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Performance and capabilities never before possible are now
available to you in the SWTPC S/09. Computer System.The
S/09 uses the Motorola MCB809 processor, the most
powerful 8-bit general purpose MPU available. It features
more addressing modes than other 8-bit MPU’s and an
optimized consistent instruction set enhanced by powerful
16-bit instructions. This, plus 24 indexing submodes,
promote the use of modern programming techniques like
position independent code, re-entrancy and recursion.

The 20-bit address bus makes possible direct addressing of
up to 768K of memory without any slow or clumsy pro-
cesses such as bank switching. RAM memory is designed
with independent control and array cards for economical
expansion of memory. The DMA and the processor boards
can access memory independently for different tasks.

Multiuser capability is “‘built-in”. No additional hardware
is required to operate additional terminals. A dynamic
memory management system can allocate available RAM in
as small as 4K blocks to the various users or tasks.

The dual-bus motherboard design used in the S/09 makes
adding /O ports to the system quick and economical. |/0O
address decoding for all 1/O slots is supplied with the sys-
tem. All serial I/O cards may be quickly programmed to run
at standard baud rates from 110 to 38,400.

Both multiuser and multitasking/multiuser operating sys-
tems are available for the S/09. BASIC, PASCAL and an
Assembler are immediately available. Editor and Debug
programs are also available for use in system development.

$/09 complete as shown with 128K bytes of RAM memory, one parallel and two serial 1/0 ports. . .$2,995.00

128K memory expansioncard . . . ... ..o ..

.............................. $1,995.00

Circle 356 on inquiry card.

: SOUTHWEST TECHNICAL PRODUCTS CORPORATION

219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216

(5612) 344-0241
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Low-cost hard disk computers

are here

11 megabytes of hard disk and 64 kilobytes of fast RAM in a
Z80A computer for under $10K. Two floppy drives, too.
Naturally, it’'s from Cromemco.

It's a reality. In Cromemco’s new
Model Z-2H you get all of the above
and even more. With Cromemco you
get it all.

In this new Model Z-2H you get
not only a large-storage Winchester
hard disk drive but also two floppy
disk drives. In the hard disk drive you
get unprecedented storage capacity
at this price—11 megabytes unfor-
matted.

You get speed—both in the 4 MHz
Z80A microprocessor and in the fast
64K RAM which has a chip access
time of only 150 nanoseconds. You
get speed in the computer minimum
instruction execution time of 1 micro-
second. You get speed in the hard
disk transfer rate of 5.6 megabits/sec.

EXPANDABILITY

You get expandability, too. The
high-speed RAM can be expanded to
512 kilobytes if you wish.

And the computer has a full 12-slot
card cage you can use for additional
RAM and interface cards.

BROADEST SOFTWARE SUPPORT

With the Z-2H you also get the
broadest software support in the

Circle 80 on inquiry card.

microcomputer field. Software Cro-
memco is known for. Software like
this:

Extended BASIC

FORTRAN IV

RATFOR (RATional FORtran)
COBOL

Z80 Macro Assembler

Word Processing System
Data Base Management

with more coming all the time.

SMALL, RUGGED, RELIABLE

With all its features the new Z-2H,
including its hard disk drive, is still
housed in just one small cabinet.

Hard disk drive at lower left can be inter-
changed just by sliding out and disconnecting
plug. Seven free card slots are available.
Z-2H includes printer interface card.

Cromemco

Included in that cabinet, too, is
Cromemco ruggedness and reliability.
Cromemco is time-proved. Our
equipment is a survey winner for
reliability. Of course, there’s Cro-
memco’s all-metal cabinet. Rugged,
solid. And, there's the heavy-duty
power supply (30A @ 8V, 15A @
+18 V, and 15A @ —18V) for cir-
cuitry you'll sooner or later want to
plug into those free card slots.

CALL NOW

With its high performance and low
price you KNOW this new Z-2H is
going to be a smash. Look into it
right now. Contact your Cromemco
computer store and get our sales
literature. Find out when you can
see it. Many dealers will be showing
the Z-2H soon-—and you’ll want to
be there when they do.

PRESENT CROMEMCO USERS
We've kept you in mind, too. Ask
about the new Model HDD Disk
Drive which can combine with your
present Cromemco computer to give
you up to 22 megabytes of disk
storage.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 « (415) 964-7400

Tomorrow’s computers now

BYTE December 1979 1



Parallel
1/0 Port #1
b

Latched
Outputs

4MHz
Crystal Clock

OnCard — | ol
Voltage
Regulation

Parallel
1/0 Port #2

Parallel

Y

Cromemeco

8K ROM
Capacity

1K RAM

1/0 Port #3

o

e St B

RS-232 or
Current Loop
1/0 Port #4

Vi

Baud Rate
UART with
Interval Timers

for System
Expandability

The single card computer

with the features
that help you in real life

COMPLETE COMPUTER

In this advanced card you get a pro-
fessional quality computer that meets
today’s engineering needs. And it's one
that's complete. It lets you be up and
running fast. All you need is a power
supply and your ROM software.

The computer itself is super. Fast
4 MHz operation. Capacity for 8K bytes
of ROM (uses 2716 PROMs which can
be programmed by our new 32K BYTE-
'SAVER® PROM card). There's also 1K of
on-board static RAM. Further, you get
straightforward interfacing through an
RS-232 serial interface with ultra-fast
speed of up to 76,800 baud — software
programmable.

Other features include 24 bits of bi-
directional parallel I/O and five on-
board programmable timers.

Add to that vectored interrupts.
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ENORMOUS EXPANDABILITY
Besides all these features the Cro-
memco single card computer gives you
enormous expandability if you ever need
it. And it's easy to expand. First, you
can expand with the new Cromemco
32K BYTESAVER PROM card mentioned
above. Then there’'s Cromemco’s broad
line of S100-bus-compatible memory
and I/O interface cards. Cards with fea-
tures such as relay interface, analog
interface, graphics interface, opto-
isolator input, and A/D and D/A con-

version. RAM and ROM cards, too.

NPT

Card Cage

Cromemco

Specialists in computers and peripherals

32K BYTESAVER PROM card

EASY TO USE

Another convenience that makes the
Model SCC computer easy to use is our
Z-80 monitor and 3K Control BASIC (in
two ROMs). With this optional software
you're ready to go. The monitor gives
you 12 commands. The BASIC, with 36
commands/functions, will directly ac-
cess I/O ports and memory locations —
and call machine language subroutines.

Finally, to simplify things to the ulti-
mate, we even have convenient card
cages. Rugged card cages. They hold
cards firmly. No jiggling out of sockets.

AVAILABLE NOW/LOW PRICE
The Model SCC is available now at a
low price of only $450 burned-in and
tested (32K BYTESAVER only $295).
So act today. Get this high-capability
computer working for you right away.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ® (415) 964-7400
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The Fast Fourier Transform
(FFT) is a unique algorithm that
is necessary for the analysis and
reproduction of signal wave-
forms. However, performing a
complex mathematical deriva-
tion of the concept is not
necessary. Fred Ruckdeschel has
formulated a nonrigorous
mathematical treatment of the
FFT and demonstrates how it
may be applied to synthesize a
variety of waveforms in the
Frequency Analysis of Data
Using a Microcomputer.

Page 10

Does data evaporate from
your compliter’s volatile pro-
grammable memory when you
turn the power off? Perhaps
you could benefit from having
some nonvolatile memory in
your machine. Steve Ciarcia ex-

About the Cover

This month's cover features
artist Robert Tinney's concrete
realization of the theme for
several articles in this issue:
today's tools of analysis and
design are computers, both as
calculating-engines and as non-
traditional symbol-manipula-
tors. By implication, if Leibniz
were alive today he would be
employing a friendly desk-top
computer as a tool for exa-
mination of concepts ranging
far beyond the calculus he
helped shape.

electrically alterable read-only
memory as he tells how to Add
Nonvolatile Memory to Your
Computer.

Page 36

After finding software-
intensive approaches to audio
processing too slow for high
fidelity sound, William ] Dally
set out to develop a system that
uses hardware to speed up
processing of audio signals. He
explains his ideas in Faster
Audio Processing with a Micro-
processor.

