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Apple ™™ Plus
with 48K RAM

Monitors

Zenith Monitors complete with housing

and power supply ready-to-use with any
SPECIAL composite video signal 12” green gpeclal
& 1545 | phosphorus screen switch selectable for
Apple disk drive 40 or 80 characters. 90 day warranty; 5159
with controller quantity discounts available.
$7795
Apple-diive without 80x24 VIDEO BOARD
controller S700 FOR APPLE
We provide our own 120 day warranty
EPROM PROGRAMMER FOR

APPLE™ special $99. — A&T
120 day warranty

Normal price $150.
Plugs into the Apple, and is capable of programming or

copying EPROMS. (Can take any slice of memory, and
copy it into EPROM).

Made by Muitiflex Tech, this video board is based on 6845
CRT controller, and switches automatically between

80x24 and 40x24, composite video out. Designed to work
with CPMTM, PASCALTM, DOS™

(good stock) 120 day warranty. A&T.

Special

$99
AMDEK 13°° COLOUR MONITOR

Speclal $399
AMDENK 310 — A AMBER MONITOR $249
90 day warranty

OSBORNE COMPUTER
New model on sale now 52289

With 12’ Zenith green
52395 sclreen + adapter (This month only)

MULTIFLEX SUPER PACKAGE

Price Kit $1195
See Catalogue

A&T $1389
NEW MULTIFLEX PORTABLE

PACKAGED SYSTEM
Expected release Mar. 15, 1983.

Has on board DC to DC inverter to generate 25 volts, and

also comes with a ZIF socket. Programs: 2716, 2732,
2732A and 2764. Disk with software & documentation in-
cluded.

Multifiex Disk Drives
for your Applem™

or Franklin™ fully compatible with Apple computer
and softare.

This attractively packaged disk drive, ready to plug
in an Apple disk drive controller card, or equivalent
controller is now available at a sale price, which

you can not afford to miss.
Drive (no controller) 5349
Drive with controller, (Rana™) which can handle up
to 4 drives.
ONLY BSB89 90 pAY WARRANTY

16K RAM CARD FOR } |
APPLE™ /

16K RAM card made by Multiflex inc. for your Apple
allows you to expand your 48K Apple to 64K, assembl-
ed & tested with 120 day warranty (good stock)

$75

$1895

2 SA200 drives, 9" monitor, power supply, keyboard,64K
RAM (provision up to 256K RAM also capable to expand

up to 4 8’ DD DD drives, also includes CP/IM & BASIC.
Orders taken now.

6502 BOARD CASES

New professional looking aluminum case for the 6502
board, at unbeatable

Normal Price $99

spECIAL DISKETTES

SYNCOM 5'.” Single Sided Double

$48.95
Also Multiflex keyboard A&T which fits into case, ready to
plug into 6502

$99
Combination case & keyboard A&T
(while they last — limited stock only!!! Hurry.

$139
Aiso if you buy 3 boards at once ® 16K RAM ® 80x24
Card ® EPROM prog. ® Special $269/3.
PRINTERS
Density................ $33.95 box of 10 EPSON GEMINI 10
VERBATIM Single Sided Double MXBOFT type il .. 11" Sas $619
Density - - - - - . - . S@8.95 boxof 10| MadFeleii i
MX100 type Ill (limited special) $995
D'SKL'BR‘RYCASES 53.95 e Note: All type Ill printers include SER'AL CARD
Also Ava“able. graphics. All printers come with 90 day
3 warranty.
Maxell, Wabash and CDC

$119

MAIL ORDERS

Y
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{8” DS Shugart)

MEMORY
SPECIALS

4164 - 150 ns (1x64k single
(+5V) supply) 8.95
4116 - 150 ns (1x16k) —
1.95

4116 - 200 ns (1x16k) —
1.75

2114L - 200 ns (1kx4 static)

—1.89
6116 - 150 ns (2kx8 static
RAM) — 8.95

(Pin compatible with 2716
uses negligible amount of
power)

2016 - 150 ns (2kx8 static)
— 8.75

For quantity discounts contact us for best

pricing.

Note: (a) we have good stock of the above memory chips

miss it

Mulitifiex Keyboard (55 key)

With connector wired in for external keypad. This keyboard uses 2716
to store the ASCll characters, therefore can be customised to suit your

needs (all drawings and codes supplied).

Great for 6502 boards assembled & tested (even has auto repeat)

Optionalcase .. ... .$%$29

SA400L.......... $259
(5%” SS Shugart)

SA200], oot ot en ok $257
(5% Slimline SS Shugart)
SABON, St a ks $595
(8" SS Shugart)

SIA B i o e $849

MULTIFLEX STATIC 64K RAM
BOARD S100 BUS _

{with provision for battery back up)

Unbeatable sgg Special: {using 6116 150 ns RAMS)
16K version = $289 A&T = $350
32K version = $349 A&T = $395
64K version = $485 A&T = $519

INTELLIGENT TERMINAL

(with 4 page memory)

This muttifiex inteltigent terminal comes with a keyboard,
and 8k of RAM. 80x24 character composite video display and
RS232 output (uses 6845 CRT controller and Z-80A CPU) has
many attributes, works at 75 to 9600 baud rate). This product
is one of our best sellers and you can’t afford not to have it at

our low price.
$259

OLiDATA

CONT

CDC9409........ $399 § Terminal kit with 8k RAM

(5%" DS DD) Assembled & tested (No cases & supply) 5289
CDC 9406 ........ $589 Options are as follows:

(8” DS DD) Case - 39.00, Power supply - 45.00, TV option - 29.00

THIS MONTH SPECIAL
Complete terminal with power supply & case assembted &

tested s 350

With every terminal you buy you get 10% discount on a
Zenith 12" green screen monitor.

U OF T 6809 BOARD

(Used in courses at U of T)

Requires any RS232 terminal (Multiflex terminal works great
with it). Includes 6809 CPU, 2(6522) parallel ports, 2(6551,
serial ports) 48K of dynamic RAM, 4k of monitor and 8k of

2102L - 200 ns (1kx1 static)
— 1.95

5101 - CMOS RAM — 3.85
2708 - (1kx8) EPROM —
5.75

2716 - (2kx8 EPROM single

+5V) — 4.89
2732 - (4kx8 EPROM single | 2°°°™P'®" This month only save $1760.00

+5V) — 8.69 o wi i ~ i
2532 - (4kx8 EPROM single 68(|)9 Kit with assembler & editor & full documentation
5V) — 8.95 only $375.00

2764 - (8kx8) EPROM Multiflex Modem KIt 0 and 800 works great

single 5V) — 13.95

(See catalogue page 30) .

MULTIFLEX
ANALYSER (see pg. 24 catalog)

This instrument is a must for debugging complicated digital

(b) Prices in red are this months specials only -don't & microprocessor circuitry. Special
-16 channel inputs (low loading) Kit (with case) 5289
-1k of storage memory A&T — $349

$349

Motherboard

(with space for three more).
CPU card includes

real time clock and much more.

319 COLLEGE sTRE
ALL PRICES ARg |5

New Iimproved Multitiex
Great for beginners or pros

AKT $395

Comes with a motherboard and a
S100 CPU card. Standard features:

Includes 32 keypad with 16 HEX and 16 control keys; HEX display; Cassette In-
terface; EPROM Programmer for 2708, 2716, 2732, 2532, 2764, 27128; Wire-Wrap
area (space for about fifty 14-pin chips); Parallel Port (8255);, S100 Connector

ZBOA CPU, 2732 (EPROM with our monitor), 6116 (2K x 8 RAM) and all the cir-
cuitry. The CPU card has provision (but kit does not include the parts for} 64K of
RAM, 4 sockets for EPROM/RAM (2732, 2764, 6116, 8255), parallel port and
8253 timer. Also piggyback board is available for this CPU with 2 serial ports,

MULTIFLEX ST100 FLOPPY CONTROLLER

Features 1) S100 Compatible. 2) DMA. 3) Based on 1793 —
capable of handling up to four 8 inch of 5% inch drives in

double sided double density or
Special kit $ 295

with DMA
AT $375

S$100 VIDEO BOARD BY MULTIFLEX

Based on 8275 CRT controller and Z80A CPU processor, and
8K of RAM, you get a 80x24 composite video, output with
features comparable, if not better, to a board twice more ex-

pensive, $289 A&KT $349

Master charge |
— - }

e
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SUPER SALE! SUPER SALE! SUPER SALE! SUPER SALE! SUPER SALE!

SUPER SALE!

SUPER SALE!

e |‘

we will not be undersoid

We accept Visa, Mastercard and
American Express

ABS 6502
CASES SPECIAL

POWER SUPPLY
B

| m —
) $109

5V 5A, +12V 2 up to 3A,
pk -5V 12A, — 12V 2A

ity F‘

Made to fit power supply, P.C. board
and keyboard perfectly.

2.7 BUFFER

pRI"TE Rs (ADDITIONAL 4K OPTIONAL)

OVER 25% LESS THAN THE BEST SELLING COMPETITOR.
® Standard and Italic character sets ® Proportional character set
available ® Two graphics modes - 480 Dot Pitch - 960 Dot Pitch ® Op-
tional serial interface ® Bidirectional printing ® Subscript and
superscript ® Double strike ® Emphasized print ® Double width @
Underline ® Compressed characters ® 10, 12, 17 CPI — Software

selectable.
GEMINI 10 GEMINI 15 SERIAL CARD
$595.00 $769.00 $109.00

VIDEO CARD 80x24
BARE BOARD - $17.95

Assembled & tested ready for use (Auto switching between 80x24 and
40x24) Fully compatible with CPM, Wordstar, Pascal, DOS 3.3. 589

—Note again that to build this card it will probably cost you more than
to buy it assembled & tested.

Floppy cont bd. which has provision for
2716 EPROMS (350ns) €17.9%

ATTRACTIVE LOOKING 542
ALUMINUM CASE. A1 an uNBEATABLE

Beige colour, (provides excellent RF shielding)

EPROM PROGRAMMER WITH
DOCUMENTATION & SOFTWARE
Provides its own 25V on board. Programs 2716, 2732,

speciaL $85

2732A, 2764, also has ZIF socket.

6502 BOARD ¢<5°55

Expected release March 15, 1983
This new board is so advanced that it will make
you think about getting rid of your old 6502 board,
and if you do not have one yet it is worth it to wait
a little and get the STATE OF THE ART product!

Has on-board provision for: 16K RAM, 80x24 Video, Flop-
py Controller and 6 slots for some of the above boards.

Special

We buy, trade and sell

PARTS ON SALE

2N 41(200NS) v s ise o Thns 20 o e ek . . $1.95
A6 (150NS) el L O N Sk = f A $1.70
Special:24ofabove ... ........... ... ... $39.00
TN OR S daits o s KM » AW 4 5 b/ sy o o G o W $4.95
Special:6ofabove . . ...................... $25.95
232 a8 €l b arr § e T oyt B m RO e e e $8.95
Special 3'0f AbOVE: . i s s wiaislis s siwee § $21.95
6502w By NSy e e el D e e P e e, W A $6.89
All sockets. Superquality ............... 1¢ per pin

{Quantity discounts available)

ASCIl KEYBOARD

Fits aluminum case perfectly, ready to plug into 6502
board. Assembied & tested with ALC documentation sgg

{Keyboard uses EPROM, which makes it very flexible.

(A:f\:“rr?lr:r:\bc::; ipzzl;tl)oard. s' 39
ASCIlI KEYBOARDS

This keyboard is ready to plug into your 6502 board
and fit your case perfect. SPECIAL

(e(This month only)
DISK DRIVES 9" <249 Y

New Shugart SA4A00L
Disk Drives

Disk Drives (all drives are brand new and fully pre-
tested). 5% Single side single or double density.
Ideal for modifying (for your 6502 board)

DRIVE CASE $14.95

BRAND NEW 12" |
MONITORS,

80x24, we doubt that you can find a better
buy, ready to be plugged in,

‘lAI. (While they Last)
sPE $119

16K RAM CARD

For your 6502 board allowing you to expand your
48K system to 64K fully assembled and tested
ready to plug in ONLY ssg

BARE BOARD $16.95

NOTE: We believe that to buy the parts for your bare 16K board
may end up costing you more, than to buy the finished product.

