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EXC ELTRONI X 16 521-8931 1-800-268-5798

Bullietin Bd. (416) 921-4013 Telex 065-24218

Multiflex
319 college St., Toronto, Ont. M5T 152 Intelligent
Catalogue shipping rates are incorrect. Please call us for correct charges. Prices in catalogue are
fluctuating. Use as guideline. We’ tel‘mlnal
D e’ re (As Reviewed in Oct. '82 ETI)
(o] An excellent low cost
February Specials ng It e ki Y -

Assembled & Tested with
case and P/S

$350

Others try to compete with the best — Exceltronix. But will
they be here tomorrow? Celebrate out 5th year in business.

SLOI S35 "Ew Monitors“e\ﬂ

micronics-incg Zenith 2VM-122
- 1
Gemini 10X Amber $195

8%2", Dot Matrix,
80 Column, - 120 Amdek Colour-1 $395
Amdek

EMP 310 MODEM $119

300 baud, IBM Compatible

Micromodem

c.p.s. Regular Apple compatible

price $615. Amber-300A $259
R SPE -
PRINTER SPECIALS | onith Zvm-123 Green
Ceminl 15X $649 $129

15”, Dot Matrix, 132 column, 100 c.p.s.
EPSON MXSB8OFT $795
8%2", Dot Matrix with GRAFTRAX +
EPSON MX100 $995
15, Dot Matrix with GRAFTRAX+
EPSON RX80 (NEW) $495
Replaces MX80

EPSON FX80 (NEW) $798
82", Dot Matrix, 80 column, 160 c.p.s.

TTX PRINTER $749

Multiflex EPROM
Programmer $69

FEATURES:

*EPROM programmer for APPLE com-
puters.

*Programmes 2716, 2732, 2732A, 2764.
*ZIF socket for the EPROM.

*Complete with software.

*Built-in programming supply.

We have a large selection of books and
magazines

PROTO BOARDS $15.00

 $58.00

Expand your 48K APPLE to 64K. The
MULTIFLEX 16K RAM Card allows other
languages to be loaded into your Apple
from disk or tape. Allows APPLE CP/M
users to run CP/M 56.

Ry e FEATURED SPECIAL!
Epson FX100 (New) $1069 | gy own Multifiex parailel printer card,
PDA-232 RS232 $119.00 | with cable Shop and compare $69.00

HIGH TECH PROFITS
Join the Group of

EXCELTRONIX
COMPANIES

who have attained over 100% yearly gross since 1979

and are known Nationwide.

@ Limited number of Franchise locations — Canada
wide.

® We provide assistance in all aspects of starting up

Roland CB-141

join US!

For detailed information call or
write:

XL Electronics Inc.

and operating your business — site selection, hl |
management admin. programs, advertising, on-going Fra “c s “g
R&D.

® Exclusive lines of Canadian Computer Products DIVISIO“

peripherals and computer parts.

® Product Catalogues, Computerized Customer based,
Technical Training.

® Unique products such as own competitively priced
Computer Systems for business and hobbles.

@ Perlpherals products for Apple, IBM, Commodore and
many more.

® Books and Software.

@ Our own Computerized Digital Advertising Displays
manutactured by associated Canadian Company,
such as used through- out Toronto Subway System.

703 Evans Avenue
Suite 410
Toronto, Oontario

LG6J 5R2 Composite 14” Video Monitor

rranchise INvESTMENT Reauire: | (11 6) G21-8988 |similar to $395

MENT $25,000 to $45,000 + Inventory Amdek Color — 1
PRICE POLICY o MAIL ORDERS

Send a certified cheque or money order (do not send cash). Minimum
Remember that at Exceltronix all order is $10 plus $3 minimum for shipping. Ontario residents must
prices are negotiable for quantity add 7% provincial sales tax. Visa. Mastercard and American Ex. [ —
purchases. If you cannot afford Iarge press accepted: send card No.. signature, expiry date and name ot .

quantities on your own how about Pank
starting a Co-op.

Head Office: 319 COLLEGE STREET, TORONTO, ONTARIO. CANADA. M5T 1S2 (416) 921-8941

Circle No. 7 on Reader Service Card.



et

Now Carrying Canadian Made

Digital LED Information Display Signs

For further Information contact Digimedia Sales and Leasing, g94.6223
317 College Street, Toronto. ont. M5T 152

80-Column Card Peripherals for your IBM PC

FEATURES: IBM, IBM PC is registered trade mark IBM Canada Ltd.
*Gives 80 columns and upper/lower case . N

on your APPLE i/l + /lie computer. Best prices anywhere in Canada
Multifilex IBM Compatible:

*Works with PASCAL and CP/M.
*Auto-switch between 40 columns and 80

Floppy Controller and serial port
Video Board

columns. ew
$84.00
256K/1Meg with real-time clock, serial port & more

*Full inverse video.
2-80 Cﬂrd High quality keyboard with case
S|59 oo Superb quality cases
| [ ]

WIZARD
Paraliel Card
$95.00

Multiflex Users Group
P.O. Box 4059
Station ‘F’
Ottawa, Ont.

K1C 5B1
Memory Chips

4164 - 150 ns (1x64K single (+ 5V)

supply) 9.95.
4116-200ns (1x16k) 1.74

SA 455 Slimline DS,DD Disk Drives — ideal for IBM. Connectors for your IBM peripherals. We
now have stock on most parts you need for your 8088 Boards at most competitive prices.

includes Apple ll e an

Zenith Green Screen Monitor I tn; is ¢
Apple Disk Drive with Controlier 5209 Oor
Apple 80 column card Oo
Apple Joystick

WE HAVE A
SPECTACULAR
STOCK OF

Diskettes

5%” Diskettes. Boxes of 10
Maxell MD1

Joysticks
$19.95

Economodel

4116-150 ns (1x16K)
2114L-200 ns {1kx4 static)
6116-150 ns (2kx8 static RAM)

1.99
2.49
8.94

74LS PARTS
AT

Maxell MD2
Verbatim with
Free Plastic Case

Self-Centering
With two adjustable controls
Super offer

(Pin compatible with 2716 uses negligible

amount of power) REASONABLE

2016-150 ns (2kx8 static) 8.74 PRICES.
2102L-200 ns (1kx1 static) 1.94
% OEM

5101-CMOS RAM
2708-(1kx8) EPROM 6.74 ENQUIRIES
INVITED

2716-(2kx8 EPROM single + 5V) 5.50
2732-(4kx8 EPROM single +5V) 8.95

Due to parts shortages,
prices are rising.

2532-(4kx8 EPROM single 5V) 8.74
2764-(8kx8) EPROM single 5V) 1295

Feo t’l"'"lg the
Mulitifiex Apple™

Compatible Drive;
controlier

$89
With Apple™ Software
$119

Kraft Joystick $69.00

TG Joysticks
Deluxe Model

TG Paddles
De Luxe Model

Ectype (with library case worth
< ! $75.00

2 éct e Diskettes in a plastic
& ’ $64.95

binder sheet

SPECIAL Free calculator when you

purchase 5 boxes of 3M diskettes. Deluxe Table Top Model

$59.00

PAPER $10.45

For your printer
Control Data, 9%" x 11’'plain500
sheets Other sizes available.

1500 Sheets of Paper
in carrying case

$29.00

coming soon:
COMMODORE
> | PERIPHERALS!

Exceltronix Computer Division Computers at unbeatable
prices! (316) 921-8941, 319 College St., Toronto, Ontario

M5T 152
EXCEL ' Ra"’x No returns or exchanges after 7 days. 15%% restocking charge.

Circle No. 7 on Reader Service Card.
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we will not be undersold

OUR FAMOUSs | ©552/8088
6502 BOARD

NOW NEW & IMPROVED VIDEO SECTION CALL FOR PRICING

We offer quality Canadian

This 6502 board is a vast improvement on others available:

® 64K RAM (8-4164 chips) ® Superb quality plastic case H

® 80 x 24 video included on board ® Excell keyboard Including prOdUCts' Shop Canadlan'
® Floppy Disk Controller included keypad

@ FIVE additional slots ® EPROMS (blank) included

@ 780 blank PCB Included ® Avallable preassembled by
® Powerful power supply (SV 5A, +12V 2 special order only.
up 10 3A peak, — 5V 0.5A, ~12V 05A) o 1qeal  for  educational

B © Hydro-approved whereas many others applications. Apple Peripherals
$689

Assembled and Tested

are not!

................. 58.00
"ow you receive a FREE zs0 pc BoARD AND gg(:(cz:ird : 84.00
FREE 128k ram DISK PC BOARD when you order  f =~ 707 -« -
the complete package (either Kit or A&T) (BLANK 16KRAM ................. $ 58.00
Prototyping Board ......... $ 14.50
Parallel PrinterCard ....... $ 59.00
“e ... with cable & connector ... $ 69.00
Peripheral Boards fOr your | 128KBoard(NoiCs) ....... $ 49.00
IBM Pc .. withIC’s & 64K RAM . . . .. $129.00
.. wWithIC’s & 128K RAM .. .. $210.00
IBM, IBM PC are registered trademarks Crazy Candiees — a1, $ 55.00
I1BM Canada Ltd.
The following boards now available Disk Drives
® Prototyping Card Apple Compatible ......... $269.00
® Floppy controller card with serial port on board Controller .. .............. $ 89.00
® Colour Video Card ... Wisoftware ............. $119.00
o 2'56K Memory Bgard expandable to 1Meg with real One year warranty
time clock & serial ports
® Case to house the above - $139.00 :
® Compatible keyboard Monitors
® Our own 8088 Board, enhanced and compatible ?\mgg Ic\;mber ........... glgg.gg
@ HEC o LN HEA TS b
8088 BOARD i Roland Colour1 ... .. ...... $395.00
Call for best prices
CO LOU R Note: We do not sell any proprietary software
GRAPHICS 256K Best Prices in Canada Printers
A.Gemini10x ............. $359.00

RA_M or 1MEG. 4 B. Special Multiflex parallel card with
using new 256K gablf. Shop andfc:mp:;e s 24(25233
. ] ackage price of A an org 8 4
RAM Chips. Gemini 15X ............... $649.00
® Floppy controller @ 1/O
® And much more @ Sold - =
with all parts including blank “\\mmm
EPROMS ® Compatible with
2??? Yes you guessed it. At a ]
price so low you won't believe
it. Please call for ordering &
pricing. Demand is over-
whelming. Orders will be fill-
ed (On a first come first serv-
ed basis).

5’ Green Screen
Monitors. $59

Telex No.
065-24218

Mail Orders add $3.00 minimum for shipping &
e handling. Ontario residents add 7% P.S.T. Visa,
Mastercard and American Express cards ac-

Huge variety of Surpius stock at Iow, IOW Prices. NEeW| . i s o s o thears o

bank and signature. Send certified cheque or

shipments arriving. No reasonable offers refused.| ™" o o sendcash

Circle No. 22 on Reader Service Card

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3 (416) 925-8603.
1-800-268-3798 (416) 925-6558
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NEWSSTAND DISTRIBUTION:
Master Media, Oakviile, Ontario

SUBSCRIPTIONS
$19.95 (one year), $34.95 (two years). For US add

37 Computer Review: Columbia 1600
The Wired City goes IBM-compatible.

$3.00 per year, other countrles add $3.00 per year.
CO‘OSS“S SR TRAYELNG WAYE ur Please specliy, it subscrliption Is new or a renewal.
The first large computer cracks the Nazi code. t BINDERS
- Binders made especially for ETI are available for
q . . F’J] $9.25 including postage and handling. Ontario
DeSIgmng Micros, Part 6. j@"tmﬁm R residents please add provinclal sales tax.
/O circuitr 1 e BACK ISSUES AND PHOTOCOPIES
Y- 16 Previous issues of ETI Canada are avallable direct
..... = from our offices for $4.00 eaqh; please specify by
BOOk Revnew: month, not by feature you require. See order card for
issues available.
58 Megabucks From Your Microcomputer We can supply photocoples of any article

published in ET| Canada; the charge is $2.00 per arti-
cle, regardless of length, Please specify both Issue

62 Computing Today: e \ G i e | and et

COMPONENT NOTATION AND UNITS
More on Assemblers

We normally specify components using an Interna-
Projects

with this but it's simple, less likely to lead to error
and wil be widely used everywhers sooner or later.
Chivalry is not dead; protect your SV computer
supply against the fearsome Brownout.

tionai standard. Many readers wiil be unfamiilar
ET! has opted for sooner!

2 4 Supply Protector

32 Flash Sequencer

Firstly decimal points are dropped and substituted
Make multiple exposures using four camera
flashes and keep your photo store owner
smiling.

40 R/C Substitution Box

Dwight Patrick returns with a low-cost, simple

unit for your testbench.

64 More Pop Amps

with the multiplier: thus 4.7uf is written 4u7.
Capacitors also use the multiptier nano (one
nanofarad is 1000pF). Thus 0.1uf is 100nF, 5600pF
is 5n65 Other examples are 5.6pF = 5p6 and 0.5pF

Resistors are treated similariy: 1.8Mohms is 1M8,
56kohms Is the same, 4.7kohms is 4k7, 100ohms is
100R and 5.60hms is 5R6.

PCB Suppliers
ETI magazine does NOT supply PCBs or kits but we
do issue manufacturing permits for companies to
manufacture boards and kits to our designs, Con-
tact the following companies when ordering boards.
Please note we do not keep track of what is
available from who so please don't contact us for in-
formation on PCBs and kits. Similarly do not ask
PCB suppliers for help with projects.

KSK Assoclates, P.O. Box 266, Milton, Ont. L9T

B—C—D Electronics, P.O. Box 6326, Stn. F,
Hamilton, Ont., LSC 6L8.

Wentworth Electronics. ‘R.R.No. 1, Waterdown,Ont.,
LOR 2H0.

8551200|nths Inc., P.O. Box'261, Westltand MI 48185,

Handy circuits for learning or experimenting. Arkon Electronics Ltd., 409 Queen Street W., Toron-

to, Ont., M5V 2A5.

%eyer &IMargn tEI?ct{g\g‘c Ltd., 2 Jodi Ave,, Unn C,
. ownsview ntario
co‘u’““s News und ETI Binders......... oo Sl Spectrum Electronics, 14 Knlghtswood Crescent,
[ Product Mart 54 Brantford, Ontario N3R 7E6
m AT W T RER T~ ProductMant . Mot
' tio
Informeation OrderForm ... e e
Subscriptions.......... 60 | |Second Class Mail Registration No.sssds."Mang}g

i - address for subscription orders, undeilverable

For Your Information .. 1: gunkolf Electronics ..... ig 'g‘ech"lrps ............. (65; Sohin an? cha?g%m ad‘dress m:tlice l? e
........... 2 SSues ........... ecials .......... ... Electronics Today International, Suite

Next Month - p 25 Querlea Blvd., Toronto, Ontario, MaH 1B1.
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Brother Update

No sooner did we complete our
review of the Brother EP20 elec-
tronic typewriter (Dec. ETI) than
they announced the new EP22.
The EP20 has been expanded to in-
clude a 2K memory buffer and an
RS232C interface which allows it
to become a printer for your per-
sonal computer. It still retains the
correction buffer and LCD
readout that allows you to correct
mistakes before they’re typed. It
works on flashlight batteries or an
AC adapter, and seems to be one
of the lowest-cost ways to get
yourself a computer printer. Judg-
ing from the EP20, it should be a
winner.

ETI Magazine is Published by:

Moorshead Publications
Editorial and Advertising Offices
Suite 601, 25 Overiea Boulevard,
Toronto, Ontario, M4H 181
Telephone (416) 423-3262

Publisher: Halvor W. Moorshead
Editor: Bill Markwick
Editorial Assistant: Anthony DeBoer
Production Manager:Ann Rodrigues
Production: Susan Cross
_Robin Mills-O’Neill

Doug Goddard

Earl Gunawardena

Circulation Manager: Lisa Salvatori

Accounts Department: Pirjo Dunphy
Advertising: Omar Vogt
Representatives: Rick May
Advertising Tratfic

Co-ordinator: Claire Zyvitski
Advertising Services: Carolyn Wyatt

Sharon Cernecca °

General Manager:
Executive
Vice-President: V. Kenneth Marskell

Senga Harrison

COPYRIGHT

All materlal Is subject to woridwide
copyright protection. All PCB patterns
are copyright and no company can sell
b'oards to our design without our permis-
slon.

UABILITY
While every effort has been made to en-
sure that afl constructional projects refer-
red to In this magazine will operate as in-
dicated efficiently and properly and that
all necessary components are available,
no responsibility whatsoever is accepted
in respect of the failure for any reason at
all of the project to operate etficiently or
at all whether due to any fault in the
design or otherwise and no responsibility
is accepted for the failure to obtain com-
nent parts in respect of any such pro-
ect. Further no responsibility is accepted
in respect of any injury or damage caused
by any fault in design of any such project
as aforesaid.

EdRorlal Querles

Written queries can only be answered
when accompanied by a self-addressed,
stamped envelope. These must relate to
recent articies and not involve the staff in
any research. Mark such letters ETI-
Query. We cannot answer telephone
queries.
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Systems Mart

Located a 6900 Airport Road,
Mississauga, Ontario, Systems
Mart is a large complex serving the
computer marketing industry. In
the photo, Bud Rodda, general
manager of the Mart, and Helen
Briggs, project director, welcome
David Whiteside, President of
Lanpar Technologies Inc., follow-
ing the announcement of his in-
volvement with Systems Mart. The
Mart offers a total of 256,000
square feet, including 15,000

square feet of meeting and seminar
facilities. The complex includes
miany other of Canada’s business
system dealers.

p——

International Resource Develop-
ment, 30 High St., Norwalk, Ct.,
has come out with a comprehen-
sive study of the supply/demand
situation regarding communica-
tions satellites. According to the
report, the demand for channels is
slightly ahead of the supply of new
transponders, and this will in-
evitably mean a rise in prices,
perhaps as much as 30 to 40%. Of
course, this trickles down to you
and me. That’s what we’re here
for. The matter will be worsened
by the channel demand of the
direct-to-home satellite broad-
casting system now in the works.
Watch for a future issue of ETI for
Roger Allan’s coverage of direct
broadcasting.

New Microphone

The most significant effect of us-
ing a PZM (Pressure Zone Micro-
phone) is the fact that distance and
angle of sound source from the

microphone make virtually no dif-

ference to the quality of pickup. It

has a hemispherical pickup pattern

and any sound source within that

hemisphere will sound “‘on-mike’’,

without that familiar and annoying

“hollow’”’ sound of traditional

microphones. The PZM can thus

be placed on the floor, desk, wall,

ceiling, table, or anywhere sound |
can be best captured, and deliver

clear, distortion-free reproduction.

And its low-profile design makes it

better to use where traditional

types of microphones would be ob-

trusive or unsightly. PZM

technology results in increased

clarity and range, whether used in

a small room or on a large stage,

for a single speaker or a large vocal

or instrumental group. Frequency

response is 20-18,000 Hz at 600

ohms, and it will accurately

reproduce sounds up to 135 dB

pressure level. It requires an

‘““AA’ battery. The Realistic PZM

microphone (33-1090) is available

at any Radio Shack store or par-

ticipating dealer for $46.95.

Do you keep losing the cover for
your Gemini, Delta, or Atari
printer because there aren’t any
hinges? You can solve the problem
painlessly with a self-adhesive flex-
ible plastic hinge set said to with-
stand over two million flexings.
The hinges are $4.95 per set. Retail
information is available from your
favourite dealer, or contact SK
Enterprises, P.O. Box 82, Stn. C,
Kitchener, Ontario N2G 3W9,




Low Cost Tachometer

A new low-cost wide range digital
tachometer designed for AC
powered panel mounted applica-
tions has been introduced by
Metermaster. The instrument
operates from a wide range of op-
tical or proximity sensors pro-
viding one pulse per revolution.
The ACT-1 is direct reading to the
nearest RPM over the range of 50
to 20,000 RPM on a 42 digit .4
high LED display. For low speed
applications, the instrument may
be switched to read to the nearest

.01 RPM and supplied with 10
pulses per revolution. The ACT-1
may be equipped with a number of
different options including pulse
outputs, analog outputs, high
speed alarms, and low speed
alarms. It may also be supplied
with a surface measuring attach-
ment to read linear speeds directly
in either English or Metric units.
For addional information please
contact Metermaster, division of
R.H. Nichols Co. Ltd.,, 214
Dolomite Drive, Downsview, On-
tario. M3J 2P8, (416) 661-3190.

Logic Probe

The Digital Logic Probe from
Radio Shack provides a fast way
to “‘peek inside’” TTL, LS and
CMOS digital circuits. Colour-
coded LEDs indicate high, low or
pulsed logic states up to 10 MHz.
Simultaneous tone output ‘‘frees’’
the eyes to speed up testing.
Capable of testing all logic
families, the Digital Logic Probe is

overload and polarity protected.
The minimum detectable pulse
width is given as 50 ns. A test cir-
cuit provides power with 36 inch
clip leads. A low current drain, the
probe comes with instructions and
user’s tips. The Digital Logic
Probe (22-302) is available for
$29.95 at the more than 800 Radio
Shack stores and participating
dealers nationwide,

for your information

Low Cost Daisywheel

Canadian General Electric will
market a new daisywheel printer
priced at $949. The model 6100
printer, manufactured by Tokyo
Juki, has a printing speed of 18
characters a second. It uses stan-
dard daisywheels which can be
dropped into place. The ribbon too
is an easily installed, easily obtain-
ed IBM selectric type. The
operator can select printing at 10,
12 or 15 characters per inch or pro-
portioned spacing by means of a
switch. Both horizontal and ver-
tical tabbing is standard, as is half
line spacing. Graphic mode, for-
ward or reverse paper feeding and

unidirectional or bidirectional

printing can be selected. A new
feature of the model 6100 is that
the printer head is moved by a
linear motor.

'

SELF-SUFFICIENT
EPROM COPIER/PRO-GRAMMER

eos. soo Trer

PRO-CGRAMMEUR

e ncludes its own Z80-A processor

o Needs no personality module

e Copies: 1, 2, 4 & 8K bytes single supply EPROMs
e Comes with a powerful 4K bytes monitor

ONLY $99.00 * (kit)

With this KBH interface, you
can modify your EPROM
content or load anew codein
the PRO-GRAMMER's RAM
before transfering on
EPROM. You canalso access

several operation modes
such as:
e Memory and register

examine and change

e |Insert/delete one or many
bytes anywhere in a pro-
gram

® Break point execution
mode

® Block transfer mode

® and much, much more

ONLY $59.00 * (kit)

Call or write for your free copy of the products

g catalogue manufactured by

i PROTEC MICROSYSTEMES INC,

725 Decarie Suite 202, St-Laurent, Que. H4L 3L4
] (514) 744-3363.

* Add 3% shipping and handling. Quebec residents: add 9% P.S.T
Cheque. money order. visa accepted. Please printyour name. visa no.
expiration date & signature

Circle No. 11 on Reader Service Card.
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Please note the distinct features
Winner offers:

*Dual microprocessors 6502 & Z-80A
*RS-232 built in
*Disk drive interface card built in

N
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5uper-eﬂ-'lc1en 44

*40/80 column text display and auto change video

output port by soft switch
*76K RAM with 4 expansion slots
*16K ROM
*DOS 3.2 & DOS 3.3 capability
*Apple & CP/M compatibie

keypad

- solid state -

.COMPUTER ROOM

Roland

.ORION ELECTRONICS .

*ASCIl keyboard with function keys and a numeric

COLOR B

Composite System Colour Display

*Upper/iower case
*Streamline case

other memory RAM

*OS could be changed when desired without affecting

“ADD VISION TO YOUR COMPUTER WITH THE MICRON EYE"~
programs included - hardware, software & optics

included, $380.00

Composite system, 14-inch
display.

With its built-in amplifier and
speaker, it accommodates
games, video monitor, etc.
Low cost but provides high

Electrohome Monitors
& Accessories

EDM1226/B&W $149.00
12” Black & White Monitor

EDM1226/P31 $159.00
12" P31 Green Monitor

ECM1302-1 $349.00
13" Color RGB Monitor

ECM1302-2 $450.00
13" Color RGB Monitor Hi Rez.

1-1302 $69.50

NTSC Interface for ECM1302 for Apple Il Com-
puters (1 year warranty from Electrohome)

RELIABLE DAISY
WHEEL RO PRINTER

$749

Ve

MO

.COMPUTER ROOM . . ..

1014 FEATURES

B SERIAL AND PARALLEL INTERFACE
B WORD STAR®* COMPATIBLE

B QUIET OPERATION

B PROGRAMMABLE PITCH AND LINE SPACING

@ COMPACT AND DURABLE

@ MICRO, MINI, MAINFRAME COMPATIBLE

@ INTEGRAL PIN FEED GUIDE (ADJUSTABLE)

B RIBBON CARTRIDGES AND PRINTWHEELS READILY
AVAILABLE

ORION ELECTRONICS

ORION ELECTRONICS

PRINTER

7X8 DOT MATRIX

80 CPS, 640 dots/line per second
Bidirectional

80 Column normal

142 Compressed

Friction & Tracktor Feed
Standard Centronics Paraliei
Same as EPSON 80

$495.00

X . . Zenith 12” Green $139.00
performance with sound circuit | 12” Amber $169.00
& headphone jack. AMDEC-1 Colour 13" $398.00
® Protected from an erroneous MACKINTOSH $159.00
h . 5 12” Amber
operation of a floppy disk drive | gm 1201 Green 12” $149.95
5449 oo unit and dealt with a shield GM 1201 Amber 12" $159.95
treatment for a magnetic inter-
® ruption against other electronic DIRECT COUPLED MINI MODEM
units. $99.00

$45.00
ZX81
Printer
$109.00
16K Sinclalr Memory
$45.00
Books Hardware

OOMPLETE 2X81 BASIC COURSE - inc. 2 281 Ass.
Nov DNLY 30 PROGRAMS: 1K

MACHINE LANGUAGE MADE SIMPLE

281 ROM DISASSEMELY PAAT A & PART B
UNDERSTANDING ZX81 ROM

T/3 1000: PROGRAMS, GAMES and
GRAPHICS

LEARNING T/5 BASIC

THE BASIC HANDBOOK

4% EXPLODING GAMES

COMPUTER FOR KITS SINCLAIR EDITION
MASTERING MACHINE CODE ON YOUR ZXB1 24.06
TrS 1000 USERS GUIDE (Voi 1)
EXPLORERS GUIDE TO THE ZX81

2ZX81 POCKET BOOK

GETAWAY GUIDE

GETTING AGUAINTED WITH YOUR ZX81

SaK AW (Memn(.cn)

ORION 84K

22K RAM (Memolach)

18K RAM (Sinclale)
MA

Power Supply {850 M.A)
Powsr Supply {1 AMP]
Kayboard (uncesed)
nosoldering req.
Metai Case lor sbove
Memopak Centronice Type Parailel Printer
Intertace

Memopaek ZX81 Keyboerd

s Momo Calc

® Intertace lor any serial printer & 4 cassells
recorders: includes plugs, cords end s detsiied
menusl

Additional Hardware & Software
for the SINCLAIR Zx81
AVAILABLE ON REQUKEST.

87 Keye, Assembied




APPLE COMPATIBLE
COMPUTERS

48K Color computer with
standard keyboard $449.95
48K Color Computer with numeric
keys & function keys $495.95
64K Color Computer with
/ standard keyboard $495.00
64K Color Computer with numeric
and function keys $549.95
64K Color Computer (Dual-6502 & Z80A,
CP/M), Numeric & function
- keys $595.00

INTRODUCING THE VZ200 coPAM PC301
A Personal computer thats full|liBM» COMPATIBLE

featured, simple, universal and AFTER | ... .66 computer
AFFORDABLE! $ 1 65 system designed specitically to be com-

patible with the popular IBM personal
o computer. The COPAM computer con-

LFRTR

AN

" WOOH H31NdWOD

[ ——

sists of system unit, 2 disk drives &
keyboard.
SYSTEM UNIT: 16 BIT computer * RAM
128K expandable to 256K * Multi function
card -2 channels serial assynchronous com-
munications port (RS232 Intertace) - one
parallel printer pont -calendar/clock func-
tlon, powered by rechargeable battery *
disc controller card handles up to 4 disk
drives * colour display card * test mode
40 col x 25 row, 80 coi x 25 row * graphic
mode 320 dots x 200 lines, 640 dots x 200
lines * high wattage power supply * flve
expansion slots.
FULL FEATURED ® 12K ROM, 4K RAM expandable to 64K §Keyboard: fully detachable keyboard,
® 9 colours ® Built-in RF output to TV and video o/p ffunction - compatabiiity with 1BM PC
® Full size, moving-key keyboard to monitor keyboard I"ans"""' : serlal 1P © 95 keys .
® 45 automatic repeat keys e Complete with AC adapter, demo 57‘;":\:7;:; "‘(:VZ N 185‘;:"’:(')‘:"';?:':;’? g Operating System: * provides you with
® 16 pre-defined single character program, all cables required, TV/ ome,p keys Y gf&?ﬂ‘(’;‘n’“‘;goﬁé ;gam‘ggoﬁ“':ga:v"a:’; .
o E;aph'cdkf‘}'sh ey & . Ear;‘iforr:eroiw'éfhf and 3 lma;.’;“a}'s Disk Drive: The PC301 comes with 2, 5% packages. MS DOS 2.0 & 1.1 can run onflg}
ASTCINIGNIIESOLUIONIGIEpINC Lot anciponavier=ea syl double sided, double density disk drives * COPAM PC 301.
modes briefcase unformatted -medla 500K bytes track
Introductory Special 16K RAM  $89.00 [6520 bytes * formatted (16 sector, 1BM
Reg. 199.00 format) media 327K bytes, track 4096 CALL FOR MORE INFORMATION
R bytes. & PRICING.

CALL FOR MORE DETAILS
WOWIE! LOOK AT THIS! 6502 BOARDS & ACCESSORIES

"WOOYH H31NdWOD "

® Sound output
® Full on screen editing
® Fast Z80/A CPU

"SJINOH103173 NOIY

AMB-1 $325.00 ALC $69.00 = =

Mother Board, APPLE Il Compatible, Assembled & oK RAM (Language) Card — Orion Electronic

‘(r:s;?%z;/‘: B;:;?CROMS’ cRKIAATI, iadeliliapa Ly Keyboard; Numeric key pad with function keys, replace- supplles |I|C.

g 9 5 ment for APPLE 1l

ABB-1 $ 39.00 AC-2 $99.00 .

APPLE Il Compatible, Motherboard (no components) Belge APPLE il Case (for above keyboard)

o :::radukplta . $250.00 o Bl T B numeric s; ;g.gg 40 Lancaster Street West /

‘E\'E:-C;M e $119.00 Switching Power Supply for APPLE|ll; +5V @ 5 amps, Kitchener, Ontario N2H 4S9 8

urner Lar +12V @ 3amps, -5V @ 'z amp, - 12V @ Y2 amp; ¢/w X

I‘:\'gg;er Card $89.00 on-oft switch & connecting wires (519) 576-9902 <
AAA-2 B o)

AEC-1 $89.00 » 5

80 Golumn Card Disc Drive, 5%, APPLE 1l Compatible, Exc|udl§'é99 00 Master Charge & Vlsa, COD, Cheque, (=
ControllerCard ..............ccoivveeeinnn J D 3 -

AZCA $89.00 with controiter $369.00 Money Orders accepted. COD’s, shipp-

Z80A (CPM) Card ] : : m

b $89.00 ADC-1 $75.00 ing & insurance extra. Write for our o

v ’ r Disc Drive Controller Card for two drives; Apple li Com- FREE FLYER

Parallel Printer Card patible : o o]

ASCH . $89.00 APPLE 1l is a registered trade mark of Apple Computer. . ) , (@]

Serial Printer Card Inc. Prices subject to change without o

notice. =

Circle No. 6 on Reader Service Card.

ORION ELECTRONICS . . . .. COMPUTER ROOM
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Are you the proud owner
of one of those watches
‘that are guaranteed to be
‘accurate to within a se-
cond per year? Prepare to
turn green with envy as
James W. Essex looks at
world time standards.

|
e

= 4
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IF SOME DAYS seem longer than others,

don’t blame yourself — they could be HOT WIRE oo

longer. In June of 1982, for example, was | IONIZER  y iy TiPLIER
NTERACTION

‘“‘the longest day of the year”, by exactly CAVITY

one second. S B ]

The leap second was inserted just ggjg’c""s 177 r—] f~ /W H->- oUTPUT
before 8 p.m. on June 30, 1982, because LA g Ly S L < o
atomic clocks had gotten slightly out of s =__ =
whack with the earth’s rotation. R’ MASS

““The earth’s behaviour is erratic,”” ex- @ - SPECTROMETER
plained Collier Smith of the National
Bureau of Standards in Boulder, Colorado. / I ' \

“Since we can’t do anything about the spin- =0 i -
ning of the earth, we have to adjust the o e MICROWAVE PR ERT
atomic clocks.” INPUT

The leap second was ordered by the In- ¢
ternational Bureau of Time, in Paris, of . |
which the United States and Canada are Floasl Ve oy Sl el
members.

One second is defined internationally as the earth into time zones. This was the first itself in practical ways that most of us are
the time required for 9,192,631,770 vibra- real attempt to bring some degree of order aware of. Going east, you advance your
tions of the Cesium 133 atom. For the last to what was then a chaotic situation. In 1884 watch an hour in crossing a time zone. Go-
10 years or so, the discrepancy between the the U.S. and Canada adopted the idea of ing west, you do just the opposite and ‘‘take
second that is defined atomically and the se- standard time from which our present time off”’ time. If you go far enough west you
cond that is defined by the earth’s rotation zones (Atlantic, Eastern, Central, Moun- cross the International Date Line — clear in-
has amounted to about one second a year. tain, and Pacific) are derived. to the next day! This invisible “line’’,
Except for 1980, leap seconds have been The more recent move by the British to located at longitude 180 degrees, runs from
added to every year since 1972. Canadians tie their clocks into Western Europe shows the north to the south Pole, bisecting the
have been time conscious for nearly a cen- how arbitrary ‘‘time’’ can be. They have Pacific Ocean. Going west, you skip a day;
tury. long related local time to Greenwich, where going East, you repeat a day. You don’t

For us, it all began ninety years ago zero meridian runs through that community seem to get ‘‘psychologically untangled’” un-
when a Canadian engineer, Sir Sandford near London, and to which all time is refer- til you return.

Fleming, first published a proposal to divide enced. For the traveller, keeping time exerts These time tricks are nothing compared

MEMORY SPECIAL Japanese Parts Specialists | %20Columnswitcn $6.00

2. Color R.F. Modulator $14.00

4116 150nS NEG ) PARTS 100% GUARANTEED | 3 Joystick(Self-centering) $39.00

two adjustable controls

4864 1x64K Hitachi 150NS $8.99( cru TTL a) Parallel Printer Card $69.00

b) 16K RAM Card $59.00
2708 1Kx8 LS323 .99 | ¢)80 Column Card $79.00

716 2Kx8 Hitachi, NEC . $4 99| Z80ANEC . LS08 ; d) Disk ControllerCard $59.00
37324K:8Hitachi,NEC T Vgo5| 6502A2MHz $6.99 | gy 35 |eyzs0card S

. 2 6502 : LS132 . f) Communication Card $79.00
2764 8KX8 MltSUbIShI ) $11.75 6845 CRT Controll- LS107 . g) 40/80 Col. soft switch $19.95

ErifitaciieRe s Lsgo7 A. 6502 48K KIT or (A&T) $499.00
2114 200nS (Hi i $29.95 15194 : B. 6502 64K KIT or (A&T) $539.00
nS (Hitachi) . . C. 6502 64K builtin Z80 or (A&T)  $699.00
: i LS139 . ITEMS A,B & C Comes with case and
Peripherals L5283 :
8748D NEC .$24.50 (5367 a numeric keypad, gold (hydro approved 5
4164 1x64K OKI 200NS S 8741 NEC . .$32.50 amp power supply)

LS166
2016 150 NS . 8251 NEC . . .$5.99 (3377 D. 5 amp Teapo Black Power

6116 150 NS 75| 8253.5NEC .$9.00 | (s368 : 3‘3‘;%'& 1C Sockets R
8257-5NEC . $9.25 | | sg6 ) Double Side

Cali for quantity price. >

OEM Engquiries Invited. GOLD Switching Power

; - Suppl
54 Mitac Disk Drive : PPly
with Controller Card .... $339W . (+5V,5 AMP, +12V,25

: : AMPS, -5, V2 AMP, — 12V
5% double head Panasonic slim "' AMP). Heavy duty.

Direct Drive with controller 5% Floppy Disk Case (storage up to 150 HYDRO APPROVED, Run 2
diskettes) $39.95 | grives and lots of

1. YJU High Res non-glare Amber Monitor $169.00 | peripherals. Circuit

Numeric Case 2.52 function numeric keyboard (electronic touch diagram includded.

upperflower case) $129.00 ° 9o Days Warranty.

Service Centre and Retail Outlet, 4051 Sheppard Avenue East (at Kennedy), Agincourt, Ontario M1S 1S8 (416) 298 3280

| N T E R N AT | O N A L LT D . Mail Orders: Send a certified cheque

or money order plus $3.00 for shipp-

ing and handling. For Special

(41 6) 298'3280 Delivery, please add $1.00 extra. On.
Telex N 065_261 50 tario residents add 7% P.S.T. Visa &

Mastercard accepted.

Circle No. 8 on Reader Service Card.
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Flying Clocks

to the difficulties placed on man when con-
sidering the smaller fraction of time — the
second. To bring the interval of time be-
tween seconds to an accuracy approaching a
billionth of a second or better, is work. But
it pays dividends in useful applications! The
early advocates of time standards likely
never envisaged the wide use that the small-
est increment of time, the second, would
find.

Radio Time

It’s not too long ago that the first accurate
time signals were produced, with the gener-
ally wide acceptance of radio waves as car-
riers. It’s been said the regular transmission
of the time signal from the Eiffel Tower in
France in the early part of this century was
one of the wonders of the world!

To have time accurate to a fraction of a
second wherever you are, you can do one of
two things: be dependant on radio propaga-
tion of accurate time signals from stations
such as WWYV in the U.S. and CHU in
Canada, or have at hand an independent
“‘local standard’’ with an accuracy equal to
or better than the radiated signals. Up until
recently this was not easily done — even if
cost wasn’t involved — because science
wasn’t advanced enough to make it possible.

In the early use of radio time signals, a
knowledge of the time delay inherent in
radio waves between transmitter and re-
ceiver was an integral part of the system.
The navigational aid Loran uses the delay
factor of radio waves in a system whereby
the difference in time from two known loca-
tions (usually fixed land stations a known
distance apart) allows a ship at sea to deter-
mine its exact position merely by the delay
interval between the two signals! This
demonstrates an indisputable fact: that the
time delay imposed by radio transmission
puts limitations on its use for carrying ac-
curate time signals.

to the location where time comparisons are
to be made. Because they are relatively com-
pact as well, they can be shipped via aircraft
to any part of the world. These Cesium
Beam Frequency Standards are referred to
as ““flying clocks”’ by Hewlett-Packard, the
manufacturers.

“““Flying clocks’’ eliminate
the problem of time delay
in radio transmission,
because you carry your time
with you.”

How do they work? First, something of
the basic construction. As seen in Fig. 1, the
primary source of the signal, whose accur-
acy is 1 part in 10", is from a Cesium 133
atom. In the Cesium beam resonator a beam
of cesium atoms is generated at A. Atoms at
a particular energy state enter the cavity B.
Here, they interact with a microwave field
developed from a quartz crystal source C.
The interaction of the two causes some
atoms to ‘‘flip”’, or undergo transition to a
different energy state. These are directed by
the second set of magnets at E to the hot
wire ionizer where they are given a positive
charge. Passing through a mass spectro-
meter at D, they reach the electron multi-
plier which boosts the output to usable
levels, which control the frequency control
loop of a quartz oscillator.

Though a crystal is used as a frequency
source, it is maintained accurately by the
beam-tube resonant frequency. Because of
this, the long-term stability of the standard
is high. Final alignment can be done without
reference to any other standard as the
cesium-beam standard itself serves. It thus
becomes a primary frequency standard with
a high order of stability. Because it is rela-
tively compact, the complete unit can be

Cesium Time

A newer and more accurate time source has
now been introduced, which eliminates this
problem because you carry your ‘‘time’’
with you. By making the standard light in
weight and portable, it can be carried right

PRE AMP PHASE
BEAM TUBE AND e INTEGRATOR
- . TUNED AMP
9192 .63IMH:
xioz2 | E
REFERENCE FREQUENCY
e
AND MIXER SO OSCILLATOR CONTROL
12.631MHz
FREQUENCY SMHz
x18 PHASE MOD QUARTZ
BIRIRESIZER {_ SMHZ OSCILLATOR
1 l SMH2 Figure 2: Block
diagram of a ‘‘Flying
Clock”’.

carried easily and airlines can transport the
unit, all the while functioning, to almost any
location on earth (as shown in our heading
picture).

Some years ago a pair of these Cesium
Beam Frequency Standards were used in a
round-the-world experiment. With one

clock going around the globe in a westerly
direction and the other going east as far as
Europe and return, they covered 25 time-
keeping facilities including the Tokyo
Observatory in Japan, the Royal Greenwich
Observatory in England, the Swiss National
Observatory, National Research Council in
Ottawa, and the National Bureau of Stan-
dards in Boulder, Colorado. It is believed to
be the first time a system of two mobile
clocks maintained time in mutual agreement
to within a microsecond in independant
operation. They were checked when they
crossed paths in Switzerland and again with
the “‘house”’ standard at their home base in
Palo Alto, California.

The experiment confirmed the accuracy
of the official Swiss and U.S. time scales.
Correlation between the two countries had
previously been done using high frequency
radio signals with a precision of only about 1
millisecond.

Worldwide Slowdown

With precision time come new aids to man.
Among these, and perhaps the most excit-
ing, is the locating of satellites in their pro-
per orbit. The old standard second, based
on the earth’s rotation in a 24 hour period of
86,400 seconds, has actually been found
wanting. More precise methods have shown
that the earth is actually slowing down!
Thus, the interval between successive
seconds, however slight over several years, .is
nonetheless there. It is of little use as preci-
sion time when time intervals within one
hundred billionths (one part in 10'!) of a se-
cond are involved. Orbital placement of
satellites is a time oriented procedure, and
accurate time is of the essence!

It is interesting to note that permanent-
ly installed laboratory constructed ‘long-
beam’’ cesium standards (of which the “fly-
ing clocks”’ are mini-versions) are located at
various locations around the globe. They
have been verified as primary frequency
standards of extremely high accuracy. For
example, the use of the portable Flying
clock enabled a check to be made between
the 4 meter cesium beam standard of the
Swiss Horological Research Lab and the one
at the National Bureau of Standards in the
U.S. They were within 1 part in 10" (or one
hundred thousand million). Most of the
world’s frequency standards now use
cesium-beam resonators as an absolute ref-
erence. Canada also has a “long-beam’’
resonator, at NRC Ottawa, and it similarly
agreed with the travelling clocks.

Next time you hear the Dominion
Observatory time signal at 1 p.m., you can
rest assured that it is about as accurate as
any time known — past or present! The
CHU frequencies are synthesized from a
rubidium frequency standard, in turn refer-
ence to the Canadian cesium standard daily.
CHU may be received on 3.33 MHz, 7.335
MHz and 14.67 MHz.

(ET1]
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Get a head start in the
emerging technologies with
practical training in control
systems, instrumentation,
robotics, optoelectronics,
and lasers. Exclusive
computer-aided instruction!

Here's the training that gets you into
the heart of American industry’s rebirth.
Over $5 billion a year will be spent in
automation alone. .. $2.3 billion in com-
puterized control systems... $600 million in
industrial robots and-robotics is only just
getting underway! To help meet the soaring
demand for people to operate, maintain,
repair, and design these control systems,
NRI has created the only complete training
in Industrial Electronics for Instrumenta-
tion and.Control Technicians.

Your training includes the TRS-80 color
computer, the NRI Discovery Lab, interfac-
ing breadboard, digital multimeter, fre-
quency counter, computer-assisted training
programs, audio instruction tape, and 46
profusely illustrated lessons.

(TRS-80 Is a trademark of the Radio Shack division of Tandy Corp.)

New from NRL...

Industrial Electronics
with color computer.

Learn on Your Own
Computer
NRI training is more than lessons. ..
it's experiences. You learn by doing,
using the TRS-80™ color computer to learn
about control systems, programming, and
troubleshooting. It comes with special

computer-aided instruction programs to
speed learning, is expandable for business
and personal computing, and is yours to
keep. And that’s just the beginning,
/ NRI's exclusive Discovery Lab® is de-
i signed to interface with your computer and
special breadboarding card so you build
demonstration circuitry, “see” inside your
computer, and follow its operation. You also
get professional quality instruments, in-
cluding your own digital multimeter and
CMOS frequency counter. You’ll use them
during your hands-on training, keep them
to use in your work.

No Experience Needed
Your NRI training is thorough and
complete. Starts you with the fundamentals,
builds step-by-step up to the most advanced
concepts. You learn about automatic con-
trol and feedback systems, control motors,

numerical control systems, lasers and
optoelectronics, robotics, microprocessors,
instrumentation, computer peripherals,
and much more. NRI keeps you up with
technology to make the most of the big
demand for control and instrumentation
technicians.

Send for Free Catalog

Send the postage-paid card for NRI's
big electronic careers catalog, There’s no
cost or obligation, and no salesman will
call. Init, you'll find complete lesson plans,
equipment descriptions, and career oppor-
tunities in this exciting field. You’ll also get
information on almost a dozen other elec-
tronic courses including Microcomputers,
Electronic Design, TV/Audio/Video Servic-
ing, Digital Electronics, and more. Act today
and get on with your future. If card has been
used, write to us.

NRI Schools
McGraw-Hill Continuing
Education Center

330 Progress Avenue

l
Scarborough, Ontario MIP 2725

I s ﬂ | . or telephone 416-293-8787
We'll give you tomorrow.



PLUS!!!

Component Store Directory!
Infinite Improbability Detector!
Directional Broadcasting!

Red Ink! Black Ink! Yellow Ink! Blue Ink!
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Tilt and Swivel Stand
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WITH DISK CONTROLLER CARD & Z80 CARD.

MPF Il
64K DYNAMIC RAM. A full 64K of random access memory provides the power you need to store a wealth of data or run sophls(lc'aled programs. 20K of

ROM is expandable to 24K to suit customer applications.

80 COLUMN VIDEO DISPLAY. The standard 80 column display is double that of most personal computers. Upper and lower ¢case characters can be
simultaneously displayed. The display also features a screen editor with the capabilities to insert, delete, or clear the screen.

