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Discover our world of electronics
We welcome you; whether you’re a hobbyist or
industrial developer to visit us in downtown

Toronto or give us a call. Qualified staff is always
on hand to solve your problems or fill your order.
What ever your needs you can lean on us.

Every Day
Memory
SPECIALS

4116-150NS  § 3.25
4116-200NS  § 2.75

4116-300NS  § 1.80
2114-200NS  § 3.95
2114-450NS  § 3.25
2102-250NS  $ 1.75
5101 CMOS  § 3.95
2708 EPROM § 4.25
2716 EPROM 8 6.95
2732 EPROM $13.95
2532 EPROM $17.95

There’s just
no comparison

We stock these fine computer product lines and more

‘L Rockwell
International
==777 Mullen

RGA

O

T cosmacM P

Supefboard I
Microcomputer

Includes extra 4K memory
and one video modulator.

AARDVARK

TECHNICAL
SERVICES

Ohio Scientific Software

We've always been an
AARDVARK dealer, we
know the product and we

IC Sockets
Soldertail

$1

SAVINGS

8 pin
14 pin
16 pin
18 pin
22 pin
24 pin
28 pin
40 pin

10 for $1.00
8 for $1.00
8 for $1.00
6 for $1.00
5 for $1.00
4 for $1.00
4 for $1.00
3 for $1.00

Way under a
penny a pin.

DISK DRIVES

MICRO PERIPHERALS INC

MODEL 51
250K-BYTE capacity
single sided

double

density

48 TPI $399.95
MODEL 52
500K-BYTE capacity
double sided
double density

48 TPI $549.95
MODEL 91
500K-BYTE capacity
single sided

double density

96 TPI $549.95
MODEL 92

1 MEGABYTE capacity
double sided
double density

96 TPI $712.95

Super Special
Siemens 8" Drive
FDD-100-8 Single sided,
single or double density

$625.002 10r $1200.00

Send certified cheque, money order, (VISA, Master Card or
American Express)...include expiry date, card number and
signature. We process only prepaid orders. Minimum order
$10.00. Add 5% (minimum $2.00) for shipping and handling.

Ontario residents add 7% sales tax.

ARKON ELECTRONICS LTD.

409 Queen Street West. Toronto, Ontario M5V 2AS

868+1315

Compare have the most extensive
what you get for $455.00 stock anywhere.
8" and 5/4" i,
FLOPPY SUP ‘R’ MOD 1l

Wide band black and white
or colour compatible inter-
face system intended to
convert the home TV to a
full video display. Great for
home computer. Includes
coaxial cable and antenna
transformer. Assembled.
Super ‘R* MQOD Il video
modulator.

Value packed RCA
Cosmac
Microcomputer
VP711

Features RCA COSMAC
Microprocessor. 2K RAM,
expandable to 32K (4K on-
board). Built-in cassette in-
terface and video interface.
16 key hexidecimal keypad.
ROM operating system.
CHIP-8 language and
machine language. Tone
enerator and speaker,
-bit input port, 8-bit out-
put port, and full system
expansion  connector.
Power sup vaand 3 manu-
als (VP-311, VP-320,
MPM201B)  included.
Completely assembled.
VP711 $342.00
Beginners set, 1K expand-
able to 32K. User must
instali cables (supplied)
and Furnish 5 volt power
supply and speaker.

VP111 $162.50

ASCIl KEYBOARDS

Just another everyday low,
low price. Microswitch.

8" DISKS

3740/1 SSSD 10/BX 9.25

$44 .95 Two types to choose from.
$39.95
h
Dysa’l Price per disk
104/1 SSSD Soft Sector 35 TRK 5/BX 7.50
51/4” 107/1 SSSD 10 Sector 35 TRK 5/BX 7.50
105/1 SSSD 16 Sector 35 TRK 5/BX 7.50
DISKETTES 104/1D SSDD Soft Sector 35 TRK 5/BX 8.50
107/1D SSDD 10 Sector 35 TRK 5/BX 8.50
105/1D SSDD 16 Sector 35 TRK 5/BX 8.50
205/1D SSDD 96/100 10/BX 12.50
104/2D DSDD Soft Sector 35 TRK 5/BX 9.95
107/2D DSDD 10 Sector 35 TRK 5/BX 9.95
105/2D DSDD 16 Sector 35 TRK 5/BX 8.95
205/2D DSDD 96/100 10/BX 14.95

3740/1D SSDD 10/BX  11.50

3740/2D DSDD 10/BX 13.00

TTL, CMOS, Linear
Microprocessors

Check out our latest prices.
They just can't be beat.

Call 868-1315

Send $2.50 for Arkon
81/82 Catalogue [
100 pages | -

(add 60¢ postage)

This month’s

Instock Specials
6809 P $24.95
4164-150NS  $17.95
4016-150NS  $17.95
Pin for pin with TMM2016

BOOKS

Our book room is bigger
and better than anything
you have ever seen.
Over 1000 titles

in stock now.
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C
omponents & Computing Inc
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SPECIALSR

Please
note that we now have a well-staffed

received before D
: ec.
you before Dec. 24, 1918‘;’ 1981 should reach

Hameg
Oscilloscopes

__ The specials continue on German-
made Hameg SCOpes

reg.

VERSAFLOPPY i
Disk Controller

$BC209 single:
Board Computer

EXPANDORAM "
Memory Board

yvDB 8024 Video
Board

ohio gcientific

SUPERBOARD w100 cPU
with 8K of memory i ?“f’.ﬁ,‘n"ﬁf."“"”
only $439°° rog

RF Modulgtor kit only $8.95 extra

$498
$445
$319
$539
$348
$279
$685
$197
$485

For descriptions and photos, refer o
ET! June 1981

We also provide assemb\ed and tested
S.D. Systems poards at $85 extra. ver
satioppy s $130 extia since Wt re
quires crinical tuning

We are p\eased |0 announce
the arrival )t this versatite
new computer, which is ex
tensively used by the univer-
sity of Toronto fof teaching
pUrpoSes. Among its stan-
es are K of

MPCA a.Channel
Serial WO Board

$650 | mRwRe

Double sided, single Of double densi-

floppy drive- hard Of soft 280 Starter Kit

$390

gie of double demn-

$495

$695 2 i I
sity e floppy
_ Softar hard sectored

Kit Price
Assemb\ed

B ow AND SAVE
MULTIFLEX Z80A
COMPUTER SYSTEM

you've heard all about it. \t not check
the May gTl for an independent
review

SAA50 $580 $100 Back Plane with

Al the features of the SA400 7slots . - - $25.00
| (avove) excep! doublg sided (5106 connectors extra $5.” each)
5100 Back Plane with active
SA801 R $685 termination 13 slots . . $48.%
(Sigr\al line isolation)
single sided. _smg\e or double den- 3] 00 Prototyping
sity 8 HoppY drive 495
Hard of so(\-sec\ored .

Board — $3
Designed for side-by side mounting
f wwo drives 1N a standard 19-inch
rack

very good stock

A164-150n8 . - - 13.95
(1 x 64K smg\e(+5V) supp'y) THIS MONTH ONLY
4116-150ns (1X16k) o219 LOWEST PR‘CE EVER
4116-200ns (1x16%) - 250 | g375%
4116:300ns (1x16K) - - 169 o = w0
2117-200ns (1x16K) “aes | 'ESS 10% =$337-
(S'mg\e +5V supp\y) Otter good strictly only 1t Dec. 31
: 3
>114L-200ns oW POWE! 3.25 :,i?.“v;;gz:::::;:g_w and immediate
™M 2016 (24K X g static MULT\FLEX 64K 5100
MORY BOARD KIT

{with refresh,
Memory 200ns)

Super price $345%

This month oni

y .
Apple drive with controller
$785.°

$950

At the features of the SABO1R
(above) put doublte sided

Centronics Printers

730-1 $945.%°

730-3 Ser terface
9

9 .00

MlCROSWlTCH
KEYBOARDS ON SALE AT

job O
$34.50 LIMITED OFFER.

one 24 pin socket

739-1 paraliel ..

ASClKeyboards EPSON MX80. . .8

106 keys Typewriter style
plus numeric and Cuf
| keypads

. Severa control Keys
detinable through 1w PROMS
ASCH encoded

Power LED and remote Pro-

cessor reset switch included

FOR OUANT\T\ES OF OVER
33 PIECES CONTACT ys FOR
SPECTACULAR PRICING

PRICE PO
" Li
emember that at Excomonﬁ.Ynll prices a
re

negotiabl:
o for'quantity purchases. If you cannot

attord Ia
starting :“50“;‘;""““ on your own, how abol
g ‘ ut

MAIL ORDERS

Send a certif
ied che
send cash). Minim que ar money
i ) um orde! order (d:
ping. Ontario residents m'ul:|sl‘o lus $3 'u’.;'ol

7% provincial

sales tax. Visa and Mastercard accepted: send
-, $1g y

card No., signature, expiry date and name of bank.

319 COLLEG
E STREET, T
. , TO
ALL PRICES ARE IN CANARD?:TO’ ONTARIO, CANADA, M5T i =
N FUNDS, 9% FEDERAL’ SALE1882 (416) 921-5295
ES TAX INCLUD
ED

master charge

Circl
e no. 5 on Reader Service Card
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Features

Band Pass and Beyond .... 18
Tim Orr looks at switched
capacitors and some new ICs, un-
til after a few hours, his eyes start
going funny. He has writen this
very informative article on filter
networks, but, sadly, he now sees
components before him at all
times.

- b

Tubes................... 26
Tubes are that all but forgotten
technology of the very dim past,
which creating things like com-
bination table radio/space heaters
and stereos that would keep your
house down in a hurricane. Steve
Rimmer dusts off a few for one last
look.

IEEEReport.............. 34
The |IEEE show was three days of
everything you could imagine in
electronics, plus free samples.
John Van Lierde was there, (stuff-
ing his pockets), and filed this
report.

Early Radioin Canada ... .. 36
Radio in Canada predates even
Pierre Berton, if such a span of
time is imaginable. Of course,
back then, having a radio in your
car required a trailer. Jim Essex
recalls the good ol’ days.
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Into Linear ICs, Part1 .. .. .. 45
A brand new feature by lan
Sinclair, the author of our popular
into Electronics series. If you're
just learning about this

fascinating area, this article will
help you stop blowing chips in-
discriminately ... and learn to
blow them with style.

Tubes p.26

Speaker Design . ...... ... 52
The difference between a
mediocre set of speakers and a
really great one is like the dif-
ference between April Wine and
music. This month we begin look-
ing at the design of a really great
speaker system. Still can't do
much about April Wine, though.
David Tilbrook wields the
calculator.

Early Radio P.36




Radio in Canada’'s come a long way
since the days when our cover picture
was taken. It's gone from type OtA
tubes and huge horn speakers to micro- |8
processor controlied tuners, creaking
radio dramas to simulcasts of
everything from Stones’ concerts to the
discovery of intelligent life on TV. Delve
into the illustrious past of broadcasting H
in Canada, on page 36. §

ISSN 0703-8984

Universal Counter. ... ... .. 10 ©

Count frequency, period, intervals
or sheep wiht this truly universal
counter. A sheep to voltage con-
verter may be required for the lat-
ter application. by Jan vincent.

Musical Doorbell ...... ... 3
This doorbell circuit can be pro-
grammed to play whole sym-
phonies at the touch of a button,
providing they only contain nine
notes. No longer need you just
trudge to the door; now you can
waltz!

4 Input Mixer ............. 50
This is really neat if you want to
mix four doorbells together to
create chaos. Other uses may pre-
sent themselves to the im-
aginative.

Speakers p.52
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Editorial Queries

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

Binders

Binders made especially for ET| are available for
$6.75 including postage and handling. Ontario
residents please add provincial sales tax.

Sell ETI and ETI Special Publications

ETl is available for resale by component stores. We
can offer a good discount when the minimum order
of 15 copies is placed. Readers having trouble in ob-
taining the magazine could ask their local elec-
tronics store to stock the magazine.

Component Notation and Units

We normally specify components using an interna-
tional standard. Many readers will be unfamiliar
with this but it's simple, less likely to lead to error
and will be widely used everywhere sooner or later.
ETI has opted for sooner!

Firstly decimal points are dropped and substituted
with the muiltiplier: thus 4.7ufF is written 4u7.
Capacitors also use the multiplier nano (one
nanofarad is 1000pF). Thus 0.1uF is 100nF, 5600pF
is Sn% Other examples are 5.6pF = 5p6 and 0.5pF
Resistors 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 issue manufacturing permits for companies to
manufacture boards and kits to our designs, Con-
tact the following companies when ordering boards.
Please note we do not keep track of what is
available from who so please don't contact us for in-
formation on PCBs and kits. Similarly do not ask
PCB8 suppliers for help with projects.

KCS.K, Associates, P.O. Box 54, Morriston, Ont. NOB
2C0.

B&R Electronics, P.O. Box 6326F, Hamiiton, Ont

L9C 6L9.

Wentworth Electronics, R.R.No.1, waterdown,Ont.,
LOR 2HO

Danocinths Inc., P.O. Box 261, Westland M| 48185
USA.

Arkon Electronics Ltd., 409 Queen Street W., Toron-
to, Ont., M5V 2A5.

A-1 Electronics, 5062 Dundas Street W., Islington,
Ont., MSA 1B9.

Beyer & Martin Electronic Ltd., 2 Jodi Ave., Unit C,
Downsvlew, Ontario M3N 1H1.

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



MODE
ROAD
RUNNER

‘ e 0 4 o
You can master %020 o X3
complex elecironics 0000 % 00 €
and mimic the strange  °°%4¢02 e, 4
bird’s erratic sound ® %00, %
with this complete R LA S 2

Mode kitt - !

You can duplicate the cry of the
Road Runner and create many
other unusual audio effects
with the Mode Road Runner kit.
All the necessary control
parts for the Road Runner sound
effects generator are in the
Mode kit, including some that

are not commonly available. Mo:e k'lts "loll‘ rrony useful
Clear, step-by-step instructions Purposes. e
help you become an eXperT 1. Automatic Headlight 19. Tone Qenerotor
. S : ¢ 9 20. 5 Transistor 1 Watt
electronics technician. Reminder Amplifier

After building several Mode kits, you may Battery Operated 22, Xenon Strobe

Fluorescent Light

become good enough to design your own Bug Shoo 23. 3 Channel Color Organ
24. Loudmouth Siren

2
N H 3
devices. Even advanced students will 4. Code Oscillator 25, Rouette Wheel
have trouble duplicating the functions of 5. CrystalRadio 26 Electronic Sheet Game
the Road Runner and some other Mode g- Curiosity Boxl 27. Electronic Dice

9

. h g . . Dally Lighter
projects without obtaining Mode’s unigue, Decision Maker 28. Super Roulette

very ingenious chips, diodes, and other 10. Fish Caller 29. FM Mini Broadcaster
tiny marvels. 1. HiPower 12V DC Fiasher S S o
Check out Mode’s growing list of :2' (P)hgg\f'sc"'c l;hght Light 33 Lgfio?&r;‘?;f"“”d Fffects
electronic projects that are entertaining, ]2'_ Sir-\gle C,?OV::,;' é‘fﬂ,\; 34 Soldering Iron Kit
useful ... and always instructive. Organ 35. Audio Power Watt Meter
17. Electronic Siren 36. Steady Hand Game
18. Shimmer Strobe Light 37. DecisionMaker D.C.
HEAD OFFICE BRANCH LOCATION
1777 ELLICE AVE. WINNIPEG, MANITOBA 88 HORNER AVE. TORONTO, ONTARIO
R3H OW5 PH: (204) 786-3133 M8Z 5Y3 PH: (416) 252-4838

Circle No. 16 on Reader Service Card.



NEWS

Digital Display Module

To serve the needs of
microprocessor-based instrumen-
tation OEM’s, Hewlett-Packard
has introduced the first member
in a new family of high-
performance digital display
modules, the HP 1345A — a com-
pact, self-contained unit for high-
resolution vector graphics.

The HP 1345A produces vec-
tor graphics and/or
alphanumerics on its 6-inch
(diagonally measured)y CRT in
response to digital commands
from an external processor. A
built-in binary interface provides
easy connection to a user’s exter-
nal 16-bit TTL level data bus.

Typical applications for the
HP 1345A Digital Display Module
include spectrum and network
analyzers, waveform analyzers,
curve tracers, digital storage
oscilloscopes and Fourier
analyzers — any microprocessor-
based equipment requiring com-
plex, rapidly-changing graphics in-
formation.

The 2048 by 2048 ad-
dressable resolution provides for
high-resolution graphics with very
high positional discrimination on
the CRT. Picture quality is further

enhanced by the HP 1345A’s cons-
tant writing speed which ensures
a unitormly bright display. An op-
tional 4K word vector memory
(RAM) saves user memory and
eliminates refresh requirements
by the user processor.

Additional display flexibility
is assured by three programmable
intensitics plus blank or off, four
programmable line types and tour
programmable writing speeds. A
programmable automatic delta-X
increment enables users to con-
serve memory and 10 draw com-
plex graphs easily with less data
transfer. ASCII characters are
generated internally in four pro-
grammable sizes and four orienta-
tions for labeling graphs, soft

keys, etc. Average character
writing time is 15 microseconds
cnabling hundreds of

alphanumerics to be displayed

without flicker.

ATOMic Computer

The Acorn Atom is
powerful small computer, and
may be the lowest priced
system of its type to date. Very
little larger than the size of its
keyboard, it fully exploits its
6502 processor with a com-

a very

BASIC BINANY QIGITAL DISPLAY
STRORIS  THe THaRACEAS - 208

1

B o
8,931 14 ez
~19708 ama

CEMTEN 240.931)4 saey
S B 18 My Yo 8 sy

plete range of features. Among
its on board capabilities are
superfast resident BASIC, high
resolution graphics, irtegral
printer connection, 1/0O capaci-
ty, internal speaker and
cassette interface. Optional
extras provide for disks, full
colour, up to 32 K of RAM and
network systems.

The Atom is actually going
to be available in Canada in ad-
vance of its announcemant in
the United States, and at a very
low price. The basic Atom, with
2K of user RAM (fully expan-
dable) will be just $349.00

Canadian. It’s available direct-
ly through Gladstone Elec-
troenics, 1736 Avenue Road,
Toronto, Ontario, with other
dealers in Canada now being
established. It is also available
via mail order directly from its
Canadian distributors, Torch
International Computers, Ltd.,
Suite 212, 7420 Woodbine
Avenue, Markham, Ontario.

For more information
about the Atom, check the ad
on our back cover, or the Atom
review (we plan to have) in next
month’s ETI.

DUNCAN INSTRUMENTS LTD.

DUAL TRACE
OSCILLOSCOPES

MODEL MS-6021
o Bandwidth DC-20 MHz

o Triggered Time Base 0.5 uSec to 0.5 Sec per division

O Variable Delay Time
O Rise Time 17.5 nSec

o 5 mV to 10 V per division

o x5 magnifier
O Internal graticule

o Operating voltage 115/230 VAC, 60 Hz

OTHER MODELS:

MS-6020 (as MS-6021 but without delay time) $820

M$S-6040 (DC-40 MHz) $1800
MS-6045 (DC-45 MHz) $1930
All prices FST Included

In Ontario, add 7% PST
FOB Weston, Ont.

COMPLETE “IN-HOUSE"” SERVICE
SALES — CALIBRATION — REPAIR

ET! - DECEMBER 1981

MODEL MS-6021
$940

ELECTRICAL MEASURING INSTRUMENT SPECIALISTS
122 MILLWICK DFIVE, WESTON. ONTARIO * MOL 1Y6

TELEPHONE (416) 742-4448

Circle No. 10 on Reader Service Card.
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START WITH ORION FOR
A NEW ERA IN THE WORLD
OF ELECTRONICS

We have the most complete selection
of electronic components.
Full line of TTL, CMOS, Linear,
ICs, Computer Interface, Support Chips

INTERACT COMPUTER
16K LEVEL I

ORION

- Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR
INDUSTRIAL — EDUCATIONAL — COMMERCIAL — HOBBYIST

Write for aur
flyer on Interact

and CPUs,

Computer [

New! VP 111 s
Microcomputer .

] 39.50

’ Assembied® and tested.
® Video output to montor o modulator

Features

* RCA 1802 Microprocessor

* K Bytes statc RAM
Expandable on-board o 4K
Expanc: ble to 32K Bytes total

* 512 Hyte ROM operating system
® CHi> & rilerpretive language o1
maching I~1guage programmatte
® Hexigecoimal keypad

Ao tone generator

* 3ingle 5vol operation

¢ Cassefie ntertace — 100 Byles/sec

ldeal tor low-cost conirol applicalions
Expandabe to full VIP capabrity with
VP 114K

“User need only connec! cables (nciuged), a
5-vo power supply and speaker

® Instruction Manual with 5 wideo game
Iisings. schematics, CHIP-8. much more

' The ZX80 Personal

Computer

L4

The Sinclair ZX80 is an extra-
ordinary personal computer. Com-
pact and briefcase-sized, it weighs
just 12 ounces. Yet in performance
it matches and surpasses systems
many times its size and price.

The ZX80 is an advanced ex-
ample of microelectronics design.
Inside, it has one-tenth the number
of parts of existing comparablie ma-

Microprocessor/Memory
ZBOA 3.25MHz clock

nally expandable to 16K bytes
Keyboard

ROM: 4K bytes containing BASIC
RAM: 1K bytes interna:, exter

40 key touch-sensitive mem-
brain with keyword entry gives an
equivalent of 62 keys. After entering
the statement number. the next key
you touch enters the keyword print.

chines. This unique design - packing
the system onto fewer, more advan-
ced LSI chips - gives the ZX80 its
remarkably low price.

Along with a complete 128-page
course in BASIC programming, the
ZX80 comes with all the necessary
cords for connecting to standard
coior or B/W televisions and cas-
su'te recorders.

SINCLAIR ADVANCED
DESIGN FEATURES

* 4K Integer Basic.

* 1 stroke entry for key words.
* Automatic error detection.

* Text editing capability.

* 26 strirg variables, any length,
* Random function, built-in.
* 1K RAM matches others 4K,

Price includes TV and cassette
connectors, AC Adapter, and 128
page manual.

Please send more informat

A powerful microcomputer with a fuil standard 53 key typewriter
style keyboard and built-in cassette recorder for use in entering
27d storing prcgrams Utihzing the versatile Intel B080A micro
processor, the Interact computer has 16K of RAM and 2K of ROM
at its disposal. Qutput is in colar on your own TV screen. Sound
is aiso generated through your TV set and can consist of ex
tularating computer beeps or two full octaves of music This 15
truly a powerful computer capable of developing and handiing 2
variety of programs, and with available software provides true
educational stimulus texampies: Star Track, Chess, Concentra.
tion, etc.). The Interact computer offers the ideal opportunity to
learn BASIC, the most popular compuler language for smatl busi
ness and hobbyists, and with the use of the 84 page manual, you
learn at your own pace.

INSTALLATION: Attach to antenna terminals of your color TV
set and plug 1nto 120 VAC wall outlet. Computer includes built-in
RF modulator, FCC appeoved and UL and CSA Iisted

PROGRAMING: Most Microcomputers start you off with an
abbreviated 4K BASIC. and then later you have to relearn the
more powerfu) language. Since this computer has 16K of RAM,
we start you with Level I} Microsoft 47 BASIC. BASIC 15 the
mos! popular Microcomputer language using commands that are
words we are ordinarily used to: such as, PRINT, NEW, GOTO
{For go to). END, COLOR, JOY, INPUT, etc. To help you fearn pro-
graming we have included an 84 page mstruction manual, plus
2 20 page book of program examples.

| Educational and Entertaining

ASCIl Keyboard Fully encoded 128-character A
alphanumerc keybecard. 58 light 1ouch «evs (2 user de

ined} Seiectable “Upper-Case-Ooly $109 75

VP-601

ASClI/Numeric Keybosrd ASC
Keyboard identical VP-601 otus

16 key numenc entry kevboard
ea irnr e mne VP-G11 ... ... ... 49.75
Cable: ASCI) Keyboards ta VP-711 Flat ivbon cable 24 0 rengin o
necting VP ot VP-611 711 includes mal necto othends
V6200 e e m e B el N e B 2750
Cable: ASCI) Keyboards Flat rioben cable 36 in. length with ma 0
tor VP-601 or VP-611 Keyboards Other end 13 unterminated

VP-623

* Machine code programming too.

Orion Electronic Supplies Inc.

40 Lancaster Street West
Kitchener, Ontario N2H 4S9
(519) 576-9902

Master Charge & Visa, COD, Cheque,
Money Orders accepied. CODs, shipping
& insurance extra. Write for our FREE

ed above It automatically

ion on Sinclair Computers catalogue!

Circle No. 6 on Reader Service Card.

DUNCAN' INSTRUMENTS LTD. |
DIGITAL
MULTIMETERS

INPUT IMPEDANCE: 10 megohms
RANGES: DCV — 200 mV, 2/20/200/1000 V
ACV — 200 mV, 2/20/200/700 V,
max RMS
DC/AC Current — 200 uA, 2/20/
200 mA, 1A
Resistance — 200 ohms, 2/20/
200K, 2/20 Meg ohms
Accuracy — DC 0.5%; AC 0.8%
Supplied complete with leads, battery,
carrying case.

