


A new small computer �
that won’t limit you tomorrow �

New Cromemco System One shown with our 
high-capabi lity te rminal and printer. 

Expandabil ity 
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Here’s a low-priced computer that won’t run out 
of memory capacity or expandability halfway 
through your project. 

Typically, computer usage tends to grow, requir›
ing more capability, more memory, more storage. 
Without a lot of capability and expandability, your 
computer can be obsolete from the start. 

The new System One is a real building-block 
machine. It has capability and expandability by the 
carload. 

look at these features: 

� Z80-A processor 

� 64K of RAM 

� 780K of disk storage 

� CRT and printer interfaces 

� Eight S-100 card slots, allowing expansion 
with 

color graphics 
additional memory 
additional interfaces for telecommunica›
tions, data acquisition, etc. 

� � Small size �

GENEROUS DISK STORAGE �
The 780K of disk storage in the System One 

Model CS-1 is much greater than what is typically 
available in small computers. But here, too, you 
have a choice since a second version, Model 
CS-1 H, has a 5" Winchester drive that gives you 
5 megabytes of disk storage. 

MULTI-USER, MULTI-TASKING �
CAPABILITY �

Believe it or not, this new computer even offers 
multi-user capability when used with our advanced 
CROM1x� operating system option. Not only does this 
outstanding O/S support multiple users on this com›
puter but does so with powerful features like multi-

pie directories, file protection and record level lock. 
CROMIX lets you run multiple jobs as well. 

In addition to our highly-acclaimed CROMIX, there 
is our coos• . This is an enhanced CP/Mt type system 
designed for single-user applications. CP/M and a 
wealth of CPIM-compatib le software are also 
available for the new System One through third›
party vendors. 

COLOR GRAPHICS/WORD PROCESSING 
This small computer even gives you the option of 

outstanding high-resolution color graphics with our 
Model SDI interface and two-port RAM cards. 

Then there’s our tremendously wide range of 
Cromemco software including packages for word 
processing, business, and much more, all usable 
with the new System One. 

ANTI-OBSOLESCENCE/LOW-PRICED 
As you can see, the new One offers you a lot of 

performance. It’s obviously designed with anti›
obsolescence in mind. 

What’s more, it’s priced at only $3,995. That’s 
considerably less than many machines with much 
less capability. And it’s not that much more than 
many machines that have little or nothing in the 
way of expandability. 

Physically, the One is small - 7" high. And it’s all›
metal in construction. It’s only 141/a" wide, ideal for 
desk top use. A rack mount option is also available. 

CONTACT YOUR REP NOW 
Get all the details on this important building-block 

computer. Get in touch with your Cromemco rep 
now. He’ll show you how the new System One can 
grow with your task. 

•CROMIX and COOS are trademarks of Cromemco Inc. 

tCPIM i< a rrademark of Digital Research 

CronaenaeoTM 
incorporated 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 � (415) 964-7400 
Tomorrow’s computers today 
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In This Issue �
Office workers w ho bravely face that ever-growing mountain of paper w ill 

tell you that keeping track of information becomes more difficult daily. How 
to impose order? As Robert Tinney’s cover suggests, the answer is something 
like an electronic file cabinet. 

This month’s theme concerns the problems of data management. Joel Neely 
and Steve Stewart will get you started with "Fundamentals of Relationa l Data 
Organization." From there you can move on to "Data-Base Management 
Systems: Powerful Newcomers to Microcomputers." "A Survey of Data-Base 
Management Systems for Microcomputers," and " PDQ: A Data Manager for 
Beginners." "DIF: A Format for Data Exchange between Applications Pro›
grams" presents a strong argument for standardization of data formats. Apple 
II file-management systems are reviewed. And you can learn how to write 
with your data-base management system. Is spelling a nightmare? If so, you’ll 
be interested in Phil Lemmons’ review of the five major CPIM spelling›
correction programs. Of course, there’s Ciarcia’s Circuit Cellar, BYTELINES, and 
our other regular features, too. 
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Leiters �
Music Board Draws Criticism 

Having read Rob Moore's article 
"Mountain Computer's MusicSystem" 
(see the July 1981 BYTE, page 60), I feel I 
must comment on some of the technical 
errors that give an incorrect impression of 
other synthesizers available for the Apple, 
particularly since our ALF synthesizers are 
mentioned several times in the article . 

First, Mr Moore has an incorrect im­
pression of the definition of "synthesizer. " 
Contrary to his statements, all music 
cards available for the Apple that I'm 
aware of are truly synthesizers, not just 
Mountain Computer's . A "music synthe­
sizer" is simply a device that creates music 
by "synthesis, " i.e., by control of two or 
more parameters (each of which is only 
part of a sound) to produce a complete 
sound of the desired nature. Mr Moore 
seems to think that an ability to imitate 
conventional instruments is necessary in a 
synthesizer, but such is not the case . Ac­
tually, no synthesizer available for the 
Apple (and, for that mat ter, virtually no 
synthesizer of any sort) can imitate con­
ventional instrumen ts. O nly Mountain 
Computer claims to be able to do this. A 
few moments of listening wiJI convince 
anyone that the claim is advertising 
"hype": the unit simply cannot imitate 
most instruments well enough to fool even 
the moderately careful listener, much less 
someone very familiar with the instru­
ment being imitated. Responsible com­
panies make no such claim; the goal of 
synthesizers is to create music that sounds 
good and has sufficien t variety, not to 
duplicate a conventional instrument's 
sounds exactly. 

Mr Moore places the Mountain Com­
puter synthesizer in the same class with 
Moog and ARP synthesizers, a lthough 
they are almost totally different (the 
Mountain Computer unit, for example, 
uses additive synthesis and the Moog and 
ARP units are almost exclusively subtrac­
tive synthesis) . Then he degrades the 
attack-decay-sustain-release method used 
on the ALF units, although this me thod is 
identical to the envelopes used on the ex­
pensive Moog and ARP. He specifically 
mentions that this method is difficult to 
use for piano-like envelopes, since they 
decay during sustain . This is incorrect. 
The fact that a piano decays during sus­
tain simply means that the sustain level 
should be adjusted to zero and a very slow 
decay rate used. The abrup t drop upon 
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key release is, of course, managed with a 
fast re lease rate setting. 

[n the realm of music notation, Mr 
Moore claims that music printed by the 
PRINT command can be cut and pasted to 
form an orchestral score. This, too, is in­
correct. In an orchestral score (acutally 
"full score"), the measure bars will line up 
from part to part; the PRINT command 
does not adjust the music printout as it 
would be in a typical musical score. In 
fac t, the PRINT command output is miss­
ing so many music features, notably 
beaming of notes shorter than quarter 
notes, that to an untrained eye it might 
not even resemble the original score, even 
if the various parts are pasted together. 

Mr Moore also fails to understand the 
limits of the App le's processor, except 
when discussing the particularly difficult 
case of software-driven D/ A (d igital-to­
analog) synthesis. He mentions that th ree 
ALF 3-voice cards can be used for nine 
voices, which is true, but he states that an 
advantage of this card is that more voices 
can be added simply by using additional 
cards. If this were true, why not use four 
cards for twelve voices? In fact , the Apple 
processor is pressed to keep up with the 
nine voices. The processor-speed limita­
tion affects every parameter controlled by 
the software. If the Apple were twice as 
fast , we wou ld be able to have envelopes 
on the ALF card that were twice as 
smooth, which would result in a greater 
variety of sounds due to increased resolu­
tion and accurate control. The speed limit 
affects all synthesizers of all types, bu t the 
Mountain Computer system is particular­
ly affected because the computer runs 
only at half speed during playback. Add 
the burden of 16 voices, compared to 
ALF's conservative nine, and you'll surely 
realize the Mounta in Computer's soft­
ware-controlled parameters (such as fre ­
quency and amplitude envelopes) must be 
very coarse indeed. In turn, th is limits the 
variety of sounds avai lable. 

Mr Moore's statement that square-wave 
synthesizers have invariably sharp high 
notes and buzzy-sound ing low notes is in­
correct. Using Fourier ana lysis, which he 
describes on page 78, one can see that the 
harmonic contents of high and low notes 
are identical. The process he calls additive 
synthesis (used to create different sounds) 
can be done on every synthesizer avai l­
able for the Apple, not just the Mountain 
Computer system. lt is important to note 
that additive synthesis can be used only to 

add harmonics . Therefore, a square-wave 
synthesizer, already rich in harmonics, 
cannot produce low harmonic sounds us­
ing addit ive synthesis. By using very 
detai led and rapid envelopes on several 
channels, extremely complex and in­
teresting sounds can be crea ted . Because 
the Mountain Computer unit cannot pro­
duce very short notes (due to processor 
limitations I mentioned) and because it 
does not have a subroutine capability 
(which is essential, especially for 
echo / reverb effects), it cannot produce 
the types of sounds that are available on 
the square-wave units. 

The greatest injustice done to the 
various competing cards lies in the text 
box "Music Making " on page 84 and in 
Moore's conclusions . He virtually de­
clares that all other systems have advan­
tages and disadvantages, but the Moun­
tain Computer system has the best of 
everything. Each unit has its own best and 
worst factors. True, the Mountain Com­
puter unit has a price of $545 and a full­
blown ALF AMS system is $735 (not $795 
as quoted in the article), but the AU MC1 
has as many voices as that full -blown sys­
tem and costs only $195 (not to mention 
having all the goodies that on page 92 he 
wishes the Mountain Computer system 
had ). As one might expect, these different­
ly priced systems offer different types of 
performance. Despite Mr Moore's claims, 
the Mountain Computer system is de­
finitely not the most powerful synthesizer 
ava ilable for the Apple II-no particular 
unit is. 

Finally, it might be nice for readers to 
have our address and phone number. Rob 
Moore gives the phone number and ad­
dress of every company he mentions ex­
cept ALF. Our phone number is (303) 
234-0871 . 

Philip J Tubb 
ALF Products Inc 
1448 Estes 
Denver CO 80215 

Rob Moore Replies: 
I must concede Phil Tubb 's poin t that 

any device that allows control of two or 
more musical parameters can accurately 
be called a synthesizer. A ccording to his 
definition , however, the Apple 's speaker, 
with its con trol of frequency and volume 
(on or off) , is also a synthesizer. But I do 
not know of any "professional-quality" 
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Baked Apple. 
Last Thanksgiving, a designer frotn 

Lynn/Ohio Corporation took one of 
the company's Apple Personal Cotnputers 
hotne for the holidays. 

While he was out eating turkey, it 
got baked. 

His cat, perhaps tniffed at being left 
alone, knocked over a latnp which started 



a fire which, among other 
unpleasantries, melted �
his TV set all over his �
computer. He thought 
his goose was cooked. 

But when he took the 
Apple to Cincinnati Computer Store, 
mirabile dictu, it still worked. 

Anew case and keyboard tnade it 
as good as new. 

Nearly 1,000 Apple dealers have 
complete service centers that can quickly 
fix just about anything that might go 
wrong, no matter how bizarre. 

So if you’re looking for a personal 
computer that solves problems instead of 
creating them, look to your authorized 
Apple dealer. 

You’ll find everything well-done. 

The personal computer. applcz 
® 

For the aurhorizcd cblcr nearest you, call (800) 538-9696. ln California, call (8001662-9238. Or wr ite: Apple Computer Inc .. 10260 Bandley Dr.. Cupertino. CA 95014. 
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WHAT’S THE KEY �
TO BUYING ACOMPUTER? �

Look beyond the computer. Look at how the total 
system - hardware, software, support, service­
meets your needs, today and tomorrow. That's the 
key. When you choose a computer source, you 
choose a long term partner who must stand by you 
with total support. And no one stands by you like 
Heath/Zenith . 

Software 
Including word processing, business applications, 
versatile util ity programs, and the Heath Users' 
Group library of over 500 low-cost programs for 
home, work or play. 
And a choice of three operating systems, including 
CP/M by Digital Research for compatibility with 
thousands of popular CP/M programs. 