90 KEY ULTRASLIM DETACHABLE KEYBOARD. Besides the conventional 56 main key layout, the MPF-IIl comes with a numerlc keypad, special func
tion keys and user function keys.
TONE SOUND GENERATION CHIP. The MFP-ill has a 36 tone sound generation chip that can be programmed according to your musical tastes.
Sounds emmitted include piano, bell, gunfire, bombing or laser.
INTERFACES FOR A WIDE ARRAY OF 1/0 DEVICES. The MPF-lil has a standard 7 interface port configuration that gives you the ability to inter-
face with disk drlve, printer, cassette recorder, 2-80 CP/M card, Chinese character card and monitor or television.
EXPANSION PORTS FOR EASY EXPANDABILITY. Designed with user flexibility in mind, the MPF-lll offers 3 expanslon slots for special user
application. MULTITECH DISK CONTROLLER CARD $99 . CP/M Z80 CARD $99

MULTITECH SLIMLINE DISK DRIVE The Slimmer is a half-height 5% thin floppy disk drive that is compatible with some of the most popular com-
puters on the market today, including the Apple & IBM.

® Fast Positloning Time - Stepper motor and direct DC drive motor permit high accuracy and reliability.
® Steel belt Drive Mechanlsm - Allows for faster track to track access (6msec) and settling time
(15msec) while gruaranteemg hI?h accuracy and rellabtlity. ® Safe Medla Protection -The slimmer has a
track-O sensor. This prevents disk damage by reducing the friction of metals inside the mechanism. @
Wrlite Error Protectlon Circults - Provides circuitry to prevent write errors caused by the pulse of power on
® Half Track Capability - Magnetic head can move a half track distance, this is necessary in most pro-
tection programs. ® Forty track ca acllr The Slimmer standard format is 40 tracks, not the standard 35
of the Apple drive. ® S(andard i{B C Interface - The Slimmer provides a 34 pin standard format inter-
tace for use with the IBM PC. ® Storage Capaclty: 250K Bytes $359

MULTITECH APPLE™ COMPATIBLE PRODUCTS EXCLUSIVELY DISTRIBUTED BY MICRO COMPUTECH
REGIONAL DEALERS INVITED

“MVM-12 12” Monochrome Video Monitor Green $209.00 Amber $239.00

“ HIGH RESOLUTION 12" NON-GLARE SCREEN * P31 GREEN OR C134 AMBER SCREEN * NTSC COMPOSITE VIDEO INPUT iNTERFACE * ERGONOMIC DESIGN
WITH FULL TILT AND SWIVEL CAPABILITIES * COMPATIBLE WITH MOST POPULAR MICROS * VIDEO BANDWIDTH OF 18 MHz * RESOLUTION OF 1000 LINES
CENTRE, MINIMUM 800 LINES CORNER * SCANNING FREQUENCY OF 15750 Hz HORIZONTALLY, 55 Hz VERTICALLY * 120 DAY WARRANTY

AccuFeel HIGH PRODUCTIVITY KEYBOARD $229

Special Function Keys

Twelve User Programmable keys each consist of four command leveis, the
MR preprogrammed functions of the first level include:

iil:_lnl:'lil E ‘ . l . ; *Catalog * Auto line number * Load * Auto line number Reset * List

* Keyboard Click Toggle * Save * Monitor Mode Entry Key * Delete * Boot key
1 for Apple port 6 * Run * Home
k. 5

The remaining 3 levels of 36 special code combinations are designed to be pro-
O | grammed by the user according to individual needs.

0 One Key Basic Feature A total of 52 BASIC commands can be entered with the

- convenlence of the push of a button. A key command map for replacement on

the AccuFeel is provided to facilitate operation. user Definable Keys The

AccuFeel is equipped with 10 user definable keys that utilize up to 60 bytes of

memory for user defined functions. Three on board keys control definition and
memory access functions.
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Ever considered adding a Travelling
Wave Tube Amplifier to your
stereo? Let Roger Allan
dissuade you.
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MICROWAVE POWER on or at the
kilowatt level and in the 1 to 10 GHz range
can be generated by three classes of vacuum
tubes: klystrons, crossed field tubes and
travelling wave tubes. The klystron amplifier
has a high gain CW power capability, high
gain, and good efficiency, but only a narrow
instantaneous bandwidth. The crossed field
amplifier operates efficiently at high pulsed
power outputs but is not well suited to CW
operation. Its gain is relatively low. The
travelling wave tube (TWT) is capable of
moderately high CW output power, and has
good gain but lower efficiency than either
the crossed field device or the klystron. The
TWT, however, is unsurpassed in instan-
taneous bandwidth capability. It is for this
reason that TWTs have become the funda-
mental amplification process in most high
power, high reliance operations such as
microwave relay stations, satellite up and
down links, military radars, and electronic
warfare methods.

The TWT is not a new device. Its
remarkable capabilities and some of its
potential applications have been known for
more than thirty years, ever since it was in-
vented during the latter part of World War
II by an Austrian refugee, Dr. Rudolf
Komphner, while working on microwave
tubes for the British Admiralty at the
Clarendon Laboratory at Cambridge.

The TWT was not utilized during the
war and remained an experimental labora-
tory device until the first practical tube was
developed by J.R. Pierce (now Professor
Emeritus of Electronics at Stanford) and
L.M. Field at Bell Telephone Laboratories
(BTL) in 1945, with first publication of the
data in 1947.

From 1945 to 1950 most of the dev-
elopment work was done at BTL and Stan-
ford University. The efforts were relatively
low key. Meanwhile, the military services
had other potential applications in mind —
specifically radar and electronic counter-
measures. The development of radars dur-
ing World War II had been rapidly followed
by the development of countermeasure tech-
niques to deceive and jam them (see
‘“History of Radar’’, ETI, May 1983). The
evolution of new radars in subsequent years
has therefore been particularly predicated by
continuous need to stay ahead of any new
countermeasure tactics which might com-
promise the radar’s effectiveness. The trend
has been toward much higher powers and
toward new techniques which would have
the effect of increasing visibility even while
being jammed. A good anti-jamming radar
must be able to shift frequency over a wide

7\

bandwidth quickly to avoid dwelling on the
jamming source frequency.

Similarly, the trend in countermeasures
has been toward wide bandwidth system
capabilities where the jammer amplifies
wideband noise, or may deceptively retran-
smit the hostile radar pulse to offset the
radar’s ability to determine the target’s posi-
tion or track.

Since wide frequency bandwidths are
essential to the employment of all these tac-
tics, an amplifying device capable of broad
operating ranges with sufficient gain, output
power and efficiency is needed, and the
TWT is ideally suited for the job.

Spin off developments from the mili-
tary are in the area of space applications
where TWTs and Travelling Wave Tube
Amplifiers (TWTAs) have been used in
scientific experiments, manned missions,
and commercial communication applica-
tions including Syncom, the ATS series, In-
telsat, Alouette, Hermes, Project Galileo,
the Saturn mission, DSCS-III, the Space
Shuttle, and TDRSS programs. Terrestrial-
ly, TWTASs are used in point-to-point micro-
wave systems, so much so that one wag re-
marked that a microwave relay station is
nothing more than a receiving antenna, a
TWTA, a battery, and a broadcasting
antenna.

How to Make One

One of the great beauties of the TWT is its
simplicity. Essentially, a TWT is an RF
amplifier which consists of an electron gun,
a slow-wave structure, a collector, a beam
focussing structure, a vacuum envelope, and
a package or housing. It is customarily inte-
grated with a power converter which accepts
a single voltage from a power bus and gener-
ates the various voltages required. The com-
bination of a TWT and its power converter
is called a Travelling Wave Tube Amplifier
or TWTA.

The first element is an electron gun. Its
purpose is to generate an electron beam, and
constitutes the basic mechanism of RF
amplification in the TWT. It consists of five
parts: a cathode, heater, focus electrode,
and one or more anodes.

The emitting surface of the cathode is
much greater than the required cross-sec-
tional area of the electron beam entering the
slow wave structure. This is called area com-
pression and allows the electron beam to
have the high current density which is neces-
sary for efficient TWT operation while
keeping the current density at the cathode
emitting surface at the relatively low values
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which are required for long-life cathodes.
Typical values for the area compression
ratios are from 15:1 to SO:1.

Customarily, two types of cathodes are
used. The oxide cathode type operates at
temperatures in the range of 650°C to 750°C
and can provide emission current densities
up to about 300 milliamperes per square
centimeter. The impregnated or dispenser
cathode operates at temperatures in the
range of 750°C to 1200°C and can provide
emission current densities up to about 6
amperes per square centimeter. The current
densities are therefore directly related to the
operational temperature, with the tempera-
ture being increased if the emission current
density obtained from the cathode is to be
increased. The life expectancy of the
cathode is also temperature dependent, with
evaporation of the active material from the
cathode surface increasing as the operating
temperature increases.

Wound in a bifilar manner, the heater
brings the cathode up to operating tempera-
ture. It is wound in this fashion so that no
appreciable amount of magnetic field will be
introduced into the electron gun by the heat-
er current. Any introduction of a magnetic
field into the electron gun would result in
difficulty in electron beam focussing, parti-
cularly in TWTASs having large compression
ratios which are particularly sensitive to
magnetic perturbations.

Out of Focus

The focus electrode surrounds the cathode
and controls the electrical field near its sur-
face. The size and shape of this electrode is
chosen to cause the electrons to leave the
cathode on the proper trajectories and to
converge into a well-defined electron beam
as they pass through the anode. Usually, the
focus electrode is electrically connected to
the cathode within the electron gun, but in
some cases the focus electrode connection is
brought out so that a bias may be applied.
This bids on the focus electrode can then be
used to turn the electron beam off or to con-
trol the current in the electron beam. TWTs
used in pulse applications, such as military
radar systems, often have an additional ele-
ment, called a grid, built into the electron
gun. The grid permits the electron beam to
be turned on and off with a smaller swing in
the applied bias than is required with a plain
focus electrode. The grid thus partially
obscures the path of the electron beam,
causing some perturbation to the electron
beam. For this reason, high reliability de-
vices usually use ungridded focus electrodes

%

A Canadian-made travelling wave tube by Varian Associates. Photo by Ed Zapletal.

which provide more uniform electron
beams.

Most TWTs have a single anode which
controls the electric field in the region be-
tween it and the cathode. This field provides
the accelerating force for the electrons. The
voltage on the anode therefore provides
control over the current in the electron
beam, permitting the gain and RF power
output of the TWT to be adjusted over a
small range. Typically, the voltage on the
anode is selected during TWT testing and
maintained at that voltage thereafter.

‘“TWTs have become the
fundamental amplifica-
tion process in most high
power relay, satellite,
and radar applications.”

B-type impregnated or dispenser
cathodes differ from oxide cathodes in that
the B-type cathode exhibits what is pleasant-
ly described as a “‘graceful degradation”” of
electron emission as a function of operation-
al life. A TWT using a B-type dispenser
cathode will suffer a gradual decline in gain
and RF output unless the anode voltage is
adjusted to maintain a constant cathode
current, This can be accomplished by using
a power converter and a servo-loop.

A more recent development, the
M-type or coated dispenser cathode, com-

bines the high current density capability of a
dispenser cathode with substantially less
variation in electron emission over opera-
tional life.

In most applications, the design of the
electron gun is chosen to permit the anode
to operate at a positive voltage with respect
to the body (ground) of the TWT. This posi-
tive voltage provides a barrier which repels
positive ions inevitably generated within the
electron beam. Without the positive anode,
the positive ions would be attracted to the
negative cathode and cause destructive etch-
ing of the cathode surface. In a few applica-
tions, the anode is at ground potential and
no ion barrier is provided.

In some applications, there are two
anodes. This is especially true for multi-
mode TWTs where it is necessary to adjust
the electron beam current over a wide range
to permit the RF output power to be set at
several levels. The first anode close to the
cathode) is used for beam current control.
The second anode operates at a fixed posi-
tive voltage to provide the ion barrier.

Turtle Waves

After leaving the electron gun, the electron
beam passes through the slow-wave struc-
ture. The purpose of the slow-wave struc
ture is to reduce the velocity of the RF wave
that propogates along the TWT so that the
RF wave is travelling through the TWT at a
velocity slightly slower than that of the elec-
tron beam. As the RF wave travels from the
input end of the TWT toward the output
end, it participates in a cumulative inter-
action with the electron beam. The RF elec-
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tric fields on the slow-wave structure
penetrate into the electron beam and cause
some of the electrons to be accelerated and
some of the electrons to be decelerated. As a
result of this interaction, the electrons re-
ceive a periodic velocity modulation approx-
imately in phase with the RF wave. As the
beam travels along the length of the TWT
this results in the electrons ‘‘bunching’ into
regions where the electron beam is more
dense separated by regions where the elec-
tron beam is less dense.

As a result of the accelerating and
decelerating fields, the electron bunches will
tend to concentrate ahead of the accelerat-
ing fields and behind the decelerating fields.
Since the average velocity of the electron
beam is slightly greater than that of the RF
wave, these bunches will tend to move
“‘back’’ into regions where the RF fields will
decelerate the electrons. Most of the elec-
trons will therefore be decelerated. As the
electrons lose velocity, they therefore lose
kinetic energy, and this energy is transfered
to the RF wave. This growing wave is char-
acterized by a nearly constant gain per unit

length under conditions of fixed beam cur-
rent and beam velocity. In other words, the
TWT gain is proportional to the length of
the interaction region where the electron
beam is coupled to the RF wave on the slow-
wave structure.

The velocity of the electron beam is
determined by the voltage difference be-
tween the cathode and the slow-wave struc-
ture. The slow-wave structure is nearly al-
ways operated at ground potential because
the input and output RF ports, either coaxi-
al or waveguide, will connect directly to the
slow-wave structure. To provide the proper
relative voltages, the cathode is operated at a
negative potential so the electrons *‘see’’ an
increase in voltage as they travel toward the
grounded slow-wave structure.

The Law of Conservation of Energy
determines how and where the RF energy
comes from. The RF wave on the slow-wave
structure grows at the expense of the kinetic
energy of the electron beam. Since the elec-
tron beam loses kinetic energy as it interacts
with the RF wave, the electron beam loses
velocity as it progresses toward the output

end of the TWT. This is part of the reason
that the RF wave is caused to travel at a
velocity somewhat slower than the electron
beam. This arrangement causes the electrons
to more or less *“*fall into synchronism”’ with
the RF wave as the electron beam gives up
energy to the RF wave. In all TWTs, it is
possible to control the velocity of the elec-
tron beam as it enters the slow-wave struc-
ture by simply adjusting the cathode vol-
tage. It is not possible to predict exactly
what this velocity should be, so it is neces-
sary to select the voltage to account for
tolerances in the manufacture of individual
slow-wave structures.

In addition, some high -efficiency
TWTs employ slow-wave structures in
which the velocity of propagation is
purposely changed along the length of the
structure in order to maintain the desired
synchronism as energy is extracted from the
electron gun and its velocity is reduced.

The physical characteristics of the slow-
wave structure can be of two types: helix
structured or coupled-cavity structured.
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Helical Visions

In a helical slow-wave structure (the original
design and still the most common), the helix
itself is made of tungsten or molybdenum
wire, supported by three or four ceramic
rods which isolate the RF fields in or on the
helix from the metallic wall of the surround-
ing vacuum envelope. Customarily, the sup-
port rods -are made of aluminum oxide
(A1,0;), beryllium oxide (BeO) or boron
nitrate (BN). In some specialized applica-
uons, sapphire and diamond are used. The
selection of materials has a major influence
upon the power output capability and effici-
ency of a TWT.

The electron beam passes through the
inside diameter of the helix, where the mod-
erately high RF electric fields can interact ef-
fectively with the electrons in the beam. The
dielectric in the helix support rods competes
with the electron beam for the RF electric
field, so it is desirable to select rods having
the lowest possible dielectric constant
(resulting in minimum competition for the
RF fields). At the same time, these dielectric
rods provide the only thermal path between
the helix wire and the outside surfaces of the
TWT vacuum envelope. The necessary com-
promises between these somewhat conflict-
ing requirements place an upper limit on the
capability of the helix structure to handle
high power. This upper limit is different for
each design since the frequency requirement
dictates the size of the helix structure (as the
design frequency is increased so the size of
the structure is necessarily decreased).

Feedback

It is important to observe that a slow-wave
structure will support RF energy travelling
from output to input as well as from input
to output. The wave travelling from input to
output will experience gain, but the wave
travelling from output to input will not ex-
perience gain.

In the presence of the inevitable reflec-
tions at the output and input couplers, some
of the RF energy could be reflected back
toward the input along the helix and upon
reflection from the input coupler, this signal
would present RF feedback. All practical
TWTs have sufficient gain that this feed-
back mechanism would result in self-oscil-
lation. It is fairly simple to interrupt this
feedback path by placing RF attenuation on
one or more of the helix support rods. The
attenuation is formed by placing a carefully
controlled pattern of lossy material on the
rods prior to their installation into the helix
structure, pyrolytic graphite and titanium




carbide being the most commonly used sub-
stances. The density of this attenuation
pattern is. selected to provide a very low
reflection of RF energy so that any energy
reflected from the-output of the TWT is ab-
sorbed in the process. The region of the
helix structure containing the attenuation is
called a ““sever’’ because the RF wave on the
helix is terminated or ‘‘severed’” at this
point. Fortunately, the bunching of the elec-
trons has been established by the time the
beam reaches the sever. At the output end of
the sever, the bunched electron beam re-
establishes the RF wave on the helix and the
interaction continues. This severing and re-
launching process results in a reduction of
RF gain by about 6 dB with only a small ef-
fect upon the efficiency of the TWT. This is
considered to be a small price to pay for
having a TWT which is unconditionally
stable instead of having a TWT which
would oscillate at the slightest provocation,
such as turning it on. In very high gain
TWTs, more than one sever may be used as
a precaution to insure that each section is
stable. The usual practice in modern designs
is to avoid having more than 35 decibels of
gain in any one section of a TWT.

In a coupled-cavity structure, the cavity
sections are usually made of copper brazed
together to form a structure consisting of
many cavities in cascade. There is a hole in
the centre of the structure through which the
electron beam passes. The ferrule surround-
ing the beam hole concentrates the RF elec-
tric field in the vicinity of the electron beam
to enhance the interaction between the RF
wave and the electron beam. The dimen-
sions of the ‘cavity determine the frequency
of operation of the TWT. The coupling hole
in the wall of each cavity serves to couple RF
energy from one cavity to the next. Coupl-
ing holes are oriented on alternate sides of
the beam hole so RF energy is directed
through one cavity before being coupled to
the adjacent cavity. The bandwidth of the
TWT is determined by the size and shape of
the coupling holes.

Since it is made of copper, which has
high thermal conductance, the coupled-cavi-
ty structure is capable of handling much
higher power levels than the helix structure,
and is capable of operating over much nar-
rower bandwidths than the non-resonant
helix structure. The design of the coupled-
cavities is tailored to the frequency and
bandwidth for each application. When the
application requires narrow bandwidths, the
coupling hole is relatively small and the in-
teraction impedance is high. This impedance
determines the amount of interaction be-

The only Canadian connection in TWT develop-
ment and manufacture today is at -Varian
Canada, a branch plant of the intermational
Varian Corporation but with world patent rights
to manufacture items, including TWTs and kly-
strons, for the corporation as a whole. Some
70-80% of production at their Georgetown, Ont-
ario, plant is earmarked for export.

The development and manufacture of TWTs
in Canada was closely linked with US
developments. There, the predominant interest
was found in the Bell Telephone System, who for
years did not follow up TWT developments very
extensively due to their reliance on and satisfac-
tion with ground lines; this despite the presence
of Pierce on their research staff. These ground
lines were predominantly dependent on equip-
ment manufactured by Western Electric. By the
time it became apparent that point-to-point
microwave systems were the order of the day, in
the early 60’s, Europe and particularly Japan were
far ahead in their development and implementa-
tion — Japan for example having a very extensive
TWT dependent microwave system already in
place using TWTs of proven design and re-
liability.

In Canada, there was some manufacturing
by RCA (the M 600) which it sold to CNCP, and
at Marconi in Montreal, using their parent com-
pany’s English Electric design. The RCA TWT
was used in the first Canadian transcontinental
microwave system. The Marconi design, a PPM
solenoid, was used in the ADCAM II military
radio communication system along the Pine Tree
Line between 1958 and 1962.

In 1964 Bell Northern Research commenced
manufacturing the RA 1 used in radio.

When Marconi, in 1962, decided to pull out
of the TWT manufacturing market, some of the
staff, in particular Connell Smith, now General

Manager of Varian’s Microwave Division, came
to Varian and helped establish their TWT manu-
facturing division, Varian already being involved
in klystrons. Since the Japanese, in particular
Nippon Electric, were so far ahead in TWT
design, and since, in Smith’s words, ‘‘there was
no need to re-invent the wheel,”” Varian entered
into a cross-licencing arrangement with Nippon
Electric, Varian getting NE’s TWT designs and
NE getting Varian’s klystron designs. This cross-
licencing arrangement has continued to the pre-
sent day.

Some years later, when Western Electric
decided to manufacture higher powered TWTs, it
was decided to close down their Reading, Penn-
sylvania plant, selling the equipment to Varian:
Varian taking over the manufacture of their
designs, particularly the TH 1 tube. This tube only
ceased production some two or three years ago,
having been in continous manufacture for some
20 years by either Western Electric or Varian, and
as such represents one of the more successful de-
signs in the recent history of electronics.

Varian’s plant in Georgetown, now the only
manufacturer of TWTs in Canada, is fully equip-
ped, including its own glass blowing department,
cleaning, and plating facilities, outgassing
capability, and laser welding technology.

As for the future of TWTs? According to
Connell Smith, their “‘life expectancy is limited.
They’ll be used, I think, for another 10-20 years in
some systems, but I think after another five years
or so there won’t be many new systems developed
using TWTs", their place being taken by laser
powered solid state devices.

But if you want to buy one, off the shelf, it
will cost you some $2-4,000, unless you are into
radar, in which case one will set you back, say,
$30,000, without modifications.

‘““The only Canadian connection in TWT
development and manufacture today is at Varian
Canada. Some 70-80% of production at their
Georgetown, Ontario, plant is earmarked for ex-
port. Varian has its own glass-blowing depart-
ment, cleaning, and laser-welding technology.”’

tween the RF wave on the slow-wave struc-
ture and the electron beam. When greater
bandwidths are required, the coupling hole
is enlarged, the interaction impedance
reduced, and the resulting TWT displays less
gain per cavity and slightly reduced ef-
ficiency.

Coupled cavity TWTs must include at-
tenuators to absorb RF energy reflected
from the RF output port, for the same
reason as in the helix TWT. In some cases
the attenuator is implemented by brazing
lossy ceramic directly to the last cavity sec-
tion in the portion of the circuit which is to
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be severed. In other cases, the attenuator is
placed in a section of the waveguide which is
coupled to the last cavity in the section to be
severed. In either case, the loss of gain due
to the presence of the sever is about 6 dB for
each sever. As with the helix TWT, the gain
in each section is usually limited to no more
than 35 decibels.

Electron Disposal

Having generated an electron beam in the
electron gun and having used some of the
kinetic energy in that electron beam to
amplify the RF signal, it is necessary to
dispose of the electron beam. The collector
does this job. In an elementary TWT, the
collector would consist of a metallic surface
upon which the electron beam impinges.
This would be simple enough if the collector
were to operate at ground potential, that is,
the same potential as the slow wave struc-
ture, but this would be wasteful. The RF
amplification process only extracts a very
small amount of the kinetic energy in the
electron beam, typically 10 to 30 percent,

causing the electron beam to possess a great
deal of kinetic energy which would be dissip-
ated should the beam strike the grounded
collector. It is far more efficient to purpose-
ly decelerate the electron beam prior to
allowing the beam to strike the collector sur-
face, but this requires that the collector sur-
face be operated at a potential voltage below
ground potential, known as ‘‘depressed col-
lector’’ operation. Ideally, the negative
potential on the collector would be chosen
so the electrons lose all of their remaining
kinetic energy just as they reach the collector
surface. However, the collector cannot be
operated at this highly negative (depressed)
voltage for three reasons. Firstly, the charge
on the electrons already in the collector
region creates electric fields which tend to
repel electrons about to enter the collector.
As the collector voltage is reduced toward
the value at which electrons would strike the
surface at zero kinetic energy, the ‘‘space
charge” due to electrons inside the collector
would block any additional electrons from
entering the collector.

Secondly, the electrons striking the

collector cause secondary electrons to be
emitted from the collector surface. These
secondary electrons create additional ‘‘space
charge” within the collector and create an
additional limit on the voltage at which elec-
trons can be collected.

Thirdly, electrons do not all lose the
same kinetic energy as they interact with the
RF fields in the slow-wave structure. Some
electrons lose far more kinetic energy than
others. These electrons could not be collect-
ed at the same potential as electrons which
did not lose so much of their kinetic energy.
The voltage on the collector must be chosen
so thaw all electrons are collected, otherwise
some electrons would be reflected back
toward the slow-wave structure and either
collected at ground potential or ‘‘back
streamed’’ into the beam causing RF
regeneration.

Because of these limitations, the collec-
tor voltage in a practical TWT cannot be
“‘depressed”’ to the voltage at which little or
no kinetic energy is dissipated in the collec-
tor. As such, practical TWTs usually
operate with the collector voltage depressed
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to a value which is 30 to 60 percent of the
original accelerating voltage. This creates
heat. Low and medium power TWTs
dissipate this heat by thermal conduction in-
to the TWT baseplate. At higher power
levels it is often necessary to provide a heat
exchange medium such as cooling fluid,
water, or high velocity air flow. In rare
cases, such as for high power spacecraft
TWTs, the collector is cooled by radiation
directly into space.

The amount of power dissipated in the
collector can be reduced by making use of a
collector which has multiple velocity sorting,
or depressed stages. A collector of this
design is commonly referred to as having
two depressed stages. The voltage on the
third stage is closer to the cathode voltage
than would be possible in a single stage col-
lector. This third stage, being the most de-
pressed, collects those electrons which have
the most kinetic energy. The first stage col-
lects those “‘rogue” electrons which have
very low kinetic energy as they have interact-
ed with the RF fields very little. The middle
stage collects those electrons with medium
kinetic energy.

Magnetic Charm

As for beam focussing, the electron beam
must pass through a rather long slow-wave
structure as it interacts with the RF fields.
Upon leaving the cathode surface, the elec-
tron beam is formed into a stream of elec-
trons in which the current density is fairly
high. The electrons within this beam all
possess negative charge and these negative
charges cause the electrons to repel one
another. This space charge effect, if left to
its own devices, could cause the beam to ex-
pand in diameter and intercept the slow-
wave structure. It is necessary, therefore, to
provide a means of keeping the electron
beam confined to a diameter which is
smaller than the inside diameter of the slow-
wave structure. This is usually accomplished
by providing a magnetic field parallel to the
direction of the flow. Electrons tending to
stray away from the proper direction of flow
will then cross lines of magnetic field and, in
doing so, will experience a restoring force
which tends to push them back to their
original trajectory. Historically, this magne-
tic field was produced by surrounding the
TWT with a large electromagnet (solenoid)
or a large permanent magnet. Solenoid
focussing is now used only on very high
power TWTs where beams having very high
current densities must be focussed. The sole-
noid is large and heavy, dissipates a large

amount of power, and usually must be cool-
ed by forced air or liquid. Permanent
magnet focussing is seldom used, as the
magnet is large and heavy and produces a
large amount of stray magnetic field which
might interfere with nearby equipment.

In an efficient scheme, the magnetic
field is concentrated along the axis of the
TWT by placing iron pole-pieces along the
outside of the slow-wave structure and small
cylindrical magnets between these pole
pieces. These magnets are magnetized paral-
lel to their axes, the polarity of adjacent
magnets being reversed. This arrangement is
called Periodic Permanent Magnet (PPM)
focussing because of the periodic reversal of
magnetic field operating direction. The
PPM focussing system creates a series of
convergent magnetic lenses. The ferrules on
the iron pole pieces help to concentrate the
magnetic field into the region occupied by
the electron beam. The RMS value of the
magnetic field produced in the electron
beam is roughly equivalent to a continuous
DC magnetic field of the same value, pro-
vided that the period of the magnetic field

generated by the PPM focussing scheme is
shorter than the plasma wavelength of the
electron beam. The plasma wavelength of
the electron beam is the natural period at
which the electron beam would undulate if
the beam were perturbed by an external in-
fluence (such as bunching produced by the
amplification of an RF signal). The whole
idea is for the magnetic field of the PPM
focussing structure to redirect the electrons
before they are permitted to stray too far
away from their nominal trajectory. The
PPM focussing scheme occupies much less
space and weighs far less than an equivalent
solenid or permanent magnet focussing
scheme. A further advantage is that the ex-
ternal stray magnetic field is very small for
the PPM focussing scheme, especially if the
PPM focussing ‘‘stack’’ has an even
number of magnets.

ANNOUNCING

PRODUCT MART

Where Buyers Seek Sellers!

Now an advertising feature where companies can
reach thousands of Electronics Today and Computing
Now! readers on a nation-wide basis to sell products
and services and where individuals can sell, trade, or
swap hardware, software or just information.

Look for it in this month’s issues of Electronics
Today and Computing Now!. It’s a classified advertis-
ing forum for readers and advertisers alike.

For advertising information call Claire Zyvitski at

(416) 423-3262 or write:

Moorshead
Publications

Suite 601, 25 Overlea Blvd.,
Toronto, Ontario M4H 1B1

Publishers of Electronics Today International, Computing Now! and

Computers in Education.

ETI—FEBRUAI Y—1984—23



Does that flickering of
the house lights all too
often indicate that your
ZX has just had its
memory corrupted?
Here’s a very simple
remedy, designed by
Phil Walker.

DESIGNED PRIMARILY with the ZX81
home computer in mind but applicable to
many others, this project aims to protect
the program that you’ve just spent three
hours correcting from short term power
failure or accidental supply disconnec-
tion. The sort of thing we mean is the tem-
porary (or worse) dimming of the lights
caused by lightning strikes on the grid
lines or load switching at a sub-station.
These effects usually only last a few tenths
of a second but can cause your computer
to forget itself and delete your program —
resulting in instant frustration!

The solution is embodied in this pro-
ject. What is needed is that the computer
should be rapidly switched over to a
standby battery. This need only be able to
supply the current drawn for a few
minutes until the normal supply is
restored. The ETI Zippy does this and
also sounds an alarm to tell you that
something is wrong.

The Circuit
The main part of the circuit consists of
Bl, D1 and IC1. B1 is a Nickel-Cadmium
rechargeable battery with a capacity of
110 mAh at a voltage of around 8.4 volts.
This means that when fully charged it
should be able to supply a ZX81 for at
least 6 minutes — longer if you do not
have many extras plugged in. This will
even give you time to save your program
on tape (provided you have a battery
powered tape recorder). D1 effects the
switch-over from normal supply to
Zippy’s internal battery while ICl1 re-
charges the battery while power is avail-
able. The rest of the circuit provides the
audible warning signal from the piezo-
electric sounder when the normal supply
voltage drops too low.

It is probably a good idea to charge
the battery periodically so that you don’t
get caught out.

Construction

The project can be built into a small
plastic box. It is a tight fit, so some care
must be taken when siting the switch and
input socket. The PCB is designed to fit

"along one side of the box with the battery

along the other. Don’t forget to cut the
corners off the PCB where marked.
Assembly of the PCB is straight-
forward but care should be taken when
fitting the diodes, transistor and ICs that
they are the right way round. Connect all
the lead-out wires except those to the
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g LM3342 A
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NOTE:

IC1 1S L M3342

IC2 IS CD4093
Q118 BCI182L

D1 1S 1N4148

2ZD1 1S B2Y8BC15V
X1 s PB2720

Fig. 1 Circuit diagram of Zippy

Resistors (Va4 W 5% carbon film)

R1 68R

R2 10k

R3 100R

R4 10M

RS 1M

Capacitors (disc or plate ceramic etc.)
Cl 47nF

C2 470pF
Semiconductors

IC1 LM334Z

IC2 CD4093

D1 1N4001 (Germanium or

Schottky of 1A + rating
may improve performance)

ZD1 15V zener

Q1 2N3904

Miscellaneous

X1 PB2720 piezo sounder

Bl 8.4 V 110 mAh 9V size
NiCd

SW1 min. on/off slide switch

Box to suit

3.5 mm jack plug & socket or as required; 9V
battery connector; PCB; small grommet; wire;
etc.

sounder before assembling the complete
unit.

In our unit, the sounder was glued to
the outside of the case and the wires taken
inside through a small hole. Holes should
also be cut for the switch, input socket
and output wire. Make sure everything
will fit before deciding where these holes
will be.

For a ZX81, the input connector is a
3.5mm jack socket and the output wire is
terminated in a matching plug (after as-
sembly), but for your system these can be
as required. Beware . . . not all power sup-
plies have the centre conductor positive,
so check this before wiring up.

When everything is ready, put the
PCB, switch and input socket in the case,
thread the output lead out through the
hole provided for it (you did cut one,
didn’t you?) fit a grommet if you want it
to look nice, and wire up the sounder and
other components as neatly as possible.
Do not have the battery connected while
you do this, as it has a very low impedance
and can discharge with some violence.
The PCB can be fastened in with a bit of
sticky tape if you want but it cannot move
about much in the limited space available.
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HOW IT WORKS

Bl is the main energy store with a capacity of
110 mAh and a terminal voltage of 8.4 volts.
IC1 is a constant current device whose operat-
ing current is set at about 0.6 mA by R1. This
level of current can be sent through the battery
constantly with little degradation of perform-
ance and will keep it ready for use.

D1 blocks current flow from the power
pack to the battery but will allow current to
flow from the battery on to the supply lines if
the power pack voltage drops below about 7.7
volts. This ensures that the supply lines never
drop below this level. The internal regulator in

a ZX81 needs about 6.5 to 7 volts minimum at
its input pin to keep it working correctly.
While the input voltage from the power
pack is more than a volt or so greater than the
battery voltage, Q1 will be turned on by cur-
rent flowing through R3. This will keep Cl
discharged. This will cause the outputs of
IC2a and IC2c to stay high and IC2b and
1C2d to stay low.
If the input voltage falls below this level,
Q1 will turn off and allow C1 to be changed
via R4 until it reaches the switching threshold
of IC2a. The output of IC2a will now go low

and IC1 will be discharged via R4 until it
reaches the lower switching threshold of 1C2a
whereupon IC2a output will go high again to
repeat the cycle. While IC2a output is low the
output of IC2b will be high. This enables a
similar oscillator configured around IC2c. The
frequency of IC2a oscillator is of the order of
2 Hz while that of IC2c is around 2 kHz; the
resulting output from IC2c is bursts of 2 kHz
which when applied to the piezo sounder
make a slow bleep-bleep noise. IC2d is used to
invert the output from IC2¢ and increase the
signal voltage applied to the sounder.
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»—4——-—% ) . . 1 3
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BATT  +BATT _
PIEZO (VIA SWITCH)
SOUNDER

Fig. 2 Component overlay for the PCB

ZX Supply Protector PCB
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a negative charge on the left-hand side
and a positive charge on the right-hand
side. Thus, we can use the Hall effect to
distinguish between N and P-type
materials by detecting the polarity of the
Hall effect voltage produced.

In most metals one obtains a Hall ef-
fect voltage with the same polarity as in an
N-type semiconductor material, since con-
duction is by means of electrons.
However, the Hall voltage is much smaller
than in semiconductor materials and a few
metals, such as zinc, produce a Hall
voltage of the opposite polarity; in such
metals the interaction of the moving elec-
trons with fixed positive ions results in the
current being effectively carried by holes.
Intrinsic (pure) semiconductor materials
show a small Hall effect; although the
numbers of electrons and holes per unit
volume are approximately equal, the elec-
trons are more mobile, and the overall
behaviour is normally like that of an
N-type material.

The Hall effect in semiconductor
materials produces a much larger Hall
voltage than in metals because the number
of charge carriers per unit volume is far
smaller. The Hall voltage, Vy, is given by
the equation: Vi Bl
where: N
B is the magnetic flux density

is the current flowing through the

specimen

is the number of charge carriers per unit

volume

is the charge of an electron (1.6 x 10™"*

coulombs)

is the thickness of the specimen.

If one considers a piece of copper of
thickness 1 mm carrying a current of 1A in
a magnetic field of 1 Tesla (10,000 Gauss),
Vy works out as a mere 62.5 nV, since N is
about 10?° electrons per m* for copper.
1t is extremely difficult to measure 60nV
in such a circuit. In silicon, however, N
may be 10,000 times smaller, so under
the same conditions, one obtains a V,
value of 625 uV which is a much more
reasonable voltage for measurement.
Hall first detected the effect using a

thin gold foil.
The Hall effect has been wide-
ly used in materials science re-
' search, where it enables informa-
tion to be obtained about the
charge cartriers. When idium
antimonide semiconductor Hall
cells became available, they
were used for the measurement
of magnetic fields, but indium
arsenide produces a Hall cell with
about one-tenth of the temperature co-
efficient of indium antimonide, although
its Hall output voltage is lower. Hall cells
can be used as multiplying devices, for ex-
ample, in wattmeters, where a voltage is
used to generate a. proportional current
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Fig. 1. The Hall effect illustrated by hole flow.

through a Hall cell using a series resistor,
while the load current passes through coils
which generate the magnetic field,in which
the Hall cell is placed. Thus the output is
proportional to the product of the voltage
and current. Hall cell using a series
resistor, while the load current passes
through coils which generate the magnetic
field in which the Hall cell is placed. Thus
the output is proportional to the product
of the voltage and current.

Other important applications of
discrete Hall devices include their use in
brushless DC motors in which the conven-
tional brush and commutator system is
replaced by Hall effect devices and
suitable amplifiers. The use of such
brushless motors avoids the inconve-
niences of brush replacement and im-
proves reliability, but the elimination of
sparking at the brushes is perhaps the
most important advantage where low elec-
trical noise is important (such as in high
quality tape recording équipment).

Hitachi developed a Hall effect tape
replay head in 1977 which is stated to have
a high signal-to-noise ratio and excellent
transient response (since it is non-
inductive). A thin film of indium an-
timonide is employed, the output being
determined orly by the magnetic flux pre-
sent so that a constant response is obtain-
ed at the lower frequencies — even down
to zero frequency.

Monolithic Hall Devices

Silicon Hall effect devices have the great
advantage that other circuitry can be in-
tegrated on the same silicon chip using
normal IC production processes. Unfor-
tunately, the Hall voltage from silicon
cells is about a hundred times smaller than
that of Hall devices made from indium
arsenide, but the temperature stability of
silicon devices is far better and the small
output levels can be amplified by on-chip
components. Typical Hall voltage outputs
from silicon cells are in the millivolt to
tens of mV region, depending on the
operating conditions.

Although most Hall effect devices are
used in switching circuits, there are plenty
of applications for linear Hall devices.
The basic internal circuit of the Sprague
UGN-3501M linear device is shown in Fig.
2; it can be seen that the small output
from the Hall cell itself is amplified by an
op-amp. Offset output nulling facilities
are included in this eight-pin DIL device,
but not in the UGN-3501T which has only
3 connections. The UGN-3501T operates
on from 8 to 12 V and the UGN-3501M
from 8 to 16 V power supplies. The output
voltage from a UGN-3501M device at
various values of magnetic flux density
with a 12 V supply, a 10 k load and two
different values of resistor between pins 5
and 6 are shown in Fig. 3. The frequency
response of these devices extends to about
25 kHz (-3dB). The sensitivity of the
UGN-350IT is roughly twice that of the
UGN-3501M.

Fig. 4(a) shows an application of the
UGN-350IT as a ferrous metal detector
and Fig. 4(b) is the circuit used. The pole
of the magnet is fixed in contact with the
Hall device and the output falls by 20 mV

-~
{3 ARKGULATOR

Fig. 2. Block diagram of a monolithic linear
Hall effect device.

peak as the 25 mm steel ball rolls above
the sensing device. This signal is amplified
by a 741 device and drives the 2N8512 to
conduction so that 0.5 A passes through
the load. The low frequency response may
be controlled by changing the value of the
22 uF coupling capacitor and high fre-
quency attenuation may be introduced by
using a small capacitor to shunt the feed-
back resistor of the 741.
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Designer’s Notebook

By attaching the opposite pole of the
magnet to the Hall device, it can be made
to sense the absence of ferromagnetic
material rather than its presence.

Fig. 5 shows the use of an LM324
operational amplifier to supply a voltage
gain and to transform the differential out-
put of a UGN-3501M into a single-ended
output so that the circuit can drive a load
which has one side grounded. The LM324
can be operated from a single power supp-
ly provided that the output does not swing
below 0 V. The connections shown are
suitable for the detection of the field from
a south. pole, but if that from a north pole
is to be detected, pins 1 and 8 should be
reversed.

25

two Hall voltage output connections and
the two control current connections are
interchangeable, since the active sub-
regions are symmetrical.

The output from the KSY10 device is
proportional to the effective magnetic
field and to the control current passing
through the device. The sensor is only 1
mm deep, so it can easily be positioned in
the magnet yoke of current converters for
current measurements. The active area
itself is a mere 0.2 mm by 0.2 mm and lies
0.35 mm behind the front of its mini-
plastic case. The device is very suitable for

determining the position or speed of

toothed gears or of rack and pinion
mechanisms. The wide band gap of the
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Fig. 3. Output voltage versus magnetic flux density for a UGN-3501M.

Another application for linear de-
vices is in fluxmeters, but calibration will
be required. A typical UGN-3501M pro-
vides a differential output of about 1.4
mV in a 0.1 T field. The response is quite
linear to 0.1 T, but the useful linear range
can be extended to 0.3 T, if a resistor of
about 47R is placed between pins 5 and 6
(see Fig. 2).

Linear devices can also be employed
in current measurement applications. The
device may be placed in the gap of a
toroid and the current passed through a
coil on the toroid. This may be used for
overload detection in electric motors, cur-
rent limiting, etc.

Siemens have recently introduced a
KSY10 linear Hall effect position sensor
in which a gallium arsenide (GaAs)
substrate is employed. This device is
unique in that it is manufactured by an
ion implantation planar technique which
produces a doped layer only 0.3 um in
thickness; the use of this thin layer enables
a sensitivity of 200 +30 V/AT to be ob-
tained with a temperature coefficient of
only about +5 x 107 per degree K. For
example, it will provide a Hall output of
about 200 mV with a 5 mA control current
in a field of flux density 0.2 T. The sen-
sitivity can be selected in the range 30 to
300 V/AT by choosing the appropriate
ion doping level during manufacture. The

gallium arsenide material used, enables
this device to be used at temperatures of
up to 150°C, so applications in the engine
compartment of motor vehicles are en-
visaged and it may also be used in
brushless DC motors.

It is interesting to note that Yoshito
Takehana’s Group, of the Electronic

Devices Development Division of the
Sony Corporation of Tokyo, have
developed a very sensitive silicon Hall ef-
fect sensor inside a special transistor. The
output terminals of this magnetic sensor
are in the reverse biased depietion layer; a
magnetic field, perpendicular to the flow
of the charge carriers between the base
and collector terminals, will produce an
output of about 85 V/cm at a flux density
of 0.1 T. If such a linear device is suc-
cessfully developed to the production
stage, a much wider field of application
may be opened to Hall effect sensor
devices at some future date.

Switching Devices

Switching or digital Hall effect monolithic
devices are especially easy to use and are
finding many applications in keyboards,
in vehicle circuits, in toys and in any ap-
plications where movement must be con-
verted into an electrical digital type of
signal.

The basic circuit of a typical Hall ef-
fect switching device is shown in Fig. 6.
An on-chip regulator is usually incor-
porated in the device, since this is
necessary to produce a constantly
repeatable performance, especially in
automobile applications where the supply
voltage can vary over a wide range. The
regulator supplies at constant current
through the Hall cell (shown by an X in
Fig. 6) and the two connections which
supply the Hall output voltage, feed the
inverting and non-inverting inputs of a
comparator device, which in turn drives a
Schmitt trigger circuit and an output
stage.

When the magnetic flux density in the
Hall cell changes, the Hall voltage from
this cell will change so that the com-
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Fig. 4. A ferrous
metal detector using
the UGN-3501T.
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parator will switch the state of the Schmitt
trigger circuit. A suitable amount of
hysteresis is built into the circuit so that if
a small increase in the magnetic flux densi-
ty causes the output to switch into its
other state, an appreciably larger decrease
in the flux density will be required to
cause the circuit to switch back to its
former state. This prevents repeated rapid
switching between the two states for very
small changes in the flux density.

The Sprague UGN-3019T device
(formerly coded ULN-3006T), is an
economical product very suitable in most
applications for the experimenter. This is

The output falls to its low state with a
typical value of +0.15 V and a maximum
value of +0.4 V. The UGN-3019T can
sink a current to its output of up to 15
mA, so the load resistor R1 of Fig. 8 must
be chosen so that not more than 15 mA
will flow into pin 3 with the particular
value of positive supply voltage used.
The writer found that a UGN-3019T
would switch to its low voltage output
state when a small bar magnet was
brought within about 3 mm of the centre
of the body of the device. Owing to the
built-in hysteresis in the internal circuit of
the device, it did not revert back to the

ticular advantage of Hall effect switching
devices over mechanical contact switching
is their high speed of operation, the rise
and fall times being measured in nanosec-
onds with operating speeds of up to about
100 kHz. The output pulses are ‘clean’
without the ‘bouncing’ which is
characteristic of mechancial contacts.
Monolithic Hall effect devices are com-
parable in price to reed switches.

Using Hall Switches

An important use of Hall effect switching
devices is for the detection and measure-
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Fig. 5. A Hall effect switch using the UGN 3501M.

encapsulated in the T-type package shown
in Fig. 7; the Hall element itself being at
the centre of one face of the device as in-
dicated. As Hall effect devices are used in
conjunction with a magnetic field, it is ob-
viously important that the package used
should allow the device to be easily orien-
tated with respect to the field and to be
easily mounted. The type of package
shown is, in the opinion of the writer,
usually more convenient for magnetic
field sensing than the dual-inline packages
sometimes used for Hall effect sensors.
The UGN-3201M (formerly designated
ULN-3006M) is very similar to the UGN-
3019T, but is mounted in an 8-pin dual-
inline package.

The UGN-3019T may be used in the
basic circuit of Fig. 8. In the absence of
any magnetic field, the internal output
transistor is cut off and passes only a very
small collector current (typically, 1 uA,
maximum 20 uA). The output voltage is
therefore ‘high’ and has a.value which is
almost equal to the positive supply
voltage; this supply voltage may have any
value from + S V to +16 V with an ab-
solute maximum of + 20 V (above which
the device may be damaged).