Model GL-35C: LCD readout, 12 mm high
Model GL-35E: LED readout, 12 mm high

* Either model, $89.50 FST Included
In Ontario, add 7% PST
FOB delivered in Canada

COMPLETE “IN-HOUSE" SERVICE o
SALES — CALIBRATION — REPAIR &

INTRODUCTORY
PRICE

$89.50"

DUNCAN INSTRUMENTS LTD.

ELECTRICAL MEASURING INSTRUMENT SPECIALISTS
122 MILLWICK DRIVE, WESTON. ONTARIO « M9L 1Y6
TELEPHONE (416) 742-4448 « TELEX 065-27271

Circle No. 11 on Reader Service Card.
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NEWS

Direct to disc

In 1968 Sheffield Lab made the
first modern direct-to-disc recor-
ding and since that time have pro-
duced 2 to 3 new releases each
year, many of which have been
honoured with Grammy nomina-
tions for engineering excellence.
Each of these superb recordings
has been widely acclaimed
throughout the audio industry fo-

their overall musicality and
faultless quality. .
Because of the limited

number of discs which can be
pressed when the direct-to-disc
method is employed, a number of
Sheffield releases are out of prin:
and considered as collectors
items. Highly prized are the very
first Sheffield release ‘‘Lincoln
Mayorga and Distinguished Coal-
leagues, volume 1’ and the 1975
recording ‘‘I’ve Got the Music in
Me*’
Pressure Cooker (Lab 2).
Recent and very popula-
releases include:
Lab 10 — ‘““‘Michael Newman,
Classical
Guitarist’
Lab 11 — “Still Harry after
all These Years’’,
the 3rd release of
Harry James and
his Big Band
Lab 12 — ““New Baby’’, Don
Randi and Quest
Lab 13 — ““Growing up in
Hollywood Town’’,
Lincoln Mayorga
and Amanda
McBroom
Lab 14 — The Drum Test
Record
New releases, include:
Lab 15 — ““West of Oz,
Lincoln Mayorga
and Amanda
McBroom
Lab 17 — ““Tower of Power”’

Sheffield Lab direct-to-disc
records will be reduced in price to
a suggested list of $24.95 and
distribution consolidated with
such other well known audiophile
labels as Crystal Clear direct-
to-disc, and American
Gramaphone Fresh Aire (which
also carry a suggested list of
$24.95) and the increadible DBX
encoded discs, all of which are
distributed in Canada by Audio
Market Sales.

For more information, con-
tact Tom Baldock at Audio
Market Sales, Climax Industries,
850 Syer Drive, Milton, Ontario
L9T 4E3 telephone (416) 878-1189.

CCTV Camera

A new line-locked Vidiplex
CCTV surveillance camera,
TC2031, which receives both
power and line lock informa-
tion via its yideo cable has
been added to the RCA Closed-
Circuit Video Equipment line.
TC2031 cameras can be
mounted up to 1500 feet from
the separate power unit sup-
plied with the camera, using
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by Thelma Houston and ®

only a single economical RG-
59U cable for both video and
power/line lock. The separation
between camera and power
unit can be doubled using RG-
11U cable. Costly utility wiring
is eliminated and camera size
is minimized, making the
TC2031 ideal for hard-to-reach
places. Modular design of the
separate power unit allows
neat racking in multiple in-
stallations and line lock gives
solid vertical interval switching
as well as optimum VTR opera-
tion.

Designed using large
scale integration (LSI)
technology, RCA TC2000
Series cameras include the
more useful features of
premium cameras in an
economical, compact and at-
tractive design for general pur-

pose use. Vidicon equipped
models such as the TC203i
provide a 100,000 to 1 total

>q/

light

range with
automatic target control plus a

automatic

10:t variable gain/bandwidth
amplifier to increase sensitivi-
ty and improve signal-to-noise
at the lowest camera light
levels. Auto Track Electronic
Focus provides high picture
guality with no need for read-
justment ddring the life aof the
tube, ElA RS-170 sync locked
to the power line zero crassing,
2:1 interlace, automatic beam
control, auto-black plus keyed
clamp and the many other
features of the TC2000 Series
add up to dependable,
maintenance free performance
in a wide range of CCTV ap-
plications.

Optional User Price is

5.

For additional inferma
tion, contact RCA Closed-
Circuit Video Equipment, New
Holland Avenue, Lancaster, PA
17604, telephone (717) 397-7561

Fast Logic

Claimed to be the world’s
fastest systems of their type, a
range of emitter coupled logic
(ECL) gate arrays introduced
by a British manufacturer of-
fers local gate delays of 500
picoseconds and flip-flop clock
rates higher than 300MHz, with
low power dissipation.

Up to 100 gate functions
can be realised using the SCD
1000, an array based on the use
of a single-level ECL gate
which has been developed to
allow relatively simple
customisation for specific ap-
plications. It is customised on
two layers of metalisation, and
the manufacturer has
developed special software to
aid circuit layout. Inputs and
outputs are through 28-pin con-
nections, each of which has
associated with it a buffer tran-
sistor capable of driving a
50-ohm line at ECL 10K logic
levels. Power dissipation is
less than one watt.

The SCD 2000 and 3000
versions show the choice
which can be made between
different combinations of
speed and power dissipation.
Customised in the same way
as the SCD 1000, both offer up
to 300 gate functions along
with 64-pin connections. The
SCD 2000 however has the
same speed performance as
the smaller system and some
variants have a power dissipa-
tion of more than 3 watts, while
the SCD 3000 offers gate
delays of about 2 nanoseconds
but has a maximum power
dissipation of 750 mlliwatts.

According to the manufac-
turer, the new circuits can be
used to replace ECL 10K and
ECL 100K standard SSI and
MSI parts, giving savings in
printed circuit board design ef-
fort, system volume, and power
supply requirements which
make their use economical in
low production volume applica-
tions, even where their perfor-
mance advantages are not par-
ticularly relevant.

For more information, con-
tact Plessey Canada Limited,
300 Supertest Road,
Downsview, Ontario M3J 2M2
telephone (416) 661-3711.
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COUNTER

Stand up and be counted: a universal counter
based on Intersil’s ICM7226, by Bill Miller and

Jan Vincent.

A QUIET REVOLUTION has been tak-
ing place for the past few years. Until
now the lowly digital counter has re-
quired row upon row of TTL packages
and plenty of power to keep the lights
flashing. Then intersil stepped into
the arena with a new high density IC,
the ICM7226. All those decade
registers, crystal oscillators, timing
logic and display drivers have been
integrated into one small package
that can drive eight LED displays,
count at a rate of 10MHz, provide
period and time measurements, and
test itself. That means lower cost and
easier construction for a high-quality
counter. And, since the chip is CMOS,
power drain is minimized, the chip
runs cooler, and there is less heat to
effect accuracy.

Now if that was not enough, we
wanted more. So we added more. This
construction project gives you a com-
plete universal counter with all the
features found on a professional fre-
quency counter plus a few added
bonuses, like extended range (to
120MHz in all modes), input at-
tenuators, trigger level adjustments
on the panel, slope selectors, easy to
use controls and a priming circuit to
allow you to measure time of just
about any one-shot event you could
dream up.

The counter is unique in that it is
small enough to fit into a standard in-
strument enclosure, complete with
power supply and all the front-end cir-
cuitry, right next to your signal
generator or radio transmitter. And its
construction, with seperate display
and electronics board, makes the
whole unit go together smoothly. You
can probably find many other uses for
this counter, and there are plenty of
applications which would benifit from
a simple-to-use counter.

Besides the IC construction and
the small size, our counter has these
other features. You can measure
down to DC with two seperate DC-
coupled inputs with industry stan-
dard 1-megohm input impedance.
There’s an external adjustable

10

The counter is constructed around Intersil’s
universal counter chip, the ICM7226B,
which contains most of the circuitry
necessary to produce a timer/counter. [t
combines a high frequency oscillator, a
decade timebase counter, an 8 decade
counter and latches, a 7 segment decoder,
digit multiplexer and 8 segment and 8 digit
driver for directly driving a common
cathode LED display. The project can be
divided into four sections for this discus-
sion; the VHF front end, the LF front end,
the 7226, and the power supplies.

VHF front end.

The basic element of the VHF front end is
the prescaler IC from National Semicon-
ductor (DS8629N). This unit provides the
nescessary preamplification of the incom-
ing signals to bring them up to the levels re-
quired to drive the digital logic. In addition,
it prescales the input frequency by dividing
it by a factor of 100. This block has a low
input impedance needed by high frequency
inputs and is protected from overloads by a
resistor-capacitor-diode network. The out-
put from this chip is a TTL compatible
signal is the range of 100kHz to approx-
imately 1.2MHz, and is applied through
Sw7 to the input of the 7226 counter chip.

Low Frequency Front End.

The low frequency front end is comprised
of an input attenuator, a J-FET
preamplifier, resistor-diode input protec-
tion circuit, and a level adjustment circuit.
The input attenuator allows the user to
select “the required sensitivity to prevent
false triggering of the counter due to noise
or spurious pulses applied to the input.
Once the proper input signal level has been
selected, the signal is applied to the J-FET
preamp, which provides wideband
amplification from DC to approximately
10MHz. The input sensitivity is typically
50mV at 10MHz.

ICl is an op amp which inverts the
incoming signal and performs two
functions. It adjusts the trigger level by
adding a DC component to the signal
and it acts as a schmidt trigger to
square up the signal before it is ap-
plied to the logic circuitry. Part of the
trigger circuit allows you to aply an in-
verted or non-inverted signal to the
7226, giving you the capability of trig-

HOW IT WORKS

gering on the positive or negative go-
ing edge of the waveform. This selec-
tion enables the measurement of time
for periodic pulses and one shot
events. The final output of the low fre-
quency front end is a TTL compatible
signal in the range from DC to approx-
imately 10MHz, and is applied directly
to the input of the 7226 counter chip.
Note, there are two low frequency front
end circuits used in this project, one
for each input to the counter chip. The
two channels are used in combination
to measure time intervals of repetetive
pulses or events, and in measuring the
frequency ratio of two incoming fre-
quencies. A complete discussion of
the operation of these types of
measurements is found in the descrip-
tion of the operating functions.

ICM7226 counter chip

As stated previously, the basic block of the
counter is the Intersil ICM7226B decade
counter chip. This counter can function as a
frequency counter, period counter, fre-
quency ratio (fa/fp) counter, time interval
counter or as an event totalizer. The
counter uses a IOMHz crystal
timebase, and has an on-chip
oscillator circuit. For period and time
interval measurements, the 10MHz
timebase is used to provide 0.1 uS
resolution. In the frequency mode,
gating times are user selectable from
0.0l sec, 0.1 sec, | sec or G sec
ranges. A complete discussion of the
various functions can be found in the
list of operating functions and or: the
Intersil datasheet.

Power supplies

The final section is comprised four low cur-
rent power supplies. The basic requirement
is to supply well regulated power to the
logic chips and the front end circuits. The
four supplies are very simple and make ex-
tensive use of monolythic regulating ICs.
The four supplies required are +10.5
Volts, +5.1 Volts, -10.0 Volts and -5.0
Volts. The printed circuit boards have
been designed with the on-board sup-
plies, including the power transformer.
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trigger-level control for each channel The circuit

to adjust input sensitivity on either
positive or negative-going signals.
plus, there’s an input attenuator to
help protect the input from over-
voltage conditions and to prevent
damage in the event of overload. At
about the 10MHz level, there is a se-
cond input circuit that takes over to
extend the range of the 7226 to more
than 120MHz. With this input you can
measure signals from 150kHz to over
120MHz, with a sensitivity of about
50mV. This counter could work with a
short whip antenna set up near your
radio transmitter.

The display has some pretty
special features as well. There is a
LED eight-digit, half-inch display for
easy reading, and leading-zero blank-
ing of unused digits. A very important
bonus is a switch selectable time-
base. Most counters supply only a
1-second time-base, too short for
many applications and too long for
high frequency use. Our counter has
a complete timebase with a
10-second gate time for audio work
as well as selectable settings of 1 se-
cond, 0.1 second and 0.01 second for
the best speed in measurement at full
accuracy.

Construction of the counter is
easy and straight forward, but, as
with any project proper care must be
taken in the work. Handting the IC’s
requires care to prevent static
discharge from tools or fingers;
check and double check the polarity
of all the IC’s, diodes and transistors
before applying the power. Aside

from these basic precautions, there |

are no special skills required. There
are seven IC's that make up the buik
of the circuitry, plus a few other com-
ponents. The careful board layout
keeps the high frequency signals
away form the digital display and
minimizes the number of jumpers.
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As mentioned earlier, the counter is
based on a single IC that contains the
essential electronics for a complete
universal counter. The schematic
diagram shows the complete counter
with three inputs — one for extended
operation to 120MHz, and two inputs
for basic operation from DC to about
10MHz. The reason for the seperate
frequency ranges is that it is difficult
and expensive to design a wide-band
input circuit to handle this extreme
range of input conditions. With two
types of inputs, we can tailor each for
maximum performance, and keep the
cost low. If you wish to measure RF
signals above 10MHz, you connect
your signal to the input at the back of
the enclosure. The signal is first ap-
plied to a combination preamplifier
and ECL/TTL prescaler chip, where it
is amplified and divided in frequency
by a factor of 100. The result is then
routed to SW7, which selects the
120MHz range or the 10MHz range. In
our version, we mounted S1 on the
rear apron of the enclosure beside
the high frequency input.

On the other hand, if you want to
apply a signal that falls in the range
of DC to 10MHz, you would use the
front panel connecticns. Notice that
the input marked Channel A is the
primary input used for all frequency,
unit counting and period measure-
ments. Channel B is used only in con-

R34
47R

Fig. 2 The priming Circuit

junction with Channel A for measure-
ments of time intervals. More on how
to use it later. From the input, the
signal is amplified and converted to
TTL levels, adjusted for trigger level
sensitivity and slope, and applied to
the counter chip. This chip contains
the complete universal counter cir-
cuit including a crystal oscillator,
time-base divider, control logic, eight
decade counters, eight latches and
display multiplexing circuits.

Construction

For best results, you should use PC
boards to speed construction. The
first matter of business in construc-
ting the unit is to build up the power
supply. The printed circuit board has
been designed to accomodate the
power transformer and all the power
supply components. Use a fine tip
soldering iron and the smallest gauge
solder you have. All the components
for the power supply except R25 can
be installed. Be sure to polarize all
the diodes, capacitors and the
regulators correctly. Now, temporari-
ly connect a 1k pot and a 220 ohm
resistor in series, and place this com-
bination into the circuit instead of
R25. Apply power and check the
voltages. Using the temporary 1k pot,
adjust for 10.5 volt (point “h” on the
PCB). Replace the pot-resistor com-
bination with the nearest value fixed
resistor for R25.

Thanks to that one big IC, 'the
rest of the counter is easy to assem-
ble. Mount all other components on
the board, being careful to avoid
solder bridges and to double check
polarities. Use IC sockets for the
large IC’s. Once the main board is
assembled, clean the bottom of the
board with flux remover.

Prepare the front and back panel.
In our version, all the controls except
the high frequency input and control
switch, are mounted on the front
panel.

Assemble the display board us-
ing collared (insulated”feedthrough)
wirewrap pins soldered to both the

R28
10k

1/6 1C10

c27
10
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Resistors W, 5%

R1,101 910K

R2,102 91K

R3,17,

18,19,20,

29,31,103 10K

R4,6,10,

23,104,

106,110 100R

R5,105 ™

R7,12,15,16,

107,112 1K

R8,108 1K5

R9,109 200R

R11,111 51K

R13,113 22K

R14,114 20K

R21 100K

R22 22M

R24,30 470R

R25 See Text

R26 820R

R27 47R, 2 Watt
R28 47K

R32 390K

R33 1M2

R38 47R

Switches

SW1,101 DP3T mini slide
SW2,102 SPST mini toggle
SW3 SP6T rotary
Sw4 DP4T rotary
SW5 spst N/O mom.
SW6 SPST mini toggle
Sw7 TPDT mini toggle
SW8 SPST toggle
Sw9 SPST N/O mom.

PARTS LIST
Capacitors
C1,101 15pF ceramic 300V
C2,102 270pF ceramic 300V
C3,103 :
4,104 10nF mini
C5,6 100nF mini
Cc7 22uF 16V tantalum
C8 10nF mini
C9 47pF ceramic 5%
C10 33pF ceramic 5%
C11 5.5 - 65pF trimmer
Phillips 010GA/60E
C12-16 10nF ceramic
Cc17 100nF ceramic
C18 2200uF 25V radial elec-
trolytic
c19 1000uF 25V radial elec-
trolytic
C20 22uF 16V tantalum
C21,22 100nF mini
Cc23 6u8 16V tantalum
C24,28 4u7 16V tantalum
C25 100nF mini
C26,27 10nF ceramic

Potentiometers

RV1,RV101  2k2 horiz trimmer
RV2,RV102 5k linear
Misc.

Transformer Hammond 161F20

Case Approx 7x9x3 inch
printed circuit board, knobs, ribbon
cable, coax mini cable RG174/ll fuse
holder, power cord.

Semiconductors

D1,D101

D2,0202

D3,D4,D5 1N4148 or similar

D6,D7

D8,D9 1N4001

Q1,Q101 J308 FET

Q2,Q102 2N3646

Q3 2N4401

Q4 2N6027

IC1,IC101 TL810CN

IC3 MC1458

IC4 ICL7226BIPL

IC5 DS8629N

1C6 Lm340T-5 {(do not use
7805)

IC7 78L05

1C8,1C9 79L05

IC2 74L.S86

1C10 7404

display 2 x NSB5881

LED mini red LED

Crystal 10MHz 22pF 35R

For a partial kit of flag heatsink all
semiconductor devices, PCB's, power
transformer, displays and 10MHz
crystal contact.

Renwell Services
P.O. Box 575 .
Sutton West, Ontario
LOE 1RO
They will supply this kit for $159.95 and
ship it prepaid by delivery service. Set
of etched, drilled and plated PCB’s on-
ly $21.95. Certified cheque of postal
money order only.

display and the display board. Be
sure to add the seven jumpers to the
display board before the completed
unit is mounted on the front panel.

Mount all the switches and con-
trots on the front and back panels.
Begin wiring up the interconnections
by using the component overlay as a
guide. The easiest method is to use a
length of ribbon cable for all the inter-
connections. The signal cable must
be a high quality shielded cable from
the input jacks to the printed circuit
board. Be sure to bring the cases of
SW1 and SW101 and both trigger
level pots to the ground (0 volts), or
better yet bring the whole front and
back panel to ground level. This
prevents hum pick up or spurious
coupling between the controls and
the inputs.

A few very important precautions
are necessary. Keep all signal carry-
ing cables away from the 7226 and
the display. The 500Hz multiplex fre-
quency is easily induced into the
front end circuit. Check and double
check the polarity of the 7226 before
applying power; this is a very expen-
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sive IC to destroy by applying reverse
power.

Using coloured ribbon cable,
connect the rotary switches to the
PCB (see rotary switch detail draw-
ing). Finally, secure the crystal to the
board using a drop of silicon sealant.

Calibration
Calibrating the counter is a snap if
you have a frequency standard
available. Ideally, that standard
should be better than +0.0005% ac-
curate at room temperature to get the
maximum accuracy. Using a 10MHz
source, connect the frequency stan-
dard and turn on the counter. For best
results you should calibrate at room
temperature and allow at leats five
minutes for the counter to stabilize
before starting. You should get a
reading very close to 10MHz, then ad-
just trimmer capacitor C11 until the
reading is exactly 10MHz. Disconnect
the standard and you are ready to go.
If a standard is not available, use
a source of known frequency, and ad-
just C11 for the closest reading possi-
ble. Always allow the equipment to

L4

warmup betore taking any measure-
ments to get the best accuracy. See
the schematic for details on ad-
justing trim pots RV1, RV101.

Now that the counter is com-
pleted you will want to begin using
your new test instrument. Be sure to
connect your signal to the correct in-
puts, adjust the input attenuator for
the correct signal levels; x1 for
signals to 1V RMS; x10 for signals to
2V RMS; and x100 for signals over 2V
RMS. These levels overlap.

Using the counter is straightfor-
ward and needs little explaination.
Remember, that the decimal point
denotes kilohertz for the low frequen-
cy inputs and megahertz for the VHF
input. All times are in microseconds.
If the prescaler oscillates, connect a
100k resistor from pin 6 to OV on the
bottom of the PCB. This reduces sen-
sitivity and will get rid of any oscilla-
tions.

13
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The counter has a wide range of
functions to match the wide
operating frequency range. The six
basic functions that can be selected
are:

Frequency measurement — Using
the prescaler circuit, frequencies to
more than 120MHz can be accurately
measured, with little or no loading of
the external circuit. By selecting the
gating time, the accuracy of the
reading is dependant only on the
calibration of timebase oscillator of
the 7226 counter. Signals of tess than
10MHz are applied to the channel A
input, which has an impedance of 1M.

Period measurements — The counter
can handle input, signals to approx-
imately 2MHz in the period measure-
ment mode. The 7226 provides an ac-
curate timebase which is counted
and gated by the incoming signal, the
result being displayed and scaled in
microseconds. The operation of the
period measurements is such that the
displayed value is an average
reading, averaged over several
measurement cycles. For period and
time interval measurements, the
10MHz timebase gives a 0.1 micro-
second resolution, that can be read
down to the nanosecond range.

Time Interval — The time interval
function allows you to measure the
time between two events, such as the
time between two pulses. This func-
tion requires either a repetitive signal
applied to input A and B, or for the
two inputs to be prepared before the
signals are applied. This is the func-
tion of the priming circuit; it prepares
the counter inputs for a single event
on the two inputs. As input A goes
negative the internal counter begins
counting time in 0.1 microsecond
units. When input B drops, the
counter stops and displays the time
interval between the two transitions.
To initiate the counter into the primed
one-shot mode, take the following
steps. Set trigger level controls to
11:00 o’'clock and scope switches to
the open or non-inverting position.
The function switch must be in the
{time) mode and the range switch in
the .01 - 1 range. Depress the prime
switch and hold in momentarily. If the
gate light does not go out then press
reset and try the prime switch again.
The gate light turning off indicates
the unit is primed and the next transi-
tion at input A will start the count and
A pause at input B will finish it,
displaying the result in uSec. This
function will display one-shot events
from fractions of a uSec, to 10 Sec.
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Unit counter — The counter can be
used as a high speed unit or event
counter. It can actually count at a
rate of 120 million events per second,
and display more than 90 million on
the display. The operation is very
straight-forward. By applying a signat
to input A, which drops from a
positive voltage level to a ground or
negative voltage level, the counter
will increment once for each positive
to negative transition. The counter is
returned to zero by depressing the
RESET button, or the display may be
held at any value by using the HOLD
switch, The hold switch does not
reset the counter; it simply prevents
further input pulses from incremen-
ting the count. Normal operation is
continued upon returning the hold
switch to the normal position.

120 MHZ
INPU

)

Frequency Ratio — The Frequency
ratio function allows you to display
the relative ratio between two fre-
quencies. In connecting two signals
to input A and B, the higher frequency
signal should be connected to input
A. The resulting display is an average
measurement of the ratio between
the two inputs. For obvious reasons
this ratio must aiways be equal to or
greater than 1. The maximum fre-
quency for this mode of operation is
approximately 10MHz at input A and
2MHz at input B.

Oscillator — The counter can be used
to monitor the internal timebase by
selecting the OSCILLATOR function.

Continued on Page §9
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JANUARY

Loudspeaker Design Principles
Next month, David Tilbrook will be
completing his discussion of
loudspeaker design, and we’'ll be
presenting a construction project to
show you how to build a first rate four
way system. This is a speaker system
that will grace any stereo, unless you
play a ot of Anne Murray, in which
case you really don’t deserve it.

1981 Index

If you've been planning on having
your issues of ETI bound in wombat
hide and turned intq valuable
reference works to treasure and pass
onto your children (and who
wouldn't), you’ll definitely want the
'81 index.

Stores Survey

Getting parts for projects can be a
problem, especially if you live in
someplace that really wasn’t design-
ed for human habitation. . . like Ot-

tawa. Next month, we’ll be presenting
a list of ali the Canadian electronics
stores we could find, several of which
will still accept payment in beaver

ET) - DECEMBER 1981

SLR Electronics
The electronics inside cameras have
been getting extremely sophisticated
over the years. Next year's new
models are expected to include six-
teen bit micro-processor image
evaluation systems that de-activate
the shutter when the lens is focused
on someone particularly ugly, and a
voice synthesizer to go ‘say cheese’.
A look inside, next month.

Big Bang

a nasty time finding readers.

=

time of go-
ing to press, the

are in an advanced stage
of preparation. However, cir-
cumstances may result in changes
to the final contents of the magazine.

the

mentioned

I’'VE FOUND IT . .. ETI
TIME MACHINE COM-
PLETE PLANS IN JULY '83
ISSUE — THANK GOD WE
HAVE THIS INDEX!

. s

Temperature Controlled Solder-
== ing Iron

If your soldering iron is too hot, it can
damage delicate PCB tracks, in-
cinerate parts, and, in extreme cases,
give you a sunburn. This little project
gives you full control over the amount
of heat it emits.