Languages 
For your own custom programs, Microsoft languages 
are available in BASIC (compiler and interpreter) , 
FORTRAN and COBOL. 

Self-Study Courses 
Learn at your own pace with Programming Courses 
that teach you to write and 
run your own programs 
in Assembly, BASIC, 
Pascal or COBOL. 

For the business person, Computer Concepts for 
Small Business helps you evaluate the ways a com­
puter can benefit your business. And for the novice, 
Personal Computing is a complete introduction to 
computer fundamentals and BASIC Programming. 

Support 
Before and after the sale we work with you to con­
figure the system that serves you best. We help you 
get your system up and running smoothly. Assist­
ance is always just a phone call away. 

Service 
Friendly, experienced technicians are available, 
either over the phone or at any of the 56 Heathkit 
Electronic Centers nationwide. 

Visit your Heathkit Electronic Center* 
Pick the store nearest you from the list at left. And 
stop in today for a demonstration of how Heath/ 
Zenith Computer Systems can serve you. If you can 't 
get to a store, send $1.00 for the latest Heathkit 
Catalog and the new Zenith Data Systems Catalog 
of assembled commercial computers. Write to 

Heath Co., Dept. 334-834, Benton Harbor, 
Ml 49022. 

Pick a strong partner. 
Heath/Zenith &You. 

HEATH/ZENITH 

Your strong partner 

* units of Veritechnology Electronics 
Corporation in the U.S. 

Speci fications subject to change without notice. 

CP-203A 



Writing with a �
Data-Base Management System �

Nearly every microcomputer user 
appreciates the benefits of writing 
with a word-processing program. 
Pencil, paper, and typewriter can't 
match keyboard, video display, and 
line printer for speedy writing, 
editing, and printing of almost any 
kind of copy. 

But word processing works best at 
relatively late stages in the writing 
process-after you've recorded your 
research results, compiled references, 
and constructed · an outline for the 
project. In this article I show how 
another type of program, the data­
base management system, can help 
you in the earlier stages of your 
writing. In fact, such a system can be 
more powerful than a word­
processing program when you must 
perform a major reorganization of 
your text. 

I first identify the stages of the 
writing process where a data-base 
management system (DBMS} can be 
most useful. Then I discuss the 
capabilities of such systems, detail 
their benefits, and recommend 
strategies for using the DBMS to max­
imum advantage. 

About the Author 
Edward Brent is assistant professor of 

sociology and family 1md community medicine 
at the University of Missouri in Columbia . He 
is also president of The Idea Works Inc, a 
research and consulting firm specializing in 
computer applications in research and design . 
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Edward E Brent Jr, PhD 
The Idea Works Inc 

506 South Garth 
Columbia MO 65201 

Although everyone has a favorite 
writing strategy, the process of 
writing can be broken down into 
several basic steps. After selecting a 
topic, the writer takes notes on ideas 
he may want to include. Next he 
outlines the article by organizing 
ideas and selecting a manner of 
presentation . The outline serves as a 
guide for composing the text, which is 
then revised until it satisfies the 
writer. 

Limitations of Word Processing 
When it comes to composing text, 

correcting it, and printing it out in an 
acceptable form, word-processing 
programs provide obvious advan­
tages. But such programs lend 
themselves less well to note taking, 
outlining, and making major revi­
sions. For these tasks, a DBMS can 
save time and energy . 

When taking notes, you need a 
mechanism for recording ideas so that 
they will be easily accessible later. 
Note taking also calls for a system to 
minimize effort without distracting 
you from the task at hand. Both note 
taking and outlining involve only 
small amounts of text-text that's 
rough and tentative at best. Word­
processing programs don't deal well 
with text in this form . 

At the revision stage, word­
processing programs do an efficient 

job with minor changes. But if you 
must add many new ideas, delete 
many old ones, or drastically change 
the logic of your presentation, you 
may be better off with a DBMS. 

DBMS Characteristics 
To understand how a computerized 

data-base system can help you write, 
you must first understand its 
characteristics. A generalized DBMS 
is a set of related programs that 
allows you to enter a wide variety of 
data into a computer file, organize it 
for storage, then retrieve, update, 
reorganize, and print it out in the 
form of a summary report. Each file, 
a collection of related data, can con­
tain almost any type of information 
you desire, so long as it meets the 
minimal structural requirements of 
the DBMS. . 

File Structure. Before entering any 
data into a file, you must first define 
the file structure . Files consist of a 
number of records, each containing 
similar information and referred to 
by a unique number or keyword . In 
writing, each record might contain a 
note on a particular idea, or a point 
made in another book or article to be 
cited in the paper. A record is a col­
lection of fields, each having a name, 
length and position. Within each field 
are data describing each aspect of a 
record. Field names such as "title" 

Circle 288 on Inquiry card. --+ 





Minicomputer performance in �
Multi-user. Multi Tasking. Decision I™ memory man · 
agement hardware includes a memory map that is 
simi lar to the IBM 360," and IBM 370'." It supports 
up to 16 tasks or 15 users and a supervisor without 
swapping. And, more with swapping. Each task or 
user enjoys complete memory protection and dynamic 
memory al location . One task may be delegated as a 
supervisor to privileged system functions forbidden 
to ordinary tasks or users. Such functions ( 1/0 cal Is, 
unauthorized memory access, etc .), will trap to the 
supervisor. If supervisory functions are not required 
the system can be configured for turnkey mu lti -user 
operation . 

Multi-purpose IEEE696/S-100. Decision I utilizes the 
Morrow Designs IEEE Standard S-100 Wunderbuss: 
That means you can configu re it to your 
specific applications. Add a f loating point 
processor, add memory (to a fu 11 mega­
byte), add 1/0, add contro llers ... add 
boards from dozens of manufacturers. 
And S-100 has a major advantage 
over single -board computers: If a 
board goes down, you simply replace 
it. And keep running. If you want to 
expand your system. Add boards 
and terminals. 

An unmatched software base. 
Decision I runs on the M/OS™ 
operating system . M/OS sup­
ports al l system ca ll s source 

compat ibly with UNIX ." Thus, UNIX programs wil l 
compi le direct ly and UN IX documentation is al most 
tota lly applicable. Morrow CP/M " has been configured 
to run under M/OS and communicate with both CP/M 
and UNIX standard media for maximum portabil ity. 
Languages avai lable include BASIC, COBOL, FORTRAN, 
RATFOR, Pascal and C. That means Decision I 
offers you a software base unmatched in 
its price/ performance arena. 
The OEM machine. A basic mu lti-user 
system at $5,225 includes 
the Decision I, 4 M hz 
Z80A-based CPU, 
sophisticated 
memory 

IBM 360 ancl 370 are t radema rks of IBM Corp. 
Wunderbuss is a regis tered trademark of Morrow Designs 
Decision I and M/OS are trademarks of Morrow Designs 
UNIX is a trademark of Be ll Lalioratories, Inc. 
CP/ M is a I raclemark of Dig ita l Research Corp. 



a multi-user Microcomputer. �

management 
hardware, CP/ M 

2.2, M/ BASIC 5.2 , 
3 serial and 2 parallel 1/ 0 

ports, 14 1/ 0 slots with S-100 
connectors, supervisor control in 

both hardware and software , 128K of 
RAM and two quad-density disk drives 

(800K) with OMA controller. Plus, cabinet 
(either desk-top or rack-mount), and power 

supply. The same system with 8" floppies 
and a full Megabyte of formatted storage costs 
$5,659. And, we offer OEM pricing. 

Abetter microcomputer. Whether you're bu ild­
ing a single or multi-user system, the Decision I 
offers you a hardware/ software combination 
unmatched in the field . Decision I is not simply an 
improved 8-bit microcomputer. It's a breakthrough. 
In both computing power and price. 

Systems your way. Morrow Designs' full range of hard 
and floppy disk memory, add- in memory boards, 1/ 0 

boards, controllers and software allow you to 
configure your system your way... through a single 
supplier. 

The decision is yours. Com pare the Decision I, 
feature-for-feature with mini or microcomputers on 
the market today. Compare capabi lities. Compare 
flexibility. Compare utility. Then, compare price. 
We think Decision I will change the way you think 
about microcomputer systems. 

Complete information? See your computer dealer. 
Or, write Morrow Designs. 

LOOK TO MORROW 
FOR ANSWERS. 

MDRRDW DESIGNS �
5221 Central Avenue, Richmond, CA 94804 

(415) 524-2101 
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TO KNOW FOR KEYED 
FILE ACCESSING IS 

MICRO B+� �
Since 1979, MICRO B+ 

has delivered: 
� PERFORMANCE: search an in›
dex of over 10.000 key values in 
less than one second on a floppy. 
� CONVENIENCE: no need to re›
organize index f iles. 
� SUPPORT: our bug-f ree code is 
backed by the best programmer 
support in the indust ry; just call 
us t o see. 
� INNOVATION: the 1st and most 
complete implementation of B›
Tree index structures for micros. 
� DOCUMENTATION that you 
can read. 

AND NOW 

Faircom has added 
� MUL Tl-USER suppor t under 
MP/ M for MICRO B+. 

IF YOU PROGRAM IN: 
MICROSOFT’S BASIC, COBOL, �

or FORTRAN �
DIGITAL’s PL/1-80 �

CBASIC-2 �
PASCAL/MT+ �

WE’VE COT WHAT �
YOU NEED �

for $260. Manual alone $20. Ship• 
ping $4 North America, $8 else• 
where. 

LANGUAGE C VERSION �
OF OUR B•TREE ALGORITHM �
IS AVAILABLE FOR $2600. �

fAIRCOM 
' 1981 FalrCom 

2606 Johnson Drive 
Columbia , MO 65201 

(3141 445-3304 

WE ACCEPT VISA & �
MASTERCHARGE �

MP /M & PL/1•80 are trademarks of Dig ital �
Research. CBASJC Is a trademark of compiler 
Systems. Inc. PASCAL /MT+ is a trademark of 
MT Micro Systems. 

paper is being outlined or written. 
In many ways, note taking with a 

DBMS resembles note taking with 
note cards. For the note cards to be 
most useful, Lester (see references at 
end of article) suggests you put only 
one item of information on each card 
and include a brief citation or 
reference to the source of the idea . He 
also suggests you label the note card 
at the top for speedy recognition of 
the topic. When you record only one 
idea on each card, you can later sort 
the cards according to your outline 
for the paper. 

All the functions performed by 
note cards can be carried out more ef›
ficiently by a DBMS. For each idea or 
quotation, you can create a record in 
the data-base file which includes as its 
main text the quotation or a state›
ment of the idea. Key fie lds can be 
identified for reference to the author, 
journal, page, a nd date . To help you 
organize the ideas later, you can use 
other key fields to include a brief 
phrase that summarizes the context of 
the record . Several additional key 
fields could contain other types of in ›
formation to sort the fi les in many 
different ways. 

Because the DBMS can perform the 
tedious tasks of creating the indices 
and sorting the records, it requires far 
less effort on your part than note 
cards do . Once note taking becomes 
less burdensome, you can devote 
more effort to the task of developing 
new ideas . 

Data-base management programs 
typically require you to define a 
structure before entering the data or 
notes. The programs then use that 
structure to prompt you for specific 
types of information as the no tes are 
entered . When the information is 
complex, this prompting and struc›
ture can help you by assuring that 
you don’t inadvertently leave out 
critical information (the author of a 
reference book, for example). 

In addition to the structural con›
straints on data entry, data-base 
managemen t programs typica lly in›
clude procedures which check the 
data for proper form during input. If 
you mistakenly enter alphabetic data 
in a numeric field, for example, the 
da ta may be rejected, and you will be 

asked to start again . In addition, 
more sophisticated programs allow 
you to specify other criteria which 
may be examined before the data are 
accepted- helping to assure the quali›
ty of the data entered and improving 
the quality of the notes. 

