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Someday all terminals will be smart.......
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• Printer output port
• "CH ERRY" keyboard

CT-82 Intelligent Terminal, assembled and tested
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COMPUTER Flail PRODUCTS
Here in one place HOBBY COMPUTER HANDBOOK presents the latest
advances in the fast-moving field of home and hobby computers.

Floppy Disk Kit
Heath now offers a new H8 Floppy Disk
System in kit form that is identical in
features and specifications to the assembled and tested WH17 floppy disk
made available earlier by the company.
The unit includes 102K Bytes of available storage area per disk, a fully-assembled Wangco Model 82 disk drive
(expandable to dual disk), the interface/
disk controlled circuit board kit which
plugs direclty into the H8 mainframe,

System is available and designated H817. This software includes the Heath
Disk Operating System (HDOS) with diagnostic for unit evaluation and optimization; the BUG-8 console debugger;
TED-8 text editor; HASL-8 assembly language and extended
Benton
Harbor
Basic. An extra diskette is also included.
Prices: H17 Floppy Kit, $530; H17-1 optional second drive, $295; H8-17 operating system software, $100. Write:
Heath Company, Dept. 350-680, Benton
Harbor, Mich. 49022.

Game Cartridges
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and a self-contained power supply. The
storage media is the expanded 40-track
seek time and a typical random sector
access time is less than 250 milliseconds
for the new unit. The operating system
software for the H8/H17 Floppy Disk
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microcomputer to increase versatility.
The Channel F System II Video Entertainment Computer, as well as a prior
model, utilizes both standard and keyboard cartridges. The Channel F System
is priced at $149.95 with the optional
keyboard at $9.95. Keyboard Videocart
cartridges sell for $24.95, and standard
cartridges go for $19.95. For more information write to: Fairchild Camera and
Instrument, Video Products Div., 3105
Alfred St., Santa Clara, CA 95050.

High Technology TV
Webcor has introduced a portable, lightweight TV and AM/FM radio with built-in
LCD quartz alarm clock. The clock's
alarm triggers the radio or TV, and the
clock operates on its own battery so that
it is always running. The screen size is

RCA COSIVIAC
riompuTER $9995

featuring

microprocessor/ %.

Stop reading about computers and get your hands on one! With a$99.95 ELF
II and our Short Course by Tom Pittman, you master computers in no time at
all! ELF II demonstrates all 91 commands an RCA 1802 can execute and the
Short Course quickly teaches you to use each of the 1802's capabilities. ELF 11
also displays graphics on any TV set, including an exciting new target/missile
•
gun yame! Add-ons are among the most advanced available anywhere. You yet
, massive computing potential. No wonder IEEE chapters, universities and major
corporations all use ELF II to train engineers and students! Kit is easily assembled
in asingle evening and you may still have time to run your first programs before going

111.
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NOW AVAILABLE FOR ELF !I—
D Deluxe metal cabinet for ASCII Netronics R&D Ltd., Dept. NCH— 121
333 Litchfield Road,
Phone
D Tom Pittman's Short Course On Mi- Keyboard, $19.95 plus $2.50 p&h.
croprocessor & Computer Programm- D ELF II 'Day BASIC on cassette New Milford, CT 06776 (203) 354-9375
ing teaches you just about everything tape. Commands include SAVE,
there is to know about ELF II or any LOAD, yix ,+, ( ), 26 variables A-Z, Ye:! Iwant to run programs at home and
RCA 1802 computer. Written in non- LET, 1F/THEN, INPUT, PRINT, have enclosed:0 $99.95 plus $3 postage
technical language, it's a learning GO TO, GO SUB, RETURN, END,
handling for RCA COSMAC ELF Il kit,
breakthrough for engineers and laymen REM, CLEAR, LIST, RUN, PLOT, o $4.95 for power supply (required) .
,
alike. $5.00 postpaid!
PEEK, POKE. Comes fully docu- • $5 for RCA 1802 User's Manual, D $5
12 Deluxe metal cabinet with plexiglas mented and includes alphanumeric
for Short Course on Microprocessor
dust cover for ELF II, $29.95 plus generator required to display alComputer Programming.
$2.50 p&h.
phanumeric characters directly on your
Iwant mine wired and tested with
D ELF II connects to the video input TV screen without additional hard- power supply, RCA 1802 User's Manual
of your TV set. If you prefer to use ware. Also plays tick-tack-toe plus a and Short Course Included for Just $149.95
your antenna terminals, order RF drawing game that uses ELF II shex plus $3 páhl
Modulator, $8.95 postpaid.
heyboard as ajoystick. 4k memory re- • am also enclosing payment (including
D GIANT BOARDe' kit with cassette quired. $14.95 postpaid.
postage & handling) tor the items checked
I/O, RS 232-C/TTY I/O, 8-bit P I/0, 1:1 Tom Pittman's Short Course on 'Day at the left.
decoders for 14 separate I/O instruc- BASIC for ELF II, $5 postpaid.
Total Enclosed (Conn, res, add tax)
tions and a system monitor/editor, D Expansion Power Supply (required
Check here if
$39.95 plus $2 p&h.
when adding 4k RAM). $34.95 plus $2 you are enclosing Money Order or Cashier's
Kluge (Prototype) Board accepts up p&h.
Check to expedite shipment.
to 36 IC's. $17.00 plus SI p&h.
ELFBUGm Deluxe System Monitor
USE YOUR O VISA D Master Charge
D 4k Static RAM kit. Addressable to on cassette tape. Allows displaying the
(Interbank #
any 4k page to 64k. $89.95 plus $3 p&h. contents of all registers on your TV at
Account
#
D Gold plated 86-pin connectors (one any point in your program. Also disExp Date
required for each plug-in board). $5.70 plays 24 bytes of memory with full ad- Signature
postpaid.
dresses, blinking cursor and auto scroll- PHONE ORDERS ACCEPTED (203) 354-9375
Professional ASCII Keyboard kit ing. A must for the serious program- Print
Name
with 128 ASCII upper/lower case set, mer!$14.95 postpaid.
96 printable characters, onboard regu- Coming Soon: A-D, D-A Converter, Address
Light
Pen,
Controller
Board,
Color
lator, parity, logic selection and choice
of 4 handshaking signals to mate with Graphics & Music System.. and City
more!
almost any computer. $64.95 plus $2
State
Zip
p&h.
Call or write for wired prices!
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Seven new game cartridges, three for use
with an optional plug-in keyboard, are
offered by Fairchild Camera and Instrument. Keyboard Videocarts that use a
16-button plug-in keyboard include: K-1
Casino Poker, K-2 Space Odyssey and
K-3 Pro-Football. The keyboard, plugged
into a cartridge, permits programming
such game variables as speed of players
or type of play. Four new standard cartridges added to the Videocart library are:
Videocart 18, Hangman; 19, Checkers;
20, Video Whizball; 21, Bowling. Videocart cartridges contain semiconductor
memory that functions with the system's

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!
Write and run machine language programs at home, display video
graphics on your TV set and design microprocessor circuits—the
very first night—even if you've never used acomputer before!
Elf Nby
NETROMCS

93 gam

DEALER INQUIRIES INVITED.
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41
2 -inches, and a shadow mask around
/
the screen facilitates daytime or outdoor
viewing. Large Scale Integrated circuitry
provides excellent sensitivity,
picture
definition, and brightness. Channel selection on the TV section is accomplished
with an electronic varactor VHF/UHF
tuner, and tuning of the AM/FM radio
section is aided by an electronic eye. The
unit operates on any of four power
sources: standard AC, D-cell batteries,
rechargeable battery pack, or twelve volt
car or boat electrical systems. Suggested
retail price is $249. An options package
including a car/boat cord for twelve volt
operation, rechargeable battery pack, and
D-cell batteries retails for $49. Webcor
is a division of Leisurecraft Products,
Ltd., 28 South Terminal Drive, Plainview,
NY 11803.

(Continued on page 4)
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SYM-1, 6502-BASED MICROCOMPUTER
• FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that's
ready-to-use
• ALL LSI IC'S ARE IN SOCKETS
• 28 DOUBLE-FUNCTION KEYPAD INCLUDING UP TO 24 "SPECIAL"
FUNCTIONS
• EASY-TO-VIEW 6-DIGIT HEX LED DISPLAY
• KIM-1" HARDWARE COMPATIBILITY
The powerful 6502 8-Bit MICROPROCESSOR whose advanced
architectural features have made it one of the largest selling "micros"
on the market today.
• THREE ON-BOARD PROGRAMMABLE INTERVAL TIMERS available to
the user, expandable to five on-board.
• 4K BYTE ROM RESIDENT MONITOR and Operating Programs.
• Single 5.Volt power supply is all that is required.
• 1K BYTES OF 2114 STATIC RAM onboard with sockets provided for
immediate expansion to 4K bytes onboard, with total memory expansion to 65, 536 bytes.
• USER PROM/ROM: The system is equipped with 3 PROM/ROM expansion sockets for 2316/2332 ROMs or 2716 EPROMs
• ENHANCED SOFTWARE with simplified user interface
• STANDARD INTERFACES INCLUDE:
—Audio Cassette Recorder Interface with Remote Control (Two
modes: 135 Baud KIM-1* compatible, Hi-Speed 1500 Baud)
—Full duplex 20mA Teletype Interface
—System Expansion Bus Interface
—TV Controller Board Interface
—CRT Compatible Interface (RS-232)
• APPLICATION PORT: 15 Bi-directional TTL Lines for user applications
with expansion capability for added lines
• EXPANSION PORT FOR ADD-ON MODULES (51 I/O Lines included in
the basic system)
• SEPARATE POWER SUPPLY connector for easy disconnect of the d-c
power
• AUDIBLE RESPONSE KEYPAD

Synertek has enhanced KIM-1* software as well as the hardware. The
software has simplified the user interface. The basic SYM-1 system is
programmed in machine language. Monitor status is easily accessible,
and the monitor gives the keypad user the same full functional capability of the TTY user. The SYM-1 has everything the KIM-1* has to offer,
plus so much more that we cannot begin to tell you here. So, if you want
to know more, the SYM-1 User Manual is available, separately.
SYM-1 Complete w/manuals
$269.00
SYM-1 User Manual Only
7.00
SYM-1 Expansion Kit
75.00
Expansion includes 3K of 2114 RAM chips and 1-6522 I/O chip.
SYM-1 Manuals: The well organized documentation package is complete and easy-to-understand.
SYM-1 CAN GROW AS YOU GROW. Its the system to BUILD-ON. Expansion features that are soon to be offered:
8K Basic ROM
$159.00
TV Interface Board
349.00

QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65
These boards are set up for use with a regulated power supply such as the one below, but, provisions have been made so that you can add
onboard regulators for use with an unregulated power supply. But, because of unreliability, we do not recommend the use of onboard
regulators. All I.C.'s are socketed for ease of maintenance. All boards carry full 90-day warranty.
All products that we manufacture are designed to meet or exceed industrial standards. All components are first qualtiy and meet full
manufacturer's specifications. All this and an extended burn-in is done to reduce the normal percentage of field failures by up to 75%. To you,
this means the chance of inconvenience and lost time due to a failure is very rare; but, if it should happen, we guarantee aturn-around time of
less than forty-eight hours for repair.
Our money back guarantee: If, for any reason you wish to return any board that you have purchased directly from us within ten (10) days after
receipt, complete, in original condition, and in original shipping carton; we will give you a complete credit or refund less a $10.00 restocking
charge per board.
VAK-1 8-SLOT MOTHERBOARD
This motherboard uses the KIM-4* bus structure. It provides eight (8)
expansion board sockets with rigid card cage. Separate jacks for audio
cassette, TTY and power supply are provided. Fully buffered bus.
VAK-1 Motherboard
$129.00
VAK-2/4 16K STATIC RAM BOARD
This board using 2114 -RAM s is configured in two (2) separately
addressable 8K blocks with individual write-protect switches.
VAK-2 16K RAM Board with only
$239.00
8K of RAM (1
/
2 populated)
VAK-3 Complete set of chips to
$175.00
expand above board to 16K
VAK-4 Fully populated 16K RAM
$379.00
VAK-5 2708 EPROM PROGRAMMER
This board requires a +5 VDC and +12 VDC, but has a DC to DC

multiplyer so there is no need for an additional power supply. All
software is resident in on-board ROM, and has a zero-insertion socket.
VAK-5 2708 EPROM Programmer
$269.00
VAK-6 EPROM BOARD
This board will hold 8K of 2708 or 2758, or 16K of 2716 or 2516
EPROMs. EPROMs not included.
VAK-6 EPROM Board
$129.00
VAK-7 COMPLETE FLOPPY-DISK SYSTEM (Feb. '79)
VAK-8 PROTYPING BOARD
This board allows you to create your own interfaces to plug into the
motherboard. Etched circuitry is provided for regulators, address and
data bus drivers; with a large area for either wire-wrapped or soldered
IC circuitry.
VAK-8 Protyping Board
$49.00

POWER SUPPLIES
ALL POWER SUPPLIES are totally enclosed with grounded enclosures for safety, AC power cord, and carry a full 2-year warranty.
FULL SYSTEM POWER SUPPLY
This power supply will handle a microcomputer and up to 65K of our
KIM-1* Custom P.S. provides 5 VDC @ 1.2 Amps
VAK-4 RAM. ADDITIONAL FEATURES ARE: Over voltage Protection on 5
and +12 VDC @ .1 Amps
volts, fused, AC on/off switch. Equivalent to units selling for $225.00 or
KCP-1 Power Supply
more.
Provides +5 VDC @ 10 Amps & +12 VDC @ 1 Amp
SYM-1 Custom P.S. provides 5 VDC @ 1.4 Amps
VAK-EPS Power Supply
$125.00
VCP-1 Power Supply
*KIM is a product of MOS Technology

ENTERPRISES
INCORPORATED

2967 W. Fairmount Avenue
Phoenix AZ. 85017
(602)265-7564
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Prices in effect Nov. '78

COMPUTER NEW PRODUCTS
DOD

Multiple-Function LCD

Add•on Mini•Disc for theTRS•80

Dual and triple drives
also available.

only

$399 00
Requires 16K RAM,

Level II BASIC and
Expansion Interface,

from

PER»:
PERCOM DATA COMPANY, INC.
DEPT. L•318 BARNES •GARLAND, TEXAS 75042
Phone: (214) 272-3421
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Everything you've ever
wanted to know about
microcomputers in
ONE complete book
for only $10.95

Over 400 pages. Full 81
2 '011' size.
/

Mercury Time has introduced the Model
2790, which features Dual Time Zone
readout capacity, as well as a large
number of other state-of-the art technological advances. LCD "flags" identify
the day of the week printed on the watch
face, and, in chronograph mode flash
continuously across the watch face to
mark tenths of a second. The chronograph has a 13 hour time span. In
chronograph
mode, a "split" mode
freezes the total time elapsed, and shows
it on the face while the chronograph
keeps running. "Add" totals several periods, and "lap" allows the user to start
from zero to record a new lap or a new
race. There is an alarm, which can be
used as a wake-up device, or a signal
that time allotted for a sports event has
just run out. The watch features a 6digit inline readout, and has a night
light. Available in white or gold-tone
metal. Price is $99 suggested retail.
Mercury Time is a division of Leisurecraft Products, Ltd., 28 South Terminal
Drive, Plainview, New York 11803.
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4-Bit Medium -Power Microcomputer
A medium-power microcomputer "on-thechip" is now available from the Electronic Components Division of Panasonic
Company. Designated as MN1430, the
4-bit device comes in a 40-pin standard
OIL (dual in-line) plastic package. Panasonic emphasizes that this unit is a
microcomputer, and unlike most conventional microprocessors in that it has
"on-chip" functions commonly associCIRCLE 46 ON READER
SERVICE COUPON

The ultimate book
about microcomputers.
Written by experts
...SCELBI and BYTE. Over
400 pages. A collector's item,
featuring The Basics
from the first 16 issues of BYTE and SCELBI's
classic library of books. Your microcomputer
bookshelf is incomplete without this priceless edition.

y

ou can't buy information
organized like this anywhere. This is the book
that everyone who is into microcomputers needs for reference,
for ideas, for clues to problem
solving. It is a truly authoritative text, featuring easy-to-read,
easy-to-understand articles by
more than 50 recognized professional authors, who know and
love microcomputers from the
ground up. Logical and complete. it features many glossaries, and is illuminated with
profuse illustrations and photographs.
The Scelbi/BYTE Primer is
divided into four logical sections, that take you from point
"0" through building and programming your own computer...
step-by-step-by-step.
What can you do with a microcomputer? Checkbook balancing. Recipe converting and food
inventory. Heating and air conditioning control. Home and business security and management.
Playing the ponies. Analysis of
he stock market. Maintaining
massive data banks. Self-instruction. Toys and games. Small
business accounting and inventory. And lots, lots more.

How does a microcomputer do
It? Lots of "how to" theory. Introducing you to microcomputer
operation. 6800, 6502, Z80 CPU
chip capabilities. RAM and ROM
memories. Addressing methods.

THE
SCHEI/
BI
L
I
TIE
PRIMEN
Over 400 pages. Selected articles
front BYTE and SCELBI books.
nrolueely Illustrated. Meru
photographs. $10.95. plus Si
shipping and handling.
How
to
control
peripherals.
Transmission of information to
and from computers. Magnetic
recording devices for bulk storage. Analog to digital conversion. How a computer can talk.
Other I/O techniques. And more.
Order your copy today!
9(0 1.11 (0116111.11
(ONIVILTIN4 INC
A
Dept CM
,111111,
Post Office Boo 133 PP STN
Milford, croseo

V

nrze.c:=,

All about building a microcomputer system. Over 12 complete construction articles. Flipflops. LED devices. Recycling
used ICs. Modular construction.
Making your own p.c. boards.
Prototype board construction.
Make your own logic probes.
Construction plans for 6800 and
Z80 computers. Building plans
for I/0s — TV and CRT displays.
cassette interfaces, etc. Mathematics functions. ROM programmer. Plus much. much more.
Now to program a microcomputer. Programming for the
beginner. Assembling programs
by hand. Monitoring programs.
Number conversions. Game of
Hexpawn. Design your own assembler. Lots more.
And that's only the beginning!
Others have spent millions acquiring the type of microcomputer information found within
the 400 pages of The Scelbi/
BYTE Primer. But, e costs you
only gloss, plus $1.00for postage
and handling, complete! You
know the quality of Scelbi and
BYTE. This is your assurance of
excellence throughout this MUST
text. Order your copy today! And,
get one for a friend!
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ated with computers. These function
include: arithmetic logic unit (ALU);
8,192 bits (1024x8) instruction ROM;
256 bits (64x4) data RAM with four
words that are directly addressable;
two 4-bit input ports and two sense inputs; one 4-bit parallel output port with
latch; one 8-bit output port; one 12-bit
discrete output port. The MN1430 offers
a fast instruction cycle speed of 15 us.
Since it is a CMOS device, it operates
from a single 15 VDC or 9 VDC power
supply. Its instruction set consists of 75
versatile instructions. Uses for the MN1430 include electronic games and appliance controllers, for example. Panasonic is located at: One Panasonic Way,
Secaucus, NJ 07094.
8010 Replacement Computer
System Computers and Interfaces has
designed this SCI 8010 Single Board
Computer as a Multibus compatible re-
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placement for the Intel or National SBC
8010. It provides two completely independent serial I/O channels that can
operate in current loop, RS232C, or
opto -isolation
modes.
Providing baud
rates from 75 to 55 kHz, the unit drives
all Intel and SCI boards that plug into
the SBC 8010 backplane, and can be set
up as a data set or terminal. With 1K of
static RAM and sockets for 8K bytes of
EAPROM, the 9.4-inch by 12-inch SCI
8010 has 48 programmable I/O lines
with direct bit set/reset capability. It also
provides a single level interrupt with six
on-board and two off-board interrupt
sources. The dual serial ports facilitate
adaptation to communications interfaces
such as the IBM 2770 bisync communi0111fifillitirolliitit

¡Mt
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Money Manager Cartridge
Maintaining and analyzing family income,
expense, credit and asset accounts is
simplified by a new $70 VB-1000 Money
Manager program cartridge when used

vale, CA 94086 (408) 737-2680.
Desk-Top Computer
Vector Graphic's Vector 2 desk-top computer is designed around a 158 instruction Z-80 CPU and features a rugged
low-profile cabinet with built-in keyboard.
The completely assembled and tested
unit includes: a 10-slot motherboard (S100 compatible); Z-80 CPU board; 12K
2708 PROM/RAM board; 32K bytes of
solid state memory (expandable to 64K);
Vector Graphic Flashwriter video board;
rugged power supply (12 amps at 8 VDC/
4 amps at 16 VDC); integral cooling fan;
long-life 72 key keyboard having standard typewriter keys; numeric keypad and
user-definable keys. The computer can

k
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cations protocol. The SCI 8010 is offered at an introductory price of $350.
System Computers and Interfaces, 223
Crescent St., Waltham, MA 02154.

with a VideoBrain Family Computer. The
cartridge is designed to help families
fight inflation and taxes, says the company. VB-1000 enables users to maintain running totals of income, expenses,
credit accounts and assets. It's possible
to keep update lists of several tax-deductible accounts (medical, contributions,
etc.), balance a checkbook, record and
analyze monthly expenditures, and maintain monthly credit card balances. Used
in conjunction with VideoBrain's Expander
1 and two audio cassette tape recorders,
VB-1000 enables the user to -call up
periodic summaries of his financial activities. VideoBrain Computer Co. is located at 150 South Wolfe Road, Sunny-
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interface with all standard peripherals,
and is completely software supported.
Price: under $2,000. Vector Graphics Inc.
is located at 790 Hampshire Rd., Westlake Village, CA 91361.
Intelligent Floppy Disc Controller
This intelligent floppy disc controller
with
stand-alone,
off-line operational
capability is marketed by Cybernetic
Micro Systems at a cost of $795. The

NEW BESTSELLERS
MICROPROCESSOR
INTERFACING
TECHNIQUES
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INTRODUCTION TO PERSONAL AND BUSINESS COMPUTING
By Rodnay Zaks, 250 pp, ref C200
S6.95

PROGRAMMING MICROCOMPUTERS:6502
By Rodnay Zaks, 250 pp, ref C202,

NEW. For the beginner. How to use and purchase a system, from
the microcomputer box to the peripherals. Why. Business requirements. How to fail. Programming. Which BASIC?
NOW ALSO AVAILABLE ON CASSETTES - 3 hrs, ref SI 0 S14.95

NEW. How to program microprocessors, with 6502 examples:
arithmetic, input-output, peripherals. Interrupts. An educational
text requiring no prior programming knowledge, yet useful to
those wanting to learn about specific programming techniques.
Applicable to PET, KIM, VIM, APPLE.

MICROPROCESSORS: from chips to systems
By Rodnay Zaks, 416 pp, ref C201

MICROPROCESSOR INTERFACING TECHNIQUES
By Austin Lesea and Rodnay Zaks, 416 pp, ref C207,

$9.95

USED WORLDWIDE AS UNIVERSITY TEXT. A comprehensive, yet
detailed and clear introduction to all aspects of microprocessors.
How they work. The ROM, RAM, P10, UART. How to interconnect.
System development.

TO ORDER
•BY PHONE: call (415)848-8233
BankAmericard/Mastercharge accepted
•SHIPPING: no charge when payment
included.
ADD: $1.50/book for fast shipping.
•TAX: in California, add sales tax.
•OVERSEAS:
SYBEX-EUROPE,313
rue
Lecourbe,
75015 -PARIS, France Tel:(1)8282502

NAME

POSITION

COMPANY

SYBEX
/

2020 Milyia St.
Berkeley,
Calif 94704
(Dept

N.

ALSO USED WORLDWIDE As UNIVERSITY TEXT. How to connect to
all the usual peripherals, from keyboard to floppy disk, including
AID, displays, standard busses (RS232, S100, IEEE 488) and
dynamic RAMs.

HCH)

ADDRESS
CITY
STATE/ZIP
O C201 0C207 OC200 CIC202
Payment enclosed
ADD $1.50/BOOK FOR FAST SHIPPING
O charge my CI Visa El master charge
IO Number
Signature

Exp date
El Send catalog.

FREE CATALOG/ ORDER FORM

CIRCLE 9ON READER SERVICE COUPON

memory. The same DOS approach makes
it possible for the new "smart" controller to support a dumb terminal or
teletype without the need for a host
computer system. Address is: Cybernetic
Micro Systems, 2378A Walsh Ave., Santa
Clara, CA 95050.

NEW PRODUCTS
IFC-8400 controller will control up to
eight SA400 or SA800 Shugart singlesided, single density flexible disc drives.
It interfaces to any computer or standalone terminal over an RC-232C or 20
mA current loop serial channel or optional parallel 8-bit TTL I/O channels.
The floppy controller can be used to
create files, delete files, edit files, and
fulfill many other controller functions
completely off-line from the computer,
using only a dumb terminal or a teletype. The company claims the IFC-8400
is the only floppy disc controller in exis-

Dual -Headed Micro -Floppy Disk Drive
CIRCLE 39 ON READER SERVICE COUPON

tence with off-line operating capability.
The unit has an on-board diskette operating system (DOS) which is operational
from the moment power is turned on.
There's no need to "boot up" a system
by loading it from a diskette into user

A SPECIAL OFFER
TO THE READERS OF THIS MAGAZINE

Masterpieces of Fiction
for only $4.95

A new two-headed micro-floppy disk
drive, Model 282, is offered by Wangco
Division of Perkin-Elmer. It's claimed to
be a reliable, compact, low-cost unit
designed for mass storage in small systems sucti as microcomputers, word
processors, personal computers, and intelligent terminals. In single density
operation, using frequency modulation
encoding, the 282 micro-floppy stores
1.75 million bits (109.4 kilobytes) of unformatted data per disk side, at a rate of
125,000 bits per seconds. Using both
sides in double density MFM encoding,
the 282 stores up to 3.5 megabits of
unformatted data at a rate of 250,000
bps. Up to four 282 micro-floppy drives
can be daisy-chained to provide total
on-line storage capacity of 14 megabits.
Seek times, track to track, are 25 milliseconds in both single and double density operating modes. The 282 accepts
CIRCLE 38 ON READER
SERVICE COUPON

By special arrangement wtih DALE BOOKS, we are able to offer you this
unprecedented opportunity to purchase eleven Masterpieces of Fiction for
only $4.95. The titles included are:

AUTHOR
Crane, Stephen
Dickens, Charles
Dickens, Charles
Doyle, Sir Arthur Conan
Hawthorne, Nathaniel
Melville, Herman
Shelley, Mary
Stevenson, Robert Louis
Twain, Mark
Twain, Mark
Wells, H. G.

TITLE
THE RED BADGE OF COURAGE
A TALE OF TWO CITIES
GREAT EXPECTATIONS
THE HOUND OF
THE BASKERVILLES
THE SCARLET LETTER
BILLY BUDD
FRANKENSTEIN
TREASURE ISLAND
THE ADVENTURES OF
HUCKLEBERRY FINN
THE ADVENTURES OF
TOM SAWYER
THE TIME MACHINE

These special DALE Classics come in the handy mass market paperback
format which has been universally accepted by schools, libraries and
leading bookstores throughout the country.
All books will be shipped directly from the DALE printer and are in mint
condition. Merely fill out the couRon to insure hours of reading enjoyment
of this very unique collection.
TO DALE BOOKS Classic Editions
380 Lexington Avenue, New York, N.Y. 10017

HCH-79
D Ienclose $4.95 for each group of 11 DALE Classics plus $1.55 for
Postage and Handling. (Total of $6.50 per order).
We are sorry but Credit Orders will not be accepted.
New York State residents add 8% sales tax.

NAME
ADDRESS
CITY

6

STATE

7IP

industry standard diskettes, and is compatible with the Shugart SA-450. Customer-installed jumper options enable
the drive to be used in several different
modes: select drive without head loading; radial head load (load head without
selecting drive); drive select for fourth
drive; stepper power control option;
spindle drive motor controlled by select;
head load with motor on or select. The
282 provides a host system interface via
a 0.100-inch-center printed wiring board
edge connector, with an industry standard ANSI X319.2-compatible pinout for
both DC power and signal/control. Price
is $317. Wangco Div., 5404 Jandy Place,
Los Angeles, CA 90066.

EPROM -Erasing UV Lamp
Spectronics offers a new, low-cost EPROM-erasing ultraviolet lamp, designated
the Spectroline PE-24T, that can erase
up to nine chips in as little as 12 minutes. Double-tube construction and aspecially-designed specular reflector provide
broad, intense, uniform UV distribution.
This combination of features, price and
performance make the lamp suitable for
large system users and data processing
centers, the company says. A safety interlock prevents the unit from operating
when the tray is not fully inserted. A
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printer, plus blank TI 59 magnetic program cards. Pakettes are also available
on securities, statistical testing, civil
engineering,
electronic
engineering,
blackbody radiation, oil/gas/energy, astrology and T159/PC-100A printer utilities. All Pakettes have a suggested retail

CIRCLE 60 ON READER
SERVICE COUPON

conductive foam pad holds the chips in
place during exposure and prevents electrostatic build-up to protect the chips
from possible static charge. A 60-minute
timer is included for automatic shut-off.
This lamp is a more powerful version of
the firm's PE-14 series. Write to Spectronics Corp., 956 Brush Hollow Road,
Westbury, NY 11590.
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Calculator Programming Aids
Specialized computer programming aids
offered by Texas Instruments are designed for use with the company's TI
Programmable 59 handheld calculator.
The programs provide easier conversion
of ASCII and EBCDIC codes, routines
for debugging and analyzing TMS 9900
and Intel 8080 microprocessor programs
and a number of general programmer
aids covering base conversions and logical and arithmetic operations. The Programmer's Aid Pakette is a 64-page
booklet providing documentation for six
full-length programs: EBCDIC Code Converter, ASCII Code Converter, ASCII and
ABCDIC
Encoder,
TMS
9900
Disassembler, Intel 8080 Disassembler and
TI Programmer Simulator. All require a
TI 59 with attached PC-100A thermal

dedicated microprocessor-based systems,
is available from Research Technology at
a cost of $30 each. The combination of
distributed parallel matrix power and
ground planes with chip bypass capacitor
provision is said to reduce the inherent
power bus glitch problem found in wire
wrap circuits while saving wire wrap
time. The board has the same dimensions and edge connector as the Intel
SBC 80/04 board to permit easy interfacing to systems using Intel SBC series
computer boards. The G-10 glass epoxy
board has double sided solder plating
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price of $10, plus $1.50 handling charge,
plus your state and local taxes if ordering
directly from TI, at Texas Instruments
Inc., P.O. Box 5012, Dallas TX 75222.

Microprocessor Wire Wrap Board
A new wire wrap montage board, designed for fewer glitches in prototyping

En

CIRCLE 40 ON READER SERVICE COUPON

with plated through holes. It will accommodate forty-one 14 or 16 pin IC's,
two 40 pin IC's or up to four 24 or 20
pin IC's. The board provides a 50 pin
0.100" spacing gold edge connector.
Flat wire dip connectors may also be
used. Price is $30. Write: Research
Technology Inc., 4700 Chase, Lincolnwood, IL 60646.

3455 CONNER STREET, BRONX, NEW YORK, N.Y. 10475 U.S.A.
PHONE (212) 994-6600 TELEX NO 12 5091
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Place Your Bet. Programmable calculators will significantly influence the study
and teaching of mathematics. These devices are the "slide rules" of today, but
much more powerful and efficient than
slide rules have ever been. Take a Chance
With Your Calculator by Prof. Lennart
Rade is a first step in introducing the use
of programmable. calculators in the study
of probability and statistics. The reader
will need no previous experience in either
,:nree eLreed;

TAKE ACHANCE
WITH YOUR CALCULATOR
PiètkiPuee105

Pitpftett CdItelir
Lorea.1 eUrce

Your calculator
can do wonders
in the study
of probability.

many practical data acquisition systems
are treated in a full chapter. The 9 experiments in Bugbook VII are configured for
the E&L Instruments MMD-1, an 8080Abased educational and development microcomputer. They include program controlled
waveform generators, data acquisition and
display systems, a precision voltage measuring system, and CRT display generators. Bugbook VII, Microcomputer—Analog Converter Software and Hardware Interfacing is available from E&L Instruments and at retail sales outlets nationwide. For more info, write to E&L Instruments, Inc., 61 First St., Derby, CT 06418.

Pay Day Program. Now you are the
proud owner of a microcomputer system
and you're looking for assistance in your
business. For example, you need help with
the payroll. You're in luck! Osborne &
Associates has published Payroll with Cost
Accounting in Basic by Lou Poole and
Mary Borchers. There are 35 separate
programs listed, each performing a spe-

Blackjack, Roulette, Keno or 50 other
games. Published by Hayden Book Company, Inc., Rochelle Park, NJ 07662.
Talking in Basic. This self-teaching guide
to programming home computers in the
commonly used BASIC language is designed for anyone with or without access
to acomputer to learn to read, write, and
understand the BASIC programming language. Step-by-step instructions, constant
exercises and reviews make Basic for
Home Computers by Bob Albrecht, LeRoy
Finkel, and Jerald R. Brown a natural for
the novice interested in learning how to
talk to their computer. The book provides
increasingly sophisticated programs and
successful applications in dozens of practical problems and games. Published by

Learn how to
talk to your
computer in
popular BASIC.

PAYROLL WITH COST ACCOUNTINO

Soft cover
336 pages
$5.95

IN BASIC —

Soft cover
163 pages
$8.95

probability theory or in programming to
learn both. Simple exercises aid the reader
in gaining expertise. Published by Dilithium Press, P.O. Box 555, Forest Grove,
Oregon 97116.

Analog Converter Interfacing. Bugbook
VII, Microcomputer—Analog Converter
Software arid Hardware Interfacing augments the popular Bugbook series with an
in-depth treatment of how 8080 family
microcomputers are interfaced to real
world analog devices for measurement,
control, and display applications. This
book, authored by Titus, Titus, Rony, and
Larsen, combines practical examples of
hardware and software analog converter
interfacing techniques with a series of experiments in waveform generation, data
acquisitions, and CRT display control. Bugbook VII begins with microcomputer interfacing to D/A converters, and proceeds to
software control of ramp, successive approximation, and dual slope A/D converters. Data acquisition approaches using
Soft cover
284 pages
$8.50

Examples of all
analog converter
interfacing
techniques.
sottware interrupts and real-time clocks
are compared. The sample-and-hold amplifiers and analog multiplexers used in
8

Find out how
your computer
can solve
business
problems.
Soft cover
365 pages
$12.50
LON POOLE
MARY BORCHERS

cific task related to the overall payroll
and cost accounting system. One of these
programs makes life easy; called Menu, it
controls which of the other 34 tasks will
be performed. For more information, write
to Adam Osborne & Associates, Inc., P.O.
Box 2036, Berkeley, CA 94702.

Basic Games. Games have been played
almost since the dawn of man. Today,
people all over the world are spending a

Playing games
is as easy
as child's play.
Soft cover
166 pages
$6.95

considerable amount of time programming
computers to play games. Game Playing
with Basic by Donald D. Spencer is just
the book a fun-loving game player will
enjoy, if he understands BASIC and owns
a computer. Admittedly, BASIC varies
from machine to machine, but differences
are so slight that only slight syntax changes
are necessary, at most, to use the programs in the book to shoot craps or play

John Wiley & Sons, Inc., 605 Third Ave.,
New York, NY 10016.

Learning Digital Circuits? Experimenting with Digital Circuits, a laboratory
manual used with the DD-1 Digi-Designer
available from E&L Instruments, provides
a complete formal introductory course in
digital electronics. The newly revised
manual, the second edition, written by Dr.
Jack Cazes, and supplemented by Bill
Grubbs and Gerald Puhlen, combines an
organized series of experiments with background information and student exercises
in 81
/ by 11 inch format with pages
2
punched and perforated for easy transfer to a standard 3 ring binder. The manual presents 13 detailed experiments in
combinational logic that take the student
from simple gates to a 32 function arithmetic/logic unit (ALU). 13 experiments
in sequential logic then proceed from R-S
flip flops to counters, scalers, shift registers, and decoders. Detailed diagrams show
how to set up each experiment on the SK10 solderless breadboarding socket of the
Die-Designer. Truth tables to be cornSoft cover
288 pages
$9.00

Provides an
organized series
of experiments
in digital circuits.
pleted by the student assure excellent comprehension and retention. Supplementary
exercises paralleling each of the 26 experiHOBBY COMPUTER HANDBOOK 1979

ments provide additional questions requiring the student to make deductions
from the experiment. Experimenting with
Digital Circuits is available from E&L
Insrtuments and its sales representatives.
Write to E&L Instruments, Inc., 61 First
St., Derby, CT 06418

From Keyboard to Floppy Disc. When a
book goes into a second printing in five
months, you can expect a "best seller."
That's what Microprocessor Interfacing
Techniques by Austin Lesea and Rodnay
Zaks did, and the -text was updated to
boot! You can look for new material on
"useful circuits," updates on LS1 controllers, a music synthesizer, material on intelligent interfacing, the dope on IEEE-488
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Learn about
microprocessor
interfacing with
useful circuits.

For Your SWTP 6800 Computer...
5

o

PERCOM'sIsembledand Tested
FLOPPY DISK SYSTE
ft
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Soft cover
350 pages
$9.95

interlace example, new appendices on
R5232, IEEE-488 and a lot more including 320 illustrations. Published by Sybex,
2020 Milvia Avenue, Berkeley, CA 94704.
Everything About Microcomputers. This
is the definitive microcomputer book for the
hobbyist. The Scelbi Byte Primer is the most
extensive and well-organized volume we
have seen on microcomputers to date.
Over 400 pages long, and containing contributions from more than 50 recognized authors,
it is the "bible" that your bookshelf needs.
The book contains many illustrations and
photographs, which can help even the greenest hobbyist make the maximum use of his

$10.95 (plus $1 postage)
400 plus pages
Soft cover

only

'599"

shipping
paid

The LFD-400 is ready to plug in and run
the moment you receive it.
Nothing else to buy! Not even extra memory!
YOU GET:
O The popular Shugart SA 400 minifloppy" drive. Drive alignment
is double checked by PerCom before shipment.
O The drive power supply—fully assembled and tested.
O LFD-400 Controller/Interface—plugs into the SS-50 bus •
accommodates three 2708 EPROMs •fully assembled and tested.
O MINIDOS" —the remarkable LFD-400 disk operating system on
a2708 EPROM •plugs into the LFD-400 Controller card •no
extra memory required •no "booting" needed.
O Attractive metal enclosure.
O Interconnecting cable—fully assembled and tested.
O Two diskettes—one blank, the other containing numerous
software routines including patches for SVVTP 8K BASIC and the
TSC Editor/Assembler.
O 70-page instruction manual—includes operating instructions,
schematics, service procedures, and the complete listing of
MINIDOS".
() Technical Memo updates—helpful hints which supplement the
manual instructions.
C) 90-day limited warranty.

Minifloppy is atrademark of Shugart Associates.

MINIDOS is atrademark of PERCOM Data Company, Inc.

The LFD-400 is readily expanded to either two or three drives.
Write for details. Send for our free brochure for more information about the LFD-400 Floppy Disk System and LFD-400
software.

Everything about
microcomputers.
or her home system. The Primer lists ideas
for practical, home-use programming, as
well as the theory to back them up. For the
advanced builder, there are construction
plans for 6800 and Z80 computers, just to
mention afew. If you are a beginner or an
old hand, there is something in here for you.
Published by Scelbi Computer Consulting,
Inc., P.O. Box 133 PP STN, Department B,
Milford, Connecticut 06460.
•
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To save you money, the LFD-400 Floppy Disk System is available
only from PerCom. Because of the special pricing, group and
dealer discounts are not available.
MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow three
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available
immediately. Allow three weeks for testing and transportation. Texas residents add 5%
sales tax.

PERCOM
PERCOM DATA COMPANY, INC.
Dept L
318 BARNES.GARLAND, TX. 75042
(214)276-1968

PERCOM

TM

'peripherals for personal computing'

CIRCLE 13 ON READER SERVICE COUPON
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New 6800 Computer—Midwest Scientific
Instruments has announced the MSI
6800, a microcomputer based on the
popular SS-50 bus. The motherboard is
a full 16-slot board which offers plenty
of room for expansion. As configured
from the factory, the MSI 6800 arrives
with three boards installed; the CPU
board, a fully-populated 8K RAM board,
and a serial interface board. This leaves
the hobbyist with 13 slots still open for
the future. MSI offers additional 8K
RAM boards for $225 kit and $335
assembled, as well as other accessory
boards such as a cassette interface
board for $75-kit and $105-wired. All boards are silk-screened and solder-masked.
The power supply section is designed to deliver 5 VDC at 20 amperes to allow
56K of RAM and/or PROM to be used. The plus or minus 15 VDC supplies are
designed to deliver 3 amps each for adequate capacity in powering PROM boards
and other devices. The system has been designed for business, industrial, educational and home environments. With chassis, power supply, motherboard, 8K RAM,
interface adapter, and CPU board the price for the MSI 6800 is $595-kit and
$895-wired. Circle number 42 on Reader's Service Card for more information.

Home Computer — The Challenger IIP
from Ohio Scientific is a new entry into
„.
the hobbyist computer market. It's fully
nt LErif
self-contained, complete with a full size "keyboard and a 32 x 64 character Video
Display Interface along with an Audio
Cassette Interface. The computer is
equipped with an 8K BASIC in ROM.
The BASIC was designed by the Microsoft Corporation and is bug-free. The
advanced hobbyist may bypass the BASIC and go directly to machine-language,
hexadecimal programming, if he wishes. With 4K of RAM, the computer arrives
ready to go, needing only to be hooked up to a CRT or, through a RF Modulator,
to the home TV set. All the user need do is attach the IIP to a visual display,
hook up a tape recorder for storing programs, and start right in on the most
interesting electronic hobby to come along in quite some time. Ohio Scientific
uses their own 48-line bus structure and the IIP will accept many of the present
OSI boards; other accessories such as a special 16K memory board, a matching
floppy disc, along with extended software, are all being planned for the IIP. As
supplied, the IIP has a four-slot backplane; two of the slots are filled and two
are open for future expansion. Thus, it is a system the hobbyist will be able to
grow into. Complete with keyboard, case, backplane. CPU board, video and
a front panel, cover, and bottom plate (not provided). Circle 49 on Reader Service.
2-for-1
PROM
Programmer—Oliver
Audio Engineering (OAE) says this high
quality
PP2708/16
programmer programs both the 1K 2708 and new 2K
2716 PROMS made by Texas Instruments. A simple parallel interface connects the PP 2708/16 to any microcomputer. An internal address counter
makes interfacing a cinch. Only one
unregulated 8V supply is required, and
very little software is needed, to support the programmer, according to OAF.
Simply dump the data via an output port to program a PROM. The programmer
contains address counters, timing and control logic, and a DC to DC regulated
power supply. Each unit comes complete with a black anodized aluminum case,
a five-foot ribbon cable with pre-wired connectors, and software. Prices: assembled and tested, $299; kit, $249; kit without regulators, $199. Circle 71 on
Reader Service Coupon for more information about this product and others from
Oliver Audio Engineering.
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Data Cassettes for Hobby and Small
Business Use—AVDEX Corp. makes available a full line of data cassettes specifically designed for use in hobby computers and small business computers.
The cassettes are loaded in 1-minute,
3-minute and 5-minute lengths for more
convenient use than are cassettes that
have too much tape for handy hobby/
business applications. The cassettes are
custom loaded with extra short leaders to
prevent the leaders from contacting recording heads, thereby providing instant
start operation and eliminating the possibility of lost data. Prices of the short
load cassettes are: CDC-1, $4.95; CDC-3,
$5.65; CDC-5, $6.35. Also available are
three other cassettes in C-20, C-40 and
C-60 configurations. ($4.50, $5 and $5.50
respectively) which utilize the same computer shell components and are loaded
with high quality, high density calende,red
ferric

oxide formulation.

Circle

No.

43.

Analog Interface Board—Vector Graphic
says this multi-function Analog Interface
Board permits interfacing with potentiometers, joysticks or voltage sources,
hence it is ideal for hobby and small
business computer applications. An 8-bit
digital port with latch strobe can be used
as a keyboard input port. Tone pulse gen-

erators also can be used to produce
sounds for games or keyboard audio
feedback. Additional features include:
four A to D inputs; MWRITE logic; poweron jump feature for computers lacking
front panels. Prices: kit, $75; assembled,
$115. Circle no. 44 for information.
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Video-to-UHF Interface—ATV Research
has designed this special computer
video-to-UHF RF Interface Modulator so
that ordinary color or monochrome TV
receivers can be used in lieu of costly
video monitors. Most microcomputers
radiate switching harmonics into the
low-band VHF channels (2-6) to cause
image degradation. The Micro-Verter is
said to overcome this problem by operating in the UHF channels above 14,
beyond the normal range of switching
harmonics. The device is tunable over
a minimum of four channels, and is designed to interface directly with Apple Il
as well as most other microcomputers. Comes complete with video cable and RF
output stub coupler. Requires no direct connection to antenna terminals, except
in special cases. RF is coupled directly into UHF tuner input via a 1 cm stub
coupler on the back of the modulator. Power requirements: +5V, ±-1V. Current:
1 ma minimum, 2 ma maximum. Self-powered with four AA pencell type batteries.
Operating life in excess of 1000 hours or near shelf-life of batteries. Other claims:
excellent frequency stability and precise channel adjustment provisions. No
assembly required other than installation of batteries (not supplied). Price of
model MVX-500 is $35. Circle 66 on Reader Service Coupon for more info.

S-100 Cardframe
Kit—Objective
Design's "starter set" for construction of
an S-100 cardframe and power supply
follows the design included in the Crate
Design Information Packet and allows
a beginner or advanced computerist to
construct a durable cardframe with
room for 22 cards. The "relatively low"
cost of $154.50 provides the complete
kit, including power supply. Or you ban
get the cardframe kit without power
supply for $89.50 plus 5% U.S. and
Canadian shipping. The kit contains
front and rear panels prepunched for
maximum
versatility,
support
bars,
structural bars, motherboard supports, a set of ten card guides, chassis plate,
and +1-16 volts at 2 amps power supply with 110, 120, and 130 input taps.
Panels include cutouts for switches, power cords, connectors, and motherboard
extensions. No motherboard or fan is provided although the cardfame accepts
most popular versions of the S-100 motherboard. The frame permits addition of
a front panel, cover, and bottom plate (not provided). Circle 62.on Reader Service.

Sirius II Home Computer—This Sirius
ll Home Computer "breaks the $2,000
price tag with features usually found
in systems costing much more" according to the manufacturer, Digital
Sport Systems. The suggested retail
price is $1,850 for which you get a
"unique combination" of two micro
processors, the Mostek Z80 (for main
computations), and a Fairchild 3870
that handles all keyboard and TV interface overhead. Also included: 32,768
characters of read/write memory, RS-232 interface for I/O, 8,192 character PROM
board with 1,000 character monitor supplied, mini-floppy disc drive, a 64 key
keyboard With alpha/numeric and graphic capabilities, and TV interface. Other
feaures include: a full disc operating basic interpreter, monitor and software
programs. Circle 52 on Reader Service Coupon for more info on the Sirius II.
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Keyboard for Display Video Boards—
MicroAge says this new MKB-2 Keyboard
is deigned for use with the new 64 and
80 character display video boards, and
combines popular keyboard features with
an affordable price. Included as standard
equipment are a numeric key pad, upper
and lower case, cursor control keys, 2key rollover, and auto repeat on all
keys. The unit is assembled in a heavy
duty steel case with parallel interface,
strobe or pulse, on-board regulation (5v,
12v), complete with standard DB25S connector and black double-injection molded
keys. Price: $129 upwards. Circle 55 on
Reader Service Coupon for more info.
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540 Video Display—The video display interface used in Ohio Scientific's Challenger IIP is now offered fully assembled
as an accessory for any system made by
the company. The 540 video display features a 32 row by 64 column display of
the standard 64 character ASCII font in
5x7 dot matrix form. Standard features
include programmable formatting of the
display for 32x32 or 32x64. There's also
a keyboard port which can be used with
a standard ASCII keyboard or with OSI's
new programmable keyboard. The 540
also optionally supports a graphics character generator which features lower
case and about 170 special characters
for plotting and gaming. The 540 add-on
unit retails for $249, and the graphics
character generator will cost $29. Circle
49 on Reader Service Coupon.
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Rockwell AIM 65

The Head-Start in Computers
AIM 65 Technical
THERMAL PRINTER
Most desired feature on low-cost
microcomputer systems ...
• Wide 20-column printout
• Versatile 5 x7 dot matrix format
• Complete 64-character ASCII alphanumeric
format
• Fast 120 lines per minute
• Quiet thermal operation
• Proven reliability
FULL-SIZE ALPHANUMERIC KEYBOARD
Provides compatibility with system terminals...
• Standard 54 key, terminal-style layout
• 26 alphabetic characters
• 10 numeric characters
• 22 special characters
• 9 control functions
• 3 user-defined functions
TRUE ALPHANUMERIC DISPLAY
Provides legible and lengthy display ...
• 20 characters wide
• 16-segment characters
• High contrast monolithic characters
• Complete 64-character ASCII alphanumeric
format
PROVEN R6500 MICROCOMPUTER
SYSTEM DEVICES
Reliable, high performance NMOS
technology
• R6502 Central Processing Unit (CPU),
operating at 1 MHz.
Has 65K address capability, 13 addressing
.modes and true index capability. Simple, but
powerful 56 instructions.
• Read/Write Memory, using R2114 Static RAM
devices. Available in 1K byte and 4K byte
vs.sions.
• 8K Monitor Program Memory, using R2332
Static ROM devices. Has sockets to accept
additional 2332 ROM or 2532 PROM devices, to
expand on-board Program Memory up to 20I?
bytes.
• R6532 RAM-Input/Output-Timer (RIOT)
combination device. Multipurpose circuit for
AIM 65 Monitor functions.
• Two R6522 Versatile Interface Adapter (VIA)
devices, which support AIM 65 and user
functions. Each VIA has two parallel and one
serial 8-bit, bidirectional I/O ports, two 2-bit
peripheral handshake control lines and two
fully-programmable 16-bit interval timer/event
counters.
BUILT-IN EXPANSION CAPABILITY
• 44-Pin Application Connector for peripheral
add-ons
• 44-Pin Expansion Connector has full system
bus •
• Both connectors are KIM-1 compatible
TTY AND AUDIO CASSETTE INTERFACES
Standard interface to low-cost peripherals ..
• 20 ma current loop TTY interface
• Interface for two audio cassette recorders
• Two audio cassette formats: ASCII KIM-1
compatible and binary, blocked file assembler
compatible
ROM-RESIDENT ADVANCED INTERACTIVE
MONITOR
Advanced features found only on larger
systems . .
• Monitor-generated prompts
• Single keystroke commands
• Address independent data entry
• Debug aids
• Error messages
• Option and user interface linkage

ADVANCED INTERFACE MONITOR
COMMANDS
Major Function Entry
(RESET Button)—Enter and initialize Monitor
ESC—Re-enter Monitor
E —Enter and initialize Text Editor
T —Re-enter Text Editor
N —Enter Assembler
5 —Enter and initialize BASIC Interpreter
6 —Re-enter BASIC Interpreter
Instruction Entry and Disassembly
1 —Enter mnemonic instruction entry mode
K —Disassemble memory
Display/Alter Registers and Memory
• —Alter Program Counter to (address)
A —Alter Accumulator to (byte)
X —Alter X Register to (byte)
Y —Alter Y Register to (byte)
P —Alter Processor Status to (byte)
S —Alter Stack Pointer to (byte)
R —Display all registers
M —Displays four memory locations, starting
at (address)
(SPACE)—Display next four memory locations
—Alter current memory location
Manipulate Breakpoints
it
—Clear all breakpoints
4 —Toggle breakpoint enable on/off
B —Set one to four breakpoint addresses
? —Display breakpoint addresses
Control Instruction/Trace
G —Execute user's program
Z —Toggle instruction trace mode on/off
✓ —Toggle register trace mode on/off
H —Trace Program Counter history
Control Peripheral Devices
L —Load object code into memory from
peripheral I/O device
D —Dump object code to peripheral I/O
device
1 —Toggle Tape 1control on/off
2 —Toggle Tape 2 control on/off
3 —Verify tape checksum
CTRL PRINT—Toggle Printer on/off
LF —Line Feed
PRINT—Print Display contents
Call User-Defined Functions
F1 —Call User Function 1
F2 —Call User Function 2
F3 —Call User Function 3
Text Editor Commands
R —Read lines into text buffer from peripheral
I/O device
I —Insert line into text buffer from Keyboard
K —Delete current line of text
(SPACE)—Display current line of text
L —List lines of text to peripheral I/O device
U —Move up one line
D —Move down one line
T —Go to top line of text
B —Go to bottom line of text
F —Find character string
C —Change character string
Q —Quit Text Editor, return to Monitor
LOW COST PLUG-IN ROM OPTIONS
• 4K Assembler — symbolic, two-pass
• 8K BASIC Interpreter
POWER SUPPLY SPECIFICATIONS
• 5 VDC • 5% regulated @ 2.0 amps (max)
• ,24 VDC • 15% unregulated @ 2.5 amps (peak)
0.5 amps (average)

INTERNATIONAL

2795-L West Lincoln Ave.
Anaheim, CA 92801
(714) 821-0234

You'll master fundamentals rapidly. Then you'll appreciate the fact that unlike the computer
"toys" on the market, AIM 65 offers flexibility and expandability you would expect to find in a
sophisticated microcomputer development system.
THERMAL PRINTER GIVES YOU HARD COPY — FAST AND QUIET.
AIM 65's 20-column Thermal Printer prints on low-cost, thermal roll paper at a fast 120 lines per
minute. It produces all of the standard 64 ASCII characters with acrisp-printing five-by-seven dot
matrix. AIM 65's on-board printer is a unique feature for a low-cost computer.
EXTENDED ALPHANUMERIC DISPLAY IS BUILT FOR UNDERSTANDING, NOT
DECIPHERING.
AIM 65 comes with a 20-character true Alphanumeric Display. Information is displayed with
bright, magnified 16-segment font monolithic characters. It's both unambiguous and easily
readable.
FULL-SIZE KEYBOARD IS DESIGNED FOR HUMANS, NOT ELVES.
AIM 65's terminal-style keyboard frees you from the hassles of fumbling around with a tiny
calculator-type keypad. And its 54 keys provide 70 different alphabetic, numeric, cbntrol and
special functions.
ON-BOARD ADVANCED INTERACTIVE MONITOR GETS YOUR PROGRAMS
UP AND RUNNING.
The ROM-resident AIM 65 Advanced Interactive Monitor Program provides acomprehensive set
of easy-to-use, single-keystroke commands for debugging your programs, and offers features
normally available only in larger, expensive microcomputer development systems. And with the
AIM 65 Monitor, there's no guesswork involved; the Monitor gives aself-explanatory prompt when
it needs information and it will generate a meaningful error message if an error has occurred.
The AIM 65 Monitor includes commands to
• Enter and edit programs directly — no "opcode" memorization
• List programs on Printer or TTY
• Display/alter registers and memory
• Set breakpoints, trace and debug program execution
• Transfer information to/from attached Cassette Recorders or TTY
• Execute programs in on-board or external RAM, ROM or PROM memory
• Interface the optional AIM 65 Assembler and BASIC Interpretel
AIM 65'S ADVANCED R6500 NMOS ARCHITECTURE.
The R6502 Central Processing Unit is the heart of the AIM 65. It provides demonstrated speed and
simplicity, plus 65K addressability and the power of a 56-command, minicomputer-like
instruction set.
The R6532 RAM-Input/Output-Timer (RIOT) combination device is used by the AIM 65
Monitor for scratchpad memory and Keyboard operations.
Two R6522 Versatile Interface Adapter (VIA) devices are provided. One device supports AIM
65's Thermal Printer and the TTY and Cassette Interfaces, the other supports two user-dedicated
8-line I/O ports, plus an 8-bit serial I/O port and access to two 16-bit interval timer/event counters,
on the module's Application Connector.
AIM 65 comes with two R2332 4K Read Only Memory (ROM) devices installed. These hold the
Advanced Interface Monitor program. Spare sockets allow the user to expand on-board ROM up
to 20K bytes. These sockets will accept user programs on R2332 ROMs or compatible PROArts, or
can be used to install the optional AIM 65 Assembler and BASIC Interpreter ROM devices.
On-Board Read/Write RAM memory is available in 1K-byte and 4K-byte configurations.

Store Hours 10 -7, Mon. -Sat
VISA

As a learning aid, AIM 65 gives you an assembled, versatile microcomputer system with a
fullsize keyboard, 20-character display and, uniquely, a thermal printer. An on-board Advanced
Interactive Monitor program provides extensive control and program development functions. And
our AIM 65 User's Manual will help you along each step of the way.

• Control the Thermal Printer
AIM 65 (1K) $375.00 (•$15.00)
AIM 65 (4K) $450.00 ($15.00)
Assembler ROM — Add $85.00
BASIC Interpreter — Add $100.00
Power Supply — Add $45.00
•Shipping and handling charge.
Calif. residents add 6% sales tax.

MONEY BACK GUARANTEE
If you are not convinced that the AIM 65 is the best of its kind on the market,
we will refund your money immediately.

MAMBO

Rockwell's AIM 65 Advanced Interactive Microcomputer can get you into the exciting world of
microcomputers alot easier and at alower cost than you may have thought possible. And you'll be
working with the 6500 family, the advanced state-of-the-art NMOS system that's an
everincreasing favorite for new commercial and hobbyist applications.

MASTERCHARGE

AIM 65 HAS EXPANSION BUILT IN.
And to allow AIM 65 to grow the way you want it to, we've provided an Application Connector and
an Expansion Connector. The Application Connector permits you to plug on a, TTY (20 ma.
current loop) and one or two standard audio cassette recorders. It also has the pinouts for the
VIA's General-Purpose I/O ports. The Expansion Connector extends AIM 65's system bus —
address, data and control — out to additional memory, or anything else you might attach.
And. BASIC high-level language programming is a built-in option.