Yes, we were planning a short bit on
electronics in guerilla warfare, but
this isn’'t it. Several years ago, it
seems there was this large explosion
which caused here to be. Terribly han-
dy, as without it, the universe would
be much smaller, and we'd be having

Plus!

-News!

-Tech tips

-Computing Today
-Informative Canadian Ads
-The Secret of The Universe
(It we come across it by then)
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Progeats

" BABANI BOOKS

SPECIALLY IMPORTED FROM ENGLAND

BP35: HANDBOOK OF IC AUDIO PRE-AMPLIFIER AND
POWER AMPLIFIER CONSTRUCTION $5.50
F.G.RAYER, T.Eng.(CEl),Assoc.IERE

This book ts divided into three parts: Part I, understan.
ding audio IC's, Part tl, Pre-amplifiers, Mixers and Tone
Controfs, Part Nl Power Amplifiers and Supplies. In
cludes pfactical constructional details of pure IC and
Hybrid IC and Transistor designs from about 250mw to
100W output.

8P37: 50 PROJECTS USING RELAYS, SCR’s & TRIACS
$5.50
F.G.RAYER, T.Eng.(CEl),Assoc.IERE
Relays, silicon controlled rectifiers (SCR's) and bi-
directional triodes {TRIACs) have a wide range ol ap-
plication in electronics foday. This book glves tried and
practical working circulls which should preseni Lhe
minimum of difticulty for the enthusiast to construct. In
mosl of the circuits (here Is a wide lattude in compo.
nent values and types, allowing easy modification of cir-
cuits or ready adantation of them to individual needs.

BP39: 50 (FET) FIELD EFFECT TRANSISTOR
PROJECTS $5.50
F.G. RAYER, T.Eng.(CEl),Assoc.lERE
Fleld effect transistors (FETs), find appiicalion in a wide
vanely of circults. The projects described here inciude
radio frequency amplifiers and convérters, 1est equlp-
menl and recelver aids, tuners, receivers, mixers and
tone controts, as well ds various miscellaneous devices
which are useful in the home.

This book contains something of particular.Interest
for every class of enthusiast — short wave listener
radio amateur, experimenter or audio devotee.

8P42: 50 SIMPLE L.E.D. CIRCUITS $3.55
R.N. SOAR

The aulhor of this book, Mr. R.N. Soar, has compiled 50
interesting and uselful circuits and applications, cover-
Ing many ditferent branches of elactronics, usling one of
the most § ive and freely ! components
~— the Light Emitting Diode (L.E.D.). A uselul book tor
the library of both beglnner and more advanced en-
thuslast alike.

BP44: IC 555 PROJECTS $7.55
E.A. PARR, 8.5c.,C.Eng., M.L.E.E.

Every so often a device appears thal Is so useful that
one wonders how life went on before withou! it. The 555
timer Is such a device. Included in this book are Basic
and General Circults, Motor Car and Mode! Railway Cir
cuits, Alarme and Noise Makers as wellas a section on
the 556, 558 and 559 timers.

BP46: RADIO CIRCUITS USING IC's $5.90
J.B. DANCE, M.Sc.

This book describes Integrated clrcuils and how they
can be employad In receivers for the reception of either
amplitude or frequency modulated signais. The chapter
on amplitude modulated {a.m ) recelvers wlli be of most
interest to those who wish to receive distant siations at
only moderate audlo quality, while the chapter on fre-
quency modulation (f.m.)-recelvers will appeal to those
who.deslre high fidelity reception.

8P47: MOBILE DISCOTHEQUE HANDBOOK $5.90
COLIN CARSON
The vast majority of people who start up "Mobile
Dlscos” know very llitle about thelr equipment or even
what 10 buy. Many people have wasted a "small
fortune” on poor, y or badly tched ap-
paratus.

The alm of this book Is to give you anough informa-
tion to enable you to have a better understanding of
many aspects of "'disco” gear.

BP48: ELECTRONIC PROJECTS FOR BEGINNERS $5.80
F.G. RAYER, T.Eng.(CEI), Assoc.IERE

Another book written by the very experienced author —
Mr. F.G. Rayer — and in It the newcomer to electronics,
wiil find a wide range of easily made projects. Also,
there are a conslderable number of actual component
and wiring layouts, to ald the beglnner.

Furthermore, a number of projects have been ar.
ranged so that they can be constructed without any
need tor soidering and, thus, avold the need for a solder-
Ing iron.

Also, many of the later projects can be butit atong
the lines as those In the 'No Soidering’ section so ihis
may considerably increase the scope of projects which
the newcomer can bulld and use.

BP65: SINGLE IC PROJECTS $6.55
R.A.PENFOLD

There Is now a vast range of ICs avatlable to the amateur
market, the majority of which are nol necessarily
designed for use In a single application and can offer
unlimiled possibilities. Allthe projects contained (n this
book are simple to construcl and are based on a singie
IC. Afew projects employ one or two transistors in addl-
tion to an IC but in most cases the IC Is the only active
device used.

BP66: BEGINNERS GUIDE TO MICROPROCESSORS
AND COMPUTING $7.55
E.F. SCOTT, M.Sc.. C.Eng
As Indicated by the tile. this book is Intended as an in
\roduction to the basic theory and concepts of binary
arithmetic, microprocessor operation and machine
language programming

There are occasions in the text where some
background Information might be helptu! and a
Glossary Is inciuded al the end of the book

BP67: COUNTER DRIVER AND NUMERAL DISPLA&
PROJECTS 5755
F.G. RAYER, T.Eng.(CEI), Assoc. IERE
Numeral indicating devices have come very much 1o the
torefront In recent years and will, undoubledly, find in-
creasing applications in all sorls of equipment. With
present day integrated circults, it is easy to count,
divide and display numerically Ihe electrical pulses ob-
\ained from a great range of drivet circults.

In this book many applications and projects using
various types of numerat dispiays, popular counter and
driver 1C's elc. are considered.

8P68: CHOOSING AND USING YOUR HI-FI $7.25
MAURICE L. JAY

The main aim of this book is to provide the reader with
the fundamentali information necessary to anable him to
make a satisfactory choice from the extensive range of
hi-fl equipment now on the market.

Help is given 1o the reader in understanding the
equlpment he is interested in buying and the author aiso
gives his own opinion of the minimum standards and
specifications one should look for. The book also offers
helptul advice on how 1o use your hi-fl properly so as to
realise Its potential. A Glossary of terms Is aiso includ-
ed

BP69: ELECTRONIC GAMES $7.55
AUTHOR: R.A. PENFOLD

In this book Mr. R. A, Penfold has designed and
developed a number of Interesting eiectronic game pro-
jects using modern integrated circults. The text Is divid-
ed inlo two sections, the first dealing with simple games
and the latter dealing with more complex circuits.

BP70: TRANSISTOR RADIO FAULT-FINDING

CHART $2.40
AUTHOR: CHAS. E. MILLER

Across the top of the charl wlil be found lour reclangies
conta:ning brief descriptions of these faults: vis: -
sound weak but undistorted: sei dead. sound low or
distorted and background noises. One then selects the
most appropriale ol these and following the arrows. car-
ries out the suggested checks In sequence untll the
fault Is cleared.

B8P71: ELECTRONIC HOUSEHOLD PROJECTS $7.70
AUTHOR: R. A. PENFOLD

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

BP72: A MICROPROCESSOR PRIMER $7.70
AUTHOR: E.A. PARR, B.Sc., C.Eng., M.I.E.E.

A newcomer to electronics tends 10 be overwhelmed
when tirs) confronted with arlicles or books on
microprocessors. in an attempt lo give a painiess ap-
proach 10 compuling, this small book will slart by
designing a simple and b of It p

ty and logical structure, the language Is hopefully easy
to learn and understand. In this way. such ideas as
Relative Addressing. index Registers elc. wlll be
developed and it is hoped thal these will be seen as
loglcal progressions rather than arbitrary things to be
accepted but not understood.

213: ELECTRONIC CIRCUITS FOR MODEL

RAILWAYS $4.50
M.H. BABAN), B.Sc.(Eng.)

The ‘reader 1s given constructional detalls ol how to
buitd & simple model train controller: controller with
simulated inertla and a high power controlier. A signal
system and lighling for modei trains 1s discussed as Is
the suppression of RF tnterference lrom mode! railways.
The construction ol an glectronic steam whistle and a
model train chuffer is also covered.

221; 28 TESTED TRANSISTOR PROJECTS $5.50
R.TORRENS

Mr. Richard Torrens is'a well experlenced electronics
development engineer and has designed deveioped.
built and tested the many useful and interesting circuits
inc.uded in this book. The projects themseives can be
split down into simpler building blocks. which are
shown separated by boxes in Ihe circuits for ease o
description. and also to enable any reader who wishes
lo combine Boxes from dliferent projects to realise
ideas of his own

223: 50 PROJECTS USING IC CA3130 $5.50
AUTHOR: R.A.PENFOLD

In this book. the author has designed and developed a
number of interesting and useful projects which are
dlvided into Hve general categories. Audto Projects

[} R.F. Projects Test Equipment 1V House-
hold Projects V — Miscellaneous Projects
224: 50 CMOS IC PROJECTS $4.25

R.A. PENFOLD
CMOS IC’s are probably the most versatlle range of
digital devices for use by the amateur enthusiast. They
are suitable for an extraordinary wide range of applica
tions and are also some ol the most nexpensive and
eastly available types of IC.

Mr R.A. Penlold has designed and developed a
number of interesting and usefu! projects which are
divided into lour general categories Multwvibrators
| — Amplitiers and Oscitlators It — Trigger Devices IV

Speclal Devices

BP1: FIRST 800K OF TRANSISTOR EQUIVALENTS
AND SUBSTITUTES $2.80
B8.8. BABANI

This guide covers many ithousands of transistors show
tng possibie alternatives and equivalents, Covers tran-
sistors made in Great Britain. USA. Japan. Germany.
France. Europe. Hong Kong. and includes types produc
ed by more than 120 different manutacturers

BP14: SECOND 800K OF TRANSISTOR EQUIVALENTS
AND SUBSTITUTES $4.80
B.B. BABANI

The “First Book of Transistor Equivalents’ has had to
be reprinted 15 times. The ~“Second Book  produced in
the same style as the first book. in no way duplicales
any of lhe dala presented init The "Second Book ' con-
tains only additlonal material and |he two books com
plemeni each other and make avaliable some of the
most complele and extensive information in this field

The interchangeability data covers semiconduclors
manufactured In Greal Britain, USA. Germany. France
Poland. Italy. Eas{ Germany Belgium. Austria
Netherlands and many other couhtries

BP24: 50 PROJECTS USING IC741 $4.25
RUDI & UWE REDMER

This book originally published In Germany by TOPP has
achigved phenomenal sales on the Conilnent and
Babani decided, in view of the fact that the integrated
clrcult used in this bgok 1s inexpensive to buy. 1o make
his unique book available to the English speaking
reader. Translated from the original German with
coplous noles. data and circuilry. “must " lor everyone
whatever their Interes! inelectronics

B8P33: ELECTRONIC CALCULATOR USERS
HANDBOOK $4.25
M.H. BABANY. 8.Sc.(Eng.)

An‘invaluable book for all calculator users whataver
their age or occupation. or whether they have the
simplest or most sophisticaled of galculators. Presents
formulae. data. methods of calculation. conversion tac
tors, etc.. with the calculator user especially in mind
often illustrated with simle examples. inciudes the way
fo calcutate using only a simpte four function ralculator
Trigonometric Funclions (Sin, Cos, Tan): Hyperbolic
Functions (Sinh, Cosh, Tanh) Logarithms, Square Roots
and Powers.
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following retail outlets:

tronic. Longueuil P.Q.: Mastervox

BP81: ELECTRONIC SYNTHESISER PROJECTS  57.30
M.K. BERRY

One of Ihe most fascinating and rewarding applications
ot electronies is in electronic music and there is hardly a
group today withou! some sort of synthesiser or elfects
generator.

Although an electronic synthesiser is quite a com.
plex piece of electronic equipment, It can be broken
down inlo much simpler units which may be built in-
dividually and these can then be used or assembled
together to make a complete instrument
8P83. VMOS PROJECTS $8.20
R.A. PENFOLD
Although modern bipolar power iransisior give excellent
resulls in a wide range ol applications. they are not
without Iheir drawbacks or limitations. This book will
primarily be concerned with VMOS power FETs
although power MOSFETs will be dealt with in the
chapier on audio circults. A number of varied and in-
teresting projects are covered under the main heading
of: Audho Gircuits, Sound Generalor Clrcuits, DC Con-
trol Circurts and Signal Control Circults
BP84: DIGITAL IC PROJECTS $8.10
F.G. RAYER, T.Eng.(CEl),Assoc.IERE
This book contains both simple and more advanced pro-
Jacts and il is hoped that these will be found of heip 10
the reader developing a knowledge of the workings of
digital circuits.

To help the newcomer to the hobby the author has
included a number of board layouls and wiring
diagrams. Also the more ambitious projects can be buiit
and tested section by section and this should help avoid
or correct faults that could otherwise be Iroublesome.

An ideal book tor both beginner and more advanced
enthusiasi alike

BP85: INTERNATIONAL TRANSISTOR
EQUIVALENTS GUIDE

AUTHOR: ADRIAN MICHAELS

This book will help the reader to find possible
subslitutes for a popular user-orientated setection of
modern transistors. Also shown are the malerial type.
polarity, manufacturer selection of modern transistors.
Also shown are the malerial type. polarity, manufacturer
and use. The Equivalent are sub-divided inlo European.
American and Japanese. The products of over 100
manufacturers are included.

An essential addition to the library of all those in-
ierested in electronics, bé they technicians, designers,
engineers ar hobbyists.

Fantastic vaiue for the amount of information 1t
contains

$12.25

BPB6: AN INTRODUCTION TO BASIC
PROGRAMMING TECHNIQUES
AUTHOR: S. DALY

This boak is based on the authors own expertence in
learning BASIC and in helplng others, mostly beginners.
to program and understand the tanguage.

Also tncluded are a program. library containing
various programs, that the author has aclually written
and run, these are for biorhythms, plotting a graph of ¥
against X, standard devlation. regression, generaling a
musical note sequence and a card game.

The beok 18 comptemented by a number of appen-
dices which inciude test questions and answers on each
chapter and a glossary.

$8.25

B8P87: SIMPLE L.E.D. CIRCUITS
AUTHOR: R.N. SOAR

Since it tirst appeared in 1977. Mr. R.N. Soar's book has
proved very popular. The author has deveioped a further
range of circults and these are included in Book 2. Pro-
jects include a Transistor Tester. Varlous Voltage
Requlators, Testers and so on.

$5.90

205: FIRST BOOK OF HI-FI LOUDSPEAKER
ENCLOSURES

8.8. BABANI

This book gives data for bullding most types of
loudspeaker enclosure. Includes corner reflex, bass
reflex, exponential horn, folded horn. tuned port.
klipschorn labyrinth, tuned column, loaded port and
multi speaker panoramic. Many clear diagrams for
every constryction showing the dimensions necessary.

$3.55

8P80: POPULAR ELECTRONIC CIRCUITS —
BOOK 1

R.A. PENFOLD

Anothes book by the very popular author, Mr. R.A. Pen.
fold, who has designed and developed a large number of
various circults. These are grouped under the following
general headings; Audio Circuits, Radio Circults. Test
Gear Circuits, Music Project Circults, Household Project
Clrcults and Miscellaneous Circuits.

$8.25

BP90: AUDIO PROJECTS
AUTHOR: F.G. RAYER

Coversin detail the construction of a wide range of audio
projects. The text has been divided into preamplitiers and
mixers, power amplifiers, tone controls and matching and

miscellarieous projects.

$8.10

BP49: POPULAR ELECTRONIC PROJECTS $6.25
R.A. PENFOLD

Inciudes a collection of the most popuiar types ol cir
cults and projects which. we feel sure. will provide a
number of designs to interest mos! electronics con-
structors. The projects selecled cover a very wide range
and are divided into four basic types: Radio Projects,
Audio Projects. Household Projects and Test Equip
ment.

BP 50: IC LM3900 PROJECTS $5.90
H.KYBETT.B.Sc., C.Eng.

The purpose of this book is to Introduce the LM3900 to
the Technician, Experimenter and the Hobbyist. It pro-
vides the groundwork for both simple and more advanc-
ed uses. and is more than just a coltection of simple clr
cuits or projecis.

Simple basic working circuits are used toiniroduce
this [C. The LM3200 can do much more than Is shown
here, this is just an introduction. Imaginalion Is 1he only
limitation with this useful and versatile device. But lirst
the reader must know the basics and that s what this
book is all aboul

B8P51: ELECTRONIC MUSIC AND CREATIVE TAPE

RECORDING 55.50
M.K. BERRY

Electronic music is 1he new music of the Twentielh Cen-
tury. It plays a large parl In “pop” and “rock™ music

and. in fact, there is scarcely a group without some sort
of syntheslser or other effects generator

This book sets ou! to show how electronic music
can be made at home with the simplest and most inex
pensive of equipment. It then describes how the sounds
are generated and how Ihese may be recorded 1o build
up the final composition

No. 215: Shortwave Circuits & Gear For Experimenters &
Radio Hams $3.70
Covers constructional details of a number of projects for the
shortwave enthusiast and radio "Ham". Included are: an add-

in crystal filter, adding an "S™ meter in your receiver,; crystal

locked H.F. Receiver; AM tuner using phase locked loop;
converter for 2MHz, 40 to 800 MHz RF amplifier, Aerials tor
the 52, 144MHz bands, Solid State Crystal Frequency
Calibrator. etc.

ELEMENTS OF ELECTRONICS — An on-going series

AUTHOR: F.A. WILSON. C.G.l.A.. C.Eng..

B8P62: BOOK 1. The Simple Electronic Circuit and
Componenis $8.95

B8P63: BOOK 2. Alternating Current Theory $8.95
BP64: BOOK 3. Semiconductor Technology 8.95
BP77. BOOK 4. Microprocessing Systems And
Circuits $12.30
B8P89; BOOK 5. Communication $12.30

The aim ot 1his senes of books can be stated guile simp
ly 1 is 10 provide an inexpensive introduction to
modern electronics so that the reader will start on the
right road by thoroughly understanding the fundamental
principles Invoived

Although written especially for readers with no
more than ordinary arithmetical skills. the uSe ot
mathematics is not avoided. and all the mathemalics re-
quired is taught as the reader progresses

€ach bock 15 a complete treatise of a particular
branch of the subject and. therelore. can be used on ils
own wilh one proviso. Ihat the later books do not
duplicate material from their predecessors. thus a work-
ing knowledge ol the subjects covered by Lhe earier
books is assumed

BOOK t. This book conlains ail the tundamental
theory necessary !0 fead to a tull undersianding of the
simple electronic circult and its main components.

BOOK 2: This book continues with alternating cur
rent theory withou! which there can be no comprehen
sion of speech. music. radlo. lelevision or even the elec
tricity mains.

BOOK 3. Foliows on semiconduclor technoiogy.
ieading up to transistors and ntegrated crcuits

BOOK 4: A complele description ol the internal
workings of microprocessor

BOOK 5: A bock covering the whole communications

scene.

y

BP73: REMOTE CONTROL PROJECTS $8.60
OWEN BISHOP

Thes book 15 aimed primarity al the electronics en-
thusiast who wishes to experiment with remote conlro!

Fult exptanations have been given so thal Ihe reader can
fully understand how the circuits work and can more
easily see how to modify Ihem lor other purposes,
depending on personal requirements. Not only are
Radio control systems considered buy also Intra-red,
visible iight and Ultrasonic systems as are the use of
Logic ICs and Pulse pgsition modulation etc.

BP74: ELECTRONIC MUSIC PROJECTS
R.A. PENFOLD

Although one of 1he more recent branches of amateur
electronics, electronic music has now become extreme-
ly popular and there are many projects which fall into
thus category.

The purpose ot this book is 10 provide the construc-
1or with a number of practical circuits for the less com-
plex iems of elecironic music equipment. including
such things as Fuzz Box. Waa-Waa Pedal. Sustain Unit.
Reverberation and Phaser-Units. Tremeio Generator etc.

$7.70

BP75: ELECTRONIC TEST EQUIPMENT
CONSTRUCTION

F.G. RAYER, T.Eng. (CEI), Assoc. IERE
This book covers in delait the construction of a wide
range of test equipment for both the Electronics Hob-
bylsts and Radio Amateur. Inciuded are projects rang-
ing trom an FET Amplifted Voltmeter and Resistance
Bridge 10 a Field Strength Indicator and Heterodyne Fre-
guency Meter Not only can Ihe home constructor en|oy
building the equipment but the tinished projects can
atso be usefully ulilised in the furtherance of his hobby

§7.30

8P76: POWER SUPPLY PROJECTS
R.A. PENFOLD
Line power supplies are an essential part of many elec-
tronics projects The purpose of this book Is to give a
number of power supply designs. including simple
unstabilised tyges. fixed voltage regutated types. and
variable voltage stabilised designs. the latler being
primarlly intended for use as bench suppiies for the
eiectronics workshop. The designs provided ate all low
voltage lypes for semicoriductor circuits.

There are other types of power supply and a number
of these are dealt wilh [n the final chapter. including a
casselle power supply. Ni-Cad battery charger. voitage
step up Tircuit and a simple inverter

$7.30

B8P78: PRACTICAL COMPUTER EXPERIMENTS  $7.30
EA. PARR, 8.Sc., C.Eng., M.LEE.
Curiouysiy most published material on the
microprocessor tends to be of two sorts. the first treats
the microprocessor as a black box and deats at length
wilth programming and using the “beast” The second
type ol book deals with the social impact. None of |hese
books deat with the background 10 the chip. and Ihis is a
shame as the basic 1deas are both tnteresting and sim-
ple

This book afms to fill in the background to the
microprocessor by consirucling typical computer cir-
cuits in discrete logic and it is hoped that this wiliforma
useful 'ntroduction to devices such as adders,
memories. etc_ as well as a general source book of loglc
circulls

BP79: RADIO CONTROL FOR BEGINNERS
F.G. RAYER, T.Eng.(CEl).Assoc.IERE.

The aim of this hook is 10 act as an introduction to Radio
Conirol for beginners to the hobby The book will com-
merice by dealing with the conditions that are allowable
for such things as lrequency and pdwer of transmission.
Trs Is followed by a “block” explanation of how
control-device and transmitter ooerale and recelver and
acluator(s) produce motion in a model

Details are then given of aclual solid state transmit.
ting equipment which the reader can build Plain and
iloaded aerlals are then discussed and so Is the field-
slrength meter to help with proper setting up.

The radio receiving equipment is then deall with
which includes a simple receiver and also a crystal con-
trolled superhet. The book ends wilh the electro-
mechanicat means ol obtalning movement of the con-
trols of the modef

$7.30
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INTERNATIONAL @/

These books are specially imported from England by us.
All prices include handling and postage. To order, use
the order form in this publication or write to:

Unit 6

25 Overlea Bivd,,
Toronto, Ontario
M4H 1B1

Babanl Books are also available trom the

Toronto: Arkon, Dominlon, General Elec-
tronics, Exceltronix. Montreal: Cesco, Cen-
tre Electronic Heathkit. Kitchener: Orion.
Calgary: CM Electronics, B&E Electronics,
The Computer Shop. Vancouver: Randell
Paret, Heathkit. Winnipeg: Vanguard Elec-
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BANDPASS
& BEYOND

Here’s some more from Mr. Orr. Our circuit
specialist looks at the development of band- OUTPLT 4By
pass design, switched capacitor techniques

and some new ICs. -3

d8
MANY MACHINES SUCH AS SPECTRUM analysers and
vocoders use analysing filter banks; these are often
quartér octave devices extending over six octaves. If ESd%/OCTAVE
quarter octave filtering is to be successful then the
bandpass filter responses must be very sharp, having
almost flat tops and a fast roll-off slope at either side. A Fe
poor slope would mean that the filter bank would not be LOG FREQUENCY
able to resolve incoming signals; for example a .
sinewave might give a high output in several of the Fu Y
channets. Also, a very peaky response would give large I
interfilter ‘dips’ in the overall response (Fig. 1). An ap-

-6dB/OCTAVE

3d8 BANDWIDTH=(F ,~F, }

proximation of the square ideal resonse can be obtain- QFACTOR=Fg
ed by using multiple tuned filters. The response of a Fy=FJ)
single pole bandpass filter is shown in Fig. 2. ALSO, Fe =VTF F)

FINAL ROLL OFF SLOPES::GdB,’OCTAVE
Fig. 2. Single pole bandpass response.