If a magnetic field of adequate flux
density and of the correct polarity is now
applied perpendicular to the face of the
device, the internal Hall cell provides a
voltage to the comparator of Fig. 6 which
switches the Schmitt trigger so that the
output transistor in the device conducts.

‘high’ output state until the bar magnet
was withdrawn to a distance of over 10
mm. The hysteresis characteristics of the
ULN-3019T are shown in Fig. 9. A typical
device switches to the ‘low’ output state at
a field of 0.05 T and all devices are certain
to switch at a field of 0.075 T at the centre
of their face. A typical device reverts to
the ‘high’ output at 0.0225 T and all
devices at a value not less than 0.01 T. The
device is unaffected by small stray
magnetic fields from any transformers,
relays, etc. which may be near to it.

UGN-3019T circuits are unaffected
by the application of a field of the op-
posite polarity to that required to switch
the output to the low voltage state. If the
field is too weak to cause switching to the
low output state, an improvement in the
sensitivity can be obtained by placing a
piece of iron or other ferromagnetic
material on the far side of the device from
the magnet as close to the device as possi-
ble. A greater increase in sensitivity can be
obtained if the device is placed between
two magnets with opposite poles on each
side of the device. It is important that the
magnet should be moved on a line directly
towards the centre of the device, since a
displacement of about 3 mm from the cen-
tre line can more than double the required
flux density.

The UGN-3019T requires a supply
current of about 7 mA (maximum 9 mA)
with a § V supply and about 12 mA (max-
imum 16 mA) with a 12 V supply. A par-

Fig. 6. Block diagram of a monolithic switching Hall effect device.
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Fig. 7. The UGN-3019T — “T"’ type package.

ment of rotation. Many types of mechan-
ical system arrangement are possible. In
the ‘slide by’ mode, one or more small

continued on page 61
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Product Review
Hitachi VCi-6041 Storage Oscilloscope

|

IF YOU’RE like me, your first
| oscilloscope probably came from a
Isurplus bin, probably took about 100
| hours of repair time, and probably still

| sits on your testbench with its image roli-.

ing and swaying and occasionally captur-
ing a signal. For this reason, I jumped at
the chance to review the super-deluxe
Hitachi VC-6041 digital storage scope.
The price, as you might expect, is
| also super-deluxe, in the range of $8000 to
$9000, so my surplus scope is going to
| have to make do for a while longer. The
VC-6041 is obviously not aimed at the
hobbyist market; you’ll have to convince

the boss that you just have to have one,
for reasons of efficiency, of course. Or
you can just drool...

The scope arrives wrapped in its own
soft vinyl protective case; a pocket on the
case holds the manual and test probes.
Unsnap the flaps, and to the right of the
CRT you’ll see the same controls that ap-
pear on your typical scope. There the
resemblance ends. Before we get to the
good stuff, though, let’s look at the
features of the scope in its normal’ mode.

The Good Stuff
The bandwidth is 40 MHz; the horizontal
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circuit is switchable from 0.2 seconds to |
0.2 microseconds, and has a multiplier to I
increase things by a factor of 100. There
are the expected controls for variable
sweep, trace rotate, and position; over on
the right we find the triggering control
section. It looks rather standard: AC or
DC, level, external input, and so on, but
this is one of the sections where you begin
to realize some of your investment. If
you’ve used a sub-standard scope, or even
a fairly good one, you’ve probably found
out right away that a poor triggering
amplifier can make the best of equipment
rank with the worst. The VC-6041 shines |




in the trigger department; the trace was
always rock-solid, even with jittery or
noisy signals.

Of course, you can fool the best of
them: there’s nothing like a TV video
signal to muddle their little brains — they
don’t know whether to trigger on the sync
pulse or the brightness levels. You can
solidify the signal in general with fine ad-
justments, but you can’t quite make it
nice and clear. The Hitachi was certainly
one of the easiest to use in this regard. The
TV field position of the trigger mode
switch actually cuts in a real sync
separator; the trace just freezes. The
higher-frequency components were a little
wavy, but the storage mode can lock them
right up — more on this later.

There are no surprises in the vertical
amplifier. It has all the gubbins you’d
want for your nine grand: 5 mV sensitivi-
ty, ALT and CHOP modes (which are
crystal-clear), channels switchable to X
and Y modes, and an AC-GND-DC
switch. Well, there’s one neat surprise. If
you pull the position control out, it will
now apply a DC voltage to the vertical for
use in cancelling out any DC component
in the signal. As you adjust it, this voltage
appears for measurement on a
front-panel output jack. Just the thing
for troubleshooting if there’s an evil DC
there that shouldn’t be. Click the control
in again, and the trace returns to normal
positioning.

There was a 0.5 V square wave at 1
KHz available from the front panel for
self-calibration. It was a textbook
squarewave.

And, of course, the included probes:
they were compact, with a spring-loaded
hook and a switch for x 1 and x 10.

The Really Good Stuff

Have you used an analog storage scope?
You have? Then we shall all bow our
heads and thank Whoever Runs Things
for letting us in on digital storage func-
tions.

The analog scope accomplishes its
task by storing the passing trace in its
phosphor; it’s kept lit up by a bias voltage
applied through an embedded mesh or an
electron gun. It works well enough from

DC to, say, 100 KHz, but if the writing

speed increases past this, the stored line

gets fainter and fainter. The only way to
have a look at your signal is to let it build
up via a mode usually called ’Integrate’.

To get rid of the stored trace and
return to normal, a wash’ of electrons is
blitzed across the screen, clearing things
up. It’s called ’Erase’ and looks like a
small green flashbulb going off.

Digital, now, is the cat’s pajamas for
this sort of application. In the Hitachi, the
screen is sampled at the rate of 40 MHz in
the single channel mode. This means that
you can snare a useable image with signal
bandwidths up to 40 MHz! The sampled
signal consists of 4000 horizontal and
2048 vertical points. They’re packed off
to the scope’s memory circuit to await
your pleasure.

Even More Storage

If you'd like to hang on to a particular
display, the 'Hold’ button will keep pain-
ting it on the screen forever, or until the
hydro fails. If you should suddenly have a
pressing need to look at some other
source, but don’t want to lose the
original, you can send it off to one of two
memories, from whence it can be recalled
to either channel. This would be ideal if
you’re looking for weird glitches and
things that go bump in the trace; you
could recall several different versions of
the signal and compare them. In fact, you
could compare today’s signal to last
week’s, assuming that the cleaners haven’t
pulled out the. power cord.

Trying It Out

As | mentioned, video outputs tend to

‘““The storage mode was as steady as a pencil draw-
ing, with the tiniest of traces clearly defined. This is
largely due to the high bandwidth and fine resolu-
tion of the sampling circuit.”’

The Storage Mode

Being impatient to see it work, the inter-

-nal calibrator seemed a good a place as

any to start. Press the storage mode, and
there it was, preserved in blue and white,
as pristine as the day it left the
square-wave generator. Well, almost; a
tiny bit of fuzz appeared on the horizontal
part of the wave, The manual said it
would on low-frequency signals, though
they didn’t elaborate. Mind you, it was in-
finitely better than the blooms and fuzzies
that appear on an analog storage scope.

Got a noisy, uncooperative signal?
Press "Number of Sweeps’, and the LED
readout comes to life. A lever makes it
count up or down from 2 to 256, with the
readout being the number of sweeps that
are being averaged before display. It
works beautifully to present you with a
steady, cleaned-up signal.

make scopes get dizzy, and even with the
Hitachi’s sync separator, there was a
noticeable wander to the high-frequency
components. The storage cures that. Just
push the storage mode button and there
you are: as steady as a pencil drawing,
with the tiniest of traces clearly defined.
This excellent performance is largely due
to the high bandwidth and fine resolution
of the digital sampling circuit.

This standard of performance alone
would seem to justify the price, but we’re
not done yet. After you’ve frozen a com-
plex signal, you may want to find out
more about its components. Have you
ever counted divisions on the scope face
and tried to turn it into data about
voltages and periods? The VC-6041 has a
wee button marked ’Cursor’. Press this,
and two cursor dots appear on the signal;
they can be maneuvered around with the
control lever. Put them where you prefer,
continued on page 42
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Astound your friends, freak
out your budgie and blow
your mind with the ETI
Flash Sequencer.

Phil Walker

THIS UNIT can be used with up to four
separate flashguns connected directly to it
and will enable you to get some very inter-
esting action shots.

The delay between each flash can be set
by means of the single control over a range
of about 1 millisecond to 1 second. This
should cover most needs of this sort of shot,
but could be altered easily by changing
component values.

Use

This is, of course, up to the individual user
but with the basic unit described here it
would probably be reasonabie to set up

The ETI Flash Sequencer can control up to four
flashguns.

camera and flash guns on tripods or similar
firm supports. Then connect the trigger unit
to the camera flash socket (use a suitable
adaptor if necessary) and the flashguns to
the unit. Set up the focus and aperture to
suit the subject and flashguns used and set
the shutter speed so that it is longer than the
TOTAL delay on the unit. This usually
means that you will have to work on a dark"
night or indoors if you use long delay times.

You will probably have to find the pro-
per aperture setting by trial and error at
first, but if you use a black or very dark
background and your subject moves be-
tween flashes, the normal or slightly smalier
aperture is a good starting point.

The Circuit

The main parts of the circuit are the input
latch configured around ICle and f, the se-
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Fig. 1. Circuit diagram. The output connections (marked with an asterisk) depend on the opto device used — see text.
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quence generator consisting of IC2, ICla, b,
c and d, and the output pulse generators
IC3, 4, 5, 6,7 and Q2, 3, 4 and 5. The input
latch can be reset to the READY condition
by SW2 and will force the timing network to
discharge all its capacitors by means of Q1
and D4 to 7. This state is indicated by the
LED.

A negative-going pulse at the input or a
press on SW1 will make the latch change
state and allow the sequence to start. After
the first delay period the LED in IC4 will be
turned on for about 10 mS, causing its asso-
ciated SCR (or triac) to turn on and trigger
the flashgun to which it is connected. This
action occurs when C3 has been charged by
the current through RV1 and R6 to the up-
per threshold voltage of IC1b. The output
from ICI1b is coupled via a differentiating
network (C7 and R8) to IC3c — also a
Schmitt trigger. This negative-going pulse
causes the output from IC3c to go high for
about 10 mS, thus turning Q2 on and hence
IC4.

IC1b having changed state, the current
from RV1 is now diverted to C4 and will
charge this up at the same rate until its
voltage reaches the upper threshold of IC1d.
A similar set of actions now occurs in IC3b
and ICS5, resulting in another flashgun being
triggered and the timing current being
diverted yet again to C5.

The sequence ends when C6 charges

sadidd
P*Rge

and the final flashgun triggers. The circuit is
now ready to be reset for another operation.

By means of SW3, a negative pulse
generated by C2 and R7 can be routed to the
sections of IC3 such that one or all the out-

prrpes
Do

puts can be triggered with no delay. This
could be used to advantage if the unit is trig-
gered direct from a camera socket and no
other lighting is used for special effects or
just to get as much light as possible. Beware
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Flash Sequencer

Resistors (all Y4W, 5%)

R1 100R

R2 100k

R3,4,7-13 MO0

RS 10k

R6 1k0

Potentiometer

RV1 1MO logarithmic

Capacitors

C1 10nF miniature disc
ceramic

Q 33nF miniature polyester

C3-6 1u0 35 V tantalum bead

C1-10 10nF miniature polyester

C11 470uF 10 V aluminum
PCB electrolytic

C12 1000uF 10 V aluminum
axial electrolytic

Semiconductors

IC1 40106B

IC2 4053B

IC3 4093B

IC4-7 H11C4 (opto-SCR) or
MOC3020 (opto-triac).
See text.

Q! 2N3905

Q2-5 2N3%04

Dl-11 1N4148

LEDI1 any red LED

Miscellaneous

SW1,2 miniature push-to-make
push-button switch

SW3 three-way slide switch

Swa miniature on/off slide
switch

PCB; case to suit; 3.5 mm jack socket and
plug; 9V battery and clip; four small grom-
mets; four 1 metre flash extension cables;
wire, cable ties etc.

TO FLASH GUNS
NECTION FOR SCRs

USE S COl

USE T CONNECTION FOR TRIACs swa
TO RV (SEE TEXT)

—

0 & et 70
BATTERY

ICle and f are connected together to form a
simple latch: R4 is included to avoid shorting
the output of ICle. When SW2 is pressed the
output from this latch is set high, this will
cause C2 to discharge via R7 and turn Q1 on.
Q1 will discharge C3, 4, 5, 6 viaD4, 5, 6 and 7
while lighting LED1 via R6. At the same time
IC2 will be disabled by the high level on pin 6
from the input latch. This prevents LED1
from being bypassed by the switches in I1C2.

In this condition the outputs from ICla,
b, ¢ and d will be high and C7, 8, 9 and 10 can
discharge via their associated resistors. This
will set the inputs to IC3a, b, ¢ and d to high
levels and thus the outputs to a low. Q2, 3, 4
and 5 will be off and the outputs of IC4, 5, 6
and 7 will not conduct.

Assume for the moment that SW3 is in
the open position (delayed sequence). If SW1
is now closed or a negative-going pulse ap-
pears at the input, this will be passed on via C1
and D3 to the latch formed by ICle and f
causing its output to go low. Q1 will now turn
off, extinguishing LEDI and releasing C3, 4, 5
and 6. IC2 will now be enabled and current
can now flow in C3 via R6, RV1 and the three
switch sections of IC2. This capacitor will
charge up until its voltage reaches the upper
threshold of IC1b (this is a Schmitt trigger

The Flash Sequencer PCB.

device), whereupon IC1b output will go low.
This causes the current to be diverted to C4,
where a similar process occurs. At the same
time the high-to-low transition is passed
through C7 to IC3c whose output will go high
from 10 mS or so. This will turn Q2 on and
thus IC4 will turn on.

Some time later C4 will charge up to the
Schmitt threshold and IC1d will go low, diver-
ting the current into C5 while also causing IC5
to conduct. The cycle of events will continue
with IC1¢/IC6 and IC1a/IC7. The result of
all this is that flashguns connected to the out-
puts of IC4, 5, 6 and 7 will be fired in sequ-
ence with a delay between each one determin-
ed by R6 and the setting of RV1 (and the
residual resistance of 1C2). IC2 is in fact a tri-
ple CMOS changeover switch with a typical
on state resistance of 200 ohms.

C7, 8, 9 and 10 have been included to en-
sure that the opto-coupler LED inputs are not
driven continuously, as this would take a lot
of current. These capacitors and R8, 9, 10 and

11 define the ‘on’ time to be about 10 mS. C12
will hold enough charge to provide this even
from an aging battery. C11 and D11 isolate
the rest of the circuitry from the LED drivers
to maintain proper operation.

C2 and R7 (via SW3, D8, 9, 10) provide
the alternative operating modes. The initial
trigger pulse can be fed via these components
to the sections of IC3 such that IC7 will turn
on immediately or all the outputs will come on
together. Care must be used here as the out-
puts may pulse again after the set delay time
and thus trigger the flashgun(s) again if they
recharge in time.

You may notice that the inputs to ICla,
b, ¢ and d will only have their capacitors con-
nected, and no DC path exists to bias them,
once the switches have been operated. This
will not cause any problems over the 5 seconds
maximum of the timing period, as the leakage
of the tantalum bead capacitors is quite low
and they will have to discharge a long way
before the Schmitt trigger gates change state.
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when using this facility with long delay times
set on RV1, as one or more flashguns may
recharge and trigger again as the delay
operates.

The circuit should not take more than
about 10 mA when READY and much less
than that when timed out.

The negative-going input pulse to trig-
ger the unit can be derived from a switch or
logic source.

Construction

Construction of this project should pose no
great problems. Take care when positioning
the front panel components that they do not
foul the parts on the assembled PCB. Note
that R1, D8, 9 and 10 are mounted on the
panel. It is essential that all the diodes, ICs,
and any other polarized components are
mounted the correct way round.

We recommend that IC sockets are us-
ed for the CMOS devices and that care is
taken to avoid static discharge damage to
these devices.

Output Connections

There are two different connection points
for the output from the opto-couplers. This
is to accommodate either opto-SCR or
opto-triac devices. If opto-SCR devices are

used, the flashgun trigger leads must be con-
nected across pins 4 and 5 with pin 4
negative and pin § positive. You will have to
check the polarity of the connections to the
base of the flashguns you use, and this will
vary from make to make (ours had a
positive inner). If you connect up for one
particular make, the trigger unit may not
work on another.

If you use opto-triacs, the flashgun
trigger leads should be connected across pins
4 and 6; polarity is unimportant, which will
save all the above messing about, so we
recommend this option.

Other Points

As we found that sockets for flashgun con-
nectors are unobtainable (unless already
connected to something such as a camera)
we bought four flash extension cables and
cut the unwanted ends off. These were then
taken into the box via small grommets and
wired directly to the proper terminals. A
small cable tie on each lead just inside the
box served to take the strain off the connec-
tions. It may be a good idea to buy three
one-metre extension cables and one much
longer one, so that you can use the extra
length from this for the camera-to-unit link
(it will have the correct connector).

For greater protection the unit could be
built inside a diecast box. This may also be

The rear of the sequencer carries the on-off
switch. We bought four flash extension cables in
order to get the right connectors.

necessary if static discharge causes prema-
ture triggering of a flashgun.

Calibration of the delay control would
need special apparatus and would depend
on the quality of RV1. But the type of de-
vice specified should give a reasonable sub-
jective control over the required range.

Gil
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DIGITAL CAPACITANCE
METER?

As a matter of fact you don't have to pay
$200 to $500 and up anymore for a Digital
Capacitance Meter that is both depen-
dable and rugged with good accuracy.
The MC100A comes completely assembl-
ed and calibrated and at $89.95 is an
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30 pF to 9,999 uF (no external meters re-
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(only 4% x 27" x 1Y7") make the
MC100A an extremely practical and easy
to use instrument for the hobbyist techni-
cian or engineer.

CHECK THESE OTHER FEATURES
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pF, nF ranges, 5% (+ one count) on uF
range.

"Uses single 9V battery {not included).
*Decimal points light up when battery is
low or when capacitor is overrange.
*Full 4 digit high efficiency LED display
uses special circuitry to save on batteries.
*Maximum conversion time for 9,999 uF
is less than 6 seconds.

*Constructed with a tough impact resis-
tant plastic case.

"90 day parts and labour warranty.
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“You don’t need a repairman, you need an exorcist!’’

“I can read it now ... it says ‘Lethal Voltages Present Even
When Power Is Off.””’

“My hundred-dollar ZX-80 card arrived in the mail. It says ‘Get
Well Soon, ZX-80.""’

“Wow, four million points! Imagine how good he’ll be when he
grows big enough to see the screen!’’

“It’s the ‘Radio Amateur’s Bible’. I stole it from the Radio
Amateur’s Hotel.”’
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computing

BEGINNERS

BP11S: THE PRE-COMPUTER BOOK $7.60
Aimed at the absolute beginner with no knowledge of com-
uting, this entirely non-technical discussion of computer
its and pieces arid programming is written mainly for those
who do not possess a microcomputer but either intend to one
day own one or simply wish to know something about them.

HB131: THE BEGINNER'S GUIDE TO BUYING A PERSONAL
COMPUTER 5485
Written for the potentially interested computer ouyer, in
non-technical language, this affordable book explains the
terminology of personal computers, the problems and
variables to be discussed and discovered while making that
initial buying decision. The book does not make recommen-
dations, but does present a great deal of information about
the range of hardware avialable from the largest personal
computing manufacturers. Readers discover the meaning
and impact of screen displays, tape cassette storage and disk
storage, ﬁraphics and resolution, and much more. Com-
parison charts clearly define standard and optional features
of all the current mass market personal computers.

HB114: COMPUTERS IN ACTION: HOW COMPUTERS
WORK, 2nd ed.

SPENCER $12.70
The book answers the questions: “What are computers?”
“How do computers work?”’ and "What can a computer do?”
Features microcomputers and microprocessors; floppy disks;
inputfoutput units such as COM; and a section on structured
programming, the APL language, and the RPG language.

HB11S: THE FIRST BOOK OF MICROCOMPUTERS:
THE HOME COMPUTER OWNER'S BEST FRIEND

MOODY $10.50
& excells in the quality of its cartoons, illustrations,
diagrams, and layout.” LIBRARY JOURNAL. Explains what
personal computers are and what you can do with them.
Learn how to speak the language of computing and how a
personal computer works.

The last chapters detail the many home and business ap-
plications of your personal computer, including such things
as home protection, keeping track of budgets and bills, game
playlng, tax calculation, and inventory management.

AHG1: HOW TO BUY A PERSONAL COMPUTER

SHRUM $3.95
A practical, uncomplicated guide to microcomputer hard-
ware and software. Includes an up-to-date chart comparing
most of the popular systems.

A CONSUMER'S GUIDE TO PERSONAL COMPUTING AND
MICROCOMPUTERS, SECOND EDITION
FREIBERGER AND CHEW

HB14 $15.95
The first edition was chosen by Library Journal as one of the
100 outstanding sci-tech books of 1978. Now, there’s an up-
dated second edition!

Besides offering an introduction to the principles of
microcomputers that assumes no previous knowledge on the
reader’s part, this second edition updates prices, the latest
developments in microcomputer technology, and a review of
over 100 microcomputer products from over 60 manufac-
turers

THE ESSENTIAL COMPUTER DICTIONARY AND SPELLER
ABO11 5

A must for anyone just starting out in the field of computing.
be they a businessman, hobbyist or budding computerist. The
book presents and defines over 15,000 computer terms and
acronyms and makes for great browsing.

BEGINNER'S GUIDE TO COMPUTER PROGRAMMING

TAB No.574 $15.95
Computer programming is an increasingly attractive field to
the individual, however many people seem to overlook it as a
career. The material in this book has been developed in a
logical sequence, from the basic steps to machine language.

AHG13: THE COMPUTER COMPANION: A DICTIONARY/
REFERENCE GUIDE

LEDIN $3.95
Filled with hundreds of clear explanations of technical terms
and acronyms, plus useful computer facts.

$B21860: YOUR OWN COMPUTER

{2nd EDITION) $12.95
Explains what it would be like to own a computer — what
you could do with it, how it could make your life easier, and
how you might look into buying one for your own uses. Ex-
plores applications, buzzwords, programs, hardware, and
peripherals, among other things. Compares 30 different per-
sonal and small-business computers now on the market. Easy
to read, informative, and ideal for newcomers to computing.

$B22008: WHAT DO YOU DO AFTER YOU PLUG IT IN?
W. BARDEN, )r. 15.50
Complete tutorial covering use of microcomputer hardware,
software, languages, operating systems, data communica-
tions, and more, followed by another tutorial on workable
solutions to the practical problems you'll meet white using
them. Also has good advice on choosing a system and the
software to run it. Valuable new material for beginners and
veterans alike.

s

MICRO-
PROCESSORS

280 USERS MANUAL

ABO10 $20.95
The Z80 MPU can be found in many machines and is general-
ly acknowledged to be one of the most powerful 8 bit chips
around. This book provides an excellent 'right hand’ for
anyone involved in the application of this popular processor.

Tab1491: 101 PROJECTS FOR THE Z80 $29.95
Gives you hands-on experience in interfacing fundamentals
plus a.thorough grounding in creative programming. There
are hardware and software applications and several that
combine both.

PH248: MICROPROCESSORS
Covers microprocessor theory, operation,
arithmetic, programming, and interfacing,

$19.95

computer

A BEGINNER'S GUIDE TO COMPUTERS AND
MICROPROCESSORS — WITH PROJECTS.
TAB No.101S

Here’s a plain English introduction to the world of microcom-
puters — it's capabilities, parts and functions and how
you can use one. Numerous projects demonstrate operating
principles and lead to the construction of an actual working
computer capable of performing many useful functions.

BP66: BEGINNERS GUIDE TO MICROPROCESSORS
AND COMPUTING $7.05
EF. SCOTT, M.Sc., C.Eng.
As indicated by the title, this book is intended as an introduc-
tion to the basic theory and concepts of binary arithmetic,
microprocessor operation and machine language programm-
ing.

There are occasions in the text where some background
information might be helpful and a Glossary is included at
the end of the book.

BP72: A MICROPROCESSOR PRIMER $7.20
E.A. PARR, B.Sc., C.Eng., M.LE.E.

A newcomer to electronics tends to be overwhelmed when
first confronted with articles or books on microprocessors. In
an attempt to give a painless approach to computing, this
small book will start by designing a simple computer and
because of its simplicity and logical structure, the language
is hopefully easy to learn and understand. In this way, such
deas as Relative Addressing, Index Registers etc. will be
developed and it is hoped that these will be seen as logical
progressions rather than arbitrary things to be accepted but
not understood.

BEGINNERS GUIDE TO MICROPROCESSORS

TAB No.99S $10.95
If you aren’t sure exactly what a microprocessor is, then this
is the book for you. The book takes the beginner from the
basic theories and history of these essential devices, right up
to some real world hardware applicatiors.

HANDBOOK OF MICROPROCESSOR APPLICATIONS

TAB No.1203 $15.95
Highly recommended reading for those who are interested in
microprocessors as a means of a accomplishing a specific
task. The author discusses two individual microprocessors,
the 1802 and the 6800, and how they can be put to use in real
world applications.

MICROPROCESSOR/MICROPROGRAM MING HANDBOOK
TAB No.78S§ 15.95
A comprehensive guide to microprocessor hardware and pro-
gamming. Techniques discussed include subroutines, hand!-
ing interrupts and program loops

BP102: THE 6809 COMPANION
M. JAMES ) el
The 6809 microprocessor’s history, architecture, addressing
modes and the instruction set (fully commented) are covered.
In addition there are chapters on converting programs from
the 6800, programming style, interrupt handring and about
the 6809 hardware and software available.

AN INTRODUCTION TO MICROPROCESSORS
EXPERIMENTS IN DIGITAL TECHNOLOGY
HBO7: $15.95
SMITH

A “learn by doing” guide to the use of integrated circuits pro-
vides a foundation for the underlying hardware actions of
programming statements. Emphasis is placed on how digital
circuitry compares with analog circuitry. Begins with the
simplest gates and timers, then introduces the fundamental
parts of ICs, detailing the benefits and pitfalls of major IC
families, and continues with coverage of the ultimate in in-
tegrated complexity — the microprocessor.

BASIC MICROPROCESSORS AND THE 6800
HBO6: $23.95
Provides two books in one: a basic guide to microprocessors
for the beginner, and a complete description of the M6800
system for the engineer.

Each chapter is followed by a problem section.

$13.95

$B21877: MICROPROCESSOR CIRCUITS, VOLUME 1:
FUNDAMENTALS AND MICROCONTROLLERS $13.95
Intended for service technicians, computer technicians, in-
dustrial control personnel, students, hams, and others who
need to learn microprocessor basics. Brings you a chance to
learn microprocessor theory and gain valuable practical ex-
perience at the same timel Excellent for home study and in-
plant training. Features actual demonstration circuits easily
built with solderless boards and readily available chips and
parts.

$B21828: DON LANCASTER'S MICRO COOKBOOK,
VOLUME 1 $22.50
The first in a new series of Lancaster cookbook volumes in-
tended to show you how microcomputers and
microprocessors work, and how you can personally build
your own skills to profit from and enjoy the micro revolution.
After an easy introduction to micro-basics and a set of real-
world rules for winning the micro game, you'll explore the
essential number systems, hardware and software -logic,
mainstream codes and standards, electronic memory, and
microcomputer memory devices and applications.

INTERFACING

DIGITAL INTERFACING WITH AN ANALOG WORLD

TAB No.1070 $15.95
You've bought a computer, but now you can't make it do
anything useful. This book will tell you how to convert real
world quantities such as temperature, pressure, force and so
on into binary representation.

MICROPROCESSOR INTERFACING HANDBOOK: AID &
A

D}

TAB No.1271 $15.95
A useful handbook for computerists interested in using their
machines in linear applications. Topics discussed include
voltage references, op-amps for data conversion, analogue
switching and multiplexing and more.

$822003: Z-80 MICROPROCESSOR ADVANCED
INTERFACING WITH APPLICATIONS IN

DATA COMMUNICATIONS $27.95
Helps you learn to exchange information and access data
bases all over the world, using a system based on the Z-80, or
almost any other 8- or 16-bit microprocessor. Includes a por-
table communications software package with complete in-
structions, plus many portable programs in BASIC and Z-80
assembly language.

$821888: STD BUS INTERFACING $19.95
Now you can interface your STD system when there’'s no
commercial interface card availablel Gives you all informa-
tion and circuitry needed to use your STD bus computer
system for controlling instruments or processes, or for acquir-
ing data from an electrical device. Contains immediately
usable assembly language software for Z-80, 8080/8085, 6502,
and 6800-based microcomputers. :

See back page of catalogue for ordering detalls. No taxes apply to books.
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$B21836: ADVANCED 6052 INTERFACING $18.50
Numerous examples of the 6502 and 6800 families, plus fun-
damental concepts help teach you design of interface cir-
cuits, understanding of LS) devices, and solutions to typical
problems of ground noise, isolation, and transient and light-
ning damage. Contains many techniques valuable in the field
of machine control

BRAIN TICKLERS

ABOOS $8.50
If the usual games such as Bug Stomp and Invaders From the
Time Warp are starting to pale, then this is the book for you.
The authors have put together dozens of stimulating puzzles
to show you just how challenging computing can be.

BASIC COMPUTER PROGRAMS IN SCIENCE AND
ENGINEERING

GILDER

HBoO8 $17.50
Save time and money with this collection of 114 ready-to-run
BASIC programs for the hobbyist and engineer. There are
programs to do such statistical operations as means, stan-
dard deviation averages, curve-fitting, and interpolation.
There are programs that design antennas, filters, attenuators,
matching networks, plotting, and histogram programs.

GAME PLAYING WITH BASIC
SPENCER

HB10 $16.95
The writing is nontechnical, allowing almost anyone to
understand computerized game playing. The book includes
the rules of eacﬁ game, how each game works, illustrative
flowcharts, diagrams, and the output produced by each pro-
gram. The last chapter contains 26 games for reader solution.

PH179: BASIC PROGRAMS FOR HOME FINANCIAL
MANAGEMENT

W. GOLDSMITH, Jr. $16.95
This book is a 33 program home financial management
system written in BASIC. 1t includes descriptions, listings,
and sample runs and programs that are adaptable to TRS-80,
Apple 11, and other home computers.

$B22047: 26 BASIC PROGRAMS FOR YOUR

MICRO $16.95
Features 26 previously unpublished, simple-to-complex
games you can run on almost any brand of microcomputer as
long as you have enough RAM on board. Most take between
500 and 5000 bytes, with the highest taking 13K. Conversion
charts that let you key them into your Radio Shack, TRS-80,
Apple 11, Timex/Sinclair 1000 (ZX81), Spectrum, Atari, or PET
are included. Also features notes on program techniques and
structures.

Tab1380: 30 COMPUTER PROGRAMS FOR THE
HOMEOWNER IN BASIC $15.95
Programs include a telephone timer, decor redesign, cheque-
book program, a “coupon” organiser, menu planner and
calorie planner.

Tab1533: GRAPHICS PROGRAM

IN MICROSOFT BASIC $19.25
Generate computer art includlng mathematically defined art
and animated graphics, draw still pictures — realistic and
abstract; create an interactive space shuttle simulation; plot
architectural and landscape drawings with both high and low
resolution graphics; construct a 3-dimensional model of a
function; plot 2-dimensional graphics, statistical relations,
maps and diagrams. All these are written in Microsoft BASIC
that'is adaptable to just about any BASIC micro system.

$B21941: BASIC: FUNDAMENTAL CONCEPTS $32.50
Introduces the BASIC language and compares its two major
dialects by Microsoft and Digltal Equipment Corporation.
Teaches you the elements you need to convert programs
from one BASIC dialect to another and helps you understand
what happens when your computer tries to run a program in
a dialect it can't understand. Third in Sam’s computing
series

$SB21841: BASIC PROGRAMMER’S NOTEBOOK

E. SAVAGE $20.95
A valuable book that provides 'you with many timesaving
BASIC sub-routines and programming practices usually
known only to highly experienced programmers. Also con-
tains several debugged and easily modified program samples
you can use.

$B21942: BASIC: ADVANCED CONCEPTS $32.50
Last in Sams’ special four-volume series on computers and
computing. Uses BASIC as a tool to help you study program
storage within the computer, -explore the limitations of
floating-point arithmetic, and examine number systems com-
monly used in computing. Complements and adds to the fun-
damental commands and concepts of No. 21941, the
preceding volume.

THE MOST POPULAR SUBROUTINES IN BASIC

TAB No.1050 $9.95
An understandable guide to BASIC subroutines which
enables the reader to avoid tedium, economise on computer
time and makes programs run faster. It is a practical rather
than a theoretical manual.

PROGRAMMING IN BASIC FOR PERSONAL COMPUTERS

AB01S $12,95
This book emphasizes the sort of analytical thinking that lets
you use a specific tool — the BASIC language — to

transform your own ideas into workable programs. The text is
designed to help you to intelligently analyse and design a
wide diversity of useful and interesting programs.

COMPUTER PROGRAMS IN BASIC
ABOO1 $14.95
A catalogue of over 1,600 fully indexed BASIC computer pro-
grams with applications in Business, Math, Games and more.
This book lists available software, what it does, where to get
it, and how to adapt it to your machine.

BPB6: AN INTRODUCTION TO BASIC PROGRAMMING
TECHNIQUES $7.75
S. DALY

This book is based on the author’s own experience in learning
BASIC and in helping others, mostly beginners, to program
and understand the language. Also included are a program
library containing various programs, that the author has ac-
wally written and run. These are for biorhythms, plotting a
graph of Y against X, standard deviation, regression,
generating a musical note sequence and a card game. The
book is complemented by a number of appendices which in-
clude test questions and answers on each chapter and a
glossary.

THE BASIC COOKBOOK.

TAB No.1055 $9.95
BASIC is a surprisingly powerful language if you
understand it completely. This book, picks up where most
manufacturers’ documentation gives up. With it, any com-
puter owner can develop programs to make the most out of
his or her machine.

BASIC FROM THE GROUND UP

SIMON

HB15 $18.95
Here's a BASIC text for high school students and hobbyists
that explores computers and the BASIC language in a simple
direct way, without relying on a heavy mathematical
backbround on the reader’s part. All the features of BASIC
are included as well as some of the inside workings of a com-
puter. The book covers one version of each of the BASIC
statements and points out some of the variations, leaving
readers well prepared to write programs in any version they
encounter. A selection of exercises and six worked out pro-
blems round out the reader’s experience. A glpssary and a
summary of BASIC statements are included at the end of the
book for quick reference.

AHG2: UNDERSTANDING BASIC

PEDDICORD $3.95
BASIC is the universal microcomputer language and
Understanding Basic teaches the novice to write programs
right from the beginning. Emphasizes fundamental program-
ming concepts and covers most features common to all
popular versions of BASIC.

PH166: IMPLEMENTING BASICS: HOW BASICS WORK
W.&P. PAYNE $19.95
Shows the reader how to write progressively more complex
and advanced programs. Uses the stack-oriented method,
tells how to develop table-driven software, and gives tech-
niques for writing programs.

* PH167: MAKING BASIC WORK FOR YOU

C. DeROSSI $11.95
Learn to program with BASIC, one of the most useful com-
puter languages around. Whether you are entering a
computer-related field or simply have access to a computer
and would fike to use it more effectively, this book has
everything you need to know.

PH168: PROGRAMMING IN BASIC FOR PERSONAL COM-
PUTERS

D. HEISERMAN $12.95
This complete guide to BASIC computer programming, adap-
table to the TRS-80, Apple 11, and PET computers; covers a
wide range of topics, from programmable video games to
engineering and business programs.

$822014: BASIC PROGRAMMING PRIMER

(2nd EDITION) $24.95
Improved and expanded versi i the 5-year Sams/Waite
best seller, now featuring keywords, statements, and func-
tions usable with any computer running a variation of
Microsoft BASIC, including the IBM PC. Advanced BASIC
coverage shows use of special statements, professional-style
program coding. and more! New game-program listings in-
clude Rubik’s Cube, Microspace Invaders, and Word
Scrambler! New self-tests and answers help you learn and
check your BASIC programming progress as you go! Still
user-friendly to beginners and more advanced users,
regardless of occupation

HB125: INTRODUCTION TO Tl BASIC

INMAN, ZAMORA, ALBRECHT $18.75
Written by three of the foremost microcomputing program-
ming experts in the country, this comprehensive work
teaches you BASIC for use with the Texas Instruments Home
Computer. The authors have carefully constructed this in-
troduction so that you will soon be writing BASIC programs
and exploiting all of the excellent features of the Tl machine.
Covers all the essential programming statements and
machine features

HB108: PROGRAMMING IN BASIC: A COMPLETE COURSE
MCRITCHIE TBA
Suitable for use in both data processing and business
courses, this introduction to BASIC provides foundation in
struction in the use of the computer terminal, flowcharting,
and programming concepts. Since it presupposes no previous
experience with computers, McRitchie is accessible to a wide
range of students with varying reading abilities. It teaches
programming through hands-on student work. and reinforces
basic's principles through numerous examples and assign-
men!

HB101: | SPEAK BASIC TO MY TRS-80
HB102: ) SPEAK BASIC TO MY APPLE
HB103: | SPEAK BASIC TO MY PET
ONES $12.25
| SPEAK BASIC A field-tested computer literacy course that
introduces students (and teachers) to BASIC language pro-
gamming, N'f) PREVI(?US COMPUTER EXPERIENCE lShRE-
UIRED. This ¢ ete -5€55i0N_ cour: is machine
specific for Appleqmg PET?R{ and TRS-BOSFM microcom-
puters and provides a complete understanding of the
machine’s operations and functions. The Student Text begins
each lesson with learning objectives, followed by definitions
of key terms, programming examples, in-class exercises,
assignments, a summary, programming practices, and a quiz.
Special annotations and suggestions in the Teacher's Manual
aid in lesson planning and teaching methods, including
answers to all quizzes and practices. Exam Set provided on
spirit duplicating masters.

PH237: COMPUTER PROGRAMS IN BASIC

P, FRIEDMAN $14.95
Covering six major discipline fields of Business/Finance,
Games, Math, Science/Education, Personal Interest and Utili-
ty, this directory provides program reviews in over 173
categories and briefly describes what the program does, tells
where it can be found, and lists the equipment needed to
make the program run.

HB121: BASIC WITH STYLE: PROGRAMMING PROVERBS
NAGIN and LEDGARD 12.80
Covers structured BASIC programming. Essential and surpris-
ingly simple principles help BASIC programmers upgrade the
quality and efficiency of their work. Each proverb is accom-
panied by discussion, explanations, and sample programs
demonstrating the techniques.

HB11:: BASIC BASIC: AN INTRODUCTION TO COMPUTER
PROGRAMMING IN BASIC LANGUAGE, 2nd Ed.
COAN $18.75
. An excellent introduction to the use of BASIC . . . clearly
written and well organized.” COMPUTING REVIEWS. “Itis a
well written book there are many good examples, com-
plete with results.” COMPUTER WORLD. Over 100 sample
programs present the essential statements of BASIC. Each
new language statement or capability is clearly explained at
the time it is first used in a sample program. Every section is
followed by practice problems; solutions to even-numbered
problems appear in the text; the remainder in the separate
Teacher’s Guide.

HB118: ADVANCED BASIC: APPLICATIONS AND
PROBLEMS
$18.50

... a useful textbook to the student in a follow-up course, or
the programmer acquiring BASIC as his second or third
language ... well above average”” DATA PROCESSING
DIGEST. Advanced techniques and applications, including
coordinate geometry, area, sequences and series,
polynomials, graphing. simulations, and games.

See back page of catalogue for ordering detalls. No taxes apply to books. 3
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Z-80 AND 8080 ASSEMBLY LANGUAGE PROGRAMMING
SPRACKLEN

HBOS $15.50
Provides just about everything the applications programmer
needs to know for Z-80 and 8080 processors. Programming
techniques are presented along with the instructions. Exer-
cises and answers included with each chapter

HB126: Z-80 AND 8080 ASSEMBLY LANGUAGE
PROGRAMMING

SPRACKLEN $15.60
Provides just about everything the applications programmer
needs to know for Z-80 and 8080 processors. Programming
techniques are presented along with the instructions. Exer-
cises and answers included with each chapter.

Tab1389: MACHINE AND ASSEMBLY LANGUAGE
PROGRAMMING $14.95
This book assumes no prior programming knowledge and
starts by explaining the advantages of ML. Several sample
programs are included and each chapter ends with a quiz to
check your understanding of that section

SARGON: A COMPUTER CHESS PROGRAM
Mz $25,50
“} must rate this chess program an excellent buy for anyone
who loves the game.” Kilobaud

Here is the computer chess program that won first place
in the first chess tournament at the 1978 West Coast Com-
puter Faire. 1t is written in Z-80 assembly language, using the
TDL macro assembler. It comes complete with block
diagram and sample printouts.

FORTH

PH174: STARTING FORTH

L BRODIE, FORTH, INC. $23.95
Here is valuable reading material for anyone interested in
computer programming. “Starting Forth” presents a clear
and complete guide to FORTH — the revolutionary ap-
proach to computer programming.

$B21842: INTRODUCTION TO FORTH

K. KNECHT $15.50
Most complete book you can find on the MMS FORTH ver-
sion of FORTH, and also a fundamental approach to pro-
gramming in all versians of that language. Many program-
ming examples are provided with direct comparisons to the
Microsoft Level 11 BASIC version of the same program.

AHG17: UNDERSTANDING FORTH

REYMANN $£3.95
An introduction and overview of this highly flexible program-
ming language that is enjoying increasing interest

$B22007: FORTH PROGRAMMING

L SCANLON $23.95
Only book on the market that shows you the differences bet-
ween FORTH-79 and fig-FORTH, and how to write or modify
software using either dialectl Teaches you how to
manipulate the stack and add new operations. Lists all
FORTH commands. Includes more than 50 fast-acting, useful
programs that will execute with little or no modification on
any FORTH system

FORTRAN

HB119: BASIC FORTRAN

OAN ! $15.90
This book will enable novice programmers to write FOR-
TRAN programs immediately. The author has developed
more readable programs by taking you step by step through
the programming process. Short, complete programs are
developed into longer. more comprehensive ones. Over B0
program examples are included.

HB123: FORTRAN WITH STYLE:

PROGRAMMING PROVERBS

LEDGARD and CHMURA $14.45
This FORTRAN 76 style guide is intended for programmers
who want to write carefully constructed, readable programs
Provides simple rules of style that enable the prcgrammer to
focus creatively on the deeper issues in programming.

AHG4: UNDERSTANDING FORTRAN

LUDWIG $3.95
FORTRAN is the most widely used language for engineering,
scientific, and economic forecasting applications
Understanding FORTRAN acquaints the reader with this type
of programming and covers the essential features of lﬂe
language

COBOL
Tab1398: COBOL $15.95

Cobol for Common Business QOrientated Language is a high
level language which has gained high acceptance as the
language for expressing business data processing procedures
in standrad English. This title answers the questions you may
have on purpose, use, enviconment, data and procedures.

AHGS: UNDERSTANDING COBOL

PEDDICORD $3!95
COBOL is the most commonly used language in large,
business computers. Understanding COBOL is the ideal in-
troduction for the beginning programmer or curious business

PASCAL

PH169: THE FIRST BOOX OF JOSEF: AN INTRODUCTION
TO COMPUTER PROGRAMMING USING PASCAL

1. TOMEX, ACADIA UNIVERSITY $16.95
who said learning programming principles has to be dull?
Now there’s an entertaining and enjoyable way to learn!
Readers learn and apply fundamental programming con-
cepts by manipulating a simulated robot, josef, via a simple
programming language consisting of ordinary words govern-
ed by simple rules

PH170: UCSD PASCAL: A CONSIDERATE APPROACH
D. PRICE $16.95
For anyone who wants to learn how to write programs in
UCSD Pascal, this book offers the simplest, most effective
way to write programs that are easy to read and easy to use.
Written specificaily for the novice programmer, it offers a
solid, low-level introduction and focuses on basic, essential
programming skills without going into unnecessary technical
detail. Includes many simple programs.

PH171: UCSD PASCAL: A BEGINNER'S GUIDE TO PRO-
GRAMMING MICROCOMPUTERS

). HUME & R. HOLD $19.45
Everything beginners need to know for effective use of the
hot” new computer janguage, UCSD Pascal, is readily
available in this exciting introduction to programming
microcomputers

PH172: THE UCSD PASCAL HANDBOOKXK

R. CLARK & S. KOEHLER $20.95
The UCSD Pascal Handbook contains language description
organized especially for quick and easy reference Built
around example programs that demonstrate common and
useful techniques.

PH173: PASCAL: A CONSIDERATE APPROACH

D.PRICE $12.95
‘Here is a straightforward introduction to the programming
language Pascal. The emphasis is on “’considerate programm-
ing,” using an easy-to-follow approach that aims to ease the
learning process by using simple programs.

AHG3: UNDERSTANDING PASCAL

LEDIN $3 95
PASCAL is available on most microcomputers and is one of
the newest and most popular of all programming languages.
By teaching this ideal “learning language,” Understanding
Pascal helps the novice develop good programming methods
and understand the main programming structures.

HB120: PASCAL WITH STYLE: PROGRAMMING PROVERBS
LEDGARD, NAGIN, and HUERAS $13.75
A style guide specifically written to help Pascal users write
more accurate, error-free programs the first time. Offers fules
or guidelines that stress overall program organization and
“Logical thinking.” Special chapter on how to use the top-
down approach with Pascal.

PASCAL PROGRAMMING FOR THE APPLE

AB008 $19.95
A great book to upgrade your programming skills to the
UCSD Pascal as implemented on the Apple Il. Statements
and techniques are discussed and there are many practical
and ready to run programs.

PASCAL

TAB No.1205 $15.95
Aimed specifically at TRS-80 users, this book discusses how
to load, use and write PASCAL programs. Graphic techniques
are discussed and numerous programs are presented.

SPEAKING PASCAL

BOWEN

HB16 $18.95
An excellent introduction to programming in the Pascal
language! Written in clear, concise, non-mathematical
language, the text requires no technical background or
previous programming experience on the reader’s behalf.
Top-down structured analysis and key examples illustrate
each new idea and the reader is encouraged to construct pro-
grams in an organized manner.