CIRCLE 17 ON READER SERVICE COUPON
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OBBY COMPUTER=PERSONAL COMPUTER? Though the terms are often
used interchangeably, a personal
computer is generally not the same thing
as a hobby computer. Recently, personal computer has come to mean a
complete microcomputer package often
supplied with specific software (programing) for small business and educational use. On the other hand, hobby
computing means the excitement of
starting from basics, often building a
personalized computer system component by component, much in the same
manner that a stereophile might assemble a high fidelity system.
As with most action-type hobbies,
there are many dimensions to hobby
computing, with costs ranging from
rock-bottom to astronomical. At the
bottom are basic computer kits that
serve as instructional devices, or introductions to computer technology. At
the top are full-blown computer systems
that rival the commercial minicomputers in common business use. There

is hobby computer equipment suitable
for a grade-school child, and equipment suitable for the graduate computer-science student. Much hobby hardware can often be put to work bringing
in extra sideline income, while others
utilize hobby equipment for straight
commercial use. In short, there's something for just about everyone in hobby
computing.
The Heart of the Computer. Whether
we talk of a basic "beginner's" kit, or
a full-blown computer system complete
with mass data storage devices and line
printers—called the CPU for Central
Processing Unit—the heart of the unit
is often the same relatively inexpensive
integrated circuit.
Several manufacturers incorporate
within the CPU with some form of readout and a minimum of "memory" in
what we term a "trainer," a low cost
computer kit primarily intended for getting asolid foundation in the basic principles of how a computer works. Except for the RCA-based "ELF" trainer

which can be expanded with additional
memory and a recorder interface that
permits data and program storage via
an inexpensive audio cassette recorder,
the trainers rarely can be used for anything more than as a low cost introduction to computers.
But take the same CPU, add at least
8K of memory (actually 8192 bits but
we always refer to memory in units of
1K, such as 4K, 8K, 16K, etc.), provide for connection of either a TV or
printer terminal, program the computer
with a high level language such as
BASIC, and we have a full-blown computer that can be used for everything
from school math, to business applications, or "arcade games."
For example, both SWTP Co.
(Southwest Technical Products Co.)
and Heathkit have build-it-yourself basic computers which consist essentially
of the CPU, a regulated power supply,
aminimum amount of memory, abuilt
in (resident) operating system, and a
provision for plug-in memory expansion

Hobby Computer Handbook
1979
A Guide to
Personal Computers
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and input/output (I/O) ports. The
user assembles the basic computer and
then installs the amount of memory and
I/Os needed for his specific applications. Both companies provide inexpensive software, particularly elementary
and advanced (extended) versions of
BASIC, a high level interactive language
that is just about standard for all hobby
computers, and virtually a standard for
the larger personal computers used in
business applications.

next to impossible. In the higher level
trainers, the bits are represented by an
op code, or assembly language, and the
user can instruct the computer by simply entering two numbers. For example,
the numerals 56 might tell the computer to store the following numerals
in a register; 65 might mean the next
number is stored in another register,
and 83 might tell the computer to add
the stored numbers. In assembly language, you might actually use a command such as ADDA to enter a number
in a register.
Much programming can be, and is
done, in assembly language, but it is
extremely difficult and time consuming
for the average hobbyist.

Basic Training. Since BASIC is so imto hobby computers, let's digress
and take a look at what is meant by
BASIC. While it's fun to use a trainer
and program by moving an electron
here, another electron there, it is quite
tiring to program by moving bits which
represent abinary 1or O. In fact, make
one single error in bit programming and
an hour or so of effort goes down the
drain. In truth, simply adding two numbers through a binary bit program is
difficult; multiplying two numbers is

How much easier it would be to simply communicate with your computer
in plain English. For example, if you
wanted the result of 2 times 2 (2*2),
the easiest thing to do would be to type
out on a terminal PRINT 2*2, and the
computer would respond by printing
out a4 on aTV screen or printer. Well,
this is exactly what's done if the computer is programmed with a high level
language, or HLL, as it is called in
many computer books.
High Level Language. There are sev-

portant

Input/Output devices come in a wide variety of shapes and sizes and fall into three
major categories. First is the straight Input device such as akeyboard, or keypad which
converts letters and numbers into series of electronic signals that can be understood
by the computer. The Outputs present these signals, after they have been processed,
into recognizable letters and numbers. The two-way Input/Output devices can put
data in to the computer and they can take data from the computer and store it for
later reuse.
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DATA
PROCESSED
ACCORDING TO
INSTRUCTIONS
A Computer takes data and handles it according to your instructions. You may tell
the computer to multiply two words of
data, or to read a list and record all the
words with a certain combination of letters. The computer cannot think, it can
only process data according to instructions.
eral popular high level languages, most
originally intended for specific computers such as those of IBM and DEC
(Digital Equipment Corporation), or
for specific applications. Some higher
level languages are almost as difficult
to learn as a foreign language such as
French or German. One of the scientific computer languages which is somewhat difficult to learn is Fortran. Partially to assist college students in learning Fortran, two of the Dartmount University staff developed alanguage called
BASIC—an acronym for Beginner's Allpurpose Symbolic Instruction Code.
BASIC turned out to be more than a
way to learn Fortran. Using familiar
English words to perform standardized
computer and math operations, BASIC
soon became a virtual "standard" language from grade school to college and
on through commercial applications.
(Today, you'll find business applications
which were formerly written in Cobol
—a business oriented HLL—being written in BASIC.) Literally millions of students were trained in BASIC, primarily
because it is easy to learn, uses standard teletypewriter symbols, which are
almost an exact duplicate of standard
typewriter symbols, and because it can
do so many things. Fact is, many functions not written into the original BASIC
have been added, and new functions
are continuously added. In short, BASIC
is a growing computer language.
It was therefore predestined that
BASIC would be the standard hobby
computer language. A few early, feeble
attempts resulted in a rather limited
BASIC that did not process decimals—
it was an integer BASIC, rather useless
for most grade and high school applications. You can't even keep a checkbook
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One method of information entry is by a
keyboard. MicroAge is one of many makers.
balanced with an integer basic.
The first of the really useful BASICS
came out of SWTP Co. and was known
as 4K BASIC. It was pure dynamite
compared to the integer BASICS. SWTP
Co. was to upgrade it to an 8K BASIC,
meaning it utilized about 6.5K of memory for the language, leaving some
1.5K of memory for storage and oper1/0=INPUT/OUTPUT

INPUT
KEYBOARD

COMPUTER

as the disc, are reduced, we will start to
see the appearance of other high level
languages such as Fortran in hobby
computers. But until both memory and
the language itself represents just pocket money, BASIC will remain the hobby
computer language.
So keep in mind, if you plan any
serious work with hobby computers, you
need not only the hardware, but an
excellent floating point (non-integer)
BASIC specifically written for your computer. (You generally cannot run a
BASIC written on one computer on another utilizing a different CPU or addressing system.)
Keep in mind as you consider which
hobby computer equipment to use that
BASIC can either be programmed into
the computer via a punched tape (teletype tape) or audio cassette, or it can
be a permanent part of the computer
itself, built into pre-programmed devices called ROMs—Read Only Memory. Computers such as the--,Radio
Shack TRS-80, Apple II, and Ohio Scientific (OSI) Challenger have the BASIC
in ROM, available for use the instant
power is turned on. The one disadvantage to ROM BASIC is that it isn't easily
modified or upgraded. Either you get a
new ROM, or upgrade with software

through a cassette tape. Programmable
BASIC, such as used by SWTP Co and
Heathkit, are upgraded by simply purchasing the new version as a low cost
audio cassette. Later in this issue we will
illustrate the various means by which
software is recorded and played into
the computer.
Hardware. Now that we're familiar
with a basic computer and BASIC (no
pun intended), let's move back into
hardware. All a computer can do is sit
quietly with its power light glowing
until there's some means whereby the
user can communicate with the computer. Communication means a terminal, consisting of a keyboard and some
means to display the computer's output.
The display can be a television set
modified for computer use through an
inexpensive device called a "modulator" that connects directly to the antenna terminals, the display can be a
television monitor, which we term a
CRT (cathode ray tube), or it can be
a printer that provides a "hard copy"
printed on a piece of paper.
Though the CRT terminal is probably the lowest in cost, and extremely
fast, it doesn't provide a permanent
record unless you take a photograph of
the CRT, or use a device that makes

OUTPUT

PRINTER OR
VIDEO TERMINAL

Getting data in and out of the computer
is the job of the I/O (Input/Output) terminals. The data is entered on a typewriter-like keyboard and the letters and
numbers are translated into electronic
signals that the computer can understand.
The results of the data processing are
printed on paper by aprinter or displayed
on a video terminal. They also keep a
listing of the data and instructions.
ations. The SWTP Co. 8K BASIC was
as good as most BASICS in school computers, and better than many. It pointed
the way to go for all hobby BASICS.
Heathkit was later to develop an outstanding extended BASIC for their H8
hobbyist computer which outclassed
most of the BASICS used in schools and
many time-share (rental time) systems.
Between SWTP Co. and Heathkit,
BASIC was virtually welded in place as
the standard hobby computer language.
Aside from its rather extensive capabilities, and aside from the fact it is
easily upgraded (which is contrary to
what many experts claimed), BASIC requires relatively modest memory, and
memory is the most expensive part of a
computer system.
Memories. As the costs of memory
and massive data handling systems, such
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For those who don't have the time or desire to assemble asystem, apackaged, personal
computer such as the Compucolor II may be the answer.
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Learn (teal computer
NRI trains you
on areal digital
computer you
actually assemble
as you learn.

Learn computer design, construction, maintenance and programming techniques on your
own programmable digital computer.
Qualified technicians are
urgently needed for careers in
the exciting new field of digital
and computer electronics ...
and the best way to learn digital logic and operations is now
available to you in NRI's Complete Computer Electronics
Course.
This exclusive course trains you
at home on your own digital
computer! This is no beginner's "logic trainer", but a
complete programmable digital
computer that contains a
memory and is fully automatic.
You build it yourself and use
it to define and flow-chart a
program, code your program,
store your program and data
in the memory bank. Press
the start button and the computer solves your problem and

displays the result instantly.
The NRI digital computer is one
of 10 kits you receive in the
NRI Complete Computer Electronics Course. You build and
use your own TVOM, and
experiment with NRI's exclusive
Electronics Lab. You perform
hundreds of experiments, building hundreds of circuits, learning organization, operation,
trouble-shooting and programming.

New NRI Memory
Expansion Kit
The Model 832 NRI Digital Computer now comes with a new Memory Expansion Kit. Installed and
checked out in 45 minutes, it doubles the size of the computer's
memory, significantly increasing the
scope and depth of your knowledge of digital computers and programming. With the large-scale IC's
you get the only home training in
machine language programming
... experience essential to troubleshooting digital computers.
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electronics at home.
NRI offers you five
TV/Audio Servicing
Courses
NRI can train you at home to service Color TV equipment and
audio systems. You can choose
from 5 courses, starting with a
48-lesson basic course, up to a
Master Color TV/Audio Course,
complete with
designed-for-learning
25" diagonal solid state
color TV and a 4speaker SQ" Quadraphonic Audio System.
NRI gives you both TV
and Audio servicing for hundreds
of dollars less than the two
courses as offered by another
home study school.
All courses are available with low
down payment and convenient
monthly payments. All courses

provide professional tools and
"Power-On"
equipment along
with NRI kits
engineered for
training.
With the
Master
Course,
for
instance,
you build
your own 5" wide-band
triggered sweep solid
state oscilloscope, digital color TV pattern generator, CMOS digital frequency counter, and
NRI electronics Discovery Lab.
"Trademark of CBS Inc

1

NRI's Complete Communications Course
includes your own 400-channel
VHF transceiver
NRI's Complete Communications
Course will train you at home for
one of the
thousands
of service
and maintenance jobs
opening in
CB; AM and
FM transmission and reception; TV broadcasting; microwave, teletype,
radar, mobile, aircraft, and marine
electronics. The complete program includes 48 lessons, 9 special reference texts, and 10 training kits. Included are: your own
"designed-for-learning" 400channel VHF transceiver; electronics Discovery Lab"; CMOS
digital frequency counter; and
more. You also get your all

important FCC Radio-telephone
License, or you get your money
back.

CB Specialist Course
also available

NRI also
offers a37-lesson course in CB
Servicing with your own CB Transceiver, AC
power supply, and multimeter. Also included
are 8 reference texts and 14 coaching units
to make it easy to get your Commercial
Radiotelephone FCC License.
You pay less for NRI training and you
get more for your money.
NRI employs no salesmen, pays no commissions. We pass the savings on to you
in reduced tuitions and extras in the way
of professional equipment, testing instruments, etc. You can pay more, but you
can't get better training.
More than one million students have
enrolled with NRI in 62 years.
Mail the insert card and discover for yourself why NRI is the recognized leader in
home training. Do it today and get started
on that new career. No salesman will call.
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I
SCHOOLS
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Continuing
1
14/4
1
.
Education Center
5 11.: à 3939 Wisconsin Avenue
Ilel Il Washington, D.C. 20016

Hobby Computer
Handbook 1979
a "hard copy" of whatever appears on
the CRT. The problem with this is that
the CRT doesn't display a relatively
large number of lines, so a long program or "run" will require many photographs or hard copies.
The printing terminal, of which a
used model 33 teletypwriter is the most
popular and least expensive (see article
on TTY in this issue), provides a continuous print on a roll of paper. When

I/Os
TERMINAL

the complete print is finished, the user
simply tears off the printout. The only
major problem with the TTY and similar terminals is that it's slow; about 110
wpm (words per minute) maximum,
though I deluxe, much desired printing
terminal, known as aDECWIUTER operates at 110 or 300 wpm.
If you have money to spare, you can
get a separate keyboard and a high
speed printer. Some printers in the hobbyist price category print up to 80 characters per line, 150 lines per minute.
If you want to get real fancy, modified IBM Selectric II terminals are
available for hobbyist use, but make
certain you get the correct model. Se-

COMPUTER

I/ 0

CENTRAL PROCESSING
UNIT (CPU)

CPU

MEMORY

The computer itself contains two sections
—the Central Processing Unit (CPU as it
is commonly called) and the Memory. The
CPU does the actual processing of the
data while the memory is used to store
instructions and data for later use. It also
is the home of the computer's resident
language.

INPUT/OUTPUT

ROM

RAM

The RAM is a temporary storage register.
Here is where a program is kept when it
is put into a computer. For example, if
you wanted to play a game of chess with
a computer you would first have to tell
it the rules of play—these would be stored
in the RAM. Also in RAM would be the
instructions to the computer that would
allow it to make the correct moves.

I/O
CPU

1
1

ROM
(READ
ONLY
MEMORY)

RAM
(READ
AND
WRITE
MEMORY)

çe_u
REGISTERS

ROM

2
3.

RAM
There are actually two memories in the
typical computer. One is called the Read
Only Memory (ROM) and the other Random Access Memory (RAM) which is
sometimes called Read/Write Memory.
ROM is where the computers permanent
operating instructions are kept, usually in
the form of a resident computer language
such as BASIC. For example, if you ask a
computer to find the square root of a
number you enter in two steps: putting in
the number followed by the instruction.
The computer will now process this number through the dozens of steps, all of
which are preprogramed in the ROM,
needed to find the answer.
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There is also a small amount of memory
inside the CPU in the form of registers.
These store the data that is being immediately acted upon by the CPU. For example,
when two numbers are being added the
first is entered on the keyboard and stored
in the register. The instruction add is put
in the register then the second number is
entered and added to the contents of the
register. When the register is full the extra
is pushed over into RAM.

Here, shown in size relationship to each
other, are two forms used for data storage;
a mini-floppy disc, and a data cassette.
lectrics are available with EBCD and
correspondence codes, and ASCII with
RS-232 serial I/O. It's the ASCII model
that's generally needed by hobbyists.
Peripherals. A terminal is called a
"peripheral" device, meaning it's a
piece of computer hardware that's external to the computer main frame. Besides aterminal, there are other peripherals. For example, a cassette recorder
used for storing and loading data is a
low cost peripheral. A full size (8-inch)
or mini-disc (5 1
4 /
in.) mass data handling system is also a peripheral. So is
an ordinary ITY punch that records
computer data as a series of holes
punched into a narrow tape.
As you've probably surmised, though
it's possible to get started in hobby computing at nominal cost, a full-blown
system complete with some form of
data storage system is going to get expensive. Fact is, with sufficient memory
to handle large jobs, such as keeping
the records for a bowling league, and
the necessary data storage system, figure on spending between $600 to
$1000, more if you add a disc system.
Pays For Itself. The advantage to a
full-blown system, however, is that it
will probably serve as an excellent education aid for all ages—grade school
through graduate studies — and with
some imagination you can get the computer system earning money. Many
hobbyists not only pay for their equipment, but also provide a steady sideline income, by using their computer
for bowling league records, small business bookkeeping, and even fortune'telling at country fairs and flea markets. As you get more involved with
hobby computing, you'll probably discover many new and exciting applications for your personal computer. Don't
be afraid to think beyond the horizon
to tomorrow. After all, who would have
thought, even as late as 1977, that it
would be possible for almost any hobbyist to own a full-blown computer.
(Continued on page 114)
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Answers to some of the most asked questions about personal computers
ZT'S BEEN LESS THAN TWO years since
heard the first rumors that both
Heathkit and Radio Shack were
working on personal computers for the
electronic hobbyist, yet in the few short
months since the rumors were proved
correct personal computing has become
the hottest thing going for the electronic
hobbyist and experimenter.
It has also become the most confusing, with each manufacturer and distributor inventing new terminology to
prove, or imply, his computer, system,
or accessory is the best. Even trained
computer and data-handling experts
with advanced degrees in computer science are often at a loss to explain what
in heck many computer dealers are talking about. Personal computing has
become a Tower Of Babel; and as yet
there is no Rosetta Stone the average
hobbyist can use to unscramble computerese—a foreign language even more
complex than French.
Because the HOBBY COMPUTER HANDBOOK editorial staff has such extensive
experience in choosing, setting up,
using and maintaining microcomputers
for home and hobby projects, we are
regularly deluged with questions .about
computers. Because we can talk for
hours about computers and computer
accessories, what's new and what we
can expect in the next few years, we
thought we'd share our knowledge with
you in the clearest, most efficient form,
the direct question and answer.
For some, the answers will appear
simplistic; but keep in mind we are trying to avoid computerese. Our primary
purpose is to provide you, our reader,

E we
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with concrete information you can put
to work. We are not going to try to
impress you with anyone's expertise.
We know computer equipment represents asubstantial investment so we aim
to present our information in the most
useful manner—and that means straight
English.
Question—Since some computer kits are
priced almost the same as complete
computers having built in BASIC and
a keyboard, what is the advantage in
building a kit?
Answer—The complete computers such
as the Apple, OSI, and Radio Shack
generally need aTV monitor for output display, or the computer's output

signal is fed through an RF Modulator to an ordinary TV set which
serves as the display. At present, the
complete computers have no peripherals for providing "hard copy" (a
printout). The computer kits, on the
other hand, permit almost unlimited
expansion, though it does get costly
when you add in the cost of a complete terminal: either TTY (teletype), CRT, or Selectric typewriter.
Q—I don't care for the print quality of
a TTY terminal, nor do my teachers,
who don't accept my homework
printed all in capital letters. Can I
connect a Selectric typewriter terminal to my SWTP 8600 computer?
A—It depends. Most of the rebuilt Selectric terminals you find advertised
in computer magazines are for the
I13M correspondence and EBDC
codes, and they won't work with a
personal computer. Some surplus outfits, however, build in an ASCII converter with an RS-232 output. If you
can find one of these ASCII/RS-232
Selectrics (about $900) you simply
connect it to a personal computer's
serial RS-232 I/O. (Just plug it in.)
Q—I would like to get my child started
in computing. Which of the beginner's kits in the $100 range do you
suggest?
Processor Technology manufactures the
SOL-20, shown here. The SOL is based on
the 8080 chip, has aself-contained keyboard and utilized the S-100 bus. It has,
in the smallest version, 8K of memory and
BASIC in ROM. Available in kit or wired.
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A—There is no such animal. Firstly, if
your child is ready to enter High
School, or already there, the school
probably has an introductory course
in either Data Processing or Computer Math. If your child wants to
get into the design end, and has
shown previous interest and ability
in electronics, and really wants to
play and experiment with the electrons, the Heathkit 6800 trainer is
probably the only kit of practical
value. (On acollege level it's awhole
different game.)
Q—Which of the computer kit CPUs
do you recommend for a beginner:
8080, 6800, 6502, or whatever?
A—Tough question. The 8080 and its
relative, the Z-80, often use the S-100
bus, for which there are many accessories. Unfortunately, the I/Os (inputs/outputs) are under software
control and it can get somewhat expensive if you need ports for several
peripherals. The 6800 I/Os are memory-mapped and it's cheap and easy
to add peripherals. For example, the
SWTP 6800 computer can handle up
to ten peripherals and you simply
purchase an inexpensive I/O card
whenever you add another printer,
terminal, recorder, etc. Also, the
6800 system allows a good intermix
of serial and parallel I/O ports. You
can do the same with the other CPUs
but at much higher cost. Unfortunately, there are more "gadgets" for
the S-100 bus than for any other
bus or system, so you'll have to plan
ahead.
Some personal computers using the
6502 are extremely powerful, but at
the time this article was prepared
there was little in the way of I/O
equipment or even ports for peripherals.
Q—What is meant by an integer BASIC?
A—It means it cannot handle decimals.
For example, the statement "PRINT
2/4" would return an answer of "00"
instead of "0.5". Similarly, "PRINT
5/2" would return "2" instead of
Radio Shack's TRS-80 is aself-contained
computer, with captive keyboard, based
on the Z-80. The smallest version has
4K of RAM and an enhanced Tiny BASIC in
ROM, and is complete with video monitor.
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"2.5". Integer BASICS can be powerful in terms of graphics, etc., but
they are useless for any school work
involving even simple arithmetic.
One exception to our rule of "No
integer BASICs" is the Apple II computer, whose 4K resident integer
BASIC is used to load Apple's notably good 16K BASIC.
Q—How much memory would I need
for a computer kit?
A-12K will handle most BASIC interpreters running on an 8 bit system
(8080, 6800, Z-80, etc.), though
Apple requires 16K for their BASIC.
The Heathkit LSI-11 system is a 16
bit system so you get the same results with half the memory: we
would suggest at least 8K on the
"Big Heath." Few computer kits
come with enough memory to handle BASIC, or even an editor/assembler, so be sure to acid in the cost
of extra memory to the basic kit
price.
Q—What is meant by an "ASR Terminal"?

A—ASR means Automatic Send/Receive and refers to apaper tape reader and punch accessory mounted as
part of a teletype terminal. A used
ASR TTY—the model 33—sells for
about $900. Without the reader and
punch you can get one for about
$500 to $600; so if you have no need
for paper tape you can save abundle
by getting aTTY without ASR. Just
the printer part of the TTY, known
as an R033 for Read Only, sells for
under $300, less than the cost of
most "computer printer peripherals."

Q— What is meant by "Hardware,"
"Software," and "Firmware"?
A—Hardware is any equipment; computer, printer, even an individual integrated circuit. Software means a
program, or instructions for the computer. Firmware is some form of program or instruction-set already in the
computer, usually called a resident
monitor, that makes it easy for the
user to enter, or write programs.
Firmware is ready as soon as power
is applied.

Q—W hat is a"Monitor"?
A—See Firmware in the previous question.
Q—What is meant by "Boot" and "Boot
strap"?
A—You have probably heard of the expression "Picking yourself.up by your
bootstraps."; meaning, getting yourself started by moving yourself. Same
thing with computers. A computer
can only sit there and do nothing
until programmed; but you can't just
shove a program into the computer;
something must tell the computer
what's going on when you start to
enter your program. A boostrap program is a very small program that
sets up the computer to load alarger,
complex program. To boot a program means to use a program (generally in a resident monitor or operating system) to program a larger
program, or to set up something like
a disk operating system.
Q—An accessory I/O I'm planning on
adding to my home computer has a
feature called "handshaking." Exactly what is a computer's handshake?

A—Handshaking is electronic confirmation that some piece of computer
equipment is ready to execute operations. For example, before a computer transmits to amass storage device such as arecorder it might send
out an electronic signal to find out if
the recorder is ready. On receipt of
the signal the recorder, if ready, will
transmit a signal back to the computer that it is ready. The computer
will then« transmit the start signal,
followed by the data transmission. If
the computer does not get its "handshake" from the recorder it doesn't
transmit data. Handshaking can also
work the other way: The recorder
might send out its handshake signal,
and automatically feed data to the
computer only if a handshake is received from the computer.
Modems also generally use handshaking (see next question).
Q—What's amodem?
A—A modem—a term derived from
modulator/demodulator—is a device
that connects both computers and
terminals through telephone or other
remote-wired circuits. A modem con-

The Apple II is aself-contained computer
with an integer BASIC in ROM, which can
be used to load a16K BASIC. It includes
at least 4K of RAM, and game paddles, and
will output full-color to afull-color video
monitor or TV set (with RF modulator).
verts the electrical impulses from
terminals and computers into audio
tones which can be easily handled
by voice-grade telephone circuits.
Some modems, used on private lines,
work at extremely high speeds; the
common voice-grade modems operate at TTY speed (110 words per
minute) or 300 words per minute.
Modems used at terminals are called
originate modems. Those .used at the
computer are answer . modems. Each
responds to different audio tones: the
originate modem transmits low tones
and receives high tones from the
computer. The answer modems trans.
high tones and receives low tones.
Q—A group from school would like to
set up a computer we could use from
each home. Is this possible?
A—Yes. You will need an answer modem at the computer, and each of
you will need a terminal with, an
originate modem. Some means must
be provided, if there is no one to
attend the computer, to automatically
answer the phone at the computer,
connect the modem, and then "hang
up" when the terminal signs off. This
is easily accomplished through a modems handshaking signal. (We hope
to have a construction project on
such a device in an upcoming issue.)
Answer modems, and combination
originate/answer modems, manufactured by Omnitec—perhaps the most
respected name in modems—are available from some surplus dealers from
time to time. You have to keep looking because answer modems don't
come cheap—even used.
Q—Is there some reason paper tape
(teletype) recordings made on my own
computer cannot be fed into my
school's computer, or the time-share
system available through my school?
A—Yes. Even though computers might
use the same CPU there are minute
variations in the encoded signals. It
is more common than not that recordings from one type of computer
cannot be fed to another, even when
using the same type of recording system. For example, one of the most
Based on the 8080A, the Heathkit H8 has
a16-key front panel which, in octal
numbers, allows you to address registers
and memory. I/O interfaces and memory .
are options, as are periplerals.
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popular personal computers uses four
nulls and a control signal at the end
of each line of a BASIC program;
this encoding precludes its acceptances by other personal computers.
Similarly, it cannot accept recordings
from atime-share system. It's a common problem. Some day there might
evolve a common recording or encoding standard.
Q—What is an "acoustic coupler"?
A—An acoustic coupler is amodem that
is connected to the telephone circuit
by placing a telephone's handset in
the modem's sound-absorbing cradle
—which contains a speaker and microphone to couple sounds from the
modem to the phone and vice-versa.
This contrasts with a "hard wired"
modem that is wired directly to the
telephone line(s).
Q—What would cause intermittent recordings from my computer? I'm using a Kansas City interface and a
Panasonic cassette recorder. Sometimes I load a program and find
there are errors, even on the safety
dump.
A—If you can get good recordings occasionally, it's a sure sign both the
interface and recorder are okay.
Most likely you are using a really
cheap tape, and dropouts—which normally go unnoticed with sound recordings—are dropping bits out of
your dumps. Even at 300 baud you
need decent tape such as TDK-AD,
Maxell UD, and AVDEX, all of
which are excellent to at least 4800
baud. When recording baud rates
above 4800 a special data cassette is
recommended.
Q—What is the difference between audio
and data cassettes, and why are data
cassettes at least twice the cost of
audio cassettes?
A—The primary difference between an
audio and data cassette is the pressure pad. The one on the data cassette is oversize, generally made of a
special low-friction material, and
often costs more than the tape itself.
In addition, the tape (supposedly)
has a more uniform coating, is less
prone to oxide flaking, and most important, is certified for a specific
minimal baud rate. It is claimed the
shell and internal construction are
better but we haven't noticed construction having any effect when it
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comes to personal computers.
One advantage of the personal
computing data cassettes such as
those from AVDEX is that they have
short tape loads; you don't pay for
30 minutes worth of tape when you
need about thirty seconds worth.
(Data cassettes often come in several
"short" lengths.)
Q—What is meant by "serial" and
"parallel"?
A—In serial, each bit of the seven bits
(or eight with parity) making up an
ASCII character, or binary information, is transmitted to or from acomputer in sequence, one bit after the
other. Special timing and encoding
tells the computer which bits make
up a character. In parallel form all
bits are simultaneously transmitted,
so no timing or special encoding is
required. TTY uses a serial format.
An inexpensive tape reader such as
the Oliver uses the parallel format,
thereby allowing you to feed the tape
as fast as you can pull it through the
reader. All you must be certain of is
that the computer's I/O matches the
terminal or peripheral: serial for
serial and parallel for parallel. You
cannot mix the two, such as feeding
a serial TTY through a parallel I/O
port. (Note. Though a TTY feeds
and receives in serial unless specially
modified, a TTY punched tape is recorded parallel—the TTY makes the
"conversion".)
Q—How much memory can be installea
in a personal computer?
A—The maximum amount of memory

is determined by the particular CPU
and the size of the power supply.
Some kits provide for something like
16K, 20K, or 24K in the main cabinet, with an extra cabinet and power
supply needed for additional memory. Other kits have a heavy-duty
power supply, usually a cooling fan,
and can accommodate up to 48K of
memory. New memory ICs draw
relatively little current and you can
now get 8K of memory in less space
than you needed for 4K, and the 8K
takes less current. As a general rule,
6K to 8K of available memory—in
addition to the memory needed for
your higher language such as BASIC
—is more than enough for 99% of
the average personal computer's programs. You need alot more memory
—upwards of 20K—when you start
getting into filing systems, or FORTRAN. But if you're into files and/
or FORTRAN you really need a disc
system.
Q—What is a "Header"?
A—A header can be several things, but
it generally refers to a code, often a
single letter, placed in front of a
program when several programs are
recorded on the same tape. The computer can be programmed to search
for the header and load only the
program that follows the specified
header. Basically, it's a simplified
filing system for cassette storage.
Some BASICs make provisions for
headers, or more commonly, "files";
others don't, and the BASIC loads
everything coming off the tape. I.

This computer hobbyist, Jay Moss of California, started off with a basic Altair
microcomputer. He demonstrates how one can expand asystem well beyond its original
intentions. With a modified-Selectric printer, floppy discs and more he soon discovered
the computer's capitalistic tendencies after using it in his plumbing contracting business.
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THE FUTURE
How to link your home
to today's new, computerized
nerve-centers.
by Herb and Lawrence Friedman

E

Now haven't the vaguest
interest in personal computers, within a year or two you will likely be
up to your neck in personal computing
whether you like it or not; and by
personal computers we don't mean a
Hewlett-Packard or TI programmable
calculator—though they are, in fact,
personal computers.
Personal computer means a full
blown computer you can use to keep
and process business and family records; one your children can, and probably will, use for their math, science
and social studies—at all levels from
grade school up; a computer your preschool children might use to play games
such as Star Trek and Klingon Capture;
a computer you could use for adult
education courses taken in the comfort
of your own home.
,
For less than the cost of a decent
hi-fi system, or aconsole color TV with
remote control, you can have a computer in your own home as powerful as
some of the big IBM jobbies, and the
whole computer won't take up much
more space than a couple of shoeboxes. If you don't have room for
two shoeboxes worth of electronic
hardware you can rent computer time
from regional and national companies.
For example, did you ever wish you
had an hour or so of computer time
to finish a school problem? Call Data
will charge you as low as $6 per hour
(educational rate) for using their computer. If all you need is a couple of
hours on their .computer per month the
bill could be less than your phone comVEN IF YOU
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pany charges you for the privilege of
having a telephone.
Whether you opt for a personal
computer in your own home, or a connection through your telephone to a
time-share computer service you are
going to need a terminal, the device
that lets you communicate wfth the
computer.
Trouble is, the surplus market is
loaded with computer terminals that are
really worthless for general use, so this
article is going to serve as both an introduction to computer terminals and
a guide as to what's available and
really worthwhile.
Because of space limitations we cannot cover every type of terminal used

By simply feeding punched tape through
the reader, as shown, acomputer will
accept aprogram at the maximum TTY
speed of 110 words per minute. This
particular program will require afull
thirty minutes of computer time and will
check every single bit of memory in an
8K word memory board.

to communicate with computers. Since
the average reader will have access to
a time-share dial-up computer, (via the
telephone) or a personal computer in
the home, we are going to cover only
the terminals that work with both systems. There is no reason to spend several hundred dollars for a terminal
that works with a personal computer
only to find that if someone offers you
free time on a giant time-share system
your terminal can't be ,used
Two Piece Terminals. At the very
minimum a computer terminal consists
of two separate devices: a typewriter
style keyboard that transmits information to the computer, and a display device that "prints" the information coming from the computer. The display can
either be some form of printer that
"types" a written record—called "hard
copy"—on paper; or a CRT, which car
be a TV monitor, a modified TV receiver, or anything else using a CRT.
As a general rule the two sections—
keyboard and printer—are totally independent even though you might have
used, or observed, a working computer
and seen that whatever was typed on
the keyboard was printed out on the
display. The keyboard transmits information to the computer, which then
echoes back to the display so the user
can check the entry. If the user types
the word ready the computer echoes
back the word and the display shows
the word ready. Without the echo the
user would have no idea whether he
was transmitting correct data into the
computer. The condition of separate
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PHONE THE FUTURE
keyboard and display is termed fullduplex, meaning two things can occur
at the same time—you can transmit and
receive simultaneously.
Another condition is termed halfduplex, and there appears to be several
versions of what is meant by halfduplex. The most common use feeds
the keyboard character to the display
and the computer. When the computer
echoes back, the display shows both the
original keyboard entry and the echo. In
full-duplex, a keyboard entry of ABCD
is displayed via the echo as ABCD. In
half-duplex the display shows AABB
CCDD. In full-duplex the word ready
is displayed as READY; in half-duplex
it appears as RREEAADDYY Halfduplex transmission is commonly used
when time cannot be allowed for the
computer to echo back. There are certain conditions when this is necessary,
and the half-duplex mode, at the least,
allows the user to check spelling and
codes as they are entered into the
computer.
Local is a term meaning the keyboard is connected directly to the printer so that keyboard entries are fed
only to the display and any recording
device attached to the display. In this
manner a tape can be prepared for
transmission to the computer at a later
time.
If the terminal is in the vicinity of
a computer it can be connected directly
to the computer via multiple wires—this
is termed hard wired. On the other
hand, it is possible to use the telephone
to "converse" with a computer on the
other end of town, or even the country.
The terminal is connected to a device
called a modem, an acronym for Modulator-Demodulator. Some modems can
be hard wired directly to the telephone
line; others can be acoustically coupled
by simply placing the telephone's handset into a built-in receptacle. The
modem takes the signal from the keyboard and converts it into audio tones
which are fed to the computer through
the telephone line. At the receiving end,
a different type of modem converts the
audio tones back to an electrical signal
for the computer. Each modem is a
two-way device. The modem at the
computer takes the computer's output
electrical signal and converts it into
audio tones for transmission to the terminal. At the terminal the modem converts the audio tones back into electrical
signals needed to drive (produce) the
display. To avoid a mix-up on the
telephone line the audio tones from the
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All time-share and most of the
larger personal computers use an
electrical
character code termed
ASCII, short for American Standard
for Communications Interchange of
Information, and pronounced "askey."
The 8-level ASCII code presently in
use was designed for teletype so the
associated terminology refers to TTY
operation even if the entire communications system is electronic with a
CRT for the display.
The TTY terminology in turn goes
back to the days of the telegraph
when one or a series of magnetic
sounders was connected in a battery
powered loop through the telegraph
keys. Since everything was in series,
the normal off condition was for current to flow in the loop and this condition was called mark. When the
key was open to send a character
the current loop was broken, the
sounders made a "click" and the
open current loop condition was
called space. We still use the terms
mark and space today. When a computer's TTY is connected to its associated equipment and it is not
receiving a character signal it is fed
20 mA of current for the printer—the
mark condition. To send characters
the current is interrupted—the space
condition. (You might have to read
this over a few times to get the sense
because it appears to be the opposite of what's needed. As we'll show,
in electronic systems we invert the
signal so mark is generally zero current or voltage and space is some
amount of current or voltage.)

On to the next confusion. The 8level ASCII character code really
uses only seven bits to transmit the
character; the eighth bit is for something termed parity, and even here
we don't stop because there must be
signals to synchronize the sending
and receiving equipment. After all,
something has to tell the printer that
the electrical pulses to follow are a
character and not line noises. So we
add a start bit in front of the character. Now we must turn off the printer
so it doesn't generate "garbage"
sensing line noises as character bits.
For this we follow the parity, or
eighth bit, with two stop bits. Now
we have a total of 11-bits making up
the 8-level ASCII TTY character, as
shown in our earlier diagram.
Note that each bit is 9.09 msec
wide, making a total character length
of 100 msec. The start bit turns on
the printer, the first seven bits represent the character—either letter,
numeral, control function, etc.—and
the stop bits insure the printer stops
and resets for the next character.
The parity, or eighth bit, is used to
"test" the transmission when there is
the possibility noise can obliterate,
or add, a bit. The keyboard can be
programmed so the parity bit is
added to provide odd or even parity;
that is, the total number of character
bits from one to eight is even or odd.
Assume the
keyboard
is programmed for even parity and the letter Q is transmitted. The letter Q uses
three bits—Numbers 1, 5 and 7. Three
is an odd number so the eighth bit
is automatically added, making the
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total number of bits transmittted four,
an even number. At the receiving end
only the first seven bits are processed, giving the character Q. A
parity detector, however, counts all
the bits; if it's not an even result the
printer might indicate an incorrect
character has been received, or the
parity detector might light a lamp or
sound a bell to indicate something is
wrong with the transmission. If the
character originally had an even number of bits, such as the letter V which
uses bits Numbers 2, 3, 5 and 7, the
eighth parity bit is not added since
the transmission has an even number of bits for the character, and the
parity detector "sees" an even count.
Both the keyboard and parity detector can be programmed for even or
odd parity. Where there is a direct
connection to the computer, or a
circuit with little likelihood of noise,
the parity detector is usually disabled
or simply not used.
Though aTTY requires a bit length
of 9.09 msec. the resultant 110 words
per minute printer speed is too slow
for most users. 300 WPM is the standard for electronic terminals used by
time-share (with echo) and personal
computers. We get the higher speed
by simply reducing the time of each
bit to 3.3 msec., and by eliminating
the second stop bit.
The actual TTY transmission of the
N.o. 8 is shown in the topmost figure.
Note that the reference is mark, and
the transmitted bits are start, 4-5-6,
stop-stop. The middle figure shows the
electrical equivalent as would be
transmitted by an electronic keyboard
using the EIA's RS-232 standard. Note
that mark is now "0" (zero) and the
waveform appears as a conventional

1-InitRY CrIMPEITER

BIT
5

HANDBOOK 1979

PARITY
BIT 8

STOP
BIT

MS.

MS.

STOP
BIT

terminal are at a different frequency
than those from the computer.
The basic input/output device for
both time-share and most personal
computer systems is the model 33 teletype, and the terminology for the model
33 has become, more or less, the accepted terminology for all I/Os. A
model 33 printer (no keyboard) is
called an RO for Read Only. CRT
displays, or any other type of printer
without an associated keyboard are
usually termed ROs.
A model 33 teletype which consists
of a printer , and keyboard is termed a
KSR for Keyboard Send and Receive.
Any other type of TTY or CRT terminals with a keyboard and display is
termed a KSR.
Then there is ASR for Automatic
Send and Receive. This is a model 33
TTY with an attached paper tape punch
and a reader to read back the paper
tape. The tape can be punched either
from the keyboard in the local operating mode, or by the computer via the
echo. The punch is mechanically at
tached to the printer so whatever the
printer receives (with some exceptions
programmed through a "stunt box")
gets punched out on the tape. The
reader feeds out as does the keyboard.
If the tape is played (or read) by the
reader, the output from the TTY is
just as if it was sent from the keyboard. Both the punch and reader can
be controlled from the computer by
special signals, hence, this type of TTY
is termed Automatic Send and Receive,
or ASR Any similar terminal device is
known as an ASR.
Though the model 33 TTY, and its
designations such as RO and KRS, is
the common standard of reference for
most hobby and time-share computer
systems there are other keyboard-printer
devices that provide similar functions.
Other straight TTY equipments are
available as ASR and KSR equivalents
of the model 33; and there are special
line printers that print an entire line
of copy at high speed, in contrast to
the 'TTY's one-letter-at-a-time printout.
Smart and Dumb. Another variation
is the "dumb" CRT terminal. This is a
keyboard and CRT display made to
function exactly as a KSR 'TTY.
Though all-electronic, it puts out exactly
the same type of signal as a TTY and
responds to the same input signal, printing one letter at a time at TTY speed
on the CRT. A slightly different version
of the KSR electronic TTY puts out
something called an RS-232 signal, an
industry-wide TTL (transistor-transistor
logic) compatible signal used for direct
connection to computers and some modems; but it's still a "dumb" termi nal.

1

waveform with the bits positive-going.
(Yes, RS-232 provides for a negativegoing waveform resembling the TTY
waveform shown in the topmost figure). Note that the RS-232 character
shown is 300 baud so the second
stop bit is eliminated.
In both the top and middle figures
bit number 1 is not used so the start
bit stands alone. The bottom figure
shows what occurs when bit 1 is
part of the character. The letter
"U" has alternating bits starting
at bit 1, so bit 1 combines with
the start bit to form a "pulse" double the reference bit length of 3.3
msec. The receiving device senses
the leading edge of the start bit,
times out for 3.3 msec. and since it
"sees" a signal at the start of the
next 3.3 msec. interval it "counts"
bit 1. It is through the timing that the
receiver counts bits. For example,
in the top figure bits 4, 5 and 6 run
together and "appear" as part of a
square waveform. In actual fact the
TTY doesn't recognize a square
wave; its timing mechanism simply
counts three contiguous bits followed
by a space.
In both TTY, modem, and most
personal computer use each ASCII
character is transmitted serially,
meaning one bit follows the other.
There are special circuits, however,
that require a parallel transmission,
that is, all bits are transmitted
through at least seven wires at the
same time (eight wires if parity is
used). This is generally done electronically with each bit represented
by a high (logic 1).
The subject of the ASCII code and
its transmission is rather extensive.
We have featured the general highlights you'll need to know as you get
started in using computers. A more
complete explanation geared for
hobbyist use can be found in the
Sam's publication TV Typewriter
Cookbook by Don Lancaster. If possibe, avoid the TTY service manuals
and handbooks; you need a whole
set to find out what's going on and
the Cookbook is faster and more
easily understood.
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PHONE THE FUTURE
What's a "smart" terminal? An electronic terminal with a built in minicomputer. A smart terminal allows the
user to type a full page into storage,
examine the page for errors, make corrections, and then transmit the signal.
In some smart terminals additional information can be typed into storage as
the previously entered information is
sent out. On the receiving end, a smart
terminal can often store leveral pages
of transmission, allowing the user to
electronically roll back to previous
pages. (A full screen is usually a
page.) Some smart terminals are actually full computers with built in KSR
and can store thousands of words, but
this is esoteric equipment. The typical
hobbyist and time-share user is more
likely to use an inexpensive, dumb KSR
electronic terminal such as the highly
rated Micro-Term ACT-1, which has
300 baud (we'll explain baud later)
RS-232 output that can be fed directly
to a hobby computer or into a modem
such as the Omnitech 701A (the industry "work horse" available used for
about $150) that has both a TTY and
RS-232 connection.
For those who need both a direct
RS-232 output and a modem, but who
don't want the modem as an extra
piece of gear with its required wiring
there is the ACT-2 terminal shown in
the photographs. The one shown is a
prototype sent to our laboratory for
extensive testing and evaluation. It is
essentially the ACT-1 with a built-in
modem.
Baud. Whether you go into personal
or timeshare computer systems you're
going to hear and read much about

Here it is—the standard of reference for
many time-share and personal computer
installations. This model 33 teletype is
used whenever hard copy, awritten
record, is required. The model pictured is
an ASR—Automatic Send and Receive.
Visible to the left is the paper tape punch
and reader.

28

FULL

DUPLEX

RECORDER
OR
PUNCH

DISPLAY (CRT
OR PRINTER)

ECHO

COMPUTER

READER

KEYBOARD

HALF

INPUT

DUPLEX

ECHO
DISPLAY

KS

ECHO
OUTPUT

MULTIPLEXER

KEYBOARD

COMPUTER

INPUT

READER

something termed baud or baud rate.
Very simply, baud is expertese for something we used to term pulse width, or
time; it's sort of like when the experts
decided to upgrade electronics by deciding we must all call cycle-per-second
hertz.
In order for electronic systems to
communicate there must be some form
of synchronization; each character or
command must be transmitted and received in a specific time interval. If a
printer was programmed to receive a
character in say,
100 milliseconds
(msec.), and it received one and a half
characters in 100 msec., obviously it
would be confused and display incorrect information, just 'as it would if it
received only half the character information in 100 msec.
As you might have guessed, we
achieve synchronization by transmitting
any character in aspecific time interval.
If you refer to the illustration of an
ASCII TTY signal you'll note it consists of 11 bits—the start bit, 7 character
bits, parity, and two stop bits—with
each bit being precisely 9.09 msec. in

For computer use aterminal—whether TTY
or electronic with CRT—is generally
arranged in the full-duplex mode,
meaning the keyboard and display are
independent of each other. In some
instances the keyboard will have an
associated reader that can provide output
from apunched tape (or other player),
while the display has an associated
recorder, or apunch for paper tape. If
there is an associated reader and punch
the complete terminal is an ASR (Automatic
Send and Receive).
The keyboard sends the characters to
the computer which in turn sends back an
instantaneous echo to the printer/display.
It appears to the user that he is typing
directly to the display though there is, in
fact, no direct connection between the
keyboard and display.

In the half-duplex mode aform of
multiplex device somewhere in the
overall system—it can be asimple wire
from the keyboard—sends the keyboard
signal to the display even if the computer's echo is turned off. If the echo is
left on the display will show each
character twice, once from the direct
connection from the keyboard followed
by the echo. Half-duplex is generally used
when the terminal operates at baud rates
too fast for the printer to follow the
echo, or too fast for the computer to
handle the incoming character plus the
echo. In time-share and hobby personal
computer systems the echo is usually
turned off at baud rates higher than 300.

width for a total of 100 msec. Now
baud, or baud rate is very simply the
reciprocal of the pulse width of each
bit. Since the pulse width of each
ASCII TTY bit is 9.09 msec the baud
rate is 1/.00909, or 110. That's all
there is to it. We could just as easily

Nothing could be simpler than using the
ACT-2's coupler. Just place the telephone
handset in its niche and have full access to
such systems as Call Data which
accommodate virtually all programming
languages. Call Data, for instance, can do
such things as feed back across assembler
for your personal computer, or provide
access to the Dartmouth University
program library.
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have called it the "Irving rate," the
"Gloria rate," or the "9.09 rate." We
call it baud rate, and a 110 baud rate
is always 8-level TTY speed.
Trouble is, the TTY is capable of
printing a maximum of 100 words per

When aterminal is switched to the local
mode the keyboard is connected directly
to the display via aloop, and the
computer is disconnected. In this way the
keyboard entries are fed directly to the
printer and tape punch of an ASR TTY, and
tapes can be prepared for feed to the
computer at alater time. It also permits
characters such as control functions to be
added to apunched tape that has been
previously made from afeed by the
computer using the full or half duplex
modes. (In half-duplex the computer can
feed the display if the keyboard is not in
use. This is usually accomplished by
sending special control signals to the
computer.) In electronic terminal systems
with CRT display the recorder might well
be adigital tape recorder rather than a
TTY-type tape punch.

A terminal can be connected to acomputer through voice-grade telephone
circuits using adevice termed amodem,
an acronym for modulator-demodulator.
The modem converts the terminal's
electrical pulses to tones in the
approximate 1000 to 2000 Hz range. When
the tones are received by the computer's
modem they are converted back to
electrical signals. Each modem is atwoway device: the computer's modem
converts the computer's signal to audio
tones and feeds it to the terminal's
modem where it is converted back to an
electrical signal for the printer or display.
To avoid confusion between the terminal
and computer the tones from the terminal
are completely different from the tones
generated by the computer's modem.

minute typing rate, which is fine for
someone typing away, but slow when
getting information back from a computer.
Though there are printers capable of
displaying more than 100 words per

This actual prototype of an ACT-2 uses an older ACT-1 (hence the label) with a
built-in modem for interfacing to the telephone lines. The video output feeds a
TV monitor (CRT) and the two pieces make up acomplete terminal. Inputs and
outputs are RS-232 and when phone plugs are inserted the modem is automatically
disconnected. A switch for full duplex or half duplex is located directly under the
phone jacks. Using the modem is just amatter of pulling the plugs and then
placing the handset in the coupler.
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Here we have both the accepted standard
of the industry and apromising newcomer. The modem on the left is the
Omnitec 701A and originally cost more
than $400. It handles both TTY and RS-232
inputs and can be directly connected (hard
wired) to the phone line; it also provides
half and full duplex switching. Used ones
can be had for about $150. On its right is the
new Omnitec 501A—specifically made for
the model 33 TTY. It is available fully
assembled for $150, and as asemi-kit for
$100—all PC board wiring complete, it just
needs to be placed in its cabinet. It too
provides both half and full duplex. Avoid
hobby-type modems which do not have a
duplex switching option directly available
on the front or rear.
minute they cannot print faster than the
information is transmitted, and the limitation remains the speed at which the
ASCII characters are transmitted. But,
the ASCII format applies to the sequence of the eight bits making up the
character and parity (a self-checking
feature). If each bit were shortened
each character would take less time to
transmit, and that's exactly what is
done. By general convention, for most
personal and time-share high speed
terminals the character bit rate is shortened from 9.09 msec to 3.3 msec.,
Almost three times as much information
may be transmitted within a given time
interyal as compared to a 110 baud
TTY. If we find the reciprocal of 3.3
msec. (1/.0033) we get an answer of
300, meaning a 300 baud rate. You will
find most hobby CRT terminals such as
the ACT-1 and ACT-2 to be 300 baud.
The fact that 110 baud means 100
words per minute and 300 baud means
300 words per minute doesn't mean
there is a direct relationship between
baud rate and words per minute. The
close relationship is purely accidental.
(If you get out the calculator and start
multiplying you'll probably claim a 300
baud rate should produce less than 300
words per minute. The "error" comes
in because the TTY signal ha:, two stop
bits which take up a total of 18.18
msec. The complete TTY signal is 11
bits; start, 8 characters with parity, 2
stops. The 300 baud system has only
one stop bit—ten bits total for the
chgracter—so the stop is 3.3 msec,
(Continued on page 118)
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THE MICROPROCESSOR
WORLD by

_
z„„i'.:77/

Roy Adams

On wheels, or in the kitchen,
microprocessors are here to stay

11 Our world has already changed because of microcomputers, and it will
change much more. In ten to fifteen
years, your home will likely have many
microprocessors in it. They will be in
your kitchen, garage, basement, living
room, gameroom, and bedroom. Many
people will be using microcomputers
without knowing it. Others will be expanding their thinking processes as they
pit themselves against complex but fascinating learning machines. Math, science, even history and art will be programmed into shoebox sized computers
that you can buy or that you can borrow from a library or school.
We are talking about a subject as
broad as your imagination—the applications of microcomputers. Let's face it,
your goal and that of every electronics
outfit in this busineSs, is to first understand some principles of microcomputers and then to figure out what to
do with them. You may be a hobbyist
who is simply curious and trying to ex.

pand his horizons. But, you may be
more than that. You may want to start
your own business to make and market
a product of your own invention. The
time has come to understand what is
being done with microcomputers, what
some companies are thinking about
doing, and to pipedream a bit about
how we can improve our world with
some futuristic inventions.
The area of microprocessor applications is extremely broad, and in this
article we can only begin to cover it.
In fact, we'll confine ourselves to
microcomputers
in business, transportation systems, and the home. But
the home applications will only be
touched on, because it's so broad.
After all, home uses include games,
and we all know how many games for
microcompressors and TV sets there
are around.
Computers in the Office. The use
of computers in business can be
broken up conveniently enough into two

This PC board assembly is Chrysler's next generation of electronic fuel control, which will
serve as an alternative to its present lean-burn system. The four dual-in-line packages on
the lower left of the PC board contain the heart of the system, (left to right) the CDP
1833 ROM, the CDP 1824 RAM, acustom-made CPU and acustom input/output port.
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broad areas of inventory and control.
Inventory here means keeping track of
something. It can be the recordkeeping
of a doctor's office or of an accountant
for billing purposes, or it can be keeping track of what items are in stock.
Let's take a look at some actual cases.
There is, of course, the one most of
you have seen by now in some of the
grocery stores. A light pen reads the
international strip code from a label,
enters the code into the cashier's terminal which passes it onto the central
computer in the back room. For each
label code, the computer memory knows
the price of the item, how many are in
stock, and where to place an order for
more. When stock of an item gets too
low, the computer writes an order for
more. We have here acentral computer
controlling small microcomputers in the
cashiers' terminals. Commands flow
back and forth to control the light pen,
give pricing, tax computation, et cetera.
Then there is your local hamburger
heaven. Have you noticed the key pad
on a Burger King cashier's terminal?
Only a microcomputer can provide the
kind of flexibility you see there. You
say hamburger, for example, and the
order taker presses a touch-type key
with a picture of a hamburger on it.
The price is built into the computer
memory. To change prices the store
manager calls in the terminal experts to
do a simple software change. Hardware
does not have to be discarded. After
you have placed your large order, this
computer provides a listing that is easy
for the cooks to follow—how many
shakes, how many hot dogs, et cetera.
Now let's think of how we can improve
on this smart terminal. What would you
do? Well, the first thing to notice is
that the terminal operators have to call
the order to the kitchen. We know
from all the TV and magazine articles
that video screens are ablooming output
medium. It seems archaic to go from a
computer to a person to a microphone
to the kitchen. The kitchen should perhaps have a video display that shows
the hamburger person how many burgers he has on order of various types
(small, large, no pickle, etc.). As the
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outgoing tray is filled, the computer
would subtract the items from computer
memory card from the screen. Inventory ability could be added by connecting the terminals to a central inventory
control computer that ordered food as
necessary via a data link to the warehouse computer. Eventually, you could
build an entirely automated entry.
Drive in, push the key for the food you
want, the kitchen would be composed
of conveyor belts and ovens—out comes
your food.
That is a bit astray from pure inventory control, but that kind of leapfrogging is exactly what is making small
computer businesses take off to big
things today. Inventory control is very
much in demand, and every case has to
be nearly custom tailored to the client.
Through software control, that customizing is no problem. If you want to
imagine how you could get started with
an inventory control system, simply
imagine getting a small computer that
takes BASIC instructions (BASIC is
the most popular of the home computer languages) via a typewriter keyboard, and next imagine programming
a small and simple inventory system to
keep track of shoes in a store. You are
on your way.
... And In The Factory. Computer
control in industry is presently widespread, but the potential is really unlimited. The needs are great, and the
microcomputers available today literally sit waiting for someone to apply
their power to the jobs. Take, for example, the computer-automated control
of metal parts. Machines that stamp or
bend metal parts are becoming nearly
commonplace in industry. The operator

MICRO PROCESSOR USES IN AUTOS
Fuel Economy and
Emission Control
•Firing of plugs
•Air/fuel ratio
•Rate of deceleration
•Speed control for
highest m.p.g.
•Automatic adjustment
for weather conditions

Driving Aids
•All electronic instrument panel
•Radar with speed
control
•Computer navigation
following road beacons
•Computation of best
rest stops, expected
arrival time, type fuel
to use for trip, best tire
pressure for load, etc.

