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All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or

lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits

mory refresh cycles. Each board
holds 4,096 words of this
proven reliable and trouble

free memory. Cost— !
only $125.00 for

each full 4K E'E

memory.

““Motorola” M6800 processor
with Mikbug® ROM operating
system. Automatic reset and load-
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlled oscillator provides the clock signal
for the processor and is divided down by the

allow you to match the interface to al-

most any possible combination of
polarity and control signal ar-
rangements. Baud rate selec-

tion can e made on each
individual interface. All
this at a sensible cost
of only $35.00 for
either serial, or
parallel type

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

MC14411 to provide the various Baud rate outputs J and interface boards. Note 25 Amp
for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures “‘glitch’’ free operation with grade filter capacitor.

full expansion of memory and interfaces.

Probably the most extensive and complete set of data available for any
microprocessor system is supplied with our 6800 computer. This includes
the Motorola programming manual, our own very complete assembly in-
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,

Mikbug®is a registered trademark of
Motorola Inc.
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Computer System

with serial interface and 4,096 words

sample programs and even a Tic Tac Toe listing. of memory. ... .......... $395.00
O Enclosed is $395 for my SwTPC Computer Kit [J Send Data
O or BAC #
O ormc Ex Date
NAME
ADDRESS
aTy STATE ZIP

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284




Meet the most powerful
MC system available for dedicated work.
Yet it’s only $595.

Here’s the muscle you’ve been telling us you
wanted: a powerful Cromemco microcomputer in a
style and price range ideal for your dedicated com-
puter jobs — ideal for industrial, business, instru-
mentation and similar applications.

It’s the new Cromemco Z-2 Computer System.
In the Z-2 you get all of the following for only $595:

® The industry’s fastest P board (4 MHz or 250-
nanosecond cycle time).

® The power and convenience of the well-known
Z-80 pP.

® A power supply you won’t believe (+8V @ 30A,
+18V and —18V @ 15A. That’s not only ample
power for a full set of cards but ample additional
power for other peripherals such as floppy disk
drives).

@ A full-length shielded motherboard with 21 card
slots to let you plug in almost any conceivable
combination of memory, [/O or your own cus-
tom circuits.

@ Power-on-jump circuitry to begin automatic pro-
gram execution when power is
turned on.

@® The S5-100 bus that’s widely
supported by a host of pe-
ripherals manufacturers.

® All-metal chassis and
dust case.

*kit price

@ Standard rack-mount style construction that’s
usable with a variety of cabinets and is upward
compatible with larger systems. Bench cabinet
optional.

® Card retainer to secure cards in sockets under all
conditions.

@ 110- or 220-volt operation.

DEDICATED APPLICATIONS

The new Z-2 is specifically designed as a powerful
but economical dedicated computer for systems
work. Notice that the front panel is entirely free of
controls or switches of any kind. That makes the
Z-2 virtually tamper-proof. No accidental program
changes or surprise memory erasures.

(For your custom work, Cromemco will supply
blank panels.)

4 MHz SPEED

Cromemco’s microcomputers are the fastest and
most powerful available. The 4 MHz speed of the
Z-2 means you get about twice the speed of nearly
any other microcomputer.,
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Full-width motherboard
has slots for 21 cards.

> 3
CayuirengSiysreoe_ -

Z-2 is supplied for rack mounting.
Attractive bench cabinet shown is
also available.

Heavy-duty retainer bar insures that
cards won't jostle out of sockets.

That 4 MHz speed cuts running time in half — cuts
your waiting time in half. Lets you do more sophisti-
cated work that might not otherwise be practical with a
microcomputer.

Z-80 GIVES MORE COMPUTER POWER

The Z-2 uses the powerful Z-80 microprocessor with
its 158-instruction set, 19 internal registers, 10 address-
ing modes, and 16 bit arithmetic operations.

The Z-80 is widely regarded as the standard micro-
processor of the future. So you’re in the technical fore
with the Z-2. But you can also plug in other micro-
processor boards if you wish.

BROAD SOFTWARE SUPPORT
Since the Z-2 uses the Z-80, your present 8080 soft-
ware can be used with the Z-2. in addition, Cromemco
also offers software support including a monitor, assem-
bler, and a BASIC interpreter.

STANDARD $-100 BUS

The Z-2 uses the $S-100 bus that has become standard
in the microcomputer field. Dozens of manufacturers
support it with compatible peripherals.

Of course, all Cromemco peripherals such as our
7-channel A/D and D/A converter, our well-known
BYTESAVER with its built-in PROM programmer, our
color graphics interface, etc., will also plug into the bus.

LOW NOISE
Cromemco engineers have been careful to design.
the Z-2 for reliable operation at its fast 4 MHz speed.
Noise on the motherboard, for example, has been care-
fully minimized by a unique ground-plane design (we
call it our ‘Blitz Bus™). With this bus you won’t get
erratic operation due to ground current noise.

RACK OR CABINET MOUNTING
The basic Z-2 is supplied in a black-anodized metal
case for mounting in a standard 19-inch relay rack. A
high-quality stylized bench cabinet in an attractive blue
color is also available.

KIT OR ASSEMBLED

You. can get the Z-2 either kit or assembled. The kit
includes the Z-2 for rack mounting, the Cromemco
4 MHz microprocessor card, full-length 21-card-slot
motherboard, power supply, one card socket and card-
guide set, and front panel.

The assembled Z-2 includes the above as well as all
21 sockets and card guides and a cooling fan.

LOW, LOW PRICE

All who've seen the Z-2 have been surprised and
impressed with its low price.

You'll be impressed, too, with its technical excellence
and quality.

So see it right away at your computer store — or order
now directly from the factory.

The sooner you put this advanced computer to work
for you, the sooner you’ll be solving problems and
saving time/money.

Z-2 Computer System kit (Model Z-2K) .. ... $595.
Z-2 Computer System assembled
(Model Z-2W) .. ... . .. .......... R $995.

Cromemco

Specialists in computers and peripherals
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 ® (415) 964-7400
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About the Cover

This month's cover is by Sandra D
Crandall, MNarragansett RI 02882, a
first prize winner of BYTE's Computer
Art Contest. When she painted her
updated "American Gothic," she was
completing her BFA in Art at the
University of Rhode Island, and as
assistant Art Department slide curator,
maintained a library of over 40,000
shides, "My flance is finishing his BSin
Computer Science and s an  avid
BY TE subscriber from the word go,"’
she wrote.

page 9

In This
BUTE

Many of the possible applications
of small computers involve the moving
of a mechanical device. One possible
way to digitally control these devices
is with servomechanisms such as those
used in radio controlled model air-
craft. In his article, Give Your Micro
Some Muscles, Robert D Grappel
describes how simple it is to interface
these devices with your computer to
control your own mechanical devices.

Since microprocessors have hit the
hobby market, one of the larger diffi-
culties of the computer hacker has
been obtaining inexpensive hardware
copy capabilities. Southwest Technical
Products Corp has introduced a line
printer that is the answer to this
difficulty. Their inexpensive impact
dot matrix printer is described by
Gary Kay in his article A Review of
the SWTPC PR-40 Alphanumeric
Printer.

The audio cassette is a kluge similar
to paper tape; it works but is incon-
venient. The “ideal’’ cassette system is
completely controlled by the com-
puter’s commands, the full digital cas-
sette recording facility. In his article
on Cassette Transports for the ‘“Roll
Your Own" Hobbyist, William H
Freeman takes a look at three dif-
ferent drives which have potential as
mass storage subsystems for the per-
sonal computing experimenter.

Last month we began an article on
The Digital Cassette Subsystem, by
Jack Breimeir and Ira Rampil. In this
issue, we continue the discussion with
part 2, concerning digital data formats
and system considerations.

Today’s computer hobby world is a
kit oriented one. In his article, Kit
Building for the Computer Hobbyist,
Louis E Frenzel sets forth guidelines
that allow the inexperienced kit
builder, the inexperienced hardware
person, or the software hacker who
just wants to get the basics, to con-
struct a working computer oriented kit
on the first attempt.

Navigation has come a long way
since the astrolabe, as exemplified by
the Omega system. In this month's
BYTE, Ralph W Burhans continues his
presentation of the hardware for an
inexpensive Omega navigation system
with some Simplified Omega Receiver
Details. (The series concludes with an
article on software by Richard ] Salter
Jrin next month's BYTE.)

To interact with video games or
graphic systems, it is often useful to
interface devices such as joysticks to
the microprocessor. In his article, An
Inexpensive Joystick Interface,
Thomas Buschbach describes one
method that will enable you to imple-
ment the conversion process in
hardware.

Over the years since the demise of
the original Star Trek television series,
there has been an increasing variety of
people enamored with the ideas that
the program had to offer. Among
these people are personal computing
enthusiasts who have turned these
ideas into a large variety of computer
games. In Flights of Fancy with the
Enterprise, David Price introduces his
own version of the Star Trek theme.
His program, though small enough to
be played on many microcomputers,
allows a wide enough number of
variations in play to satisfy even the
most frequent users. This program is a
must for Trekkies.

Steve Ciarcia owns and uses a
Digital Group 8080A system. Read -
about his experiences and you might
want to Try This Computer on for
Size.

Want 16 digit BCD output for your
calculator software? Need an octal
display to replace your binary lamps?
Read )im Hogenson's article on how
to Multiplex Your Digital LED Dis-
plays to find out what it takes to make
numeric display output hardware.



Introducing Sol Systems

®A complete computer/terminal
concept with all the
standard features, software
and peripheral gear you
want in your
personal computer.




Sol Systems put it all toge

ther

One source for hardware and software.

One source for

engineered compatibility
of computer and peripherals.

That’s the Sol plan.

Though the microprocessor made the
powerful small computer possible, a lot of
folks found out early efforts in the market-
place were selling the sizzle a lot more than
the steak. After an initial investment of sev-
eral hundred dollars, you ended up with
some nice parts, but no memory ot any kind,
no I/O devices or interfaces, no display, print-
out or software.

The Sol plan ends all that. Processor
Technology takes the position that it's far
better to be right than first. So let's get down
to the Sol no tricks plan.

For $995 in kit form, the first complete
small computer

Standard is a basic word at Processor
Technology. The Sol-20 has more standard
features than any other small computer we
know of. Here's what you get.

8080 microprocessor* 1024 character
video display circuitry* 1024 words of static
low-power RAM* 1024 words of prepro-
grammed PROM* a custom, almost sensual
85-key solid-state keyboard* audio cassette
interface capable of controlling two record-
ers at 1200 baud™* both parallel and serial
standardized interface connectors* a com-
plete power supply* a beautiful case with
solid walnut sides* software which includes
a preprogrammed Prom personality module
ond a cassette with Basic-5 language plus
two sophisticated computer video games*
the ability to work with all S-100 bus
(Altair 8800/IMSAI/PTC) products.

There are no surprises. Everything
you need to make it work is here. In kit
form, nominal assembly time from our fully
documented instructions is four to seven
evenings.

Or start with the Sol-PC for just $475
You can begin your Sol system with the
all on one board Sol-PC kit. It has all the

memory and interface electronics including
video display, keyboard interface, audio
cassette interface, all necessary software
and the ability to accept the full Processor
Technology line of memory and interface
modules. Use the Sol-PC as the basis of a
microcomputer, low cost CRT terminal or
editing terminal

The Sol plan, completely expandable.

By filling the basic main frame with
tailor made Processor Technology plug-in PC
boards, you can really expand the computing
power and flexibility of your Sol-20 Personal
Computer.

New items are being announced fre-
quently, but right now, here are some of the
things you can add to your Sol-20. The
ALS-8 Firmware module is an assembly
language operating system to give you the
power fo develop and run programs. Use
it to quickly write, edit, assemble, de-bug
and run your own programs. Some say it's
the most useful software development on the
market today, but modesty prohibits.

And when it comes to add-on memory
boards, you've come to the right place.
We've probably got more than anyone else.
Choose from 2K ROM or 4, 8 or 16K RAM.
The PT 2KRO will accept up to eight 1702A or
5203Q erasable, reprogrammable memories
(EPROM’s) with the ability to store in a non-
volatile fashion up to 2048 eight-bit words.

Our read/write memories are the
industry standards for high reliability. We
know, because we have literally scores of
customer letters saying “Your memory
modules work and keep on working.”

A full line of Sol-20 tailored peripherals
No computer can do the full job with-
out the right set of peripheral gear. PT has
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sought out the best manufacturers of periph-
eral equipment and worked with them to
give you a choice of quality so you can get
the most out of your Sol-20. Choose from
line and serial printers, perforated tape
readers and punches, floppy disk memories,
black and white or color graphics displays,
A/D, D/A converters and more.

Software, the Computer
Power Essential

A big part of making the first complete
small computer is providing you with a wide
range of easy to use, easy to obtain, low cost
software. For the Sol-20, we've developed a
whole group of offerings. And more are on
their way.

Sol Systems Price List

{prices are net, effective Dec. 1, 1976)

SOFTWARE
CuTts Paper

ITEM with manual Source cassette tape
BASIC 5 software

#2 yes *x $19.50
8K BASIC no $29.00 $37.00
New 8080 Focal no $14.50 N/A
TREK 80 video

game no $ 9.50 $14.50
GAMEPAC 1

video games no $ 9.50 $14.50
MATHPACK video

calculator yes $14.50 $19.50
ASSEMBLER

software #1 yes $14.50 $19.50

**CUTS cassette of BASIC 5 is included FREE with oll orders for Sol
units or CUTS cossette interfoces. Additional cossettes ovailoble
for $14.50.

Sol system owners be sure to note Sol
system on your order. These special versions
use less code and provide easier loading
along with more convenient operation.
SOLOS, SOLED and CONSOL all have provi-
sion for the special versions.

All Processor Technology software is
distributed on an individual sale basis for
personal use. No license to copy, duplicate
or sell is granted with this sale. Each software
package has been copyrighted by Processor

Technology and all rights therein are reserved.

Sol Terminal Computers Kit Price
SOL-PC SINGLE BOARD TERMINAL

COMPUTER™ $475.*

SOL-10 TERMINAL COMPUTER™
Sol-PC with case, power supply
and 70 key solid state keyboard.  $795.*

SOL-20 TERMINAL COMPUTER™
all features of Sol-10 with larger
power supply, 85 key solid state
keyboard, fan, and five slot
expansion backplane.

*Sol prices include CONSOL
Personality Module. If SOLED Intelligent
Editing Terminal Module or SOLOS Stand-
alone Operating System Module is desired
instead, add $100. If ordered separately,
personality modules are $150 each.

$995.*

Mass Storage Systems

Helios Il Disk System™
includes dual PerSci 270
floppy disk drive, cab-
inet, fan,S-100 bus compatible
controller, power supply, sys-
tem diskette with complete

PTDOS software $1895 $2295
Memory Modules Kit  Asmbld.
ALS-8 PROM Resident Assembly

Language Operating System — $425
SIM-1 Interpretive Simulator

add-on option for ALS-8 — $ 95
TXT-2 Text Editing add-on

option for ALS-8 — $ 95

2KRO Erasable PROM module $ 65 $ 89
4KRA 4096-word Low Power

Static RAM $159 $195
8KRA 8192-word Low Power

Static RAM $295 $375
16KRA 16384-word Dynamic

RAM — $529
Interface modules
3P+S Parallel/Serial 1/O

module $149 $199
CUTS Computer Users Tape

System cassette interface $ 87 $119
VDM-1 Video Display Module  $199 $295

See your nearest dealer or contact us directly.
Address Processor Technology,

6200B Hollis Street, Emeryville CA 94608,
Phone 415/652-8080.

[Dpts=4



Give
Your
Micro
Some
Muscles

Robert D Grappel
148 Wood St
Lexington MA 02173

A lot of proposed microcomputer appli-
cations require the computer to control
various mechanical devices. Opening and
closing valves, moving things, pushing,
turning, etc, are not things that computers
can do without help. This article describes a
surprisingly easy way to turn digital signals
into mechanical motion. This will make it
easier to design plotters, controllers ...
anything that requires motion.

Before | was bitten by the “‘computer
bug,” my hobby was building radio con-
trolled aircraft. In trying to solve the prob-
lem of transferring the position of the pilot's
hand to the position of a control surface on
the aircraft, we modelers gradually came to
use digital systems. The servomechanisms
used in aircraft are very sophisticated
devices. They are tiny, less than 3 cubic
inches (49 cubic centimeters). They are
light, less than 2 ounces (58 grams). They
provide up to 4 pounds (1.8 kilograms) of
thrust. Each servo requires less than 200 mA
of current at 5V. They continue to work
over a wide temperature range and in condi-
tions of extreme vibration. It seems to me
that such devices would make ideal muscles
for our computers. Servos are readily avail-
able, and are relatively cheap at around $25
to $50. How does one interface an aircraft
servo to a micra? Would you believe three
connections? Yes, it really is that simple.

You will want to use what is called a

See Sol now

The full line of Processor Technology
Sol Computers, systems, software and
peripheral equipment is on display

now at your nearby Sol store

CALIFORNIA

1514 University Ave.
Berkeley CA 94703

The Byte Shop

2559 South Bascom Ave.
Campbell CA 95008

Byte Shop Computer
Store

6041 Greenback Lane
Citrus Heights CA 95610
The Byte Shop

16508 Hawthorne Blvd.
Lawndale CA 90260

The Byte Shop
1063 EI Camino Real
Mountain View CA 94040

The Computer Mart
624 West Katella #10
Orange CA 92667
The Byte Shop

2227 El Camino Real
Palo Alto CA 94306

The Computer Store

of San Francisco

1093 Mission Street
San Francisco CA 94103

The Byte Shop
155 Blossom Hill Rd.
San Jose, CA 95123

The Byte Shop

509 Francisco Bivd.
San Rafael CA 94901
The Byte Shop

3400 EYCamino Real
Santa Clara CA 95051
The Byte Shop

2989 North Main St.
Walnut Creek CA 94596

FLORIDA
Microcomputer
Systems, Inc.

144 So. Dale Mabry Hy.
Tampa FL 33609

GEORGIA

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta GA 30340

ILLINOIS

The Numbers Racket
518 East Green Street
Champaign IL 61820
itty bitty

machine co., inc.
1316 Chicago Ave.
Evanston IL 60201

INDIANA

The Data Domain
406 So. College Ave.
Bloomington IN 47401

KANSAS

The Computer Hut
521 N, Hillside
Wichita, KS 67214

MICHIGAN

The Computer Store
of Ann Arbor

310 East Washington
Ann Arbor MI 48104

General Computer Store
2011 Livernois
Troy MI 48084

NEW JERSEY

The Computer Mart
of New Jersey

501 Route 27

Iselin NJ 08830

Hoboken Computer Works

No. 20 Hudson Place
Hobaken NJ 07030

NEW YORK

Audio Design Electronics
487 Broadway, Ste. 512
New York NY 10013

The Computer Corner
200 Hamilton Ave.
White Plains NY 10601

The Computer Mart
of Long Island

2072 Front Street
East Meadow, L.I. NY
11554

The Computer Mart
of New York

314 Fifth Ave.

New York NY 10001

Synchro Sound
Enterprises

193-25 Jamaica Ave.
Hollis NY 11423

OREGON

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene OR 97401
Byte Shop Computer
Store

2033 S.W. 4th Ave.
Portland OR 97201

D

OKLAHOMA

High Technology

1020 West Wilshire Blvd.
Oklahoma City OK 73116

RHODE 1SLAND

Computer Power, Inc.
M24 Airport Mall
1800 Post Road
Warwick RI 02886

TEXAS
The Micro Store
634 South Central

Expressway
Richardson TX 75080

WASHINGTON

The Retail Computer
Store

410N.E. 72nd
Seattle, WA 98115

WASHINGTON, D.C. area
Media Reactions Inc.

11303 South Shore Dr.
Reston VA 22090

WISCONSIN

The Milwaukee
Computer Store
6916 W. North Ave.
Milwaukee W1 53213

CANADA

The Computer Place
186 Queen St. West
Toronto, Ontario M5V 121

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa, Ontario K2P 2C4
First Canadian
Computer Store Ltd.

44 Eglinton Ave. West
Toronto, Ontario M4R 1Al
Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 24
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Figure 1: Timing diagram of the waveform that is needed to drive the
servomechanism. The pulses are from 16 to 20 ms apart in time, and have a
pulse width of 1 to 2 ms. This type of timing can be accomplished using your
computer’s internal clock as a reference in timing loops, or through a
programmable real time clock.

three wire servo which is the modern type
unit. These run on regulated 5 V supplies.
That takes care of two of the necessary
connections. The third lead is the input
signal. This is a TTL compatible signal,
which can be driven from one bit of a
typical output port. We will use software to
generate the proper waveform at this bit.
Since each servo requires only one output
bit, a typical byte port can drive up to 8
Servos.

Servos are really pulse width feedback
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201C 86 20 01 > LLAA UDATA ---

201r 4A >PUL{ LEUA VARIABLE LELAY

2020 26 rb > BNE  PULL e

2n22 73 01 SO > Cum  PLAD END HE PULSE

2025 C& FA > LuAY 4250 .-

2027 db 01 38 > ush MiLL 250 MY INFEHPULSE beLAY

2n2a 1C 20 Ol > INC  UATA

202U H6 20 01 > LUAA DAfA

2030 87 01 4¥ > STAA LAMZ

2033 20 DF > BRA PULS

203s > END

ses END ~ UNRESULVED ITEMS:

s%% SYMBOLS:

DATA 2001 ENFY 2003 LAMZ O14F wlL] 0148 PIAC 0151
PIAD 0150 PUL1 201F PULS 2014 #

Notes on Trying Robert’s Idea for Muscles
by Carl Helmers, editor

Using the servo we bought to take the
picture of photo 1, I wrote the program
shown in this listing to illustrate the opera-
tion and test out the characteristics of the
device. The program is written for my
homebrew 6800 system, which has parallel
interface ports at hexadecimal addresses 150
to 157 in memory address space. The PIA
port at locations 150 and 151 was used for
this experiment, with some binary indicator
lamps at location 14F used to tell what the
current state of the command parameter
was. This program uses a subroutine in my
monitor called MILI which is a timing loop
returning to the calling point 1 millisecond
after entry. The interpulse space was
arbitrarily set at 250 ms (it worked) in order
to allow observation of what was happening

Continued on page 34

Photo 1: A typical model aircraft servo,
which we purchased at a local hobby shop in
Greenville NH. The price of this unit was
about $45, and the only documentation we
could find on it, the catalog, said it could
exert 5 pounds of force, presumably at the
limit of the lever arm provided by the
standard bell cranks and connection wheels
which came with it, We took it apart after
photography and found a gearbox with
several gears, the motor, potentiometer
slaved to the main output shaft, and electron-
ics. Although the printed circuit board
internal to the device had "made in fapan"’
marked on it, the actual integrated circuit
was clearly a result of international trade —
it was marked '‘Texas Instruments.” After
reassembly, it was tried out with the pro-
gram shown in the box accompanying this
article, using a PIA port at address location
0150 (hexadecimal).



units. The input is a pulse with a carefully
controlled width. The servo contains an
electric motor, a gear train, a feedback
potentiometer connected to the gearing, and
some fairly sophisticated electronics. In
modern servos, all the electronics is con-
tained in a custom integrated circuit. The
circuit generates an internal pulse every time
it receives an input pulse. The internal pulse
width is controlled by the feedback pot. The
circuit then compares the pulse widths. If
they match, then no current goes to the
motor. If they do not match, then current is
fed to the motor and it drives the mechanics,
together with the feedback pot, in the
appropriate direction until the pulse widths
again match. By feeding pulses in a rapid
stream into the servo, it will appear to track
the varying pulse width.

Just about every servo sold for use in
model aircraft expects pulse widths varying
between 1 and 2 ms. Most servos use positive
going pulses, but there are a few servos
around which require negative going pulses.
The pulses should be repeated every 16 to
20 ms. The repetition frequency is not criti-
cal. The servo will run from extreme to
extreme in about 0.5s. To drive the servo,
one then needs to generate a waveform like
that in figure 1. This can be done with
timing loops, interrupts or programmable
timers. Even the slowest processor can
handle this task.

Model boats, and some aircraft, use elec-
tric power plants. The same type of controls
can be used to vary the speed and direction
of electric motors. For readers interested in
controlling motors, and other high power
devices, | would recommend the circuits
published in RCM, (Radio Control Modeler).
Page 166 in the April 1976 issue shows a
circuit using the integrated circuit from a
servo and two external transistors to control
a 20 A motor from full stop to full speed.
Page 12 of the September 1976 issue shows
a similar circuit which has the added feature
of forward and reverse control. Circuits like
these can also control other loads, like lights
or heaters. This is fully proportional control,
not just on and off.

Now there is no excuse for not building
that robot you were thinking about. You
can use servos to control your tape cassettes
by pushing the buttons under computer
control. Using two servos, one in the X
direction and another in the Y direction, a
pen plotter can give your computer a hard
copy graphics capability. There are hundreds
of exciting possibilities. | hope to read of
some of them in these pages soon.m

Computer music

hits the big time with
hardware controlied
waveforms, tone,
volume and 9
octavelevels...

plus a new
high level
music
language!

STy

Now you can create the real sounds of your
favorite instrument, compose your own music,
play your favorite sounds or do in-depth
musical research on your Altair or IMSAI S-100
bus computer.

The brand new SB-1 Music Board can generate
complex waveforms easily because attack and
sustain reside in hardware, not software. Since you
can store several waveforms in memory, your
computer will play more than one instrument. The
new high-level language developed especially for
the SB-1 allows you to easily input the notes just as
you would-read them and adjust the sounds by
controlling the waveform. The output of the SB-1
provides a 2-pin connector for low-impedance
output, or approximately 1 voit RM S with accuracy
better than %% for one octave of the tempered
scale. Multiple sounds can be generated with -
additional boards.

Put versatility and music into your computer today.
Contact your local computer hobbyist store or
write for complete details.

C U‘ﬂ 2102A Walsh Avenue
Santa Clara, CA 85050

40 -270
A division of Solid State Music (AQ8) E4RZUA

Hear us at the First West Coast Computer Falre in San
Francisco, April 16th and 17th, Booths 323 and 325.

We're the blue boards.:
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B THE PERFECT MICROCOMPUTER
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*R03 Garkic inc

EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPER_AT Lo SN

CTO3 GRAPHC iNC.

77 LAKEFIELD ROAD, SUITE F
WESTLAKE VILLAGE, CA 91361 ] (805) 497-0733
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THE PERFECT MICROCOMPUTER

- VECSOR 3 PAPERBYTES™ Forum

DEALERS

EAST COAST

Computer Mart of New York, Inc.
314 Fifth Avenue

New York, New York 10001
212-279-1048

Computer Mart of Long Island
2072 Front Street
East Meadow, New York, New York 11554

Machine readable printed software is an exciting subject. Numerous
comments have been received from various individuals regarding the idea of
machine readable printed software as described in the November and
December 1976 issues of BYTE. These are excerpts from various letters
which often covered other topics as well:

516-784-0510 Multiple Synch Characters .. . . 32 data bytes, depending on length, so a
The Computer Mart of New Jersey T e A T o T 3 to 4% pena/'ty in capacity is required.
501 Route 27 he f. hould . Itipte SYN Also, the main advantage is to allow
Iselin, New Jersey AL B G D e sweeps in both directions, which for
201-283-0600 characters, Here are a couple of U

manual scanning may not be particularly
important since the rhythm of operation
| have a few comments on the pro- has to be interrupted by repositioning
posed standard for machine readable the guide straightedge between each
printed data. (My forte is not building swipe.
bar code readers, but | do have some
experiecnce in high speed data trans-
mission.) In the proposed frame layout |
would suggest duplicating the SYNCH
Byte Shop character at least one more time, and

18424 Ventura Bivd. H i 5
Tarzana, Ca. 91356 possibly a couple more times. The rea

The Computer Mart examples of the comments:

1097 Lexington
Waltham, Massachusetts 02154
617-899-4540

WEST COAST

Byte Shop of Westminster
14300 Beach Blvd.
Westminster, Ca. 92683
714-894-9131

Printed, Machine Readable Braille?