Page 54

Huffman code is a method
for compressing text characters
by exploiting their relative fre-
quency of occurrence in text.
Space savings of up to 50% can

James Peterson discusses the
advantages and tradeoffs
involved in this and other types
of Text Compression.

Page 106

Numerical analysis techniques
are quite often simplified by the
use of powerful number hand-
ling algorithms available on
large computer systems. A
reasonable alternative to such
analysis for the small-scale
computer user lies in the utiliza-
tion of the hand calculator.
Small calculators continue to
expand their capabilities as pro-
ven by Pierre Chance in his
investigation of Analysis of
Polynomial Functions with the
TI-59 Calculator.

Page 120

Most methods of estimating a
particular function and plotting
it require an analysis involving
calculus. Timothy Bowker has
written a program that per-
forms a simple trigonometric
analysis of a function which
will yield an accurate approxi-
mation of the function and then
print the curve on a Hewlett-
Packard 9872A plotter. See his
article entitled Minimizing
Curve-Plotting Calculation.

Page 134

In the analysis of system
response, the utility of the
transfer function is immea-
surable. The transfer function
will convert a time domain rela-
tionship into a frequency
domain relationship, a manipu-
lation that can prove to
simplify the solution process.
Bryan Finlay presents a clear
picture of the concepts involved
in a Noniterative Digital
Solution of Linear Transfer
Functions.

The usefulness of microcom-
puters is increasing as more
powerful and varied program-
ming languages are imple-
mented. Christopher Kern pro-
vides A User’s Look at Tiny-c,
one of the more recent
languages to appear.

Page 196

Some Notes on Modular
Assembly Programming
presents several examples of
well-written assembler pro-
grams. James Lewis feels that a
structured approach to program
writing helps both the design
and implementation processes.

Page 222

Many people use loops in
computer programs without
really thinking about how they
work. In Twenty-four Ways to
Write a Loop, W D Maurer il-
lustrates the endless variety of
program loops and shows you
how to get the most out of
them.

Page 241

If you're interested in using
your computer to learn Morse
code, Mark Bernstein’s Morse
Code Trainer can help you to
practice. His program translates
plain text into Morse code and
then outputs it through a
speaker.

Page 247

Does it take you ten minutes
to enter twenty lines of code at
your terminal? Are your index
fingers worn out from hours of
hunting and pecking? Why not
use your own computer to learn
the useful art of touch typing.
Read Arthur Armstrong’s arti-
cle, Thirty Days To a Faster In-
put.
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HIGH RESOLUTION INTELLIGENT GRAPHICS

Graphics boards have come and graphics
boards have gone. None have really given
you all the features at a competitive price
that you've wanted—UNTIL NOW!

RES 512 x 484 pixel display, from its own 32K

° e e

random access memory.

TELLIGENT Resident software emulates a terminal

and also accepts high level commands for point,

line, region, and variably sized and oriented
character generation.

R No snow, no jitter, no
dropout. PERIOD.

. 280 driven at 4 Mhz on its
own bus, so no address space from
your host is used. ]

Direct MicroAngelo
via the light pen interface or
high level software.

High speed
communication with
your host over inter-

rupting parallel

ports.

Roomfor
up to 8K of PROM.

=%

60 Hertz interrupting real time clock.

- Drop it into any $-100 host and you're up and
running.

: Composite or diréc'l drive output; provision for
external sync for a 512 x 512 display.

895 dollars brings you the creative genius of
MicroAngelo. '

MicroAngelo is available now. Call Jim Mather at
{703) 827-0888 or write us at Micro Diversions, Inc., 8455-D
Tyco Road, Vienna, Virginia, 22180 and get creative!
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Altos Computer Systems
2378-B Walsh Avenue
Santa Clara, CA 95050

Apple Computer
10260 Bandiley Dr.
Cupertino, CA 95014

Commodore Business Machines, Inc.
3330 Scott Boulevard
Santa Clara, CA 95050

Digital Microsystems Inc.
(Formerly Digital Systems)
4448 Piedmont Ave.
Oakland, CA 94611

Industrial Micro Systems
633 West Katella. Suite L
Orange. CA 92667

North Star Computer
2547 9th Street
Berkeley, CA 94710

Polymorphic Systems
460 Ward Dr.
Santa Barbara, CA 93111

Problem Solver Systems
20834 Lassen Street
Chatsworth, CA 91311

Processor Applications Limited
2801 E. Valley View Avenue
West Covina, CA 91792

Technico Inc.
9130 Red Branch Road
Columbia, MD 21045

Texas Electronic Instruments
5636 Etheridge
Houston, TX 77087

Thinker Toys
1201 10th Street
Berkeley, CA 94710
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On the Importance of Casting
Abstractions in Concrete

Carl Helmers

We human beings are a conceptual species. While firmly planted in our
animal evolutionary roots, our chief distinguishing characteristic is a degree of
development of our mental powers. This characteristic allows us to recursively
reflect upon the degree of development of our mental powers,among other
things. The idea of a computer as a mental amplifier fits well within this con-
ceptual side of human nature. In part, this explains the intellectual fascination
of computing technology, which is available on a widespread basis as the
modern personal computer. As a thought recording and amplification device,
the computer deals with abstractions admirably. But there is also another side
to the human fascination with computing which should not be ignored: the
casting of abstractions in concrete forms which are understandable and emo-
tionally gratifying. Here we find the animal side of our evolutionary heritage
interacting with the cerebral side, producing a positive human value for an
otherwise sterile activity.

Conceptualization exists in human beings. We do it all the time, for it is a
part of our nature. Some do it better than others. Like any ability, it varies
from individual to individual. Within individuals this ability varies over the
course of a lifetime of growth, development and aging.

The content of our thoughts can be explicit models closely bound to the real
world as perceived by human senses, abstractions like those of mathematics
which are less obviously bound to real-world roots, or even total fantasies
such as stories of science fiction, novels, plays, paintings and other forms of
art. All innovation and progress start out as a conceptual fantasy, whether or
not the fantasy is based on real-world inputs. But, if the fantasy is to be im-
parted to someone or made into a real-world object, it must be figuratively
“cast in concrete” as a tangible and specific item. I make the claim that one tie
with our evolutionary past is partly demonstrated by the emotional experience
of pleasure derived by seeing concrete and specific results come from efforts
directed by an abstract plan.

This is the phenomenon of emotional feedback from intellectual activites,
made ‘real” in some way as a specific action. As [ write these words at a
keyboard, I am illustrating the phenomenon in the pleasure I derive from
formulating my words into an essay. The concepts are certainly in my own
mind. [ am translating them through specific actions into a concrete form: the
words printed on a piece of paper in the form of a draft I send to our copy
editors.

In an analogous way, a writer of a science fiction story is a spinner of tales.
Such tales are but dreams bottled up in a mind unless they are cast into a con-
crete form signifying meaning: as an oral or written account transmitted to
another mind. We only know that the science fiction spinner of tales exists at
all because of this concrete form of his or her fantasy abstractions.

For the fascination of computing, there is ample opportunity for casting
abstract concepts into concrete form. Here we get the emotional feedback and
confirmation of our understanding about the way a system of concepts works
in a specific example. The importance of game programming on computers as
a way of learning to write programs and learn about interactive sequences can-
not be underestimated.



“After working all day with the computer at
work, it's a kick to get down to Basic at home. And
one thing that makes it more fun is my Shugart
minifloppy ™ We use Shugart drives at work, so
when | bought my own system | made sure it had a
minifloppy drive.

“"Why? Shugart invented the minifloppy. The
guys who designed our system at work tell me that
Shugart is the leader in floppy design and has
more drives in use than any other manufacturer. If
Shugart drives are reliable enough for hard-working
business computers, they've got to be a good
value for my home system.

“"When I'm working on my programs late at
night, | can’t wait for cassette storage. My
minifloppy gives me fast random access and data

transfer. The little minidiskettes™ store plenty of
data and file easily too.

"I made the right decision when | bought a
system with the minifloppy. When you lay out your
own hard-earned cash, you want reliability and
performance. Do what | did. Get a system with the
minifloppy.””

If it isn’t Shugant,
it isn’t minifloppy.