(also no debugging headaches.)

310 College Street, Toronto, Ont. M5T 1S3 (416) 925-8603
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he idea of analysing voice sounds
or identification is controversial.
earing gloves won't work, either.

Closed Captioning

How text for the hearing impaired
in television broad-

dbx products reduce noise and
shrink capital letters; we review

A proposed Canada/Australia/U.S.
orbiting telescope which will
outperform ground-based
telescopes 5 to 15 times larger.

Zenith Computer Review .. .43

Steve Rimmer looks at the Z-100 16
bit computer and its operating
systems.

ZX81 Printer Review

We examine the printer that gives
you hard copy for your ZX81 at a
reasonable price.

Chess Robot Review

C3P0 gets closer as we look at a
chess robot with a personality.
—_—
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Our cover: The Starlab orbiting
telescope solves the problem of at-
mospheric interference, and launch
date Is tentatively in the early '90's.

Artist’s rendition courtesy of the
NASA Marshall Space Flight Centre.
See page 35. The Zenith Z-100 Com-

puter features 8085/8088 16-bit ar-
chitecture. Photo by Steve Rimmer.
See page 43.

Projects .

Dual Logic Probe

Does the usual job of checking bit
status plus a section that can in-
ject clock pulses.

Digital Kitchen Scales

Convert that boring analog pointer
to a snappy LCD readout and start
cooking in metric.

Soundtrack

A hantﬁe_ld_attack-and-destroy
game that replaces a video display
W|th audio cues Don’t take it on

Integrate a MOSFET with a bipolar
for high speed power switching
with voitage control.

Into Digital IC’s Part7
lan Sinclair e explains counters.

columns,
News and
Informutlon

Designer Circuits . . .
Next Month

ETl Bookshelt
Computing Today
Order Form
Subscriptions
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Fun of Electronics
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NEWSSTAND DISTRIBUTION:
Master Media. Qakville, Ontario

SUBSCRIPTIONS

$18.95 (one year), $33.95 (two years). For US add
$3/yr., other countries add $5/yr. Please specity i
subscription is new or a renewal,

BINDERS

Binders made especially for ETI are available for
$8.00 including postage and handling.. Ontario
residents piease add provincial sales tax.

BACK ISSUES AND PHOTOCOPIES
Previous issues of ETl Canada are available direct
from our offices for $3.00 each; please specify by
month, not by feature you require. See order card for
Issues available.

we can supply photocoples of any article
published in ET1 Canada; the charge is $2.00 per arti-
cle, regardless of length. Please specify both issue
and articte.

COMPONENT NOTATION AND UNITS

We normally specify components using an interna.
tional standard. Many readers will be untamiiiar
with this but it's simple, less iikely to tead to error
| ana will be widely used everywhere sooner or later.
ETI has opted for sooner!

Firstly decimal points are dropped and substituted
with the multiptier: thus 4.7uF is written 4u?.
Capacitors also use the multiplier nano (one
nanofarad is 1000pF). Thus 0.1uF 1s 100nF, S600pF
is 5n65 Other examples are 5.6pF = 5p6 and 0.5pF
= 0

Reslslors are treated similarly: 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 issye manufacturing permits for companles to
manufactyre boards and kits to our designs, Con.
tact the following companies when ordering boards.
Please note we do not keep track of what is
avallable from who so please don’t contact us forin-
tormation on PCBs and kits. Similarly do not ask
| PCB suppilers for help with projects.

K S.K. Associates, P.O. Box 266, Milton, Ont.

LQ.T 4N9 :
B8-C—D Eiectronics, P.O. Box 6326F. Hamilton,

Ont., L9C 6L9.

Wentwortn Electronics, R.R.No.1, Waterdown.Ont.,

LOR 2HO.

Dazoclnths Inc., P.O. Box 261, Westland M| 48185,

USA.

Arkon Electronics Ltd., 409 Queen Street W.
to. Ont.. M5V 2AS5.

Beyer & Martin Eiectronic Ltd 2 Jod! Ave., Unit C,
Downsview, Ontarlo M3N 1H

Spectrum Electronlcs Box 4166 Stn ‘D, Hamilton
Ontario L8V 4L5.

Dacor Limited, P.O. Box 683, Station Q, Toronto,
MA4T 2N5.

., Toron-

POSTAL INFORMATION

Second Class Mall Registration N0.3955. Malling
{address for subscription orders. undeliverable
copies and change of address notice is:
Electronics Today International. Unit 6,
25 Overina Bivd., Toronto, Ontario, M4H 181




Microcomputer Courses
Seneca College of Toronto has a
variety of microcomputer courses
to choose from, including BASIC
on the Apple II, personal applica-
tions (budgetting, mortgages,
bookkeeping, etc.), and business
applications such as VisiCalc and
word processing.

In addition, there is also
““Microcomputers for Children’’,
a course for young people 10 to 16
which demonstrates the various
applications of microcomputing,
and includes an introduction .to
BASIC and LOGO ﬁrogrammmg.

All the courses have been very
popular so far, and Seneca sug-
gests that you find out about them
well in advance by telephoning the
main switchboard at (416)
493-4144.

Electronics Today International
Editorial and Advertising Offices
Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H 1B1
Telephone (416) 423-3262

ETI Magazine is Published by:

Publisher

and Editor:  Halvor W. Moorshead
Assistant Editor: Steve Rimmer
Editorial Assistant: Bill Marwick
Productlon Manager:Ann Rodrigues

Production: Cindy Baker
Liz Longwill

Subscription Department: Bebe Lall
Diane Neill

Accounts Department: Pirjo Dunphy
Advertising

Manager: Senga Harrison

Advertising

Representatives: Omar Vogt
Rick May

Advertising Services: Carolyn Wyatt

COPYRIGHT

All material is subject to worldwide
copyright protection. All PCB patterns
are copyright and no company can sell
boards to our design without our permis-
sion.

UABILITY
While every effort has been made to en-
sure that all 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 accept
in respect of the failure for any reason at
all of the project to operate efficiently or
at all whether due to any fault in the
design or otherwise and no responsibility
is accepted for the failure to obtain com-
ent parts in respect of anr such pro-
ect. Further no responsibillty is accepted
respect of any injury or damage caused
by any fault in design of any such profect
as aforesaid.

EDITORIAL QUERIES

Written queries can only be answered
when accompanied by a self-addressed,
stamped envelope, These must relate to
racent articles and not invoive the staff in
any research. Mark such letters ETI-
Query. We cannot answer teiephone
queries.
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Low-Profile, Space-
Saving PCB Relays

Schaumburg (IL), Dec. 30, 1982 —
An expanded line of low-profile
and space-saving PCB relays, in-
cluding general-purpose, power
and signal types for use in a variety
of industriaJD and consumer elec-
tronic product ?plicanons, is now
being marketed by the Control
Components Division of Omron
Electronics, Inc.

Optional sealed and latching
types are available in some
families, in addition to a variety of
contact configurations, coil ratings
and switching capacities.

further information

For
regarding Omron’s low-profile and
space-saving PCB relays, contact

Manager, Control Components
Division, Omron Electronics, Inc.,
650 Woodfield, Schaumburg, IL
60195. Telephone: (312) 843-7900.

Commodore Computers

Commodore International has an-
nounced the Spring release of three
portable systems. All have 64K of
memory, a 5-inch display monitor,
‘two of which are in colour, one or
two floppy disk drives, and com-
patibility with the Commodore 64
computer software and
peripherals. Expected retail prices
are $995 (U.S.) for a monochrome
display with single disk to $1495
(U.S.) for a colour display and
dual disks.

Also announced was the in-
itial shipping of the Commodore
128, a P500 series microcomputer,
to regular computer dealers. It has
128K of memory and a suggested
retail price of $795 (U.S.).

Every purchaser of a Com-
modore 1541 disk drive will now
receive a program pack at no
charge from authorized Com-
modore dealers. The pack includes
a disk and a manual, and covers
education, games, sound, graphics
and utilities categories.

Finally, Commodore owners
who would like to run CP/M soft-
ware can obtain the Madison
Z-Ram PC card which is easily in-
stalled without tools. It has Z-80
and 6502 CPU’s, and in addition
to CP/M adds 64K of additional
RAM. This increases Commodore
applications ten-fold, giving access
to word processing, VisiCalc, and
high level languages such as
Pascal. It’s available through
Commodore dealers, or contact
Computer Workshops Ltd., 465
King St. E., Unit 9, Toronto, Ont.
MS5A 1L6, (416) 366-6192.

Transient Suppressors

CSA, Canadian Standards
Association, has approved Surge
Sentry power line transient sup-
pressors, manufactured by RKS
Industries of Scotts Valley,
California. The unit protects
devices such as computers, medical
electronics, word processors and
other sensitive equipment from
high-speed, high-energy transient
impulses occurring daily on vir-
tually all power lines. The Surge
Sentry line, which includes models

Joanne Sullivan, Marketing
|
L
-
f;f
5URGE
SENTRY

N

that protect against voltage
dropout, is distributed in Canada
by Morley Agencies, Ltd., 71
Clanton Park Road, Downsview,
Ontario, M3H 2C9; (416)
633-6903.

Versatile New Video
Switch

The Winegard Model VS-6004
video switch provides an inexpen-
sive way to control, from one con-
venient location, all TV or video
signal sources connected to a TV
set. -

The VS-6004, at a list price of
$41.75 U.S., eliminates ag-
gravating cable connecting and

disconnecting and does away with
messy behind-the-set cables. By
simply flipping a switch, up to four
signal sources may be attached to a
TV set and two to a VCR.

Viewers will have, at their
fingertips, easy access to off-the-
air or cable programs, video
games, VCRs, video discs, satellite
receivers or home computers.

Winegard’s new switch also
allows the viewer to monitor and
edit programs being recorded on a
VCR or copied from one VCR to
antoher.

High isolation switching cir-
cuits reduce interaction between
signal sources and prevent in-
terference.

The completely passive device
requires no AC power to operate
and is compact and lightweight.
Bandpass is Channel 2 through 83.
All connections are 75 ohm type.

New BiMOS Operational
Amplitier

RCA’s new CA3420 BiMOS
operational amplifier solves design
problems with notable features
such as 1 pA bias current over the
oFerating temperature range, sup-
ply voltage down to 2 V and an
output that generates essentially

rail-to-rail output swings. At RCA

o—i—t ¥

1 [
.
’ >
I
&
" ”’
f“

p Functional digram for low-supply
voltage, low-input carrest HMOS
e vp-smp, 1he CA4Z0.
.

-

dealers, or send for File 1320,
RCA Solid State Division, Box
3200, Somerville, NJ 08876, or call
toll-free (800) 526-2177.

Continued on page 10
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ATl FDD-810 series

THE "FDD-810" MINIFLOPPY DISK DRIVE IS A HIGH PERFORMANCE
AND ECONOMICAL MINI TYPE DISK DRIVE WHICH IS SPECIALLY
DESIGNED FOR APPLE II™ PERSONAL COMPUTER.

O Double Storage Capacity enables the use of both sides of diskettes,
Switch circuit (patent pending) enables the use
of both sides of diskette.

® Slim type Disk Drive is-;- the hight of
conventional minifioppy disk drives-
Instant installation.
@® Auto eject
@ Fully compatible with Apple 1™
® Compact size
@® Fast data access (12 msec between tracks)

@ Software transparant.
@ Higher precision positioning than conventional drives.
® Uses standard S%Ildiskette.

INTRODUCTORY OFFER

$425.00

Reg. price will be $475.00

DEALER INQUIRIES |INVITED

We carry a full range of Apple II™ compatible * NEW 6502 COMPUTER
products: bare boards, part kits, as well as fully
assembled and tested boards.

