 

SPECIALS 
2N6233-NPN SWITCHING POWER $ 1 . 9 5  
MR F-8004 a CB RF Transistor N P N  S 1.50 
2 N 3 7 7 2  NPN S1 T0 -3 $ 1 .00 

2N1 546 PNP G E  T0-3 . . . $ ,75 
2N4!J08 PNP s, T0- 3 S 1 .00 
2N6056 NPN So TO 3 O;u hnc1ron S 1. 70 
2N508G PNP S• T0 -9 2  4/S 1 .00 
2N3 1 3 7  NPN Si RF , . s .85 

2N3919 NPN S• T0-3 R F  s 1 .50 
2N1420 NPN Si TO 54 . . . . . . . . .  3/$ 1 .00 
2N3767 NPN 5, T0-66 . s  .70 
2N2222 NPN 5, T 0 - 1 8  . 5/S 1 .00 
2N3055 NPN S1 T0-3 . s .so 
2N3904 NPN S• T0-92 5/S 1 .00 
2N3906 PNP S• T0-92 . 5/S 1 .00 
2N5296 NPN s. ro:no s .50 
2N6109 PNP S• T0-220. . .  s .55 
2NJ63H PNP S• T0-5 5/S 1 .00· 

TIL IC SERIES 
7400- . 1 3  7445-
7401- . 1 3  7446-
7402- . 1 3 7447-
7403- .13 7448-
7404- . 1 5  7450-
7405- . 1 3  7472-
7400- .16 7473-
7407- .20 7474-
7408- . 18 7475-
7409- . 1 8  7476-
7410- .13 7480-
741 1 - . 1 8  7483-
7412- . 1 3 7485-
7413- .36 7486-

"7414- .60 7490-
7416- .22 7491-
7417- .25 7492-
7420- .13 7493-
7425- .25 7494-
7426- .22 7495-

7427- . 18  7496-
7430- .1 3 74107-
7432- .22 74121-
7437- .21 74 1 22-
7438 .... .21 74 1 23-
7440- . 1 3  74125-
7441- .70• 741 26-
7442- .37 74150-

A L  M I N IATUR 
MTA 1 06 SPO T 
MTA 206 OPOT 

.65 

.68 

.58 

.68 

. 1 5  

.25 

.28 

.28 

.45 

.30 
.31 
.65 
.87 
.28 
.42 
.58 
.43 
.43 
.67 
.65 
.65 
.28 
.29 
.38 
.45 
.40 
.40 .94 

74151- .61 
74153- .61 
74154- .94 
74155- .58 
741 57- .55 
74161- .55 
74163- .55 
74164- .85 
74165- .95 
741 70- 1 .68 
74173- 1.20 
74174- .95 
741 75- .85 
74176- .75 
74177- .75 
74180- .65 
74181- 1.90 
74190- 1.00 
74191- 1.00 
74192- .79 
741 93- .79 
74194- .80 
75325- 1 .50 
74196- ... 
74279- .55 
74367- .65 
75491- .50 
75492- .50 

MTA 206 P-OPDT C E N T E R  O F F  Mso 206 P DPDT CENTER OFF 

1 . 0 5  

1 . 70 

1 . 85 

74LSOO - .:Ill 
74�S0) - 21 
Hl� - 21 
HLSI).I - .73 
7�LS0'5 - 24 74LS08 · 2J 
HtSO'J - n 
14l�IO - .2() 
14LS11 ::i1 

74��·] - � 
)41$14 - 80 
I41Sl� - X 
I4t�:IO • n 
741S21 - n 
74tsn - .n 
741$26 - .JO 
741S21 .2! 
�:� � j; Htili : :  
74LSAG - .J!o 
7�1!;o<1 - r.o 
Ht$U - .1] 
Ht9.il - r.. 
HLS5A - .15 
74L$7J - )6 
HL$1� - .J5 
14LS75 - .!>a 74LS7i - .15 
l4LSII� - I 00 
74LS86 - 35 
l4LUO - .!.0 
14LS�· - foCI 
"74t�l - .!.0 
74LSIO<;I - JS 
l4LSI I ] - .Y.o 74t�l l] - 15 
J4LS1 14 - .� 
74LSI2� - �� 
7�LSI26 • 4� 

BMM lens. 
Sorry we do not supply the 
case, batteries and SV supply. 