£ Shugart

435 Oakmead Parkway, Sunnyvale, California 94086

See opposite page for list of manufacturers featuring Shugart’s minifloppy in their systems.
TM minilloppy is a registered rademark of Shugort Associotes
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The act of defining a game as a program and making a
specific implementation is this very act of casting an
abstraction (the game) into concrete form (the program
which allows one to interact with that abstraction).

Just as I cannot partake of the science fiction writer’s
tale without a concrete form of sensible representation, I
cannot play some adventure game in someone else's
head. I can play the game only in the concrete form of its
traditional letter correspondence mode (a la Dungeons
and Dragons) or the computer automated forms of a
specific program (with names like Adventure, Zork, etc).
This abstraction which is the concept of the game cannot
be perceived emotionally except in this form of a specific
implementation.

The pleasure of seeing an abstract concept transformed
into a concrete representation is one of the key motiva-
tions of the experimenter. The experimenter is the person
who works creatively with a technology — be it oil paints
on canvas or bit patterns in memory — and sees the
results at first hand. It is the spirit of the scientist as much
as of the artist.

Why should I sit down and design a computer, then
build it, then design my own particular style of system
software? There are numerous wheels in the computer
world which at first sight I do not need to reinvent in
-various ways. But the way to thoroughly understand an
art, science or technology is to participate in it. Thus, I
spend effort designing and building computer systems
from time to time; I spend effort now and then designing
and implementing text editors; I spend effort from time to
time designing and implementing simple interactive
application programs for mundane tasks. I do not do this
without a return on my efforts in the form of the emo-
tional satisfaction and pleasure which come from seeing
my abstract concepts implemented in concrete form.

I partake of the pleasure of exploring the possible con-
cepts of a design, settling on one, then working out its
hidden implications and feeding that knowledge back
into the design. This is the challenge of understanding
which motivates our curiosity in any field. It is made
quite explicit by the demands of the computer field.
Programming a computer is a very abstract concept, yet
when that computer program abstraction turns on a

motor in a robot arm, or sounds a note on a music syn-
thesizer in a progression of some fugue, the program has
a very real and concrete way of interacting with our
senses and emotional evaluations.

This, then, is the true importance of experimentation
and the resultant casting of abstract ideas into concrete
form: it provides us with emotional confirmation via
pleasure of an otherwise valueless thought. The human
value of pleasure, or happiness, in turn feeds back into
our thought processes, and the cycle continues. The act
of translation, from abstract to concrete, aids us in our
understanding of the world and our perceptions of it.m

Progress Report: The 68092 Project

At this writing, September 26 1979, my 6809's con-
frul processor card design is complete in the form of a
wiring diagram spread over four large sheets of drafi-
ing vellum. | have not yet begun to wire the processor,
dug to a heavy travel and speaking schedule in late
sunimer and early autumn of this year. Once | have
frished the actual implementation of the card, readers
can expect to see photographs, wiring diagram, and
hand-assembled machine language primitives for a
terminal-oriented operating system, Timing? As noted
earlier, I continue with this project at the sufferance of
a 24-hour day, So, the next installment will come

twhen it is ready, and no soener. ...CH

Articles Policy

BYTE is continually seeking quality manuscripts written by indi-
viduals who are applying personal computer systems, designing
such systems, or who have knowledge which will prove useful to
our readers. For a more formal description of procedures and
requirements, potential authors should send a large (9 by 12 inch,
30.5 by 22.8 cm), self-addressed envelope, with 28 cents US postage
affixed, to BYTE Author's Guide, 70 Main St, Peterborough NH
03458.

Articles which are accepted are purchased with a rate of up to $50
per magazine page, based on technical quality and suitability for
BYTE's readership. Each month, the authors of the two leading
articles in the reader poll (BYTE's Ongoing Monitor Box or
“"BOMB?") are presented with bonus checks of $100 and $50. Unso-
licited materials should be accompanied by full name and address,
as well as return postage.

ANALOG Boards
A/D 16 Channel, $495.
12 Bit, High Speed

D/A 4 Channel, $395.
12 Bit, High Speed

CPU with $650.
Vectored Interrupts
PROM-1/0 $495,

RAM $395,
8K x 16/16K x 8

VIDEO
DIGITIZATION

Real Time Video $850.
Digitizer and Display
Computer Portrait
System

S$-100 Boards

Video and/or Analog
Data Acquisition
Microcomputer Systems

"E!B"IFJR >

INGC.
The High Pertormance S-100 People
TECMAR, INC,

23414 Greenlawn ¢ Cleveland,OH 44122
(216) 382-7599

$4950.
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* MORE CAPABILITIES THAN
ANY OTHER PERSONAL COMPUTER
UNDER $1.000°

Compare the built-in features of the
ATARI®800™with other leading personal
computers. Whether you program it
yourself or use pre-programmed car-
tridges or cassettes, the ATARI 800 gives
you more for your money.

Run your own programs? Easy. Just
plug in the 8K BASIC or optional
Assembler language cartridge, and
go. Theyre ROM based. That means
more RAM for your programs.

Also included with the ATARI 800 is
an infernal speaker and four separate
sound channels, FCC approval, a
built-in RF modulator, the ATARI 410™
Program Recorder and a high speed

| serial 1/0.

Peripherals? Add up to 48K of

user installable RAM. Or up fo four
( individually accessible floppies.

ool N & & FR K BN

A high-speed printer. And more to come.

Graphics programs? No problem. The
ATARI 800 offers 128 color variations:
16 colors in 8 luminance levels. Plus
29 keystroke graphics symbols and 8

~graphics modes. All controlled from a
57 character ASCII keyboard. With upper
and lower case.

Or, program it our way.There are excit-
ing programs available and many more
on the way for the ATARI 800. Business
programs. Home Management pro-
grams. Entertainment.And with the 410
audio/digital recorder, you can add
Atari’s unique Talk & Teach™Educational
System cassettes.

Your way or our way, you'll find that
the ATARI 800 is probably the most
powerful computer that $999.99*
can buy.

And with that power, you get depend-
ability. Dependability built info Atari’s
custom designed and fully-tested LSI cir-
cuitry and lower component count, (less
components, less chance for failure).

But if anything ever does go wrong,
you'll find a complete network of
computer-connected Atari service facil-
ities waiting for you throughout the
country.

Make your own comparison. Hands
on.Anywhere computers are sold. Or,
send for a free chart that compares

the features of the ATARI 800 to
other leading fully-programmable
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T
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computers.

*Suggested retail price $399.99, includes
computer console, program recoraer
and BASIC language cartridge.
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Frequency Analysis of Data
Using a Microcomputer
Introduction rities in resp can Jead to h ic di: ion, which

Peopleinvolved with digital electronics often deal with
signals in which ﬂw vollagt or current dunges with Ihm
Whenapulse isdi d, its shape is
in terms of overshoot or rise time.

is another way of saying mode conversion.

Vital to the application of sinusoids in Fourier analysis
is a property called linear independence, That is, it is not
possible to generate a sinusoid of angular frequency wy,
from IM addition (a Jinear operation) of two other

In the design of analog electronics equlpn\enl such as
audio amplifiers, great } q

response and phase shifts. The p
oriented audio systems is not normally specified in terms
of pulse rise time or pulse delay. However, such a

dfication would ch ize the system’s basic
rcsponu to the zeroth order. The zeroth order qualifier is
necessary because rise time is only an approximate (but
very useful) description of a system’s resp to a step-
ped input. A complete description would be possible
through comparative plots of input and output
waveforms.

In communications theory both the real-time (signal
versus time) and frequency (signal content versus fre-

ncy) representations are applied somewhat inter-
dungeably since the object is to transmit real-time
signals, such as pulses, over channels having bandwidth
and noise kmitations. The Fourier transform is used to
aid in such analyses. To exercise this analysis technique it
is assumed that the system response is Jinear. That is, if
the input signa) Jevel is halved, so is the output signal,
along with no change in signal shape. It is thus apparent
why most digita) engineers do not use Fourier transforms;
their systems are highly nonlinear, and work well
because of the mnlneamy It is also apparent why audnu
engineers are heavily d on frequency analysis;
their systems are highly bnear.