When designing bandpass filters it is important to
decide what type of fiiters to use. Figure 3 shows two
bandpass responses. Response A is a peaky filter,
whereas B has a ftat top to it, but still has the same roli
off as A. One sensible design solution would be to use
bandpass filters for A, and a highpass/lowpass struc-

L . ture for B. A rule of thumb for making this decision is to
\""E"LA" calculate the fractional bandwidth:

Fu - FL

IDEAL RESPONSE H
aure. "BT 2 By Design

LOW

N FUXFL

LN
If this is greater than unity then use lowpass/highpass
filters; if it is less than unity use multiple tuned band
) pass filters. Some standard bandpass filter designs are
HIGH POOR . shown in Fig. 4. The multiple feedback circuit requires
a LARGE DIPS A (R .
only one op-amp, but is limited to low Q operation (less
than 5) and the centre frequency and Q are interactive.
The state variable design can produce high Q fac-
/ N N tors of the order of several hundred. Tuning is perform-
ed by changing the R and/or C components. The Q fac-
tor is independently variable and is invariant with
changes in frequency.
The biquadratic design is similar to the state

MULTIPLE [ ) ) e variable filter. Tuning is performed by changing the R
[USED (\/\ reonasLe and/or C components and the Q factor is determined by
the ratio of Rq to R. As it is tuned to operate at higher
j\ ) . frequencies the Q factor will increase linearly in propor-

\ N tion to that frequency.

A voltage controlled biquadratic filter is shown in
Fig. 5. This employs the relatively new CA3280, which is
a dual improved performance version of the CA3080. As
the Q factor is a function of frequency, the useful
Fig. 1. Various responses of an analysing filter bank. operating range is about 20 to 1.

LOG FREQUENCY
e
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INPUT

)
3
0
o
FFe Fy LOG FREQUENCY
Qureut 45 °
8
Ut -
/
F Fe F, LOG FREQUENCY
N N
FU_FL <
IF 1 USE MULTIPLE BANDPASS STRUCTURE
VEFL
N out
| BP1 > ar2z O response (B)
Fu-Fo
IF > 1USE A HIGH PA P
N SS, LOWPASS STRUCTURE
IN out
WP ' O RESPONSE

Fig. 3. Two bandpass resonses and how to realise them.

A simple analysing octave filter bank is shown in
Fig. 6. this is implemented using double tuned filters
with Q factors of five. The component values for two
channels are shown in the table of Fig. 6a. Note that
some compromises will have to be made in order to im-
plement the design using low cost resistors. For exam-
ple, a 255k resistor could be made using two 510k
resistors in parallel. The filter bank is converted into a
spectrum analyser by adding an envelope follower to
each channel and then multiplexing the envelope
voltages into an XY display (Fig. 6c).

Other Design Applications

Figure 7 shows a design for a parametric audio
equalizer. This device has variable cut and lift and a
resonance and frequency control. The resonance con-
trol is arranged such that as the Q increases, the input
signal is attenuated (RV2a), thus maintaining the same,
overall gain at resonance, independent of the Q setting.
The filter is a state variable design which is situated in
the feedback/feedforward loop of an op-amp. Thus RV3
controls whether overall response is a bandpass cut or
lift. The resonant frequency is tuned by RV1 and SW1 is
used to switch frequency ranges. The Q factor is set by
Rv2. :

ET! - DECEMBER 1981

I
Fe = 2ne/R R,
R
A Q=%/Fa_ |
EP LOW)
Ry T (e
O—"\\V\/\—4
L—l c GAIN = —207
INPUT
OUTPUT
a)
AMAA
10k
10k
A ke
INPUT
N AN
R Ax
M 10k{30-1)
o8 L0 BANDPASS OUTPUT
1
b) Fe™ @mRC
a= (g&» )
)
GAIN2Q
AAAN
R
RO
- AAAA—

10k '_“?_4

m— —k—1

10k =
- AAAA—
e . '
7
c) Fo FRe

Q= Ra —0

R BANDPASS OUTPUT

Fig. 4. Standard bandpass filter designs. a) Muitiple feedback.
b) State variable. c) Biquadratic.

22

INPUT

Fig. 5. A voltage-controlled biquadratic filter. Note that the
CA3280 has two + 12V supplies (pins 14 and 11) but only one
— 12V supply (pin 4). (We don’t know why either.)

19



BANDPASS AND BEYOND

(W L S L Re |Rp ] C F,
3k6 | 360k | 15n]| 29042 | 5 | sk1 [510k]| 15n | 208Hz | 5 | FiLTERD
18 | 180k | 15n]| 580Mz | & 2k56 | 265k | 15n | 410Mz | 5 | FILTERE

3

e

QUTPUT

INPUT

A 8 < D E £ | J

NN B oo LOG FREQUENCY
® &3 8
I I X X
~ N~ N N

Fig. 6. An analysing filter bank suitable for a spectrum
analyser. a) Circuit for each of the ten filter stages (A to J), and
component values for two of the stages. b) Graph of the ten
fiiter responses. c) Block diagram of the spectrum analyser
and a suitable circuit for the envelope follower.

The TCA580N (Signetics) is an IC that can be used
to simulate an inductance and in doing so may be used
to synthesize many conventional LCR filter circuits (Fig.
8). The device has a pair of floating input terminals
which generate the impression of being an inductor.
This inductor is programmed by three passive com-
ponents, Ra,, Ra,, C,. By connecting a capacitor (C,)
across the input terminals, a parallel resonant circuit
(C,L) is produced.

ENVELOPE
FOLLOWER 10 WAY
—  Mux
FILTER
a ™M
FILTER W\ﬂ T
g ™M
~A XY DISPLAY
~ ENVELOPE ~
FOLLOWER . SPECTRUM
W AN =
FILTER
3 M i X
ENVELOPE
FOLLOWER
sweep )
COUNTER— RAMP
OSCILLATOR
C
" 100n
100k
e AAA, el
100k 51k
AMN— A2 % % o ouT
PRLTTENG 5
Iy 100K
p SIMPLE
ENVELOPE
= FOLLOWER
100k
AN

Moving Story?

The SSM2040 is a four section mobile filter that can be
exponentially voltage controlled over a 10,000 to 1 fre-
quency range. The device contains an exponential func-
tion generator that controls four variable transconduc-
tance amplifiers each having their own output buffers.
The IC may be used for electronic music synthesis,
musical effects, tracking filters and many other applica-
tions where filter mobility is needed.

AAAA S - - -
100k /,
_."_o XGEAD SWi 7
pb——AAAA— 10n
100k Rv1a '_'"',_of\"
= lin 10k | I‘n7 [ RV
’__D_‘ e 106 ] "4n7 [
47k >
AY
N }

N\ o°
cew \

d
N .
RV2a RV2b
;‘iZOK a7k 470k

SW1 OPE

N

300-3000 s
Jin SW1 CLOSED
Jew 22% p 8P 100-1000 Hz
MAX Q ccw
\ 27k {MAX Q) ALL OP—AMPS 741
OR %RCA136

2 22k
B VW
220n
10k
wor T
O— 3- — AN = OUTPUT
——)
+
YRV3
LIFT  qoc  CUT
tin

Fig. 7. A parametric audio equaliser with variable cut and lift
and a resonance and frequency control.

QUTPUT
INPOT dB

EFFECT OF THE Q COMTROL ON
FULL CUT AND LIFT

o LOG FREQUENCY
Q FULL LIFT
Q FULL LIFT
Q FULL LIFT
Q FULL CUT
Q
Q
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+Veeo

A four pole lowpass filter for electronic music is
shown in Fig. 9. Each stage is a single pole mobile -
lowpass filter, four of these filters are connected up in 0
cascade and fed into an output amplifier. A resonance u \
feedback route is provided so that the Q factor may be 0'—417-
manually controlled. The voltage control of frequency is
set to — 1 V/octave.

X

By modifying the external components, the device 0 G2 SO VALY . L
can be transformed into an all pass filter, (Fig. 10)- This :E R (sionenICs) Raz T.
filter has a flat amplitude response and a phase shift “ . o
s, :

that changes by 180° as a function of frequency. As the
SSM2040 has four stages, the whole filter has a variable L AgyRats
720° phase shift. When the filter output is mixed with
the original signal, two notches are produced in the fre-
quency resonse occuring when the phase between the
original and phase shifted signal is 180° and 540°.

-1
FRESONANCE = n/TE,

1

As the phase shift is slowly modulated up and - nRGRen G "
down in frequency, the notches aiso move producing
Hits Gl ARG [Pl Seies Fig. 8. A monolithic gyrator using the
Monomania T.CASBON' e , ;UPPLY CURRENT . 0.8
Monolithic filters are becoming more and more com- inductances up to one millihenry. O FACTORTZ00R. . 500 TO
mon. One such device that lends itself to integration is ' SIMULATED
the transversal filter. Fig. 11a. This device can produce L st
a steep roll-off slope, a high out-of-band attenuation RANGE............ DC TO 10kHz
and most significantly a linear phase response. The
transversal filter is a tapped analogue delay line. The in- ) )
put signal is sampled and this sample moves down Itis necessary, as vy1th all sampled data systems,.
along a bucket brigade delay line. Each bucket has a to precede the device with an antialiasing filter and to
separate output so that the signal may be monitored at recover the signal. There are now several transversal
each stage via a weighting resistor. It is possible to filters available, but they are still relatively expensive
weight the resistors such that they draw out the im- and are pest used only where linear phase response is
pulse resonse of the required filter performance. of prime importance.

When fed with an input signal that is being shifted
down a delay line, this impulse response results in it be-
ing converted into a frequency response. The filter fre- Fig. 9. A four pole lowpass filter using the SSM2040. The

quency is directly linked to the clock frequency, and transconduct A :
thus it is impossible to make the transversal filter fors Bc_on AL 7R (79 IO 2] ) el G o s o)

mobile.

VE

VOLTAGE
(+15V) (=15V)
e} (S18V) conTROL

OUTPUT

o
7
A SET
Lo 100k MaxiMum &

VVAAS O FACTOR 10

10 \
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L R L ¢ R

SWEEP WAVEFORM

©q
By R 1$18V) (-15V)
a2 T 0.170 1.04z

/

+

NOTCHES SWEEP UP
AND DOWN

LOG FREQUENCY

INPUT

10k

¥

ouTPUT
©

10k

Fig. 10. The SSM2040 connected as a two-notch phasing unit.

»
lCK
ANALOGUE DELAY LINE
TAP  TAP  TAP TAP
1 2 3 N

INPUT

!

RESISTOR WEIGHTINGS —*
USED TO PROGRAM THE
DESIRED FILTER IMPULSE
RESPONSE

OUTPUT

LOWPASS
IMPULSE
RESPONSE
RESISTOR 1 [

WEIGHTING 3
TAP N

FgT ae

TYPICAL
_1143 FREQUENCY
RESPONSE

LOG FREQUENCY

Fig. 11. The transversal filter, with graphs of impulse and frequency responses for a lowpass design.

AT
R=T/C,
a) Vi Va2 b)
Opp—0) EQUIVALENT
CLOCK ﬂ._ﬂ '\ ARESISTOR
- AVERAGE
| l CURRENT
1=C V-V - o c —
vy VY T | U cK TK
T
SWITCHED . <) _L _L
WHERE T = PERIOD OF SWITCH CAPACITOR

THEN THE EQUIVALENT RESISTOR

v, vy
R=T/C c
SWITCHING !

PERFORMED WITH /;;7
MOSFETS

Fig. 12. Switched capacitor filters. a) Basic circuit. b) The
equivalent resistor. ¢) Practical design using MOSFETs. d)
Conventional integrator. e) Replacing R with a switched
capacitor enables a filter to be easily produced in IC form.
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Recent Monos

A more recent monolithic device is the switched
capacitor filter, which can be used to implement many
standard lowpass and bandpass filter structures, Fig.
12. The problem with producing monolithic recursive
filters is that stable high tolerance components such as
resistors and capacitors are very difficult to make, and
the filter performance depends heavily upon these
tolerances. However, it is possible to simulate resistors
with switched capacitor techniques. With the switch as
shown in Fig. 12a C, is charged up to V,. When the
switch is thrown to its other position the capacitor is
discharged into V,. By continually switching the switch,
a current | can be made to pass from V, to V,. This
simulates a resistance R (where R equals the period of
the switch divided by C,). The switching is performed by
two MOSFETs (Fig. 12c) driven by antiphase clock
signals. The simulated resistor can be used to con-
struct an integrator (Figs. 12d,e) which can then be used
to build up conventional filter structures. For example a
state variable filter would have a resonant frequency Fe,

INPUT

where
Fc = 1
2TTRC2
butR = T
¢
thereforeFe = __ Gy
27TC2 T
TOP OCTAVE
“Rse0a| >
— A
_ o=,
>
<
b—{ Rs6oa [ 5
| e B O,,f
| — = — %
o~
( [ —{ Rse0s [ > ]
- c 515
X 22«
a2z
.
A5604 — _J s <
b— — R D
» CK 3

*RETICON ”3 OCTAVE SWITCHED

CK Q0 Q1 Q2 Q3
S CAPACITOR MONOLITHIC FILTER

4 STAGE DIVIDER

Fig. 13. Switched capacitor filter bank using the R5604 from
Reticon.

Note that Fc is linearly proportional to 1/T, which is the
clock frequency.

Reticon make a switched capacitor bandpass filter
which contains three filters at one-third octave spacing,
thus making filterbank design relatively simple (Fig. 13).
Maybe in a few years time it will be possible to purchase
a wide range of low cost monolithic filters. If that day
comes, you won't need to learn how to design active

filters! w0y
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His Master’s Temper

Really, what good is a dog that sits around the house all
day staring into a Victrola, collecting various fleas. Little
Nipper, here, has been doing it for about sixty years. He
might be dead; for all the use he is, he could very well
have been stuffed back in '27. He doesn’t even like
cheese.

A while ago, Nipper’'s owner got a bit cross with his
diminutive canine, and decided to jam his pointy little
head into the speaker, to see if it would wake the little

mutt up. Actually, it did, too. Nipper came out of his
coma, and started wandering around the house, barking
cheerfully and slamming the Vicrola into the furniture. He
pulverized the cat, smashed two completely authentic

Ming vases from Sears, and very nearly did a doubie
gainer off the sun deck into the pool (it's so difficult to
judge just how hard you have to kick them to get them

over the edge).

To date, no one has had any success extracting Nipper

from the horn. Various techniques have been tried, in-

cluding soap, freezing, a chain saw, pulling between

cars, and, lastly, plastic explosives. However, nothing’s

done much good, and the remnants of this poor little dog
are still in that thing.

We feel very sorry for Nipper, symbol of a mega-
corporation though he may be. Therefore, we have set up
a fund to help get him out. Subscribe now to ETI, and, if
Nipper is still alive by the time we get your order (unlikely,
considering the size of the pile driver they plan to try next

week), we'll contribute one dollar for each one year
subscription (just $16.95) and two dollars for each two
year subscription (just $29.95) to the ‘*“Buy an Atomic
Bomb to Free Nipper Fund”.

If he is dead, we promise to observe one minute of silence ’
for each subscription order, after everbody has gone home
for the evening.

So have a heart. If you want, you can probably have Nip-

per’s, if you can find it (it was headed East, last time it

was spotted). Subscribe now, and help this poor little

animal. You'll feel better, and so will we. So would Nip-
per, if he were real.

ETI Subscriptions
25 Overlea Blvd., Unit 6
Toronto, Ontario
M4H 1B1
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Computer Technician’s Handbook

TAB No.554 $17.45
Whether you're looking for a career, or you are a service
technician, computer repair is an opportunity you should be
looking at. The author covers all aspects of digital and com-
puter electronics as well as the mathematical and logical
concepts involved.

Beginner's Guide To Computer Programming

TAB No.574 $16.45
Computer programming is an increasingly attractive field to
the individual, however many people still overlook it as a
career. [The material in this book has been developed in a
logical sequence, from the basic steps to machine language.

Microprocessor/Microprogramming Handbook

TAB No.785 $14.45
A comprehensive guide to microprocessor hardware and pro-
gramming. Techniques discussed include subroutines, handl-
ing interrupts and program loops

Master Handbook Of 1001 Practical Circuits

TAB No.800 $20.45
Master Handbook Of 1001 More Practical Circuits
TAB No.804 $19.45

Here are transistor and IC circuits for just about any applica-
tion you might have. An ideal source book for the engineer,
technician or hobbyist. Circuits are classified according to
function, and all sections appear in alphabetical order

99 Test Equipment Projects You Can Build

TAB No.805 $14.45
An excellent source book for the hobbyist who wants to build
up his work bench inexpensively. There are circuits to
measure just about any electrical quantity. The variety is
endless and includes just about anything you could wish forl

The Power Supply Handbook
TAB No.8b6 $16.45
A complete one stop reference for hobbyists and engineers
Contains high and low voltage power supplies of every con-
ceivable type as well mobile and portable units.

Build Your Own Working Robot

TAB No.841 $11.45
Contains complete plans — mechanigal, schematics, logic
diagrams and wiring diagrams — for building Buster. There
are two phases involved: first Buster is leash led, dependent
on his creator for guidance; the second phase makes Buster
more independent and able to get out of tough situations

CMOS Databook

TAB No.984 $14.45
There are several books around with this title, but most are
just collections of manufacturers' data sheets. This one, by
Bill Hunter, explains all the intricacies of this useful family of
logic devices the missing link in getting your own designs
working properly. Highly recommended to anyone working
with digital circuits

Beginners Guide To Microprocessors

TAB No0.995 $10.45
If you aren’t sure exactly what a microprocessor is, then this
is the book for you. The book takes the beginner from the
basic theories and history of these essential devices, right up
to some real world hardware applications.

A Beginner's Guide to Computers and Microprocessors —
With Projects.

TAB No.1015 $13.45
Here’s a plain English introduction to the world of microcom-
putert — it's capabilities, parts and functions and how

YOu can use one. Numerous projects demonstrate operating
principles and lead to the construction of an actual working
computer capable of performing many useful functions
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The BASIC Cookbook.

TAB No.1055 $9.45
BASIC is a surprisingly powerful language if you unders-
tand it completely. This book picks up where most manufac
turers’ documentation gives up. With it, any computer owner
can develop programs to make the most out of his or her
machine

How To Design, Build, and Test Complete Speaker Systems.
TAB No.1064 $13.45
By far the greatest savings in assembling an audio system can
be realized from the construction of speakers. This book con-
tains information to build a variety of speakers as well as in-
structions on how to design your own

Digital Interfacing With an Analog World

TAB No.1070 $14.45
You've bought a computer, but now you can’t make it do
anything useful. This book will tell you how to convert real
world quantities such as temperature, pressure, force and so
on into binary representation.

The Complete Handbook Of Robotics

TAB No.1071 $13.45
All the information you need to build a walking, talkidg
mechanical triend appears in this book. Your robot can take
many forms and various options — light, sound. and proximi-
ty sensors — are covered in depth

The Active Filter Handbook

TAB No.1133 $11.45
Whatever your field — computing, communications, audio,
electronic music or whatever — you will find this book the
ideal reference for active filter design. The book introduces
filters and their uses also presents many practical circuits in-
cluding a graphic equalizer, computer tape interface and
more.

How To Build A Small Budget Recording Studio From
Scratch. . .

TAB No.1166 $16.45
The author, F. Alton Everest, has gotten studios together
several times, and presents twelve complete, tested designs
for a wide variety of applications. If all you own is a mono
cassette recorder, you don’t need'this book. If you don’t want
your new four track to wind up sounding like one, though,
you shouldn’t be without it

Electronic Music Synthesizers

TAB No.1167 $10.45
If you're fascinated by the potential of electronics in the
field of music, then this is the book for you. Included is data
on synthesizers in general as well as particular models. There
is also a chapter on the various accessories that are
available.

Troubleshooting Microprocessors and Digital Logic

TAB No.1183 $13.45
The influence of digital techniques on commercial and home
equipment is enormous and increasing yearly. This book
discusses digital theory and looks at how to service Video
Cassette Recorders, microprocessors and more

The Master IC Cookbook

TAB No.1199 $16.45
If you've ever tried to find specs for a so called ‘standard’
chip, then you’ll apppreciate this book. C.L. Hallmark has
compiled specs and pinouts for most types of 1Cs that you'd
ever want to use.

How To Build Your Own Working Microcomputer
TAB No.1200 $16.45
An excellent reference or how-to manual on building your
own microcomputer. Afl aspects of hardware and software
are developed as well as many practical circuits.

Handbook Of Microprocessor Applications

TAB No.1203 $14.45
Highly recommended reading for those who are interested in
microprocessors as a means of accomplishing a specific task
The author discusses two individual microprocessors, the
1802 and the 6800, and how they can be put to use in real
world applications.

PASCAL

TAB No.1205 $16.45
Aimed specifically at TRS-80 users, this book discusses how
to load, use and write PASCAL programs. Graphlc techniques
are discussed and numerous programs are presented.

Tower’s International Op-Amp Linear IC Selector

TAB No.1216 $13.45
This book contains a wealth of useful data on over 5 000 Op-
amps and linear ICs both pinouts and essential
characteristics. A comprehensive series of appendices con-
tain information on specs, manufacturers, case outlines and
50 on.

How To Build Your Own Self Programming Robot

TAB No.1241 $13.45
A practical guide on how to build a robot capable of iearning
how to adapt to a changing enviroment. The creature
developed in the book, Rodney, is fully self programming,
can develop theories to deal with situations and apply those
theories in future circumstances

Microprocessor Interfacing Handbook: A/D & DIA

TAB No.127t $14.45
A useful handbook for computerigts interested in using their
machines in linear applications. Topics discussed include
voltage references, op-amps for data conversion, analogue
switching and multiplexing and more

The GIANT Handbook of Electronic Circuits

TAB No.1300 $24.45
About as twice as thick as the Webster's dictionary, and hav-
ing many more circuit diagrams, this book is ideal for any ex-
perimenter who wants to keep amused for several centuries.
If there isn’t a circuit for it in here, you should have no dif-
ficulty convincing yourself you don't really want to build it.




TUBES

Vacuum tube equipment is anything but ex-

tinct. Find out the basics of this hot, smelly,
inefficient and mildly funky technology By

Steve Rimmer.

A LONG TIME AGO, back in the so-
called ‘dark ages’, there weren’t any tran-
sistors. Instead they had another device,
called the vacuum tube. This, in fact, lead
to the phrase ‘dark ages’. The tubes drew
so much current that if two or more peo-
ple in the same town turned on their TVs
simultaneously, all the lights would brown
out. Most people who get into electronics
these days run into tubes only as novel
curiosities or as little crunching noises
underfoot, and never have cause to be
concerned about how the little monsters
actually work. No great loss, this, for the
most part; a digital watch made out of
tubes would require a guy 1200 feet tall to
wear it.

Oddly enough, though, after general
abandonment for quite a while, tubes are
enjoying a bit of a renaissance. This may
be akin to that last bob to the surface
before going down for the third time.
However, even with the latest heavy trips
* happening in solid state technology, there
are still a few things better done with
vacuum tubes. There are also a lot of
cases where in the grossly underbudgeted
experimenter can find affordable tube-
type equipment where solid state works
would be cause for a trip to the loan
counter.

It's actually rather amazing exactly
how much can be achieved with
something as seemingly primitive as a
tube. We're going to have a peer at how
theselittle monsters work, so the ol’ glass
transistors won't be a total mystery, and
the next time Great Aunt Remora asks
you to fix her mighty Prince of the Air-
waves all band receiver and wax cyclinder
player, you won’'t have to have your arm
set in a fake cast.

Skin a Cathode.

We're not going to get too hairy intothe
theory of tubes . . . justenough to get
by on. If you're really hot to know more,
there are dozens of excrutiatingly boring
books on the subject availabie.

Your basic amplifying tube is called a
triode, which, as you might expect, is an
evacuated glass envelope containing three
odes. Except, we don’t call ’'em odes,
because it sounds silly. ‘Elements’ is more
common. These are your ‘cathode’, your
‘control grid’ and your ‘anode’. They are
represented diagramatically in Fig. 1. The
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cathode is a metal plate that gets hot due
toits being near a smal! electric heater
called the ‘heater’ . clever name,
right, or the ‘filament’, as in a light bulb.
Away across the vacuum tube is another
plate, quite like the cathode, except that it
doesn't get hot, having no heater. Because
the cathode gets hot it spews electrons off
into space, which will go streaming
toward anything more positive than the
cathode . . . abit of bias voltage will
qualify the anode for this distinction.
Electrons can flow to the anode, but
because the anode is cold, once they get
there they can’t flow back, even if the
anode were to go negative with respect to
the cathode. Sounds like a sort of diode
effect, doesn't it?

| think | detect a pattern here.

With electrons streaking madly
across the gap between the aforemention-
ed odes, it is possible to regulate their
quantities by inserting a third element in

Anode

Grid
Cathode

Fig. 1 A triode

the gap, the control grid. Actually grid-
like in structure, the control grid is placed
quite close to the cathode and biased such
that it is slightly negative with respect to
it. Thus, electrons passing through the
grid are repelled from it toward the
anode. However, it takes very little
negative voltage on the grid to restrict the
electron flow, and, as it happens, quite a
large change in the current from the
cathode to the anode can be achieved with
only a small change of grid voltage.

This is, of course, amplification,
without which Jimi Hendrix would never
have been possible.

As you may have heard, the opera-
tion of a triode tube is essentiaily similar
to that of a FET. They are basically
voltage controlied, high impedance
devices as opposed to transistors which
are current controlied and low impedance
components. This is a very useful
analogy . . . except that some tubes
have more than one grid. These, however,
will go away if you pretend you don’t
believe in them.