HL$131 - .10 
14t$1l!l - .1"0 
74LS1� - .70 
141.5151 - .r.o:. 
74LSI�l - .66 
HLSIS� - .112 
J4LS1� - 62 

14LS157 - .llol 
/4LS160 - 80 
74t51GI - .50 
HLSIU - t10 m�:* : : 
/4l51/Q - u.o 
J4LSI7] - I.CIO 
Ht$114 - .r.i 
ULS1 15 - 15 
HLSI81 - 2.00 

::��:� : :: 
JH519l - 110 
14151')] • .  110 
J4LSIII"S - .!.0 
14LSIIIG - .JS mE: : �:� 
14LS2!11 - .JQ 
14L.Sl'fi5 - <! 
74L$)7'l - .SO 
14l�7.10 - .c.o 
74LS1il - .60 llf�l � 
�:��� :: �-: 

.17 24 PIN .35 

.20 28 PIN .40 

.25 
s .40 

3/$ 1 .00 
. 5/$1.00 s .35 

s .50 

.60 

L.M 1 01 - .75 

LM 3011748 .29 
LMJ07 - .30 

L.M308 - .75 

L. M 3 1 1  - .75 
L.M318 - 1.20 
L.M319 - .95 
L.M 324 - 1.05 
LM339 - 1 .10 
LM 358 - .70 

LM370 - 1.15 
LM371 - 2.50 

LM 380 - .95 

LM381 - 1.25 

LM 382 - 1.25 
LM537 - 2.50 
LM 553 - 2.50 
LM 555 - .39 
LMSS6 - .85 

NE540L - 2.25 
560 - 2.00 
565 - .95 666 - 1.25 
567 - 1.30 703 - .90 
709 - .25 
710 - .35 
741CO< V - .31 
141 - .50 
LM1310 - 2.50 
1456 - .95 
1458 - .50 
CA3046 - .75 
3900 - .49 
8038CC - 3.90 
791 - 1.95 

1 LF356H - 1,20 

TRIACS SCR'S 
PRV 1 A · l O A  25A 1 .5A 6A 35A 

100 .40 . .  10· 1 .30 .40 .50 1 .20 

700 .70 1 . 1 0  1 .75 .60 .70 1 .  
400 1 1 0  , 6 0  2 60 , 00 1 2 0  2 20 

. .  . ..... 

Terms: FOB Camb�dge, Mass. Send 25d fm oor cmlog leoto"n9 6$, SOLI D STATE SALES WE SHIP OVER 95% 
SendCheckor Money Order. Tr.1ns1s1ors and Rec11f1er� p O BOX 74 B OF OUR ORDERS THE 
Include Postage,

,
Minlmum 1 45 Hamp�tme St . Cambndge, M.m • • DAY WE RECEIVE THEM OrdorSS.OO, COD S $20.00 ' 

SOM E R V I LLE, MASS 02143 T E L  (6171 547·7053 
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To gee further informacion on the produces advertised in B YTE, (ill out the reader service card with your nome on'd address. Then circle the 
appropriate numbers for the advertisers you select from the list. A dd a 13 cent stomp to the card, then drop it In- the moil. Not only do you 
gain information, but our advertisers ore encouraged to use the marketplace prol(ided by B Y TE. This· helps us bring you a blgger B YTE. 

I nquiry No. Page No. Inquiry No. Page No. I nquiry No. Page N o. 

4 Admin istrative Systems 1 1 4 1 49 H & K Computer Corp 1 40 301 PerCom Data 29 
6, AJA Spftware 1 35 1 53 Hami lton Logic Systems 1 59 302 Personal" Computing '78 81 , 1 51 , 

1 0  Anderson Jacobson 4 5  1.55 DC Hayes 1 1 9 * PolyMorphic Systems 1 3  
14  Apple Computer 1 4  1 60 Heath Company C IV, 34 303 Poly Paks 203 
1 5  Apple Computer 1 5  1 70 Hobby World 1 79 304 Priority I E lectronics 201 
1 6  AVR Electronics 1 59 1 75 IMSA I C l l l  305 Processor Technology 8, 9, 1 0  
1 7  A TV Research 1 33 1 78 I nfo 2000 69 306 Quantum Science Corp 1 59 
25 Atwood Enterprises 1 80 73 Information Unl imited 1 1 1  307 Quest E lectro.n ics 1 88 
30 Beckian Enterprises 1 80 1 79 Integrand 1 40 308 Rothenberg In formation 1 1 5  
3 1 B i t  Basement 1 37 1 80 I ntegrated Circu its Unl im ited 1 93 309 Rotundra Cybernetics 1 3 7  
35 B ITS 82,.83, 87, 1 1 0, 1 33 1 83 International Data Sciences 1 29 3 1 1 S-1 00 1 08 
36 Buss 1 1 2  1 85 International Data Systems 1 04 3 1 0  Sce lbi 30, 3 1  