The choice of the Fourier transform for electronics
analysisis based on the properties of its “basis” functions,
sinusoids. For example, in electronic systems which are
composed of idea) inductors, resistors and capacitors,
sinusoids have the unique property that if a pure sinusoid
of a particular frequency is inserted anywhere into a cir-
cuit, examination of any other Jocation in the circuit will
show a pure sinusoid of the same frequency, though
perhaps changed in amplitude and phase. There is no
mode conversion. In real systems, however, nonlinea-

10 Oveomber 1979 © DVTE Publications Inc

is is placed on ds having fr ies wy and wy (w, # wy, wo) A
such as multiph is required for
ﬂls to occur.
Mathemats king, the i)

used in Fourier analysis form a complete, continuous,
and infinite set of orthogonal functions spanning the
space of all real numbers. This should be compared with
the amalogous digitally-oriented Walsh functions (See
“Wakh Functions,” September 1977 BYTE, page 190).
The Walsh functions form a complete, discrete (but
infinite) set of orthogonal functions, also capable of span-
ning all real space.

Having discussed the basic utility of the functions
which compose the Fourier transform, we will now take a
brief Jook at the mathematica) structure that will even-
tually be encoded into a program to calculate frequency
transforms.

The Foutier Transform
The basic definition of the Fourier transform operation
14
Flw) = |2 fxjem dx [t
where:

F(w) = the frequency transform

f(x} = the function to be transformed

w = the frequency variable (eg: radians/second)
x = the spatia) variable (eg: time in seconds)
i=Jv=1

The transform is performed using complex coordinate
(V=1) algebra and integration. F(w) is thus in
the complex domain and is only a mathematica) con-
struct. However, |F(w)|. the absolute value (or modulus
of F(w), is a measurable value. It is defined as:

Circle 138 on inquiry card —pm
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5. and announcing.game progression. The Challenger®

“best move. Be warned, however, that the ChaIIenger“"

BACKGAMMON. At flne stores everywhere

A perfect chess opponent the Challenger® can play agalnst
you at infinite levels of skill, from beglnner to expert. And.
-it speaks to you.. calllng out all moves, catchlng erfors

is also a superb'teacher and it will even suggest your*

has 1200 classic’ book-opening moves and can
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It is so sophisticated, it is:available in euther Engllsh
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| F(w)|? = F*(w) F(w) (2)

The * operator stands for conjugation (reversing the signs
of the imaginary terms). We note that:

F*w) = {27 f(x)* (e=)* (dx)*

If x and f(x) are real (as we will now specify), then we
have x* = x and f(x)* = f(x), giving:

F*w) = |17 f(x)e*™ dx = F(—w)
Thus:
F(w) = VF(—w) F(w) = F(—w) (3)

Note that, in principle, when performing the integration
called for in equation (1), all values of w should be con-
sidered, both positive and negative. But since equation
(3) indicates that F(w) is symmetrical about w = 0, we
need only consider (and plot) the function for w = 0.

|F(w)| is called the amplitude or modulus of the
transform. There is also a phase term in the transform
which complements the modulus description. For the
purposes of this article, however, the phase term will not
be considered.

To calculate |F(w)|, we observe that:

|F(w)|? = {Re F(w)} * + {Im F(w)}? (4)

/Tremendous Savings

on Refurbished AJ
Couplers/Modems

Your chance to buy the best from the world leader in
data communications. We have a variety of couplers
and modems—formerly on lease to our customers
—fully refurbished. This is a rare opportunity for you
to have the same models used by the largest compa-
nies in the world.

Some models under $100!

30-day parts/labor warranty
Nationwide AJ service network

Fast delivery

Variety of models—up to 1200 baud
Limited quantities

Use your Visa or Master Charge

Act now. First come, first served. Write Anderson
Jacobson, Inc., 521 Charcot Ave., San Jose, CA
95131. Or call your nearest AJ office:

San Jose, CA Rosemont, IL  Hackensack, NJ
(408) 946-2900 (312) 671-7155 (201) 488-2525

ANDERSON

JACOBSON
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The Re and Im operators denote that the real and
imaginary part of F(w) are to be taken respectively. These
are:

Re F(w) = ]:: f(x) cos (wx) dx (5a)

Im F(w) = {2 f(x) sin (wx) dx (5b)
To finally arrange the above equations into a structure
suitable for computer calculation, we consider f; = f(x,)
to represent the data value (perhaps from an equation or
experiment) at position x,. For simplicity we consider the
data points to be equally spaced; x; . «+ — x; =Ax.

We also consider f, to exist only over the interval x, to
xy. Qutside that interval, f; will be defined to be zero.
Combining the above considerations into a program-
mable form we have: (6)

| Flw,) | *={Z%:ficos (wx)Ax} + { T fsin(wx)Dx )

Equation (6) is the basis for the present computer calcula-
tion of the Fourier transform of the function represented
by {f;}. The computer program shown in listing 1 per-
forms this calculation and plots the results.

Note that the number of input data points is N. For an
equivalent, but not redundant frequency space descrip-
tion, N/2 transform points are required. From an
inspection of equation (6) it is apparent that the number
of calculations increases by N? if a numerical implemen-
tation of the integration is applied. Thus, if the number of
data points is doubled, the computing time roughly quad-
ruples. The Fast Fourier Transform (FFT) algorithm
reduces this dependence. For limited data sets (less than
fifty data points), the routine shown in listing 1 takes on
the order of fifteen minutes or less in North Star BASIC
on an IMSAI, which is acceptable when compared to the
large programming complexities associated with im-
plementing an FFT for an arbitrary length data set. The
trade-off is between available programmer’s time and
processor time; my computer lost in the trade-off.

For those interested in further investigation of Fourier
transform techniques, an excellent book on the subject is
The Fast Fourier Transform by E O Brigham, published
by Prentice-Hall. Brigham not only presents FFT algor-
ithms, but also reviews continuous transform theory, as
well as the errors (particularly at high frequencies)
associated with discrete transforms such as the one used
here. He also considers reconstruction of the original data
set using the calculated frequency transform.

The Discrete Fourier Transform Program

The computer program presented in listing 1 is written
in North Star BASIC and is user-oriented. It allows the
scale of the automatic data and frequency plots to be
adjusted to fit the available terminal width. All plots are
shifted and scaled such that they use the maximum ter-
minal width established by the user. Thus, even the
owner of a thirty-two-character wide video display can
use this program.

The program requires the beginning and ending coor-
dinates (X; and X, respectively) of the data set as well as
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Listing 1: This program will input and plot the data set, then
determine the transform and display it graphically. The pro-
gram is written in North Star BASIC, but features particular to
this BASIC were avoided so that the software may be run on
most BASIC interpreters.

L=
o T

FEM #OSFRPEGLIEMCY ANMALYZER®we
FEM F. RUCEDESCHEL Q20900
FRIMTFRIMNTSFRINT
FRINT “®e@FOURIER SFECTRUM HNHLvZER® e
FRIMT<FREIMT
FEIMT" THIS FPROGEAM TRAMSEFORM=
FRINT"EQUAL IMCREMEMT DATH IHYTO *
FRINT"FREGUEHCY SFRCE "
FRINT-FRINT
FREINT"THE WER INFUTS THE =IAFTLIHG
FRINT"AMD EMDIMG CODRIIMATESs AMLOMNG "
FRINT"HITH THE MHUMEEFR OF LATH FOLIMTS
FREIMT"THE FROGRAM WILL THEM #LUT “
FREIMNT“THE DATH AMD ITS SPECIRUM®
FREINT-FRINT
FEM IHITIRLIZHTION
FEINT “INFUT TERMIMAL WILVIH: “s
IMFUT L
FRIMT "BEGIMNHIMG CORDINRTE: .
IMPUT #1
FRIMY “"EMDING COORDIMATE: *.
INFUT “&
FEREIMT “MMMEBER OF DIRTH FOIMYZ:
IMFUT ™
FRINT"IMNFUT 2CHLE FRCTOR: “s
IHPUT 1
IF I<1 THEM GOTG 2o
DIM DN)
D=0x2-x¥1) s H-1}
2=3.14153- (%)
A W=k iN-1)
REM DRTH IMFUT
3 PRIMT “INFUOT DATRH®
FOR I=1 TO M
FRIMT Is~IMFUT DI}
HEST I
B=R
FEM SHIFT DATH T MIH-HEGH M {VE
3 FOR I=1 TO M
B3 IF BrD0Iy THEM EB=DQI}
9 HEST 1
FOF I=1 TO N
DiIy=N¢IV=-Fk
MHEXT 1
B=REZ(B)
FEINTSFREIMTFREIMT
REM FIMD MAX. DATH WHLUE
T=0
FOR I=1 TN
IF T<DiI) THEM T=L( 1)
8 HEXRT 1
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L= ..T
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1 FREINY ~FRINT