Totally unrelated to our bar code
representation for data, but nevertheless
interesting, is this letter from CR

213-343-3919 soning is that even if the timing marks Conkling Jr, and his accompanying
are included {which | don’t think were in sample.

Byte Shop .

Palm Plaza the December samples) the adaptive

Thousand Oaks, Ca. 91360 algorithm must establish *““bit synch’ to
805-497-9595 extract the bits correctly, and then it
Byte Shop must establish “character synch” to
2559 S. Bascom Ave. insure it has gotten the character bound-
Campbell, Calif. 85008 aries correct. In data transmission
Kentucky Fried Computers schemes, usually two or four synchs are

ggf;:;mé‘asgfﬁo used depending on whether the synch

415-549-0858 pattern is to establish only character
synch or both character and bit synch.

MIDWEST .

DATA DOMAIN -the Personal Computer Stores The modulation schemes you have pre-

INDIANA sented seem to have enough transitions

.

in them to get bit synch, so four synchs
probably aren’t needed. But the algo-
rithm would be a lot more sure of what
is going on if there were at least two
synchs: one to get synched, and one to
check the synch. | think this is particu-
larly important considering the data
following the synch is the checksum.
Slop or jitter from the startup of the

(Home office)
406 S. College Ave.
Bloomington 47401
812-334-3607

7027 Michigan Rd.
Indianapolis 46268
317-251-3139

219 Columbia
West Lafayette 47905
(Opening early December)

ILLINOIS

(itty bitty machine co., inc.)
1316 Chicago Ave.

Evanston 60201
312-328-6800

42 W, Roosevelt
Lombard 60148

KENTUCKY

506%: Euclid Avenue
Lexington
606-233-3346

3028 Hunsinger Lane
Louisville 40220
502-456-5242

WISCONSIN

2221 E. Capitol
Shorewood 53211
414-961-2430

TEXAS
The Micro Store
634 S. Central Expressway

@™ Richardson, Texas

£

\/g¢0 GRAPHC iNC.

717 LAKEFIELD RD, ® SUITE F
WESTLAKE VILLAGE, CA 91361

human hand could be particularly dam-
aging here, A few extra synchs thrown in
could solve that potential problem.

Maybe | am trying to make this all
too complicated, but my background is
one of insuring robustness in protocols.
The bar code wand reader experts prob-
ably have a better feeling than | for
things like this.

Mike O'Dell

University of Oklahoma

Information and Computing Sciences
601 ElIm, Rm 926

Norman OK 73069

Another reader suggested putting a
second SYN character at the end of the
frame in order to allow scanning in
either direction, a sentiment which was
echoed by Tom Pittman of Tiny BASIC
fame. But using the sparse format shown
in the examples in this issue [or for-
mat {c) of December BYTE, page 17],
the frame capacity is only about 26 to

13

The sample is a short segment of the
text, reproduced here twice the original
size, which was a test occupying two
sides of a letter size sheet of enameled

paper.

| was interested in your thoughts on
using ink print to transmit digital infor-
mation. | have enclosed an ink printed
sheet of paper which was printed using
standard offset methods., The paper con-
tains a complete pocket paperback size
book. | must say, however, that it is in
grade 2 Braille which uses contractions,
as in speed writing. The Braille code is a
6 bit code, and the paper is encoded to
drive a mechanical Braille cell to repro-
duce the data.

Why it was done is a long story. Why
it was never completed is even longer.
One of the reasons that it was never
completed was that we had no luck

Continued on page 82



Editoris]

by Carl Helmers

BYTE Goes International

Accompanying this editorial is a letter
from an Australian reader, Kevin C Barnes of
Five Dock, New South Wales. He's writing
on the conditions of the small computer
person in Australia circa September 1976.
We held onto the letter until it was possible
to announce an arrangement which should
help promote and build an indigenous small
computer industry in Australia: the new Far
East Asian editions of BY TE magazine.

When BYTE first began circulation, an

electronics engineering consultant named
John Bannister, a native of Sydney, Aus-
tralia, subscribed nearly instantaneously
when he heard about it from an American
friend. But he soon ran into a problem
which plagues all individuals on the end of a
long international supply chain - it takes
time and patience to await BYTE (or any US
goods, for that matter) in Australia, which is

Continued on page 62

Are Logic States Inverted Down Under?

Here are just a few notes that might
be of interest to your readers about
conditions in Australia. Interest in com-
puting is just about to happen down
here. Both national electronics maga-
zines, Electronics Australia and Elec-
tronics Today [International have just
{(July 1976 issue) started to talk about
microprocessors. They have started by
reviewing the different evaluation boards
available. But neither magazine has pub-
lished any construction articles as yet on
microprocessor based microcomputers.
(EA did design and publish an 8 bit
processor back in the end of 1974 and
beginning of 1975, but it was a serial
processor which did not gain tHe popu-
larity of the present microprocessor
systems. That processor, the EDUC-8,
was built using TTL MSI and SSI chips
and had a limited memory of 256
locations. In fact £A was beaten to the
honor of being the first to publish a
computer plan by only a few weeks by
Radio Electronics’ publication of the
Mark 8.)

Commercial interests now have a
number of American designed and built
systems offered for sale, but unfortu-
nately these people do not yet carry
much stock. MITS equipment is offered
down here by a company called WHK of
Melbourne, and the proprietor has pub-
lished a rather impressive catalog with all
the MITS hardware and software listed.
JOLT is also being advertised as well,
although mainly through the trade jour-
nals. EPA’s Micro 68 also has been
offered for sale and the agent has at least
one in stock which he is willing to lend
to people to look at and play with.

| and three other people have formed
a small club and have three systems
operating, using the 6800, 8080 and the
SC/MP chips. They have been built
around evaluation boards. We also have
an ASR-33 and ASR-38 Teletype and

our big project at the moment is a
floppy disk. Our small project of the
moment is a PROM programmer to
program 1702s. In my conversations
with various integrated circuit manufac-
turing company representatives, |'ve
gained information that a good propor-
tion of the sales here have been to
individuals, not companies, and that
many boards bought by companies have
been for individuals within the com-
panies and not for particular company
projects |[standard practice in the US,
too ...CHJ.

Also very annoying is the rather high
price markup on the hardware by the
time it reaches Australia. The /nte/ 8080
Microprocessor System User’s Manual
for instance has sold for $20 even
though it is marked $5, while the Altair
8800A sells for $619 Australian ($740
US currently) for the basic kit with no
extra boards. Well, | hope this has been
of interest.

Kevin C Barnes

71 Barnstaple Rd

Five Dock

New South Wales 2046
AUSTRALIA

Thanks for your comments, Kevin.
By the time this letter is in print, it will
be part of the third issue of our new
Australian English language edition of
BYTE, so withany luck you'll soon start
to find some increases in personal com-
puting activity in your vicinity. Until
there is local manufacture, there is no
way you can beat the price penalty, as
nearly as | can project: Shipping costs
time and money. When a product is dear,
whether through distance or natural scar-
city, Adam Smith and Co long ago pre-
dicted the price would rise. | understand
from John Bannister, however, that at
least you don't have to pay an exorbi-
tant import tariff as our Canadian
friends do.
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Experience

the excitement of owning the world’s

finest personal computer -
IMSAI 8080

Waiting for you — all the incredible
performance and power of the
IMSAI 8080. And at a price you
would normally pay for a fine
home music system.
Introduced less than two years
ago, the IMSAI 8080 is sold world-
- wide and acknowledged as the
N, ffnest‘p'ersonal computer available.

'WORLD“OF USES

The IMSAI ‘8080 is a superbly
engmeered quality computer. It is
ersatile, expandable and power-

nnn®

e e

applications and uses at your
fingertips. Imagine sitting at your
desk and enjoying interaction with
your IMSAI 8080! Press the on
switch and youre ready for game
playing, research, education, busi-
ness applications, or for laboratory
instrument control It has all the
power you need, and more, to
make your application ideas come
alive.

GROWS WITH YOU

The IMSAI 8080 is designed for
many years of pleasure. With its
open-chassis engineering you can
expand your system by adding
peripherals and interfaces. The 22-
slots and 28 amp power supply
mean that you can plug-in today’s,
plus tomorrows modules.

Right now you can add a module
for displaying color graphics and
characters on TV; a ready-to-use
keyboard; small and large printers,
and a single interface that lets
youattach multiple devicesinclud-
ing a cassette tape recorder. Ex-
pect the latest, exciting equipment
from IMSAI We are committed
to leadership in this expanding
technology.

EASY TO PROGRAM

With our BASIC language you
can operate the IMSAI 8080
quickly and easily. Technij
knowledgeable? Use ou
language to devel
and unique s

[ rtbrochure
"r.’ M’ &

IMSA! N
14860 Wicks Bivd. "'"“' s
San Leandro, CA 94577
(415)483-2093 -
TWX910-366 7287 Sn—

Europesan Distributor
Harper Industry Produ
6079 Sprendlingen?
West Germany
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8080 TRICKS AND FAST OPTICS
FOR ISOLATION

In the November 1976 letters col-
umn, reader Bennett asked for an easy
way to do an arithmetic shift right using
the 8080. Try RLC, RAR, RAR; only
three bytes, and the carry bit ends up
thesame as with SRA A on the Z80.

By the way, if anyone wants to try
an optically coupled video interface to a
television, look at HP's 5082-4360 op-
tically coupled logic gate. It's rated for
10,000 bits per second and costs
$6.30 in unit quantity. Cheaper optical
couplers can handle sync and, if neces-
sary, an onj/off control, but the HP
device is the firstone I've seen that looks
fast enough to handle video frequencies.
Using a separate device for sync avoids
critical biasing adjustments to make a
single device operate in the linear mode.
With separate devices, the video and sync
mixer goes on the output side of the
devices. Frequency response can go
down to DC if you can avoid upsetting
the television's video stage bias without
using a DC blocking capacitor.

Robert F Miles
242 Abingdon Rd NW
Lenoir NC 28645

OOPS ...SUPPLIES GONE

After reading the "An Item of Inter-
est” article in the September issue of
BYTE (page 100), | wrote to SWTPC for
the June 1976 newsletter. But the news-
letter is not in print anymore.

Is there any way | could get a used
or old June 1976 newsletter? Please
respond.

Robert Leong
705 N Linden Dr
Beverly Hills CA 90210

WANTED: ELIZA FOR THE
SMALL COMPUTER

Many vyears ago | had a dialog (my
first online experience!) with a computer
that conversed like a psychiatrist, select-
ing phrases from my input and feeding
them back in new context or, if nothing
good suggested itself, injecting a random
phrase such as “how did you feel about
your father?'’. It was called the ELIZA
program, because it learned from its
input. According to one article | have
read, it was originated at MIT.

Now, after considerable timesharing,
I am a subscriber to BYTE and am
buying an Altair 8800a on the Kit-a-
Month plan. Is anyone in BYTEland
familiar with the software for ELIZA? In
particular, does anyone know of a ver-

sion suitable for small machines? 1'll try
to reinvent it if | must, but it seems silly
to do so.

John P Aurelius
2568 10th AvW
Seattle WA 98119

ELIZA is a program created by
Joseph Weizenbaum at Massachusetts In-
stitute of Technology, which has since
spread somewhat widely — in ways not
necessarily consistent with its creator's
goals. See BYTE's review of Weizen-
baum's book, Computer Power and
Human Reason, on page 11, January
1977. The book is highly recommended
reading for any intellectual. As to
whether  detail implementations of
ELIZA style programs can be found,
maybe a reader with academic connec-
tions can enlighten us.

THAT'S THE RIGHT IDEA . ..

1I'd like to give my support to Charles
Wortell's entry to the Programming
Quickies column [December 1976, page
132]. A few months ago | thought of
presetting memory of my 6800 system
to SWI (hexadecimal 3F) to catch way-
ward programs. ['d like to suggest the
following to anyone considering a ROM
operating system for a 6800: I've re-
placed the MIKBUG monitor in my
SWTPC 6800 with a PROM monitor that
initializes memory to SWI. This is only
done on power up reset and not on
subsequent resets.

I've changed all interrupt vectors to
addresses in the processor board RAM.
This allows faster interrupt service and
frees the SWI for alternate uses. As an
added bonus an unexpected interrupt
from 10 will cause a register print just
like SWI.

I'd welcome correspondence from
readers considering this and other rou-
tines | included in my monitor.

Leo Taylor
18 Ridge Ct W, Apt 21C
West Haven CT 06516

You've got the right idea with respect
to customizing and extending monitors.
I've done a similar thing in my own
machine by writing a monitor program
much more capable than MIKBUG.
How'd you like to start a 6800 systems
programming special interest
group?...CH

ALTAIR WORD
PROCESSING NEEDED

I am interested in using my Altair
8800 to produce clean letters and re-
ports from text entered through a key-
board with editing capabilities. Is there
anyone out there who has an Altair
compatible software package who can
help me?

Also I'd like to inform you that we
have formed a Stony Brook Homebrew
Computer Club, which is both hardware
and software oriented. We have friendly
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and informal meetings and access to
various simulators and cross-assemblers
on the school computer. Members have

their own systems to demonstrate and <=

discuss (8080 and 6800).

Ludwig Braun

Professor of Engineering

State University of NY at Stony Brook
Stony Brook NY 11794

Text editing is one area where we
expect to use our office Altair, among
other things. Try writing in 6 months or
a year if you haven't found a source by
then.

YE OLDE BOARD
SWITCHE MANOEUVRE

The following is a simple fix | found
for a crashing Altair 8800. The symptom
was apparent false jumps when loading
and operating 12 K BASIC for a few
minutes. These errors wiped out parts of
the |baded software, outputting '‘syn-
tax’' errors, garbage or nothing. The fix
was to move the processor card to the
center of the case {(near the fan), away
from other boards, and to tape {double
back sticky) an aluminum foil {~1 X 2
inch) heat sink {convection cooled) onto
the SN74123. No problems have oc-
curred since.

Dr F R Ruckdeschel
Principal Scientist
Xerox Corp
PCDD/P&MS/EDPA
800 Phillips Rd
Bldg 129

Webster NY 14580

WANTED — 6502 USERS

| would like to say that | enjoy your
magazine very much, and look forward
to it every month. It always seems to
have the articles | am looking for, and
they are always entertaining.

| am presently bringing up a 6502 on
an OSI superboard and am interested in
speaking to anyone with a micro, espe-
cially a 650x series computer. If anyone
has a monitor that they think is really
great, or atleast perfect, please give me a
call or drop me a line. My phone number
is (613) 692-3786. Ask for Kevin.

Kevin Szabo

Box 86, Hillcrest Dr

RR 1, Manotick, Ontario
CANADA KOA 2NO

PAGING WITH AN 1802

First of all, thanks for coming up
with a computer magazine for the ex-
perimenter just when | needed it.

In regards to the editorial ““The Ad-
dress Space Saturation Problem' by Carl
Helmers in your November 1976 issue,
page 16, | would like to make a sugges-
tion. The RCA Cosmac 1802 micro-
processor, which was used in the recent

Continued on page 94
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Print Your Heart Out.

With help from the Digital Group, naturally.

Now, that small computer system you own or have been
considering for personal or business use suddenly be-
comes a lot more usable—with the addition of a full-size
impact printer from the Digital Group. A printer designed
for small computers that need big output (like yours).

With the Digital Group printer, you can 1print our heart
out...and it won't cost an arm and a leg. The Digital
Group printer is available for less than $500. That’s
right—$500.

Just look at these specifications:

e Fast—120 characters per second

* 96 characters per line

* 12 characters per inch horizontal

* 6 lines per inch

* Makes up to 4 copies simultaneously

¢ Character set and Pitch variable under software
control—double width characters, etc.

® 5 x 7 character matrix

¢ Ribbon has built-in re-inkers for a life of
10,000,000 characters

* Paper can be either a standard 8%:-inch roll, fanfold
or cut page

* Interfaces to 8-bit parallel ports

There are lots of capabilities and outstanding features of the
Digital Group printer...and (as always) the best news is
our price. Kit prices start as low as $495 for the printer and
interface card. It simply can’t be beat.

Find out all the facts about the Digital Grou? printer now.
Just fill in the coupon below or give us a call for the details.
We think you'll find a place for our printer in your system
...and in your heart.

(tredightalgrowp )

P.O. Box 6528
Denver, Colorado 80206
(303) 777-7133

Quick. I want to print my heart out.
Send me all the details on your fu I-size impact printer.

Name

Address

City /State/Zip

Please print.



A Review of
the SWTPC PR-40 Alphanumeric Printer

Gary Kay

Southwest Technical Products Corp

219 W Rhapsody

San Antonio TX 78216

Ever since the microprocessor's introduc-
tion, computer hobbyists everywhere have
been searching for a low cost alphanumeric
printer. One place the search can stop is at
the unit presented here: a 5 by 7 dot matrix
impact printer. It prints the 64 character
upper case ASCII set with 40 characters per
line at a rate of 75 lines per minute on
standard 3.875 inch (9.843 cm) rolls of
adding machine paper, as shown in figure 1.
One complete line is printed at a time from
an internal 40 character first in first out
buffer memory. Printing takes place either
on receipt of a carriage return-or automati-
cally whenever the line buffer memory is
filled.

The printer can accept character data as
fast as one character per microsecond (until
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Photo 1: The PR-40 dot
matrix printer as assem-
bled from the kit dis-
tributed by Southwest
Technical Products. The
printer is not enclosed in a
case but is mounted on a
black anodized aluminum
chassis with overall dimen-
sions of 9.63 by 10.50 by
875 inches (24.45 cm by
26.67 cm by 22.23 cm).

the buffer is full) or as slow as you wish to
send it. The printer’s seven parallel data lines
are TTL compatible and may be enabled by
a single data ready control line or by
separate data ready and data accepted hand-
shake control lines. This universal approach
makes the printer compatible with all com-
puter and terminal systems having an eight
bit parallel interface port; including, of
course, the SWTPC 6800 and MITS Altair
8800 computer systems.

The printer mechanism is attached to a
black anodized aluminum chassis with front
trim panel which houses the circuitry includ-
ing its own 120 or 240 VAC 50 to 60 Hz
power supply circuit shown in figure 2,
making the printer’s overall dimensions
9.625 by 10.50 by 8.75 inches (24.45 by
26.67 by 22.23 cm).

The: Mechanics

The entire design, shown in photo 2, is
based on a simple and reliable print mecha-
nism intended originally for point of sale



Figure 1: Example print-
out demonstrating the
type of characters that are
generated by the PR-40
dot matrix printer. The
printout is the width of
readily  available 3.875
inch (9.843 c¢m) adding
machine paper. The test
program of listing 1 gen-
erated this printout.

terminal use. The printed characters are
formed by moving the print head horizon-
tally across the paper while selectively ener-
gizing solenoid driven print wires on the
head which strike an inked ribbon and
imprint dots on standard adding machine
paper. All seven of these solenoid driven
print wires converge at the tip of the print
head in a vertical line which is perpendicular
to the horizontal direction of movement of
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the print head. By selectively firing the print
wires, 5 dot wide by 7 dot high characters
are printed as the print head moves across
the paper. A one dot time spacing is left for
separation between the printed characters.

This method of printing characters is not
new but the method of moving this wire
impact print head is unique. Rather than
using dual motors, clutches, timing bars and
the other hardware usually associated with
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Figure 2: The schematic
diagram of the power sup-
ply circuit for the PR-40
printer. This power supply
can be run on either 120
or 240 VAC depending on
whether the primary wind-
ing is wired in parallel or
series. The power trans-
former, T1, has a 120, or
240 V  primary; 32V
@2 A 12.5V @] A center
tapped, 120V @200 mA
center tapped secondaries.
As can be seen in the
diagram, the printer motor
is triac controlled, taking
its on and off states from
the position of the printer
head on the page. All re-
sistors are measured in
ohms and are 0.25 W un-
less otherwise stated.



A Printer Testing Program

The printer diagnostic program of
iisting 1 has been written to test and
debug the SWTPC PR-40 printer when it
has been interfaced to the SWTPC 6800
computer system through one of the MP
L parallel interface boards. It is assumed
that before loading this program, the rest
of the system is functioning normally
with no problems. The program itself
uses 60 words and is loaded within the
128 word programmable memory used
by the MIKBUG® operating system on
the MP A microprocessor and system
board. A program may reside in external
programmable memory simultaneously
with the diagnostic loaded within the
128 word programmable memory, or the
diagnostic may be run with no MP M
memory boards installed on the system
at all. The diagnostic may be loaded
either from tape or instruction by in-
struction using MIKBUG starting from
hexadecimal address AQ014 through
A024 and then from hexadecimal ad-
dress A048 through AQ072. The address
of the MP L parallel interface board
feeding the printer must be set using
MIKBUG to load the hexadecimal ad-
dress of the selected port into hexadeci-

mal memory locations A002 and AQQ03
with the most significant byte going into
AQ002 and the least significant byte going
into AQQ3. The starting address locations
of the interface ports are given in table
1.

Since the program counter is set when
the program is initially loaded, the diag-
nostic is initiated as described in the "'go
to user’s program’’ section of Engineer-
ing Note 100. Once initiated, the pro-
gram can be stopped only by depressing
the reset button. The program may then
be restarted after resetting the program
counter to hexadecimal AC4A as de-
scribed in the "display contents of proc-
essor registers function’ section of Engi-
neering Note 100.

The diagnostic works by sending out
an ASCI! carriage return, hexadecimal
OD, followed by hexadecimal ASCII
characters 21 through 3F followed by
another carriage return 0D, followed by
hexadecimal ASCIl characters 40
through bE inclusive, repeating itself
until stopped with the reset switch.

Each character is output to the
printer by first storing the ASCII| char-
acter’s bits 0 through 6 on output lines
00 through 06 of the selected MP L

Listing 1: A debug and test program written for a 6800 type system with
MIKBUG. The hexadecimal address of the selected port is loaded into
memory locations A002 and A003 which are referred to by PARADR. The
program counter is initiated at the beginning of the program. The program
sends out a carriage return, hexadecimal ASCI! characters 21 through 3F
followed by a carriage return, followed by hexadecimal ASCII characters 40
through 5E, and repeated indefinitel y.

parailel interface port, then bringing the
normally high data ready line low via
interface output control line C2 for at
least 1 us, then returning the line high
again. The data must be held stabie on
the interface output lines, however, until
the printer acknowledges data receiptby
bringing its normally high data accepted
line momentarily low and then high
again. This latter low to high transition
signifies that the printer has accepted the
character. The MP L control line C1 fed
by this line has been programmed to see
the low to high data accepted transition
and responds by allowing the program
to output the next sequential ASCII
character.

To set the printer’s line width adjust-
ment, you should use MIKBUG to
change the data in hexadecimal memory
locations A056 and A065 from OD to
00. This will eliminate the transmitted
carriage returns and force the printer to
print a full 40 column fine. The line
width control should then be adjusted
for symmetrical margins. The characters
will still be printed sequentially but will
not be identical from line to line.

Do not operate the printer more than
a minute or so while running this diag-
nostic. Continuous printing of full length
lines with no spacing between characters
overheats the solenoids on the print
mechanism which may decrease its oper-
ating life.

If you are using the SWTPC PR-40
printer with the SWTPC 6800 computer
system, you may use the OUTCHR
subroutine listed from address AQ014
through A024 in the PRNTST diagnostic
within your own program for outputting

X characters to the printer. The index
Address Op Operand Label Mnemonic Commentary register must be loaded with the starting
A014 A7 00 OUTCHR STAA 0.X PARADR:=A: address of.the MP L parallel interface
AQ16 c6 37 LDA B 237 } PARADR+1:237; board feeq'ng the printer. The charaf:ter
A018 E?7 01 STAB 1,X [data ready portl to be printed must be loaded into
AQ1A cé6 3F LDA B #3F } PARADR+1:=3F; accumulator A and the contents of
AQ1C E7 01 STAB 1,X [data ready port) accumulator B are destroyed during the
AO1E 6D 01 LOOP3 TST 1,X check if data accepted signal subroutine.

received; Never install or remove the interface

A020 2A FC BPL LOOP3 iéagr;%l'not present go to board when the system is powered up.
A022 E6 00 LDA B 0,X else B:='PARADR Doir\g so is not only hazardous to the
AQ24 39 RTS return; equipment, but bypasses the normal
A048 AQO MSB [ ] power up sequence required by the
A049 4A LSB Rrogiamicounten internal registers within the 6820 inte-
AO04A FE AQOQ2 START LDX PARADR X:= PARADR; [IO port grated circuit in order to guarantee
A04D C6 FF LDA B %FF address| LG CLECH
AO4F E7 0O STA B 0,X e AR Note: MIKBUG | agemark of
A051 C6 3F LDA B #3F raT S s a trademark O
AO53 E7 O1 STA B 1,X } PARADR*1:=3F; Motorola Inc.
A055 86 0D FSTLIN LDA A #0D . .
AO57 aD BB BSR OUTCHR output carriage return; ) )
A059 86 20 LDA A £20 A:=20; Table |: Hexadecimal starting addresses of
A05B  4C LOOP1 INC A A=A+1; the parallel 10 port interfaces used by
AQBC 81 40 CMP A #40 compare A to 40; MIKBUG.
AQOBE 27 04 BEQ NXTLIN if A=40go to NXTLIN; :
A060 8D B2 BSR OUTCHR go to OUTCHR; P Add in Hexadecimal
A062 20 F7 BRA LOOP1 goto LOOP1; i ress in Hexadecima
AO64 86 oD NXTLIN LDA A =0D . . 100 8000
AQ066 8D AC BSR OUTCHR } QUIBUTEIIE0elietunr: 101 8004 {reserved for control interface}
A068 86 3F LDA A #3F A:=3F; 10 2 8008
AOBA 4C LOOP2 INC A A:=A+1; 103 800C
A06B 81 60 CMP A =60 compare A to 60; 10 4 8010
A06D 27 E6 BEQ FSTLIN if A=60go to FSTLIN; 1056 8014
AQ6F 8D A3 BSR OUTCHR go to OUTCHR; 106 8018
A0 20 F7 BRA LOOP2 guto LOOP2; 107 801C
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this type of print head, this printer rotates a
long cylinder just beneath the print head.
The length of the cylinder itself is a little
longer than the head’s printing width on the
paper.: The cylinder has a uniform cyclic
zigzag track formed on its outer circumfer-
ence, running from the left side of the
cylinder to the right side and then back to
the left again. A small projection on the
bottom of the print head rides in this track
so that as the cylinder rotates, the print head
moves back and forth from left to right. This
techniqgue moves the print head across the
paper at a constant velocity except for the
extreme ends, where nothing is being
printed. This approach greatly simplifics the
electronics needed to drive the printer since
no head positioning circuitry is neccessary.
The cylinder itself is turned by an AC motor

on the lower right hand side of the print
mechanism. (Sec photo 1.) A small ribbed
nylon belt interconnecting the two rides on
gear teeth of both the motor and cylinder.
Also attached to the right side of the
cylinder is a cam that actuates a roller arm
microswitch riding on the cam. This is how
the printer's electronic circuitry senses the
start of line position of the print head. On
the left side of the cylinder is an eccentric
driven pawl arm that advances the paper one
line for each revolution of the cylinder
which is the same as one cycle of the print
head.

Let’s go through a single cycle of opera-
tion of a printed line where we will first
assume the head is in rest position just left
of center. When a line print command is
initiated by the control circuitry, the motor

21

Photo 2. This photograph
displays the mechanical
parts of the PR-40 printer.
The seven solenoids can be
seen to converge in a line
at the print head. The po-
sitioning mechanism for
the printing head is seen as
the spiral groove under the
head mechanism.
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IC14A converts the lower case ASCII characters to upper case ASCI/
characters. The printer outputs a line of data at a time. The data is output

22

when a carriage return is received or 40 characters have been entered into the

memory buffer. All ASCII control characters, except carriage return, are
ignored since they are not printed anyway. All resistors in this circuit are

measured in ohms and are 0.25 W.



starts and the head begins to move from the
center position toward the far left side of
the printer where the head reverses direc-
tion. This nonprint dead zone gives the
motor, cylinder and print head time to
attain full speed. As the head begins its
movement from left to right, the cam
actuated microswitch opens telling the elec-
tronic circuitry to start sending solenoid
driving pulses for the character. Somewhere
before the print head reaches the far right
hand edge of the paper, the solenoid pulses
will cease while the head continues to move.
When the head reaches the right end of its
travel, it will mechanically reverse direction
and begin to move back toward the center of
the printer. During this return movement,
the pawl arm will rotate the platen one line
for the line feed. The motor is then turned
off just to the left of center where it started
originally. With our controller for this mech-
anism, character data is not accepted by
the printer’s circuitry during an actual print
cycle; however, feeding continual print data
from a computer to the printer may take
place so fast that the print motor may never
appear to stop between repeatedly printed
lines although it actually does.