CPIM

PH175: CPIM ASSEMBLY PROGRAMMING

K. BARIER $16.95
This book is a self-teaching manual that will enable readers
to learn the details of microcomputer hardware, its operating
system, and assembly language programming These three
topics are integrated in a learn-by-doing environment of the
most popular microcomputer operating system.

PH176: SYSTEM PROGRAMMING UNDER CP/M-80
L HUGHES $20.95
How to use and program under the CP/M operating system.
How to install and modify the CP/M o.s

HB106: CP/M REVEALED

DENNON $19.95
This book is intended for CP/M users to improve their skills. It
is a guide to the CP/M operating system: the console monitor
(CCP), the system manager (BDOS), and the inputioutput
driver package (CBIOS). In addition to providing a clear
understanding of the data structure of the CP/M disk and
other essentials to using CP/M effectively, this text fills many
of the information gaps left by the Digital Research CP/M
manuals. Coverage includes buying CP/M, booting up, log-
ging in, changing memory size, mapping disk space, calling
alt programs, interfacing 1/O devices, and more.

HB109: INSIDE CP/M: A GUIDE FOR USERS AND PRO-
GRAMMERS, WITH CP/M-86 AND MPIM 2

CORTESH $32.95
This guide and reference manual for CP/M {an operating
system for small computers) is divided into two sections. The
Tutorial presents the basics of the management, use, and pro-
gramming of a small computer and CP/M. In the Reference
section, CP/M information is organized for quick access by
programmers and users. The answer to any question about
the day-to-day use of CP/M can be found in a few seconds in
the reference section. Most of this text applies correctly to
most CP/M systems; however, the book was developed on,
and for, CP/M 2.2.

$B21791: CPIM® PRIMER

Helps microcomputer veterans and novices alike find the
answers about CP/M in a complete, one-stop sourcebook
that's a Sams best-seller! Gives you complete CP/M ter-
minology, hardware and software concepts, startup details,
and more for this popular 8080/8085/Z-80 operating system.
Helps you begin using and working with CP/M immediately,
and includes a list of compatible software, too.

PHS15: A PROGRAMMER'S NOTEBOOX: UTILITIES FOR
CPIM-80

D. CORTESI $46.50
This book/disk package, designed from the professional pro-
grammer’s point of view, offers the nuts and bolts of pro-
gramming in BOBO assembly language. With it, the user will
be able to build an impressive software library that would
cost a fortune if bought elsewhere. Book/Disk Package.

UNIX

PH177: USING THE UNIX SYSTEM

R. GAUTHIER $20.95
The book provides computer professionals with an excellent
handbook that shows how to handle everything from specific
commands to files to overall system design for new applica-
tions

$B22028: UNIX PRIMER PLUS $27.95
This newest Sams/Waite Primer introduces you to the power-
ful UNIX operating system. Perfect for students, office
workers, home-computer owners, new computer users and
others learning about or starting on a UNIX-based system.

MISCELLANEOUS

PHS14: COMAL HANDBOOKX

L. LINDSAY $39.00
COMAL (COMmon Algorithmic Language) takes the simpli-
city of BASIC and the power and structure of Pascal and
combines them into one language that’s easy to learn and
powerful to use. Includes 100 sample programs and pro-
cedures. Book/Disk Package.

AHG18: UNDERSTANDING LOGO

McLEAN $3.95
LOGO is easy to learn, but capable of great sophistication.
This Handy Guide is an introduction for the beginner and an
overview for the advanced programmer.

HB124: MY MICRO SPEAKS BASEX (AND LOVES IT!)
WARME $13.45
An in-depth examination of BASEX, a versatile language for
8080 and Z-80 type microcomputers, which combines the
best features of BASIC and executable machine code. The
major advantage of BASEX is speed — programs run up to
ten times faster than similar programs in BASIC.

AHG11: UNDERSTANDING APL

BRYSON $3.95
APL, rapidly growing in popularity, is one of the most concise
computer languages, particularly well-suited to the efficient
solution of mathematical and business problems. This Handy
Guide is a concise introduction to the terms and functions of
this language. For the beginning to advanced programmer.

See back page of catalogue for ordering detalls. No taxes apply to books.
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AHG12: UNDERSTANDING LISP 5
GLOESS $3.95
LISP is the most widely used language in the Artificial In-
telligence community. an area of growing importance in the
computer world, and is available on a growing number of
personal computers. This Handy Guide is a detailed introduc-
tion to this language. For the reader with at least some pro-
gramming experience.

BUSINESS
(GENERAL)

PH180: 1983 CANADIAN BUSINESS GUIDE TO MICRO-
COMPUTERS

K. DORRICOTT $8.95
Written by the managing director of Deloitte, Haskins &
Sells, a Canadian partnership of public accountants and

other professional advisors to management, this book is one °

of the most complete comprehensive guides to microcom-
puters available. Starting with a general overview of
microcomputers and their business applications, the author
helps you assess your computer needs, compares and
evaluates computer systems and application packages, and
gives you tips on “doing it right”. A must for anyone thinking
of purchasing a microcomputer for business.

PH183: HOW TO BUY A BUSINESS COMPUTER AND GET IT
RIGHT THE FIRST TIME

CROSS $20.95
246 pages

THE JOY OF MINIS AND MICROS: DATA PROCESSING
WITH SMALL COMPUTERS

STEIN AND SHAPIRO

HBO3 $17.50
A collection of pieces covering technical and management
aspects of the use of small computers for business or science.
It emphasizes the use of common sense and good systems
design for every computer project. Because a strong
technical background is not necessary, the book is easy to
read and understand. Considerable material is devoted to the
question of what size computer should be used for a par-
ticular job, and how to choose the right machine for you.

$B21890: UNDERSTANDING AND BUYING A SMALL
BUSINESS COMPUTER $13.95
A lively, practical guide intended primarily for small-business
owners but equally usable by any businessperson considering
purchase of a micro- or minicomputer for business use.
Presented in a careful, nontechnical style and filled with ex-
amples, diagrams, and case studies of other business-users to
help build your knowledge and confidence. Not a shopping
guide. Helps you avoid hidden costs, spot reliable suppliers,
and ask intelligent questions.

PH190: HOW TO BUY AN OFFICE COMPUTER OR WORD
PROCESSOR
B. DONOHUE $11.95
A single-source of detailed instructions on how to tind and
contract the right computer or word processor, this book lays
out a step-by-step procedure for selecting a system and for
protecting one’s self with a solid contract.

PH191: HOW TO SELECT YOUR SMALL COMPUTER ...
WITHOUT FRUSTRATION

H. SEGAL & J. BERST $19.95
Presents the latest tested and proven techniques to help the
prospective computer buyer avoid the most common pitfalls
that plague new users. Includes 18 worksheets leading the
reader through each step of the way and "*shopping lists” of
features to look for in the most popular hardware and soft-
ware.

PH182: THE ELECTRONIC OFFICE
. FINN $16.95
Specific suggestions on how to implement office automa-
tion, as well as the factors to consider in computer contract
negotiations, selection of hardware, database input and
management, and ‘ergonomics’ of computer design.

PH184: MICROCOMPUTERS IN SMALL BUSINESS
R.RANDALL $11.95
Written specifically for the business-person with little or no
experience with computers. Provides a basic, detailed in-
troduction to the use of microcomputers in the small
business environment.

PH185: A GUIDE FOR SELECTING COMPUTERS AND PRO-
GRAMS FOR SMALL BUSINESS

P.ENOCKSON $19.95
An overview of all the aspects of the selection of a computer,
including software and the installation of the entire system in
any small business.

PH187: THE COMPLETE BOOK OF WORD PROCESSING
AND BUSINESS GRAPHICS

W. SIKONOWIZ $19.95
Designed as an introduction to word processing and business
grap?\ic systems, this easy-to-understand guide features com-
parisons between dedicated machines and general purpose
computers configured for these same applications.

PH188: A MANAGER’S GUIDE TO LOCAL NETWORKS

F. DERFLER, jr. & W. STALLINGS $19.95
Informative, yet easy to understand, this book explains how
business managers and corporate decision-makers can im-
prove productivity with a better understanding of local net-
work systems.

PH198:
BUSINESS AND PROFESSIONAL PEOPLE
J. KANTER

‘Taming Your Computer’ will show you how to use your com-
puter to reach peak efficiency in your daily functions as
businessman or professional. Perfect for businessmen who
want to streamline their production

TAMING YOUR COMPUTER: A GUIDE FOR

$11.95

PH200: MICROCOMPUTERS FOR BUSINESS

SUMMER & LEVY, editors $10.95
Just about everything the small business operator or manager
should know when considering the cost efficiency of
microcomputer systems. Includes comparisons of various
systems, cost evaluation, choosing the right system, much
more. 40 case studies

PH201:COMPUTER POWER FOR THE SMALL BUSINESS
C.SIPPL& F. DAHL $10.95
Explains how computers work in simple terms. Step-by-step
instructions tell how to develop a plan for an individualized
computer system.

PH202: HOW TO COMPUTERIZE YOUR SMALL BUSINESS
). COHEN & C. MCKINNEY $10.95
A complete guide to selecting data processing equipment
and services, this book shows how to plan a computer system
tailored to the needs of any small business.

HOW TO PROFIT FROM YOUR PERSONAL COMPUTER:
PROFESSIONAL, BUSINESS, AND HOME APPLICATIONS

$18.95
Describes the uses of personal computers in common
business applications, such as accounting. managing, inven-
tory, sorting mailing lists, and many others. The discussion in-
cludes terms, notations, and techniques commonly used by
programmers. A full glossary of terms.

PH192: HOW TO MANAGE YOUR SMALL COMPUTER ...
WITHOUT FRUSTRATION

H.SEGAL & |. BERTS $19.95
Readers will learn how to guarantee a hassle-free installa-
tion; how to overcome the staff’s computer phobia; how to
hire, train and motivate DP personnel, and how to sell excess
computer capacity for bonus profits.

PH}93: DEVELOPING COMPUTER SOLUTIONS FOR YOUR
BUSINESS PROBLEMS

H. PETERSOHN $19.95
A computer expert shows managers how to effectively imple-
ment, and evaluate automation alternatives. Written
specifically for managers in both large and small business en-
vironments, it guides the reader in defining problems explain-
ing them to data processing people, and finding the fastest
and least expensive installation method.

PH194: MICROCOMPUTERS IN LARGE ORGANIZATIONS
T. MADRON $16.95
Here is the first — and only — book that discusses planned
implementation of microcomputers in large organizations.
Written specifically for business and data processing
managers, it provides a complete description of software for
the development of the Executive Workstation. Also includ-
ed are implementation techniques on the IBM-PC and the
Osborne 1.

PH195: SO YOU ARE THINKING ABOUT A SMALL
BUSINESS COMPUTER
R.CANNING & N. LEEPER $14.95
Specially designed for the business person with little or no
knowledge of computers, this book gives practical step-by-
step guidelines for successfully selecting a small computer
system and using it in daily office routines. It describes the
benefits of having a computer system, how computers work,
hardware and software characteristics, and how to use the
services of a consultant

PH189: THE COMPUTER IN YOUR LEGAL PRACTICE
M.MARCUS & L. BROWN $26.00
At last — here’s the answer every lawyer has been waiting
fort A complete, authoritative guide to computerizing a legal
practice, this book will help readers better understand how
computers work — and how to use them for increased effi-
ciency and productivity in a business. Applications include
law office management, accounting, finance, word process-
ing, database and research, document control, records
management, electronic mail, administration, and more.

PH186: MICROCOMPUTERS FOR ACCOUNTANTS

T. NEEDLEMAN $19.95
Written by a consultant who specializes in the financial ap-
plication of microcomputers, this book shows accountants
how to make their business more profitable by implementing
microcomputers for better practice management, improved
client support, and such new services as tax accounting,
modelling. budgeting, and forecasting

PH196: THE PHYSICIAN'S GUIDE TO DESKTOP COM.
PUTERS

M. SPOHR, M.D. $29.00
Designed for medical practitioners-doctors, dentists, nurses
— who use or plan to use microcomputers in their practice
Written for the uninitiated computers user, the book covers
the special capabilities of the desktop computer that make it
valuable in a medical office/clinic.

USING MICROCOMPUTERS IN BUSINESS
VEIT

HBO4 $15.95
An essential background briefing for any purchaser of
microcomputer systemns or software. In a fast-moving style,
without the usual buzz words and technical jargon. Veit
answers the most often asked questions.

See back page of catalogue for ordering detalls. No taxes apply to books. 5
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DATA BASE
MANAGEMENT

PH199: DATA BASE SYSTEMS: DESIGN, IMPLEMENTATION
AND MANAGEMENT

R. ROSS $29.00
Here's a practical, comprehensive resource that covers Data
Base Management Systems. Examines CODASYL, inverted
DBBMs, mini-DBMS, the relationship model and physically-
linked DBMS.

PH181: THE DATA BASE GUIDE

C. BENTON $26.00
Complete step-by-step book detailing the necessaryelements
for selecting. organizing, and implementing database
systems for micocomputers. Presents material at a beginner’s
fevel yet thorough enough to aid the professional data pro-
cessing person.

$B21875: MICROCOMPUTER DATA BASE

MANAGEMENT $18.50
A practical guide for anyone who needs to control and ac-
cess large amounts of data with a microcomputer. Complete
tutorial shows routines you can use to write and implement
your own data-base programs. Also explains step-by-step
operation of WHATSIT, SELECTOR, and PROFILE, just 3 of
many data-base packages on the market, and evaluates their
performance. If you know the fundamentals of BASIC pro-
gramming. you'll do fine with this book.

AHG10: UNDERSTANDING DATA BASE MANAGEMENT
FREILING $3.95
This Handy Guide explains how data bases are created, main-
tained and utilized, and surveys. the latest techniques, pro-
viding an easy overview for businesss managers and program-
mers alike.

PH230: EVERYMAN'S DATABASE PRIMER
BYERS

$19.95

BUSINESS
SOFTWARE

PH203: THE POWER OF MULTIPLANTM

MANAGEMENT INFORMATION SOURCE $19.95

Covers: Accounts receivable, invoicing, cost recovery, pro-

duction scheduling, estimating. checkbook, and engineering
problem solving, accounts payable, payroll, monthly sales
report, inventory and financial forecast.

PH204: THE POWER OF VISICALC: REAL ESTATE
MANAGEMENT INFORMATION SOURCE $19.95
Residential income property analysis, amortization schedule,
condominium conversion or tract home development cash
flow analysis, project operating case flow analysis, property-
tenant income revenue calculations, construction
disbursements, construction loan draw, project cost analysis,
cash flow analysis.

PH205: THE POWER OF VISIPLOT — VISICALC — VISIFILE:
MANAGEMENT INFORMATION SOURCE $19.95
Line graphs, Bar graphs, Area graph, Pie and Hi-Lo overlaying
plots, storage management, VisiCalc data plotted, VisiFile
data plo((eg.

PH206: dBASE 11 USER’S GUIDE

A. GREEN $38.00
This instructional handbook for novices and .experienced
users alike presents a simple, highly effective approach to
learning how to use this powerful software program avialable
for microcomputers

PH207: SUPERCALC! THE BOOK
D.BEIL $22.95
This practical programming guide is designed to help users of
a SuperCalc system discover .its real power! It teaches
readers how to design the right “model" so that they can ex-
amine every step of their business operation and includes
practice problems to help along the way

PH208: THE VISICALC APPLICATIONS BOOK

). GRUSHCOW $22.95
Designed for both the novice and advanced VisiCalc user,
this practical guide explains WHY VisiCalc should be used as
well as HOW to use it in six key business areas: credit con-
trol, financial statement analysis, forecasting, budgeting cost
management, and portfolio management.

PH209: THE POWER OF VISICALC
R. WILLIAMS & B. TAYLOR $12.95
A must for anyone who owns — or is thinking about getting
a microcomputer, this instructional handbook presents a
simple and effective approach to learning how to use the
most powerful software program available for personal size
computers. It demonstrates the use of VISICALC features
through specific examples in a wide range of applications.

PH210: THE POWER OF SUPERCALC
R. WILLIAMS & B. TAYLOR $12.95
Here is the first book that demonstrates the use of SUPER-
CALC features through specific application examples. Writ-
ten for business owners, accountants, teachers, students, and
homeowners, i(J)vesenls several easy-to-follow exercises for

developing and expanding problem-solving skills with
SUPERCALC.

AHGS: HOW TO USE VISICALC/SUPERCALC

SHRUM $3.95

A step-by-step, detailed guide to the two best-selling software
for personal computers, used to make budgeting and
forecasting easy. This Handy Guide clearly and simply ex-
plains all VisiCalc/SuperCalc functions and helps the reader
creatively solve problems. For the complete novice.

HB104: BASIC COMPUTER PROGRAMS FOR BUSINESS
(Vol. 2)

STERNBERG $19.95
A must for small businesses and entrepreneurs usihg micros.
Over 60 practical business applications, each documented
with a description of its functions and operation, a listing in
BASIC, a symbo! table, sample data, and one or more
samples.

PH197: SIMPLE: BASIC PROGRAMS FOR BUSINESS AP-
PLICATION

J. ALONSO $19.95
This book includes BASIC programs that even a new user can
use with as little as 3 minutes of instruction! And for ex-
perienced users, these programs can be easily modified to
better suit particular needs. Covers a wide range of
statistical, business, and mathematical techniques.

BASIC COMPUTER PROGRAMS FOR BUSINESS:
STERNBERG (Vol. 1)

HB13 $17.95
A must for small businesses utilizing micros as well as for en-
trepreneurs, volume provides a wealth of practical business
applications. Each program is documented with a description
of its functions and operation, a listing in BASIC, a symbol
table, sample data, and one or more samples.

WORD
PROCESSING

PH211: WORD PROCESSORS AND INFORMATION PRO-
CESSING
D.POYNTER $15.95
A clear, readable word processing book that provides
business and lay people with the means to effectively
evaluate word processing equipment and choose the ap-
propriate machine for their specific needs

PH212: CHOOSING A WORD PROCESSOR
P.GOOD $16.95
Provides a head-to-head comparison of 157 features of the 21
leading word processing systems, plus extensive checklists to
help pick the system that is most flexible and most cost effi-
cient for the work that must be done

PH213: WORD PROCESSING SIMPLIFIED AND SELF-
TAUGHT

). CHRISTENSEN $6.95
Ilustrates how word processing functions in a typical office
environment and explains the basic components and applica-
tions that all potential users need to know, whether for
business or personal use.

PH214: THE WORD PROCESSING HANDBOOK

R.STULTZ $11.95
Convenient and easy to use, this handbook is designed for
the business manager responsible for the operation of high
technology word processing systems. It is written in a style
which cuts through the usual technical doubletalk to give the
reader a betler understanding of word processing systems
what they are, what they do, and which one to select, as well
as the bottom line cost of owning and operating a system.

$B21929: WORD PROCESSING FOR

SMALL BUSINESSES $16.95
Tells you about doing practical word processing on a per-
sonal computer, how word-processing software works, what
benefits you can expect from W/P, and what you should
avoid. Compares micro- and minicomputer W/P systems,
discusses W/P software and its documentation, points out the
effects of different hardware designs, and presents details for
more than 50 word-processing systems, including applicable
hardware and W/P software.

AHG7: HOW TO BUY A WORD PROCESSOR

SCRIVEN $3.95
Abuying guide and short course on word processing wrapped
into one book; covering electronic typewriters, personal
computers, and specialized word processing systems. In-
cludes a comparison chart of the most popular systems and
software.

GENERAL

DESIGNING MICROCOMPUTER SYSTEMS
HB18: $17.50
POOCH AND CHATTERGY

This book provides both hobbyists and electronic engineers
with the background information necessary to build
-microcomputer systems. It discusses the hardware aspects of
microcomputer systems. Timing devices are provided to ex-
plain sequences of operations in detail. Then, the book goes
on to describe three of the most popular microcomputer
families: the Intel 8080, Zilog Z-80, and Motorola 6800. Also
covered are designs of interfaces for peripheral devices, and
information on building microcomputer systems from kits.

$-100 BUS HANDBOOK
HB19: $25.50
BURSKY

Here is a comprehensive book that exclusively discusses
$-100 bus computer systems and how they are organized. The
book covers computer fundamentals, basic electronics, and
the parts of the computer. Individual chapters discuss the
CPU, memory, inputfoutput, bulk-memory devices, and
specialized peripheral controllers. It exptains all the
operating details of commonly available $-100 systems.
Schematic drawings.

THE BASIC CONVERSIONS HANDBOOK FOR APPLE,
TRS-80, AND PET USERS

BRAIN BANK

HB17 $12.95
Convert a BASIC program for the TRS-80, Apple I1, or PET to
the form of BASIC used by any other one of those machines.
This is a complete guide to converting Apple 1| and PET-
programs to TRS-80, TRS-80 and PET programs to Apple |1,
TRS-80 and Apple I programs to PET. Equivalent commands
are listed for TRS-80 BASIC (Model I, Level 11}, Applesoft
BASIC and PET BASIC, as well as variations for the TRS-80
Model 111 and Apple Integer BASIC.

AHG6: UNDERSTANDING ARTIFICIAL INTELLIGENCE
GLOESS $3.
This Handy Guide surveys current developments and ap-
plications of artificial intelligence and explains them in easy-
to-understand language. Readers need not know program-
ming.

See back page of catalogue for ordering detalls. No taxes apply to books.
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HB11(1" HE BA,ﬂx CONY JONS HANDBOOK FOR
APPLE'™, TRS-80 and PET USERS

BRAIN BANK $12.95
A complete guide to converting Apple 1l and PET programs
to TRS-80, TRS-80 and PET programs to Apple 11, and TRS-80
and Apple |l programs to PET. Equivalent commands are
listed for TRS-80 BASIC (Model |, Level 11), Applesoft BASIC,
and PET BASIC, as well as variations for TRS-80 Model Iil
and .pple Integer BASIC. Also describes variations in
graphics capabilities.

$821927: MICROCOMPUTER MATH
W.BARDEN $16.95
A step-by-step introduction to binary, octal, and hex!declmai
numbers, and arithmetic operations on all types of
microcomputers. Excellent for serious BASIC beglnners and
intermediates as well as assembly-language programmers.
Treats addition and subtraction of binary, multiple-precision
and floating-point operations, fractions and scaling, flag bits,
and more. Many practical examples and self-tests.

’

PH240: THE COMPUTER COOKBOOKXTM

W. BATES $16.95
A guidebook to putting together microcomputer systems
from various components available on the market. Offering
factual and specific information (not a lot of jargon), it ex-
plains how to integrate assorted “'ingredients” into finished
systems.

HOW TO TROUBLESHOOT AND REPAIR MICROCOM-
PUTERS

AB013 $12.95
Learn how to find the cause of a problem or malfunction in
the central or peripheral unit of any microcomputer and then
repair it. The tips and techniques in this guide can be applied
to any equipment that uses the microprocessor as the
primary control element.

TROUBLESHOOTING MICROPROCESSORS AND DIGITAL
LOGIC

TAB No.1183 $15.95
The influence of digital techniques on commercial and home
equipment is enormous and increasing yearly. This book
discusses digital theory and looks at how to service Video
Cassette Recorders, microprocessors and more.

HOW TO DEBUG YOUR PERSONAL COMPUTER
AB012 $12.95
When you feel like reaching for a sledge hammer to reduce
your computer to fiberglass and epoxy dust, don’t. Reach for
this book instead 'and learn all about program bug tracking,
recognition and elimination techniques.

PH178: INCOME FROM YOUR HOME COMPUTER

E.LIAS $16.95
Presents 30 ways to earn income with a home microcom-
puter. One third of the innovative ideas are applicable to the
novice, and much of the text appeals to game players as well
as skilled system designers. Includes names and addresses of
software agents, microcomputer manufacturers, journals,
user clubs, microcomputer directories, workshop resources,
and publishers who buy software.

HOW TO PROGRAM YOUR PROGRAMMABLE
CALCULATOR

AB0O6 $11.95
Calculator programming, by its very nature, often is an
obstacle to effective use. This book endeavours to show how
to use a programmable calculator to its full capabilities. The
Ti 57 and the HP 33E calculators are discussed although the
principles extend to similar models.

BP33: ELECTRONIC CALCULATOR USERS
HANDBOOX $3.75
MH. BABANI, B.Sc.(Eng.)

An invaluable book for all calculator users whatever their
age or occupation, or whether they have the simplest or most
sophisticated of calculators. Presents formulae, data,
methods of calculation, conversion factors, etc., with the
calculator user especially in mind. often illustrated with sim-
ple examples. Includes the way to calculate using only a sim-
ple four function calculator: Trigonometric Functions (Sin,
Cos, Tan) Hyperbolic Functions (Sinh., Cosh, Tanh)
Logarithms, Square Roots and Powers.

$821960: COMPUTER PROGRAMS FOR MACHINE
DESIGN $30.95
Aids mechanical and material engineers, machinists, tach-
nicians, and students in solving the day-to-day problems that
come up in their involvement with various facets of machine
technology. Organized by major subject area in a logical,
problem-solving order that features a statement of the prob-
lem, the formula used for solution, and a working example.
You can manipulate data repeatedly to observe specific
design variables. Programs are in BASIC.

AHG16: UNDERSTANDING DATA COMMUNICATIONS
BUCKWALTER $3.95
A non-technical introduction to all aspects of communica-
tions between computers. Empbhasizes the practical re-
quirements of electronic mail, networking, and shared
systems

$821896: INTRODUCTION TO ELECTRONIC SPEECH
SYNTHESIS
N.SCLATER $12.95
Helps you undegstand how a human “voice” is electronically
created, explains the three current digital synthesis
technologies used, and tells you what you can expect in
speech quality as it relates to data rate and the cost of
memory devices. Also evaluates complexity and cost of com-
mercial voice-synthesis subsystems.

PH220: MICROCOMPUTER DATA COMMUNICATIONS
SYSTEMS

F. DERFLER, Jr. $16.95
This guide explains microcomputers as data communications
terminals and electronic message systems. Covers TRS-80,
Apple 11, Heath H-89, and other systems.

PH221: CAl SOURCEBOOK

R. BURKE $15.95
CAl stands for Computer Assisted Instruction, and this step-
by-step introduction to the systematic development and
validation of CAl includes a complete set of forms and pro-
cedures for implementing the systems approach to computer
assisted instruction.

PH222: THE ABC’s OF MICROCOMPUTERS: A COMPUTER
LITERACY PRIMER

L. CHRISTIE & ). CURRY, Jr. $10.95
An invaluable collection of informative discussions on ap-
plications, equipment, programming, and operations of
microcomputers. Focuses on those topics essential for the
novice to know, and defines all technical terms as they ap-
pear.

PH223: COMPUTERS AND DATA PROCESSING SIMPLIFIED
AND SELF-TAUGHT
R.STRACKBEIN & D. STRACKBEIN $6.95
Shows in non-technical language how computers work, what
their applications are, and how these applications are being
utilized in the everyday world.

PH224: SIMPLIFIED GUIDE TO MICROCOMPUTERS

W. BOCCHINO $26.00
Features 10 model programs (worth hundreds of dollars) for
business and personal use, a special glossary of microcom-
puter terms, and dozens of photos, diagrams. charts and
checklists.

PH225: MICROCOMPUTERS GRAPHICS

D. HEARN & M, BAKER $24.95
Provides the reader with a solid grasp of the graphic
capabilities of microcomputers and the variety of uses to
which they can be put. Graphics methods are illustrated with
programs written in BASIC.

PH226: COMPUTER ANATOMY FOR BEGINNERS

M. OUVERSON 14.95
Specifically written for the thousands of readers who simply
want to know what the microcomputer revolution is all
about and how it might affect, or even benefit them

PH227: SOFTWARE ENGINEERING FOR SMALL COM-
PUTERS: A PROGRAMMER'S COMPANION

R.B. COATS $22 95
For more advanced programmers who want to extend their
skills beyond simple programming, this reference guide takes
the reader from analysis to design, through construction and
implementation.

PH228: PROGRAMMING A PERSONAL COMPUTER
P. HANSEN $24 95
Describes a software system powerful enough to support the
development of new operating systems, compilers, and text
processing programs on a small, personal computer, yet is
simple enough to be studied in detail at all levels of program-
ming. The software system is written in the programming
language Edison — a Pascal-like language that supports pro-
gram modularity and concurrent execution on micro-
processor. 11 line illustrations.

PH229: VIDEOTEXT: THE MESSAGE IN THE MEDIUM

P. STORFER $19.95
Here is a complete, authoritative guide to videotext services.
It explores their. potential impact on: advertising. personal
computer use, banking and financial services, libraries,
publishing, and broadcasting.

PH231: MICROS AND MODEMS

). NILLES $30.00

MICROCOMPUTERS AND THE 3 R'S
DOERR

HBO9 $15.95
This book educates educators on the various ways com-
puters, especially microcomputers, can be used in the
classroom. it describes microcomputers, how to organize a
computer-based program, the five ‘instructional application
types (with examples from subjects such as the hard sciences,
life sciences, English, history, and government). and
resources listings of today's products. The book includes
preprogrammed examples to start up a microcomputer pro-
gram; while char(ers on resources and.products direct the
reader to useful additional information. All programs are
written.in the BASIC language.

PH232: MATHEMATICAL PROBLEM SOLVING WITH THE
MICROCOMPUTER: PROJECTS TO INCREASE YOUR BASIC
PROGRAMMING SKILL ;

S. SNOVER & M. SPIKELL $11.95
Whether it is for educational or recreational purposes, this
collection of programs is written with BASIC instructions that
are general enough to work on virtually every computer that
uses BASIC language.

PH233: A 60-MINUTE GUIDE TO MICROCOMPUTERS

L HOLLERBACH $9.95
Specifically designed for beginners who want a quica course
in personal and business computing, this book provides a
solid, low-level introduction to microcomputers. It gives a
lucid presentation of microcomputer use in both business
and personal spheres and clarifies all the technical buzz
words in a simple and entertaining fashion.

PH234: EXPLORING THE WORLD OF FHE PERSONAL
COMPUTER

). NILLES $16.95
“Exploring the World of the Personal Computer” takes this
technology to the individual and societal level, examining
the positive and negative aspects of the present and future
widespread use of low cost microcomputers.

PH235: BIG THINGS FROM LITTLE COMPUTERS
D.PETERSON $16.95
Written in a non-technical style, this book will appeal to the
increasing number of people interested in personal com-
puting — whether or not they have a professional
background in the area. Computer enthusiasts will learn
about such topics as how a computer works, and what can
actually be done with a computer.

PH236: THE PRENTICE-HALL CONCISE BOOK OF COM-
PUTERS
M. FRANK $13.95
»The Prentice-Hall Concise Book of Computers” explains
clearly what computers are, how they operate, and the sort
of work they perform. It examines every aspect of this
fascinating subject, from the simplest type of machine to the
most sophisticated, which are astoundingly fast, and shows
that, far from being the mystery that most people consider
them, computers are useful, comprehensible tools of benefit
to all of us, whether we use one directly or not. Over 150 il-
lustrations in colour and black and white.

CONSTRUCTIONAL

Tab1491: 101 PROJECTS FOR THE Z80 $29.95
Gives you hands-on experience in interfacing fundamentals
plus a thorough grounding In creative programming. There
are hardware and software applications and several that
combine both.

Tab1449: COMPUTER PERIPHERALS YOU

CAN BUILD $20.95
Shows you how to build A/D and D/A converters, cassette in-
terfaces, light pens, disk drives, AC and DC control
mechanisms, music boards and much more.

HOW TO BUILD YOUR OWN WORKING MICROCOM-
PUTER

TAB No.1200 $15.95
An excellent reference or how-to manual on building your
own microcomputer. All aspects of hardware and software
are developed as well as many practical circuits.

BP78: PRACTICAL COMPUTER EXPERIMENTS $6.80
E.A. PARR, B.Sc,, C.Eng., M.L.E.E.

Curiously most publisied material on the microprocessor
tends to be of two sorts, the first treats the microprocessor as
ablack box and deals at length with programming and using
the “beast”. The second type of book deals with the social
impact. None of these books deal with the background to the
chip, and thls is a shame as the basic ideas are both in-
teresting and simple,

This book aims to fill in the background to the
microprocessor by constructing typical computer circuits in
discrete logic and it is hoped that this will form a useful in-
troduction to devices such as adders, memories, etc. as well
as a general source book of logic circuits.

KIDS

PH215: KIDS AND THE APPLE

E. CARLSON & DATAMOST $26.00
Written primarily for 10 to 14 year-olds, this book helps kids
(as well as parents and teachers) become pros at writing Ap-
plesoft Basic Programs for home computers. Through a series
of 33 sequential, easy-to-follow lessons, examples and exer-
cises, learn how to program Apple computers, to play board
games, word games, action games, store and recall personal
data, debug, edit, create graphics, even create a program.

PH216: XIDS AND THE VIC

£. CARSON & DATAMOST $26.00
Written primarily to 10 for 14 year-olds plus parents and
teachers, this new guide offers sequential, easy-to-follow
lessons, examples, and exercises that illustrate how to pro-
gram the VIC personal computer to play board games, word
games, and action games, store and recall personal data,

“debug, edit, create graphics, and more!

PH217: BASIC COMPUTER PROGRAMMING FOR KIDS
P.CASSIDY &). CLOSE $15.95
Fully illustrated with photographs and drawings, tnis book
teaches the reader the history of computers and computing
and gently introduces binary mathematics and the basic
theory of how computers work. Written in an easy, conversa-
tional tone.

PH218: COMPUTER GRAPHICS AND GAMES FOR XIDS:
APPLE 11

P.CASSIDY & }. CLOSE $15.95
An entertaining. educational approach to teaching kids to
use computers, this book explains-the principles of program-
ming through computer graphics and games. Readers are
given a series of simple, easy-to-follow graphics problems to
solve for quick, effective mastery over the material and over
the machine. Readers are then encouraged to create and
modify their own computer games.

PH219: BASICALLY SPEAKING:
‘A YOUNG PERSON'S GUIDE TO COMPUTING

COHEN $16.95

See back page of catalogue for ordering details. No taxes apply to books. 7
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APPLE

ARCP3: 101 APPLE COMPUTER PROGRAMMING TIPS &
TRICKS

F. WHITE $12.50
Practical ready-to-type-and-run software. 96 pages.

HB105: BASIC APPLETM BASIC

COAN $18.75

A complete guide to Applesoft BASIC. Takes you from begin-
ning concepts, such as entering data and obtaining output
and planning programs, to more advanced topics, such’as
numeric and string arrays and sequential and random-access
files. Alternate techniques for programming in Apple Integer
BASIC are also covered. Discusses Lo-Res and HiRes
graphics. ,

HB107: GRAPHICS COOKBOOK FOR THE APPLE
WADSWORTH 14.45
Learn how to use your Apple Il to “paint”” shapes, objects,
and letters in low-resolution graphics. The author provides a
library of microcomputer graphics including such multicol-
oured illustrations as robots and flying saucers, trees,
sailboats, and colourful picture backgrounds. Contains com-
plete annotated Applesoft BASIC programs to draw all the
pictures described in the book as well as suggestions for im-
proving programming techniques.

HB110: APPLE PASCAL: A PROGRAMMING GUIDE
TUCKER $26.95
This class-tested text offers a complete, self-contained in-
troduction to programming using the Apple UCSD Pascal
language. Tucker’s accessible coverage introduces Pascal via
a subset language (Eight Statement Pascal) to orient and in-
volve students from the start. He teaches Apple editor and
filer commands early and provides extensive examples, exer-
cises, and lab problems keyed to a variety of fields from

business to science. Structured programming is used
throughout.

$821959: THE APPLE® 11 CIRCUIT

DESCRIPTION $32.50

Provides you with a detailed circuit description of the Apple
il motherboard, including the keyboard and power supply.
Comes complete with timing diagrams for major signals and
discussion of differences between the various revisions.
Cood for technicians, serious hobbyists, and others with
some knowledge of digital hardware.

$B21889: INTERMEDIATE LEVEL APPLE® 11 HANDBOOK

D. HEISERMAN $23.95
Hands-on aid for exploring the entire internal firmware ot
your Apple If and finding out what you can accomplish with
its 6502 microprocessor through machine- and assembly-
language programming. Good introduction if you're ready to
move out of BASIC but don‘t want to buy more hardware.

PHS1: PASCAL FOR THE APPLE

1AIN MacCALLUM $33.80
A step-by-step introduction to Pascal for Apple |1 and Apple
1l Plus users. The package of text and software diskette pro-
vides readers with worthwhile and interesting programs
which can be run immediately and the results studied. In-
cludes over 200 exercises with full solutions. Book/Disk
Package.

PHS2: APPLE GRAPHICS GAMES

PAUL COLLETTA $33.00
Contains 10 arcade-style games written especially for the Ap-
ple 11, including Spider, Piano, Pairs and Poker, as well as
education, math, and designing games. Book/Disk Package.

PHCS17: MULTIPLOY (APPLE 1)
P.COLETTA .95
“Arithmetic can be fun?” S22
“YESI” Simply slip MULTIPLOY into an Apple Il and you're
under attack; math problems come down the screen and
unless you answer them correctly — WHAM! — you're a
goner. Four math operations — three levels of play. Software
Package.

PHS18: WORDWORX (APPLE II)

$60.00
WordWorx consists of two fantastic word games —
“Myspellery’” and “’Sentence Builder’” Each game can be
played competitively or solo, and at a variety of difficulty
levels. They’re both challenging learning tools for kids and
brain-teasing fun for adults. Software Package

Tab1513: APPLE 11 BASIC $22.95
Does far more than teach you BASIC vocabulary. Inciudes a
library of subroutines that form the cornerstone of this
unique programming approach. Other topics include format-
ting hard copy, PEEKs, POKEs, CALLs and other output tech-
niques, sequential text files; random access files; sorting
routines; nimber crunching, etc.

$B21846: ENHANCING YOUR APPLE® Il — VOLUME 1

D. LANCASTER $22.50
Who but Mother Nature or Don Lancaster could successfully
enhance an Apple? YOU can, with help from Volume 1 in
Don’s newest series for Sams. Among other things, you’ll
learn (1) to mix text, LORES, and HIRES together anywhere
on the screén in any combination, (2) how to make a one-wire
modification that will open up whole new worlds of 3-D
grpahics and other special effects, plus (3) a fast and easy
way to tear apart and understand somebody else’s machine-
language program. Other goodies abound!

$B21863: CIRCUIT DESIGN PROGRAMS FOR

THE APPLE® © $22.50
A series of ready-to-run Applesoft programs that snow you
“what happens if”” and “what’s needed when” as they apply
to periodic waveform, rms and average values, the solution
of simultaneous equations, and more. Ideal for electronics
design engineers and others faced with solving problems
:’elated to plotting and simple verification of experimental

ata.

$B21862: APPLE® INTERFACING $15.50
Describes the internal Apple 1l control signals available for
1/O interfacing and shows you how to use them with Ap-
plesoft BASIC to control devices and communicate with
other computers, modems, serial printers, and more. Fur-
nishes real, tested interfacing circuits that work, plus com-
plete breadboarding to help you check out your own inter
facing ideas.

$821864: MOSTLY BASIC: APPLICATIONS FOR

YOUR APPLE® |l, BOOK 2 $18.50
A second goldmine of fascinating BASIC programs, including
two dungeons that test your math and history abilities and
another one that's strictly for fun, eleven household pro-
grams, a monthly savings plan and six more on money or in-
vestment, two that test your level of ESP, and more — 32 in
allt Excellent for beginning or advanced computerists.

$821911: APPLE® FORTRAN $20.95
Gives you full programming details on Apple FORTRAN 77,
plus an introduction to Apple’s Pascal language card, the use
of FORTRAN on single or multiple disk drives, and several
programs in FORTRAN that you can use immediately! Ex-
cellent for any Apple 1l owner who uses or would like to use
FORTRAN, including beginning or advanced programmers,
businessmen, and other professionals

$821894: APPLE® 1l ASSEMBLY

LANGUAGE $22.50
Specifically directed to the beginning programmer who has
no prior experience with assembly language. Shows you how
to use the 3-character, 56-word assembly language
vocabulary of Apple’s 6502 microprocessor to create power-
ful programs that bring you inside the brain of the Apple
itself! Can be read by Apple owners in all walks of life simply
as a learning experlence or used in a conscientiously applied
assembly language study program

$B22026: POLISHING YOUR APPLE® $6.95
Clearly written, highly practical, concise assembly ot all pro-
cedures needed for writing, disk-filing, and printing programs
with an Apple Il. Positively ends your searchs through
endless manuals to find the routine you need! Should be in
the hands of every new Apple uset, regradless of experience
level. tdeal for Apple classrooms too!

APPLE MACHINE LANGUAGE PROGRAMMING

AB009 $19.95
The best way to learn machine language programming the
Apple Il in no time at all. The book combines colour,

graphics, and sound generation together with clear cut
demonstrations to help the user learn quickly and effective-
ly

PH101: ELEMENTARY APPLE

W. Sanders & Datamost (1983) $19.95
For new owners of the Apple Personal Computer, this enter-
taining guide is like having a friendly, cheerful teacher at the
user's side — clearly explaining everything the beginner
wants to know — and carefully leading him from point t
point .

PH102: HOW TO WRITE AN APPLE PROGRAM

E. FAULK & DATAMOST (1983) $19.95
Proven-successful, simple techniques for programming the
Apple personal computer in BASIC. The authors develop an
actual program with the reader to provide a simple set of ex-
amples for the topics discussed.

PH103: PROGRAMMING THE APPLE: A STRUCTURED
APPROACH

J.CAMPBELL & L. ZIMMERMAN (1983} $26.00
Offers a unique, structured approach to programming by
presenting the BASIC language as a problem-solving tool.
This book unravels the int-icacies of programming — where
to start, what to do, and how to write code more effectively.

PH104: ACCOUNTANT'S BASIC PROGRAMMING FOR THE
APPLE Il

A.PARKER & ). STEWART (1983) $19.95
Shows the reader how to program the Apple Il to pertorm a
variety of accounting functions, such as payroli. accounts

payable, accounts receivable, tax, inventory, customer
statements, and more.

PH105: APPLE COMPUTER GRAPHICS

K. WILLIAMS (1983) $26.00

Offers a complete, clear, state-of-the-art explanation of the
graphic capabilities of the Apple Il — and how to use them
Requires only a knowledge of BASIC; no assembler or
machine language skills are required.

:P;;(I).(E:IF;ROGRAMMING TIPS AND TECHNIQUES FOR THE

J. CAMPBELL (1983) $22.95

An advanced exploration of the intricacies of structures pro-

gramming. Further develops the skills necessary to solve pro-

gramming problems. Special chapter on sound and graphics

\:hiclh <ljliscusses both high and low resolution graphics for the
pple.1l.

‘PHS Codings include software disk or cassette’

PH107: APPLE LOGO PRIMER

G. BITTER & N. WATSON (1983) $16.95
A -pictorial starter book that will make LOCO easy for
anyone. Includes easy to follow examples and reference
tables. Also included is @ workshop outline for teachers and
leaders who want to train others.

PH108: THE ACADEMIC APPLE

R. MOWE (1983) $14.95
Written for parents and leachqrs using the Apple Il in the
education process. Topics discussed include choosing com-
mercial software, educational software, sample programs
and teaching BASIC programming.

PH109: APPLE 1]l PROGRAMMER’'S HANDBOOK

R. VILE (1982) $22.95
Written specifically for the beginning programmer, here’s a
hands-on approach to programming. it includes tips and
techniques for integer BASIC, APPLESOFT BASIC, APPLE
PASCAL, and 6502 Assembly Language on the APPLE Il com-
puter and gives complete programs — each tested and ready
to use — for applications in graphics, education, utilities,
languages, and entertainment.

PH110: THE APPLE PERSONAL COMPUTER FOR
BEGINNERS

S. DUNN & VALERIE MORGAN (1982) $17.95
Written for those who have no experience in computers, this
informative book teaches the fundamentals of BASIC and
computing. using the Apple computer system

PH111: BASIC FOR THE APPLE 1!

L GOLDSTEIN & M. GOLDSTEIN (1982) $19.95
A new start-to-finish “hands-on” guide covering BASIC pro-
gramming and practical real-life applications for the Apple
11. Includes detailed information for setting up and using a
computer system with discussions of such diverse applica-

tions as games, graphics, file management, and word pro-
cessing.

PH112: APPLE FILES

D. MILLER (1982) $19.95

Aimed at the Apple user who is familiar with BASIC and
wants to set up or expand files for home orbusiness. Includes
programs for mailing lists, a medical records system, home
inventory and more.

PH113: THE VISICALC BOOK: APPLE EDITION

D. 8EIL(1982) $19.95
A helpful and informative guide to using VISICALC, the
“electronic spreadsheet” software program that's perfect for
pricing/costing estimates, profit/loss forecasting and hun-
dreds of other business “what if”” questions. Specifically writ-
ten for Apple computer systems.

PH114: APPLE BASIC

R. HASKELL $16.95
Gives the beginner a thorough introduction to BASIC pro-
gramming using the Apple computer. Includes home finan-
cial management, games, graphics, math programs and
more. Appropriate for classroom use or self instruction.

PH115: APPLE BASIC FOR BUSINESS/FOR THE APPLE Il
A.PARKER & |. STEWART $20.95
Shows how to use BASIC and the Apple 1l system to solve
practical business problems quickly and efficiently. Contains
flowcharts and sample programs

PH116: APPLE MACHINE LANGUAGE 3

D. & K. INMAN $19.95
Allows Apple users to move from BASIC to the more poweful
machine language programming quickly and easily.

PH117: PASCAL PROGRAMMING FOR THE APPLE

T. LEWIS $19.95
This manual provides easy-to-follow instructions on program-
ming with Pascal. The author begins with the basics: the shell
of a Pascal program, type casting the data, simple sequences,
choice and looping. He then moves on to subjects of greater
complexity and challenge.

PH118: INTERFACE PROJECTS FOR THE APPLE Il

R. HALLIGREN $16.95
Provides Apple |l users with a series of interface projects that
are easily built and enable the user to discover the
computer’s capabilities through project construction

MGOORSHEAD PUBLICATIONS
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able condition, for a refund or credit
(your choice). We would appreciate a
reason for the return but even if this is
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IBM P.C.

PH150: IBM BASIC

D.PAYNE, Ph.D $20.95
Focusing on developing the proper attitudes, techniques and
skills for good problem-solving, the book’'s approach
facilitates the reader’'s understanding of computing by
presenting procedural reaspning problems accompanied by
programs written in BASIC.

PH151: IBM PC ASSEMBLY LANGUAGE PROGRAMMIN

L. SCANLON $30.00
An introduction to the fundamental principles of
microprocessors, numbering systems, and assemblers for
those with little or no experience with microcomputers or
assembly language programming. Focuses on a “real”
assembler that will probably become the de facto standard
of the IBM PC.