FREINT "Hi= “axd
LG 1130
FoR I=1 T A
EepUIrd1 THEW GOTO i
NiIY<1l THEM FREIMT »#
DNI1 =1 THEM FRIMT THBELZH(1)) s e
2 ZOES1 THEM GOTCO BEid
ESE PRINT TRE(E)s":"
B MEXT I
BV GOSUE 1268
B30 FRINT "Ha= "s¥2
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FOR I=1 TO M

b= (1109013

Cl=inS1=0a

FOR M=1 JO N

H=R1+ (M—-1) 9T

Gk

C1=C1+D{ M $COSIG)

S1=51+D (MISSINCS)

MEXT M

FII)=S0RT (S1951+C19C 1) 9T

IFI=1 THEMN GOSUE 1&6m

MEMT 1

FEM EMD FOURIER TRAMSFURM

FR INTNPRINT

FEM TRAMSFORM DATA TAELE

FRIMT "  FRERI(FAI)  MODULLES"

FRINT " cmmmmmoe e “

FOR I=1 TO M

FRIMT " "y INT (10E09W3% (1-1)+, 5) /1080,
FRINT " %y IMTCL@@08F (1) +,5) #1006
HEXT 1

FR IMTSFRINT

FEM TRANSFORM PLOT

FRIMT "  FREGUEMCY FLOT (MOWMALIZEI)®
FRINTNFRINT

FRINT INT (13Q09W1+, 5) 1000,

FRIMT " RADIANS~ SECOMD  “»

FRINT INT(SO3¢N1<3, 141596+, %) ~ 1800,
FRIMT " HERTZ (CCLES-SECOHD)

GOSUE 1268

T=0

FOR I=1 TQ H

IF T<FI(I) THEM T=F (I}

MEXT I

S=LsT

FOR I=1 TO KM

IF S9F(I)<1 THEM GOTO 1wz
IF S%F (1)<1 THEHN PRINT "#v
IF S9F(I)>=1 THEM PRIMT VTHE(S®F(I})—-.S),"e"
FEIMT “."s TRB(L-1)s"."
NEXT I

3 GOSUE 1286

7 PRIMT * RADIANS.~SECOND Yy
1 PRINT INT (SREeW2/3. 141535+, 5) /1208,

PRIMT " HERTZ (CYWCLES~-SELCUHL)"
END

FEM EBOARDER LINE FPLOT

FOr I=1 To L

FRINT "#v,

MERT 1

FFEINT

FETUREN

FEM CORRECT DC UALUE FOF UHTH ZHIFT
C1=01-M*E

F(1)=RES(C132D

FETUREH

number of data points, N, as initial inputs. It then asks
for a frequency scale factor (to be discussed shortly).
After receiving this information it then asks for the N
data values, f. These are plotted, and the computer
subsequently enters the Fourier transform calculation,
which may take several minutes. At the end of this calcu-
lation, the N frequency data points are printed out. This
is where the effect of the frequency scale factor becomes
evident. With a scale factor of unity, the Nyquist sam-

pling

criterion is used to determine the maximum fre-

quency to be used in the transform calculation. The fre-
quency range is divided into N-1 intervals, and the fre-
quency space data points are plotted at the associated N
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'We're looking for the most original use
of an Apple since Adam.

What in the name of Adam do people do with graphics/music, entertairunent, home, business,
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You tell us. And each winner will choose from a longlist of

In a thousand words or less. longed-after Apple peripherals—from Apple

If your story is original and intriguing enough, Disk IT's to Graphics Tablets to printers.
you could win a one-week all-expense paid trip for  Or you can take a $250 credit towards the
two to Hawaii. Which is the closest we could purchase of any Apple product.
come to paradise. The contest ends March 31,1980. All winners
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Win f-abuloqs-pl‘lzes for Entry forms areyavail};ble at your participating
creative writing. Apple dealer. Call 800-538-9696, (800-662-9238

To enter, drop by your nearest Apple dealer and in California), for the one nearest you.
pick up an entry blank. Fill it out. Then write an Mail the entry blank, your article and any
article, in1000 words or less, describing the unusual ~ photos to: Apple Computer, “What in the name
or interesting use you’ve found for your Apple. of Adam” contest, 10260 Bandley Drive,

A jury of independent judges will cast the Cupertino, CA 95014. ¢
deciding vote for the grand prize: a week for two, And may the juiciest ‘a M
airfare included, in Hawaii. applicationwin. wﬂ{‘%

The judges will also choose 16 additional -
winners, two each from eight categories:

Circle 17 on inquiry card.



***FOURIER SPECTRUM ANALYZER***

THIS PROGRAM TRANSFORMS EQUAL INCREMENT DATA INTO
FREQUENCY SPACE

THE USER INPUTS THE STARTING AND ENDING COORDINATES,
ALONG WITH THE NUMBER OF DATA POINTS THE PROGRAM WILL
THEN PLOT THE DATA AND ITS SPECTRUM

INPUT TERMINAL WIDTH: 751
BEGINNING COORDINATE: 70
ENDING COORDINATE: 76.28
NUMBER OF DATA POINTS: 717
INPUT SCALE FACTOR: 71
INPUT DATA

170

27.38

37.7

47.92

5N

67.92

77.M

87.38

970

107-.38

1172-.71

127-.92

137-1

147..92

157..71

167-.38

1770

Figure 1: Initinlizing routine for a seventeen-point approxima-
tion of a one-period sine wave. The period chosen was 2.
Thus, the characteristic frequency associated with this sine wave
is one radian per second.

boundaries. With an inputted scale factor greater than
unity, the maximum frequency is reduced corresponding-
ly. This gives better resolution for examining low fre-
quency components. Scale factors less than unity are not
permitted.

A sample run for a seventeen-point approximation of a
single period of a sine wave is shown in figures 1, 2, and
3. We expect to see no “power” at w=0 on the frequency
plot because the average value of the data set is zero.
Such is the case, since the signal approximated is a dis-
crete truncation of a continuous sine wave having a fre-
quency of one radian per second. However, because the
wave has been truncated, there are many other frequency
components present which not only spread out the power
around the one radian per second point, but also appear
to shift the frequency spectrum maximum towards a
lower frequency. The same features are apparent in figure

4 where the frequency resolution has been increased
three-fold.

Truncated Sine Waves

The plots presented in the last section demonstrated
that, although we intuitively expect a peak in the fre-
quency spectrum at the sine wave frequency, none is
apparent. If figure 4 is viewed with a little imagination,
however, it is possible to see that the complete spectrum
is composed of two parts, with one part having a peak at
the sine wave frequency, thus causing the small bump at
f = 1 radian per second in figure 4.

Since we have a computer program that allows easy
evaluation of frequency spectra, consider the approxi-
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Figure 2: Computer responds with a plot of the data set. For
added clarity, lines have been drawn between the plotted points
on this and all subsequent figures.

mate square-wave data set shown in figure 5. The corres-
ponding frequency plots are shown in figures 6 and 7.
Mathematically we expect to see a “sinc” function,
( F(z) =sin z/z), frequency response, with the exception
of having a zero at w=0. The next zero is expected to be
at 2 radians per second. From the frequency plots we see
the expected characteristic shape, but with a zero at 1.9
radians per second; the input square wave is not ideal. A
direct comparison of figures 3, 4, and 6, 7 indicates that
the single-period sine wave has a spectrum similar to that
of the single-period square wave, with the important dif-
ference that there appears to be more high frequency con-
tent in the square-wave spectrum. This is not surprising
since there are sharp edges in the square-wave truncation
which should lead to more high frequency components
than with the sine-wave truncation.