The operation of the printing ribbon used
on the unit is also amazingly simple. A
ratchet technique not only advances the
ribbon incrementally for each cycle of the
print head but automatically reverses it
when it reaches the end of one of the two
spools.

The Electronics

The electronic circuitry designed to drive
the print mechanism can vary from nothing
but motor and solenoid drivers constantly
serviced by the microprocessor to a fully
self-contained hardware control unit with

Table 2: Power pins for the circuit of figure
3.

Number Device +5V GND -5V -—12V

memory needing only 7 bit parallel ASCII
data and a data ready strobe control line
from the computer. The printer electronics
of the PR-40 fits into the latter category.
The PR-40's controller has its own 40
character first in first out memory allowing
the computer to send character data at
whatever speed it wishes. The entire line is
printed upon receipt of a carriage return,
hexadecimal 0D, or automatically whenever
the 40 character line buffer has been filled.
All control characters with the exception of
a carriage return are ignored by the printer.
They are not stored in the buffer line
memory since they cannot be printed any-
way. Repeated line feeds are initiated by
sending repeated carriage return control
commands. Since the controller generates
upper case ASCII characters only, all lower

I1C1 3351 26 28 27

1C2 5241 12 23,23

IC3 7407 14 7

1C4 7490 5 10

ICS 555 8 1

1C6 74121 14 7

IC7 7407 14 7

1C8 7474 14 7

1C9 7420 14 7 A . . . . . .

1610 555 14 8 Photo 3: A view from the bottom of the PR-40 impact printer displaying the
IC11 7400 14 7 electronic circuitry of the system. The circuit board at the top left of the
:gg _7,228 1: :’, picture is the circuit for the power supply as described in figure 2. The circuit
IC14 7400 14 7 at the bottom of the picture is the electronic assembly for the print head
IC15 7402 14 7 driver. The large chip ut the bottom left of the picture is the first in first out
:811 3 ?,ggg 14 ; memory chip. The IC chip directly above it is the read only memory
IC18 7474 14 7 character generator.
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The PR-40 alphanu-
meric printer s manu-
factured by Southwest
Technical Products Corp,
219 W Rhapsody, San
Antonio TX 78216. It is
sold in kit form only. The
kit number is #PR-40 for
3250 post puid in the
United States. The kit
includes the print mech-

anism,  chassis,  circuit
boards, components,
power supply, assembly

instructions, one ribbon
and one roll of paper.

case characters sent to the controller are
transposed to their upper case equivalent
before printing. The printer's line buffer
memory is automatically cleared by a hard-
ware power up reset circuit when printer
power is first applied. The printer's triac
controlled motor is powered by a 120 VAC
secondary on the power supply’s power
transformer, as shown in figure 2. This not
only provides power line isolation but allows
the entire unit to be run on either 120 VAC
or European 240 VAC power systems since
thc power transformer has two primary
windings which may be either parallel or
series connected.

The seven ASCII parallel data input lines,
data ready, and data accepted control lines
are all TTL compatible. The inputs represent
a maximum of two standard TTL loads
while the data accepted output will drive ten
standard TTL loads. Data is presented to the
printer by storing the selected ASCIlI data on
the seven data input lines and strobing the
normally high, logic 1, data ready input line
low. This line should go low, logic O, for at
least 1 us and when it does the normally
high data accepted will also go low. The
character is not actually loaded until the
data ready input is returned to its normally
high state. The data accepted line will then
normally return high as well, indicating that
the character has been loaded. However,
when loading the 40th character on a print
line or a carriage return command, this data
accepted line will not return high until all
the previously stored data has been printed
and the printer memory is ready for more
data. The PR-40's printer controller will
ignore all data sent to it while the data
accepted line is low. So you will usually
want to make sure the data accepted output
line is high before scnding the controller
more data to be printed.

If you are carcful not to output data
faster than one character per us and allow a
minimum one second delay before sending
data after sending a carriage return or the
40th character of each line then you may
avoid using the data accepted line altogether.
However, using the data accepted line will
give your system the fastest possible print
speed.

How It Works

All ASCII character data is presented to
the first in first out memory, 1C1, through
hex inverter and buffer, IC12. NAND gate
IC14A makes any necessary conversions
from lower to upper case characters. 8 input
NAND gate IC13 monitors the incoming
ASCII data in search of a carriage return,
hexadecimal 0D, control command. If it
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decodes a carriage return it will prepare
normally high control flip flop IC8A to go
low on the falling edge of the data ready
control signal. NOR gate IC15A decodes all
control characters and along with IC15B
inhibits any control characters from being
loaded into the buffer memory. NAND gate
IC9A is responsible for generating the data
accepted control output whenever data has
been accepted by the buffer memory or
acknowledged by the control character de-
code logic. It also inhibits the data acccpted
output while the printer is in the process of
printing a line.

Control flip flop IC8A’s Q output is high
when the printer is in the idle state. A buffer
memory full signal decoded by NOR gate
IC15D or a decoded carriage return com-
mand by 1C13 resets this flip flop low which
turns the printer’s motor on through transis-
tors Q1 and Q2 located on the power supply
board which starts a line print sequence.

When the print head advances to the start
of line position, the roller arm microswitch
changes states which flips RS latch NAND
gate IC11D low which allows free running
oscillator, IC10, to feed divide by 2 flip flop,
IC8B. This divide by 2 feceds both the dot
counter, 1C4, and solenoid timer, [C6. This
solenoid timer is used to set the on time of
the printer’s solenoids. ‘If set too long, the
solenoids will overheat; if set too short, the
printed lines will be too light. An on time
duration of 400 us is the best compromise
setting. Decode counter 1C4 has its B and C
outputs tied back to its zero reset inputs
forcing it to become a modulo 6 counter. As
the counter progresses from O to 4 inclusive,
the selected character lines are decoded by
the read only memory, IC2, using the ASCI|
data fed to it by the buffer memory, IC1,
and fed onto the solenoids through buffers
IC3 and IC7 and Darlington drivers Q1 and
Q7. Counter state S is decoded by the read
only memory as a blank for the one dot
space necessary to separate the printed
characters. In the latter phase of the five
count the memory buffer is shifted, the
counter resets, and the sequence repeats.
When the memory buffer finally empties,
the read only memory is disabled and blanks
the output for the rest of the print cycle.
When the still moving print head reaches its
normal rest position, the roller arm micro-
switch again changes states. This time RS
latch NAND gate IC11C-flips low, setting
control flip flop, IC8A, back to normally
high state. Timer IC5 is a power up clear
circuit which empties the first in first out
buffer memory and helps prevent random
firing of the print solenoids during power
up.m



The

. POLY 88
Microcomputer

System

If you are into computers or considering a system, the
POLY 88 is the machine to contemplate.

HARDWARE

® Popular 8080 central processor ® Single-board CPU
with ROM, RAM, vectored interrupt, real time clock,
single-step logic and serial I/O e Video interface card -
generates video to TV monitor and provides parallel
keyboard input port ® Serial and cassette mini-cards plug
directly into CPU with ribbon cables ® Cassette

® ROM meonitor with powerful debugger, video software,
bootstraploader ® Backplane and power supply on one
board simplifies construction ® Rugged 6 amp power
supply ® All circuit boards are high quality, double-sided
with plated-throughholes ® System is compatible with

_. awiderange of Altair peripherals ® Minimum point to

point wiring means that the POLY 88 kit can go
together in three evenings!

ABOUT SOFTWARE

Software is the reason the POLY 88 was designed. The
operator can proceed from higher level languages like
BASIC to developing machine code with the aid of our
assembler. OQur BASICis a full 8K BASIC with character
and byte manipulation. Best of all, the programmer is
finally free of the teletype emulation mode so the video
display can be used to full advantage.

The video display provides a unique opportunity to write
new types of programs and games. Characters (16 lines
of 64) and graphics (48 by 128 grid) are part of the
processor’s memory, so the display may be altered
rapidly — the entire screen written in less than 20
milliseconds.

. POLY 88 hardware provides many
s i 3 additional features that
POLY-88 programmers have come toexpect,

such as vectored interrupt and real
time clock.

Seeit at yourlocal computer store.

ARE YOU NEW TO COMPUTERS?

The POLY 88 was designed for ease of use. Noone

should have to learn all the inner workings of computers
just to enjoy one at a reasonable price. With the POLY

88, you can “play” pre-developed programs or explore

the world of computer languages as your interests expand.

THE POLY 88 IS FOR EVERYONE )

Want to develop a new computer language? Want to

fight Klingons? The POLY 88 provides a firm foundation
upon which to build your interests and develop your skills.

POLY 88 SYSTEM PRICES:

SYSTEM 1 — Kitincludes 8080 vectored interrupt
processor with real time clock, % Kof RAMand 1K
monitor on ROM: Video Terminal Interface displays 16
lines of 32 characters on a video screen and has a
keyboard input port; cabinet, backplane, and power
supply; complete assembly, operation and theory
manual. $595.

SYSTEM 2 —System 1 plus 64 character line option and
Byte/biphase cassette interface kit. $690.

SYSTEM 3 — System 2 plus 8K of RAMwith BASIC
and assembler programs on cassette tape. $990.
SYSTEM 4 — The complete kit. It includes system 3 and
TV monitor, keyboard and cassette recorder with all
necessary cables and connectors. $1350.

SYSTEM 7 — System 4 assembled, tested and ready to
run. $1750.

ACCESSORIES — 8K RAM kit, $300. Assembled $385
POLY 1/O Ideaboard, hardware prototyping kit board. $55.
Analog Interface (1 channel) kit. $145.

Prices effective until January 15,1976. Prepaid orders shipped postpaid.

PolyMorphic
Systems

737 S. Kellogg, Goleta, CA 93017
(805) 967-2351




Cassette Transports for the

William H Freeman
816 Meadowlark Ln
Glenview |IL 60025

Use of the Phillips Compact Cassette as a
storage medium has been well established.
Articles in BYTE and other publications
have made the audio cassette just about the
only storage device for the computer hobby-
ist. However, not enough attention has been
given to the machine in which the cassette is
operated. From various articles the usual
transport mechanism is usually referred to as
a cheapie or $30 cassette recorder. The usual
control is a relay used to turn on the entire

device. | regard this method as less than
satisfactory and suggest that there are better
ways.

When the low cost cassette machine is

Photo 1: The Amilon A9 cassette transport. It is similar to the A7 transport

varying only in a different head mount and the lack of an index counter on

the A7 model.
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turned on or off with a relay, two dif-
ficulties are immediately apparent. First the
pinch roller is always engaged, which can
cause a dent in the roller if left too long in
this position. The dent will cause serious
wows in the tape speed. Second, the startup
time will be excessively long. This leads to
the conclusion that the entire tape transport
mechanism should be controlled by the
computer. All of the transport functions,
play, stop, rewind and fast forward, should
be available on command by the computer.

Audio cassette transports which will meet
the requirement of being controlled by logic
signals are available and can be purchased by
the computer hobbyist. These transports
have usually been available to the original
equipment manufacturer {OEM), but the
various manufacturers have indicated that
they will sell to individuals or groups. One of
the manufacturers of cassette transports, the
Economy Company, has been actively pro-
moting use of their deck for data storage,
but more about it later.

To the best of my knowledge, there are
only four companies in the US making and
selling “'bare bones' cassette transports. One
of these companies, TELEX Communica-
tions, only has a manually operated trans-
port, which cannot be controlled by a
computer and is of no real interest to the
computer hobbyist, even though it is a well
constructed, rugged unit. The three re-
maining companies, Amilon Corporation,
the Economy Company and the Mincom
Division (Wollensak) of 3M, all have trans-
ports which are amenable to logic control
since they have solenoids doing the work.

The Amilon Corp has two cassette trans-
port models which might be used by the
computer hobbyist. One model, the A9, is
primarily an audio unit with mono or stereo
heads for playing or recording usual audio
type information. The other model, the A7,
has characteristics slanted to the data storage
business. The two machines are very much
alike structurally, being built on the same
basic frame. They are the same in size and
weight, and require the same electrical in-
puts. Table 1 lists the performance de-
tails and shows the similarity of the two
transports.

Optical end of tape sensing is available as
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WHY INFORMA-
TION SYSTEMS
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Pub. price, $11.00
Club price, $8.85
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THE PRO-
GRAMMERS
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Table 1: Comparison of
the A7 and A9 cassette
transports manufactured
by Amilon comparing
speed, accuracy, and
power requirements of the
two units.

an option. The lamp used & a 5V, 100,000
hour rated lamp. Four kinds of cassette
sensing options are available using up to four
micro switches to sense the cassette in place,
record tab A and tab B and side A. Side A
sensing is detecting the off center slot on the
back edge of the cassette which is present in
a computer cassette.

Both the capstan and reel motors are AC
induction motors which means long, reliable
operation with no brush noise problems. The
capstan motor is a synchronous one and is
used to drive only the capstan, insuring
accurate speed. The other motor is used to
drive either the takeup spindle in the play,
record, and fast forward modes or to drive
the supply spindle in the rewind mode.
Amilon claims this is the reason for the
excellent wow and flutter performance as
there is no motor acting as a drag when in
the play or record mode. The mechanical
structure is solid and stiff, assuring con-
tinued alignment of all parts. In particular,
the pinch roller is mechanically isolated
from the heads and is mounted on self-
aligning instrument ball bearings to give even
pressure on the capstan and minimizing any
skew of the roller.

Play or Record Speed

Speed Accuracy
Wow and Flutter

Reel Controlled Search Speed

1.875 t0 10.0 in per sect
4.763 to 25.4 cm per sec

+2% at any speed
not stated

50 in per sec average

| was greatly impressed with the quality
and attention to detail in this machine when
the A9 model was demonstrated. Amilon
Corp is also involved with digital cassette
transports and some of their thinking has
rubbed off on the audio cassette transport’s
design, to the audio transport’s advantage.
Photo 1 shows the Model A9 transport. The
A7 model is almost identical, differing only
in the head mount and its lack of an index
counter.

You want to know what it costs? OK!
Prices for the A7 transport, the data unit,
start at $210 for one ($113.51 each in
quantities of 100) which includes a precision
head mount and a two track read and write
head. End of tape sensing and cassette
sensing switches are extra. Prices for the A9
transport start at $164.75 for one {$87.79
each in quantities of 100) which includes
standard head mounts, stereo erase, and
record and play heads. End of tape and
cassette sensing switches are extra.

Next on the list of transports, alpha-
betically, is the Economy Company with its
Phi-Deck. The Economy Co is a school book
publisher for elementary education. Some
years ago they added educational cassette

A9

1.875 or 3.75 in per sec*®
4.763 or 9.53 cm per sec

+1% (+0.3% available) at any speed
<0.1% NAB weighted

not available

127 cm per sec average

Fast Wind or Rewind

Start Time <40 ms

with speedup circuit <2bms
Stop Time <60 ms
Sensor Switches SPDT

Operating Humidity
Operating Temperature
Storage Temperature

Size
Weight

Capstan motor (synchronous)

Reel motor {fast mode)

(play mode)

Solenoids

tTen different speeds available:

not available

70 sec for C60 cassette

<300 ms

<50 ms
SPDT
0 10 95% noncondensing
+5° 10 +50°C
—20° 10 +70°C

5.16 by 7.00by 4.61in
13.10by 17.78 by 11.71 cm

5.00 pounds
2.27 kilograms

117V ¢ 10%, 50 or 60 Hz, 11 W

24 V + 10%, 50 or 60 Hz, 13 W
18 V + 10%, 50 or 60 Hz, 8 W

24 VDC, +b5%, 600 mA

1.875,2.0,3.0,4.0,5.0,6.0, 7.0, 8.0,9.0, 10.0 in per sec

4.763,5.1,7.6,10.2,12.7, 156.2, 17.8, 20.3, 22.86, 25.4 cm per sec

*Dual speed pulley available.
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Introducing SCELBAL,

A complete language

more!

SCELBAL. SCientific ELementary
BAsic Language for ‘‘8008''/‘‘8080"
systems. A complete, illustrated program book. Routines.
Techniques. Source Listings. Flow Charts. And more.
Took several years to develop. Now yours for many years
to come. First time that intimate details of higher level
language has been offered for such a low price. Only $49!
You get 5 Commands: SCR, LIST, RUN, SAVE, LOAD.
14 Statements: REM, LET, IF.

optional DIM. 7 Functions: INT, SGN, ABS, SQR, RND,
CHR, TAB. And, it runs in 8K and more. Here's all the
data needed to customize a high level language for your
system ... at a fraction of the cost!

Order your copy today! Get $49
started advancing your system! ppd.

“8080"

Here's SCELBI's First Book of
Computer Games for the 8008/8080.
- Action-packed. And fun.

Try to beat the computer at its own game.

Here's the first complete machine language
| computer manual for computer games to

the new microcomputer
language that's simpler
than machine language.

‘8008 /'‘8080"° systems
including source listings,
%\ routines, flow charts and

0 |\ include source listings, flow charts,
SGEU_“S routines and more. Space Caplure — You
\,'\.LL‘CX | against the computer using ''search and
mmhﬂ destroy” strategy to shoot down roaming

g cnmpuTEn alien spaceships in outerspace. Hexpawn

e MES o ‘— a mini-chess game that Ietbs the |
the ~ computer make mistakes ... but only
fox @@r@(@@@ once. Hangman — an updated version
of the great kid game. Computer selects
for words at random from long, expandable
list. Try to beat it in 8 moves or less.
‘u----::m':ﬂ." Illustrated. Fun extras to put your

computer to challenging, competitive,
fun use.
Order yours today! 149‘,5‘,‘1

SCELBI's new microcomputer
Game Book of Outer Space... mmxv

Captaln your own crusading starship
agalnst the loglc of your ''8008' or

‘'8080". You must destroy a random
number of allen ships without running
out of stardates, out of fuel, out

of ammunltion or out of the galaxy.

.. THEN, GOTO, FOR with
STEP, END, INPUT, PRINT, NEXT, GOSUB, RETURN and

language

Plan your misslon. How much fuel Is
used for your warp factor? Don't run
Into roaming stars that can damage your
ship. Suddenly! Condition Red! Alien In
sight! How blg Is he? Fire a phasor or
torpedo! He's damaged or destroyed.
But, you've used valuable fuel. That's
just the beginning. A new game every
time. Complete program book in machine
or 4K memory, including

source llstings, flow charts, routines, etc.
Great intergalactic adventure and fun,

Order “GALAXY” today! 14%° ppd.

S

S vl \I
Three new basic, complete text preparations. Discussion Ay 'Bc'la' /
“MUST"” manuals! ‘‘8080" of routines, flow charts, . an M°"“"‘°n /
Assembler Program operates  assembled listings, more. “BBEMBLE:‘ eo 8o MOUTINgg |
easily in 4K bytes of RAM Order now! $17.95 PRog !Tag rRag
n . -]
(including symbol table). 48080" Monitor Routines. =
Unique feature: How to accept

Describes ‘'Monitor Control”
package to control operation
from external “keyboard’.
Routines to examine and
modify memory locations, CPU
registers, set “breakpoints’,
‘‘debugging'’ programs, control
bulk storage 1/0 devices and
more. Includes subroutine
explanations, flow charts,
assembled highly commented
program listing. Order today!
$14.95

mnemonics related to ‘8080
based machines on ‘‘8080".
Includes all major routines,
pertinent flow charts, highly
commented assembled listing.
and more. $19.95

An '‘8080"" Editor Program.
Describes variations that can
reside in 2K of memory. How
to increase buffer size. How
to manipulate ‘‘text" for
‘“source listings'' and oth’e_[ ppd

\\ | _@c&“ \

|

N \}
:s
-

W

Prices shown for North American customers.
Master Charge, Posta! and Bank Money Orders
preferred. Personal checks delay shipping

up to 4 weeks. Pricing, specitications,
availability subject to change without notice.

1995

—

_ /
1795 T qgqes =
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Now you can cook-up hot programs

for your own ‘8080

Gobble up practical "how to"
facts, including the description
of *'8080% instruction set.
How to manipulate the ''8080"
stack. Flow charts and source
listings. General purpose
routines for multiple precision
operation. Programming time
delays for real time applica-
tions. Random number gener-
ators. And many other basic
programming function
comestibles.

The "'Cook Book' even in-
cludes a completely assem-
bled floating point arithmetic
program . .. plus input/output
processing for your basic 1/0
programming through inter-
rupt processing. Code and
numeric conversion routines.
Real time programming.
Search and sort routines. And
many, many more finger-lickin’
goodies. Order your copy of
Scelbi's “8080" Software
Gourmet Guide & Cook Book
today. Only $9.95 ppd.

Bon appetitel

SCELEBI COMPUTER
CONSULTING INC.

1322 Rear Boston Post Rd., Milford, CT 06460
Telephone: 203/874-1573



Photo 2: The Phi-Deck Super Deck model manufactured by the Economy
Company. This model allows varying tape speeds by varying the voltage to
the capstan motor. The frame of the cassette transport is die cast, reducing

alignment problems and making it quite rigid.

publishing to their product line. This pro-
duced demand for an audio unit to play the
cassettes, with Phi-Deck the result. Over a
year ago | saw the Phi-Deck demonstrated.
Since that time the number of Phi-Deck
models has increased to three; the advanced
model is shown in photo 2. In addition to
the transports themselves, the Economy Co
is offering control boards to do all the tricky
functions on command. The three models
are referred to as fixed speed, variable speed,
and Super Deck; their performance is tabu-
lated in table 2. At least one personal
computing manufacturer (Digital Group) is
now offering Phi-Deck as part of a system
product at quite reasonable prices.

As is usually the case, the performance
figures in table 2 do not tell the whole story.
All three transports have four DC motors.
One motor drives just the capstan, the speed
being maintained by a voltage regulator
supplying current to the capstan drive
motor. Another motor is used to drive the
supply spindle. Still another is used to drive
the takeup spindle. And the fourth motor
actuates the yoke on which are mounted the
heads and the pinch roller by means of a
Geneva movement. (A Geneva movement
translates rotary motion into linear motion.
One revolution of the motor pulls the heads
and pinch roller into position and another
revolution moves them out of position. The
motor always turns in the same direction!)

These DC motors are ideal for direct
control with transistors since they run off

Table 2: Comparison of the three cassette transports manufactured by the Economy Company giving electrical comparisons and
the physical dimensions and weight of the transports.

Speeds

Wow and Flutter

Bit to Bit Jitter

Speed Accuracy

Start Time

Stop Time

Forward and Rewind Time

Power Required

Size

Weight

Fixed

1.88 in per sec standard
2.00, 3.75, 4.00, 5.00, 6.00
in per sec optional

4,77 cm per sec standard
5.08, 9.53, 10.16, 12.70,
15.24 cm per sec optional

<0.25% at 1.88 in per sec
4.77 cm per sec

not stated

not stated
<100 ms
<100 ms
<30 sec for CEO cassette
+12 vDCat 900 mA

y 5.40by 6.30in

260 b

6.60by 13.72 by 16.00cm
2.20 pounds
1.00 kilograms

0.40 to 20.00 in per sec
1.02 to 50.80 cm per sec

Super

1.00 to 10.00 in per sec standard
0.40 to 3.00, 0.60 to 5.50, 0.85 to 8.50
in per sec optional

2.54 to 25.40 cm per sec standard
1.02 to 7.62, 1.52 t0 13.97, 2.16 to
21.59 cm per sec optional

<0.25% at 1.88 in per sec
4.77 cm per sec

+2%
+3%
<100 ms
<100 ms
<30 sec for C60 cassette
+12 vDC at 900 mA

y 5.40by 6.30in

260b

6.60by 13.72 by 16.00cm
2.20 pounds
1.00 kilograms

30

not stated
+2%
+3%
<100 ms
<100 ms

<30 sec for C60 cassette

+18vDC, —-18vDC, +11 vDC, +7VDC,

+5 vDC

3.00by 5.50by 6.20in
7.62by 13.97 by 15.75¢cm

2.80 pounds
1.27 kilograms



12 V. A transistor in series with the motor
, actsas a switch controlled directly from the

logic circuits. Very straightforward and sim-
ple. The logic and control circuits, which can
be purchased or built, can do a lot of elegant
performing on the part of the transport. In
connection with end of tape and beginning
of tape sensing options, one can cause the
cassette to play to the end, then rewind to
the beginning, stop or start playing all over
again. By controlling the regulator supplying
the capstan motor, different speeds of play-
ing can be obtained. Cassette in place and
record tab sensing are also options that are
available. With the variable speed model, a
different pulley is used for each speed range.
The Super Deck model covers its entire
speed range with only one pulley.

Of the three models, the one | rec-
ommend is the Super Deck as shown
in photo 2. It has a diecast frame,
making it quite rigid, reducing alignment
maintenance problems. The other two
models, the fixed speed and the variable
speed, have a sheet metal frame that is
somewhat flimsy and leaves something to be
desired in ruggedness. Literature supplied by
the Economy Co suggests that the Super
Deck model was designed with data applica-

. tions in mind, and as such, would be more

attractive to the computer hobbyist.

The price of the fixed speed Phi-Deck,
including a stereo head, is listed at $94.50
for one. The variable speed model, with all
options, lists for $99.50, with either a two
halftrack digital head or a regular audio
stereo head. The Super Deck, with all
control and sensing options, lists for $169
for just one at the time this was written.
Electronic control board, remote control
boxes and power supplies are also available.

Because of my past experience with
maintenance problems, | have a prejudice
against the use of DC motors. However,
from data supplied by the Economy Co, it
appears that they have made a very strong
effort to improve the performance of their
DC motors. Their data indicates that a mean
time before failure of 5000 hours is a
reasonable value. This would mean 2.5 years
of operating time, assuming 40 hours a week
for 50 weeks a year.

I have two objections to DC motors. First
is the fact that the motors have brushes and
commutators which wear, the brushes prin-
cipally, and need to be replaced at intervals.
In the case of the small motors being

@-onsidered, many have no provision for

.eplacing the brushes, so one must replace
the whole motor. The second objection is
that the brushes can cause noise in the
associated circuitry, requiring additional

Photo 3: Wollensalk Model 9576 and 9577 cassette transports. The two
transports are identical, except the 9577 has an optical end of tape sensing
unit. The basic construction consists of two heavy metal plates separated by
standoffs to form the frame. A flat panel supplied by the user is put on the
top of the trunsport to prolect the inner mechanisms.

Play and Record Speed

Speed Accuracy

Wow and Flutter

Rewind and Fast Forward Times
Solenoids
Light Source {Model 9577)

Sensor

24 vDC

Model 9576 and 9577

1.875 in per sec
4.763 cm per sec

+2%
<0.25%

45 sec for C60 cassette

72 ohms

subminiature lamp 50 VDC @0.0756 A

{(Model 9577)

Size

Motor Power

2N5778 Photodarlington

5.63 by 6.75by 4.78 in
14.29 by 17.15 by 12.14 cm

117V, 50 or 60 Hz, 10W

parts to suppress it. AC induction motors
have no brushes, hence no noise or wear
problems. With oilite sleeve bearings they
run quietly for a long, long time.

The last transport models to be described
are made by the Mincom Division of the 3M
Company. There are three versions, very
much alike: Model 9575, Model 9576 and
Model 9577. Model 9575 is a manually
controlled mechanism and is of no interest
to us. Models 9576 and 9577 are solenoid
controlled mechanisms which are what we
want. All models have the same basic drive
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Table 3: Performance
characteristics of the cas-
sette transports manu-
factured by Wollensak.
The two models are the
same except that the 9577
has an optical end of tape
sensing unit that the 9576
does not have.