PH152: PASCAL PROGRAMMING FOR THE IBM PC
K. BOWYER & $. TOMBOULIAN $23.95
Here’s the "“first of its kind”* book that brings Pascal program-
ming and the IBM Personal Computer together. Working in-
teractively, this book is perfect for users who want to move
beyond BASIC but don‘t know where to start, It emphasizes
graphics and sound applications with reference to both the
IBM Personal Computer and UCSD p-system Pascal.

PH153: SCIENCE AND ENGINEERING SOURCEBOOK FOR
THE IBM PERSONAL COMPUTER

C. LEWART $16.95
Designed for the electronic and communication engineer,
program mer, student, and advanced electronic hobbyist; this
collection of 20 programs covers the areas of electronic
engineering, number theory, computer program design, data
communication, probability, statistics, operations research,
and applied math.

PH154: SYSTEMS MADE SIMPLE ON THE IBM PC

R. FLANDERS & D. FLANDERS $26.00
Now the techniques used to design major computer systems
have been reduced to terms that average personal computer
users can apply. Through Structured Analysis and Structured
Programming approaches, the user is taken step-by-step
through the design and implementation of the systems

PH155: HOW TO WRITE AN IBM-PC PROGRAM
E.FAULK & DATAMOST $19.95
Assuming only a minimal knowledge of the computer,
coverage includes everything from where to get programm-
ing ideas to fixing the bus the easy way. lljustrated.

PH156: BUSINESS APPLICATIONS FOR THE I1BM PC
S. ZIMMERMAN & L. CONRAD $23.95
Designed for the first-time business user of the IBM PC. Of-
fers step-by-step instructions on the use and customization of
existing business software programs. Provides actual pro-
grams that are essential to many business functions.

PH157: INTRODUCTION TO CICS PROGRAMMING

L MILLER & L. VIANDS $33.00
Presents a step-by-step, easy-to-follow introduction to tne
practical use of CICS — an IBM software product for data
communications and the development of on-line computer
applications. All examples shown are independent of the
operating system, but they assume a basic knowledge of
COBOL

‘PH158: IBM FILES

D. MILLER $19.95
Shows how to access your iBM-PC’s full potential. Takes the
mystery and misery out of creating your own files. Written
for both the beginning and advanced programmer

PH159: BASIC FOR BUSINESS FOR IBM-PC

PARKER

$26.00
PH160: USING THE 1BM PERSONAL COMPUTER
T.LEWIS $19.95

A guide to general use of the 1BM Personal Computer, cover-
ing BASIC commands. how to use word processing software,
the use of VISICALC and creatlng new programs.

PH161: IBM BASIC FOR BUSINESS & HOME $19.95
R. FUNKHOUSER i

without the ponderous detail of the manufacturer’s manual,
this book shows the new micro user how to write programs
for the IBM PC. No prior knowledge of computers or elec-
tronics is necessary to understand and use the information

PH162: THE VISICALC BOOK FOR THE IBM PERSONAL
COMPUTER

D. BEIL $20.95
This book is designed to help the user to get more out of
VISICALC (an extremely useful “electronic spreadsheet”
software program) on the IBM Personal Computer.

Tab1540: 100 READY TO RUN PROGRAMS

AND SUB-ROUTINES FOR THE IBM PC $27.95
Includes programs for Business (Text Editor, Mailing List,
Alphabetizing and Sorting, Checking Account); Mathematics
(Functions Analysis, Complex Number Math, Simultaneous
Equations, etc.); Education (Spelling Bee, Trig lesson); Elec-
tronics (Colour Monitor Alignment, Ohms Law Equations, Cir-
cuit and Component Graphics), Graphics (Hi-Res Designs,
Animated Graphics, Painting), Games (Several) and lots
more. You’ll learn how to use advanced programming
features and how to start tailoring programs to your own
special needs.

HB111: PROGRAMMING THE IBM PERSONAL COMPUTER:
1C

BAS

GRAHAM $23.95
An introduction to programming in BASIC language. Users
can apply material directly to their machine, with no adapa-
tion necessary. An ideal introductory text to be used infor-
mally, or in classroom or training situations. Covers the
unique features of the IBM Personal Computer, elements of
BASIC and programming., and various applications (text
editor programs, program for storing and retrieving informa-
tion from random files, etc.).

HB112: PROGRAMMING THE IBM PERSONAL COMPUTER:
UCSD PASCAL

POLLACK $23.95
‘The Portable IBM PC Pascall” Emphasizes the syntax of
UCSD Pascal and good program design. An ideal introduc-
tory text to be used informally, or in classroom or training
situations. Includes full coverage of tﬁ)ﬁ‘syslem and its uses,
basic and advanced UCSD p-System functions. Easy to
understand, user-oriented, reinforces working knowledge and
application.

HB113: YOUR IBM PERSONAL COMPUTER:

BASIC AND APPLICATIONS

CORTESI $23.95
Intended to get the first-time user over the hurdle of the in-
itial introduction to the new machine. Provides a non-
threatening, “confidence-building” introduction to the Per-
sonal Computer and to computing, BASIC language and soft-
ware. (VisiCalc® , word processing, etc.). An ideal introduc-
tory text to be used informally, or in classroom or training
situations. Focuses on central programming concepts, em-
phasizing 1BM’s version of MICROSOFT BASIC.

AHG14: HOW TO USE THE IBM PERSONAL COMPUTER
NOLAN $3.95
A simple introduction to one of the fastest selling personal
computers, Filled with clear instructions and tips on set-up,
expansion, specific applications, and maintenance.

$B22000: USING YOUR IBM® PERSONAL

COMPUTER $23.95
Here’s the most practical, most thorough guide on the
market for computing with the IBM PC! Part One helps you
get started with off-the-shelf programs, and shows you how
to use the PC’s system unit, keyboard, display screen, disk
drives, and printer. Part Two teaches you to program in PC
BASIC, with scores of examples to help you learn quickly
Fully explains all commonly used PC BASIC commands, in-
cluding those for grpahics, music, sound effects, and more

PHS3: IBM PERSONAL COMPUTER: AN INTRODUCTION
TO PROGRAMMING AND APPLICATIONS

L. GOLDSTEIN & M. GOLDSTEIN $46.00
Specifically designed for the computer novice. Offers im-
mediate applications to business graphics, games and word
processing. Book/Disk Package.

PHS4: EXECUTIVE'S GUIDE TO THE IBM PERSONAL
COMPUTER: BASIC PROGRAMMING AND VISICALC
A.PARKER $59.95
Designed to give the business executive an introduction to
BASIC programming. Demonstrates business programs for
accounts receivable, generai ledger, VisiCalc, and more.
Book/Disk Package.

PHS5: CROSS REFERENCE UTILITY (CRF): A PROGRAMM:
ING AID FOR THE IBM PC

). HART, D. MAHAN, G. REYNOLDS, &

THE SUMAR CORPORATION $44.95
Specifically designed to help the IBM PC programmer im-
prove the quality of programs, this utility software provides a
complete reference listing of variables in a BASIC program in
order to review, analyze, and modify software. Software
Package.

ATARI
COMPUTERS

ARCPS8: 101 ATARI COMPUTER PROGRAMMING

TIPS & TRICKS

A, NORTH $12.50
Learn-by-doing instruction, hints, secrets, shortcuts, tech-
niques, for models 400/800/1200XL, includes 101 ready-to-run
programs. 128 pages.

ARCP9: 31 NEW ATARI COMPUTER PROGRAMS FOR
HOME, SCHOOL & OFFICE

A.NORTH $12.50
Practical type-and-run software for models 400/800/1200XL.
96 pages.

AHG9: UNDERSTANDING ATARI GRAPHICS
BOOM $3.95
The popuiar Atari computers are ideal for writing graphic
programs, such as games, charts, or object representations.
This Handy Guide works the reader through the logic and
mechanics of developing good graphics. For the beginning to
advanced programmer

AHG15: HOW TO USE THE ATARI COMPUTERS
BOOM $3.95
A simple introduction to these fast-selling personal com-
puters. Filled with clear instructions and tips on set-up, ex-
pansion, specific application, and maintenance.

PHS16: PAINT (48K ATARI WITH JOYSTICK)

CAPITAL CHILDREN'S MUSEUM $52.00
Users actually create their own computer “’paintings”. The
PAINT diskette provides access to hundreds of colour tex-
tures, allowing a virtually limitless number of artistic pat-
terns. Book/Disk Package.

OSBORNE

PH163: USING THE OSBORNE 1 COMPUTER

T.LEWIS $19.95
The Osborne 1 is fast beoming one of the hottest selling per-
sonal/business computers on the market. This informative
book shows the reader how to use it with word processing.
databasing. VISICALC and programming

PH164: OSBORNE USER’S GUIDE

L GOLDSTEIN $19.95
The “applications handbook” that boosts the personal com-
puter to full potential. This book uses the Osborne to guide
readers to an understanding of BASIC. Using a relaxed, infor-
mal style, it explains programming, applications, peripheral
devices, and software

‘PHS Codings include software disk or cassette’ 9
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TRS-80

PH119: HOW TO WRITE A TRS-80 PROGRAM
E. FAULK & DATAMOST (1983) $19.95
The authors develop an actual program with the reader to
provide a simple set of examples for the topics discussed,
and to add to the user’s library of subroutines.

PH120: TRS-80 COBOL

R. GRAUER (1983) $22.95
Weritten specifically for the Radio Shack Model 11 and it
computers, here is a learn-by-doing introduction to ANS-74
COBOL as implemented on the TRS-80. Includes many pro-
grams and exercises.

PH121: HARDWARE INTERFACING WITH THE TRS-80

). UFFENBECK (1983} $18.95
TRS-80 Model | and Model 111 owners now have a book to
help them understand how to use their personal computers
to monitor and control electronics interfaces between the
computer and the home or industrial environment. Contains
14 hands-on experiments using BASIC.

PH122: TRS-80 EXTENDED COLOR BASIC

R. HASKELL (1983) $16.95
Suitable for both classroom use and home self-instruction,
this comprehensive, hands-on approach to BASIC program-
ming on the TRS-80 colour computer comes complete with il-
{ustrated examples for the computer’'s video screen.

PH122B: EXPLORE COMPUTING WITH THE TRS-80 (AND
COMMON SENSE): WITH PROGRAMMING IN BASIC

R. & ) ANDREE (1982) $15.95
The guide teaches the keyboard, programming, and how to
solve problems using the computer. Different starting points
are provided so that complete beginners — as well as more
advanced enthusiasts — can find material suited to their
level of study.

PH123: TRS-80 DISK BASIC FOR BUSINESS MODEL Il AND
MODEL Il
A.PARKER (1982) $19.95
An introductory guide for the popular TRS-80 computer and
the BASIC Language that's sure to answer all the questions
with chapters on how to use a computer, why use BASIC,
writing and running a program, entering data from a
keyboard, report writing by computer, using canned pro-
gramming, and more!

PH124: THE TRS-80 PROGRAMS AND APPLICATIONS FOR
THE COLOR COMPUTER

A. BAKER (1982) $19.95
Al Baker shows how to use the TRS-80 colour computer to
best advantage for storing important data, balancing the
cheque book, playing games, and much more — while
sharpening programming skills.

PH125: INTRODUCTION TO TRS-80 BASIC AND COM-
PUTER PROGRAMMING

M. ZABINSKI $14.95
Designed for use with the Radio-Shack TRS-80 computer this
book discusses all the important concepts and applications
of computer programming. lllustrated with many flowcharts,
the book contains over 200 exercises

PH126: TRS-80 MODEL IIl: PROGRAMMING

AND APPLICATIONS

L. GOLDSTEIN $19.95
A top-notch introduction to computer programming using
the TRS-80 Model 111. Quickly brings the neophyte to near-
professional levels

PH127: TRS-80 ASSEMBLY LANGUAGE

H. HOWE, )r. $12.95
Now for the first time user as well as the experienced user of
the TRS-80 microcomputer, here is a book that explains
assembly language programming in a thorough, yet easy to
understand style.

PH128: TRS-80 ASSEMBLY LANGUAGE SUBROUTINES

W. BARDERN, Jr. $24.95
Easy-to-use “precanned” routines that can be run as s,
modified, or simply studied. Requires minimum effort from
the user, all programs ready-to-run, covers the widest pos-
sible range of applications.

PH129:; INTERFACE PROJECTS FOR THE TRS-80

R. HALLIGREN $16.95
Provides TRS-80 users with a series of interface projects that
are easily built and enable the user to discover the

computer’s capabilities through project construction. Pro-
jects are primarily hardware oriented but have programs sup-
plied to support the hardware.

$B822009: TRS-80® MODEL |, 11l, AND COLOUR
COMPUTER INTERFACING PROJECTS $20.95
A unique book for beginning interfacers which includes 14
simple, useful, and easy-to-build construction projects to
help you make use of your TRS-80 computer in the real
world. Presents an easily understood, complete tutorial with
full documented, debugged software written specifically for
the TRS-80 models | and 111, and the Colour Computer.

$B21865: MOSTLY BASIC: APPLICATIONS FOR

YOUR TRS-80% , BOOK 2

H. BERENBON $18.50
Another goldmine of ready-to-run BASIC programs — 32 in
alll Includes two dungeons that test your ability in history
and math, a Dungeon of Danger that's strictly for fun, eleven
household programs, seven on money and investment (three
of which are on the stock market), two that test vour ESP
level, and morel Complete with an explanation, sainple run,
and listing for each program.
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SB22046: TRS-80° FOR KIDS FROM 8 TO 80, VOL.1

M. ZABINSKI $13.95
An enjoyable, easy to follow, and amazingly effective book
suitable for beginning TRS-80 programmers of any age,
especially youngsters. No special background is needed.
Same principles used at National Computer Camp help you
quickly begin writing computer programs and encourage you
to try many examples. Excellent as a classroom text or for
self-study.

PHS6: TRS-80 MOD Il ASSEMBLY LANGUAGE TUTOR
H.HOWE, jr. $38.95
A book/software tutorial that makes it easy to learn assembly
language programming and interfacing with the TRS-80
Model I11. Requires only a basic knowledge of level 1l BASIC.
Book/Disk Package.

ARCP5: 101 COLOUR COMPUTER

PROGRAMMING TIPS & TRICKS

R.CLARK $11.15
Learn-by-doing instructions, hints, secrets, shortcuts, tech-
niques, insights, includes 101 ready-to-run programs. 128
pages.

ARCP6: 55 COLOUR COMPUTER PROGRAMS FOR HOME,
SCHOOL & OFFICE

R. CLARK $13.95
Practical ready-to-run software with colourful graphics. 128
pages.

ARCP7: 55 MORE COLOUR COMPUTER PROGRAMS FOR
HOME, SCHOOL & OFFICE
R. CLARK $13.95
Handy companion volume packed with different useful type-
and-run software. 112 pages.

$821893: TRS-80® COLOUR COMPUTER

INTERFACING $20.95
Teaches you the interfacing techniques, .inner workings, and
operation of the TRS-80 Colour Computer as well as its high-
performance 6809 microprocessor. Find out how to control
and monitor various equipment and events by means of the
Computer’s expansion connectors. Excellent info for budding
electronic and computer engineers and technicians at all
levels.

TIMEX/SINCLAIR

BP109: THE ART OF PROGRAMMING THE 1K ZX81 $7.60
M. JAMES and S.M. GEE

This book shows you how to use the features of the ZX81 in
programs that fit into the 1K machine and are still fun to use.
Chapter Two explains the random number generator and uses
it to simulate coin tossing and dice throwing and to play pon-
toon,. Chapter Three shows the patterns you can display us-
ing the ZX81's graphics. Its animated graphics capabilities,
eplored in Chapter Four, have lots of potential for use in
games of skill, such as Lunar Lander and Cannon-ball which
are given as complete programs. Chapter Five explains PEEK
and POKE and uses them to display large characters. The
ZX81’s timer is explained in Chapter Six and used for a digital
clock, a chess clock and a reaction time game. Chapter
Seven is about handling character strings and includes three
more ready-to-run programs —Hangman, Coded Messages
and a number guessing game. In Chapter Eight there are extra
programming hints to help you get even more out of your 1K
ZX81.

BP114: THE ART OF PROGRAMMING THE 16K ZX81 $9,90
M JAMES & S.M. GEE

The book starts by introducing the 16K RAM pack and the
printer. It continues by explaining how the extra storage is us-
ed and presents a memory test program to check that the 16K
RAM pack is operational. Chapter Three covers some utilities
that you will find useful in writing longer programs. Chapter
four is an interlude from serious applications, presenting
four games programs that make the most of the extended
graghics capabilities now available to you. Chapters Five to
Eight deal with writing and debugging large programs, storing
them on cassettes and printing out both programs themselves
and their results. These chapters also introduce programs for
editing data bases and statistical analysis for financial
management and covers text and graphics printing. Chapter
Nine takes a look at randomness. Chapter Ten introduces
machine code and explains why you might like to use it.

SELF-TEACHING SOFTWARE FOR THE ZX81 AND TIMEX
SINCLAIR 1000: MATHEMATICS i-VI

). GLADSTONE

Software Package:

PHS8, $44.95

PHS9, $44.95

PHS10, $44.95

PHS11, $44.95

PHS12, $44.95

: PHS13, $44.95

Designed to give children ages 5-12 the learning advantage!
Each program contains 4 cassette tapes with 32 lessons,
games, and activities, and a 32 page activities book, all
packaged in a handsome vinyl binder.-Written by a leading
Canadian educator.

$821957: TIMEX SINCLAIR 1000/ZX81 BASIC BOOK

$18.95
A practical, usable book that neatly and effectively teaches
ZX81 BASIC language and programming techniques to
owners of the ZX81 personal computer. Includes many pro-
gramming tips to help make your ZX81 programs more effi-
cient. Ideal for the novice computerist as well as any new
owner of the ZX81.

ARCP1: 101 TIMEX 1000/SINCLAIR ZX-81 PROGRAMMING
TIPS & TRICKS

E. PAGE $11.15
Secrets, hints, shortcuts, learn-by-doing instructions, tech-
niques, includes 101 ready-to-run programs. 128 pages.

ARCP2: 37 TIMEX 1000/SINCLAIR ZX-81 COMPUTER PRO.
GRAMS FOR HOME, SCHOOL AND OFFICE
£. PAGE

Practical type-and-run software. 96 pages.

PH139: FIFTY 1K/2K GAMES FOR THE TIMEX/SINCLAIR 1000
AND THE ZX-81

A.GOURLAY, J. WALSH & P. HOLMES (1983) $14.95
The most complete selection of games ever assembled for
the Sinclair ZX-81 and Timex 1000 personal computers.
Dogfight, Breakout, Outlaw, Galaxian, Roadracer, Alien In-
vasion, and dozens more!

$12.50

PH140: THE EXPLORER'S GUIDE TO THE ZX81 AND THE
TIMEX SINCLAIR 1000 16.95
M. LORD (1983} $16.
Coverage includes features of BASIC not found in beginner’s
guides, as well as machine code programming, 30 games and
other programs, application routines, programming utilities,
and more.

PH141: 30 PROGRAMS FOR THE TIMEX-PC 1000 95
MELBOURNE HOUSE PUBLISHERS (1983) $12.
Presents a collection of 30 interesting and varied programs
for the Timex-PC 1000/ZX81. Complete with fully explained
programs, scores of programming hints and space-saving
techniques.

PH 142: PROGRAMMING YOUR TIMEX/SINCLAIR 1000 IN
BASIC

M. EISENBACHER (1983) $12.95
A simple, straightforward introduction to BASIC program-
ming on the TIMEX/Sinclair 1000 written specifically for
those with no previous computer experience.

PH143: BASICS OF TIMEX SINCALIR BASIC
WALACH $14.95

PH144: MAKING THE MOST OF YOUR ZX-81

T. HARTNELL $14.95
This handbook focuses on all the additional features of the
ZX-81. There are new games, and useful learning tricks, plus
instructions on how to write programs that really work. It
guides the reader form start to finish using each feature of
the computer.

PH145: THE ZX-81 POCKET BOOK
T.TOMS $14.95
This handy manual teaches how to create new programs and
helps the ¢reator understand why they work. Here’s what the
ZX-81 can do . .. which extras will enable it to do even more

how to use ZX-81 BASIC in the best ways and, for
Z)(t!ql owners, how to convert their system into the advanced
ZX-8

PH146: 49 EXPLOSIVE GAMES FOR THE ZX-81

T. HARTNELL $14.95
Calactic Intruders, Breakout, Checkers, Death Maze, Star
Trek, Smugglers Mold, and forty-three other favourites are all
here and especially adapted for the ZX-81..This fascinating
gamebook gives programming instructions for all 49
miarvelous games PLUS complete and easy-to-understand
rules.

PH147: PET BASIC |

R.ZAMORA, etal $19.95
Filled with many examples, do-it-yourself exercises, and
thought provoking explorations, this concise yet complete
guide encourages readers to experiment with the machine’s
numerous features and capabilities.

PH148: PET GAMES AND RECREATION

M. OGELSBY, etal $16.95
‘tasy-to-understand directions included for each game pro-
vide: a game description and the objective — a summary of
instructions for both player and computer — the level of dif-
ficulty — strategy hints — and more!

PH149: MASTERING MACHINE CODE ON YOUR ZX-81

T.BAKER $16.95
This comprehensive, easy-to-understand handbook 1s virtual-
ly the first material available on ZX machine code. It in-
cludes the ins and outs of machine code translation, the
secrets of the ZX-81, how to adapt the code to the ZX-80, and
language translation between BASIC and ZX machine code

MOORSHEAD PUBLICATIONS
Return Policy

If, within 10 days of recelving a book
from our Book Service, you decide that
the title is not suitable or what you ex-
pected, you may return It, In market-
able condition, for a refund or credit
(your cholce). We would appreclate a
reason for the return but even if this is
not glven, refunds wlll be made promp-
tly and cheerfully.

‘PHS Codings Include software disk or cassette’
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PET/CBM/VIC

PH130: PET/ICBM: AN INTRODUCTION TO BASIC PRO-
GRAMMING AND APPLICATIONS

G. STREITMATTER & L. GOLDSTEIN (1983) $19.95
Includes an introduction to BASIC as well as a survey of ap-
plications, peripheral devices, and software. Inmediate ap-
plications for business, graphics, games, and word processiig
make this book a useful tool for any PET owner.

PH131: ZAP! POW! BOOM!

ARCADE GAMES FOR THE VIC 20

T. HARTNELL & M. RAMSHAW (1983) $16.95
Move through the maze eating dots with MAZEMAN. Sail
through space zapping the ASTROIDS. Outshoot the fastest
draw in town GUNFIGRT. Owners of the VIC 20 can now
play these games — and more — simply by following the
programs outlined in this handy guide.

PH132: VIC BASIC: A USER-FRIENDLY GUIDE

R, ZAMORA, D. INMAN, R. ALBRECHT, & DYMAX $16.95
This is a practical guide to the Commodore VIC, one of the
first low-cost computers that allows the user to combine col-
our, sound, and graphics easily. Here, the reader will learn to
write programs taking full advantage of all these capabilities.

PH133: 25 ADVANCED GAMES FOR PET/C8M
HATCH (1983) $19.95
PH134: THE PET PERSONAL COMPUTER FOR BEGINNERS
S. DUNN & V. MORGAN (1982) $20.

Authors Dunn and Morgan have developed a learn-by-doing
approach for using the popular, personal PET computer. The
book is written not for the mathematician or computer
ts)pecual:st, but for the hobbyist, child, student and small

usiness

PH135: PET/CBM: AN INTRODUCTION TO BASIC PRO-
GRAMMING AND APPLICATIONS

L. GOLDSTEIN (1982) $19.95
This well-written introduction to programming in BASIC for
the popular PET computer is a must for the novice program-
mer. |t includes an introduction to BASIC as well as a survey
of applications, peripheral devices and software. Inmediate
applications for business, graphics, games, and word process-
ing make this book a useful tool for any PET owner.

PH136: PET/{CBM BASIC

R. HASKELL (1982) $16.95
Ideal for the beginning or advanced programmer, this book
offers a step-by-step approach to top-down programming
that can help students and business people apply fundamen-
tal concepts and program a computer with ease and exper-
tise.

PH137: STARTING WITH BASIC

ON THE COMMODORE VIC-20

D. MONROJi!l. 8. TIDY (1982) $14.95
Here’s a real computer book for real people! It's designed for
true beginners who own — or are considering purchasing —
the Commodore VIC-20. It helps these novices learn to pro-
gram the VIC in BASIC computer language, and goes on to
teach them the unlimited capabilities of their machine.

PH138: THE COMAL HANDBOOK

L. LINDSAY (1982} $24.95
The COMAL Handbook is a reference to assist the COMAL (a
language developed for use with Commodore computers
that combines the best features of BASIC and PASCAL) use in
learning by doing rather than strictly by reading.

PHS7: START WITH BASIC FOR THE COMMODORE VIC 20
D.MONRO $32.95
This book/cassette package shows the reader how easy it
really is to create programs using the full capacility of the
machine. Includes Eelpful exercises and step-by-step instruc-
tions to put the full power of the VIC 20 at the user’s finger-
tips. Book/Cassette Package.

HB132: COMPUTE!'S FIRST BOOK OF VIC $19.95
In the style of our First Books of Atari and PET/CBM, this
book contains many of the articles and applications featured
in past issues of COMPUTEl Magazine. Approximately
20-30% of the book is material that has not been previously
published. An cxcellent resource book for Commodore
VIC-20 owners

$§B22056: COMMODORE 64 PROGRAMMER'S

REFERENCE GUIDE $27.95
A creative programmer’s working tool and reference source,
packed with professional tips and special information for
getting the most out of your Commodore 64! Includes a com-
plete, details dictionary of all Commodore BASIC com-
mands, statements, and functions, followed by BASIC pro-
gram samples showing how each item works. Also tells you
how to mix machine language with BASIC, use hi-res effec-
tively, and much morel By Commodore Computer, 486
pages.

$B21948: VIC 20 PROGRAMMER'S

REFERENCE GUIDE $23.45
Provides a complete VIC 20 BASIC vocaulary guiae, a sec-
tion on machine-language programming, a programming tips
guide with suggestions on how to improve your programming
skills, and a special section on VIC 20 input/output opera-
tions. An easy-to-use, detailed manual that helips you pro-
gram your VIC 20 like a prol By Commodore Computer. 289
pages.

$SB22001: MOSTLY BASIC: APPLICATIONS FOR YOUR
PET® , BOOK2 *

H. BERENBON $19.95
A second collection of ready-to-run BASIC programs that in-
cludes a history dungeon, a math dungeon, a Dungeon of
Danger that’s strictly for fun, eleven household programs,
seven on money and investment (three of which are on the
stock market), two that test your ESP level, and morel Thirty-
seven programs in all, each complete with an explanation,
sample run, and listing.

PET GAMES AND RECREATION
AB002 $16.95
A variety of interesting games designed to amuse and
educate. Games include such names as Capture, Tic Tac Toe,
Watchperson, Motie, Sinners, Martian Hunt and more.

PET BASIC — TRAINING YOUR PET COMPUTER

ABO14 $19.95
Officially approved by Commodore, this is the ideal
reference book for long time PET owners or novices. In an
easy to read and humorous style, this book describes techni-
ques and experiments, all designed to provide a strong
understanding of this versatile machine.

$822010: COMMODORE 64 USER’'S GUIDE $18.50
The same book that comes packed with every Commodore
64 computer]l Shows you how to set up, program, and operate
your Commodore 64, including how to do arcade-type colour
animation, music, and sound effects, how to interface with a
host of peripherals, and how to use packaged programs from
Commodore and other manufacturers. Helps you get into
computing in a big way, even if you've never uses a com-
puter before. By Commodore Computer.

$B21944: COMMODORE SOFTWARE ENCYCLOPEDIA
(2nd EDITION) $
Most comprehensive directory you’'ll find of software for the
Commodore PET. Lists materials in 10 categories, including
personal aids, technical aids, and firmware. Ranges from
business to education, to games, and shows Canadian and
European PET software too. By Commodore Computer.

PETTM GRAPHICS
HAMPSHIRE

HB127: $26.95
Alf subrouti ilabl Pl isk,
Hms;&rou ines available on PET dis $35.00

Written to instruct the PET user on how to program grid
displays. Provides a collection of machine language
subroutines, enabling the PET owner to write more efficient
programs. Provides a wide range normally unavailable
graphic functions. Includes fine resolution plotting, double
density plotting, multiple screen page displays, interfacing a
light pen with the PET, and appendices on circuit diagrams of
PET Video Circuitry and ASCII codes used by the PET

LIBRARY OF PETTMSUBROUTINES

HAMPSHIRE

HB129: $23.95
Alf subroutines available on PET disk,

HB130: $35.00

PET software designers will save considerable time writing
applications programs with this book. Provides more than 53
proven subroutines as well as a logical framework to build
new programs. .Each subroutine is supported with complete
information describing its purpose and the problems that
may arise in its implementation.

ADDITIONAL BOOKS

BP113: 30 Solderless Breadboard Projects-Book 2

R.A. Penfold $8.85
A companion to BP107. Describes a variety of projects that
can be built on plug-in breadboards using CMOS logic IC’s.
Each project contains a schematic, parts list and operational
notes.

BP128: 20 Programs for the ZX Spectrum and 16K ZX81
S. Daly $7.60
Although designed for two specific machines, notes are in-
cluded on conversion. Flow charts are often included to-
gether with a description of program operation. The pro-
grams themselves run from card and other games, through
sorting and filing applications to uses in statistics and
engineering.

BP112: A Z-80 Workshop, Manual

E.A. Parr $10.95
This book is intended for people who want to progress
beyond the stage of BASIC to topics such as machine code
and assembly {anguage programming. Also given are hard-
ware details and the use of assoclated I/O devices such as
UARTs, PIOs and CTCs. Additional reference data are also
given.

BP124: Easy Add-on Projects for Spectrum, ZX81 & Ace
Owen Bishop $10.95
Projects include a Pulse Detector, Picture Digitiser, Five-key
Pad" Model| Controller, Bleeper, Light Flasher, Magnetic
Catch, Lap Sensor, Photo-flash, Games Control and six more
projects (ﬂa( make up a weather station.

BP121: How to Design and Make Your Own PCBs
R.A. Penfold $7.60
The emphasis is on practical rather than theoretical techni-

‘ques. Starts by giving simﬁle methods of copying from

magazines, carries on with photographic methods of produc-
ing PCBs and continues with layout design.

BP129: An Introduction to Programming the ORIC-1
R.As ).W. Penfold $7.60
Designed to complement the manual of the ORIC computer.
Deals with animated graphics with a heavy emphasis on
games. Covers Variables and Codes, In and Quts; Animation
and Loops, Attributes, Characters and Time, The Sound Gen-
erator, Decisions, Structured Programming, Data Filing ldeas
and Interfacing.

BP125: 25 Simple Amateur Band Aerials

E.M. Noll $7.60
Starting from simple dipoles through beam, triangle and even
mini-rhombics (made from TV masts and 400ft of wire) this ti-
tle describes several simple and inexpensive aerials to con-
s}rudc(dvourself. A complete set of dimension table are in-
cluded.

BP104: Electronic Science Projects

Owen Bishop $8.85
Contains 12 electronic projects with a strong scientific
flavour. Includes Simple Colour Temperature Meter, Infra-
Red Laser, Electronic clock regulated by a resonating spring,
a ‘Scope with a solid state display, pH meter and electro-
cardiograph.

BP118: PRACTICAL ELECTRONIC BUILDING BLOCKS -
Book 2

R.A. PENFOLD $7.60
This sequel to BP117 Is written to help the reader create and
experiment with his own circuits by combining standard type
circuit building blocks. Circuits concerned with generating
signals were covered In Book 1, this one deals with process-
ing signals. Amplifiers and filters account for most of the
book but comparators, Schmitt triggers and other circuits are
covered.

BP119: THE ART OF PROGRAMMING THE ZX SPECTRU
M. JAMES $9.95
The ZX Spectrum gives the user almost unlimited scope with
colour, offers high and low resolution graphics as well as
sound — with these you can do some exceflent programs.
Text covers: Getting to Know the Spectrum, Low Res
Graphics, Fun at Random, HI Res Graphics, Sound, Moving
Graphics, PEEK and POKE, A Sense of Time, Strings and
Words and Advanced Graphics.

BP:126 BASIC AND PASCAL IN PARALLEL

S.). WAINWRIGHT $5.75

This book takes the two languages and develops programs In
both simultaneously. Emphasis is placed on structured pro-
gramming by the systematic use of control structures and
modular program design is used throughout. Examples of
programs are used to illustrate the structures as they are in-
troduced and the reader learns by example.

See back page of catalogue for ordering details. No taxes apply to books. 1
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ELECTRONICS
BEGINNERS

PH255: COMPLETE GUIDE TO READING SCHEMATIC
DIAGRAMS, 2nd Edition

J. DOUGLAS-YOUNG $9.95
Packed with scores of easy-to-understand diagrams and in-
valuable troubleshooting tips as well as a circutt finder chart
and a new section on logic circuits.

PH251: BEGINNER'S HANDBOOKXK OF IC PROJECTS

D. HEISERMAN 16.95
Welcome to the worid of integrated circuit (IC) electronic
projects. This book contains over 100 projects (each in-
cludin)g a schematic diagram, parts list, and descriptive
notes.

PH252: DIGITAL ICs: HOW THEY WORK AND HOW

TO USE THEM

A.BARBER $1Q.95
The dozens of illustrations included in this essential
reference book will help explain time-saving test procedures,
interpreting values, performing voltage measurements, and
much more!

PH249: THE BEGINNER'S HANDBOOKX OF ELECTRONIC

G. OLSEN & M. MIMS LTI $10.95
In this basic book, the authors cover the entire spectrum ot
moderm electronics, including the use of such components as
integrated circuits and semiconductor devices in record
players, radio receivers, airplane guidance systems, and
many others

THE BEGINNER'S HANDBOOK OF ELECTRONICS

AB003 0.95
An excelient textbook for those interested in the fundamen-
tals of Electronics. This book covers all major aspects of
power supplies, amplifiers, oscillators, radio, television and

ELECTRONIC
THEORY

ELEMENTS OF ELECTRONICS — AN ON-GOING SERIES
F.A, WILSON, C.G.l.A,, CEng.,
BP62: BOOK 1. The Simple Electronic Circuit

and Components $8.45
BP63: BOOK 2. Alternating Current

Theory $8.45
BP64: BOOK 3. Semiconductor

Technology $8.45
BP77: BOOK 4, Microprocessing Systems

And Circuits $11.70
BP89: BOOK 5. Communication $11.70

The aim of this series of books can be stated quite simply —
it Is to provide an inexpensive introduction to modern elec-
tronics so that the reader will start on the right road by
tef(;oroughlv understanding the fundamental principles involv-

Although written especially for readers with-no more
than ordinary arithmetical skills, the use of mathematics is
not avoided, and all the mathematics required is taught as
the reader progresses.

Each book is a complete treatise of a particular branch
of the subject and, therefore, can be used on its own with one
proviso, that the later books do not duplicate material from
their predecessors, thus a working knowledge of the subjects
covered by the earlier books is assumed.

BOOK 1: This book contains all the fundamental theory
necessary to lead to a full understanding of the simple elec-
tronic circuit and its main components.

BOOK 2: This book continues with alternating current’
theory without which there can be no comprehension of-
speech, music, radio, television or even the electricity
utilities.

BOOK 3. Follows on semiconductor technology,
leading up to transistors and integrated circuits.

BOOK 4: A complete description of the internal work-
ings of microprocessor.

BOOK 5: A book covering the whole communication
scene.

PH241: DC ELECTRONICS $16.95
Covers everything from voltage current, and resistance rela-
tionships to more advanced studies of electrical
measurements, Circuits, resistors, capacitors, and inductors

PH242: AC ELECTRONICS $16.95
Covers AC fundamentals and theory. Includes discussions
and experiments in resonance and reactance; RC, RL, and
RLC circuits; and how to work with formulas to analyze the
operations of AC circuitry.

PH243: ELECTRONICS CIRCUITS $16.95
Covers all of the most popular electronic circuits, with em-
phasis on integrated circuits

PH244: SEMICONDUCTOR DEVICES $16.95
Covers semi-conductor fundamentals, diodes, zeners, bipolar
transistor operation and characteristics, FETs, thyristors, ICs,
and optoelectronics.

PH247: DIGITAL TECHNIQUES $19.95

Covers logic circuits, Boolean Algebra, flip-flops, registers,
combinational logic circuitry, and digital design.
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Tab1531: CONCEPTS OF DIGITAL ELECTRONICS $21.95
This book erases the mysteries surrounding digital elec-
tronics theory. Understand and use low-cost 7400 series IC’s
to produce working digital devices including a power supply
and a breadboard experimenter.

PROJECTS

BP48: ELECTRONIC PROJECTS FOR BEGINNERS
F.G. RAYER, T.Eng.(CEl), Assoc.lERE

Another book written by the very experienced author — Mr.
F.C. Rayer — and in it the newcomer to electronics, will find
a wide range of easily made projects. Also, there are a con-
siderable number of actual component and wiring layouts, to
aid the beginner.

Furthermore, a number of projects have been arranged
so that they can be constructed without any need for solder-
ing and, thus, avoid the need for a soldering iron.

Also, many of the later projects can be built along the
lines as those in the ‘No Soldering’' section so this may con-
siderably increase the scope of projects which the newcomer
can build and use.

$5.40

221: 28 TESTED TRANSISTOR PROJECTS

R.TORRENS $5.00
Mr. Richard Torrens is a well experienced electronics
development engineer and has designed, developed, built
and tested the many useful and interesting circuits included
in this book. The projects themselves can be split down into
simpler building blocks, which are shown separated by boxes
in the clrcuits for ease of description, and also to enable any
reader who wishes to combine boxes from different projects
to realise ideas of his own.

BP49: POPULAR ELECTRONIC PROJECTS $5.75
R.A. PENFOLD

Includes a collection of the most popular types of circuits
and projects which, we feel sure, will provide a number of
designs to interest most electronics constructors. The pro-
jects selected cover a very wide range and are divided into
four basic types: Radio Projects, Audio Projects, Household
Projects and Test Equipment.

EXPERIMENTER’'S GUIDE TO SOLID STATE ELECTRONIC
PROJECTS

AB007 $9.95
An ideal sourcebook of Solid State circuits and techniques
with many practical circuits. Also included are many useful
types of experimenter gear

BP71: ELECTRONIC HOUSEHOLD PROJECTS $7.20
R. A. PENFOLD

Some of the most useful and popular electronic construction
projects are those that can be used in or around the home.
The circuits range from such things as ‘2 Tone Door Buzzer’,
Intercom, through Smoke or Gas Detectors to Baby and
Freezer Alarms.

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS $8.10
R.A. PENFOLD $7.60
Projects, fifteen in all, which use a 12V supply are the basis
of this book. Inciuded are projects on Windscreen Wiper
Control, Courtesy Light Delay, Battery Monitor, Cassette
Power Supply, Lights Timer, Vehicle Immobiliser, Gas and
Smoke Alarm, Depth Warning and Shaver Inverter.

BP69: ELECTRONIC GAMES $7.05
R.A. PENFOLD

In this book Mr. R. A. Penfold has designed and developed a
number of interesting electronic game projects using modern
integrated circuits. The text is divided into two sections, the
first dealing with simple games and the latter dealing with
more complex circuits.

BP9S5: MODEL RAILWAY PROJECTS $7.60
Electronic projects for model railways are falrly recent and
have made possible an amazing degree of realism. The pro-
jects covered include controllers, signals and sound effects:
sttiboard layouts are provided for each project.

BP93: ELECTRONIC TIMER PROJECTS $7.60
F.G. RAYER

Windscreen wiper delay, darkroom timer and metronome
projects are included. Some of the more complex circuits are
made up from simpler sub-circuits which are dealt with in-
dividually

110 OP-AMP PROJECTS

MARSTON

HB24 $12.95
This handbook outlines the characteristics of the op-amp and
present 110 highly useful projects —ranging from simple
amplifiers to sophisticated instrumentation circuits.

110 IC TIMER PROJECTS

GILDER

HB25 $10.95
This sourcebook maps out applications for the 555 timer IC.
It covers the operation of the IC itself to aid you in learning
how to design your own circuits with the IC. There are ap-
plication chapters for timer-based instruments, automotive
applications, alarm and control circuits, and pewer supply
and converter applications.

BP110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING ' $7.60
R.A, PENFOLD

We have all built circuits from magazines and books only to
find that they did not work correctly, or at all, when first swit-
ched on. The aim of this book is to help the reader overcome
just these problems by indicating how and where to start
looking for many of the common faults that can occur when
building up projects.

' BP76: POWER SUPPLY PROJECTS

PH250: EXPERIMENTER'S GUIDE TO SOLID STATE
ELECTRONICS PROJECTS

A. BARBER $9.95
This book takes the mystery out of solid state electronics and
enables the reader to build such useful devices as: series
regulated power supplies, light dimmers, solar cell operated
radios, hi-fi amplifiers, light indicators for battery operated
equipment and much more.

110 THYRISTOR PROJECTS USING SCRs AND TRIACS
MARSTON

HB22 $12.95
A grab bag of challenging and useful semiconductor projects
for the hobbyist, experimenter, and student. The projects
range from simple burglar, fire, and water level alarms to
sophisticated power control devices for electric tools and
trains. Integrated circuits are incorporated wherever their use
reduces project costs.

110 CMOS DIGITAL IC PROJECTS

MARSTON

HB23 $11.25
Qutlines the operating characteristics of CMOS digital ICs
and then presents and discusses 110 CMOS digital IC circuits
ranging from inverter gate and logic circuits to electronic
alarm circuits. Jdeal for amateurs, students and professional
engineers.

$6.80
RA. PENFOLD

Line power supplies are an essential part of many electronics
projects. The purpose of this book is to give a number of
power supply designs, including simple unstabilised types,
fixed voltage regulated types, and variable voltage stabilised
designs, the latter being primarily intended for use as bench
supplies for the electronics workshop. The designs provided
are all low voltage types for semiconductor circuits.

There are other types of power supply and a number of
these are dealt with in the final chapter, including a cassette
power supply, Ni-Cad battery charger, voltage step up circuit
and a simple inverter.

BP84: DIGITAL IC PROJECTS

F.G. RAYER, T.Eng.(CEl),Assoc.IERE
This book contains both simple and more advanced projects
and it is hoped that these will be found of help to the reader
developing a knowledge cf the workings of digital circuits.
To help the newcomer to the hobby the author has included
a number of board layouts and wiring diagrams. Also the
more ambitious projects can be built and tested section by
section and this should help avoid or correct faults that
could otherwise be troublesome. An ideal book for both
beginner and more advanced enthusiast alike.

$7.60

BP67: COUNTER DRIVER AND NUMERAL DISPLAY
PROJECTS $7.05
F.G. RAYER, T.Eng.(CEl), Assoc. IERE .
Numeral indicating devices have come very much to the
forefront in recent years and will, undoubtedly, find increas-
ing applications in all sorts of equipment. With present day
integrated circuits, it Is easy to count, divide and display
numerically the electrical pulses obtained from a great range
of driver circuits,

In this book many applications and projects using
various types of numeral displays, popular counter and
driver IC’s etc. are considered.

BP73: REMOTE CONTROL PROJECTS $8.10
OWEN BISHOP

This book is aimed primarily at the electronics enthusiast
who wishes to experiment with remote control. Full explana-
tions have been given so that the reader can fully understand
how the circuits work and can more easily see how to modify
them for other purposes, depending on personal re
quirements. Not only are radio control systems considered
but also infra-red, visible light and ultrasonic systems as are
the use of Logic ICs and Pulse position modulation etc.
BP99: MINI — MATRIX BOARD PROJECTS $7.60
RA. PENFOLD

Twenty useful projects which can all be built on a 24 x 10
hole matrix board with' copper strips. Includes Doorbuzzer,
Low-voltage Alarm, AM Radio, Signal Generator, Projector
Timer, Guitar Headphone Amp, Transistor Checker and
more.

BP103: MULTI-CIRCUIT BOARD PROJECTS $7.60
R.A, PENFOLD

This book allows the reader to build 21 fairly simple elec-
tronic projects, all of which may be constructed on the same
printed circuit board. Wherever possible, the same com-
ponents have been used in each design so that with a
relatively small number of components and hence low cost,
it is possible to make any one of the projects or by re-using
the components and P.C.B. all of the projects.

Tab1431: DIGITAL ELECTRONIC PROJECTS $20.95
Build a deluxe code oscillator, a digital game called Climb-
the-Mountain, a clock with alarm, a metric measuring wheel,
a modular decade counter, even a 14-note music generator.
17 projects in all.

BP107: 30 SOLDERLESS BREADBOARD PROJECTS —
BOOKX 1 $8.85
R.A. PENFOLD

A “Solderless Breadboard” is simply a special board on
which electronic circuits can be built and tested. The com-
ponents used are just plugged in and unplugged as desired.
The 30 projects featured in this book have been specially
designed to be built on a “Verobloc” breadboard. Wherever
possible the components used are common to several pro-
jects, hence with only a modest number of reasonably inex-
pensive components it is possible to build, in turn, every pro-
ject shown.

See back page of catalogue for ordering detalls. No taxes apply to books.
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BP106: MODERN OP-AMP PROJECTS 7.60

R.A. PENFOLD P

Features a wide range of constructional projects which make

use of op-amps including low-noise. low distortion, ultra-high

wpu( impedance, high slew-rate and high output current
pes.

CIRCUITS

BP80: POPULAR ELECTRONIC CIRCUITS —

BOOK 1 ' $7.75
R.A. PENFOLD

Another book by the very popular author, Mr. R.A. Penfold,
who has designed and developed a large number of various
circuits. These are grouped under the following general
headings; Audio Circuits. Radio Circuits, Test Gear Circuits,
Music Project Circuits, Household Project Circuits and
Miscellaneous Circuits.

BP98: POPULAR ELECTRONIC CIRCUITS, BOOK2 $8.85
R.A. PENFOLD

70 plus circuits based on modern components aimed at those
with some experience.

The GIANT HANDBOOK OF ELECTRONIC CIRCUITS
TAB No.1300 $27.95
About as twice as thick as the Webster’s dictionary, and hav-
ing many more circuit diagrams, this book is ideal for any ex-
perimenter who wants to keep amused for several centuries.
If there isn't a circuit for it in here, you should have no dif-
ficulty convincing yourself you don't really want to build it.