* BYTE Back Issues 1 46 1 87 In ternational Technical Systems Inc 1 59 322 Scelbi/BYTE Primer 95 
* BYTE Wats Line 1 03 1 90 Ithaca Audio 1 6 1  * Scientific Research 4 7, 49 

39 Cal i forn ia l ndustrial· 1 85 1 93 J & E EleCtronics 1 33 3 1 2  Scope Data 1 33 
40 Canada Systems 1 43 1 95 Jade Company 1 81 3 1 5 SD Computer Products 205 
43 Capitol Equipment Brokers 1 26 200 Jameco E lectronics 1 94, 1 95 .3 1 3  Seattle Computer Products 1 05 
84 Carterfone 16 1  202 Kei-Am Inc 1 44 3 1 4  Sherwood Medical 1 33 
45 Central Data Corp 1 03 207 LMN Electronics 1 97 3 1 6  Michael Shrayer Software 77 
60 Component Sales 1 83 2 1 5  Logical Services 1 73 3 1 7 Si l iconix 59 
61 Computer Data Directory 1 1 0 2 1 6  Magnemedia 99 3 1 8  Small Systems Services 1 4  7 
70 Computer Enterprises 1 06 21 7 Manchester Equipment 1 37 3 1 9  E d  Smith's Software 1 28 
73 Computer Headware 1 1 1  2 1 9  McGraw Hi l l Publ ishing 75 320 Smoke Signal Broadca'sting 1 07 
75 Cqmputerland 33 223 Microcomp 1 59 321 Smoke Signal Broadcasting 1 28 
74 Computer Mart of MA 1 59 226 Micro Comp.uter Devices 1 09 330 Software Records 1 36 
76 Computer Mart of NJ 1 44 231 Micro Mart 1 37 335 Sol i d State Music 1 1  
76 Computer Mart of PA 1 44 235 Micropolis 96 340 Sol i d State Sales 207 
77 Computer Resources 1 59 236 Micropolis 97 350 Southwest Techn ical Products C i t  
78 Creative Software 1 59 240 Microware 1 50 351 Structured Systems Group 1 7.  
80 Cromemco 1 ,  2 247 M i kos 1 98 352 Summagraphics Inc 1 22 
81 T Y Crowel l 1 20 250 Min i Micro Mart 1 73 353 Super Surplus Sales 204 
82 Cybernetic Micro Systems 1 3 1 251 Min i Micro Mart 199 355 Synchro Sound 39 
86 Databyte 1 23 260 Mounta in Hardware 5 356 Synchro Sound 40, 4 1  

* Digital Equipment Corp 1 72 265 mpi 1 27 360 Tarbell E lectronics 43 
90 Digital Group 1 9  * MVT Microcomputer Systems 147 370 Technical s·ystems Consultants 37 
95 Digital Research (CA) 1 43 273 National Digital Diagnostic 1 33 372 Technico 65 

100 Digital Research (TX) 1 87 275 National Mu ltiplex 73 373 Technicon 1 1 7  
10 1 Digital Research & Engi neering 1 1 1  280 Netronics 1 2 1 371 Teletek Enterprises 1 37 
1 1 0  Dynabyte 67 283 Newman Computer Exchange 1 46 374 Terrapin Inc 7 1 
1 1 3  ECHOiab I nc 1 1 0 · 285 North Star Computer 7, 2 1 376 Touchstone Associates 1 37 
1 1 5  Electrolabs 1 83 287 Northwest M icrocomputing Sys 1 69 377 Transition Enterprises 1 59 
1 20 Electronic Control Technology 1 4 1  290 Ohio Scientific I nstruments 24, 25, 26, 27 378 TransNet Corp 1 27 
1 25 Electronic Systems 1 89 289 OK 1\i'tachine & Tool 1 1 3 
1 30 Electronics Warehouse 1 91 291 Ol iver Advanced Engineering 1 35 
132 EMM/CMP 1 1 8  292 Ol iver Advanced Engineering 1 37 
136 EMM/Semi Inc 1 09 293 Osborne & AsS'ociates 93 
1 37 Engram Associates Inc 1 3 1 294 Pacific Digital 1 36 
140 Forethought Products 1 26 296 Pacific Office Systems 1 98 
145 Gallaher Research Inc 1 29 297 Page Digital 1 88 . GFN Industries· Inc 79 298 PAl A Electronics 1 08 
148 GRT Corporation 22, 23 299 Pentech I nc 13 7 