Mean Time
Price Performance Before Failure
AMILON high excellent very good
PHI-DECK medium very good very good
WOLLENSAK medium very good excellent
Table 4: The author's
comparison of the best arrangement. An AC induction motor,

tape transports manufac-
tured by Amilon, Econo-
my Company, and Wollen-
sak. The ratings are in rela-
tion to how well the objec-
tives of low price, high
performance, and a long
mean time before failure,
are achieved.

shaded pole, drives a large flywheel through
a rubber tired idler. The flywheel is on the
capstan shaft. The supply and takeup
spindles are driven from the flywheel with
rubber tired idlers. No belts are used in the
drive mechanism. There is one belt but it is
used to run the index counter. In the two
models of interest, three solenoids control
the operating functions. One solenoid is
pulled up for play or record; another is
pulled up for fast forward; and a third for
rewind.

The Model 9576 and Model 9577 are
identical in all respects except that the
Maodel 9577 has an optical sensing circuit
included. This optical sensing consists of a
small 5V lamp and a phototransistor. This
will provide end of tape and beginning of
tape sensing. Table 3 lists the performance
of both models.

Photo 3 shows the basic construction of
the Wollensak transport, consisting of two
heavy plates separated by standoffs forming
the frame. The user must supply some kind
of flat panel with cutouts for the cassette
tray, the eject lever and the index counter.
Four screws will attach the unit to this
panel. This transport, like its big brother
units made by Wollensak, is well built and
should have a long service life with a
minimum of maintenance. My experience
with the full size Wollensak cassette units is
that they run, and run, and run.

The latest prices available to me are
$79.50 for Model 9576 and $85.75 for
Model 9577 in quantities of 1-9. In 100 lot
quantities prices are $65 and $71.25, re-
spectively. Heads for the transport are extra.

How should these three cassette trans-
ports be evaluated? We can use three cri-
teria: price, performance and reliability.
Price is casy, just look at the figurcs.
Performance and reliability are not so easy
to establish because each potential user will
assign differcnt values to the various details
of performance depending on the end objec-
tive and his or her bias. My bias has already
been stated. My cvaluations are given in
table 4.

Some explanation may be necessary.
Amilon is rated excellent in performance
because of its very low wow and flutter
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figure and its tight speed control with a
synchronous motor. Wollensak is rated ex-
cellent
column because of my past experience with
Wollensak cassette units covering more than
six years of usage in the school environment.

If 1 had an overflowing purse, | would
buy the Amilon unit because of its excellent
performance. Price is, however, a very de-
manding factor, so the Wollensak is my
choice as the best buy. The Phi-Deck comes
in very close in this decision. It is a certainty
that not all readers will agree with this
evaluation, which is certainly your privilege.
The individual who is putting out the green
stuff is entitled to make his or her own
choice based on what is felt to be important.
As they say, ‘““That’s what makes a horse
race.”

Where can you get one of these cassette
transports? In alphabetical order: for an
Amilon deck write to Leonard Rosenblatt,
Amilon Corp, 49-12 30th Av, Woodside NY
11377; for a Phi-Deck you can find the
address in ads in BYTE, but here it is
anyway — The Economy Co, Triple | Divi-
sion, 1901 N Walnut, Oklahoma City OK
73105; and for the Wollensak deck, write to
Scott Goff, Sales Manager, Wollensak OEM

Products, Mincom Division, 3M Co, 3M -

Center, St Paul MN 55101,

As a kind of post script to this article, |
have included a few words of wisdom about
using cassette transports, or any tape
machine. Preventive maintenance will keep
your cassette transport running without
problems. Regularly do the following:

1. Clean the capstan, pinch roller, heads
and guides after every 10 hours of
operation. Use a good fluorocarbon,
low toxicity head cleaner; one that
will not attack rubber or plastic parts.

2. Keep all parts as dust free as possible.
Use a dust cover over the transport
when not in use.

3. Lubricate as often as the manufacturer
specifies. Do not overlubricate; be
sparing with the oil.

4. Demagnetize the heads, capstan and
guides with a good head demagnetizer
after every 10 hours of operation.

Overall performance will be considerably
affected by the quality of the cassette used.
Use a good to high quality cassette. Cheap
cassettes will have poor tape quality and,
even worse, poor mechanical performance

which will adversely affect the tape speed. ==,

You will find that with the better to best
tapes, you get better recordings with better
frequency response and all around better
performance.m

in the mean time before failure “™



_Meet the Challengenr

The Challenger
Self Portrait

The new price and performance champ from OSI.

He’s got his act together!

Even our lowest-cost Challenger
comes fully assembled, complete
with a 500 ns 6502A, serial interface,
1,024 words of memory and a
UL-approved power supply, all for
$439. Every Challenger comes ready
for easy expansion with an 8-slot
mother board, backplane expansion
capability, and a power supply
heavy enough to handle a full
complement of system boards. Our
4K Challenger comesready to run
BASIC minutes after you unpack it.
And there's more.

- He packs some heavy hardware.
You've never seen memory and
interface options like these—not at
our prices, fully assembled! 4K
RAM memory boards $139! (see
below). Single drive OS| Challenger
Floppy Disk $390! Dual drive
Floppy $1490! Plus 8K PROM
boards! A Video Graphics board,
including alphabetics, graphics,
and color! An audio cassette,

A/D, D/A and parallel 1/0 board!

A backplane extender board!

A prototy@ing board! And our extra-
ordinary CPU Expander Board—it lets
you run a Z-80, and 6100 (PDP-8
equivalent) concurrently with The
Challenger’'s6502, or under itscontrol.

There’s nothing soft about
his software!

0OSI has full software support tor our
Challengers. Including extended
BASIC, extended Video Monitor, a
Disk Operating System, some

very Hollywood real time programs
for Video Graphics, Animation,
Sound Processing and so forth, plus
PROM firmware, with more to come.

He’s fast!

You can order The Challenger with

a 6502C for a 250 ns cycle time,
= With a standard 6502A for 500 ns

cycle time, or with a 6800 for 1

microsecond cycle time. And with

our CPU Expander Board, you
can always update to any new CPU
to be as fast as fast can be.

And he isn’t just good!

He's better! By design. The OSI
Challenger is the only completely-
assembled, ultra-high-performance,
fully-expandable mainframe computer
that does this much for this little.
Get your hands on one now.

Send for your Challenger today.

You can’t beat The Challenger!

The OSI Challenger 65-1K. Fully
assembled. Features 6502A CPU,
serial interface, 1,024 words of
memory. $439.

The OSI Challenger 65-4K. Same as
65-1K but with 4,096 words of
memory. Will run Tiny BASIC with-
out expansion. $529.

The OSI Challenger 65V-4K. NO
NEED for an expensive terminal.
Connects to your ASCII keyboard
and video monitor through included
OSI 440 Video Board. Features
software utility that simulates a
deluxe CRT terminal. $675.

The OSI Challenger 68-1K. Based
on 6800 CPU. For the casual
hobbyist, smaller systems. The
Challenger 68 series comes only in
serial interface forms and is
compatible with MIKBug software
through an included OSI software
utilities package. $459.

The OSI Challenger 68-4K. With
OSI 4K BASIC on paper tape. $529

SPECIAL! ADDITIONAL 4K MEMORY

BOARDS. Ordered with your Chal-
lenger, limit 3 more at this special
Low Price, (total 16K, including 4K

already on-board in mainframe). $139

Buy 12K or larger Challenger 65
system and we include Extended
BASIC FREE!

OHIO SCIENTIFIC INSTRUMENTS
Dept. B 11678 HAYDEN STREET, HIRAM, OH 44234

OSI Challenger Floppy Disk System.
Fully assembled, for use with OS|
Computers only. $990 Single drive
$1490 Dual drive.

OSI Audio Cassette Interface.
Comes assembled, but with room

for you to populate with A/D and
D/A chips later. (OSI 430 based) $89
And all the baseboards and kits of
the powerful OS| 400 System.

OK, OSI, I'm ready to buy!

To order your Challenger System,
send the total amount of your
purchase plus $4.00 for shipping and
insurance (plus sales tax for Ohio
orders) by personal money order or
check. Or indicate all numbers

on your BankAmericard or Master
Charge to charge your order.

Or send a 20% %non-refundable)
deposit to receive your order C.0.D.
Delivery is typically 60 days (except
when payment is by check, which
must clear before shipment can be
made). Deliveries are scheduled on
a first ordered, first shipped basis.

Name
Address
City. State Zip.
Telephone

Bank card info Inter Bank #
Expiration Date

Account #

CheckJ M.O0.0 BAC[O MC(O
20%, bal. C.0.D.[]

[ Order attached.

[ Send additional informa-

tion on The OS! Challenger.
[ Send additional informa-
tion on OS! 400 Kits.

i m (] $1.00 enclosed

for complete

0S| Catalog.

“¥(216) 569-7945



Continued from page 10

at the servo and in the displays used to
monitor the position count.

The program is quite simple. It generates
a positive going pulse on the bit 0 line of the
PIA output port, a pulse which lasts from
I ms in length to 1 + 0.012 n ms where n is

SERVO NO' |
(FIXED)

COLOR KEY -
MOVABLE SERVO ARM AND
ITS ARC RANGE WITH FIXED
SERVO POSITION SHOWN,

—— FIXED SERVO ARM AND ITS
ARC RANGE.

=—— ENVELOPE OF TYPICAL |
MOVABLE SERVO POSITIONS.

Figure 2: This diagram shows the concept of
how to build a plotting bed based upon two
model  aircraft  servomechanisms.  The
method of building consists of fixing one
servo to the plotting bed, with a lever arm of
length R. At the end of that lever arm, fix
the second servo with a second lever arm of
length R also. The end of the second arm
should have a pen affixed to a solenoid
mechanism or other actuator, allowing the
pen to be raised or lowered. Due to weight
considerations, the second servo should be
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an 8 bit number which is incremented once
each time around the outer loop of the
program. The 0.012 ms factor is based on
the processor’s clock at the time of the test, ==
500 kHz, and the 6 state loop at addresses
2071F and 2020 which times the width of the
variable portion of the pulse. With the servo
illustrated in photo 1, the wiring used was as

PEN AT LOCATION
(x,Y)

/ (7]
| .
{ \
s |
$
ot |
3y
8N \
| 8-90°
|- servo no.2

_(MovABLEY

\ 'fe»"“'

)

mounted so that it slides on a teflon skid or
rolls on some form of loose ball roller. The
mathematics of calculating X and Y given
angles ¢ and 0 is shown in the drawing. To
invert the calculation requires use of a
reiterating calculation to a set of ¢ and 6
values which solves the desired X and Y
position. To use this plotter requires a
system which has sufficient memory to run c==
fixed point trigonometric package with a.
least 16 bits of precision, assuming a 13 bit
precision for the angular parameters of the
servos.



follows: +5 V was the red wire, ground was Maximum pulse width:
the black wire, and the TTL output of PIA ] +0.012X 214 =3.6ms
bit zero was used to drive the blue wire.

The results of the test are somewhat
interesting. When this program was run, the
servo was observed to have a total travel of
180° rotationally. A unique relationship
between the integer pulse width parameter

stored in DATA in this program and the A y d A
shaft position was observed, but the mini- world’s least expensive plotter, using a 13 bit

mum acceptable pulse width for the device counter with a 2 MHz crystal clock, decimal
we purchased was probably 1.3 ms. The counts of from 2600 to 7200 would cover

: . : imi /) /i
reason for this conclusion is that the servo the range of timing values found above,

illustrated two regimes of settings: For i’glonog 4 contrg/ f a/ramoetoego range Otf 0 to
counts of 00 to 19 hexadecimal (0 to 25 ) gEProximates’ G per Juep

Rt o st s Bpise raiRar iam suming linear characteristics. Using trigonom-

PeE® o (P Pistive angles), e metion was etry, this corresponds to an arc motion of

partitioned into very noticeable and large ?.00.066;]3//nche5 per 05397/) By Uie e tha
/

steps over this range. Then, from counts 19 dmcf elz? am/7 f ) mjn {/J)e.r Stip Bt ;

to D6 the servo swept counterclockwise ik B Bl SEHENLI., ") [, S

from 180° to O° with what looked like servos, and working out the trigonometry of
two connected lever arms, one on a servo

fixed to the plane and one on a servo at the
end of the fixed servo’s lever arm, it should
be possible to homebrew an XY plotter for
less than $100 by just buying two such
mode/ aircraft servos. Since | have no en-
gineering specs yet on these devices, | can’t
Minimum pulse width: say how accurate the plotter would be, but
1+0.012X25=1.3ms it would certainly draw! See figure 2.®

In using this servo, or any similar mechanism
for an experimental project, readers would
want to investigate the linearity of the
position output with respect to the control
parameter, and use a higher resolution
timing method. For example, to make the

roughly linear steps. This range of 189 steps
is about 0.95° per step. At the high end of
the count range, D9, the servo hit its limit
stop. Thus, based on this experiment, the
actual numbers work out as follows:

WHY OUR MEMORY SHOULD BE YOUR MEMORY

1. Quality 2. Delivery 3. Price

ALTAIR & IMSAI COMPATIBLE 8K STATIC
RAM SPECIFICATIONS:

Access Time: 450 ns - no wait states
Current Requirement: +5to + 10V at 1.6A worst
case, 1.35A typical
Memory Chips: Prime components plus two
extras
Address Lines: Fully buffered
Memory Protect: Hardware 8K
Power Regulators: 4 ea. 7805
Address Select: Dip switch accessable from
top of board. No need to
remove board to relocate
Output Disable: Permits use with transparent
loader
Board: Quality G-10 material with = A
solder mask both sides.
Pre-tested for etch bridges. Pé‘L (213)N 8%90 SBKOSQ S

Sales th + 3% nndlg: S350 assmbid, both Incl, sokets TOX GRAPHC iNC.
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A 6502 Op Code Table

Lemuel A Fugitt
11316 Linares St
San Diego CA 92129

abs: absolute. Here's a nice compact reference chart to
abx: mdexedlabsolute using x register. help you debug those hexadecimal dumps
acc: accumulator. .
e indexed absolute using y register. from yqur 6502 mlcrogro‘ce‘ssor. T.o‘use the
i,x: indexed indirect using x register. table, find the most significant digit along
iy: indexed indirect using y register. the top of the chart and follow the column
Table 1: An explanation imm: fmrr;gd;ate. down until you reach the value of the least
of the abbreviations used Lt mehed. significant bit of the hexadecimal code on
. ind: absolute indirect. X
in the 6502 reference rel: relative. the horizontal row. You now have not only
chart. zer: zero page. the mnemonic but also the addressing mode
Zpx: indexed zero page using x register. being used. Table 1 is an explanation of the
py: L O A N AL AL abbreviations used in the chart. ®
" not implemented.
LEAST
SIGNIFICANT
OLRES MOST SIGNIFICANT 4 BITS
L
l 0 1 2 3 4 5 6 7 8 9 A B C D E F
BRK BPL JSR BMI RTI BvC RTS BVS N BCC LDY BCS CPY BNE CPX BEQ
0 mp rel abs rel mp rel imp el rel mm rel mm rel imm rel
ORA ORA AND AND EOR EOR ADC ADC STA STA LDA LDA CMmpP CMP SBC SBC
1 ), X Ly [ (A" X iy [ iy 1, iy X LY i,x 1,y 1, R
» - - - - - - - - - LDX - - - - -
2 mm
3
d . BIT * * L2 N N STy STy LDY LDY cPY . CPX .
4 zer zer 2px 2er Zpx 2er zer
ORA | ORA | AND AND EOR EOR ADC ADC STA STA LDA LDA CMP CMP SBC SBC
5 zer 2px 2er 2px zer zZpx zer Zpx zer Zpx 2er Zpx zer Zpx 2er zZpx
ASL ASL ROL ROL LSR LSR * * STX STX LDX LDX DEC DEC INC INC
6 2er 2px zer 2pXx 2er 2px zer Zpy zel py 2er Zpx 2er ZPX
7
. PHP CcLC PLP SEC PHA CLl PLA SE! DEY TYA TAY CLV INY CLD INX SED
imp imp imp mp imp imp imp imp imp imp imp imp imp imp imp imp
9 ORA | ORA | AND AND EOR EOR ADC ADC . STA LDA LDA CMP CMP SBC SBC
imm aby imm aby mm aby imm aby aby mm aby imm aby imm aby
A ASL O ROL * LSR * - O TXA TXS TAX TSX DEX L NOP h
acc acc acc mp mp mp imp mp imp
B » »
c * * BIT * JMP * JMP - STy * LDY LDY CPY . CPX -
abs abs ind abs abs abix abs abs
D ORA ORA | AND AND EOR EOR ADC | ADC STA STA DA LDA CMP CMP SBC SBC
abs abx abs abx abs abx abs abx abs abx abs abx alys abx abs abx
E ASL ASL ROL ROL LSR LSR . STX M LDX LDX DEC, DEC tINC INC
abs abx abs abx abs abx abs abs aby abs abx abs abx
F - - - -
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DIGITAL DATA
RECORDERS
USING 3M DATA
CARTRIDGES

BRAND NEW DESIGN

Featuring the radically new "UNIBOARD"” method of construc-
tion for data cartridge drives. The major computer manufacturers
are changing from cassettes to cartridges at a rapid pace because of
freedom from binding and greater data reliability. Now, these
professional type units are priced within the range of all data users.
Being made primarily as OEM data storage units for the world's
major manufacturers, these units, together with controller board
and software ROM, are being made available to the individual user
as well.

* Appearance and specifications may be changed slightly following

Model 3M1
$169.95

Model 3M3
$199.95

acceptance tests now being conducted by O EM users.

MODEL 3M3 — Uses the 3M Data Cartridge, model DC300. This
cartridge contains 300 feet of .250 tape in a sealed container.
Records and plays at 9600 baud NRZ, 4800 baud P.E. Nominal
speed 8" per second. Max. recommended flux density 1200 fcpi.
Using four tracks, you can store nearly 2 megabytes of data on a
cartridge. Cartridge measures 4" by 6''. Turns counter indicates tape
position. Inter-record gap light gives more accurate position.
2SI0(R) is not required for use, but is highly recommended for
8080 and Z80 systems.

COMMON SPECIFICATIONS: FULL SOFTWARE CONTROL of
record, play, fast forward and rewind. LED indicates inter-record

gaps. EOT and BOT are sensed and automatically shut down.

recorder. Can also be manually operated using the switches on top
which parallel the software control signals when not under software
control. Signal feedback makes it possible to software search for
inter-record gaps at high speed. 117V — 60 Hz — 5 watts.

TWO 1/0 PORT CONTROLLER WITH ROM — Controls your
terminal and one or two cassettes or cartridge units. On board ROM
(For 8080 and 280) has terminal and cassette software for turn on
and go operation. NO MORE BOOTSTRAPPING. Plug in compat-
ible with Altair and IMSAI. Loads and Dumps memory in Hex from
the keyboard, formats tape files, punches tape, functions as a word
processor and searches for files and four letter strings within files.
Keyboard controls the cartridge units above on rewind and fast
forward. Special keyboard codes enable you to dump and read
Phase Encoded tapes as well as NRZ tapes. (Including K.C. Std.)
Call routines give access to these from your software.

MODEL 2SI0(R) —With 1 ROM for NRZ Cassettes $169.95
(Assembled & Tested) (Half of above Program)
With 2 ROM’s for Data Cartridges and
P.E. cassettes. $189.95 (Full Program)

Kits available for $30 off above prices.

OVERSEAS: EXPORT VERSION — 220 V — 50 Hz, Write Factory
or— Megatron KG, 8011 Putzbrunn, Munchen, W, Germany; Nippon
Automation 5-16-7 Shiba, Minato-Ku, Tokyo; EBASA, Enrique
Barges, 17 Barcelona, Spain; Hobby Data, SpireaVagen 5, Malmo,

= Sweden; G.Ashbee, 172 |field Road, London SW 10-9AG.

MODEL 3M1 — Uses the 3M Data Cartridge type DC100A. This
cartridge contains 150 feet of .150 tape and is the same cartridge
used by H.P. and others. Runs at 4800 baud N RZ, 2400 baud P.E.
Tape speed adjustable, but nominally set at 5"'/second. Maximum
recommended flux density 1200 fcpi. Cartridge measures 2-1/8" by
3-1/4”". This model is ultra compact, yet extremely capable. It is
intended for word processing, mailing list use and other applications
requiring the compact storage of data. Data location is by
inter-record gaps and automatic file search. See Common Specs and
2SI0(R) below. 2SIO(R) is not required for use, but is highly
recommended for 8080 and Z80 users.

For 8080 and Z80 users: Comes complete with software program
listings for the programs on the 2SIO(R) ROM below. 6800
software is being written, but not yet completed. These programs
give FULL SOFTWARE CONTROL.

CARTRIDGE AVAILABILITY: Cartridges are made by 3M, ITC,
Wabash and others. They are available at all computer supply houses
and most major computer service centers. We can also supply them
at normal current list prices.

NEW: AUDIO CASSETTE INTERFACE* Phase Encoding interface
for use with audio cassettes or NRZ recorders. Runs 2400 baud
phase encoded on good gquality audio cassette recorders. May also be
used with 2S10(R) above to use the 2S10(R) cassette programs with
your audio cassette player. Can also accommodate “‘Tarbell” tapes
and K.C. Std. tapes.

$50.00, Wired & Tested. — $35.00, Kit Form.

*NOTE: You do not require an interface with the 3M1 and 3M3
unless you Phase Encode. But, you do need an interface to
use the 2S10(R) with your own audio cassette.

“COMPUTER AID” and "UNIBOARD" are trademarks of the
NATIONAL MULTIPLEX CORPORATION. The 3M Data Cart-
ridges are covered by 3M Patents and Marks. “UNIBOARD’’ Patents
Pending.

For U.P.S. delivery, add $3.00 each item. Overseas and air
shipments charges collect. N.J. Residents add 5% Sales Tax. WRITE
or CALL for further information. Phone Orders on Master Charge
and BankAmericard accepted.

NATIONAL MULTIPLEX CORPORATION
3474 Rand Avenue, South Plainfield, N.J. 07080, Box 288
Phone (201) 561-3600 TWX 710—997-9530



The Digital Cassette.
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Jack Breimeir Ira Rampil M M I_;.I m @
The Economy Co 917 Engineering Research Bldg :
1901 N Walnut University of Wisconsin '
POB 25308 Madison WI 53706

Oklahoma City OK 73125

We've now seen an illustration of the
techniques involved in the recording and
playback of binary strings on magnetic tape
(in part one last month). These techniques
are all that would be required if the cassette
tape transport mechanism had instantaneous
start and stop, and perfect speed regulation.
The read and write electronics would need

to have very wide bandwidth, as shall be ©
seen later, and the tape itself would have to
be absolutely error free. Since there are : :
problems in meeting each of these require- ‘
ments, a great deal of effort has gone into N ) et ) rrrr -
data code conversion schemes that tend to J _ ' | ] ®
alleviate the problems. Many different codes
have been developed, but only a few have s
found widespread application and usage. The TRACK A I
number of codes in use, in fact, is likely to N e Tl ]
decrease in coming years, as there are strong & ®
incentives in the industry to settle on stan- TR“—‘—*—c: 2 ‘
dard coding schemes which would then be 3 T 1T T T 71T
used by everyone. There is no urgent reason,
however, for amateurs to embrace the in- | I
dustrial standard, especially if there is no a
intent to exchange tapes using the medium. -: - — I-U:|‘* - F_I T —
There are several specific qualities to TRACK A T ®
examine when selecting a coding scheme. Dr N __}-m 1 M 1] o
A E Whitehouse of the Dept of Computer S
Science, University of Manchester, in his UGS
doctoral thesis, selected the following seven
characteristics inherent in each scheme to
which relative ratings can be assigned. These N - m;—l—m__rl___ _ ®
criteria are the column headings of table 1, S L—| lL] 'U | I
which compares a number of coding | |
schemes. T
1. Bandwidth: The range of frequencies "
required to be passed by the read or s 11, _IL | S F B ®
write amplifiers for a given rate of data |
throughout should be minimal. Most i |
importantly, low frequency response | . -
requirements should be avoided o 1
because = T [ T rf_’__L—l‘ I—" 1 - O)
a) low frequencies contain much noise
like rumble, wow and flutter, and ' | |
BRE |




Subsystem:

Part 2,

Digital Data Formats and System Considerations

b) difficulties in design of the read
electronics. In general, the narrower
the signal bandwidth, the better the
signal to noise ratio. [Compare
NRZ (nonreturn to zero) and PE
(phase encoding} methods of en-
coding as seen in figure 1.]

Circuit Complexity: The cost of any
system is proportional to its com-
plexity. However, as can be seen in
table 1, there are many performance
trade-offs that improve with increasing
complexity.

Efficiency: The efficiency of a code is

a measure of data density produced by

it. Efficiency: = 100 + (flux changes

per bit)

. Self Clocking:

. Inter Symbol Correlation: For the best

performance, the codes used to repre-
sent binary ones and zeros should be
as different from each other as pos-
sible. Onc hundred percent correlation
occurs when the symbols used for ones
and zeros are equal and opposite.

. Noise: A gualitative measure of sensi-
tivity to tape noises such as drop outs.

. Read Resolution: The percentage of

time in each bit that is allowed in
ordey to decide whether it is a one or a
zero.

Does this code in-
herently provide its own bit rate clock
for data reconstruction? If not, an
external clock must be provided and

——

Table 1: Comparison of magnetic media encoding formats. This is an overall chart of several dif ferent characteristics,; several of
the methods are discussed in more detail in the text. In the waveform samples, the vertical lines mark data bit times, and the
horizontal reference line separates north from south magnetization (or vice versa).

Number Inter-
of Sample Signal symbol Is It Transport
Data Wave- Band- Circuit Storage | Correla- Noise Resolu- Self Speed

Code Name Tracks | forms width Complexity | Efficiency | tion Immunity | tion Ciocking | Limitations | Applications and Comments
Return to zero (R2, 1 -A- wide simple 50% 50% poor poor no strict Of historical interest, not
R2Z puise) self erasing
Bipolar R2 1 -B. medium | moderate 50% 100% poor poor yes lenient Of historical interest only
Return to bias {(RB) 1 -C. wide simple 50% 100% poor poor no strict Of historical interest only
Non return to zero 1 -D- wide simple 100% 100% fair 100% no strict Used on older 7 and 9 track
(NR2,NR21, NREC) commercial magnetic tape

drives
NR2Z-mark (NRZM, 1 -E- wide simple 100% 75% fair 100% no strict Used on contemporary com-
NR21) mercial tape drives
Complimentary NR2 2 -F- wide simple 50% fair fair 100% yes very Incremental recorders and
(CNR2) lenient* data loggers, calculator strip
recorders.
Complimentary RB 2 -G- wide simple 25% 50% good good ves very Oftf line terminals; uses much
(CRB, 4 phase) lenient* tape due to low efficiency
Pulsa ratio recording 1 -H- medium | moderate 33% good good >=50% yes tolerant of | Useful on hub driven tape
(PR, PW, SRT) slow drifts | drives (eg: Redactron}
Phase Encoding {PE, 1 -l narrow | complete 50% 100% good 75% yes tolerant of | Currently the industry stand-
split phase, Man- fast and ard for all tape systems, com-
chester (1+180) slow change | monly used for floppy disks.
Manchester | 1 ~J= narrow | complex 50% 100% good 75% yes tolerant of
lalso PE) fast and Same as above.
slow change

‘Note: Two channel recording methods are lenient with respect to speed variations, but have tight head skew requirements which do not exist for single channel
recording methods.
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Figure 1: Frequency spectrum requirements for a practical system depend
upon the nature of the encoding and the noise characteristics. At (a), two
common encoding methods, non return to zero (NRZ) and phase encoded
(PE) data are shown as a spectrum of amplitude versus frequency. NRZ
reguires a flat response virtually from zero frequency up to the data rate. PE
requires a frequency band response characteristic of one octave in the vicinity
of the data rate. Looking only at the signal, and knowing electronic design
rules of thumb such as the one that it is easier to make a narrow band
amplifier than a wide band one, PE looks like a better method. Then, adding
in a system noise characteristic as at (b), it becomes obvious that PE or any
system with limited bandwidth is to be preferred over NRZ. NRZ is the
simple method to generate (it is just a time ordered stream of data bit values),
but its signal to noise ratio runs into problems due to noise at the low
frequencies.

since it is asynchronous to the data,
this code cannot be used reliably at
high datarates.