BP39; 50 (FET) FIELD EFFECT TRANSISTOR
PROJECTS $5.00
F.G. RAYER, T.Eng (CEl),Assoc.|ERE
Field effect transistors (FETs), find application in a wide
variety of circuits. The projects described here include radio
frequency amplifiers and converters, test equipment and
receiver aids, tuners, receivers, mixers and tone controls, as
;;/ell as various miscellaneous devices which are useful in the
ome.

This book contains something of particular interest for
every class of enthusiast — short wave listener, radio
amateur, experimenter or audio devotee.

BP87: SIMPLE L.E.D. CIRCUITS $5.40
RN. SOAR

Since it first appeared in 1977, Mr. R.N. Soar’s book has prov-
ed very popular. The author has developed a further range of
circuits and these are included in Book 2. Projects include a
Transistor Tester, Various Voltage Regulators, Testers and so
on.

8P42: 50 SIMPLE L.E.D. CIRCUITS $3.05
R.N. SOAR

The author of this book, Mr. R.N. Soar, has compiled 50 in-
teresting and useful circuits and applications, covering many
different branches of electronics, using one of the most inex-
pensive and freely available components — the Light Emit-
ting Diode (L.E.D.). A useful book for the library of both
beginner and more advanced enthusiast alike.

BP82: ELECLTRONIC PROJECTS USING
SOLAR CELLS

OWEN BISHOP Bge0
The book contains simple circuits, almost all of which
operate at low voltage and low currents, making them
suitable for being powered by a small array of silicon cells.
The projects cover a wide range from a bicyle speedometer
to a novelty ‘Duck Shoot'; a number of power supply circuits
are included.

BP37: 50 PROJECTS USING RELAYS,
SCR’s & TRIACS $5.00
F.G.RAYER, T.Eng.(CEl), Assoc.IERE

Relays, silicon controlled rectifiers (SCR's) and bi-directional
triodes (TRIACs) have a wide range of applications in elec-
tronics today. This book gives tried and practical working cir-
cuits which should present the minimum of difficulty for the
enthusiast to construct. In most of the circuits there is a wide
latitude in component values and types, allowing easy
modification of circuits or ready 'adaptation of them to in-
dividual needs.

BP24: 50 PROJECTS USING 1C741 $3.75
RUDI & UWE REDMER

This book, originally published in Germany by TOPP, has
achieved phenomenal sales on the Continent and Babani
decided, in view of the fact that the integrated circuit used in
this book is inexpensive to buy, to make this unique book
available to the English speaking reader. Translated from the
original German with copious notes, data and circuitry, a
“must”’ for everyone whatever their interest in electronics.

BP83: VMOS PROJECTS
R.A. PENFOLD
Although modern bipolar power transistors give excellent
results in a wide range of applications, they are not without
their drawbacks or limitations. This book will primarily be
concerned with VMOS power FETs although power
MOSFETs will be dealt with in the chapter on audio circuits.
A number of varied and interesting projects are covered
under the main headings of: Audio Circuits, Sound
Generator Circuits, DC Control Circuits and Signal Control
Circuits.

$7.70

BP44: 1C 555 PROJECTS

E.A. PARR, B.Sc.,C.Eng., M.LLE.E.
Every so often a device appears that is so useful that one
wonders how life went on before without it. The 555 timer is
such a device. Included in this book are Basic and General
Circuits, Motor Car and Model Railway Circuits, Alarms and
Noise Makers as well as a section on the 556, 558 and 559
timers.

$7.05

BP65: SINGLE IC PROJECTS $6.05
R.A.PENFOLD

There is now a vast range of ICs available to the amateur
market, the majority of which are not necessarily designed
for use in a single application and can offer unlimited
possibilities. All the projects contained in this book are sim-
ple to construct and are based on a single IC. A few projects
employ one or two transistors in addition to an IC but in most
cases the IC is the only active device used.

BP97: IC PROJECTS FOR BEGINNERS $7.60
F.G. RAYER

Covers power supplies, radio, audio, oscillators, timers and
switches. Aimed at the less experienced reader, the com-
ponents used are popular and inexpensive.

BP88: HOW TO USE OP AMPS
£.A. PARR

A designer’s guide covering several op amps, serving as a
source book of circuits and a reference book for design

$8.85

calculations. The approach has been made as non-
mathematical as possible.

IC ARRAY COOKBOOK

JUN

HB26 $13.75

A practical handbook aimed at solving electronic circuit ap-
plication problems by using IC arrays. An IC array, unlike
specific-purpose ICs, is made up of uncommitted IC active
devices, such as transistors, resistors, etc. This book covers
the basic types of such ICs and illustrates with examples how
to design with them. Circuit examples are included, as well as
general design information useful In applying arrays.

BP50: IC LM3900 PROJECTS $5.40
H.KYBETT,B.Sc.,, C.Eng.
The purpose of this book is to introduce the LM3900 to the
Technician, Experimenter and the Hobbyist. It provides the
groundwork for both simple and more advanced uses, and is
more than just a collection of simple circuits or projects.
Simple basic working circuits are used to introduce this
IC. The LM3900 can do much more than is shown here, this is
just an introduction. Imagination is the only limitation with
this useful and versatile device. But first the reader must
know the basics and that is what this book is all about.

223: 50 PROJECTS USING IC CA3130 $5’.00
R.A.PENFOLD

In this book, the author has designed and developed a
number of interesting and useful projects which are divided
into five general categories: | — Audio Projects [l — R.F.
Projects Il — Test Equipment 1V — Household Projects V
— Miscellaneous Projects.

224: 50 CMOS IC PROJECTS $3.75
R.A. PENFOLD

CMOS IC’s are probably the most versatile range of digital
devices for use by the amateur enthusiast. They are suitable
for an extraordinary wide range of applications and are also
some of the most inexpensive and easily available types of
IC.

Mr. R.A. Penfold has designed and developed a number
of interesting and useful projects which are divided into four
general categories: | — Multivibrators || — Amplifiers and
Oscillators 111 — Trigger Devices IV — Special Devices.

THE ACTIVE FILTER HANDBOOK
TAB No.1133 $13.95
Whatever your field — computing, communications, audio,
electronic music or whatever — you will find thls book the
ideal reference for active filter design.

The book introduces filters and their uses. The basic
math is discussed so that the reader can tell where all design
equations come from. The book also presents many practical
circuits including a graphic equalizer, computer tape inter-
face and more.

DIGITAL ICS — HOW THEY WORK AND HOW TO USE
THEM

ABO0O4 $10.95
An excellent primer on the fundamentals of digital elec-
tronics. This book discusses the nature of gates and related
concepts and also deals with the problems inherent to prac-
tical digital circuits.

MASTER HANDBOOK OF 1001 PRACTICAL CIRCUITS
TAB No.800 $19

MASTER HANDBOOK OF 1001 MORE PRACTICAL CIR-
CuITs
TAB No.804 $23.95

Here are transistor and IC circuits for just about any applica-
tion you might have. An ideal source book for the engineer,
technician or hobbyist. Circuits are classified according to
function, and all sections appear in alphabetical order.

THE MASTER IC COOKBOOK

TAB No.1199 $17.95
If you've ever tried to find specs for a so called ‘standard’
chip, then you’ll appreciate this book. C.1. Hallmark has
compiled specs and pinout for most types of ICs that you'd
ever want to use,

ELECTRONIC DESIGN WITH OFF THE SHELF INTEGRATED
CIRCUITS

ABO16 $12.95
This practical handbook enables you to take advantage of
the vast range of applications made possible by integrated"
circuits. The book tells how, in step by step fashion. to select
components and how to combine them into functional elec-
tronic systems. |f you want to stop being a “’cookbook hob-
byist”, then this is the book for you.

BP117: PRACTICAL ELECTRONIC BUILDING BLOCKS
BOOK 1 $7.60
Virtually any electronic circuit will be found to consist ot a
number of distinct stages when analysed. Some circuits in-
evitably have unusual stages using specialised circuitry, but
in most cases circuits are built up from building blocks:of
standard types.

This book is designed to aid electronics enthusiasts who
like to experiment with circuits and produce their own pro-
jects rather than simply follow published project designs

The circuits for a number of useful building blocks are
included in this book. Where relevant, details of how to.
change the parameters of each circuit are given so that they
can easily be modified to suit individual requirements.

PH253: ELECTRONIC DESIGN

WITH OFF-THE-SHELF INTEGRATED CIRCUITS

Z. MEIKEIN & P, TACKRAY $12.95
A real help for do-it-yourselfers, this handy guide tells profes-
sionals and hobbyists alike, how to take components off the
shelves, arrange them into circuitry, and make any system
perform its desired function,

4
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RADIO AND
COMMUNICATIONS

8P79: RADIO CONTROL FOR BEGINNERS $6.80
F.G. RAYER, T.Eng.(CEl),Assoc.lERE.

The aim of this book is to act as an introduction to Radio
Control for beginners to the hobby. The book will commence
by dealing with the conditions that are allowable for such
things as frequency and power of transmission. This is follow-
ed by a “block” explanation of how control-device and
transmitter operate and receiver and actuator(s} produce mo-
tion in a model.

Details are then given of actual solid state transmitting
equipment which the reader can build. Plain and loaded
aerials are then discussed and so is the field-strength meter to
help with proper setting up.

The radio receiving equipment is then.dealt with which
includes a simple receiver and also a crystal controlled
superhet. The book ends with the electro-mechanical means
of obiaining movement of the controls of the model.

BP96: CB PROJECTS $7.60
R.A. PENFOLD

Projects include speech processor, aerial booster, cordless
mike, aerial and harmonic filters, field strength meter, power
supply, CB receiver and more.

222: SOLID STATE SHORT WAVE RECEIVERS FOR
BEGINNERS $4.70
R.A. PENFOLD

In this book, R.A. Penfold has designed and developed
several modern solid state short wave receiver circuits that
will give a fairly high level of performance, despite the fact
that they use only relatively few and inexpensive com-
ponents.

BP91: AN INTRODUCTION TO RADIO DXing $7.60
This book is divided into two main sections one to amateur
band reception, the other to broadcast bands. Advice is given
to suitable equipment and techniques. A number of reiated
constructional projects are described
BP105: AERIAL PROJECTS $7.60
R.A. PENFOLD

The subject of aerials is vast but in this book the author has
considered practical designs including active, loop and fer-
rite aerials, which give good performances and are
reasonably simple and inexpensive to build. The complex
theory and math of aerial design are avoided.

BP46: RADIO CIRCUITS USING IC’s $5.40
1.B. DANCE, M.Sc.

This book describes integrated circuits and how they can be
employed in receivers for the reception of either.amplitude
or frequency modulated signals. The chapter on amplitude
modulated (a.m.) receivers will be of most interest to those
who wish to receive distant stations at only moderate audio
qualify, while the chapter on frequency modulation (f.m.)
receivers will appeal to those who desire high fidelity recep-
tion. -

BP92: ELECTRONICS SIMPLIFIED — CRYSTAL SET
CONSTRUCTION

F.A. WILSON

Aimed at those who want to get into construction without
much theoretical study. Homewound coils are used and all
projects are very inexpensive to buiid.

6.80

PH245: ELECTRONIC COMMUNICATIONS $16.95
Covers amplitude modulation, AM and FM transmitters,
pulse modulation, and antennas. Includes discussions of ap-
plications.

BP70: TRANSISTOR RADIO FAULT-FINDING CHART$1.90
CHAS. £. MILLER

Across the top of the chart will be found four rectangies con-
taining brief descriptions of various faults; vis: — sound
weak but undistorted; set dead; sound low or distorted and
batkground noises. One then selects the most appropriate of
these and following the arrows, carries out the suggested
checks in sequence until the fault is cleared.

MOORSHEAD PUBLICATIONS
Return Pollcy

I1f, within 10 days of recelving a book
from our Book Service, you decide that
the title Is not suitable or what you ex-
pected, you may return It, In market-
able condiltlon, for a refund or credit
(your cholce). We would appreclate a
reason for the return but even If this Is
not given, refunds will be made promp-
tly and cheerfully.
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AUDIO

BP90: AUDIO PROJECTS $7.60
F.G. RAYER

Covers in detail the construction of a wide range of audio
projects. The text has been divided into preamplifiers and
mixers, power amplifiers, tone controls and matching and
miscellaneous projects.

205: FIRST BOOK OF HI-FI LOUDSPEAKER
ENCLOSURES

B.8. BABANI 33,05
This book gives data for building most types of loudspeaker
enclosure. Includes corner reflex, bass reflex, exponential
horn, folded horn, tuned port, klipschorn labyrinth, tuned
column, loaded port and multi speaker panoramic. Many
clear diagrams for every construction showing the dimen-
sions necessary.

BP47: MOBILE DISCOTHEQUE HANDBOOK $5.40
COLIN CARSON
The vast majority of people who start up ““Mobile Discos*
know very little about their equipment or even what to buy.
Many people have wasted a “small fortune” on poor, un-
necessary or badly matched apparatus.

The aim of this book is to give you enough information
to enable you to have a better understanding of many
aspects of “disco” gear.

HOW TO BUILD A SMALL BUDGET RECORDING STUDIO
FROM SCRATCH. . .

TAB No.1166 _ $15.95
The author, F. Alton Everest, has gotten studios together
several times, and presents twelve complete, tested designs
for a wide variety of applications. If all you own is a mono
cassette recorder, you don’t need this book. If you don‘’t want
your new four track to wind up sounding like one, though,
you shouldn’t be without it.

8P51: ELECTRONIC MUSIC AND CREATIVE TAPE
RECORDING $5.00
M.K. BERRY

Electronic music is the new music of the Twentieth Century
It plays a large part in “pop” and “rock” music and, In fact,
there is scarcely a group without some sort of synthesiser or
other effects generator.

This book sets out to show how electronic music can be
made at home with the simplest and most inexpensive of
equipment. It then describes how the sounds are generated
and how these may be recorded to build up the final com-
position,

BP74: ELECTRONIC MUSIC PROJECTS $7.20
R.A. PENFOLD

Although one of the more recent branches of amateur elec-
tronics, electronic music has now become extremely popular
and there are many projects which fall into this category. The
purpose of this book is to provide the constructor with a
number of practical circuits for the less complex items of
electronic music equipment, including such things as a Fuzz
Box, Waa-Waa Pedal, Sustain Unit, Revarberation and
Phaser-Units, Tremelo Generator etc.

BP81: ELECTRONIC SYNTHESISER PROJECTS $6.80
MK. BERRY

One of the most fascinating and rewarding applications of
electronics is in electronic music and there is hardly a group
today without some sort of synthesiser or effects generator.
Although an electronic synthesiser is quite a complex piece
of electronic equipment, it can be broken down into much
simpler units which may be built individually and these can
then be used or assembled together to make a complete in-
strument.

ELECTRONIC MUSIC SYNTHESIZERS

TAB No.1167 $10.95
If you're fascinated by the potential of electronics In the
field of music, then this is the book for you. Included is data
on synthesizers in general as well as particular models. There
is also a chapter on the various accessories that are
available.

Tab1364: DESIGNING, BUILDING AND TESTING

YOUR OWN SPEAKER SYSTEM

... WITH PROJECTS $13.95
Covers the theory of speaker construction and descnbes a
variety of plans for speaker system projects ranging from
simple setups to complex multi-driver systems. Enclosure
design is covered in very good detail.

BP68: CHOOSING AND USING YOUR HI-FI
MAURICE L. JAY

The main aim of this book is to provide the reader with the
fundamental information necessary to enable him to make a
satisfactory choice from the extensive range of hi-fi equip-
ment now on the market.

Help is given to the reader in understanding the equip-
ment he is interested in buying and the author also gives his
own opinion of the minimum standards and specifications
one should ook for. The book also offers helpful advice on
how to use your hi-fi properly so as to realise its potential. A
Glossary of terms is also included.

$6.75

TEST EQUIPMENT

BP75: ELECTRONIC TEST EQUIPMENT
CONSTRUCTION

F.G. RAYER, T.Eng. (CEl), Assoc. IERE
This book covers in detail the construction of a wide range of
test equipment for both the Electronics Hobbyists and Radio
Amateur. Inciuded are projects ranging from an FET
Amplified Voltmeter and Resistance Bridge to a Field
Strength Indicator and Heterodyne Frequency Meter. Not on-
ly can the home constructor enjoy building the equipment
but the finished projects can also be usefully utilised in the
furtherance of his hobby.

$6.80

99 TEST EQUIPMENT PROJECTS YOU CAN BUILD

TAB No.805 ; $15.95
An excellent source book for the hobbyist who wants to build
up his work bench inexpensively. Projects range from a sim-
ple signal tracer to a 50MHz frequency counter. There are
circuits to measure just about any electrical quantity:
voltage, current, capacitance, impedance and more. The
variety is endless and includes just about anything you could
wish forl

HOW TO GET THE MOST OUT OF LOW COST TEST EQUIP-
MENT

ABO17 $9.95
Whether you want to get your vintage 1960 ‘TestRite'signal
generator working, or you've got something to measure with
nothing to measure it with, this is the book for you. The
author discusses how to maximize the usefulness of cheap
test gear, how to upgrade old equipment, and effective test
set ups.

THE POWER SUPPLY HANDBOOK

TAB No.806 $15.95
A complete one stop reference for hobbyists and engineers.
Contains high and low voltage power supplies of every con-
ceivable type as well mobile and portable units.

PH246: ELECTRONIC TEST EQUIPMENT $19.95
Covers analog and digital meters, oscilloscopes, frequency
generation and measurement, and special measuring in-
struments

Tab1532: THE COMPLETE BOOK OF

OSCILLOSCOPES $19.95
This totally up-to-date handbook is both an in-depth
reference source and a practical applications guide. Informa-
tion is included on both ordinary service and laboratory
‘'scopes, waveform analysis, vectors, vectorscopes, high and
low frequency analysis, sampling, storage, digital scopes,
and signature analysis. The author, Stan Prentiss is one of the
leading technical writers in the U.S.

See back page of catalogue for ordering details. No taxes apply to books.



Electronics
REFERENCE

BP85: INTERNATIONAL TRANSISTOR EQUIVALENTS
GUIDE $

1.75
ADRIAN MICHAELS
This book will help the reader to find possible substitutes for
a popular user-orientated selection of modern transistors.
Also shown are the material type, polarity, manufacturer
selection of modern transistors. Also shown are the materlal
type, polarity, manufacturer and use. The Equivalents are
sub-divided into European, American and Japanese. The pro-
ducts of over 100 manufacturers are included. An essential
addition to the library of all those interested in electronics,
be they technicians, designers, engineers or hobbyists. Fan-
tastic value for the amount of information it contains.

BP108: INTERNATIONAL DIODE EQUIVALENTS GUIDE
ADRIAN MICHAELS $7.85
This book is designed to help the user in finding possible
substitutes for a large user orientated selection of the many
different types of semiconductor diodes that are available
today. Besides simple rectifier diodes also included are
Zener diodes, LEDs, Diacs Triacs, Thyristors, Photo diodes
and Display diodes.

BP1: FIRST BOOK OF TRANSISTOR EQUIVALENTS AND
SUBSTITUTES $2.30
B.B. BABANI .
This guide covers many thousands of transistors showing
possible alternatives and equivalents. Covers transistors
made in Great Britain, USA, Japan, Germany, France, Europe,
Hong Kong, and includes types produced by more than 120
different manufacturers.

BP14: SECOND BOOK OF TRANSISTOR EQUIVALENTS
AND SUBSTITUTES $4.30
B.B. BABANI

The “First Book of Transistor Equivalents” has had to be
reprinted 15 times. The “Second Book” produced in the same
style as the first book, in no way duplicates any of the data
presented in it. The ““Second Book” contains only additional
material and the two books complement each other and
make available some of the most complete and extensive in-
formation*in this field. The interchangeability data covers
semiconductors, manufactured in Great Britain, USA, Ger-
many, France, Poland, Italy, East Germany, Belgium, Austria,
Netherlands and many other countries.

TOWER'S INTERNATIONAL OP-AMP LINEAR IC SELECTOR
TAB No.1216 $12.95
This book contains a wealth of useful data on over 5,000 Op-
amps and linear ICs — both pinouts and essential
characteristics. A comprehensive series of appendices con-
tain information on specs, manufacturers, case outlines and
SO on.

CMOS DATABOOK

TAB No.984 $9.45
There are several books around with this title, but most are
just collections of manufacturers’ data sheets. This one, by
Bill Hunter, explains all the intricacies of this useful family of
logic devices the missing link in getting your own
designs working properly. Highly recommended to anyone
working with digital circuits.

Tab1538: ELECTRONIC DATABOOK — 3RD EDITION$ 29. 50
Any electronic job will be easier and less time consuming
when you have instant access to exactly the nomogram,
table, chart or formula you need, when you need it. All this
and much more is included in this completely revised and up-
dated version of one of the most respected information
source in the electronics field. Cenerously indexed, this
handbook is divided into six sections: Frequency Data; Com-
munication; Passive Components; Active Components;
Mathematical Data; Formulas and Symbols and Physical
Data.

Tab1516: TOWERS INTERNATIONAL

MICROPROCESSOR SELECTOR $30.95
Towers Selector books have gained an international reputa-
tion for completeness and usefulness. This volume gives you
all the data you will normally need to select the right chip.

ROBOTICS

THE COMPLETE HANDBOOK OF ROBOTICS

TAB No.1071 $1 5.95
All the information you need to build a walking, talking
mechanical friend appears in this book. Your robot can take
many forms and various options — light, sound, and proximi-
ty sensors — are covered in depth.

HOW TO BUILD YOUR OWN SELF PROGRAMMING
ROBOT

TAB No.1241 $13.95
A practical guide on how to build a robot capable of learning
how to adapt to a changing enviroment. The creature
developed in the book, Rodney, is fully self programming,
can develop theories to deal with situations and apply those
theories in future circumstances.

Tab1421: HANDBOOK OF ADVANCED ROBOTICS $23.95
Here’s the key to learning how today’s sophisticated robot
machines operate, how they are controlled, what they can do

and how you can put this modern technology to work. Also
included are details on building your own hobby robot.

See back page of catalogue for ordering detalls. No taxes apply to books.

BUILD YOUR OWN WORKING ROBOT
TAB No.841 $10.95
Contains complete plans — mechanical, schematics, logic
diagrams and wiring diagrams — for building Buster. Buster
is a sophisticated experiment in cybernetics you can build in
stages. There are two phases involved: first Buster is leash
ted, dependent on his creator for guidance; the second phase
makes Buster more independent and able to get out of tough

VIDEO

BP100: AN INTRODUCTION TO VIDEO

D.K. MATHEWSON $7.60
Presents in as non-technical a way as possible how a video
recorder works and how to get the best out of it and its ac-
cessories. Among the items discussed are the pros and cons
of the various systems, copying and editing. international
tape exchange and understanding specifications

Tab1519: ALL ABOUT HOME SATELLITE

TELEVISION $22.95
Covers such aspects as where to buy, problems in setting up
your TVRO station and how to solve them, antenna siting
and equipment selection.

Tab1490: VIDEO CASSETTE RECORDERS:

BUYING, USING AND MAINTAINING $14.95
A complete handbook for the video enthusiast. You'll learn
about how the systems work and how to choose as well as
take a technical look at the inside workings. There are also
sections on making your own video recordings.

BP101: HOW TO IDENTIFY UNMARKED IC'S $2.20
K.H. RECORR

Originally published as a feature in ‘Radio Electronics’, this
chart shows how to record the particular signature of an un-

marked IC using a test meter, this information can then be us-
ed with manufacturer’s data to establish the application.

AUDIO AND VIDEO INTERFERENCE CURES

KAHANER

HB21 $8.95
A practical work about interference causes and cures that af-
fect TV, radio, hi-fi, CB, and other devices. Provides all the in-
formation needed to stop interference. Schematic wiring
diagrams of filters for all types of receivers and transmitters
are included. Also, it supplies simple filter diagrams to
eliminate radio and TV.interference caused by noisy home
appliances, neon lights, motors, etc

BASIC TELEPHONE SWITCHING SYSTEMS

TALLEY

HB27 $15.50
The Revised Second Edition of this book, for trainee and
engineer alike, includes updated statistical data on

telephone stations, and new and improved signaling methods
and switching techniques. It also includes E & M signaling in-
terface for electronic central offices and automatic number
dentification methods used in step-by-step, panel and
crossbar central offices.

INTERRELATED INTEGRATED ELECTRONICS CIRCUITS
FOR THE RADIO AMATEUR, TECHNICIAN, HOBBYIST AND
CB’ER
MENDELSON
HB29 $10.95
This book provides a variety of appealing projects that can
be constructed by anyone from the hobbyist to the engineer.
Construction details, layouts, and photographs are provided
to simplify duplication. While most of the circuits are shown
on printed circuit boards, every one can be duplicated on
hand-wired, perforated boards. Each project is refated to
another projects so that several may be combined into a
single package. The projects, divided into five major groups,
include CMOS audio modules, passive devices tohelp in ben-
chwork, test instruments, and games

BASIC CARRIER TELEPHONY; THIRD EDITION

TALLEY

HB28 $15.95
A basic course in the principles and applications of carrier
telephony and its place in the overall communications pic-
ture. It is abundantly illustrated, with questions and pro-
blems throughout, and requires a minimum of mathematics.

Tab1309; THE ACOUSTIC AND ELECTRIC-GUITAR

REPAIR HANDBOOK $24.50
Literally everything the amateur or professional musician
needs to know to properly maintain his instruments, plus all
the how-to’s for making repairs from simple tuning to major
overhauls

BP110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING $7
R.A. PENFOLD

We have all built circuits from magazines and books only to
find that they did not work correctly, or at all, when first swit-
ched on. The aim of this book is to help the reader overcome
just these problems by indicating how and where to start
looking for many of the common faults that can occur when
building up projects.

.60

ELECTRONIC TROUBLESHOOTING HANDBOOK

ABO19 $11.95
This workbench guide can show you how to pinpoint circuit
troubles in minutes, how to test anything electronic. and how
to get the most out of low cost test equipment. You can use
any and all of the time-saving shortcuts to rapidly locate and
repair all types of electronic equipment malfunctions.

COMPLETE GUIDE TO READING SCHEMATIC DIAGRAMS
ABO18 .

A complete guide on how to read and understand schematic
diagrams. The book teaches how to recognize basic circuits
and identify component functions. Useful for technicians
and hobbyists who want to avoid a lot of headseratching.
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FOR THE PAST FEW months, ETI has
been reviewing a series of fairly low-pric-
ed computers. Last month, it was the
Atari, the month before it was the Sord,
and so on. We’ve seen how a manufac-
turer can remove the nonessentials and the
high-priced fe;‘tures and try to give you
reasonable computing power at a price
you can afford. Well, this month we’re
looking at a no-holds-barred, let’s-mor-
tgage-the-dog-and-buy-one,
full-featured, IBM-compatible, 16-bit
machine. 1t’s called the Columbia MPC
1600. MPC, by the way, stands for
Multi-Personal Computer. More
specifically, we’re reviewing the model
with the 5-megabyte hard disk drive.
Before looking at the Columbia, we
should first look at the background facts.
Specifically, at the IBM PC, a computer
that bears a striking resemblance to the
Columbia. So striking, in fact, that a lot
of IBM executives would probably very
much like to strike the designers of the
Columbia with a blunt instrument. To be

perfectly honest, what we have here bears
a striking resemblance to a certain situa-
tion involving Apple and a number of
makers of a certain form of mechanical
fruit. Well, they do say that imitation is
the sincerest form of flattery.

It should probably be mentioned here
that it is considered impolite to even men-
tion the word c/one in the vicinity of those
who make and sell what are properly call-
ed ‘IBM-compatible’ systems.

Mechanicals

For a ten or eleven thousand or so dollar
computer (most of this price tag being at-
tached to the hard disk drive), even for
one that looks like nothing so much as an
oversized bar of soap with a disk drive on
the front, some of the features are rather
poorly thought out. For that much
money, one would feel entitled to expect
perfection, or something indistinguishable
therefrom. Well, one must admit that it
costs a lot of money to build a computer
with all these features, and it would pro-
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bably cost a lot more if everything had to
be utterly perfect.

Take the keyboard, for example.
Please, take the keyboard! Why is it that
just because IBM puts a really silly
keyboard on their PC, everybody who im-
itates it does the same? The Apple cloners
added shift lock and lower case to Apple’s
original keyboard, so why couldn’t the
makers of PC ‘compatibles’ take a clue
from them?

IBM probably put the bubblegum
keyboard on the PC out of sheer blind ar-
rogance. They probably figured the world
didn’t deserve better. Well, when you own
half of western society, you can afford to
do things like that. They put decent
keyboards on their typewriters, so you
can’t say they don’t know any better.
Some people accuse Prime Minister
Trudeau of being arrogant. Well, wait till
they take a serious look at IBM. Am I
sounding too much like Mary Gross? Or
maybe IBM just wanted to see how many
clone companies they could sucker into
building exact replicas of the bubblegum
keyboard (or maybe how many people
they could sucker into buying the thing).
What bugs me is that they're probably
right now sitting around in the boardroom
of their world corporate headquarters
laughing themselves silly at the
phenomenal success of their PC and at the
number of companies blindly building
carbon copies of it and its keyboard.

It should, of course, be added in the
Columbia’s defence that keyboards are a
matter of personal preference among
computer users, and that there may be
some who will love the Columbia’s. The
same could apply to IBM itself. My ad-
vice: never buy a computer, or anything
else that has a keyboard on it, without
first at least typing in your name to see if
you like the feel of the thing.

Getting back to the Columbia, let’s
look at the screen. Well, that’s probably
what you’ll spend the most time looking
at if you buy one, unless you’re a
hunt-and-peck typist, or unless you’re
going to have to spend more time worry-
ing about how you’re going to pay for.it.
The character set is really overdone, all of
the characters having serifs. Those are
those little doohickies on the tips of the
various characters. The uppercase Y, for
example, looks like a miniature wineglass.
They look really classy, but for the long
run, a sanserif character set, like the
Apple’s, is easier on the eyes.

Even the Apple clone I'm writing this
review on doesn’t do that. It’s really
distracting, and unworthy of an up-
per-financial-strata machine like the
Columbia.

The machine does do high-res and
colour graphics. The high-res is quite ac-
ceptably high — 640 by 200 pixels in
black-and-white, and 320 by 200 in four
colours. The manual refers to an ‘old’ col-
our board and a ‘new’ one, and the review
system seems to have the ‘old’ one. There
are a total of eight colours — black,
white, the three primaries red, biue, and
green, and the three secondaries yellow,
cyan, and magenta — and you can select
between two sets of three for your
foreground colours and use any of the
eight as your background colour. Text
mode allows you to have all eight on the
screen at once. The ‘new’ board is claimed
to give more flexibility, in choosing any of
sixteen colours as the four that you can
use at any one time in graphics mode.

The Hard Facts

Being nice to the machine for just a mo-
ment, it does have a five-megabyte hard
disk in it. There’s room enough to burn in
five megabytes. Right now, there are no
less than sixty files on that disk, some of
them quite good-sized, and yet less than
one fifth of the available space is in use.
Also, disk access is wonderfully fast. It
isn’t perfectly instantaneous, but it beats
floppies. I must admit, however, that
after having used floppies for so long, I
don’t really notice the disk access delays
as much anymore, and so the improve-
ment is not ail that earth-shaking for me.

Somebody once did a study of com-
puter delays, and came up with the idea
that there are three classes thereof. The
first is the type of delay that’s so fast as to
not be noticeable. The delay between
striking a key and seeing it on the screen is
an example of this. The second is the
delay of up to a few seconds, enough to
catch your breath, and is typical of disk
accesses. The third is the long delay, as for
a printout, or for saving a program on
cassette tape (people still do that, believe
it or not, archaic as it may seem), which
gives you time to get up for a fresh cup of
coffee. They found that the actual length
of the delay mattered less than the class of
delay. If you have to stop typing and wait
for the computer, it doesn’t matter if it’s
for half a second or for five. Thus, the

speed difference between a floppy and a
hard.disk, while noticeable, is not going to

be earth-shattering. It’s the storage
capacity that makes the hard disks wor-
thwhile, although it must be admitted that
the speed could make the difference bet-
ween a reasonable wait and a drastically
longer wait when you’re working with
large files or spreadsheets.

One thing that is worthwhile is hav-
ing huge amounts of RAM (random ac-
cess memory, or core to an old-timer) in
the computer. This one has 128k of
memory inside, more than enough to run
Space Invaders in, although if that isn’t
enough, you can add memory up to a limit
of one full megabyte. BASICA (the
machine’s fancy version of BASIC —
more on this later), for examplie, when
you get it going, says it has 57418 bytes
free. No, that’s not a typo, that’s fifty
seven thousand and change. Most
microcomputers don’t have that much
total memory. It’s enough to make the
owner of your typical garden-variety
micro turn green with envy.

Every byte of this 128k of RAM hasa
parity bit on it that lets the machine verify
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that no memory glitches are occuring.
This can’t tell you which bit went wrong,
or correct things itself — and might even
miss a multi-bit error — but at least
should give you a feeling of security. As I
discovered while editing this review on a
lesser micro, memory glitches can be both
elusive and maddening if you can’t pin
them down. When you start up the Col-
umbia, by the way, it can verify its
memory for you, if you wish.

The system comes with the expected
Centronics-type parallel printer interface,
and has not one but two serial ports, one
each in the RS-232 standard’s DTE and
DCE configurations. You can add all
manner of peripheral cards. The machine
is hardware compatible with the IBM, so
cards designed for the IBM should work
in the Columbia. Typical peripherals in-
clude a Z-80 card (this is beginning to
sound like an Apple clone, isn’t it?) that
lets you run good old CP/M, or an 8087
arithmetic chip in case you’re into
numerical analysis and you want tens of
thousands of eighteen-digit computations
done ten minutes ago.

One neat feature is the time/date

on, or hit reset, it wants to know what the
date and time are. It then keeps time until
you turn it back off. This means that pro-
grams can, for example, say ‘Good morn-
ing, sir’, ‘Good afternoon, sir’, or
whatever, when they are run. What’s
more useful is that every file is marked
with the time and date it was last
modified. This is nice, because then you
can tell exactly what you’ve modified
recently. The only problem is that it’s
much too tempting to just hit the return
key twice when you power the machine
up. The machine will then assume zero
o’clock on Tuesday, January first, 1980.

Software

The machine runs MSDOS, the 16-bit
DOS from Microsoft. It’s a lot like
good old CP/M, but with various nice
features, improvements, extras, luxuries,
and so on. There’s some heavy command
line editing, for example. The command
prompt becomes A: instead of AP, but
otherwise almost anything that went in
CP/M goes in MSDOS. The machine will
boot off the hard disk, if it’s happy with
the thing. This could mean the death of
floppies, but don’t hold your breath.

The utility set changes slightly. Anin-
ternal command, COPY, replaces PIP,
and STAT, at least as far as checking for
free space goes, is replaced by CHKDSK,
which also checks the validity of the disk
directory. DIR gives the sizes of the in-
dividual files.

The computer comes with a complete
set of Perfect software. At least that’s
what the manufacturer has the temerity to
call it. It’s good software, but a basic pro-
gramming principle states that no such
thing as perfect software exists. The set of
Perfect software that comes with the com-
puter (note the difference between the up-
percase and the lowercase ‘p’) includes
Perfect Writer, Perfect Speller, Perfect
Calc, and Perfect Filer. These programs
are integrated, so the same basic set of
command keys should do the same basic
things in all four programs. Also, the calc
program, for example, is set up so that
you can transfer spreadsheets or portions
thereof to the word processer for inclu-
sion in a document.

If you’re more into programming
things yourself, you’ll want to look at the
languages. Microsoft includes an
assembler, called Macro-86, with the
operating system, in case anyone is into

hacking and wants to program the system
directly. Normal human beings will likely,
however, be more interested in the two
BASICs.

GW-BASIC — at least that’s what
the manual called it, although it was
BASICA on the disk, and was similar to
what most people know better as
MBASIC — ran beautifully. It is essen-
tially upwards compatible from
Microsoft’s CP/M MBASIC, meaning
that if you know MBASIC, you can be
programming in GW-BASIC almost right
away. This version adds statements to
handle the hardware features of the PC,
including graphics, sound, and the func-
tion keys. You can program the ten func-
tion keys with messages of up to fifteen
characters each, including return keys.
This means that, for example, you can set
it up so that all you have to do is hit the F1
key to get ‘LIST (return)’. Another key
can RUN, and so on. Also, this BASIC
gives you interrupts — you can tell BASIC
to call a subroutine whenever one of the
function keys is hit, whenever something
is ready at the communications port, or
whenever the optional light pen or
joysticks do their thing. Your program
can go on its merry way until this hap-
pens, and then zap — you’re in the
subroutine,

The other BASIC, called just plain
BASIC, trades off the fancy frills that
BASICA gives you for compactness and
operating speed.

Conclusions

There are those who will insist that
they buy a computer that has a genuine
IBM nameplate on the front, and then
there are those who resent IBM’s
dominance of western culture and will in-
sist on buying a rebel machine. The IBM
reputation works both ways.

A more practical consideration is that
of availability. If your IBM dealer pro-
poses putting your name on a
three-month waiting list and back-order-
ing a PC for you, while your Columbia
dealer is willing to load one into the back
of your car, you might want to go for the
one that you can be computing on this
evening.

All I can say is, if you’re planning on
buying a big computer like this, know
what you’re doing.

Gd
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Build your own resistance,
capacitance, or inductance
substitution box, using D.E.
Patrick’s economical design.

BUILD THE junk box 1, 2, 3, 3 resistance
subber in Fig. 1, and you can select any re-
sistance from 1 ohm to 9,999,999 ohms in
one-ohm steps, which will save 35 resistors
over lab type decade units doing the same
thing. Instead of nine resistors per decade,
only four are required. Thus, instead of ex-
pensive 10-position switches, you can use
cheap junk box and surplus slide or toggle
switches along with critical resistors for lab
grade quality at a fraction of the cost.

For example, in the first decade, any
value from 0 through 9 ohms can be selected
by switching in needed values, while the
others are bypassed. The other decades
operate in the same way, and since decades
one through seven are in series, any value
from zero to 9,999,999 ohms can be
selected.

Another alternativeistousea 1, 2,3, 5
resistance sequence, giving 11 ohms possible
for the first four switches and a total possi-
ble resistance of 12,222,221 ohms for the
same number of switches and resistors.
Thus, any resistance from zero to
12,221,221 ohms can be selected in one-ohm
steps. Also, switching in additive parallel
capacitance using slide or toggle switches
eliminates the need for fancy hard-to-find
rotary switches. We can see this in the 1, 2,
3, 3 and 1, 2, 3, 5 capacitance subbers in
Fig. 2.

In Fig. 2, instead of placing resistors in
series or bypassing them as in Fig. 1, capaci-
tors are placed in parallel. Further, using the
same configuration as in Fig. 1, an inductor
1,2,3,30r1,2, 3,5 subber can be built.
Here inductors would be added in series or
bypassed as described earlier.

Construction Hints

There’s obviously nothing critical about
construction. Use #14 to #12 solid copper
wire to prevent copper losses and decent
switches to prevent contact resistance losses.
The resistors, capacitors, or inductors used
should at least have a 5% tolerance; how-
ever, 1%, .01%, and .0025% values can
also be used, especially since only 28 are re-
quired.

The same pattern for the resistance
subber is used for the inductance subber.
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Figure 1. The resistance subber box. The values shown are in ohms for a 1, 2, 3, 3 sequence. For a

1,-2, 3, 5 sequence, substitute the values shown in brackets.
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Figure 2. The capacitance subber box, with a 1, 2, 3, 3 sequence. Fora 1, 2, 3, 5 sequence, substitute

the values shown in brackets.

However, you are limited at the low end us-
ing very small inductors, generally under 50
uH or so without tuning coils because of
wiring inductance and at the high end
you’ve got to add iron or ferrite. But, if
you’ve got access to an RCL bridge you can
measure the inductance from the input
terminal and tweak the coils to the desired
inductance. Another problem in an induct-
ance sub box is caused by mutual inductance
from one coil to another. But this can be

overcome by using shielded coils or adding
shielding between sections.

In a capacitance subber, you are again
limited at top and bottom ends as described
in the inductance sub box configuration.
You can use caps below 50 pF, but because
of interwire capacitance it is hard to really
get any accuracy without using a cap tester
or impedance bridge to measure capacitance
from the input terminals. Also, for capaci-
tors in excess of 1 uf, it’s usually necessary
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to use polarized tantalums, electrolytics,
etc., which limits accuracy and can increase
physical size.

Some Final Notes

The heart of any truly accurate subber is the
tolerance of the components used more than
the design. The 1, 2, 3,3 and 1, 2, 3, S sub-
bers described here are cost effective because
of the fewer critical components required.
However, buying new critical components
should be avoided if possible to keep costs
down. For example, high quality resistors
with tolerances from .01% to .0025% can
most easily be found in the surplus and
scrap markets. Old surplus five and six digit
nixie tube DVMs, differential voltmeters,
damaged bridges, et al can usually be picked
up at scrap prices, stripped out, and used.
And where most scrap dealers are after
aluminum and precious metals, it’s relatively
easy to buy critical components at scrap
prices by the proud.

PARTS LIST

For capacitance 1, 2, 3, 3 subber: 10p, 20p,
30p, 30p, 100p, 200p, 300p, 300p, In, 2n,
3n, 3n, 10n, 20n, 30n, 30n, 100n, 200n,
300n, 300n, lu, 2u, 3u, 3u, 10u, 20u, 30u,
and 30u capacitors.

For capacitance 1, 2, 3, 5 subber: 10p, 20p,
30p, S0p, 100p,, 200p, 300p, 500p, Inn,
2nn, 3n, 5n, 10n, 20n, 30n, 50n, 100n,
200n, 300n, 500n, 1u, 2u, 3u, 5u, 10u, 20u,
30u, and 50u capacitors.

For resistance 1, 2, 3, 3 subber: 1R, 2R, 3R,
3R, 10R, 20R, 30R, 30R, 100R, 200R,
300R, 300R, 1K, 2K, 3K, 3K, 10K, 20K,
30K, 30K, 100K, 200K, 300K, 300K, 1M,
2M, 3M, and 3M precision resistors.

For resistance 1, 2, 3, 5 subber: 1R, 2R, 3R,
5R, 10R, 20R, 30R, 50R, 100R, 200R,
300R, S00R, 1K, 2K, 3K, 5K, 10K, 20K,
30K, 50K, 100K, 200K, 300K, 500K, 1M,
2M, 3M, and 5M precision resistors.

For inductance subbers: use values to suit in
1,2,3,30r1, 2, 3, 5 ratios.

For all subbers:

28 SPDT slide or toggle switches

Case; hardware; #14 to #12 solid hookup
wire; banana jacks; etc.
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Patrick
Electronics Inc.

P.O. Box 218,
Lorette Manitoba ROA 0YO

MPI, model 91,500K ......... $300.00
MPI, model 92, 1000K . ... . ... $400.00
IC's

AT B e eh o e e $9.95
2T OB 50t ¢ g e g e o g, e s $3.95
2D - B, bt s Pkt - % 8 T 4 $3.95
Z8B0CPU. ........... 4985 7418124 ...........275
280-S10/2..........16.95 74LS133...... .. 59
ZBOACTC .......... 495 7415138..............55
1488 ... ..............68 74LS139....... ... . 55
1489 ... ... 89 74LS153...... ... .55
7407 ... L.29 74187 ... .. 55
74500................32 74LS161...

74LS00. ... ... 24 7415163, .. ..

740802 ... ... 25 74LS166. ...

740504, . ... .28 74LS174.

74LS0B. .. ............ 28 7415175
74LS10...............25 7405221

74LS14. 59 7415240.....

74LS20. ...l 25 7415241 ... ...

740832, ... ...... .29 7405244 ...

740874 .. ... - ...35 7415245, ..

[ZATS BE M o e 39 740S367.... okl
74L893. ... 55 7418368 ........,....
7408112 ... ...39  74LS375..

748122 ... 45

LENARS S SR [hac sl w onio s o b s $ .34
LM 323K Regulator ............ $4.95
LM301 ... $ .34
(780 S Gl e e e e B e $1.39
781 ACTi Rk o T LT AN T e TR $ .75
S-100 MotherBoard .. ......... $10.00
Dataproducts, D-50 Daisywheel
printer mechanism ........ .. $829.00
Honeywell Hall-effect keyboard
switches, 10D1SD4B38 . . . .. $ 1.20
General Instrument Bridge Rectifiers,
25AMP, KBPC25-04 ........ $ 5.25
Transformer, 110/120/220/240 in,
outputs for +16, +8.......... $25.00

Phone (204) 694-2608 collect to order.

12” Electrohome CRT, with TTL 1/P,
PCB - less half original cost . . . . $50.00

All the above offered on a 30 day repair
or replace basis.

Minimum order $10.00. Shipping extra.
Visa & Mastercard

Circle No. 10 on Reader Service Card.

and then select ’Volts’ or ’Time’. The
readout will display the voltage or time
between the dots, with another set of
LED:s to tell you the unit involved. If you
have a calculator handy, inverting the
time will give you an approximation of the
frequency; there are only three digits,
after all.

This feature proved to have one of
the only immediately apparent design
flaws in the VC-6041: the dots were so
faint that the intensity control had to be
turned down as far as possible without ac-
tually removing the signal, so that the
dots, which were not affected by the con-
trol, would be visible.

There were several other modes
available from the storage control panel.
In *Roll’, each new sweep pushes the last
one off-screen, rather than the usual
overwriting; this sometimes made it easier
to view changing signals. The ’Single’ and
Pulse’ switches could be used to look at
one-time transients; the useful bandwidth
in this case was 10 MHz for single-chan-
nel use, or § MHz in the two-channel
mode.

Other Features

On the back panel of a fully-equipped
model live two sets of outputs. The first is
for controlling a chart recorder, and con-
sists of an analog output for each channel
as well as a pen-lift output; the writing
speed can be set from one to ten seconds
per division. The second output, which is
optional, is a digital interface for an exter-
nal controller. It provides the data output
for the channels, the waveforms saved,
the horizontal and vertical settings, and
the trigger point. The controller can also
run the single-sweep function.

continued from page 31 |

Applications
According to Hitachi, the VC-6041 is
ideaily suited for analysis of video and
computer circuits; the averaging function
is particularly good for noise analysis. The
very high bandwidth of the storage func-
tion is superb for looking at any high-fre-
quency source, such as ultrasonic equip-
ment, and the single-sweep capability is
suited to examining one-time phenomena
such as impact testing. Medical techni-
cians can make use of the plotter output
for testing and recording physjological
data.

In fact, it would be probably be im-
possible to find an application where this
scope didn’t make your life easier.

And Lastly...