Article No. ARTICLE 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12  
13 

Baker: K IMER :  A K IM-1 Timer 
Bosen: The Axiom EX800 Printer: A User's Report 
Hearn: Top-Down Modular Programming 
Hauck: Who's Afraid of Dynamic Memories? 
Will iams: Antique Mechanical Computers: Early Automata 
Loewer: The Z-80 in Parallel 
L ibes: The First Ten Years of Amateur Computing 
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Readers Tune I n  to Ciarda 

The winner of the Apri l  BOMB is Steve 
Ciarc ia 's "Tune In and Turn On : A Com­
pu terized Wire less AC Control System, Part 
1 , "  page 1 1 4 .  Second prize goes to Ernest 
W Kent's "The Brains of Men and Machines, 
Part 4: The Machinery of Emotion and 
Choice, " page 66 .  The au thors wi l l  receive 
prizes of $ 1 00 and $ 50, respectively. 

The BOMB (BYTE 's Ongoing Mon i tor 
Box) is your way of tel l i ng  us what you 
thi n k  al;>out  the articles in BYTE each 
month .  To cast your votes, see the card on 
the oppos i te page.•  
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You've decided you want a microcomputer 
system-but what to buy? The component 
system? A computer box here, a CRT box 
there, a keyboard box here, a floppy disk 
box there . . .  Messy ! The $695 system? But 
. . . no disk; no way to add enough memory 
. . .  and, if you could, it's not so cheap 
anymore, and you still wind up with an 
expensive box collection anyway. Messy ! 

The IMSAI VDP-40, a fully integrated 
Video Data Processing system that, in one 
handsome package, combines a profes­
sional keyboard, heavy-duty power supply, 
twin mini-floppies, multi-slotted mother­
board and 9-inch CRT at a new low price . 

System Expansion? The IMSAI VDP-40 
was built for you. The extra slots in our 

S-100 bus motherboard 
and heavy-duty power supply 
allow almost unlimited expansion. 
Need more RAM? Add up to 1/2 MByte 
with our Intelligent Memory Manager and 
64K RAM boards. Need more disk storage? 
A controller option of the VDP-40 will 
allow you to expand to nearly 5 megabyte s !  
Add a line printer, a n  IBM-compatible tape 
drive, a MODEM! IMSAI has them all, 
with the interfaces and software to make it 
work for you. The standard of excellence 
IMSAI places at your disposal at a price/ 
performance no one else has put together 
allows you to achieve the full potential of 
your imagination. 

Check us out. 
IMSAI has what you want 

and what you need. Visit your dealer 
or write us directly. Ask about the IMSAI 
VDP-40 and the entire IMSAI line . 
Features and prices subject to change without notice. 
• CP/M is a trademark of Digital Research Corporation. 

The Standard of Excellence 
in Microcomputer Systems 

I MSAI Manufacturing Corporation, 
Dept. EWN, 1 4860 Wicks Boulevard, 
San Leandro, CA 94577 (41 5) 483-2093 

IMSAI EUROPE Europa Terrassen 8 Rue Jean Engling Dommeldange, Luxembourg 43-67-46 Telex: 1428 

See us at the NCC Show, booth 2860 

Price/Performance no one else has put together. 
Circle 1 75 on i n q u i ry card.  



This 8-bil �nachine, 
by ilself, is as versatile 

as a lol of sysle�ns 
lhal include peripherals 

Be sure to use coupon on 
page 34 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 HS's 
inner workings. 

If you need further evidence, con­
sider the fact that H8's system 

orientation allows you an almost 
unlimited opportunity for growth. 

Memory is fully expandable, the 
8080A CPU extremely versatile, and 
wi�h the addition of high speed serial 
and parallel interfacing you gain 
the added flexibility of 1/0 operation 
with tape, CRI' consoles, paper 
tape reader/punches, and now our 
new floppy disk systems! 

The H8 offers superior documen­
tation including complete step-by­
step assembly and operation 
manuals, is backed by 54 years of 
Heath reliability, and come 
complete with BASIC, assembler, 
editor, and debug software -
others charge over $60 fori 

System Engineered 
for Personal Co�puting 

Ci rcle 1 60 on inqu i ry card. 
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