Microprocessors can be especially useful in aiding operators of complex equipment,
such as the family car. The auto industry hopes to perfect all the above uses of microprocessors in the coming years. "Dumb" cars will be in museums instead of on freeways!
loads a hopper with pipes or other
metal pieces, presses the button and the
computer controls the machine. Out
come car ash trays, hingles, you-nameit. If a new hinge design is to be fabricated, the computer program is simply
updated with new holes to drill and
bends to make.
The ideas here are not new, and in
many cases only the surface is being
scratched. Microcomputers of the futur will be tied together in an industrial
plant. The ordering of raw material to
meet schedules on new orders, the actual fabrications, and the shipping and
billing would all be computer controlled. And remember, you need not
sit by and watch. There is a big market
out there and learning about microcomputer operations as a hobby at home
will give you a big foot in the door.
The
Millers Ferry
Hydroelectric
Plant in Alabama is controlled by an
Interdata 70 that communicates with
three IMP microprocessor boards to
control water flow and generators at

A lean-burn computer
keeps the air/fuel
mixture at 18:1
under all driving conditions in order to
keep pollution levels
low. A new computer
system must be devised by 1981—when
Congress will cut allowable nitrous oxide
levels by fifty percent.
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Safety
•Computer warning of weak
spots like tires, battery,
brakes, radar, etc.
•Anti-skid braking
•Anti-theft computer
combination locks
•Air-bag control

Jones Bluff Dam that is many miles
away. The system is estimated to save
tens of thousands of dollars by increasing efficiency of the power plant—so the
computers will pay for themselves. Control of open hearth furnace feeding and
temperatures, monitor and control of
electric power to giant aluminum smelting pots, monitoring of the quantity of
ingredients that go into anything from
cake mixes to tire rubber—all of these
use microcomputers today. The computer acts as a kind of central brain
that may have several smaller microprocessors feeding it, which in turn
have sensors telling them what is happening. So sensor technology is an area
that is absolutely booming as computers
push the need for new and cheaper devices. Sensors can smell (such as smoke
detectors), feel (like strain gauges),
hear (special frequency response transducers), and see (like infra red sensors). Still, there is the need for more.
The more intelligence that can be built
into the sensors, the less time the central computer has to spend interpreting,
In Your Car, Too! Transportation is
an area much in need of micro-processors—and the future will show a fantastic set of changes in this area. The
Chrysler Lean-Burn system is one of
the popular examples of how people
can have a computer in their garage
without knowing it. The concept there
is to control the spark firing so as to
always have the air/fuel ratio equal
to 18 to 1. While maximum fuel economy is achieved at aratio of about 16.5
to 1, a ratio of 18 to 1 leads to minimum levels of carbon monoxide and
unburned hydrocarbons. In 1981, nitrous emissions will be tightened from
2 grams per mile to only 1 gram per
mile. Several manufacturers plan to use
a new type catalytic converter to absorb the bad exhaust, but for that new
converter to work well, and for fuel
economy to be kept as high as possible,
a more elaborate computer control system is being developed.
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OU'VE JUST SPENT acouple of hours
loading your personal computer
with a long, complex program such
as Lunar Lander, Wumpus, or Hammurabi, or maybe aschool project; you
have spent perhaps another hour debugging the program to get the so-called
"universal BASIC" into your computer.
Your fingers are sore from typing on
the terminal, and all that effort can be
wiped out by a sudden powerline interruption. Similarly, if you turn the power off after a computer session, the
program is cleared and that requires
another long session of typing and debugging the next time you need to run
the program.
The plain truth is, after you've typed
out asmall twenty line program for the
fourth time you have probably had it
up .to here with personal computers.
Imagine what it's like reloading a hundred, two hundred, or 500-plus step
program!
Fact is, anyone who wánts to use a
personal computer for more than a toy
must have some means of recording
and reloading programs. The problem
with recording, however, is that the
marketplace is jam-packed with personal computer recording equipment.
Few of these are compatible with each
other, or different hobby computers.
The prices for the hobby-quality recorders range from budget to astronomical, with price not necessarily reflecting either reliability or ease of use.
Since your selection of personal cornput& recording equipment can make or
break your bank account, as well as•
your interest in hobby computers, we're
going to describe a few of the moderately priced equipment that provide
agood balance between price, performance, and, most important, convenience.
Keep in mind we will be covering only
hobby-grade personal computing accessories. Please don't write in that we
overlooked an IBM Selectric terminal
with computer interface, or surplus
magnetic tape or disc devices from a
discarded commercial system. We will
be talking only about equipment specifically made for what is essentially
the entry-level to hobby or personal
computing.
A warning before we get started:
Take notice that virtually all of the
personal computing recording equipment we've used have come with instructions setting a new low for clarity.
They barely suffice for getting power
into the equipment; they are worse
than useless if you run into problems,
so be certain you can get assistance
from someone who knows or has used
the equipment you're planning to pur-
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chase. If you're a college level technology student or a flaming technical
genius you can probably go it alone.
(Don't forget, when it comes to computers proper grammar is not a substitute for the ability to express an idea,
or instruction clearly. Do not be fooled by slick, well edited instructions:
they are probably beyond intelligent
comprehension. Get some skilled backup before you tackle a recording system.)
Paper Tape. The basic recording medium is paper tape, the type with up to
eight holes representing each character
and parity—called 8-level ASCII (a
designation which has been commonly
agreed on). It can be punched and read
under computer control by an ASR
33 teletype or similar equipment being
used as acomputer terminal. The chief
advantage of paper tape is that, unlike
magnetic storage systems which are
subject to accidental erasure by strong
magnetic fields, paper tape is virtually
destruction-proof. Short of setting fire
to the tape, the recording will last for
years and years. Should the tape be
damaged it can be easily repaired by a
Mylar patch similar to a movie film
splice, which is applied by an editing/

splicing device also similar to a movie
film editor.
You can even use the editor/splicer
to remove sections of the recorded programs, or splice in new additions.
Many of the personal computer BASIC interpreters (compilers) are available on TTY paper tape, as are coresident assembler/editors and some
game programs. Naturally, it might not
be worth several hundred dollars for a
tape reader you might only use a few
times, so you can consider a manual
tape reader that sells for less than $80.
You simply pull the tape through the
reader by hand, or jury-rig some form
of winder. (Check your local computer
store for an Oliver tape reader.)
If you're thinking of swapping programs with friends or using them on a
school or time-share computer system,
paper tape is the easiest way to get a
reliable, essentially universal format.

Kansas City
Computing
The punch/reader of
an ASR-type teletypewriter is one of the
more common systems.
It's very easy to use;
just push a button to
transmit a signal from
the computer and it
will punch or read a
tape or do both.
CIRCLE 1 ON READER
SERVICE COUPON
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Damage a paper tape? Or, do you want to
splice two program parts together? Never
fear, it's as easy as splicing film.

Need paper tape equipment without a
TTY? The H-10 from Heathkit is an economical punch/reader. The punched tape
comes out one of the front panel slots.
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To make tapes you'll need a punch.
A combination punch and reader used
to run many hundreds of dollars; now
you can build one yourself for a moderate price. The Heathkit H10, priced
at $350 in kit from, can be easily adapted to most personal computers having
a standard parallel I/O port.
Though the H10 is somewhat more
inconvenient to load and operate than
some other punch/read devices, it has
several advantages for the hobbyist.
Firstly, there's reader speed. Paper tape
is punched at the standard rate of 10
characters per second, which represents
a theoretical maximum of 110 wpm
(words per minute) at the TTY standard 9.09 mSec character rate. Now this
might look fast on paper, but when
being read into a computer it's a crawl;
some 8K BASIC programs take as long
as 18 minutes to load at 110 wpm. But
the Heathkit reader operates at five

times the punch speed, and the tape is
read in 20% of the normal time. The
same tape that would take 18 minutes
to read at 110 wpm takes only 3.6
minutes with the H10 reader.
The H10 will also directly copy a
paper tape, and it's punch and reader
can operate independently under computer control if needed.
In combination punch/readers the
H10 is about the best buy, even though
it can be a little troublesome to load,
or reload if you want to pick up from
a stop.
Kansas City. Though paper tape is
essentially indestructible, under normal
handling it is prone to spill, leaving
yards and yards of curling, twisting
ribbon on the floor. Besides, until the
Heathkit H10 came along, hobbyists
had to put up with a slow read of 110
wpm, or an ASR TTY terminal. At a
computer fair in Kansas City several

years ago, Byte magazine proposed a
tape recording system operating at 300
baud (about three times ITY paper
tape speed) using audio tones of 1200
and 2400 Hz on standard Philips cassettes. The system came to be known as
the "Kansas City" standard. It's primary advantage is that an ordinary, inexpensive cassette recorder can be used
to record the audio tones which result
from conversion of the computer's digital data.
Unfortunately, the originators were
"digital designers", and there probably
wasn't an audio engineer in the room.
No self-respecting audio engineer would
ever use two harmonically related frequencies for information storage. How
the Kansas City proponents ever got
tangled with what we will show is the
weakness of harmonic relationships
we'll never know, because the telephone Touch-Tone frequencies, which

Keep your computer loaded with these
up-to-the-minute techniques.
by Herb Friedman
It couldn't be easier
to
install
Personal
Computing's
Model
33. Line up the pins,
and just press down!
This Kansas City interface also includes a
big plus—a level adjust indicator to reduce some of the
overload problems.
CIRCLE 73 ON READER
44 SERVICE COUPON

CIRCLE 67 ON READER

Magnetic recording is the speediest method
of mass data storage. Many hobbyists use
either Philips-type cassettes or the minifloppy disc, known as a diskette. Specially
tested and certified cassettes such as the
Maxell on the right cost more than usual
audio cassettes but are needed for high
computer speeds. The diskette on the left
is permanently housed in a protective
sleeve. The entire unit, sleeve and all, is
placed into the disc drive system.

kb

SERVICE COUPON

The AC-30 is only
available in kit form.
But, the board is large
and there's a lot of
room for assembly. It
goes together.

You don't need a special interface for the
CC8 "Computer Aid" recorder.
.4
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CIRCLE 68 ON
READER SERVICE COUPON
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Kansas City
are non-harmonic, have been around
for many years, and just about everyone
but the Kansas City designers use
Touch-Tone frequencies for encoding,
signaling, etc.

Personal Computing's
Model 33 Kansas City
interface for the SWTP
6800
computers
is
supplied
factory-assembled. It plugs directly into the computer's motherboard.

To use Kansas City you need an interface such as the SWTP AC-30,
which also -uses computer signals to
control up to two associated recorders.
We spent four weeks trying to "repair"
a working AC-30. The problem was
that the distortion in the tape recorder
was providing sufficient harmonic energy from the 1200 Hz signal to interfere at 2400 Hz. It is somewhat tricky
to get the recorder's output level and
tone control properly set for reading.
It is one hell of a job to get the record
level correct with some small recorders;
too much signal and the distortion confuses the read of the tape. Too little
level and the inherent tape/electronic
noise confuses the read of the tape.

National
Multiplex's
CC8 digital data recorder may resemble
an ordinary cassette
recorder, but inside
it's another story. It
can reliably record up
to 1200 baud with any
good, audio cassette
and up to 4600 baud
with a high-quality,
data cassette.

For those with SWTP 6800 computers there is a small Kansas City
interface that plugs right into the computer—taking up an I/O port simply for
power—that provides for easy level adjustments. This device, the Personal
Computing Company's model 33, is the
easiest-to-use Kansas City interface we
have yet to see. It becomes part of the
computer, doesn't require a separate
power cord, is easy to set up because
of an L.E.D. level indicator, and best of
all, the PCC Model 33 is sold corn-

Where to Find More Info
Info on the products shown in this
article is available from: H10 paper
tape punch/reader from Heathkit, Benton Harbor, MI 49022; AC-30 cassette
interface from Southwest Technical
Products, Inc., 219 W. Rhapsody, San
Antonio, TX 78216; PCC Model 33 cassette interface from Personal Computing Company, 3321 Towerwood
Drive, Dallas, TX 75234. CC8 Cassette
Data Recorder from National Multiplex,
Corp., 3474 Rand Ave., South Plainfield, NJ 07080; BFD-68 Floppy Disc
System from Smoke Signal Broadcasting, Box 2017, Hollywood, CA 90028.

Smoke Signal's mini-floppy disc system can be connected to a SWTP 6800 computer
just by plugging one board into the computer's motherboard. There are no adjustments. For more information about this product circle number 67.
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The AC-30 from SWTP is a cassettte interface using the Kansas City system which
is capable of controlling two audio recorders. Output is self-clocking, and this interface works with RS-232 systems.
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Share the Heathkit experience with your kids!
Send for the big new

IllEATHKIT
CATALOG

You'll find nearly 400 fun-filled kit
building experiences both you and
your family can enjoy. There's ham
gear, color TV's, stereo components,
digital clocks, test instruments, treasure finders, computers, peripherals,
and MORE—all with easy, step-by-step
instruction manuals. Share the Heath
experience—it'll make your whole relationship...a lot more special!

It's FUN to build-in more
quality for your electronics
dollars! Send for your

EE

HEATHKIT CATALOG
.nire

Send me my personal copy of the newest
Heathkit Catalog. I am not currently on
your mailing list.
Heath Company, Dept. 380-480, Benton Harbor, MI 49022

NAME
ADDRESS
CITY
STATE
'79 Hobby Computer Handbook

ZIP

Start a worthwhile family hobby today!
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PLACE
STAMP HERE
Post Office
will not
deliver mail
without
postage

HEATH COMPANY
Benton Harbor, MI 49022
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Heathkit® Personal Computers
are System Designed"Read about them in the

......

NEW

FRE

HEATHKIT CATALOG
Complete descriptions of the best in
personal computers-now available in
kit and assembled versions
In the world of personal computing, compatibility of design and
operation is an important consideration. The computer hobbyist
or small business user of today doesn't have time to iron out
hardware and software problems that can arise from a "shotgun" approach to system design.
Heathkit Personal Computer Systems are just that-systems.
They were designed around each other for total complementary
performance. Expansion within the computer itself and with our
peripheral devices is always atrouble-free transition.
You can start with our low-cost
8-bit H8 Computer and just 4K
of memory as an introduction to
computing. Its easy to use octal
data entry and 9-digit octal readout make learning asimple matter. As your abilities grow, so can
WH27
your computer. Add more memController
ory and one or more peripherals
like the H9 Video Terminal with its ASCII keyboard for convenient
entry and display of your programs. And you can store your
programs in one of three ways too! Choose our new WH17
Floppy Disk System (single and dual drives available) for the
ultimate storage mode. Its expanded 40-track hard sectored
diskette has 102K Bytes of available storage so you can store
hundreds of programs on one disk. If paper tape storage is your
preference, choose our H1 0 Paper Tape Reader/Punch. For the
most in economy, we offer acassette player/recorder too. The H8
is indeed a complete system.
The ultimate personal computer is our 16-bit H11. Very few
people will ever need more computing power than our H11 has to
offer. Based on the world-famous DEC* PDP-11/03, it has
enough capability for virtually any program-small business or
hobby. The H11 offers unequalled software, too, so the number of
useful applications is virtually unlimited. The H11 will soon have
Heath Co., Dept. 380-480, Benton Harbor, MI 49022

its own Floppy Disk System, the WH27. And what afloppy it is!
Fully-compatible with the DEC RX01 , floppy for the PDP-11/03,
the WH27 lets you take advantage of all existing PDP-11/03
software in addition to those you develop on your own. Dual
drives give you 512K Bytes of program and data storage. The
WH27's Z80 microprocessor-based controller permits a head
motion of only 6mS (versus DEC's 10 mS) for data access times
that are considerably faster. Other features include built-in self
test on power-up; mechanical interlock to prevent disk damage;
write protect function that precludes written-over disks; complete
HT11 disk operating system software that includes extended
BASIC with files and virtual arrays, utilities (with macro-assembler), text editor and more. An extended FORTRAN which supports the ANSI standard (1966 FORTRAN IV) will be optionally
available soon.
Read more about Heath system-designed computers and other
outstanding kits (nearly 400 in all) in the latest Heathkit Catalog.
It's FREE.
Specifications subject to change without notice.

Send for your FREE copy today!
Or bring this coupon to your nearby Heathkit Electronic
Center (Units of Schlumberger Products Corporation)
where Heathkit products are displayed, sold and
serviced.
HEATH

Schlumberger

Heath Company, Dept. 380-480
Benton Harbor, Michigan 49022

Please send me my FREE Heathkit Catalog.
Iam not on your mailing list.

Name
Address
City
CP-157

State
Zip
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Kansas Cit

pletely wired and tested.
National Multiplex. The name tells
you absolutely nothing about this firm's
products, which are essentially hobbyist
versions of commercial digital tape recorders. Their model CC8 digital cassette recorder is really an ordinary cassette recorder with all new electronics
that provides for NRZ (none return to
zero) data recording. There are no
audio tones to get distorted; the system
always works. The only audio is a
monitor tone(s) that lets you know a
signal is being fed into or out of the
recorder. It can operate virtually errorfree with a good quality audio cassette
tape such as TDK-AD, AUDEX, and
Maxell UD up to 1200 baud, and similarly error-free to 4600 baud with data
cassettes. In plain terms, 4600 baud
means you can load a program that
would take 18 minutes with paper tape
(at 110 baud) in only 26 seconds. Fact
is, we load an SWTP computer with 8K
type 2.0 basic in less than 20 seconds
using a CC8 recorder at 4600 baud. In
months of operation we have had only
one error when recording/reading programs.
The CC8 has an RS-232 or TTL
I/O—as selected by the user. It is best
used on computers with Motorola 6800
CPUs, such as the SWTP 6800 computer. Problem is, it cannot piggyback
the control port. You need some program that switches from the control
port to a recorder/reader port (we use
#3 port) and back to the control port
when loading BASIC. We use a Linzer
Loader program—a short program that
permits dumping any section of memory to the recorder, or reading of the
recorder's output, and then return to
the control port. The Linzer Loader
checks every bit for parity and indicates
a correct load on the control terminal.
If the load is defective it is indicated
by a special code and a readout of the
memory location where the failure took
place. If the location remains the same
on three successive attempts to load
you know you have a defective tape. If
the load fails at different locations you
know heat and/or humidity has affected the drive speed.
(Note:
The Linzer Loader for
SWTP 6800 computers available from
Harry Linzer, 12 Crafton Ct., Malverne,
NY 11565. It comes with a listing
for SWTP 8K type 2.0 BASIC in 12K
of memory and a n'Y tape with the
dump and loader programs. In combination with a CC8 recorder it permits
loading BASIC in less than 20 seconds.)
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The CC8 recorder is the fastest, most
reliable we have seen in personal computing cassette recorders. The only
problem we have run across is speed
drift during very hot and humid weather. At 4600 Baud the speed tolerance is
1%. National Multiplex supplies a
speed alignment tape but you'll need a
counter. Otherwise, use a Linzer Loader program, load BASIC, and slowly
change the setting of the speed adjustment so the loading failure occurs at
progressively higher memory locations.
Mass Storage and File Handling.
When you need to handle mass storage
and flies, the equipment to use is the
floppy disc. These floppy discs are a
rather expensive recording medium for
the hobbyist. A more practical, certainly less expensive disc system, is the socalled Mini-Floppy, or diskette, such as
the Smoke Signal Broadcasting BFD68 floppy disc system. Though intended
for computers with Motorola 6800
CPUs, similar systems are available for
the S-100 buss (8080 and Z-80 CPUs).
The Smoke Signal disc system is
available fully wired and adjusted with
one, two, or three floppy disc drives.
It uses the 5-inch mini-floppy (diskette)
shown in the photographs. Each diskette has upwards of 80,000 (80K) bytes
of storage (the exact amount depending on the particular drive system). The
primary advantage of the disc system
in addition to its mass storage and relatively rapid retrieval is the ability to
assign names to files, the renaming of
files, the transfer of computer memory
to disc and from disc to memory, and a
direct jump to the starting location of
any location loaded from disc to memory.
By using a disc system with at least
two drives, data can be easily and continuously updated. For example, assume you are the secretary of a bowling league. All previous information is
on disc storage, along with a program
for handling the bowling scores, averages, standings, handicaps, etc. The pro-

gram is loaded from disc to the computer's memory. It combines previous
file date on the league members with
input from their latest games and creates anew, updated file. You can either
save or erase previous files.
You can even transfer your BASIC
interpreter to disc. This way, you simply call for the disc operating system
to list the files on the tape, load the
file which contains BASIC, usually
named "BASIC", and in seconds rather
than minutes your computer is loaded.
(Fortran is now also available on disc
for some S-100 buss computers).
Some disc systems provide the BASIC—usually the 8K extended variety—
pre-recorded on disc along with a disc
operating system. The Smoke Signal
BFD-68 provides no BASIC, you dump
your favorite version of BASIC to the
disc.
To install a disc system you simply
plug the supplied board into your computer, connect the disc unit's line cord
to the nearest outlet and press the
power switch. Just slip a disc into the
drive, initialize the computer to the disc
system's address and you're up and
running.
Similar to audio and data cassettes, a
diskette (mini-floppy) can be protected
against accidental erasure. There is a
small notch in the diskette, which, when
covered by tape, prevents the drive being placed in the record mode.
Summing Up. We have illustrated
some of the most common and popular
computer storage equipment. Unquestionably you'll find other devices advertised for direct mail sale, or in your
local computer store. We will keep you
up to date on the equipment most
requested by our readers. If there is a
particular storage system — generally
available from coast to coast—that you
believe is suitable for the personal computing hobbyist just call it to our attention. If it appears to have general interest you can be certain it will be considered for a future article.
•
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Ohio Scientific's Challenger III comes
standard with the OS-65D disc operating

system. This is ideal for educational and
small business applications or home use.
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SWTP 6800
Computer
When the computer bug bytes,
this new unit is the right Rx.

CIRCLE 67 ON READER SERVICE COUPON
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It seems so easy. Just send for a
box of parts. Spend afew evenings putting everything together, and when
you're all done you have a real computer; a computer powerful enough to
equal many time-sharing systems owned
by some small school districts and colleges. The price? Less than that of a
decent—not great—high fidelity system.
Anywhere in the range of less than
$400 to under $1000.
Only problem is, a computer by itself can do absolutely nothing. It just
sits there on the table. Possibly, it might
have a row of switches, and lights that
wink and blink depending on the operation sequence of the switches, but for
the average electronic hobbyist it's useless. There must be some way to talk
to the computer, and for that we need a
terminal, an input/output device—or
I/O as it's more commonly termed.
Cheapest I/O is a CRT video display
terminal for about $400 in kit form,
$550 wired. Now we're up to at least

SWTP's table-top "black box" microprocessor computer and a terminal are all that's
needed for a personal computing system.
Simply press the white reset button on the
front panel and you can program directly
from the terminal—in this instance a
model ASR 33 TTY.
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$1000, but all we have is a system that
could be used only by someone with
considerable training in machine language, generally college level work.
Of course, most computer advertisements make it look easy: "Own your
personal computer. Play Star-Trek, TicTac-Toe, etc." If you believe a few
games are worth $1000 or more then
latch onto any personal computer kit.
But, if you want to be able to use a
computer for serious work without a
degree in computer science, then you
need one easily and inexpensively
programmed in a "higher language."
BASIC is such a program. A BASICequipped computer and terminal reads
out READY when it wants you to
enter information. BASIC allows even
children to build simple programs such
as A + B = C. It allows the electronic
hobbyist to program for reactive inductance—XL=6.28(f) (L),
and
then
runs a hundred or so values of f or L
in a minute. In fact, BASIC is the
beginner's language, the one you see
people using that asks: "What is your
name?" The language that talks to the
user.
Surveying the marketplace for computer kits is no easy task, and we
took a great deal of effort in doing so. We were looking for an
easy to assemble computer system
suitable for the typical hobbyist and
student, something that could be used
for general experimentation, or for
school or business problems other
than electronic. First thing we discovered, is that a lot of money buys
little in the way of easy operation. One
computer kit has a $200 charge just for
the BASIC interpreter (the computer
language program). Another kit priced
in excess of $500 has no higher Ian-

guage available. Yet another $500 kit
has a "Tiny BASIC" good for a few
small problems and games (games
again).
A Fine Kit. When we were done
we came up with a computer system
kit which we presently consider a
"final buy" for the average hobbyist,
the
Southwest
Technical
Products
Corp.'s Model 6800 Computer System.
The reason we've selected the SWTP
6800 is twofold. Firstly, it has a built
in resident monitor that eliminates the
need for panel swtiches and lights. You
don't need to know machine language
to use the 6800; because of the monitor
you can enter data in hexadecimal form
directly from the terminal. But even
more important, SWTP has a really
excellent 4K BASIC interpreter that includes multiplication and scientific notation (a rarity in 4K interpreters) and
an outstanding 8K BASIC—one of the
very finest with exponentiation, direct
peripheral equipment address, patching,
etc. The 8K program contains a whole
slew of operations and commands not

The "mother board" and the power supply
are mounted on the cabinet's base. All
other circuits plug into the mother board,
with wiring automatically completed by
the mother board's PC foils.
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SWTP 6800
found on some slightly older time-share
BASIC systems. The 4K and 8K BASIC
interpreters for the SWTP 6800 computer are available on TTY tape and
cassette from about $5 to $20 depending on the program and its base (paper
tape or cassette). Though there are
other 6800 type computer kits available, it's SWTP's BASIC programs that
makes the SWTP computer our "best
buy."
Before going further, let's explain the
whole bit about 4K and 8K memory
systems: The "K" stands for athousand
bytes—eight bit "words." A computer
with 4K memory RAM (random access
memory) can be programmed up to,
or has the capacity for, 4000 bytes. An
8K memory means 8000 bytes Theoretically, 4K BASIC should fit into a

This is what a 4K memory board looks
like with only the ICs for 2K of memory.
We've left the other 2K of memory chips
out so you can see the extensive use of
sockets. Contrary to what SWTP says, if
you don't want heartaches, use sockets for
all ICs. Only the voltage regulator, which
must be secured to a heat sink, does not
have asocket.
4K memory. Unfortunately, it doesn't.
4K BASIC actually needs about 4.5K
of memory; so a computer must have
about 6K of memory in order to program using 4K BASIC. On the other
hand, 8K BASIC needs only 6.5K for
the interpreter; so 8K of memory
handles 8K BASIC very well. Since 4K
of memory cannot handle 4K BASIC,
most users of personal computers with
4K memory use a smaller version of
BASIC known as "Tiny BASIC," which
is good for little more than playing
games.

a microprocessor/system board, a 4K
memory board, and a serial control interface board that can be programmed
for either a 110 baud TTY or a 300
baud CRT terminal. The power supply
components mount ditectly on the base
of the "black box" cabinet. As assembled by the user, the mother board
can accommodate five additional 4K
memory boards (under $100 each) for
a total of 24K of memory, and seven
more interface boards for a total of
eight peripheral I/O devices such as
line printers, recorders, etc. You simply
plug in the optional memory or interface boards
Construction. The PC boards are
first quality, and the ICs had a notably
excellent failure rate—only one was defective. This, considering the large number of ICs supplied, is excellent. (We
have come to expect up to a 10 percent IC failure rate in kits.) To successfully build this kit you must use a
needle pointed soldering iron rated
about 25 watts. Anything larger will
result in solder bridges—the printed foils
are unusually close compared to the
usual hobbyist kit's printed circuit
board(s). Also, you must have someone
well skilled in computer technology
willing to help you debug the system;
we'll explain the need for this later.
Unlike a Heathkit, SWTP's instructions don't spell out every step. You get
a rather good pictorial (two color) for
each board, a separate parts list, a set
of general instructions, and you use
all three to determine what part goes
where, and when. The component packaging is unusually good. As a general
rule the components are packaged for
a small number of steps; when you
complete one package you (generally)

move on to another package. (All the
components are not jumbled together—
a welcome variation on the kit packaging we've been getting from the
"biggies" the past few years.)
Warning. SWTP does not supply
sockets for the ICs; they specify the ICs
should be soldered to the PC boards.
Whatever you do, don't make this foolish mistake. USE SOCKETS FOR
EVERY IC. If you wind up with a defective IC (as we did), or intáll an IC
backwards (which is very easy to do)
you'll make hash out of the board trying to remove the defective or reversed
IC. A complete set of sockets for the
basic 6800 computer kit is available
from the Computer Mart of New York,
118 Madison Ave., N.Y., N.Y. 10016,
for $21.70 post paid. They also have
socket sets for the optional SWTP computer boards (such as additional 4K
memory boards).
Do not handle any IC unless you're
grounded just as specified by SWTP.
They even provide a 1-megohm resistor
so you can "safety-ground" from your
wrist to the electrical ground. A wire
to the ground bus or chassis of the
computer is not a ground. You must
be grounded to the electrical ground.
Any tool or knife used near the ICs
must be grounded. While not all the ICs
are prone to damage by static electricity, the C-MOS types are, and it
takes just a flick of the finger to zap
an IC. So don't open any IC packages
until told to do so, and don't open or
handle the ICs until you're properly
grounded. If your soldering iron doesn't
have a three-wire (grounded) power
cord never apply the iron to the PC
board(s) once the ICs are installed.
Testing. If you're extra careful, and

For the average hobbyist, we don't
believe a computer system should be
limited primarily to games. We strongly
suggest the SWTP 6800 computer system should be obtained with at least
6K of memory.
The stripped down SWTP 6800 computer kit consists of a "black box"
($439) with just an illuminated power
switch, a reset switch, a mother board.
40

These three boards, which plug into the mother board, make up the basic computer. The central processing board is on the left, the 4K memory board on the
right, and the serial input/control interface is in the center. Additional memory
and interface boards can be plugged into the mother board.
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double-check every step, the computer
kit should take a couple of long evenings, maybe ten hours. To check out
the computer you will need some form
of terminal. Many of you will not understand one word of the rather extensive check out and programming instructions, that's where someone who
has taken a computer science course
comes in. He can run the diagnostic
programs specified in the instruction
manual. These diagnostics can pinpoint
almost any defect, whether a defective
component or a wiring error If you
have purchased the kit from acomputer
specialty store, such as one of the Computer Marts, they might check out your
boards in their own system; it depends
on the particular store and the guy
running it. If you make a botch of the
assembly, some computer specialty
shops will do the service for you at a
modest fee. A friend who has studied
computer science, or the specialty shop,
are your two best bets if you have
problems. SWTP tries hard but they're
just not geared for extensive service.
They will supply parts by mail rather
quickly, and try to answer your letters.
But, getting them on the phone can be
rather expensive at long distance rates.
That's why we suggest you latch on to
a college student before you tackle a
computer kit, or deal with one of
SWTP's major dealers (the price is the
same from SWTP or a dealer).
The only problem we had with the
basic computer kit was a defective IC—
thank heaven we used sockets!
When completed, the computer kit
had 4K of memory, which could do
very little other than run the diagnostics
and a few simple programs and games
(those games again). So, we purchased
an optional 4K memory board, giving
us a total of 8K memory, and we
loaded in a 4K BASIC tape, and found
we had no multiplication—the tape was
defective. After getting a good 4K tape
we had a flexible language suitable for
high school level math, and many electronic programs. After a long wait,
because the demand exceeded the supply at the time, we got our 8K BASIC
tape which opened up a whole new
world. The SWTP 8K BASIC is a
powerful
interpreter
allowing
such
things as trancendental functions character strings, and user defined functions. Fact is, the SWTP BASIC is
much more powerful than the BASIC in
the time-share system of our local central high school district, and they have
a notably good computer system and
course.
The SWTP 6800 kit is a very good
choice for a personal computer kit
because of its relatively low cost in
HOBBY COMPUTER HANDBOOK 1979

Connections, from the terminals and other
peripheral equipment, are normally made
through grommeted holes in the rear of
the cabinet. We have installed a Type-D
connector so with proper jumpers in the
associated plugs the single serial/control
interface can be used for 110 or 300 baud,
and TTY or RS-232 input/output.
relation to other computer kits, its built
in monitor system (Motorola's MIKBUG) and a notably excellent BASIC
interpreter. The system's only problem
is common to all presently available
personal computers: you lose the programs when the power is turned off.
Either SWTP or an accessory supplier
will eventually come out with a nonvolatile
extended
BASIC
(8K or
greater) in PROM, ROM, or EPROM;
and, there is word that someone is
working on a FORTRAN compiler for
the 6800 system.
Getting Started. As you have surmised by now, you need a lot more
equipment than "just a computer" in
order to have a computer system. For
starters, you must have an Automatic
Send and Receive Teletype
(ASR
TTY) so you can feed in program
tapes: if you can't feed in long programs by tape you're back to games.
Alternately, you might prefer a CRT
TV terminal, in which case you will
need either an optional, punched tape
reader, (a reasonably priced accessory),
or a cassette recorder and an interface
between the recorder and computer
(cost slightly greater than a paper tape
reader, and you must build the interface. Programs are available on cassette tape for slightly less than the cost
of the same program on punched paper
tape).
You need the 6800 base computer,
an additional 4K of memory, a terminal, some form of paper or cassette tape
reader, and a BASIC interpreter program if you plan on anything more
than playing games or writing simple
programs.
Often, if you make arrangements to
get all your equipment from one source
in a package deal, some items will be
thrown in at a "discount" or "free."
After all, computer stores are still just
stores, and their primary concern is

still to keep the customers coming in
and to keep them interested in buying
from them. So expect a lot from them.
We suggest you purchase your computer hardware from a local dealer
because he will give you some degree of
free or low cost assistance if you have
problems. While our problem was only
a single defective IC in the kit, it might
have been a real hassle to handle it by
mail or phone. Further, when we found
we had a defective 4K tape our local
dealer swapped the tape on the spot.
Would We Do It Again? The answer
is yes. Looking back at our problem(s),
the actual construction of the kit, and
the final result in respect to the 8K
BASIC available from SWTP, we would
start out in personal computing exactly
the same way, with aSWTP 6800 computer kit. The only change we would
make in our system would be to save
space by using a CRT TV terminal
instead of a model 33 TTY, and we
would use an inexpensive optical reader
to feed the 8K BASIC tape into the
computer. We would sacrifice the "hard
copy" of the TTY for the compact size
of aCRT terminal, adding aline printer
for hard copy at alater time. But, all in
all, we find we are using the SWTP
6800 computer in preference to our
time-share system; in the long run it
will work out less expensive than paying hourly charges for time-share computing.
g

Our college computer technology student
was Morris Balamut, who is also the manager of the Computer Mart of New York.
This is our memory board he's plugging in
to the store's own SWTP 6800 to check for
proper operation one board at a time).
Turned out we had a defective IC. We
strongly urge you do not tackle a computer kit unless you have a college level
computer technology student and/or a
local authorized kit dealer to back you up
if you have problems. In many instances
you'll find that store personnel and college level assistance are one and the same.
If you must get service direct from a
computer manufacturer you might be in
for a long wait. When the price direct or
from an authorized dealer is the same
(don't forget to allow for shipping charges)
get your computer kit from alocal dealer.
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Computers
Twelve-year-old shows that age
is no barrier to computer fever.
by Charlene Knadle,
WB2HJD

CI Who's using computers these days?
Not just adults in business, science and
math, if that's who you thought. To
prove it meet 12-year-old Claudia Napfel. This Long Island, New York junior
high school student is a whiz at operating both her own and her father's
computers. But Claudia doesn't stop
there—she programs both computers to
do math and science problems, to play
games and most important to her, to
help her enjoy her music.
Claudia says that the computers help
her with her two favorite school subjects, science and math. Not surprisingly, these are Claudia's best subjects
in school. So that she could use her
father's
more
powerful
computer
Claudia learned how to program it on
his ASR-33 teletype input.
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Claudia's computer can play math games
and it will quiz her on many levels.

Music Machine. In addition to playing games for fun, Claudia gets a great
deal of pleasure out of her music programs. She often writes music and programs the computer to play it back on
a synthesizer to see if there are any unusual notes. Says Claudia, "when I
write songs the computer helps me with
notation and time," and she finds it improves her ability to read notes too.
What do her friends think?
"They call me brainy," said Claudia,
"walking dictionary and things like that.
But they're just kidding—when they're
here they're fascinated." When asked if
using a computer. ever becomes "old
hat," Claudia answered: "No, I'm never
bored with it even though it's familiar.
I'm fascinated every time Isit down at
the terminal."
•
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HEATHKIT
H8 HOME
COMPUTER
CIRCLE
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Here's apersonal computer you can build yourself for years of computing fun!

R

BRUTE COMPUTING POWER is
about the best way to describe
Heathkit's H8 computer. The H8
is unlike many other personal and
hobby computers which leave you
hanging in need of an advanced BASIC
(or other software); or which turn out
to be short on adaptable peripherals
such as recorders and printers; or which
provide little technical backup in the
event you have assembly problems. The
Heathkit H8 can meet almost any
reasonable software need; can be almost instantly expanded to accommodate any peripheral; and has some very
substantial technical backup. Besides,
while this doesn't seem important at
first thought, the H8 is built like a
battleship—it's among the most rugged
of personal computers in terms of industrial and/or schocl use.
AW,

The basic package ($375) includes
the cabinet, a factory wired and tested
8080A CPU card, 10-position motherboard (of which two positions are used
by the CPU card and a front panel/
monitor), the power supply, a monitor
speaker (which we'll cover later), and
an intelligent front panel that is actually part of a control circuit board—
which we'll call the CCB for brevity.
The CCB features a 9-digit LED
readout. The readout occupies the front
face of the computer and is highly
visible. Just by keeping careful watch
on the LEDs an H8 user can keep
track of important items such as contents of memory addresses; register
contents; Input/Output ports; type and
condition of dumps and loads; there is
even a checksum error which helps
when you load the computer with soft-

Heathkit's H8 computer will raise you into
the elite circles of
Personal Computing.
Based on the 8080A
chip the computer
may be configured to
fit just about any use
in any small computer situation. The H8's
intelligent front panel
is a real treat to use.
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ware.
In conjunction with the readout is a
16-key pad, also on the computer's
front, that provides dumps and loads at
the touch of a button. The user can
have almost instant selection and data
alteration of any memory, register, or
the program counter. The counter may
be incremented and decremented under
manual control; and I/O is under
manual control.
Included in the basic package are
cassettes with the following software:
Benton Harbor Basic; a two-pass assembler (HASL-8); a text editor
(TED-8); a console debugger (BUG8). The resident program monitor
(panel monitor) is in ROM (read only
memory).
Obviously, you are going to want to
use some form of cassette tape machine to feed the software into the computer. The interface for the cassette
data system is part of the optional
H8-5 Serial I/O and Cassette Interface. This cassettte interface operates
at 1200 baud (four times faster than
the common 300 baud rate used by
many personal computers). A switch
permits a teletype reader/punch to be
used as the data storage device. User
selectable baud rates from 110 up permit the use of either a standard teletype terminal or a high speed CRT
terminal, such as the Heathkit H9
Video terminal: (We prefer the TTY
because it provides a "hard copy.")
The H8-5 kit is priced at $110 and
plugs directly into the motherboard. (A
parallel I/O card with three input/
output connections is available for
$150.)
Once you have the H8-5 serial I/0cassette card you need a cassette re43
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corder. Here's where you can run into
your first problem. Heathkit suggests a
relatively inexpensive General Electric
portable recorder they sell for $60.
Don't waste time and effort by trying
something else. We know, for we
wasted three weeks looking for trouble
that didn't exist. Figuring that "A cassette recorder is a cassette recorder,"
we tried to load Heathkit's software
with everything from a $20 portable to
a $500 cassette deck, and all we got for
our efforts was the internal speaker
going beep-beep-beep, indicating a bad
load. (The speaker gives out with a
single beep when the load is good.)
Obviously the cassette interface was defective so we sent it back to Heathkit.
It was returned within five days. Heathkit claimed our H8-5 assembly was perfect, that there wasn't anything wrong
with the card. We packed up the card
and recorder and took off for the local
Heathkit store, whose technician instantly determined our recorder was not
recording the 1200 and 2400 Hz interface tones in phase. As simple as that.
We purchased a Heathkit ECP-3801
cassette recorder in the store and that

When you buy a4K memory board from Heath, you're really investing in afull 8K. The
4K boards arrive completely designed for 8K. Just buy the extra chips with their sockets.
and ICs for only 4K are provided_The
expansion kit contains only the additional sockets and ICs to complete the
8K card.)
If you have been scared off building
your own computer by stories of frighteningly close-spaced foil runs—fear not,

Interfacing the H8 to
a terminal is a very
simple matter once
the proper PC board
has been built and
installed. All connections are right there.
Circle number 1 for
more information.

was the end of our dump/load problems. Our recommendation: Save time
and effort; get Heathkit's tape recorder
at the same time you get the computer.
Okay. Now we have an 118 computer, an H8-5 serial I/O with cassette
interface, and software. Other than a
terminal, all we need is some memory.
Though many programs can run in
3K of memory, at least 8K is required
for most software including BASIC.
(The Extended BASIC requires 12K,
preferably 16K—but more on this BASIC
later.)
Memory card kits (4K) are available
for $125. An expansion kit available as
an option for the basic 4K kit takes it
to 8K for an additional $85. (The basic
card is for 8K memory though sockets

for the H8 memory cards are an assembler's dream come true. Don't ask
why, but the standard size solder pads
for the inline DIP ICs used in the 118
seem very easy to solder. We had not
one single solder bridge. We can attribute this to Heathkit's unusually
thorough solder masking on the PC
boards. Whatever, the PC assembly
simply isn't difficult or "hazardous"; a
major plus for the H8 as a hobbyist's
project.
You Cet What You Pay For. By now
you have probably added up the cost
of the basic computer, memory, I/O,
etc., and realized you're fast approaching $1000. Actually, the very minimum,
consisting of the computer, 8K of
memory, aserial I/O-cassette interface,

and a used KSR teletype terminal
(which is available from some surplus
dealers for about $300), will cost
around $950. Add in another $210 if
you want another 8K of memory (16K
total). This is certainly not out of line
with other "personal computers," and
offers a heck of a lot more computing
power in most instances.
For example, the H8 works in machine or assembly language, or BASIC.
You can easily transfer control and
entry back and forth between the terminal and panel monitor without bombing your program.
When running BASIC the panel
readout keeps up continuous visual
"chatter" about what's going on. You
always know where you are in the
memory (and Heathkit supplies a long
list of BASIC routine locations). When
loading from tape, the reidout indicates the sequence of memory load and
the top memory of the load; a value
required if you want to make changes
and then dump. When dumping a program the readout counts down to zero
if the dump is clean.
Beep-Beep-Beep. Panel entries as
well as dump and load functions are
indicated by beeps from the internal
speaker. A short or medium beep (depending on the particular entry) is
sounded each time a panel key pad is
pressed. If you enter a number or
function and don't hear a beep you
know you haven't pressed hard enough,
or the computer didn't take the entry—
do it again. A good load is signified by
a single beep, as is the completion of a
dump. A continuous string of beeps
indicates a bad load: Repeat the load,
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perhaps with the cassette's volume control set slightly higher, or check for a
defective tape.
Brute Force Computing. The BASIC
available from Heathkit has been updated several times. The Benton Harbor BASIC that is supplied with the
computer kit is a floating point BASIC
with the "transcendental math package." Its most serious limitation is lack
of string variable manipulation. By itself, Bentor Harbor BASIC will meet
the needs of almost all high school and
general college students.
The Extended Benton Harbor Basic
is in a class by itself when it comes to
personal computers. It is a blockbuster
of computing power. The most recent
version, which was used for this
month's Simply BASIC program, is at
leae equal to many of the best timeshare BASICs and is better than most.
It even permits a cheap cassette recorder to be used almost like a disk
system.
This is not to imply there are no irritations. Heathkit BASICs have selfcompletion of several common commands and it cannot be turned off. If
you enter PR on aterminal it will complete the command PRINT. Got any
idea how many times we continued typing and got PRINT I, or INPUT U as
the entry, to be rejected by the computer as an error? It's like being the
sorceror's apprentice! We would prefer to do without self-completion of
commands, or at least be able to turn
it off.
Perhaps a more serious limitation is
that an additional serial I/O card—with
its attendant expense for an unneeded
cassette interface—is required if you
want to use a video terminal in conjunction with a TTY or serial printer.
A separate parallel printer requires the
even more expensive parallel I/O card.
It would be convenient to have a single
serial I/O card with two or more ports.
But these are really minor complaints in view of the fact the H8 system provides for extremely easy expansion, and Heathkit implies many
accessories and peripherals will be
forthcoming in the near future.
As it presently stands, the basic computer can accommodate up to four 8K
memory cards, leaving one "motherboard slot" open for aconnecting cable
to an accessory cabinet housing more
memory (up to the 8080A's limit) and
peripheral controllers. Future memory
cards may possibly utilize the most recent memory IC, which can provide
32K of memory in a single chip. All
this is to come. The important fact is
the H8 has been designed for easy
expansion by the user.
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Is It For You? We have skipped over
a long list of technical features because
you can read about them in complete
detail in the Heathkit catalog. As for
total kit construction, we cover that in
afuture issue. Here we mentioned construction of the memory and interface
cards, which is the most difficult part
of assembly in terms of soldering—one
solder bridge and your computer is
inoperative.
Now we come to the documentation
—a fancy word meaning instructions or
operating manual. It is so extensive,
and has been handled by so many dif-

listed under clearly defined headings.
With a Big Dummy's Guide a child
coould get the H8 up and running in
minutes, it's really tha. easy. But as it
now stands, with its four-plus inches of
documentation, better have someone
around with a moderate knowledge of
computers. (For example, while most
of the world specifies the H8 type of
readout as "octal," Heathkit calls it
"offset octal." Got any idea how long
it took us to figure out offset octal was
plain, standard octal?)
Summing Up. Minor complaints and
the confusing documentation notwith-

You may have heard alot about buss structures. The fact is that Heath supports theirs,
and so do other manufacturers, so H8 expansion is as simple as plugging in boards.
ferent writers, you must have some
knowledge of computing just to know
where to look for what you want. Including
the
outstanding
Heathkit
BASIC Programming Course (EC1100, $29.95), which is a must have
if you want to get the most out of the
H8 or any other computer using the
BASIC language, the complete documentation runs in excess of four inches
thick. For example, the basic instruction for connecting a teletype is in one
book, the patches (memory data change)
for providing the required two stop bits
is in a second book, and the real patch
for the latest version of basic turns out
to be on an addenda sheet. Another
inconvenience is the operating guides.
If you leave them in the binder and flip
to the opposite side you find they are
upside down.
What's really needed for the rank
beginner at personal computing is a
"Big Dummy's Guide To The H8
Computer," with all the most commonly used commands and patches

standing, the Heathkit H8 is an outstanding value as a personal computer
for the student, starting way down at
the seventh grade level. With Extended
BASIC it is superb for junior and
senior high school math. For the student seriously interested in advanced
programming and technology it's probably the next best thing to having access to a good time-share system with
other languages such as Fortran, PL/1,
etc. (It's possible Heathkit is considering other languages in the future, particularly since Bell Laboratories, Clanguage is coming into vogue.)
The H8 does, of course, lend itself
ideally to small business use, but as
with all equipments reviewed in HOBBY
COMPUTER HANDBOOK, we look at it
in terms of a student and/or hobbyist.
In those respects it's a winner all the
way. Combined with it's "industrial
grade" construction the H8 is an ideal
choice for schools at any level.
For additional information circle No.
on the reader's service coupon.
•
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0
by Herb Friedman

Go shopping where prime computers are your very best choice.

['For the average electronic hobbyist
the fastest way to get turned off to
personal computing, or the way to
spend alot of unnecessary money, is to
walk into the wrong type of computer
store. Depending where you go, you
might wind up more confused than
when you walked in. The reason is that
there are three distinctly different types
of computer stores selling personal computing equipment, only one of which
truly meets a hobbyist's needs.
The first type of personal computer
store is essentially a retail parts dealer
who caters to the advanced computer
hobbyist—generally a college-level computer technology student designing or
building a computer from scratch. The
store stocks a wide assortment of computer theory and construction books as
well as most commonly used solid-state
devices, and special tools such as wirewrap guns, pencils, boards, and sockets. The one thing these stores don't
sell is hobby computer kits or accessories such as printers, recorders, etc.
When they do have computer hardware
it is generally industrial surplus which
calls for considerable technical ability
to get it operating in a hobby or personal computing system.
The second type of computer store
caters primarily to the well-heeled customer. It wants to sell complete small
systems including software (programs)
to small businesses whose bookkeeping,
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billing and inventory systems are too
small for a standard minicomputer but
too large for a couple of office assistants. As a general rule, these stores
handle some of the higher priced and
higher quality equipments used by
more advanced personal computer hobbyists; for example, many of them
stock a CRT terminal that; sells for
about $1,000 which offers little advantage over ahobbyist-grade terminal that
sells for around $500-$600. Another
problem we've run across with these
stores is that they simply don't understand the needs of the personal computer hobbyist. As an example, one
local store sells the SWTP 6800 computer but virtually none of the accessories needed by the budget-conscious
hobbyist.
Problems Solved. Finally, we come
to the real personal computing store,
thé store with the staff and components
for everyone—from the rank beginner
to the small businessman. Note we have
listed staff first, for without the correct
staff an off-the-street customer will end
up in a fog. Any decent personal computing store has on-staff (not a few
hours a week) at least one person well
versed in hardware—their use, interconnection, applications and, most important, debugging (someone might have to
find your mistakes in a kit), and a
specialist in software (programs). Both
might be the same person, but there

must be someone who can handle software, hardware, and debugging problems. Often, college-level technology
students are the specialists.
A look at the Computer Mart of
New York is a good example of what
a personal computing store, catering to
electronic hobbyists, should be like. The
pictures shown were taken at the Computer Mart.
Firstly, the store must handle abroad
line of equipments, starting at the budget end. For example, the Computer
Mart handles basic computer kits that
can be expanded by the builder as needed or as the budget will allow. They
have wired systems complete with a
resident high level language (usually
BASIC); and minicomputer systems
suitable for small businesses. Similiarly,
a good computer store for personal
computer hobbyists can supply peripherals ranging from budget priced terminal kits to color CRT terminals.
Most important, a true experimenter's store should be able to start you off
inexpensively. For example, you might
not be able to afford, or even need in
the future, a recording system (for recording or feeding programs), but how
will you initially load a language such
as BASIC into your computer? A good
hobby computer shop will tell you
about an inexpensive teletype paper.tape reader where you pull the tape
through by hand. There's no fancy moHOBBY COMPUTER HANDBOOK 1979

Here a couple of stray customers—which
include HOBBY COMPUTER HANDBOOK'S
Editor-in-Chief Julian Martin (right)—checking out the display of software, magazines.

You should find a broad selection of
accessories and prototype boards for all
computers stocked. Our two customers
look over the latest wirewrap boards.
tor drive but there's no fancy price, either, and you can load TTY paper tape
programs at budget prices.
A store such as the Computer Mart
will provide for extensive hands-on experience. Several different systems will
be arranged so they can all be in operation at the same time, allowing several
hobbyists or groups to get the "feel" of
different computers and peripherals. At
the Computer Mart they have an island
with several complex systems, and individual stand-alone computers arranged out of the way on a shelf. One or
two users don't tie up all the demonstration equipments.
Accessories, such as program tapes
and cassettes, small devices such as a
gadget that converts video output from
a terminal to a RF signal that can be
fed into a TV receiver, or a hand-operated paper tape reader, will usually
be found in aglass display case. Unlike
the stores that are primarily interested
in complete systems for business installations a good personal computer
store will usually stock or handle a
wide range of accessories for each of
the computers they sell even whet not
made by the computer manufacturer.
For example, at the time we made the
pictures at the Computer Mart, they
sold the complete SWTP computer line
and the Smoke Signal Broadcasting disc
system for the SWTP computer. Simi-
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Just killing time? Try a game of Blackjack on a Compucolor Computer. The
cards are dealt in full-color along with
wisecracks from the computer-dealer.

What to do if you build your own and
have trouble? At Computer Mart, one of
the store's technical people checks out
a memory board in a working computer.

If you need ademonstration it should be very easy to get any system in a computer
store up and running. Here Julian and the stores technician check out the BASIC
in a SOL computer. Almost every terminal sold can be used by the prospective
buyer for purposes of comparing the features and the "feel" of varying brands.
larly, the store sold Seals memories for
several types and brands of computers,
as well as development/circuit boards
for the SWTP computer and computers
using the S-100 bus (Imsai, Altair, etc.).
All the Extras. A good hobbyist store
should have an extensive selection of
books and magazines specifically intended for the beginner, and the reading material should accommodate what
the customer knows he wants, not what
the owner of the store believes the customer should have. For example, there
are the computer hardware nuts who
want to know the ins and outs of every
electron flowing in the system. Fine,
there are
books and magazines
for the hardware specialist. On the flip
side of the coin are the programmers
who don't give two hoots how a computer works, they just want to be able
to press a button and have a system
come to life. The programmers are the
end users and they need lots of books"
on programming and programs. A good
selection of programmer oriented books
can be the most difficult thing to come
by. Often, the selection represents the
store owner's level—too basic or too
advanced. A good experimenter's store
should handle both ends,, and everything in-between, with a thorough selection of the personal computing magazines, not just the two with the largest
circulation.

Next, we come to specialized tools
and support hardware. Resistors, capacitors and even most solid-state devices used in computers can be obtained from electronic parts distributors. But, what if all you want is one
mini-floppy disc, which sells for about
$5? Standard pack is 5-for-$25. A good
personal computing store should be
willing to break the pack and sell you
one. Need data cassettes (a higher
quality Philips-type cassette)? Again, a
good hobbyist store will have them in
stock or get them for you on short
notice. Has the computer manufacturer updated his BASIC program (higher
language)? A store like the Computer
Mart will have its order in just as soon
as it's announced.
Building a computer kit? There's no
reason you have to go to an electronics
parts distributor for sockets and connectors. A decent computer shop stocks
sockets and connectors for all the heavy
equipment, and provides some sort of
technical service. Many personal computer stores will check out a kit board
purchased from them at no charge by
plugging it into a working computer.
Many stores also provide extensive repair service, usually at charges representing the time spent undoing your
soldering errors. As a rule of thumb,
unless you have alot of backup support
(Continued on page 115)
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Li The Teletactor is anew device which
promises a limited sort of "hearing" to
the deaf. A deaf patient wears a belt
around his waist, a special belt which
causes a tickling sensation on the skin
when sounds are produced.
"Patients really can't converse with
our belt," said Dr. Frank Saunders, one
of the belt's developers, "but they are
able to recognize a number of situations." The totally deaf, according to
Saunders and others at the San Franciscan Smith-Kettlewell Institute of Vis-

Hearing
Again
Through
Microprocessors
Electronics converts sound into
feeling for the
totally deaf.

The closeup on the upper left shows
the reverse side of the Teletactor's belt,
with its tiny stimulators that vibrate
against the wearer's skin. As they vibrate in different patterns corresponding to varying sounds, even separate
words can be distinguished with some
practice. On the lower left, a deaf person models the "tickle belt" while holding the microphone in his hands. Under
normal use the belt would be hidden
by the individual's clothes. The batterypowered microphone and electronic
processor is shown above. This unit receives sound impulses, converts them to
electrical pulses, and passes them to the
belt, which separates them into individual vibrations. The Teletactor allows
its users much greater daily freedom.
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ual Sciences, can be taught anew, limited
kind of "language."
A deaf patient would be able to "hear"
(actually, to feel) the tea kettle boiling
or the doorbell chiming, or even the
ringing of a telephone. Saunders maintains such informational input would be
of great use to the deaf, though at first
glance it might seem that it is of little
use to a deaf individual to know the
phone is ringing as they cannot hear
the caller.
"This is so only up to apoint," Saunders said. "If the caller wants to know
how the patient is and is informed about
the belt, he can use aworld like `allrighr
the sound of which will be instantly
translated to atickle and the patient will
get the message. The patient could also
inform emergency services in case of
fire and say, 'There's afire here. If you
are getting my message, say yes. If he
hears aresponse, the patient could then
leave his address."
Actually, with the newest model of
the Teletactor, patients have learned to
distinguish many different words such
as: I, you, we, he, want, like, see, and
other simple one-syllable or evenly accented words. Once the deaf person becomes used to the device, his "vocabulary" will increase proportionally.
The device is lightweight, and simple
to operate. The belt about the waist is
connected to a battery-powered mike
worn outside the clothing. All manner of
sounds, from speech to loud noises are
converted into electrical impulses of
varying strengths. The inner side of the
belt is dotted with twenty 'stimulators.'
These vibrate against the patient's skin.
Right now, the Teletactor is an expensive aid, priced at approximately
$400. It is expected, however, that the
price will drop significantly in the near
future. More information on the tickling
belt can be had by writing to Dr. Frank
Saunders, c/o the Smith-Kettlewell institute of Visual Sciences, San Francisco,
Calif. 94115.
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HCH checks out the...

RADIO SHACK
TRS-80
COMPUTER

This system brings the Computer Age into your livingroom.
111 Though there has been much talk of
personal computers in the sense of two
cars in every garage and a computer in
the den, until the Radio Shack TRS-80
there was nothing that could be used by
someone totally unfamiliar with electronics. If you couldn't tell a Molex
socket from a D-connector there wasn't
much chance you'd be able to interface
(fancy term for interconnecting) the
components that go into making up a
basic computer system.
The TRS-80, however, is a whole
different idea in personal computing.
Just push together three common DIN
connectors such as you might find in a
typical hi-fi system and you have an
instant computer system pre-programmed with BASIC. Press the power
switch and your computer system is ap
and running.
•The TRS-80 consists of three independent equipments. First, there's the
computer itself with it's associated plugin power supply. Housed in a cabinet
approximately 16 1
/ -in, wide x 3%-in.
2
high x 8-in, deep, with an integral keyboard, the computer has a resident 4K
basic, graphics, and 4K RAM (random
access memory) which can be expanded to 16K on-board, or 62K with a
planned outboard accessory. The back
of the computer has DIN connectors
for it's power supply, the video output
(for CRT display), and a tape recorder. The main power on-off switch is
located adjacent to the connectors. On
the rear left is a cover plate for an
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expansion port (fancy term for printed
circuit connector), and the reset switch
that bails you out if your program
bombs and locks the computer into a
loop.
The basic computer and its plug-in
power supply is priced at $399.95 (assuming it ever becomes available as a
separate item).
The second equipment in the system
is a 12-inch video display monitor
priced at $199.95. Front panel operator
controls are the on-off switch, and
brightness and contrast adjustments.
Unlike the usual video monitor which
has a UHF or BNC connector input—
and you provide the matching cable
and connectors—the Radio Shack video
display has a permanently attached input cable with a DIN connector that
plugs into the computer.