The price tag, while reasonable for equip-
ment of this quality and flexibility, means
that you aren’t likely to get one for your
birthday. On the other hand, reading
about it will aid your fantasizing when it
comes time to replace that war-surplus
Dumont.

If the digital storage appeals to you,
but you don’t need all the bells and
whistles, there’s also a scaled-down ver-
sion, the VC-6015. It has 100 KHz band-
width, but no cursor or averaging. Fur-
ther information on the scopes can be ob-
tained from Hitachi Denshi Ltd., 65
Melford Drive, Scarborough, Ontario,
MIB 2G6.

Now if you can just convince the boss
that the lab equipment should be upgrad-
ed....

by Bill Markwick
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Thirty years after the fact, the
British reveal to the world that it
was they, and not the Americans,

who invented the first practical
electronic computer. Roger Allan

lets us in on the secret.
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Colossus

THE LIFTING of the British Official
Secrets Act after it had run its customary
thirty years has resulted in an absolute
mother lode of detail and information
concerning the wartime allies’ modus
operandi. So great is the volume of data
now available, that virtually all general
histories of the Second World War
published before 1975 have been rendered
redundant. Historians, utilizing their
customary care, are slowly sifting through
the mountain of information available,
and while their work is far from complete
(in fact, most of the documents haven’t
even been read yet), a number of in-
teresting elements have come to light that
touch on some rather peculiar subjects,
including, odd as it may seem, computers
— or more specifically, the very first com-
puter, moreover, one which not only
preceded ENIAC (customarily considered
in all the textbooks as being the first) by
several years, but one which had a com-
putational ability not matched by main-
frames for over a decade, capable as it was
of working at some 25,000 logic decisions
a second.

The history of the German Enigma
machine and how it produced a seemingly
unbreakable code is fairly well known —
including how the Canadian, Willilam
Stephenson, and his colleagues at Bletchley
Park, north of London, broke it (see
Stephenson, ETI, Sept. 1982). Their
methods of decipherment were slow even
when the code was broken, and as the
codes (dependent on the positions of a
number of rotors internal to the transmit-
ting machine) were changed regularly,
sometimes as. often as once a day, the
decipherment of the new code produced
by the machine produced great gaps in the
available intelligence derived from this
source.

Further, the Germans had a second
machine known as the Geheimschreiber or
‘secret writing machine’. Unlike Enigma,
which was used by front line commanders
as well as for communications to and
from headquarters, the Fish, as it was
known to the British, was only used by the
upper echelons of the German High Com-
mand — Hitler using it for overall
strategic directives, the Ministry of
Foreign Affairs for communicating with
neutral embassies, and so on.

When the British broke the Geheim-
schreiber code has not yet been determin-
ed (it is still buried in the pile of currently
unread data at the Public Record Office,
Britain’s national archives, in London),
but most probably it was late in 1941.
Decipherment was slow and by hand, and
as the code was changed on a daily basis,
most often the decipherment, when it was
completed (which was rare), was com-
pleted weeks or even months after it was
sent. The machine, more complicated
than the Enigma, worked on ten rotors,

each one of which could be set differently.
This produced a code of several billion
possibilities, rather a long job to sort out
by hand, even when utilizing Boolean
algebra. It had the great advantage in that
it automatically enciphered a signal typed
on it in clear and sent it to the telegraph or
radio station at the rate of sixty-two words
a minute, without the need for a cipher
clerk (which was one of Enigma’s great
weaknesses). In order to receive the
message a similar machine was needed,
which automatically typed out the text. It
was in essence a teleprinter, based on the
telegraph code of Baudot and Murray.
This code contained thirty-two separate
elements embracing twenty-six letters, ten
numbers, punctuation, teleprinter func-
tions, line feed, carriage return, letter
spacing and letter and number shift. In
order to fit all this into thirty-two
elements, the code had to be used twice
over; in a lower case for letters and in an
upper case for numbers and punctuation.

‘... a computational
ability not matched by
mainframes for over a

decade ...”’

In early 1942, Bletchley Park was a
hodgepodge of interesting characters —
mathematicians rubbing shoulders with
archeologists, front line battle weary of-
ficers chatting with physicists, and so on.
It was from this compendium of diverse
sorts, producing a marvelous cross-fertil-
ization of ideas, that the major British in-
telligence operations were determined and
built, where the Enigma codes were crack-
ed, for instance.

Not a ZX-81 Yet . ..

In early 1942 a Cambridge mathemati-
cian, M.H.A. Newman, joined the staff,
and it occurred to him that perhaps it
would be possible to build a machine that
would automatically and very quickly do
the sorting and comparison work current-
ly done by hand, but would do it much
more quickly. He persuaded the Powers
That Be to act on his idea, and a section
was set up under his direction, known as
the ‘““Newmanry”’, in Hut F at Bletchley
Park. Under his direction, a team of
mathematicians, with the assistance of
several engineers from the British Post Of-
fice Research Station at Dollis Hill, built a

machine. It used 80 valves, and stood in
two general-issue Post Office equipment
racks about 8 feet high. It utilized a
photo-electric reader and could scan 2000
telegraph characters a second.

Its operation was quite straight-
forward. Five unit Murray Code elements
were punched onto a paper tape, contain-
ing the German cipher, which was fed into
one of the two readers. The tape was join-
ed to form a large loop which ran con-
tinuously over a system of pullies past
photoelectric cells. A key tape, smaller in
length than the first tape and containing
the deciphering telegraph units, was fed
into the second reader. Telegraph tape,
like old style computer tape, had sprocket
holes in it. As the sprockets rotated, they
drove the two tapes. As one tape, the key
tape, was shorter than the first tape by
one character, every revolution of the tape
produced a different key unit passing
through the reader against the message
units. Named the ‘‘Heath Robinson”
after the constructor of crazy machines, it
essentially depended on a statistical
system of breaking codes. It could operate
at two thousand characters a second —
that is, when it worked, which it frequent-
ly didn’t, as the tapes kept breaking.

As Odette Wylie, a WRNS who
worked on the machine, has been quoted
as recalling, ‘It was a long time before we
found some sufficiently gluey material
that would stand up under the strain of
going round and round at a great speed.
The fact that we had to get the two tapes
to run exactly synchronized was also a
very difficult operation. When they did
break, it was not just a question of break-
ing and lying on the floor, they flew into
the air and got entangled in the machine,
in little corners, very difficult to get out
again.”’

Further, the binary system counting
procedure was inaccurate, due to the
unreliable relays, and the single loop of
tape which provided the key was inade-
quate.

Invention

It was about this time, January 1943, that
two Post Office engineers, T.H. Flowers
and S.W. Broadhurst, specialists in high-
speed switching, joined Bletchley Park.
Familiar with Alan Turing’s 1936 paper
on the creation of an artificial brain, and
realizing that vacuum tubes had a very
high degree of reliability if kept in con-
stant operation (rather than being switch-
ed on and off), they suggested the
building of a ‘“‘Super Heath Robinson.’”’
After some opposition, the Powers That
Be gave the go-ahead, and the first com-
puter, the Colossus Mk 1, was built.
Design commenced in Februrary 1943,
and was delivered in working order in
December of thc same year.

Based on some 1500 valves, the ma-
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jor difference to the ‘‘Heath Robinson’’
was that the key tapes were replaced by
electronically-generated keys. The ten
Geheimschreiber Totors were simulated by
ten rings of thyratron triode valves, which,
containing argon gas, acted as very high
speed switches and were capable of pass-
ing high current. One valve in a particular
ring was conducting at any given moment,
when its neighbour would take over, thus
simulating the passage of the loop con-
tinuously through the photo-electric
readers.

The interface between the machine
and the operating cryptoanalyst was via a
bank of switches, whereby the cryp-
toanalyst would ask the machine to make
certain adjustments to the cipher keys.
She would be sitting in front of an electric
typewriter looking for the tell-tale letter
recurrence which would indicate a gradual
solving of the cipher text. Once the code
was broken, it could reproduce the results
ad infinitum for all further traffic using
that code — to the extent of 10'! consecu-
tive elementary Boolean (and/or) equa-
tions without error.

It was therefore the first electric com-
puter, and the first statistical brain con-
taining a memory which did not make
mistakes.

Similar to the Enigma machine, the
Geheimschreiber was constantly being im-
proved, and during the war there ap-
peared five versions (models 52AB, 52C
and others). One of the modifications
consisted of some of the rotors rotating ir-
regularly, being driven by prawles, retain-
ing an eccentricity. The Colossus Mk I
was unable to handle this eccentricity. As
such, an improved version, the Colossus
Mk 1I, was designed to deal with this
modification to the German Fish.

IF Unbroken THEN

Keep Trying

The function built into Colossus Mk II to
solve the eccentric rotors was Conditional
(branching) IF logic — it could make deci-
sions. While this is fundamental to
modern computers, this machine was the
first to use it. It utilized 2500 valves, and
its reader could scan 5000 characters a se-
cond. Five such readers could be placed in
parallel, giving it an overall operating
speed of 25,000 characters a second — a
speed not duplicated by other computers
for over a decade. Output was fifteen
characters a second on an electric. line
printer.

The speed at which this machine was
designed and built is quite extraordinary.
The go-ahead was given in March of 1944,
with a delivery date by D-Day, June 6.
The first of ten Colossus Mk IIs was
delivered on June 1.

As to what the twenty cryp-
toanalysists, twenty engineers and 250

WRNS operators at Bletchley Park at-
tached to the “Newmanry’’ deciphered on
the Colossus has as yet not been determin-
ed, other than that it was used for the
Ultra intelligence, never on FEnigma
messages.

The story of what happened to them
after the war is simply told. They were
dismantied, and sold in unidentified lots
to the surplus stores, along with the other
electronic bits and pieces from Bletchley

Park. [ET1]
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Affordable
Precision

Arkon is now handling the Hitachi line of high-performance digital
multimeters. These precision instruments are able to meet the most
stringent requirements of both engineer and hobbyist, yet fit comfortably
in the palm of the hand and are easily transported.

In addition to these meters, Arkon also carries the complete line of
Hitachi scopes and other test equipment by such manufacturers as Hioki,
and Lutron. In stock as well is a good selection of components including

to get the job done.

If you'r tired of having to go from
store to store to get the items you need,
you’ll appreciate the selection at Arkon.
Make it a point to drop by soon, or
circle no. 5 on the reader
service card.

@ Hitachi

ARKON ELECTRONICS LIMITED
409 QUEEN STREET WEST
TORONTO M5V 2A5 (593-9653)

semiconductors and ICs, kits, tools, and manuals. Everything that’s needed

Circle No. 5 on Reader Service Card.
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So far we’ve covered the
brains of a computer, but
it’s still deaf and dumb,
electronically. This month
Owen Bishop takes on the

role of ear, nose and
throat specialist.

THE CPU, its ROM and its RAM, the
subjects of previous parts of this series,
are a tightly-knit section of all computer
systems. In most micros, they are
mounted together on a single computer
board. This month, we are concerned with
the way in which this section of the com-
puter circuit communicates with the rest
of the circuit and with devices outside the
computer proper. This aspect of computer
design is known as Input/Output, or 1/0
for short.

In The Right Key

Leaving aside special purpose computers
such as those used in control applications,
the most important source of input to the
computer is its keyboard. This is where
our finger-tips send information (instruc-
tions on what to do, and data to do it
with) to the computer. As I write this
sentence, my fingers are pressing keys on a
computer keyboard. Each key is marked
with a letter of the alphabet, a numeral or
other symbol. There is also a space bar
and two shift keys. How does the com-
puter know which keys I have pressed? If
I press the fifth key from the left of the se-
cond row down, I want it to put ‘r’ on the
screen. If I also press a shift key, I want
‘R’. How does it know which key means
which letter?

If a keyboard is to provide input to
the CPU, it must somehow place informa-
tion on the data bus. The keyboard of the
computer which I use for word-processing
does this in a simple way. The method is
one which is commonly used in micros at
the lower end of the price range. Figure |
shows the main features of the circuit. The
first point to note is that there is a bank of
eight buffers between the keyboard circuit
and the data bus. It would be no good if
data were put directly on to the bus every
time I happened to touch a key. That
might be just the moment when the MPU
is reading from RAM. My pressing key ‘r’
just then could have disastrous results! It
is essential that there is something bet-
ween the keyboard and the data bus. This
is the function of the buffers.

PULL-UP RESISTORS

BUFFERS

e
o

A20

A4 O

A5 O

ADDRESS BUS

A6 O

A7O—1

A8 O—dq
A9 O—
A100—
A11O—— ADDRESS

S S L L L L
}.
A30 > ....
>
>

| ,ooooooo
NIV Y Y N Y P

A120~—— DECODER

JlESE g

D2

D3 D4 D5 D6 D7

A130—
A14 O—
A150—
Do D1
LOW WHEN
KEYBOARD
BASE ADDRESS
1S ON BUS

OUTPUT TO DATA BUS
DATA
BUFFERS

Fig. 1. A typical keyboard circuit. To simplify this, only one row of keys has been drawn.

The buffers are under the control of
the MPU. Each buffer has a data input, a
data output and an enable input. The
keyboard uses eight such buffers and they
are all enabled together. When the enable
input is held high (+ 5 V) the buffers are
in the high-impedance state: in effect, the
outputs are disconnected from the data
bus. The buffers are held in this state
when the MPU is busy reading RAM, or,
for any other reason, does not want to
know what is happening at the keyboard.
When the enable input is made low (0 V)
the outputs of the buffers take the states
opposite to their data inputs (they are in-
verting buffers). The data present at the
inputs appears inverted on the data bus
lines.

Addressing The Problem

Enabling is under the control of a logical
circuit, an address decoder. In Part 3 we
described how an address is decoded in
order that a particular memory cell in
ROM or RAM can be read from or writ-

ten to. The same technique is used here.
Although the keyboard is not memory in
the sense that it stores information, it is
addressed in the same way as memory.
Most addresses are allocated to RAM or
ROM, but a few are allocated to the
keyboard.

In my computer, the keyboard is ad-
dressed at 3800 to 38FF, though only a
few of these addresses are actually used.
The address-decoding logic gives a low
output (to enable the buffers) whenever
‘0011 1000’ appears on the upper eight ad-
dress lines (A15 to A8). The lower eight
address lines (A7 to AQ) go to the
keyboard matrix. As it enters the matrix,
each line goes to a buffer. These are inver-
ting buffers with open-collector outputs.

You will see from Fig. 1 that the
matrix consists of eight address buffer
output lines crossed by eight data buffer
input lines. The keys are simple press-to-
make pushbuttons, joining an address
output to a data input. The buffer input
lines are normally held high because of the

46—FEBRUARY—1984 —ETI




resistors connecting them to the +5 V
supply line. When a key is pressed, an ad-
dress buffer output becomes connected to
a data buffer input. The fact that the ad-
dress buffers have open-collector outputs
means that if a buffer has a low output, it
pulls the level down to 0 V. Otherwise the
level remains at +5 V.

The Soft Solution

The rest of the input procedure depends
on software: the monitor program in
ROM contains a routine for reading the
keyboard. The MPU addresses the key-
board by putting ‘0011 1000’ (= 38 in hex)
on the high address lines (A15 to A8) and
putting ‘1’ on only one of the remaining
address lines. For example, to address the
first row of keys, the full address is ‘0011
1000 0000 0001’ (=3801). For the next
row we have ‘0011 1000 0000 0010’
(=3802), then ‘0011 1000 0000 0100’
(=3804) and so on through 3808, 3810,
3820 and 3840 to 3880 (all hex numbers,
remember). The MPU puts these eight ad-
dresses in rotation on the address bus.
When any one of these addresses is on the
bus, the address decoder circuit enables all
the data buffers. If no key is being pressed
at that moment, all data outputs are low.
But if one of the keys is being pressed at
the same time- as its address buffer output
is low, a ‘high’ appears on one of the data
lines. Thus if I press key ‘r’ when the
MPU is addressing 3802, line A2 is high,
so its buffer output is low. Since key ‘r’
connects this output to the buffer for data

line D2, ‘0000 0010’ (=02 in hex) appears
on the data bus. The MPU now has to go
to a monitor routine to interpret this data.
Using this routine, it finds out that if the
data is ‘02’ when the address is 3802, then
key ‘r’ has been pressed. An instant later,
it will be addressing 3880 and, if the data
becomes ‘0000 0001’ (=01), it can then
tell that the shift key aiso has been press-
ed, and that the upper-case ‘R’ is intend-
ed.

The MPU continually scans the
keyboard in this way when waiting for in-
put, decoding the data according to which
-address is in force at that instant. This ap-
proach to input relies heavily on software,
and it takes several operations to detect
and decode each keystroke. Response is
relatively slow. The routine required is
further complicated by the need to deal
with two keys being pressed simultaneous-
ly or in very rapid succession. It is
necessary to check that a pressed key has
been released before attempting to decode
the next key that is pressed. This feature is
known as two-key rollover. Fortunately,
microprocessors work so quickly that
even an experienced touch-typist is not
able to outpace the keyboard decoding
routines.

Encoding Made Easy

Although the circuit described above is
simple and cheap to build, the MPU is re-
quired to do a lot of work. If this work
could be done elsewhere, it would leave
the MPU with more time to spend on
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Fig. 2. A keyboard circuit using an ASCII encoder (simplified circuit; only a few keys drawn).

other and perhaps less routine jobs. The
alternative approach to keyboard decod-
ing is to employ a special decoder IC (Fig.
2). Again, the keys are connected at the
intersections of a matrix, but now both
sets of lines come from the encoder IC.
The IC has its own clock circuit and scans
the matrix rapidly to find which X line
and which Y line have been connected by
a pressed key. Having detected a key-
press, the output latches of the IC are set
to produce a seven-bit code corresponding
to the pressed key, taking into account
whether or not the shift key or possibly
the ‘control’ key has been pressed at the
same time.

You can think of the keyboard en-
coder as having some of the features of a
ROM. When a set of eight memory cells in
ROM is addressed for reading by the
MPU, its output latches deliver to the
data bus the byte stored in that cell.
Similarly, the memory cells of the
keyboard encoder each contain one code
byte. The X and Y lines from the
keyboard correspond to address lines.
When a particular address is set up by
pressing a particular key or combination
of keys, the corresponding memory cells
place their stored byte in the output
registers of the IC. The data stored in the
registers remains there until the MPU ad-
dresses the encoder. Then its register puts
the stored code on the data bus and the
MPU reads the code. Note that the MPU
only has to perform one addressing
operation: the keyboard address in the
Apple Il for example, is C000. This
opetation is much quicker than the
laborious scanning operation described
earlier. The only other thing the MPU has
to do is to address the encoder reset (ad-
dress C001) to reset the latches, ready for
them to be set by the next key-press. Note
that the encoder holds the code until the
MPU requests it. In the previously
described system, if the MPU is expecting
input from the keyboard, it must con-
tinually scan the keyboard in case it
should miss a key-press.

Ask Me In ASCII

Whereas the code generated by the circuit
of Fig. 1 depends on how the circuit is
wired, the code generated in Fig. 2
depends on the codes programmed into
the memory of the IC during manufac-
ture. In order to promote good com-
munication between keyboards, MPUs
and other I/0O devices, a standard code
has been drawn up for use in computer
systems. This is the American Standard
Code for Information Interchange,
known as the ASCII code (Table 1). Most
keyboard encoders produce ASCII code
and most computers understand it!

A quick glance at Table 1 reveals that
the seven-bit codes cover more than the
printable alphabetical and numerical
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Designing Micros Part 6

characters and symbols. The first two col-

umns contain what are usually termed TABLE 1 : THE ASCII CODE

control codes. These are instructions for

the control of peripheral devices, especial- High 0 1 2 3 4 5 6 7

ly printers. They are generated when the nibble

CONTROL key is pressed at the same T

time as one of the alphabetical keys. The nibble

code BS, for example, is generated by

pressing CONTROL and H, and means 0 NUL DLE 0 @ P P

‘backspace’. Since this is a frequently us- . SOH  DC1 : Y A Q . q

ed command, many keyboards have a

special ‘backspace’ key ( ) which 2 STX  DC2 2 B R b s

generates this command with a single 3 EXT DC3 # 3 © 5 C s

keystroke. CR means ‘carriage return’. 4 EOT DC4 $ 4 D T d t

gg;% R)Yf;(u TEE th; IEETU(I;N 8{ 5 ENQ NAK % 5 E U e u
ey, the keyboard sends a

code (000 1101) to the computer. This can 8 ACK  [9¥N g 6 F % f Y

be used, for example, to tell the computer 7 BEL  ETB ' 7 G w g W

that the program line which has just been 8 BS CAN ( 8 H X h X

typed in, is complete and ready to be 9 HT EM ) 9 | Y i y

stored in program RAM. If. the MPU A LF SUB % ] 7 j 3

sends such a signal to the printer, it in-

structs the print-head to return to the left- 8 Vi ESC b : K { k {

hand edge of the page. The DCI to DC4 C FF FS Y [

codes are Device Control codes, available D CR GS = = M ] m }

for miscellaneous functions differing E SO RS ) > N : N -

from one machine to another. On the

TRS-80, code DC4 instructs the line i - us ! ¢ © _— o D

printer to print at 16.7 cpi, whereas, on - i = - - .

the Apple 11, it is a toggle instruction to The code is ot?lamed by combining the high nibble (top margin)

the Silentype printer to echo its printout with the low nibble (left margin) to make a byte. For example the

o150 e e SR code for upper case W is '57’. The code 20’ represents a space.

A further refinement found on some
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systems is a FIFO or first-in-first-out
device. It is wired between the encoder IC
and the data line buffers. As each key is
pressed, the encoder sends the correspon-
ding ASCII code to the FIFO, which
stores it. Typically, it can store up to 16
ASCII codes. The codes are sent out to
the buffers in the same order as they are
fed in. When the MPU is ready to read a
code, a strobe signal to the FIFO results in
the next available code being sent to the
buffers. In this way, we have asynchron-
ous transfer of data between keyboard
and CPU. ‘Asynchronous’ means that the
MPU and keyboard do not have to keep
in step. If the MPU is temporarily busy
and not able to accept input from the
keyboard, the data queues up in the FIFO
until the MPU is ready to accept it.

Plugging In Peripherals

Now that micros are becoming more com-
monplace, people are beginning to
recognize that they are capable of far
more than just playing arcade games or
taking charge of the bookkeeping. There
is an increasing interest in being able to
connect external devices to the micro —
anything from a simple games control to a
robot arm. The more recently made
micros, even those in the lower price
range, now incorporate ICs which allow a
variety of peripherals to be attached.
These 1/0 channels are often referred to
as ‘ports’.

There are two main types of port IC.
The parallel I/0 device (or PIO) allows
data to be transferred between the com-
puter and the peripheral several bits at a
time. Commonly there are eight lines,
allowing transfer of one byte at a time.
The serial I/0 device (SIO) transfers data
a bit at a time, but groups bits into eights
(usually) so that a byte is transmitted as a
series of eight bits. We will deal with SIOs
in a later issue.

Parallel Lines

Although it is only recently that PIOs
have become standard on many low-cost
micros, they have always been an almost
essential feature of the simple computers
intended principally for control applica-
tions. A well-known example of a PIO is
the INS8154 (Fig. 3). Our old favourite,
the Sinclair MK-14, had a socket to take
an 8154, though the MPU used in this
system (the 8060 or SC/MP) has a few
direct 1/0 terminals of its own. Its three
‘Flag’ outputs can be programmed to
have high or low outputs, giving a three-
bit data output. The MPU also has two
‘Serial’ inputs which allow two sets of in-
put data to be fed directly to the MPU.
This feature of built-in I/O is quite
enough for simple control applications
and may dispense with the need for a
separate 1/0 IC.

The Acorn System 1 is a well-
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Fig. 3. Pin connections for the INS8154 1/0 device.

established control computer. It has
sockets for two 8154s, the second of
which is used for I/0 between the CPU
and the cassette recorder. As with the
keyboard, an [/O device has to be
‘located’ in a certain part of memory: we
say that it is ‘memory-mapped’. When ad-
dressing the 8154, the top eight address
bits (A15 to A8) are used for establishing
the base address of the IC in the way we
have already described. The IC has two
chip-select inputs, one of which (CSI) is
active-high, and the other (CS O) is
active-low. Either or both inputs can be
used to enable the chip, making it easier to
work out an economical address-decoding
circuit. -

The M/I O input is unusual, for as
well as being an 1/0 device, the 8154 car-
ries 128 bytes of RAM. This memory/IO
combination is handy for control systems,
for which 128 bytes may be all the RAM
that is needed. The M/I O input is usual-
ly controlled by line A7. The remaining
lines (A6 to AQ) are decoded inside the
8154. To operate the 8154 as RAM, the
M/1 O input is made high. If the base
address is AOOO (as in the Acorn System
1), RAM extends from A080 to AOFF (bit
A7 always high for memory operations).

To use the IC for 1/0, the M/I O input
is made low (bit 7 always low for 1/0).
This section of the IC thus comes in the
range AOOO to AOFF. Actually, only a few
of these addresses are used. Some of the
addresses are used to initiate certain
modes of operation; others are used when
sending or receiving data. The method of
programming the IC is too complex to go
into here, but we can outline what it is
possible to do.

Data is passed between the CPU and
the IC by way of the eight-bit data bus.
Data is passed between the IC and the out-
side world (TTL levels only) by the 16 I/0O
lines. These are organized as two eight-bit
ports, A and B. Each port can be control-
led and addressed separately. Reading and
writing to the device is totally under the
control of the MPU. The registers in each
port can be instructed by the MPU to act
as outputs, or as inputs. It is also possible
to control each line of a port individually,
so that some of them are-inputs and others
are outputs.

When data is being output, it is
transferred to the IC and appears on those
lines which have been selected as outputs.
The data stays there, even though the
original signals may have been removed
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Fig. 4. The Z80 PIO, showing its main connections when linking the Z80 to a peripheral device.

from the data bus and the MPU is busy
doing something else. The data can re-
main until the external device is ready for
it, allowing the asynchronous transfer of
data, as mentioned earlier. When the
CPU reads from input lines, the data it
receives is that which is being transmitted
from the peripheral at that instant.

The Hardware Handshake

Obviously there can be problems in
transmitting data through an 170. How
does the MPU know that the peripheral
has received the data which has been sent
to it? It is no use for the MPU to send a
new set of data until it is sure that the
peripheral has actually received the
previous set. Conversely, how does the
MPU know that there is a set of data
waiting at the input port? How does the
peripheral know when this data has been
read by the MPU? Again, it is no good for
the peripheral to be inputting data to a

port if the CPU has switched that port to
the output function.

In some systems, the sequence of
operations and their timing may be such
that complete transfer of data is assured.
In other systems, it is necessary to provide
for signals to be sent between the MPU
and a peripheral to control the flow of
data. This is known as ‘handshaking’.

The Z80-PIO (Fig. 4) has special con-
trol inputs and outputs and the necessary
logic circuits to provide for handshaking.
Like the 8154, it has two eight-bit ports,
each of which can be individually pro-
grammed to act as an input port or an out-
put port. Port A can also be programmed
as a bidirectional port, allowing direct
communication between the peripheral
and the data bus. Alternatively, the in-
dividual lines of the port can be set for in-
put or output, as described for the 8154.
Figure 5a shows how data is sent from the
MPU to a peripheral. As soon as data has
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Fig. 5. Timing diagram for the transfer of data between the MPU and peripheral. Qutput handshak-

ing (a) and input handshaking (b) are shown.

been written to the IC and has appeared at
an output port, the READY output goes
high; this is a signal to the peripheral.
When the peripheral receives this signal it
knows that it must read the data. As soon
as it has read the data, the peripheral puts
alowpulseonthe S TR OB E line. This
causes the IC to generate a low pulse on
the I NT line. This goes to the MPU,
telling it that the data has been read. The
MPU may now send a further byte of data
to the peripheral.

When inputting data (Fig. Sb), the
peripheral begins by making
STROBE low. The I NT pulse
generated by the I/0 device interrupts the
MPU to tell it that there is data to be read.
At the same time, the READY output
goes low, indicating to the peripheral that
the data is being held, waiting for the
MPU to read it, and that no more data
should be sent in the meantime. As soon
as the computer has read the data, the end
of the R D pulse resets READY, so that
the peripheral knows that reading is com-
plete and more data can be sent. Thus the
sender and receiver each know which state
the other has reached. Data is transferred
between them in either direction without
loss.

The 8154 has a similar handshaking
procedure, but this is limited to port A.
The I NT R line has the same function
as the I NT line, but Fig. 3 shows that
there are no special control lines to corres-
pond with READY and STROBE.
Instead, two of the lines of port B are
taken over for this purpose when port A is
to be used in the handshake mode. The re-
maining six lines of port B can be used in-
dependently, in the usual way.

Dealing With Interruptions

We have seen how the interrupt is an
essential part of handshaking by PIO
devices. The interrupt may also be used
when other peripherals want to com-
municate with the MPU, either through
an I/0 device or directly to the data bus.
Often, there are several peripherals con-
nected to a system, yet all give the same
interrupt signal. How is the MPU to know
which one of these peripherals it is dealing
with?

One method is ‘device polling’. Each
device has a latch circuit which gives a
high output when the device is trying to
input data to the MPU. The latches are
enabled by an address decoder, and each
is separately addressed. When inter-
rupted, the MPU goes to its interrupt
routine program, disabling the interrupt
function for the time being; this prevents
it from being interrupted again while it is
attending to the current interrupt. The in-
terrupt routine instructs it to read each
register in turn to find out which device is
interrupting and to jump to a particular
subroutine according to which device has
interrupted. Note that this program polls
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the devices one at a time in a pre-
determined order. We can program the
MPU to test first the registers of devices
which cannot wait long to be serviced,
leaving other less urgent devices until
later. In this way, the software establishes
a system of priorities.

The Z80 has a vectored interrupt
mode which simplifies the process of fin-
ding out which device is interrupting; at
the same time as the device interrupts, it
puts certain data on the bus. This data is
read by the MPU and combined with
other data already in memory to form the
address where the appropriate interrupt
routine begins. Each peripheral identifies
itself by putting this particular set of data
on the bus, causing the MPU to jump to
the corresponding servicing subroutine.

Who’s Shouting The Loudest?

Most I/0 devices have two ports, some
have three, and many computers have

more than one I/O device. If the MPU:

has two or more peripherals and all are
trying to communicate with it at the same
time, the situation is like a political
meeting with everyone trying to shout at
once! There must be a system of priorities
so that, when one of the more importatnt
peripherals is communicating, the less im-
portant ones are ignored. We have seen

PIO’s OR SIMILAR DEVICES
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et
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Fig. 6. Daisy-chain priority control: all P10s are connected to thel N T line. PIP no. 3 is interrup-
ting and passing a low signal to nos. 2 and 1 to prevent them interrupting.

that software provides priority, but only
after the interrupt has occurred. Hard-
ware priority ensures that a high-priority
peripheral will always get preference
whenever it interrupts. The most com-
monly used method is known as daisy-
chaining.

Daisy-chaining works like this. All
the PIOs or other peripherals are con-
nected to the I NT line by open-
collector outputs. The line is normally
held high by a pull-up resistor connected
to + 5 V, but when any one or more inter-
rupt outputs goes low, the voltage on the
line is pulled down and the MPU goes into

its interrupt routine. In order to be able to
generate an interrupt output, a peripheral
must be receiving a high voltage level at its
interrupt enable input (IEI). Normally,
the interrupt enable output (IEO) of the
peripheral has the same level as its inter-
rupt input. The IEI on a peripheral
receives its input from the IEO of the
peripheral with the next higher priority. In
Fig. 6, if none of the PIOs are interrup-
ting, every one of them is receiving a high
level at its IEI from the PIO next above it
in the chain. Every pone of them is able to
initiate an interrupt when it wants to do
so. When a peripheral is interrupting or is
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waiting for the MPU to respond to its interrupt request, its IEO
becomes low. All peripherals below it (with lower priority) then
have the low level fed down to them, and are then unable to
generate interrupts.

Another method involves the use of a special priority encoder
IC such as the CD4532. It is the hardware equivalent of the
device-polling software mentioned above. It has eight inputs,
each of which is connected to a peripheral. When any peripheral
is causing an interrupt, it also puts a high level on its own encoder
input. The encoder also has four outputs which can be connected
to the.data bus through buffers which are enabled whenever the
MPU wants to read the encoder. Their outputs indicate in binary
code which peripheral is interrupting. For example, if peripheral
no. 6 (connected to input 6)is interrupting, the outputs put binary
code 6 (0100)on the data bus. By reading the bus, the MPU can
find out which device is interrupting. If more than one peripheral
is interrupting at the same time, the binary code for that with the
higher priority (highest number) appears at the output.

Sending A Cable

We have been so preoccupied with logic that we have largely ig-
nored one of the main problems of the input and output of data
— the wiring between the computer and the peripheral. If this is
to be long, special line-driving buffers must be employed, though
if the computer and equipment are in the same room, this is rarely
necessary. Computers work so fast that electrical signals can
travel only a few metres during one cycle of operation. If wires are
long, it may be impossible for the computer and its peripherals to
remain perfectly in step with one another. This is one of the
reasons for employing I/0 ports with asynchronous interchange
of data, as described above.

“A more practical problem is the sheer number of conductors
required. An eight-bit connection (the minimum commonly used)
requires eight lines, plus a ground line and probably several con-
trol lines as well. There is a wide variety of multi-way connectors
avialable for joining cables to computers and peripherals. Most
are designed for use with ribbon cable.

Electromagnetic interference between adjacent conductors is
a serious problem, especially with long runs of cable, and can lead
to errors in the data being transferred. The data signals
themselves are not so likely to interfere with each other, since they
are all put on to the lines at the same instant, and there is a short
period before they are read (again, all at the same time) during
which switch-on and switch-off disturbances can settle. However,
if the cable carries control signals, which are generally not turned
on and off at the same time as data signals, these may interfere
with the data carried in adjacent conductors. One solution is to
ground alternate conductors, and use only those between them. A
better solution is to use twisted pairs; one wire of a pair is used for
the signal and the other wire is grounded. Special ribbon cable is
made with twisted pairs with untwisted regions spaced along it,
where it may be cut and linked to connectors using insulation-
displacement.
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PLANS to build your own backyard
satellite dish and pay-TV decoders. Send
a S.AS.E. to: J.C. SYSTEMS INTERNA-
TIONAL, Dept. 306, 7305 Woodbine Ave.,
Markham, Ont. L3R 3V7 for free informa-
tion.

CORONET ELECTRONICS, 649A Notre
Dame W., Montreal, Que. H3C 1HS,
Catalogue IC’s, Semi’s, Parts, send $1.00
to cover postage. Monthly. specials at
crazy prices.

CMOS Sale. MC14023, MC14040, MC14049,
MC14070, 74S00, 7490, 74S74, 74LS273,
745374 and lots more, FREE FLYER. M.O.
Enterprises, Box 2066E, Bramalea, On-
tario L6T 3S3.

WE will not be undersold. If you find iden-
tical pcbs (glass epoxy) being sold for less
elsewhere (within 30 days) — show us and
we'll refund the difference. Send 32¢ for
pricelist: 14 Knightswood Cres., Brant-
ford, Ontario, N3R 7E®6.

EXCITING Projects and Plans For The
Hobbyist. Enter the Fascinating World of
Lasers, Ultrasonics, Surveillance, High
Voltage, Unique Electronics, and Much
More. Catalog $1. Mail order only. Duker
Enterprises, 8932 - 155 Street, Edmonton,
Alta. T5R 1W4,

NEW — just released, descriptive
catalogue and directory of over 2400
books on computers, electricity and elec-
tronics. Send $5.00 to ELECTECH BOOK
SERVICE, 3223 Broadwater Rd., Dept. ETI,
Castlegar, B.C., V1M 3H3.

$100,000 in 90 days! Our report shows
how you can do it! Free bonus —
$1000/week for life. Send $9.
VANDENBERG, Box 114, Norwich, Ont.
NOJ 1PO.

LIMITED supply of 48K RAM Boards for
the Atari 400 - assembled and tested -easy
installation - $102.75 includes P&H. 7%
Ontario sales tax extra. SPECTRUM
ELECTRONICS, 14 Knightswood Cres.,
Brantford, Ontario, N3R 7E6.

RB5X THE INTELLIGENT ROBOT is here
now and with many features and options.
For more information cal! or write to: E.P.
ROBOTS, 23 Bearberry Pl. N.W., Calgary,
Alberta T3K 1R5. 403-275-3835.

ATTENTION: Apple and Apple compatible
owners. Motherboards repaired: $30.00
plus parts. Other computers repaired at
reasonable prices. Boards returned
C.0.D., usually within 72 hours. Also
dealer for Palantir Wordprocessing Soft-
ware and complete line of US Robotics
Modems. Contact: A.M.LLE.S., P.O. Box
1341, Pembroke, Ontario, K8A 6Y86,
613-732-7214.

PERSONALIZED your AppletM or Appletm
clone computer. Will print your name
everytime you power up your computer.
Send $2. for more finformation. APL
MICROWARE, P.O. Box 21, Oakville, On-
tario L6J 4Z5.

ICS Interactive Computer Systems Ltd.
Service and support of microcomputers.
Kaypro - Corona - Victor. 554 Queen St.,
Fredericton, N.B. E3B 1W9 (506) 454-7691.

TIMEX/SINCLAIR SOFTWARE. 16K Quali-
ty with only 2K memory. New exciting
games, educational and children’s pro-
grams. Excellent value, superior graphics.
Send for Free catalogue. Also 16K, STAR-
SHIP INVASION; phasers, warp drive and
shields. SCRAMBLE; two players, fast
game. $17.95 each, include $2.00 P&H.
Many more programs available. JDC, 5-14
Sentinel Rd., Downsview, Ont. M3M 2Y5.

DIGITAL Organ and Digital Drum Kits.
Prices starting from $495.00. Demo LP
$8.00 and free information available from
SHELTRON INSTRUMENTS, 35
Southbridge St., Leamington, Ont. N8H
4N4,

SANDPIPER COMPUTER SYSTEMS LTD.
Specializing in small business and per-
sonal computer systems. 301 - 1208 Wharf
Street, Victoria, B.C. VBW 3B9 Tel. (604)
384-4441.

COMPUTERLAND Make friends with the
future. 16 Locations to serve you. 1254
Bay St., Toronto, Ont. M5R 2B1. (416)
927-8446.

BASIC COMPUTER SALES LTD. Texas In-
struments - Hewlett Packard, Hand-Held,
Desk Top & Personal. 6100 Young St.,
Suite 104, Halifax, N.S. B3K 2A4. Tel (902)
454-8344,
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1984 WORLD RADIO-TV HANDBOOKS $23
+ $2 S&H, WSI 1984 Catalogue $2.00, WSI
RADIO, Box 400, Kitchener, Ontario N2G
3Y9.

NEW APPROACH MICROCOMPUTERS
-Portable Video Demonstrators, Bronte
Village Mall, 2441 Lakeshore Road W,
Oakville, Ontario L6L 1H6. (416) 827-7793.

MSM MICRO SYSTEME MAURICIE INC.
1029 De Mezy Cap De La Madeleine P.Q.
G8T 7E5. Tel: (819) 373-9060.

MICROMAN CONSULTANTS INC.
-General Ledger - Payroll - Accounts
Receivable - Inventory Control - Accounts
Payable - Saves commission reporting
-order entry - bills of material - as well as
other custom design software.

RENT software before you buy! Programs
for Apple, Atari, Commodore, IBM PC,
Sinclair, TRS-80 /i, Color, and Vic com-
puters. 1&S SOFTWARE LIBRARY,
10015-18 Avenue, Edmonton, Alberta T6E
1Z2 (403)435-2923.

EDUCATIONAL, Business and Recrea-
tional Software for most makes of com-
puters at DISCOUNT PRICES. Please
specify make of computer. Write or call
for FREE Catalogue. 604-493-4565. COM-
PUTERMANIA COMPUTER PRODUCTS,
P.O. Box 1045, Penticton, B.C. V2A 7N7.
Dealer Inquiries Invited.

ZX81-TIMEX 1000, WORD SINC i, Profes-
sional Word processing with the ZX or
Timex Printer. Print 42 UPPER and lower
case letters per line. 20 special
characters. Typewriter keyboard, all keys
repeat. 60 wpm typing speed. Full screen
editing. Text justification. Commands to:
Page; List; Delete; Move; Replace; Tab; Ex-
pand print. Super fast flicker free machine
code. Exceptional program. $19.50. TAC-
TILE FEEDBACK KEYBOARD OVERLAY.
Feel your keys - $4.50. P. HARGRAVE, Site
V, RR 4, Nanaimo, B.C. VIR 5X9.

TIMEX-SINCLAIR Software and Hardware.
Brand name products at incredible prices!
Send for FREE catalogue - price list.
TORONTO SOFTWARE WORLD, Box 84,
Dept. C, Agincourt, Ontario M1S 3B4.

COMPUTER & ELECTRONICS JOB OP-
PORTUNITIES. Available thru Canada
Career Journal, a bi-weekly publication
covering Canadian Employment Oppor-
tunities from coast to coast. Available at
major newsstands across Canada. 1 issue
$1.95, 6 issues $11.00, 12 issues $20.00.
Order by cheque or money order to:
Canada Career Journal, 1595 E. 6th
Avenue, Suite 106, Vancouver, B.C. V5N
1PZ.

YOUR FIRST COMPUTER - A new 100
page Special Publication from Moorshead
Publications who bring you Computing
Now! and Electronics Today. This special
includes articles on how to choose your
tirst computer, an introduction to BASIC,
computer reviews, adding peripherals,
and surveys of computers and printers
under $1000. All for $3.95 plus $1.00 for
postage and handling. Write MOOR-
SHEAD PUBLICATIONS, Suite 601, 25
Overlea Blvd., Toronto, Ontario M4H 1B1.

ADDRESS CORRECTION
For classified ad which ran in ETI, Dec. ’83
for B-C-D ELECTRONICS, P.O. Box 6326,
Sta. F., Hamilton, Ont. L9C 6L9.

PI‘OdlIct Mal"l Where Buyers Find Sellers

NAME COMPANY
ADDRESS

CiTYy PROVINCE

POSTAL CODE TELEPHONE

NO. OF WORDS AMOUNT ENCLOSED

or [0 BOTH. My cheque is enclosed.

Please print the following in the next available issue of [] ELECTRONICS TODAY, (] COMPUTING NOW,

SIGNATURE

presentation also for $30.

NOTE: A 3 line heading can be added to your advertisement for $30. Also, the whole advertisement can be reversed for effective
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@ Choosmg Your First Computer

® Beginner's Guide to Computer Languages
® Low Cost Computer Survey

@ How Memory Systems Work

©® Computer Talk: A Glossary of Terms
® Survey of Printers Under $1000.00

' ® Speeding Up BASIC
@ Disks and Your Computer

Active

e RO U U SN NS N

A -

F/,A\STR@ NCDMDUTER INC.

250 DUNDAS ST. W. (AT UNIVERSITY) TORONTO, ONTARIO M5T 2Z1
TEL: (416) 591-9217

' Components

NUMBER ONE IN

QUALITY 6502 CPU4BK ... ...... $29700 MONITORS
SERVICE Numeric Keyboard . . ... ... $ 99.00 12"Amber .. ............. $189.00
5A PowerSupply ......... $ 88.00 Nonglare Monitors
AVAILABILITY Numeric Case . . .......... $ 66.00 DiscoGreen 12" . ... . ... $189.00
THE WORLD’S MOST Complete Kit............. $550.00 12" Amber............ ..$198.00
* 12" Amdek (Amber) . ...... $249.00
COMPLETE PROFESSIONAL 12" Amdek (Col $449 00
AND HOME ELEC TRONICS Disk Controller .. ... ...... $ 59.00 MAeK(ColoUnEEEEEE :
16KRAMCard ......... .. $ 59.00
ENTHUSIAST INVENTORY ZBOGPM ................ $ 73.00 RRINIER S
80 Col. Card $ 8500 EPSONRX80.. . ... ... .. $499.00
* Semiconductors + Memories Printer Gard . . .« oo S 7000 G R C U $450.00
i Microprocessorsé + SupportPCin.:uitsl B e Cart] e o 5155'00 SlimDrive .. ............. $315.00
Microcomputer Systems + Peripherals | T ’
Passive Electronic Components “Disc Drives”
* gg'r:; r‘:’:;ﬂ;qm;; :’rl‘r‘agplag.rdware Voice S\Xlntthesizer ........ g ;ggg Micro-Sci Drive ... ........ $325.00
Eprom Writer. . ........... . DysanDisk (10} ... ......... $32.50
W AVAILABLE — FREE Willdi Calid Wi o s o B ' o B s el b $ 98.00
Nowaa 80-page catalogue RS232Card.............. $ 88.00 Memorex Disk(10) ...... .. $ 29.75
A complete listing of products Systemikanisihes it i $ 50.00 CDCDisk(12) ............ $ 2950
R f Disk Bamk " L1 27 L0 Vb $ 399
and specifications ;
GameTape .............. $ 7.00 Pnntgr Paper (500} ........ $ 10.50
SRiRna e Game Disk .............. $ 10.00 f/?gséfgb -------------- $ 52}00
all, write or circle the | R/ | = 071 =1 o J yr.
inquiry card for your
free copy today. 1BM IBM PC with 320K Drive .. ... Call
MONTREAL =~ TORONTO DOWNSVIEW IBM PC 320K Drive . .. . ..... $CALL 2qd 320K Drive ... ........ $ 335
5651 rue Ferrier 14 Cariton Street 4800 Dufferin St IBM PC Compan’ble ........ $CALL Microsoft Mouse ......... $ 252
Montreal, Quebec Toronto, Ontario Downsview, Ontario Second 320L Drive ........ $335.00 Game Software ........... $CALL
H4P 1N1 M5B 1K5 M3H 558 MAIL ORDERS

(514) 731-7441 (416) 977.7692 (416) 661-1115

Add $3.00 for shipping & handling. Ontario residents add 7% P.S.T. VISA,
MASTERCARD and AMERICAN EXPRESS cards accepted: send card number,
expiry date, name of bank and signature. Send certified cheque or money order.
Do not send cash. No C.0.D. please.

COMPUTERS ¢ SOFTWARE < COMPONENTS ¢ ACCESSORIES < BOOKS < RENTAL

OTTAWA CALGARY VANCOUVER
Baxter Centre Bay 2 3070 Kingsway
1050 Baxter Road 3220 5th Ave. N.E. Vancouver. B.C
Ottawa, Ontario Calgary, Alberta VSR 547

K2C 3P2 T2H 0J9 V5R 5J7

(613) 8209471 (403) 235-5300 (604) 438-3321

Circle No. 2 on Reader Service Card.
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10MHz OSCILLOSCOPE HM103

Viewing Hoods HZ47 $12.00

For HM203, HM204, HM605, HM705, HM808,
HM312, HM412, HM512, and HM812

Scope Tester HZ60 $63.75

The HZ60 provides a fast-rising («5ns) switchable
1kHz/1MHz square-wave generator for checking
wide-band measuring amplifier systems and for
probe compensation. Three BNC-outputs provide
signals of 20mVpp, 0.2Vpp and 2Vpp = 1%.