Outlining 
Whi le da ta-base management pro›

grams save time and improve quality 
at the note-taking stage, these 
benefi ts pale in comparison to the 
benefits for outlining. Much writing, 
particularly for resea rch papers or 
technical papers, involves keeping 
track of a mass of information on 
various topics . Managing all this in›
formation quickly and efficiently is 
an awesome job for even the most 
gifted writer. 

For example, in writing a paper 
reviewing several different software 
programs or comparing various hard›
ware options, you need to keep track 
of many details to provide a clear pic›
ture of what is available . Writing 
such papers requ ires a vast amount of 
relatively simple but time-consuming 
work such as compiling lists, sorting 
references and ideas, and reorganiz›
ing poin ts to fit a consistent argument 
or theme (to say nothing of the many 
data-handling tasks in volved in 
generating the notes in the fi rst 
place). The computer can do all these 
things wi thout overlooking impor›
tant ideas or misplacing relevant cita ›
tions, and it can work faster than the 
most efficient writer. 

But the savings in time and effort 
aren’t the only advantages to using a 
DBMS for writing . By allowing you 
to organize and reorganize your notes 
with minimal effort, the system frees 
you to consider many different ap›
proaches to your subject. This luxury 
can lead to valuable insights and 
significant improvements in the 
paper. 

Revising 
The sorting, re trieving, and up›

dating capabili ties that make the 
DBMS so useful for outlining also 
make the system valuable when your 
work needs major revisions. You ca n 
delete entire sections, add others, or 
reorganize your paper to fit a new 
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Surprising Symmetries in A New Frontier Between 
Design and Letterforms ... Sight and Sound ... 

Inversions: 
A Catalog of Calligraphic Cartwheels 
by Scott Kim 
Foreword by Douglas Hofstadter 
Backward by Jef Raskin 

Illusion . . calligraphy . . visual magic- Scott Kim's new 
book delights the eye and enchants the mind. Fil led 
with intrig uing designs, words that read the same righ t­
side-up and upside-down, words within words and un­
expected symmetries, these compositions create a 
fresh way to look at the alphabet. The text incl udes the 
visual principles of symmetry, lettering and problem 
solving that are basic to these images. The author also 
draws parallels to re lated exercises in perception in 
such diverse areas as art, music, wordplay and mathe­
matics. Scott Kim 's original inversion designs first ap­
peared in Omni magazine, inspiring an overwhelming 
reader response. An irresi stible challenge, inverti ble 
writing appeals to everyone who loves beauty in mathe­
matics and design. 
Scott Kim is a doctoral student in Computer Science at Stanford 
University and is a concert pianist and composer. 

ISBN 0-07-034546-5 
128 pages; softcover 
$8.95 

"Scott Kim has perfected a personal art 
form-one with grace, elegance, sub· 
tlety, and surprises." 
Douglas Hofstadter, author 
Godel, Escher, Bach: an Eternal Golden Braid 

"Scott Kim's Inversions ... is one of the 
most astonishing and delightful books 
ever printed." 
Martin Gardner �
Scienlific Ame,rican �

Digital Harmony by John Whitney 
On the Complementarity of Music and Visual Art 

BYTE Books is pleased to offer Digital Harmony, a 
major new work by John Whitney, whose fi lm art, 
known around the world , has been an influence on 
technological art and cinema spec ial ettects from 2001 
to Star Wars. His book explores a special un ion of mu­
sic and computer graph ics and defines a new frontier 
between sight and sound, integrat ing the two to create 
a new art form. 
Wh itney shows what can be done wi th small com­
puters, spells out a thorough theoretical background, 
and includes listings and programs for those interested 
in joining in the exploration of his unified f ield theory of 
art. Digital Harmony lays the foundation for an audio­
visual art made possible by computers. It is must read­
ing for all enthusiasts wi th interests in art mus ic, 
video, film, computers, education, artificial intell igence, 
psychology, and futurology. 

John Whitney is on the Faculty of the Department of Art at the 
University of California, Los Angeles. 

ISBN 0-07-070015-X 
240 pages; hardcover 
$21.95 

"Digital Harmony is a peek into the fu· 
ture when computerization will bridge 
the gap between art, science, and self· 
understanding. I loved it." 
Seymour Papert �
Author, Professor �
Massachusetts Institute of Technology �





Circle 147 on inquiry card. 

68000 µPon 
the S-100 Bus? 

YES, AVAILABLE NOW 
FROM DUAL SYSTEMS! 
0 8 mHz 68000 microprocessor. 

0 16-megabyte direct addressing. 

D 32-bit internal arithmetic. 

D Minicomputer type instructions 
includ ing MULTIPLY. 

0 FULL IEEE-696 S-100 compliance. 
Runs wi th all 4 mHz S-100 boards 
and automati ca lly runs faster 
when accessing Dual Systems 
memory boards, for FU LL SPEED 
O PERATIO OF THE 68000. 

0 Powerful vectored interrupts. 
7 Vectored interrupts, includ ing 
NMI, as well as altern ate mode 
having up to 256 interrupts. 

D On board monitor ROM for 
im med iate use. 

D Connector for future addition 
of memory management unit fo r 
multi-user operat ing systems. 

D Built to the highest industrial 
standards with 200 hour burn-in. 

CPU /68000 CPU board .... . s1 ·195 

32K -byte 8116-bit NO VOLATILE 
RAM board, fo r se cure sto rage of 
programs you are develop ing. 
Al lows FULL SPEED CPU ope rati on. 
CMEM-32 K, per 32K-by tes .. 5895 

32K-byte 8116-bit EPROM board, 
EPROM-32K . . . . ...... 5 245 

S rial 110 boa rd, SI0-2 ... .. . 5285 

All of the above with cabinet, power 
supply and backplane. . . . . 5368 5 

() I \1 ,rnd Dt·.1 ler p1 1twi..t 1-. ,1\.11l.1hll'. 

system reliability/ system integrity 

DUAL SYSTEMS 
CONTROL CORPORATION 
720 Chann ing Way, Berke ley. CA 94710 
(415) 549 -3854 • TWX 910 366-20 35 
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Field Name Len9th 
HIERARCHY 25 
ORDER 3 
SUMMARY 8 
KEYl 8 
KEY2 8 
TEXT 180 

Figure la: In a data-base management system used for writing, the da ta-base file con­
sists of records, w hich in tum consist of fixed-length fie lds. 

HIERARCH Y 
KEY1 I KEY2 I 

I ORDER I SUMMARY 

TEXT 

I 
Figure lb: The report forma t used for printing out the records in the data base. Th e 
records i11 figure le fo llow this format. 

STRAT.STRUCT.CHANGE S06 CHANGE 
STRUCTURE NOTES IDEALLY, IT SHOULD B 
E POSSIBLE TO CHANGE THE STRUCTURE AFTER 

THE IDEAS HAVE CHAN GED SUFFICIENTLY THA 
T IT IS NECESSARY TO MAKE IT RETAIN ITS 
USEFULNESS. 

STRAT.PROC.VOCAB SO? VOCAB 
PROCESS OUTLINE TO TAKE MAXIMUM ADVA 
NTAGE OF SORTING , SEA RCHING , AND RETRIEV 
AL CAPABILITIES OF DBM PROGRAMS IT IS NE 
CESSARY TO CONTROL WORDS USED TO AVOID S 
YNONYMS. 

STRAT.PROC.THESAU SOB THESAUR 
PROCESS OUTLINE WHERE SYNONYMS MUST 
BE USED, A THESAURUS MAY BE USED TO HELP 
CONNECT THE APPROPR IATE WORDS. 

STRAT.PROC.HIER S09 HIERARC 
PROCESS OUTLINE HIERARCH ICAL DATA ST 
RUCTUR ES MAY BE INCORPORATED INTO THE KE 
Y FIELDS THROUGH SUCCESSIVE SMALL FIELDS 
OR A SINGLE LARGE ONE. 

STRAT.PROC.INVERT S10 INVERTED 
PROCESS OUTLINE THE USE OF INVERTED 
INDICES SUCH AS IN THE ISAM PROCESS IS L 
IM ITED AND ONLY WORKS WELL FOR SMALL FI E 
LOS WHERE ALPHABETIC OR NUMERICAL ORDER 
MAKES SENSE. 

STRAT.PROC.SEQ S11 ORD ER 
PROCESS OUTLINE STRATEGY: ONE OR MO 
RE KEYS MAY BE SET ASIDE TO BE USED TO 0 
ADER THE RECORDS LATER BY INSERTING KEY 
VALU ES APPROPRIATE TO SOME ORDER. 

STRAT.PROC.UPDATE S12 UPDATE 
PROCESS OUTLINE REGARDLESS OF HOW WE 
LL THE STR UCTURE IS DEFINED, IT WILL PRO 
BABLY BE NECESSARY AND DESIRABLE TO UPDA 
TE THE FILE AND CHANGE THE APPROPRIATE K 
EYS AS IDEAS BECOME CLEARER. 

Figure le: Sample records (part of the data base used in writing this article) are shown 
printed out in report format. A word-processing program wou ld be needed to provide 
lowercase output and line endings on word boundaries. 
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The 
Ultimate IEEE 
S-100 Memory 
Would ... 
D BE NONVOLATILE holding data 

for up to eight years with the 
power off. 

D RUN AT 6 MHZ 
without wait states. 

D RUN IN 8 OR 16-BIT 
systems with 8 or ’16-b it 
wide data paths. 

D HAVE EXTENDED 24-BIT 
ADDRESSING and bank se lect. 

D HAVE DYNAMICALLY 
MOVABLE WRITE 
PROTECT AREAS to f revent 
accidental erasu re o programs 
and critical data. 

D GENERATE POWER-FAIL 
inte rrupts for orde rl y system �
shutdown & power fai lure �
recovery. �

... Available Now 
from Dual Systems 
The Dual Systems CMEM 
memo ry boards combine high›
speed CMOS memories with new 
5-10 year lithium batte ri es to give 
yo u the nonvolatili ty of an EPROM 
board whi le retaining the instant 
writabi lity o f a high-speed 
read1write RAM. These industrial 
grade boards are ruggedly built 
and are burned-in for 200 hou rs. 
D CMEM-32K, 32K-byt s ... S895 
D CMEM-16K, 16K-bytes .... $795 
D CMEM-8 K, BK-bytes ...... 5695 

system reliability/system integrity 

DUAL SYSTEMS 
CONTROL CORPORATION 
720 Channing Way, Berkeley, CA 94710 
(415) 549-3654 � TWX 910 366-2035 
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theme or address new issues. Word›
processing programs, however, may 
be a better choice for making minor 
revisions because they can conve›
niently modify and print out the text 
in the desired format. 

Strategies for Using a DBMS 
The standard advice on using a tool 

properly is especially a propos when 
the tool is a DBMS. Unless you start 
with a clear plan and a good 
knowledge of the tool’s capabilities, a 
data-base-management system could 
actually impede your work . I'll pre›
sent guidelines for the two major uses 
of a DBMS in writing: note taking 
and organization . 

Note-Taking Strategies. At the 
note-taking stage, you must first set 
up a structure that takes maximum 
advantage of the DBMS’s recording, 
structuring, prompting, data quality 
checking, and updating capabilities . 
At the same time, the resulting data 
base should be designed so that you 
can later use the system’s organizing 
and retrieval functions. The watch›
word for note taking, then, is struc›
ture . Ideally, the structure should be 
appropriate to the task, inclusive, 
and flexible. 

Appropriate level of structure . You 
can use data fields in several ways to 
provide structure consistent with 
your thinking. The first way involves 
keyword fields. Because ideas for a 
paper usually develop over time, you 
may not always know in advance the 
categories that will be relevant to the 
final paper. For this reason , you can 
make some provision in the data base 
for storing information in a flexible 
form such as open keys based on key›
words, rather than rigidly prescribed 
categories fixed in advance . The sec›
ond strategy uses labeled fields. If 
you can identify categories that will 
be relevant for the final paper, you 
can set aside specific fields for infor›
mation relating to those categories. 
These keys usually have a restricted 
number of acceptable responses, 
which you may or may not know 
when you first define the field . You 
can develop new categories of accept›
able responses for the field as the 
paper progresses. When you know in 
advance the categories and variables 

which define the fields, you can use 
abbreviated symbols called table 
lookup keys to represent the accept ›
able responses. You can then look up 
the symbols in a table if your com›
puter cannot perform that function 
itself. 