Oh, very well. We'll explain them.
There are several conceptual pro-
blems with triodes, one of which is that
they are unfriendly in some applications,
especially at radio frequencies, because
there is a lot of inter-electrode capacitance
.. capacitance between them odes we
was speakin’ about a piece back. In order
to break this up, another grid is inserted in
between the control grid and the anode,
called the ‘screen grid’. It gets biased (and
decoupled) at some voltage slightly below
that on the anode. The resulting concoc-
tion is called a tetrode.

Tetrodes, as it turns out, are not
remarkably useful. The extra grid cures
the capacitancce problem, but causes a
new one in its place. Electrons barrelling
into the anode often cause other electrons
to go flying back into the vacuum, in a
process called ‘secondary emission’.
These wind up on the screen grid, where
they tend to make it do funny things. The
only way to stop them from doing this is
to install yet another grid, this one called
the *supressor grid’, in between the screen
and the anode. It is usually connected to
the cathode, or, sometimes, to ground.
Since it is negative with respect tothe
anode, it repels the secondary electrons
back towards the anode before they can
get into trouble.

Count up those odes. Everybody get
five? Good. It's a pentode. A bit of a
kluge, | suppose, but it works.

12AT7 \

Fig. 2 Three common tubes
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Passing the The Plate
Having gotten this littie bit of textbook
stuff out of the way, let us now turn to the
real, if slightly archaic world of tubes.
Herein we’re going to look at the
generalities of dealing with these scor-
ching little beasts. It should be stated, for
any purists reading this bit and fuming at
the ears, that these are genuine abbrevia-
tions of the truth for the sake of getting it
all into three pages of text; its all good
most of the time, but there are a few
things left out.

Tubes come in three sizes; seven pin,
eight pin and nine pin. The seven and nine
pin deals are miniature types, having the
pins protruding directly from the glass of
the envelope. The eight pin, or octal
types, have plastic bases which contain the
pins. There are hundreds of different tube
types in existence, but only a very few that
are commonly ericountered. These are as
follows:

-5Y3,5U4,6X4, etc. A family of octal
tubes having one cathode and two anodes,
for use as full wave rectifiers.

-6ALS5. A seven pin tube having two
separate diodes, for use as small signal
rectifiers and such-like.
-6L6,6F6,6V6, etc. A family of octal
power pentodes, of which the 6L6 is the
biggest. Fancier versions are known as
KT66 and KT88. Usually found in the
output stages of audio power amplifiers.
-12AT7,12AU7,12AX7, etc. A family of
nine pin dual triodes, all identical except
for different gain. The AX7 is the highest.
The 12 voit filaments are tapped for use
on six volts as well.

There are a few other sweeping
generalities of tube lore that may prove
useful. First of all, the anode is often call-
ed the ‘plate’, leading to ‘plate voltage’,
‘plate current’, and so forth. The control
grid is usually just called the ‘grid’, with
the other, now orphaned grids being call-
ed the ‘screen’ and ‘suppressor’. Tubes
often contain two additional elements,
called the ‘internal shield’ and the ‘getter’.
The former is usually to separate the
elements of dual tubes. The latteris a
metal ring which is used in the initial
evacuation of the tube. Neither of these
need be concerned about in the general
operation of tubes, except that odd things
may happen if voltages are connected to
them.

Some tubes are made with metal con-
tacts up'top, from which a wire hangs.
This is usually the connection to the plate;
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the internal geometry of the tube makes it
impractical to run it down to the base.
The only common exception is an octal
tube called the 6J7, where it’s the grid.

Unlike in solid state devices, the
numbers of tubes can tell you a few
things. For instance, the first numerical
digits tell you the filament voltage. 5Y3
has a five volt heater, 6ALS has a six volt
one. Well, 6.3 volts, actually, although
the extra third of a volt doesn’t make
much difference. Some tube numbers will
have extra letters tacked on the end, like
6L6GBA. These usually refer to the shape
of the glass envelope . . . nottooimpor-
tant, unless the tube is being held in by
some sort of gadget that only works with
one particular shape. )

Lastly, you might run into tubes that
appear to be made of metal. This is just a
disguise invented by the military. If you
drop them they’ll break just like the
regular kind.

Tubes are built to much tighter
specifications than are solid state devices.
However, their circuits are also usually
much more finicky. Thus, especially in
sophisticated RF and timing circuits,
tubes from different manufacturers may
produce different resuits . . . sometimes
to the extent that some circuits will only
work with some brands of tubes.

Powers That Be

The relative voltages on the elements of
your basic tube are pretty well constant,
and, as with transistors, if you know
about what they are supposed to be, you
can figure out what is wrong if they turn
out to be something else. Here goes.

The cathode is held at or near
ground. Usually it's a few volts positive,
by virtue of a cathode resistor, often
bypassed by a capacitor. Sometimes pen-
todes will have a connection from the
cathode to the suppressor; it is usually the
case, though, that this connection is made
internally, and the suppressor is often not
even drawn in.

The grid is usually a few volts
negative with respect to the cathode.
There aren’t usually any negative voltages
handy, at least with small signal
amplifiers, so the same result is arrived at
by setting the grid near ground and mak-
ing the cathode positive. The grid usually

has a large, 100K to 1M, resistor hanging
off it to ground. This keeps it effectively
at ground potential and gets rid of any
stray electrons that somehow manage to
stick to it.

The screen is usually fed from the
plate voltage supply via a voltage divider,
and will usually have a capacitor to
ground to keep it from varying in voltage
with the current through the tube.

The plate is connected through a
load, such as a coil, transformer or
resistor, to the plate supply voltage, called
the B +.The B + is usually between 150
and 350 volts, and the actual plate voitage
anywhere between 90 and 250. Higher
plate voltages produce higher gain, but

Fig. 3 Tubes in an RF front end

also cause the tube to produce more noise,
as the electrons smash into the plate at
higher speeds. Pentodes, having more in-
ternals for the electrons to hit, produce
more noise than triodes. In equipment
having really small signal stages, the
associated tubes usually get fed from a
low B+ supply.

The heater is usually fed from the
winding of a transformer. However,

27




TUBES

because the AC voltage can couple hum to
the cathode, tubes used in very small

fed with DC.

And The Hairy Bits
In order to be able to give a decent ex-

planation about how to deal with all the BRIl
problems plaguing tube equipment, it *
would be necessary to boot all the adver- |

tisers out of this issue, abandon all the
other features, and possibly devote part of
next month to the conclusion. Absolutely
nobody was in favour of thisidea . . . |
wasn’t even all that thrilled about trying
to write the thing. Thus, we’re going to
look at a few of the fundamental dif-
ferences between tube and solid state cir-
cuitry. Armed with this priceless
knowledge, the rest should be child’s play.

No children that you know of? They
may be able to help you on the classified
page.

Tube type equipment is built on
metal chassis, as opposed to PC boards.
The tubes are plugged into sockets that
protrude through openings jn the metal,
and most of the passive components, such
as resistors and capacitors, are strung bet-
ween the lugs of the sockets. This is called
point-to-point wiring, and, boy, is it
messy.

The biggest hassle with tube equip-
ment is heat. The tubes just cook. The
heat dries out capacitors, shifts the values
of resistors around, and breaks down all
sorts of insulation. It causes the coatings
on wires to get brittle, and, if you move
the leads, they may just flake off into
dust. It also causes a number of more or
less harmless effects; for example, wax
impregnated paper capacitors often form
coatings of wax on their outer surfaces
which makes them look really horrid,
although they'll function perfectly well.
Heat will also cause the colour codes on
resistors to change colour very realistical-
ly, so you can't always trust the markings.

On the other hand, tube equipment
was built on production lines which, for
the most part, were all hand wiring deals.
As the devices came off the lines they were
checked and, if the failure rate began to
increase, due to simple bad luck with the
way the tolerances were going, it was quite
common to change the value of a part to
bring things back into line. In other
words, you gots ta have an updated
schematic befores yuz starts clippin’
resistors.

The most important thing about deal-
ing with tubes is to realize the inherent
reliability of the tubes themselves. They
fail less frequently than do the com-
ponents they're connected to. Shame, in a
way, because they're the easiest to change.
The only really reliable way to test a tube
is to replace it with a good one and see if
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signal circuitry often have their filaments \

Fig. 4 More tubes in real life

Fig. 5 A 5000 Watt transmitting tube

the problem goes away. Tube testers, like
transistor testers, only work under certain
circumstances. In the case of the ones at
the drug store, this is usually when the

& .tube either has a migraine headache or the

heartbreak of psoriasis.

: Powering Down

Altin all, | think tubes are pretty neat. A

4 good way to look at them, especially if

you are fairly poor, is to consider the
specifications of the box they live in. if it
will do what you want, it really doesn’t
matter what it uses to do it with. And,
with tube equipment, there is the added
advantage that the cabinets can be used to

' warm coffee, or even to fry fish on.

Tubes are very highly funky, and
even if you really have a tube amp because
it was twenty-two bucks at a garage sale,
you can let on that you're into tube

" sound, which is very hip and
underground. Tubes make useful

nightlights, and, when they go gassy and
start glowing blue, are entertaining to
watch at parties.

Finally, tubes are ecological. When a
transistor dies, it's useless. However, dead
tubes are fabulously functional, possibly

% even more so than live ones. If you have a

bottle cutter you can make all the useless
household paraphenalia you used to be
able to make before coffee came packed
in plastic. The bases can be recycled to
hold relays. Even the internal elements
can be removed and stomped on for a
good time.

The likelyhood of Texas Instruments
ever having to worry about competition
from the vacuum tube division of Sylvania
is probably fairly slim. However, tube
type equipment is still very much alive,
and may well be worth checking into.

After all, at the least, you can tie
a bunch of it together and use it as an
anchor. ]




Now NRI takes you inside the
new TRS-80 Model lll microcomputer
totrainyouathomeasthe

new breed of computer specialist!

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and

service state-of-the-art

microcomputers...

It's no longer enough to be
just a programmer or a technician.
With microcomputers moving
into the fabric of our lives (over
250,000 of the TRS-80™ alone have
been sold), interdisciplinary skills
are demanded. And NRI can prepare
you with the first course of its kind,

covering the complete world of the OB G PRI Ly Tl -

vanced programming skills, the techni-

microcomputer. : i
Learn At Home ;fé]::s?l;est and debug systems quickly
in Your Spare Time L AR .

With NRI training, the program-
mer gains practical knowledge of hard-
ware, enabling him to design simpler,

training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn
at your convenience, at your own pace.
Yet you're always backed by the NRI
staff and your instructor, answering
questions, giving you guidance, and
available for special help if you need it.
You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on train-
ing, with practical experiments and
demonstrations as the very foundation
of your knowledge. You don't just pro-
gram your computer, you go inside
it...watch how circuits interact. .. inter-
face with other systems...gain a real
insight into its nature.

You also work with an advanced
liquid crystal display hand-held multi-
meter and the NRI Discovery Lab, per-
forming over 60 separate experiments.
You learn troubleshooting procedures

Training includes new TRS-80 Model III micro-
computer, 6-function LCD Beckman multimeter,
and the NRI Discovery Lab with hundreds of
tests and experiments.

(TRS-80 is a trademark of the Radio Shacx division of Tandy Corp.)

{

and gain greater understanding of the
information. Both microcomputer and
equipment come as part of your training
for you to use and keep.
Rush Card
for Free Catalog

Get all the details on this exciting
course in NRI's free, 100-page catalog,
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Complete Communications with
CB, TV/Audio and Video, Digital Elec-
tronics, and more. Keep up with the
latest technology as you learn on the
latest model of the world’s most
popular computer. If card has been
used, write to:

McGraw-Hill Continuing
Education Center

. '.’HI Scarborough, Ontario MIP 2Z5
or telephone 416-293-1911

NH NRI Schools

1"y

AT . 330 Progress Avenue
We'll give you tomorrow.



New! Sinclair X8I
ersonal Computer Kit.

Lower price: higher capability.

Sinclair's new ZX81 personal computer is a tremendous

advance over the highly successful ZX80. it offers far 5
more computer capability, yet Gladstone Electronics is |

able 1o offer the ZX81 in kit form at half the ZX80 price!

How is it possible? Quite simply, by design. The 2X81

uses only 4 chips (as opposed 1o 21 in the original ZX80). Telephone Orders

The secret lies in the totally new Master chip. Designed 4 -
by and custom-manufactured for Sinclair, this unique ( 16) 787 ”‘48

chip replaces 18 chips from the ZX80. Use Visa,
Easy-to-build Kit. Mastercharge or
And because the chips have been reduced to only four, American

the kit is incredibly simple to build. A couple of hours Express

work with a fine-tipped soldering iron and the ZX81 is
ready to use.

The ZX81’s advanced capability.

The ZX81 uses the same fast microprocessor (Z80A), but
incorporates a new, more powerful 8K BASIC ROM —
the "trained intelligence” of the computer. This chip
works in decimals, handles logs and trig, aliows you'to
plot graphs, and builds up animated displays. And the
ZX81 incorporates other operation refinements — the
facility to load and save named programs on cassette,
or to select a program off a cassette through the,
keyboard.

New BASIC Manual.

Every ZX81 comes with a comprehensive
manual — a complete course in BASIC
from first principles.to complete
programs.

Uses standard TV & cassette.

New, improved specification.

* Unique ‘one-douch’ key word entry:

eliminates a great deal of tiresome typing.

Key words (PRINT, LIST, RUN, etc.) have their own

single-key entry.

Unlque syntax-check and report codes identify pro-

gramming errors immediately.

* Full range of mathematical and scientific funcions ac- 16K
curate to eight decimal places. .

. h ) i o RAM sinclair
Graph-drawing and animated-display facilities. ZX 15Kk BYTE RAM PACK

* Mutti-dimensional string and numeric arrays. PACK

Up to 26 FOR/NEXT loops. $169 95

* Randomize function. )

* Programmable in machine code.

Cassette LOAD and SAVE with named programs.

* 1K-byte RAM expandable to 16K.

Full editing facilities.

Able to drive the new Sinclair ZX Printer (to be

available shortly).

¥

R INTRODUCTORY OFFER

Sinclair ZX81 Computer Kit PLUS 16K RAM memory ex-
pansion module for only $299.95! Save $20.00 from in-
dividual prices! Due to anticipated high demand, we
suggest you order now to avoid disappointment. Allow
14-28 days for delivery. Mail coupon or order by phone.

Kit builder guarantee:

If for any reason should you be unable to complete your
2X81 kit, you may return it with a cheque for $25.00, and
it will be completed and returned to you.

If you own a ZX80 ...

The new 8K BASIC ROM as used in the ZX81 is available ! MRS G O 1= cacliarE S == SISIS e SIS SRS DR
as a drop-in replacement chip. (Complete with new ! MAIL ORDER TO: Gladstone Electronics, 1736 Avenue Rd., Toronto, Ont. MSM 3Y7 5
keyboard template and operating manual). With the ex- ' 1}
ception of animated graphics, all the advanced features . Name_ . Total amt. encl ( )Cheque { )Money order |
of the ZX81 are now available on your ZX80 — including ! s 0 '
the abillty to drive the Sinclair 2X Printer. ! Address — e S haag Ol NGRS rCad R e S EX b
Software and users group. ' Card No. Expiry :
with your order you will receive a listing of ZX81 soft- ¢ 1 1 —
ware and publications| plus a FREE cogy of the users | Q1Y- | ltem Ontario residents addbys i [ price Total ¢
group magazine! H Sinclair ZX81 Personal Compufer Kit(s). includes BASIC manual, TV & cassetle | .
ol | c%nnegtors, es_xcludes po:ver supply e . - \_314_3.:% | .

TAC Adapter (500 mA- suitable for ZX81 alone i
mansmns—’v ELECTRONICS | AC A_dag@ _(Les'o mA- suitable for ZX81 & 1eT<)hAjA)_ - 1885 |
"] 16 K-BYTE RAM pack(s) |_ e - 5 - 169.95 | ]
1736 Avenue Rd!| Toronto, Ontario i | ETI SPECIAL OFFER — ZX81 & 16K RAM (not incl. power supply) 299.85 | '
8K ROM to upgrade ZX80 = = W, l 5095 | |
' 1 Shipping charge, all orders __* $ 500 ¢
| | New 64-PAGE CATALOGUE available. Computer hard ware, i H
] L}

Circle no. 9 on Reader Service Card.



An inexpensive programmable

MUSICAL
DOORBELL

doorbell pro-

ject for your home. This instrument will play
any nine-step melody of your choice.

MODERN DOORBELLS come in two
basic types, the simple electrical ‘ding-
dong’ (chime) or the sophisticated
microprocessor-controtled multi-tune
On Canada, etc. types. In either case you
pay your money and have to accept the
sounds that the manufacturers have pre-
programmed into your particular device.
If you ever get tired of your bell’s limited
range of sounds, you have little option
but to buy a new unit.

We have decided to overcome this
by designing a musical doorbell project
that the owner can self-program to play
any desired (but brief) melody. The
essence of our project is that it is simple;
it is devoid of hard-to-get micros,
PROMSs, double-sided PCBs, etc, yet
gives an entertaining performance.

Our doorbell is designed to play a
nine step melody made up of a selection
of five basic notes or tones. The melody
lasts for 2-3 S. If the bell-button is
briefly operated, the complete
melody plays once only; if the bell-
button is held closed, the melody
repeats continuously. The unit is
designed so that the owner can
select or ‘program’ his own melody by
hard wiring the interconnections bet-
ween various pins on the unit's PCB.
The nine step, five note choice
enables any one of a selection of

almost two million (5° different
melodies to be programmed into the
unit!

A feature of our doorbell is that it
incorporates a bistable electronic switch
that connects power to the unit in such a
way that it consumes virtually zero
power when in the ‘standby’ mode.
Whenever the bell-button is pressed, the
bistable connects power to the unit for
the duration of the tune play and then
automatically disconnects the power
when the melody is complete; this facili-
ty ensures long battery life.

Construction

Construction of this unit should present
very few problems, if the overlay is
followed with care. Note that IC1 and
IC3 are CMOS devices and are best
mounted in suitable sockets. Also note
that an insulated link is connected bet-
ween pin 3 of IC2 and pin 14 of IC3 on
the underside of the board and that
Veropins are used to facilitate top-side
connections on the PCB.

When construction of the PCB is
complete, connect up a suitable speaker,
battery and push-button switch and
prepare to give the unit a functional
check. When selecting a speaker,
note that output volume is propor-
tional to speaker impedance and that

a high impedance unit will give the
loudest results.

When you are ready to try out the
unit, connect a flying lead from D1 to
one of the A -E note-select points and
press PB1 to test the first note in the se-
quence. You can then wire in the D2 to
D9 note-selection connections, one at a
time, to establish the rest of the se-
quence, testing the unit at each step in
the wiring sequence.

Once you've finished ‘programm-
ing’ your unit you can fit the PCB, bat-
tery and speaker into a suitable box,
hang the unit on your front door and
finally connect it up to a suitable push-
button switch.

Fig. 1. Circuit diagram of the Musical
Doorbell. The connections you make bet-
ween diodes D1-D9 and the points A-E
determine the tune that is played.
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MUSICAL DOORBELL

A ETI DOORBELL 88

?\;a

HOW IT WORKS

The circuit comprises a bistable (1C1) The circuit is activated by briefly quentially selected via the R7-11
and a transistor power switch (Q1), two pressing PBI1, thereby causing the I[CI resistor network. On the arrival of the
555 astable multivibrators (}C2 and [C4) bistable to change state and connect tenth clock pulse, pin 11 of IC3 goes
and a 4017 decadc counter/divider power to the IC2 and IC4 astables via high and resets the ICI bistable via R3
(1C3). The bistable (IC1) is designed Q1. IC2 is wired as a low frequency and Cl1, thereby cutting off QI and
around two gates of a CMOS 4001B astable (a few Hertz) and delivers clock removing power from IC2 and IC4, thus
and controls the hase bias of Ql, pulses to [C3. IC3 is a 4017B decade completing the operating cycle.
which in turn controls the positive counter/divider; it has ten decoded out- The action of the ICIl bistable is
power supply connections to 1C2 and puts, which sequentially go high on the such that, if PBI is brietly pressed, the
IC4, the two 555 chips. arrival of successive new clock pulses, instrument plays a single sequence of
Normally, the output (pin 4) of the only one output being high at any given nine notes (total duration is 2-3 S) and
bistable is high, so QI receives no time. In our application, the first nine then automatically swiiches off. If PBI
base drive and is cut off. Under this decoded outputs arc used to sequen- is held closed, however, the sequence
condition, 1C2 and [C4 consume no nally sclect (via D1 to D9) timing continuously repeats. Note that the
power: ICI and IC3, being CMOS resistors in a seccond astable, the IC4 owner can set up any tone sequence
devices, also draw negligible power tone gencrator, which drives a speaker that he wishes by suitably interconnec-
under this condition. The entire circuit, via C7. ting the diode outputs of IC3 to the ‘A’
in fact, consumes a typical ‘standby’ The first nine clock pulses from to ‘E’ selection pins on the R7-11 note-
current of only a microamp or so. IC2 1hus cause ninc tones to be se- selection chain.

Fig. 2. Component overlay.
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UNDERSIDE OF PCB .
a Semiconductors Miscellaneous
1C1 4001B LS1 Any 8RO to 40R speaker:
1C2,4 555 see text
a1 IC3 4017 PB1 momentary action
o Q1 2N3905 B1 av
D1-9 1N4148 e
THE PROF ' 8y FLETCH
P = 1 — 1 A JR s i
1*::” | ’ | &4 JusT RIGHTY) ,) P@
E]B { Jik@ 5 O
&,__g % , g 741_\,{_91:‘:3 A _
‘ T ' r e 1;; L
~ H 2N |
B— | TR s
WY g «v« ;:l = 5}
{i : ESMENG L
= /%/ \_J/ / M,, e AOSAL
32 ETI - DECEMBER 1981




“YQ!!
fixTVs...
brand

’, \We know vour
customers think voure ‘
. responsible for everything
about their sets.
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The IEEE show is a vyearly
gathering of the brightest
lights in electronics. John Van
Lierde was there, and is still
seeing spots before his eyes.

THE BEST WAY to find out what's
happening in any given field of in-y
terest is to get out and find the people
that are involved. The 1981 Interna- §
tional Electrical, Electronics Con-
ference and Exposition is a good
place to start, being, among other
things, a veritable lodestone for
manufacturers, researchers,
engineers and buyers.

This year’'s |EEE Show took
place on October 5, 6, and 7 at Exhibi-
tion Place, Toronto. During that time
over 13,000 people passed through
the doors to see and hear what’s
state in the state of the art. Manufac-
turers and distributors filled some
200 booths displaying the very latest
electronic devices. Also during the
show, over 100 papers were read,
covering such diverse fields as
biomedical instrumentation, satellite
communications, computer music
and speech synthesis, power
systems and much more.

The exhibition itself represents a
tremendous opportunity to see and
handle equipment that previously one
could only read about. Because the
manufacturers and their represen-
tatives are right there, it's a good
chance to learn firsthand what’s new.
Even if you're not looking for
something, the browsing is quite en-
joyable and there are plenty of
literature handouts and some
freebees to be had.

If you missed it this year, don't
worry, it's an annual event. If you're
doubtful, the photos tell a bit about
what our advertisers were doing.
Multipty that by about twenty and you
can get some idea of the size.

£




New! Acorn Atom

12K Colour Computer

Telephone orders:
(416) 787-1448

Use Visa, Mastercard
or American Express

The Acorn Atom is a powerful, full
facility computer at an - extraor-
dinary low price. It has a full size
professional keyboard and a
hardware/software combination
of incredible power and versatili-
ty. And it's easy to use! Just con-
nect directly to any domestic TV
and you are ready to begin (AC
Adapter optional extra)

FREE MANUAL

Free with every ATOM is a
computer manual The first sec
tion explains and teaches you
BASIC. the language that most
perscnal computers and the
ATOM operate in. The instruc-
tions are simple and learning is
a pleasure. You'il soon be
writing your own programs The
second section is a reference
section giving a full description
of the ATOM's facilities and
how to use them. Both sections

programs

ELECTRONICS

I
mansmns—'b ,
1736 Avenue Rd 'Toronto, Ontario

New 48 PAGE CATALOGUE available. Com-
puter hardware, software, test gear, audio.
Cost: $1.00.

available, only $349)

THE ACORN ATOM 12K COLOUR COM-
PUTER includes:

Hardware

*Full-sized QWERTY keyboard *6502
microprocessor *Rugged injection molded case
*12K RAM *12K ROM *Audio cassette inter-
face *TV output with high resolution Colour
Graphics *Sound

Software

*32 bit arithmetic *10 digit floating point math
routines *High speed execution *43 BASIC
commands *Variable length strings (up to 256
characters) *String manipulation functions *27
additional arrays *Random number function
(useful for games & simulations} *Mnemonic
assembler *16 letter file names *PUT and GET
byte *WAIT command for timing *DO-
UNTIL Instruction * Logical operators (AND,
OR, EX-OR) *PLOT commands, DRAW and
MOVE *Direct printer drive *Link to machine
code programs *ASSEMBLER and BASIC
may be combined *Many more

Fully Assembled

~$499

(2K Black and white model also

GLADSTONE ELECTRONICS

SPECIAL
INTRODUCTORY
OFFER!