The final equipment in the package
is a Realistic CTR-41 cassette recorder
usually priced at $49.95. It is supplied
with signal and control cables that plug
directly into the computer. The recorder is used for storing user-programs, or
for loading the computer with a program from several program packages
available from Radio Shack—among
them a payroll program for up to
twelve employees, a personal finance
program, and a special math education
program.
Though the three items individually
represent a cost of $649.95, the package price, including a 300 page instruction /programming
manual,
is
$599.95.
How It Works. Let's start with the
manual. The final version was not available when this article was prepared. Instead, an abbreviated user's manual,
sufficient to get anyone started, was
supplied with the first systems. It is literally a work of art. The quality of
documentation (another fancy word,
meaning instructions and technical information) usually supplied with personal computing equipment is "the pits"
—abysmal is too good a description.
The preliminary instruction manual for
the TRS-80, however, is outstanding
by any consumer standards. We can
only hope the same person prepared
the final 300 page manual. The only
problem with the manual is that the
demonstration "multiplication tables"
program has two typographical errors
and the program won't run. This is a
fun program and will probably be the
one you'll try at a Radio Shack store so
make the following changes: statement
#70 should read "
GOTO
130"; statement #110 should read
GOTO 20". (As we said,
this is a preliminary manual.)
To use the computer, just press the
power switch. If the screen fills with
scrambled alpha-numerics simply press
the power switch again and you'll see
the word READY. The computer is

,
dez.•4,

This is the actual computer, just one IC after another. The two large chips in the
middle, with the white centers, are plug-in ROMs (Read Only Memories). These are the
chips which contain BASIC. Circle No. 32 on the Readers Service Card for information.
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TRS-80
now ready for use.
If you want to save a program you
need only install a good quality audio
cassette in the recorder, preset the recorder's controls to record, and enter
CSAVE on the terminal. The computer
automatically starts the recorder and
feeds the program to the tape. Taped
programs can be loaded into the computer by entering CLOAD on the terminal. (The computer automatically
converts the digital pulses to audio signals for recording and vice versa for
loading.)
.Radio Shack has announced intentions to make available, at a later time,
peripherals for "hard copy" (a printer)
and a disc system. By the time you are
reading this one or more accessories
might already be available.
Though the overall concept for the
TRS-80 personal computer is good, the
4K BASIC leaves a bit to be desired. It
somewhat limits the potential, primary
consumer use of acomputer—that of an
educational aid. The 4K BASIC lacks
trignometric and transcendental functions, limiting it's math level to elementary grades. Junior High and High
School would require, at the very least,
the trignometric functions. Radio Shack
has announced a Level-II BASIC will
be made available—which we assume
will be essentially some form of 8K
BASIC with the trig and transcendental
functions.
The BASIC is in plug-in ROM (read
only memories) so we assume Level-II
BASIC would be installed by simply
exchanging one or two ICs. (The computer easily comes apart by removing a
few screws.)
The recorder runs at 300 baud, so
saving and loading a user program can
take considerable time. One of our
programs took almost 8 minutes to
save, and 8 minutes to load. Radio
Shack undoubtedly used 300 baud in
order to utilize an inexpensive audio
recorder, but a high speed digital recorder would be preferable. There are
indications from Radio Shack that they
are planning for high speed mass-data
recorders in the near future.
Why For Me? Perhaps you're impressed by the specifications of a computer such as the TRS-80, but you're
still hesitant about letting the "computer age" right into your living-room.
You may be wondering: isn't a home
computer mostly for an engineer or
accountant?
Right now, the field of Hobby Computing is expanding at a truly amazing
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TAPE

VIDEO POWER

5PIN DIN PLUG
CONNECTORS
The TRS-80 microcomputer from Radio Shack can be the first step in bringing the
Computer Age into your own home! It's available in a complete system, fully assembled, and you can be programming in just a few hours after you take a TRS-80
home. Already, thousands of people are involved in the new Personal Computing
hobby. A system such as the TRS-80 can be afantastic introduction to it.

The three DIN connectors on the rear are for the video terminal, the power supply,
and an audio cassette recorder. A cover, shown lifted, conceals an expansion port
which will be used for optional accessories in the future—things such as magnetic
and disc recorders, hard-copy printers and a variety of memory expansion boards.
rate and encompasses people from every walk of life and of a myriad of
varying interests. A typical computer
user can be a High-School student running a few amazingly realistic games in
his spare time; a housewife using her
own computer system to help plan a
big dinner from recipes designed for a
much smaller crowd; to a small businessman doing the payroll and invoicing, which used to take his secretary
days, in just a matter of minutes.
Computers are no longer in the future. Computers are here, right now,
ready to change your life for the better.
Radio Shack has recognized the
needs of the home computerist and has
supplied taped programs which will
help you get started on using the TRS80 on a day-to-day basis. The "Games"
tape which comes with the TRS-80 introduces you to the fun aspects of computing. More tapes are available from
Radio Shack which include such things
as programs to help you run your
kitchen and housekeeping more economically and efficiently; tapes that program the computer to be your private,

business secretary ready at any time to
do your books and payroll perhaps
more accurately—and certainly quicker
—than ever before.
Once you get started, you won't be
able to stop. Courses, such as our introduction to the BASIC Language
which is found elsewhere in this magazine, will enable you to plan your own
programs and to solve your own, special problems without having to depend
on taped cassettes. In fact, one of the
most exciting aspects of this new hobby
is the programming. It is areal thrill to
set yourself and your computer the goal
of solving some problem or other, to
program the computer, and watch that
problem melt away.
For the past few years, thousands of
people have been introduced to the
Hobby Computing field. With the introduction of the TRS-80 (and other
computers like it) into the marketplace
there will soon be millions of people,
just like yourself, using computers in
their everyday lives.
For more information circle No. 32
on the reader's service card.
•
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SPREE: loci71
Run afart lung stellar Empire on pennies aday!
By Neil Shapiro WB2KQI
Look up past the treetops, further
still, beyond the clouds and the familiar
blue sky into the black velvet of Space.
Height no longer has meaning, and the
stars are sprinkled like a diamond cutter's dust and scattered to the farmost
edges of Infinity. In the silence of that
void, like technological phantoms, interstellar ships of competing galactic
empires move at unimaginable speeds
through uncharted dimensions. The
ships fly on their missions of power
and conquest, linking together the blue
and habitable worlds which circle yellow stars, and often these ships clash
terribly in that night, temporarily bringing light to an emptiness never lit before.
In a way, all of this is fantasy—but
on the other hand, it seems quite real
to the hundreds of people who play
GALAXY II each month by mail. Once
every turn a prospective Galactic Emperor must make hard and fast decisions on how to run his own segment
of the galaxy. Everything, from building ships and naming their captains to
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founding colonies, fighting battles, collecting and disbursing taxes, and much
more, is all figured into each turn.
There are more than forty players in
each game who send in monthly moves.
The -moves are then collated, followed
through, and any player interactions
decided, all by computer.
Of course, it's not just any computer
which can handle the complexity of a
game such as GALAXY II. The game
is run on two System 370 model 168's
from IBM. These are huge computers
with over seven megabytes of real core
storage. In fact, these computers use
something termed "virtual storage"
which, as the name implies, means that
the available memory space is virtually
unlimited depending on how the system is configured.
Does this mean that only computer
programmers and high-level scientists
are among those playing GALAXY II?
Well, many of the players (all of whom
hope to become a Galactic Emperor)
come from backgrounds widely divorced from the sciences and research.

Brett Tondreau, GALAXY II's designer, states, "We're looking for overworked, highly educated people who
are jaded with the cursory forms of
entertainment currently so common in
the TV and movie theatres. We need
people who are conscious of what they
like and have a very high respect for
both their own creative energies and
those of others."
So, if you're tired of watching Star
Trek re-runs on the tube, here's your
chance to set out on your own mission
and go 'where no man has gone before.'
All it takes is the creative energy to be
able to envision what it would be like
to run your own galactic empire, and
the desire to give it a try. The rules are
complex in their entirety, but each part
of the whole can be readily enough
comprehended with just a little effort.
Once you know what you're doing, you
would be hard put to swear that all
those spaceships, planets and colonies
don't exist. It is simply amazing how
receiving personal reports of a mission
accomplished from one of your favor-
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GALAXY II is run on ..
an IBM-370 model 168
like the one shown
here. The computer offers seven megabytes
of real core storage
along with virtual
storage systems which
give an almost unlimited storage capability. The game makes
use of the system's
peripherals which are
configured to include
such things as: 32
disk drives, three
banks of tape drives
and IBM's fastest
printer terminal.
Right now, GALAXY II
is using only 500K
of memory so there is
plenty of room for
future Empires to expand and war into.

ite starship captains tends to make you
believe in everything that's going on.
Because of the wealth of detail involved in GALAXY II, there is really
no such thing as a typical turn. There
are, however, typical parts to most
turns, operations which are done again
and again but put together in varying
ways for different goals.
For instance, let's say you're ready
to launch a new spaceship. Your first
act is to see that the planet launching
that ship has enough Matter-Antimatter-Drive units (MADs) to contribute
to a vessel of the size you plan on designing. If not, you'll have to decide
how much of that planet's industrial
capabilities to assign to producing those
MADs, and then you'll have to begin
juggling priorities. To make it easy, we
will assume that the planet has already
stockpiled 8 MADs, which is enough
to fashion a Lance-Class vessel.
So, you have the eight MADs. Now,
each MAD has to be contained within
a hull unit (HU). You will then have
to assign at least 8 HUs to the ship.
Again, you have to decide to either
build new HUs or to use any stockpiled.
Let's not forget the fact that the ship
has to be crewed. You may want to
also assign it a goodly number of colonists in "cold sleep," along with maybe
one or two high-level passengers. All of
these people breathe, and so you will

wHAT

FOLLOWS

COLONY
AVALLe

15

AN ACCOUNT

LOCATION GOVERNOR
14-14-3 GAwA1N
EePERIENCE

have to assign a value of Life Support
(LS) that will last at least as long as
the mission you plan. To get those peopeople where you want to send them
will require you to assign Power Support (PS).
Unfortunately (though it's a lot of
fun!), everyone "out there" isn't going
to be friendly. It would be a good idea
to assign that Lance-class ship a certain
number of Beams (BEs) for offense
and a goodly number of Shields (SHs)
for defense. Combat will be decided
using these variables along with how
experienced your ship's captain is from
previous battles or missions.
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Further, you may want to assign each
ship a number of Probes (PBs) so that
it may gather intelligence for you. Of
course, don't forget the Screens (SCs)
which can shield that ship from an
enemy's probe and mask its identity.
Figure on having only a small fleet
in the beginning of the game. Sooner or
later, once you figure out which stars
hide your opponents' own degenerate
races as opposed to your own race of
superbeings, you'll have to build a bigger fleet to root the blighters out.
Be sure you don't forget your planetary development. This is one of the
(Continued on page 114)
14-14-3

IN

THE

POST FLIGHT

PHASE

ECONOMIC
MINERAL-II
INDUSTRIAL UNITS
RESOURCES
466
2817
MINERAL-I MINERAL-III
UNIVERSAL UNITS

AH

522

293

CAPACITY
13.32
EFFICIENCY

-21988

3.97

Each month the GALAXY Il computer tells you how your dreams of Empire are being made into reality—either that or how you're gradually being wiped from the map by your opponents. Here we see atypical report on aplanet by the name of Avalon, which is governed
by agentleman named Gawain. The planet is in fairly good shape mineral-wise, and is just beginning to show signs of economic expansion. Obviously the treasury has been depleted, as shown by the -21988 Universal Unit figure. Hopefully, this money has been
invested soundly and new factories (Industrial Units) have been planned as well as investing in the indexes of Capacity and Efficiency.
If this plan of deficit financing succeeds then Gawain will wind up governor of arip-roaring planet.

SHIPS

Lof, OF

FLIGHT

TrE

VESSEL

EY ,-CUlte.

IGRAYNE

PRESENT

CLASS:

LOCATION OF

MSH

IGRAYNE

FIRST
IS

FLIGHT

PHASE

14-14-2.

CAPTAIN ELAmLR
REPORTING A SUCCESSFUL EOUNDATIoN OF COLONY CORNWALL AT 14-14-2 WITH
30 INDUSTRIAL
COLONY CORNWALL R,RORTS SUCCESS,WL ADAPTATION.
INITIAL CONDITIONS INDICATE THE CAPACITY OF PLANET AS
WE HAVE TRANSFER 0 0)
12 ..C.s TO THE COLONY CORNWALL
VESSEL
LOCATICN
CAPTAIN
BEANS SHIELDS
PROBES SCREENS
WADS
SECURITY
TRIBUTE
POWER SUPPORT
IGRAYNE

SOLAR
ANL,

14-14-2

5LAMoR
EXPERIENCE
20

SYSIEM REPOkI
2 VESSELS

(BY

Ar

14-14

20
PASSENGER

20
0
L EXPERIENCE
C

(RACE,DG,CONO.,COLONY):

(.kb,muLL,DG,C,CRACL):

ORBIT

0:

o
CLASS
MSH

6
HULLS
6

(NO RACE

ORBIT

1:

OH

ORBIT

(S)
DESIGNATION
AH
UNNAMED

2:

1GRAYNE

o
INDUNITS
0

I (LOURES
AH

MSH

15.1999
LIFE SUPPORT
79.9951
AH

CORNWALL)

LOGRES

ORBIT

3:

UNITS.
0.33 .

-

CAPT.

MINERAL CARGO
MINERAL-I

(LOGRES

AH

YSOLDE

AH

BLANCO(
MINERAL-1I
O
MINERAL-III

AVALON
MSL

)

LOGRES

The computer also reports on each and every one of your starships; tells you where they've been, what they've seen and what actions
they've taken. Here we see the log of the Igrayne, under the command of the noble Captain Blamor. The good Captain is able to report
to his Leader that the colony of Cornwall was successfully founded and the colonists transported safely there. His ship is now empty
of cargo (INDUNITS) as all the colonists have been dropped off. The Igrayne's armament, while not too very formidable, consists of
agood selection of beams, shields, screens and MAD. The lgrayne under Blamor's command would be atough nut to crack
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HCH assembles the...

Cosmic
VIP
Computer
Game
CIRCLE 48 ON READER SERVICE COUPON

R

CA's NEW "FUN M ACH INE " is a obtain hands-on experience using mahome hobby computer that offers
chine language.
remarkable
entertainment
and
The COSMAC VIP is not for you if
educational potentials at modest cost.
you seek a machine that can process
Assemble this one-card COSMAC VIP
income tax returns and file cooking re(Video Interface Processor) kit, feed
cipes. It quite possibly is for you if fun
the output to a conventional black-andexperimentation is the desired objective.
white TV set through a simple moduYou could experiment endlessly without
lator, add a small cassette tape recorder
adding another item to the system.
for permanently storing programs, and
However, hardware hackers will appresettle down to virtually endless expericiate the complete external interface
mentation.
capabilities that permit systems expanYou can immediately program and
sion for such additional applications as
play 20 different games without spendmodel railroad control, music synthesis
ing another cent on program software
and even color graphics.
because the games are included in the
Memory can be increased to 4K bytes
$249 purchase price of the VIP kit.
Right there is where you can save a
bundle when you figure that many other
o
game computers on the market require
o
TV
o
additional investments of twenty dollars
MONITOR
and more for each game or two you
want to play. Your only cost is for
blank cassettes on which to write your
GAMES/ANT SWITCH
own game programs. If you can't locate
a COSMAC VIP in a local electronics
or computer store, you can write to
-3 TO•12 VDC
RCA Solid State Division, Box 3200,
MODULATOR
POWER PACK
Somerville, NJ 08876 and circle No.
48 on the Reader's Service Coupon.
More Than Games. In addition to
8-OHM SPEAKER
playing the games and creating computer
COSMAC
.5 VDC
VIP
TAPE
POWER PACK
art and animation on your TV screen,
RECORDER
you can go on to develop your own programs utilizing aspecial, "easy-to-learn"
This block diagram shows the interconnect
CHIP-8 hexadecimal language. And if
arrangement of the COSMAC VIP and i$
you have a mind to go deeper, you can
various inputs, outputs and power supplys.
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Enjoy games
and graphics too
with this
super RCA kit
by just adding four ICs to the printed
circuit card. This permits sophisticated
programs for a system of this class. A
comprehensive 44 line interface also
provided can be used to add "almost
anything" to the system including 32K
bytes of programmable memory; this
interface provides all the COSMAC
microprocessor signals. Those wanting
to add existing 10 devices such as relays, music synthesizers, printers, or an
ASCII keyboard, can use a parallel IO
port option that is provided. Adding
four readily available ICs to the printed
circuit card provides an 8 bit output
port, an 8 bit input port, and handshaking signals on 22 interface pads.
Be advised that much of the documentation provided with the COSMAC
VIP, especially material intended for
extended experimentation, is not written for newcomers to the hobby computer field. In fact, making the basic
system operational will be much easier
for those who already have some knowledge about computing terms and procedures such as RAM, ROM, memory
addressing, instructions, bytes and the
like. If the VIP is to be your first venture into hobby computing, you can
pick up the needed background knowledge through a little extra reading.
Later on, I'll provide some tips and
suggestions to get you over some of the
rougher spots I had to labor through.
The COSMAC VIP utilizes RCA's
91-instruction CDP1802 microproces-
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Cosmac VIP

sor and a graphic video display interface. Other features include: a 2048byte RAM (Random Access Memory);
touch-pad type of hexadecimal keyboard; 100-byte-per-second audio cassette interface; wall-pack type power
supply; sound circuits used for signal
tones and games; 512-byte ROM (Read
Only Memory); capability for on-card
RAM expansion up to 4096 bytes; oncard parallel I/O port expansion capability.
Assembly. You'll have no problems
putting the kit together provided you
have some experience in kit building.
Just be sure to observe the cautions
when handling static-sensitive IC's, and
check the polarity of your power source
before turning on the juice to eliminate
the chance of damaging some ICs. Plugin sockets are provided for only some
of the ICs. Irecommend that you pick
up a few more from your local electronics retailer for the other ICs; unsoldering a defective or improperly
oriented IC can be nerve-wracking. The
VIP comes with a plastic cover that
protects the components on the card,
but for some reason no bottom protective panel is provided. I strongly urge
that you add a protective bottom, perhaps of Masonite. Make sure to leave
the rubber feet on the card to provide
space for ventilating air flow.
You'll need a modulator if you want
to use a conventional black-and-white
TV set as a video readout; the VIP can
be connected directly to a commercial
computer video display. The modulator
is not supplied by RCA, so you will
have to shop around for a suitable unit
to convert the VIP's video signal to an
RF signal that can be fed to the antenna terminals of a TV set.
Itried aPixe-Verter PXV-2A modulator (ATV Research, 12 & Broadway,
Dakota City, Neb. 68731) and at $8.50
it seems to be a good value. The kit
goes together quite easily if you are
able to decipher the rather crude components placement drawings. Just be
sure that you put the components on
the plain side of the PC board. This
converter has two controls: one is for
tuning the output to an unused TV
channel (channel 3 in most areas); the
other very handy control (not found on
other makes of modulator) is used to
eliminate bleeding whites in the video
display that might be caused by overmodulation. If tuning to channel 3
seems difficult, try moving the "channel select tap" jumper wire to another
section of the coil on the PC board,
then retuning again to channel 3.
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Assembly of the COSMAC VIP kit takes only from 3 to 4 hours because of the small
number of components that need to be assembled. The kit includes a 5-VDC power
pack, instruction manual, and a quite-technical manual for the COP 1802 COSMAC
Microprocessor which need not be read to build and use the VIP.

010
II

Shooting at aMoving Target—shoot straight,
or angled up or down by hitting keys 3, 6
or 9 respectively. Target at right moves in
a random manner in right sector.

Keleidoscope—not really a game but a
program to generate an almost endless
pattern of geometric shapes—the patterns
evolve in stages rather than just appearing.
Another program permits aVideo Drawing

•

1335

1309

Space Intercept—Blast UFOs out of the sky
by adjusting the angle-of-ascent of the
rockets. Stop motion photography in this
photo creates the triple image.

Armored Vehicle Clash—Try to blast the
elusive tank that is under the computer's
control. Key "F" fires the gun.
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If you intend to use the same TV set
for normal broadcast viewing, you need
a games/antenna switch with at least a
60 dB rating and made especially for
this purpose. This goes onto your regular antenna terminals on the TV set,
and the TV roof antenna lead and the
VIP modulator output go to indicated
terminals on the switch. This switch is
not part of the Pixe-Verter package, so
shop for it locally.
Use coax cable (RG-59/U or equivalent) to connect the modulator to the
TV set and to the VIP. A 72/300 ohm
transformer at the TV set is not needed.
You can use a 6-volt lantern battery
to power the Pixe-Verter; be sure that
the negative side goes to the modulator
input and positive goes to ground. Two
other brands of modulators Itested use
positive DC, so watch the connections
if you switch from one type of modulator to another in the course of your
experimentation. You can also power
the modulator with a regulated DC
voltage supply such as a Heathkit IP2728, or even with an inexpensive AC
adapter. For some reason, my system
works better at a somewhat reduced

Eighteen ICs and other components, including the hexadecimal keyboard, go on the
card. Sockets are provided for some, but
not all ICs. The author suggests that you
obtain additional sockets.
voltage of about —3.5 VDC instead of
the recommended —6 VDC. I suggest
that you add apot to abattery or adapter type power supply to vary the voltage. Also add an inexpensive 0-15 VDC
voltmeter if your power pack lacks a
meter. There's another advantage to
adding a voltage adjusting pot; slight
adjustments of the video display at
times can be made much more easily

••1111111*••

Tick-Tack-Toe—Computerized version of
an old favorite—just like the real thing
most games end in a draw but the computer will win if you get careless.

Dot Dash—Keep a moving dot from colliding with the obstructions by adjusting
its heading with the hex keys.
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Wipe Off—Paddle (bottom center) bounces
aprojectile across the field and the object
is to wipe off the spots in 20 shots.

A-Mazing—Move a spot through a
domly drawn maze by working the
keys. The maze can be created by
computer or drawn utilizing the VIP
play Drawing Game.

ranhex
the
dis-

with a voltage change than by digging
into the modulator to retune.
The Pixe-Verter, or any other modulator you choose, will work only on a
properly functioning TV set. Even
a set that puts out a good TV picture
may not perform as well with the
weaker RF signal from the computer.
It may be necessary to slightly readjust
the vertical height and vertical linearity
controls of the set, as well as fine tuning and horizontal hold.
Sup-'R'-Mod-II, a black-and-white
modulator sold by M & R Enterprises
(PO
box
61011,
Sunnyvale,
CA
94088), costs $25.95 because it comes
fully assembled, with aconnecting cable
and a deluxe games,'antenna switch.
This unit utilizes a +12 VDC power
supply (not provided), and has asingle
control for tuning to channel 3.
The first M & R unit I received was
defective in several respects (the assembler must have had abad morning),
but the company promptly sent a second unit when I complained. The replacement unit also camel with four
pages of instructions, instead of the one
page provided with the defective unit.
My main problem with the M & R
modulator was getting adequate picture
contrast, and in wholly eliminating the
slightly annoying moiré type interference patterns in the whites of the display image. I snapped up the contrast
to a wholly acceptable level by adding
a4700-ohm resistor in parallel with the
10K resistor next to the shielded box on
the PC board. Inever did get rid of all
the moiré interference, and fine tuning
was a bit more difficult, Ithought, than
with the Pixe-Verter. The main advantage of the M & R unit is that it comes
fully assembled and provides a good
antenna switch and connecting cord.
Also, it might work much better with
your more modern transistorized TV
set than with my old vacuum tube job.
When everything is connected and
working properly, and you turn on the
VIP as instructed in the manual, you
should see a random pattern made up
of square white spots on a completely
black background. When you key 8008
on the hex keyboard, this number
should appear in the lower left corner
and number 64 should appear in the
lower right corner of the display. If
you get all that, you are in business!
Hexadecimal System. The COSMAC
VIP utilizes hexadecimal notation to indicate memory locations and to program
instructions to the computer. Writers of
the VIP manual assume that you already know how the hex system works,
which may not be the case if you are
new to computer work, so here are
some words of explanation.
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The M&R modulator, at $25.95, is expensive but is factory assembled and includes
a broadcast/computer switch and cables.
The hexademical system utilizes a
counting base of 16 instead of the 10base with which we are much more
familiar. To expand the decimal counting system beyond 9, without getting
into double digits, it is necessary to
create additional "numerals" with letters of the alphabet: 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F. To understand how these
extra numerals affect consecutive counting, consider memory locations that begin, for example, at 0700. Counting
proceeds in familiar manner to 0701,
0702 and so on up to 0709. The next
number is not 0710, but instead 070 A
followed by 070B, 070C, 070D, 070E
and 070F. Only after the full sixteen
digits are used, does counting go to
0710 to proceed, again in familiar manner, to 0719 after which you get to
071A, 071B, etc.
Memory locations, as tabulated in
various VIP games programs, increase
in increments of two. For example:
Location
Instruction Byte
0200
6000
0202
6380
0204
611F
0206
620F
The skipped locations relate to the
second pair of instruction digits in each
byte. Thus, location 0202 refers to instruction 63 and location 0203 refers
to instruction 80.
During normal programming you
need only tell the computer the first
byte location in a sequence to be fed
into the memory. Programming a game
is basically asimple procedure after the
insertion of a CHIP-8 instruction program (more on this later) into memory.
Flip the toggle switch to RUN while
pressing key C. Punch the four-digit
starting location (0200 for games), followed by 0 which tells the computer to
start remembering what follows. Key in
the whole series of four-digit codes
provided in tabular form in the manual.
That done, flip the toggle switch to
RESET, then back to RUN. If you
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made no programming errors, the game
is ready for play. Should it not work,
you can quickly examine all memory
locations by a simple procedure explained in the manual.
Cassette Recorder aMust. When you
turn your VIP computer off, all the information programmed into memory is
lost and would have to be reprogrammed. To avoid this tedium, store
programmed material on tape from
which it can be read back into memory
in a few seconds any time it is needed.
When recording a new program on
tape, I suggest you do so several times
in sequence leaving 10 to 20-second
intervals between the recordings. If
there should be adefect in the tape that
spoils one recording, you will still have
others that work properly.
Most games require, in addition to
the specific games program, a basic
CHIP-8 operating instruction program.
When you first put this into memory,
tape it about ten times on a cassette so
that you can keep putting it into the
computer memory repeatedly without
bothering to rewind repeatedly. Each
time the CHIP-8 program and a game
program have been combined, and work
properly, tape both programs in sequence on atape so that you can at any
time read back the full program into
memory.
When taping a program, or reading
it back, you initiate the actions by keying letters F and B respectively, followed by a number indicating the number of 256-byte "pages" to be recorded.
It's important to always indicate the
CIRCLE 48 ON
READER SERVICE
COUPON

Of the modulators tested by the author,
the Pixe-Verter was the least expensive and
worked the best. The assembled modulator
should be housed in an aluminum minibox fitted with phone jacks for the video
input and output, and for the —6-VDC
power input. The mini-box and jacks are
not included in the Pixe-Verter kit.

Low voltage power, of either —6 VDC or
+12 VDC, is needed depending on the
type of modulator used. Six volts can be
provided by either alantern battery, aUniversal Adaptor or a regulated power supply. The voltage output should be variable;
so add asuitable pot to the lantern battery
or Universal Adapter if either is used.
length of the program in pages. The
last memory byte recorded on tape is
shown on the display on completion of
a memory insertion from tape; be sure
that it agrees with the byte indicated
in the manual. Allow two pages for the
CHIP-8 program, and one page for
every 256 bytes or fraction thereof in a
game program. If the game has 258
bytes, for example, key four pages.
Figuring the proper number of pages
can be tricky at times, as in the case of
the Dot-Dash travel-the-maze game.
You must provide enough pages to include memory locations 0300 to 03FF
even though they are not used in the
basic game (instructions are put into
0200-02FF and the maze pattern is in
0400-0501). So when you record or
play back the Dot-Dash game, be sure
to key in six pages rather than the more
usual three to five pages. You can create
your own additional mazes by programming into memory block 0300-03FF
using another drawing game; but when
this information is transferred to the
Dot-Dash game, it must be inserted
into the 0400-0501 memory bank.
These are the kinds of things you must
discover for yourself through experimentation because the manual writers
do not lead you by the hand all the
way.
When you eventually tire of these
games, you can go on to a list of more
than ascore of additional program ideas
including such teasers as Intoxication
Tester, Shuffleboard, Invisible Maze,
Lunar Landing, Blackjack, Turing Machine, Nim and others. The only catch:
the VIP manual doesn't tell how to
program these and you are strictly on
your own. But if you solve even half of
these problems, you are sure to become a VIP (Very Important Person)
in your local hobby computer circles. •
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HCH assembles the...

Pennywhistle
103 Originate Modem

CIRCLE 64 ON READERSERVICE COUPON

Keep in touch with atime-share computer via your home telephone.

A

in personal computing, meet other computer hobbyists, and join local
computer clubs, it's more than likely
you'll find there's at least one timeshare computer system you can use
free, or at a very low cost. It might be
the local school's system which is available to students, or perhaps a friend
will let you in on his I.D. (identification
code), or it might be an older timeshare system now underutilized which
permits or even encourages outside
users for anominal charge representing
the cost of upkeep or repair.
The advantage of a timé-share system, in comparison to the average personal computer, is that the time-share
generally will have several languages
in addition to BASIC: usually Fortran
IV and some degree of COBOL. It will
also have a file system, and a lot more
storage than the average computer hobbyist can afford to build into a home
system.
As a general rule, once you locate a
time-share you can get on, all you'll
need is an acoustic modem and your
present terminal. You connect your terminal to the modem, dial the telephone
number of the time-share system on
your regular phone, place the telephone
handset in the modem, and you're online to the time-share system.
Though most modems are relatively
expensive, you can go the kit route and
come up with a full-feature model one
half to one quarter the price of a commercial modem.
The way to go is with aPennywhistle
103
Originate
Modem.
(Originate
means it's used at the terminal. An
answer modern is used at the computer.)
In addition to serving as a standard
modem, a means of coupling a terminal to a voice-grade telephone circuit,
the Pennywhistle has a few extra features that make it particularly attractive
for the hobbyist.
Connection is made through a 25
pin D-connector, the type often listed
S YOU GET MORE INVOLVED
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by the "surplus" dealers as RS-232 connectors. Depending on the user selected
terminals the 'connections can be arranged for a TTY (teletype) current
loop or RS-232 electrical signal. The
TTY loop is through a non-polarized
optoisolater so even a hobbyist with no
knowledge of how a TTY works, or its
connections, can connect to the modem
with no hassle. Even the TTY current
source is provided by the Pennywhistle,
so you don't have to dig through the
guts of your TTY to find the current
source.
If you have aCRT terminal you will
use the RS-232 output. Since the Pennywhistle can handle a Baud rate of 300
(30 characters per second) you might
as well use this rate in preference to a
lower Baud rate. (There are some hobbyists who run a CRT terminal with
RS-232 output at a TTY Baud rate of
110—only Heaven knows why.)
A set of LEDs flicker back and forth
when data flows through the modem.
Now for the extras. To start with,
three jacks are provided which can be
used to connect the modem directly to
a telephone line coupler, or to record
or play signals from the modem. You

can record data produced by the local
terminal and data received through the
line; you may also play back to the
local terminal and to the line.
Another extra is the low/high band
switch. Normally, an originate modem
transmits on the low band (1070 to
1270 Hz) and receives on the high
band (2025 to 2225 Hz). The answer
modem at the computer works on the
reverse, transmitting on the high band
and receiving on the low band. Long
distance telephone circuits now have
what is known as "echo suppressors"
which stop your voice from coming
back to you. If you're connected to a
time-share through a telephone system
with an echo suppressor your terminal's
printer is not going to get a signal back
from the computer when the terminal
is set for full duplex -(meaning, the
printer gets the echo from the computer.)
But with the Pennywhistle 103 you
can turn off the echo suppressor by
simply flipping the low/high switch to
high for a few seconds before transmitting data. The modem's output
switches to the high band and transmits a signal in the 2025-2225 Hz

The completed assembly just before closing
the cabinet. The PC
board mounts in the
base. The muffs, acoustically insulated telephone holders, mount
on th'e top section.
57

Pennywhistle103
range. The telephone circuit is fooled
into believing it "hears" an answer
modem from a computer and turns off
the echo suppressor. You then flip the
switch back to low and use the modem
in a normal manner, getting full duplex
operation.
The low/high switch can also be used
as asend switch enabling two terminals
to "talk" to each other, though it's to
be doubted whether the function would
be used by the average computer hobbyist.
Building The Kif. This is not a "beginner's" kit, simply because assembly
instructions are sparse. You get a parts
list, a stuffing pictorial (showing where
parts are located on the PC board),
and a minimal set of assembly instructions. If you need one-step-at-a-time
instructions with a pictorial for every
unusual step this is not the kit for you.
One outstanding feature of assembly,
which would be welcome in all other
kits from all manufacturers, is a direct
numbering relationship as to component placement on the PC board. Resistor RI comes first, then R2, then R3,
then R4, etc. (If you're looking where
to put R23 it will be between R22 and
R24. Same bit with the other components such as diodes and capacitors.) In
other words, component identification
is in the correct order for the PC board,
not the schematic. It actually cuts about
75e', off PC board assembly time, and
makes it a snap to locate avalue swap,
such as a 10K resistor for a 100K type.
Aligning Your Pennywhisfle. Alignment requires a frequency counter and
a sine wave signal generator capable of
performance to at least 300 Hz. There
is no way to get around use of these
instruments; without them the Pennywhistle 103 cannot work. Most of the
alignment consists of a few control
adjustments to get the correct counter
reading at a few test points. The procedure doesn't take more than five or
ten minutes. The only other main adjustment is to set the output level to
the telephone line.
Performance. The Pennywhistle 103
delivers the same performance as our
commercial modems—it works. We did
find the sensitivity was somewhat high
and tended to respond to noises within
the room. An engineering note supplied
in the instruction manual shows how
to lower sensitivity of the carrier detector by changing the value of two resistors. It was an easy enough modification even after the unit was completed,
and we suggest it be made if room
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Virtually the entire assembly is on one PC board. Because of acomponent order that is
in sequence for the PC board rather than the schematic this turned out to be the easiest
board to assemble we have ever assembled, and the simplest to debug (swapped resistor
values were quickly found). Note the input/output D-connector is part of the top edge
of the PC board, saving much trouble. Circle number 64 on the Reader Service Coupon.

To the right of the three control switches
are two LED lamps labeled CXR and ON.
These are the data indicators, which flick
back and forth when data passes through
the modem. If one locks On then there
is no data at all passing through the modem.
noises produce false turn-on of the
carrier.
We were able to make recordings of
the data signals, and while we have no
need for them, nor can see any reason
for making recordings of the data signals, nevertheless, the system is there
for your use if you have some particular need for the data recordings.
Summing Up. The Pennywhistle 103
works .as it should, it's a lot of fun to

Using the modem is simple. You simply dial
up the computer, wait until you hear a
tone in the handset recever and then force
the handset into the muffs. Make certain
the handset is firmly seated in the muffs
to keep out any extraneous room noises.
build (for an experienced builder) and
is the least expensive way to modify
your personal computer equipment for
use on atime-share system. If you have
access to atime-share it's time you went
for a Pennywhistle.
The Pennywhistle
103
sells for
$129.95 in kit form from M&R Enterprises, Box 61011, Sunnyvale, CA
94088. Circle number 64 on the Reader
Service Card for more information.
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MICROPROCESSORS
AT THE MIKE
Microprocessors are causing a revolution
in the radio transmission and reception
by Ted Koller
THERE IS PROBABLY NOT a single
electronic device that cannot benefit
from the addition of a microcomputer.
Radio systems of all types are an example. Within the last two years microcomputers have been wed to ham radio,
navigation devices, car radios, and
more. It is a brand new and changing
area. The next two or three years will
show not only a whole host of new
radio/microcomputer marriages, but
also an awareness among the general
public that this is just the beginning. In
this issue we will explore some of the
radio applications of microcomputers
and we will look a bit into the future.
Transmission of Radio/TV. Microprocessors have been successfully used
to aid in the transmission of radio and
television signals. One example is a
system developed for. the Air Force
which uses microcomputers to compress
a television signal sent from a camera
on a flying missile. The objective is
twofold; one, to send a signal which
requires less band width than an ordinary TV signal of 4 or 5 megahertz;
and second, to make the signal jamproof.
Until microcomputers came
along, the amount of hardware that had
to be mounted on board the missile
was a bit impractical to handle. Analog systems were unstable and the digital mini computers really too big for
the job besides using a lot of power.
Microcomputers available right now
offer the needed speed of moving information around, the low power requirements, and the small size.
Here is how the microcomputer compression system works. A TV camera
on the missile is to send pictures to a
base station where a navigator can
steer the missile according to the picture on the base station screen. The TV
signal is digitized—that is, sampled at
a fixed rate and broken up into voltage
amplitude levels that are digitally encoded—by an analog-to-digital converter on board the missile. That signal is
then in a form the microcomputer can
use because it is really just a stream of
1s and Os. The computer is programEl

med

to

compress

that

data

stream,
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which basically means it must throw
away as much as 80 percent of the
data without causing the TV picture
at the base station to be severely distorted. The trick is to know which
data to discard and which to keep.
This is what the microcomputer can
do. The key is that the computer stores
essentially a whole frame of a picture
in its memory, where a frame is made
up of 256 lines of 256 picture elements,
or data. Then the computer looks for
repetition, or nearly equal signals, between lines and between picture frames.
If a new signal is just like the old,
there is no need to send it. By eliminating repetitious signals, the computer
compresses the data and less bandwidth is needed to send it. At the receiving end, a similar microcomputer
is used to expand the signal so as to
restore the TV picture to a virtually
normal appearance. This is done by
building the repetition back-in according to information sent by the onboard computer. Jam-proofing, or protecting the transmittal signal from being
jammed, can be achieved with this compression approach both in the way the

TV
CAMERA

ANALOG/DIGITAL
CONVERTER

RECEIVER

DATA EXPANSION
MICROPROCESSOR

computer can specially encode the new
signal before it is transmitted. and in
the way the new signal takes up less
radio spectrum.
Ham Radio. One of the first microcomputer controlled ham radio transceivers will be marketed by Palomar
Electronics (665 Opper St., P.O. Box
2403, Escondido, CA 92025). The predecessor to this unit is the PTR-i3OK
Programmable Transceiver of course
also made by Palomar and selling for
around $695. That version uses a calculator chip rather than amicroprocessor chip, and achieves such features as
frequency control and storage of specified frequencies to facilitate automatic
frequency selection by the press of a
single keyboard button. The new unit,
is a good deal more innovative and
advanced than its predecessor with
a host of convenient features, including a digital LED display—a feature
which will soon be standard fare for
ham radio operators all over. Before
long it will be impossible (I bet)
to find an analog frequency dial.
First, the built-in microprocessor
controls the frequency you select to

DATA COMPRESSION
MICROPROCESSOR

DIGITAL/ANALOG
CONVERTER

TRANSMITTER

TV
PICTURE

Microprocessors have been used to modify radio and TV signals to reduce their bandwidths and to reduce the effects of interference. Here amicroprocessor compresses asignal
from a TV camera by rejecting redundant parts of the picture. At the receiver end the
reverse procedure occurs under microprocessor control. This sort of system is used in
TV guided missiles to reduce bulk and to protect against the jamming of the signal.
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AT THE MIKE
Hz steps, or 1000 Hz, etc., and you
also specify the starting frequency. The
computer will then cause the transceiver to scan up or down from your
starting point with the step sizes you
specify. If an active frequency is found,
it will either pause or camp on that
frequency as you wish. The memory
unit allows the user to easily recall any
frequency at the push of a button and,
of course, the transceiver is immediately tuned to that frequency.
Morse Coder. Speaking of ham radios
and equipment, several clever hobbyists have, independently, written programs for their microcomputers which
automatically translate Morse Code and
print the English words on atypewriter.
A ham radio converts the carrier frequency to audible dots and dashes that
are then sampled by some electronic
gates that, in turn, are controlled by
the microcomputer. The sampled signals are converted to a digital stream
that is then sent to the computer for
translation into English. The computer
program looks for a relatively long
space—which it assumes is a space between words—then goes to its memory
to find a match between the sequence
of digitized dots and dashes it has received and English letters.
Car Radios. Some 1978 cars, such as
Cadillacs, certain Buick models, and

Cordobas, have electronic tuning and
conveniences, and more cars will have
such features in 1979. Chrysler, in particular, uses a microprocessor chip and
a keyboard to give the driver ahost of
conveniences and improvements over
mechanically tuned radios. The unit
allows you to enter the frequency of
any AM or FM station via a keypad.
Only FCC authorized frequencies are
recognized by the processor chip—so
on the AM band, 540KHz, 550 KHz,
etc., are allowed, while on the FM,
88.1 MHz, 88.3 MHz, etc., are permitted. The tuner can be instructed to
scan up or down the AM or FM bands
until a station is found. It will either
pause on a station or clamp on it, as
you wish. The microprocessor—especially developed for this use—includes
a read-only memory (ROM) directly
on the chip. That ROM contains the
allowable frequencies and the program
instructions for ,?scanning up or down.
Navigational 'Radio. Navigation always requires acomputer, whether it is
the primitive sextant Columbus used,
or just a pencil, ruler and map, or a,
minicomputer, or a microcomputer.
The object in navigation is to find out
where you are (àt sea, in the air, etc.),
what direction you are going, and how
long it will take you to reach some
point. These calculations require some
form of computer. One interesting
NASA-sponsored development involved
the use of a microcomputer for navigation based on a rather unheard-of
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Many aship has foundered or gone aground while her skipper was twiddling the radio
dials. These microprocessor controlled marine radios are designed for easy operation.
The top radio is aSBE Key/Corn Marine CB and the other aSBE Key/Corn Marine VHF.

60

radio system called Omega. The Omega
system uses very low frequencies
(VLF) around 10KHz from eight
transmitters around the world. Each
transmitter has a specifically assigned
set of three frequencies and emits a
burst of energy on one frequency at a
specified time within a worldwide 10second cycle before going on to the
energy burst at another frequency.
Timing accuracy among stations is
achieved via atomic clocks. Now suppose you are somewhere on this earth
but you have no idea where—however,
you happen to have an Omega receiver.
It turns out that by receiving signals
from any two Omega transmitters and
noting the time difference between signals at different frequencies, one can
determine that he is on a certain imaginary line, or path, drawn on the surface
of the earth. By receiving one more
transmitter's signal you can establish
another line and where the two intersect
is where you are sitting on the globe.
As you might guess, this cannot bè
done unless you have the maps and
tables supplied by the U.S. Coast
Guard, and the need for storage and
translation of such information is where
the microcomputer comes in.
By feeding the ,computer digital
samples of the Omega radio signals, it
can accurately measure time differences
between energy bursts, accurately determine what frequency was transmitted, accurately identify each station
being received, make corrections for
timing differences caused by humidity
and temperature, and—finally—specify
where the receiver is located on the
globe.
Marine Radio. The Key/Corn Fifty
Five made by SBE (220 Airport Boulevard, Watsonville, Calif. 95076) was
the first microprocessor controlled, keyboard-entry marine radio available,
says Gordon West of SBE. Unlike CB,
marine radio uses 78 channels in the
VHF (156 to 162 MHz) range and
only uses FM, whereas CB uses AM
and single-side-band (SSB). The Key/
Corn Fifty Five uses a special microprocessor chip called the Nitron developed for SBE by McDonald-Douglas
Corporation. Built into the chip is a
list giving the weather channel, and,
in addition to the 78 marine channels,
30 police and fire channels. The microprocessor lets the user access these 30
public safety channels for receive only.
Further, the Nitron processor unplugs
easily, so if the International Telecommunciations Union changes the number
of channels, or introduces another
channel for emergency broadcasts—or
anything else—that processor can be
(Continued on page 116)
HOBBY COMPUTER HANDBOOK 1979

HCH checks out the...

t.

TEXAS INSTRUMENTS
58 PROGRAMMABLE
CALCULATOR

:

a

A

a

miv
LAN

st

SST

gro

,S
.
ML

GTQ

SOR

EE

era ea ex co
,
Ell
„

RAT

It's almost like carrying a computer in your pocket, when you
handle one of the new generation of electronic calculators.
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it can
fit the back pocket of your jeans, or
the inside pocket of a jacket. Not
possible? Wrong! Though Texas Instruments, Inc.—or TI as they are more
commonly known—has decided to call
their model TI-58 a programmable calculator it is in fact a computer, with a
lot more capability than some of the
devices presently sold as "full scale
computers."
The TI-58 resembles many other
scientific type calculators such as TI's
own models 50, 51, 56, etc. It has a
twelve character LED display that
shows 10-digits with sign in standard
format, or 8-digit mantissa with 2-digit
exponentiation and 2-signs in scientific
notation. The keyboard has the usual
MAGINE A COMPUTER SO SMALL

work mathematical relationships.
In addition to common scientific features the TI-58 can be programmed just
like acomputer for up to 480 steps. Actually, the number of steps is determined by the amount of memories
needed as the overall capacity is shared
between program steps and memories.
If you need complete memory, and no
steps, up to 60 memories are available.
User partitioning allows the memory
and program steps to be split as needed.
You can partition the TI-58 for 320
steps and 20 memories, or 480 steps
and no memory, and every choice in
between.
It's true there are other programmable

calculators that approach the TI-58's
steps and features, so you're entitled to
ask "Why call it a pocket computer?".
The Big Plus. Well, it's the extra
features in the TI-58 that make it a
pocket computer. Among these extras
are: ful editing capability; data memories; test registers available for looping,
increment and decrement; and most
important, solid state software (programs) available on thumbnail size
ROMs (read only memories) that plug
directly into the TI-58, and which can
be utilized as independent programs or
as part of alarger user-written program.
Using these extra features is ably
taught in the instruction manual, Per-
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A complete set of label cards for each module fits into acompartmented wallet (supplied) which, in turn, fits inside acompartment in the calculator's soft-case.
assortment of transcendental functions,
storage (memory), parenthesis, etc.,
etc. The calculator uses an Algebraic
Operating System (termed AOS) which
means you enter the problem just as its
written—usually from left to right—as
you did (or do) in school. You don't
have to learn a new way to express or
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The module, which is no larger than the tip of your thumb simply drops into apolarized
opening in the rear and is secured by the sliding door. To change modules you lift
out the one that's installed and drop in the desired one. You cannot install amodule
incorrectly. When the battery pack is removed, internal contacts connect the TI-58
to the matching printer/plotter by simply securing the calculator to the printer. Because
there are no connecting wires the calculator is restored to non-printer use by simply
removing it from the printer and snapping the battery pack into place.

61

TEXAS INST 58
sonal, Programming, which is packaged
with each calculator. Much more than
just an instructive pamphlet, the book
runs to more than two hundred oversize pages and is—in itself—a fine entry
into the world of programming. With
this manual, coupled with the features
of the calculator, the user will find
himself able to program for sophisticated, complex problems within a very
short time.
PROGRAM STEPS

480
400

320
240*
160
801
60

1 10

1 20

I 30*

1 40

50
MEMORIES

'Calculator in this configuration when turned on.
May be changed from the keyboard or in aprogram.
With thç TI-58, program steps and memory
registers can be varied by the user. The
58 has a240-program step and 30-memory
configuration when turned on. This can be
varied at the keyboard or in aprogram.
Firstly, full editing. Assume you have
writen a program and then discover
that in entering the program you have
left out a step, or you want to change
one or more steps. With the TI-58 you

don't have to re-enter the program.
Using the editing feature you can make
changes, insertions, and even move the
program forward, just as you might do
with a computer.
The whole business of editing has
been reduced to a series of easy, keyboarded steps. Four keys control the
entire process. The calculator is first
placed in the Learn mode; at this point,
the LED display gives a numerical indication of the program step along with
a label as to what that step is about.
For instance: 000 76 on the LED
display reveals thàt at the beginning
of your program (000) you hit the
Label (LBL) key. (76 is the position
of the LBL key on the keyboard.) Likewise, 017 01 means that as the seventeenth step of your program you have
entered the number 1.
You can single-step right through
the program, and you can backstep and
return to any point. Once you have
found where you want to make the
change you have only to key it in.
The test register actually permits you
to test for less than, greater than, equal
to, and not equal to, and then loop or
shift to a function or subroutine depending on the test. Again, this is a
computer-type function.
One of the most useful keys in making your program is the DSZ key,
which stands for 'Decrement and Skip
On Zero.' This is the key which allows
you full control as to how many circuits of a'loop' aprogram should make.
Instead of having to run the same

The PC-100A printer adds alphanumeric printout to either the TI .
-58 or the 59. With
this capability the distincton between calculator and computer becomes avery fine
line. Installing one of TI's calculators on the printer is quite simple. The battery
compartment is removed and the calculator then fits right onto the PC-100A.
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The Texas Instruments Programmable 58
calculator with an instruction card being
inserted. Every subroutine contained in the
calculator's library Module has a separate
card. The cards tell the user how to call
up and use each individual program, so
that there is no need to refer to a book.
program a few times over by manually
pressing the Run/Stop key and keeping track how often its pressed, you
just have to sit back and allow the DSZ
to do it all for you. The convenience
and sheer powerfulness of it all is
bound to lead you deeper—and more
rewardingly—into programming than
you had ever thought you might go.
An Elephant's Memory. Every TI 58
has the capability of over 5,000 extra
steps stored on a ROM (Read Only
Memory) chip which plugs into the
back of the calculator. TI calls this
ROM amodule, and they have an entire
library of such modules.
The master module, which is supplied with the calculator, consists of
twenty-five preprogrammed functions.
The listing of programs (or subroutines) is truly astonishing; Matrix Inversion, Zeros of Functions, Polynomial Functions, Simpson's Approximation Continuous or Discrete, Compound
Interest, Annuities and Moving Averages to name but a random sampling.
The great thing about this, is that
each of the on-ROM subroutines is just
that—a subroutine. You can call them
up as part of your own program, use
them in a loop, have them operate
within whatever parameters you choose.
If you need even more versatility, TI
has five other ROM modules programmed for specialized areas. These
optional modules contain subroutines
(Continued on page 118)
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Nuts and bolts computer board
instructs as well as computes—economically

D Two of the most interesting things
in the microcomputer field are the
new devices that let you talk to your
computer, and the very basic microcomputer training devices. In this article we will talk about each of them
—the current work in the area of talking to computers, and an interesting training computer from an innovative company called DATAC.
DATAC.
Datac Engineering is a
rather new and growing company with
an interest in designing and manufacturing microcomputers students and
hobbyists can use and use quickly. The
Datac 1000T is a tutorial (thus the
"T") microcomputer on a 9 X 12 inch
printed circuit board. It has no fancy
keyboard or numerical readout, but is
just a basic computer with the simplest
possible input and output arrangements.
The input is provided by the user one
bit at a time just as a computer would
operate internally. To provide these bitat-a-time inputs, there are small metal
touch pads along the bottom edge of the
board that are touched one at atime by
a probe. Each address word is 8 bits,
and each data word to be stored in an
address location is 8 bits. For each address bit there are two metal touch
pads on the printed circuit board, one
pad for "0" and one pad for "1". So by
touching the appropriate pads one can
write any binary address or data word.
If you want to get to address location
0000 0100 (location 8) in memory, just
hit the zero pad for the first binary
digit, and so forth until all 8 bits ale
entered into the control unit. The readout that lets you see what digits have
been entered into memory, and also
shows the data that you are putting in
or are getting out, is made up of small
LEDs above the touch pads. When you
probe the address memory touch pads
with 0000 0100 the eight LEDs for the
address will all be out but for one and
this display indicates 0000 0100. This
way you know the address location the
microcomputer is using, and for data
you know the values stored in memory.
With some of the tutorial microcom-
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puters, like KIM-1, you have to read
hexadecimal code on a numerical display; here you read hexadecimal code
from individual lights. Remember that
0000 is zero, 0001 is one, 1001 is nine,
1010 is called "A", and so forth until
1111 which is "F".
While on the subject of the input and
output, let's take a look at some other
touch pads and corresponding LEDs on
the Datac 1000T. In the lower righthand corner are nine pads used to give
commands to the microprocessor unit.
When Reset is touched by the probe the
processor finds the beginning of your
program and awaits instruction to run
through it. The Run pad executes the
program while the Norm pad (touched
after Run) causes a regular lightning
speed computer run, and Single causes
the computer to execute one instruction
with each touch of the probe to the
Step pad. There is an Examine pad for
fetching contents out of memory, a
Load pad for placing data into the

6111 RAMS

processor, and aDeposit pad for storing
data into memory cells.
Hardware. The heart of the Datac
1000T is the popular MOS Technology
6502 .
microprocessor. This means you
can use the MOS Technology Programming Manual to learn fine points on the
instruction set of the computer. The
storage is in 6111 random access memory (RAM) chips, each pair of which
can handle 256 8-bit words. You can
see that with an 8-bit address word, 256
memory locations (2 to the 8th. power)
can be reached. This block of 256 locations is called a page of memory (like
a page in a book).
The Datac 1000T has been designed
with expansion in mind. More pages of
memory can be added by slipping extra
6111 RAMs into the pre-drilled holes
on the printed circuit board. In fact, the
microcomputer is so basic it could have
been built on a board one-half the size,
but the present size allows a threefold
increase in memory and control by
STRIP
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The Datac 1000T does not have a keyboard or a numerical readout, but it's a fine
introduction to computers and to programming. Programs are inputed via unique touch
pads which hexadecimally address any data word. While more tedious than akeyboard,
this method is one of the best to teach the user what is going on inside acomputer.
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DATAC 1000 T

MICROPHONE
FREQUENCY
ANALYZER

addition of the appropriate integrated
circuits and memory chips. Power for
the unit is supplied by asmall wall plug
unit. Finally, there is a connector strip
at the back of the PC board for access
to control functions in. future Datac
versions. Readers interested in more
details of expansion capabilities and
options should write directly to Datac
Engineering
at
P.O.
Box
406,
Southampton, Pa. 18966.
Make It Work. Let's do asimple programming example with our Datac. We
will write and enter into memory a
program to add two numbers. Such a
program is the beginning of many more
complex and very useful programs for
controlling railroad trains, playing computer games on TV screens, and the
like.
We will begin at location ten in
memory (there is only one page in the
Datac 1000T so we do not have to
specify pages here) by placing instruction "D8" there. This hexadecimal instruction has special meaning to the
6502 microprocessor as we shall see
shortly. To write D8 at location ten
simply touch the probe to the pads in
such a way as to light the LEDs to
read 0001 0000, 1101 1000 (10, D8).
Now touching the Deposit pad will
place instruction D8 at location ten.
The program continues as shown in the
box accompanying this article.
Examine the program. First, the D8
instruction tells the microprocessor to add
numbers in binary form so we can read
out the hexadecimal answers on our
display. The next command ("18") sets
a carry-flág register to zero just so the
computer will not think something is
left over from a previous addition that
it has to add in here. Then the two
selected numbers are read-in, added,
and placed in memory slot 00 where the
final answer will be found. The next
two commands actually tie-up the computer doing busy work so that it will
not by chance take noise bits from the
memory as commands, operate on them
and perhaps (really little chance) destroy the result in location 00. These
two steps cause the computer to go
back and forth between locations 18
and 19 so it can get out of the loop.
When you hit Halt, the looping is
stopped. That's all there is to it! The
last line of code is used to tell the computer the starting point (memory cell
ten) of the program when Reset is
touched. This microcomputer can handle a wide range of interesting programs, especially games you can invent
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Voice-controlled computers are working
in Industry today. The
basic approach lies in
aFrequency Analyzer
and Memory Bank feeding aClassifier that
then takes action via
the proper outputs.

Programming the Datac 10001
11
12
13
14
15
16
17
18
19
7C

18
A9
12
69
24
85
00
4C
18
10

Clears the carry bit.
Place number below into accumulator
First number to be added (any number)
Add number below to accumulator
Second number to be added (any number)
Place accumulator value into location 00
Jump to location 18 of memory
When Reset is touched, go to location 10

To run the program hit Reset, Run, Norm, Halt, then touch Examine and the address pads for
location 00 (hex). The answer 36 (24+12) will appear on the LEDs. (See text for more
explanation.)
yourself, because it is based on the
powerful instruction set of the 6502
processor. The Datac 1000T unit costs
$185 and can be purchased by writing
the address given above.
Number Please, We just talked about
a very simple, basic computer; now
let's go to the other extreme and learn
about talking to computers, and computers talking back. Ten years ago developers began to think that the wild
dreams of carrying on conversations
with computers might just be possible
someday. While dialogue with a machine may be decades away, there are
over 150 special purpose electronic
computers today that are in operation
receiving voice commands. The first
installations of these units were in the
airline industry during the early 1970's.
Voice-controlled machines would operate baggage sorting equipment by steering suitcases to appropriate locations

under selected voice commands. With
microprocessor power and flexibility
increasing at a rapid pace, voice-controlled units can be expected to blossom.
The advantage of a voice-controlled
machine lies in the mobility given to
, the user; it allows hands and eyes to be
focused on the task rather than on the
computer keyboard. A basic speechrecognition system has a microphone
feeding a Frequency Analyzer whose
output gives bath the amplitude of the
various frequencies in the voice command and the rate of change of those
amplitudes. Two persons saying the
same word will have different frequency
content and it is the job of a Word
Classifier to recognize the word based
on three inputs. It receives the two
pieces of frequency content information from the Frequency Analyzer and
it receives reference information from
(Continued on page 116)
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HCH checks out the...