The sample data base in figure 1 
(page 28) includes: two open key 
fields (KEYl and KEY2) in which any 
key words may be entered; labeled 
fields (HIERARCHY, SUMMARY, 
and TEXT) in which only prescribed 
data may be entered; and one table 
lookup key (ORDER) in which only 
abbreviated symbols having specified 
meanings can be entered . 

Inclusive structure. A data-base 
structure is of only limited use if it is 
not inclusive. A data base full of 
quotations, for example, does not 
help a writer unless it includes the in ›
formation necessary for citing the ap›
propriate references. During note tak›
ing, be sure to include all the informa›
tion you’ll need at the end; otherwise, 
you’ll have to go back to the original 
sources to retrieve that information. 

Flexible structure. Once you have 
created a data file , its structure (the 
number and size of data fields and the 
definition of permissible data for each 
field) is very difficult to change. You 
must, therefore, define the fields 
broadly enough to encompass likely 
changes in the categories without re›
quiring major changes in the data 
structure. The sample data base in 
figure 1 contains severa l fie lds 
(HIERARCHY and ORDER in partic›
ular) that could not be fil led out when 
the data were first entered, but they 
were very helpfu l later. No matter 
how well you plan the data structure, 
however, there may be times when 
your ideas change so much as the 
paper develops that the original struc›
ture no longer suffices. A few DBM 
systems allow you to change the 
structure later, but most do not. If 
yours falls into the latter category, 
you’ll have to write a program if you 
want to change the structure. The 
program could convert existing data 
bases into new structures by de1enng 
old key fields, adding new ones, 
changing the overall size of a record, 
or even converting values in existing 
fields. 



powerfu l CPU board available today. Outstanding 

THE DAWN OF �
AGE 

The 2nd•. GeneratiorlM 
• 

is 
I 

here!• 
MEASUREMENT systems & controls proudly 

introduces its new and exciting "2nd Generation" 
family of S-100· compatible products. Each has 
been specif ically designed for use wi th 
multi-user and network 
operati ng systems such 
as MP/M, CP/NET, and 
OASIS. Every product is 
fully tested and burned­
in, comes with a 1 year 
guarantee, and offers 
you features not 
currently available from 
any other source. 

Z80 PROCESSOR 
BOARD - The most 

features include 4MHz operation, high-speed serial 
and parallel 1/0 utilizing OMA or programmed 
control , eight vectored priority interrupts, and a 
real time clock. 

MULTI-USER SERIAL 110 BOARD - For use in 
expanded systems requiring up to eight additional 
serial 110 ports. Features include: 16 maskable 

·All produc ts meel l he new IEEE sl andards. 

Syste1ns Group �
A Div ision of MEASUREMENT systems &.. contro ls 

incorporated 

vectored priority interrupts, RS-232C interfaces 
with full handshake, asynchronous or synchronous 
operation with asynchronous baud rates to 19,200. 

Available in four or eight channel versions. 

DOUBLE DENSITY 
FLOPPY DISK 

CONTROLLER BOARD­
controls up to four 5 %­

inch or 8-inch disk drives 
using IBM soft sectored 

formats. It features 1 K 
of on-board buffering, 
OMA control led data 

transfers and the per­
formance character­
istics of the superior 

NEC 765 chip. 

64K BANK SELECTABLE MEMORY BOARD ­
Features include 1/0 port addressing for bank 

select with 256 switch selectable 110 ports for the 
memory bank addressing. The memory is 

configured as four totally independent 16K 
software-selectable banks, with each bank 

addressable on any 16K boundary. 

"Attractive Dealer & OEM Prices" 
See your nearest computer dealer, or 
contact us for the complete story on 

The 2nd Generation. 

1601 Orangewood Ave., Orange, CA 92668 
TWX/TELEX: 910 593 1350 SYSTEMGRP ORGE 
714-633-4460 
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The guyon the left �
doesn’t stand a chance. �

The guy on the left has two file folders, anews maga›
zine, and asandwich . 

The guy on the right has the OSBORNE 1 fi, a fully 
functional computer system in a portable package the size 
of abriefcase.Also in the case are the equivalent of over 
1600 typed pages, stored on floppy diskettes. 

The owner of the OSBORNE 1 is going to get more 
work done- and better work done-in less time, and with 
less effort . 
Unfold it, plug it in, and go to work 
like you’ve never worked before. ... 

Go to work with WORDSTARfiword processing , so 
your correspondence, reports , and memos take less time 
to produce, and say more of what you wanted to say. And 
with MAILMERGEfi-the mailing system that turns out 
personalized mass mailings in the time you ’d spend on a 
ro ugh draft. 

Go to work with SUPERCALCfi, the electronic 
spreadsheet package that handles complex projections, 
financial planning, statistics, and "what if" questions in›
stantly. For the more technically minded , SUPERCALC will 
process scientific data and calculate resu lts. 

Go to work with powerful BASIC language tools›
the CBASIC-2fi business BASIC, or the Microsoft BASIC 
interpreter. 

That ’s standard equipment. 
Options include about athousand different software 

packages from ahost of vendors designed to run on the 
CPlMfi computer system. 
Go to work at the office, at home, or in the field. 

Or anywhere. Optional battery packs and telephone 

transmission couplers mean you need never work without �
the capab il ities of the OSBORNE 1. That’s good , because �
you won ’t want to work again without it. �
All for $1795. It’s inevitable. �

The OSBORNE 1 is the productivity machine that ’s 
changing the way people work. Put simply, the machine 
delivers a significant productivity edge-day in and day 
out-to virtually anyone who deals with words or num›
bers . Or both. 

Since the entire system is only $1795, it won ’t be too 
long before the guy on the left has an OSBORNE 1of his 
own . The same probably goes for the person reading 
this ad. In fact , we think it’s inevitable. 
The OSBORNE 1Includes a Z80A1tCPU, 64K 
bytes of RAM memory. two 100 kilobyte 
floppy disk drives, a business keyboard , 
built-in monitor, IEEE488 and RS232 inter›
faces for printers and other things that 
get connected to computers , plu s 
CP/M, CBAS IC-2 , Microsoft BASI C, 
WOR DSTAR, and SUPERCALC. The 
system is available from com ›
puter retailers nat ionally. 

$1795.lt’s 
inevitable. 

COMPUTER CORPORATION 
26500 Corpo rate Avenue Hayward , Cal ifornia 94545 
Phone (415) 887-8080 TWX (910) 383•2021 
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Ciarcia’s Circuit Cellar �

Switching Power Supplies �
An Introduction �

Since the advent of the three­
terminal integrated-circuit voltage 
regulator, it seems that everyone has 
become a power-supply expert. No 
longer are ten pages of calcu lations 
required to produce a design for even 
a modest power supply, thanks to the 
wide tolerances and relative ly sturdy 
architecture of these devices. After 
you have purchased a few readily 
available parts, you can have your 
completed supply running in a few 
hours. 

Three-terminal regulators have 
become so easy to use that few ex­
perimenters stop to consider how in­
efficient they are . For example, if we 
were to design a 5-volt 1.5-amp 
power supply from commonly avail-

Photo 1: Ferrite toroids and pot cores 
are available in various sizes and com­
positions. These units are from the 
Ferroxcube Division of Amperex Elec­
tronics Corporation, 5083 Kings Hwy, 
Saugerties NY 12477, (914) 246-2811. 

Steve Garcia 
POB 582 

Glastonbury CT 06033 

able parts, we would probably use a 
12.6 VAC transformer , a bridge rec­
tifier, a filter capacitor, a three­
terminal regulator (such as an 
LM317), and a few discrete com­
ponents . (A 6.3 VAC transformer is 
only marginally usable. ) 

Set up normally , the transformer, 
rectifier, and filter produce about 16 
volts. With the LM317's output 
adjusted for 5 volts , 11 volts would 
be dropped across the regulator. 
("Dropped" really means "consumed" 
in this case.) Power is dissipated by 
the regu lator in an amount equivalent 
to the difference between the 
regulator 's input and output voltages 
multiplied by the current through it. 
In this instance, 

(16V - 5V) X 1 .5 A = 16.5 W 

The conversion efficiency is 

Vour! V,N = 5 /16 = 31 % 

The LM317 and similar linear regu­
lators (shown in figure 1) such as the 
7805 and LM340 are all called series 
diss ipative regulators . They function 
in a linear mode, simulating a 
variable resistance between the input­
voltage source and the load. There 
are other factors involved , but 
basically the linear series regulator 
simulates a varying resistance. 
Within a specified range of variation 
in the input voltage and load current, 
the regulator maintains a constant 
output voltage by dissipating the ex­
cess power as heat. Unfortunately, as 

we see in this example, it consumes 
16.5 watts producing the desired 
7.5-watt output. 

In most applications, however, the 
ease of use and relative low cost of 
linear series regulators far outweigh 
the inherent lack of efficiency. The 
linear series regulator is well suited 
for medium-current applications with 
a small voltage differential , where the 
power dissipation can be handled 
with heat sinks and cooling fans. 
When electricity costs only five cents 
per ki lowatt-hour (1000 watts for one 
hour) , it's hard to get concerned 
about losing 16 .5 watts . 

W hy Use a Switching Regulator? 
Power-supply efficiency usually 

isn't important unless size, heat 
dissipation , or total power consump­
tion is limited. If the power source for 
our regu lator were a battery, we 
would have to be more careful about 
how much energy is converted for 
usefu l work and how much is thrown 
away as heat. 

Efficiency is really the name of the 
game . In a series dissipative regula­
tor, conversion efficiency is directly 
re lated to the input/output voltage 
differential. As the difference be­
tween the two voltages increases, effi­
ciency decreases . The power radiated 
by the regulator represents a loss to 
the system and limi ts the amount of 
power deliverable to the load. 

It would be far better if the 
regulator consumed no power and if 
all the power were channeled to the 
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load. While perfect conversion effi­
ciency is impossible, the inherent 
fault in using series dissipative 
regulators is the linear operating 
mode of the series-pass transistor. 

If, however, the transistor is used 
as a switch (in saturated operation) 
rather than as a variable resistor (in 
linear mode ), the series-pass tran­
sistor consumes very little power. 
(This is not a new discovery. 
Designers have always been aware of 
the technique, but it required some 
time to develop cheap, fast switching 
transistors and inexpensive, low-loss 
ferrite materials from which cost­
effective switching supplies could be 
built.) 

A regulator constructed to operate 
in this manner is called a series 
switching regulator. The same series­
pass transistor switches between 
cutoff and saturation at a high fre­
quency, producing a pulse-width­
modulated square wave of amplitude 
VIN . This waveform is then filtered 
through a low-pass LC (inductance/ 
capacitance) filter , producing an 
average DC output potential (Vour) 
proportional to the pulse width and 
frequency . The efficiency of such a 
regulator is generally independent of 
the voltage differential and can ap­
proach 95 % in good designs. 

Switching regulators come in 
various circuit configurations, a few 
of which are the f!yback, feed­
forward, and push-pull types. I am 
limiting this discussion primarily to 
another type, nonisolated single­
ended (single-polarity) switching 
regulators, because they are the 
easiest to understand and build. 
Although simple, they are 
nonetheless quite useful. Unlike the 
typical three-terminal dissipative 
regulator, the switching regulator can 
be directly configured to operate in 
any of three modes: step-down, step­
up, or polarity-inverting. 

Switching-Regulator Basics 
Figures 2a through 2c on page 39 

outline the three common modes of 
switching-regulator operation. 

