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YOUR CHOICE-smart either iNay 
• Over 140 software driven functions 

• 82 x 24 or 82 x 20 screen format - software selectable 

• High resolution 7 x 12 matrix characters - P-31 green phosphor 

• Upper/lower case character set - plus graphics character set 

• 56-key alphanumeric keyboard - plus 12-key cursor, numeric pad 

• Internal editing functions - insert, delete, scroll, roll, slide, etc. 

• Parallel printer 1/0 port 

• 50 to 38,400 baud operation - programmable 

•Cursor type, cursor position, print control characters, protected fields,  
shift inversion, dual intensity and many other features  

8212 - twelve-inch diagnonal screen or 8209 - nine-inch diagnonal screen 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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Oromemeo aeeepts  
your ehallenge, 
Data leneral 

Yes, Data General, we saw your But Cromemco produces state›
ad. of-the-art MICROcomputers. 

So we realize you hope to win Powerful ones. 
over some of our computer And our micros have some 
business. outstanding advantages. 

And we can see you have reason For example, Cromemco is the 
to be pleased about your line of only microcomputer manufacturer 
minicomputers. They are MINls to support a broad range of 
though. microcomputers with (a) 5-inch 

Announcing,MB0'2 <1nd MBC/3,
the newest members of Data 
General's growing family of 
microNOVA'" board rnmputers. 
They're the best computers on a 
board moneycan buy. You g(!t up 
to 64K b}1es of memory, serial 
,md prJrallel 1/0 lines, and soft­
ware support from MP/OS, 
our famous micro operating 

Yuu even supporting 
like Mf>/PASCALand 

MP/FORTRAN IV. See loryourselt. 
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The competition will always 
sing the praises of their little single 
board computer . But from now 
on they'll be doing it falsetto. 

double-sided, double-density flopph 
disk drives and with (b) 8-inc 
double-sided, double-density floppy 
disk drives AS WEL.l. AS (c) 8-inch 
Winchester hard disk drives. 

That means, of course, that our 
customers have a wide choice of 
disk storage capability. 

UNEQUALLED 
SOFTWARE SUPPORT 

OK. That was one point. 
Here’s another: our stunning 

selection of software support. 
Cromemco is the only micro 
manufacturer to sroduce both 

and mu ti-user multi­
tasking computers with software 
like this: 

SYSTEM SOFTWARE 
� � CDOS (a CP/M-like operating 

system)
•  CROMIX (a UNIX-like operating 

system)

•  RPG-II (IBM-compatible)
•  COBOL
•  BASIC
•  FORTRAN IV
•  RATFOR
•  LISP
•  c
•  Macro Assembler 

APPLICATION SOFTWARE 

•  Word Processing System
•  Data-Base Management
•  General ledger
•  Accounts Receivable 

•  Accounts Payable
•  Inventory 

All of this is available now with 
more coming all the time. 

So there you are, D.G. 
You can see why we know our 

microcomputers will stand the test. 
Cromemco eagerly accepts the 

challenge. 

ea TM 

computer board shown incorporated 
In original ad Tomorrow's Computers Today 

280 BERNARDO AVE. MOUNTAIN VIEW, CA 94043 
(415) 964-7400 •TWX 

Cromemco logo on 
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Management Information Display Ultrasonic heart sector scan High-resolution display with alphanumerics  

Get the professional color  . 
display that has  

BASIC/FORTRAN simplicity  
I �

.. ·1; 
,. � � I � .. .. ’ it 

'1111111 I • 

LOW-PRICED, TOO ;J l. ,,
Here’s a color display that has �

everything: professional-level resolution, �
enormous color range, easy software, �
l:'JTSC conformance, and low price.�'· 

Basically, this new Cromemco Model �
SDI* is a two-board interface that plugs �
into any Cromemco computer. �

The SDI then maps computer display Model SDI plugs into Z·2H 11-megabyte 
hard disk computer or any Cromen1co 

computer 
memory content onto a convenient color 
monitor to give high-quality, high› .). . 
resolution displays (756 H x 482 V pixels). 