*FULL-SIZED
KEYBOARD

*BASIC AND
ASSEMBLER

*HIGH RESOLUTION
COLOUR GRAPHICS
*SOUND

*USE WITH STANDARD
TV AND CASSETTE
*PRINTER OUTPUT
*10 DIGIT ACCURACY

ALL THIS FOR ONLY $499

This special introductory offer will be in effect
until end of December 1981. As of January
1982, price will be approximately $80 more.
This special offer is to introduce this superb
British computer toc Canada!

Software on cassette.

With your order, full details and prices will be
sent on cassette software. Tapes include games,
applied mathematics, disassembler, and word
processor.

It is our intention to introduce as quickly as
possible a full line-up of ACORN support pro-
ducts including floppy disks.

ACORN

are fullv Hlustrated with sample I

A

l MAIL ORDER TO: Gladstone Electronics, 1736 Avenue Rd., Toronto, Ont. M5M 3Y7 }

| Name — S | —_ Total amt. encl. { )Cheque { )Money order

| address o - Chargeto( }Visa ( )Mastercard( )American Ex

| CardNo. __ — Expity

I 1

I Qty. Item Price Total

1

' ACORN ATOM 12K COLOUR COMPUTER Fully assembled, complete with manual 49900 |

l "BASIC ATOM. 2K RAM & 8K ROM Black & white version, fully assembled, complete with manual

I_ | May be expanded - N - 349.00 _J

'_ AC Adapter nominal 8V 2500 L
Atom Busmess 110 pag(‘ ol business applications & programmes 1995 i

H Shipping charge all orders N i T 750

I Ontario residents add 7% p.s.1. - # =]

I 48-page Gladstone Electronics Catalogue 1.00

L TOTAL

Circle No. 19 on Reader Service Card.



(F1 WHEN T™ CALLING You...
000...000... 000 ...

CANADA

AS MERELY ONE of many who have
watched the swift evolution of broad-
casting in Canada, | was intrigued by
the fact all this has taken place in
less than bhalf the years of the
nation’s life-time. Recalling some of
the early attempts by adventurers in
radio and the primitive beginnings of
others, it seems impossible today’s
giant had such a humble start.

Early in the post-war years, the
second station in a little over a
decade in which | was Engineer,
CKBW Bridgewater, N.S., began
broadcasting. Located on the south
shore of that province, this station in
1947 plugged the previously sparsely
filled radio spectrum in that area (due
to peculiar local rock-strata forma-
tions which left only weak signals
from neighbouring commercial

36

So you think all the furor over
pay TV, satellite TV and
suchlike is a relatively recent
phenomenon? Not so.
Hearken back to the early days
of Canadian nationalism with
Jim Essex and see the origins
of broadcasting in Canada.

Halifax radio stations or even the
powerful 50 KW transmitter of CBA at
Sackville, N.B.) This local situation
was, to me at least, illustrative of
Canadian radio where, whenever
powerful regional CBC stations failed
to provide adequate signal strengths,
commercial enterprise stepped in to
fill the gap.

My impressions of the immense
changes in Canadian radio (which
saw the whispering voice of a mere

handful of stations in the 30’s grow to
over 300 radio stations today) was ex-
emplified by this experience.
Compared with my earlier ex-
periences in radio in Ontario in the
30’s, it offered the comparison need-
ed to appreciate the vast changes to
sophistication in broadcast equip-
ment spanning a dozen odd years.
The CKBW of 1947, in which |
had taken my place in radio in the in-
terval, first as engineer of the suc-
ceeding station of 10AK at Stratford
(later CJCS), to that station 11 years
later, offered a kaleidoscope of
radio’s change with the years. CKBW
was an ultra-modern station: the ex-
perimental station of 10AK in Strat-
ford in 1936 was not. But it was
typical of the experimental stations
of that age and a credit to the spirit of

ETI- DECEMBER 1981



FREE GOODS

As a 30th Anniversary Special we are offering
the following FREE merchandise with every
purchase over $10.00. Please circle the “FREE
GOODS SPECIAL" number on the order form
corresponding to the Free goods you would
like:

#1 — SIX Hobby Motors

#2 — 50 Electrolyte Capacitors

#3 — TWENTY FIVE 500 MA — 200v Diodes
#4 — ONE HUNDRED Resistors

#5 — TEN Rolls Black PVC Tape

#6 — SURPRISE PACKAGE

This FREE Offer is available only to Mail Order
customers. To receive your “FREE GOOQODS
SPECIAL" in our store, you must fill out the
Mail Order coupon enclosed in this catalogue
and present it to the cashier when making a
store purchase.

Ksterday s Prices for Today S ]échnology

535 Yonge Street, Toronto, Ontario, M4Y 1Y5




chaser kit

Model # EK80LCO16

LED

A

A very familiar sight seen at discos, department stores, and
on neon signs. 16 LED’s flash in sequence up-down or alter-
nate. Adaptable to 120 vac. {Extra)

W, Multi-mode
M Chaser

Model # EK80LCM16

We're proud to add this to our line. It’s similar to our 15
channel led chaser but with many extra features. There are
over 60 selectable modes. A few are: Up, Down, Skip, Pulse,
Scramble, Single Pulse, Multi Pulse and many more. An
optional 120 vac board is available. {Extra)

Power support kit

Model # EK80PLC120

A 120 volt power board which™ allows you to connect regular
lamps to our LED Chaser Kits. 8 channels are supplied per
board with 150 watts per channel. They can be easily inter-
faced for 16 channels.

DOMINION RADIO &
ELECTRONICS COMPANY

A DIVISION OF DREECO ELECTRONICS LTD.

535 YONGE STREET

Three Channel 500W. Switching

$19.95

Three Channel 1500W. Switching

$29.9

An excellent item for parties, dances, etc. Three individual
controls let you vary the amount of light for Bass, Midrange
and Treble. Each output is fused for added circuit protection

and will handle up to 50 watts of audio input power. A 200
watt adaptor is available (extra). )

Model # EK80C500

Model # EK80C1500

POWER
S

N UL IES

NGO S
;

o
S
{

$39.95

0-28 VOLT POWER SUPPLY KIT

TORONTO, ONTARIO
M4Y 1Y5

A true 0 to 28 volts capable of delivering 1 amp continuous.
Full wave rectification, filtering and capacitance multiplica-
tion provides a clean dc source for sensitive audio and digital
work. An ideal supply for the experimenter.



3 Oth Anm’versary Sale
- Student LOGIC TRAINER s Course —

Trainer Consist of: Student LOGIC Workbook covers:

*5V.D.C. Power supply gates,clock,binary, decoder driver, &

s Proto Board readouts with tests on each subject.
¢ LED'S & Switches A lot of reseach went in to this well
#7 |C’S included = illustrated book, large illustrations

g TN making LOGIC simple and
easy to understand,each
student works on his or
her trainer building and

testing LOGIC circuits.
MODEL:

DLT-0t1 85595&\.

Less cabinet & supply

with Cabinet and Supply sgg55

— INTRODUCTION

Digital Electronics is a vast and ever growing field in the Electronic Industry. In fact, it is revolutionizing our way of life. From simple electronic
games to the NASA space shuttle “Enterprise’, digital electronics plays a major part. It is this reason Edu-Kit has prepared a basic digital course so
the understanding of some of the basic components may be simplified. General topics discussed are AND gates, NAND gates, OR gates and NOR
gates. A single digit counter has been added to supply a better understanding of how gates are applied.

5 Watt IC STEREO Pre-Amp
AMPLIFIER kit

Model # EK80A005

$21.93

Model # EK80SP001
A general purpose 5 watt amplifier with Thermal Overload
and Short Circuit Protection. Because of its low operating Anyone with a ceramic input receiver can gnjoy the quality
voltage and high power output, it allows the user to use it as

h i of a magnetic cartridge with this simple but very effective
an add-on amplifier for car stereo. Stereo Phono Preamp.

Specifications:

Specifications: Standard R1AA
Frequency Response: 40Hz t0 15K Hz B(-3dB) Frequency Response 20Hz to 2KHz + 1.5dB
Power Qutput: 5watts at 4 ohms Input Sensitivity: Smv input for 500mv qutput
7 watts at 2 ohms Maximum Output: 700mv rms
Distortion: 5% at 7 watts at 2ohms Input Overload: 100mv rms
Load Impedence: 210 16 ohms S/N Ratio: Greater than 60dB
V Supply: 12 to 15vdc
DOMINION RADIO & ELECTRONICS COMPANY 535 YONGE STREET
TORONTO, ONTARIO
A DIVISION OF DREECO ELECTRONICS LTD. MA4Y 1Y5

THE HOME OF RADIO & ELECTRONIC SUPPLIES



30h Anniversary Sale

40mm SLIDE 45mm SLIDE 35mm SLIDE 40mm SLIDE 55mm SLIDE 60mm SLIDE
$129 $159 $249
.99 .99 99
C1300 10K C1301 5K C1302 50K C1304 100K C1307 10K C1312  BKLIN
KNOBS C1303 1M C1305 500K C1308 50K C1313 50K LIN
C1306 1M C1308 100K

@ 49¢ @ C1310 500 K
C1314 C1315 C1311 1M

5 9 4 SECTION CONTROLS
1951 Prices in 1951  RYVSN
CONTROL PRICES 5
TrimPots. . .............. B el 5w 20 )
SImgles i sa st bt et i i dt B 25
2 Single with switch . . .. ... WY AT 30 )
: ORI 47 ooy Pl o= = 5L sdeie oo .. 38 Your Choice
Dual with switch. . . ... ... .. . : ‘40 20 M=
Triples. . . ... ........ S5 g g w P B ¢ 0 25 k7
> 100 Kr
27
» g |
' ‘, SINGLE w/Sw.
SINGLE
CONTROLS 500 ohm
10K ohm
100 TRIMMER DUAL CONTROLS 50K ohm
360 POTS DUAL w/Sw.
470 Front Rear Front Rear
750 220 500 sK 250K 15K 0K S
1K 470 SK 500 500K 500 300K 100K
2K 1K 5K SK 650K 750K IM 500K
SK 25K 10K 500 M 200 M M
10K 5K 10K 5K IM 500 5M 1.5M
20K 10K 15K 250K M 50K TRIPLE
25K 20K 20K 200 M 500K CONTROLS
50K S0K 20K 20K M IM
200K 100K 20K 200K M 250 200 10K 10K
Meg 500K 47K 47K M SOK 10K 10K 500
2Meg 1Meg S0K 500 2M 2M S00K 5M 500
100K 500 IM  IM 1M

DOMINION RADIO & ELECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5



AXIAL LEAD

CAPACITORS
TANTALUMS

OIPPED SOLID TANTALUM
CAPACITANCE TOLERANCE +

20°.

WV16 WV25 Wwvs0 WVIE wv2s5 WV35
uF $V20 SV32  5ve3 uF  SV20 SV32 Svae
1 25 0.22
2.2 25 033
33 25 Q47 35
a7 25 0.68 35
19 25 25 30 10 35
22 30 .30 35 S 35
ki 30 35 35 22 a8
a7 35 35 35 3.3 35
100 35 .40 50 4,7 35 35
220 35 40 55 6.8 a5 35
330 40 50 65 10 45 50 55
470 a5 55 75 15 50 55 8S
1000 .60 70 1.00 22 55 &5 1.35
2200 75 105 n 65 120 2.25
3300 1.05 i35 a7 1495 275
4700 1.65 195 2.75
100 3.50
NISSElI POLYESTER FiLM
uF Price uF Prnce uf Price ufF  Prce
0010 012 6027 27 25
0012 20 N5 20 0033 20 Q33 .25
0015 20 047 30 0039 039 25
0018 20 056 .30 0047 20 12 35"
0022 20 8 .30 0056 .20 15 40
0068 20 082 30 018 25 18 45
0082 .20 10 30 022 25 22 50
010 20
POWER SUPPLY
1400 16 .65 6800 Com 25 6.95
1600 16 .65 15000 RPE10 4.50
2200 16 .75 12000 Com 40 6.95
2500 10 .65 14000 Com 40 750
‘Coaexo 16 1.50 15000 RPE 10 4.50
15000 Can 16 4.90
4700
Elec 40 1.75 15000 Can 25 5.50
15000 Com S0 11.95
4700
Com 100 8.95 44000 Com 35 14.95
6800
RPE 25 6.95 80000 Com 206 14.95
TRANSISTORS RADIAL LEAD
PART No. REPLACE WVIE WV25  Wvs0
2N2906 - ECG-159  1.79 UF Sv2o svaz  sve3
BF-245- ECG-133 199 ,
2N3391 - ECG-199  1.15 3
BF-199 -  ECG-161 159 4.
TIS92-  ECG-128  2.40
BD136 - ECG-185 99
BD135 - ECG-184 .79
25C1505- ECG-198 95
25C1520- ECG-198 .00
25C1507- ECG-198 95
25C1446- ECG-198 .95
MJE2370- ECG-242 59
AD161 - ECG-155 95
25C1025- ECG-175 95
25C1304- ECG-124 .59
25C1104- ECG-124 59
2SD2aY -  ECG-124 59
AD162 -  ECG-131 .99
AD139 -  ECG-104 89
2SC1160- ECG-175 .50
2N3614 - ECG-121 .95
25C1106- ECG-162 .95
BD182 -  ECG-130 .79
BU205 - ECG-165 I
BU108 - ECG-165
25C940 -  ECG-283
25C939 - ECG-163A
BF245A - ECG-133
25C945 -  ECG-199
25C1685 - ECG-199
25C454 -  ECG-289
25C839 - ECG-123A
2N6558 -  ECG-191
25C458 -  ECG-289
2SB77 -  ECG-102A
2N1613- ECG-128
AC-187 - ECG-103A 2.30

DOMINION RAUI
& ELECTRONICS

COMPANY

635 YONGE STREET
TORONTO, ONTARIO
M4Y 1Y5

0

CMOS DIGITAL LOGIC

part

price

.25

1.25
1.35
.95

11

ZENERS

VOL TAGE

#
BZX61-C75
IN4623
IN751A
IN4733A
IN4734
14-515-04

114574
IN753A

IN754A
INT52A
17-515-35
HZ78
IN755A
IN74738A

IN757A
IN4739A

BZX61-C9V1

RIS MO’NNQ

33
4.
5.
5.
5.
6.
6.
6.
6.
5.
6.
7
7.
7.
9.
9.
9.

description

Dual 3 input NOR plus laverter

Dual 4 input NOR

18 Stage Static Shift Register

Dual Complimentary Pairs plus

Inverters

4-bit Full Adder

Quad 2 input NAND

8-bit Static Shift Register

Dual 4-hit Static Shift Register

Quad Bilateral Switch

8-bit Static Shift Register

7 Stage Binary Counter

Dual JK Flip Flop

BCD to Decimal Counter

Quad XOR

Decade Counted/Divider

Quad True/Compliment Buffer
WATTAGE

(Quad Type D Latch
Quad NOR S/R Latch

IN758A
INT59A 12V

IN964B 13
3E216D5
IN966
BZX61-
c18
HZ20C
BZX61-
c20
GES5028
14-515-31
IN4751A
BZX61-
Cc30
BZX79-
Cc36
BZX61-
C56
IN5045
BZX61-
cé8
IN4T764A

7400 ... 45 7423 ... 55 7472 ... .55 74123 ...1.10
7401 ... 45 7425 .. 65 7473 ... .70 74125 ... 98
7402 ... .45 7426 .. 65 7474 ... .70 74141 .1.15
7403 ... .40 7427 ... 55 7475 ... 98 74150 ...2.50
7405 ... .75 7430 ... 45 7476 ... .70 74151 ... 98
7406 ... .85 7440 ... .45 7485 ..1.40 74154 ..2.50
7407 ... 95 7441 .1.35 7486 ...1.50 74160 ...1.75
7408 ....75 7442 .1.35 7490 ..1.15 74164 . 1.25
7409 ... .45 7446 ..1.45 7491 ..1.15 74177 .1.45
7410 ... .39 7447 165 7492 85 74190 ..1.65
7411 .. .55 7448 .1.75 7493 ... 85 74191 ..1.60
7412 ... 55 7454 ... 65 74121.. 65 , 74192 ..1.55
7413 .. 85 7460 ... .40 74122... .90 74193 ..2.95
7420 ... 45

74LS00.. .85 74LS32... 74L5109... .80 8080 ...8.95
74L504... 74L833... . 74L8125..1.00 8212 ..3.00
741.508... 74L838.. .80 74LS132..1.40 8216 ...3.50
741.810. 74L874... .70  74LS151..1.60 8224 ..8.95
74LS11 74L875..1.10  74LS155..1.10 8228 ..6.25
74L820... . 74L8B6.. .70  74L5247..1.18 8255..8.95
74LS30... 65 74LS90.. 95 280 1495 4116 1117198]

th Anniversary Sale
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PLUG TO FOUR SPADE
TiPS, FLAT CORD

P=l=8g,

542.7 —7ft. 395
54226 — 25 ft. 795
PLUG-TO-PLUG
FLAT CORD
&
541.7 —7f. 495
541.25 — 25 ft. 895
MODULAR
EXTENSION

1195

No. 538 25 ft.,
modular plug to dual
modular jack.

MODULAR
“Y’ ADAPTOR

495 .

No. 548 - two modular
jacks to one
modular plug..

FLUSH MOUNT
MODULAR JACK

395

No. 549

- flush mount
wall type single
modular jack.

DUAL
MODULAR i
WALL JACK
449 m'o L

No. 547 - surface mount
jack for 2 telephones.
Easy to install.

WALL PLUG ADAPTOR

449
No. 544 - converts stan-

dard 4-prong wall jack to
new modular jack.



Micro, Slide, Push Button Switches

NORM ON/ OFF MICRO SW. BAT HANDLE TOGGLE SW. s ps.T. WIRED TOGGLE SW. CHERRY KEY BOARD SW.

Miniature Push Button

Switches.

Heavy Duty

S.P.D.T. ILLuminated zgc o

Has nice snap action,

' ' ' [ ] V1085 .
7 [ )
|
SPRING RETURN SLIDE SWITCH 3P.D.T. SPRING RETURN SW,
S.PS.T. SLIDE sw, D.P.D.T.

296

3P.D.T. SLIDE SWITCH

Position (1) A & B and E & F
are shorted
Position {(2) B & C and F & G

25c are shorted
Position (3) C & D and G & H

are shorted A. 8. C. D
AT A SRS rated 3A-125 V AC | £ 2OFOMYEY,

Very usfull see diagram

Illuminated S.P.S.T.
SLIDE SW.

29

V1046

PUSH ON/PUSH OFF SW,

il
e

Built in neon indicator
red lens, black bezel
snap in mount

- el 30th Anniversary Sale Sl JT fw
‘ DOMINION RADIO & ELECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5




Switches

MINIATURE CARD EDGE D.P.D.T. SW. MINIATURE ' D.P.D.T. SPRING RETURN ONE SIDE
P.C. SP.D.T. sw, No' CENTREOFF. CENTRE OFF /

Mounts in 1/4" hole
Extends 5/8" behind panel
Rated 3A-125 V AC Fit 3/8" hole chrome lever

F| 1 _ 1 ot | | i |
C & K SPRING RETURN ~ MINIATURE TOGGLE SW,
D.P.D.T. MINIATURE SW. 8 GANG PUSH SW. 3.P.D.T.P.C.
3.P.D.T. MOMENTARY

25¢
V1088
3 Positions: X 3 Positions: On Ceramic Wafer %
(1) 3 shorting/select (1) 2 pole select 3 Position Wafer Sw.
{2) 2 shorting circuit and shorting circuit 2 (2) 1 pole short select {1) In select one 2 in select one
{3) 2 shorting circuit and 2 select. {3) 2 pole select {2) In select two 2 in select 1
Shaft length 7/8” fits 1/2 round knob (4) separate ON/OFF sw. Shaft 2 length 1/4" dia.

DOMINION RADIO & ELECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5
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Multi-Function Sw. | Rocker
NEW MULTI GANG BAR SWITCHES ! -
~ L weeewed Switches

Two are S.P.S.T.
One is D.P.D.T.

S.PS.T.

Shaft
17mm overall length

100mm Depth from front
panel 60mm.

Low profile solid built selector sw. f/\
was used as a function sw. I /\\ } ﬁl
4 switches are push ON/OFF V<% TR
(a) D.P.S.T. A.C. sw. 1 N
5A 250V A.C.lugs & ° MMM 1
(b) & () DPD.T. 2 5 ylnltftT
(g) 3 pole _ B\ hf‘ t

centres

Qp

Rated 3A-125 V AC Cance?'TTy'pe [
P.D.T.
BAT HANDLE :E)) gfp.g.;.
D.P.D.T. TOGGLE SW, (F) D.P.D.T.
Six GANGED

% Ganged function sw.

O with gold contacts sholder

= terminals. 5 switches are 4 pole D.T.

Each cancelling the other when pressed. 6th is

D.P.D.T. Push ON/Push OFF power sw. 3A-125V.A.C.

These switches have been used for speaker

selectors, tape deck selector, tape soarce selector, and
unit selector knobs available on request

20mm shaft centres.  Over all length 160mm.

Standard Size
Very Popular

SP2POS. ROTARY SW S.PD.T. ROTARY SPEAKER SW. S.P.S.T. ROTARY PWR. SW.

Ny

DOMINION RADIO & ELECTRONICS COMPANY
535 Yonge Street, Toronto, Ontario, M4Y 1Y5




RCA PHONO PLUG

PLUGS

NSULATED
RCA PHONO PLUG

<= $.20

A2 Red or Black

JACKS

INSULATED
RCA PHONO PLUG

ﬁ;,, $.35

A4

SH| ELDED
RCA PHONO PLUG

BE= s4s5

AS

& ADAPTERS

RCA PHONO JACK

INLINE DUAL ULTRS MINI ATURE
Rci"éﬁé.:é i RCA PHONO J ACK RCA PHONO JACKS PLUG
$.15
\’." . “l
- A7 A8 A9
MiNI ATURE PLOG CHROME MIN|ATURE UL TRA MINI ATYRE 1INLINE
Lo Baral AILE HINIATHRE el PLUG NG BARREL JACK
- $25 > $20 | == 435 $50 | mm® @ $.35
A2 Al3 AW AlS Al7
ULTRA MIN ATURE CHASSI S MOUNT MINIATURE INLINE CHROME MIN | ATURE STANDARD PHONE PLUG
cruss NT JACK JACK JACK IRLINE JACK
o $.15 $20 | gmmm $35 | (] 50
; 90| Closed Circyit
41 1302 Grancdifeusy Al9 s 420 21 slack 9.55

SHIELDED PHONE PLUG

| 33 _=

$1.49

A22

| SNI ELDED INLINE
HONE JA

e =]

$1.49

A27

INLINE PHONE JACK

&=

A28

CHASS1S MOUNT
PMONE JACK

$.40

Closed Circuit

A28

CHASSIS MOUNT

PHONE JACK
s

A29 Open Circuit

\ $.50

A34

STERED PHONE PLUG

$.89

A3 |

INLINE stereo
PHONE JACK

$.99

A35

Originally from an electric drill, this trigger
control devnce |s 120vac 4 amp and has a

STERED PHONE JACK
$.55

S
ol
A36

VARIABLE SPEED SWITCH

SHIELDED STERED
INLINE JACK

—

N $1.49

EPOXY STEREO
PHONE JACK

$.99

CIRCUIT GLOSING

A38

STERED Y ADAPTOR

- J

MALE CHASSI S MOUNT
MIKE CONNECTOR

1
pl $.59

5/8 - 27 thread  pAu5

PHONO JACK TO
PHONO JACK ADAP TOR

— .39

A43

PHONO PLUG TO
PHONE PLUG ADAPTOR

PHONO JACK TO
PHONO JACK ADAP.TOR

-

FEMALE INLINE
MIKE CONNECTOR

%27 thread

PHONO JACK TO
MINIATURE PLUG ADAPTOR

ULTRA MINIATURE JACK TO
MINIATURE PLUG ADAP TOR

MI | ATURE_JACK TO
LTRA MIN{ ATURE PLUG

$.89 — $.89 $.99 $.99
$99 A48 = A50 A52 As3 ABY
HON i MINI ATURE JACK TO E JACK TO PHONE JACK TO
pLSLéTgEEGJ:ngP%R Ml N?A%U‘I{éc;Ll]g %L’S%R ' PHONO PLUG ADAPTOR M'NIATURE PHONE PLUG PHONO PLUG ADAPTOR
AR, b7, 0 :
$.99 $ 99 $.99 $.99
A55 A56 A50

DOMINION RAUIO & ELECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5
A DIVISION OF DREECO ELECTRONICS LTD.
THE HOME OF RADIO & ELECTRONIC SUPPLIES

i,



NO. 42 BULBS _ NO. NE-2 : K L AM PS ¢ MINIATURE 12 VOLT LAMPS
*
13¢ ea
U1412
3.2 Volt —5c¢p. 3000 hour average
life. Base T-3 1/4 bulb screw type : U1409 ¢ 12 volt — 2cp miniature Bayonet
miniture. Base.
Part No: U1400  Box 10 lamps )
99¢ For 120 VZIRC grcration fise <00k ] 12 VOLT-2CP MINIATURE BAYONET
resistor. BASE
NO. 47 MINIATURE LAMPS
6.3 VOLT NO. 6-7130 PUSH IN LAMP Q
15¢ &3 - _ Ty urars
v O\ Uraro :
U1401 12 volt — 2cp miniature Bayonet Base.
6 volt Osram mini-Push In.
6.3 volt —150 ma replacement for Auto &
Home Stereo Receivers. NO. 1850 BULBS ¢
NO. 6A1 TELEPHONE LAMP s U1414

28 volts — 70 ma T3-1/4 bulb
with miniature Bay Base.