Copynghr © 1981 by S1even A Cra rcra 
All rrghts reserved . 

Basically, the switching regulator 
consists of a power source which sup­
plies a voltage VIN , a "switch" Ql, 
and an LC filter. (It is assumed in all 
cases that a load is connected between 
the output and ground and that Ql is 
actually a transistor controlled 
through external circuitry.) The way 
the components are connected deter­
mines the output mode. 

In the step-down regulator of figure 
2a, the basic circuit operation is to 
close switch (transistor) Ql for a time 
ToN, and then open it for time ToFF· 
The total, ToN + T0 n, is called the 
switching period T. Neglecting the 
saturation voltage of Ql (VsAr) and 
the diode (Vo1omJ , the voltage at the 
input to the inductor is +VIN during 
the time ToN and zero during ToFF · 
(But remember, these other voltage 
drops must be included in our calcu­
lations when we are choosing actual 
components.) 

When Ql is closed, a step increase 
in voltage is applied to the inductor 
coil , which has the value L. However, 
current flowing through an inductor 
cannot change instantaneously; in­
stead it increases linearly according to 
the factor L(di ! dt), building a 

Photo 2: A commercially sold switching power supply that combines both linear­
regulator and switching-regulator technology to provide outputs of ±12 volts and 
+s volts. Note the use of the toroidal inductor and the relatively small heat sinks. 
This unit was made by Conver Corporation, 10631 Bandley Dr, Cupertino CA 
95014, (408) 255-0151. 

magnetic field. This reduces any in­
stantaneous current change seen by 
the load. When Ql opens, the 
magnetic field in the inductor decays 
linearly, supplying power to the load. 
The current path is completed 
through the forward-biased flyback 
diode Dl. 

In this type of switching regulator, 
the inductor and capacitor form a 
low-pass filter . High-frequency pulses 
are applied to the input, and an 
averaged DC level comes out. The 
peak-to-peak ripple voltage is a func­
tion of the switching period T and the 
values of the inductance L and 
capacitance C. As the frequency of 
operation is increased, the voltage 
ripple is reduced, but the supply 
becomes less efficient. 

Figure 2b illustrates the circuit con­
figuration of the basic step-up 
switching-type voltage regulator. In 
this type of regulator, closing QI dur­
ing ToN charges the inductor. When 
Ql is opened, the inductor discharges 
through Dl into the load. The output 
voltage is determined by the rate of 
discharge according to the equation 

V = L(di! dt) 
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Figure 1: Block diagram of a typical lin ear seri es voltage regulator, such as the LM317, LM340 or 7805. The series regulator acts as a 
varying resistance, dissipating excess power as heat to maintai11 a consta11t output voltage. 

A fast discharge delivers an output 
voltage higher than input VIN. 

Figure 2c shows a polarity­
inverting switching regulator. As in 
the other cases, closing Ql charges 
the inductor during ToN· When QI is 
opened during T0 FF., there is a 
"kickback" voltage produced by the 
inductor as it discharges. This effect 
occurs elsewhere, too. For years, 
many of you have probably been put­
ting reverse-biased diodes across 
relay coils, perhaps without thinking 
abou t it. The purpose of the diode is 
to dampen the high-vol tage spike 
produced when a pulse is appli ed to 
the inductive relay coil. In the power­
supply situation, rather than short 
out the voltage, diode Dl directs this 
opposite-polarity vol tage to the load. 

Generally speaking, in all three 
cases, the output voltage Vour is 
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regulated by controlling the ratio of 
T0 N/ T . This duty cycle can be altered 
in a number of ways depending upon 
the control method. Two of the more 
common approaches are variable 

The variable-frequency switching 
regulator is generall y easier to design 
and build, since the magnetic flux 
developed in the inductor coil during 
the fixed on-time determines the 
amount of power deliverable to the 

You can experiment 
with a simple design 

for a nonisolated 
single -ended switching 

voltage regulator. 

pulse width (pulse-width modulation) 
and variable frequency. In a pulse­
width-modulated switching regula­
tor, �~ �h �e� switching period T is fixed 
and the "on" time ToN varied. Con­
versely, in a va riable-frequency regu­
lator, ToN is fixed and the "off" time 
Ton varied. 

load. This eases the design of the in­
ductor because the inductor's operat­
ing region wit hin its characteristic 
curve is precisely defined. Operating 
frequency, which increases propor­
tionally with the load, is primarily a 
f unction of the inductance L, 
capacitance C, and voltages VIN and 
Vo ur. 

The fixed-frequency pulse-width­
modulated switching regulator varies 
the duty cycle to change the average 
power delivered to the load. This 
method is particularly advantageous 
for systems employing transformer­
coupled output stages and is most 
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Figure 2: The configurations of switching 
voltage regulators: the voltage-step-down 
(2a), voltage-step-up (2b), and polarity­
inverting (2c) arrangements are depicted. 
The component shown as a switch is 

assumed to be a bipolar transistor driven 
in saturated switching mode. Some com­
mercial designs may use field-effect tran­
sistors. 

REFERENCE OP-AMP OP-AMP OP-AMP OP-AMP SWITCH DIODE DIODE 

VOLTAGE INVERT I NG NONINVERTING SUPPLY OUTPUT EMITTER CATHODE ANODE 

INPUT INPUT 

Figure 3: Functional block diagram of the Fairchild 78540 switching-regulator integrated circuit. This component may be obtained 
from the supplier li sted on page 45. 
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often used in commercial switching 
supplies with multiple outputs. This 
method is more complex and uses 
more components than variable­
frequency supplies, but the advan­
tages outweigh the extra cost in high­
current applications. 

Typical operating frequencies of 

switching regulators range from 10 to 
50 kHz. However, there are some 
trade-offs. High frequencies reduce 
the ripple voltage at a price of 
decreased efficiency and increased 
radiated electrical noise . If the fre­
quency is lowered, greater efficiency 
and less electrical noise will result, 

Photo 3: Winding the inductor for the switching supply of figure 6a. Th e tums of 
wire are neatly wound around a plastic bobbin, evenly distributed. 

Photo 4: Having been weund, the wire bobbin is placed between the two halves of 
the pot core, which are screwed together to form the finished coil. 
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but larger coils and capacitors are 
needed. Also, a switching power sup­
ply operating at 10 kHz can become 
quite annoying to listen to after a 
while. 

The most effective frequency range 
for optimizing efficiency and size 
with the components presently avail­
able is around 20 kHz. This is out of 
the range of human hearing yet low 
enough to be within the switching 
speeds of most inexpensive transistors 
and diodes. As switching speeds of 
newly developed high-current semi­
conductors increase and new ferrite 
components are introduced, practical 
operating frequencies will rise. 

There are many kinds of switching 
regulator circuits that I could present. 
My previous article, "No Power for 
Your Interfaces? Build a 5 W DC to 
DC Converter" (reference 3), dis­
cussed the construction of a 5-watt 
converter which produced ± 12 volts 
from a +5-volt input. This circuit 
was intended to facilitate powering 
linear interfaces and op amps (opera­
tional amplifiers) when the only 
source available was the 5-volt logic 
supply. If you have such a require­
ment, I refer you to that article. 

This time, however, I'd like to pre­
sent circuits to meet a different need. 
In the example of the conventional 
power supply with which I began this 
article, the input/ output voltage dif ­
ferential was so great that more heat 
than useful energy was produced by 
the supply. In a small electronic 
package which requires several watts, 
dissipated heat can be difficult to 
remove if the enclosure has no vents. 
This points out a need for a more effi­
cient 5-volt regulator. While we're at 
it , we might as well make one that 
can accommodate up to 30-volt in­
puts without significantly increased 
losses. 

One power supply that seems to be 
in demand lately is one with a 
+25-volt output for programming 
EPROMs (erasable programmable 
read-only memories, as discussed in 
last month's Circuit Cellar; see 
reference 2). While a three-terminal 
regulator can be used for this voltage, 
I see this as a ripe opportunity to 
demonstrate the step-up variety of 



switching regulator. One circuit we'll and low cost. However, recent im­ diagram of figure 3. The 78540 con­
look at will therefore be a +5-volt to provements in high-speed switching tains a current-controlled oscillator, 
+25-volt converter suitable for transistors and low-loss inductors current-limit sensor, voltage refer­�
EPROM-programming use. have made switching supplies more ence, high-gain comparator, high­�

attractive. The real breakthrough current op amp, transistor switch, �
78540 Switching Regulator came with low-cost LSI (large-scale and power-switching diode. A single �

In recent years, monolithic integration) monolithic switching capacitor sets the frequency range 
(everything built on one semiconduc­ regulators, which contain practically (adjustable between 100 Hz and 100 
tor chip) linear voltage regulators everything but the inductor on a kHz, but normally used at 20 to 30 
have simplified power-supply design. single chip. kHz), and one external resistor pro­
Most systems have employed linear One of the many such integrated vides current-limiting protection for 
regulators because of their excellent regulators available is the Fairchild the transistor and diode. Other than a 
reliability, low external parts count, 78540, which is shown in the block few discrete resistors to set the output 
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voltage, only an inductor and capaci­
tor are required to make a highly effi­
cient switching power supply. The in­
ternal Darlington-configured tran­
sistor switch and diode are capable of 
handling up to 1.5 amps (peak) at 40 
volts. 

While virtually no calculation is re­

quired to design a circuit that uses a 
three-terminal linear regulator, you 
have to do some math to arrive at the 
correct values for the external com­
ponents to use with switching 
regulators. A simple circuit to 
demonstrate the math is a standard 
step-down regulator, as shown in the 

Photo 5: Close-up of the pot-core halves and the bobbin. 

Photo 6: A prototype of the step-up switching regulator of figure 6a. This circuit can 
be Adjusted to produce voltAges between +Band +28 volts. 

schematic diagram of figure 4. This 
circuit is a 30-volt input, V2 -amp, 
+S-volt regulator, with a computed 
efficiency of about 82%. The com­
putation appears in the text box 
"Component-Value Calculation" on 
pages 44 and 45. 

In applications where the peak cur­
rent is greater than 1 amp or where 
you need voltages greater than 40 
volts, an external diode and transistor 
should be used with the 78540. If you 
want to experiment, figure 5 shows a 
regulator designed to provide +5 
volts at 5 amps. The component 
values were selected using the same 
equations described in the text box. 
After I had actually built the unit, 
however, I was unable to get a cur­
rent greater than 3 amps out of it. I 
attributed this to using thinner wire in 
my inductor winding than I should 
have. 

Another switching-power-supply 
circuit that might prove useful to you 
is shown in figure 6. Configured as a 
basic voltage-step-up regulator, this 
simple circuit converts +5 volts to 
+25 volts. With the voltage­
adjustment pot shown, the circuit's 
output actually can be adjusted 
within a range of + 8 to +28 vol ts. 
Set to +25 volts, it can be used as an 
EPROM-programmer supply. The 
design current rating is 200 milli ­
amps, but this is dependent upon the 
output voltage. At 8 volts I measured 
175 milliamps, but at 25 volts the 
maximum current was only 30 
milliamps. Overall efficiency was 
about 70 %. To achieve higher output 
currents at 25 volts, it is necessary to 
use an external switching transistor. 

Winding the Inductor 
The inductor coil in a switching 

regulator is designed for high power 
and large currents. Typically, the 
windings are around a ferrous core 
that is toroidal in shape, somewhat 
like a doughnut. The selection of a 
specific core size and core material for 
a desired inductance at a given steady 
current level is done through a set of 
iterative calculations using ana\y ti c 
curves showing permeability reduc­
tion versus DC magnetizing force 
(measured in oersteds). 
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The problem in selecting a core of 
suitable size and permeability is that 
all these parameters are interrelated. 
Rather than attempt to make every­
one understand the curves and calcu­
lations, I prefer to take a little poetic 
license, by choosing a core which is 
optimal for the types of switching 
supplies I have just described . The re­
maining calculations are minor and 
less likely to discourage you from 
windjng your own inductor. 