When we say the SDI results in a high› Model SDI High-Resolution Color DISPLAY MEMORY 
Graphics Interfacequality professional display, we mean you � Along with the SDI we also offer an 

can’t get higher resolution than this optional fast and novel two-port memory 
system offers in an NTSC-conforming that gives independent high-speed access 
display. HIGH RESOLUTION to the computer memory. The two-port 

The resolution surpasses that of a color The SOi’s high resolution gives a memory stores one full display, permit›
professional-quality display that strictly ting fast computer operation even duringTV picture. �
meets NTSC requirements. You get 756 display. �

.- BASIC/FORTRAN programming pixels on every visible line of the NTSC �
Besides its high resolution and low standard display of 482 image lines. Ver›� CONTACT YOUR REP NOW 

price, the new SDI lets you control with tical line spacing is 1 pixel. � The Model SDI has been used in scien›
,. � optional Cromemco software packages To achieve the high-quality display, a tific work, engineering, business, TV, 

that use simple BASIC- and FORTRAN› separate output signal is produced for color graphics, and other areas. It’s a 
like commands. each of the three component colors (red, good example of how Cromemco keeps 

Pick any of 16 colors (from a green, blue). This yields a sharper image computers in the field up to date, since it 
4096-color palette) with instructions like than is possible using an NTSC-composite turns any Cromemco computer into an 
DEFCLR (c, R, G, B). Or obtain a circle of video signal and color TV set. Full image up-to-date color display computer. 
specified size, location, and color with quality is readily realized with our high› The SDI has still more features that 
XCIRC (x, y, r, c). quality RGB Monitor or any conventional you should be informed about. So contact 

red/green/blue monitor common in TV your Cromemco representative now and 
•u.s. Pat . No. 4121283 work. � see all that the SOI will do for you . 

’ �-�

.r..__ 

.f. 

"' C3 280 BERNARDO AVE., MOUNTAIN VIEW, CA 94043 � (415) 964-7400 

Circle 1 on inquiry card. Tomorrow’s computers today 



In The Queue  
Volume 6, Number 2 February 1981 

Features 
36 An Extremely Low-Cost Computer Voice 

Response System by James C Anderson I Infinite clip›
ping produces acceptable computer speech. 

44 A Computer-Controlled Tank by Steve �
Ciarcia I A wireless remote-control link to a personal com›�
puter enhances Milton-Bradley’s Big Trak. �

68 A Beginner's Gulde to Spectral Analysis, 
Part I by Mark Zimmermann I A nonmathematical treat›
ment of Fourier transforms. 

106 A Pascal Library Unit for the Mlcromodem 
II by Thomas H Woteki I Pascal routines which allow the 
Apple to perform mass-transfer and processing of files via the 
Micromodem JI. 

142 Dynamic Memory: Making an lntelllgent  
Decision by Larry Malakoff I Dynamic memory boards �
can have one-sixth the power and half the space of static �

1  
types. but these advantages are useless if the board doesn’t 
work. 

I 1s2 Stacking Strings In FORTH by John 
Cassady I A set of "words" for the FORTH vocabulary adds 
string-handling capabilities to the language. 

I �164 Articulate Automata by Kathryn Fons and 
Tim Gargagliano I A look at the physiology of speech and 
at how the electronic equivalent of the human vocal tract !the 
voice synthesizer) is programmed. 

220 Image Processing With a Printer by Clark A 
Calkins I With this simple system a little hardware goes a 
long way in processing and printing images. 

31 2 A/D and DIA Conversion - An Inexpensive 
Approach by Roger W Mikel I This fast converter 
requires a minimum of parts and supplies 8 bits of resolution 
over a 5 V range.I 

318 Turn Your COSMAC VIP into a Frequency 
Counter by Andrew Madia I Display frequencies in the 
range of I to I 1.004 Hz on your COSMAC computer. 

3 2 6 A Heating and Cooling Management 
System by Tom Hall/ How to build a remote temperature 
sensor. 

3 3 2 Modifying the SwTPC Computer by Thomas 
J Weaver I Modifying the SwTPC 6800 computer to accept 
either the 6800 or 6809 processor board. 

Reviews 
30 Radio Shack’s Daisy Wheel Printer II 

by Yvon Ko/ya 
96 Infinite BASIC and Infinite Business 

by Scott Mitchell 
202 lRV, a TRS-80 Utility Program by Teri Li 
253 The Heath H-14 Printer by Bradford Rehm 
262 Zork, The Great Underground Empire 
by Bob Liddil 

Nucleus 
6 Editorial: Computer Speech: An Update �

16 Letters �
92, 266, 271, 325 Programming Quickies �
94, 102, 290, 309 BYTE ’s Bits �

138, 188, 196, Technical Forum: Recording with Current; 
Nonlinearities in Illumination; Build a Null Modem �

212 BYTELINES �
274 Education Forum: Microcomputers in the Chemistry �

Lab �
280 Ask BYTE �
288 System Notes �
289 Software Received �
292 Books Received �
294 Clubs and Newsletters �
298 Event Queue �
304 Book Reviews �
324 Cartoon �
336 What’s New? �
382 Unclassified Ads �
383 BOMB, BOMB Results �
384 Reader Service �
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In This Issue 
This month we talk about voices - computer voices, that is - and several 

other topics as well . 
Consulting Editor Mark Dahmke speaks out on speech in the editorial 

"Computer Speech: An Update." We also have two theme articles: "An 
Extremely Low-Cost Computer Voice Response System." which shows how 
to computerize your vox humana for very little money, and "Articulate 
Automata," which looks at the physiology of speech. 