(CaJ~ 80x24 VIDEO CARD _ $1199.95
(o~ 280 CARD FOR 64K RAM

(CeJ~ LANGUAGE CARD ] QUANTITY UPPER AND LOWER CASE

(CoJ~ INTEGER ROM CARD PURCHASES BAE R, Wpartes
(Caj~ DISK CONTROLLER CARD CONTACT

- NEWLY STYLED CASE
(Co)~ EPSON CONTROLLER CARD FoO HIGH WATTAGE POWER SUPPLY
(Coy~ EPROM WRITER CARD .

et FULLY APPLE™ HARDWARE AND
5~ JRO': :T"lz":“m“s PRICES SOFTWARE COMPATIBLE
:‘7’3’ 4y bec 90 DAY WARRANTY

(@’ NEW KEYBOARD ﬁ

Q@: HIGH WATTAGE POWER SUPPLY
¢ WITH BUILT IN LINE FILTER.

1 YEAR EXTENDED WARRANTY AVAILABLE
FOR AN ADDITIONAL $99.00

_ Apple IR is a trade mark of Apple Computer,inc.

CHARGEX
MAIL ORDERS

Send a certified cheque or money order (do not send cash) Minimum order is $10. Add 5% for shipping cost.
ANY EXCESS WILL BE CREDITED. Ontario residents add 7% provinci sales tax.
Visa and Mastercard accepted. send card No., signature, expiry date ad name of bank.

Circle No. 18 on Reader Service Card.
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ZX81

Sinclair ZX81 Computer Et
ASSEMBLED $129.95

The ZX81's advanced

capability. to eight decimal places.
The ZX81 uses the same fast *Graph-drawing and animated-
microprocessor (Z80A), but in- display facilities. *Multi-

corporates a new, more power-
fut 8K BASIC ROM — the
“trained intelligence” of the
computer. This chip works in
decimals, handles logs and
trig, allows you to plot graphs,
and builds up animated
jl displays. And' the ZX81 incor-
lporates other operation
j refinements — the facility to
load and save named programs
on cassette, or to select a pro-
gram off a cassette through
e keyboard.

dimensional string
numeric arrays. “Up
FOR/NEXT loops. *Randomize
function. *Programmable in
machine code. °Cassetlte
LOAD and SAVE with named
programs. °1K-byte RAM ex-
pandable to 16K. *Full editing
facilities. *Able to drive the
new Sinclair ZX Printer (to be
available shortly).

If you own a ZX80. ..

The new 8K BASIC ROM as us-
ed in the ZX81 is available as a
drop-in replacement chip.

. .ORION ELECTRONICS

$169.95

Designed exclusively for use with the ZX81 ‘and ZX80
with- 8K basic ROM), the printer ofters full
alphanumerics and highly sophisticated graphics.
O(gPY command prints out exactly what is on screen. At
last you can have a hard copy of your program listing
and results. Printing speed is 50 characters per second,
with 32 characters per line and 9 lines per vertical inch.

Connects to rear of ZX81 — using a stackable connector
New, improved specification.

(Complete with new keyboard
template and operating
manual). With the exception of
animated graphics, all the ad-
vanced features of the ZX81
are now available on your ZX80
— including the ability to drive
the Sinclair ZX Printer.

16K Memory Expansion Kit
{No P.C. Board) $:00.95

*Unique ‘one-touch’ key word
entry: eliminates a great deal
of tiresome typing. Key words
(PRINT, LiST, RUN, etc.) have
their own single-key entry.
*Unique syntax-check and
report codes identify program-
ming errors immediately. *Full
range of mathematical and
scientific functions accurate

.COMPUTER ROOM

3 Software

Sinclair's new 8K Extended Basic offers features found
only on computers costing three or four times as much.
*Continuous disrlay. including moving graphics. *Multi-
dimensional string and numericai arrays. “Math and
scientitic functions accurate to 8 decimals. *Unique one
touch entry of "key words™ (i.e. basic and system com-
mands). * Automatic syntax error detection. *Randomize
function. *Built-in interface for ZX Printer. *Connects to
standard TV and cassette recorder. *164 page manual
included. *Power supply (3V at 650 ma) optional for
$14.95. *1K of memory is included.

50 you can use a RAM pack as well. A 65 ft paper roll, in-
structions included. Requires 9 voits, 1.2 amp power
supply (option extra).

Machine Language Software

ZXAS Machine Code Assembler. A full specification 280
assembler. Standard mnenonics are written directly into
Eour BASIC program. $13.95

XDB Disassembler/Debugger. Perfect complement to
ZXAS, also provides single step, string search, block
transfer, hex ioader. $13.95

Books

= CONCENTRATION. WORD CHALLENGE, COMPLETE 2X81 BASIC COURSE - nc. 2
GAMES (Arcade, Adventure, Strategy) NUMBER CHALLENGE 1 19.95 :g:izz%é[:?USlNEss tapes 39.95
KRAKIT - Win $20,000 $24.95 SHELL GAME. NUMBER MAZE - challenging NOT ONLY 30 PROGRAMS: 1K 16.95

(@) 1< GAMES PACK - 0 games for 1K 2XB1 1395 puzzles 13.95 BUSINESS PACK #1 - Cash, Breakeven and MACHINE LANGUAGE MADE SIMPLE 19.95
GOBBLEMAN - Famous arcade game. 19.95 TRADER - lully animated game 24.95 Deprecialion Programs & Int Rate Relurn 39.95 ZX81 ROM DISASSEMBLY PART A & PART 8 24.95

[s & 2% GALAXIA - SYNC said this ZX81 version SUBSPACE STRIKER - a new dimension in BUSINESS PACK #2 - Projec! Scheduler, UNDERSTANDING ZX81 ROM 1995

._ was the best 19.95 space warfare. 19.95 Proj Proposal 19.95 T/S 1000: PROGRAMS, GAMES and
ZOMBIES/SWORD OF PEACE STARQUEST - discover a New Earth among PERSONAL FINANCIAL PLANNING PACK GRAPHICS 16.95

wo exciting games 19.95 disaster 19.95 2tapes & manual 39.95 LEARNING T/S BASIC 23.95

[T¥] GUNFIGHTERI3O TIC TAC TOEILIFE -3For 1 15.95 20R - mediaeval jous ling by two robots. 19.95 PERSONAL STOCK MARKET PLANNING - 2 THE BASIC HANDBOOK 2995
RUN THE COUNTRY - What wou'd you do It ENCOUNTER - a UFO sighting turns into a tapes & book 39.95 49 EXPLODING GAMES 16.95

) were in power 1595 nightmare 19.95 PROPERTY MANAGER - 3 mus1 for landlords  29.95 COMPUTER FOR KITSSINCLAIREDITION  8.95

[TW] MOVIE & SUPERHERO HANGMAN - Guess the 3D MONSTER MAZE - greal graphics: highly INVENTORY CONTROL & STOCK ANALYSIS MASTERING MACHINE CODE ON YOUR 2X81 24.95
names before the hangman comes 13.85 rated 19.95 tor businesses 24.95 T/5 1000 USERS GUIDE (Yol 1) 16.95

z PLANET OF FEAR - Find your kidnapped CATACOMBS - unlimited number ot game VUCALC - Financial Spreadsheet 29.95 EXPLORERS GUIDE TO THE ZX81 16.95
spaceship 1995 (o 1995 VUFILE - Information Retrleval System 29.95 2X81 POCKET BOOK 16.95
INCA CURSE - Get the goid out o BACKGAMMON 19.95 GETAWAY GUIDE 18.95

9 nca Temple 19.95 FLIGHT SIMULATION 19.95 EDUCATION & FAMILY GETTING AQUAINTED WITH YOUR ZX81 16.95

o' ALIEN SPACESHIP - Free your ship trom an ENTERTAINMENT
T i LD CHESS GAMES SIGNALS & CODES - fearn Morse Code 1995
againstllime! B 1K CHESS (2X81) 1395 ?'ﬁi@:‘éﬁ'&'&s;}&“ Y it a0 tasting Hovie ::::

3 . . . . ory Aid and testing device 15.! " d

N ::::E':"ANCE Inherit your Great Uncle's 15.95 ;;(g:g:g ﬂano?m o :;;g SOLAR SYSTEM FILE - a databank of solar . u’ wu’e

B - aster- d system 15.95

f Corinee, e e excitng music s ZX CHESS Il (Enhanced - 16K) 2995 PROGRAM OF DAYS -trvia and famous (o b

Bl BLACKJACK - Up to 5 players against a o e, G e T 64K - RAM (Memotech) 249.95
computerized dealer 1395 g 32K RAM (Memotech) 179.00
Conpu dceaey e s PROGRAMMERS AIDS & LANGUAGES 1055 program includes booklet 39.95 B A e Ared
2ZX SCRAMBLE- Fast moving space scenaria  19.95 “MATHEMATICS - GRADE ONE 29.95 16K RAM (Sinclair) 95.50

o GALAXY INVADERS - Repel fieets of hostile 2ZX ASSEMBLER - Two pass assembier for MATHEMATICS - GRADE TWO 29.95 16K RAM {Kit no PC board) 5995
\nvaders 19.95 MC programs. 19.95 MATHEMATICS - GRADE THREE 29.95 Pawer Supply (650 M.A) 11.95
THE KEYS TO GONDRUN - a magical kingdom 2X BUG - MC monilor and disassembier for MATHEMATICS - GRADE FOUR < IB Power Supply (1 AMP) 19.95
Bwearts 1395 T 19.95 MATHEMATICS - GRADE FIVE 29.95 : " 47 Keys. Assembled

(& o /A RINE RESCUE - rescue divers from a TOOLKIT - 9 new BASIC commands for MATHEMATICS - GRADE SiX 2985 no soldering req 119.95
sunken sub 13.95 the 2x81 18.95 J ; " Metal Case for above 29.95

[0 & £5p1IONAGE ISLAND - survive on a secret 2X FORTH - 56 pg manual enhances this All Mathematics series Includes two 2X99 Automatic tape controt 219.95

[T¥] s1an0 19.95 tanguage 39.95 tapes, holder & workbook.

— INVASION FORCE - Tne uitmate space g-ASID 1.0 - A must for MC programmers 1995 © Intertace for any serial printer & 4 cassette
Qame! 19.95 ASTLOAD" - LOAD programs up 10 6 times. recorders; Includes plugs, cords and a detailed

jum ] BATTLESHIP - The classic conirontation faster o 2495 ADDITIONAL SOFTWARE FOR manual. e

a of strategy. 1395 B Y SINCLAIR AVAILABLE.

E MEMOPAK 64K MEMORY EXTENSION

(&) The 64K Memopak extends the memory of the ZX81 by
56K, and with the ZX81 gives 64K, which is neither swit-
) ched nor paged and is directly addressable. The unit is
user transparent and accepts commands such as 10
DIM A(000).
Breakdown of memory areas ... 0-8K Sinclair ROM.
[@)8-16K-This area can be used to hold machine code for
= cOmmunication between programmes or peripherals.

o 16-64K-A straight 48K for normal BASIC use. $249.95

ORION ELECTRONICS . . . . . COMPUTER ROOM

Memopak...

MEMOPAK 32K $179.00 and 16K $109.50
MEMORY EXTENSIONS

These two packs extend and complete the Memotech
RAM range (for the time being!} A notable feature of the
32K pack is that it will run in tandem with the Sinclair
16K memory extension to give 48K RAM total.