Apple II Computer

CIRCLE 74 ON
EADER SERVICE COUPON

Find programming gold at the end of this Apple's rainbow.
Many hobbyists just starting out in
personal computing learn the hard way,
and much to their pocketbook's chagrin,
that a "basic computer kit" is just a
black box that also needs a terminal,
memory expansion, higher language

only a bit more than a good quality
portable. All circuits are self-contained
right down to the keyboard, so the first
logical question is: "What is used for
the display?"
The Apple II has a video jack for a

program, and some device to feed the
higher language into the computer. Generally, the "extras" cost more than the
computer itself. Other hobbyists learn
that some kit computers have little or
poor technical backup for the builder
who runs into assembly problem's, or
•who receives defective components.
One way to avoid all these hassles
and get right into the end use of personal computing is to purchase a complete system that's up and running as
soon as it's unpacked, preferably with a
built-in higher language such as BASIC.
One of the personal computers that
nicely meets these requirements is the
Apple II from Apple Computer Co.
Skin of the Apple. The Apple II
contains so much in the way of resident
programming and operating features it's
difficult to know where to start, so let's
begin with appearance.
The Apple II is built into a low profile desk-size cabinet slightly larger than
a portable typewriter and it weighs

CRT (video monitor), but the company
recommends that you purchase a RF
modulator and use your own TV rather
than an expensive CRT. Just about any
of the popular RF modulators will work
well with the system and you'll find that
the quality of the picture will rival even
the best CRT.
Since the Apple II has built in color
graphics the best video monitor is a
color TV, though you can use aB & W
if you have no need for color graphics
or are trying to cut costs. (Right off the
bat you start saving because there's no
need for a relatively expensive CRT
monitor; your home or office TV, no
matter how inexpensive, can serve as
the monitor.)
The output of the RF Modulator
feeds acoupling device such as the ones
supplied with electronic games; the type
that lets you switch the TV between the
game (computer) and the regular antenna. Even with the modulator installed you can still use the video output
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to drive a standard 75-ohm input CRT
monitor—if you have need for such a
device.
Another extra supplied with the
Apple II is a set of "game paddle controls" which can be plugged in by the
user. Apple has some game programs
available on cassette tape, or you can
write your own. The computer works
with or without the paddles, there's no
need for modifications or "jumpers";
if you want the paddles you just plug
them in.
Moving along to the most important
part, the computer itself, we find it is
initially supplied in the most standard
version (sells at $1,045 with 8K of
RAM and 8K of ROM (Read Only
Memory). The ROM contains a 2K
monitor system and a 6K BASIC that
includes any length variable names,
syntax and range errors indicated immediately when entered, multiple line statements, graphic commands (COLOR =
expr, PLOT,HLIN,VLIN, etc.), paddle
read commands, TEXT and graphic
commands to set display from BASIC,
memory boundary adjust, switchable
I/O (input/output) assignments, cassette save and load commands, and a
host of other usual and unusual features.
However, the resident BASIC is an
integer BASIC (no decimal places).
While it can be used for many advanced
programs it is less than suitable for a
student as far as math or statistic studies
are concerned. Apple's solution?
If you do need a floating point
BASIC, Apple has available a 16K
BASIC on cassette tape (which requires 16K of memory) that is among
the most complete we have seen or used
in personal computers. Perhaps the only
limitation—caused by the fact the Apple
II is amicrocomputer and there's alimit
to what can be built in at reasonable
cost—is that each time extended BASIC
is loaded the user must decide between
having graphic commands or LET and
REM commands. The extended BASIC
also provides for moving the cursor
anywhere on the screen without affecting anything already displayed there;
or, the cursor can be programmed to
erase as it moves, or to enter displayed
characters into memory.
We could use up several pages describing the programming features and
still might not cover everything of specific interest to you. The best thing is
to send for Apple's descriptive brochure
which spells it all out in detail.
One important thing we would like
to mention is a special appendix in the
"APPLESOFT Reference Manual" (for
extended BASIC) on converting BASIC
programs not written in APPLESOFT.
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APPle II Computer
One of the most frustrating things for
the personal computing hobbyist is to
spend an hour or more typing in a
seemingly endless program only to find
it doesn't work because there is little
standardization between so-called ANS/
Standard BASICs. Between ANSI BASIC and IBM BASIC, there are some
far out discrepancies. Apple's conversion appendix can't handle every problem you might run into, but it does
cover a goodly number of the most
common discrepancies.
One thing we must mention is the
sound effects generator, audible through
abuilt in speaker. The generator can be
user-programmed to pong, ping or flutter with a variety of tones. Really enlivens games!
At the Apple's Core. The computer
can
address
from
4K
to
48K
bytes of RAM on the main board,
and sockets are provided so the
user can increase memory by simply
plugging in the appropriate chips. Either
4K or 16K chips can be used. The total
RAM capacity is organized into three
increments and you can intermix 4K
and 16K chips. Memory might be configured as 4K/4K/4K, 16K/4K/4K,
16K/16K/4K, etc. It can be ordered
with any initial configuration, factory
installed and checked. Memory select
sockets and "jumpers" program the
computer for your particular memory
organization, and the jumpers can be
changed easily if you upgrade the memory capacity.
Just as the user can add RAM by
simply plugging in the appropriate ICs,
so too can he add ROM by plugging
programmed ROMs into one or both of
the spare ROM sockets factory installed
on the main board. The address for the
ROMs (or PROMs) is above the highest RAM location and can be under
software control, as can be the built-in
monitor and integer BASIC.
While there are eight connectors for
peripheral equipment such as printers
and disk recorders, no peripheral control boards were available at the time
this article was prepared. Cassette recording of programs through the SAVE
and LOAD functions are presently done
utilizing an ordinary audio cassette recorder through phono jacks labeled cassette IN and OUT. The OUT feeds a
recorder's AUX input. The recorder's
monitor output
(from
across
the
speaker) feeds the IN jack. The recorder interface operates at 1500 baud,
some five times faster than the 300
baud Kansas City standard used by
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many hobby computers. This permits
unusually rapid loading of long programs such as the 16K Applesoft extended BASIC. Note that the recorder
is not under computer control as far
as start and stop is concerned; the user
starts the recorder in the play or record
mode before hitting RETURN (to load
or save), and stops the recorder after

the operation is completed.
We had no problems loading the
sample game, graphic and checkbook
programs using a moderately priced
cassette recorder (about $50), and
could load the 16K BASIC tapes (we
(Continued on page 118)
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There are a number of peripheral devices
available from Apple. They plug right into
I/O ports provided in the back of the
computer's board, tucked away in cabinet.

Home computers often are used for games
—they can really be a lot of family fun!
With many home computers it can be
technically difficult to add game paddles,
which somewhat limits the games that can
be played. Apple comes equipped with
two paddles, which can be plugged right
in and programmed to operate with
special BASIC commands and functions.

POWER
SUPPLY

HMI

I/D
SOCKETS

1111111111/1111111
RAM /PROM
SOCKETS
The Apple Il is a desk-size computer with a built-in keyboard, integer BASIC in ROM
and 4-color display capability. It has a standard video output jack for connection to
either acolor or black-and-white monitor. However, you can save a good bit of money
by using asimple RF modulator to connect the Apple to your home television set—and
the display quality will still be excellent. You can add more memory, up to 48K, at
any time. If you need more than an integer BASIC, Apple has a 16K BASIC available.
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MICROCOMPUTER
MAVERICKS

Ch-L.1.-L-ENIC3E
•••
....creto ,vctt

by Michelle Shoemaker

You don't need a TV to challenge these shrewd little computer games
[Probably the one aspect of the multitudinous and varied uses of the microprocessor that everyone has heard
about is the computerized electronic
game. Everyone has seen the games
advertised on TV, in department stores
and in newspapers. But there are other
forms of microprocessor games that
are becoming very popular.
But there is much more. Microcomputers have become a part of our lives
not only through home appliances but
also through the variety of games and
educational units that have come into
our homes. We now think of games on
television screens as common. Yet, only
five years ago, we never heard of the
idea. Now a new breed of educational
and entertaining games are being developed at breakneck speed, games that
have the potential for tremendous variety and growth. These games will be
as common as checkers and all hope
to be as popular and everlasting as
Monopoly. In this article we will cover
a variety of these "no-TV-needed"
games, and we will spend some extra
time playing one that is becoming very
popular—computer backgammon.
Sports. Hand-held calculators have
proven to be such a natural tool of
just the right size that it is not surprising to find computer games being made
in
calculator-sized
packages.
Two
sports-oriented games that have recently
hit the market are Football and Auto
Race, both by Mattel Electronics. In
Football an array of light emitting diodes (LEDs) marks the position and
movement of your running back as you
maneuver him across the field. Your
man must dodge five computer controlled tacklers to score a touchdown.
An LED numeric display keeps track
of how well you do in downs, time left,
and yards to go. Auto Race is similar.
You race your car around a lap of
LEDs and try to miss the cars put in
your path by the computer, and to
beat the clock that continues to count
down as you speed your car along.
Both games have one feature found to
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be all-important in such games—sound.
The Football game plays "Charge" if
you make a touchdown, and the Auto
Race has both motor sounds and beeps
for collisions. But it is the LED display
that is attractive and innovative on
these Mattel games. The matrix has
about 400 LEDS to give a kind of
television screen appearance. It's a
little difficult to make up these LED
matrixes, but it sure pays off.
Battles. Battles are another arena
that seems to appeal to our sense of
challenge. Here again Mattel has a
calculator-sized game of missile against
anti-missiles that is (as you might
guess) called Missile and uses the LED
array found in the other two games. It
sells for $25.
On the larger, tabletop scale, there
is a game sweeping through neighborhoods called Code Name: Sector. This
Parker Brothers game pits two players
against each other as each controls a
destroyer attempting to sink a submarine. The difficulty lies in the submarine
being controlled by the computer
through about 5000 sections of a nautical chart. You are given information on
its speed, direction, and depth, but you
are left to plot its course as a true destroyer captain would. The game is not
only interesting and reasonably priced
($40); it also has behind it an oldfashioned success story.

Around 1975, Robert Doyle of Micro Cosmos in Boston, Mass., approached Parker Brothers and others
with some ideas for microcomputer
games. Parker Brothers was interested,
gave Doyle a green light, and through
trial and error Code Name: Sector was
developed. It was Texas Instruments
that managed to form a special mask
to
fabricate
the
read-only-memory
(ROM) and microprocessor with computer instructions.
Milton Bradley also went to Texas
Instruments to have special fabrication
work. In this case it was for their Electronic Battleship, a game where the
computer is not competing with the
players but, instead, is providing sounds
and light flashes when ships are sunk.
In the standard battleship-type game
players try to guess where an opponent's ships are on a grid and sink them
by calling out grid locations. With Electronic Battleship the computer knows
where all the ships are and lets out
sounds of sonar, explosions, and the
like, as hits or near-hits are made.
And More Wizardry. Microcomputers
may be a natural for that old electromechanical clanker—the pinball machine. Electronic logic is already used
in pinball machines, such as the Atariana by Altair and Lucky Seven by Williams. These units keep track of score
and control a variety of light and

To operate Tryon's
Gammonmaster you
press the start key and
the computer rolls
some LED "dice" and
play begins. This unit
protects its pieces
carefully and builds a
very solid defense.
The author only
managed to win twice
in 20 hard fought
games.
CIRCLE 33
ON READER
SERVICE COUPON
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sound. But watch out for more.
I predict a small table-top pinball
machine for your home that will compete against the player. If, for example,
you press aflipper button, it may block
the move unless you move to prevent
that block. Or it may try to control the
course of the ball away from your
home goal.
Then there are the number guessing
games where you try to determine the
computer-selected secret number in as
few guesses as possible. Comp IV by
Milton Bradley sells for $30 and gives
you indications of how close you are to
the number. The idea is to use your
noodle to home in on the number.
National Semiconductor has taken adifferent tack. They seem interested in
building learning machines for children.
Their Quiz Kid is one example that
kids I have met seem to love. You tell
the
calculatorsized
computer what
kind of mathematics problem you want
(addition, subtraction, multiplication,
division, or a combination) and you
tell it the level of difficulty you want.
Press a start button and poof—a problem appears on the calculator-type LED
readout. You have three chances to put
in the correct answer. If you cannot get
the answer, the Quiz Kid gives the
answer. Further, it keeps score of the
number right and wrong. Quiz Kid
Racer can be linked to another Racer
so that two youngsters can compete

against each other in these mathematics
games while still competing against the
computer. Needless to say, the kid who
is turned on by Quiz Kid will get a lot
of practice in math.
Parlor Games. There. is probably no
parlor game with more possible moves
and more possibilities than the age-old
game of chess. Giant high speed computers have been programmed with
chess strategies and those computer
programs are very difficult for a tournament chess player to beat. But those
programs have taken up to 30 seconds
to make a decision which means that
around 30,000 possible outcomes or
strategies were considered during that
30 seconds. These large programs have
been designed to look ten to fifteen
moves ahead, which ahuman cannot do.
So, it is a little surprising to find a
computerized chess set on the market
.
that is the size of a large bread board
and which makes decisions in a matter
of seconds. If you would guess that
chess cannot be completely handled by
such a small and fast microcomputer
you are correct. But the Chess Challenger by Fidelity Electronics is said to
win against an average player 30 to 75
per cent of the time. A rather attractive
game, the Chess Challenger has a chess
board on the left side and a keyboard
accompanied by LEDs on the right. You
key in your move and it will respond
with its move. You move all pieces by
hand. The unit retails for $199.95
(Heath sells aversion) and for an extra
$75 a Chess Challenger can be purchased that allows you to select from
ten levels of play. Also, a hand-held

No-TV Computer Games and their Manufacturers
Sports

"Football"
"Auto Race"

C
C

Mattel
Mattel

Battles

"Code Name: Sector"
"Electronic Battleship"
"Missile"

D
D
C

Parker Brothers
Milton Bradley
Mattel

Pinball

•
'Atarian"
"Lucky Seven"

D
D

Altair
Williams

Number Guessing

"Comp IV"

C

Milton Bradley

Learning

"Quiz Kid"

C

National
Semiconductor

Parlor Games

"Chess Challenger"
"Compuchess"
"Gammonmaster"
"Computer Backgammon"

D
C
D
D

Fidelity
Staid
Tryon
Texas Micro
Games

Computer games that do not use television games are gaining in popularity both for entertainment and for educational value. The above list shows asample of what has recently come on the
market. "C" means the game is hand calculator-sized, and "D" means it is meant for adesk or table.
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Matel's Electronic Football
LED DISPLAY OF
SCORE,TIME,YARDS

r;LI

LED
GRIDIRON

SPEAKER

SOUND
CIRCUITS
MEMORY

CONTROL
UNIT

ROCKWELL
ta
6100
MICROPROCESSOR

I\IREGISTERS

KEYBOARD

RUNNING
KEYS

This block diagram shows how the game
is processed by the microcircuitry. You
'
play against the computer and your running back tries to evade the computercontrolled tacklers to score a touchdown.
To compete with others you have to score
faster than your opponents in this game.
unit that gives you the moves but you
have to supply the chess board is made
by Staid and is called Compuchess. The
unit sells for $169.95 and can be
instructed to play at six different levels
where level six is a tournament level
of play.
Backgammon. Then there is that hot
game called backgammon. If you have
heard of it but are afraid to try playing
—don't be. It can be played and loved
by anyone from five years of age on up.
The fact that it is fun and not as difficult as chess makes it a natural for the
microcomputer market. Sure enough,
there are computerized backgammon
games. One is marketed by Tryon Marketing in Miami, Florida, and the other
by Texas Micro Games in Houston,
Texas. Each retails for around $200
and each works on the same principle.
As with the Chess Challenger, the playing board is to the left and the keyboard and readout are on the right. To
get a feel for what the microcomputer
is doing, let's briefly review the game of
backgammon and then let's take a look
at the kind of strategies and actions the
computer has to consider before it can
make a smart move.
(Continued on page 116)
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MO
LOGIC
The ultimate personal
computer is inside your head.
by Walter Sikonowiz

I

t seems that the day of the home
computer has at last arrived. Everywhere, we read- about these new
machines that are changing our lives,
running things better than we ever
could ourselves. Everybody tells us that
the solid state computer is the newest
and most radically advanced thing to
come along since the sun. But, you
know, in spite of all these claims, the
personal computer is not all that new.
In fact, you've been using one all your
life; it's called a brain.
Many people, electronics hobbyists
in particular, have long suspected some
fundamental similarities between brains
and electronic computers. In this article
we're going to compare these two types
of information-processing systems.
Let's begin on familiar ground. In
Figure 1 we have the various logic
gates; the important building blocks of
any electronic computer, big or small.
The NAND gate's output state is a
function of its two inputs, and it remains at a logical 1 so long as the
input state is not 11. An input of 11
sends the output to a logical 0. On the
other hand, the NOR gate's output is
usually a logical 0 except when the
input is' 00, in which case the output
assumes a logic 1 value. Using combi-

HOBBY COMPUTER HANDBOOK 1979

nations of just these two gates we can
synthesize any desired logic function,
no matter how complex.
As you know, the 0 and 1 symbols
can denote voltages, with Iusually representing a high voltage and 0 a low
voltage. The ones and zeros may also
be interpreted in a philosophical sense
as True and False, respectively. Why

should we use numbers to represent
.
qualities such as truth and falsity? It's
mainly a convenience which allows
logic to be expressed in mathematical
form. If logic can be handled algebraically, then solution of logical problems
becomes routine, and can be handled
by machines—computers.
But a computer needs more than

Some Basic logic circuits: a) A NAND gate gives a1output for any input except 11. b) the
NOR gate only gives a1output when both inputs are O. The NAND latch (c) is amemory device which is the basis of the common flip-flop circuit.
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decision-making apparatus (NAND and
NOR gates); it needs memory. We
store the computer's instructions (program) in memory, and also use memory
to retain the solutions generated by the
computing process. One basic form of
memory is the NAND latch (Figure
lc). When a little control gating is
added to this basic circuit, we can get
various flip-flops, which are probably
the most familiar storage elements.
Other forms of storage include magnetic cores, magnetic tape, paper tape,
and the exotic magnetic bubble devices.
Regardless of the storage form, however, memory simply holds data until
t's called up for processing or readout.
Neurons. Contrast the human infor•mation-processing system to the electronic computer. Like a computer, the
human brain is a complex entity built
up from enormous numbers of simpler
fundamental units. These basic units are
called nerve cells or neurons. Several
classes of neurons exist; neverthless, all
share the same generic traits. Figure 2
shows one typical neuron. The tentaclelike elements are called dendrites, and
they function as the input leads to the
cell. The single long filament leaving the
cell is an axon, which is the cell's output. Nerve signals travel along the thin
membrane that encloses the cell's protoplasm. Adjacent cells communicate with
one another across synapses—gaps between axons and dendrites of different
cells.
\
Logically the neuron is more complex
than a NAND or NOR gate. It func
tions as a majority gate, which may bt
described as follows: Suppose, for example, that we construct a gate with
five inputs and one output, and that the
output will be a logical 1 whenever a
majority (3, 4, or 5) of the inputs is
in the 1 state. If there are less than a

majority (0, 1, or 2 that is) of logical 1
inputs, the output is a logical 0. Such
majority gates are not encountered too
frequently in electronics, one notable
exception, however, being Motorola's
CMOS MC14530 dual 5-input majority
gate. As a rule aneuron has more than
five inputs—typically, up into the hundreds. Regardless of its complexity,
however, a majority gate can be expressed in equivalent form as a combination of NAND and NOR gates.
From the foregoing you can see that
computers can be logically equated to
neuron networks; nevertheless, certain
physical differences exist between biological and electronic systems. To begin with, electronic signals are viewed
as differences in potential, which govern
the flow of free electrons. Signals in
nerve nets, however, consist of waves
of polarity reversal on the surface of
polarized neuronal membranes. In Figure 3 you can see that a nerve's membrane normally possesses excess positive charge on its outer surface, and
excess negative charge on the inner surface. Excitation of the nerve brings
about a polarity reversal at some point
on the membrane, which then induces
polarity reversal at adjacent points on
the membrane, and the signal spreads.
The reversed-polarity condition at any
given point reverts to normal after several miliseconds, while the wave of
polarity reversal propagates to new
points on the membrane. Charge distribution on the membrane's surface is
controlled by movements of sodium
and potassium ions, and the rate of ion
flow through the membrane limits the
speed at which nerve signals travel to
about 100 meters/second. Contrast this
with the speed of an electronic signal
traveling down a transmission line with
apolyethylene dielectric: about 2 X 10 8
meters/second. Biological systems are
thus inherently slower than electronic
ones.
Memory. Two physical characteristics distinguish the human nervous

A motor neuron, one of the basic building blocks of the biological information processing
system, is a single cell and functions as a multi-input majority gate. The inputs to the
dendrites and the cell body come from other neurons. These inputs, often numbering in
the hundreds, are averaged and the majority input determines the output along the
axon—sort of biological democracy. The axon then leads to another neuron.
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system from the electronic computer:
Communication between the functional
units in a computer is established by
connecting wires. Interneural communication involves diffusion of certain
chemicals across synapses. Memory is
likewise a chemical phenomenon, involving chemical changes in nerve cells
and associated structures. Regardless of
these physical differences, however, the
two systems possess afundamental logical similarity, as we've seen. Is it now
possible to map the information flow in
the human system in the same way that
we are accustomed to in electronics?
Yes, to a certain extent. First of all,
no one alive and in good health would
consent to have men in white lab coats
probing about inside his or her head. So
direct information about the living,
functioning nervous system is hard to
come by. But a lot of data can be obtained concerning brain structure in an
indirect way, and this is the domain of
cognitive psychology. Research along
these lines can be frustrating; it's very
much like trying to figure out what's
inside a computer by seeing how the
machine responds to different sequences
of input signals. Nevertheless, psychological data, together with whatever
biologists can provide, has allowed
many deductions about the brain's organizations.
Let's look at Figure 4, which is a
simplified human cognitive map. Memory elements are represented by squares,
while circles stand for control processes.
This is an arbitrary distinction because
both functions, memory and control,
are apparently performed by cells.
Keeping that fact in mind, let's analyze
the major features of Figure 4, saving
the details for later. First, visual and
auditory information from the outside
world are converted by the eyes and
ears respectively into nervous impulses. These signals are routed to buffer
memories, the sensory registers, which
act to preserve fleeting data long enough
for the rest of the system to process it.
By convention the visual and auditory
sensory registers are called, respectively,
the "icon" and the "echo."
The block labelled LTM is longterm memory, a presumably permanent
storehouse filled with all the important
facts accumulated during alifetime. For
example, LTM contains enormous
quantities of information such as
1+1=2, V=IR, the rules of English
grammar, telephone numbers, and so
on. In contrast, STM or short-term
memory has a very limited capacity.
Furthermore, information fades away or
gets dislodged very easily from STM. It
is possible to consciously retain STM
information, however, by the process of
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rehearsal, repeating things mentally to
one's self. As the arrows of Figure 4
indicate, rehearsal takes information out
of STM and then re-enters it. At the
same time, rehearsal can facilitate entry
of information into LTM, as we'll see
later.
Recognition. The final circle represents two independent processes, chunking and pattern recognition. Because
these processes seem to have the same
inputs and output, they coincide on the
map. Chunking is an organizational
process whereby sensory register information gets grouped by means of LTM
rules before entering STM. This chunking does two important things: 1) it
allows more information to be crammed
into STM, and 2) it makes the information easier for LTM to assimilate.
Note that information cannot enter
LTM directly; instead, it must be
worked on in STM first. For this reason, STM is commonly called working
memory by paychologists. Apparently,
STM is the site of what we experience
as consciousness. The last process, patten recognition, is the identification of
visual or auditory inputs, and is a very
important part of conscious experience
As we stated earlier, the map in
Figure 4 is far from complete. Missing
entirely are the autonomic processes,
such as breathing, which the brain controls. Gone too are the ouputs which,
for example, would control muscular
action. It would also appear from Figure 4 that all inputs are processed
equally, yet we kow this is not true. As
you read these lines countless sounds,
sights, and pressure sensations are available to your senses, yet your attention
is fixed on •the letters that you scan.
This phenomenon of selective attention
is extremely important, but a little too
complex to cover here.
Keeping in mind the fact that our
cognitive map is greatly simplified, let's
consider its features in more detail,
starting with the sensory registers. Experiments with the icon have revealed
that visual information is stored for
less than asecond before fading. Moreover, new visual stimuli erase the old
iconic information. If this did not happen, our apprehension of an image
would lag about a second behind its
appearance. By contrast, echoic storage
lasts longer than that of the icon (the
exact duration is subject to dispute,
however), and erasure per se doesn't
seem to occur. The necessity of echoic
storage is readily seen when you consider that language is aserial phenomenon, made up of sounds which follow
each other in time. To make sense out
of language, what is and what was must
both be available. For example, a sin-

HOBBY COMPUTER HANDBOOK 1979

Figure 3.
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Nerve signals are waves of temporary polarity reversal along the cell membane. In the
first drawing above (a) the nerve membrane
is in a quiescent state, in (b) the polarity
reversal begins and progresses along the
membrane (c & d). The polarity returns to
normal (e) and this return travels behind the
reversal at an equal speed (about 100 mps).

gle word like computer is made up of
many basic sounds called phonemes. All
must be available in order for the pattern recognition process to identify the
word.
STM. Let's consider STM. One piece
of evidence suggesting an STM that is
distinct from LTM is Miler's Syndrome, a mental impairment caused by
damage to the hippocampal area of the
brain. Victims of this syndrome are
quite normal in most respects, but are
unable to permanently memorize new
information. For example, given a list
of words, they can retain the list in

memory for any desired length of time
by continually rehearsing. When instructed to stop rehearsing, they lose
the list in a matter of a minute or so.
One patient was able to read the same
magazine again and again without getting bored. The patient's doctor had to
introduce himself daily, even though he
had been treating the man for years.
Yet, the patient could recall the events
in his life before the accident. According to our cognitive map, we can theorize that the damage broke the link
between LTM and STM. The victim
could use STM and recall old items
froth LTM, but he was unable to put
new information- into long-term storage.
Not only is STM storage temporary
but it also possesses only limited capacity—typically five to nine items. This
figure varies according to the nature of
the items being memorized, but the
average person's short-term capacity is
about seven letters, numbers, or words.
This seven-item limit is commonly referred to as the memory span. Let's
clarify the memory span concept now.
If a list of items is presented one at a
time to a subject, that person can recall the list in perfect order, after seeing
the items just once, if the list length is
less than or equal to about seven items.
Mistakes will appear with longer lists.
Of course, we can memorize more than
seven items, but to do so will require
several presentations of the list plus
some rehearsing. Since rehearsal both
refreshes STM and transfers information to LTM, learning of lists longer
than the memory span evidently requires
storage space in LTM.
Suppose that the following list of

Figure 4.

"ICON"
VISUAL SENSORY
REGISTER

"ECHO"
AUDITORY SENSORY
REGISTER

(Continued on page 115)

CHUNKING
AND
PATTERN
RECOGNITION

STM
SHORT-TERM
MEMORY

LTM
LONG-TERM
MEMORY

REHEARSAL

mi

A simplified model of the information processing system of humans and higher animals.
In addition to the "ECHO" and "ICON" sensory registers there are others for taste, smell
and touch. In the lower box, the LTM, is stored everything you know except for the
most recent inputs which are being processed as you read this page. These immediate
inputs are going into the short term memory and rehersal loop; some of what you have
read will be recorded in the LTM—there is, however, no guarantee your brain will be
able to recall it. Something may be in memory but the brain can't always find it.
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struck the
imagination of hobbyists and engineers like microprocessors—and
few applications have dazzled hobbyists, engineers, and the public in general more than the new microcomputer
chess games. These units actually play
chess and help teach you to play the
game. The whole idea of computerized
chess is so dependent upon high-powered microprocessor chips and highspeed circuitry, as well as other computer-like design attributes that the
whole idea of a small computerized
chess game was impossible only a few
years ago. But now, with the availability of small, inexpensive microprocessor chips, and other electronic devices
the game is a reality.
EW DEVELOPMENTS HAVE

Now we will do something never
done before—as far as we know. We
have located and tried three different
computer chess games. In this brief
space we will discuss the basics of
each and then—hold your seat—we will
play two of those computers against
each other.
Let's Meet the Players. All three
units are becoming available in department stores; their prices are shown
herein along with the manufacturers'
addresses.
First there is our old friend the
Chess Challenger with the four character LED display, three levels of play
(although it is available as a basic
model with one level), and a response
time ranging from a few seconds to
about one minute. It will play either
black or white, as you wish. If you
want to set up pieces on the board in a
particular way so as to try the computer against, for example, the Sunday
New York Times chess problem, you
can do it. You can verify the location
of pieces on the board by pressing a
key that causes a read-out for each
square.
Then there is CotnpuChess which
also has a four character LED display,
but it has six levels of play with the
first four requiring from a few seconds
to 15 minutes for average players, and
the next two levels requiring up to 18
and 48 hours, respectively, for super
players and problem crunching. The
level can be changed at any time during the game so you can start with low
levels, then move up in level as the
pieces thin out so its response time is
not quite so long. CompuChess will
play either black or white pieces and
will let you set up the pieces on the
board in any way you wish in case
you want to try a specific situation.
Finally, there is Boris. This Russiannamed unit is a bit different from the
other two. Besides playing either black

74

CHESSBOARD
RUMBLE
HCH squares off three chess-playing computer combatants!
by Norm Myers

or white, it will play against itself at
any point during a game. So if it is
your move, and you want to see what
Boris would recommend, just let it
make the move for you. The display
is also different. Instead of a four
character LED display where each
character can only be made from the
form of a block figure eight, there are
eight characters and each can display a
whole range of strange looking symbols and characters. The result is that
Boris, when asked, will show a whole
row across the board with the King's
knight on one square, the queen on
some other, etc. A knight actually
looks like a stick horse on this display,
and a queen looks like a Miss America
crown. It's easy to correct a dumb
move you just made, or to set up the

pieces in a certain way on the board.
Simply call up row One, put pieces
where you want them and go on to
row Two, etc. This can be done anytime during a game. Boris is a kibitzer,
he loves to comment on your moves.
He may spell out "I expected that"
along the display or "Are you ranked?"
or some other friendly remark.
Boris also has a different approach
to level of play. Instead of selecting one
of the several levels at the beginning of
the game, you select the amount of
time you will allow Boris to think. This
can be any duration from a few seconds to 100 hours. The duration can
be changed at any time during the
game. The designers claim that at 100
hours for each move Boris will give a
chess master a callenging game, but I
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have found it to be quite challenging
at ten seconds. As with the other computer units, Boris looks ahead a few
moves; the point of the time is to let
it look ahead as far as it can in the time
allotted.
One interesting pitfall is that computer units do not want to let go if the
software algorithms indicate that there
is an advantage to a certain move or
set of moves. This causes trouble when,
for example, apiece of yours is locked
into acorner and you can only move it
back and forth in this endless cycle
with no way to break it. The cycles
can be complicated, with many moves,
or just simple ones. In a person-toperson chess game, someone has to, give
or a stalemate is declared. We have
found that of the 'pitfalls listed above,
our Boris unit appeared to be programmed to avoid the obvious mistakes, but actually all three units provide a very challenging chess game.
Playing one 'computer chess unit
against the other turned out to be very
interesting because each unit planned
ahead a couple of moves so we could
see each computer setting traps for
the other.
Onward, To the Battlefield! We pitted
Boris against Chess Challenger for
three games and CompuChess against
Chess Challenger for three games. The

first game of each three-game set was
at the lowest level on each unit with
one playing white (starting the game),
the second game with the other playing
white, and the third on level 2 (around
10-15 seconds per move). The result
was a lot of intriguing chess—all tied
up like a novel with lots of little side
plots, pitfalls, defenses, and threats.
The computers' -do, however, appear
to behave differently. Boris will shoot
one of its phrases across the screen
that adds humor to the game; he also
appears very willing to exchange queens
rather than running away if they are
attacking each other. This strategy simplifies the board a lot and probably
gives Boris an edge over having to
compute moves with the queens because it can make more trial moves in
its microprocessor before time is up.
So Boris comes on as somewhat aggressive, and it is designed to have
different opening moves to add variety
to the games.
CompuChess -also has variety in its
moves, not only at the beginning but
throughout the game. If two moves are
of nearly equal value, it will choose
one and during another game it may
choose the other. It appears to think
carefully through every possibility before making a move, which gives it a
defensive posture during a game but

Shown here with the symbols used by the Boris machine is the starting position for all
games of chess. White moves first. Object is to trap your opponent's king before he
can trap yours. Boris also has aset of wisecracks he will often spout during the game!

A COMPUTER REYKJAVIK
As for the games, sometimes one
computer would really whip its challenging computer one game, only to be defeated on the next game. The games
were not duplicates of each other. One
small difference in a move would turn a
whole game around. Let's look at the
beginning of a Boris (white) versus
Chess Challenger (black) game. (E2E3
means move the piece at E2 to E3).
White Black
E2E3 D7D5 Advanced openings béing
F1D3 G8F6 used by both units.
B1C3 C8G4 Challenger attacks queen.
"Very interesting," says
Boris.
F2F3
G4G7 Challenger retreats from
B2B4 E7E4 its attack. Boris opens
side to breathe a little.
A1B1 B8C6 Challenger attacking white
pawn.
ClA3 F8E7
Boris protects that pawn
with bishop.
You can see the intrigue—attack, retreat, try again somewhere else, etc.
This particular game lasted about two
hours and required over one hundred
moves by each computer. In the end
Boris won, but it was aclose game with
only five white pieces and four black
pieces left.
when an opportunity arises to gain an
opponent's piece it will set up its
moves to do just that. On level one it
makes every possible move in its memory and looks at the opponent's possible responses before selecting the best
move. On level two it will look at its
possible responses to the opponent's
response—and so on for the other levels.
Boris and Chess Challenger are programmed in a similar manner because
it is impossible to build a full array of
pattern recognition solutions (Ah! This
is pattern R, so I'll set up my Sicilian
defense!) in a microcomputer. The
only way is to have the computer try
to move every piece and then to evaluate what will happen.
Chess Challenger appears to have a
little less variety in its play than the
CompuChess unit and that may be because it rarely ends up evaluating two
situations as equal and therefore almost
never "flips a coin" to decide which
move to make. It uses a full 16 bit
register to score evaluations, giving it a
resolution of one part in 216 (64,000),
so it rarely calls moves equal in value.
From an opponent's viewpoint this
means the Chess Challenger will not
give you the slightest break—it always
does its level best.
Chess on a microcomputer? It's here
now, all three of these units giving a
(Continued on page 114)
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Pricing Computers
come to the
local supermarket
by Shane Piroli
El When next you hand your favorite
supermarket cashieress a tin of tuna
don't be surprised if, rather than simply ringing it up, she whizzes it over a
glass plate set into the top of the checkout counter and then presents you not
with a simple register tape but with a
completely itemized bill. Yes, computers have come to the local market!
Already, dozens of stores have installed the Universal Product Code
System from IBM and it looks as if this
is one wave of the future destined sooner or later to engulf us all. What will it
all mean? Hopefully, lower prices and
faster service at the consumer level
and better inventory control and reordering procedures for the store manager.
It's all accomplished by a microprocessor computer which uses an optical
scanner to "read" those black and white
stripes which, by now, everyone and
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their Aunt Tillie has already noticed
on nearly every package, box or can
from even non-computerized stores.
The fact of the matter is, manufacturers
fully expect that all stores of large
enough volume will become computerized, so they've already tooled up to
label their products in computer-communicable language.
The optical scanner is beneath a
glass-topped slot in the countertop (the
slot being about a foot wide and several inches long). The unit can read
the stripe-code no matter where it appears on the face of the glass. It can,
if fact, read both "forwards" and backwards" so that it makes no difference
which direction the product is moved
along the scanners screen. If the cashieress actually misses the oversize screen
no code will be read and the computer
will thus inform its fallable human to
try it again.
Products will, of course, still be latnled with normal prices via shelf-labels
so that the consumer will be able to
comparison shop and also know when
he's reached the end of his wallet. Produce items, too fragile to be UPD

stripe-encoded, will be priced normally
and also marked with a code number
the register operator can feed manually
into the computer.
The computer, being a computer, is
quite good at arithmetic and is capable
of automatically computing sales tax,
coupons, food stamps and both the
amount given the cashieress and thè
change due the customer. Even better,
all of this information is printed out on
the register receipt and fully itemized;
the consumer has a "hard" copy of all
the fact which went into computing his
bill so he can double-check it all at his
leisure.
The even more futuristic possibilities
inherent in this development are imagination staggering. Imagine going into a
supermarket with no more money than
what's in your bank account, and that
not on you.
The computer age is still just beginning. Even now our lives are changing
at every level in response to high technology moving into ever more and
more areas of our lives. Such things as
this supermarket computer seem to be
one of the more positive results
•
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MICROPROCESSOR
NUMBERING
SYSTEMS
vv

hat you will learn. To understand and work
with microprocessors, it's necessary to understand the binary numbers and codes which
make up the language of these microprocessors.
Approach the problem logically, and you will find
that it's all even easier than you might suspect.
Here we condense the beginning of the Heathkit home-study course on microcomputers. We
think you will agree that this course makes learning
interesting and fun.
First, you will learn about numbering systems in
general because microprocessors think in numbers. Given any decimal number, you will be able
to convert it into its binary or octal equivalent.
You'll be able to convert back and forth from binary
to octal. You will know what a radix is, an integer,
and a whole lot more.
Once you learn these basics, we will guide you
into the world of hexadecimal numbers and show
you why they are so important to understand if
you intend to work with binary-based circuitry. By
the time we finish, you will be swiftly converting
back and forth between the binary and hexadecimal systems.
Finally, you'll learn a bit about binary codes.
You will discover the secret of the Binary Coded
Decimal and how to convert between that code
and the decimal system. You'll discover the Gray
code and then you'll meet the modern-day ASCII
code and its ancestor, the BAUDOT code.
Follow along and join us in understanding
microprocessors!

DECIMAL NUMBER SYSTEM
The number system we are all familiar with is the decimal number system. This system was originally devised by
Hindu mathematicians in India about 400 A.D. The Arabs
began to use the system about 800 A.D., where it became
known as the Arabic Number System. After it was introduced to the European community about 1200 A.D., the
system soon acquired the title "decimal number system."
A basic distinguishing feature of a number system is its
base or radix. The base indicates the number of characters
or digits used to represent quantities in that number system. The decimal number system has a base or radix of
10 because we use the ten digits 0 through 9 to represent
quantities. When a number system is used where the base
is not known, a subscript is used to show the base. For
example, the number 4603 H,is derived from a number system with a base of 10.
Positional Notation. The decimal number system is positional or weighted. This means each digit position in a
number carries a particular weight which determines the
magnitude of that number. Each position has a weight de-

10° =
10 1 --10 2 =
10 3 =
10 4 =-10 5 =
10 8 =
10 7 =
10 8 -=
10° =

1
10
100
1,000
10,000
100,000
1,000,000
10,000,000
100,000,000
1,000,000,000

Figure 1

Condensed and modified for magazine publication, by permission, from pp. 1-1 to 1-61, in the Heath Microprocessor Course, Heath Catalog
number EE-3401. Copyright 1977, all rights reserved. Microprocessor Course is available from Heath Company, Benton Harbor, MI 49022.
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Learning About Computers
termined by some power of the number system base, in this
case 10. The positional weights are 100 (units) (1 unit),
10 1 (tens), 102 (hundreds), etc. Refer to Figure 1 for a
condensed listing of powers of 10.
We evaluate the total quantity of a number by considering the specific digits and the weights of their positions. For
example, the decimal number 4603 is written in the shorthand notation with which we are all familiar. This number
can also be expressed with positional notation.
(4 x 10 3) + (6 x 10 2) + (0 x 10 1)+ (3 x 10°)
(4 x 1000) + (6 x 100) + (0 x 10) + (3 x 1) =
4000 + 600.+ O + 3 = 4603 10
To determine the value of a number, multiply each digit
by the weight of its position and iidd the results.
Fractional Numbers. So far, only integer or whole numbers
have been discussed. An integer is any of the natural numbers, the negatives of these numbers, or zero (that is, 0, 1,
4, 7, etc.). Thus, an integer represents a whole or complete
number. But, it is often necessaty to express quantities in
terms of fractional parts of a whole number,
Decimal 'fractions are numbers whose positions have
weights that are negative powers of ten such as 10 -1 ° =
10 -1 °= 1/10 = 0.1, 10- 2-=.,1/100 =0.01, etc.
Figure 2 provides a condensed listing of negative powers
of 10 (decimal fractions). •
• 10 .4 =
10 -2 -=
10 -2 =
10 -4 =
10 -5 =
10 6 =

1/10
1/100
1/1000
1/10,000
1/100,000

= 0.1
= 0.01
=-- 0.001
0.0001
= 0.00001

111,000,000 =

Flgure 2

0.000001

A radix point (decimal point for base 10 numbers) separates
the integer and fractional parts of a number. The integer or
whole •
portion is to the left of the decimal point and has
positional weights, of units, tens, hundreds, etc. The fractional part of the number is to the right of the decimal point
and has positional weights of tenths, hundredths, thousandths, etc. To illustrate this, the decimal number 278.94
can be written with positional notation as shown below.
(2 x 10 2) + (7 x 10 1) + (8 x 100) x (9 x 10 -1 +
(4 x 10 -2 ) = (2 x 100) + (7 x 10) + (8 x 1) +
(9 x 1/10) + (4 x 1/100) = 200 + 70 + 8 + 0.9 +
0.04 = 278.94 10
In this exemple, the left-most digit (2 x 10 2) is the most
significant digit or MSD bcause it carries the greatest weight
in determining the value of the number. The right-most digit,
called the least significant digit or LSD, has the lowest weight
in determining the value of the number. Therefore, as •the
term implies, the MSD is the digit that will affect the greatest
change when its value is .altered. The LSD has the smallest
effect on the complete number value.

BINARY NUMBER SYSTEM
The simplest number system that uses positional notation
is the binary number system. As the name implies, a binary
system contains only two elements or states. In a number
system this is expressed as abase of 2, using the digits 0 and
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1. These two digits have the same basic value as 0 and 1
in the decimal number system.
Because of its simplicity, microprocessors use the binary
number system to manipulate data. Binary data is represented by binary digits called bits. The term bit is derived
from the contraction of binary digit. Microprocessors operate on groups of bits which are referred to as words. The
binary number 11101101 contains eight bits.

Positional Notation
As with the decimal numbe system, each bit (digit)
position of abinary number carries aparticular weight which
determines the magnitude of that number. The weight of
each position is determined by some power of the number
system base (in this example 2). To evaluate the total
quantity of a number, consider the specific bits and the
weights of their positions. (Refer to Figure 3 for a condensed listing of powers of 2.) For example, the binary
number 110101 can be written with positional notation as
follows:
(1 x25)+(1 x24)+(0 x23)+(1 x22)+(0 x21)+(l x2°)
To determine the decimal value of the binary number
110101, multiply each bit by its positional weight and add
the results.
(1 x 32)+(1 x 16)+(0 x 8)+(1 x 4)+(0 X 2)+(1 x 1)=
32+16+0+4+0+1 =53"
26 =
27 =
28 =
22 =

2° = 110
21 = 210
22 = 410
= 8io
24 = 16 10
—•= 3210

64"
128"
256"
512, 0

Figure 3

210 = 1024 10
211 = 2048"

Fractional binary numbers are expresesd as negative
powers of 2. Figure 4 provides acondensed listing of negative powers of 2. In positional notation, the binary number
0.1101 can be expressed as follows:
(1 x2-1 )+(1 x 2-2 )+(0 x 2-3 )+(1 x 2-4 )
To determine the decimal value of the binary number
0.1101, multiply each bit by its positional weight and add
the results.
(1 x 1/2)
x 1/4)+(0 x 1/8)+(1 x 1/16) =
0.5+0.25+0+0.0625 = 0.8125, 0
In binary number system, radix point is called binary point.
2-1
2-2
2-3
2-4
2-6
2-6
2-7
2-8

=
=
--=
=
=-=
=
=

1/2
1/4
1/8
1/16
1/32
1/64
1/128
1/256

= 0.5"
= 0.25"
=0.125
= 0.625 10
= 0.0312510
= 0.015625 10
= 0.007812510
= 0.00390625, 0

Figure 4
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Converting Between the Binary and Decimal
Number Systems
In working with microprocessors, you will often need to
determine the decimal value of binary numbers. In addition,
you will find it necessary to convert a specific decimal number into its binary equivalent. The following information
shows how such conversions are accomplished.
Binary to Decimal. To convert a binary number into its
decimal equivalent, add together the weights of the positions
in the number where binary l's occur. The weights of the
integer and fractional positions are indicated below.
I
NTEGER

FRACTION

25

24

23

22

2/

25

32

16

8

4

2

I

2-I 2-2
.25

.5

BINARY POINT
As an example, convert the binary number 1010 into its
decimal equivalent. Since no binary point is shown, the
number is assumed to be an integer number, where the
binary point is to the right of the number. The right-most
bit, called the least significant bit or LSB, has the lowest
integer weight of 2°=1. The left-most bit is the most
significant bit (MSB) because it carries the greatest weight
in determining the value of the number. In this example, it
has a weight of 23=8. To evalaute the number, add together the weights of the positions where binary l's appear.
ln this example, l's occur in the 23 and 21 positions. The
decimal equivalent is ten.
Binary Number
1 0 1 02
Position Weights 23 22 2' 2°
Decimal Equivalent
8 +0 +2 +0=10 10
To further illustrate this process, convert the
number 101101.11 into its decimal equivalent.
Binary Number
Position Weights

1
2°

0
24

1
23

1
22

0
21

1
20

.1
2-1

binary

1
2-2

Decimal Equivalent
32 +0 +8 +4 +0 +1 +.5 +.25=45.75 10
Decimal to Binary. A decimal integer number can be converted to a different base or radix through successive divisions by the desired base. To convert a decimal integer
number to its binary equivalent, successively divide the
number by 2 and note the remainders. When you divide by
2, the remainder will always be 1or 0. The remainders form
the equivalent binary number.
As an example, the decimal number 25 is converted into
its binary equivalent.
25+2 = 12 with remainder
12+2 = 6
6+2=3
3+2 = 1
1÷2 =

1

LSB

o
O
1 4-- MSB
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Divide the decimal number by 2 and note the remainder.
Then divide the quotient by 2 and again note the remainder.
Then divide the quotient by 2 and once again note the remainder. Continue this division process until 0 results. Then
collect remainders beginning with the last or most significant
bit (MSB) and proceed to the first or least significant bit
(LSB). The number 11001 2=25 10 . Notice that the remainders are collected in the reverse order. That is, the
first remainder becomes the least significant bit, while the
last remainder becomes the most significant bit.
Note: Do not attempt to use a calculator to perform this
conversion. It would only supply you with confusing results.
To further illustrate this, the decimal number 175 is
converted into its binary equivalent.
175+2 = 87 with remainder 1
87+2 = 43
43+2 = 21
21+2 r= 10
10+2
5
5+2 = 2
2+2=1
1+2 =

LSB

The division process continues until 0 results. The remainders are collected to produce the number 10101111 2=
175 1o.

To convert adecimal fraction to a different base or radix,
multiply the fraction successively by the desired base and
record any integers produced by the multiplication as an
overflow. For example, to convert the decimal fraction
0.3125 into its binary equivalent, multiply repeatedly by 2.
0.3125
0.6250
0.2500
0.5000

x2
x2
x 2=
x2=

0.625 =
1.250 =0.500 =
1.000 =

0.625 with overflow
0.250
0.500
0

0 +- MSB
1
0
1
LSB

These multiplications will result in numbers with a 1 or 0
in the units position (the position to the left of the decimal
point). By recording the value of the units position, you can
construct the equivalent binary fraction. This units position
value is called the "overflow." Therefore, when 0.3125 is
multiplied by 2, the overflow is 0. This becomes the most
significant bit (MSB) of the binary equivalent fraction.
Then 0.625 is multiplied by 2. Since the product is 1.25, the
overflow is 1. When there is an overflow of 1, it is effectively
subtracted from the product when the value is recorded.
Therefore, only 0.25 is multiplied by 2 in the next multiplication process. This- method continues until an overflow
with no fraction results. It is important to note that you can
not always obtain 0 when you multiply by 2. Therefore, you
should only continue the conversion process to the accuracy
or precision you desire. Collect the conversion overflows
beginning at the radix (binary) point with the MSB and
proceed to the LSB. This is the same order in which the
overflows were produced. The number 0.01010=0.3125 10 .
To further illustrate this process, the decimal fraction
0.84375 is converted into its binary equivalent.
0.90625 x2
1.8125 = 0.8125 with overflow 1
0.81250 x2-= 1.6250 = 0.6250
1
0.62500 x 2=- 1.2500 = 0.2500
0.25000 x 2= 0.5000 -= 0.5000
0.50000 x2-= 1.0000 -= 0

1
0
1

MSB

LSB
79
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The multiplication process continues until either 0 or the
desired precision is obtained. The overflows are then collected beginning with the MSB at the binary (radix) point
and proceeding to the LSB. The number 0.11101 2=
0.90625 10 .
If the decimal number contains both an integer and fraction, you must separate the integer and fraction using the
decimal point as the break point. Then perform the appropriate conversion process on each number portion. After you
convert the binary integer and binary fraction, recombine
them. For example, the decimal number 14.375 is converted
into its binary equivalent.
14.375 10 = 14, 0 + 0.375 /0
14 + 2= 7
with remainder 0
LSB
7 2= 3
1
3 + 2= 1
1
1+ 2= 0
1 +—MSB
14 10 = 1110 2
0.375 x 2=0.75 = 0.75 with overflow
0.750 x2r=---1.50 =-- 0.50
0.500 x2= 1.00 =

0 4— MSB
1
1 4— LSB

0.375 10 --= 0.011 2
14.375 10

= 14, 0 + 0.375, 0= 1110 2 + 0.011 2 = 1110.0112.

OCTAL NUMBER SYSTEM
Octal is another number system that is often used with
microprocessors. It has a base (radix) of , 8, and uses the
digits 0 through 7. These eight digits have the same basic
value as the digits 0-7 in the decimal number system.
As with the binary number system, each digit position of
an octal number carries a positional weight which determines the magnitude of that number. The weight of each
position is determined by some power of the number system
base (in this example, 8). To evaluate the total quantity of
anumbr, consider the specific digits and the weights of their
positions. Refer to Figure 5 for a condensed listing of
powers of 8. For example, the octal number 372.01 can be
written with positional notation as follows:

adding the results. As with decimal and binary numbers, the
radix (octal) point separates the integer from the fractional
part of the number.
(3 x 64)+(7 x 8)+(2 x 1)+(0 x0.125)+(1 x 0.015625)=
192+56+2+0+0.015625 = 250.01562510

Conversion From Decimal to Octal
Decimal to octal conversion is accomplished in the same
manner as decimal to binary, with one exception; the base
number is now 8 rather than 2. As an example, the decimal
number 194 is converted into its octal equivalent.
194+8 = 24 with remainder 2 4— LSD
24+8 r---3
0
3+8 = 0
34— MSD
Divide the decimal by 8 and note the remainder. (The
remainder can be any number from 0 to 7.)
Then divide the quotient by 8 and again note the remainder. Continue dividing until 0 results. Finally, collect
the remainders beginning with the last or most significatit
digit (MSD) and proceed to the first or least significant
digit (LSD). The number 302 8 = 194„. Figure 6 illustrates
the relationship between the first several decimal, octal, and
binary integers.
To further illustrate this process, the decimal number 175
is converted into its octal equivalent.
175+8 = 21 with remainder 7 I-- LSD
21+8 = 2
5
2+8 = 0
2 +— MSD
Figure 6
DECIMAL
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

(3 x 82)+(7 x 81)+(2 x 80)+(0 x 8-1 )+(1 x 8-2 )
Figure 5

8-4
8-3
8-2
8-1

=
=
=
=

110=
8„ =
64, 0 -=
512 10
4096 10 =
32768 10 '=
262144 10 =

1/4096
1/512
1/64
1/8

=
=
=
=

0.00024414062510
0.001953125 10
0.015625 10
0.125 io

8°
81

82
83
84
85
86

OCTAL
1
2
3
4
5
6
7
10
11
12
13
14
15
16
17
20
21
22
23
24

BINARY

o
10
11
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
1111
10000
10001
10010
10011
10100

The division process continues until aquotient of 0 results.
The remainders are collected, producing the number 257 8 =
The decimal value of the octal number 372.01 is determined by multiplying each digit by its positional weight and
80

175 1o.

To convert a decimal fraction to an octal fraction, mul-
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tiply the fraction successively by 8 (octal base). As an
example, the decimal fraction 0.46875 is converted into its
octal equivalent.
0.46875 x 8= 3.75 = 0.75 with overflow
0.75000 x 8
6.00 = 0

3 4-- MSD
6 4- LSD

Multiply the decimal number by 8. If the product exceeds
one, subtract the integer (overflow) from the product. Then
multiply the product fraction by 8and again note any "overflow." Continue multiplying until an overflow, with 0 for a
fraction, results. Remember, you can not always obtain 0
when you multiply by 8. Therefore, you should only continue this conversion process to the accuracy or precision
you desire. Collect the conversion overflows beginning at
the radix (octal point) with the MSD and proceed to the
LSD. The number 0.36 8 = 0.46875, 8.Figure 7 illustrates
the relationship between decimal, octal, and binary fractions.
Now, the decimal fraction 0.136 will be converted into
its octal equivalent with four-place precision.
0.136 x 8= 1.088 = 0.088 with overflow
0.088 x 8 = 0.704 = 0.704
0.704 x 8= 5.632 =0.632
0.632 x 8= 5.056 = 0.056
0.136, 8
0.1055 8

1
MSD
0
5
5 4-- LSD

The number 0.1055 8 approximately equals 0.136 10 . If
you convert 0.1055 8 back to decimal (using positioned notation) you will find 01055 8 = 0.135986328125, 0.This example shows that extending the precision of your conversion
is of little value unless extreme accuracy is required.
As with decimal to binary conversion of a number that
Figure 7
DECIMAL
0.015625
0.03125
0.046875
0.0625
0.078125
0.09375
0.109375
0.125
0.140625
0.15625
0.171875
0.1875
0.203125
0.21875
0.234375
0.25
0.265625
0.28125
0.296875
0.3125

OCTAL
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.1
0.11
0.12
0.13
0.14
115
/16
0.17
,).2
0.21
0.22
0.23
0.24

BINARY
0.000001
0.00001
0.000011
0.0001
0.000101
0.06011
0.000111
0.001
0.001001
0.00101
0.001011
0.0011
0.001101
0.00111
0.001111
0.01
0.010001
0.01001
0.010011
0.0101

contains both an integer and fraction, decimal to octal conversion requires two operations. You must separate the
integer from the fraction, then perform the appropriate
conversion on each number. After you convert them, you
must recombine the octal integer and octal fraction. For
example, convert the decimal number 124.78125 into its
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octal equivalent.
124.78125 10 =--- 124 18 + 0.78125io
124÷8 = 15 with remainder
15+8
1
1+8 =

4
7

LSD
MSD

124 10 = 174 8
0.78125 x 8= 6.25 = 0.25 with overflow
0.25000 x 8-=- 2.00

6 4-- MSD
2 4- LSD

0.78125 18 = 0.62 8

124.78125 18 = 124 18 + 0.78125 10 = 174 8 + 0.62 8 = 174.62

Converting Between the Octal and
Binary Number Systems
Microprocessors manipulate data using the binary number
system. However, when larger quantities are involved, the
binary number system can become cumbersome. Therefore,
other number systems are frequently used as a form of
binary shorthand to speed-up and simplify data entry and
display. The octal number system is one of the systems that
is used in this manner. It is similar to the decimal number
system, which makes it easier to understand numerical
values. In addition, conversion between binary and octal is
readily accomplished because of the value structure of
octal. Figures 6 and / illustrate the relationship between
octal and binary integers and fractions.
As you know, three bits of binary number exactly equal
eight value combinations. Therefore, you can represent a 3bit binary number with a 1-digit octal number.
1012 = (1 x22)+(0 x2 1±(1 x20)= 4+0+1 = 58
Because of this relationship, converting binary to octal
is simple and straight forward. For example, binary number
101001 is converted into its octal equivalent.

1010012
REWRITE AS
MSB

LSB
101
001
YIELDS
51 8

To convert a binary number to octal, first separate the
number into groups containing three bits, beginning with
the least significant bit. Then convert each 3-bit group into
its octal equivalent. This gives you an octal number equal in
value to the binary number.

Binary fractions can also be converted to their octal
equivalents using the same process, with one exception. The
binary bits must be separated into groups of three beginning
with the most significant bit. For example, the binary
fraction 0.011101 is converted into its octal equivalent.
2-lg.:till, you must first separate the binary number into
81
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0.011101 2
REWRITE AS
MSB
LSB
0.011
101
YIELDS
0.35 8
groups of three beginning at the radix (binary) point. Then
covert each 3-bit group into its octal equivalent.
To separate binary number into 3-bit groups when the
number does not contain the necessary bits, add zeros to the
number until the number can be separated into 3-bit groups.
For example, binary number 10010101.1011 is converted
into its octal equivalent.
10010101.1011,
REWRITE AS
MSB
010

LSB
010
101.101
YIELDS
225.54 8

100

As before, the integer part of the number is separated into
3-bit groups, beginning at the radix (binary) point. Note
that the third group contains only two bits. However, a zero
can be added to the group without changing the value of the
binary number. Next, the fractional part of the number
is separated into 3-bit groups, beginning at the radix
(binary) point. Note that the second group contains only
one bit. By adding two zeros to the group, the group is
complete with no change in the value of the binary number.
Note: Whenever you add zeros to a binary integer,
always place them to the left of the most significant bit.
When you add zeros to a binary fraction, always place
them to the right of the least significant bit.
After you have formed the 3-bit groups, convert each
group into its octal equivalent. This gives you an octal
number equal in value to the binary number. Now convert
binary number 1101110.01 into its octal equivalent.
1101110.01 2
REWRITE AS
MSB
LSB
001

101
110.010
YIELDS
156.2 8

Separate the integer and fraction into 3-bit groups, adding zeros as necessary. Then convert each 3-bit group to
octal. Never shift the radix (binary) point in order to form
3-bit groups.
Converting octal to binary is just the opposite of the
previous process. You simply convert each octal number
into its 3-bit binary equivalent. For example, convert the
octal number 75.3 into its binary equivalent.
75.3 8
YIELDS
MSB

LSB

111
101.011
REWRITE AS
111101.011 2

82

The above example is a simple conversion. Now a more
complex octal number (1752.714) will be converted to a
binary number.
1752.714 8
YIELDS
MSB
LSB
001

111

101
010.111
001
REWRITES AS
1111101010.1110011 2

100

Again, each octal digit is converted into its 3-bit binary
equivalent. However, in this example, there are two insignificant zeros in front of the MSB and after the LSB.
Since these zeros have no value, they should be removed
from the final result.

WHAT YOU HAVE LEARNED
1. A basic distinguishing feature of a number system is its
base or radix. The base indicates the number of characters of digits used to represent quantities in that number system. A subscript may be used to show the base a
number has been written in.
2. An integer is any of the natural, whole numbers and
their negatives, or zero. Decimal fractions are numbers
whose positions have weights that are negative powers
of ten.
3. The radix separates the integer and fractional parts of
anumber. In our decimal system we refer to the radix as
a "decimal point." In the octal system, for example, it
might be called an "octal point."
4. A binary system contains •two elements or states. In a
number system it is expressed as a base of 2, using the
digits 0 and 1. Binary digits are called bits and microprocessors operate on groups of bits which are referred
to as words.
5. To convert a binary number into its decimal equivalent,
add together the weights of the positions in the number
where binary l's occur.
6. To convert a decimal number into its binary equivalent,
successively divide the number by the desired base. Note
the remainders. The remainders will form the equivalent
binary number.
7. The octal numbering system has a base (radix) of 8 and
uses the digits 0 through 7. As with the binary system,
each digit position of an octal number carries apositional
weight which determines the magnitude of that number.
8. Conversions from decimal to octal are accomplished in
the same manner as decimal to binary with one exception: The base number is now 8 rather than 2.
9. You may represent a 3-bit binary number with a 1-digit
octal number. To convert from binary to octal first separate the number into groups containing three bits, beginning with the least significant bit. Then convert each
3-bit group into its octal equivalent. This will give you
an octal number equal in value to the binary number.
10. In converting as above, to separate the binary number
into 3-bit groups when the number does not contain the
necessary bits, add zeros to the number until the number
can be separated into 3-bit groups.