Since the spiked-spectrum characteristic of an infinitely
long wave is not very evident in the single-period wave
truncation example given above, the question arises: how
many sine wave periods are required before the fre-
quency content that is characteristic of the single-period
square wave is sufficiently reduced to allow the spiked
spectrum to become evident? Again, we can experiment
using the computer by entering a thirty-three data point
representation of a two-period sine wave and observing
the resulting frequency plot (see figure 8). As expected,
the infinite sine-wave characteristic is much more evident

T TN AORRETT W, q



The easy way to learn about computers:

BUILD ONE.
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H14 Serial Printer

.

HB9 All-In-One Computer

'H8 Personal Computer
with Dual Floppy System

A H19 Smart
Video Terminal

] H11A 16-bit Computer (DEC®
PDP-11/03 compatible) with

Dual Floppy System D

Assembly and BASIC Programming A

Yes, you can do it. Heath makes it simple
with easy-to-build kits and step-by-step
assembly manuals that lead you from un-
packingtofinal plug-in.

And once you build your own computer,
you'll know it inside-out. You’'ll know how
to make it work for you.

Software, designed especially for Heathkit
Computers, includes innovative programs

For complete descriptions of Heathkit
Computers and nearly 400 other elec-
tronic kits for your home, business or
pleasure, send for the latest, free .
Heathkit Catalog.

It Coupon is missing write: Heath Co.,
Dept. 334-600, Benton Harbor, MI 49022

Self-Instruction Programm- @

for running your home or business, and
exciting gamesyour kids will enjoy.

The Heathkit User’'s Group (HUG), made
up of owners of Heathkit Computers, will
share with you a library of over 400 pro-
grams that they’'ve wiitten to make your
computer serve you in ways you never
imagined.

Heathkit Computers may be low-cost kits.
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/ Dept. company’

j Dept. 334600

7

/ Schlumberger Benton Harbor, MI 49022

[ YES Please send me my FREE Heathkit Catalog.
| am not currently receiving your catalogs.

~
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But they’re not playthings. They’re power-
ful, high-capacity computers designed for
complex programming. You’ll find com-
plete systems — hardware, software, acces-
sories — within the pages of the Heathkit
Catalog. And you’ll find service any time
you need it at 55 locations throughout the
U.S. or at the Heathkit factory.

Heathkit Products are also sold and serviced at Heathkit Electronic
Centers (units of Schlumberger Products Corp.) throughout the U.S.
See your white pages. DEC is a registered trademark of Digital
Equipment Corporation.
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Figure 3: The program outputs a table of transformed data, as
well as a frequency space plot.

because the term which appears to be related to the trun-
cation has collapsed two-fold in the frequency span.

To those familiar with Fourier transforms of signals
which have been “windowed,” the first low frequency
zero shown on figure 8 (other than that at w=0) is direct-
ly related to this “window function.” This function may
be considered as multiplying an infinite sine wave to give
the observed truncation, thus the frequency spectrum of
the resulting signal is the convolution (see convolution
theory in The Fast Fourier Transform by Brigham) of the
perfect sine wave spectrum with the spectrum of this win-
dow function, the latter having a functional form defined
by (F(z) = sin z/z). As the window becomes relatively

FRECUENCY FPLOT (HORMALIZED)

0 RADTAMNE COHD BOHERETE (L LLbkS-SECTINDY
& YOO CORVOFCEEO00EIO U IS G L OO S0 SV LS

—_——
e
e e __,

—
e —
gy —— g
. 430 " 1—
Bd 1 radian/second
e
—
—
—
—
p—
F A
~
~N
-

/
'3

R
o
&
. f

<,

/"’
/\-p.
\Q.

2,004 FADIAMICZECOND locif's pERTZ DXTLES-SECONDY

REAIN

Little Tricks™

A series of carefully explained subroutines containing a potpourri of
useful programming techniques in Integer Basic and Applesoft, such as
specific key stroke identification, timing loops. disappearing question
marks on input, no question marks on input, and many more.
Cassette (16K). .. ... ... 1495 Disk(32K) ............ 19.95

Scroll Control™

Have you ever wondered why you cannot list an Integer Basic or
Applesoft program one screen-page at a time? So have we, and we
did something about it! Qur machine language Scroll Control, hidden
in RAM 50 as not to “bump™ into your program, can be engaged or dis-
engaged at a flick of the keyboard. Why be frustrated when instead you
can control the scroll? Cassette . .. ... 9.95 Disk . ..... 1495

Form-it-Out™

A series of routines in Integer Basic and Applesoft containing detailed
explanation and examples of programming techniques necessary to
professionalize your screen output. Included are right and center justi-
fication, windowing, tabbing, cursor positioning among others.
Cassette (16K). ........ 1495 Disk (32K)............ 19.95 |

Track & Sector List™

This is the ultimate disk utility. Instead of a catalog, have you ever seen
those dreaded words “I/0 ERROR"? Is all lost? NO! Now your disk may
be saved. Also youcan eliminate bad sectors, remove controlcharacters
imbedded in file names, change the disk volume number, and more. This
machine language program is supplemented by extensive tutorial
documentation worth its weight in gold. Disk only (32K) . ... .. 24.95

S —— - e Ly T 1

*Alitax Estimator™
This Applesoft program, prepared under the supervision of an attorney.
estimates disposable income after alimony and child support payments
and federal taxes. For use by laymen and attorneys. 1980 tables.
Cassette (24K). .. ..... .. 995 Disk (32K)... ...... .. 1495

‘Pensionner™
A companion to Alitax Estimator in Applesoft designed to calculate the
present value of a pension in states in which a pension is subject to
division in marital dissolution cases.
Cassette (24K). ... . .. .995 Disk(32K).... ........ 14.95

N.J. res. add 5% sales tax
Apple ¥ and Applesoft are registered
trademarks of Apple Computer. Inc.

Add $1/item, shipping and handling
\professional. but not a substitute for

legal advice

My ABC’s™

An early learning Integer Basic program using over one hundred and fifty
high resolution graphic letters and pictures in a drill-and-practice format
designed to develop identification of capital and small letters, and
association of letterswith pictures. Scoring capability allows monitoring.
Child tested and teacher recognized. Cassette (48K) 14.95 Disk 19.95

Now | Can Rhyme™

A companion to My ABC's in Integer Basic. The child selects those high
resolution pictures which rhyme. Score-keeping capability allows
monitoring. Incorporates progressive levels of ditficulty.

Cassette (48K)......... 1495  Disk (48K) ............ 19.95

P.0. Box 774M p—
Morristown, NJ 07960 ﬂ
(201) 539-3770
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Figure 4: Same frequency plot as shown in figure 3, but with a
3.0 scale factor condition (three-fold increase in frequency
resolution).

wider,the sine function increasingly takes on a delta (or
impulse) function characteristic which eventually leads to
a spiked spectrum for the resulting transform. Figures 9
and 10 demonstrate this for approximations of four- and
eight-period sine waves. The latter plot definitely shows
the narrow band spectrum element that is expected for a
sine wave. Note, however, that the spread in power
around the sine wave frequency still remains.

Frequency-Shift Keying

One of the techniques used to encode digital informa-
tion for transmission or recording is frequency-shift key-
ing (FSK). In this method a frequency f, is associated with
the logic state 0, and a frequency f, is associated with the
logic state 1. Thus a message consists of a sequence of
sine wave bursts, each having a characteristic frequency
foor fi. It is apparent that the ideas and plots developed in
the previous section may be directly applied to the con-
sideration of FSK encoding.