MEMOPAK HIGH RES GRAPHICS PACK

HRG Main Features — ® Fully programmable Hi-Res
{192 x 248 pixels) ® Video page is both memory and bit
mapped and can be located anywhere in RAM @
Number of Video pages is limited only by RAM size
{each takes about 6.5K RAM) @ Instant inverse video
on/off gives flashing characters ® Video pages can be
superimposed ® Video page access is similar to Basic
plot/unplot commands ® Contains 2K EPROM monitor
with full range of graphics subroutines controlled by

machine code or USR function $199.95

..... ORION ELECT

MEMOPAK CENTRONICS TYPE
PARALLEL PRINTER INTERFACE

Main Features — @ |Interfaces ZX81 and parallel
printers of the Centronics type ® Enables use of a
range of dot matrix and daisy wheel printers with ZX81
® Compatible with ZX81 Basic, prints from LLIST,
LPRINT and COPY @ Contains firmware to convert ZX81
characters to ASCIHl code ® Glves lower-case
characters from ZX81 inverse characterset  $159.95

POWER SUPPLY 500ma  $14.95
POWER SUPPLY 1A $19.95 (FOR PRINTER)

Orion Electronic Supplies Inc.
40 Lancaster Street West
Kitchener, Ontario N2H 4S9
(519) 576-9902

Master Charge & Visa, COD, Cheque, Money
Orders accepted. COD's, shipping & Insurance ex-
tra. Write for our FREE FLYER.

Prices subject to change without notice.

ONICS .. ". . COMPUTER ROOM
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6502 BOARDS
& ACCESSORIES

WOWIE! LOOK AT THIS! PRINTERS

(@)
Tec-Writer | Dot Matrix Printer $699 ABB-2 $50.95 p4
Has on-board provision for 64K RAM 80x24 Video, Flop- g
py Controller and 6 slots. iy o)
c
2114L-3 Low power RAM $2.25 B
m
AMB-1 $399.50 0
Mother Board, APPLE il Compatlible, Assembied & o)
Tested c/w Baslc ROMS, 48K RAM, Made in Japan O
Electrohome s s shol|
Mo"'tors & APPLE || Compatible, Motherboard (no components) g
6502 Board Kit $275.00
Accessories Includes all parts .
E,PM9261 B&W ‘ . PDA-232C $169.00 |
9 Black & White monitor Serlal interface RS232C Card for APPLE Il ciw Cable & b4
EDM925/P31 $1 69.50 Manual, Three Operating Modes: IO, Terminal, Remote oo
vy b ’ FEATURES e Low Cost @ Excellent Print Quality ® AEB-1 $169.00 o)
9" P31 Green Monitor 80 Characters per second ® Logical Seeking Bi- EPROM Burner Card Pl
EDM1226/B&W $179.50 Directional ® Graphics Printing Capability ® Seif- m
0 . . Dilagnostic Capability ® 96 ASCil Character Set Plus AIC-1 $139.00
12 Black & White Monitor Block Graphics Characters ® Long Life Print Head e Integer Card E
Variety of Interf ® Ti d Friction Fi 3
EDM1226/P31 $1 89.50 d:rrde y of Interfaces ractor and Friction Feed Stan AECA - o
12”” P31 Green Monitor 80 Column Card ;
ECM1302-1 $499.50 Tec-Writer Il Dot Matrix Printer $1299 AZCA $149.00 @]
13" Color RGB Monitor FEATURES e Compact desk-top dot matrix printer ® ZB0A (CPM) Card 4
136-column print @ Light.weight @ Low power. =
ECM1302-2 . . $850.50 consumption ® High-quallty print @ Bitimage graphics APC-1 $149.00 k9
13” Color RGB Monitor Hi Rez. ® Graphic Symbols @ Prints in six dlfferent tanguages Paraliel Printer Card w
L ® High reliability ® Low cost @ Friction and tractor I
1-1302 $ 69.50 feed ® High speed, 120 C.P.S. ® Logic seeking, Bi- AsC-1 $179.00 §
NTSC Interface for ECM1302 for Ap- directionat ® Self diagnostic capability Serial Printer Card b
ple Il Computers ALC-1 $119.00 P
el O
5 : H H 16K RAM (Language) Card
szsnspll Tecttigy Ml ey ips, ey 2soe S
i gh quatity prin 4 con- AGC-1 $219.00
RGB Card for Apple Il or Franklin 100 trolled ® High reliability ® Low profiie, 6 height ® in. Graphics Parallel Printer Gard .gu
_ : dustry standard dalsy wheels ribbon cartridges @ 40
sl - 3 5 C.P.S. Print Speed ® Paper and ribbon out alert ® Cast AKB-1 $135.00 S‘
. sluminum frame ® Universat power supply ® Self test Keyboard; replacement for APPLE I}
; capabllity ® 2K buffer ® Friction feed ® Buiit in word m
. processing functions @ Low noise ACA $135.00 0
Beige APPLE il Case (No keyboard) o o |
AlLL MONITORS SOLD WITH A 1 YEAR WARRANTY FROM ELECTROMHOME. . (@]
C-1 $ 29.00
RCA PRICE LIST Elait;ca g-tone Belge & Brown Case for Apple-type g
eyboar
58-Key Typewriter Format for Aiphanumeric Ent I
What can you \\;:ggé.i.bn paralieloutput $108.75 o —
606 - Asynchronous serial outpu i .
hones“y expect 4 Switching Power Supply for APPLE Ii; +5V @ 5 amps, g
58-Key Typewriter Format Pius Separate 16-Key +12V @ 1 amp, -5V @ 1 amp, - 12V @ 1 amp
from an [ S;I_g?:tg_rs ype KlTwa lo; Fast Numeric Ent?“9 7 o
. . - 8-bit parallel outpu s APS-2 .
interactive data VP-616 - Asynchronous serial output 159,87 i . SA2850
: VP-3301 - Video output & built in audio 47595 Switching Power Supply for APPLE I, +5V @ 3 amps, pY
terminal that ' VP-3303 - Connects directly to TV set 498.95 +12V @ 2amps, - 5V @ % amp, - 12V @ % amp; ciw ey
costs only $475.95 VP-3501 - With built in modem & RF modulator 549.95 on-off switch & connecting wires >
. ASCH Koybeard Fully encoded. 128-character ASC
d : e AAA-2 (S} h
Well, to begln with, cofor graphics. e SartbR, D ComOm e e 2 s o s ey, Compati::eggE?B m
RCA’s VP-3301 has unique color-iocking circultry that VPeOT............ $109.75 cluding Controller Card ! -
gives you sharp, jitter-free color graphics and rainbow-free - TIIXTTOTIIL ASCH/Wumeric Koybosrd ASCH acing refogal m
characters. I T ET L1 L Bl  Keyboaid i0enl.cal 10 VP-601 ohus ‘@)
Plus much more: Microprocessor control. Resident and JSls e upercrenty ".i'z‘§°7'°5 ADC- : $129.00 -y
programmable character set. Reverse video. State-of-the- L SaLGehifs Disc Drive Controller Card for two drives; Appie Il Com- -
art LSi video control. 20 and 40 character formats. R$232C P a1 TP E T VP e e r e ey corar o o bt s patibie
and 20 mA current loop. Six baud rates. Elght data for- VP-620 - ..o eannnns B oy R 27.5 O
mats.hAS(fL‘Il enﬁogl:'\g. ngdhlt-touc? flaxlbcl)egmlembrane kdey Cable: ASCH Keyhoardes Flal ribben cable. 36 in, length with mating connertar AXT $ 550 pd
switches for reliability and long life. CMOS circuitry and a for VP.601 or YP-611 Keyboards, Other end s untermnaled . ¥ —
spill-proof, dust-proof keyboard for hostile environments. VP-823,. .+ 3 FSs ST o o & pik u ............ $27.50 r,;‘.%lag ?l hiiH; g;ﬁ:::lrefgrt:\a::ﬁ;l&%(f: ;i/;?lepé%kn?g:ter (@)
B0 g manitor or  Stanama TV a0t e SBEnAP START WITH ORION FOR A NEW I »
modulator.*® it serves a wide variety of industrial, educa. ERA IN THE WORLD OF -~ mo’y pec’a’ L
tional, business l:-1;'\d indI\'"'IduaI ap:gc?(igns Inc(ludir‘\(g ELECTRONICS RAM 4
communication with time sharing and data base networks 9 I
such as those provided by Dow Jones News/Retrieval Ser- We have the most complete selection 2114L-3 Low RAM $2.25 I
vice, CompuServe and Source. of electronic components. ow power . o
All this—for the low price of $475.95. And it's made by Full line of TTL, CMOS, Linear, 4116-20 16K $ 1.85
RCA. . y . 416415 64K $15.00 |2
1Cs, Computer Interface, Support Chips
VP—3501 Videotex Data Terminal 4164-20 $12.50 £
For time sharln? applications via telephone. Connects to and CPUs. A . o
standard TV set for display. Built-in 300 baud direct connect 6116P 200nS 2Kx8 Static $12.50
modem, includes: numeric keypad, color graphics, tone and CMOS c
noise generator, RF and video/audio outputs, expansion in- C |
terface, resident and user-definable character sets, cursor NMOS 2Kx8 $ 9.75 m
qo'n(rol,"reversgl vid)eo, plus many other features. (Inciudes EPROM o]
connecting cables. ] 4 2708 $ 5_95
VP—3303 interactive Data Terminal (RF & Video/Audio) Electromc Supplles Inc. 2716 $ 5.95 P
General purpose terminal. Similar to the VP-3501. Does not . ' O
include modem or numeric keypad. Six switch selectable ELECTRONIC DISTRIBUTOR 2732 $ 8.75 ()
bf:cueds rates to 19.2k. RS-232C and 20 mA current loop inter- RIS TNIESCar NPV PP T 2532 $ 9.75 2
- Circle No. 6 on Reader Service Card. 2764-45 $17.50
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Continued from page 6

Dlgltal | Storage Scopes

Gould has three new low-cost
storage scopes in their 1400 series
These are portable,
quality

units.

lightweight, instruments

which draw on technology used in
Gould’s more expensive storage
oscilloscopes. All feature 20 MHz
bandwidth, 2 mV/cm sensitivity,
dual trace display, and comprehen-
sive panel controls for baseline
compensation’ and differential
voltage measurements. The digital
storage mode has a 2 MHz conver-

sion rate and display modes such |

Wrist Watch Radio

Sony has unveiled the prototype of
their one-chip wrist watch radio,
featuring alarm and sleep settings,
frequency synthesised AM radio,

four station presets and a display
that shows the AM frequency. This
technology applied to cars would
solve your parking problem. No

price or is

: production date
available.

Toronto Computer Show

The Toronto Computer Show will
be running concurrently with the
Data ’83 conference at the
Automotive Building, Exhibition

10—MARCH—1983—ETI

single shot,

as roll, refreshed,

dlsplay hold, and pretrigger
storage. Contact Mrs. Debbie
Muraca, Allan Crawford

Associates Ltd., 6503 Northam
Drive, MlSSlssauga, Ont. L4V 1J2,
(416) 678-1500.

Place, Toronto, Ontario on June
22 and 23. Last year the show drew
51 exhibitors, and features many
types of hardware and software.
The Data *32 conference will be a
state-of-the-industry meeting of
North American experts reviewing
concepts such as the electronic of-
fice and new solutions to data pro-
cessing. For information call
Laurie Whitsed at (416) 967-6200.

Production Show ’83

Three shows are to run concurrent-
ly at the Coliseum Complex, Ex-
hibition Place, Toronto: The Na-
tional Industrial Production and
Machine Tool Show, The Cana-
dian Welding Show and The
Plastics Show of Canada. their
theme is ‘¢ olutlons to Canada’s
productivity crisis’’ and the idea is
to extend and improve the use of
technology in manufacturing. The
shows will be from May 9 to 13,
and further information can be ob-
tained from Industrial Trade
Shows at (416) 252-7791, or from
Jim Myles, . 20 Butterick Rd,
Toronto M8W 3Z8.

IC Master

This tome is to integrated circuits
as the Oxford English Dictionary is
to words. It lists 35,000 devices in
its 3300 pages, including sources,
key specifications, discontinued
devices and 55,000 substitutes.
You’ll find linears, interfaces,
micros, micro supports, custom
IC’s and PROM programmers, all
organized according to key
specifications. Available at bran-
ches of Active Component Sales
Corp., or contact them at 5651 rue
Ferrier St., Montreal, Quebec H4P
2KS, (514) 731-7441.




“When will someone introduce
high-performance scopes without

the high prices?”