For additional information beyond White-

house's criteria, two extra columns have
been added to table 1.
8. Tape Transport Limitations: What re-
quirements does this particular code
place on tape speed accuracy and

stability?
9. Usual Application: These various
coding schemes present different

trade-off balances, and therefore have
found themselves in a wide variety of
different applications. A typical appli-
cation is presented for each code.
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To efficiently analyze the entries in the
table, it is possible to divide them into two
groups. The division concerns the number of
tracks required to write or recover data.
Some codes require two channels of re-
cording to recover one channel of data.
Thesc codes are, for the most part, older and
space inefficient techniques. The advantage
in using them is that the coding circuitry is
relatively simple and these codes tend to be
very speed tolerant. For the amateur, how-
ever, the cost reduction in logic is more than
offset by the additional cost of a two track
tape head, an extra signal processing chan-
nel, and the problem of intertrack head
misalignment or head skew as illustrated in
figure 2, Therefore, with the advent of
quality low cost tape transports and speed
tolerant one track codes, it is wisest to stick
with single track recording. There is an
exception called “mark track” recording
which will be discussed later. There are four
techniques which have found application
among amateur applications.

Non Return to Zero (NRZ)

Conventional NRZ consists of recording a
constant saturated level for the duration of
the bit. For example, a string of ones input
to the cassette will be recorded as a constant
north magnetic level which will persist until
a zero occurs in the input string. Obviously
the efficiency is high; there is a maximum of
one transition per bit, usually less. The
possibility of long strings of either zeros or
ones requires that the signal processing chain
have a very wide bandwidth, extending
down to near zero frequency. Another prob-
lem with this system is that it is not self
clocking, therefore an asynchronous receiver
such as a UART must be used to convert the
output of the tape back to synchronized
parallel bytes. Assuming a very stable tape
speed, both in the long term and short term,
this technique is limited by tape noise, the
magnetic data transfer head, and the limiting
speed of the UART. There is a way of
improving the reliability of asynchronous
NRZ by making it synchronous: Recording a
separate clock track at the data rate while
simultaneously recording data in another
channel provides a means of synchronously
gating the data at playback, thus eliminating
the need for a UART (assuming skew is not
a problem). The National Multiplex Co of
South Plainfield N} provides amateur digital
cassette recorders using NRZ or clocked
NRZ-at up to 2400 bits per second; they
also sell NRZ electronics boards that can be
planted in an ordinary audio tape recorder.
This product is capable of up to 4800 bits
per second, depending on tape speed.



Complimentary Return to Bias (CRB)

Complimentary return to bias is a two
track technique which resembles the RB
code. In RB each datacell has a binary state,
north or south, and so in two track CRB
each data cell issettooneof four states:

1. Both tracks at south
2. Track A at south, track B at north
3. Track A at north, track B at south
4. Both tracks at north

State 1 represents a “no data’’ condition as
in an inter record gap. States 2 and 3
respectively represent zero and one. State 4
is a framing signal which can be used to
represent conditions like end of block or end
of byte. This code is both noise and speed
tolerant. Its clock signal can be derived from
a simple OR of both tracks, since except in
state 1, there are transitions every bit. This
code, however, has poor utilization of avail-
able tape. In other words, itisalow density
technique and the bandwidth i even wider
than for NRZ. As a two track technique it is
subject to skew problems. The circuitry to
implement CRB is a fairly simple logic
network.

Pulse Ratio Recording (PR)

In the pulse ratio coding method each
data cell uses two flux transitions in three
possible locations. The first flux transition
of each cell is a positive transition, from
south to north. Its presence defines the
beginning of the data cell and gates a clock
on. The contents of the data cell, ie: the bit,
is determined by the percentage of time
spent at north as compared to south, within
each datacell. There is a very simple method
to decode PR by the use of a bidirectional
counter in hardware or software. The previ-
ously mentioned positive flux transition
starts the counter going up. The next flux
transition is of course a negative one. Its
arrival switches the mode of the counter into
down counting. The transition after that is
the clock pulse for the next cell; it resets the
counter and clocks out the contents of a flip
flop which records the possible transition of
the BORROW output of the counter — then
the process starts over. It is the borrow
signal which contains the data in the cell. If
for a one bit, as in table 1, the north time
was greater than the south time, then the
counter result is a positive number; no
borrow was required and the flip flop holds
a one, the contents of the cell. A zero on
tape has a longer south time than north
time: The counter going into underflow
drops the BORROW to zero for one clock
cycle. The flip flop records the drop and
holds a zero. This method provides excellent

resistance to long term speed variations,
provided the counter has enough precision.
The bit-to-bit jitter resistance, however, is
not so good due to the less than 50% read
resolution. This resistance and resolution can
be improved by accentuating the pulse width
difference; but then noise immunity suffers
because the bandwidth goes up. This tech-
nique's primary advantage is that the cir-
cuitry is the simplest for a one track self
clocking code.

Phase Encoding (PE)

Phase encoding has been selected by all of
the relevant standards organizations as the
way to go. Most commercial manufacturers
provide a PE option for their cassette decks
sold to original equipment manufacturers
{OEMs). The most widely used form of PE,
also known as “split phase’ or “Manchester
[l +180" is a single track, self clocking
technique. The definition of the code places
two landmarks in each data cell. The land-
marks are actually times during a data cell
when transitions are made in the tape
magnetization level. The data is actually
stored in the direction of the magnetic
transition at the midpoint of the cell. This
transition occurs at ‘‘data time’” and is
specified as south to north for a one, and
north to south for a zero. In order to assure
that the magnetic signal will be at the right

HEAD ALIGNMENT PROBLEMS

BUSINESS END OF
A TAPE HEAD

—=] l=— GAP SKEW CAUSED BY LIMITA-
TIONS IN MANUFACTURING
ACCURACY

AN

<— GAP SKEW CAUSED BY
TILTED HE AD MOUNTING

Figure 2: Head alignment and manufacturing tolerances cause a phenome-
non called gap skew in multitrack heads. At (a), the tolerances in
manufacturing of the head itself cause one component of skew. At (b), a
second source of skew is due to the fact that the head may not be perfectly
mounted relative to the tape. The tilt causes a skew between otherwise
perfectly manufactured gaps. The actual skew measured is a combination of
both effects. The picture is exaggerated, but a small misalignment of, for
example, 0.005 inch (0.13 mm) means a difference of 200 ms in the relative
timing of two tracks being read at 25 inches per second (64 cm per second).
A typical manual for a tape drive unit will warn the controller builder to put
in circuitry to compensate for intertrack skew totalling several bits if parallel
data is used. This skew problem argues strongly in favor of single track

recording techniques.
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Sample Circuitry for Several Different
Coding Techniques

This circuitry assumes that the tape deck write
head is driven directly for output, and that tape
input signal processing electronics produces the +
and — flux transition clocks {low going %I}
as output. Encoding consists of preparing the
proper signal to drive the write head from NR2Z
data, and decoding consists of converting the flux
transition information back into NRZ data, pos-
sibly along with clock information derived from
the tape.

al NRZ coding. The output NRZ data simply

drives the head directly. A UART or other
asynchronous data format must be used for
the parallel to serial conversion, and clock
references used in writing are assumed to be

polarity for the next data time, an additional
transition can occur if needed at “‘phase
time.” Phase time occurs at the beginning of
each datacell. The phase transition occurs at
phase time only if the preceding bit is the
same as the bit to be written. The phase bit
is ignored by the read circuitry except for
clocking purposes. In the inevitable com-
parison of phase encoding with non return
to zero, it first appears as though non return
to zero provides high bit density per unit
length of tape. True, phase encoding is less
space efficient than non return to zero,
requiring the time budget of two flux
transitions per data bit compared to one flux
change per bit. There are, however, extenu-
ating circumstances which throw the balance
in favor of phase encoding. The advantages
come from phase encoding’s requirement
that each data cell have at least one flux
change and not more than two. Thus the
bandwidth needed for a phase encoded
signal processing chain extends only one
octave, from the data rate to twice the data
rate. The bandwidth for non return to zero
electronics extends from zero up to the data
rate, possibly 5 to 10 octaves. The wide
range of flux change frequencies also wreaks
havoc on peak shift and amplitude fluctu-
ation phenomena due to the tape itself. As
we saw previously, peak shift and amplitude
fluctuation cause problems in the recovery
of raw bit strings from the tape. These
phenomena are well defined in phase en-
coding: Their effects are small and easily
compensated. Self clocking is another side
benefit of having at least one transition per
bit. A very simple form of self clocking
derived from phase encoding is a monostable
set to the data rate. Triggered by each data
transition, its output provides clock gating
for each previous data bit. More sophisti-
cated techniques which have great tolerance
for tape speed variation and noise involve
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valid within a few percent when reading the
data back, hence the ftight tolerances on
speed, Decoding of the flux transition clocks
is done simply by driving an RS flip flop.

NRZ1 coding. The output MRZ data is
converted to NRZ1 by using it to gate the
clock driving a toggle flip flop (here a B flip
flop set up to toggle). The input flux
transition data is converted back to NRZ by
using the logical OR of the two transition
clocks to drive a retriggerable oneshot with
period (R and C) set up equai to the bit
period. The fixed width of this oneshot also
makes this method highly speed dependent.
¢} PE coding. The output PE data is generated

b

tracking oscillators or phase locked loops.
Such systems will compensate for missing
pulses by providing clock pulses of their own
if the tape messes up momentarily. Phase
encoding requires that the first byte written
in each block be a preamble word consisting
of 8 data transitions like the byte 01010101,
The preamble allows time for the phase
locked loop to get into lock step with the
data rate. Block diagrams for various forms
of data encoding and recovery will be
illustrated later.

Since they have now appeared on the
personal computing market, a few words are
in order concerning GCR, Group Coded
Recording. GCR is different from the previ-
ously discussed codes in that here code bits
do not bear a one to one correspondence to
their input bits. Instead, a code converter
ROM, like an ASCI! to EBCDIC converter,
transforms each parallel input group into a
slightly longer output group which is then
put on the tape. Playback involves the
opposite process. This type of coding was
originally developed for ultra high per-
formance nine track drives and combines the
best features of phase encoding and non
return to zero. The circuitry, however, is
very complex.

Error Detection

There is no easy and cheap method for
self correcting data errors that occur on tape
read operations. There are redundant data
techniques which would work but at a great
sacrifice in data throughput. On the other
hand, there are several ways of detecting
errors. This is almost as good as correcting
the errors, since about 9 out of 10 errors are
soft errors; that is to say they disappear
upon retrying the read. Only about 1 in 107
to 109 bits read result in a hard, or
permanent, error. There are also two very



from MRAZ data using a clock at twice the
data rate, and the NAZ data iwself. Two
methods are shown here, ane which can be

coding methods can range from the simple
oneshot method shown here to complicated
phase lock loops which are much more error
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RS FLIP FLOP
fa) HEAD DRIVER WEIATDE
NRZ N H NRZ TO
FROM L " CONTROLLER
CONTROLLER i
H
OUTPUT NRZ ENCODE
INPUT NRZ DECODE
+5V
r6) A R
NR2Z 5 HEAD DRIVER o - c u E:+FLUX Pc
FROM a HEAD
CONTROLLER cK NRZ TO
K t [ o> CONTROLLER
n
DATA n
EROA -FLUX ETRIGGERABLE
FROM RETRIGG
CONTROLLER COMEUCRAL Jiralflau ol ONE SHOT
INPUT NRZ | DECODE
+5V .
lc) z2
J
cLOCK i o
S = o '
K CK
RATE EG:7473 J Q
FROM CONTROLLER )

DATA

ONE BIT SHIFT
REGISTER

CK
oLD

FROM
CONTROLLER

o Q DATA
NEW DIFFERENCE
IEG:7474 DATA DATA

igG:7473

Q——— ">NRZ DATA

PHASE ENCODE (RANDOM LOGIC) Pm“1°"ﬂ
|
CLOCK CD4037A |
AT 2X[> T 4a |
DATA RATE |
FROM CONTROLLER 2|q ol |
NRZ DATA o
FROM [ > c
CONTROLLER
PHASE ENCODE (RCA CD 4037A LS| LOGIC)
v
o ATe 1.5
AT DATA RATE
N\ SR
P [
+FLUX 7400 Q
r 1 i
FROM READ INHIBIT ™
ELECTRONICS COMBINE GATE  RETRIGGERABLE
R ONE SHOT 3,_5
T E—y
D
Dc RS FLIP FLOP

INPUT PHASE ENCODED DATA DECODER
(USING RETRIGGERABLE ONE SHOT)

43

'U___—___

HEAD
ORIVER g
E HEAD
DATA
il
t
1}
DERIVED
CLOCK
SYNCHRONOUS
WITH DATA
TO
CONTROLLER




1100 = ommsamemmnnncsn {00001 R 000I0I 1000000110
1100000000000010I )I 1110 --eccecomaaccnnens 10001 (crec)
(CR-16 POLYNOMIAL) (DATA BLOCK) LLTuE
I7BITS LONG n BITS LONG

Figure 3: A hypothetical cyclic redundancy checlk polynomial division. In a
CRC calculation, the data is divided by a 17 bit cyclic redundancy polynomial
to yield a result and a 16 bit remainder term. It is the remainder term which is
used as the check word for error detection. The beautly of the whole method
lies in the fact that it is very easy to perform the division in hardware, one bit
at a time as the serial data goes flying by. There are even LS/ circuits which
can be used in the hardware of a controller and formatter device.

inexpensive precautions to take to prevent
errors:

1. Keep all tapes immaculately clean.
Don't ever smoke in their presence.
The smoke particulates are murder to
magnetic tape.

2. Always rewind tape before removing
from the drive. This helps prevent dirt
and crinkles from affecting the tape.

Three methods of error detection par-
ticularly apply to cassette operations. Only
one method need be used at a time. The first
technique is the commonly used parity bit.
A parity bit is simply an extra bit tacked on
to each byte of data. An odd parity system
sets the parity bit to one if the one's
complement sum of the data bits in the byte
is equal to zero. In other words, the parity
bit is set equal to one if there is an even
number of one bits in the data byte. During
a read operation, a new paritly bit is gene-
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rated and compared to the parity bit written
previously on the tape. If they are different
there is an error somewhere. The disad-
vantage of a parity check is that it will not
detect an error if an even number of bits in a
single byte is wrong. Another disadvantage
is that a parity bit per byte eats up 11.1% of
the available room for data. For blocks
longer than 16 bytes, there are more effi-
cient techniques which use two bytes per
block regardless of block length. These
techniques are the checksum word and the
cyclic redundancy check (CRC) word. The
checksum technique simply sums all the data
in the block, byte by byte, module 2. The
resultant n bit sum is written on the tape as
the last information in a block. During a
read operation, the data is again check-
summed as it enters the computer and the
new result is compared to the sum on tape.
Again, a mismatch indicates an error has
occurred somewhere along the line.
Although the theory of cyclic error codes
is somewhat complex for discussion here,
the following is a fairly simple explanation
of how cyclic redundancy checks work.
Consider any random block of data to be a
binary polynomial of degree N, where N + 1
is the number of data bits in the block. A
CRC check is performed by serially dividing
the entire datablock (modulo 2) by a binary
polynomial of degree 16. Such a polynomial
could look like *11000000000000101,"
which happens to be the standard CR-16
polgnomial otherwise represented as x16 +
X135 + X2 + 1. This division process is

Photo 1: The works of a
Phi-Deck mechanism,
viewed from the rear. The
four DC motors of the
drive can be seen in this
photo: Two are used as
direct drive for the tape
reels, one drives the tape
capstan via the pully and
belt arrangement seen, and
the third drives a gearbox
which actuates the tape
head engage mechanism.
For a view from the front,
See photo 2.
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Figure 4: The relationship of error detection data to data constitutes the beginning of a format for the tape data. In a parity
system, each data byte has an extra parity bit associated with it, and blocks of data are just groups of such data and parity
combinations between inter record gaps. In a checksum or cyclic redundancy check system, the data bytes have no detail error
detection code associated with them and a single check word, with enough bits to guarantee error detection given the size of the
block, suffices. Cyclic redundancy checks are easily generated in hardware, and checlksums are the easier route given software as
the means of error detection.

iflustrated in figure 3. Each unique data Some decks provide tape transfer heads with
block generates a unique 16 bit remainder preamps on the read side; some do not. Most
term after division. The remainder word, or manufacturers offer at additional cost a data
cyclic redundancy check character (CRCC), encoding and decoding board. Power sup-
is written out to tape and is compared to the plies, although usually trivial, are not cheap.
CRCC freshly generated during a read opera- Fortunately, there are currently available
tion. Once again, a mismatch signifies an several inexpensive cassette decks which
error. A CRC generator and checker can be meet all of the requirements for digital
implemented in either hardware or software. service. One such unit is the Phi-Deck, from
Several manufacturers such as AMI, Mo- the Triple | Company, which has a current
torola and Sigrietics offer LSI chips which price tag, for the same package mentioned
do the whole job in one package containing above, of between $200 and $300. The deck
a shift register and some gates, so CRC is itself was originally designed for audio use in
best left to hardware. CRC with the 17 bit a language lab environment where remote
polynomial is capable of detecting any num- control and good speed regulation are im-
ber of single bit errors and a large portion of portant factors. With the addition of regu-
any “‘burst” (multibit) errors that occur in a lated high speed (up to 20inches per

block fess than or equal to 4096 bits long
(for a 16 bit cyclic redundancy check code).
CRC is fast becoming a standard for floppies
and commercial cassette equipment due to
its ease of generation in hardware.

The relationships of the error detecting
codes to the data they protect is illustrated
in figure 4. It is important to keep in mind
the completely serial nature of such single
track recording.

Tape Transport Hardware

The choice of hardware is another place
in which many alternatives are possible.
Ordinary audio cassette decks have excellent
speed regulation, but they have low tape
speed; and included in their price are expen-
sive audio recording and playback amptifiers
which are not needed for digital service. In
additional, rare is the audio deck which
permits digital control of the mechanism.
Most decks designed for digital service have
good speed regulation, high tape speed, and
full digital control of tape motion. Their
problem, in terms of amateurs, is price. The
majority of digital cassette decks start in the
vicinity of $500 for the deck itself and a Photo 2: Ira Rampil's homebrew mount for the Phi-Deck mechanism he will
circuit board with the motion control logic. be using with his PDP-11/20 system as a mass storage file subsystem.
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second), the deck is fully adequate for
digital use. Since the Phi-Deck is representa-
tive of a large class of deck hardware and is
itself likely to be the first choice of personal
computing equipment designers, a few words
could usefully be spent in a description of
the deck.

The Phi-Deck obtains its speed regulation
from a tape capstan as do audio decks. Many
other digital decks use a hub to hub drive
technique which then requires a servo [oop

for speed regulation. The capstan is con-

trolled by a separate motor, as are each of
the reels. The head is also controlled by a
separate motor to engage and disengage it
from the tape. A motion control board
receives signals from the processor such as
forward, rewind and stop. It converts these
control signals into the proper sequence of
voltages to control the small DC motors. The
control board also relays back to the proc-
essor various status lines to confirm that the
deck is operating as instructed. The innards
of the Super Phi-Deck are pictured in
photo 1; photo 2 shows a Super Phi-Deck in
a mounting designed by author Rampil for
use in his personal PDP-11 based system.
Figure 5 illustrates the deck in its relation-
ship to the rest of a cassette memory system.

Data Formatting and Applications

Once a means of recording and recovering
data on cassette tape is secured, some
decisions must be made on the formatting or
layout of data on the tape. There is a wide
variety of possible formats. The one to select
depends on the application. Whatever the

application, the overall tape format should

be as represented in figure 6: clear leader,

blank tape, strings of recorded data sep-
arated by inter record gaps {IRG), blank
tape, and finally clear trailer. Certified digi-
tal cassette tapes and cartridges have small
holes punched in the tape at the beginning
and end of the usable magnetic surface.
Essentially, the application dependent vari-
able is the way the data is grouped on the
tape. Grouping data into blocks is a key
feature of most tape memory systems.

The concept of blocking began as logical
records being stored as separate entities on
tape. Storing an entire program, for exam-
ple, as a contiguous string of data separate
from other logical records, has some merit.
A block has clearly defined starting and end
points, and thus eliminates word by word
searching through an entire tape to find and
process a particular program. As the hard-
ware and the operating systems grew in
sophistication, the concept of buffering was
applied to input and output operations.
Buffering is the process by which datafrom
the outside is first read into a dedicated area
of main memory by a monitor program,
checked over, and then forwarded to the
program which initially requested the data
transfer. For example, if a program wishes to
read some data points from the cassette
memory, a subroutine call is placed to the
monitor program requesting the read, the
monitor does all the work of finding and
reading the data, checks it for errors, and
then relocates it to the appropriate locations
inside the requesting program’'s memory
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Figure 5: An overall block diagram of a digitally controlled magnetic film memory
subsystem. The addition of complete tape motion control and use of direct digital
recording make such a Philips cassette subsystem a vast improvement over the
manually oriented lower speed audio versions of tape mass storage. Functionally,
this same block diagram applies whether the drive is for a reel to reel tape, a Philips
cassette, @ 3M cartridge or other magnetic media. The next step up in terms of
performance (and price) is probably a floppy disk. A floppy disk subsystem has a
very similar arrangement, but a slightly more complicated motion control section

needed to manipulate its movable head.
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Figure 6: The anatomy of a Philips cassette recording. At the beginning and end of the tape is a
clear plastic leader area. The magnetic tape (symbolized by the black area with dropped out
lettering) has an optional EOT (end of tape) hole at each end. Data is typically grouped into
blocks, separated by inter record gaps (IRG) which are erased regions without data. The
content of the blocks is specified by software and hardware depending upon the particular

system used.

space. Although the advantages of buffering
10 are beyond the scope of this article, it
should be sufficient to say that they are
important. Except in very large commercial
machines, buffer areas are seldom large
enough to contain an entire program as a
single logical record. Therefore, logical
records are often broken up into several
smaller blocks on the tape. Not only is the
requirement for buffer memory reduced; but
in addition, error handling is easier. Con-
versely, if the logical records are very small,
for instance, one output character data, the
buffering software collects several outputs
together and ships it out to the tape as one
block. The number of logical records per
tape block is known as the blocking factor.
Effective blocking represents a compromise
between the smallest buffer area and the
maximum tape utilization, ie: the minimum
number of blocks and their associated inter
record gaps. A graph portraying the approxi-
mate relationship between the length of data
blocks, assuming they are all the same fixed
length, and the total data capacity of a C-30
cassette is presented in figure 7.

The simplest application lends itself to
the simplest formatting. A digitally con-
trolled cassette system or manually con-
trolled system may be used as an inexpensive
substitute for a high speed paper tape reader
punch. In fact, several manufacturers offer
cassette systems that are plug compatible
with paper tape equipment. The data is
blocked byte by byte, or not at all. Since
there is no file structure, the data appears on
the cassette exactly as it would on paper
tape. There is no need for inter record gaps
between bytes in this format, for by placing
very long gaps between logical records on
the order of a foot or two of tape a human
operator can locate a particular logical re-

cord with the aid of a tape counter mech-
anism, just as an audiophile would find a
particular song. A UART is a very neat way
to generate the parallel-serial data conversion
for this byte oriented format. The disad-
vantage of using a UART here is that it adds
at least three extra bits, start, stop and
parity, to every byte thus reducing the data
density on the tape.

For more efficient and useful operation, a
file structure should be added to the digi-

400K |- ASSUMING SINGLE TRACK EE,
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Figure 7: Cassette capacity versus block size. The inter record gap (IRG) is
essentially wasted space on the tape. By increasing the size of the block, the
percentage of tape wasted on IRGs declines toward a limit of zero. As the size
of the block is decreased (ultimately to its limit of a single byte separated by
IRGs on either side) the total number of bytes available on a tape declines.
For any given set of parameters (inter record gap length in inches, flux
density in bits per inch, and data format), the total useful data per cassette
can be calculated and plotted as one point on a curve such as this.
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beginning of a data block, especially if the
drive has stopped in the preceding gap.
Although it is not possible in this system to
overlay a corrected or updated program into
the space it formerly occupied, it can easily
be added on to the end of the tape.

tally controlled transport. By blocking the
data into chunks of convenient size with
identification information, software canthen
examine each buffer as it is read in to search
for any particular file (a group of such
blocks) on the tape. A file is considered to
be a single logical record even though it
might cover many blocks. In a file structured
system with a remotely controlled tape
deck, keyboard commands or commands
generated by a program replace manual
intervention and the automatic operations
make the system much more convenient.
Still lacking, however, is a very useful block
replacability feature since there is no way to
synchronize the start of overwriting with the

Musings on the Ultimate

The ultimate cassette memory system
incorporates block replaceability and sector
addressing to simulate random access stor-
age. The technique proposed here for Phi-
Decks is similar to that used so successfully
by Digital Equipment Corporation in their
DECtape units. Infact the Sykes Corporation
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Bycer B B, Digital Magnetic Tape Recording:
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a) “M6800 Microprocessor Applications Man-
ual,” includes the complete design of a
possible cassette memory system including
software.

"Phase Locked Loop Manual,” discussion of

using PLLs for PE decoding.

"MC3467, MC3468 Applications Notes,"

monolithic magnetic tape read chains.

*MC4044 Applications Notes,” usinga PLL

phase detector in PE decoding.
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released, but a complete PE decoder on a

chip.
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encode using CMQOS.
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developed and marketed such a system for
cassettes until their attentions turned to
floppy disks. The trick is use one track for
normal phase encoded or pulse ratio data
and a second track as a prewritten mark
track. The mark track is first written to
initialize the tape and it is only read there-
after. It contains, in the same code as the
data track, various sorts of delineators, or
marks, and also the block address numbers
of the data blocks residing on the adjacent
data track(s). Data is written in fixed sized
blocks in synchronization with the areas
designated by the mark track. By observing
the transitions on the mark track, the tape
controller will have no difficulty in over-
laying or replacing previously written data.
The advantage of including block numbers
on the mark track is that as they areread in,
they can easily be compared with a register
containing a block number being sought,
thus eliminating the need for a software
search program. Usually a directory data
block is included on the tape, most fre-
quently as the first data block. Its contents
generally include the file names and their
starting block addresses. When a cassette is
first mounted in the drive, its directory is
read in. Whenever the computer needs access
to a tape file, it gets the block address from
the directory and initiates a hardware search.
Each time a change is made to the tape, the
directory copy in memory is updated and a
copy of it is written back to the tape. Using
one’s imagination, many different file
manipulations are possible with such a sys-
tem. Anything possible with a floppy disk
operating system is in fact possible with a
mark track cassette system. The tradeoff is
just time versus price. A floppy is essentially
instantaneous, from a human standpoint. A
cassette system takes from seconds to a few
minutes, at about one fourth the price of a
floppy. Even with these time constraints, a
full digital cassette system is a lot less
painful than Teletype paper tape or audio
cassette.®
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Louis E Frenzel
1588 Oak Ter
St Joseph MI 49085

Most of the personal computing equip-
ment available to the hobbyist today is in kit
form. As a result, the field of personal
computing as it is now known essentially
centers around the building, testing and
troubleshooting of computer kits. Many
individuals with a ‘‘computer hobbyist”
approach to the field are electronic types
who enjoy kit building and consider their
work with the equipment to be the main
focus of their interests.

However, many other people would
rather concentrate on the programming and
application of the equipment. Such in-
dividuals may not enjoy or even consider
themselves capable of building some of the
sophisticated computer kits available. Yet
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A collection of typical

tools useful in building a -

kit. This collection in-
cludes several sizes and
types of  screwdrivers,
needle nose pliers, side
cutler (diagonals), a set of
nut drivers, pliers, wire

bulb sucker or a mechani-
cal action sucRer, is also
most useful.

many of these nonhardware types are taking
a chance on their being able to successfully
learn kit building. They do so simply to be
able to have the equipment that is available
today. At this point in the development of
the personal use computer field, being able
to build a kit often means the difference
between being able to own a fairly sophisti-
cated computer or not.