HEXADECIMAL NUMBER SYSTEM
Hexadecimal is another number system that is often used
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with microprocessors. It is similar in value structure to the
octal number system, and thus allows easy conversion with
the binary number system. Because of this feature and the
fact that hexadecimal simplifies data entry and display to
a greater degree than octal, you will use hexadecimal more
often than any other number system in this course. As the
name implies, hexadecimal has a base (radix) of 16 10 .It
uses digits 0 through 9 and the letters A through F.
The letters are used because it is necessary to represent
16 10 different values with a single digit for each value.
Therefore, the letters A through F are used to represent
the number values 10 10 through 15 10 .The following discussion will compare the decimal number system with the
hexadecimal number system.
All of the numbers are of equal value between systems
(Olo = °16 , 3 10
3 16, 9 10 = 916, etc.). For numbers greater
than 9, this relationship exists: 10 10 = A16, 1 1 10 =B16 ,
1210 "=C 1 6,
131 0 =
D16, 1410 =
E16, and 15 10
F16 .
Using letters in counting may appear awkward until you
become familiar with the system. Figure 1 illustrates the
relationship between decimal and hexadecimal integers,
DECIMAI

HEXADECIMAL

0

BINARY

o

1
(
.11 CI Ci" trl

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

N
00 01 <
(.)
;Li 0

eg en -I- in \r) s 00 a\ <C A:1 (..)
W
rsl

1
10
11
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
1111
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
11111
100000
100001
100010
100011

DECIMAL

0.00390625
0.0078125
0.01171875
0.015625
0.01953125
0.0234375
0.02734375
0.03125
0.03515625
0.0390625
0.04296875
0.046875
0.05078125
0.0546875
0.05859375
0.0625
0.06640625
0.0703125
0.07421875
0.078125
0.08203125
0.0859375
0.08984375
0.09375
0.09765625
0.1015625
0.10546875
0.109375
0.11328125
0.1171875
0.12109375
0.125

HEXADECIMAL

Figure 2

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.0A
0.0B
0.0C
0.0D
0.0E
0.0F
0.1
0.11
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.1A
0.1B
0.1C
0.1D
0.1E
0.1F
0.2

BINARY

0.00000001
0.0000001
0.00000011
0.000001
0.00000101
0.0000011
0.00000111
0.00001
0.00001001
0.0000101
0.00001011
0.00011
0.00001101
0.0000111
0.00001111
0.0001
0.00010001
0.0001001
0.00010011
0.000101
0.00010101
0.0001011
0.00010111
0.00011
0.00011001
0.0001101
0.00011011
0.000111
0.00011101
0.0001111
0.00011111
0.001

while Figure 2 ilustrates the relationship between decimal
,and hexadecimal fractions.
As with the previous number systems, each digit position of a hexadecimal number carries a positional weight
which determines the magnitude of that number. The
weight of each position is determined by some power of
the number system base (in this example, 16 10 ). The total
quantity of a number can be evaluated by considering the
specific digits and the weights of their positions. (Refer
to Figure 3 for a condensed listing of powers of 16 10 .)
For example, the hexadecimal number E5D7.A3 can be
written with positional notation as follows:
(E X 16 3)± (5 X 16 2)-I- (D X 16 1)± (7 X 16 0)+
(A X 16 -1 )-I- (3 X 16 -2 )
The decimal value of the hexadecimal number E5D7.A3
is determined by multiplying each digit by its positional
weight and adding the results. As with the previous number systems, the radix (hexadecimal) point separates the
integer from the fractional part of the number.
(14 X 4096) + (5 X 256) + (13 X 16) + (7 X l)+(10
X 1/16) + (3 X 1/256) = 57344 + 1280 -1- 208
7+
0.625 + 0.01171875 = 58839.63671875 /0

41

ti«

Conversion From Decimal to Hexadecimal
Decimal to hexadecimal conversion is accomplished in
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to the accuracy or precision you desire. Collect the conversion overflows beginning at the radix point with the
MSD and proceed to the LSD. The number 0.C8 16
0.78125 10 .
Now the decimal fraction 0.136 will be converted into
its hexadecimal equivalent with five-place precision.

16 -4 = 1/65536 =-- 0.0000152587890625 io
16 -3

1/4096 = 0.000244140625 io

16 -2 = 1/256 = 0.00390625 10

0.136
0.176
0.816
0.056
0.896

16 -1 =-- 1/16 = 0.0625io
110 =
16, 0 =
256, 0 =
4096 /0 =
65536 10 =
1048576 10 =
16777216 10 =

16°
16 1
16 2
16 3
16 4
16 5
16 6

Figure 3

the same manner as decimal to binary or octal, but with
a base number of 16 10 .As an example, the decimal number 156 is converted into its hexadecimal equivalent.
156 ± 16 =-- 9 with remainder 12 = C 4--- LSD
± 16 = 0
9= 0
MSD
Divide the decimal number by 16, 0 and note the remainder. If the remainder exceeds 9, convert the 2-digit
number to its hexadecimal equivalent (12 10 =--- C in this
example). Then divide the quotient by 16 and again note
the remainder. Continue dividing until a quotient of 0
results. Then collect the remainders beginning with the
last or most significant digit (MSD) and proceed to the
first or least significant digit (LSD). The number 9C 16 =
156 10 .NOTE: The letter H after a number is sometimes
used to indicate hexadecimal. However, this course will
always use the subscript 16.
To further illustrate this, the decimal number 47632 is
converted into its hexadecimal equivalent.
47632
2977
186
11

±
±
±
±

16 =
16 =-16=
16 =

2977 with remainder 0
186
1= 1
11
10 = A
0
11 =---B

LSD

MSD

The division process continues until a quotient of 0 results. The remainders are collected, producing the number BA10 16 --= 47632, 0. Remember, any remainder that
exceeds the digit 9 must be converted to its letter equivalent.
(In this example, 10 = A, and 11 = B.)
To convert a decimal fraction to a hexadecimal fraction,
multiply the fraction successively by 16 10 (hexadecimal
base). As an example, the decimal fraction 0.78125 is converted into its hexadecimal equivalent.
0.78125 X 16 =-- 12.5 ------- 0.5 with overflow 12 = C
0.50000 X 16 -= 8.0 = 0
8= 8

MSD
LSD

Multiply the decimal by 16 10 .If the product exceeds one,
subtract the integer (overflow) from the product. If the
"overflow" exceeds 9, convert the 2-digit number to its
hexadecimal equivalent. Then multiply the product fraction by 16 10 and again note any overflow. Continue multiplying until an overflow, with 0 for a fraction, results. Remember, you can not always obtain 0 when you multiply
by 16. Therefore, you should only continue the conversion

84

X
X
X
X
X

16= 2.176=0.176 overflow
16 = 2.816 = 0.816
16 = 13.056 = 0.056
16 = 0.896 = 0.896
16 = 14.336 = 0.336

2=2 -->MSD
2= 2
13 = D
0=0
14 =E -4- LSD

The number 0.22DOE" approximately equals 0.136 10 .
If you convert 0.22DOE, 8 back to decimal (using positional
notation), you will find 0.22DOE 10 = 0.1359996795654296875 16 .This example shows that extending the precision of
your conversion is of little value unless extreme accuracy
is required.
As shown in this section, conversion of an integer from
decimal to hexadecimal requires a different technique than
for conversion of a fraction. Therefore, when you convert
a hexadecimal number composed of an integer and a fraction, you must separate the integer and fraction, then perform the appropriate operation on each. After you convert
them, you must recombine the integer and fraction. For example, the decimal number 124.78125 is converted into its
hexadecimal equivalent.
124.78125 10 = 124 10 + 0.78125 10
124 ± 16 -= 7 with remainder 12 -= C 4-- LSD
7 ± 16 =--- 0
7= 7 4-- MSD
124, 0 =

7 C16

0.78125 X 16 = 125 = 0.5
1:150000 X 16 -=8.0 = 0
0.78125 10 =
124.78125 10
7C16

overflow 12 = C
overflow 8=--- 8

4""

MSD
LSD

0 .C 816

124 10 + 0.78125, 0 =

0.C8 16 = 7C.C8 16

First separate the decimal integer and fraction. Then
convert the integer and fraction to hexadecimal.
Finally, recombine the integer and fraction.

Converting Between the Hexadecimal and
Binary Number Systems
Previously, the octal number system was described as an
excellent shorthand form to express large binary quantities.
This method is very useful with many microprocessors. The
trainer used with this course uses the hexadecimal number
system to represent binary quantities. As a result, frequent
conversions from binary-to-hexadecimal are necessary. Fig
ures 1 and 2 illustrate the relationship between hexadecimal
and binary integers and fractions.
As you know, four bits of a binary number exactly equal
16 10 value combinations. Therefore, you can represent a
4-bit binary number with a 1-digit hexadecimal number:
1101 2 ---= (1 X 23)± (1 X 22)± (0 X 21)+ (1 X 20)=
8+ 4 + 0 + 1= 13 10' D16
Because of this relationship, converting binary to hexadecimal is simple and straightforward. For example, binary
number 10110110 is converted into its hexadecimal equiva-
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lent.
10110110 2
REWRITE AS
MSB
LSB
1011

0110
YIELDS
B6 16

To convert a binary number to hexadecimal, first separate the number into groups containing four bits, beginning with the least significant bit. Then convert each 4-bit
group into its hexadecimal equivalent. Don't forget to use
letter digits as required. This gives you a hexadecimal
number equal in value to the binary number.
Now convert a larger binary number (10101101101) into
its hexadecimal equivalent.
10110110 2
REWRITE AS
MSB
LSB
0101

0110
1101
YIELDS
56D 16

Again, the binary number is separated into 4-bit groups
beginning with the LSB. However, the third group contains only three bits. Since each group must contain four
bits, a zero must be added after the MSB. The third group
will then have four bits with no change in the value of the
binary number. Now each 4-bit group can be converted
into its hexadecimal equivalent. Whenever you add zeros
to a binary integer, always place them to the left of the
most significant bit.
Binary fractions can also be converted to their hexadecimal equivalents using the same process, with one exception; the binary bits are separated into groups of four, beginning with the most significant bit (at the radix point).
For example, the binary fraction 0.01011011 is converted
into its hexadecimal equivalent.
0.01011011 2
REWRITE AS
MSB
LSB
0.0101
1011
YIELDS

at the radix (binary) point (MSB). Note that the third group
coniains only two bits. Since each group must contain four
bits, two zeros must be added after the LSB. The third
group will then have four bits with no change in the value
of the binary number. Now, each 4-bit group can be converted into its hexadecimal equivalent. Whenever you add
zeros to a binary fraction, always place them to the right of
the least significant bit.
Now, a binary number containing both an integer and a
fraction (110110101.011 10111) will be converted into its
hexadecimal equivalent.
110110101.01110111 2
REWRITE AS
MSB

LSB

0001

1011
0101.0111
YIELDS
1B5.77 16

The integer part of the number is separated into groups
of four, beginning at the radix point. Note that three zeros
were added to the third group to complete the group. The
fractional part of the number is separated into groups of
four, beginning at the radix point. (No zeros were needed
to complete the fractional groups.) The integer and fractional 4-bit groups are then converted to hexadecimal. The
number 110110101.01110111 2 = 1B5.77 16 .Never shift the
radix point in order to form 4-bit groups.
Converting hexadecimal to binary is just the opposite of
the previous process; simply convert each hexadecimal number into its 4-bit binary equivalent. For example, convert
the hexadecimal number 8F.41 into its binary equivalent.
8F.41 16
YIELDS
MSB

LSB

1000

1111.0100 0001
REWRITE AS
10001111.01000001 2

Convert each hexadecimal digit into a 4-bit binary number. Then condense the 4-bit groups to form the binary
value equal to the hexadecimal value. The number 8F.41 16
10001111.01000001 2.
Now, the hexadecimal number 175.4E will be converted
into its binary equivalent.
175.4E 16
YIELDS

0.
5 B16

Again, you must separate the binary number into groups
of four, beginning with the radix point. Then convert each
4-bit group into its hexadecimal equivalent. This gives you
a hexadecimal number equal in value to the binary number.
Now convert alarger binary fraction (0.1101001101) into
its hexadecimal equivalent.
0.1101001101 2
REWRITE AS
MSB
LSB
0.1101

0011
0100
YIELDS
0.D34 16

Separate the binary number into 4-bit groups, beginning
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0111

MSB
0001

LSB

0111
0101.0100
1110
REWRITE AS
101110101.0100111 2

Again, each hexadecimal digit is converted into its 4-bit
binary equivalent. However, in this example there are
three insignificant zeros in front of the MSB and one after
the LSB. Since these zeroes have no value, they should be
removed from the final result.

BINARY CODES
Converting a decimal number into its binary equivalent is
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called "coding." A decimal number is expressed as a binary
code or binary number. The binary number system, as discussed, is known as the pure binary code. This name distinguishes it from other types of binary codes. This section
will discuss some of the other types of binary codes used
in computers.

Binary Coded Decimal
The decimal number system is easy to use because it is
so familiar. The binary number system is less convenient
to use because it is less familiar. It is difficult to quickly
glance at a binary number and recognize its decimal equivalent. For example, the binary number 1010011 represents
the decimal number 83. It is difficult to tell immediately
by looking at the number what its decimal value is. However, within a few minutes, using the procedures described earlier, you could readily calculate its decimal
value. The amount of time it takes to convert or recognize
a binary number quantity is a distinct disadvantage in
working with this code despite the numerous hardware
advantages. Engineers recognized this problem early and
developed a special form of binary code that was more
compatible with the decimal system. Because so many
digital devices, instruments and equipment use decimal
input and output, this special code has become very widely
used and accepted. This special compromise code is known
as binary coded decimal (BCD). The BCD code combines
some of the characteristics of both the binary and decimal
number systems.
8421 BCD Code. The BCD code is a system of representing the decimal digits 0 through 9 with a four-bit
binary code. This BCD code uses the standard 8421 position weighting system of the pure binary code. The standard 8421 BCD code and the decimal equivalents are shown
in Figure 4 along with a special Gray code that will be
described later. As with the pure binary code, you can
convert the BCD numbers into their decimal equivalents by
simply adding together the weights of the bit positions
whereby the binary l's occur. Note, however, that there are
only ten possible valid 4-bit code arrangements. The 4-bit
DECIMAL
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

8421 BCD
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
0001 0000
0001 0001
0001 0010
0001 0011
0001 0100
0001 0101
Flgure4
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GRAY
0000
0001
0011
0010
0110
0111
0101
0100
1100
1101
1111
1110
1010
1011
1001
1000

BINARY
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

binary numbers representing the decimal numbers 10
through 15 are invalid in the BCD system.
To represent a decimal number in BCD notation, substitute the appropriate 4-bit code for each decimal digit. For
example, the decimal integer 834 in BCD would be 1000
0011 0100. Each decimal digit is represented by its equivalent 8421 4-bit code. A space is left between each 4-bit
group to avoid confusing the BCD format with the pure
binary code. This method of representation also applies to
decimal fractions. For example, the decimal fraction 0.764
would be 0.0111 0110 0100 in BCD. Again, each decimal
digit is represented by its equivalent 8421 4-bit code, with
aspace between each group.
An advantage of the BCD code is that the ten BCD
code combinations are easy to remember. Once you begin
to work with binary numbers regularly, the BCD numbers
may come to you as quickly and automatically as decimal
numbers. For that reason, by simply glancing at the BCD
representation of a decimal number you can make the
conversion almost as quickly as if it were already in decimal form. As an example, convert a BCD number into
its decimal equivalent.
0110 0010 1000.1001 0101 0100 = 628.954io
The BCD code simplifies the man-machine interface but
it is less efficient than the pure binary code. It takes more
bits to represent a given decimal number in BCD than it
does with pure binary notation. For example, the decimal
number 83 in pure binary form is 1010011. In BCD code
the decimal number 83 is written as 1000 0011.. In the
pure binary code, it takes only seven bits to represent the
number 83. In BCD form, it takes eight bits. It is inefficient
because, for each bit in a data word, there is usually some
digital circuitry associated with it. The extra circuitry associated with the BCD code costs more, increases equipment
complexity, and consumes more power. Arithmetic operations with BCD numbers are also more time consuming and
complex than those with pure binary numbers. With four
bits of binary information, you can represent a total of
24 = 16 different states or the decimal number equivalents
0 through 15. In the BCD system, six of these states (1015), are wasted. When the BCD number system is used,
some efficiency is traded for the improved communications
between the digital equipment and the human operator.
Decimal-to-BCD conversion is simple and straightforward. However, binary-to-BCD conversion is not direct. An
intermediate conversion to decimal must be performed first.
For example, the binary number 1011.01 is converted into
its BCD equivalent.
First the binary number is converted to decimal.
1011.01 2 = (1 X 23)± (0 X 22)-1- (1 X 21)±
(1 X 2°) ± (0 X 2-1 )± (1 X 2-2 )
= 8± O ± 2 + 1+ O ± 0.25
= 11.25 10
Then the decimal result is converted to BCD.
11.25 10 = 0001 0001.0010 0101
To convert from BCD to binary, the previous operation
is reversed. For example, the BCD number 1001 0110.0110
0010 0101 is converted into its binary equivalent.
First, the BCD number is converted to decimal. 1001
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0110.0110 0010 0101 = 96.625. Then the decimal result
is converted to binary. 96.625" = 961 o 0 .
625 io
96
48 ÷
24
12 ÷.
6÷
3
1

2= 48 with remainder 0 LSB
2= 24
0
2= 12
o
2= 6
0
2= 3
0
2= 1
1
2= 0
14— MSB

96 10 = 11000002
0.625 X 2-= 1.25 —= 0.25 with overflow 14— MSB
0.250 X 2= 0.50 = 0.50
o
0.500 X 2= 1.00 = 0
14— LSB
0.625" = 0.101 2
96.625, 0 = 96 io
0.625 10 = 1100000 2
0.101 2 =
1100000.1012
Therefore:
1001 0110.0110 0010 0101
96.625" =
1100000.101 2
Because the intermediate decimal number contains both an
integer and fraction, each number portion is converted as
described under "Binary Number System." The binary sum
(integer plus fraction) 1100000.101 is equivalent to the BCD
number 1001 0110.0110 0010 0101.

Special Binary Codes
Besides the standard pure binary coded form, the BCD
numbering system is by far the most widely-used digital
code. You will find one or the other in most of the applications that you encounter. However, there are several
other codes that are used for special applications, such as
the "Gray Code."
The Gray Code is a widely-used, non-weighted code
system. Also known as the cyclic, unit distance or reflective
code, the Gray code can exist in either the pure binary or
BCD formats. The Gray code is shown in Figure 4. As with
the pure binary code, the first ten codes are used in BCD
operations. Notice that there is a change in only one bit
from one code number to the next in sequence. You can get
a better idea about the Gray code sequence by comparing
it to the standard 4-bit 8421 BCD code and the pure binary
code also shown in Figure 4. For example, consider the
change from 7 (0111) to 8 (1000) in the pure binary code.
When this change takes place, all bits change. Bits that
were l's are changed to O's and O's are changed to l's.
Now notice the code change from 7 to 8 in the Gray code.
Here 7 (0100) changes to 8 (1100). Only the first bit
changes.
The Gray code is generally known as an error minimizing code because it greatly reduces confusion in the
electronic circuitry when changing from one state to the
next. When binary codes are implemented with electronic
circuitry, it takes a finite period of time for bits to change
from 0 to 1 or 1 to 0. These state changes can create
timing and speed problems. This is particularly true in the
standard 8421 codes where many bits change from one
combination to the next. When the Gray code is used, however, the timing and speed errors are greatly minimized
because only one bit changes at a time. This permits code
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circuitry to operate at higher speeds with fewer errors.
The biggest disadvantage of the Gray code is that it is
difficult to use in arithmetic computations. Where numbers
must be added, subtracted or used in other computations,
the Gray code is not applicable. In order to perform arithmetic operations, the Gray code number must generally be
converted into pure binary form.

Alphanumeric Codes
Several binary codes are called alphanumeric codes because they are used to represent characters as well as numbers. The two most common codes that will be discussed
are ASCII and BAUDOT.
ASCII Code. The American Standard Code for Information Interchange commonly referred to as ASCII, is a special form of binary code that is widely used in microprocessors and data communications equipment. A new name
for this code that is becoming more popular is the American National Standard Code for Information Interchange
(ANSCII). However, this course will .use the most recognized term, ASCII. ASCII is a 6-bit binary code that is
used in transferring data between microprocessors and their
peripheral devices, and in communicating data by radio and
telephone. With six bits, a total of 20 = 64 different characters can be represented. These characters comprise decimal numbers 0 through 9, upper-case letters of the alphabet,
plus other special characters used for punctuation and data
control. A 7-bit code called full ASCII, extended ASCII,
or USASCII can be represented by 2
7 = 128 different
characters. In addition to the characters and number's genetared by 6-bit ASCII, 7-bit ASCII contains lower-case
letters of the alphabct. and additional characters for putieNOTES:
Depending on the machine using this code, the symbol
may be a circumflex, an up-arrow, or a horizontal
parenthetical mark.
,
Depending on the machine using this .code, the symbol
may be an underline, aback-arrow, or aheart.
Explanation of special control functions in colums 0, 1,
2, and 7.
NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
SI
SP

Null
DLE
Start of Heading
DC1
Start of Text
DC2
End of Text
DC3
End of Transmission
DC4
Enquiry
NAK
Acknowledge
Bell (audible signal)
SYN
Backspace
ETB
Horizontal Tabulation CAN
(punched card skip)
Line Feed
EM
Vertical Tabulation
SUB
Form Feed
ESC
Carriage Return
FS
Shift Out
GS
Shift In
RS
Space (blank)
uS
DEL

Data Link Escape
Device Control 1
Device Control 2
Device Control 3
Device Control 4
Negative
Acknowledge
Synchronous Idle
End of Transmission
Block
Cancel
End of Medium
Substitute
Escape
File Separator
Group Separator
Record Separator
Unit Separator
Delete
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tuation and control. The 7-bit ASCII code is shown in
Figure 5.
[COLUMN
ROW BITS
4321
. 0
1
2
3
4
5
6
7
8
' 9
10
11
12
, 13
14
15

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

765

0(3) 1 1(3)

•
12(3)1

3

4

5

6

7(3)

0.
00
001
010 001 100 101 110 111 '
NUL DLE
SP 0 @
P
/
p
SOH DC1
!
lA
Q
a
q
R'br
STX
DC2
"
2 B
S
c
s
ETX DC3
# -3 C
EOTDC4
d
t'
4 D
T
$
U
e
u
ENO NAK c/o
5E
f
v
&
6F
V
ACK SYN
g
w
7G
W
BEL
ETB
'
BS
CAN(
8 HXhx
v
HT
EM
) 9 I,Y
i
LF
SUB
,:JZiz
VT
ESC
-F
; K
L ,k
FF
FS
, <
L
/
1
CR
GS
— =
M
m
N ,,or n
. >
RS
—
SO
/
? 0 —( 2) 0 DEL
US
SI
Figure 5

The 7-bit ASCII code for each number, letter or control
function is made up of a 4-bit group and a 3-bit group.
Figure 6 shows the arrangement of these two groups and
the numbering sequence. The 4-bit group is on the right
and bit 1 is the LSB. Note how these groups are arranged
in rows and columns in Figure 5.

NOTES:
(1)Depending on the machine using this code, the symbol
may be a circumflex, an up-arrow, or a horizontal
parenthetical mark.
(2)Depending on the machine using this code, the symbol
may be an underline, aback-arrow, or aheart.
(3)SP—Space (blank) for machine control.
,
I COLUMN l
ROW

BITS
4321

0
1
2
3
4
5
6
7

0000
0001
0010
0011
0100
0101
0110
0111

9
10
11
12
13
14
15

. 1001
1010
1011
1100
1101
1110
1111

8

65

0

1

10
SP( 3)
!
59

#

s
%
&

loco

(
)
+
'
—
.
/

2

3

11

00

01

0
1
2
3
4
5
6
7
8
9
.
•
,
<
=
,
>
?

@
A
B

P

D
E
F
G
H
I
J

T
U

Q
R

c

s
v
w
X
Y
Z

I

K
L
M
N
0

/

_(2)

Figure 7
the following 5-bit codes. For example, to type 56 NORTH
10 STREET, the following method is used.

7

6

5

4

3

2

I

To determine the ASCII code for a given number letter
or control operation, locate that item in the table. Then use
the 3- and 4-bit codes associated with the row and column
in which the item is located. For example, the ASCII code
for the letter L is 1001100. It is located in column 4, row
12. The most significant 3-bit group is 100, while the least
significant 4-bit group is 1100. When 6-bit ASCII is used,
the 3-bit group is reduced to a 2-bit group as shown in
Figure 7.
In 7-bit ASCII code, an eighth bit is often used as a
parity or check bit to determine if the data (character) has
been transmitted correctly. The value of this bit is determined by the type of parity desired. Even parity means
resent two separate characters. As shown in Figure 1-15,
one set of 5-bit codes represents the 26 upper-case alphabet
letters. The same 5-bit codes also represent various figures
and the decimal number series 0 through 9.
The remaining six 5-bit codes are used for machine
control and do not have a secondary function. Two of these
5-bit codes determine which of the 26 double (letter/figure)
characters can be transmitted/received. Bit number 11111
forces the printer to recognize all following 5-bit codes as
letters. Bit number 11011 forces figure recognition of all
88

BAUDOT Code. While the ASCII code is used almost
exclusively with microprocessor peripheral devices (CRT
display, keyboard terminal, paper punch/reader, etc.), there
are many older printer peripherals that use the 5-bit
BAUDOT code. With five data bits, this code can represent only 25 = 32 different characters. To obtain a greater

POSITIVE POWERS OF 16
16n
0
1
2
3
4
5
6
7
8

1
16
256
409
655
104
167
268
429

6
36
857
772
435
496

6
16
456
729

6

NEGATIVE POWERS OF 16
16-n

0
1
2
3
4

1.0
0.062
0.003
0.000
0.000

5
906
244
015

25
140
258

625
789

062

5
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Bit Numbers
54 32 1
00000
00001
0 0 0 10
000 11
0 0 10 0
0 0 10 1
0 0 1 10
00 1 11
0 100 0
0 10 0 1
0 10 10
0 10 1 1
0 1 10 0
0 1 10 1
0 1 1 10
0 1111
10 0 0 0
100 0 1
10 0 10
100 1 1
10 100
10 10 1
10 1 10
10 1 1 1
1 10 0 0
1 10 0 1
1 10 10
1 10 1 1
1 1 10 0
1 1 10 1
1 11 10
1 1111

i

Letters Case

Figures Case

Blank
E
Line Feed
A
Space
S
I
U
Car. Ret.
D
R
.1

Blank
3
Line Feed
—
Space
Bell
8
7
Car. Ret.
$
4
(Apos)'
(Comma),
!

N
F
C
K
T
Z
L
W
H
y
p

Q

0
B
G
Figures
M
X
V
Letters

(
5
)
2
Stop
6
0

1

9
?
&
Figures
/
Leiters

Figure 8

character capability, 26 of the 5-bit codes are used to repthe sum of all the 1 bits, including the parity bit, is an
even number. For example, if G is the character transmitted, the ASCII code is 1000111. Since four l's are in
the code, the parity bit is 0. The 8-bit code would be
written 01000111.
Odd Parity. This means the sum of all the 1 bits, including the parity bit, is an odd number. If the ASCII
code for G was transmitted with odd parity, the binary
representation would be 11000111.
Type—Figures 56Space
Then—Letters NORTH Space
Then—Figures 10 Space
Finally—Letters STREET

WHAT YOU HAVE LEARNED
1. The hexadecimal numbering system has a radix (base)
of 16. It uses the digits 0 through 9 and the letters A
through F.
2. Hexadecimal numbers 0 through 9 are equivalent to the
same values in decimal digits. The letters A through F
represent the decimal digits 10 through 15. Therefore:
decimal 9 = hexadecimal 9, but decimal 10 = hexa-
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POSITIVE POWERS OF 2
n

2n

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1
2
4
8
16
32
64
128
256
512
1024
2048
4096
8192
16384
32768

16
17
18
19
20
21
22
23
24
25

65536
13107
26214
52428
10485
20971
41943
83886
16777
33554

2
4
8
76
52
04
08
216
432

26
27
28
29
30

67108
13421
26843
53687
10737

864
7728
5456
0912
41824

31
32

21474
42949

83648
67296

decimal A.
3. Conversion from decimal to hexadecimal is done the
same way as decimal to binary or octal. The decimal
number is divided by decimal 16, and the remainder
noted. The quotient is divided by 16 again, and again
the remained is noted. Division by decimal 16 continues until the quotient is 0. The remainders, from
least to most significant digit, are finally collected and
written as the hexadecimal number.
4. Conversion from decimal fractions to hexadecimal is
done in the same manner as decimal fractions to octal
or binary. In this case, the fraction is successively multiplied by 16, and the overflow noted.
5. Four bits of a binary number exactly equal 16. So, a
4-bit binary number can be represented with a 1-digit
hexadecimal number. Therefore, to convert from binary
to hexadecimal: Begin with the least significant bit and
separate the binary number into 4-bit groups and then
convert each 4-bit group directly to its hexadecimal
equivalent. This will give you the hexadecimal number
equal in value to the binary.
6. Convert binary fractions to hexadecimal the same way,
but instead of beginning with the least significant bit,
the most significant bit should be the starting point.
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POSITIVE POWERS OF 8
n

8n

0
1
2
3
4
5
6
7
8

1
8
64
512
409
327
262
209
167

6
68
144
715
772

2
16

7. When you convert a decimal number to a binary
equivalent, the process is reterred to as coding. The
pure binary code is one of many binary codes.
8. Binary coded decimals are easy to use. To represent
a decimal number as a binary coded digit (BCD) the
appropriate 4-bit code of pure binary numbering is substituted for each of the decimal digits. Advantages to
this system is that it is a good compromise between men
and machines, it is easy to learn and simpler than pure
binary. However, it is much less efficient than pure bi-

nary. Circuits using it must be more complicated, less
efficient, and more prone to time delays.
9. The Gray Code is a widely-used system. Only one bit
changes from one number to the next one in sequence.
It minimizes errors in electronic circuitry when it
changes from one state to the next. However, it is quite
difficult to use in arithmetic computations.
10. ASCII is the microcomputer, data-processing, alphanumeric code. Basically abinary system, it can represent
alphanumeric characters through a variety of binary
systems using six, seven, or eight bits.
11. Parity is the check bit, the last bit in a seven or eightbit ASCII code. It is there to determine if the data has
been sent correctly. There is even and odd parity but
both accomplish the same end.
12. BAUDOT code is the ancestor of ASCII. It is hardly
in use anymore. It is a5-bit code and so can only represent 32 characters. Whether a given code represents a
letter or a figure must be inputed at the keyboard of
the terminal.

NEGATIVE POWERS OF 2
n

2" n

0
1
2

1.0
0.5
0.25

3
4
5
6
7
8
9
10
11

0.125
0.0625
0.03125
0.01562
0.00781
0.00390
0.00195
0.00097
0.00048

12
13
14
15
16
17

0.00024
0.00012
0.00006
0.00003
0.00001
0.00000

41406
20703
10351
05175
52587
76293

25
125
5625
78125
89062 5
94531 25

18
19
20
21
22
23

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

38146
19073
09536
04768
02384
01192

97265
48632
74316
37158
18579
09289

625
8125
40625
20312 5
10156 25
55078 125

24
25
26
27
28
29

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

00596
00298
00149
00074
00037
00018

04644
02322
01161
50580
25290
62645

77539
38769
19384
59692
29846
14923

30
31
32

0.00000 00009 31322 57461 54785 15625
0.00000 00004 65661 28730 77392 57812 5
(X00000 00002 32830 64365 38696 28906 25
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FORGE FORWARD WITH MICROPROCESSORS
The Heath Microprocessor Course may be purchased with the
Heath Digital Microprocessor Trainer kit, Heath Catalog number ET-3400. The Microprocessor Trainer is specifically designed to be used with the Course, and provides an ideal
platform upon which you may expand your knowledge of
microprocessor programming and interfacing techniques.
With the training you receive from the Course, and the
flexibility of the miniature Computer, you will be able to
begin on a level of technological experimentation you never
before dreamed possible! Circle number 1 on Readers
Service Coupon.
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"Gosh, this is alittle too expensive for our budget at present.. ..
Do you have one with alower IQ?"
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Programming
with BASIC
BASIC is the most popular hobby computer language and we're going to make it easy
for you to learn. This short course will have you planning and understanding simple
computer programs, and leave you with the foundation necessary to set out on your own
after greater complexity. The world of programming awaits—speak BASIC and enter!
You will start off slowly and simply, to kind of ease your
way into things. There are several devices that are commonly used for communication between a computer and
computer user.
Q1 What characteristics do these devices have in common?
(a) television screen
(b) a typewriter-like keyboard
(c) a steering wheel
Al (b) a typewriter-like keyboard
A computer terminal provides the means for communicating with the computer. By means of a teletype or other
terminal, a computer program and data may be communicated to acomputer. When the program is run or processed,
the computer sends signals to the terminal which provides
output—that is, the results of processing the program.
(Therefore, a terminal provides two-way communication
between the computer and the user.)
Q2 A terminal provides
-way communication between the computer and the user.
A2 two
The teletypewriter is the most common device used for
communication between the computer and its user, and it
is the most common computer terminal. The teletype is used
much as an electric typewriter. It prints the numerals 1, 2,
3, 4, 5, 6, 7, 8, 9, and 0; the letters of the alphabet; and
some special symbols. Letters are printed in upper case
(capitals) only. You may not use the lower case L to stand
for the numeral one.
Q3 To print numeral one, you depress
(a) the key marked 1
(b) lower case letter L
A3 (a) the key marked 1
So you want to know what computer programming is all
about? Here's a computer program that will calculate a
student's grade point average.
Reprinted, by permission, from pp. 1-18 in BASIC by R. L. Albrecht, L.
Finkel and J. R. Brown. Copyright © 1973 by John Wiley and Sons, Inc.
One of a series of self-teaching guides.
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100
110
120
130
140

REMARK PROGRAM TO COMPUTE GRADE POINT AVERAGE
PRINT "H OW MANY UNITS OF A";
INPUT A
PRINT "H OW MANY UNITS OF B";
INPUT Et

150 PRINT "H OW MANY UNITS OF C";
160 INPUT C
170 PRINT "H OW MANY UNITS OF D";
Thisisthepmgmm.
180 INPUT D
190 PRINT "H OW MANY UNITS OF F";
200 .INPUT F
210 LET U=A+B+C+D+F
220 LET G.(4eA+3e13+2 ,, C+1eD)/U
230 PRINT
240 PRINT "Y OUR GRADE POINT AVERAGE IS";G
999 END
RUN
HOW MANY
HOW MANY
HOW MANY
HOW MANY
HOW MANY

UNITS
UNITS
UNITS
UNITS
UNITS

OF A?4
OF B?6
OF C?6
OF D?0
OF F?0

This Is the output or result
of running the program above.

YOUR GRADE POINT AVERAGE IS 2.875

The program consists of 16 statements, each one on a
.eparate line numbered 100-999. Each line begins with a
line number. Following each line number is a statement that
contains instruction to the computer.
This progam was typed a line at a time on the teletype
(or other terminal) and was saved in the computer's memory. Then we told the computer to RUN the program;
that is, to follow the instructions in the program. During
the run the computer, following the instructions in the
program, asked for information (called input) to be supplied by the computes-1user—how many units of A's, B's,
C's, etc., were received? The program then directed the
computer to do the computation and print the result. By
the end of Chapter Two, you will be able to understand and
use all the BASIC notation used in this program and more,
so read on.
Q4 The distinct lines in a computer program are called
A4 statements
The computer stores a program in its "memory." Before
the computer user attempts to enter a new program into the
computer, he will want to remove any previous instructions
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that may be currently in the memory. To erase previous
instructions in the computer, type the letters SCR, then
press the key marked RETURN. SCR stands for SCRatch,
and scratches out or erases (removes) any previous program in the computer.
Q5 Before a new program is typed into the computer,
any old instructions held in the computer memory
should be erased. To erase an old program, type
SCR and press the key marked
AS RETURN
NOTE: Although most of the words and symbols in BASIC
are the same for all computer systems that use BASIC, there
are some exceptions. This is because there has not been a
completely standardized form of the language that is used
by all computer manufacturers. Common variations will be
noted throughout this text. However, the concepts involved
are the same, even though a particular code word or symbol may be different from that used here. When you have a
grasp of BASIC, you will find it easy to make the substitutions necessary to use the particular computer system at
hand, and a quick review of the BASIC reference manual
for your system will provide you with any variations you
need to know. For example, words such as NEW or
CLEAR or START are used in place of SCRatch on some
computer systems, but fortunately such variety is the ex-

Nine new statements could be added between Lines 20 and
30; they would be consecutively numbered Line 21, 22,
23, 24, 25, 26, 27, 28, and 29.
10
99

LET A=5
LET B=10
LET C=A+B
PRINT A,B
PRINT C

9999

END

THIS PROGRAM, WRITTEN IN BASIC, CONSISTS OF SIX
STATEMENTS. NOTE THAT EACH STATEMENT BEGINS
WITH ALINE NUMBER.
From this example you can see that line numbers may
range from 1 to 9999.
NOTE: The upper limit for line numbers is different on
some computers.
The line numbers indicate to the computer the order in
which it is to follow the instructions in the program. It is
not necessary for line numbers to follow each other successively (e.g., 1, 2, 3, 4, ...) as you can see by looking at
the line numbers in the program in the previous frame.
However, it is more common to number by ten's as we
have in the program below. Then, if we wish, more statements may be easily inserted in the program between
existing statements.
10
20
30
40
50
99

LET A=5
LET B=10
LET C=A+8
PRINT A,B
PRINT
C
END

THIS IS ACOMMON WAY OF NUMBERING APROGRAM.
NOTE THAT THE LINE NUMBER FOR THE END STATEMENT IS 99. FOR CONVENIENCE, WE WILL USE 99 OR
999 OR 9999 FOR THE END STATEMENTS, DEPENDING
ON THE SIZE OF THE OTHER LINE NUMBERS IN THE
PROGRAM.

92

12

+ 33

This is a very short program that is composed of only
two statements. Each statement begins with a line number.
10
99

PRINT
END

12

+ 33

In this mini-program, Line 10 instructs the computer to
evaluate the numerical expression 12
33, (i.e., do the
arithmetic) .and to PRINT the result. When this program
is run on the computer it will print the sum of 12 and 33.
The computer follows instructions in line number order.
In the preceeding program, Line 10 is done before Line 99.
10

PRINT

99

END

12

+ 33

If you are seated at the computer terminal, and have
erased any previous programs in the computer, you are
ready to type in this program. To enter the program, type
the first line, then press the RETURN key. Then type the
second line and press the RETURN key.

ception rather than the rule.
Sample program:
1
10
135
277
852

PRINT
END

10
99

PRINT
END

12

+ 33

Assume you have typed this program into the computer.
Now you wish the computer to process the program. Type
RUN and press the RETURN key. If you have not made
any typing errors in entering the program, the computer
will evaluate 12 + 33, print the result 45, and stop. Here
is what you would see on the teletype printout.
10

PRINT

99

END

RUN
45

12

+ 33

THE PROGRAM
YOU TYPED IN.

Q6 What command, in any of the previous programs,
tells the computer to begin to follow the instructions
contained in the program?
A6 RUN
The program is not altered or erased from the computer's memory when you RUN it. Every time you type
RUN and press RETURN the computer will RUN the
program. Every time you RUN a program with the same
information you will get the same result.
NOTE: There are some exceptions to the above rule.
Q7 As a rule, every time you RUN a program with the
same information you will get
result.
A7 the same
10 PRINT
99 END

"12

+ 33"

Look at this program. Do you see the difference from
the ones we have already studied? That's right—the numerical expression is enclosed in quotation marks.
Note that the computer evaluated these two programs
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quite differently when it was told to RUN them.
SCRATCH THE PRECEDING PROGRAM.

SCR
10 PRINT
99 END
RUN
12

"12 + 33"

10 PRINT 7 + 5
99 END

ENTER THE NEW PROGRAM

RUN

RUN THE NEW PROGRAM.

12

HERE IS THE RESULT.

+ 33

10 PRINT
99 END
RUN

12

+ 33

Next ...replace Line 10 with a new Line 10. (Replace,
means retype the line, beginning with the line number.)

45
10 PRINT

The statement PRINT 12 ± 33 without quote marks tells
the computer to evaluate the numerical expression 12 -I- •
33 (i.e., do the arithmetic) and print the result as adecimal
numeral.
The statement PRINT "12 + 33" with quote marks tells
the computer to print the string enclosed in quotation
marks exactly as it appears. No arthimetic is performed.
Q8 In BASIC, a string is information in a PRINT statement that is enclosed by
A8 quotation marks.
Q9 Fill in the blank as the computer would print it.
20 PRINT
25 END
RUN

"186

- 58"

A9 186-58 (Note that the computer does not print the
quotation marks.)
"MY_jujtjal,
UNDERSTANDS ME"

PRINT
e

The underlined portion of the statement is a string. It is
enclosed in quotation marks.

Now tell the computer to LIST the current program.
LIST
10

99

12

+ 33

THIS IS NOT A STRING. IT IS A NUMERICAL EXPRESSION.
A string may include
(a) numerals (0, 1, 2, ...)
(b) letters (A, B, C, ...)
(c) special characters (±,
*, /, 1', comma, period,
semicolon, etc.)
Since quotation marks define the beginning and end of a
string, they cannot be used as a character in the string.
Q10 True or False: The following could be printed out
following a RUN command: ONLY USE NUMERALS "1, 2, 3."
A10 False: Quotation marks cannot be used as a character in the string.
If you wish to change one or more statements in a program currently in the computer, you may do so without
SCRatching the program and starting over. You merely
type in anew statement, using the same line number as the
line you wish to replace. Look at the program below, and

HERE IS THE NEW LINE 10, AND THE
OLD LINE 99. AND THE OLD LINE 99.
RUN THE MODIFIED PROGRAM.
HERE IS THE NEW RESULT.

54

Q11 You may change or replace any line in your program by retyping it, using the same line number as
the line you wish changed. The new statement
the old one with the same line number.
All replaces (or changes)
While we're on the subject, suppose you wish to take a
statement out of a program without replacing it with another statement. Don't SCRatch and start over. Merely
type the line number of the statement you wish deleted or
removed and press RETURN.
10 PRINT 5+5
20 PRINT 12+3
30 PRINT 6+4
END

+ 33"

THIS IS A STRING. IT IS ENCLOSED IN QUOTATION
MARKS.
PRINT

PRINT 6X9
END

RUN

99
PRINT "12

67, 9

20
30
LIST
10 PRINT
99 END

THIS PROGRAM IS IN THE COMPUTER, AND WE
WISH TO DELETE (REMOVE) LINES 20 AND 30.
TYPE THE LINE NUMBERS ONLY, AND PRESS
RETURN AFTER EACH.
NOW, LIST THE PROGRAM.
5+5

PRESTO! LINES 20 AND 30 ARE GONE.

Here is another program and a RUN of the program:
10 PRINT

"MY COMPUTEk

UNDERSTANDS ME"
20 PRINT "MY COMPUTER

eCONFUSES
99

.t

ME"

END

RUN
MY COMPUTER UNDERSTANDS ME
MY COMPUTER CONFUSES ME

THIS OFFENDS US, SO WE WANT TO DELETE THE
STATEMENT IN THE PROGRAM THAT CAUSED THE
COMPUTER TO PRINT IT, AND WE WANT A RUN OF THE
PROGRAM TO LOOK LIKE THIS:
RUN
MY COMPUTER UNDERSTANDS ME

the change made in it by replacing one line.
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Q12 What would you do to remove the offending statement from the program?
Al2 Type 20 and press RETURN.
Q13 Show a LISTing of the program with the offending
statement removed.
A13

greater than 10 and less than 99.
10
99

PRINT "12
END

+ 33"

This program is stored in the computer. We type in the
following statement:

LIST
10 PRINT

statement to be evaluated by the computer after PRINT "12
33." The line number for the new statement must be

"MY COMPUTER f
)

20

UNDERSTANDS ME"

PRINT

12

+ 33

99 END

NOTE: The quotation marks are included because this is
a LISTing of the program itself, and not a RUN of the
program.
When typing your programs into the computer, you may
make a typing error or some other mistake. Look at this

and then press the RETURN key. The new statement is
then incorporated into the existing program. To verify this,
type LIST, then press the RETURN key. The computer
will type out the program with the new statement in linenumber order. The computer will printout:

example.
10

LIST

PTINT

2e3+4

10 PRINT "12 + 33"
20 PRINT 12 + 33
99 END

WE MISSPELL PRINT
SYNTAX

ERROR

THE COMPUTER TELLS US WE MADE A MISTAKE. (SOME
COMPUTER SYSTEMS DO NOT INFORM YOU OF ERRORS
UNTIL YOU TRY TO RUN THE PROGRAM.)

If you type RUN with the preceding program in the
computer, the computer would print:

The error message may be different on your computer.
That's not the point. The point is, if you had noticed that
you hit T when you meant to hit R, you could have immediately corrected your mistake by using the back arrow
(4— ).
BEWARE! This method for correcting mistakes may not
work on your computer.
The back arrow
is on the same key as the letter O. To
type a back arrow, hold the SHIFT key down and press
the letter O.
This error correction information becomes quite obvious
when operating a complete terminal. The Editors suggest
you review use of the back arrow correction technique at
the terminal.
Assume you just sat down at the computer terminal. You
wish to know if there is a program currently in the computer's memory. Type LIST and then press the RETURN
key. The computer will automatically type out the program
(if there is one) that is in its memory. Here is an example.

12 + 33
45

Q15 When you type LIST, in what kind of order will the
computer type out the program including the latest
corrections?
Al5 In line order (or numerically)
If you retype Line 10 and added a comma to the end of the
statement, the program would look like this when LISTed:

LIST
10 PRINT "12 + 33",
20 PRINT 12 + 33
99 END
RUN
12

+ 33

45

NOTE THAT THE TWO RESULTS ARE PRINTED ON ONE
LINE.

LIST
10 PRINT "12
99 END

RUN

+ 33"

THE COMPUTER AUTOMATICALLY TYPED ALL THIS.
Q14 The command which causes the computer to type
out the program already in memory is

Here is avariation of the program that causes the computer
to print the problem (i.e., the string enclosed by quotation
marks) and the answer on the same line.
10 PRINT "12
99

A14 LIST

END

+ 33

12

=",

+ 33

RUN
10 PRINT "12

+ 33"

99 END

Assume that this program is currently in the computer's
memory. Now you wish to add a new statement to the
program, that says PRINT 12
33. You want the new
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12

+ 33

=

45

Q16 In this program, fill in the blank to show what the
computer would print.
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10

PRINT

"TWELVE

THIRTY

THREE

PLUS.)

EQUALS", g
12

+ 334,

99 RUN
RUN

A16

TWELVE
THREE

PLUS

THIRTY:5

EQUALS

45

In BASIC, the comma and semicolon permit several
expressions and/or strings to be printed on the same line.
Look at the results of these two programs.

On most computers using BASIC, there are 5 standard
print positions across a teletypewriter line. A comma in a
PRINT statement causes the teletypewriter to move to the
next available print position. For example,

10

PRINT

99

END

1,

2,

3,

4,

5

RUN
tl

t

2

T3

Position 3

Position 1 Position 2

T4
i• 5
Position 4 Position 5

PROGRAM A
10
99

PRINT
END

"12+33.",

12+33

RUN
12+33=

45

PROGRAM B
10
99

PRINT
END

"12+33.";

12+33

RUN
12+33=

Did you notice that the little arrows in the above example
seem to be pointing to the space to the left of the number?
This is where the print position actually begins. When the
computer prints a positive number or zero, it prints a space
first, then prints the digits of the number. Watch what
happens when negative numbers are printed below positive
numbers.

10
45

Examine the first statement in each program. Program A
has a comma separating the string and the numerical expression, Program B has a semicolon.
Q17 The computer prints the results of the two parts of
the PRINT statement closer together if you use a
instead of a
A17 semicolon, comma
What You Have Learned
1. A computer terminal, such as a teletypewriter, provides
a means for communicating with a computer. When a
program is RUN (processed), the computer sends signals
to the terminal which provide a visual output of the
program. In this way, the terminal provides two-way
communication between the computer and the user.
2. A computer program is typed a line at a time into the
computer. Each separate line is considered a statement
and begins with a line number. The computer reads and
processes each statement consecutively depending on its
line number. New statements may be added later, providing they may be labeled with line numbers consecutive with the older statements.
3. The computer responds to commands, which are words
in the BASIC language. RUN commands the computer
to process a program. LIST commands the computer to
print out each statement of a program in its memory.
SCR (Scratch) will command the computer to erase its
memory (if this command is verified by hitting RETURN).
4. Quote marks when entered into a program command
the computer to print out whatever is enclosed in the
quotations, exactly as it appears. The information to be
printed-out is referred to as astring. A string may contain
numerals, letters or even special characters but it cannot
contain quotation marks which may only enclose a
string.
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PRINT

1,

20

PRINT

-1,

99

END_

2,

3,

-2,

4,
-3,

5
-4,

-5

RUN
1

2

-1

4

3

Position 1 Position 2

5

-3

-4

-

Position 3

Position 4

Position 5

-2

5

Q18. Negative numbers are printed with a
followed by the digits of the number, while positive
numbers are printed with a
followed by
the digits of the number.
A18. minus sign (or negative sign, or "dash")
space
But what happens if there are more than 5 things in a
PRINT statement? Watch.

10
99

PRINT
END

1,

2,

3,

4,

5,

6,

7,

8

RUN
1

2

6

7

3

5

8

The computer prints the 8 numbers on 2 lines with 5
numbers on the first line and 3 numbers on the second line.
Q19. What will the computer print during the following
RUN?
A19.
10

PRINT

99

END

1,

2,

3,

4,

5,

6,

7,

8,

9,

10,

11,

12

RUN
2

3

4

5

7
12

8

9

10
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Now check what happens when we use semicolons instead
of commas to separate things in aPRINT statement.
10
99

PRINT
END

1,

2,

3,

4,

5

3;

4;

5;

RUN
1

2

3

10

PRINT

99

END

4

1;

5

2;

6;

7;

8

A22.

2

3

4

5

6

7

TO
TO
TO
TO

8

Semicolon spacing varies from computer to computer. The
above RUNs show how our computer does it.
Q20. Things get printed closer together when we use a
instead or acomma.
A20. semicolon
Now let's see what happens when commas are used to
separate two or more strings in aPRINT statement.

10
99

PRINT
END

"THIS","IS","COMPUTER","PROGRAMMING?"

THIS

IS

COMPUTER

10

PRINF

99

END

COMPUTER
COMPUTER
COMPUTER
COMPUTER

TO ADD, USE
TO SUBTRACT, USE
TO MULTIPLY, USE
TO DIVIDE, USE

10

PRINT

99

END

7+5,

7-5,

7x5,

7/5

RUN
35

2

1.5

Q23. Write a short program to do the following simple
arithmetic. Group all of the expressions in one
PRINT statement, using commas to separate expressions. Show the results you would predict for a
RUN of your program, then try it on the computer
if one is available.
10+6
15 —9
23-i-5
3 X 13

A21. (2) There will be no spaces inserted between strings.
If you want spaces, include them in the strings.
"THIS

";"IS

Q22. If we RUN
printed?

";"COMPUTER

this latest

10

PRINT

99

END

10+6,

15-9,

23/5,

3''13

RUN

As you can see, with semicolon spacing, no spaces are
printed between strings.
Q21. Using semicolons to separate two or more strings
will:
1. Double space between strings
2. Insert no spaces between strings
3. Act the same as acomma
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THE
THE
THE
THE

Remember, when you want the computer to squeeze the
answers or output more closely together, use semicolons
instead of commas in the PRINT statement.
Here is a sample program to do simple arithmetic, with
the results of a RUN of the program. Note the use of
commas, and the widely spaced answers.

A23.

THISISCOMPUTERPROGRAMMING:

1

PROGRAMMING?

"THIS";"IS";"COMPUTER";"PROGRAMMING?"

RUN

PRINT
END

COMPUTER

PROGRAMMING?

In this PRINT statement, there are 4 strings, separated by
commas. Each string is printed in a standard printing position. Here is a similar program using semicolons instead of
commas.

10
99

TELL
TELL
TELL
TELL

12

RUN

IS

(Yes, this really is computer programming, although somewhat rudimentary. But read on!)
You have probably noticed that the plus (+) symbol of
arithmetic tells the computer to add. The minus (—) symbol
tells it to subtract. (It also indicates negative numbers.) The
symbol for muliplication in BASIC is the asterisk (*), and
the slash (/) is the symbol for division.

RUN
1

THIS

";"PROGRAMMING?"

program,

what will be

16

4.6

6

3

Here are some BASIC expressions in which two or more
operations are used.
Expression
2*3 — 4
2 + 3*4

Value Computed by Computer
2
14

Q24. Here are three more BASIC expressions. What
would be the values as computed by the computer
after it does the indicated arithmetic?
(1) 2 *3 ± 4 *5
(2) 2 ± 3 *4 —5
(3) 2 *3 —4 *5 + 6 *7
A24. (1) 26

(2) 9 (3) 28
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Now here are some more examples and exercises using division. The computer recognizes to do division when you
program aslash (/).
Expression
3/4 + 5
2- 3/4
2*3 4- 4/5

Value Computed by Computer
5.75
1.25
6.8

Q25. Now give these division examples a try on your
own.
(1) 3/4 ± 5 *6
(2) 2 - 3/4 ± 5
A25. (1) 30.75; (2) 6.25
The computer does arithmetic in left to right order,
with all multiplications (*) and/or divisions (/) performed before additions (+) and/or subtractions (-).
/

before

Q26. Now try these. (REMEMBER: Do arithmetic in
left to right order.)
Expression

Value Computed by Computer

2*3/4
3/4*5
3/4/5
2*3/4 4-3/4*5

Expression

24- 3*(4 - (5 + 6 *7))

IP

l
9Q
p
6 •./) / 8

(3 *4 ± 5

-127
4,375

Q28. Your next task is to write a correct BASIC expression to solve a given problem. Do so for each of
of the following.

Remember to indicate all multiplaction and division operations with the proper BASIC symbol.
Problem
2 X 3 + 6± 7
16(33 - 21)
3.14 X 2 X 2
88 - 52
18 4- 47

BASIC Expression

A28. 2*3 + 6/7
16*(33 - 21)
3.14*2*2
(88 - 52)/(18 + 47)
(Did you forget the asterisk?)
A BASIC program to compute and print the values of the
expressions in the preceeding question would produce the
following RUN:

A26. 1.5 Multiply 2by 3, then divide result by 4.
3.75 Divide 3by 4, then multiply result by 5.
.15 Divide 3by 4, then divide result by 5.
5.25 First compute 2*3/4, then compute 3/4*5
then add the two results.
If you want to change the order ,use parentheses.
2*3 -I- 4 = 10
but 2*(3 + 4)=-- 14
2 + 3*4
5 = 19
but (2 ± 3)*(4
5) = 45

RUN
6.85714
192
12.56
.553846

Q29. LIST the program which would produce the above
RUN.
A29.

Compute 3± 4, then multiply result by 2.

10
20
30
40
99

Compute 2± 3, then compute 4+ 5, then
multiply those two results.
Q27. Complete the following. (REMEMBER: Operations
in parentheses are done first.)
Expression

Value Computed by Computer

Value Computed by Computer

(2 + 3)/(4*5)
2 4- 3*(4 + 5)
1/(3 + 5)
A27. .25
.29
.125
One last look at the order in which arithmetic ià done.
In the expression below, the arrows in the circles show the
order in which the operations are carried out. Write the
final value for each expression.
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PRINT
PRINT
PRINT
PRINT
END

23+6/7
16(33-2I)
3.1422
(88-52)/(18+47)

There is a fifth arithmetic symbol in BASIC, which
indicates raising a number to a power. This operation is called exponentiation.
t means raise to apower
For example,
Volume of acube: V= S3,where
S is the length of aside.
If S= 5and V= 53,then
V=5 3=5x 5x5=125.
Since a teletypewriter cannot print superscripts, you tell the
computer to raise a number to apower by using the symbol
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t. On the teletypewriter, depress the SHIFT key and hold it
while you press the
key.

10 PRINT
99 END

513

(5t3 means 53 or 5x5x5)

RUN

What's this?
Our computer printed the population of the earth in a
form of scientific notation. (It really isn't especially scientific ... it's just called that by some people.)
Scientific notation is simply ashorthand way of expressing
very large or very small numbers. In scientific notation a
number is represented by amantissa and an exponent:

125
3.600000E+9

Q30. What would be the RUN for the following program?

/

mantissa
(2 t6 means
10
99

PRINT
END

26

216

RUN

A30. 64
Here are the BASIC expressions for acouple more problems:
Problem
BASIC Expression
(a) 25 + 44
21'5 + 31'4
(b) 7x7x7 x 7 x7 x7 x7

When evaluating a mixed expression of arithmetic operations, the computer computes powers (t) before doing
multiplication, division, addition, or subtraction.
The formula for computing the area of a circle is
A
irr 2
Let's use 3.14 as an approximate value of gr and write a
program to compute the area of a circle of radius 7.

"IF RADIUS IS 7, AREA OF CIRCLE IS"; 3.1 ,0,7 2

99

RUN
IF RADIUS IS 7, AREA OF CIRCLE IS 153.86

In computing 3.14*7 t2, the computer
71 2, then multiplies that result by 3.14.

first

computes

Computers use a special form of notation to indicate
extremely large numbers, or extremely small decimal fractions. This method of expressing numbers is called scientific notation. Consider, for instance, a large number like
the population of the earth which is about 3.6 billion people:
3.6 billion = 3 600 000 000
We asked our* computer to print the population of the
earth:
10
99

PRINT
END

3600000000

RUN
3.600000E+9

*Your computer may do it somewhat differently.