NO. 49 LAMPS
19¢ ea. Qg)

2 wvolt — 04 cp 60 ma U1411
G4 - 1/2 Bulb. Miniture Bayonet
Base.

NO. 1829 BAY LAMPS
6 volt .14 amp type T-2 end ft.
candles 900. Longlife telephone
type.

U1415

5 volt — 90 ma. 1500 hr. style
T3 1/4 Bay Base.

w! % Antique AUTO Bulbs

Box of 10 pcs. ggc uU1402

NO. 112 PRE-FOCUS LAMP

U1403 200 ea. &j

1.2 volt — 22 ma. 5 hr. average life style TL-3
Base miniature screw.

NO, SL-4T4 APPLIANCE BULBS PREFOCUSER Part No: Style Voltage: Type: Candle Power:
“ U1416 1009 DE. 12v Auto
9¢ ea B:g}g 1252 D.E. Auto
U1404 1615 S.E. Auto
YANY TYPE Ut419 1829 S.E.Bay 28V Auto 07A
120 volts appliance $6 bulbs with our U1420 1850 SE. 5V Auto  .09A
cancelabra base. Clear bulb. Choice. E U1421 SL2331 D.C.RPIl 6V Auto 32/32 C.P.
U1422 2336 DC 12-16V Auto 32/32 C.P.
NO. 624 AUTO-LAMPS
y 4 NO. G17Q PROJECTOR DUAL CONTACT APPLIANCE LAMP
U1405 NS (‘” ™,
28 volt — .37 amp. 6 cp.

Type dual element style G-6.

NO. 502 MINIATURE BULB =N | U1423
.’
U1406 l5c ed. y l |

k—“j—r U1425
5.1 volt - .6 cp. 150 ma. Style G4
G4-1/2 bulb miniature screw base

120 volts 150 watts pre focus 120 volt 15 Watt Bayonet Base
built in reflector 4 pin locktal dual contact base. Used in

MINIATURE PIG-TAIL ) {
LAMPS . base. Vacum & Electric Brooms. Lan. :
B3] VOLT 8% 2 //3 500W FOTO-FLOOD  |E]/ 10 PRrpm Vi
Rt & Home Srered Raceivers. Ure24 DOMINION RADIO &
ELECTRONICS COMPANY

535 YONGE STREET
TORONTO, ONTARIO
M4y 1Y5

=

NO. 1390 SPOT LAMP

39¢ ea.

U1408 @

48 volt — 20 watt 1500 hr.
average life. Style R-12 single MOGLE BASE

contact Bay Base 120 Volt 500 W




BULBS, LEDS & LDRS

NO. CHANDELIER BULBS

il 29¢ Special Bargains | O STTTEIzS Chae,

130 volt 15 watts torpedo clear
U1432 ggc

lamp with candelabra base.
115 volt 80 Watt lamp need balast
to lonize Gas Filled Lamp.

- AQUARIUM LIGHT BULBS
. MINIATURE BASE
CHANDELIER BULBS 49¢

\ﬁ\ U1430

\ \,\

N 130 volts 40 watt frasted designed
% u1427

«\ ] for quariums to bring out natural

| colours,
130 volt 15 watts torpedo clear lamp with

miniature screw base

NO. 7C7 APPLIANCE BULBS NO. PF 208E/60 PHOTO LITE

\§ Baynoet Base  U1428 25¢ K

/"‘\ DECORATIVE LAMPS

120 Volits 7W dual contact Bay

Base style C7/7C7 ggc | \'\wa gc
U1433
NO. APPLIANCE BULB e

' Screw Base e B " w
A\ U1429 25 120 Solte BORHE RRAEPhY ‘ 230 voits 60 watts lamps with
lamp fits Reg. socket. Ideal for
P.C. Board Developin .4 mirror non glare refector for back
120 volts 7 Watt Candelabra Base A0 ping. S lighting. Standard Base.
style C7

CADMIUM SULPHIDE

ﬁm ggc

5000hms-5k ohms
CLAIREX No. 705L RED LED

SINGLE DIGIT DISPLAY
U1435 ggc
1000hms-3kohms ggc

CLAIREX No.505 L

99
P ¢

2 I B1100 RED
1kohms-10k ohms 81101 GREEN

No. CSD3 B1102 YELLOW

Hardware

RED
GREEN
YELLOW

DOMINION RADIO & ELECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5
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110V FAN MOTOR
for Exhaust Hood

) (\]\
[ Lgf ;
h \‘Qﬁl yH1311

2 Speeds

110V MOTOR

$1.9

g

H1303

110 v
7800 RPM
1" x 1%’ Deep

HOBBY MOTOR

110 V

PHONO MOTOR

2"°x2"x2%" Deep.

Tape Deck
MOTORS

H1304

$2.95

e 110 VAC.
e CAPACITORSTART
e REVERSIBLE
e 3% ' DIAX4Y%""H.
e 5/8°  SHAFT

39V

%" x1%' Deep

{, PHONO MOTOR ( 7
" 1 $3.95 f\l,: '"|‘||..

1 l \T 3
| , ok
| H1300 5
. | ~
4{ 2% " x 3" x2%" Deep i

DOMINION RADIO & EL

MOTOR ITEMS

HOBBY MOTOR

3

1% " x2% " Deep

HOBBY MOTOR

$1.49

H1307

6-12 v
1" x2" Deep

HOBBY MOTOR

$1.95

H1308

6-12 V
1% x 1%’ Deep

HOBBY MOTOR

43¢

H1309

6-12 V
1" x 1% "' Deep

110V FAN

$3.95

H1301

ECTRONICS COMPANY

535 Yonge Street, Toronto, Ontario, M4Y 1Y5



Shaver Cords¥ Ljte Cords ==Cheater Cor

PURCHASED from a well known POWER line cords approx: 100,000 pcs PORTABLE equipment cord with key

manufacture these portable shaver cords in stock 20 ga. clear in colour with easy on cheater end. Used on cassette
are always in demand. Pin spacing on grip moulded plug. Ideal for small recorders of many types. Comes In
cheater end 5 mm. Come in white, projects at school, lamp manufacture, or black only with classis receptacle.

seven ft. rated 50 watts CSA. just as a replacement.

Part No: U1450 Part No: U1451 Part No: U1452

Shavercord. . ..... Clearcord . ... ... Cassettecord . .. ...

Brand New! yeaATING. ELEMENTS

For: ELECTRIC Styling Combs, Blowers & Mist Units
# WITHDUAL HEAT RANGE  # 600w. 1000w. &1200w. all listed below:

O Anniversary Sale

DOMINION RADIO & ELECTRONICS COMPANY

(C) 1000w
U1456



11b EPOXY G10 GLASS BOARDS GREAT! CARD EDGE RECEPT.
Double Sided

t 4mm Spacin
COPPER CLAD Miniature p g

* 146" Thickness

* Size: 30'x 7" approx
# GREEN in COLOUR

CARD
EXTRACTOR

CARD edge receptacle allows signal or
power take off from main buss or
mother board comes in variety of styles.
Female receptacles may be mounted

T, Y
LF E Y side by side without changing 4 mm
) spacing. Pins soldered at right angle to

board for parallel connection.
Part No: y1474

Buss socket

Wire type 43 PIN X2
DUAL EDGE CARD =7

HIGH impact plastic card edge extractor
handle for G-10 size board. Held in
place by tapered pins spaced 1.25" x
5/16" in from edge of card. Fingergrip
handle extend 1/2"’ out from card edge.

Part No: (1475

Card handle. . . . ...

12CONDUCTOR
CARD SOCKET

THESE edge board connectors accept
boards from .054"" to .071" thick. With
precise spacing of gold plated cantil-
ever contacts permits trouble free
termination., These sockets are a must
today fo any enthuist building his own
computor. Each socket has a double
row of 43 contacts of 4 mm spacing
over all length 193 mm or 7 5/8”
approx. With 12 mm or 5" solder
lugs are 7 mm or .25” length each edge
socket bottom has alpha numeric
marking for pin location.
Part No: y1478

26 CONDUCTOR
INLINE RIBBON SOCKET

THESE card sockets are similar to >
amphenol 143 series with time plated =
tuning fork shape lugs spaced at 4
mm apart will accept up to 12 con-
ductor. An ideal socket for add on
circuitry for existing equipment modi-
fications or updating.
Part No: y1476

12 pin socket . .. ...

15 CON DUCTOR THESE double edge master flex card
900 CHASSIS CARD sockets come with a 4.5" copper ribbpn

- of 26 conductor for easy mounting
SOCKET =l of surface mount sockets.
= =l o= 0 Each socket has pin location of 2.5 mm
< ﬁgﬂ" ,, : :
i ;\bm or .1” spacing to 28 pins. Overall length
ggc 1 UWE mzh" of each socket 104 mm or 4 1/8" long x
3 .5 or 12.5 mm width.
Part No: U1477

THIS 15 conductor right angle socket B Dual 28 pin sockets . .
should prove handy. Made by molex
nylon Holder with brass silver plated
cantilever conatacts with crimp style
lugs for easy insertion. Made for ribbon
or individual wire lead.

Part No: (1479

43/86 socket « , .. ..

Terminal socket with open lug are 10.5
mm or 7/16"" length,
Part No: y1480

15 pin molex 43/86 socket . . .. ..

......
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the men who operated them, en-
cumbered as they were with
homebuilt equipment and inadequate
studio facilities. That they programm-
ed at all and maintained a modicum
of a schedule stili makes one wonder.

For example, at one time the
studio at Stratford were housed over
a little used hotel annex. Whenever
they unloaded beer kegs downstairs
for weekend customers, the thumping
on the floor caused the homebuilt
turntables to jump, sending pickups
sprawling and interrupting programs.
These hazards, to me, typified early
Canadian Radio where, often as not,
studios were nothing more than a
back room in a radio service shop and
the associated transmitter was
downtown, compared with the rural
location of today with thin, vertical
towers pointing to the sky.

Our own 10AK in ‘36 used wire
strung between the chimney of the
local steam laundry (the tallest point
in the area) and the back of the Hig-
gins Radio shop in downtown Strat-
ford. It was an achievement, when
kids, to be able to pick up old 10AK on
a home-built crystal receiver. This
station boasted a 50 watt transmitter,
a carbon microphone and a
phonograph.

Radio had been growing in a na-
tional way before 1930. Key stations
were being opened right across
Canada by the CNR, whose interest
was illustrated by their early success
in radios installed in Pullman cars. It
soon became apparent Canada was
developing two forms of radio;the
local, independent station which,
though commercials were still not
able to maintain them, at least iden-
tified their character, as being apart
from the CNR’s operation, which was
Government supported.

The inevitable question was ask-
ed: should Canada have its own na-
tional system or leave it to private
enterprise to develop? Why couldn’t
we keep listening to U.S. stations
which, since KDKA'’s early success in
1921, all but set the listening habits
of thousands of Canadians, or, for
that matter, use the local. But things
had already been moving, national
wise.

The Aird Commission was set up
on December 6, 1928, to try to find an
answer. Sending delegates to Europe
for a start, they conducted enquiries
throughout the continent and found
countries there who were also sear-
ching for the same thing: a form of na-
tional broadcasting *“‘in the public in-
terest”. Returning, they conducted

ETI - DECEMBER 1981

hearings in Canada (like our past B &
B Commission?) to pursue the ques-
tion further.

Train Radio
Sir Henry Thornton, an early advocate
of radio for Canadians and at the time
President of the CNR, placed a
private railway car at the Commis-
sion’s disposal, facilitating their
travels, which took in 25 Canadian
cities. the conclusions of their fin-
dings was that a majority felt broad-
casting shouid be on a public basis.
In the meantime, a growing rival
who was to prove a difficult adversary
of the majority’s opinion, the CPR
(with its extensive network wired
facilities), felt broadcasting should
be on a commercial basis. Champion-
ed by the Toronto Telegram and the
old CKGW Toronto radio station (now
defunct), they almost succeeded in
having their way. This, despite the
fact the CNR already had the basis of
a successful network.

Fig. 1 Sir Henry Thornton
C-24236/Public Archives Canada

Sir Henry Thornton, who did so
much to promote early Canadian
radio and who succeeded in fostering
a sense of national identity, with the
CNR network carrying the sound of
the Peace Tower Chimes from Ottawa
across Canada, for example, was
caught in the middle of the growing
controversy. In 1932, he recommend-
ed a Royal Commission to investigate
all phases of the operation.

Two men appeared on the scene
about this time Graham Spry and
Alan Plaunt, both under 30 years of
age and in the enthusiasm of youth
saw what others failed torecognize in
the possibilities existing for Cana-
dian radio. Both had attended univer-
sity in England and there had come in
contact with the then young BBC.
Together with eminent Canadians
who shared mutual interests in
Canada they formed the Radio

League, out of which broadcasting in
Canada, as we know it, had its
genesis.

Spry appeared before the Duff
Commission on behalf of the Radio
League on January 14, 1932, arguing
the railways were the principal
program-builders in Canada
{representing as they did half of all
the coast-to-coast broadcasting at
that time). He emphasized the value
of the railways’ wire services as in-
dispensable to national programm-
ing, pointing out the many experimen-
tal stations could not hope to
duplicate such a service. He made his
point and the philosophy of a national
system — augmented by comercial
interests — followed. It was from this
beginning that he enjoyed the
assistance of Alan Plaunt and a man
who proved their most impressive
witness at hearings, Mr. Gladstone
Murray from the BBC, who later
became general manager of the CBC.

This new service was the first
counter-force to the growing flood of
programs now inundating Canada
from the U.S.

The early forerunner of Canadian
radio and the CBC — the Canadian
Radio Commission — is lost in anti-
quity and never was resurrected,
although it actually had the difficult
and thankless task of taking over the
vast network facilities of the CNR,
suffering much abuse from politician
and broadcaster alike. It laboured
under much political acrimony, which
involved both the Liberal and Conser-
vative Parties under their respective
leaders, W.L. Mackenzie King and
R.B. Bennett. Sir Henry Thornton, who
did so much to promote early Cana-
dian radio, left Canada, and died in
this native country.

Thornton’s talks, heard by some
of us at the height of his popularity
over “*his” CNR radio, were summed
up by John Nelson writing in
MacLean's of February 1925 and
reported in Austin Weir's book
“Struggle for National Broadcasting
in Canada”. Nelson said of Henry
Thornton: “His talks, really fireside
chats, were friendly, intimate, timely
and dealt with a great variety of
topics.” He described how they were
directed at acquainting employee and
public alike of the CN’s hopes, plans,
successes and policies. Compli-
ments received by customers, for ex-
ample, about a certain porter, were
relayed across the network, and every
porter took pride in his work.

It was claimed at one time that it
was the CNR’s efforts in radio as ear-

37



INSTITUT SUPERIEUR D’ELECTRONIQUE
INTERNATIONAL SCHOOL OF ELECTRONICS

Proudly Presents:

Correspondence Courses in Electronics and Programming with
VIDEO TAPES Given in ENGLISH OR FRENCH.

Your course will be just like you are in a live classroom with your
teacher. Learn with your TV and VIDEO TAPES. If you don’t unders-
tand a lesson, just rewind your video tape and play your lesson again
and again until you fully understand your course.

ELECTRONICS

BASIC
ELECTRONICS

1 !

COMPUTER AUDIO - VISUAL MEDICAL
ENGINEERING ENGINEERING ENGINEERING
SPECIALIZATION SPECIALIZATION SPECIALIZATION

Upon completion of Basic Electronics you can choose one of the
specializations mentioned above COMPUTER ENGINEERING,
AUDIO VISUAL ENGINEERING, MEDICAL ELECTRONIC
ENGINEERING. Included are three electronic instruments in kit
form.

— Instruments and Computer Kit included with the course.

PROGRAMMING

BASIC
PROGRAMMING

f r 1

SYSTEM ANALYSIS REOERAALINER VS O
ANALYST AND SYSTEM ANALYSIS
SPECIALIZATION
SPECIALIZATION SPECIALIZATION

Upon completion of Basic Programming you can choose one of
the specializations mentioned above: SYSTEM ANALYSIS, PRO-
GRAMMER ANALYST, ADMINISTRATION AND SYSTEM
ANALYSIS. A Microcomputer is included in the course.
1 T I T F § J |

. SEND FOR FREE BROCHURE
OTTAWA: St. PatrICk SChOOl MONTREAL: 1435 BleUl'Y, l Send to: St. Patrick School, 290 Nepean Street,

290 Nepean Street Suite 501 Sl on R e

Ottawa, Ont. Montreal, Que. - L
K1R 5G2 H3A 2H7 CITY/TOWN ___ ___STATE/PROV
Phone: (613) 232-2647. POSTAL CODE _DATE

Circle no. 25 on Reader Service Card.



rapio sTaTion CKBW BRIDGEWATER N.S.
Station Engineer

James W. Essex 1947-49
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ly as 1924 which was solely responsi
ble for the success of immigration,
helping, as it did, to quell the two
greatest enemies of immigrants
loneliness and isolation. The degree
to which radic had become a vital
part of the CN’s operation in those
distant days is illustrated by the fact
that over an estimated 10 year period
beginning 1923, the line spent over §2
million on radig, over half of it for pra-
gramming and slightly less than half
for transmitters and receivers on
board treins.

Topping the Competition

There were many laughs interspersed
with the pathas of those days. For ex-
ample, that same 10AK which preced-
ed CJCS had something of a record in
anothet sense distance. For even
with 50 watts, its radio voice far
outweighed its own pecuniary cir-
cumstance. Perhaps out of pride in
the achievement of being heard as far

‘&! away as Detroit, Mich., over 150 miles

distant, or mearely belng egged on by
the deﬁl{e 10 counteract the growing
might of the U 5. stations now getting

compared to a total of 680, 000 watts
for American stations 30 years later!
And more than a third of our stations
were concentrated in Toronto and
Montreal, leaving great isolated areas
served from the U.S. It is to the credit
of the early visionaries who doggedly
pursued the argument of a national
broadcast system for Canada that
this has been'changed. Their success
is attested by the fact that nearly
90% of Canada now enjoys Canadian
coverage.We are also in second place
(next to the U.S) for density of
number of receivers, having approx-
imately 58 receivers per 100 popula-
tion, accorgding to G.A. Codding’s
book ‘‘Broadcasting without
Barriers”, published by UNESCO. The
U.S. have 38 receivers per 100 popula-
tion, while 1he United Kingdom have
26.5 per 103. The USSR have about
16.5 per 100 population, with a bot-
tam, in India, of only 0.3 per 10(,
though with its large population this
still reprasents over 1 million sets.
Through the efforts of men of the
calibre of Thornton, Spry, Plaunt,
Austin Weir (commercial Manager,

more powerful (in 1932 WLW Cincin-  { cgc, 1937.50), A.R. McEwan, Canada
! natl went to 50, 000 watts and hamr § 556 'Sat 2 Votmet] Bf Hiftsts"" in com-
mered inta Stratford),10AK boasted a 4 munications. Amng these was the ex-
regular Saturday Night “Olde Tyme perimental use of radio on trains as
Show’ over its 50 watts. Second 1o | early as October 13th, 1902, ten mon-
f A\ none, thay praclaimed and to add em- | ths after Marconi's epic first trans-
phasis tne announcer saic it 4 Atlantic wireless message, when Dr.
originated from the 44th floor of thei- 1 Ernest (Iater Sir Ernest) Ruthford and
studios in downtown Stratford. Of IDr. Howard Barnes successfully
course there were no buildings there I'demonstrated the transmission of
$ over thres stories, let alone 44! That !

the blarney had the necessary effect
is evidenced by at least one intrepid
fan from Detroit arriving in Stratford
one day 1o ask where all the tzall
buildings were!

These earnest, if humbie and
comical effcrts to add prestige to
Canada’s eatly broadcasts cculd not
make ug for the growing imbalance of
power betwean Canada and U.S. sta-
tions. The total power of Canadian

stations, ever up to 1932, was less
than a present day 50 kW transmitter,

‘radio signals to a moving train with

3rec~=|vers located on board the “Inter-
‘nation Limited”.

| On October 9, 1923, the British
Prime Minister, David Lloyd George,
touring Canada at the time, was
'shown how newscasts could be pick-
ed up, via radio, aboard a moving
Arain.