The core I have chosen is the Fer­
roxcube 2213PA500-3C8, a pot-core 
set which differs from a pure toroid in 
that it consists of two cups which are 
secured together around a bobbin, 
around which, in turn, the windings 
are wound. Since the wire is wound 
on a bobbin rather than around the 
ferrite material itself, it is easy to 
change bobbins and experiment with 
various inductances produced by dif­
ferent numbers of turns and kinds of 
wire. Figure 7 outlines the character­
istics of type-2213 pot core. 

Two other factors are noteworthy 
in this selection. The type-2213 core is 
made in a variety of ferrite materials. 
I have chosen to use a type of 
material known as 3C8, which is a 
manganese-zinc ferrite substance with 
medium permeability and low losses. 
lt is designed specifically for high­
fl ux-density applications such as 
power supplies. 

The 2213PA500-3C8 is a fixed-gap 
pot core. Flux saturation is avoided 
by introducing an air gap in series 
wit h the magnetic path. The effect of 
this 0.025-inch gap. is to flatten the 
hysteresis loop, allowing greater cur­
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Figure 6a: A step-up regulator that converts +5 volts to +25 volts, possibly for use in 
an EPROM programmer. Tl1e output voltage may be adjusted wit/1in the range of +8 
to +28 volts. Current capacity depends 011 fi ne points of const111cfio11 and on the 
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125.SO 
134.SO 
125.SO 
125.SO 
111.SO 
133.50 

SIH.SO 
1281.SO 
125.SO 
120.50 
125.50 
124.SO 
124.50 
124.SO 
121.so 
124.SO 
124.50 
124.50 
$25.SO 
184.SO 
SH.SO 

1181.50 
133.SO 
121.so 
122.so 
SM.SO 

1271.50 

rent densiti es without saturation. An 
added plus is that it reduces the 
overall inductance per turn of wi re 
and allows more turns of wire for a 
given inductance value . Pot cores 
work best when the windings com­
pletely fill the core. 

The calculations fo r winding the 
specif ic inductors fo r the power sup­
pl ies I have presented are relatively 
simple. For each core and material , 
the manufacturer speci fi es a propor­
tionality factor AL, which is the in­
ductance in mill ihenries per 1000 
turns. The inductance fo r any other 
number of turns N is then 

or 

N 

where 

N number of turns 
L desired inductance in 

henries 
AL millihenries /1000 turns 

The 5-volt V2-amp regulator pre­
sented earl ier requ ire d a 
275-microhenry inductor. For the 
2213PA500-3C8 core, AL = 500 
millihenries per 1000 turns. Plugging 
these values into the eq uation: 

0.000275 x 1000000000 
N 

500 

'1550 
23 turns 

In addi tion to determining the re­
quired number of turns, we must con­

Component-Value Calculation 
Conditions: 

Vo (diode-saturation voltage) = 1.25 volts 
V sA T (transistor-saturation voltage) = 1.1 volts 
VIN = +30 vol ts 
VouT = +s volts 
lour (maximum) = 0.5 amps 
VlllPnE < 1 % = approximately SO milli volts 
VR£F = (in ternal reference voltage) = 1.3 volts 

Calculate: 
/PEA K = 2lour (maximum) �

= 2 x 0.5 �
= 1.0 amps �

The peak-current rating of the transistor is 1.5 amps. 

Next, determine the value of the current-limi ting resistor: 
Rsc �= 0.331/PEA K �

= 0.33/l �
= 0.33 ohms �

Calcu late the ToNI ToFF ratio : 

Vour + Vo �
V,,, - VsAT - Vour �

(5 + 1.25)/ (30 - 1.1 - 5) �
= 6.25123.9 = approximately 0.26 

Therefore: 
To,, = 0.26 ToFF 

It is desirable to have the operating frequency of a switching regulator above 20 kHz 
(yielding a SO-microsecond period T) , but nei ther T0 ,, nor ToFF should be less than 10 
microseconds fo r the 78540 device. If we arbitrarily choose ToFF to be 40 
microseconds, then the values of the oscillator-ti ming capacitor (Cr) and inductor (L) 
are computed as fo ll ows: 
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sider the wire size and available space 
within the core. The objective is to fill 
the core, yet maintain a wire size that 
will carry the highest currents in­
volved. There exist tables and charts 
of wire size, circular mils per ampere, 
and available-area specifications for 
exact determinations. As a rule of 
thumb, with designs like the ones 
presented here, the best tactic is to use 
the largest wire size tha t will fit for 
the required number of turns. If the 
pot core is not completely filled, the 
effect is not disastrous, but the true 
inductance could be as much as 10 % 

efficiencies of l inear-regulated power 
supplies. This article is a progress 
report on some of the circuits I have 
been experimenting with lately. 

I don't anticipate any sudden short­
age of ferrite cores as a result of the 
publication of this article. In my 
opinion, switching power supplies 
will come to have a very significant 
role, but mostly in commercially pro­
duced products. The greatest benefit 
of using this technology is the savings 
in energy and materials in large-scale 
production. 

Parts Source 
A switching-,·egulator kit is available 

to experimenters. The kit contains one 
Fairchild 78S40 integrated circuit , two 
2213PA500-3C8 pot-core halves, and 
two plastic bobbins; it is available 
postpaid in the United States for 
$11.50. Only prepaid orders will be ac­
cepted. Send check or money order to: 

The MicroMint, Inc 
917 Midway 
Woodmere NY 11598 

less than calculated . 

ln Conclusion 
I consider this subject a bit of a shot 

in the dark. I have found that as I 
build miniaturized electronic devices 
for my own use I can no longer toler­
ate the large volume, weight, and in-

Next Month: Have you ever wished 
you could call your computer by 
telephone and give it commands by 
pushing the buttons on a Touch Tone 
receiver? In December's Circuit 
Cellar we'll look at several schemes 
for decoding DTMF (dual-tone, 
multiple-frequency) signals. • 

Cr �= 0.00045 ToFF �
= 0. 00045 x 0 . 000040 �

= O.D18 µF �

Using a 0.02-microfarad standard capacitor value, ToN and Ton· really turn out to 

be: 

ToN = 11.6 µs �

ToFF = 44 µs �

T = ToN + Ton· = 55.6 µs �
Cr= 0.02 µF �

For the inductor : 

L = � (VouT + Vo) (ToFF) 

I PCAK 

= (5 + 1.25) x 0.000044/1 �

= 275 µH �

T he output-capacitor value C is calculated from the ripple requirements: 

C = � (/PF.A K) (T ) �

8 (VRll•PLE) �

= 1 x 0 .0000556 / 8 x 0.05 �
= 139 µF (use standard 220 µF) �

Finally, compute the values of the two resistors requ ired for the sampling network. 

A ssuming that the comparator-input current is 1 mill iamp (the comparator will work 

down to 100 microamps) then: 

Rl �+ R2 = 5 k -ohms 
R2 �= (Rl + R2) (VRF.F!Vour) �

= 5 k-ohms x 1.3 / 5 �
= 1.3 k-ohms �

Select R2 = 1.3 k-ohms and use a 10-k-ohm potentiometer for Rl. 
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EPSONMX-80 
Now in stock! 
The MX-80 d ol matrix p rinter. 
Unequalled Epson re liabi lity. Hos 
all lhe features ot lhe MX-70 plus 
more pow er and extra functions 

C-ITOH STARWRITER: LETTER 
QUAIJTY PRINTING FOR UNDER 
$20001/ This daisywheel prinler 
gives high qualily al a low price. 
25 cp s. Pa rallel a nd serial inler­
laces available. 

NEW INTEGRAL DATA'S 560 
PRINTER/ All the exciting features 
o f lhe 400 se ries plus 141/2" paper 
ca pacity. 132 col. gra p hics p rinte r. 
IDS 445. Priced lower than lhe 440 
and equipped with a better p rint 
head . With & w/ o graphics. 
IDS 460. Features include corre­
spondence quality printing , hig h 
resolution g rap hics. 

NEC SPINWRITER FROM THE 
FIRST NAME IN LETTER QUAIJTY 
PRINTERS/ 

Spmwnter 5520 

Compumarl afters bea utilul 
print qualily wilh NEC 
Spi n writer Terminals. We carry all 
m od els from RO THRU KSR WITH 
NUMERIC KEYPAD- 5510-5530. Al l 
versions give unsurp assed ha rd 
copy oulpu t! 

CENTRONICS PRINTERS 
3 SERIAL MODEL 737 
The closesl thing lo leller quality 
pnnl for under SIOOO 
Lisi SI045 SPECIAL $795. 
737-1 Parallel Interlace 
Lisi S995 SALE PRICE $695 
PLIJS EXCITING REBATE OFFER 
ON CENTRONICS PRINTERS. 

OMNI 810 PRINTER FROM TEXAS 
INSTRUMENTS CALL US 
The 820 RO PACKAGE includes 
machine mounled paper tray and 
cable. A compressed print option 
and device forms conlrol are 
slandard lectures. 
THE 820 KSR PA CKAGE includes 
fully ASCII Keyboard plus all o f lhe 
lectures of lhe RO. 

CLEARANCE ZENITH COLOR �
VIDEO MONITOR $349. �

SUPER SELLING TERMINALS FROM �
LEAR SIGLER/ We have lhe follow­�
ing Lear Siegler te rminals In stock �
at p rices loo low lo p rint! Call lo r �
quotes. �

ADM-3A/lnduslr y's lavorile dumb �
terminal lor some very smart �
reasons/ �
ADM-3A + NEW lrom Lear Siegler. �
CA LL! �
IT IS HERE! II is the new lnlermedi­�
ate Terminal lrom Lear Siegler. �

NEC COLOR MONITOR/ RECEIVER �
HIGH RESOLUTION/ �
Composite video using BNC con­�
nectors. 6-Pin connector lor VCR/ �
vm video loop In/Out a nd �
te levi sion reception . �

SANYO MONITORS AT LOW COM 
PIJMART PRICES/ Sanyo's new line 
of CRT dale display monitors are 
designed for the display of alpha­
numeric or graphic data. 
9" SANYO B/ W $169. 

12" SANYO B/ W 
12" SANYOW/ 

GREEN SCREEN 
13" SANYO COLOR 

V isit o u r giant 

ANN ARBOR STORE 
1250 North Main Slreel 
A n n A rbor. M ichiga n 

FREE CATALOCiS 
MICRO DEC PDP/ 

The or iginal LSl-11 Systems 
a nd most com ­ configured and 
p lete catalog integrated with 
of micro-com­ oi:Jer manufac­
puters. acces­ turers compal ­
sories and ibles. The first , 
p eripherals. best DEC based 

syslems catalog. 

Send tor them' 

NOVATION CAT ACOUSTIC 
MO DEM Answer Originate. 

NEW! D-CAT Direct Connect 
Modem lrom Novation . 

MATROX PRODUCTS/Compumarl 
sleeks lhe complete line. 

DYSAN DISKETTES/Single side. 
single density. Hard or Solt Sector 

$5.aa 
M EMOREX 340l's/ 5t/4,disks $3 .25. 
/ with hub ring fo r Apple $3 .50. 

MEMORY INTEGRATED CIRCUITS/ 
Call for quantity discounts when 
o rdering over 50 units. 

MOTOROLA 4116 (200 Nano­
second Plastic) $4.50 

NEW! GILT RONIX RS 232 SWITCH/ 
The ulhmale in tlexib1lily. You can 
conned three per1pherals lo one 
computer o r three computers to 
one p enpheral Switches the eight 
most important RS 232 signals. 