Also in this issue is Steve Ciarcia's do-it-yourself computerized Big Trak; 
everything you've always wanted to know about dynamic memory; inexpen­
.sive AID and DIA conversion; and much more, including reviews of the new 
Radio Shack Daisy Wheel Printer II, the Heath H-J 4 printer, not to mention 
Zork and IRV. 

BYTE is published monthly by BYTE Publications Inc. 70 Main St. Peterborough NH 034S8. a wholly-owned 
subsidiary of McGraw-Hill. Inc. Address all mail except subscriptions to above address: phone (603) 924-9281. Ad· 
dress subscriptions. change of address. USPS Form 3S79. and fulfillment questions to BYTE Subscriptions. POB 
S90. Martinsville NJ 08836 . Controlled circulation postage paid at Waseca. Minnesota S6093 - USPS Publication 
No. S28890 (ISSN 0360·S28 I). Canadian second class registration number 9 32 I . Subscriptions are s 19 for one 
year. 534 for two years. and 549 for three years in the USA and its possessions . In Canada and Mexico. 521 for 
one year. 538 for two years. SSS for three years. 543 for one year air delivery to Europe. S3S surface delivery 
elsewhere. Air delivery to selected areas at additional rates upon request. Single copy price is 52 .50 in the USA 
and its possr1s1ons. 52 .9S in Canada and Mexico. 54 .00 in Europe. and 54 .SO elsewhere. Foreign subscriptions 
and sales should be remitted 1n United States funds drawn on a US bank. Printed in United States of America 

Address all edltorraJ correspondence to the editor at BYTE. POB 372. Hancock NH 03449. Unacceptable 
manuscripts will be returned if accompanied by sufficient first class postage. Not responsible for lost manuscripts or 
photos. Opinions expressed by the authors are not necessarlly those of BYTE . Entire contents copyright © 1981 by 
BYTE Publications Inc. All rights reserved . Where necessary. permission is granted by the copyrrght owner for 
libraries and others registered with the Copyright Clearance Center (CCC) to photocopy any article herein for the 
base fee of 5 1.00 per copy of the article or item plus 2S cents per page. Payment should be sent directly to the 
CCC. 21 Congress St. Salem MA 01970. Copying done for other than personal or internal reference use without 
the permission of McGraw-Hill is prohibited. Requests for special permission or bulk orders should be addressed to 
the publisher. 

BYTE"' is available in microform from University Microfilms International. 300 N Zeeb Rd. Dept PR. Ann 
Arbor Ml 48106 USA or 18 Bedford Row. Dept PR. London WC IR 4EJ England. 

Subscription WATS Line: (8001 258-5485 �
Office hours: Mon-Thur 8:30 AM - 4:30 PM, Friday 8:30 AM - Noon. Eastern Time �

NATIONAL ADVERTISING SAl.:ES REP-RfiENTATIVESi 

NORTHEAST (6171444-3946 MIDWEST (3121864-3467 MIO ATLANTIC (212J 682-5844 
Hajar Associates Hajar Associates Hajar Associates 
280 Hillside Ave 2405 Lawndale S2 I Fifth Ave 
Needham Heights MA 02 I 94 Evanston IL 6020 I New York NY 10017 

NORTHWEST (4151964-0706 SOUTHWEST (7141 540-3554 SOUTHEAST (3051886-7210 
Hajar Associates Hajar Associates Hajar Associates 
1000 Elwell Ct. Suite 227 3303 Harbor Blvd I 220 Prairie Lane 
Palo Alto CA 94303 Suite K·4 Apopka FL 32703 

Costa Mesa CA 92626 

4 



·COLOR 
·GRAPHICS 
·IT'S HERE 

SC/CJN 
8455-D Tyco Road �

Vienna, Virginia 22180 �
(703) 827-0888 �

TWX: 710-831-9087 
OEM/Dealer inquiries invited 
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UCSD* �
PASCAL �
FORTRAN �

PORTABLE 
Develop on a Z·BOt, 
run on LSl-11+, T. I. 990, 
6800 or vice versa 

EFFICIENT 
Structured, readable 
Speeds development XS 
Easy maintenance 

POWERFUL 
Full standard Pascal 
plus extensions 
ANSI '77 Fortran Subset 

COST EFFECTIVE 
Complete system including 
interpreter, screen editor, 
utilities, filer, assembler, 
and compiler. 

with Pascal $350 
with Fortran $400 
with Both $550 

APPLICATIONS �
PFAS �
(Pascal File Access System) 
Keyed-ISAM in 6K user 
memory$200 

INTELLECT V1 .2 
A full range LISP interpreter 
for UCSD p-systems $200 

MEDOFFICE 
Professional medical office 
software for 1 to 5 doctors. 
Call for pricing. 