98

The mantissa and the exponent are separated by the letter E.
Here are some examples showing numbers written in good
old every day notation and again in scientific notation (well,
scientific notation according to our computer).
One trillion
ordinary notation:
1000 000 000 000
scientific notation:
1.000000E+12
Volume of the earth in bushels
ordinary notation:
31 708 000 000 000 000 000 000
scientific notation:
3.170800E+22

7*7*7*7*7*7*7 or 7t 7

10 PRINT
END

exponent

or 2x2x2x2x2x 2)

Speed of asnail in miles per second
ordinary notation:
.0000079
scientific notation:
7.9000000E-6
Q31. In each of the numbers expressed above what is the
exponent? Is the exponent positive or negative?
A31. +12 positive; +22 positive; -6 negative
Have you noticed? Our computer always prints the mantissa
with 7 digits, one digit to the left of the point, 6 digits to
the right.
Numbers printed in scientific notation can be converted
to ordinary notation as follows.
CASE 1. Exponent is positive.
(1) Write the mantissa separately.
(2) Move the decimal point of the mantissa to the
RIGHT the number of places specified by the
exponent. If necessary ,add zeros.
EXAMPLE: 6.123456E+4
4places
(1) 6.123456
(2) 6.1234.56
Therefore, 6.123456E+4 = 61234.56.
EXAMPLE: 3.600000E+9
(1) 3.600006
(2) 3.600000000.
9places (we had to add zeros)
Therefore, 3.900000E+9 = 3600000000.
Q32. Now you try it: 1.234567E+13
(1)
(2)
Therefore, 1.234567E+13 =
A32. 1.234567
1.2345670000b00.
13 places (add 7zeros)
12345670000000.
CASE 2. Exponent is negative.
(1) Write the mantissa separately.
(2) Move the decimal point of the mantissa to the
LEFT the number of places specified by the
exponent. If necessary, add zeros.
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EXAMPLE: 7.900000E-6
(1) 7.900000
(2) .000007.900000
6places (we added 5zeros)
Therefore: 7.900000E-6 = .0000079
Q33. Now you try: 1.234567E-8
(1)
(2)
Therefore, 1.234567E-5 -=
A33. 1.234567
.00001 .234567
5places (we added 4zeros)
.00001234567
What You Have Learned
1. On most computers using BASIC there are five standard
print positions across a teletypewriter line. A comma in
a PRINT statement moves the teletypewriter to the next
available print position.
2. When you use a semicolon instead of a comma in a
PRINT statement, strings get printed closer together.
Thus, you can vary the spacing in the RUN of aprogram.
3. You can program a computer, in BASIC, by using the
symbols +,
* and / to mean, respectively, add, subtract, multiply and divide. The computer will do all
arithmetic in right to left order, with all multiplications
and/or divisions performed before additions and/or subtractions.
4. There is a fifth operation in BASIC called exponentiation. This function raises a number to a power and its
symbol is: t.For instance, 5 3 means 53 or 5 X 5 X 5.
5. Computers use a special form of notation to indicate
extremely large numbers, or extremely small decimal
fractions-this is called scientific notation. A number in
such notation is represented by a mantissa and exponent
separated by the letter E. The number 1,000,000,000,000
would be represented on our computer by 1.000000E+12
in scientific notation.
SELF-TEST
If you can answer these questions, based on the first part of
this article, you are a budding computer user and are ready
to go on to the next part.
1. The device used to communicate programs to acomputer
is called a
2. The individual lines of computer instructions in a program are called
3. What is missing from this short program?

PRINT
END

2+2

4. Assume that you are at a computer terminal, typing a
statement into the computer, and you notice that you
have made a typing error. Describe a method of correcting your error (other than completely retyping the
statement).
5. Describe a method for replacing a new statement for an
old statement in a program without erasing the entire
program and starting over.
6. Assume that there is a program in the computer. How
do you erase that program from the computer's memory?
7. Assume that there is a program in the computer. How
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do you tell the computer to actually follow (or process)
the program?
8. How do you cause the computer to type out a program
stored in its memory?
9. Assume that this program is in the computer.

10
20
99

PRINT
PRINT
END

35
8 3

Describe how to delete (remove) the second statement
without erasing the entire program.
10. Write the symbols used in BASIC for the following
arithmetic operations.
addition
subtraction
multiplication
division
powers
Refer to this program to answer questions 11 through 18.

10
20
30
40
50

PRINT
PRINT
PRINT
PRINT
PRINT

"MY COMPUTER
5+2 2, 4 3
8-16/32
(5+2)(8-3)
"THAT'S ALL,

IS

A WHIZ

AT ARITHMETIC."

FOLKS!"

11. Which statements contain strings?
12. A string begins and ends with
13. Describe the order in which the computer does the
arithmetic in Line 20.
14. Describe the order in which the computer does the
arithmetic in Line 30.
15. Describe the order in which the computer does the
arithmetic in Line 40.
16. In Line 40, why does the computer do the addition
before the subtraction?
17. In general the computer does multiplication and division
before addition and subtraction. Why is the order
changed in Line 40?
18. Show what the computer will print when the program
is RUN.
19. What symbol is used between several strings or expressions in a PRINT statement to cause the results to be
printed close together when the program is RUN?
20. Look at this program.

10

PRINT

99

END

10,20,30,40,50,60,70

How many lines will the results of RUNing the program
occupy?
21. Convert the following numbers from scientific or "E"
notation into standard notation.
Scientific Notation
Ordinary Notation
1.123456E+6
1.123456E+12
7.777777E-2
99

Learning Rbaut Computers
1.000000E-12
22. Write acomputer program to do the following arithmetic
and produce the results shown in the RUN below.
(a) 10 3
(b) 10 12
(c) 18.56 -9.35
2.12 ± 3.3 3

21.

TEN RAISED TO THE 3RD POWER = 1000
TEN RAISED TO THE 12TH POWER = 1.000000E+12
THE ANSWER TO PR OBLEM (C) IS 1.689908
Answers to Self-Test

1.
2.
3.
4.

Computer terminal (e.g., teletypewriter).
Statements
Line numbers
Type a black arrow (+-) to erase each character (right
to left) that you wish deleted until the mistakè is erased.
Then finish typing the statement, beginning at the point
where the error was made.
5. Using the line number of the statement you wish replaced, type in the new statement.
6. Type SCR (for SCRatch), and press the RETURN key.
7. Type RUN and press the RETURN key.
8. Type LIST and press the RETURN key.
9. Type the line number of the line to be deleted (20) and
press the RETURN key.
10. ± addition
- subtraction
* multiplication
/ division
t powers
11. Lines 10 and 50.
12. Quotation marks
*, +. First the computer computes 41'3, multiplies
the result by 2, then adds 5.
14. /, -. First the computer divides 16 by 32, then subtracts the result from 8.
15. ±,
*. First the computer add 5 and 2, next it
subtracts 3 from 8, and then it multiplies the two results.
16. The computer does the operations contained in parentheses in left to right order.
17. The computer does arithmetic contained in parentheses
first.
18.

RUN
MY COMPUTER IS A WHIZ AT ARITHMETIC.
133
7.5
35
THAT'S ALL, FOLKS!

1123456.
1123456000000.
.07777777
.000000000001

22,
10
20
30
99

RUN

1.123456E+6
1.123456E+12
7.777777E-2
1.000000E-12

PRINT
PRINT
PRINT
END

"TEN RAISED
"TEN RAISED
"THE ANSWER

TO
TO
TO

THE 3RD POWER .";10 3
THE 12TH POWER
0
12
PROBLEM (C) IS";(18.56-9.35)/(2.12+3.33)

. 0

To illustrate the concept of variable and the function of the
LET statement in BASIC, imagine that there are 26 little
boxes inside the computer. Each box can contain one number
at any one time:
We have already stored numbers in some of the boxes. For
example,
7 is in box A
5 is in box B

A

7

H

0

y

8

5

1

P

W

o

x

y

4

C

J

D

K

R

E

L

S

m

T

F
G

2

-6

2.5

z

N

Ql. (a) What number is in box F?
(b) In box J?
(c) What box is -6 in?
(d) What box contains 2.5?
Al. (a) 2, (b) 4, (c) S, (d) X
Boxes C and N are shown again below. Use apencil to do
the following.
(a) Put 8 into Box C. In other words, write the numeral
"8" in the box labeled "C."
(b) Put 12 into N.
(c) Put 27 into N. But wait! A box can hold only one
number at a time. Before you can enter 27 into N, you must
first erase the 12 that you previously entered.

N

19. Semicolon.
20. Two lines, like this:
10
60

100

20
70

30

40

50

N

27
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When the computer puts a number into a box, it automatically erases the previous content of the box, just as you did.
In order to put "27" into Box N, you first erased the previous
content, "12."
We call A, B, C, ...,Z variables. The number in Box A
is the value of A; the number in Box B is the value of B;
the number in C the value of C and so on.
Below is aprogram that uses the LET statement to instruct
the computer to "put anumber in abox," or more technically
to assign a numerical value to a variable. This program tells
the computer to
10
20

LET A=7
PRINT A

+- Put7intoBoxil
+- Printthecontentof

out if you are correct.
10 LET A=1
20 LET A=2
30 PRINT A
99 END
RUN

A4.

Box A

02. (a) What is the variable in Line 10?
(b) What value is assigned to that variable?
A2. (a) A, (b) 7
Q3. Complete the following program to assign the value
23 to the variable X and then print the value of X.
10
20
99 END
A3. (Answer is listed below.)

10 LET X=23
20 PRINT X
•99 END
RUN
23

Here is another example. This program adds four numbers,
which might be scores of some kind, and computes the mean
(average).

10 LET A=5
20 LET B=8
30 LET C=3
40 LET D=6
50 PRINT "SCORES: ";A; B; C; D
60 PRINT "MEAN:";(A+B+C+D)/4
99 END
RUN
SCORES: 5
MEAN: 5.5

8

3

6

The LET statements in this program tell the computer to
assign numerical values to variable, in this case to put values
5, 8, 3 and 6 into boxes A, B, C, and D. These values are
printed (Line 50) and then the computer uses them (Line
60) to compute and print the mean.
Q4. Complete each of the following RUNs as you think
the computer would do it. If possible, use a computer to find
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10 LET A=1
20 PRINT A
30 LET A=2
40 PRINT A
99 END
RUN

•

99 END
RUN
7

10 LET A=7
20 LET B=A
30 PRINT B
99 END
RUN

(a) 2
Note that the second value assigned to A in Line
20 replaced the value assigned to A by Line 10.
(b) 7
(c) 1
(c) 2

Look at the preceeding programs (a), (b) and (c). In program (b) the value of one variable is used to assign a value
to another variable!
So it turns out that one variable can take its value from
another variable. Not only that, but a variable can get its
value from computations involving one or more other variables whose values have been previously assigned. (That last
part is important.)
We can illustrate this with a program that will calculate
the grade point average for a student. Assume the student
received:
4units of A
6units of B
4units of C
2units of D
0units of F
100
110
120
130
140
150
160
170

REMARK GRADE POINT AVERAGE
LET A=4
LET B=6
LET C=4
LET D=2
LET F=0
LET U=A+B+C+D+F
LET G =(4nA+3 ,, B+2 ,, C+1 ,, D)/U

180
999

PRINT
END

"YOUR

GRADE

POINT

PROGRAM USING

AVERAGE

LET

STATEMENTS

IS";G

RUN
YOUR

GRADE

POINT

AVERAGE

IS

2.73

Q5. In Line 160, U (for Units) receives it's value from the
total of each letter grade. What numerical value does U receive when this program is RUN?
A5. U=16

Q6. Which line of the program computes and assigns the
computed value to the variable G?
A6, Line 170
LET statements are all fine and good, but what a hassle
to change all those LET statements in Lines 110 to 150
everytime you want to calculate the GPA (Grade Point
Average) for a different set of grades. Ah, but leave it to
BASIC to come up with a clever solution — namely the INPUT statement.
The INPUT statement allows the computer user to assign
different values to INPUT variables each time a program is
RUN without modifying the program itself. When the com-
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puter comes to an INPUT statement in a program, it types a
question mark and waits for the user to enter avalue for the
INPUT variables (or variable). Here is an example.
20 INPUT A
30 PRINT "THIS TIME A =";A
99 END

When a semicolon is used at the end of a PRINT statement,
the teletype stays on the same line instead of performing a
"carriage return" and going to the beginning of the next line.
Here is our revised program, and the beginning of a RUN.
Now we know exactiy what the computer is waiting for —
a value for the variable A. We use 350 as the value, type it
in after the question mark, then press RETURN.

RUN
RUN
In our example, we typed in 3 as the value to be assigned
to A, pressed RETURN, and the computer then continued
running the program, using A = 3. Here's the program again
with the completed RUN:

WHAT IS YOUR VALUE FOR A?350
THIS TIME A = 350
Here's another RUN of the program, but now the user has
entered 17 as the value of A.
RUN

20 INPUT A
30 PRINT "THIS TIME A =";A
<
99 END
The value of Ais printed after the string
RUN
after the string
?3
THIS TIME A = 3

WHAT IS YOUR VALUE FOR A?17
THIS TIME A = 17
Q8. Now you do one. Write a program, using two INPUT
statements, that will result in the following printout when
RUN.
RUN

After we typed RUN and pressed the RETURN key, the
computer typed aquestion mark. We then typed a 3, which is
our value for the INPUT variable A. The computer then
printed the string. THIS TIME A = followed by the numerical value of A.
07. The program could be run again with adifferent value
of A supplied by the user. What would a RUN look like if
the user typed 7 as the value of A?
A7. (Answer is listed below.)
RUN
?7
THIS TIME A = 7

Now, in order to make things really clear when dealing
with INPUT statements, we need away of informing the user
what the INPUT statement is asking for. Let's add this statement to our example program:

VALUE OF X?5
VALUE OF Y?10
THEN X + Y = 15

Values supplied by user
Value computed

A8. Either of these two programs is correct.

10 PRINT
20 INPUT
30 PRINT
40 INPUT
50 PRINT
99 END
RUN

"VALUE OFX";
X
"VALUE OF
Y
"THEN X + Y =" ;X + Y

VALUE OF X?5
VALUE OF Y?10
THEN X + Y= 15

10 PRINT "VALUE OFX";
20 INPUT X
30 PRINT "VALUE OF Y";
40 INPUT Y
50 LET Z = X + Y
60 PRINT "THEN X + Y =" ;Z
99 END
RUN
VALUE OFX?5
VALUE OF Y?10
THEN X + Y = 15

So much for theory. Now let's apply the capabilities of the
INPUT statement to the Grade Point Average program.

10 PRINT "WHAT IS YOUR VALUE FOR A";
See the semicolon at the end of the PRINT statement?
10
20
30
99

PRINT "WHAT IS YOUR VALUE FOR A";
INPUT A
PRINT "THIS TIME A =" ;A
END

RUN
WHAT IS YOUR VALUE FOR A?
This much comes
from Line 10
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The question mark comes from
the INPUT statement in Line 20

100
110
120
130
140
150
160

170
180
190
200
210
220
230
240
999

REMARK PR OGRAM TO COMPUTE GRADE POINT AVERAGE
PRINT "H OW MANY UNITS OF A";
INPUT A
PRINT "H OW MANY UNITS OF B";
INPUT 8
PRINT "H OW MANY UNITS OF C";
INPUT C
PRINT "H OW MANY UNITS OF D";
INPUT D
PRINT "H OW MANY UNITS OF F";
INPUT F
LET U=A+B+D+F
LET G=(.0'A+3 ,eB+VeC+1):D)/U
PRINT
PRINT "Y OUR GRADE POINT AVERAGE IS";G
END
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A PRINT statement with nothing following it causes
the teletype to advance to the next line without
printing anything, leaving "line spaces" as you'll see
in the next RUN.

variable appearing in the INPUT statement, etc. Both the
variables in the INPUT statement in the program, and the
values typed in by the user when the program is RUN, must
be separated by commas.

Here is a RUN of the preceding program featuring values
of A, B, C, D and F supplied by the user.

Here is another RUN of the program in frame 14. We
want to enter 73 as the value of X and 59 as the value of Y.

RUN
HOW MANY
HOW MANY
HOW MANY
HOW MANY
HOW MANY
YOUR

UNITS
UNITS
UNITS
UNITS
UNITS

GRADE

OF A?4
OF B?6

Following each question
mark, the user typed the
requested value, then
pressed the RETURN key

C?6

OF D?0
OF F?0

POINT

AVERAGE

IS

2.875

After all 5values had been
entered, the computer computed the GPA and printed it

RUN
VALUES
?

OF X

We then completed the RUN by entering the second number, the value of Y. Here is the complete RUN:

RUN
VALUES

Let's demonstrate another capability of the INPUT statement. One INPUT statement can be used to assign values of
two or more variables:

PRINT
INPUT
PRINT
END

"VALUES OF X AND
X,Y
"THEN X + Y =";X

Y";
+ Y

RUN
VALUES OF X AND
THEN X + Y = 18

Y?12,6

Whoops! We absentmindedly hit the
RETURN key

Y?73

The computer typed another
question mark. This means
"Didn't you forget something?"

09. (a) How many units of A did the user enter?
(b) How many units of F?
A9. (a) 4 (b)

10
20
30
99

AND

? 59
THEN

OF X

AND

Y?73

X + Y = 132

If we don't enter anumerical value for every variable in an
INPUT statement, our computer types a question mark.
Q10. Your turn. Write a program to compute and print
the value of A*(B-I-C) for INPUT values of A, B, and C.
A RUN should look like the following.

RUN
VALUES OF A,B,C?2,3,4
THEN Ax(B + C) = 14

There are two things to note:

A10. Here are two ways to do it.
20

INPUT

X, Y

No comma here

1— No comma after the last variable
Comma separates the variables

RUN
VALUES

OF X

AND

Y?12,6

+-Nocommaafterlastvalue

Comma between values
Note that 12 is the value assigned to the first INPUT variable X, and 6 will be assigned to the second INPUT variable
Y.
Here is the summary
When a program containing an INPUT statement with
multiple variables is RUN, the first value typed in by the user
after the INPUT question mark will be assigned to the first
variable that appears in the INPUT statement; the second
value typed in by the user will be assigned to the second
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OF A,B,C";

10
20

PRINT "VALUES
INPUT A,B,C

30
99

PRINT
END

10
20
30
40
99

PRINT "VALUES OF A,B,C";
INPUT A,B,C
LET D=An(B + C)
PRINT "THEN An(B + C) =";D
END

"THEN Ax(B

+ C)

=";t0e(B

+ C)

Here's a version of the program to calculate Grade Point
Average that uses only one INPUT statement to tell the computer how many units of A, B, C, and F you received (or
expect to receive). It uses a PRINT statement before the
INPUT statement in order to identify the INPUT values
needed.
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100
110
120
130
140
150

REMARK PR OGRAM TO COMPUTE GRADE POINT AVERAGE
PRINT "UNITS OF A,B,C,D AND F";
INPUT A,B,C,D,F
LET U=A+B+C+D+F
LET G=(.0 ,A+3B+2C+ PcD)/U
PRINT
160 PRINT "Y O
UR GRADE POINT AVERAGE IS";G
999 END
You may have noticed the REMARK statement
used as a heading for various example programs.
That's what it is, a remark by the programmer to
identify what a program or a section of a program
does. REMARK statements exist solely for the convenience of a person looking at a program, and (for
a change) don't tell the computer to do anything.
We will use REMARK to identify most of the programs that follow.

percentage for agiven length of time (e.g., interest on money,
bacteria culture growth, etc.).

Here is one version of a population growth program.

100
110
120
130
140
150
160
170
180
190
999

REMARK PR OGRAM TO CALCULATE POPULATI ON GR OWTH
PRINT "INITIAL POPULATI ON";
INPUT P
PRINT "RATE OF GR OWTH";
INPUT R
PRINT "NUMBER OF YEARS";
INPUT N
LET Q=P 2:(1+R/100) N
PRINT
PRINT "P OPULATI ON AFTER";N;"YEARS IS" A
END

RUN

Q11. What will a RUN of the program look like if we
enter 2 units of A, 5 units of B, 4 units of C, 3 units of D

INITIAL POPULATI ON?1000
RATE OF GR OWTH?1
NUMBER OF YEARS?20

and 3 units of F?
All. (Answer is listed below.)

POPULATI ON AFTER 20 YEARS IS 1220.19

RUN
UNITS OF A,B,C,D AND F?2,5,4,3,3
YOUR GRADE POINT AVERAGE IS 2
Now, let's consider a problem in the field of population
growth.
PROBLEM: In year zero, we start with a population of P
people. The population increases by 1% each year. In N
years, what will the poulation be?
P is the initial population.
R is the growth rate in percent per year.
N is the number of years.
Q is the population after N years.
1% increase per year
Q = P(1 -I- 1/100)N

Q13. It is now the year 1973. The population of the earth
is about 3.6 billion people. The growth rate is about 2% per
year. Suppose this growth rate persists until the year 2001.
We want to know what the population will be in 2001. Show
how this information is entered by completing the blanks in
the following part of a RUN.

RUN
INITIAL POPULATI ON?
RATE OF GR OWTH?
NUMBER OF YEARS?

A13. We think you did it this way.

Nyears

Initial population

RUN

Population at the end of Nyears
If the growth rate is Z.15Y0 per year, then
Q = P(1

2.5/100)N

And, if the growth rate is R% per year, then

INITIAL POPULATI ON?3600000000
RATE OF GR OWTH?2
NUMBER OF YEARS?28
POPULATI ON AFTER 28 YEARS IS 6.267686E+09

Q = P(1-Er/100)N
Q12. For review, write this last formula as a LET statement for variable Q using BASIC notation.
170 LET Q =
Al2. (Answer is listed below.)

170 LET Q=P(1 + R/100) N

Or perhaps this way:
RUN
INITIAL POPULATI ON?3.6E9
RATE OF GR OWTH?2
NUMBER OF YEARS?28
POPULATI ON AFTER 28 YEARS IS 6.267686E+09

NOTE: This formula may actually be used to compute the
growth rate for anything that increases by a fixed proportion
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Just fifteen years old, Larry Friedman,
who set up this program, is an old hand
with computers. He has built his own
computer system using an SWTP 6800
as the base. The computer gets such diverse uses as processing complex electronic equipment test reports and keeping the statistics for Larry's baseball and
bowling teams. Larry is also aconsultant
on programs for electronics experimenters, and areal whiz as an amateur radio
operator and as a beginning pilot.

SIMPLY

Basic
by Larry Friedman, WB2AHN

S

o there you have it—your own home computer, its keyboard just waiting to be typed
on and the teletype or CRT ready to display
the output. It was a good sized financial investment, but you've heard the rewards of Personal
Computing are well worth it.
Suddenly, you discover the terrible truth. Without programs, the software, your computer is
deaf, dumb and unthinking. What to do? The best
course of action is to learn the BASIC program-

Compute
four
Decibels
D You don't have to be an electronic
genius to build a personal computer,
any more than you have to be a math
wizard to program one. Using what is
considered "the students language,"
called BASIC, even the newcomer to
computers can quickly learn to program
using simplified statements in the English language.
While there is a never ending supply
of books containing BASIC programs,
many of them are filled with games of
which you easily tire, or the programs
are too specialized, such as computing
real estate depreciation or navigation.
In this column you will find simplified BASIC programs specifically oriented to the electronic hobbyist who is
also a beginner in computer programming. The programs here will have
extra detail and more steps than is usual
so you can follow the reasoning and
make your own modification. Where
necessary, we will also show you a RUN
of the program, or rather, aprintout of
what it should look like when you use
the program. For example, in this issue
you will see the LISTING and RUN of a
program that solves power and voltage
ratios. To aid you in your understanding of the program, positive and negative values are used in the program
RUN. You'll also find in the program a
_
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ming language so that you can make your own
programs to fit your own situation.
A good way to learn programming in BASIC
is to use and study prewritten programs. Not only
will this help you in your own programming, such
programs as presented here are immediately both
fun and useful.
Don't let your computer sit alone on the shelf.
Type in these programs and get in on computer
action!

DEGIBL

0010
0020

REM - BY LARRY FRIEDMAN
PRINT

0030 REM - LINE 40 SETS DECIMAL TO 2 PLACES •
0040 DIG ITS= 2
! MAY NEED MODIFICATION ON YOUR
0045 REM - PROGRAM STARTS HERE
00 50

PRINT

"DECIBELS

0060
0070

PRINT
INPUT

"ENTER
XS

0080
0090
0100
0110
0120
0130
0140
0150
0155
0160
0200
0210
0220
0230
0240
02 50
0270
02 80
047 5
0500
0530
0540
0541
0548
0550
0560
0570
0 580

IF XS ="V OLTAG
1=10

FOR VOLTAGE AND POWER RATIOS"

MODE

(VOLTAGE

OR POWER)"

,

COTO 200

PRINT "ENTER P 1 IN WATTS";
INPUT P I
PRINT "ENTER P2 IN WATTS";
INPUT P2
A=PI
B=P2
PRINT
3 OT 0 500
PRINT "ENTER El IN VOLTS";
INPUT El
PRINT "ENTER E2 IN VOLTS";
INPUT E2
A=E1
B=E2
I=20
PRINT
REM - LINE 500 CONVERTS LOG. NATURAL TO LOG BASE 10
X= I * LCG (A/B )/LOG
I0)
PRINT
THE ";XS;" RATIO REPRESENTS A CHANGE OF ";X;" DEC IBELS
PRINT
PRINT
PRINT
ST CP
REM - IF YOU WANT THE PROGRAM TO AUTOMATICALLY RECYt,LE
REM - CHANGE LINE . 550 TO
550 COTO 50
END

statement at the end showing how
you can modify the program to recycle
automatically when you have to make
many calculations with different voltage
or power ratios.

REM

SYSTEM.

To help you get a better understanding of BASIC programming, we recommend that you obtain a copy of "Basic
BASIC" by James Coan (Hayden Book
Company) as most of the programs

Programs are written in SWTP type 2.0 8K basic, and might require some modification for use with other BASIC interpreters. Programs for this column are checked
and debugged using a SWTP 6800 computer with 12K memory, a Micro-Term
ACT-1 CRT terminal, an ASR 33 TTY, and a National Multiplex CC8 recorder. Printout will fit single line TTY or two lines on most CRT terminals.
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we'll be using follow the techniques
illustrated in this book.
If you have any specific electronic
hobbyist programs you'd like to see just
drop a note to "It's Simply BASIC." If
your idea has general interest we'll
work up the program for a future
column.
Our program this month is DECIBL,
which calculates the dB values for voltage and power ratios. Statements which
follow REM (meaning remarks) are
simply notes to assist you in your understanding of the program. They are
•
not part of the program itself.
For an even better understanding of
BASIC, take a look at the beginning of
our first course in BASIC right here in
HOBBY COMPUTER HANDBOOK.
You
can't say we are not trying to help you

SAMPLE

RUN
DECIBELS

F CR

VOLTAGE AND

ENT ER
ENTER

MODE
(VOLTAGE OR
El
IN VOLTS?
40

ENTER

E2

IN VOLTS?

RUN

POWER

DECIBL

RATIOS

P OW ER )?

VOLTAGE

20

THE VOLTAGE RATIO REPRESENTS
STOP

OF

A CHANGE

OF

6.02

DECIBELS.

0550

READY
ORUN
DECIBELS

F CR

VOLTAGE AND

ENTER

MODE

ENTER

P 1 IN WATTS?

4

ENTER

P2

2

THE

POWER

STOP

(VOLTAGE

IN WATTS?

GR

POWER

RATIOS

P OW ER )?

RATIO REPRESENTS

POWER

A CHANGE

OF

3.01

DECIBELS.

0550

READY
ORUN
DECIBELS FOR VOLTAGE AND POWER RATIOS
ENTER MODE
(VOLTAGE OR POWER)?
VOLTAGE
ENTER
ENTER

El
E2

IN VOLTS?
IN VOLTS?

437
876

THE VOLTAGE RATIO REPRESENTS

talk to your computer.

A CHANGE

OF

—6.0 4

DECIBELS.

Reactance bq ERSE
III For the electronic hobbyist, a computer's primary advantage is that it
can solve problems in seconds that
would take you hours to work out using
pencil and paper. As an example, there

A
0100
0110
0120
0 130
0 140
0 150
0 160
0 170
01 RO
0 190
0200
0210
0220
0230
0240
0250
0260
0270
0260
0290
0300
0310
0320
0330
0340
0350
0360
0370
0360
0390
0400
0405
0410
0420
0430
0440
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REM
REM
REM
REM
REM
REM
REM
REM
REM
REM

is no advantage in using a computer to
solve one or two reactance problems,
because an ordinary calculator would
require less time and effort. However,
if you had to solve a series of reac-

PROGRAM

TO

SOLVE

PROGRAM **REACT**
BY LARRY FRIEDMAN
7/1 /77
C = CAPACITANCE IN FARADS
L = INDUCTANCE IN HENRIES
F = FREQUENCY IN HZ (HERTZ)
X (C) = CAPACIT IVE REACTANCE IN OHMS
X (L ) = INDUCTIVE REACTANCE IN OHMS
X(3) AND X(4) ONLY APPLY T 0 THE PROGRAM
TO END THE PROGRAM PRESS CNTRL/—C— OR WHATEVER
THE INTERRUPT FOR YOUR COMPUTER SYSTEM.

DIG ITS
3
REM PROGRAM
PRINT
PRINT "WHAT

STARTS

I

HERE

DO YOU WANT

T 0 SOLVE FOR?"

INPUT JS
IF 0$="L" G OTO 390
IF JS="X(L)" 10TO 430
IF JS="F USING I." G OT 0 470
IF OS="C" 10TO 510
IF JS="X (C)" G OT 0 550
IF JS="F US ING C" 10TO 590
PR INT "THIS PROGRAM WILL SOLVE FOR :"
PR INT "L (MEANING INDUCTANCE)"
PR INT "C (MEANING CAPAC ITANCE)"
(MEANING INDUCTIVE REACTANCE)"
PRINT "X (L )
(MEANING CAPACITIVE REACTANCE)"
PR INT "X (C )
(FR EQUENCY US ING INF 0
ON INDUCTANCE)"
PR INT "F US ING L
PRieT "F US ING C (FREQUENCY US ING INFO ON CAPAC ITANCE)"
1 CT 0 220
PR INT "ENTER X (L) AND F."
INPUT X(4).F
REM —M IS THE SOLUTION T 0 THE PROBLEM.
M=X(4)/(6.28
1 CT 0 620
PR INT "ENTER
INPUT F.L

• F)
F AND

L"

FOR

tance problems, you couldn't ask for
anything faster than a computer programmed for automatic recycling when
solving for F, L, C,XL, or Xc.
This month's program, REACT, is an

REACTANCE

0450
0460
0470
0480
0490
0 500
0510
0520
0530
0540
0550

M=6.26 * F * L
1 CIO 620
PR INT "ENTER X (L ) AND L"
INPUT X(4).L
M=X(4 )/(6 .26 * L)
I OT C 620
PR INT "ENTER F AND ) (C )"
INPUT F. X(3)
M=I /(6 .26 * F * X(3))
G OTO 620
PRI NT "ENTER F AND C"

0560
0570
0560
0590
0600
0610

INPUT F.0
M=1 /(6.28 • F * C)
1 CIO 620
PR INT "ENTER C AND X (C)"
INPUT C. X(3)
M=1/(6.26 * C * X(3))

0620
0625
0630
0640
0650
0660
067 0
0660

PRINT OS; "=";M:
I CSUB 710
PR INT
IF JS="L" THEN P=1
IF JS=" X (L )" THE P=2
IF JS="F USING L" THEN P=3
IF JS="C" THEN P=4
IF JS=" X (C)" THEN P=5

0690
0700
0710

IF JS="F USING C." THEN P=6
ON P 1CMO 390. 430. 470. 510. 550. 590
DATA LeRENRIESJX(L),OHMS,F USING L'HZ

0720
07 30
0740
07 SO
0760
077 0
0780

DATA F usirn CJEZJC.FARADS,X(C),OHMS
READ BSJAS
IF BS=JS PR INT AS
IF BS=OS lOTO 770
I CTC 730
RESTORE S
PRINT

07 90

RETURN
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SAMPLE OF AUTO-PROMPTING WHEN USER KEYS INCORRECT INSTRUCTION.

WHAT DC YOU WANT TO SOLVE FOR?
•R
THIS PROGRAM WILL SOLVE FOR:
L (MEANING INDUCTANCE)
C (MEANING CAPACITANCE)
MI.)
(MEANING INDUCTIVE REACTANCE)
X(C)
(MEANING CAPACITIVE REACTANCE)
F USING L (FREQUENCY USING INFO. ON INDUCTANCE)
F USING C (FREQUENCY USING INFO. ON CAPACITANCE)
WHAT DC YOU WANT TO SOLVE FOR?

READY
#RUN
WHAT DO YOU WANT T0 SOLVE FOR?
• F USING L
ENTER X(
L)AND L
7 1000 • .1
F USING L=1592.356 It2
ENTER X(L )AND L
• 10 • 3.0
F usinn L=0.530 HZ
ENTER X( L)AND L

SAMPLE RUNS

X(C )=159235 .668 OHMS

READY
/RUN
WHAT DC YOU WANT TO SOLVE FOR?
7 X(C
ENTER F AND C
1000.. .001E-6
automatic recycling program for inductive and capacitance reactance problems. It is designed for high speed
operation, and therefore eliminates unnecessary phrases and identification.
Once the unknown is specified, it will
recycle for the same unknown until the
program is interrupted by "control C,"

ENTER F AND C
1E6• 401E-6
X(C )=I S9.235 OHMS
ENTER F AND C

READY
#RUN
WHAT DC YOU WANT TO SOLVE F‘
? c

ENTER F AND X(C)
? 100.

10000

C1 .592E-07 FARADS

or whatever your computer system
uses for an interrupt.
The statements are arranged in
groups for easy modification to your
particular needs, rather than by convention. For example, data statements
usually come at the beginning; in
REACT, they are grouped at the end

from 710 to 780, so you can follow
the logic of the program.
Self-prompting is built in via statements 310 through 380. If you enter
an unrecognizable unknown, the computer will print all the unknowns which
can be solved for, and then recycle to
ask for corrected input.

Programming Ohm's Law
n Here's

a universal program that
solves many, if not most, of an experimenter's typical problems in Ohm's
Law, reactance, and frequency. The
program can be kept loaded in your
computer's memory so it will be at your
fingertips 'as you test or develop projects, or work school problems.
Unlike the simplified programs we've
used in previous issues, this one is moderately long, somewhat complex, and
utilizes a few special tricks you should
be familiar with as you get into serious
programming. Exponentiation is shown
in line 640 by simply multiplying a
number by itself (squaring), in line 840
the up arrow (on teletypewriters the
shift-N) is used. The up arrow is the
common programming symbol for exponentiation and you really should get
in the habit of using it at all times,
even if you are simply squaring a number or term. (Note: On some computers the double-asterisk, or **, is
used in place of the up arrow.)
This issue's program also illustrates
how to get quotation marks to appear
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ELECTRONIC EQUATION CRUNCHER
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111

0112

0113

0114
0115
0116
0120
0130
0140
0150
0160
0170
0180
0190

0200
0210
0220
0230
0240
02 50
0260
0270
0280

REM "ELECTR" BY LARRY FRIEDMAN
INPUT "DO YOU WANT INSTRUCTIONS",MS
IF MS="NO" GOTO 116
PRINT "DIRECTIONS FOR USING THIS PROGRAM:"
PRINT "THE COMPUTER WILL ASK YOU FOR THE VALUES OF "
PRINT "E•1•R•P•L•C,F•TIME (PERIOD),X(C)• AND X(L)
PRINT "ENTER THE KNOWN VALUES. ENTER 0 FOR UNKNOWN VALUES."
PRINT
PRINT "IF YOU MAKE AN ERROR WHEN ENTERING A VALUE,"
PRINT "ENTER -1 FOR THE NEXT VALUE AND THE COMPUTER WILL BACK "/
PRINT "UP TO THE VALUE WHERE THE ERROR WAS MADE."
PRINT
PRINT "WHEN THE COMPUTER ASKS YOU IF YOU WISH TO CHANGE ANY "i
PRINT "VALUES, TYPE ";CHRS (34 )3"NO".:CHRE (34 );" IF YOU WISH "2
PRINT "TO LEAVE THE PROGRAM • TYPE "1 CHRS (34 ).1"YES"ICHRS (34)1
PRINT " IF YOU HAVE ANY CHANGES T0 MAKE."
PRINT
DIGITS= 4
PRINT "ENTER THE FOLLOWING DATA. USE
FOR UNKNOWN VALUES."
INPUT "ENTER E. IN VOLTS"•E
INPUT "ENTER I IN AMPERES"• I
IF 1=-1 GOTO 140
INPUT "ENTER R IN OHMS",R
IF R=-1 GOTO 150
INPUT "ENTER P IN WATTS",P
IF P=-1 GOTO 170
INPUT "ENTER L IN HENR IES" •L
IF L=-1 GOTO 190
INPUT "ENTER C IN FARADS"..0
IF
GOTO 210
INPUT "ENTER F IN BERT 2" •F
IF F=-I GOTO 230
IN SECONDS "•T
INPUT "ENTER TIME (PERIOD)
IF T=...1 0010 250
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0290

INPUT

X(C ) IN

OHMS"..X(1)

0300
0310

IF X(1 )...1 3010 270
INPUT "ENTER X(L) IN

"ENTER

OHMS"eX(2)

0320
0330

IF X(2)=-1
PRINT

0340
0350
0360

FOR N=1 TO 2
IF E<>0 GOTO 450
IF 1=0 G OTO 390

0370
0380
0390

IF R=0 G OTO 420
E=I*R
IF R=0 G OTO 450

0400
0410
0420
0430

IF P=0 G OTO 600
E=SOR (P*R)
IF 1=0 COTO 450
IF P=0 G OTO 450

0440
0450
0460
0470

E=1. /I
IF I<>0 G OTO 550
IF E=0 G OTO 490
IF P=0 G OTO 520

0480
0490
0 500

I=PIE
IF R=0 G OTO
IF P=0 G OTO

COTO 290

1210
1220
1230
1240
1250
1260
1270

550
550

0 510
0 520
0 530
0 540
0 550

I=SCIR(P*R )
IF E=0 G OTO 550
IF R=0 G OTO 550
I=E/R
IF R<>0 G OTO 650

0 560
0570
0580
0 590
0600
0610
0620
0630
0640
0650

IF E*0 COTO 590
IF I=0 G OTO 620
R=E/I
IF P=0 G OTO 650
IF I=0 G OTO 650
R=P/(I*I)
IF P=0 G OTO 650
IF E=0 G OTO 650
R=(E*E)/P
IF P<>0 COTO 750

0660
0670
0680
0690
0700

IF
IF

E0
1=0

COTO 690
COTO 720

IF
IF

I=0
R=0

SOTO 750
COTO 750

0710
0720

P=(I*I)/R
IF E=0 G OTO 750

0730 IF R=0 G OTO 750
0740
P.(E*E)/R
0750 IF F*0 G OTO 910
07 60 IF C=0 G OTO 830
0765 IF L<>0 G OTO 820
0770
L=( Cl /(6.28*F) ,2)/O)
0780 G OTO 840
07 90 INPUT "ENTER X(L )
0800
0 810
0 820
0 830
0840

IF X(2)=0 G OTO 820
L=X(2)/(6.28*F)
IF C<>0 G OTO 900
IF L=0 G OTO 960
C. ((1 /(6 .28*F ))12 /L

0850
0860
0870
0 880
0 890

COTO 900
IF X(1 )<>0 G OTO 900
INPUT "ENTER X(C)
IF X(1 )=0 G OTO 900
C=1 /(X(1 )*(6 .28*F))

0900
0 910
0920
0 930
0 940
0 950
0 960
0970

IF F<>0 COTO 940
IF L=0 G OTO 940
IF C=0 G OTO 940
F=1/(6 .28*SOR (L*C ))
IF L=0 G OTO 970
IF F=0 G OTO 970
X(2 )=6.28*F*L
ir F=0 COTO 1000

0980
0990
1000
1010
1020
1030
1040

IF C=0 Lieu 100k,
X(1)=1 /(6 .28*F*C)
NEXT N
PRINT
PRINT "Et.
PRINT
PR INT "R=".SR

1050
1060
1070
1080
1090
1100

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

1110
1120

IF
IF
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1130
1140
1150
1160
1170
1171
1172
117 3
1174
117 5
1176
1177
117 8
1179
1180
1181
1182
1190
1200

1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410

IF

"DO
MS

MS="NO"

0

IF

UNKNOWN

VALUE)"s X(2 )

G OTO

MANY

D1ti ITS
0
PRINT "WHAT
INPUT PS
IF PS="E"
IF PS=" I"
IF PS="R"

IS

T 0 MAKE ANY CHANGES?"

1410

COMPUTER

L=0
C=0
F=0
T=0
X(1 )=0
X(2 )=0
PRINT "HOW
INPUT A
FOR K=1 TO

WILL

NOW

RESET

THE VALUES

TO 0

CHANGES?"

CHANGE

INPUT
INPUT
INPUT

0";K

"ENTER E IN
"ENTER I IN
"ENTER R IN
"ENTER P IN
"ENTER L IN
"ENTER C IN
"ENTER F IN

IF PS="P" INPUT
IF PS"L" INPUT
IF PS="C" INPUT
IF PS-"F" INPUT
IF PS="X(C)" INPUT
IF PS-"X(L)" INPUT

"ENTER
"ENTER

VOLTS",E
AMPERES"sI
OHMS" ,.R
WATT S"sP
HENRIES".I.
FARADS" ,C
HERTZ"eF

X(C)
X(L)

IN
IN

OHMS"..X(1)
OHMS"..X(2)

IF P5="TIME" INPUT "ENTER TIME IN SECONDS"sT
IF PS-"PERIOD"
IOD" INPUT "ENTER PERIOD IN SEC ONDS". T
PRINT
PRINT
NEXT K
PR INT
DIG ITS=

4

OT 0 330
END

DIRECTIONS

(OR

YOU WANT

REM — THE
E=0
1=0
R=0
P=0

RUN
DO YOU WANT

INSTRUCTIONS?
FOR

USING

THIS

YES
PROGRAMS

THE COMPUTER WILL ASK YOU FOR THE VALUES OF
EsIoRePoLsCsFeTIME (PERIOD)sX(C), AND X(L).
ENTER THE KNOWN VALUES. ENTER 0 FOR UNKNOWN VALUES.
IF

YOU

MAKE AN

ERROR

WHEN

ENTERING

A VALUES

ENTER —1 FOR THE NEXT VALUE AND THE COMPUTER WILL
BACK UP TO THE VALUE WHERE THE ERROR WAS MADE.

(OR

0

IF

UNKNOWN VALUE)"•X(1 )

WHEN THE COMPUTER ASKS YOU IF YOU WISH TO CHANGE
ANY VALUES.. TYPE "NO" IF YOU WISH TO LEAVE THE PROGRAM.
TYPE

"YES"

IF

YOU

HAVE ANY

ENTER THE FOLLOWING DATA.
ENT ER E IN VOLTS?
4
ENT ER I IN AMPERES? 4
ENT ER R IN OHMS?
0
ENTER
ENTER
ENTER
ENTER
ENT ER
ENTER
ENTER

P

IN WATTS?

CHANGES
USE 0 FOR

MAKE.

UNKNOWN VALUES.

0

L IN
C IN

HENRIES .?
FARADS?

F IN
TIME

HERTZ?
10000000
(PERIOD)
IN SECONDS

X(C)
X(L)

IN
IN

OHMS?
OHMS?

TO

.001E-6
0
?

0
0

E=4 .8000
1=4 .0000
R=1.0000
P=16.0000

"P"P
"L="SL
"C-"C
"F"F
"X(C) ,<".1X(1)
"X(L)="; X(2 )

F=0 PRINT "TIME
F<>0 PRINT "TIME

PR INT
PR INT
PRINT
INPUT

L=1 .0000E-09
C=2 .5356E-07
F=10000000 .0000
X(C )=0 .0627
(PERI OD)
(PERIOD)

= 0"
/F

X(L)=0 .062 8
TIME

(PERIOD)
IOD)

=1.0000E-07
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DO YOU WANT
? YES

TO

MAKE ANY

CHANGES?

HOW MANY CHANGES?
? YES
RE-ENTER
74
WHAT

IS

CHANGE

II

ENTER

IS
P

CHANGE

E=16.0000
1=10.6250
R-1 .5058

27E-12

P-170 .0000
L=I.0000E-07
C-2 .7000E -Il

WHAT IS CHANGE 04
? L
ENTER L IN HENRIES?

? E
WHAT
? P

WHAT IS CHANGE 03
? C
ENTER C IN FARADS?

F=96907723.0000
X(C)=60.8580

.10E-6

X(L)=60.8580
TIME
(PERIOD)

#2

IN WATTS?

170

in a program's run. Normally (there
are exceptions), you cannot use quotation marks in a run because, in
BASIC, they act as delimiters for the
PRINT and (on some computers) the
INPUT statement. Lines 113 and 114
show how to obtain quotation marks
through the use of the function CHR$,
which calls for the ASCII value. For
example, the number 34 is assigned to
quotation marks in the ASCII system
of alphanumeric encoding. By the statement PRINT CHR$ (34) we tell the
computer to print a quotation mark. In
effect we fool the computer because it
does not see " as the keyboard entry.
Speaking of fooling the computer, to

ENTER

E IN VOLTS?

=1.0319E-08

16

keep the program as short as possible
we have not programmed protection
against incorrect entries; you can literally fool the computer into outputing
incorrect values. Normally, the program will solve all the possible values
with only two entries of known values.
If you also input a conflicting value—
say an incorrect R (resistance) after
entering E and I—the computer will
output some incorrect information.

check to see if a value can be solved
before it tries to solve the problem; bebecause of this it is unlikely your computer will output an ATTEMPT TO
DIVIDE BY ZERO error code. (However, as with all things, somewhere out
there is some form of BASIC that will
output DIVIDE BY 0 ATTEMPTED.)
Error Correction. This program employs ADRS (Automatic Data Recycling Subroutine) for correcting errors.
If you make an error when inputing
data simply type a —1 for the next
value and the program will back up to
the place where the error was made.
To see how this is done examine lines
140 to 320.

Divide By Zero Error Code. In this
program a zero ("0") is used for the
unknown values. For example, if you
enter E and I, and zeroes for R and
P, the computer will solve for R and P.
The program causes the computer to

Computerize Your Bowling 5cores
LII In

previous programs we have utilized the computer as a time saver to
repetitively
process
electronic
and
mathematical formulas. In this program
we show how the computer can be used
as a filing system to store data on magnetic or paper tape, or via any recording system. The program is designed to
keep the running records of a bowling
team, although it can be easily modified
to store information about almost anything. You could modify it to keep the
records of a complete baseball team by
simply changing all DIGITS = 0 to
DIGITS =-- 3. DIGITS is found on lines
110 and 260. Also take out the INT
functions which are found on lines 380
and 510. The reason for the changes is
that baseball averages and some other
records are calculated to 3 decimals
while bowling statistics are calculated
as integers.
One of the features of this program
is error correction. Should you make an
error while entering data the program
has an error correction subroutine that
allows you to correct the errors. If you
don't have enough RAM in your computer system to run the complete pro-

HOBBY COMPUTER HANDBOOK 1979

BOWLING FILES PROGRAM
LIST
0100
0101

REM

"RECORD"

BY

REM

ON

WHERE THERE

0102

REM
REM

IT IS INDICATING TO PRINT OR INPUT FROM THE
RECORDER PORT. CHANGE 03 TO THE PORT # OF YOUR

REM

RECORDER

0103
0104

LINES

LARRY

FRIEDMAN
IS

A PRINT43

OR

INPUT#3

0106

REM
REM

LINES

0107

REM

*******************************************************

0110
0120

DIGITS= 0
PRINT "DO YOU WANT

0105

410-490

IS

THE

SUBROUTINE FOR

PRINT

"(I)

STORE

0140

PRINT

"(2)

ADD

0150

INPUT

CI:ON

0160

PRINT

"HOW

0170

PRINT

"ENTER

0180

FOR

0190
0200

INPUT
PRINT

"ARE
"PUT

THERE ANY ERRORS?",YS:IF
THE TAPE INTO THE RECORD

0210
0215

PRINT

"AND

HIT

REM

THE

INFORMATION

0220

FOR

K=I

TO

0230

NEXT

K=1

NEW

NEW
COTO

INFORMATION

INFORMATION

NAMES,

TO BI:PRINT

ON

TO

TAPE"

OLD

AND

PRINT

IT."

160,250

MANY BOWLERS

ARE

GAMES

ON

YOUR

BOWLED,

"0";K;:INPUT

RETURN

":INPUT

WILL

NOW

TEAM?":INPUT

eND

TOTAL

K

0240

PRINT

"THE

DATA

0250

PRINT

"HOW

MANY BOWLERS

HAS

0260

INPUT

BI:DIGITS=0:PRINT
TO BI:INPUT

BEEN

BI

PINS."

NS(K),G(K),T(K):NEXT
YS="YES"
MODE"

GOSUB

K

410

QS
BE

STORED

ON

CASSETTE

BI:PRINT03,NS(K);",";G(K);",";T(K):FOR

L:NEXT

K=I

CORRECTION

TO:"

0 130

Cl

LINE

L=1

TO

50

ENTERED.":STOP
ARE

ON

"START

YOUR
THE

TEAM?"
TAPE

IN

MODE."

FOR

0280

PRINT

0290
0300

FOR K=1 TO BI:PRINT "0";K;" ";NS(K)::INPUT A(K),B(K):NEXT
INPUT
ANY ERRORS?",YS:IF YS="YES" GOSUB 410

"ENTER GAMES

0310

PRINT

"PUT

0320

INPUT

OS:FOR

0330

FOR

P=I

TO

#3,NS(K),G(K),T(K):NEXT

THE PLAY

0270

AND

TOTAL PINS

THE TAPE RECORDER
K=I

TO

50:NEXT

Bi :PRINT
P:NEXT

IN

FOR

THE

K

THE BOWLERS."

RECORD

MODE AND

HIT

K

RETURN."

03,NS(K):",";A(K)+G(K);",":13(K)+T(K)

K
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0340

PRINT

"NAME";

0350

PRINT

TAB(24);"AVG.";:PRINT

0360

FOR

0370
0380

FOR K=1 TO Bl:PRINT NS(K);:X(K)=03(K)+T(K))/(A(K)+G(K))
PRINT TAB(24);INT(X(K));:PRINT TAB(31);A(K)+G(K);

0390

PRINT

0400

PRINT

:GOTO

0410

PRINT

"NOV

"ENTER

K=1

TO

45:PRINT

TAB(3I);"G";:PRINT

"*";:NEXT

TAB(40);B(K)+T(K):NEXT

TAB(40);"T.P."

K:PRINT

K:FOR

K=1

TO

45:PRINT

"*";:NEXT

LINES

THE

CONTAIN

NUMBER

OF

ERRORS?":INPUT

THE

LINES

WHERE

El

0420

PRINT

0430
0440

FOR X=1 TO EI:INPUT A:T(A)=1:NEXT X
PRINT "ENTER NAMES,GAMES,TOTAL PINS."

0450

FOR

0460

IF

0470
0480

PRINT :NEXT
RETURN

0490
0500

PRINT "0";X;:INPUT NS(X),G(X),T(X):RETURN
FOR K=1 TO 5:A1=A14.(A(K)+G(K)):A2=A2+(B(K)+T(K)):NEXT

0510

PRINT

0999

END

X=I

K

500
MANY

THE

ERRORS

WERE

MADE."

TO BI

T(X)=1

GOSUB

490

X

"TEAM";:PRINT

K

TAB(24);INT(A2/A1)

READY

SAMPLE RUN

SHOWING

INITIAL

INFORMATION

THE DATA HAS
STOP 5354

ENTRIES

BEEN

ENTERED.

READY

RUN
DO YOU WANT
(1)

STORE

(2)

ADD

TO:

NEW

NEW

INFORMATION

ON

INFORMATION TO

TAPE

OLD

AND

PRINT

SAMPLE

IT.

RUNS

SHOWING

INFORMATION

ENTRIES

FROM

WEEK

TO

WEEK

? I
NOV

MANY BOWLERS

ARE

ON

YOUR

TEAM?

RUN

? 5
ENTER

NAMES.

01

? JOE

GAMES

SANTINO,

BOWLED,
30e

02

? MARK BERK,

#3

? BILL

30e

04

? PETE REDMANN,

05

? ROBERT

30e

(2) ADD
? 2

4991

THE

DATA

MANY

INFORMATION

BCWLERS

ARE

ON

TO

ON

TAPE

OLD

YOUR

START THE TAPE IN THE PLAY
ENTER GAMES AND TOTAL PINS

NO

THE TAPE INTO THE RECORD
HIT RETURN

NEW

AND

PRINT

IT.

TEAM?

? 5

5099

PUT
AND

STOP

NOV

513!

30,

ERRORS??

BEEN

DO YOU WANT TO:
(1) STORE NEW INFORMATION

PINS.

5391

30,

SANCHEZ,

HAS

TOTAL

5197

HASTINGS,

ARE THERE ANY

AND

MODE

ENTERED.

5354

READY
0

01

JOE

02

MARK BERK?

SANTINO?

3,

03

BILL

04

PETE REDMANN?

#5

ROBERT

3,

MODE.
FOR THE BOWLERS.

600

521

HASTINGS?

3,
3,

SANCHEZ?

511
509

3,

ANY ERRORS?? NO
PUT THE TAPE RECORDER

496
IN

THE

RECORD

MODE AND

HIT

RETURN.
SAMPLE RUN

SHOWING

AUTOMATIC

DATA

CORRECTION

NAME
AVG.
G
T.P.
*********************************************

RUN
DO YOU

WANT

JOE

TO:

(1) STORE NEW INFORMATION ON TAPE
(2) ADD NEW INFORMATION TO OLD AND
? 1
NOV MANY BOWLERS
? 5
ENTER

NAMES,

ARE

GAMES

? JOE

02

? MARK BERK,

03

? BILL

HASTINGS,

04

? EPTE

REDMANN,

#5

? ROBERT

HOW MANY
? 2
ENTER

THE

30,

30,

30.
30e

OF

AND

TOTAL

04

170
169

33
33

5642
5608

ROBERT

166

33

5489

SANCHEZ

172

RUN

4991

YES

DO YOU WANT

ERRORS?

(I)

THE

LINES

WHERE

THE

ERRORS

WERE

STORE

(2) ADD
? 2

TO:

NEW

NEW

INFORMATION

INFORMATION

HOW MANY BOWLERS
? 5
NAMES,GAMES,TOTAL PINS.

? MARK BERK,

? PETE

30,

REDMANN,

PUT

THE

TAPE

AND

HIT

RETURN

110

5718

BILL HASTINGS
PETE REDMANN

5099

? 4

02

5991

33

READY
O

MADE.
? 2
ENTER

33

173

TEAM

PINS.

5131

30e

CONTAIN

NUMBER

TEAM?

SANTINO

5391

ERRORS??

LINES

IT.

4197

SANCHEZ,

THERE ANY

YOUR

BOWLED,

01

ARE

SANTINO,

ON

PRINT

181

MARK BERK

5197

30e

5099

INTO THE RECORD

START

THE

ENTER

GAMES

TAPE

ARE

IN

AND

ON

THE PLAY

TOTAL PINS

SANTINO?

JOE

02

MARK BERK?

#3
04

BILL HASTINGS? 3, 567
PETE REDMANN? 3, 500

3,

3,

ON

TAPE

OLD AND

YOUR

01

PRINT

IT.

TEAM?

MODE.
FOR

THE BOWLERS.

541

568

05
ROBERT SANCHEZ? 3,
ANY ERRORS?? NO
PUT THE TAPE RECORDER
MODE

TO

512
RECORD

MODE AND

HIT

RETURN.
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gram, the error correction can be removed by taking out lines 190, 300,
and 410-490.
Whenever there is a PRINT #3 or
INPUT #3 it is an indication to the
computer to PRINT or INPUT from
the recording port. On your system the
recording port number will probably be
different from this so be sure to check
the recording port number of your own
computer. On many computers, it will
be the same as the control port.
To allow for a variable number of
players (you will decide how many) the
program often uses subscripted variables. Without them, you would have
to alter the program to specify how
many bowlers are on your team.
Through the use of subscripted variables, however, the program will simply
ask you how many bowlers are on your
team and the computer will give you

NAME
AVG.
G
T.P.
*********************************************
JOE SANTINO
161
36
6532
MARK BERK
174
36
6286
BILL HASTINGS
172
36
6209
PETE REDMANN
169
36
6108
ROBERT SANCHEZ
166
36
6001
*********************************************
TEAM

172

READY

the correct amount of inputs.
In lines 430-470 we utilize subscripted variables to tell the computer
what values to use without wasting an
unnecessary amount of memory.
By the way, in this program we uso
the sequential method of filing, the only
method that can be used with audio
cassettes or paper tape. This means that
you must enter the same informationformat each time you run the program.

If you start with five members of your
team, you must thereafter enter five
inputs in the same order each time. (If
a team member should drop out you
could enter his data as zeroes, but it
must be entered all the same).
If you enter the program correctly it
should run like the sample runs shown.
If it doesn't, the first lines you should
check are 340-390. These are the statements where all the data is printed out.