DEC LSl-11/Compurnan how 
ouers the enhre product ltn& 

CALL FOR PRICES AND DELIVERY 

HP-41C CALCULATORS 
MEMORY MODULES for storing 
p rograms ol up lo 2000 lines of 
p rogram memory 
" EXTRA SM ART" CARD READER. 
Records programs and dale back 
onto blank magcards. 
THE PRINTER. Upper and lowe r 
case High resolu lion plolling. Port­
able lhermal operation. 
APPLICATION MODULES 

NEW SUPER 41 ·CV SYSTEMS wilh 
Quad RAMS bu11t-rn. Maximum 
memory on-board leaves slots 
open for Applicahon Pees and 
penpherals. 
+ CARD READER 
+ CARD READER + PRINTER �
QUAD RAMS equivalenl lo tour �
Memory Modules all packed �
in one. �

RM EXPANSION ACCESSORIES 
FORAIM ­

CALL SPECS AND PRICES 

APPLE mIS IN STOCK/Apple III 
Informalion Analyst Package ­
128K Apple Ill. Black and While 
Monitor 12". and information ana­
lyst soft ware. 

TOP SOFTWARE PACKAGES FROM 
COMPIJMART 

VISICALC/FOR APPLE/ FOR HP/ 
FOR COM MODORE/ FOR ATARI 

SOFTWARE FROM APPLE/ App le 
Plot (the perfect graphic compfe­
menl for Visicalc/ Dow Jones News 
& Quoles/ Apple Forlrom/ Apple 
Writer/Pascal Language System/ 
Controller Business System 

PERSONAL SOFTWARE/ Vis1dex/ 
Vis!Trend/ VisiPlot/ VisiTerm 
MUSE/ Super Text 

Apple Soflware 

MOUNTAIN COMPUTER/ 

Expansion accesson es for Apple/ 
Super Talker/ The Music System/ 
ROM plus board with Keyboard 
filter/ ROM Wnler/ Clock Calen­
dar/ AtoD and Dlo A Converter/ 
Cl ock for Apple/CPS Multlfunclion 
Board 

VIDEX/ V1deo Term ( 80 col. x 24 
line. 7x9 Matnx plug in compah­
b le board for Apple II) w/ w o 
graphics EPROM/ SSM Serial & 
Parallel. Apple lntertace/ ABT's 
Numeric Key Plan/Califo rnia 
Microcomputer Keyboard 

�l�l�~�'�l�l �\� 

VIC 20 PERSONAL COMPUTER 
FROM COMMODORE 

$299 

IMPORTANT ORDERING INFORMATION 
CALL. BOO 343·5504. in Mossachusells, (617) 491-2700. pho es open 
trom 8·30 a.m 10 7.00 p.m Mon-Fn 11,00 am 10 4.00 p.m Sal 
PO's, Accepted lrom Dun 8c Bradslleel rated comparnes- sh1pmenl 

con11ngen1 upon rece1pls ol signed purchase 01der �
SALE PRICES Val!d 101 monlh cl magaime dole only- aU pnces sub­�
iecl 10 change v1tlhou1 no11ce Our Ann Arbor re1a1I slore LS open �
Ii 00 a m. 10 7.00 pm. Tues·Fn. 10.00 a.m to 5.00 pm on Salurday& �



SAVE OVER $200 ON OUR BEST 
SELIJNG APPLE SYSTEM/ Syslem 
Includes a 48K Apple II. Apple 
Disk. DOS 3.3 and Controller and a 
Sup R MOD RF Modulalor. 

List $2209. 
EXCLUSfVE FOR THE APPLE: 
Magic Wand . Videx. Z-80 soflcard 
( Requires 48K Apple and d isk). 

COMPLETE SUB-SYSTEM $925. 
APPLE ACCESSORIES 

�~�~� �~�~� L
" �~�~� �~�~ ....�b�~�~� 

r �~�~�~�~� 

CONSTELLATION Backend Net ­
work wilh up lo 64 CPUs. 

MIRROR Videotape backup and 
up to 20Mb storage. 

CALL US FOR PRICES ON YOUR 
SPECIFIC CONFIGURATION. 

XEROX �t�;�\ �~ �7�9�5� 
82 0 I s FROM ROCKWELL 

THE SMALL SYSTEM FOR 

HERE I CHRISTMAS BUYING 

Our AIM Starter System for Educa-
CA LL US FOR PRICES ON YOUR lional & Laboratory use includes 

4K AIM /BASIC & ROM /ASSEMBLE 
SPECIFIC CONFIGURATION. . l �~�~�s�~�~�~�~�~�R�E�:�i�~�u�:�x�;�-�: �~�;�~�~�~�D�E�R� 

ACCESSORIES FOR AIM STARTER: CHOOSE FROM : Silenlype Printer 
w/ x face/ Light Pen/ Easy Writer 
(80 col. need a Videx)/ Clock for 
Apple. 
FROM MICROSOFT: 16K RAM 
Board/ FORTRAN. 

PL65 High Level Language/ Paper! 
fo r the Aim ( roll ) / Rockwell's 4 slot 
Motherboard/ 

FROM COMPUTER STATION: 
HI-Res Dump for 460 Printer. 
OUR APPLE INVENTORY IS COM­
PLETE. WE 'VE GOT IT ALL­

WE ALSO CARRY RM EXPANSION I 
ACCESSORIES FOR THE AIM-65. 

I 

tioppk!·computar 
Authorized Dealer 
Accept No Less 

'l' Rockwell lnternationaf 
Authorized Dealer 
Accept No Less 

800·343·5504 
IN MASS CALL 617-49 1-2 700 

COMPUMART 
!4 

65 Bent Street Dept 111 �~�I� 
PO Box 568, Cambridge, MA 02139 

From THE LEADER ... �~� 
We just m ight be the largest independent small systems dealer in the country. Here·s why: �~� 

COMPUMART has been serving the computer nee ds of industry since 1971. .. 
We stock. for immediate shipment. only those products from the finest micro-computer 

manufacturers. 
And any product. except software. can be returned within 10 days for a full refund - even 

ii you just change your mind. We also honor all manufacturers' warranlies. Our expert 
technicians will service any product we sell 

Call us for more inlormaHon on producls. p roduct contiguration and service. Our p hones 
are open Monday thru Friday, 8:30 a .m . to 7:00 p.m. and Saturday !l,00 a.m to 4,00 pm 

We have a slafl of highly kno wledgeable sales people waiting to hear from you. and 
to help. Because service is what we're all about. 
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Fundamentals of Relational �
Data Organization �

Joel Neely and Steve Stewart �
Janus Systems �

POB 266 �
Henderson TN 38340 �

Both mathematicians and computer scientists use the 
word elegant to describe a concept of exceptional clarity, 
simplicity, and utility. By those standards, the relational 
model of data organization is most elegant. One of the 
principal advantages of this model is its foundation upon 
a formal mathematical theory that allows its concepts to 
be defined and examined with great precision. 

This article discusses the basic concepts of the rela­
tional approach to data organization and looks informal­
ly at the practical benefits of the model. We should point 
out that our emphasis is on data organization, to the ex­
clusion of other interesting and important issues in data­
base system design, such as the syntax and features of the 
data-definition and data-manipulation languages. 

The Sample Data Base 
As an example of the capabilities of the relational 

model we will use a personnel data base, which is to be 
developed for the use of a data-processing manager. It 
should contain the following information: the name of 
each employee (EMP), the languages that the employee is 
familiar with (LNG), the number of years the employee 
has used each language (USE), the employee's position 
within the organization (POS), the employee's years of 
experience with the company (EXP ), the employee's 
hourly pay rate (PAY), the current project to which the 

About the Authors 
Joel Neely, an adjunct associate professor in the Matlzemalical 

Sciences department at Memphis State University, is pre.side11t of Ja1111s 
Systems, a custom software fi rm. 

Steve Stewart is vice president of Janus Systems. 

employee is assigned (PRJ), and the project manager on 
each of these projects (MGR). 

PERSONNELl (see table 1) shows a small sample of 
data that might be stored in this data base and gives the 
structure of the data base. (In the structure diagram head­
ings, parentheses enclose groups of data that may be re­
peated, while an underline indicates key columns whose 
values identify an entire entry.) 

With the design of PERSONNELl, any request of the 
form: 

Tell me something about employee E 

may be satisfied easily. However, it is much more dif­
ficult to respond to the following requests: 

List the names of all employees who use language L 
Tell me the manager of project P 
Display the names of all employees assigned to project P 
Change the manager of project P to employee E 

Through a process known as normalization, the 
organization of the data may be revised to increase the 
flexibility with which it can be used. Before presenting 
the details of this process, we need to establish some ter­
minology. 

A relation is a two-dimensional table (as in PERSON­
NELl) consisting of horizontal rows and vertical col­
umns , The advantage of this form is that almost everyone 
is familiar with data presented as a simple table. No two 
rows in the relation may be identical; there must be some 
combination of columns-a key-whose values will 
uniquely identify each row. In our example, we gave each 
employee a unique name, so EMP may be used as a key in 
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Take an additional 2% off our listed prices ,until December 24. 

16 KRAM KITS � PRINTERS MODEMS 

NEC4116 200 ns . .. .. .. 17.95 � ANADEX DP 9500 1295.00 NOVATION CAT ACOUSTIC MODEM . . 145.00 
ANADEX OP 9501 1295.00 � NOVATION D·CAT DIRECT CONNECT MODEM 155.00 
CENTRONICS 739 765.00 � NOV4TION AUTO·CAT AUTO 

DISKETTES � C·ITOH 25 CPS PARALLEL 1440.00 ANSWER MODEM .. . 219.00 
C·ITOH 25 CPS SERIAL 1495.00 � NOVATION APPLE-CAT . 349.00 

MD 525·01.10.16 . .. 26.50 � C·ITOH 45 CPS PARALLEL 1770.00 UOS 103 LP DIRECT CONNECT MODEM 175.00···· · ·· 
MD 550·01 ,10,16 44.50 � C· ITOH 40 CPS SERIAL 1870.00 UDS 103 JLP DIRECT CONNECT I AUTO 
MD 577·01 . 10, 16 . 34 .80 � C· ITOH TRACTOR OPTION . 195.00 ANSWER 209.00 
MD 557·01 .10,16 45.60 � EPSON MX·80 $CALL D.C. HAYES MICROMODEM Ii (Apple) 299.00 
fD 32 OR 34 ·9000 ... ... 36.00 � EPSON MX·80 FIT' SCALL D.C. HAYES 100 MODEM (S·100) . . . . 325.00 
FD 32 OR 34 ·8000 45.60 � EPSON MX· 100 GRAPHIC SCALL D.C. HAYES STACK Smart Modem (RS 232) . 249.00 

· ···· - ···· 

FD 34·4001 .... ..... 48.60 � EPSON GRAPHICS ROM 90.00 LEXICON LX·11 MODEM 115.00 
IDS·445G PAPER TIGER 779.00 
IDS·460G PAPER TIGER 945.00 

APPLE HARDWAREDISKETTE STORAGE � IDS·560G PAPER TIGER 1195.00 
INFOSCRIBE 500 9X9. 150 CPS 1495.00 

VERSA WRITER DIGITIZER 209 .005'1• • PLASTIC LIBRARY CASE . . . . . . . . ... 2.50 MALIBU 200 DUAL MOOE . 2995.00 
ABT APPLE KEYPAD . � 119.008" PLASTIC LI BRARY CASE . 3.50 NEC SPINWRITER 3510 SERIAL AO ' 2195.00 
MICROSOFT Z·80 SOFTCARO 299 .00PLASTIC STORAGE BINDER WITH INSERTS 9.95 � NEC SPINWAITER 3530 PARALLEL AO ,, 2195.00 
MICROSOFT RAMCARD . 170.00PROTECTOR 51/• • � 2645 .0021 .95 NEC SPINWRITER 7710 SERIAL AO 
ANDROMEDA 16K CARD . ... 170.00PROTECTOR 8" 24.95 NEC SPINWAITEA 7730 PARALLEL AO . ' 2645.00 
VIOEX 80 X 24 VIDEO CARD . 299.00NEC SPINWRITER 7700 D SELLUM OPTION 2795.00 
VIOEX KEYBOARD ENHANCER 99.00NEC SPINWAITER 3500 SELLUM OPTION 2295.00 
M & R SUPERTERM 80 X 24 VIDEO BOARD . 315.00OKIDATA MICROLINE 80 � 399.00 
NEC 12" GREEN MONITOR 235.00 INTEGRATED � OKIDATA MICROLINE 82A 569.00 
SANYO 12" MONITOR IB & W) 249.00 COMPUTER SYSTEMS � OKIOATA MICRO LINE 83A 899.00 
SANYO 12" MONITOR (Green) 279.00OKIDATA MICROLINE 84 1199.00 

NORTHSTAR CALL SANYO 13" COLOR MONITOR . 469.00 
ALTOS CALL TEECO 12" HIGH AES GREEN MONITOR 159.00 
ZENIHI zag CALL SSM AID BOARD (INTERFACE) A&T . 165.00 
CALIF COMPUTER SYSTEMS CALL SSM AID BOARD (INTERFACE) KIT . 135.00 
MORROW DESIGNS CALL SSM IEEE 488 INTERFACE 369.00 
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MOUNTAIN HARDWARE 

CPS MULTIFUNCTION BOARD 209.00 
SUPERTALKEA SD200 . 259.00 
ROMPLUS WITH KEYBOARD Fil TER 179.00 
ROMPLUS W/ O KEYBOARD FILTER 130.00 
KEYBOAR D Fil TEA ROM 49.00 
COPY ROM 49.00 
MUSIC SYSTEM 459 .00 
AOMWAITER 149.00 
APPLE CLOCK 252.00 
AID + DI A 299.00 
EXPANSION CH ASSIS 625 .00 

VISTA COMPUTER CO. 