L &

T@ecke el
|

$820

V-202F —20 MHz

$968

V-302F —30 MHz

$1,024

$1,348

V-353F —35 MHz

$1,357

V-650F —60 MHz

$1,949

V-509 —50 MHz

$2,590

V-1050F —100 MHz

$2,973

@HITACHI HEARD YOU.

Ask no longer. Hitachi has just answered your
question with 8 new portable oscilloscopes. In fact,
they’re the highest-quality scopes around for the

money.

We call them our F series. They range from
15 MHz to 100 MHz and can be used for all types of
bench and field work. There are dual-trace and quad-
trace models. Several have delayed sweep. All are
lightweight. Compact. And feature functionally
grouped operating controls and bright, easy-to-read
CRTs. Heres a closer look at each model:
V-152F. A 15 MHz, dual-trace scope, sensitive to
1 mV/div at 7 MHz. It has a 5"CRT. $820.
V-202F. A 20 MHz, dual-trace scope, sensitive to
1 mV/div at 7 MHz. It has a 5.5”CRT. $968.
V-302F. A 30 MHz dual-trace scope, sensitive to
1 mV/div at 7 MHz. It features signal delay and a

5"CRT. $1,024.

V-353F. ‘A 35 MHz, dual-trace delayed sweep scope,

«. sensitive to 1 mV/div at 7 MHz. It features a

5.5”square CRT. $1,357.

¥-209. A 20 MHz, dual trace, mini-portable scope,
sensitive to 1 mV/div at 5 MHz. It features AC/DC
operation and has a 3.5”CRT, and weighs only

10 Ibs. Battery included. $1,348.

2 6"CRT. $1,949.

weighs 11 lbs. $2,590.

6"CRT. $2,973.

V-650F. A 60 MHz, dual-trace scope, sensitive to
1 mV/div at 10 MHz. It features delayed sweep and

V-509. A 50 MHz, dual-trace, mini-portable scope
with optional battery pack, sensitive to 1 mV/div at
10 MHz. It features delayed sweep and a 6”CRT, and

V-1050F. A 100 MHz, quad-trace scope, sensitive to
0.5 mV/div at 5 MHz. It features delayed sweep and a

There they are. High-performance scopes
without the high prices. And al! are backed by
Hitachi’s reputation for quality. To learn more, write

or call us today. Hitachi Denshi, Ltd. (Canada)

Tel. (416) 299-5900

HEAD OFFICE: 65 Melford Drive,
Scarborough, Ontario M1B 2G6

Telex 065-25324

Circle No. 13 on Reader Service Card.




431 ALDEN RD. UNIT 1
MARKHAM, ONT. L3R 3L4

PINEAPPLE COMPUTER PRODUCTS

a74-1273
If busy 498-0422 —

¢

FEATURES:

assembly

(Please add 5% shipping and handling)

case are included.

% Fully compatible with
Apple® 1l +
* Singleboard for easy

% Popular 6502 MPU for large
amount of software

* Game paddle connector on
both sides of case supply

Easy to assemble! All components are clearly silk-screened on the high quality
double-sided mother board. All integrated circuits, IC sockets, peripheral connec-
tors, keyboard, switching power supply and the professional high impact plastic

& pmeapple ;

The Alternative! The Compatible!
The Affordable! 48K Color Computer!

KIT FORM

% Built in 2-watt amplifier for
realistic sound effect with
volume control

% 8 on board peripheral con-
nectors for expansion

* 14 key numeric key-pad

* 5-amp switching power

~_  Verbatim

FLEXIBLE DISKS

fhatim 5%”(S.8.0.D.) $60. ea.
® box of 10 w/Case

@ 5 year warranty

DISC DRIVE SPECIAL

®SA200(5%"). .. .$280.

c— ® SA801(8”)...... $675.
' 5" disc drive 100% Ap-
L 3 ple & Pineapple compati-
ble (SA200)
$385 each

$485 each (w/Controller)

THE OKIDATA SERIES

Sl MLB2A ... ............ $780.
Dy ® ML83A ............... $1250.
* (WITRACTOR)

| -

MONITORS

12 Zenithgreen ... ... .. $160.
14” Electrohome RGB . . . $499.

neY CComing sooni

Has on-board provision for: 64K RAM,

APPLE®? €P/M® SOFTWARE
CUSTOMS SOFTWARE

@ CPIM® 22 ... .. ................ 185.
80x24 Video, Floppy Controller and 6 slots ® Payroll, Acc, Inventory etc. calls for
for some of the above boards. price.

SERVICE: APPLE II® COMPUTER
6502 BOARD

DISK DRIVE & MONITORS

SERVICE DEPARTMENT OPEN!

EXPANSION KITS

® 64K UPGRADE for TRS-80°
® DISK DRIVE for Colour Computer
® DISK DRIVE for TI99/4A

PINEAPPLETM |S A REGISTERED TRADEMARK OF
FORMULA INTL INC., CALIF. U.S.A.

® CP/M IS A REGISTERED TRADEMARK OF DIGITAL
RESEARCH INC.,

©® TRS-801S A REGISTERED TRADEMARK OF TANDY

® APPLE H IS A REGISTERED TRADEMARK OF AP-
PLE COMPUTERS INC.

MAIL ORDERS

Send a certified cheque or money order {do
not send cash). Minimum order is $10 pius $3
for shipping. Ontarlo residents must add 7%
provincial sales tax. Visa, Mastercard and
CORP. American Express accepted: send card No.
signature, expiry date, and name of bank.

HOURS E.S.T.

431 ALDEN RD MON-FRI 9—6
UNIT 1 SAT 1(.)_..5
MARKHAM, ONT. Prices subject to

change without
notice.

Circle No. 26 on Reader Service Card.
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The development of the
voiceprint was to have brought
the accuracy of fingerprinting
to audio identification. Eric
McMillan looks at the techni-
que and its courtroom con-
troversy.

IN 1966 Lawrence G. Kersta was call-
ed to the stand in a Westchester
County, New York, courtroom as a
star witness for the prosecution. The
fate of the accused, a policeman,
hinged on Kersta's testimony. The
court wanted to know whether the
voice that had tipped off a bookie to a
police raid belonged to the defen-
dant.

Kersta gave his opinion that it
was the officer's voice and the defen-
dant was subsequently convicted of
perjury.

Kersta had not been present dur-
ing the tip-off, nor had he been ac-
quainted with the accused. Rather, he
had examined tapes of the warning to
the bookie and of the policeman and
testified as an expert in voice iden-
tification.

What made his testimony
unusual however was his method of
comparing the tapes. Instead of simp-
ly listening and making an aural
judgement, Kersta had produced pic-
torial representations which could be
measured and matched visually.

For the first time evidence from
‘“‘voiceprints’ was accepted in a court
of law. )

Since then voiceprinting has
featured in dozens of trials and
countless more criminal investiga-
tions, although not without continual
controversy.

Proponents claim that
voiceprints can be used by a trained
examiner in a manner similar to
fingerprints, although the reliability
of positive identifications by
voiceprints is lower than the near-
infallibility of fingerprint evidence.

Critics however say the only
similarity is in the name, ‘““voiceprint”’
being coined by Kersta who later
patented it for his private company
Voiceprint Laboratories. Some prefer
to call the printed patterns
“voicegrams” or ‘‘spectrograms.”

Since 1966 courts in North
America have ruled both for and
against the admissibility of voice
print evidence and scientific studies
have been similarly split on its

The sound spectrograph for creating voiceprints: This model is the 7000 series produce'd'
by Voice Identification Iinc. of New Jersey.

reliability, with the most authoritative
investigation coming down on the
negative-side.

It hasn't helped the case for
voiceprinting that another -person
later confessed to tipping off the
bookie in the 1966 crime.

The sound spectrograph

The technique of voiceprinting is sim-
ple enough that no one disputes it
creates an accurate picture of a
human voice at a particular moment.
The debate arises over the
possibilities for identifying voices
this way.

Working at the Bell Laboratories
in New Jersey, Kersta theorized that
since speech depends on the in-
dividual anatomy of each person’s
vocal apparatus (mouth, throat, vocal
cords, etc), everyone's voice is uni-
que. By 1962 he developed the use of
a sound spectrograph to produce
charts of the frequencies, emphasis
and durations of given sounds as
spoken by subjects.

Varying techniques have been
employed over the years but most
voice analysts have focused their at-
tention on small units of speech such
as isolated words, syllabies or
phonemes (single speech-sounds
such a “p” or ‘sh”).

A taped sample is placed in a
recorder on a continuous loop. With

each play-through, a chosen frequen-
cy is filtered out and activates a pen,
which makes a mark on a sheet of
paper. The louder the voice at this fre-
quency, the darker the mark. On suc-
ceeding play-throughs, slightly higher
frequencies are selected and the pen
marks the sheet just above the
previous mark.

When all the frequencies in the
voice sample have been exhausted,
the result is a chart showing the fre-
quency bandwidth for each compo-
nent sound set against the duration
of the sounds, with volume indicated
by relative darkness.

According to Kersta’s theory,
certain characteristics can be found
in common between the voiceprints
made from the same sounds spoken
by one person, although the time and
conditions may change. Moreover,
these characteristics are distinct
enough to differentiate the
voiceprints made by separate in-
dividuals speaking identical words.

In a police application this usual-
ly involves matching the voiceprint
made from an anonymous bomb
threat or obscene phone call against
one made from a suspect. Police ask
a suspect to repeat the exact words
and tone. of the original tape.
Sometimes however they have to
make do with recordings from un-
cooperative suspects who may not
even realize they are being taped. In
that case the voiceprint expert must
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pick out comparable sounds from dif-
fering contexts.

The expert seeks congruences of
vowel frequency, consonant patterns,
bandwidths, vertical streaking, dura-
tion, gaps, contours, intensity and
other features. But since there are no
objective rules for determining what
characterizes a person’s voice, the
judgement lies ultimately with the ex-
aminer’s perception.

A voice identification expert told
a Canadian court in 1977, “You don’t
look for points (of similarity) per se.
You make a subjective decision bas-
ed on the aural and the visual.”

In an attempt to decrease the
margin of error due to fallible human
senses, computers have been pro-
grammed to compare voices on the
basis of voiceprints as well as on
related data. The results so far have
been mixed.

The “Shah of Iran” tapes

Experts considering the same voice
samples have often found
themselves on opposite sides in cour-
troom battles, but never did their fin-
dings conflict as revealingly as when
they faced off with their voiceprints
and computers over the controversial
“Shah” tapes of 1979.

Shortly after Shah Reza Pahlavi
was forced to flee the iranian revolu-
tion, a Los Angeles TV station receiv-
ed a tape which purported to record
the Shah advising his military aides
to turn the army’s guns against the
people. The tape was examined by
leading experts before it was pro-
nounced authentic and reported on
the CBS Evening News.

CBS’ most prestigious expert
was Dr. Oscar Tosi, director of the In-
stitute of Voice ldentification at
Michigan State University where he
had carried out a two-year study of
voiceprinting. Dr. Tosi tested the
“Shah” tape with a panel of five train-
ed listeners and a computer program
designed to eliminate individual
variation between words and to bring
out the unique features of the
speaker. The listeners and the com-
puter delivered positive identifica-
tions. “There was no doubt” it was
the Shar’s voice, said Dr. Tosi.

Another verification came from a
doctoral student at UCLA who had
frequently testified in court on voice
identifrcation. His judgement was
based on over 50 spectrograms com-
paring sounds and syllables. A third
check was made by a local private in-
vestigator who applied a voice stress
analyzer (considered of dubious value
by many scientists).

When the story broke, the New
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York Times, which had also acquired
the “Shar” tape, consulted their own
expert who compared voiceprints of
seven words spoken on the tape in
question and on a known recording of
the Shah. Using both visual and com-
puter comparison, he found at least
two words containing imcompatible
frequencies and he declared the tape
fraudulent. A spokesman for the Shah
also called it a fabrication (though
this cannot be considered conclusive
since many would claim it was in
character for him to have given such
orders to the military and later to
deny it).