Learn Your Computer's Secrets
[I] In previous columns we've used the
computer to solve electronic formulas
and do data handling. This month we
bring you MIND BENDER, a computer
game designed to test your thinking
skill. MIND BENDER is similar to some
versions of a computer game called
MASTERMIND, but it has special features
that make it more challenging and enjoyable to play. For example, you can
set the amount of guesses allowed to
you by the computer. With this feature,
you set your own skill level and can
advance to higher levels of playing.
It's Fun Time! Here's how to play
MIND BENDER. The computer picks a
random letter sequence using the letters
A through J. The sequence, or code,
will be four letters, none of which will
repeat. You are allowed 10 tries to
guess the code. Since it would be nearly
impossible to guess a code of four letters in ten guesses as there are thousands of combinations, the computer
will give you hints as to how close you
are. If you guess a letter and it is one
of the code letters, the computer will
print R (for right). However, if the
letter is right and is also in the correct
position, the computer will print C
(for correct). If the code is IAi B and
you guess B A CE the computer will
print C R because A is a code letter
in the correct position, and B is acode
letter but in the wrong position. When
you guess the correct code, the com-
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MINDBENDER GAME PROGRAM
LISTING

CF

"MIND BENDER"

0100
0105
0106
0110
0120
0130
0140
0145
0150
0160
0170
0180
0190
0200
0210

L=0:R=0
REM 'L' SETS AMOUNT OF GAMES WON TO 0.
REM 'R' DETERMINES WHETHER OR NOT LETTERS ARE CORRECT.
INPUT "DO YOU WANT INSTRUCTIONS",YS:IF LEFTS(YS.1)="N" THEN 260
PRINT "** MIND BENDER INSTRUCTIONS **"
PRINT "THE COMPUTER WILL PICK A RANDOM LETTER CODE OF"
PRINT "4
LETTERS USING THE LETTERS A THRO j."
PRINT "YCU MUST GUESS ThE
PRINT "CORRECT CODE WITHIN 10 TRIES.":PRINT
PRINT "TO PLAY, ENTER 4 LETTERS AS YOUR GUESS, EACH SEPARATED"
PRINT "BY A SPACE. FOR EVERY LETTER YOU GUESS CORRECTLY"
PRINT "THE COMPUTER WILL PRINT 'R' FOR RIGHT. HOWEVER."
PRINT "IF THE LETTER IS RIGHT AND IS ALSO IN THE CORRECT"
PRINT "POSITION, THE COMPUTER WILL PRINT 'C' FOR CORRECT."
PRINT "FUR EXAMPLE. IF THE HIDDEN CODE IS 'I A J B' AND YOU ";

0220
0230
0240

PRINT
PRINT
PRINT

0250
0255
0257
0260
0270
0260
0290
0295

PRINT "WHEN YOU GUESS THE CODE,"
PRINT "THE COMPUTER WILL PRINT 'C C C C'"
REM THE NUMBER OF LETTERS + SPACES EXCEEDS 7.
PRINT :INPUT "MOW MANY GAMES DO YOU WANT TO PLAY".W
FCR J=1 TO ;4:RESTORE
PRINT TAB(12):"GAME 0 ";J:PRINT
FOR 0=1 TO 10
REM THE DATA STATEMENT MAY REQUIRE " AROUND EACH LETTER.

"GUESS 'B A C E' THE COMPUTER WILL PRINT 'C R' BELAUSE ";
"A' IS A CODE LETTER AND IN ThE CORRECT POSITION.
"AND 'B' IS CODE LETTER, BUT NOT IN THE CORRECT POSITION.

0300 DATA
0310 READ ES(0):NEXT
0315 REM THE COMPUTER NOW PICKS THE CODE.
0320
AS*ES(INT(RND(0)*10)+1):BS=ES(INT(RND (0)*10)+1)
0330
CS=ES(INT(RND(0)*10)+I)
0340
DS=ES(INT(RND(0)40)+1)
0350 IF AS=BS THEN 320
0360 IF AS-CS THEN 320
0370 IF AS*DS ThEN 320
0380 IF 8S.CS THEN 320
0390 IF 13S.DS THEN 320
0400 IF CS ,=DS THEN 320
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0410
0420
0430
0440
0450
0455
0460
0470
0480
0490
0500
0510

Z.S=AS+" "+BS+" "+CS+" "+D$
FOR N=1 TO 10
PRINT "GUESS # ";N;" —> ";:INPUT GS
IF LENCGS)<>7 THEN 430
PRINT "RESULTS:
";
REM THE COMPUTER NOW CHECKS FOR CORRECT

HOW

CODE LETTERS.

KS=MIDS(GS.1,1):LS=MIDS(GS,3,1):NS=MIDS(GS,5,1)
OS=MIDS(GS,7,1):IF KS-AS
IF LS=BS PRINT "C ";:R=1
IF MS=CS PRINT "C ";:R=1

0520
0530
0540
0550
0560
0 570

IF
IF
IF
IF
IF

OS=DS
KS=BS
KS=CS
KS=DS
LS=AS

PRINT
PRINT
PRINT
PRINT
PRINT

"C
"R
"R
"R
"R

";:R=1
";:R=1
";:R=1
";:R=1

IF
IF
IF
IF

LS=C$
I.S=DS
MS-AS
MS=BS
MS-OS
OS=AS

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

"R
"R
"R
"R
"R
"R

";:R=1
";:R=1
";:R=1
";:R=1
";:R=1
";:R=1

PRINT

"C

";:R=1

0580
0590 IF
0600 IF
0610 IF OS=BS PRINT "R "i:R=1
0620 IF OS=CS PRINT "R ";:R=1
0630 IF R=0 PRINT "** ALL WRONG **"
0640 IF R<>0 PRINT:R=0
0650 IF GS=Z$ THEN 720
0660 PRINT
0670 NEXT N:PRINT "I'M SORRY, YOU DIDN'T GET ThE CODE."
0680 PRINT "THE CODE WAS: ";ZS
0690 PRINT
0700 3010 790
0710 PRINT :PRINT TAB(18);"*** YOU WON THE GAME ***"
0720 IF N<6 PRINT "EXCELLENT WORK! YOU SHOULD DO THIS FOR A LIVING!"
0730 IF N=6 PRINT "GOOD WORK!"
0740 IF N=7 PRINT "PRETTY GOOD !!"
0750 IF N=8 PRINT "YOU DID O.K., BUT YOU COULD USE PRACTICE."
0760 IF N>8 PRINT
NOT TOO GOOD. YOU NEED PRACTICE."
0770
L=L+1
0780 PRINT
0790 NEXT J:PRINT "WELL, YOU'VE PLAYED ALL ";41;" GAMES."
YOU VON ";L;" GAMES OUT OF THE ";W
0800 PRINT
0810 PRINT "YOU WON "SINT(L/W*100);"% OF YOUR GANES."
0999

END

MANY GAMES DC YOU WANT TO PLAY? 2
GAME # 1

SUESS di 1
—> ?ABCD
RESULTS:
R R
GUESS #2
RESULTS:

->

?EFGH

GUESS • 3
—>
RESULTS:
C

?DAFI

R

GUESS #4
RESULTS:

—> ?CBHJ
R R

GUESSO5
RESULTS:

—> ?CJDE
CRRR

SUESSO6
RESULTS:

—> 7CEDJ
RRRR

GUESS O 7
—> ?JCED
RESULTS:
CRRR
SUESS'S
—> ?JCDE
RESULTS:
CCRR
GUESS 0 9
—> ?JDCE
RESULTS:
CRRR
GUESS do 10
—> ?JDEC
RESULTS:
RRRR
I'M SORRY, YOU DIDN'T GET
THE CODE WAS:DCJE
GAME
GUESS O 1
->
RESULTS:
R

0 2

?ABCD

GUESS di 2
—> ?EFGH
RESULTS:
C R R

READY

GUESS #3
RESULTS:

—> 7HFEB
R R

RUN

GUESS #4
RESULTS:

—> ?HEGA
R R

GUESS #5
RESULTS:

—> ?HDGF
RRRR

GUESS #6
RESULTS:

->?FHGD
CARR

GUESS #7
RESULTS:

—> ?DFhG
RRRR

OF "MIND BENDER"

DG YOU WANT INSTRUCTIONS? YES
** MIND BENDER INSTRUCTIONS **
THE COMPUTER JILL PICK A RANDOM LETTER CODE OF
4
LETTERS USING THE LETTERS A THRU J.
YOU MUST GUESS THE CORRECT CODE WITHIN 10 TRIES.
TO PLAY. ENTER 4 LETTERS AS YOUR GUESS, EACH SEPARATED
BY A SPACE. FOR EVERY LETTER YOU GUESS CORRECTLY
THE COMPUTER WILL PRINT 'R' FOR RIGHT. HOWEVER.
IF THE LETTER IS RIGHT AND IS ALSO IN ThE CORRECT
POSITION. THE COMPUTER WILL PRINT 'C
FOR CORRECT.
FOR EXAMPLE. IF THE HIDDEN CODE IS
A J B' AND
YCU GUESS '114 A C E' THE COMPUTER WILL PRINT - 'C R'
BECAUSE 'A' IS A CODE LETTER AND IN THE CORRECT POSITION, AND 'B'
CORRECT POSITION.

IS

CODE LETTER,

WHEN YOU GUESS THE CODE,
THE COMPUTER ;JILL PRINT 'C

puter

will

print

C

C

C

BUT

C C C'

C.

new
features not used in our previous programs, such as M1D$ which takes the
middle letters of a stringed variable.
M1D$ is used to determine whether or
not you have guessed correct code letters. Lines 460 through 620 perform
MIND BENDER employes several

112

NOT

IN THE

THE CODE.

GUESS 0 8
—> ?FGDH
RESULTS:
C C CC
YOU DID C.E., BUT YOU COULD
WELL,

YOU'VE PLAYED ALL 2

YOU WON
YOU VON

1
50

USE PRACTICE.
GAMES.

GAMES OUT OF THE 2
% OF YOUR GAMES.

READY

this function.
The computer, through lines 350 to
400, will prevent two code letters from
ever repeating.
We also introduce random numbers,
which can be found in lines 320-340.
These lines utilize the random number
function to pick the random letter

code using the DATA statement in
line 300.
MIND
BENDER prevents
you from
making an error while entering your
guess. If you make a mistake, hit the
space bar seven times (or how ever
many are required to make the total
(Continued on page 114)

HOBBY COMPUTER HANDBOOK 1979

(....

:ITERATURE
LIBRARY

301. Get into the swing of microcomputer and
microprocessor technology with CREI's new Program 680. New 56 page catalog describes all programs of electronics advancement.

302. Big catalogs are coming back. Burstein-Applebee will send you theirs. It's a parts bonanza every
experimenter would want to see. Latest catalog is
over 200 pages.
303. Graymark's catalog reveals a host of products
and kits every experimenter would like to have.
Unusual binary clock is a winner. A must catalog
for the beginner.
304. Dynascan's new B & K catalog features test
equipment for industrial labs, schools, and TV
servicing.
305. A new 4-page directional beam CB antenna
brochure is available from Shakespeare. Gives
complete specs and polarization radiation patterns
for their new fiberglass directional antennas.
306. Antenna Specialists has a new 32-page CB and
monitor antenna catalog, a new amateur antenna
catalog, and a complete accessory catalog.

333. Get the new free catalog from Howard W.
Sams. It describes 100's of books for hobbyists
and technicians-books on projects, basic electronics and related subjects.
334. Sprague Products has L.E.D. readouts for those
who want to build electronic clocks, calculators,
etc. Parts lists and helpful schematics are included.

335. The latest edition of the TAB BOOKS catalog
describes over 450 books on CB, electronics, broadcasting, do-it-yourself, hobby, radio, TV, hi-fi, and
CB and TV servicing.
338. "Break Break," a booklet which came into
existence at the request of hundreds of CBers, contains real life stories of incidents taking place on
America's highways and byways. Compiled by the
Shakespeare Company, it is available on a first
come, first serve basis.
342. Royce Electronics has a new 1979 full line
product catalog. The 40-page, full-color catalog
contains their entire new line of 40-channel AM and
SSB CB transceivers, hand-helds, marine communications equipment, and antennas and accessories.

310. New and used personal computer machines,
and peripherals you never dreamed existed, or
were available are in the Newman Computer
Exchange catalog. Get yours today.
311. Midland Communications' line of base, mobile
and hand-held CB equipment, marine transceivers,
scanning monitors, plus a sampling of accessories
are covered in a colorful 18-page brochure.

345. For CBers from Fly-Gain Electronics Corp. there
is a 50-page, 4-color catalog (base, mobile and
marine transceivers, antennas, and accessories).
Colorful literature illustrating two models of monitor-scanners is also available.

312. E.D.I. (Electronic Distributors, Inc.) carries
everything from semi-conductors to transformer/
relays to video cameras. In prices ranging from 190
to $500, products appear from over 125 electronic
parts manufacturers. The catalog is updated 3 times
a year.
313. Get all the facts on Progressive Edu-Kits Home
Radio Course. Build 20 radios and electronic circuits; parts, tools, and instructions included.
316. Get the Hustler brochure illustrating their complete line of CB and monitor radio antennas.

354. A government FCC License can help you
qualify for a career in electronics. Send for Information from Cleveland Institute of Electronics.

318. GC Electronics offers an "Electronic Chemical
Handbook" for engineers and technicians. It is a
"problem solver" with detailed descriptions, uses
and applications of 160 chemicals compiled for
electronic production and packaging. They are used
for all types of electronic equipment.
320. Edmund Scientific's new catalog contains over
4500 products that embrace many sciences and
fields.
321. Cornell Electronics' "Imperial Thrift Tag Sale"
Catalog features TV and radio tubes. You can also
find almost anything in electronics.
322. Radio Shack's 1979 catalog colorfully
trates their complete range of kit and wired
ucts for electronics enthusiasts-CB, ham,
hi-fi, experimenter kits, batteries, tools, tubes,
cable, etc.

illusprodSWL,
wire,

323. Lafayette Radio's 1979 catalog offers almost
everything in hi-fi, CB, ham and many electronic
parts. A product index will help you find anything
from auto equipment accessories to wire wrapping
tools.
327. Avanti's new brochure compares the quality
difference between an Avanti Racer 27 base loaded
mobile antenna and a typical imported base loaded
antenna.
328. If you are into audio, ham radio, project building, telephones, CB or any electronics hobby you'll
want McGee's latest catalog of parts and gadgets.
Hard to find parts fill each page, so get a copy of
the catalog from McGee today!
329. Semiconductor Supermart is a new 1979 catalog listing project builders' parts, popular CB gear,
and test equipment. It features semiconductorsall from Circuit Specialists.
330. There are nearly 400 electronics kits in Heath's
new catalog. Virtually every do-it-yourself interest
is included-TV, radios, stereo and 4-channel, hi-fi,
hobby computers, etc.
331. E. F. Johnson has a CB 2-way radio catalog to
help you select equipment for your vacation, business travel, or normal day-to-day "bucking the
mob."
332. If you want courses in assembling your own
TV kits, National Schools has 10 from which to
choose. There is a plan for GIs.
HOBBY
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353. MFJ offers a free catalog of amateur radio
equipment-CW and SSB audio filters, electronic
components, etc. Other lit, is free.

255. New for CBers from Anixter-Mark is a colorful
4-page brochure detailing their line of base station
and mobile antennas. including 6 models of the
famous Mark Heliwhip.
356. Continental Specialties has a new catalog
featuring breadboard and test equipment for the
professional and hobbyist. Descriptions, pictures
and specifications aid your making a choice.
359. Electronics Book Club has literature on how to
get up to 3 electronics books (retailing at $58.70)
for only 99 cents each ... plus a sample Club News
package.
361. "Solving CB Noise Problems" is published by
Gold Line and tells you how to reduce the noise
and get a clearer signal. In discussion and diagram you can find out about the kinds of noise,
their sources, and the remedies.

365. Electronic Supermarket has a new catalog of
almost everything in the field-transformers, semiconductors, tv parts, stereos, speakers, P.C. boards,
phones, wire and cable, tools, motors.
366. How about a hybrid 13-watt audio module for
$8.88? Or ultrasonic transducer for $1.49? You
find these and other exotic parts and products
aplenty in Poly Paks flyer. Get your copy now!
367. Optoelectronics' new catalog features their
new Frequency Counter, a 6-digit clock calendar
kit, mobile LED clock, biorhythm clock, digit conversion kit, and many others.
368. Cherry Electrical Products has a handbook
describing their new "PRO" keyboard for personal
computer, hobbyist and OEM users. Included are
instructions on how io customize it on-the-spot,
schematics, charts, and diagrams.
371. Your computer system needn't cost a fortune.
Southwest Technical Products offers their 6800
computer complete at $395 with features that cost
you extra with many other systems. Peripheral bargains are included here.
372. See how you can save with Olson's "Erector
Kit" Computer System; also their factory wired version which includes a 2-volume Bell & Howell
instruction course. Send for information.
373. ETCO has a Grand Opening Catalog which
anyone in the electronics field shouldn't miss. Full
of all kinds of products from surplus and warehouse
sales, they claim everyone is a bargain.
374. Radatron's Catalog 1006 lists many projects
from a self-contained portable lab station for an
electricity-electronics course to many texts, lab
manuals, and applied activities.
375. Compucolor Corp. has a personal computer
system with an 8-color integral display, a typewriter-like keyboard, and a mass storage device.
Programs are ideal for checkbook and income tax
figuring.
376. Sparkomatic offers all the car sounds for the
"travelin' man"-speakers, amplification systems,
radios, speaker accessories along with CB antennas, all presented in 4-color pics with descriptions.
377. We can't enumerate all the products in John
Meshna, Jr.'s catalog of surplus electronic parts:
power supplies; computer keyboards; kits for
alarms, clocks, speakers; and more.

362. B&F Enterprises' Truckload Sale catalog offers 10% off all merchandise: (military or industrial surplus) speaker kits, TV games, computer
terminals, tools, TV components, lenses, and more.

378. Delta Electronics is a complete parts source
for electronics experimenters. Discrete parts, modules, boards, subassemblies and complete gadgets.
Get Delta's 120-page catalog today.
379. There's everything in the area of musical
synthesizers for drums, strings, other instruments
and full orchestras, as well as audio gear, video
display modules, and a computer in PAIA Electronics' catalog.

364. If you're a component buyer or specifier, you'll
want this catalog of surplus bargains: industrial,
military, and commercial electronic parts, all from
Allied Action.

380. If your projects call for transistors and FETS,
linear and digital ICs, or special solid-state parts,
then look into Adva Electronics' mini-catalog for
rock bottom prices.
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Chessboard Rumble

Simply Basic

(Continued from page 75)

(Continued from page 112)

2nD iblUE
CHESS CHAMPIONS AT A GLANCE
Manufacturer
List Price
BORIS
APPLIED
299.95
CONCEPTS
BOX 2582
GARLAND, TEXAS
75041
CHESS
FIDELITY
199.95
CHALLENGER
ELECTRONICS
5245 W.
DIVERSEY
CHICAGO, ILL.
60639
COMPU
STAID, INC.
169.95
CHESS
BOX 65
LARGO, FL. 33540

challenging game to the weekend
player. As for the future—who knows?
Perhaps even Bobby Fisher may someday hear a computer generated call
of "checkmate!"
•

number of letters + spaces exceed
seven). This feature is accomplished
through line 440.
If your computer requires a DIM
statement (Most computers won't because the largest subscript in the program is 10) simply put in the statement: 10 DIM E$ (10).
Also, to set the amount of guesses
allowed by the computer, change the
10 in line 420 to the desired number of
guesses.
Your computer system may require
you to use quotations around each
letter in the DATA statement (Line.
300).
Okay. Now load MIND BENDER, and
test your brain power.

Large size81
2 " x 10 1
/
2 "
/

If you missed our sold-out first
issue, we're real sorry!
Here now is the Spring '79
issuie-112 pages with lots of
illustrations, full of SF excitement, adventure and funThe cover pic is reproduced in
afull-color 10" x 16" poster. It
comes with every copy.
Chock-full of stories, this issue
brings you, for example,
"Starschool," the first collaboration by the noted SF
writers and brothers, Joe and
Jack Haldeman. And "Keepersmith," a novelette by Randall
Garrett and Vicki Ann Heydron.
And a short story by Isaac
Asimov himself, "How It
Happened"!

ASIMOV'S SF
ADVENTURE MAGAZINE
380 Lexington Avenue
New York, NY 10017
El Enclosed is $1.75 plus
250 handling/shipping
(total of $2.00) for the
Spring 1979, issue #2, of
ASIMOV'S SF ADVENTURE MAGAZINE.
HCH-79
Name
(please print)
Address
City
State
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Space 1979
(Continued from page 52)
most interesting features of GALAXY
II, and is certainly a realistic simulation of economics. Depending on a
planet's environment level, and level of
development, it has what is termed Indexes of Efficiency and of Capacity.
Simply put, the Index of Capacity governs how fast your population can
grow and how quickly your planetary
colonies can expand.
A player, who is considered his own
race's leader, can invest in either of
these indexes. This means you can decide, "Well, maybe I won't build that
lovely fleet of Destroyer-class ships this
turn. If I take the money and invest it
in research (i.e. in my Index of Efficiency) then perhaps on the next turn
I'll be able to build twice as many ships
at only half the cost."
The interesting thing is, you can invest money (UUs—Universal Units)
that you have or that you don't have.
The latter method is known as deficit
financing and is done by raising the
income taxes of your colony to wartime levels. This is great, but does have
certain drawbacks. For instance, after
two turns of this, and if your investment has not shown a profit, your own
colonists are likely to rebel against you.
You can find yourself fighting not only
a galactic war, but a few civil ones at
the same time!
GALAXY II, which is play-by-mail
with monthly turns, allows a person
who is interested in computer gaming
but who doesn't own a microcomputer
to participate in a computer-run simulation.
The cost per turn is based on how

many orders a Leader sends to his
galactic minions. An average turn
should cost in the neighborhood of five
to eight dollars, no more than a magazine subscription. Brett Tondreau has
a special introductory package available
for twenty-five cents to any interested parties who write to: Brett Tondreau, GALAXY II, 20121-5 Leadwell
St., Canoga Park, California 91306.
Further information may be had by
circling No. 72 on the reader service
card.
•

Hobby Computers
(Continued from page 20)
Although it's easy to get into hobby
computing, it's not so easy to select the
right equipment for you the first time
out, and unfortunately, mistakes don't
come cheap. In this issue of the HOBBY
COMPUTER HANDBOOK we help you
avoid expensive pitfalls by guiding you
through the maze of computer hardware to equipment that offers the most
performance and convenience at the
lowest possible cost. We even give you
some programs that have double value:
Firstly, they are programs specifically
tailored for the electronic and computer
hobbyist. Secondly, they are instructional in that they illustrate different practical uses for the computer and the
"tricks of the trade" that make the
BASIC languages available to ho')byists
even more powerful than they appear
on the surface.
In short, this issue of the HOBBY
COMPUTER HANDBOOK is meant as a
desk reference for computer hobbyists.
The more you read it, the more you'll
get out of the features.
HOBBY
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Computer Supermarkets
(Continued from page 47)
an advanced hobbyist(s) who guides
you into your first purchase, and it will
be experimenters like yourself and perhaps advanced hobbyists who will give
you fresh ideas on expanding your computer installation. Unless the store creates an atmosphere welcoming hobbyists like yourself, providing a place to
get together to try new equipment and
talk it out, you'll be floundering all
alone in a sea of computer equipment
—and it can get very expensive that
way. You can wind up with a lot of
hardware you don't need or can't use.
Summing Up. We have several computer systems in operation throughout
our staff, and in every instance we

Bo-Logic
(Continued from page 73)

letters is presented to you. Could you
memorize it at one pass?
VTVMSCRFETUJT
You could if you treated the items
like this:
VTVM SCR FET UJT
This type of organization is called
chunking, which means ordering the list
into meaningful groups. Since meanings
are governed by the pattern of storage
in LTM, previously acquired LTM information is being used here to facilitate STM storage. The chunked list has
four items, well within the memory
span, and can be quickly memorized by
anyone familiar with electronics. But to
an uninitiated person the list contains
thirteen items; a few rehearsals would
be necessary to enable perfect recall.
Let's try another experiment. Can
you memorize the following list quickly
and without a lot of rehearsing?
110001100101000011
If you can count in binary, it's a
cinch. Look at the list in this way:
110 001 100 101 000 011
6
1 4
5
0
3
Below each triplet is its decimal

were going nowhere at all until getting
"professional" guidance: It's one thing
to read that; we must "initialize the
computer," it's quite a different thing
to have someone tell us to simply "set
the pointer to memory address 0100."
To be frank, an awful lot of the
instruction manuals which we have seen
supplied with the equipment we have
handled is abysmal. You're going to
need alot of free assistance, particularly
in the way of concise operating instructions, so be certain you pick a store
capable of meeting your equipment
needs while providing the atmosphere
for meeting the hobbyists that can help
you get your system up and running
with the least amount of difficulty.
In short, many of you will need a lot
of assistance at the .beginning, so you
had better select a computer store will-

ing and capable of meeting your personal requirements.
Finally, and most important if you're
a newcomer or beginner at personal
computing, the store must want you.
That might seem like a simple enough
idea, but the truth of the matter is
that many computer stores are gathering places for hobbyists, where strangers get together to swap ideas, programs, or just to learn "a little bit
more." Well, people hanging around
aren't welcome everywhere. We've been
in computer stores with just two chairs,
one for the salesman and one for the
customer. In a gathering place, such as
the Computer Mart of New York, you
can hang around, try different systems,
ask questions, and no one keeps asking
"Can Ihelp?" over and over until you
get the idea it's either buy or leave. •

equivalent. If you can mentally do such
a conversion, you're left with only six
decimal digits to memorize. When the
time comes for recall, simply change
the decimal numbers you've memorized
back to binary. With some practice,
you should be 'able to handle lists of
about twenty-one ones and zeros, much
to the amazement of your friends. Note
that you're using old LTM information
—the rules of binary-to-decimal and
decimal-to-binary conversion—to assist
in memorizing new material.
RAM. Leave STM now and consider
long-term storage. First of all, think of
all the different kinds of information
contained in LTM. Sights, sounds,
tastes, smells, and words are all stored
in some codified form. The information
can be reached quickly without first
searching through a lot of extraneous
material .
.In electronics we call such a
memory structure random-access. This
random-access characteristic is one of
LTM's most important features, and
current theories hold that a close relationship exists between the structure of
LTM and the grammar of language.
Certainly one of the most important
characteristics of LTM is its relative
permanence of storage. However, we all
know that recall is often marred by forgetting. Is this a memory failure? It
might be, but some say no. Consider

the experiences of the neurosurgeon
Wilder Penfield. While performing surgery he electrically stimulated areas of
patients' brains. Since the patients were
conscious during brain surgery (there
are no pain receptors in the brain),
they were able to report their sensations. Many reported long-since forgotten, seemingly trivial incidents from the
past. These sensations were vivid, filled
with minute visual and auditory details.
In fact, they were often described as
being like movies. This type of evidence
is frequently cited in support of the notion that everything stored remains
stored, and that forgetting is the inability to find stored information.
There is no question, however, about
the role of the chunking process in
LTM. Chunking is the most effective
method
of
guaranteeing
long-term
storage. Tests on mnemonists, people
with exceptional powers of memory,
show conclusively that structuring information in some imaginative way is
the key to successful memorization. For
instance, given a list of words to memorize, the mnemonist might weave them
together into a fanciful story.
So far we've only scratched the surface of the topic of human informationprocessing, and in an article of this size
we can't do much more than that. Many
questions remain unresolved.

What You Have Learned
(Continued from page 104)

1. A computer uses a LET statement to assign a numeri-

it types a question mark and waits for the user to enter
a value for the INPUT variable(s).
3. An INPUT statement allows for multiple variables. The
first value the user types after the question mark produced during a RUN will be assigned to the first vari-

cal value to a variable. One variable can take its value

able in the INPUT statement; the second to the second

from another variable. A variable can also get its value

variable; and so forth. All values typed in by the user
must be separated by commas.

from computations involving one or more variables
whose values have been previously assigned.

4. REMARK statements exist solely for the convenience

ent values to INPUT variables each time a program is

of a person examining the program. They do not tell
the computer to do anything. They can be used as head-

RUN without modifying the program itself. When the

ings, to label checkpoints, anything the programmer

computer comes to an INPUT statement in a program,

desires.

2. The INPUT statement allows the user to assign differ-
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DATAC 1000T
(Continued from page 64)

a Memory. The latter contains the
frequency information for aselected set
of words that the classifier is attempting
to detect. Clearly the Analyzer, Classifier, and Memory must all be designed
to function together since one depends

At The Mike
(Continued from page 60)

unplugged and updated with another
one from SBE. The Nitron has other
instructions built into its memory, such
as automatically handling channels for
ship-to-ship and ship-to-shore communications, and a memory for a channel
you may want to save for later use.
Accurate frequency control is another
advantage of such a radio. The radio
costs about $650. A new unit to be
available very soon is called the Sea
Command. In addition to the features
of the Key/Corn Fifty Five, this new

Microcomputer Mavericks
(Continued from page 68)

Make That Point! Backgammon is
catching on like wildfire and to many
of us it is a new game, but the history
of backgammon is older than history
itself. Boards dating from over 3500
years ago were found by Howard Carter
as he searched and cataloged the treasures of King Tutankhamun. One of
those boards is on tour with the King
Tut treasures right now. Perhaps you
have seen it. Like chess, it is styled after
agame of war. Unlike chess, pieces are
not lost. Instead the white pieces race
clockwise around the board while the
black pieces race counter-clockwise. The
object is for a player to get all his
pieces on his home section (the right
lower section for white and right upper
for black) and then to get them off the
board before his opponent. The first to
get all men off wins. The game uses
dice to determine how far you can move
pieces when it is your turn. There are
clearly times when a certain roll of the
dice is highly advantageous because,
among other things, if you are able to
land on an opponent's unprotected man
you can send him to the "bar" (off the
board) where he must stay until a
certain roll of the dice gets him onto the
board again. It is a big gambling game
in Las Vegas and taken as seriously as
chess in many clubs. The skill part is
important and comes into play in knowing exactly what to do with any roll of
116

on the other. Some classifiers have a
training algorithm built into them that
allows the user to repeat the word
several times in order to home in on
the right decision. The user, in this
case, has a set of buttons to press to
tell the computer the word he is trying
to get across. So he presses the button
for "stop baggage," for example, and
then repeats the phrase "stop baggage"
ten times so the Classifier is able to

make a decision for that user's voice.
The future in this voice-controlled
computer dreamland may bring us replacements for dictation services (just
talk in the manuscript, the computer
will do the typing job), voice-controlled
security systems, or a television set that
turns to the channel you whisper.
Microcompressors can serve this dreamland as they become faster and more
powerful. The future is almost here. •

marine radio will automatically scan
through the 78 channels.
CB Radio. As with marine radios, a
processor chip does the job of selecting channels, finding a conversation,
quickly targeting on emergencies, and
locking onto frequencies with great
accuracy. The Key/Corn 1000 is a
mobile AM unit and was the first CB
rig with a microprocessor and a keyboard. Giving the units commands to
scan up and down, fast or slow, is like
using apocket calculator—you just have
to know what key to press. The front
uses a big, bright, LED display for
showing all channels, power output,
et cetera. There are two very nice ideas
programmed into the Key/Corn microprocessor. First, you can put up to ten

of your favorite channels into a special
memory, then hit a "go" button. The
CB rig will scan those channels repeatedly until a conversation is found,
at which point it stops. The processor
is programmed to sit on each channel
for one half second, then proceed to
the next. Second, one channel can be
placed in a special register and treated
as a high priority channel. The processor will sample that channel every three
seconds for activity, and, if incoming
conversation is found, it will automatically switch the radio from the channel
you are listening to, onto the high
priority channel. A noise blanker,
power output meter and signal strength
meter are all part of the Key/Corn
1000, which sells for about $295. •

the dice that might come up. This is
truly the skillful part of the game because the pieces can appear on the
board in millions of different ways, yet
for a given roll of the dice a skillful
player will know the best move. Sound
difficult? Well, remember that there are
various levels of play. A five-year-old
can play and enjoy the game, and because of the dice-rolling chance element, that youngster may even beat a
tournament master—but not very often.
Now let us take a look at the computerized backgammon. Ihave used the
Tryon version and I suspect that the
Texas Micro Games unit is comparable.
Let me say right off that, before Iplayed
with the Gammonmaster, Inever played
backgammon before in my life. Let me
also add that this computer game can
be taken lightly or seriously. If you
want to have a clever toy, this will do
nicely. If you want to be challenged at
a serious game of backgammon, this
computer version should satisfy that
urge. The computer is hard to beat.
The external operation is simple
enough. You press a start (ST) key on
the keyboard. The computer "rolls" a
pair of dice which are actually composed of LEDs in a dice pattern in the
upper right hand corner of the game.
Suppose it is your move. You choose
what pieces you want to move following
the dice roll, then you enter the "from"
position and the "to" position on the
keyboard for each piece you choose to
move—usually two pieces, one for each
die. Entering the from and to locations
allows the computer to change the

computer checks to see if your moves
are legal. It knows the dice values because it has rolled them, so it can determine if your moves are allowed. If
not, it lights up two big zeroes on the
LED display. If the moves are legal,
however, it rolls the dice for its own
move. Now comes the interesting part.
The computer has to decide where to
move what pieces, given the board layout and the roll of the dice. Whoever
programmed the unit is a fine backgammon player. The computer protects
its pieces well and builds very nicely
toward a solid defense on its home section of the board. I have played the
unit over twenty times and have won
only twice. Once was by only one piece
and once Igot lucky and really skunked
the computer. While I have won only
twice, however, Ihave become a much
stronger player over those twenty or so
games and maybe in the next twenty
games I will win four or five times.
The sophistication of the computer is
amazing to watch and I only hope I
can learn to be as clever as it is. For
example, Ihave noticed that if it is way
ahead, it will arrange the pieces on its
home section in such away as to almost
assure itself that when future dice rolls
are done, the home pieces will be able
to get off the board quickly and easily.
If it is behind, however, it does not seem
to build this luxury onto its home section and instead makes a mad rush to
get any pieces off that it can. In a nutshell, computerized backgammon seems
to work very well and serves as an excellent instructor.
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CLASSIFIED MARKET PLACE

I

HOBBY COMPUTER HANDBOOK-PUBLISHED ANNUALLY. The rate per word for Classified Ads is $1.00 each
insertion minimum ad $15.00 payable in advance. Capitalized words 400 per word additional. To be included
in next issue, write to: R. S. Wayner, DAVIS PUBLICATIONS, INC., 380 Lexington Ave., New York, N.Y. 10017.
BLUEPRINTS PATTERNS & PLANS

GET INTO BROADCASTING. Become DJ, engineer. Start your own station, get free equipment,
records.
Free
details.
"Broadcasting,"
Box
130G-1E, Paradise, CA 95969.

FARMS. ACREAGE & REAL ESTATE

BOOKS & PERIODICALS
BOOK SALE, large selection. Free catalog. R.
Cochren, Dept. DP6, 120 McClure Ave., Syracuse,
NY 13205. Dealers inquiry accepted.
INFORMATIVE HANDBOOK-For people with an
interest in electronics and desire to know more.
Covers basic electricity, resistors, capacitors, microwaves, facts on frequency, about fuses, circuit breakers, crystals and much more. Send $1.50 for your
copy (includes postage) to: Electroics Theory Randbook, 380 Lexington Avenue, N.Y., NY 10017.

BUSINESS OPPORTUNITIES
$1.200.00 MONTHLY CORRECTING PUPIL'S LESSONS!!! Start Immediately. Free Report. Send selfaddressed stamped envelope. Home, Box 9201-SSB1,
San Diego, CA 92109.
1000% PROFIT Bronzing Baby Shoes. Free Literature. NBC, Box 1904-DG, Sebring, FL 33870.
GUARANTEED WEEKLY Income of $178.00 ($35.60
daily working one hour at home). Earnings guaranteed. FAS, Box 13703, San Antonio, Texas 78213.
STAY HOME! EARN BIG MONEY addressing envelope,. Genuine offer 104. Lindco, 3636 -DA, Peterson, Chicago 60659.
MARIA'S Ideas. Free Information. 3 Manor Way,
Galveston, TX 77550.
$60
hundred
addressing
earnings. Rasmussen, DP19,
UT 74404.

OF INTEREST TO WOMEN

EDUCATION & INSTRUCTION - Cont'd

NEW
CRAFT
PRINT
CATALOG-Choose
from
over
100
great
easy-to-build
plans.
Send
$1.50
(completely refunded with your first order). BOAT
BUILDER.
(CF
Div.)-380 Lexington Ave.,
New
York, NY 10017

envelopes.
Guaranteed
1747 N. 450 E. Ogden,

LAND bargains. Lots-$5. Houses-$50. Send for
free details. Boggie Publications, Box 1293, New
Yoi k, NY 10009.

FRANCHISE OPPORTUNITIES
2000% profit selling
details.
International,
B2X 1K5.

information by mall,
1 'Tay,
Dartmouth,

HYPNOTISM
Start-

JEWELRY
FREE! 48 page color jewelry catalog.
1106-D, Wayne, NJ 07470.

Russo,

Box

MONEYMAKING OPPORTUNTIES
$250.00
profit/thousand
possible-stuffing-mailing
envelopes. Offer: Rush stamped addressed envelope:
Universal-ADVS XI6180 Fort Lauderdale, FL 33318.
FANTASTIC Profits: Mailing Circulars. Free Samples. Grahamco DPBX 99371. Tacoma, WA 98499.
$180.00 WEEKLY Mailing Circulars. Start Immediately. Everready, 422 Clermont Ave., Brooklyn,
NY 11238.
Write:

Mc-

$2,000.00 MONTHLY Possible Stuffing Envelopes!
Send Stamped-Self-Addressed Envelope. Continental,
Box 3419D, Mission Viejo, CA 92675.

DIRECT TO FARM SALES. New Patented Product! $100-!-/Day. Free Details! Conservtek. P.O. Box
35385, Edina, MN 55435.

$83,501.00 FREEBIES WAITING! GOVERNMENT
DIRECTORY
$3.00.
PALMER,
B1244DG,
Phenix
City, AL 36867.

DISTRIBUTORS. JOBBERS. WHOLESALERS. New
Products. Earning potential unlimited. Byrd House.
Box 5090-F10. Florence, SC 29502.

EXCELLENT
Second
Income
Without
Leaving
Your Home. Send self-addressed stamped envelope
to Ben E. Johnson, 9152 S. Carpenter St., Chicago,
IL 60620.
$300 WEEKLY! Home Mailing Program. Details:
Thomas, Dept.-D1, Box 11773, Charlotte, NC 28220.

$30.00
HUNDRED
stuffing
our
circulars
into
stamped addressed envelopes. No limit. Beginners
Kit $2.00. Colossi, Box 318-DC, Brooklyn, NY 11204.

GUARANTEED.
FREE. 5M, Box

BIG Profits Selling Books By
D2, B-6701, Burbank, CA 91510.

HOMEWORKERS
mailing. Ideal for
06144.

Mail.

Turnbull-

$3000.00 MONTHLY. Start immediately. Stuff envelopes at home. Information, send self-addressed
stamped envelope. Village, Box 508-101, West Covina,
CA 91793.

Every $5 returns
3663, Singapore I.

$500!

Details

Needed! $600 weekly addressing,
students. Box 1874, Htfd., CT

$500 CASH ADVANCE; stuff 1000 envelopes. Information: SASE. Freedom M112, box 1060, Orange
Park, FL 32073.

weeks. Send
Rte. 6 BOX

MAKE YOUR CLASSIFIED AD PAY. Get "How
to Write A Classified Ad That Pulls" Includes certificate worth $2.130 towards a classified ad in this
publication. Send $1.50 (plus 25‘ for postage) to
st. S. Wayner. Davis Publications, Inc., Dept. CL,
380 Lexington Ave. New York, NY 10017.

$12,000 yearly possible. Sell books by mail. Detells: Ise stamp. Foster's, P.O. Box 3563-B, Birmingham, AL 35211.

$200 WEEKLY stuffing envelopes spare time possible.
Details,
stamped,
self-addressed
envelope.
Mail Sales-I, 8023 Leavenworth Rd., Kansas City,
KS 66109.

ARAB MONEY TO LOAN, INVEST. Any Purpose.
$10.000-$10,000,000.Details $1. Arab-DP, 935 N Main,
Vidor, TX 77662.
$45,000.00 GUARANTEED in three
stamped addressed envelope: VERNE.
1293, CONROE, TX 77302.

WHOLESALING-THOUSANDS OF ITEMS. $10.60
SECURED DEPOSIT BRINGS GIANT CATALOG
PLUS SUCCESS PROVEN MARKETING
PLANS.
MEEHAN COMPANY, 221 S. MICHIGAN STREET,
ELKHART, IN 46514.
$250 Weekly Mailing Our Circulars. No Gimmicks
Free Details. Robinson, Box 415, New Hartford,
NY 13413.

EDUCATION & INSTRUCTION
UNIVERSITY DEGREES BY MAIL! Bachelors,
Masters, Ph.D.s. . . . Free revealing details. Counselling, Box HCH-1, Tustin, CA 92680.
COLLEGE degree by mail, via resume. Education,
2561D South Robertson, Beverly Hills, CA 90211.

$45.000 in Three Weeks-Guaranteed. $1 for Info
8z
Handling.
John
Davidson,
5483 Holly Ridge,
Camarillo, CA 93010.
FREE details, $9 profits on $10 orders. International. 1 Tay, Dartmouth, N.S. B2X 1315.
STUFF Envelopes,
Cew
Company,
533
OH 43050.

$500/Thousand.
Wooster Road.

$35 Hundred Mailing Commission Circulars. No
experience necessary. Rush 35é and self-stamped.
self-addressed envelope to: Millers Enterprise, 421
W. Caron St., Phoenix, AZ 85021.

PEN PALS
JOIN North America's leading penpal club. Details
from Friends Worldwide CP-95/F Anjou, Montreal,
111K 405.

free
N.S.

"HOW
TO
RECRUIT
COMMISSION
SALESPEOPLE! Free Details! Success Publications, P.O.
Box 35305, Edina, Minnesota 55435.

WHOLESALE
Rubber
Stamp
Outfits,
Supplies.
Catalog $1.00. Martin. 14321D Major, Jefferson City,
MO 65101.

InformationValley Park,

PERSONAL
JAPANESE introductions! Girls' photographs, descriptions, brochure, details, $1.00 INTER-PACIFIC.
Box 304-SC, Birmingham, MI 48012.

FREE Fascinating Hypnosis Information!
ling! DLMH, Box 487 Anaheim, CA 92805.

$300.00 WEEKLY, Mailing Circulera.
Guire, Box 91054, Tacoma, WA 98491.

CASH FOR BOX TOPS,
Labels.
20e. Refund Bulletin D, Box 253,
MO 63088.

Free
Mt.

Details.
Vernon,

MOTION PICTURE PROJECTORS.
FILM. SLIDES & SUPPLIES
FREE discount catalog. Super 8, 16nun movies, supplies. Coastal, 1428R San Marco. Jacksonville, FL
32207,

DATES
GALORE!
DATELINE, toll-free

Meet singles-anywhere.
(800) 451-3245.

Call

FOR anyone who wants the satisfaction and economy of repairing, furnishing and maintaining the
furniture in his home. End $1.50 (includes postage)
to FURNITURE, 380 Lexington Ave., New York,
NY 10017.
BEAUTIFUL MEXICAN GIRLS! Correspondence,
Photos, details free! "Latins," Box 1716-DE, Chula
Vista, CA 92012.
SINGLE? Widowed? Divorced? Nationwide introductions!
Identify, Box 315-DC. Royal Oak, MI
48068.
JAPANESE Girls Make Wonderful Wives. We have
large number of listings. Many interested in Marriage. Only $1.00 brings application, photos, names.
descriptions, questionnaire, Etc. Japan International,
Box 156 AA, Carnelian Bay, CA 95711.
BEAUTIFUL
Mexican-Oriental
girls
Needing
American Boy-Friends. Free Details "actual" photos.
World. Box 3876-DC, San Diego, CA 92103.
DO YOU KNOW "How to Write a Classified Ad
That Pulls" includes a certificate worth $2.00 toward
a classified ad in any of our publications? For your
copy send $1.50 (plus 25é for postage) to R. S.
Wayner, Davis Publications, Inc., Dept. CL, 380
Lexington Ave., New York, NY 10017.
MEET SEXY SWINGERS Nationwide, FREE Details. (State Age). Gateway, Box 338-DC, Lafayette,
CO 80026.
FREE: 1,000 LADIES PHOTOS. World's largest
Matrimonial Catalog. Postage/Handling $1.00. Intercontact, Box 12, Toronto, Canada M4A. 2M8.
LONELY? LOVELY LADIES? 200 names, photos,
addresses, descriptions, 16 Page illustrated magazine, only $3. Hurry! Write: Merit, Box 74758-C.
Los Angeles, CA 90004.
FREE electric vibrator! Send
7247 Eccles, Dallas, TX 75227

$1.00

postage.

New

"DATE WITH DIGNITY" Professional Matching.
Drawer 6765, Fort Worth, 76115 (817) 921-0281 Anytime.

PHOTOGRAPHY-PHOTO FINISHING
& SUPPLIES
SAVE HUNDREDS OF DOLLALRS!!!! Make your
own S 8i M Densitometer. Send $3.00 for detailed
drawings and instructions. A must for successful photography in your darkroom. Order direct: S 8r M Instruments, Dept. CH-1, 380 Lexington Ave., New
York, NY 10017.

RADIO & TELEVISION
LINEAR AMPLIFIERS, 25-100 watt solid state.
OMNIPOLARIZED BASE ANTENNAS. Portable mobile/memory/300 MHz FREQUENCY COUNTER. Construction plans: $3.00 each, 3/$7.50. Specify frequency band! Kits available. Free catalog! PANARIS
Box 130-GlE, Paradise, CA 95969.

RUBBER STAMPS
RUBBER stamps made. Three lines $3.75.
Stamps, B-1337-El, Waldo, AR, 71770.

TIPS FOR THE HOME.

Rubber

ETC.

25
WEEKEND
BUILT-1N
PROJECTS-Practical
design for home/shop buffs who enjoy working with
wood, tools, materials and techniques. Send $1.50
for your copy (includes postage) to Davis Publications, Inc., 380 Lexington Ave., New York, NY
10017.

For Greater Advertising Savings ...Results ...and Profits...
Place your ad in one of our SPECIAL COMBINATIONS: Combo #1, Combo #2, or Combo #3.
Each combination is designed to give your ad the largest audience available. For further information write
to R. S. Wayner, Classified Ad Manager, Davis Publicatons, Inc., 380 Lexington Ave., N.Y., N.Y. 10017.

TI-58 Calculator

Phone the Future

(Continued from page 62)

(Continued from page 29)

covering such diverse specialties as aviation, marine navigation, real estate, and
investment.
Big Brother. The TI 58 is available
in an even more elaborate version, the
TI 59. The TI 59 has exactly twice the
step/memory capability of the 58; it
allows up to 960 program steps or 100
memories. To give you an idea of just
how sophisticated this is, the TI 59 has
715 kilobytes of ROM, 1 kilobyte of
RAM and a 70 usec. instruction time.
The TI 59 also offers a non-volatile
memory, magnetic cards. The cards can
be recorded on right from the keyboard
after being fed into a slot on the side of
the TI 59. Once recorded, a program
can never be lost to you (unless you
misplace the mag-card!). All you have
to do is to plug the card back into the
calculator and run the program.
Minding The P's and Q's. If all this
weren't enough, TI has carried their
computer concept a step further and
provided for direct printout so you can
get a listing of a program, or a run.
The TI-58 (and the TI-59) can be attached to a model PC-100A alphanumeric printer/plotter. No we haven't
made a mistake, we mean alphanumeric. Though the basic calculator is
only numeric, when attached to the
PC-100A (not the PC-100) you can
obtain a letter print by keying corresponding numerals on the calculator.
This permits you to identify programs
and steps in English, rather than a symbol code. The PC-100A also can plot
results from a calculator program instead of simply printing alist of values.
If this still doesn't make you think of
these calculators as computers, consider
that with the PC-100A, user-prompting
can be entered into the program. The
printer can thus announce when it is
time to enter a variable during a program's run. This allows untrained people to use apreviously prompt-prepared
program.
Add all these features together—they
total computer. The printer attachment
might be somewhat expensive for many
pockets, but even without it you get
essentially all the computer features
even in just the 11-58.
Both the TI-58 and TI-59 come complete with NiCad batteries, a charger,
a Master Library module with 89-page
contents guide, the calculator instruction manual, which is acomplete course
in programming, and a belt-loop softcase. The 59 also comes with mag
cards. Price for the TI-58 is $124.95,
and $299.95 for the TI-59.
For additional information, circle No.
47 on the reader's service coupon. •
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had two samples) using either a real
cheap recorder ($30), or a better quality (about $90) model. Unusually, we
could not load BASIC using the moderately priced machine. Apple specifically recommends a particular model,
a moderately priced machine which we
could not obtain locally; so our advice
when looking for a recorder to go with
the Apple II is to try before you buy.
Tasting The Apple. Most likely because of the color graphics, games are
an important part of Apple II's orientation. The computer is supplied with two
paddles, wired together, which connect
to the computer by simply plugging
each into what would otherwise be a
standard IC socket. Provision is made
for future expansion through prewiring
of the game I/O port for four paddles,
3 TTL inputs, and 4 TTL outputs.
Depending
on
your
technical
knowledge
and
sophistication,
our
description of the Apple II might
appear too
simple
or too
complex. This is so because the Apple II
can be used on two different levels. Loaded with the 16K Applesoft

Apple II
(Continued from page 66)
which is less than one-third the time
of the 110 baud stop bits.)
Baud rates can be intermixed for
storage. Assume you have a Southwest
Technical Products MC6800 personal
computer such as the one E/E will use
for our personal computing series. You
might type in your program using a 110
baud model 33 teletype. Allow for corrections, proofing and changes and assume you have worked one hour loading
the program. The final program—error
free — if punched out on paper tape
through the TTY might take 10 or 15
minutes to load it back in the next time
you want to use it. But you can have a
"hobby standard" 300 baud recorder
connected to the computer, and instead
of dumping the program out to the
TTY you dump to the recorder at three
times the TTY speed. The recording will
take only some 3 or 4 minutes to save
and reload into the computer. Some
personal computing hobby recorders
run 1200 baud, and that 10 or 15
minute program can be saved and loaded in a few seconds. (There are even
higher baud rate recorders.)
Summing Up. Your first requirement
for both personal and timeshare computers is the terminal. With the personal
computing marketplace growing at a
rate exceeding Jack's beanstalk, there

BASIC it is an unusually easy to use,
extremely powerful personal computer
suitable for the student from elementary
grades clear through college and advanced studies. Alternately, the Apple
II has sufficient complexity and adaptability for the computer technology student and experimenter who wants to do
alot of homebrew expansion and adaptation. It's sort of like the movies made
back in the thirties; a cute plot for the
kiddies, and slice-of-life for the adults,
with each patron seeing only the theme
aimed at his or her age/maturity level.
The Apple II prices start at $1,295
and head upward, depending on the
amount of memory needed or purchased. There are so many options
available that your best bet is to get the
rather thorough brochure from Apple
before going down to your local computer store for hands-on experience.
From our own observations, it's quite
likely many of you will know more
about the Apple II from the brochure
than the staff at the store. This is because there are so many levels of features and potential usage that you and
the store's staff might not be talking on
the same level.
For additional information on the
Apple II, circle No. 74 on the reader's
service coupon.
•
are more and more ads from more and
more companies offering surplus TTYs
and CRT terminals, both kit and wired.
Like the early days of anything, many
won't be around tomorrow when you
need service or parts, and some of what
will be sold won't work too well. In
selecting a terminal, stick to the wellknown brands from companies that
have deserved reputations. For example,
you can always get parts and service for
a mddel 33 TTY at reasonable prices.
This is not necessarily true of any
other TTY. If you're purchasing aused
model 33 (which is about the only way
to get one, because the waiting list for
a new one direct from Teletype is
months and months) make certain you
get it from a company specializing in
rebuilt models, such as National Teletype.
If you opt for a CRT terminal, the
proven one is the ACT-1. If you want
to go the build-it-yourself route, Southwest Technical Products is probably
your best bet at this time.
For modems, Omnitec is considered
by. many the industry's workhorse. A
used model 701A is available for about
$150 and handles both TTY and RS232 inputs. They have newer TrY
models available in both semi-kit and
wired versions for prices between $100
and $160.
The age of personal computing is
upon us so you might as well climb
aboard at the beginning.
•
HOBBY COMPUTER HANDBOOK 1979

Spend less.
lest more.

Faster, easier and more economical digital testing. That's what CSC's Logic Probes are
all about. And that's what engineers, technicians
and hobbyists need, to deal with the increased
use and complexity of digital circuits.
Unlike oscilloscopes, meters
and other conventional test equipment, CSC
probes are logic-state oriented: Just touch the
probe to acircuit node and instantly read logic
state, detect level transitions, check duty cycles.
And store high-speed, low-rep-rate events
that even fast scopes miss.
By accurately detecting the state of individual logic elements without removing ICs or
cutting copper paths, CSC's circuit-powered,
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LOGIC PROBE

.
2
LP-1

multi-family Logic Probes locate over 95% of
circuit problems in minutes instead of hours.
And they're easy to use. Simply connect two clip
leads across the power supply, touch the probe
tip to anode and watch the LEDs.
LP-1 LOGIC PROBE. $44.95*
LP-1 has aminimum detectable pulse
width of 50 nanoseconds and maximum input
frequency of 10 MHz. This 100 Kohm probe is
an inexpensive workhorse for any shop, lab or
field service tool kit. It detects high-speed
pulse trains or one-shot events and stores
pulse or level transitions, replacing separate
level detectors, pulse detectors, pulse
stretchers and pulse memory devices. All, for
less than the price of aDVM.
LP-2 LOGIC PROBE. $24.95*
LP-2 performs the same basic functions
as the LP-1, but for slower-speed circuits and
rD 1978, Continental Specialties Corporation.

without pulse memory capability. Handling a
minimum pulse width of 300 nanoseconds, this
300 Kohm probe is the economical way to test
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LOGIC PROBE

LP-2

circuits up to 1.5 MHz. It detects pulse trains or
single-shot events in TTL, DTL, HTL and CMOS
circuits, replacing separate pulse detectors,
pulse stretchers and node state analyzers.
LP-3 LOGIC PROBE. $69.95*
Our LP-3 has all the features of the LP-1
plus extra high speed. It captures pulses as
narrow as 10 nanoseconds, and monitors pulse
trains to over 50 MHz. Giving you the essential
capabilities of ahigh-quality memory scope at
about 1/100th the cost. LP-3 captures
one-shot or low-rep-rate-events all-butimpossible to detect any other way. All without
the weight, bulk, inconvenience and power
consumption of conventional methods.

CM=

HIGH SPEED PROBE

LP-3

Use CSC's highly versatile logic probes
for testing, debugging or servicing any type of
digital circuit. They give you alot of information
about IC circuit conditions ... and help you do
more in less time. For less money
NEED MORE INFORMATION? CALL
203-624-3103 to order, or for the name of
your local distributor. Prices slightly higher
outside U.S.A.

Prices, specifications, subject to change without notice.

CONTINENTAL SPECIALTIES CORPORATION
Corporate Headquarters:
Continental Specialties Corporation
70 Fulton Terr, Box 1942, New Haven, CT 06509
351 California St., San Francisco, CA 94104
1415) 421-8872, TWX 910-372-7992
CIRCLE 5 ON READER SERVICE COUPON

•Manufacturer's suggested retail.

Europe, Africa, Mid-East: CSC UK LTD.
Shire Hill Industrial Estate, Units 1 and 2
Saffron Walden, Essex CB 11 3AQ
Telephone Number: SAFFRON WALDEN 21682
TLX 817477

Considering aMicrocomputer?
Be Sure to Check Out the Product Offerings of the World's Largest
Full Line Microcomputer Company.
All Ohio Scientific machines come with microcomputing's fastest full
feature BASIC-in-ROM or on-Disk for instant use.

Challenger ISer ies

Minimum
Configuration

The

C2-4P

Base
Price

The Professional Portable
by Ohio Scientific

Economical computer systems that talk in BASIC.
Ideal for hobbyists, students, education and the home.
Superboard II — World's first complete system on aboard
including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM
Challenger IP — Fully packaged Superboard II with
power supply
Challenger IP Disk—Complete mini-floppy system
expandable to 32K RAM

4K RAM

$ 279

4K RAM

$ 349

16K RAM

$1190
Olslo Stelentler now clime,. Inonda
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Challenger IIP Series
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Ultra high performance BUS oriented microcomputers for
personal, educational, research and small business use.
C2-4P — The professional portable
C2-8P — The world's most expandable personal machine
for business or research applications

4K RAM
4K RAM

•neceesuntennne

$ 598
$ 799
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C2-4P Disk — The ultimate portable
C2-8P Single Disk — Ideal for education, advanced
personal users, etc.

16K RAM
16K RAM

$1464
$1738

C2-8P Dual Disk — Most cost effective small
business system

32K RAM

$2597

Challenger Il Serial Interface Series

An exceptional value
in personal computing

Same great features as Challenger IIP Series for those who
have serial terminals: small business, education, industry.
C2-0—Great starter for users with aterminal
C2-1 — Great timeshare user accessory; cuts costs
by running simple BASIC programs locally
C2-8S — Highly expandable serial machine, can
add disks, etc.

4K RAM
4K RAM

$ 298
$ 498

4K RAM

$ 545

Challenger Ill The Ultimate in Small Computers
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The unique three processor system for demanding business,
education, research and industrial development applications.
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C3-S1 — World's most popular 8" floppy based
microcomputer
C3-OEM — Single package high volume user version
of C3-S1

32K RAM
dual floppys
32K RAM
dual floppys

$3590

C3-A — Rack mounted multi-user business system
directly expandabe to C3-8

48K RAM
dual floppys

$5090

C3-B — 74 million byte Winchester disk based system.
World's most powerful microcomputer

48K RAM
dual floppys

$11,090

$3590

OHIO SCIENTIFIC also offers you the broadest line of expansion
accessories and the largest selection of affordable software!
Compare the closest Ohio Scientific Model to any other unit you are considering. Compare the performance, real expansion ability, software and
price, and you will see why we have become the world's largest full line
microcomputer company.
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II'm

interested in OSI Computers. Send me information on:

IE Personal Computers
0 Small Business Computers
IE Educational Systems
E Industrial Development Systems
IE I'm enclosing $1.00 for your 64-page small computer buyer's guide.
IOhio residents add 4% tax
IName

MHO SCIENTIFIC

Address

1333 S. Chillicothe Road

City
IState

Aurora, Ohio 44202
Zip

(216) 562-3101

Phone
CIRCLE 8 ON READER SERVICE COUPON
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