If the data-signal center frequency is 2100 Hz (which is
equal to (f, + £,)/2), and if the desired data-transfer rate
is 300 bits per second, then one may expect to see (and
subsequently decode) many bursts of seven-period sine
waves having frequency spectra similar to that shown in
figure 10, though scaled in frequency. Obviously, if the
two chosen encoding frequencies are very close together
it will be difficult to reliably sort out the signals using a

20  December 1979 © BYTE Publications Inc
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Figure 5: Plot of the seventeen-point data set used to approx-
imate a square wave having the same period as the sine wave ex-
amined in figures 2 and 3.

filter technique. If a linear filter approach is taken, then it
is apparent by examination of figure 10 that a minimum
frequency separation of about (f, + f,)/8 is called for. For
a 2100 Hz center frequency, a 500 Hz frequency separa-
tion is required. This gives encoding frequencies of
approximately 1850 and 2350 Hz. More will be said
about the significance of those frequencies later.

The above frequency separation requirement was
obtained by considering several factors. These considera-
tions included the decoding technique, filtering, and
determining whether or not the frequency spectra are suf-
ficiently separated to allow filter detection (using many
dB per octave roll off). Another approach, which is more
accurate, is to count sine wave periods or zero crossings.
If periods are used, the minimum required frequency sep-
aration is that which gives a one-period difference (eg:
seven periods versus eight periods). In this case, the
required frequency separation comes out to be 300 Hz.
This can be reduced to 150 Hz using zero crossings. To
get better discrimination than this, a technique such as
phase-locked loops must be used, and the results are
highly hardware-design dependent.

For the sake of comparison, consider some of the fre-
quencies used in the real world. The standard modem fre-
quencies are separated by 200 Hz; 2025/2225 Hz and
1070/1270 Hz. For standard modem encoding frequen-
cies, you must do more than simply decode by filtering.



Small business systems complete for
under $200 a month. Business software
such as Inventory Control, Accounts Re-
ceivable and Word Processing available
now.

The Chieftain 6800 microcomputer
series with capabilities that surpass the
Z-80 is made for business systems.

Smoke Signal’s quality-packed

Chieftain 1.5 features two double- .
sided 5.25-inch mini-floppy B
drives and Chieftain III fea- &

tures two 8-inch double- > :\‘

sided floppy drives.
Both microcomput- -
ers provide 32K static
memory, two serial 1/0
ports, a 2 MHz processor
board, a 2K RAM moni-
tor, a nine-slot mother-
board with built-in baud
rate generator and gold

connectors for high
reliability. The Chief-

tain’s stylish leather-grained enclosure has
its own cooling fan and regulated power
supply.

And they’re expandable up to 128K
memory with up to 4 megabytes floppy
disk storage.

The Chieftain series is noted for ex-
tremely high reliability as well as ease of

operation.
So see your nearest Smoke Signal
“~ dealer, he’ll be glad to show you
=, how to get your wampum’s
+ X worth. Systems start at
" $2,595.

g R O Send information on your Chieftain
microcomputer
-~ O Send name of nearest dealer

: 3 -\'\ i\ Name
i \ : \  Address
y : Company
Pl 3
\ ‘ 3 City

State/Zip e

3 1
........

Dealer inquiries invited.

2 SMOKE SIGNAL
/% BROEDCASTING

31336 Via Colinas, Westlake Village.
California 91361, (213) 889-9340

Hail to the Chieftain

Smoke Signal Broadcasting, 31336 Via Colinas, Westlake Village, CA 91361, (213) 889-9340
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Figure 6: Frequency space plot of the square wave approximated
by the seventeen-point data set shown in figure 5.

The MITS 88-ACR audio cassette record interface was
originally designed to work at the upper modem frequen-
cies. Difficulty in reliability ensued, and the two frequen-
cies were subsequently changed to 1850 and 2400 Hz.
These frequencies are curiously close to those that were
derived from the frequency spectrum separation con-
sideration above, and perhaps indicate that the 88-ACR
has a poorly operating phase-locked loop combined with
some tape flutter. This suspicion is based on the fact that
the 88-ACR center frequency is derived from a control
voltage which is obtained from dividing down a power
supply voltage. Therefore, supply noise/ripple can cause
trouble.

One cassette interface board exists which is advertised
as able to use preset filters for decoding. Its encoding fre-
quencies are 1200 and 2400 Hz. From figure 9 (four-
period sine wave) and figure 10 (eight-period sine wave)
it is apparent that sufficient separation should exist bet-
ween the 1200 Hz signal spectrum (which is the
troublemaker; large spread plus harmonics) and the 2400
Hz spectrum to allow for reliable filter detection.

The above has demonstrated how, with a little experi-
mentation using the Fourier transform program, insight
can be gained into some important communications prin-
ciples without going deeply into mathematics.

22 December 1979 © BYTE Publications Inc
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Figure 7: Same waveform as in figure 6, but with a frequency
scale factor of 3.

Noise

In the laboratory the situation will often arise in which
the signal of interest is buried in noise. In this section we
consider an example in which an eight-period raised sinu-
soid is covered by uncorrelated noise having roughly the
same amplitude as the sine wave. Figure 11 shows a 65
point approximation to a raised sine wave packet having
the following form:

fi= 2 + sin(x,) (7)
The data set may be conveniently generated by insertion

of the following statements into the program shown in
listing 1:

181 X1=0

182 X2 = 50.3

183 N = 65

184 FORI =1TON

185 D) =2 + SIN ((I-1)*X2/(N—1) )
186 NEXT I

187 GOTO 250

The corresponding frequency space plot is shown in
Text continued on page 26



“Our inventory is our existence.
Think we'd trust it to anything less

than Scotch Brand

skettes!”

Don Stone, President,
Mass. Auto Supply Company,
Inc., Boston, Mass.

Scotch Diskettes are the
diskettes you can depend upon
with the information your
business depends upon.

Each one is tested and
certified error-free before it
leaves our factory. Because we
know nothing less than
perfection is acceptable for
your vital business data.

Scotch Diskettes are
available in regular or mini
sizes, compatible with almost
any system.

To find out where you
can purchase Scotch Diskettes,
call toll free: 800-328-1300.

(In Minnesota, call collect: 612-
736-9625.) Ask for the Data
Recording Products Division. In
Canada, write 3M CanadaInc.,,
London, Ontario, N6A 4T1.

If it’s worth remembering,
it's worth Scotch
Data Recording Products.

Circle 368 on inquiry card.
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YOUR FIRST M

New 1.2 megabyte
quad-density disk. $1545.

Now you can afford to put a
million bytes of memory in your
S-100 system.

Introducing DISCUS 2+2™
full-size quad-density floppy disk
system by Morrow. DISCUS 2+2™
gives you 1.2 megabytes per disk-
ette (600K bytes of double-density
dataperside). Andit's all address-
able as easily as main memory with
the system's exclusive BASIC-V™
virtual disk BASIC software.

Best of all, DISCUS 2+2™comes
complete, assembled, and ready
to run for just $1545. Included inthe
system price are an S-100 con-
troller, factory-mounted full-size
disk drive, a complete library of
pre-interfaced software, even cables
and connectors.

But you don't have to get your
first million in one big megabyte.
Morrow’s DISCUS/2D™ single-side
double-density floppy disk system
gives you 600K per full-size diskette
for just $1149, complete and
assembled. And when you wantto
expand to a full megabyte, just plug
inaseconddrive...boththe hard-
ware and software are expandable.

And if economy is areal concern,
you can still get started on your
million with Morrow’s DISCUS I™
250K single-density disc system.
It's delivered complete and
assembled for just $995...and
willaccept up to 3 more drives.

All three Morrow disk systems
meet the Proposed |EEE S-100
standard and are compatible with
2MHz, 4 MHz and 5 MHz S-100
systems. A dual-drive cabinet is
available as an option with any
density you choose.

Why set your goals low and slow
with a mini-floppy system? Get
started on your first million with a
DISCUS™ full-size system by
Morrow. See your local computer
shop. Or write Thinker Toys™
5221 Central, Richmond, California
94804. Or call (415) 524-2101,
weekdays 10-5 (Pacific Time).

Thinker Toys-

Circle 255 on inquiry card.
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Figure 8 Frequency plot of a two-period sine wave approx-
imated by a thirty-three-point data set. A frequency scale factor
of 3 was used.

Text continued from page 22:

figure 12. Observe that there is a large value at w=0
which dwarfs the power at the characteristic sine-wave
frequency. A high pass filter would remove the w=0
term.
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Figure 9: Frequency space plot of a four-period sine wave ap-
proximated by a thirty-three-point data set. A scale factor of 3
was used.