Quizzed in greater detail about
his. methods, the CBS expert Dr. Tosi
admitted he really hadn’t had enough
time with the tapes. Possibilities
were raised that the tape was a
speech of the Shah edited to give an
unintended meaning or that it mixed

the Shah's speech with a mimic's. To
make a final validation would pro-
bably take a month of fulltime study,
said Dr. Tosi.

More experts were recruited but
the story sank from sight under the
weight of confusion and was over-
shadowed by new developments in
lran.

Questions linger after the
episode. How objective is the
analysis of voiceprints where experts
can come up with different results
from the same samples? Can the ex-
pert (and police and courts) be fooled
by clever editing or imitations?

And a question more relevant to
our topic may be asked: Without the
glare of publicity that surrounded this
case, raising doubts about the
evidence, can the word of one (or two
or three) voice identification experts
be relied upon in a courtroom?
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Volcegrams of two people speaking the same words with Identical taping equipment
show similarities as well as differences of pattern. The sclentific question is how ac-
curately prints can be identified or differentiated. In these samples time is measured
horizontally for a duration of under 1.5 seconds, while frequency is scaled vertically with
in a range of 4,000 Hz. Relative darkness indicates Intensity.



Trials and errors

Dr. Tosi had been one of the prime
movers in legitimizing the voiceprint
in the eyes of American and Cana-
dian courts.

After 1966 when the father of
voiceprinting, Kersta, testified for the
tirst time, court decisions had gone
both ways. In 1967 the U.S. Air Force
Board of Review upheld the ad-
missibllity of Kersta’s evidence from
spectrograms in a court-martial.

The first civilian test in an ap-
pellate court however turned out dif-
ferently. The case arose from a TV
documentary on the Watts riot of
1965. An unidentified youth in the film
confessed to arson. When a youth
was later arrested on an unrelated
charge, police suspected he might be
the arsonist. The voices were com-
pared by Kersta and the youth was
convicted. But the California Court of
Appeal reversed the decision on the
basis of voiceprint evidence being of
insufficient scientific certainty.

Dr. Tosi tried to provide this
scientific basis by testing identifica-
tion under a variety of conditions. In
his two-year study for Michigan State
University, voiceprints were made
from samples taped a month apart,
from sounds taken out of different
contexts and from voices recorded
without the speaker’s cooperation.
One third of the samples duplicated
the kind of conditions found in foren-
sic applications such as rapid
speech, background noise and
telephone recordings.

Released in 1971, the study
found that under simulated forensic
conditions, false identifications were
made in 4.2 percent of the trials when
the words were taken from identical
sentences and 6.4 percent of the in-
stances when they were taken from
differing contexts. Furthermore, 60
percent of the wrong decisions were
recognized as ‘“uncertain” by the ex-
aminers at the time of decision and
presumably would not be the kind of
choices that would be presented to a
court as positive identifications.

Parallel with Dr. Tosi's study,
Lieutenant Ernest Nash carried out a
survey of cases handled by the
Michigan State Police. In 673 cases
of voice analysis, 105 identifications
and 172 eliminations were made. Of
the identifications, 30 resuited in con-
fessions.

Together, these reports initiated.

a period of general acceptance of
voiceprints by the courts. Not surpris-
ingly, both Dr. Tosi and Lt. Nash soon
joined Kersta as familiar figures on
witness stands.

Up to 1975 a total of 14 out of 15

US federal judges and 35 of 37 state
courts in the US admitted evidence
from spectrographic analysis of
voice.

The first Canadian case followed
suit. Lt. Nash was called up from
Michigan to Ontario to compare the
volce on an extortion attempt to the
voice of a defendant. Lt. Nash made a
positive identification at the

preliminary hearing but was not need-:

ed at the trial because the accused
admitted through his counsel that he
was the anonymous caller.

But in the latter half of the 1970s
the higher level courts began taking a
more sceptical look at voiceprint
evidence. The Michigan Supreme
Court ruled that both Lt. Nash and Dr.
Tosi lacked the necessary impartiali-
ty because their ‘“reputations and
careers have been built on their
voiceprint work.” Supreme Courts in
Maine and Massachusettes, who
found that the analysis of voiceprints
had ‘“general acceptance”, were
balanced by those in California and
Pennsylvania who discovered that it
did not.

In this context of uncertainty, the
only Canadian case to come to trial
was decided. A bomb scare had been
received and recorded at a Manitoba
school. The accused willingly gave
samples of his voice for comparison
by a sergeant who has taken over
from Lt. Nash as the Michigan
police’s star witness in voiceprint
cases.

The judge interrupted the
defence counsel’s questioning of the
reliability of spectrograms because
“that has nothing to do with (the
sergeant’s) expertise in the field.” He
told the jury they couid accept the
evidence as coming from a man who
knew what he was talking about: The
jury apparently did and they found the
accused guilty.

A Court of Appeal upheld the
decision, although a dissenting opi-
nion noted, “Witnesses have come to
court to say they were expert in
palmistry and fortune-telling, but they
have not been allowed to testify, not-
withstanding that they knew what
they were talking about, since
palmistry and fortune-telling are not
recognized as scientific.”

Science or fortune-telling?

The comparison may be unfair.
Voicegrams do seem to produce pic-
tures of how a person speaks at given
moments. And there is a similarity
between how a person speaks at dif-
ferent moments — otherwise we
wouldn’t be able to recognize our
friends’ voices without seeing their
faces.

Rather than discard the sound
spectrograph, it would make sense to
critically evaluate the theoretical
basis for its use and to understand its
limitations. Then, if possible, the
analysis of voiceprints could be
perfected.

Dr. Stevan Pausak of the Ontarlo Forensic Sclences Centre speaks Into the
spectrograph’s microphone to record a segment of tape which Is then wound around a
revolving drum. As the drum rotates, a stylus picks up the frequencies used In the loop,
one increment at a time, and marks them on a sheet of paper on the drum. When the sheet
is unwrapped, the result is one of the volceprints shown.
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In 1976 the FBI commissioned
the US National Academy of Science
to carry out a comprehensive study of
voiceprint techniques. The in-
vestigating .committee drew together
_eight. speech, acoustics and elec-
tronics experts, including Dr. Tosi,
and one lawyer.

The report, published three years
later, exposed the lack of scientific
backing for the theory of voice uni-
queness: “At present, dependable
voice features are not known and the
examiner’'s ltask remains largely an
empirical art.”

The academy found voiceprints
were affected by a host of factors in-
cluding stress, fatigue, illness,
alcohol, allergies — and even by such
everyday activities as waking up,
shouting in a crowded room or
whispering.

The acoustics of the recording
could be affected by background
noise and variables in equipment
such as microphones, recorders and
telephone links.

In short, the committee called
voiceprint evidence ‘*‘ambiguous.”
Without taking a stand on ad-
missibility in court cases, it urged
“‘great caution” and an explanation
of the method’'s limitations to be
given to a judge or jury along with
voiceprint testimony.

At the time of the report's
release the courts in only 23 states
were still accepting voiceprint

Designer Circuits

Overload Current Trip

Most power supplies incorporate
some form of protection circuitry so
that an excessive output current can-
not flow in the event of an overload.
However, these protection circuits
are often designed merely to prevent
the supply circuitry from sustaining
damage, and in the event of an
overload permit a level of current flow
that is sufficient to damage the cir-
cuit being powered. This overload
current trip can be used between the
powered equipment and the power
supply and- will cut off the supply
almost instantly if a preset threshold
current is exceeded. The trip current
can be varied from just a few to a few
hundred milliamps. The unit will work
with supply voltages of 5-40 V.

When power is first applied to
the circuit, power FET Q1 will be bias-
ed hard into conduction by bias
resistor R1. Power is, therefore, sup-
plied to the load via Q1, D1 and R2.
There will be a voltage drop across
these components, and to some ex-
tent this varies with changes in the
supply current.
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evidence.

In Canada voiceprints have not
been introduced in court since the
1977 Manitoba decision. The head of
the audio analysis unit at the RCMP
Ottawa headquarters has recently
been quoted as saying there are “just
enough questions’ about the method
that identifications should be con-
sidered ‘‘probable rather than
positive.” The director of the Ontario
Forensic Sciences Centre concurs,
saying the centre is not prepared to
submit findings from sound spec-
trography to a court as positive
evidence.

Computer cops

In the meantime research is being
carried on in another direction —
voice recognition by computer.

The process is similar to
voiceprint analysis with component
frequencies of sound samples broken
down electronically. Incoming
signals are measured at tiny intervals
and the values stored in digital form.

In one experiment the computer
stored five sets of 16 monosyliabic
words for each speaker. The arrays of
sounds are averaged to account for
variability within each speaker’s
voice. The computer later asks a
speaker to pronounce four random
words from those stored. The words
are adjusted for variability, compared

RV1 is adjusted so that at output
currents below the required threshold
level the proportion of the voltage
dropped across Q1, D1 and R2 (and
fed to Q2’s base terminal) is not suffi-
cient to switch on Q2. If the threshold
current is exceeded, the voltage fed
to Q2's base is then adequate to
switch the device on and it diverts the
bias current that formerly went to
Q1’s gate terminal. Q1 then switches
off and cuts the supply to the load. Q2
remains switched on as it receives a
strong base bias from the positive
supply through the load, current
limiting resistor R3 and RV1. Once
tripped, the circuit thus latches in the
“off” state. It can be returned to the
“on” state by clearing the overload
and then briefly operating SW1 so
that the supply is momentarily
disconnected from the unit. When the
supply is restored it then starts at the
“on” state once again. C1 ensures
that the circuit does always initially
assume the correct state and it also
helps to prevent spurious triggering
of the unit.

with the original sample and the per-
son is accepted or rejected as the
original speaker.

" The decision process in the pro-
gram is actually quite a bit more com-
plex than this simplified explanation
-— s0 complicated that it is doubtful
an examiner, unaided by computer,
could carry it out.

Such a system was supplied to
the U.S. Air Force for the purposes of
access control. Incorrect rejections
occurred only one percent of the time
and false admittances only two per-
cent. Verification time was 6.2
seconds.

Two University of Victoria
linguists have been working on a
computer-controlled system that
focuses on consonant sounds such
as *m,” “n,” and *sh,” on the theory
that the frequencies in these sounds
are the most characteristic in a per-
son’s speech. They hope to improve
upon the reliabllity of voicegrams.

Of course, no self-respecting ex-
tortionist or obscene caller is likely to
cooperate by storing pre-selected
sounds in a computer for later mat-
ching. But as the computer method is
perfected, it could be adapted to
forensic use. It not only performs
more thoroughly and quicker than Dr.
Tosi's trained listeners, but it has
also proven resistant to mimicry.

And computers make impressive
court witnesses, as any Star Trek fan

knows. (ET1]
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When using the unit it should be
kept in mind that about 1V is lost
through the device and the output
voltage from the supply must be ad-
justed to compensate for this. The
current trip inevitably causes some
loss of regulation efficiency, but this
is only marginal. If the unit is to have
a trip current of about 100 mA or
more, R2 can be reduced to about 1R8
in order to maintain the low voltage
drop.
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Roger Allen investigates the development of radar
technology in WWII, including the equipment and
strategy used. Also included is a look at German ad-
vances in the field; they were further ahead than is
usually believed.

Digital Counters and Timers!iit
Fauit finding for Beginnersiit
All Things Being Equal — a look at
equalisation!i!

ZX81 interface Board!!!

Loudspeaker Protector

A carefully thought-out unit that disconnects your
speakers automatically on overloads and other ex-
cessively bad news coming down the leads. Self-
powered, self-resetting, and low cost.

Inertial Navigation

Inertial navigation and guidance systems are built to
amazing standards of precision. Commercial aircraft
can be guided thousands of miles with almost
negligable error. They still manage to lose your luggage,
though.
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With all the logic probe
designs that have been
published, you didn’t think we
could come up with an original
design, did you? Oh ye of little
faith this one’s cheap,
compact, and clever. Design
and development by Phil
Walker.