APPLE 40 Track Drive A40 (163 K Byles) .. 389.00 
APPLE 80 Track Drive ABO (326 K Byles) 549.00 
APPLE 160 Track Drive A160 (652 K Byles) 799.00 
APPLE 80 Column Card 329.00 
APPLE 8 Inch Disk Drive Controller .. . .. 549.00 

CALIF. COMPUTER SYSTEMS 

S-100 BOARDS 

2200A MAIN FRAME 359.00 
2032A 32K STATIC RAM 599 .00 
2065C 64K DYNAMIC RAM 499.00 
2422 FLOPPY DISK CONTROLLER &CP/M 339.00 
2710 FOUR SERIAL 1/0 249.00 
271 8 2 SERIAL/ 2 PARALLEL I/0 269.00 
2720 FOUR PARALLEL II 0 199.00 
281 0 Z·BO CPU 249.00 

APPL E BOARDS 

77l0A/D ASYNCHRONOUS SERIAL 
INTERFACE 139.00 
771 2A SYNCHRONOUS SERIAL INTERFACE 149.00 
7424A CALENDAR/CLOCK 99.00 
7728A CENTRONICS PRINTER INTERFACE 99.00 

APPLE SOFTWARE 

MAGIC WINDOW WORDPROCESSOR .. 89.00 �
MAGIC WAND 275.00 �
WORDSTAR - APPLE 259.00 �
MAILMERGE - APPLE (REQUIRES WORDSTAR) 90 .00 �
SPELLS TAR - APPLE (REQUIRES WORDSTAR) 169.00 �
DATASTAR 199 .00 �
EXPEDITER II APPLESOFT COMPILER 89.00 �
PFS PERSONAL FILING SYSTEM 79.00 �
PFS· REPORT GENERATOR 79.00 �
ASCII EX PRESS TERM INAL PROGRAM 59.95 �
Z-TERM COMM UNICATIONS SOFTWARE 89.95 �
MICROSOFT FORTRAN 165.00 �
MICROSOFT COBOL 550.00 �
DB MASTER 2.4 179.00 �
VISICALC 3 3 169.00 �
VISIPLOT 149.00 �
VIS I DEX 169.00 �
CCA DATA BASE MANAGER 99 .00 �
A·STAT COMPREHENSIVE STATISTICS PKG 119.00 �

APPLE GAME SOFTWARE 

SPACE EGGS 24 .95 
'i'U'U\.; .5 29.95 
RASTER BLASTER . 24 .95 
GORGON 32.95 
APPLE PMllC 24 .95 

CP/M rs a reg1s1ered trademark of Oigilal Research 

CP/M SOFTWARE 

MICROSOFT BASIC-80 
MICROSOFT BASIC COMPILER 
MICROSOFT FORTRAN -80 
PEACHTREE SYSTEMS 
MAGIC WAND (REQUIRES CP/ M' i 
WOR DSTAR (REQUIRES CP/ M' ) 
MAILMERGE (REQUIRES WORDSTAR) 
SPELLSTAR (REQUIRES WORDSTAR) .. 
DATASTAR 
SPELLGUARD 
CPI M PICKLES & TROUT FOR TRS-80 II 

MORROW DESIGNS 

FLOPPY DISK SYSTEMS 

299 .00 
319.00 
399 .00 

CALL 
275 .00 
325.00 
110.00 
199.00 
249.00 
239 .00 
175.00 

Conlroller . P.S .. Cables . Microsott Basic . CP/M" • A & T 

DISCUS I (Single Drive-250 K) 799.00 
DISC US I (Dual Drive-500 K) . 1429.00 
DISCUS 20 (Single Drive-500 K) 869 .00 
DISCUS 20 (Dual Drive -1 MEG ) 1499.00 
DISCUS 2+ 2 (Single Drive- I MEG) 1099.00 
DISCUS 2+ 2 (Dual Dnve-2 MEG) t999.00 

HARD DISK SYSTEMS 

Controller , P.S .. Microsoft Ba sic, CP/M . A&T 

DISCUS M10 (10 Megabyles) 2949.00 
DISCUS M20 (20 MegabyleS) 3829.00 
DISCUS M26 (26 Megabyles) 3949.00 

DECISION 1 COMPUTER 

Z·80A. CP/M , NIX (UNI X ldenllcal) , 32 lo 1 MEG of 
memory 
Floppy and/or Hard Disk 

SD SYSTEMS 
S-100 BOARDS 
VERSAFLOPPY II A&T 
VERSAFLOPPY II KIT 
SBC 200 (z.80 CPU) A&T 
SBC 200 (Z·80 CPU) KIT 
Z·80 STARTER KIT 
EXPANDORAM II KIT (OK) 

CALL 

389 .00 
329.00 
369.00 
299 .00 
289.00 
220.00 

TRS-80 MOD I HARDWARE �

PERCOM DATA SEPA RATOR 27 .00 
PERCOM DOUBL ER II .... 159.00 
DOUBLE ZAP 11 / 80 45.95 
TANDON 80 TRACK DISK DRIVE 429.00 
TANDON 40 TRACK DISK DRIVE 299.00 
LNW DOUBLER WITH DOSPLUS 3.3D 159 00 

TRS-80 SOFTWARE 

NEWDOS/80 2.0 MOD I 139.00 
LAZY WRITER MOD I 125 00 
PROSOFT NEWSCRIPT MOD I.Ill 99.00 
SPECIAL DELIVER Y MOD 1,111 119.00 
x-TRA SPECIAL DELIVERY MOD 1, 11 1 199.00 
TRACKCESS MOD I 24.95 
OMNITERM SMART TERMINAL MOO 1,111 89.95 

MICROSOFT BASIC COMPILER FOR MOD I 165.00 

CORVUS 

FOR S-100, APPLE OR TRS-80 
MOD 1,11 

Controller . Case/P.S .. Operating System , A&T 

5 Megabyles 
10 Megabytes 
20 Megabyles 
MIRROR BACK·UP . 

SUPPLIES 

AVERY TABULABLES 

1.000 3'h x 'o/,, 
3.000 3'h x ')\ , 
5,000 3'h x ')\, 

3245.00 
4645 00 
5545 00 

725.00 

8.49 
14.95 
19.95 

UARCO PAPER (Prices F.O.B. S.P.) 

9'h X 11 t8 lb white 29 .00 
14'l, X 11 18 lb white 39.00 

We stock a complele line ol computer covers, printer rib· 
bons. prinl wheels & NEC lhimbles-CALL US FOR YOUR 
NEEDS . 

We built a repu tation on our prices and your satisfaction. 

We guaran1ee everyrhrng we sell for 30 days II anylhrng rs 
wrong 1us1 return lhe 11em an:J we II make rt rrghl And. ot 
course. we ' ll pay the shopping charges 

We accept Vrsa and Master Card on all orde1s COD orders 
accep ted up 10 $300 00 

Please add $2 00 tor slandard UPS shrpprng and handlmg 
on 01de1s under 50 pounds. del1ve1ed on the con 11nen1a1 U S 
Call us lor shrpprng charges on items lhal weigh more than 50 
pounds Foreign. FPO and APO orders please add �1�s �0 �~� 101 
sh 1ppong Calilorn1a res1den1s add 60,. sales lax 

1he pnces quoled are only valrd for stock on hand and all 
prrces are su b1ect to change wrlhoul oohce 

31245 LA BAVA DRIVE, WESTLAKE VILLAGE, CALIFORNIA 91362 
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Circle 135 on inquiry card. 

Sniall Business �
Systems User! �

WHEN BUYING CHECKS, �

STATEMENTS AND �
INVOICES - LOOK FOR �

THIS MARK: �

Computer Forms 

ON THE DOOR OF YOUR �
COMPUTER STORE �

DFS ComRuter Forms are 

• � Sold by a Local Business 

• � Satisfaction Guaranteed 

• � Available in Small Quantities 

• � Compatible with Existing �
Software �

• � Very Economical 

CODE 35460 
Computer Forms 

P.O. Box 643 • Townsend, MA. 01469 
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PERSONNELl. In practice, there may be more than one 
way to construct a key to a relation. Social-security num­
ber and time-clock number are values that might also be 
used to identify an individual employee. 

Normalizing the Data 
The first step in normalizing our personnel-data design 

is based on the following rule: 

RULE 1: For all rows, each co lumn must take a "simple" 
value, ie: a single value without repetition . 

In PERSONNELl, the columns labeled (LNG, USE) and 
(PRJ, MGR) are in violation of this rule, because an 
employee may know more than one programming lan­
guage and may be assigned to more than one project. By 
duplicating the nonrepeating values EMP, POS, EXP, 
and PAY for each combination of values for the repeating 
groups (LNG, USE) and (PRJ, MGR), the entire relation 
may be represented in first normal form, as shown in 
PERSONNEL2 (see table 2). 

Notice that in PERSONNEL2, the column EMP is no 
longer sufficient to identify a row. Multiple rows may be 
present for an employee who has more than one entry for 
language use or project assignment. One possible solu­
tion is to consider the combination of EMP, LNG, and 
PRJ as a key, since those three values together are suffi­
cient to identify a single row. 

It would appear at first that PERSONNEL2 represents 
a step backward, not only because it requires much more 
space than PERSONNELl, but also because responding 
to the requests 

Change employee E's position to S 
Add the assignment of employee E to project P 
Make employee E the manager of project P 

has become much more difficult . This problem is 
addressed by the remaining normalization steps, which 
are based on the concept of dependence . 

PERSONNEL1 : 

EMP- (LNG, USE) POS EXP PAY (PRJ , MGR) 

Bogard COBOL,3 Sr Prog 4 25.00 Payroll.Smith 
FOATAAN ,2 NA.Jonas 

Dalton COBOL,2 Sr Prog 3 24.00 Inventory.Fitch 
PUl,1 
APG.3 

Fitch COBOL,4 Prj Mgr 2 32.50 Inventory. Fitch 

James COBOL,5 Sys Anl 2 29.00 NA.Jonas 
GPSS,2 Datacomm. 

Spivey 

Jonas AMBIT ,1 Prj Mgr 1 31 .00 NR,Jonas 
BLISS,2 
COBOL.1 
Pascal,3 

Table 1: PERSONNELl, a sample of a personnel data base 
set up as a nonnormalized table. 

Circle 362 on inquiry card. --+ 
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