Figure 13 shows the effect of adding uncorrelated noise
to the above sine wave via the following formula:

(8)
fi=2+sin(x) + 2 {RND [(I-1)/(N+1)] — 0.5}

o d mintiane, | oaue o



WH8Y

All-In-One Computer

WH19

Smart Video Terminal

Complete line of best-sellers

You'll know why they’re best-sellers the mo-
ment you see them. They’re compact and
powerful, designed especially for the needs
of business and priced to pay for themselves
quickly.

WH389 All-In-One Computer is a completely
self-contained system. Now with its own
wordprocessing software, It's the ideal choice
for reliable, affordable wordprocessing. It has
two Z80 microprocessors, mini-floppy stor-
age, WH19 terminal, heavy-duty keyboard
and keypad, and 16K RAM expandable to 48K.
Allforonly $2295.

Heath

WH14
Serial Printer

WH19 Smart Video Terminal has a Z80 micro-
processor, 24 x 80 display, upper and lower
case, direct cursor addressing and 8 user-pro-
grammable keys. And it's DEC® VT52 and
ANSII compatible. Only $995.

WH14 Serial Printer is microprocessor-con-
trolled and features 5 x 7 dot matrix, upper
and lower case, variable pitch/lines per inch,
tractor feed, and adjustable paper width. Uses
standard ribbon and fanfold paper. RS-232 or
20 mA current loop. Only $895.

Heath Data Systems best-sellers are on display
now at your nearby Byte Shop, Computerland,
Heathkit Electronic Center, MicroAge Dealer,
and other specialty computer stores. OEM’s
call (616) 982-3361 for quantity discounts.

CP-172

Heath Data Systems
Hilltop Road, St. Joseph, M| 49085

DEC is a registered trademark of Digital Equipment Corporation.
Prices subject to change without notice.
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Figure 10: Frequency space plot of an eight-period sine wave ap-
proximated by a sixty-five-point data set. Normal resolution.

Observe that the average value of the noise is zero and
that the noise added is uncorrelated because a new “seed”
for the random number generator is chosen at each data
point. This noise is not “white” or Gaussian, but rather is
linearly distributed between -0.5 and +0.5.
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Figure 11: Eight-period sine wave as approximated by a sixty-
five-point data set.

The sine wave hidden in figure 13 is not very evident,
although you might guess (perhaps from an oscilloscope
trace) that a repetitive signal is present.

Figure 14 shows the frequency transform of the noisy
data from figure 13. Observe that, although there is noise

Circle 335 on inquiry card. g
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80 Character Vldeo
Wi

ourV 3'- sthep

interface for word proce

It produces a standard 80x24*

display of upper and ]d\y

characters or as much. "f).y

for a full page of text. The;h} trix ¢

for graphic display goes up to
160x204. And with optional

EPROM, as many as 256 user

programmed characters or
symbols can be produced.
VB3 is memory mapped

for rapid screen updating. But it

occupies memory only when
activated. So one or more VB3s
can be located at the same
address with a full 65K of mem-
ory still available to the user.

It generates both U.S. and
European TV rates and meets
the new IEEE S-100 standard.
Other features include key-
board input, black on white or
white on black, one level of grey,
underline, strike thru, blinking
char,, blank-out char., and
programmable cursor. Software
includes a CP/M compatible
driver and a powerful terminal
simulator.

VB3 is available in several
configurations. Retail prices
start at $375 kit, $440 assembled.

[ CASE -

di bled. Separate
run/stop andsingle step switches
allow system evaluation without
the benefit of a front panel.

CB2 also features an

MWRITE signal, firmware

vector jump, and an output port
to control 8 extended address
lines (allowing use of more than
65K of memory). Jumper
options generate the new [EEE
S-100 signals to insure future
S-100 compatibility.

Retail price—$210 kit,
$275, assembled.

Our line. CPU, Video, 170, RAM,
EPROM, EPROM Programmer,
Music, Prototyping, Terminator,
Extender, and Mother boards.
Available assembled or as kits.

ew from SSM.

8080 CPU. e
A is id entical.

ular CB1 with the
xception that the on-board
°eit ‘has been increased from

355 256 bytes toa full 1K.

It also features an optional

0 2Kof 2708 EPROMS, power-on/
reset vector jump, MWRITE,

parallel input port with status
and DIP switch addressing.

Retail price—$159 kit,
$219 assembled.

L7

2116 Walsh Avenue
Santa Clara, CA 95050 408) 2462707

Send for our free brochure and find
out why SSM has become the favorite
of discerning Hobbyists and OEMs.
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If you have an Apple* and you want to interface it with
parallel and serial devices, we have a board for
you that will do both. It’s the AIO™

Serial Interface.

The RS-232 standard assures maximum compat-
ibility with a variety of serial devices. For ex-
ample, with the AIO you can connect your Apple*
to a video terminal to get 80 characters per line
instead of 40, a modem to use time-sharing
services, or a printer for hard copy. The
serial interfaceis software programmable, '
features three handshaking lines, and \
includes arotary switch to select from
7 standard baud rates. On-board firm-
ware provides a powerful driver
routine soyouwon’t need to write any
software to utilize the interface.

Parallel Interface.

This interface can be used to connect your
Apple* to a variety of parallel printers. The
programmable I/0 ports have enough lines
to handle two printers simultaneously with
handshaking control. The users manual
includes a software listing for controlling
parallel printers or, if you prefer, a par-
allel driver routine is available in firm-
ware as an option. And printing is
only one application for this general
purpose parallel interface.

Two boards in one.

The AIO is the only board on the market that can interface the Apple
to both serial and parallel devices. It can even do both at the same
time. That’s the kind of innovative design and solid value that's been
going into SSM products since the beginning of personal computing.
The price, including PROMs and cables, is $135 in kit form, or $175
assembled and tested. See the AIO at your local computer
store or contact us for more information.

7 7
‘."."n’v
2116 Walsh Avenue

Santa Clara, California 95050
(408) 246-27.07
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*Appleis a
TM of Apple
Computers,
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AIO
Serial & Parallel
Apple Interface
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Figure 12: Frequency space plot of a raised eight-
period sine wave as approximated by a sixty-five
point data set.

in the frequency spectrum, the sine wave com-
ponent is clearly evident. Thus, to recover
information about the amplitude of the sine
wave component, you could use a narrow band
filter to look at the spectrum content in the
vicinity of the sine-wave characteristic fre-
quency. Using Gaussian noise in this example
gives much the same result.

Noisy data sets, as above, can be created (us-

Circle 302 on inquiry card.



Copysioht & Robert Tinney 1978

Beautiful ‘“‘Computer Chess’’ Reproduction—only $4.95!

This dramatic reproduction of the October '78 Byte cover art has been
produced with the same care and quality as limited edition prints—vyet it is

available for the price of a poster. P
The overall size is 18" x 22", which includes a 1%” border. It is printed on 7 s
. . . . P\
heavy, 80 |b., matte finish, coated stock, excellent for the finest framing if ,, b“b‘\
desired. ”

The price of this quality reproduction is $4.95, plus $1.00 for mailing tube, ,’
handling, and postage. In addition, the artist, Robert Tinney, will select the
100 finest prints from this first edition for his personal signature and
number. These 100 signed and numbered prints will be sold
on a strictly first-come basis for $24.00 plus $1.00
postage and handling.

See coupon below for ordering.
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We=  50.3

Figure 13: Same waveform as in figure 11, but with noise added.

ing a Gaussian noise distribution) many times: If this is
done each time using new random number generator
seeds so that there is no correlation between data sets,
then the noise will on the average appear to be uniformly
distributed along the frequency axis. At the sine-wave
frequency that I have chosen, you can expect to see an
average noise power (| F.(w)|?) of some value N,. If we
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Figure 14: Frequency space plot of the transform of the noisy
data set shown in figure 13.

measure the power (| F(w)|?) at the sine-wave frequency,
we can expect to see an average value Ss. The amplitude
signal to noise ratio (S/N) is then:

(5/N)s = 55/N, (9)

If we had instead looked at a sixteen-period raised sine
wave having the same characteristic frequency and the
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