DATEBOOK 
Appointment scheduling on 
your micro $295 

READY TO RUN ON 
DEC PDP-11 :f: or 
TRS-80 MODEL 11 § 

PCD SYSTEMS 
P. 0. Box 143 �
Penn Yan, NY 14527 �
315-536-3734 �

I
"TM Univ. of Calif . 
TMof Zllog 
TM of Digital Equipment 

§TM of Tandy Corp. 
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Editorial �

Computer Speech: An Update 

Guest Editorial by Mark C Dahmke 

In 1972 I saw an advertisement in Scientific American for the Votrax speech 
synthesizer - a multiple-board system that produced fairly intelligible speech. 
Although digital speech synthesis has been with us for more than a generation, 
it wasn't until the early seventies that relatively low cost, compact synthesizers 
were available for use in industry. At the time, I became very interested in the 
concept and wanted to experiment with a synthesizer, but the price was still 
too high for my budget. 

Finally, in August 1976, BYTE published an issue on speech synthesis. The 
article "Friends, Humans, Countryrobots: Lend me your Ears" described in 
detail the Computalker CT-1 speech synthesizer designed by Computalker 

Photo 1: The author of this month's guest editorial, Mark Dahmke (left), 
demonstrating the special speech-generating computer system, "The Bionic Voice," he 
developed for his friend Bill Rush. The Computalker-based system allows Bill, a quadri­
plegic, to "speak" with the aid of a head stick. Mark and Bill were the subjects of a 
feature story in Life magazine last year that was later condensed in the Reader's Digest. 
Hollywood is interested, too: a movie is being produced for television that will tell their 
story and show how personal computers can make a profound difference in people's 
lives. Mark is a Consulting Editor for BYTE, and has had a continuing interest in com­
puter speech for many years. His forthcoming book, Microcomputer Operating 
Systems, will be published by BYTE Books later this year ....CM (Photo courtesy Brian 
Lanker). 
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TRS-80* Model I Computer Owners . . . 

Although rated for double-density operation, all Under double-density operation, you can store 
levels of Percom drives work equally well in single­ as much as 350 Kbytes of formatted data - de­
density applications. pending on the drive model.- on one side of a 

You can operate these drives in ordinary single­ five-inch minidiskette. That's four times the 
density format using TRSDOS*, Percom OS-80™ capacity of standard 35-track Model I mini· 
or any other single-density operating system. disks, almost 100 Kbytes more than the capacity 

Or, you can add a Percom DOUBLER™ to your of the eight-inch IBM 3740 format! 
Tandy Expansion Interface and store data and Available in 1-, 2- and 3-drive configurations in 
programs in either single- or double-density all three model lines, Percom burned-in, fully­
format. tested drives start at only $399. 

The DOUBLER™ - This proprietary 
adapter for the TRS-80* Model I com­TFD-40™ Drives 

. 

ing. No trace cutting. 

puter packs approximately twice the 
. data on a disk track. TFD-40 Drives store 180 Kbytes �(�d�o�u�b�l�e�~�d�e�n�s�i�t�y�)� or �

102 Kbytes (single-density) of formatted data on one � Depending on the type of drive, you 
side of a 40-track minidiskette. Although economical­ can store up to four times as much 
ly priced, TFD-40 drives receive the same full Percom data - 350 Kbytes - on one side of a 

minidiskette as you can store using a quality control measures as TFD-100 and TFD-200 
Tandy standard Model I computer drive. drives. Easy to install, the DOUBLER merely plugs into the disk 
controller chip socket of your Expansion Interface. No rewir­

And because the DOUBLER reads, writes and formats TFD-100™ Drives 
either single-or double-density disks, you can continue to 

TFD-100 drives are "flippy" drives. You store twice run all of your single-density software, then switch to dou­
ble-density operation at any convenient time. the data per minidiskette by using both sides of the 

Included with the PC card adapter is a TRSDOS*­disk. TFD-100 drives store 180 Kbytes (double­
compatible double-density disk operating system, called density) or 102 Kbytes (single-density) per side. DBLDOS™, plus a CONVERT utility that converts files andUnder double-density operation, you can store a 70­ programs from single-to double-density or double-to sing­

page document on one minidiskette. le-density format. 
Each DOUBLER also includes an on-card high­

performance data separator circuit which ensures reliable 
disk read operation. 