There are many benefits to be gained by
building a kit. Kit building is something that
can be learned and easily mastered even by
individuals who do not know and under-g\
stand electronics. The purpose of this article
is to outline the benefits of kit building and
to present some basic guidelines and pro-
cedures that anyone can learn to successfully



Kit building is something that can be learned and
easily mastered even by individuals who do not know
and understand electronics.. . .

construct a kit. The personal use computer
field will continue to remain essentially a kit
business for the immediate future. Why not
join others in experiencing the benefits that
come from this activity?

Benefits of Kit Building

Most inexpensive computer equipment is
available in kit form because sometimes this
is the fastest and easiest way for a manu-
facturer to develop and offer the product.
This has allowed many small companies to
enter the market quickly. Kits have been
largely responsible for expediting the growth
of hobby and personal computing by allow-
ing young manufacturers to sell more
products sooner.

While kits offer benefits to the manu-
facturer and to the builder overall, the real
benefits of kit building go to the builder.
Some of the benefits are obvious, but others
are more subtle. Let’s consider them.

Save money. One of the obvious benefits
of purchasing kit equipment is the resulting
savings in money. Kits almost always cost
less than equivalent wired and tested prod-
ucts simply because the cost of labor is
removed. In some cases, the price of a kit
can be as low as one half the assembled
price. Such savings are significant and have
often made the difference between an in-
dividual being able to afford a computer or
not. The cost savings has further benefited
the field by allowing many more individuals
to participate. It certainly makes sense to
assemble the equipment yourself if you can.
For a given upper limit dollar investment,
you can afford significantly more equipment
if you purchase kits.

Pride of accomplishment. A benefit not
as obvious to those who have never built a
kit is the sense of achievement that it
produces. This is particularly true of large,
complex and difficult kits. When an in-
dividual successfully assembles a sophisti-
cated kit and makes it work, he or she is
rewarded with a real sense of accomplish-
ment. This is a feeling that is hard to
describe, but one that becomes obvious
when you build your first successful kit.

Fun and enjoyment. This is a do it
yourself age. Most people enjoy doing things
for themselves if they can. There is a certain
amount of enjoyment in tuning your own
car, growing your own garden, or paneling
your basement. The same is true in the
computer field. People want to do it them-
selves and find enjoyment in it. Kit building
as a hobby fulfills this need for fun and
involvement. Like other hobbies, kit build-
ing is relaxing since you become occupied in
an activity that demands your full attention
and skill. It takes your mind off other
problems and worries.

Learning. One of the most subtle benefits
of kit building is learning. Whenever you put
a kit together and make it work, you
automatically learn more than you realize.
The whole process of kit building is educa-
tional. This is particuarly true for those
individuals who are not electronic experts.
Beginners quickly learn basic skills such as
soldering, identifying electronic com-
ponents, theory of operation and basic
testing and troubleshooting methods. The
learning may not be obvious as you are
constructing the kit, but it is there and
sooner or later you will realize it.

Kits can: save money, give
pride of accomplishment,
provide fun, enjoyment
and learning, and prepare
the owner for maintenance.

Lou Frenzel has been an enthusiastic personal computing edvocate of the
“Duild it vourself" variety for some time. His persomal systems presently
include an IMSAT 8080 kit product with 8 K of memoary, an evaltation board
6800 systermn from Motorola with enough additional memory to run Tom
Pittman's Tiny BASIC, an ASR 33 Teletype, audio cussette interfoces, serial
and parallel inmterfaces for custom peripherals. One profected application for
the computers is to amateur rodio, where he aims to wse the processors for
station control, and processing of message and logging data for his station,
WSLJR. Professionally, Low is Director of Computer Products for the Heath
Company, a firm which started the efectromics kit business as it is known

today.

51



A ‘‘beginner’s” kit assumes
no knowledge of elec-
tronics and is exhaustively
documented.

An “experienced builder's"
kit assumes some knowl-
edge and familiarity with
electronics and as a result
is less expensive due to
savings in documentation
cost.

Preparation for maintenance. Electronic
equipment is much easier to service, repair
or modify if you are familiar with it. Once
computer equipment has been assembled
and made operable, it is generally reliable.
But should service be required, it will be
easier if you know and understand the
equipment. Kit building gives you much of
that knowledge and familiarity.

These are only a few of the most im-
portant benefits of kit building. If you want
total involvement from your use of com-
puters, you should participate in as many of
the different facets of it as you can. Kit
building is one of the best ways of achieving
this participation.

Types of Kits

All kits are not equal. There are big kits
and little kits, easy kits and complex kits. In
addition, there are different types of kits
depending on the approach taken by the
manufacturer and the intended customer.
Before you purchase a kit and attempt to
assemble it, it is a good idea to be aware of
the types of kits available.

There are two broad, general classifica-
tions of electronic kits, those for beginners
and those for experienced hardware people.
These classifications really represent the
extremes of a range of types of kits; but for
purposes of discussion such ‘‘ideal types’ are
useful. Kits designed for the beginner are
generally simpler and more thoroughly docu-
mented. Even an individual who knows
nothing about electronics can usually
assemble such kits successfully. The assem-
bly, test and troubleshooting instructions are
thorough, take nothing for granted and lead
the kit builder by the hand through a step
by step process of assembly. With such a kit,
most people have little or no difficulty in
assembling the product and getting it to
work regardless of their knowledge and
experience. Even though you may not be a
beginner, this type of kit is often the best in
terms of value because it practically insures
hassle free building and a workable end
product.

Another type of kit is one designed for
the experienced kit builder or electronics
expert. Such kits are furnished with a
minimum of documentation and assembly
instructions. In some cases only a schematic
diagram, a printed circuit board layout
showing component placement, and a parts
list are supplied. To an experienced builder,
this is wusually sufficient information to
assemble the product and get it to work
properly. Many of the computer hobby kits
available today are of this type. They assume
that the builder is familiar with such equip-
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ment or it would not be purchased in the
first place. Many novices and beginners have

discovered this too late. There's nothing -

wrong with this type of kit because it does
produce a useable end product. The problem
comes when an inexperienced builder at-
tempts to construct a kit of this kind and
makes mistakes due to either lack of knowl-
edge or experience. Such kits are highly
desired by the experienced builder because
they give him far greater satisfaction and a
feeling of more involvement than the simpler
kits, and ultimately have a lower cost since
“idiot proofing"” the documentation is a
significant cost item in any kit. Experienced
electronic kit builders receive great satisfac-
tion from using their knowledge and experi-
ence in such projects. Many even enjoy
discovering errors or having to supply miss-
ing information. They like to do the research
necessary to build a product successfully.
What may be a problem and big frustration
to some is a real challenge and enjoyment to
others.

Qualities of a Good Kit

Just what are the qualities of a good kit?
It is desirable to know the elements of a
good kit so that when you evaluate a
product or compare competitive units, you
will choose the best product for you. Here
are several things you should look for in
choosing a kit product.

Well designed. This is a subjective point
yet an important one. A good design is one
that works, has proven itself reliable and
accomplishes its purpose. Other elements of
good design involve the use of modern
components and techniques. Good design is
difficult to assess if you are not familiar with
the specifics of the equipment or the latest
technology. However, good product design
generally shows up as a good reputation in
the field, positive comments from owners,
and favorable magazinc test reports. If you
are a newcomer, read every scrap of literature
you can find, talk to people at your local
computer club, and keep an open mind!

Good documentation. |ust as important
as good design is good documentation. This
is an absolute necessity for a successful kit.
The manufacturer simply must supply suf-
ficient information to build, test and apply
the product. Poor documentation usually
means the difference between a good kit and
a bad kit. A well designed kit can be bad
because poor documentation makes it diffi-
cult if not impossible 10 assemble and use.
Look for and insist upon good documenta-
tion to the level of detail you require.

Quality components. Quality or first
grade components are a major part of any

-



Some Typical Introductory Kits

= The Heath Company is the oldest and largest manufacturer of kits. For those computer people who are wary of trying a
complicated kit, author Frenzel suggests several of his company’s products as a means of seeing what it takes to build a kit by
trying out the concept on simple items. Each of these items will result in a useful accessory for the computer lab, as well as
introducing the builder to the process of building kits.

b. A laboratory bench power supply. Once
built, this instrument is used to simulta-
neously power logic (+5 V) and provide
variable metered analog levels from 0 to
20 V.

a. A prototyping breadboard. In computer
applications, such a breadboard can be used
to temporarily try out a circuit before com-
mitting it to permanent form using wires,
sockets, Vectorboard and solder or wire
wrap. Power supplies at standard logic (+5 V)
and typical analog (12 V) levels aid proto-
typing with this unit.

¢. A multimeter. This all around useful test
instrument can be built from a kit and later
used to measure miscellaneous voltages, cur-
rent and resistance when diagnosing or
using the hardware of a computer and its

good kit. If a manufacturer uses regular
commercial grade components, then the
quality is good. Quality components help
insure reliability and a minimum of defects
and problems in assembly. Kit suppliers can
sometimes purchase surplus or degraded
components at significant savings. As a result
they can pass along major cost savings to
you. While lower cost is certainly a signifi-
cant benefit, it is often offselt by the
problems encountered by the poor com-
ponent quality. Unless you are prepared to
deal with the limitations and problems
brought about by low quality components,
it is best 1o stick with the higher priced but
more reliable units using quality parts.
Designed as a kil. Many products are not
designed 1o be kits. Such products are
designed first to have specific features and to
meet certain performance specifications. The
fact that it is to be offered in kit form is
often secondary. The designer’'s main pur-
pose is to achieve a saleable and workable
product. Once this has been done, many
designers feel that it is only necessary to
supply the components in a bag which the
customer can assemble. If the product is
designed as a kit, the designer is constantly
reminded that the product must be easy to
assemble and service. For that reason, kil
design and thorough documentation is some-

interfaces.

what more difficult and time consuming
than designing equipment that will be manu-
factured. Such products generally come
from those manufacturers dedicated to the
kit business.

Manufacturer support. A good kit manu-
facturer is one that supplies plenty of service
and support. A customer can make wiring
errors, receive a defective component or
simply have difficulty in interpreting the
documentation. The customer must have
some way of dealing with these problems if
he or she is to be satisfied with the product
and complete its assembly. Always look for
a kit manufacturer which has a significant
amount of backup. This means the manu-
facturer will answer your letters and tele-
phone calls regarding problems. In addition,
the manufacturer should offer complete
service and repair facilitiies at reasonable
prices. Also check the warranty. Before you
purchase a kit, be sure that you satisfy your
own requirements with regard to the support
and service available.

These are the main qualities of a good kit.
Before spending hundreds or even thousands
of dollars on computer equipment, investi-
gate these points carefully. Your satisfaction
with the products will be greater if you do.
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A good design is one that
works, has proven itself
reliable, and accomplishes
its purpose.



Key 1: A low wattage
soldering iron is a must for
building computer kits (or

any Rit with delicate
printed circuit runs). Here
is a typical low wattage
iron with a small tip, along
with a suction bulb device
which can be used to
remove solder if necessary.

Photo supplied by the Heath Company

Read test reports on the products that you
are considering. Ask friends, associates and
fellow club members for their opinions on
the product. Often the experiences of others
can help you decide. Also get as much
information from the manufacturer as you
can. If the data sheets and catalogs supplied
are insufficient, write for further informa-
tion. A reputable manufacturer will answer
your specific questions and provide addi-
tional information as required.

One of the best ways Lo size up a product
is to purchase the documentation for the kit.
Most manufacturers will allow you to pur-
chase the assembly and operation manuals.
This will give you full details on the product
and will give you an advanced look at the
assembly instructions and other information.
If you're serious about a product, this is a
small investment to make to insure that you
obtain a good product.

Building the Kit

Here arc some tips, based on experience,
that can help you build kits successfully
even if you are a beginner:

Practice first. Before you wade into a
$1000 computer kit, perhaps you should
test or improve your skills first on a simple,
low cost kit. This is particularly true if you
are a novice. If you have never assembled a
kit before, start out with a small, easy to
build project first. You will learn a lot by
assembling this simple project first, and you
will get a feel for what kit building is all
about.
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There are a wide variety of simple low
cost kits available. Many accessories and
pieces of test equipment fall into this
category. Try to choose a project that will
be useful to you when you get to the
computer kit, or in some other way. A good
example of equipment that could be of value
to you when working with computers is a
volt ohmmeter or a power supply. Both of
these items are relatively easy to build and
you will find much use for them later when
working with your computer system.

Obtain the proper tools. You will need a
varicty of tools to build a kit successfully.
There is nothing more aggravating than to
come to a point in the assembly process
where you do not have the tools needed.
While most kits can be assembled with
common tools, you should provide yourself
with 2 minimum set prior to building your
kit. It will make the kit building process go
faster and easier. Here is a list of the most
common tools you will need:

1. screwdrivers of several sizes: blade and
Phillips types

. needle nose pliers

. side cutters

. nut drivers (0.25 inch is the most
useful.)

. pliers

. wire strippers

. knife

soldering iron

. solder

. solder removal device
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Learn to solder. The most important skill
required to build a kit is soldering. The
majority of computer equipment is con-
structed by attaching electronic components
to printed circuit boards. The circuit boards
are then interconnected to one another
through other printed circuit boards, con-
nectors and cables. Solder is the common
bonding element in all cases. You simply
must learn to solder if the kit is to work
properly.

Soldering is the process of melting an
alloy of tin and lead known as solder,
wetting the component leads with the hot
molten solder, then allowing it to cool and
provide a permanent electrical interconnec-
tion. The components to be joined are
brought together physically and the joint
made mechanically secure. Then a soldering
iron is touched to the joint so that the
component leads are heated. Once the joint
is hot enough, solder is applied and allowed
to flow over the connection. Then the heat
is removed and the solder is allowed to
harden. The result is an excellent mechanical
and electrical connection.



To solder properly, you must have the
right equipment. Primarily this means a
soldering iron and solder. For most elec-
tronic construction, a small, low wattage,
hand held pencil type soldering iron should
be used. One with a wattage rating of 25to
40 watts is best. This will provide more than
sufficient heat but at the same time is low
enough in wattage to prevent damage to
electronic components. The soldering iron
should also have a small, fine tip so that
solder can be successfully applied to the very
small connection pads on most computer
circuit boards.

The type of solder used is also important.
Many kits are supplied with the proper
solder. If solder is supplied, use it. If you
buy your own, be sure to purchase quality
electronic grade solder. The best is a 60-40
rosin core solder. The 60-40 refers to the
percentages of tin and lead respcctively in
the solder. The rosin core mcans that the
solder contains a cleaning element that helps
to remove the oxidation from the connec-
tions when heat is applied. (Do not use acid
core solder which can destroy electronic
components. It will literally digest your
computer.)

The size of the solder is also important.
For the tiny circuit board work found in
most computer products, a thin solder is
best as it is easier to control the rate of flow.
Solder smaller than 0.032 inches in diameter
is best. This will prevent excess solder from

being applied and will reduce the possibility
of making solder bridges.

Next you should develop your soldering
skills. The best way to do thisis to practice.
The proper procedure is to first physically
connect the components. Usually this in-
volves bending the leads of the component
and mounting it on a printed circuit board.
The soldering iron is then used to heat the
junction of the component lead and the foil
on the printed circuit board. It takes only
several seconds for the joint to become hot
enough to melt solder. Solder is then applied
to the junction and allowed to flow over the
leads and copper foil. The solder and iron
are removed and the conneclion is allowed
1o cool and harden.

While the procedure sounds simple, itisa
bit subtle. The subtlety has to do with the
amount of time you heat the junction prior
1o applying solder and the amount of time
the iron is left on the joint after solder is
removed. If you apply too much heat in the
beginning you can damage the component or
cause the copper foil on the printed circuit
board to peel off. Yet if you do not apply
enough heat, the joint will not become
sufficiently hot to melt the solder properly.
If the solder is not melted thoroughly it will
cause a so called “cold solder’ joint. These
are conditions where proper bonding does
not take place. The amount of time that the
heat is applied is a balance between that
which prevents damage and that which
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Simple points: Practice
first, obtain proper tools,
learn how to solder, learn
how to unsolder, and if all
else fails, read the
directions.

One of the best ways to
size up a computer prod-
uct is to purchase the
documentation (or borrow
it from a friend). This is
true whether the product
is in kit form or not. (A
corollary is the thought
that good looking and
complete documentation is
an excellent sales tool for
the manufacturer.)

Key 2: One key to good
soldering is a clean solder-
ing tip. There are several
different brands of wet
sponges like this one,
which can be used to clean
the tip during use. Many
of these products are
treated with special chem-
icals to help improve the
cleaning properties.

Photo supplied by the
Heath Company



allows the solder to melt and flow as it
should. The skill and timing in this operation
comes only from practice.

Learn unsoldering. Another skill practi-
cally as important as soldering is un-
soldering. It is often necessary to remove a
component from a printed circuit board.
The component may become defective and
need replacing. Or you may have discovered
that you connected the component incor-
rectly. If you learn the technique of un-
soldering, the component can be removed
without damaging it or the printed circuit
board.

Unsoldering is best accomplished by re-
moving the solder on the connection. Do not
attempt to remove a component by simply
reheating the connection and prying the
component from the printed circuit board.
Damage will usually result. Although it takes
a little more time and care, removal of the
solder first will insure that you do not

damage either the component or the printed
circuit board.

Solder can be removed from the connec-
tion by first heating the connection with
your soldering iron and and then using a
suction bulb. This i a device designed to
pull the solder from the connection by a
vacuum created in a rubber bulb. A plunger
type device known as a solder sucker can
also be used.

It may take several applications of the
tool 1o remove all of the solder. Get as much
off the connection as you can. Then use a
knife or needle nose pliers to carefully break
the component lead loose.

Another method of removing solder from
a connection is to use a wire braid coated
with rosin. The braided wire is coarse and
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SOLDERING
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Place the soldering iron tip

against both the lead and the
circuit board foil. Heat both
for 2 or 3 seconds.
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\
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Key 3: Use proper solder-
ing lechnique. This sel of
illustrations provided from
the Heath Company docu-
menlation of kils illus-
lrutes proper soldering

. Then apply solder to the other

side of the connection:
IMPORTANT: Let the heated
lead and the circuit board foil
melt the solder.

lechnique when assem-
bling circuil boards. As
noled al lhe boltom, il s
imporlunt lo heal bolh Lhe
componen! lead and Lhe

[

. As the solder begins to melt,

allow it to flow around the
connection. Then remove the
solder and the iron 8nd let the
connection cool.

printed circuil board con-
tact. If either s missed,
then a bad joint as al B or

C could resull.

. Hold the lead with one hand while you cut o ff the excess lead

length close to the connection. This will keep you from being hit
in the eye by the flying lead.

Be sure the solder made a good electrical connection.
When both the lead and the circuit board foil are
heated at the same time, the solder will flow onto the
lead and the foil evenly. See Illustration A. The solder
will then make a good electrical connection between
the lead and the foil.

When the Jead is not heated sufficiently, the solder
will not flow onto the lead as shown at B. Reheat the
connection and, if necessary, apply a small amount of
additional solder to obtain & good connection as
shown at A.

When the foil is not heated sufficiently, the solder
will blob on the circuit board as shown at C. Reheat
the connection and, if necessary, apply & small
amount of additional solder to obtain a good connec-
tion as shown at A.
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can soak up a lot of solder. The rosin cleans
the braid and the connection and encourages
the capillary action that literally slurps the
solder off the connection. To use the braid
you simply place it on the connection and
heat it with the soldering iron. The solder
will flow up into the braid leaving the
connection clean and open. Again, several
applications may be necessary to remove all
of the solder. Solder removal braid is avail-
able at most stores selling soldering irons and
related equipment. It is extremely effective
and will save you much time and possibly
some expensive components and printed
circuit boards.

Follow directions. It seems almost ridicu-
lous to point this out, but one of the most
common faults of kit builders is not follow-
ing the assembly instructions. The assembly
instructions have usually been tested to
insure that they work. If you use a different
assembly sequence or fail to note some of
the special instructions, you are most likely
to make a mistake. Even though you may be

an experienced kit builder, sometimes there
are subtleties in the assembly process that
make it absolutely essential that you follow
the given directions.

Another precaution is to look for any
errata sheets or correction notices before
you begin the assembly. Some errata sheets
are included randomly or at the end of the
supplied  documentation. Don't take
chances; catch the errors in the documenta-
tion first to avoid mistakes.

Don't ruin your investment by assuming
that you can do it by yourself. Protect your
investment and follow the instructions. Re-
member the old saying, “If all else fails, read
the instruction manual," is true.

Tuke your time. When building a kit, take
your time. The faster you go the more likely
you are to make a mistake. Most people who
purchase kits are anxious lo put them
together and use them. This is only human
and certainly understandable. But unless you
have patience and take your time to follow
the instructions and do quality work, your

Use of sockets remains a
highly recommended prac-
tice — but use quality
sockets by all means.

Key 4: If you make a mistake, fix it. To remove solder, use u bulb sucker (see key 1), a mechanicul solder sucker tool (a), or a

solder removal braid (b).

(a) Photo supplied by the
Heath Company

(b) Photo courtesy of Wik-It
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Key 5. A detailed solder
braid removal sequence,
supplied by Wik-It. (a)
Find the connection to be
desoldered. (b) Heat the
connection through the
braid, causing capillary
action to suck up the
solder. (c) Remove solder-
ing iron and braid, to view
the desoldered connection.

(a)
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chance of achieving a successful build are
much lower. A better end product will result
if you take care and time.

Part of the concept of taking your time is
Lo spread the kit building process out over a
long period. It is a lot bellQﬁ\ 1o have eight
one hour or four two hour kit building
sessions than it is Lo have a single eight hour
session. The longer the kit building session,
Lthe more mistakes you are likely to make.
When you find yourself getting tired, losing
interest, or attempting to short cut the
instructions, stop. Go back to building when
you have had a chance Lo rest.

While it’s good to take your time in
building a kit, just keep in mind that most
kits come with a limited time warranty.
Thirty and ninely day warranties are Lypical,
so it is highly desirable that you assemble
the kit in less than that time. If you discover
any defective parts or other problems, you
can get them replaced within the warranty
period. Take your time, but don’t lose the
benefit of any warranty that you may
receive.

Ask questions. As you're building a kit
you may have questions about the assembly.
If the instructions are not clear or problems
arise, don’t guess. Don’t take anything for
granted. Attempl to answer the question
yourself, of course. Study the directions
more carefully. Ask a friend who has buiita
similar product. Call or write the manu-
facturer to be sure of what you’re supposed
lo do before you go on. You can save a lot
of time, money, grief and dissatisfaction if
you gel answers Lo questions before going
ahead with what may be an incorrect
decision.

Use sockets. Many electronic kits do not
supply sockets for the various components.
Transistors, diodes and integrated circuits
are usually soldered directly to the printed
circuit board. Some of the more expensive
and delicale components may use sockets.
While sockels may nol be supplied, il is
generally a good idea to add them yourself.
The sockets will allow you to remove com-
ponents for troubleshooting purposes or Lo
replace them if they become defective. The
sockel will add a little extra cost to your kit,
but the advantages are worth it. The ease
with which a product can be serviced when
all of the integrated circuits are in sockets is
excellent. It is one investment that you may
question in the beginning but will certainly
find worthwhile later should you have dif-
ficulty. If you choose 1o use sockets, how-
ever, be sure 1o use high quality new sockets,
preferably with gold or other nontarnishing
finish on the contacts.

Provide yourself with reference resources.



Many manufacturers supply all the informa-
tion needed to construct the kit successfully.
Additional information simply is not neces-
sary. But there are some kits that require
you to have additional information. For
example, it may be necessary for you to

Provide yourself with a library of reference informa-
tion about computers, integrated circuit logic data,
etc. It will prove to be one of the most valuable
pieces of ““‘equipment’ in your personal computing

know the pinouts or theory of operation of
the various TTL or MOS integrated circuits
used in the kit. Because of this, it is a good
idea to provide yourself with a reference
library of books, catalogs, data sheets and
any other information you can get your
hands on. You will also find general text-
books and application notes from the inte-
grated circuit manufacturers to be helpful.
When you run into trouble or have ques-
tions, your references can provide the
answers. It is an excellent investment that
you should make at the time that you
purchase your kit.

Two of the most important references
you should have are the Texas Instruments
TTL Data Book or its equivalent and the
catalog or data sheets from the manufacturer
of the microprocessor used. Adam Osborne’s
series of microprocessor books are particu-
larly good and will also make excellent
background reference sources.

Be careful with components. Most elec-
tronic components are small and delicate.
They can be easily damaged physically and
most can certainly be destroyed by excessive
heat. Diodes, polarized capacitors and most
integrated circuits can be put in backwards
which would cause improper operation and
possible electrical damage. integrated circuit
pins can also be bent and broken off very
easily. Be very careful with every component
as you install or solder it.

Another important precaution concerns
the installation of MQOS integrated circuits.
These devices can be destroyed by static
electricity. A static charge can be transferred
to a MQOS device by your hand or the
soldering iron. Most MOS devices are sup-
plied mounted in protective foam to keep
the pins shorted. Leave the devices in this
foam until you are ready to install them.
When you do, be sure you ground yourself
or remove any static charge before you pick
up the device. If you use sockets, the MOS
damage from static charges can be greatly
reduced. Any charge from the soldering iron
will be dissipated in mounting the sockets,
not installing the integrated circuits.
Further, when installing the integrated cir-
cuit in the socket, you can short all the leads
together by pressing the board and socket
against conductive foam.

All of the above recommendations and
precautions are obvious for the most part.
It’s easy to read them and agree with them,

endeavors.

but if you are to assemblc your kit success-
fully, you absolutely must follow them. It's
a small price to pay for protecting your
investment.

What to Do If You Have Trouble

Whenever you purchase a kit you should
prepare yourself for the fact that you may
make a wiring mistake or encounter a
defective component. If you plan for this in
the beginning you will not be surprised if it
happens. In most cases you will find that it
is not a serious problem. Instead it is simply
an inconvenience to overcome. If you ap-
proach it with the right attitude, you will
not be dissatisfied with your kit. Here are
some tips on what to do if you experience
difficulty.

When you finish building the kit, follow
the test, checkout and troubleshooting
instructions given by the manufacturer. The
quality of this information varies from one
manufacturer to another. Some supply no
information while others furnish detailed
troubleshooting charts. Use whatever infor-
mation is available to you first before going
on with the recommendations given below.

Question the problem. The first thing to
ask yourself: Is the trouble you experienced
really a problem? it may indeed be, but it
may also be that you are using the equip-
ment improperly. The controls may have
been set incorrectly or you may be wrongly
interpreting the results. The solution to this
is to read the instruction manual carefully to
be sure that you are doing things properly.
In computers, as in flying, cockpit problems
or pilot errors are a typical source of
trouble. The hardware may be good, but the
operator may be defective. Even in simple
kits this is a very common problem. Due to
the complexity of computers, no kit will be
totaily immune from this probiem.

Check your assembly. Once you have
eliminated operator error as the trouble, you
can assume that you have a hardware
problem. The first suspect is assembly errors.
Go back and double check your assembly.
This is time consuming but it can often turn
up the problem. A good way to do it is to
have a friend help you. Often by working
with someone else you can find the probiem

59



Be sure to remember the
motto of a certain very
large computer company:
THINK. The application
of computers as general
purpose problem solvers
requires thought on the
part of the user, whether
the computer is a kit or a
traditional high priced
product. The only com-
puters which have any
hope of being totally
“idiot proof’ are those
which have had the
thought requirements dis-
tilled into a well designed
application program in
products such as a hand
calculator, a microwave
oven controller, a *‘turn
key' application system or
any situation where the
programming is supplied in
a packaged solutionto a
problem.

that you may have overlooked yourself. A
common mistake is poor solder connections.
It may be difficult to spot one bad solder
connection among thousands, and even a
bad solder joint sometimes looks good. As a
result, the first step should be to resolder
each and every connection in the kit. Again
this is tedious but will often solve the
problem. To do this, simply touch the
soldering iron to each solder connection
briefly to remelt the solder. |f you see a wisp
of smoke comc out of the connection, it
may indicate that the rosin in the joint was
not sufficiently melted thereby causing a
poor conncction. The joint may have been a
cold solder joint where no electrical con-
tinuity existed at all. Simply reheating the
connection made it good.