THIS MONTH’S ‘project par ex-
cellence’ from the ETI workshop is
very useful dual purpose logic tester.
It is designed with CMOS in mind and
uses mostly logic ICs of that family.
Our prototype gives results with
pulses down to 200 nS wide at fre-
quencies from DC to over 2 MHz.

The ETI Dicrobe is designed as a
dual purpose test instrument. One
half of it is a reasonably conventional
logic probe giving indications for
logic high, low, and pulsing states
while also having a transition
memory to store those events you
might otherwise miss. All these con-
ditions are displayed on a seven-
segment LED display to give a prac-
tical representation of conditions at
the probe tip.

Probing For Pulses

The other half of the unit is a logic
pulser which automatically senses
the logic level of the secondary probe
and gives it a short pulse to the op-
posite state. This can either be a
square wave drive at about 5 Hz or 2
uS pulses, again repeated five times
per second.

Two LEDs indicate the logic
state on this probe but no indication
of pulse conditions is given. The two
parts of the instrument can be used
independently or together. This
enables a considerable amount of
useful testing to be carried out with
this unit alone.

For instance, the puiser could be
applied to a clock input while the
primary probe looks at the outputs to
see if anything happens. Both probes
could be applied to a part of the cir-
cuit to see if it Is shorted to OV or the
positive supply; in this case pulses
will be seen if everything is OK (even
if there is an output from a gate driv-
ing it).

On TTL circuits the probe may
not operate so quickly due to the low
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Using the case and construction techniques specified glves a neat little project.

supply voltage but a useful indication
of functions should be possible. Bear
in mind, however, that the logic high
and low levels for TTL are much lower
relative to the supplies than for
CMOS.

A Tour Round The Circult

The primary probe circuit uses a 4049
to sense the input, with the advan-
tage of high speed, high input im-
pedance and CMOS logic thresholds.
The output from three sections of this
drives the edge detector and two seg-
ment drivers. The edge detector
drives a set-reset latch (to store the
fact that a transition occurred) and a
monostable (to give indication of
previous conditions).

The secondary probe circuit is a
little simpler than the primary probe
as it is not designed for high speed.
Part of a hex Schmitt trigger senses
the input and the result of this is
stored on a set-reset latch. Another
part of the Schmitt package works as
an oscillator at about 5 Hz and drives
two other sections via CR networks to
provide reset pulses for the set-reset
latch and enable pulses for the out-
put circuit.

The output transistors are con-
nected so that they are normally off.
When a pulse is to be applied to the
output the logic drivers apply base
drive to one of the transistors. The
particular transistor driven is the one
which gives a pulse of the opposite
polarity to the normal state of the cir-
cuit point to which the probe is con-
nected. After the pulse the state of
the circuit is sensed ready for the
next pulse.

The three-position switch allows
the secondary probe to act as a
straight logic probe or an automatic
pulser with short duration or square
wave pulsing.

Construction

The PCB for 'this project has been
designed to fit inside a small plastic
box. There is very little room to spare
inside the box so great care must be
taken to use small components and
make the connecting wires as thin
and short as possible.

A fine tipped soldering iron is
essential for this project and great
care must be taken to avoid solder
splashes between tracks. The ICs can
be mounted in sockets of the low pro-
file type and the seven-segment
display should be mounted in a
socket as well. For the display we us-
ed some Soldercon connectors; these
are taller than the low profile sockets
on the other ICs and held it higher
above the board to project through
the case lid when assembled. Apart
from the LEDs and two resistors, all
the other components mount normal-
ly on the PCB. Take care to get the
diodes, transistors, ICs and capacitor
the correct way round. The LEDs are
mounted so that they will project
through the lid.

Two resistors have to be
mounted on end so refer to the
overlay to see where they should go.
Two wire links are needed near IC1 so
don’t forget these either. The links
are close together and should be
made with insulated wire. When wir-
ing up, connect lengths of 6” or so to



all the connection points indicated
except the power supply, which
should be 18" or so.

Fit the sockets for the probes in-
to the end of the box where the board
mounting pillars are closest together.
They must be as near to the bottom of
the box as possible. Also fit the reset
switch into the side of the box in a
similar manner. This switch must be
very small to fit in the space provided.
If a suitable component cannot be ob-
tained, increase the value of R3 to
10M and use two small bolts as a
touch switch. This is suggested only
as a last resort!

A small grommet should be ,in-
serted in the opposite end of the box
to the probe connectors to take the
power supply wires. The box lid must
have holes cut or drilled in it to clear
the display, LEDs and made switch
SW1. SW1 is bolted to the lid and the
interpin connections made before wir-
ing to the board.

When fitting the PCB into the
box the wires from it must all pass
over the ends as there is not enough
clearance at the side for them. The
probe and switch wires should be
short or they will get in the way of the
lid. Our prototype used small grom-
mets cut in half as spacers between
the PCB and the mounting pillars to
get the correct height.

Probing Deeper

The probes themselves were very sim-
ple. The main one was a piece of
brass threaded rod turned to a point
in a drill with a file. This was soldered
into a metal tube taken from a piece
of plastic connector block. A small
piece of thick wire was soldered into
the 2 mm plug and then this was
soldered into the other end of the
metal tube. You may care to experi-
ment with a sewing machine needle
instead of the brass rod as these form
very durable probe tips.

The other one was simply a piece
of wire with a spring probe on the end
terminated in another 1 mm plug.

The two probes are inter-
changeable as required. Power supp-
ly wires can be terminated in
crocodile clips or anything conve-
nient.

What’s The Diagnosis?

The probe is intended for diagnostic
work on CMOS circuits where the
main part is used to look for the ef-
fects caused by the puiser probe be-
ing applied to an earlier part of the
circuit. This lets us find faults in com-

NOTE:

IC1 1S 40498

IC2 1S 4070B

IC3 IS 4093B

1C4 1S 40106B

ICS IS 4011B

Q1 IS 2N3905

Q2-1S MPS6515

D18 ARE 1N4148

LED 1 1S 3mm RED LED
LED 2 1S 3mm GREEN LED

DISP 1 1S FND357 e

(COMMON CATHODE) &'
eRoBE1 P
LOGIC PROBE “VE
[
1 2 n‘o DISP 1
’_z) €20 I
13, o o . B
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4
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Fig. 1 Complete clrcult dlagram of the loglc probe.

PROBE 2
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NOTE: k = CATHODE
*C7 IS MOUNTED ABOVE R1,01,D2

Flg. 2 Component overlay. Note that one end of R12 Is soldered to two flying leads, not
the board.

ETI—MARCH—1983—19




Duai Logic Probe EE -

ponents such as gates and many
counters and other devices. By con-
necting both probes to the same
point, a check can be made to see
whether a short circuit exists to
either power rail (no pulses detected).
It can also be used as a crude signal

source if nothing else is available.

The pulser works best if the point
to which it is attached is static, as it
has a fairly slow response time. Note
that when it is in the active pulsing
mode, the LED display does not give
a true picture of the logic level at the

pulse probe.

The main probe will catch pulses
down to 200 nS with a 9 V supply

which should be adequate.

" PARTS LIST |
Reslistors (all AW, 5%)
R1,2,12,13,
19,20 10k

R3,10,11 1M0
R4-9,17,18  1k0
R14-16 100k
R21,22 22R

Capacitors (ail minlature ceramic ex-
cept where stated)

C1 100p

Cc2 68p

C3 100n

C4 470n 35V tantalum bead

C5 150p

Ccé 4an7

Cc7 100u 25V axial elec-
trolytic

Semiconductors

IC1 4049B

IC2 4070B

IC3 4093B

1IC4 40106B

1C5 4011B

Qt 2N3905

Q2 MPS6515

D1-8 1N4148

LED1 3mm red LED

LED2 3mm green LED

DISP1 0.4” seven-segment

common cathode
display (FND357 or

similar)

Miscellaneous

SWi1 3-position miniature
slide switch

PB1 subminiature push-
button

PCB; two 2mm sockets and plugs for
probes; piece of brass rod or studding
for probe; crocodile clips; 10-way
Soldercon strip; low profile IC sockets
(f used); small grommets, wire, screws
etc; case.

MAIN LOGIC PROBE

This part of the circuit is based around
IC1,2 and 3. The input from the probe tip
passes via a simple protection network R,
D1 and D2 to ICla. This device senses the
logic level at the probe tip while also presen-
ting a very high impedance to the circuit
under test. Two more sections of the device,
IC1b and IClc, are used to speed up the
transition time when the logic state changes
at the input. The output from IClc is used
by ICIf to drive one of the segments of the
display. IClc’s output is inverted by IC1d
and used by ICle to drive another segment.
These two display segments form the im-
mediate logic state indicator.

The outputs from IClc and IC1d go to
IC2b and IC2c. IC2 is a quad exclusive-OR
gate which in this case is being used as a
controlled inverter. The outputs from these
two sections drive two more segments of the
display but these are the ones which in-
dicate the previous logic state.

To detect a transition from one state to
another, the output from IClc is applied to
one input of IC2a while the output from
IC1d is applied to the other via R2 and C2.
These components cause the inputs to IC2a
to be slightly out of phase with each other.
In their normal rest state the inputs to IC2a
would be at opposite logic levels causing the
output to be high, but for a short time after
a transition the inputs to IC2a will be at the
same level and the output will be low during
this period.

This low pulse has two effects. The
first is to set the latch formed by IC3a and
IC3b such that the decimal point LED in

the display is lit, indicating that a transition’

has occurred. The second is to force the
output of IC3c high, enabling the astable
oscillator formed around IC3d. In fact
IC3c and IC3d form a monostable to effec-
tively stretch input pulses and transitions so
that they can be seen. The low pulse on
IC3c input puts a high on IC3d input
which, since C3 has been resting at a high
level, will make the output of IC3d go low
immediately. This forces IC3c output to re-
main high via its second input until C3
discharges enough to allow IC3d output td
go high again.

The output of IC3c is connected to
IC2d which acts as a buffer to drive the cen-
tre segment of the display. This fashes to
indicate that a transition has occurred. IC3c
output also drives IC2b and IC2¢, causing

them to invert the signal on their other in-
put while the monostable is active. The ef-
fect of this controlled inversion is that the
last transition is mimicked on the display.
The transition memory, IC3a,b, can be
reset at will by pressing PB1. The decimal
point on the display will go dark until
another transition occurs at the input.

PULSER PROBE

The input from the probe tip is sensed by
IC4c, part of a hex Schmitt trigger. Some
protection is provided by R12, R13, D3 and
D4 against excess input voltage. The output
from IC4c goes to the latch formed by IC5a
and IC5b via R15. A low on IC4-c output
will set the latch such the LEDI is alight
and LED2 is off.

IC4a, R11 and C4 form a slow speed
oscillator which, via a buffer IC4b, drives
the pulse generation circuits. On the rising
edge of the output from IC4b, IC4d is
driven by C6é and R14 to produce a low
pulse of short duration. This pulse tries to
reset the IC5a,b latch but will only succeed
if 1C4c output is high. This updates the
latch every cycle of the slow clock.

On the falling edge of the slow clock a
signal may be passed to IC4e via C5 and
Swl. Position 1 of the switch does not allow
the pulse to pass and the circuit, acts as a
slow logic probe only. Position 2 of the
switch allows the signal through but con-
nects R16 into the circuit such that it forms
a differentiator with C5 and makes the out-
put from IC4e appear as short pulses. In
position 3 the output of IC4b is coupled to
IC4e via C5 virtually without change. This
means that the pulses will be approximately
50% duty cycle.

The output from IC4e (consisting of a
low logic level with or without positive-
going pulses) passes to IC5c and IC5d. The
other inputs to these gates are taken from
the output of the input sense latch, IC5a
and ICSb. If the output of IC4e goes high,
then one or other of the outputs of IC5c or
IC5d will go low. A low level on IC5c will
turn Q1 on via R19 and pull the probe to a
high level via R21. If IC5d goes low instead,
IC4f output will go high and turn Q2 on via
R20. This will pull the pulser probe to the
negative supply via R22. D6 and D7 provide
a small amount of protection for this part
of the circuit while D8 provides overall
polarity protection for the probe supply.
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Designer’'s
notebook:
Unusual

Technology

Piezo-electric ‘buzzers’ such as the PB-2720
are super-efficient and inexpensive sound
generators, easily driven by simple CMOS cir-
cuitry. In this month’s Notebook, Ray
Marston shows how to use them.