4-Channel Switch

HZ64 $585.00

Enables the simultaneous display of 4 individual
signals or 2 sums or 2 differences of signal voltages
on an oscilloscope. Channel switching can be
selected for chopped or alternate mode. Each chan-
nel comprises a 12-step frequency-compensated in-
put attenuator with 1 M ohm || 30pF input im-
pedance. Sensitivity range 5mV — 20V/div.in 1-2.5
sequence. Bandwidth 4xDC-60MHz. Triggering (DC
— 100MHz) is possible for each channel.

As an additiona! advantage, the input sensitivity of
the oscilloscope can be increased by the 10x gain
of the HZ64.

Component Tester HZ65 SPECIAL $60.00

Indispensable for trouble-shooting in electronic cir-
cuits. Single component and in-circuit tests are
both possible. The HZ65 operates with all scopes,
which can be switched to X-Y operation (ext.
horizontal deflection). Non-destructive tests can be
carried out on almost all semiconductors, resistors,
capacitors, and coils. Two sockets provide for
quick testing of the 3 junction areas in any small’
power transistor. Other components are connected
by using 2 banana jacks. Test leads supplied.

Examples of Test Displays:

Shortcircuit Capacitor 33uF Junction E-C Z-diode <8V
Carrying Cases

For HM203-1 and HM203-3 HZ42 $66.00

For HM312, HM412, HM512,

and HM705 HZ43 $48.00

For HM307, HZ62, and HZ64 HZ44 $39.00

For HM103 HZ45 $39.00

For HM204-4, HM204,

and HM605 HZ46 $73.50

All prices are List. To order, send Certified Cheque
or Money Order. Minimum order for post or C.O.D. is
$25.00. All shipments are F.0.B. Downsview. Orders
shipped within Ontario must include 7% Provincial
Sales Tax. We accept VISA. Send card number,
signature, expiry date along with name of bank.

Prices subject to change.

TIMEBASE

This small Trigger Oscilloscope with 6x7cm screen has been
specifically designed for field service personnel and advanced
amateurs. The vertical input sensitivity can be increased to
2mV/cm at full bandwidth using the variable control. Even
a very small signal — beginning at 3mm display height
triggers the sweep generator easily up to at least 30MHz. A
TV low-pass filter facilitates the display of video signals at frame
frequency. For the purpose of checking semiconductors and
other components, even in circuit, a Component Tester is
incorporated. Pressing a single button is sufficient to switch
from oscilloscope to tgst operation and v.v.

The bright and sharp CRT with internal graticule enables
parallax-free viewing, which is very important for certain
maintenance and monitoring tasks. Compact design, low
weight, rugged construction, easy operation, and reliable
performance make the HM103 an indispensable asset for
workshop and field service

980 Alness St. Unit 7,
Downsview, Ontario.
M3J 252
(416) 661-5585
TELEX 065-28169

Circle No. 16 on Reader Service Card. ETI—FEBRUARY—1984—57



Book Review

Megabucks From Your Microcomputer

HAVE YOU ever wanted to make back all
the money you spent on your computer?
This new book, which reads like an Am-
way distributor’s manual, describes a
number of legitimate ways of doing so.

The author, a 17-year-old en-
trepreneur, tells how he started out by
writing reviews for computer magazines at
$50 or so a shot. He gives advice for those
thinking of doing the same, telling how to
write good reviews (for example, never
open a review with a question, like this
one does), how to get products to review,
which magazines are good to write for,
and how to get them to print your end
product.

He goes on to describe more lucrative
fields of endeavor, like writing articles
about computers, writing software
(especially video games) and getting it
published, writing books, opening one’s
own computer store, becoming a consul-
tant or a computer tutor, marketing
various computer-related products, and
so on. He even includes a chapter on in-
vesting one’s profits and managing them
so as to pay the minimum amount of taxes
possible to Uncle Sam (although similar
tactics might be applicable with respect to
the Great Canadian Beaver, or whatever
our national mascot is).

The book itself runs to only 72 pages,
and, by the author’s own admission, took
no more than twenty hours of solid work
to write. What he is telling is essentially
his own success story, which the reader is
expected to emulate if he/she also wants
to be successful. This does mean that the
section on writing software reviews, for
example, which is something that the
author has done, receives better coverage
than the section on opening your own
store, which is something that he has ap-
parently not done yet, and which he
therefore can but theorize and offer
helpful hints on.

Knight opens the book with the pro-
position that ‘It is better to be rich and
happy than poor and miserable’. He does
not claim that making money with com-
puters is for everyone, but does say that,
if you really enjoy computers, seeking
fame and fortune with them is a valid pro-
position. He says that it is important that
you enjoy whatever line of work you are

MEGABUCKS
FROM YOUR
MICROCOMPUTER

TIMOTHY ORR KNIGHT

B )l‘l"lu!!"l\'ﬂ:!l (1 LAY

Ontario.

in, and adds that if you are willing to work
diligently, you will be sure to make a pro-
fit. What we have here is a fine example
of an American capitalist.

The front cover, incidentally,
features an illustration of a computer
printing up a series of American dollar
bills. Now, in the U.S., there is, or at
least was, a law prohibiting the depiction
of money in print (on the front covers of
books, for example). One wonders if the

oo

bl
OTAN L

Feds are hot on Mr. Knight’s tail yet.
Besides, computers don’t print things,
printers do.

In conclusion, the book is of limited
interest, being primarily for those who
worship the dollar and want to make it big
with computers, or for those who are in-
terested in whiz kid success stories.

Anthony DeBoer
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Moorshead Publications

Subscriptions:

Electronics Today [0 one year $19.95 [J two years $34.95.
Computing Now! [J one year $19.95 [] two years $34.95.
U.S. add $3.00 per year, other countries add $5.00 per year.

TN T IUST
TAINK A7 7~
,2_?/7:/

Back Issues: $4.00 each. Please circle issues desired.

1977 February July
1978 April May June November December
1979 February March April May July

August September October November
1980° January March May June November December
1981 January February March June July

August September October November December
1982 January March April May June

. July August September October November December
1983 January February March April May June July
August September October November December

1984 January

On the following items please add $1.00 for postage and handl- :
ing, plus 7% Provincial sales tax. 3

Special Publications:

QTy. ITEM AMOUNT
..... Hobby Projects $3.95 $
..... Electronic Circuit Design $3.95 $
..... Projects Book No. 2 $3.95 $
..... Personal Computer Guide $3.95 $
..... 50 Top Projects $4.95 $
..... Your First Computer $3.95 $

Binders:

Imprinted (] Electronics Today; [0 Computing Now!
[J Moorshead Publications
$9.25 each plus 7% P.S.T.

BOOKSHELF
ORDER FORM

Code Title Price

{e.qg. BP12) (Short-form is O.K.)

v - omalam D- e e 8 36 3 I
Sub Total $...........
Tax (Ontario Residents) $...........

Postage $...........
Total Enclosed $...........

If we cannot complete your order would you like a refund [J
or held for a backorder [ 1. Remember to put your name and
address on reverse side.

PaARTICIPALTIONB®

Do you currently subscribe to ETI Yes 0 No O .

Do you currently subscribe to CN! Yes 0 No O %""w

l---_---------------------!
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BE SURE OF YOUR ISSUE EACH
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] RENEWAL? Please check one.

PROVINCE/STATE
DATE

Signature

Expiry Date

[0 Computing Now!

ADDRESS
TOWN/CITY
A/C No.

CODE

w
=
<
Zz

[J One year subscription (12 issues) $19.95 [] Two year subscription (24 issges) $34.95. Postage
and handling in Canada is included, for U.S. please add $3 [0 other countries add $5 (.

Suite 601, 25 Overlea Blvd., Toronto, Ontario M4H 1B1.
SUBSCRIPTIONS: [0 NEW SUBSCRIPTION? [ Or. ..
PLEASE ALLOW 6-8 WEEKS FOR YOUR FIRST MAGAZINE TO ARRIVE.

Moorshead Publications

[0 Cheque enclosed. DO NOT send cash
[J Bill Mastercard A/C No.

ORDER [ Please fill out form overleaf
O Bill Visa

[J Bill American Express A/C No.

[J Electronics Today

Dockworkers in New York City unload Canada’s
most amazing contribution to technology since the
Canadarm: The Bionic Ratcatcher. The 57-tonne
cat clone was a product of reverse microtech-
nology, though it includes two Z80 CPUs to assist
in rat detection. The collar tag alone weighs 520
kg. New York City officials are optimistic that the
Canadian-built unit will solve the city’s rat pro-
blem, though they admit that there may be some
interference with traffic.

To keep abreast of technological miracles like
these, may we suggest a subscription to Elec-
tronics Today International? Even people who are
not interested in oversize cats have said ‘“Gosh,
there are lots of other pages!’’ On those pages,
you’ll find projects for both the beginner and the
advanced builder, basic electronic theory articles,
and up-to-date reporting on the computer scene.

Have ETI delivered to your door each month;
send $19.95 for one year (12 issues), or $34.95 for
two years (24 issues), using the coupon on this
page, or send to:

ELECTRONICS TODAY SUBSCRIPTIONS
SUITE 601, 25 OVERLEA BLVD.,
TORONTO, ONTARIO M4H 1B1

You can save up to 47% depending on the
term. Subscribe now!!!
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Designer’s Notebook continued from page 29

magnets are mounted on a spinning disc
and these magnets pass close to the face of
the Hall effect IC. Each time a magnet
passes the device, the circuit switches first
to its low output voltage state, and then
back to the high output voltage state as
the magnet moves away from the device.

An alternative system is the ‘vane
switch’ technique, in which soft iron
vanes attached to the rotating metal disc
pass between the magnet and the Hall
device. Each time a vane passes through
this gap, the magnetic flux no longer
reaches the Hall device owing to the
shielding effect of the iron in the vane,
and the Hall circuit switches back to its
high output voltage state.

Fig. 10(a) shows a system for detec-

ting rotation which uses a radially-
magnetized ring magnet. Suitable inex-
pensive ring magnets for use with either
type of system are readily available. Up to
eight pulses per revolution per 10 mm
diameter of the magnet disc are possible,
so 80 pulses per revolution can be obtain-
ed from a 100 mm diameter disc. These
two arangements have been designed for
the UGN-3030T device; this is similar to
the other devices discussed, except that
switching to the low voltage state occurs
at a typical flux density of 0.016 T (max-
imum 0.025 T) and returns to the high
voltage state at 0.011 T (minimum -0.025
T). The power supply current required is
only about half that needed for the UGN-
3019T. It should be noted that to ensure

+5 10 +16V

R1
3k3
UGN-3019T
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MAGNETIC FLUX DERSITY 1763141

Fig. 8. A Hall effect switch using the UGN-
3019T.

Fig. 9. Output voltage versus magnetic flu
density for a UGN-3019T.
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Fig. 10. Ring magnet revolution indicators.

switching of the UGN-3030T back to the
high voltage state, a field of the opposite
polarity is required of flux density -0.025
T; this is provided by the use of alternate
polarity magnetic poles in the ring
magnets of Figs. 10(a) and 10(b).
continued on page 67

Compact Flexible

6809 Computer

® Small enough to hold in your hand!
® Two board system for versatility!
® CPU - powerful 6809E processor, 16K or 64K

I L L e L L L L LT

Quality Boards & Kits All Apple™ Compatible

RX 1000 Basic at your command
$650.00

monitor
disk drive

not included e

Featuring: /

" 64K RAM --\-

* Dual CPU *
6502 & Z-80

* 188 function keys * auto line feed
* 10 user programmable * upper/lower case

128K RAM
CARD
Soft-ware
not included.

$210.00

* all keys self repeatable

. ***Speech Card Light Pen
RAM, 2K-8K EPROM, 2 serial ports with soft- keys cap lock *++Super Serial Card SOPTRTR ]
ware programmable baud rates, 16 bit PC'SSOO ® 64K PERSONAL COMPUTER] ***Buifer Printer Card Disk Drive
counter/timer. Run the CPU board alone, or

New 6502 Mark 1V
64K RAM plus built.in Z-80

*Disk Controller Card ***Micro Modem Card

*80 Column Card ***8088 Card

*New EPROM Programmer Card ***6809 Card

*New RAM Card ***A/D D/A Card
**Communication Card SCS System
**6522 Via Card ***Clock Card
**Music Card Telephone Dialer

***RGB Card Video Telex System

o 188 FUNCTION KEY
¢ 10 USER DEFINE KEY
(KEEP MEMORY 5 YEARS)

® 64K RAM

Price for above PCB *$10.00 ea., **$15.00 ea.,
***§25.00 ea., kits also available.
JOYSTICK ¢ MINI FAN ¢ 3M DISKETTE
o DISKETTE STORAGE BOX ¢ HEAD CLEANING
e Dual CPU DISKETTE ¢ ZENITH MONITOR @ AMBER MONITOR

6502 & | Terms: Send cheque or money order (allow 2 weeks for per-

Z-80 | sonal cheques). Credit cards welcome. No C.0.D., Quebec
Res. add 9% sales (ax. Mtn. order $10.00. Add 5% for ship-
ping and handling, except Case & Power Supply. 20%
restocking fee for returned merchandise. Prices and =
availability subject to change without netice. Do not send =
cash.

plug your own custom board or-our FDC
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® FDC - double sided/double density floppy-disk
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separator and write precompensation, 2-8 bit
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® Runs FLEX/9 {trademark of Technical Systems
Consultants)
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More on Assembler

by John Rudzinski

BASIC PROGRAMMERS, in all their splendour, tend to be a tad
hesitant to learn assembly language. This is usually a condition
brought on by the mistaken idea that one must first purchase the
thickest book available on the subject, and then spend a lifetime
and a half trying to decipher the pretty charts and anagrams. Pro-
grammers following that route usually end up mailing copies of
the book to sworn enemies.

A simpler way of going about learning the language is to
compare it to what you’ve already learned. If you’ve been pro-
gramming BASIC on an Apple or a Commodore machine, you’ve
been writing code that eventually trickles down to your
computer’s 6502 processor after going through an interpreter. By
ensuring that the 6502 gets your instructions faster, you can ex-
pect a more rapid execution of your program.

- Assembler BASIC Equivalent
LDA #3807 LET A=7

STA $0805 POKE 2053, A
LDA $0805 A =PEEK (2053)
JSR $SFDFO0 PRINT A

In this admittedly redundant example, a seven is POKEd into
2053, which equates to $0805 in hexadecimal, and the PRINTed.
No large deal, this ... the middle two instructions are unnecessary
in both the BASIC and assembly versions, and are there to il-
lustrate that conversion between the two languages is possible.
Incidentally, the address of SFDFO is the printing routine in
the Apple ... change it to SFFD2 for the Commodore machines.

Cut! Print!

And now, for something completely diffident, printing on the
screen. There are two ways of going about this: you can either
direct each byte to be printed through the ROM’s print routine, as
above, or selectively introduce the bytes into screen RAM.

The first method is ponderous, and only worth the effort if
you plan to print reams of ASCII on your screen. What you’d
gain in speed would be greatly offset by the amount of work
you’d have to put into something that could preferably be ac-
complished by simple PRINT statements in BASIC.

Screen RAM’s an amusing thing ... it’s one reason why the
Commodore 64 ends up as a 37 after you take it out of the box
and apply some voltage. The act of sorting character values
directly into screen RAM locations of your choice saves scads of
time, as you needn’t bother channeling each byte to be output to
the print subroutine.

The following program is a simple ’print-to-screen’ listing for
the VIC-20. VIC users aren’t blessed with the integrated M/L
monitor that comes with the Apple and PET computers, and
must seek outside help. Jim Butterfield’s public domain Super
VICMON program makes for an excellent acquisition, and is
available from the Toronto Pet Users Group. Others, though
perhaps a little more costly, are available as well.

Machine Code Opcodes BASIC (Sort of)
1000:45 54 49 20 4D
41 47 41

1008:5A 49 4E 45

100C:A2 FF LDX #SFF LET X =255

100E:E8 INX X=X+1

100F:E0 0C CPX #30C IF X=12
THEN...

1011:FO 09 BEQ $101C ...GOTO $101C

1013:BD 00 10 LDA $1000,X A =PEEK
(31000 + X)

1016:9D El 1E STA $1EE1,X  POKE 9605+ X,A

1019:4C OE 10 JMP $100E GOTO $100E

101C:00 BRK END

This might do with a bit of explanation. The twelve bytes
from $1000 hex to $100B hex are the hexadecimal representations
of the ASCII string, ETI MAGAZINE. These are placed into
twelve screen RAM addresses starting at 9605 decimal, or S1EE1
hex. When the twelfth byte is stored into the twelfth consecutive
address, the program ends, and you're left with our name
emblazoned in the middle of your screen. To see the fruits of your
labor, type 100CG or G100C from within the monitor, or SYS
4108 from BASIC.

Admittedly, some of the BASIC similarities in the third col-
umn are illegal. If you tried to convince a VIC-20 that
A =PEEK($1000 + X), it would cheerfully dispense you a ?SYN-
TAX ERROR in its special sixty point type. A syntactically accep-
table conversion would go along these lines:

5 DIM A(12)

10 FOR X=0TO 11

20 READ A(X)

30 POKE (9605 + X), A(X)

40 NEXT X

50 DATA 69,84,73,32,77,65,71,65,90,73,78,69
60 RESTORE

Note in the M/L program above that you may get unusual
graphics characters in the stead of our proud emblem. A quick
tap of the shift and Commodore keys together should end your
disappointment.

Little Black Book

Screen addresses vary between machines, of course. The VIC’s
screen RAM begins at $1E0Q0, the 64’s addressing starts at $0400,
as does the Apple’s. While the Commodore 64’s screen addresses
are consecutive, however, the Apple’s screen takes a little getting
used to, as each numerically consecutive row has seven rows bet-
ween them. If you plan to utilize your screen through either
assembly or machine language, it might be wise to have a screen
map drawn out for reference.

To that end, then, below are listings of the same program for
the Commodore 64 and the Apple ][.
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Commodore 64

Machine Code

0800:45 54 49 20 4D 41 47 41
0808:5A 49 4E 45

080C:A2 FF
080E:ES8
080F:E0 0C
0811:FO0 09
0813:BD 00 08
0816:9D C7 05
0819:4C OE 08
081C:00

To start this program, type either 080CG or GO80C,
whichever syntax your monitor program requires. SYS 2060 will
do it from BASIC.

Opcodes

LDX #$FF
INX

CPX #30C
BEQ $081C
LDA $0800,X
STA $05C7,X
JMP $080E
BRK

Apple )l
Machine Code Opcodes
0800:C5 D4 C9 A0 CD C1

C7C1
0808:DA C9 CE CS
080C:A2 FF LDX #$FF
080E:ES8 INX
080F:E0 0C CPX #30C
0811:F0 09 BEQ $081C
0813:BD 00 08 LDA $0800,X
0816:9D BC 05 STA $05BC,X
0819:4C OE 08 JMP $080E
081C:00 BRK

Apple owners have it easy. A simple CALL-151 from BASIC
gets them into the monitor. Apple’s ASCII differs from Com-
modore’s, so the numbers from $0800 to $080B have been chang-
ed.

Register Here

The 6502 microprocessor has three registers; A, X, and Y. Essen-
tially, this equates to three variables. The A register, or Ac-
cumulator, is most often used for mathematical purposes and as a
‘messenger’ to subroutines within the ROM. The X and Y
registers are used as the major workhorses in a program.

The next example is the all important four second time delay
subroutine ... useful for, say, buzzing your speaker or cooking
your poached egg just right. As this routine doesn’t make any
bizarre jumps to ROM, it will work on any 6502 machine, so
you’re only going to get it once. Moreover, as it doesn’t use any
JMP statements, you’ll be able to relocate it anywhere in memory
that’s convenient for your application or your machine.

A Four Second Egg

0800:A9 00 LDA #$00
0802:A0 00 LDY #$00
0804:CO FF CPY #$FF
0806:FO0 OE BEQ $0816
0808:A2 00 LDX #300
080A:E8 INX
080B:EO FF CPX #$FF
080D:FO 03 BEQ $0812
080F:18 CLC
0810:90 FB BCC $080A
0812:C8 INY
0813:18 CLC
0814:90 EE BCC $0804
0816:69 01 ADC #301
0818:C9 0C CMP #$0C
081A:DO E6 BNE $0802
081C:00 BRK
081D:00 BRK

In this example, there are three major things happening. The X
register is incremented at a dizzying rate. When X =255, the Y
register is incremented by one. When Y = 255, the Accumulator is
incremented. When the Accumulator hits the magic number 0C
(12 decimal) the program breathes its last.

VIC owners should change the addresses in the left column to
suit their memory configurations.

Now, a four second delay may not be optimum. Perhaps
three seconds would make or break your program. If this is the
case, change the number that the Accumulator is compared to,
presently resting at address $0819. A lower number will shorten
the delay, and a larger one will increase the amount of time that
nothing appears to happen before you regain control of your
computer.

If you’d rather use this as a subroutine rather than a stand
alone program, change the byte currently at $081C from #$00 to
#360, the RTS opcode.

And Now, The Punchline

Immediately following you will happen upon a short list of 6502
assembly/BASIC equates. They’re not exact, and should be no
means be taken literally, but they’ll give you an idea of what all
those cryptic opcodes mean.

It will take more than one article or one book for you to gain
a working understanding -of assembly language, and there are
many good books presently available. A programmer’s reference
guide for your computer is a must, as it will introduce you to
ROM subroutines that will make programming a much easier
task. You’ll have to learn hexadecimal notation, the art of know-
ing that 10 is also #30A. Too, you’ll have to learn by doing, as
reading about bricklaying will not get any houses built without
your direct involvement,

Try. Make mistakes. They’re inevitable, just as they were
when you learned BASIC ... but somehow, though, you made
fewer as you progressed in your programming,.

ADC A=A +n with carry

BCC IF carry=0 THEN GOTO n

BCS IF carry=1 THEN GOTO n

BEQ IF previous equation true, THEN GOTO n

BNE IF previous equation false, THEN GOTO n

BRK END

CLC Carry=0

CMP IF A =n... (usually followed by a branch or jump)
CPX IF X =n... (usually followed by a branch or jump)

CPY IF Y =n... (usually followed by a branch or jump)
DEX X=X-1

DEY Y=Y-1

INX X=X+1

INY Y=Y+1

IMP GOTO n

JSR GOSUB n (n must end in RTS)
LDA A=n

LDX X=n

LDY Y=n

RTS RETURN (from JSR)

SBC A=A-n
SEC Carry=1
STA POKE n,A
STX POKE n,X
STY POKE, n,Y

TAX A=X
TAY A=Y
TXA X=A
TYA Y=A

Admittedly, this is an incomplete list, though it should suffice for
the novice. Using this table as a guide, see if you can follow the
time delay program. There’ll be a test on Friday. [ETI]
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Simple measuring circuits
based on operational
amplifiers

bwen Bishop

No. 4: Very high
impedance voltmeter

ONE PROPERTY of operational amplifiers
that is of special importance, in this applica-
tion, is that their input terminals have very
high impedance; for example, the input im-
pedance of the 741 is 2MO. But the CA3140
op-amp chosen for this circuit isa CMOS IC
with the alrhost infinitely high impedance of
1 teraohm (10'? ohms). The effect of this is
that if one input is connected to a point in a
circuit which has potential, say, of 5V, the
amplifier behaves as a 1TO resistor between
that point and ground. The current flowing
away from that point is only
0.000000000005A (or 5 picoamps), which is
good since, when measuring voltages, our
aim is to draw as little current as possible
from the circuit; a cheap testmeter with a
2kO/V coil, working on the 10V range,
would draw 250uA under the same cir-
cumstances.

If this was a circuit with high
resistances and small currents, taking as
much as 250uA from it might cause much
disturbance. The potential at that point
would fall and the voltmeter reading would
be seriously in error — perhaps showing on-
ly half of the correct value. In addition, the
operation of the circuit might be totally
upset, and the reading could be completely
meaningless. Even a more expensive meter
with a 20kO/V coil would draw 25uA. This
is still relatively large and the readings would
still be in error. The high-impedance input
of the operational amplifier, therefore, is a
great asset in voltage measurement, especial-
ly in circuits in which impedances are high
and currents are small.

Feedback

The circuit diagram shows that the output of
the op-amp is connected directly to the in-
verting input. If the non-inverting input (the
input to the circuit as a whole) is at zero
volts, and if the output is at zero volts, the
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Figure 1 (above). We did say the circuit was simple!
inverting input is also at zero volts. There is PARTS LIST
no difference between the inputs, so output
stays at zero volts. Then if, for example, the Potentiometers
input to the circuit is raised to +2V, the R\VIII . o o U B e e 100k

non-inverting input is temporarily higher
than the inverting input so the amplifier out-
put swings positive until it reaches +2V.
This output voltage is fed back to the inver-
ting input so we now find that both inputs
are at 2V, and no further swing occurs.
The effect of feedback is to force the
voltage at the inverting input to follow the
voltage at the non-inverting input exactly.
Since the voltage at input and output are
equal, we call this circuit a ‘‘unity-gain
voltage follower’’. The crucial point is that

 (CIIT oy it e ] PN, CA3140
CMOS op-amp

Miscellaneous

Ml ..o 10V FSD meter

S e 3 e m W et S b | 1 DPST switch
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Stripboard, 63 x 25 mm (24 holes x 10
strips); 2 x 9V battery clips; 4 x 4 mm
sockets; terminal pins, wire, solder etc.
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Figure 2 (left). The layout should not cause any difficulties, either. Note that the track-cuts are shown

viewed from the component side.
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the input terminal has high impedance; it
can be connected to an external circuit
without unduly upsetting the voltage levels
of that circuit. On the other hand, the out-
put of the op-amp has low impedance
(about 100R) so it can sink or source a
relatively large current without its output
voltage level being affected. When con-
nected to a cheap testmeter, it provides all
the current required to drive the meter coil.
A really reliable voltage reading is obtained
in this way.

Using The Circuit

Switch on the power, then select the
voltage range required. Join the input ter-
minals together; both inputs of the IC are
now at zero volts and RV1 should be ad-
justed to bring the output to zero. Now
the circuit can be used just as you would
use a multimeter. Although voltages down
to a few millivolts may be measured,
remember that, with a +9V supply,
voltages greater than about + 8V saturate
the circuit, so that the maximum voltage
that can be measured is about +8V. If
you want to measure higher voltages, in-
crease the power supply to + 18V, and in-
put voltages up to =*=13V may be
measured. This circuit can also be built
around the 741 op-amp with a 10k preset
for RV1. The input impedance of the 741
is much lower (about 2MO) though still
considerably better than that of a low-cost
meter used alone.

No. §: Peak Voltage
Detector

Sometimes we want to be able to measure
a voltage that is rapidly changing, but it
may be changing so fast that we cannot
take the reading quickly enough, or the
needle may not follow the changes.
Again, a brief surge of voltage may be
over before the needle has had time to res-
pond! The Follow-and-Hold circuit
described in the January 1984 issue could
be helpful here, but if you want to
measure the highest voltage reached, you
will need to act quickly to press the button
at just the right moment! In these cir-
cumstances a Peak Voltage Detector can
be of great help. As its name implies, it
detects the maximum (or peak) voltage
fed to its input during a period of time,
and shows this value on the meter as a
steady reading. The circuit is shown in
Figure 3.

Essentially it consists of the unity-
gain voltage follower described in No. 4,
with the addition of a diode (D1) and
capacitor (C1). This circuit uses a 531 op-
amp which has a very high ‘slew rate’; this
is the maximum rate at which output can
change. For the 531, the slew rate is

a
& .
+
INPUT ’0%:’:[ mzvl @ .
r:?)/k‘l NOTES:

IC1 = 531

D1 = 1N4148

M1 = 10V FSD

SWib

Figure 3. Another simple circuit; Peak Voltage Detector.
12V/us compared with 1V/us for the 741
op-amp. When a rising voltage is applied REARTS LIS,
to the non-inverting input (pin 3) the out- Potentiometers
put at pin 6 rises rapidly. It continues ris- RVIL copeo > o B A, o 10k
ing so as to bring the voltage at the inver- min. horizontal preset
ting input (pin 2) to the same value as that Capacitors
at the non-inverting input. The feedback CHN 4 swn 1 6 ons v a ok ® n B ST o8 Wl 100u
to the inverting input is by way of the 10V electrolytic
diode DI, so the voltage actually fed to G2 100p

the inverting input is approximately 0Vé6
lower than output voltage at pin 6.

These positive swing of the output
continues until the output is OV6 less than
the voltage across the meter, and at pin 2,
is exactly equal to the input voltage. Now,
as the input voltage continues to rise, the
output rises correspondingly and the
capacitor becomes charged to that
voltage, but the voltage is indicated on the
meter only if the rate of rise is slow
enough for the needle to follow it.

If the input voltage now falls, the
output from pin 6 also falls, but because
of the diode this can have no effect on the
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Miscellaneous
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Stripboard, 63 x 25 mm (24 holes x 10
strips); 2 x 9V batteries and clips; 4 x 4 mm
sockets; terminal pins; wire; solder; etc.
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Figure 4. The component layout, viewed from the top; trauck cuts are marked by a circled “X**.
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More Pop Amps

voltage across the meter. The capacitor re-
tains its charge more-or-less without loss
for a period of several tens of seconds
and, during this time, the meter needle has
a chance to catch up with voltage changes,
displaying the peak voltage that was
reached. If the input voltage then in-
creases and exceeds the previous max-
imum, the needle will show the increased
peak reading.

Following a peak input, the charge
slowly leaks away from the capacitor and
the meter reading slowly falls. The rate at
which this happens depends mainly on the
current taken by the meter itself. If the
meter has a 20kO/V coil and is on its 10V
range, and if the peak voltage reading is
+ 5V, the leakage current through the
meter is 25uA. To this must be added a
leakage of about 8uA through the
capacitor, if it is an aluminium electrolytic
type. Reverse leakage through the diode is
less than 0.01uA and so can be ignored; a
further 0.25uA leaks away to the inverting
input. At this rate of leakage, a reading of
+ 5V will have dropped by approximately
of 0V33 at 1 second after the peak. This
sounds rather rapid, but it is quite easy to
see the value to which the meter needle
rises before it begins to fall, and a usefully
accurate reading can be obtained — after
all, the pulse that initiated the reading

VERY HIGH

O———PIN3 PEAK VOLTAGE PIN 6 PIN 3 IMPEDANCE PIN 6
EE“ACY??, VOLTMETER
50P AM P MP
INPUT ¢ {POP AMP 4)
M1
ov O- l l

-9V O

[

Figure 5. Better performance is obtained by using the Peak Voltage Detector together with the High Im-

pedance Voltmeter.

may have lasted for only a few
milliseconds. However, ways of reducing
leakage will be discussed later.

Resetting

The rate of fall of the needle becomes
reduced with time, and may take several
tens of seconds to return to zero. It is con-
venient, therefore, to fit a Reset button,
SW2. When this is pressed the capacitor is
immediately discharged and the meter
reading returns to zero. Capacitor C2 is
the frequency-compensating capacitor,
needed with this op-amp to maintain con-
stant gain over a wide range of frequen-
cies.
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Using The Circuit

Switch on the power and select the voltage
range required on the meter. Join the in-
put terminals together; the output should
read OV — if not, adjust RV1. Now the
input terminals should be connected to the
appropriate points of the circuit to be
monitored. The meter indicates the max-
imum voltage attained during the period
of monitoring. To begin a new period,
press the Reset button briefly.

Reducing Leakage

Although the circuit is perfectly adequate
for most purposes there may be occasions
when you want to have plenty of time in
which to carefully read the peak value. As
the discussion above showed, the greatest
leakage is through the meter coil. The ob-
vious way to eliminate this is to replace the
meter with the complete Very-High-
Impedance Voltmeter circuit described in
Pop Amps No. 4. At a 5V peak, the
leakage to this circuit will be only 5uA,
assuming you are using a CA3140 opera-
tional amplifier in the very-high-
impedance circuit. With 531 as peak
voltage detector followed by a CA3140 as
high-impedance voltmeter, the rate of fall
from a 5V peak is only 0.08V/s, giving
you plenty of time in which to take your
reading. The only serious leakage is
through the capacitor, especially if it is
old. If you find that the rate of fall is still
too great, try replacing the capacitor with
a new one or, better still, replace it with a
tantalum bead capacitor (100uF, 10V).
When using two amplifier ICs they can
share the +9V and -9V power supply; the
complete inter-board wiring is shown in

Figure 5. [ETI]




Designer’s Notebook continued from page 61
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Fig. 11. A Hall effect pressure switch.
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Fig. 12. An acceleration sensing system.

Fig. 13. A Hall effect tilt sensor.

Rotational systems, as described
above, have a very wide range of use in
engines and machinery. One that many
readers will have first-hand experience of,
is in car ignition circuits, where the con-
tact breakers are replaced. This leads to
the ignition timing being a once-and-for-
all setting, as there is no wear, and this can
only help improve fuel economy and
lower exhaust pollution.

The same sort of sensor head can be
used for measuring rotational speeds and
counting the number of revolutions. In
this case, possibly the best course to take
with the electronics is to have a pulse-
generating circuit after the Hall effect
device, so that the pulses can either be
counted or fed to an analogue meter (to
get a rate of revolution indication).

When fitted to a vehicle wheel, such a
system could have a further important
use, namely in an anti-skid braking
system. In this, the electronics would
detect when the wheel was not turning
while the car was still moving. The system
would then momentarily reduce the brake
force to the wheel so that it would turn
again and control would be restored, after
which full braking force would be
restored. This has the effect of pumping
the brakes — but be warned, it’s not easy
to construct such a system, and we strong-
ly recommend not trying!

Hall effect devices can be used to
detect linear motion; Fig. 11 shows a sim-
ple pressure switch. Coupled with a push-
button, this sort of arrangement is com-
mon in keyboard switches. A similar ap-
plication is as an acceleration detector,
and Fig. 13 shows how this can be done.
In this, acceleration forward or backward,
causes the magnet to move nearer to one
of the two Hall devices. Conversely, the
tilt sensor in Fig. 13 works by detecting
when the magnet moves away from direct-
ly above the Hall device.

vDC +12v

—
HALL ) »
SWITCH ROS Vour
i

Fig. 14. Driving CMOS from a Hall effect
device.

+12V +12v

2k0

HALL
SWITCH BFY50

- i

Fig. 15. A current amplifier for the Hall device.

diode is connected across the coil to pre-
vent the back-EMF from destroying the
Hall device (the diode cathode should go
to the positive terminal of the relay coil).

If a Hall device, such as the UGN-
3030T, is required to control a triac such

+12v

3020

115/230 VAC
HIGH

T

2N5811 40669

AC AND +12Vv

O rAammnn

Fig. 16. AC power control using a Hall effect device.

As transducers go, Hall effect devices
can give a relatively large switching
capability, being capable of sinking ample
current to interface directly with TTL.
Fig. 14 shows a suitable circuit for inter-
facing to CMOS devices.

Fig. 15 shows a handy buffer circuit
that can be used to drive larger loads, such
as a 12 V relay coil. In Fig. 14, when the
magnetic field is strong enough, the out-
put from the Hall device will be low and
the transistor will be off. Hall devices can
drive reed relays directly, provided that
they do not pass too much current, and
provided that a transient suppressing

as the RCA 40669, which can handle up to
8 A RMS, a transistor amplifier stage is re-
quired between the Hall device and the
triac as shown in Fig. 16. When the Hall
device conducts, a current of 9 mA flows
from the base of the PNP 2N5811 tran-
sistor, which in turn supplies 80 mA to the
triac gate to turn on the load current. It
should be noted that the Hall device is
connected to one side of the power supp-
ly; this could be avoided by the use of an
opto-coupling device between the Hall IC
and the triac circuit.
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CAR FAN CONTROL

by J.N. Swanson

If, like me, you own an old car with a con-
ventional fan, driven from the engine, a
worthwhile improvement can be obtained
by fitting an electric fan in its place. These
can readily be bought from a scrap yard.
The advantages gained are better fuel con-
sumption and lower engine noise particular-
ly at high revs.

A problem arises in finding a suitable
switch to operate the fan at the required
temperature. Most of the switches fitted to
cars are fitted in a threaded hole in the side
of the radiator, which means that most
scrap yards are unwilling to separate the
two. For this reason I have designed a circuit
to switch on the fan using the existing
temperature sensor for the temperature
gauge.

The-voltage regulator on the car usually
works by interrupting the supply so as to
provide an average level of about 10V.
Because of this, a fair bit of smoothing is re-
quired in order to stop the fan switching on
and off with the regulator. A zener diode
provides a 10V supply for the op-amp and
the reference voltage. The 470k and 100k
resistors provide a certain amount of hyste-
resis and the two diodes prevent the transis-

tor turning on due to offset of the op-amp.
The fan may run for a few seconds when the
ignition is intially turned on. This may be
prevented by increasing the 100uF capacitor
to a few thousand uF, but I find this useful
as otherwise in winter the fan may not run
for weeks on end.

DE-LUXE AB BOX

by Marcus Valentine

This Audio line signal routing device was
designed for one of those guitarists who feel
insecure unless they are surrounded by
numerous effects boxes, but who wish to
have more control over them collectively. It
has two modes: single and dual.

In the single mode, depression of the
footswitch noiselessly re-routes the signal
path from going through chain A, to chain
B, a chain being either a straight jack to jack
lead, an.effect, or a series of effects.

In the dual mode, the signal is re-
routed through chain A followed by chain
B, and on depression of the footswitch
(here’s the clever bit) is re-routed to chain B
followed by chain A.

The two LEDs indicate the chain select-
ed in the single mode, and in the dual mode
the first chain.

The flip-flop built around N1 and N2
ensures that the bilateral switches used
change state cleanly and quickly, and, more
importantly, at the same time.

Current consumption, which is set
mainly by the LEDs, is low enough to allow
a 9V battery to be used as power. The LEDs
were considered essential for ease of use.

The device can be conveniently con-
structed in an aluminum box measuring
10x10x4 cm, with the input socket arranged
so that the input plug connects the negative
supply.

By using various combinations of
sockets, the device can be utilized in many
more audio signal rerouting applications, eg.
by using the A and B return stockets and
output only, (with a dummy plug inserted
into the input socket to provide power) the
box can be used as a single selector.
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An important Annouvncement
TO Advertisers and Readers of
computing Now! and Electronics Today

The March issue of Computing Now! will feature
the Annual Directory of Computer Stores in Canada
while Electronics Today will carry the Annual
Directory of Electronic Stores in Canada.

This 1984 update will not only supply name, address
and telephone listings for a combined total of 1000
outlets but will inform readers and advertisers of

the product line offered by each outlet and whether
catalogues are available on request.

For advertisers, these issues offer a special oppor-
tunity to display their message to not only the
thousands of regular readers of ETI and CN! from
coast-to-coast but also the many additional readers
and companies who purchase these special issues for
permanent record and for distribution to staff. For
readers, there is the opportunity to find out about
the many new outlets that have surfaced since the
1983 update. The list has increased by almost 100%.

Additional copies of these issues will be available
on a bulk copy basis and orders should be forwarded
now to the Circulation Manager of each publication.
For advertising space reservations contact should
be made immediately with Omar Vogt or Rick May at
(416) 423-3262. Time is of the essence to avoid
disappointment.

Moorshead Publications are proud to be able to serve
the computer and electronics fields in this fashion.
We thank the outlets involved for their help and
cooperation.

Sincerely,

AT LVt TC N

Halvor W. Moorshead
Publisher.




UNITRON 2200
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An attractive case and keyboard combination that gives
that modern look to your 6502 machine. The case fits the
older numeric keyboards and the PCB goes .into the
case Just fine. Comes in an attractive carrying carton.

Case and Keyboardcase ........

Caseonly.............. 49.95
Keyboardcaseonly .......... =0 $18.95
Numeric Keyboard, curly cord,case........... $119.95

Keyboard and case are fully 6502 compatible.

Parts

ELECTRONIC
COMPUTER

Galore

316 College St., Toronto. M5T 1S3
(416) 925-1105 (416) 925-8291

OUR 6502 BOARD
Now only $29.95 still with
all the versatility of the
original and a full 8 slots.

IBM pC™
LOOK-A -L"(% CASE

Maje your Apple!™ or 6502 machine. look like an IBM
PC™". This attractive metal case with ABS front bezel
looks just like you-know-who, but is punched internally
to take all the 6502 Mother boards, power supplies etc
that are now sold. Our black beauty power supply fits in
Just right with the power connector and switch ac-
cessable at the right hand side. In addition the case
holds 2 standard disc drives (4 slim lines) with all holes
pre-punched. There is also a cut-out for a 4% inch muf-
fin fan inside. Look at the photo, it reatly looks good
$159.95

PERIPHERAL CARDS

New low prices. —

A) Z-80Wired ntested....$59.95..BarePCB....$12.95
B) B80Col. Wired ntested ..$74.95..Bare PCB ..$12.95
C) 16KWired ntested....$59.95.Bare PCB....$12.95
D) DiscWired ntested ...$69.95..Bare PCB ...$12.95
E) Shamrock 13/16 sector disk Wired n tested . .$79.95
F) Apple!™ Prototype card, all WW holes
G) Apple'm Prototype card, powerbussed. ... .. $14.95
H) Wlldcard'm, Wired n tested.$59.95.Bare PCB $12.95
) 128K Wired n tested, noIC's

With 64K .$148.94, 128K . $239.95, PCB $24.95

o ——

GREAT
DEAL

THE GREAT DEAL - .
CARRIES ON FOREVER AND GETS BETTER
Our proven 6502 motherboard plus a numeric case plus
a black beauty power supply plus a numeric keyboard
plus any 4 bare pcb (except 128K and tamecard) for
$275.00.

NOTE: The great deal offering our 6502 PCB and any 4
peripherals for $57.00 is still in effect. (Excludes the
128K card and wildcard)

SYSTEM
)) SAVIOUR

2 grounded 3 wire switched sockets, pilot light, surge
protector and on-off switch to turn off your system and
twoplugged initems ........................ $55.95

NEW FROM
MAXISWITCH.

+ The finest most cost effective keyboard for the

IBMtmPC or the APPLEtm that we have ever
seen. The IBM mode! has all of the standard
features of the IBM KB plus an improved return
key for true typewriter emulation (For word-
processing) Full N key roll-over, auto-repeat and
more. The APPLE version has a lot more than the
run of the mill APPLE keyboard, 10 function
keys, cursor pad, numeric pad, and 21
preprogrammed commands to save a lot of typ-
ing. Just like the picture and just as pretty.

POWER
SUPPLY

Our Famous "BLACK BEAUTY" power supply, now
reduced In price but not in quality. Our ratings are 5V-5A;
12V-2.5A; -5A-2A; -12V-Y, A for real. Make sure that any
other power supply that lays claim to this rating actually
does so, Labels are cheap and we have seen many of the
old silver power supplles unchanged except for the
label. Easlly beats all therest ................. $99.95

..................... $199.95
Please specify APPLE, or IBM PC, XT

NOTE: Complements our I1BM look-alike case ex-
actly.

DIGITAL
MULTI-METER

AMAZINE QUALITY AT LOW COST

av eapout|

HI VOLIAGE FOR
R JPIODE TESTING,
VOLTAGE FOF
N CIRCWUT
T G

OVERLOAD PROTEC TIO
ON ALL RANGES 4

[RECESSED INPU
JACKS

.

EXTRA FEATURE

® Diode test circult ® Lo voltage ohms, 0.5v ® Lo bat-
tery indicator ® Auto-Zero ® Auto polarity ® Overload
protection, all ranges ® ABS case (will not crack) @
One hand push buttons.

PROJECT BOARD

SOLID ABS, |

CASE /
NUMERIC //
$59.95

0/

Have you ever tried to get an economical protoboard
and had a shock? Well look at this, a good quality pro-
toboard at a 30-40% saving. The KH-408 has 1560 holes
on a std 0.1" grid for IC's and a sturdy plastic base with
two binding posts for power, an excellent buy for the

student.
$38.00

ASClI KEVBOARDS

al
LL

Our ASCIt keyboards are by ALPS, a famous Japanese
switchmaker and feature high quality debounced swit-
ches. Full upper and lower case capability. Direct plug
in compatible with all 6502 boards and ‘SURF’ board.
Available in numeric and std style.

(a) Standard KB
O)NumericKB. ............................. $99.00

MAIL ORDERS

We accept; Personal Cheques, Postal Money Orders,
Certlfied Cheques, Travelers Cheques, Visa, American
Express, Mastercard, Bank Draft. We ship C.0.D. only by
CANPAR and Truck, We do not use Canada Post C.0.D.
we will send your goods via CANPAR or Canada Post
unless you say otherwise. You will be charged a min
$3.00 for delivery and handling or more if your goods are
heavier than the $3.00 welght or If you specify another
delivery service that charges more. All Ont res + 7%
sales tax. We sell wholesale to any retail store or other
resetler with a sales tax exemption #, as long as a
realistic quantity Is bought. We ship within a week if in
stock and we will cancel any backorders over 4 weeks
unless otherwise instructed. 20% Restocking Charge.

Circle No. 15 on Reader Service Card.




T IT WASN’T OUR IDEA
| TO ADDTWO NEW SIZES
TO OURLINE OF
“\.  ACE BREADBOARDS.
IT WAS YOURS.

Good ideal You told us you wanted to build
larger projects. And, that you needed bigger
solderless breadboards to build them.
Well, our two new A P PRODUCTS All Circuit
Evaluators are just what you had in mind.
The ACE 245 has 25% more capacity than
our previous largest breadboard. It has a
circuit building matrix of 4520 solderless,
plug-in tie-points. And, if
bigger is better our new
ACE 254 has a circuit
building matrix of 5424
solderless tie-points.

S

For more information just
call Lenbrook Electronics.
Markham, Ontario
(416) 477-7722

Circle No. 12 on Reader Service Card.
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A P PRODUCTS INCORPORATED
9450 Pineneedle Dr. ® Box 540 ® Mentor, Ohio 44061-0540¢ [216) 354-2101 ® TWX: 810-425-2250

In Canada, call Lenbrook Electronics e 111 Esna Park Dr., Unit 1 e Markham, Ontario, LAR1H2 » [416) 477-7722, TWX: 610-492-3102