As you are resoldering the connections,
look for solder bridges. This is a thin trace of
solder that is accidently drawn bectween
adjacent pads on the circuit board. The
solder bridge causes a short. These bridges
are usually eliminatcd as each solder connec-
tion i reheated. But they may not be. As
you are resoldering cach connection, look
carefully at adjacent pins to be surc that
shorts do not exist. Some solder bridges arc
so finc that they arc difficult to find. Use a
magnifying glass and strong light 1o help. As
you go through a complete circuit board you
may discover connections that you forgot to
solder or components that did not get
installed properly. Simply resoldering all the
connections is an excellent way to recheck
your assembly since it methodically covers
all points.

Once you have double checked your
soldering and assembly, again test the cquip-
ment. Many times the problem will be solved
and proper operation will result. I the
difficulty still exists, the problem may be a
defective component. Unless you have had
specific expericnce in troubleshooting elec-
tronic and digital equipment, locating a
defeclive component can be difficult. For
that reason, it is best to call for help.

Seek help. The first step is to ask a friend
or the manufacturer for help. You may be
able to find a fricnd who has built a similar
picce of equipment or who has expericnce in
troubleshooting. Don’t hesitate to call or
write the manufacturer for help. It is the
manufacturer’s responsibility to help you get
the kit working properly.

Another alternative is to scek help from
your local computer store. Most store
owners will be familiar with common prob-
lems and may have just the advice, infor-
mation or help you necd.

Before you ask for help, however, it is
best to isolate the problem yourself if you
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can. Write down all of the symptoms. Make
some tests yourself to try to determine what

is happening or not happening. If the proc-

essor runs at all, run some simple diagnostic
programs-to attempt to isolate the problem.
Try to obtain as much information as
possible before you ask for help. The more
information that you supply the better the
quality of the help that you will receive. For
example, one of the things that you can do
is mecasure the power supply voltages. Often
the equipment is not working simply be-
cause it is not receiving power. Use a
voltmeter to check power supply voltage at
each of the printed circuit boards in the
equipment. If an oscilloscope is available,
check for the presence of clock pulses.

Once you have accumulated as much
information as possible, write a letter or
make a phonc call to the manufacturer.
Continue this process until the trouble is
located. If all else fails, return the kit to the
manufacturer or your local computer store
for repair. Above all, don't give up. The real
fun begins when you get your computer
running.

Kit Versus Wired Products: Your Decision

Kit building is fun, challenging and
satisfying. It is educational, and you can save
a lot of money. Most pcople who have built
kits successfully highly recommend it. Yet
some computer hobbyists simply do not
wanl to spend the time or become involved
with kit building. They wan! to concentrate
on programming and applications. It s
probably best that these individuals buy
wired and tested units. Although this re-
duces the number of products available, it
does eliminate the potential problems associ-
aled with kit building. It also eliminates the
bencfits.

Before you decide to buy a wired
product, you should also consider having a
friend or other individual build the kit for
you. Often you can locate someone who is
willing to build a kit for a price far lower
than you would pay for an assembled unit
from the manufacturer. | have heard of
several examples where individuals have
asscmbled kits for others simply 1o be able
to have the experience of building and using
the kit themselves for a period of time.
There arec a number of small companies who
are in business to build kits for individuals.
The prices are usually less than the assem-
bled and tested units available from the
manufacturer.

Even though you may have shied away
from building a kit, try it. You may find
that it is easier and more fun than you
suspected.®
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Guess who :iust bought

our

new Microfloppy for $1095
including software?

Plug-compatible

for $1095

iCOM's brand new Micro-
floppy®is specifically designed
for the personal computer
user. It's smaller, using the
new 5%-inch diskette, and is
priced at only $1095 including
disk drive, power supply,
cabinet, controller/interface
card, all cables and connec-
tors, plus, on diskette, iICOM’s
new FDOS-M software,
including assembler, editor,
and file manager. And for a
limited time} you also get an
8K Disk BASIC package at no
extra cost.

Best of all, COM'’s Microfloppy® is
fully assembled and tested. It's 100%
compatible with Altair, IMSAI, Poly 88
and other microcomputers using the
Altair bus format.

. “Offergood through April 15, 1977

Much faster than a cassette
This compact, economical Floppy
Disk System is 10 to 15 times faster
than a cassette. Programs can be
loaded in seconds, a source program
of several thousand characters can
be corrected and a new file stored on
diskette in less than a minute. Any of
up to 175 files can be reached in

1.5 seconds.

iCOM — the leader
We've been building Floppy
Disk Systems for micro-
computers for nearly three
years. Thousands of our
systems are operating per-
fectly in the field. Many major
computer manufacturers have
incorporated our Floppy Disks
into their systems. We deliver,
and we'll be around to give
you service whenever you
may need it. You see, we're a
division of Pertec Computer
Corp., one of the largest and
most respected manufact-
urers of peripherals, microsystems,
data entry products, and data
processing systems.

So you don't need to risk getting
burned by a fly-by-night company.
Order an iCOM® Microfloppy® and
be sure of getting the best.

See iCOM's Microfloppy® now at
your local computer store. Or contact
us for the name of your dealer.

G0N MICROPERIPHERALS

6741 Variel Ave., Canoga Park, CA 91303 US.A.
(213) 348-1391 TWX 910-494-2788

1276

adivision of Pertec Computer Corporation



Articles Policy

BYTE is continually seek-
ing quality manuscripts writ-
ten by individuals who are
applying personal systems, or
who have knowledge which
will prove useful to our
readers. Manuscripts should
have double spaced type
written texts with wide mar-
gins. Numbering sequences
should be maintained sepa-
rately for figures, tables,
photos and listings. Figures
and tables should be provided
on scparate sheets of paper.
Photos of technical subjects
should be taken with uniform
lighting, sharp focus and
should be supplied in the form
of clear glossy black and white
or color prints (if you do not
have access to quality photog-
raphy, items to be photo-
graphed can be shipped to us
in many cases). Computer
listings should be supplied
using the darkest ribbons pos-
sible on new (not recycled)
blank white computer forms
or bond paper. Where possible,
we would like authors to sup-
ply a short statement about
their background and experi-
ence.

Articles which are accepted
are typically acknowledged
with a binder check 4 to 8
weeks after receipt. Honorar
iums for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $25 to
$50 per typeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted,
and that a return envelope
with postage be supplied in
the event the article is not
accepted.®

Continued from page 14

perhaps the extreme case for shipment of
BYTE magazines 1o foreign subscribers. Not
satisficd with waiting three months or so for
the very current information we put out in
BYTE each month, he started immediately
to search for alternatives.

His first urge was to import BYTEs in
sufficient quantity 1o sell 1o his neighbors in
the Sydney area, thereby assuring (so the
theory went) that he got them on a timely
basis by way of a bulk shipment. With that
in mind, he figured that he'd send them air
freight to his shop, then distribute them. Nice
theory, but, in bulk it cost US $1.50 or
more to ship cach magazine by air -- so his
bulk shipments cnded up going on the samc
boats which carry the surface mail. (It costs
nearly US $6 to send just onc copy by air
mail!) So much for that theory. After taking
a bulk shipment of BYTE each month for
several months, John hit upon another solu-
tion to the problem: Maybe he could talk
BYTE into printing locally for distribution
in Australia. Shortly after that brainstorm
struck, we got our first long distance phonce
call from John Bannister.

Phone calls from Australia are most inter-
estling. You'd expect that a certain decay in
quality would occur as the distance in-
creases. But much 1o our surprise, the phone
conversations with John, whether by cable,
radio or satellite, often came through with a
quality perhaps half an order of magnitudc
better than a simple transcontinental con-
versation with an advertiser in California! Of
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course, for such calls, either one party or the
other is bound to be half asleep, for the time
differential is 11 hours between EST and the
time zone which encompasses Sydney. At
any rate, the first phone call was to explore
the possibility of setting up a new Australian
publishing house with John as the principal,
whosc purpose would be to print an Aus-
tralian English language version of BYTE.
Thus becgan a scries of long distance nego-
tiations, proposals, Telex messages and
phone calls concerning the arrangements.
Now that all the negotiating and arrange-
ments have bcen crystalized into a signed
contract, wc can announcc what has
transpired.

Beginning with the january 1977 issue of
BYTE magazine, two new editions will be
published for readers in the more techno-
logically sophisticated areas of Southeast
Asia. One edition, in English, will be printed
and distributed to subscribers in Australia,
New Zealand, Singapore, Hong Kong, the
Philippines and other countries where
readers of English are interested. ‘A second
Asian edition will be translated into
Japanesc and distributed in Japan. The
editorial content of both new editions will
be identical (English edition) or identical
semantically if different in detail (Japanese
cdition). For the first issues, the advertising
copy will also be identical; but John's office
in Sydney and his agent in Tokyo will solicit
local advertising for these editions, while
preserving the option for our US advertisers
to reach these foreign markets.

Technologically, the arrangement is fairly

A BYTE family portrait,
circa December 1976.
Clockwise from top left
are Manfred Peschke, Vir-
ginia Peschke, [ohn Ban-
nister and Carl Helmers.
{Note: the reader probably
suspects that all those im-
pressive looking books in
the background are the
world’s greatest collection
of computer tomes. While
they do indeed look im-
pressive, they'd really only
impress a farmer since
they contain the genea-
logical records and trivia
of the
breed.)

Guernsey cow ==



' Subsystem "B” makes the

comcuter you already have
work almost as well as

a new Sol-20.

Add it now, and for a limited time
we'll throw in a new module
with 512 bytes

of preprogrammed PROM

and 1024 bytes

of RAM memory free!

Processor Technology's Subsystem “B”
puts together the major system elements you need
to get your Altair or IMSAI up and running,.

You get bothRAM and PROM memory,
parallel, serial, cassette and video display inter-
faces, and software. Software includes a 512
byte bootstrap loader program so you can load
any Processor Technology CUTS (“Byte/Kansas
City") 1200 BAUD cassette tapes. Standardized
subroutines in ROM, similar to those in a Sol
personality module, are used by many Processor
Technology software packages to improve
program efficiency. You'll find you rarely need to
touch your front panel switches. With our
Subsystem “B” you are up and running as soon
as you turn on the power.

Three subsystems are available, depending
on your memory requirements. Each Subsystem
“B" includes five S-100 bus compatible modules
as listed below. Each is dependent upon our new
GPM module (GPM = General Purpose
Memory) which provides 1024 bytes of low power
static RAM and 512 bytes of preprogrammed
EPROM as well as space for up to 8192 bytes
more of ROM or 2708 type EPROM. The GPM
module accepts the new ROM version of our well

known ALS-8 Editor/Assembler software package.

With Subsystem “B” you have guaranteed
compatibility with all Processor Technology
software and hardware products.

Subsystem Model | B55 B9S B175

Total memory

provided (bytes) | 5632 9728 | 17920
Display 1/0 VDM-1 | VDM-1 | VDM-1
Parallel. Serial 1/0| 3P+S | 3P+S | 3P+S
Tape Cassette I/O| CUTS | CUTS | CUTS
Memory 4KRA | S8KRA | 16KRA
Price $594 5730 $964

NOTE: The GPM module with both RAM and PROM

is included FREE in all the above subsystems. The GPM kit
is S129 if purchased separately.

The ALS-8/ROM chip set is $159. SIM-1 & TXT-2/ROM
add-on set is 560 and requires both GPM and ALS-8/ROM.

| want Subsystem "B’ to get my Altair or
IMSAI up and running.

[ Enclosed is acheck for § .
Calilornia residents add sales tax.
No shipping charge.

O Mastercharge # __
{include Interbank No. and
expiration date)

I want:

O B55at $594
0 B9Y5 at $730
O B175 at $964

O Send more information

Name

Address

City State Zip

D=

rrpoTTion

6200 Hollis Street, Box B
Emeryville. CA 94608 (415) 652-8080

e
S ——



John Bannister (left) and
Carl Helmers discussing
the problems of translating
BYTE into [apanese, while
perusing the [apanese edi-
tion of Scientific Ameri-
can, December 1976. It
turns out that translators
do some interesting things.
-For example, in the trans-
lated version of an article
by an author with a name
of, for example, “lLane,"”
the initials stay in Roman
characters, but the sur-
name — since it has a
generic equivalent in
Japanese script — is trans-
lated. But if the surname
has no immediately identi-
fiable generic root or
equivalent, it remains in
English spelling as do tech-
nical terms with no direct
equivalent.

simple. At the time we give the final OK to
the negatives from which BYTE is printed
each month, our printer, The George Banta
Company of Menasha WI, will make dupli-
cate copies of all the negatives, and send
them to Sydney where John will modify the
book to fit the local cdition. Eventually this
will include local advertising, local club and
newsletter information, and possibly putting
in new product information and related
items of interest to local readers. The bulk
of the material in the magazine will, how-
cver, remain identical 1o the US edition.

All our Australian, Japanesc and Asian
subscribers will be given the option of
converting their subscriptions to the local
edition which, due to its simultancous pub-
lication, will be up 1o date as opposed o
thrce months behind duc to shipping dclay.

Once it became apparent that we would
be able to gel together on this venture, John
madc the trip from Sydney Lo Peterborough
NH via Lost Angeles. | call it Lost Angeles
because the airlinc on which he was traveling
managed to lose his luggage in the transfer.
Arriving at Logan Airport, Boston (after
neglecting 1o tell anybody what flight he was
coming on), he was met by Debra “Sher-
lock” Boudricau of BYTE, who in a feat of
deductive reasoning and investigation,
managed to pinpoint the flight and John
Bannister, using only his one statement, “I’ll
be there at 8:30 tomorrow morning.” As
recounted later, it was a simple deduction:
There was only one transcontinental flight

64

out of Los Angeles which arrived at Logan at
8:30 AM, and an Australian newly arrived is
casy to spol: After an elapsed travel time of
22 hours with essentially no sleep, watch for
the only person who is walking in a daze.

After initial greetings on arrival in Peter-
borough, John sacked out for about 15
hours, after which we began an intensive
series of conferences on the details of
publishing remotely, how to arrange ship-
ment of the negatives, timing the monthly
operation, etc. After a busy two days, |
picked up John at midnight on December 1,
and we spent the wee hours at my home and
laboratory discussing things and comparing
notes on the problems of computer enthu-
siasts in our respective countries. After |
dropped him off back at the motel around 4
AM, we all showed up at the BYTE offices
and took the pictures accompanying this
editorial. Then, with the contract signed,
Virginia and Manfred Peschke and John
went to New York (by way of Boston) for a
visit Lo Scientific American (see box) and
some of the fabled surplus outlets which are
reputed 1o still exist in that city. Manfred
and Virginia finally saw John off to Aus-
tralia from New York and returned to
Peterborough that weckend.

One of the details of the Australian
arrangement is a surprise and delight to
Deborah Luhrs, who has been with BYTE
ncarly from the beginning. In order to assure
a bit of expcrience, as far as handling
subscriber orders and managing an office is



IF YOU'RE STILL PLAYING GAMES

IT'S BECAUSE YOU HAVENT SEEN
OUR SOFTWARE LIBRARY

VOLUME ONE
Part 1

BOOKKEEPING
Egnd
Buiding
Comgpound
Cyaic
Decision 1
Decision 2
Depreciation
Efficient
Flow
Instaliment
Interest
Investments
Mortgage
Optimize
Order

Pert Tree
Rate
Return
Return 2
Schedule 1

Part 2

GAMES
Animals Four
Astronaut
Bagel

Bio Cycle
Cannons
Checkers
Craps
Dogfight
Golf

Judy
Line Up
Pony
Roulette
Sky Diver
Tank
Teach Me

PICTURES
A. Newman
J.F.K.
Linus

Ms, Santa
Nixon

Noel Noel
Nude
Peace
Policeman
Santa's Sleigh
Snoopy
Virgin

VOLUME TWO

Part 3

MATH & ENGINEERING
Beam

Conv.

Filter

Fit
Integration 1
Integration 2
Intensity
Lola

Macro

Max. Min.
Navaid
Optical
Planet

PSD

Rand 1
Rand 2

BARKAMERIARD

PHONES ORDERS CALL

This BASIC SOFTWARE LIBRARY is a complete do it yourself kit.
Written in everybodys BASIC immediately executable in ANY computer
with at least 4K, no other peripherals needed. Over 1000 pages of source
codes, descriptions and instructions.

** Also available at most computer stores * %

This library is the most comprehensive work done of its kind to date. There are
other software books on the market today but they are dedicated to computer
games. The intention of this work is to allow theaverage individual the capability to
easily perform useful and productive tasks with a computer. All of the programs
contained within this Library have been thoroughly tested and executed on severai
systems. Included with each program is a description of the program, a list of
potential users, instructions for execution and possible limitations that may arise
when running it on various systems. Listed in the limitations section is the amount
of memory that is required to store and execute the program in K Bytes.

YOUr LIDrary i1s 1]

The much requested Volumes Il & IV are ready. It you already have Volumes |
and Il you'll want to add these to your set. With the addition of Volume IV there is
no reason why anyone who even THINKS of using a computer can't own their own
SOFTWARE LIBRARY You can start yours for less than $10 plus postage and
handling. These programs are IMMEDIATELY executable in ANY computer with at
least 4K. The entire Library is 1000 pages long, chocked Full of Program source
code, instructions, conversions, memory requirements, examples and much
more. ALL are written in compatible BASIC executable in 4K MITS, SPHERE, IMS,
SWTPC, PDP, etc. BASIC compilers available for 8080 & 6800 under $10
elsewhere.

VOLUME | & Il — $24.95 each
VOLUME I — $39.95 each
VOLUME IV — $ 9.95 each

add $1.50 per volume for postage and handling. 10% discounts on purchases of
any three (3) volumes.
Volume discounts are available to qualified users & dealers.

Personal checks — allow 4 weeks for shipping. Pricing subject to change without
notice. If air mail shipping desired add $3 per volume to price, Continental U.S.
only. Foreign ordersadd $8 for each volume.

G SCIENTIFIC RESEARCH

1712-B FARMINGTON COURT ey
CROFTON, MD 21114

(800) 638-9194 CALL (301) 721-1148

o e LA

INFORMATION and MARYLAND RESIDENTS

.-'

-’r|Volume 2 con't)
Solve
Sphere Trian
Stars
Track
Triangle
Vanable
Vector

Part 4

PLOTTING & STAT
Binomial
Chi-Sq.

Coeft
Contidence 1
Confidence 2
Correlations
Curve
Oitterences
Dual Plot

Exp Distri
Least Squares
Paired

Plot

Plotpts
Polynomial Fit
Regression
Stat 1

Stat 2
T-Distribution
Unpaired
Variance 1
Variance 2

XY

APPENDIX A
BASIC STATEMENT DEF

VOLUME THREE
Part 5

ADVANCED BUSINESS
Biiling

Inventory

Payroll

Risk

Schedule 2

Shipping

Stocks

Switch

VOLUME FOUR

GENERAL PURPOSE
PROGRAMS
Bingo
Bonds
Bult
Enterprise
Footbail
Funds 1
Funds 2
Go-Moku
Jack
Life
Loans
Mazes
Poker
Popul
Prolits
Qubic
Rates
Retire
Savings
SBA
Tic.Tac-Toe



A Note of Thanks to Scientific American

We at BYTE wish to thank David Trussell
of Scientific American for taking time out of
a busy schedule to meet with Virginia and
Manfred Peschke and John Bannister of
BYTE to discuss some of the problems and
pitfalls of publishing foreign language edi-
tions of magazines. With the Japanese lan-
guage edition of BYTE we begin our first
such version in translation, and it proved
quite helpful to us to have a bit of informal
and friendly advice from people experienced
in that endeavor.

We also learned that Scientific American,
which is printed on extremely high quality
paper, has lately been having trouble procur-
ing supplies. The paper is necessary to
achieve good reproduction of the color
images which are so characteristic of their
product. Who could possibly be eating up all
the good quality paper? It turns out that
there is a hot competition between Scientific
American, Oui and Penthouse to see who
can buy all the special paper. This quality
magazine is being skinned alive!

concerned, John thought it a good idea to
take up a suggestion which Virginia made:
that Debbie should travel to Australia for a

few months to help set up the office of the .

new firm, BYTE Publications | Austr/Japan|
Pty Ltd. Although Debbie left today
(December 6 1976) as this editorial is being
written, she still doesn’t quite believe that
it’s all really happening!

Who is John Bannister, our new “Affiliate
Publisher Southeast Asian Editions’?
John is a man of considerable experience in
the Australian electronics industry, in the
Sydney area. He became interested in small
scale data processing systems following Don
Lancaster’s original TV typewriter articles in
Radio Electronics and the later articles by
Jonathan Titus and company on the Mark-8
processor in that same publication. His
assistant in  business operations (book-
keeping and moral support department) is
his wife Pamela, and he’s well aware of the
possibilities for using personal computers in
the education of his two preschool age
children. He’s convinced (as are we) that it is
just a matter of time until the revolution of
personal computing we've seen in this
country finally reaches his own country and

Japan — to say nothing of the other tech-
nologically oriented countries of the world.m

-

WHO NEEDS IT?

Biphase cassette recorder inter-
face, digital comparator, no
adjustments, switch - selectable
speeds. Altair, IMSAI, Tarbell
compatible. Manual $250 Kit
$120.00. Assembled $160.00.

NEW

Universal cassette interface with
independent latched input port
for keyboard or other use, inter-
rupt capabilities, switch-select-
able baud rates, 800 to over 10,000
baud, digital comparator, level
and sync indicators, status ports,
extra IC pads for recorder relay.
User selectable sync character.
Altair, IMSAI, Tarbell, Kansas
City. Manual $3.50 Kit $135.00.
Assembled $180.00. C.0.D. $1.50.

DAJEN Electronics

7214 Springleaf Ct.
Citrus Heights, CA 95610
(916) 723-1050

Z 80 WHEN YOU NEED
SYSTEM with RAM/PROM Module
Cabinet & Expansion P/C Backplane
Controls and Power Supplies Manuals
-1/0 Options, Kit $395
ALTAIR/IMSAI/POLY/SOL
Compatible Modules

Z-80 Processor Board $150.
8080/6800 CPU Boa/rd 130.
8080A CPU & RAM/PROM 210.

Memory Modules SPeciFY: NOKORODE
4/8/16/32K RAM from 100. 4 "
2/4/8/16K PROM from 90. P c SOLDER
I_O/COmmunications mod 95 LET OUR REPUTATION GIVE YOU THAT
Video Display Module 180. EXTRA MARGIN OF
3M Cartridge & Interface 290. SAFETY.
Floppy Disc & Interface 690.
DEC LSI-1 1/4K Module 800. AT FINE ELECTRONICS STORES EVERYWHERE.

COMPUTER SYSTENS
(313) 779-8700 mf&.mmuu COMPANY
26401 Harper Ave. :S:OQSSEEECYE.A:[]._M;OOX“OD ]

401 — 331- 3600

St. Clair Shores, Mich. 48081
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MORE MR IN MAGIC!!!

Now . . . the already tremendous value of MERLIN, the best, most versatile video interface,
is an even greater value with the introduction of two inexpensive add-on features.

SUPER DENSE GRAPHICS

$39.00
320H X 200V RESOLUTION

MERLIN’s Super Dense Graphics is an add-on board
which mounts directly to the MERLIN Video Interface.
Each of 64,000 graphic dots is individually controllable
and located on-screen. The kit includes a manual with
X-Y coordinate transformation software listing.

SOFTWARE CASSETTE 1/0

$29.00
1500 BAUD

MERLIN’s Software 1500 Baud Cassette [/O is an
external add-on to the MERLIN Video Interface. It
connects, along with a keyboard, to the MERLIN KYBD
and /0 Port through a 16 conductor flat cable. The kit
includes a manual with a listing of all necessary
software, also available as part of the MEl ROM.

For more information, fast, write us direct.

Pricing: MERLIN Manual .. ........................ $ 10.00
MERLINASSM. ..o $349.00 MERLINKit . ... $269.00
MBIROM/BAM ... ... .. i $ 39.95 MEIROM . ... . i $ 3495
SuperDense Add-on ...................... $ 39.00 Cassettel/OAdd-on ...................... $ 29.00

Master Charge and BankAmericard accepted.

R MiniTerm Associates, Inc.

¢ _— e e e e
lr\ - Box 268, Bedford, Mass. 01730 (617) 648-1200



San Francisco Bay Area — Where [t All Started — Has Its First Home Computing Convention
7,000 to 10,000 People
100 Conference Presentations
200 Commercial & Homebrew Exhibits
Two Banquets with Outstanding Speakers
Special-Interest Social Centers
Publication of Proceedings Being Planned

In Northern California’s Largest Convention Facility, San Francisco’s Civic Auditorium

CONFERENCE SECTIONS ON HOME COMPUTING

Being Planned

o Computer Graphics on Home Computers e Software Design for Personal Computers

e Computer-Driven & Computer-Assisted Music Systems e Microprogrammable Microprocessors for Hobbyists

¢ Speech Synthesis Using Home Computers e Optical Scanning for Inexpensive Program & Data Input
e Computers & Amateur Radio ¢ Floppy Disc Systems for Home Computers

e Computer Games: Alphanumeric & Graphic e Hardware & Software Standards for Personal Systems

e Personal Computers for the Physically Handicapped e Seminars for Club Leaders, Editors, Organizers, etc.

e Computers & Systems for Small Businesses ¢ Personal Computers in Education (associated with a

e Tutorials for Hardware Novices & Software Novices University of California short-course)

—— AND MUCH MORE ——

PRESENT-WORLD & FUTURE-WORLD BANQUET SPEAKERS

Banquets to be Held in San Francisco’s St. Francis Hotel
Fascinating Speakers will Discuss the Past, Present, & Future

e Frederik Pohl, Science Fiction Writer; e Henry Tropp, Mathematician, and Principal
Lecturer to NASA, American Astronautical Investigator for History of Computers
Society, New York Academy of Sciences, Project jointly sponsored by the
World Future Society, etc. Smithsonian Institution & AFIPS

Robots You Can Make for Fun & Profit The 1940’s: The FIRST Personal Computing Era

e John Whitney, Pioneer Computer Film Maker, e Ted Nelson, Author & Fantast, Director of the
Computer graphics experimenter under grants Xanadu Electronic Literary Network,
from NEA, Guggenheim Foundation, & IBM Lecturer at Swarthmore College

Digital Pyrotechnics: The Computer in Visual Arts Those Unforgettable Next Two Years

april 15-17, 1977 - san francisco

©)77-1-12a by Computer Faire
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FIND OUT ALL THE DETAILS -

GET YOUR FREE COPY

OF THE

SILICON GULCH GAZETTE

e Details of the programs & speakers
¢ Information about the banquets’ arrangements
¢ Accommodations information, & registration forms
for the St Francis Hotel (Faire Headquarters Hotel),
& the other three Computer Faire hotels
¢ Pre-registration details for the Faire
(reduced admission for those who pre-register)
¢ Details of the Proceedings expected to be published
e Articles about the homebrew exhibits
e Weather information, & tourist trivia regarding
San Francisco
o Listings of the commercial exhibitors
e AND, just to make it interesting:
— “Hot news”, & raging rumors from “Silicon Valley”
(the San Francisco Bay Area)
— Product announcements, equipment descriptions,
hardware & software news, etc.