THERE IS A frequent requirement in instrumentation
designs, for example, for some form of alarm or ‘fault
condition’ indicator, perhaps to warn of a short-circuit
or overload condition in a power supply or an overspeed
condition, loss of oil pressure and so on in a car or
truck. |f you ever need to design such an alarm, you
have the options of using either a visual (lamp or LED) or
an acoustic type of output indicator.

The major snag with purely visual indicators is that
they are only effective if you happen to be looking at
them when they activate. Clearly, acoustic indicators
are the most effective types of ‘attention grabbers’, but
in the past they tended to be rather expensive to imple-
ment both in terms of money and in power consumption
and physical bulk.

The recent introduction of small, inexpensive and
highly efficient piezo-electric acoustic transducers
such as the Toko PB-2720 has totally changed this
situation, however, and it is now possible to build effec-
tive acoustic indicators at costs that are very low.

PB-2720 Basics

The PB-2720 piezo-electric transducer is a super-
efficient electric-to-acoustic power converter. it con-
sists of a metal plate bonded to a thin slice of piezo-
electric ceramic and is housed in a small plastic-
moulded resonant chamber.

If you apply an AC signal across the two input ter-
minals of the PB-2720, you get a corresponding audible
output. Figure 1 shows the frequency characteristics of
the device when it is fed with a 1v5 RMS input and the
output level is measured at a range of 10 cm. Note that a
good output level is available across a wide frequency
band but this peaks at about 4.5 kHz, at which point an
output sound level of roughly 85 dB is obtained at a
range of 10 cm from a 1V5 RMS input. If you are not
familiar with acoustic terminology, 85 dB is typical of
the subjective sound level of a noisy office or busy
street.
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Fig. 1 Frequency characteristics of the PB-2720 ‘buzzer with

an input of 1.5 V RMS. The sound pressure is measured at 10
cm.

The really impressive feature of the PB-2720 is its
high level of power conversion efficiency and conse-
quent low power input requirement for a given power
output. Figure 2 shows the input vdltage characteristics
of the device in terms of current consumption and
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Fig. 2 Input voltage characteristics of the PB-2720 in terms of
current consumption and generated sound pressure.

generated sound pressure. Note here, for example, that
a 10 V RMS input at 4.8 kHz causes a current consump-
tion of only 3 mA but results in 100 dB of output, while at
1.65 kHz the input consumes only 1 mA (10 mW) for 87
dB of output. Very impressive.

The explanation for these apparently miraculously
low levels of power consumption is very simple. Con-
ventional electromagnetic speaker-type transducers
have incredibly low conversion efficiency levels, rang-
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ing from a mere 0.1% for hi-fi speakers to 2% for
‘cheapo’ types. The PB 2720, by contrast, is a plezo-
electric device and has an efficiency level of about 50%.
Thus, for a given output level it needs an input power of
only 1/500th to 1/25th of conventional sound generators.

Driving The PB-2720

The PB-2720 is a very easy device to drive. Being
ceramic, its input terminals appear to the outside world
as a simple capacitor with a static value of about 20nF
and a DC resistance of near-infinity: if you drive it with a
pure sine wave, you simply find that its impedance
decreases as frequency Increases.

The most effective and cheapest way to drive the
device is to feed it with square waves, but in this case
the driver must be able to source and sink currents with
equal ease and must have a current-limited (short-
circuit proof) output. CMOS drivers fit this bill perfectly.

Figures 3 and 4 show two very inexpensive ways of
driving the PB-2720 from a gated 4011B CMOS
oscillator; both circuits generate a continuous-tone
signal when they are enabled, are gated on by a high
(logic 1) input signal, and can use any supply in the
range 3 to 18V.

The Fig. 3 circuit calis for little explanation. IC1a-
IC1b are wired as a gated 2 kHz astable, and IC1c is us-
ed to give single-ended buffered drive to the PB-2720.
The circuit can be gated on electronically, or by PB1.
The signal reaching the PB-2720 is thus an approximate
square wave with a peak-to-peak amplitude roughly
equal to the supply voltage: consequently, the RMS
voltage across the load is roughly equal to 50% of the
supply voltage.
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Fig. 3 This basic buzzer circuit Is gated by a high (logic 1) input
and generates a 2 kHz continuous tone. The PB-2720 drive iIs
single-ended. Sound output (at. 10 cm) is about 82 dB from a 10
V supply.
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Fig. 4 This verslon of the baslc buzzer circult uses bridge drive
to the PB-2720 and produces an output that Is four times
louder than the Flg. 3 circult.

22—MARCH—1983—ETI

The Fig. 4 circuit is rather more difficult to unders-
tand. IC1c and IC1d are series-connected and used to
glve a ‘bridge’ drive to the transducer, in which an-
tiphase signals are fed to the two sides of the PB-2720.
The consequence of this cunning drive technique is that
the load (the PB-2720) actually sees a square wave drive
voltage that has a peak-to-peak value equal to twice the
supply voltage and thus gives four times more acoustic
power than the Fig. 3 circuit. The effective RMS voltage
across the load of the Fig. 4 circuit is equal to the supp-
ly voltage. Mystlified?

Points Of View

The solution to the action of the bridge-driven circuit of
Fig. 4 can be understood with the aid of Fig. 5, which
shows the waveforms applied to the load from a bridge
circuit when it is fed with a 10V peak-to-peak square
wave input signal. The important thing to grasp when

LOAD

=™,

Pelzlaloefs]s]

WAVEFORM AT POINT
"A” ZERO-REFERENCED
TO GROUND

WAVEFDRM AT POINT
‘B ZERO-REFERENCED
T0 GROUND

WAVEF ORM AT POINT
B 2EROQ-REFERENCED - =
TO POINT ‘A

Fig. 5 Waveforms applied to the load from a bridge circuit
when it is fed with a 10 V peak-to-peak square wave input
signal. Note that the first two waveforms are zero-referenced
to ground, but the third waveform is zero-referenced to point A.

looking at this diagram is the basic concept of
reference points. You and | are accustomed to thinking
in terms of the common or ground line as being the ‘zero
voltage’ reference point. Thus, when we look at point A
in Fig. 6 we see a square wave signal that alternates
between 0 V and + 10 V. Similarly, when we look at
point B we again see a 10 V peak-to-peak signal, but in
this case it is in antiphase to the A signal (shifted by
180°).

Now the load in the Fig. 5 circuit (irrespective of
whether it is a simple resistor or a PB-2720) sees drive
voltages purely with reference to one arbitary side of
itself. With this concept in mind, let’s look at the drive
voltage as seen by the load (the third waveform, the true
voltage across the load), which assumes that the load is
always seeing point A as its ‘zero reference’ point.

In this case, during period ‘1’ of the drive signal,
point B is 10 V positive to point A and is thus seen as be-
ing at ‘+10V’. In period ‘2, point B is 10V negative to
point A, and is thus seen as being at * — 10V’. Similarly,
through periods ‘3’ to ‘6’ point B is seen as alternating
through + 10V, — 10V, + 10V and - 10V.

Thus the load in a 10V bridge-driven circuit sees a
voltage of 20 V peak-to-peak, or twice the single-ended
input voltage. Since doubling the drive voltage results in
a doubling of the drive current, and power is equal to the
V.l product, the bridge-driven circuit will produce four




times more power than the single-ended circuit. If you
don’t believe it, check it with a ‘scope, but don’t forget
to reference your ‘common’ terminal to one side of the
load.

Sound Practice

Gated CMOS oscillators/drivers can be used in a variety
of ways to produce useful alarm sounds from the
PB-2720. A few variations are shown in Figs. 6 to 9. If
you are not bothered about wave form degradation and
need to use the minimum possible number of gates, you
can, for example, drive the PB-2720 directly from the
output of the CMOS astable, as shown in Fig. 6. Alter-
natively, if you want the alarm to be gated on by a low
(logic 0) input, simply substitute a 4001B for the 4011B,
as shown in the bridge-driven circuit of Fig. 7.

Figure 8 shows how you ¢an use a single 4011B to
make a pulsed-tone (bleep-bleep) alarm circuit with
direct drive to the PB-2720. Here, IC1a-IC1b are wired as
a gated 6 Hz astable which is used to gate the IC1c-IC1d
2 kHz astable on and off. The circuit is gated on by a
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Fig. 6 Direct-output version of the gated 2 kHz buzzer circuit.

Flg. 8 This gated warble-tone alarm sounds like a police car
siren (dee-dah) and has a bridge-driven output.

high input; if you want low-input gating, simply swap
the 4011B for a 4001B and transpose the positions of
PB1 and R1.

Figure 9 shows a warble-tone version of the gated
alarm. Here, low-frequency astable IC1a-IC1b is used to
modulate the frequency of the 1C1c-IC1d astable; the
depth of frequency modulation depends on the value us-
ed for R3.

There are plenty of other gated CMOS generator
circuits that can be used to drive the PB-2720. The
generators can be gated by a wide variety of sensor cir-
cuits, so that the alarms are automatically activated by
excesses of light, temperature, voltage or current, and
so on; lots of suitable circuits can be found in past
issues of ETI.
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Fig. 7 A continuous-tone 2 kHz buzzer with bridge drive, gated
on by a low (logic 0) Input.
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Fig. 8 A gated pulsed-tone alarm, gated by a high Input, with
direct-drive output.
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How. does the close caption-
ing facility that we see offered
at the start of several TV pro-
grammes work? Roger Allan
explains.

CLOSED CAPTIONING for the hear-
ing impaired reached the operational
phase after more than seven years of
development at the PBS in the US, in-
augurated as a regular service in the
US in March 1980 .and on the CBC
here in Canada in January 1981.

Closed captioning refers to cap-
tions that are encoded in the video
signal and cannot be seen on a home
receiver unless a decoder is used.
The purpose of the ‘closed’ caption-
ing system is primarily to provide a
service for the hearing impaired
without distracting the majority of
viewers who have normal hearing.
The captioning data signal is encod-
ed in the television signal vertical in-
terval of TV Line 21, Field 1. At pre-
sent, all captioning in English is done
by the National Captioning Institute
(N.C.L) either at their Falls Church,
Virginia, facility or in Hollywood,
California. A French language facility
in Montreal (the Canadian Captioning
Development Agency) provides the
CBC with a few hours of captioned
programming each week. An English
language captioning centre is ex-
pected to be built in Toronto
sometime in the spring of 1983.

The process of captioning is
relatively straight-forward. At N.C.l,,
an editor is supplied with a 3/4” video
cassette complete with S.M.P.T.E.
time code dubbed from the original 2”
video master tape of the television
program. The captioning editor
makes the decision about wording of
captions, the timing of when each
caption appears and disappears, and
also the placement of the captions on
the screen. This process is carried
out on an editing console in which
there is a Sony 3/4" tape machine,
disc drives, colour monitor and
microprocessor with a *‘light pen” at-
tachment which is used to arrange
the captions on the screen so as to
present them in the most readable
form and not obscure important pic-
ture detail.
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Captioning

> |

The heart of real-time closed-captloning Is a stenocaptioner who transcribes what he
hears Into a machine. Here Marty Block of NCI prepares captlons for ABC’s World News
Tonight. Photo B. What you see If you have a converter; they are available from Sears for

$369.00.

The decisions in the editing pro-
cess are related to the time code on
the cassette and stored on floppy
discs. The floppy disk is the actual
product of the caption editing pro-
cess. To put the captions on air, an
encoder capable of reading time code
is required to synchronize the floppy
disc data and the 2’ master tape. The
disk output is encoded on Line 21 and
the resulting captioned output can be
re-recorded or aired ‘live’. The system
used by the PBS Closed Captioning
System is capable of ‘time multiplex-
ing’ 4 different signals on Line 21.
These are caption Channels #1 and #2
and “text’