The DOUBLER works with standard 35-, 40-, 77- and 
TFD-200 drives store 350 Kbytes (double-density) or 

TFD-200™ Drives 
80-track drives rated for double-density operation. 

197 Kbytes (single-density) on one side of a minidis­ Note. Opening the Expansion Interface to install the 
DOUBLER may void Tandy's limited 90-day warranty. kette. By comparison, 3740-formatted eight-inch �

disks store only 256 Kbytes. Enormous on-line stor­�
Free software patch This software patch, called PATCH PAKTM,age capacity in a 5" drive, plus proven Percom 
upgrades TRSDOS* for operation with improved 40- and 77­reliability. That's what �~�o�u� get in a TFD-200. track drives. For single-density operation only. 

Quality Percom products are available at authorized dealers. Call toll free 
1-800-527-1592 for the address of your nearest dealer or to order directly from [�~�E�J�H�l�l�l�M�]
Percom. In Canada call 519-824-7041. 

Prices and specifications subject to change without notke. PERCOM DATA COMPANY. INC . ™trademark of Percom Data Company, Inc. 211 N. KIR8Y • GARLAND TX • 750•2 
™trademark of Tandy Radio Shack Corporation which ha1 no relatlon1hlp to Percom Data Company l21•l 272-3"21 
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Automated lnrorrnation Management 

The revolutionary new 
way to computerize 
your business quickly 
and economically. 
Until now you have had just two 
choices in computerizing your 
business operations. You could 
buy an economical system with 
"canned" or "turnkey" software 
or you could have an expensive, 
custom-system programmed 
specifically for your business. 

If you decide to go the economical 
route, you have to compromise the 
way you do business to conform to 
the standardized software you pur­
chased. The custom approach can 
yield a system which fits your needs 
exactly. But it is very costly, can take 
years to install; and in many cases, · 
results in a permanent, in-house 
softwar·e and data procesiing staff. 

Ohio Scientific has developed a new 
approach: Automated Information 
Management 

This system allows you to replace 
rooms of filing cabinets with one 
small computer system. Your office 
and clerical employees can instantly 

,, file ar;id retrieve information, gen­
erate lists. reports, labels, forms 
and perform computer analysis-all 
without any programming. This 
system allows you to computerize 

.::::= ~ 

the office functions which are most 
vital to your business immediately, 
without programming; whether it be 
inventory, client records, mailing 
lists, personnel, prospective cus­
tomers, orders, quotes. jobs, material 
costs or accounts receivable I 
payables. Virtually any files of 
important and often-referenced 
information can be immediately 
computerized on this system 

The system uses Information Man­
agement software built on a data 
base manager. This concept is not 
new, it's been used for years on the 
biggest business computers. Until 
now it has been impractical for use 
by small businesses and depart­
ments of larger businesses, because 
it has required a computer with a 
large amount of disk storage 
capacity which typically costs 
$100,000 or more. 

Ohio Scientific has developed a 
revolutionary new line of small, fast, 
economical computers wl1ich .:;tore 
from 7 million alphabetic charaGters 
to 80 million characters "on line", 
and can access this inhrmation in 

thousandths of a second. These new 
low-cost, ultra-powerful computers, 
combined with highly simplified and 
easy to use Information Management 
software. yield a system that can be 
computerizing your vital functions in 
days, not months, and saving you 
money via improved efficiency, 
accuracy, capacity and time. 

Ohio Scientific Automated Informa­
tion Management systems start at 
under $10,000, with a typical system 
which has the capacity of about a 
dozen filing cabinets costing approx­
imately $15,000. Although Informa­
tion Management should be the 
primary use of your system, it incor­
porates a general purpose computer 
which can also be expanded to word 
processing, interoffice electronic 
mail, payroll processing and other 
specialized noninformation intensive 
applications via canned packages or 
custom software. 

' 

Ohio Scientific Automated lnforma­
tioil Management systems are sold 
an:j supported by over 350 dealers 
nationwide. 

F-Jr more information and the 
name of the dealer nearest you 
call 1·800·321·6850. 

1
IHll lllENTIFll 
1333 SOUTH CHILLICOTHE ROAD 
AURORA, OH 44202 • [216) 831-5600 
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