CO-SPONSORS INCLUDE AMATEUR,
PROFESSIONAL, & EDUCATIONAL GROUPS

e The two largest amateur computer groups:

Homebrew Computer Club

Southern California Computer Society (SCCS)
¢ Both Bay Area Chapters of the Association for

Computing Machinery (ACM)

San Francisco Peninsula Chapter

Golden Gate Chapter
¢ [EEE Computer Society’s Santa Clara Valley Chapter
e California Mathematics Council
e Stanford University’s Electrical Engineering Dept.
¢ University of California’s Lawrence Hall of Science
¢ People’s Computer Company (PCC)
o Community Computer Center
e Bay Area Microcomputer Users Group (BAMUG)
¢ Professional & Technical Consultants Assn (PATCA)
¢ Amateur Research Center

april 15-17, 1977 - san francisco

©)77-1-12 by Computer Faire
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Simplified Omega

Ralph W Burhans

Research Engineer and Lecturer
Ohio University

Electrical Engineering Dept
Athens OH 45701

Antennas

The receiver is designed to use an E-field
short whip or wire antenna of random
length. This type of antenna is often called
an "E-field"” antenna because it responds to
the electric field component of the radio
signal. A 20 cm wire will do in many cases if
the antenna is mounted in the clear. A 10
meter length wire works well in cases where
there is not a lot of local 60 Hz harmonic
interference. Unfortunately, the Omega
System’s 10.2 kHz is exactly the 170th
harmonic of 60 Hz and urban laboratory
monitors sometimes have problems with
bursts of 60 Hz interference from high
power SCR-TRIAC controls or rotating elec-
trical machinery. The boat owner or aviation
buff usually doesn't have problems with AC
line interference and a short whip mounted “
vertically will often suffice for the antenna.

Preamplifier

The preamplifier of figure 1 is con-
structed in a small weatherproof box with a
tight feedthrough insulator or fitting right at
the antenna and a coaxial cable lead-in for
the signal back to the receiver (see photo 1).

Photo 1: Mini-O microcomputer interface, with the radio frequency front The coax supplies both power to the preamp
end. The RF front end (in the foreground) is essentially a receiver for 10 kHz and a preamplified Omega signal back to the
radio signals broadcast by Omega transmitters widely spaced around our front end module. The circuit is not critical
planet. The device was built in prototype form using perforated board and but should be adjusted for a broadband peak
sockets, as seen here. The microcomputer interface (to a JOLT system) is via at about 10.2 kHz by minor changes in the
the mounted plug at the right of the interface box (rear unit in photograph). 0.02 uF capacitor across the inductor.

Tapping down on the 600 ohm line output
transformer improves the Q of this simple
bandpass filter circuit.

2N3819 | o kHz. This preamplifier is shown as con-
". . 3 .
T ;7\ "(’glzﬁ_‘?)m’ ENO structed in one version in photo 4. The
Wy T 2N5139 transistor must be selected for a
£ O
rENNA anszs Lokt ‘ high B. Power for this preamp is sent up the

V i Figure 1: Mini-O antenna preamplifier, 10.2
1
¥

INPUT coaxial cable from the front end unit, thus
sharing the same wire with the signal. The
{ ’ transformer, T, is a 600 ohm center tapped

g27x to 600 ohm center tapped line to line ==
Ly q transformer, a Mouser 80TMOI6 or
e 80TMO09 part number in electronics cata-
77

logs. The Q factor for this amplifier is 2,
with a gain of 20dB at 10.2 kHz.
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‘Receiver Details

-

ping down on the 600ochm line output
transformer improves the Q of this simple
bandpass filter circuit.

The preamplifier has an input impedance
of 1 megohm with a 1 k ohm series resistor
as a current limiter for gross interference
such as from nearby lightning discharges. We
have yet to burn out a 2N3819 JFET in
these front ends but have had trouble with
similar MOSFET input transistors in earlier
preamplifier systems. Other JFETs like the
MPF102 will work just as well.

The 2N5139 PNP transistor provides a
gain of 20dB or so in this circuit and the
transistor should be selected for a high beta,
greater than 100 if possible. The Q of this
circuit is about 2 which supplies some
desirable reduction of low frequency and
high frequency interference in the very first
stages of the receiver.

Front End

The heart of the radio frequency analog
circuitry involves a multistage bandpass filter
with two active filters and two passive
mechanical filters, as in figure 2. The signal
from the preamplifier drives the first Seiko
SM-31R mechanical fitter directly from the

Ornege Novigation is @ method of determining where vour boal or plane is
currentfy locaoted, anvwhere on the globe, Itisa "free" method of navigation
to @ certain extent, since it is sent out by the cogperating nations via rodio
transmissions for shipping and defense traffic, but /s ovailoble to any
technological hitchhiker willing and oble to build the properinterfoce. (Free
inn this instance is defined to mean the accounting for each person’s share of
the tax cost s so diffuse it can't be traced.)

In this month's instollment, Rolph W Burhons continues the Omega
infarmation with the description of the detalfed function and circuitny of an
Omega novigation recefver which can play with any microprocessor sysiem
passessing an & bit input port, | The Mini-0 Omega receiver design is intended
for an experienced amateur electronics person, and to the best. of our
knowledze is not yet available in kil form for the nuvicc.] How do you tse it
orce it's buift? The details of the software will have to wait until the third
and firmal part of this serfes, by Richord | Softer, which will appear in the next
BYTE.

680 ohm isolating resistor which supplies
power to the preamplifier. This first stage of
mechanical passive filtering is followed by an
active tunable bandpass filter to help reduce
sideband responses and increase the system
gain. A 1k ohm pot at the output of this
first active filter is used as a radio frequency
gain control. The next stage is quite similar.

LM324 QUAD QP AMPS IN914 DIODE

BRIDGE LIMITER
0l 01 500 .01 .01 J%l 500 ¢ :
002 )T
| 6o o 100K
I LA Su— \AAd 'A'A'
FROM 47K ek oK
PREAMPLIFIER (03— b }—‘ - VWA =
{FIGI) g + N ’—D
RF L $ Ik , QUTPUT
sEiKo CAIN 3 S $ b TO ZERO
< Rl 7 ,7‘7 ) CROSSING
g 680 1K P DETECTOR
+5V s . ‘ >
v/2 BUS V/z2 BUS

% ol
%47" 10uF

e 3
Figure 2: Mini-O mechanical filter front end amplifiers. This active circuit uses two mechanical filters manufactured by Seiko to
provide a narrow bandwidth of 14 Hz at the —3 dB points and a gain of 40 to 60 dB. The out put passes through a diode bridge
limiter implemented with an operational amplifier section, prior to reaching the zero crossing detector of figure 3. The physical
construction of this circuit is shown in photo 3.
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Photo 2: Mini-O in operation on the bench. The setup shown here uses a Teletype Model 33 ASR with the JOLT computer (at
right in front of power supply), and the Sinclair clock reference (in front of interface box on bench). The display on the
oscilloscope shows output from a lines of position digital to analog conversion output described (in concept) in part 1 of this
article.

The Seiko filters are available
from:

Seiko Instruments Inc
2990 W Lomita Blvd
Torrance CA 90505
Phone (213) 530-3400

Seiko also has filters for the
11.333 and 13.600 kHz
Omega channels; write for
information. The  original
SM-B filter has now been
changed to type SM-31R.

Order a SM-31R 10.200 kHz
2 piece kit: unit cost $8.50 X
2 pcs = 817, postage and
handling charge = $1.50
[6% sales tax for California
Residents only].

We have found that it is usually necessary to
provide the 1k load resistors to ground at
the output of each of the operational ampli-
fier stages as shown, to help reduce regene-
ration problems [ie: oscillations neither
planned or desired| which depend on the
particular parts layout on the circuit board.

The overall system gain and frequency
response can be altered by changing the
6.8 k ohm feedback resistors across the first
two op amps to 15 k ohms or so. However,
too much gain here results in instability. The
overall gain of this filter and limiter circuit is
about 40 dB as shown. The bandwidth is
about 14 Hz at the —3 dB points and the
skirt selectivity is excellent, about —80 dB
down at the next Omega channel frequency
of 11.33 kHz!

Several other types of front end bandpass
filter arrangements have been used with
Vernitron ceramic filters and with Statek
quartz tuning fork filters. However, these are
more difficult to fabricate and adjust prop-
erly or involve more expensive circuitry
comparced to that required for the Seiko
SM-31R mechanical filters.

Alignment of the filter of figure 2 is quite
simple. A stable function generator with a
sine wave output at 10.200 kHz is fed to the
input terminal through an isolating capacitor
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and attenuator. The output from the limiter
stage is observed on an oscilloscope and
tuned for a peak amplitude by adjusting
both 500 ohm trimmer resistors on the
bandpass stages. It might be desirable to
check the impedance matching by altering
the 0.002 uF input capacitors from each
SM-31R filter. These serve to “‘tune’ the filter
peak to about 10.200 kHz but are rather
broad. A capacitance between 0.002 and
0.003 mF is usually required and a fixed
ceramic type capacitor is adequate or
perhaps two parallel ceramic capacitors to
adjust each filter peak to 10.200 kHz (such
as 0.002 in parallel with 0.0005). In tuning
the filter circuit be sure to attenuate the
signal generator to a low level so that the
limiter is not clipping the peaks at the
output. The operation of the limiter can be
checked by increasing the drive to the filter
to the point where the output starts to look
like a square wave with rounded-off corners.
The limiter peak-lo-peak threshold is about
1V using 1N914 diodes. Other types of
limiter circuits using the MC1357 or
LM2111 IC chips have also been used but
the simple diode bridge circuit of figure 2 is
adequate for most Omega users. If you
happen to have a dual channel oscilloscope,
the phasc shift versus signal amplitude may



Photo 3: Mechanical filter front end board. This picture details the construction of the mechanical filter front end for the
Mini-O receiver, described by the circuit diagram of figure 2. The potentiometer hanging loose at the left is the 1k RF gain
potentiometer, R1 in figure 2. The board shown here also includes the zero crossing detector of figure 3, at the right.

be checked by observing the input signal on
one channel and using this to synchronize
the scope sweep while observing the filter
output on the other channel. There should
be very little shift of the phase as the signal
level is increased up to the point of limiting.
At the limiter threshold only a slight phase
shift should be observed. If a large change in
the phase when limiting is observed, it
usually means the circuit layout is poor and
some kind of regeneration is taking place, or
undesirable feedback; extra bypassing of the
V/2 power bus with a tantalum low in-
ductance capacitor of 10 uF might help, or
reduce the overall circuit gain by changing
the active filter feedback resistors to a lower
value.

Zero Crossing Comparator
and Envelope Gate Generator

The output of the limiter of figure 2
drives the comparator circuit of figure 3.
The 10.2 kHz zero crossings are obtained
from one section of a quad LM339 com-
parator integrated circuit. This circuit is
designed with a small amount of hysteresis
and is intended to be centered on the V/2
output level of the limiter stage output DC
level. LM339s are not perfect and usually
have a slight offset so that it is desirable Lo
trim the exact operating point by summing a

very small correction from a resistor re-
turned to the positive power supply of +5 V.
A value of 500 k ohms to 2 megohms is
usually sufficient with 750 k shown in the

+5Y_ ADJUST FIXED R S R A
R2=—A&"" FOR BEST THRES- I00uF POWER PIN BY:
10K 750K HOLD OF COMPAR- -1 PASSING ON LM339
{w2 BuS) ) ATOR l,;'—ﬂ(IZ)GND
$10K
‘P
A QUTPUT
INPUTS FROM 470 = &= 10.2 ZX
FRONT-END [+>—¢ )/ (ZERO CROSSINGS PER SECOND)
(FI6 2) M (TO FIG 7)
QUAD LM339 COMPARATOR +5V
+5V T
S$ 10K
o1 [ 470 ¢ 3
>
S IK 2N5129 AUTO START
B 3 )———(AS> GATE OUTPUT
(TOFIG 4)
M +5V
47K W 2.2K
470 $ma
*._T_ W SRS oate
10K + THRESHOLD
ADJUST

I— 10uF

SIGNAL LEVEL INDICATOR

Figure 3: Zero crossing detector. This circuit shows the L M339 comparator
sections used to determine zero crossing transitions (A), monitor the current
signal level (B) and generate the automatic starting gate output (C) based on
current signal level. The zero crossings out put threshold is set by resistor R2,
which must be selected to give the best threshold response. The auto start
outpul is an “envelope gate'’: It is high when the signal is above the threshold

set by R3, and low when below that threshold.
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ALTERNATE SINCLAIR
20M RADIONICS hL
YA "HLACKWATCH" 2% Wz
z 2 SOURCE [ 5EE FiG &)
AUTO- START cRYSTAL g 330K \ PICK ONE
GATE FROM -—
FRONT-END 200 ) I 'L - .
-20pF - = P
[As> T
401t s M 25 (H2)
AuTO ' I . =22 =10 (0.8Hz) 8
n 47K
MANUAL 11 b3
bo——a” 16N ¢ ao40 e 407 ca ¢ 4022
CLEAR i
Yo— R QI Q4 QI2 R 2 7 RO1234567
START/ &
3-POSITION  [STOP 347K MASTER I |
SCIDE SWITCH | guTTON RESET L
A4444 4K
8Hz A1 T L L D —1mz eveee
15 14 T @ @ (10 SEC)
2%z 2MMz 2''ng, 125mS_ STROBES OMBBE5 LED
FOR MEASUREMENT ORIVER
TIMING TO WINDOW FLIP FLOP (FIG7)
INTERFACE
FIG 7 RN
LED STATION INDICATORS D E F G H A B C
e }
[ [
| O T I | [
© 0 0 0 © o ©
1 1 1 LI

Figure 4: Housekeeping timer circuit (HKT). The housekeeping timer is used
to generate all the signals needed by the interface. A crystal oscillator is
shown with a 215 Hz (32.768 kHz) frequency, with wiring indicated for use
of the Sinclair Radionics “Blackwatch’’ wristwatch as an alternative source of
the signal. (If the watch is used, omit the crystal oscillator.) A three position
slide switch is used to control operation modes, which include automatic
start, manual starting or a clear operation. The LED display driver outputs of
the DM886S provide a continuous monitor of the Omega cycle, and the A
slot is monitored by the interface to the computer to give software a timing
reference to stations.

diagram of figure 3. The idea here is to
adjust the comparator such that it will
provide a square wave output with as low as
10 mV peak-to-peak input centered on about
V/2. This threshold will correspond to about
10 uV peak-to-peak at the antenna terminal
(about 3 uV rms) which is usually well
below the antenna noise level when the gain
ahead of the comparator is about 60 dB. The
front end gain will be about 20 dB for the
preamplifier plus a minimum of 40 dB for
the filter and limliter which provides 60 dB
total. More gain can be provided if required
by changing the amplifier feedback resistors
on the active filters as mentioned previously.
Thus the zero crossing comparator should
provide an output square wave for essen-
tially all signals and noise when the antenna
is connected to the preamplifier. The output
of the comparator is a hard limited square
wave, but the filter-limiter circuit has what is
known in the trade as a clipped linear
characteristic. The edge position of the
comparator square wave contains the basic
phase information of the Omega signal plus
the noise developed at the antenna within
the filter bandwidth used.

The other sections of the comparator are
used to provide an envelope output signal
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“A" TIME SLOT

SELECT
(TO FIG 7)

with a peak detector and an adjustable
threshold gating circuit. The peak detector
drives a signal level indicator which is handy
for observing strong signals like the North
American D channel on 10.2 kHz, as well as
the overall receiver noise level. The meter
should kick upscale slightly when the anten-
na is connected even in a very electrically
quiet environment. The typical noise level in
the 10 kHz region will vary from 10 iV to
100 uV per meter of antenna length (assum-
ing a perfect energy transfer at the antenna)
for a receiver bandwidth of 15 Hz or
so. The Omega signals will vary from a low
of about 10uV to a high of 1000 uV
depending on the range of the observer to
the Omega transmitter. The noise level
during local thundershowers can be much
greater than the signal, and 60 Hz harmonic
interference can often completely obliterate
Omega signals as observed on a scope at-
tached to the radio frequency front end.
However, the digital processors which follow
the zero crossing edge output can track
signals buried in a large amount of noise
with proper programming. [Software is the
touchstone of computer applications. |

The adjustable threshold gate is used as
an automatic start signal for operating the
housekeeping timer (HKT) circuitry. We
usually also connect an LED from +5V
through a 330 ohm series resistor directly to
this gate output point to indicate when the
strong D channel is on. An audio beeper



circuit connected at this point is also a
handy device when first starting to observe
Omega signals. This amplitude gate output is
zero when on, so it operates as a current sink
when driving external digital interface hard-
ware. We have found that this circuit will
start the digital logic operating 95% of the
time or more, even in the presence of a lot
of noise because the D channel Omega signal
is quite strong for most observers in North
America. For others, a manual start option is
provided in the housekeeping timer circuit,
and for the very sophisticated user, an
automatic synchronization routine can be
developed using the microprocessor with
appropriate software.

Housekeeping Timer and Local
Clock Oscillator

In order to operate an Omega receiver it
is necessary to have some sort of timer
circuitry and reference clock oscillator. The
timer provides a means of telling the receiver
which stations are being received, and the
clock provides a reference for comparing the
phase differences among stations. The clock
oscillator drives the timer circuitry through
an appropriate series of divider stages. A
very simple housekeeping timer circuit based
on a clock frequency of 215 Hz is shown in
figure 4.

~ A 32.768 kHz quartz crystal of the type
found in digital wristwatches is used. The
timer circuitry here provides a number of
very convenient gating and control signals
for operating external microprocessors or
hardware digital sensor systems. The timer is
started with a master reset gate (MR) ob-
tained from the front end automatic start
output or from a manual pushbutton. A
set-reset flip flop holds the timer on as long
as the receiver is operating. The timer can be
reset by switching to the stop position (or
clear) and momentarily operating the same

control pushbutton. The housekeeping timer
tells the receiver user where the Omega
sequence is with LED indicators. For a
microprocessor interface only one of the
stations need be selected to identify where
the Omega sequence is, such as starting at
the A or D channels. Beginnners might find
that a string of eight LEDs, one for each
time slot, is a value in understanding the
operation of the Omega sequence.

A uniform measurement window method
has been used in this housekeeping timer
circuit. If the clock is started at the be-
ginning of the D Omega time slot, then the
sequence of gates is as shown in figure 5. A
measurement window for each Omega time
slot is obtained with additional clear, stop,
and read gates for each one. The measure-
ment window width can be altered by start-
ing on pulse 1 and stopping on 8 instead of
2 and 7 as shown in figure 4. The goal here is
to provide an easy way of telling the
microprocessor when the measurement is
valid. The HKT generates eight time slots
every 10 seconds with 10 shorter 125 ms
control gates for each one under the option
of whatever the user desires to program.

Clock Adjustments

The 32.768 kHz clock should be adjusted
for an offset of 5X10-6 or less. A reasonably
good frequency counter with a built-in
1 MHz temperature compensated crystal
oscillator time base can be used. First adjust
the trimming capacitor on the clock oscilla-
tor to read 32.768 with a 1 second counter
gate time. Then adjust for 32.7680 with a 10
second gate time. If a period averaging
feature is available on the frequency
counter, 104 periods of the 32.768 fre-
quency will result in a number like 30.51757
microseconds which gives a reading of £3
parts in 107 precision with respect to the
frequency counter time base crystal. If you

Photo 4: The RF preampli-
fier, shown built with a
homebrew printed circuit
board and mounted in a
shielded metal housing.
The antenna is mounted at
the left, with the connec-
tion to the receiver front
end box via coaxial cable
at the right.
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Figure 5: Timing diagram,
showing how the logic of
figures 4 and 7 combine to
produce a hardware de-
fined measurement win-
dow which will validly
sample a segment of the
signal from each station.
The diagram assumes that
the automatic start begins
on the leading edge of the
signal from the D station.
The portion of the trans-
mission interval between
dotted lines in the E, F, G,
H, A, B and C station
signals is monitored by the
Mini-O software through
the interface.

do not have a frequency counter, the nearest
CB repair shop usually does, and the clock
may be carried to the frequency counter
location for initial adjustment. Once
adjusted the clock may be operated in the
on-off mode with occasional checks using
the Omega signal to estimate the offset for
periodic recalibration.

Commercial and military Omega receivers
often use a temperature compensated crystal
oscillator clock on a frequency like
2.611200 MHz (28 X 10.200 kHz). Suitable
divider chains can be easily assembled to
generate all of the Omega time slot functions
from this particular frequency. It is also
possible to devise frequency synthesizer cir-
cuits based on 5 MHz standards and some
receivers have an atomic clock reference for
use in the direct ranging mode. The 215 Hz
watch crystal oscillator provides adequate
stability when treated with some care and is
many orders of magnitude less expensive
than other methods.

Other 215 Hz Clocks

A Sinclair Blackwatch or the Westclock
GT-500 wall clock movement have been
used to provide the 215 Hz signal with an

76

isolating high impedance buffer amplifier. A
circuit to modify the Sinclair watch kit is
shown in figure 6. The output of this circuit
is used to drive the oscillator of figure 4 by
removing the crystal from the circuit of
figure 4 and driving between ground and the
input side of the oscillator gate right across
the frequency trim capacitor. The GT-500
clock requires an additional 4024 divider
stage to generate 215 Hz from the crystal
frequency of 221 Hz.

Marine navigator types might find that a
clock such as the Sinclair Blackwatch which
has a digital display for time of day in
hours-minutes, or minutes-seconds, is of
value also as a celestial navigation chro-
nometer. Once the clock has been properly
adjusted, the user can even estimate when
the D channel should be operating by
keeping track of the clock offset on a daily
basis using the seconds readout. The Sinclair
watch kit can provide better than 1 second
per week offset with respect to Omega. Thus
the receiver user can also start the receiver
manually by operating the pushbutton when
the estimated D channel second interval is
displayed on the clock readout. The gating
system of figure 5 with uniform time slots is
designed such thaterrors up to a quarter ofa
second can be tolerated and still provide
some measurement window. The automatic
starting gate will start using the strong D
channel within 50 ms of the correct station
spacing illustrated in figure 5, and manual
push to start operation can be achieved
within 100 ms with some practice in “clock
watching."

Microprocessor Interface

The next step in the receiver operation
involves converting the 10.2 kHz Omega
zero crossings to a sampled set of 6 bit
numbers. First a single chip rate multiplier,
an RCA CD4089BE, multiplies the
32.768 kHz frequency by 5/16 to generate
10240 zps (zero crossings per second) clock
rate. There will be some jitter at the LSB
rate but this will wash out in the processor
which needs only six of the eight bits for
Omega use.

The Omega zero crossings are fed to a
digital mixer circuit consisting of one D flip
flop (%4013) and mixed with 211 Hz ob-
tained from the housekeeping timer circuit
of figure 4. The mixing formula here is:

IF = f— (m+1) 20

where:

IF is the intermediate frequency in Hz,
fis the input frequency,
m is the harmonic number of 2N Hz
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which is nearest and lower than the input
frequency,
nis an integer.

The result for Omega is |[F = 40 Hz when
2n=2048Hz and m=4. We have now
converted the Omega 10.2 kHz signal to a
40 Hz signal using simple digital mixing
where the phase of the edges of the 40 Hz
track the Omega phase within 2048/40 or
within 51.2 parts per cycle. This is a con-
venient number in that 5 X 51.2 = 28, A
6 bit number (1 part in 64) can specify the
Omega phase but the precision of measure-
ment will only be 1 part in 51.2 of the
actual Omega phase. This is more than
adequate for simple Omega receivers which
typically have errors of £1 nautical mile, and
8 miles represents an Omega lane. In effect
the binary system generates phase to within
2/100ths of an Omega cycle or lane as
applied to distance measurement over the
earth surface. It is also worth noting here
that the phase direction of the 40 Hz signal
changes opposite to that of the Omega
signal, that is, the effective LO is on the high
side of the Omega signal or 10240 Hz is
above 10200 Hz by 40 Hz. This is of no
consequence since the subtraction to obtain
the correct line of position direction can be
reversed using complementary arithmetic.

The 40 Hz output signal from the mixer
is inherently noisy and also contains higher
harmonics of the LO. A binary phase lock
loop (BPLL) consisting of the 4030-4011
and 4040 CMOS chips of figure 7, provides
nine bits of filtering and a clean 40 Hz
signal. The phase data contained in the
40 Hz edges may actually be used at this
point without any microprocessor by start-
ing an RS flip flop with an 8 Hz edge
obtained from the housekeeping timer and
stopping with the next 40 Hz edge. The
width of the resulting on-off pulse is directly
proportional to the phase of the original
10.2 kHz Omega signal with respect to the
local clock which generates the 8 Hz ref-
erence. A suitable counter, averaging, and
subtraction circuit can be devised in hard-
ware to measure Omega lines of position
where the filtering time constant will be the
width of the gating interval of figure 5, or
about 8 Hz/5 for a bandwidth of 2 Hz.

For microprocessor use we sample the
cycling 40 Hz clock obtained from the rate
multiplier and 8 stage counter of figure 7,
with the 40 Hz Omega signal from the
binary phase lock loop filter. An 8 bit three
state latch (4508) stores the individual
Omega phase readings as 6 bit data and the
other two bits of the latch are used to store
the station status information from the
gating circuitry of figure 7. These 8 bit

Integrated Circuits for VLF-LF Receivers

In our VLF-LF navigation
lab at Ohio University we have
found a great many standard
IC chips useful for Omega
{10 kHz range} or Loran-C
(100 kHz range) receivers.
Experimenters skilled in the
art of fabricating high gain
receiver circuitry might wish
to substitute various other cir-
cuits for the Mini-O front end
system. The following list of
ICs has been used with both
Omega and Loran-C systems:

AM Receiver Chips
{identical circuits)

Fairchild uA720
National LM1820
RCA CA3123
Signetics N546

AM-FM-SSB Receiver Chips
{not identical circuits)

Fairchild - uA721

National LM373 or LM374
Plessey SL1624C

RCA CA3089

FM Limiter-Detector Chips

by feeding input to limiter,
also to quadrature input)
Fairchild uA721
Signetics ULN2111
National LM2111
RCA  CA2111

identical
types

FM Limiter Amplifiers

{not identical circuits)
Signetics ULN?2208
Signetics ULN2209
Nationai LM703

National LM371

National LM370 (AGC type)

Fairchild uA757 (AGC type)
RCA CA3028
RCA CA3053

There are probably others
which would be suitable; refer
to the manufacturgr's litera-
ture and application notes.
One of the newest types, the
Fairchild uA721, appears to
work for both Loran-C and
Omega receivers and has the
potential for providing a noise
blanker using the mixer stage,
without adding any additional
active circuitry to the front
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Figure 7: 8 bit processor interface. This is the interface used with the JOLT
or KIM-1 versions of an MOS Technology 6502 in the author's laboratory.
The address selection logic is shown in figure 8. The mixer and phase lock
loop generate a 40 Hz difference frequency which drives the processor’s
interrupt line. This signal also provides the latching signal to the 4508 bus
interface, so that when the processor responds to the interrupt it will have the
data which was current at the time of the interrupt. The binary rate
multiplier (4089) is used to divide the reference frequency to provide a
crystal controlled clock into the reference counters, so that the count of
crystal controlled cycles can be read following the interrupt.

numbers now become thc raw Omega data
for processing and status using interrupt
requests 1o the microprocessor at every
40 Hz positive going edge. The data is used
as if it were high order memory address with
a decoder from the microprocessor address
lines and output to the 8 bit data bus with
appropriate software, figure 8. There are
other ways of implementing the interface
with about the same hardware depending on
the particular microprocessor system used.

If the 625 ms sample window of figure 5
is used, then there are 25 Omega phase
readings valid for each time slot. That is,
there will be 25 cycles of the 40 Hz signal in
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625 ms. The microprocessor software de-
signer can manipulate this data in various
ways. Some receivers first estimate a mean
or mode value. Many Omega processing
systems create a software tracking loop
which is similar in principle to a phase
locked tracking loop as used in analog
circuits. This can be done ‘in the 40 Hz case
by programming in increment-decrement ad-
dition to the 40 Hz interrupt edge position
such that the new calculated position will
tend to be exactly at the same phase value
for each reading. This estimate is stored in
memory for each time slot creating what we
would call a software memory aided phase
locked tracking-loop. The loop output be-
comes the phase of each time slot with
respect to the cycling 40 Hz reference clock
and is subtracted in pairs to generate lines of
position.

A microprocessor can be programmed to
do this with 100 or so instructions. An
equivalent hardware memory aided phase
locked loop and lines of position subtraction
would require at least 20 additional inte-
grated circuits as well as a memory. Thus the