t
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'S nduct duct |
.New emi-conductors produc
| , - 1guide. Ask for it,it’s free. :
0 A g {Waitto: cesco etecraongs o, !
{ [ 4050 JeanTalon St.W. I
M e | SERCRI i
“l | Name |
II“ | | Address |
Postal |
| City Prov. Code ,
7400 0.29 7476 0.48 74195 0.60 74393 1,50 74LS42N 7415132 0.73 74LS194AN  0.80 74L5324N  2.99 74LS322N 6.10 }
7401 0.35 7485 0.75 74196 0.95 73126 1.09 74LS47N 0 87 74LS136N 0.52 741.S195AN  0.89 74LS325N 3.80 71LS347N 1.36
7402 0.32 7486 0.50 74198 1.79 | 74490 2.84 74LS48N 1.28 74LS138N  0.62 74LS196N  1.10 74LS326N  3.80 74LS385N v.46
7403 0.37 7489 5.00 74199 1.79 74LSOON 0.29 74LS39N 0.80 74LSI39N 0.6l 74L8197N  1.10 74LS327N  3.23 74LS396N 2.29
7404 0.38 7490 0.45 74221 0.83 741.S0IN 0.29 741S51N 0.36 74LS145N 1.40 741.822IN  1.16 74LS348N  3.40 74LS442N 6.08
7405 0.37 7492 0:48 74246 1.74 741.502N 0.29 741555N 0.31 74L5148N 1,75 7415240N  1.16 74LS352N  1.70 74LS443N 6.08
7406 0.45 7493 0.49 74247 1.59 | 74LSO3N 0.29 7ALS63IN 2.21 7ILS15IN  0.55 74LS24IN  1.16 74183538 2.10 ALSA4AN 6.08
7408 0.37 7495 0.68 74248 1.49 | 74Ls04N 0.29 741S73N 0.42 74181538 0.46 74182428 1.16 74LS302N  12.50 74LS445N 4.62
7410 0.35 7196 0.75 74249 2.02 741S05N 0.29 74LSTAAN  0.42 74LS155N  0.86 7ALS244N 116 74LS365N  0.67 4LS447N 1.12
7413 0.50 74107 0.56 74251 0.98 | 74LSO8N 0.52 TALSTSN 0.4 7ALSIS6N  0.93 74152458 2.09 74LS306N  0.67 4LS640N 2.66
7414 0.51 74121 0.59 74259 2.40 74LSO9N 0.31 741.876N 0.48 7411578 0.61 75LS2478  0.99 7iLS367N  0.67 74LS641N 4.00
7417 0.45 74122 0.61 74265 1.70 74LS10N 0.32 741.578N 0.38 741.S158N 0.61 711.5248N 1.40 74L8368N 0.67 74LS6 15N 1.21
7420 0.38 74123 0.56 74273 2.56 74LS1IN 0.31 74LS83AN  0.90 74LS160AN 0,89 71182498 1.24 74LS373N  1.60 74LS668N 1.2}
7428 0.41 74125 0.61 74276 1.24 7ALSI2N 0.31 741.885N 1.08 74LS161AN .75 74L525IN  0.69 T4LS3TIN [ 74LS669N 1.08
7427 0.39 71145 0.85 74278 2.98 74LS13N 0.32 74LS90N 0.50 74LS162AN  0.93 7ILS253N  0.69 74L8375N 0.83 74LS673N 16.22
7430 0.27 74147 1.59 74279 0.74 74LS14N 0.51 74L891N 1.1 7ALS163AN 0,75 74LS257AN - 0.72 7ALS3ITIN 1.60 74LS674N 16.22 ‘
7432 0.49 74151 0.55 74283 1.27 741 815N 0.31 74L592N 0.60 74LS164N  0.75 74LS258AN  0.72 74L5378N  1.28 |
7437 0.09 74153 0.55 74284 4.50 74LS20N 0.30 74L893N 0.50 741.S165K 1.15 74LS259N 155 4LS379N 1.41
7438 0.46 74154 2.27 74285 4,50 741.821N 0.30 74LS95AN  0.61 74LS166N  2.10 74LS266N  0.47 74LS386N 1.20 TL
7440 0.52 74157 0.6 74290 1.15 741822N 0.31 74LS96N 0.74 74LS170N 2.05 74LS273N  1.40 74LS390N 1.26
7442 0.51 74164 0.82 74293 0.93 74LS26N 0.50 TALSI07N  0.46 7ALS173N 0.76 74LS275N 5.00 74L5393N 1.26
7446 0.98 74165 0.81 74298 1.05 7418278 0.37 7ALS1I2N  0.46 74LS174N  0.51 74LS27SN 0.0 74LS395N 1.54 ta
7447 0.83 74174 0.74 74351 2.33 | 74LS28N 0.39 MLSIIIN - 0.46 74LS175N  0.51 741.5280N  2.45 ILS398N  3.48 Da
7448 0.78 74175 0.73 74365 0.73 7ALS30N 0.32 1LSI14N 0.46 74L5181IN 2.55 74152838 0.98 74LS399N 2.20
7450 0.33 74176 0.98 74366 0.69 7418328 0.55 7418122N 0.61 7415183N 1.99 74LS290N 0.93 741 S490N 2.39
7452 0.47 7417 1.02 74367 0.73 74LS33N 0.37 T4LSI123N 0.77 74LS190N  0.93 74LS293N  0.68 74L5670N  2.05 Bo
7473 0.47 74190 0.84 74368 0.73 74LS37N 0.38 74LS12aN 1.10 7415191N 0.93 74LS295N 1.19 74L5189N Sa2
7474 0.46 24192 0.86 74376 2,80 | 74LS38N 0.38 74LS125N  0.57 74LS192N .82 74LS299N 3,00 7415320 3.40 qq
7475 0.65 74193 0.8 74390 1,20 | 74LSION 0.39 74LS126N  0.56 74L5193N  0.83 74LS323N  6.00 74LS321N »7‘8‘ s []
4001 0. 4093 18 IN746 0.12 } 1N3212 4.36 INA734A 0.16 1NmeA 0. INS3378 2.02 IN53528 2.02 INS366B 2.02
1010 o_gs 4160 1.44 IN749 0.12 | IN3214 6.24 IN4735A 0.16 IN#747 o.w IN53308 2.02 IN53548 2.02 IN53708 2.02
1011 0.21 1161 1.44 IN751 0.13 | 1N40O1 0.05 IN4736A 0.16 1N4748A 0.16 IN5340B 2.02 IN53558 2.02 INS3758 2.02
4013 0.37 4162 .34 IN753 0.12 | 1N4002 0.06 IN4737A 0.1 IN4749A 0.16 IN53428 2.02 IN53568 2.02 N5378B 2.02
4016 0.64 1163 1.44 IN754 0.12 | 1N40Os 0.08 IN4738A 0.16 IN4 750A 0.16 INS 3438 2.02 IN53578 2.02 IN53798 2.02
4017 113 4174 1.0 IN7S6 0.12 IN4006 0.10 IN4739A 0.16 IN4751A 0.16 IN53348 2.02 IN5358B 2.02 1N53808 2.02
4020 1.22 4175 1.05 IN757 0.12 INA0O7 0.11 IN4 740 0.16 IN4752A 0.16 IN5346B 2.02 IN5359B 2.02 IN53848 2.02
4023 0.21 1194 1.41 IN758 0.12 | 1Na728A 0.16 IN4741A 0.16 1N4753A 0.22 IN5347B 2.02 IN53608 2.02 IN5400 0.38
2027 0.64 4409 13.32 IN759 0.12 INA729A 0.10 IN47424 0.10 INA754A 0.22 IN5348B 2.02 IN53618 2.02 IN5401 0.19
4029 0.88 1410 10.38 1N3208 1.98 INA730A 0.16 IN4743A 0.16 IN4755A 0.22 IN5349B 2.02 IN53638 2.02 IN5402 0.46
1044 0.85 4411 11.69 IN3209 2.40 IN4 7327 0.16 INA749A  0.16 IN53338 2.02 IN53508 2.02 IN5364B 2.02 IN5404 0.26
4046 0.98 4419 8.80 1N3210 3.08 IN2733A 0.10 INA745A 0.16 IN53358 2.02 IN53518 2.02 1N53658 2.02 1N5405 0.25
4049 0.48 4422 — T
A ransistors
425‘1' 0.99 4501 0.45 n l
10691 0.21 4502 1.23 28697 2.62 2N3053 0.91 2N3T716 2.48 2N4124 0.13 2N1898 2.00 2N5088 0.22 2N6073A 2.08
4071 028 1503 0.95 28706 .80 2N3054 114 2N3725 1.48 IN4125 0.13 2N4899 2.70 2N5089 ».28 2N6075A 4.26
4081 0.22 1506 1.13 2N708 0.46 2N3055 1.00 2N3738 2.62 2N4126 0.13 2N490e0 2.60 2N5179 .84 286081 17.64
4511 0.72 4508 2.00 2NTIE 0.80 | 2N3114 0.88 2N3739 3.10 284221 3.28 2Na901 2.48 2N5191 3.46 2N6082 19.86
1518 164 4510 0.75 2N718A 0.58 | 2N3117 1.04 2N3740 t.76 2N4223 1.76 2N4903 3.80 2N5193 1.72 2N6084 25,74
4000 0.38 4512 0.93 2N918 0.80 2N3134 1.88 2N374) 2.92 2N4231A 1.78 2N4904 2.70 2N5207 0.18 2N6121 a.80
1002 0.22 4513 1.91 2N930 0.46 | 2N325) 0.48 2N3766 2.02 2N4234 1.62 2N4905 3.24 2N5210 0.58 2N6122 0.90
1006 1.18 1516 1.17 IN1613 0.64 2N3251A 0.52 2N3767 2.26 2N4237 144 2N1906 3.80 2N5220 0.18 2N6125 0.94
1007 3 1517 7.91 2N1711 1.62 | 2N3439 1.16 2N3T771 2.67 2N4238 1.84 2N4912 2.02 2N5221 0.18 2N6126 1.00
4008 1.06 4519 0.68 2N1893 1.24 | 2N3340 0.73 2N3819 0.44 2N4250 0.66 N4914 1.90 2N5225 0.2 2N6237 1.30
4012 0.21 4520 0.72 2N2193 2.02 | 2N3563 2N3820 0.55 2N4265 0.64 IN4Y15 2,60 2N5226 0.18 2N6239 1.48
4014 1.00 1521 2.17 2N2218 0.58 | 2N3565 0.50 2N3772 2.6 IN4275 2N1918 1.60 2N5301 2.94 2N6240 2.08
1015 1.23 4522 1.34 2N2219A 0.60 | 2N3566 285789 2.60 2N4342 0.70 2N4919 1.84 2N5400 2.62 2N6241 3.54
4018 0.93 4526 1.60 2N2221 0.41 2N3567 0.52 2N3790 2.92 IN1348 3.36 2N4920 2.14 285401 0.60 2No82 4.70
4021 0.7% 4527 1.90 2N2222 0.41 2N3568 0.54 2N3792 2.16 N4360 0.18 2N4921 1.75 2N5550 0.43 NGS5 7.98
4022 1.02 4528 0.94 2N2222A 0.33 2N3569 0.52 2N3866 2.12 2N4400 0.13 IN3922 2.02 2N5589 11.96 2N690 12.80
4025 0.25 4529 1.94 282270 .41 2N3571 3.38 2N3903 0.24 2N4401 0.13 IN4923 2.32 2N5590 14.32 N1 28 190
1028 0.70 1530 1.23 2N2369A 0.31 2N3038 0.48 2N3904 0.11 2N3402 0.13 2N4927 5.14 2N5591 20.82 INLI0 1 86
1030 0.48 4531 1.99 2N2857 2.70 2N3638A 2N3905 0.20 2N1403 0.13 2N5033 1.62 2N5655 1.42 1AL 1 65
4032 2.17 1532 2.26 2N2894 3.16 2N3642 0.34 2N3906 0.19 2N4410 0.68 2N5060 0.76 2N5657 1.96 | s\oi6/MUALOOA 2,08
4034 3.15 1534 5.89 2N2901 0.58 2N3643 1.04 2N3964, 1.16 2N4416 1.35 2N5061 0.78 2NS774 0.28 |3n2a-/Mpato1A 224
2035 1.56 1536 46 2N2905 .82 2N3644 0.48 2N4O31 1.92 2N1427 2RI 2N5062 0.63 2N5772 0.26 |3n2a8/MbAIOZA  2.90
1038 2.17 4538 1.23 2N2905A 6.08 | 2N3640 0.48 2N1032 1.98 2N1441 3.16 2N5063 0.94 2N6033 2.82 | ou0/MDALO4A 2,58
4040 0.84 4539 1.07 2N2906A 1.46 | 2N3713 2.26 2N4036 1.00 2N4442 3.36 2N5064 1.00 2N6045 3.04 -
4043 0.69 4541 1,00 282907 0.89 | 2N3714 3.72 2N4037 0.90 2N44e3 »x.oz 2N5086 2.58 2N6070B 1.84
1043 0.77 4543 1.87 2N3019 0.88 | 2N3715 2.26 2N4123 0.13 2N4414 7. 2N5087 2.28 | 2Ne071B__2.00
1052 1.05 1553 3.65 T1C45 .80 s o #M
4053 103 | 4555 0.90 TR 0G0 LM301AN . emor‘es
4066 0.61 1557 4.43 TICa7 0.54 Lri?»g;N g-gg — SUPER
4068 0.30 4558 1.96 TIC106D . LM307N .
1070 0.30 4561 1.75 l'[C]l 16F 333 s L;:}?g: ;é[’; ‘ 2516 ‘lGK EPROM 9430 SPECIAL
4072 0.25 | 4566 1.58 TICI16M 3.28 P o 2716 16K EPROM 19.95
w73 o | ases s | 1icizen iy of I v BB 25132 32K EPROM 133.95 4116 MEMORIES
4 .30 2 a 11€206D .
1076 0.83 4580 6.53 412526[, i;g LM318N 0.29 e 2532 32K EPROM 20.50
4077 0.39 1583 1.90 TIC253D 3750 ILMS56N 0.6 a 2564 84K EPROM 93.00 $2-50 each
4078 0.30 4584 0.64 TI1C263D 2.85 'ng; g.g? 4164 64K RAM 93.75
a4 . 4 .34 " . 3
082 0.30 585 1.3 TIC263E 4.78 2114L 450 ns.

Minimum mail order $10
4050 Jean Talon Street West, :
Montreal, Que. Canada Add $3.00 for postage and handling.

Tei: (514) 735-5511 H4P 1W1 Prices in CDN funds F.0.B. Canada
e I e CtJPO M ICS | t d Prices subject to change without notice: F.'S.T. Included - P.S,T. Extra
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SAVE YOU TIME!

SAVE YOU MONEY!
SPEED REPAIRS!

HIUNTCRON]
551

LIRNGIL

APPLICABLE TO ALL ELECTRONICS

Computers/Peripherals
Telephones/Microwave
Radio and Television
Business Machines
Aircraft and Missles
Electronic Controls
Radar

Medical Electronics
Video Games

Vending Machines
Process Controls
Automotive Electronics

HUNTRON TRACKER

A unique troubleshooting instrument
designed especially for service and
repair of solid state devices and cir-
cuits.

TESTS “IN-CIRCUIT”
Accurate, effective, in-circuit testing
with shunt resistances as low as 10

ohms.

CURRENT LIMITED

Testing circuits within the instrument
protect devices from damage through
an inverse application of voltage and
current.

TESTABLE ELECTRONICS
Huntfon Tracker will test a broad range
of discrete solid state components and
IC’S:
Diodes and diodes back-to-back
Transistors of all types
LED’S...display optics
FET'S and J-FET'S
Op amps
Seleniums, Zeners, Unijunctions
IC packages:
Digital.or andlog
Hybrids_or monolithics
DTL-TTL-RTL-ECL
MOS and C-MOS
RAM-ROM-PROM-EROM
Electrolytics
Gate control switches
TESTS ANALOG OR DIGITAL
CIRCUITS
Fully applicable to either, Huntron
Tracker is exceptionally useful in
troubleshooting POWER SUPPLIES in
the lower impedance ranges.

REAL AID TO TECHNICIANS OF ALL
LEVELS

Beginning and trainee level technicials
quickly begin to improve output and
work flow. Top technicians couple past
experience with unique concepts to
find and repair the really tough pro-
blems with greater ease and less
headaches.

CUT COST...SPEED REPAIRS

Our customers report cost savings of
30...40...50%. Turnaround times can be
shortened.

1 Exclusive Canadian Distributors:
P CYPRUS PRODUCTS INC.

7117 TISDALL ST., VANCOUVER, B.C. V6P 3N2
(604) 327-8814

L‘ IUUNITCIRON]
INSTRUMENTS

TSR d—
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EARLY RADIO IN CANA DA e S e

The first trans-Atlantic broad-
casts were begun by CNR radio in
1928, which saw the beginning of the
“Empire” broadcasts over the same
system in 1932, facilitated by The
Canadian Marconi Company (without
any remuneration) from its stations at
Yamachiche and Drummondville,
Quebec.

The concept of a bi-lingual net-
work was begun in Canada with the
first recorded program in language
(French phonetics) being aired in
1931.

The early use of “Multiplex”
(whereby more than one program
could be sent over a pair of wires) was
pioneered by the CNR in Canada to
accommodate the growing demand
for program carrying network
facilities.

For sheer drama the coverage, in
1930, of the arrival of the R-100, Bri-
tains’s huge dirigible which crossed
the Atlantic in that year, can’'t be
beaten. A leviathan nearly 800 feet
long, its arrival in Quebec City was
carried by the network in fact both, as
the CNR and CPR had wires prepared
with coverage from Montreal (where
the mooring base was located at St.
Hubert's) by a little known announcer
named Foster Hewitt. Andy Ryan
handled the CN network, and describ-
ed the R-100's arrival in nearly in-
spired words, as the giant hovered
over the city at dusk to the sound of
every ship whistle, bell, and siren in
the city.

Culture-wise, Canada registered
a landmark with an early history
series designed to acquaint Cana-
dians with their own" exciting past
(the centennial efforts were
something new?) and securing one of
the top men of the day to run the
series — Tyrone Guthrie who later
became Sir Tyrone Guthrie of Strat-
ford Shakespearean fame.

The establishment of the CBC in
1936 saw the residue irritants of the
old Canadian Radio Broadcasting
Commission removed, and Canada
moved into a new era of broadcasting
with the parallel growth of the CAB
(Canadian Association of Broad-
casters) the commercial arm of radio
broadcasting. How many, for exam-
ple, can forget the early *Good-
Morning Sherriff’s Hour”, with their
bright music and fun early each morn-
ing; or the ‘“Happy Gang” whose
lighthearted entertainment helped
counteract the otherwise sombre war
years?

Perhaps the great men of Cana-
dian Radio are as the voices of radio

42

itself — ghosts if you will — who
speak even now. Many had died, like
Alan Plaunt, stillyoung at 37, with
years of service unfulfilled. Plaunt
was subsequently remembered by the
“Alan B. Plaunt Memorial Lectures”,
established by Carleton University in
1958 and delivered annually.

Graham Spry — after leaving
Canadian Radio — retained an active
interest in it from his post in London,
England where he served as Agent-
General for Saskatchewan. Later, he
frequently wrote on the subject for
the Queen’s Quarterly Review, retir-
ing in 1968. As Austin Weir said of
these two men who did so much for
early Canadian radio, “it was com-
monplace for Plaunt and Spry to dig
into their own pockets to provide
needed funds for that early organiza-
tional work”.

And perhaps this is as good an
epitaph for the legions of men and
women who, in a thousand different
ways and varying capacities of ser-
vice, have contributed to the growth
of a once struggling child to the giant
that is Canadian Radio today. By

RACK MOUNT
CABINETS

High quality black steel
cabinets with aluminum front
panel and hardwares:

Panel size

(inch) Box size ({inch) Price
19 x 6 17 x 55 x 10 43.50
19 x 4 17 x 35 x 10 40.50
19 x 2 17 x 1.5 x 10 36.50
17 x 6 155 x 55 x 9 41.50
17 x 4 155 x 35 x 9 36.50
17 x 2 15.5 X 1.5 %9 33.50
12 x 6 115 x 85 x 7 29.50
12 x 4 115:% 35 % 7 25.50
12 x 2 115 x 175 x 7 23.50

Send cheque, money order plus 5% for
postage and handling (no charge on
orders over $100). Ontario residents
add 7% P.S.T. Visa and Master Card
accepted: send card no., expiry date
and signature to:

AUDIOVISION
578 Marlee Ave,
(Just one block West of Glencairn Sub-

way)

Toronto, Ont. M6B 3J5
Tel: (416) 781-3263

Also available:

PROTEC NEW

Hobbiest, technician, engineer, instructor, student,. . . . . Now you can '‘get
into Z-80 microcomputing’, thanks to the powerful and low cost PRO-80. This
microcomputer comes complete with: Z-80 CPU; 2 parallel 1/O ports (Z-80 PIO)
1 Kbyte RAM expandable on the board to 2K; 1 Kbyte monitor; another Kbyte
EPROM available to the user; S-100 bus; wire wrap area for additional cir-
cuits; hex keyboard; 6 hex digit display; a voltage regulator (5 V.. 1TA).....

A detailed assembly and test manual (English or French) is also includ-
ed. It explains all monitor functions, with several examples, diagrams,
schematics and the integral listing of the PRO-80 monitor.

THE PRO-80
A COMPLETE
Z-80 BASED
MICROCOM-
PUTER KIT
FOR JUST

$195.00

specify English or French.
Prepaid orders can be mailed to:
PROTEC, P.O. Box 271, St-Laurent, Que, Canada, H4L 4V6.
Or to our authorized distributor:
HTM, 2055 Peel St., suite 1100, Montreal, Que, H3A 3B8
Tel: (514) 844-1327

VISA accepted, please print your name, phone number. VISA number,

expiration date and signature.

DEALER INQUIRIES

INVITED
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Active also maintains a

extensive inventory of the

following devices:

Diodes Relays
Transistors AP Products
Digital IC's Calculators
Voltage Regulators Fans

Bi-Polar Memories Heat Sinks
Fuses Ungar Products
1/2 & 1/4 Watt Resistors Vector Products
Switches Connectors
Potentiometers Ribbon Cable
Capacitors Crystals
General Cement Kester Solder

Write for our free catalogue.

4 Once in a lifetime )
ity!

Don’t miss OPPOrSmty:

this offer.

n

ROCKWELL AIM 65

Harnessed for work, AIM 65 as a “bare-board™ micro computer out-
performs in.1ts price category. Features: 120 ne/min. 20-column hard

J W Ehckets base merprete nimwart and monmae - ) 1981 IC MASTER

4K version. Only $552.50

k ACT NOW WHILE QUANTITIES LAST J

TECHNICAL BOOKS

Active stocks books by the tollowing manutacturers Zil EPROM’S
Advanced Micro Devices Pracision Monolithic Inc. ' °9 MICROPROCESSOR C1702A 2K 1US $ 7.95
Fairchils Silicon General 7 | CHIP SETS
General Semiconductor Ind. Siliconix 00 T OE s iz B3 sosscRU 9.29 6800 CPU 665 C2708 1KxB450ns $ 584
Hiach) Syber TOACPU  4OMH: 975 Z80ASID/1 40 MH; 2889 8039 CPU 10.34 6802CPU 1085
Howard W. Sams Co. Ltd Tab Books Inc 280-0 MM 689 780-.50/2 25 MH, 2395  BOBOA CPU 6.15 6808 CPU 975 C2716/TMS2516 (Intel version) $ 6.98
Monolithic Memories Texas Instruments Z80A-PI0 40MHz B.15  Z80A-SI0/2 40 MH: 28.89 8085 CPU 10.15 6809 CPU 2329 1K 450NS Single 5V Supply
Nippon Efectric Co. Toshiba 280-CTC 25 MHz 6.45  ZB0-SID/9 SuH, 1555 8198 11.65 6810 319
Osborne Unitrode 80ACTC 4,0 MH gls zaan-im/s 40 MH 17.32 g g;g gggo g-gg TMS2532(TIPinOut) $25.50
280-DMA MH: 19.95  Z80-DART MHz 12, - ! d
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MINIMUM MAIL ORDER $10.00
Add $3.00 to cover postage and handling

PRICES ARE IN CON. FUNDS, F.0.8. CANADA
Federal Sales Tax Incl.
Provinciat Sales Tax Extra

LARGE INVENTORY AT ALL LOCATIONS

STORE HOURS:

Monday to Thursday 9:00 am — 6:00 pm

Friday 9:00 sm — 9

Saturday 9:00 am — 5: VISA AND
MASTER CHARGE
ACCEPTED

MAIL ORDERS: 237 HYMUS BLVD.. POINTE CLAIRE {MTL} QUE. H9R 5C7
555.

MONTREAL TELEX NO. 05823554 AND 05-823!
5651 FERRIER ST. BAXTER CENTER
MONTREAL, QUEBEC 1050 BAXTER ROAD
H4P 2KS OTTAWA, ONTARIO
K2C 3p2

613) 820-9471

Tel.: (514) 731.7481

4800 DUFFERIN ST, 5809 MacLEOD TRAIL S, 3070 KINGSWAY

DOWNSVIEW, ONTARIO UNIT 109 VANCOUVER, B.C.

M3H 5589 CALGARY, ALBERTA v

T2H 0J9 Tel.: (604) 4383321
1 {403) 259.6437

Tel: 416} 661-1115
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LCONNECTORS, ETC

SHARP POCKET COMPUTER
Programs in BASIC
24 character alphanumeric display
1424 steps, 26 memories
Reservable and defineable kevs
Optional cassette interface to store programs or data
| year warranty, extensiv documentation (3 manuals)
Only. .

pPC 1211

... .$26%.00

CE-122 PRINTER & CASSETTE
INTERFACE
For Above model only $179.95

10 tor $49 00
$100ea
$1 25 ea

4for$1 00
$3995

Memorex 5%~ Diskettes

C-10 Cassette tapes

C-20 Cassette tapes

Cassette boxes

Disk Storage Box holds 50-60 disks

BOOKS
PET Personal Computer Guide
Apple i User's Guide
Basic Programming Primer
All about Telephones

$18.95
$18.75
$14.95

$7.95

DYNA CHARGER
For charging NIC/CAD Batteries
Recharges up to four batteries at a time

$19 95

We also carry Commodore & Atari computers, video
recorders. telephones, calculators, plus many other in
novative products. Write for our FREE CATALOGUE or
come in and see u

send Money Order, Chargex, Master Charge Include ex
puy date, card number, bank name and signature. Add
59 tor shipping (excess refunded) Ontano residents add
7% sales tax. All ptices subject to change

eLeCTROoNIO 2
5529 Yonge St. (just south of Finch) 8

Willowdale, Ontario M2N 553
(416) 223-8400
COMPUTERS * VIDEQ * MICRO ELECTRONICSI

Circle No. 21 on Reader Service Card.

NORTH AMERICAN

ELECTRONICS
EST. 1949

WE STOCK

AMIDON - FERRITE
MATERIALS: TOROIDAL CORES,
“g CORES, POT CORES, BEADS,
RODS, SHIELDED COIL FORMS,
ETC .

JW. MILLER — COMPLETE
COVERAGE OF COILS: RF,
ANTENNA, CHOKES,

OSCILLATOR, ADJUSTABLE,
FORMS, SLUCS, ETC

ALSO: XCELITE TOOLS, WELLER,
MAGNET WIRE, VEROBOARD,
CABLE, SEMICONDUCTORS,
SWITCHES, PCB MATERIALS,

...... AND MUCH MORE . . . ..

WRITE tor our free 1982 catalog (specity
French or English) or CALL US.

NORAMEL
2407, STE. CATHERINE ST. E.,

MONTREAL, QUE., H2K 2J7.
(514) 522-8422

Circle No. 15 on Reader Service Card.

AUDIO/ELECTRONICS

KITS: Power amp., Preamp., Equalizer,
Speaker protector, LED power in-
dicator, Rack mount cabinet, Power
supply, FM wireless mike, Electronic
lock., Touch ON/OFF, Colour organ,
Sound/light control, Electronic timer,
Electronic clock, TR tester, etc. . . .
WRITE FOR FREE CATALOGUE.

Specials of the month:

® Master Transistors/FET
Specification and Substitutions
Handbook (New from Japan) $15.00

® Gold Plated Y Patch Cord,

5 Long $19.50
® 200V 6A Bridge Rectifier $1.75
® 10,000 MFD 50V Elect.

Capacitor $8.95
® 33,000 MFD 50V Elect.

Capacitor $12.95
® 250W Stereo Class A

Integrated Power Amp

Kit $179.50

Store Hours: Monday to Friday 1:00p.m. - 7:00p.m.
Saturdays 10:00a.m. - 6:00p.m.

AUDIOVISION

578 Marlee Ave.,

(Just one Block West of Glencairn Sub-
way)

Toronto, Ont. M6B 3J5

Tel: (416) 781-3263

6502 — BASED
MICRO COMPUTER

Superboard Il...... .. ... ....... $379
Requires + 5V-3AMP Power
Supply and TV set with RF
Modulator.

Aztec’s 8610 Memory Board with
Floppy Disk Controller:
32K

Ohio Scientific
Superboard Il with Aztec’s

32K Dynamic Memory and
Floppy Disk Controller

$895

The 8610 Memory Board will be
available for delivery January.

sk ok ok ok K ok ok K ok ok K ok K ok ok ok ok ok ok ok ok K ok ok K ok ok
Prices are in Canadian Funds, FST in-

Note:

cluded. Orders shipped Prepaid or
C.0.D. (C.O.D. orders require 10%
deposit.) Certified cheques/Money

orders accepted. Shipping and Hand!-
ing charges extra.

RS e o i )
BECTE RM 12 Trans Canada Ouest

Levis, P.Q. G6V 422
I (418) 837-5894
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NEED MORE

INFORMATION?

If you would like more information on
the products or services mentioned
in the advertisements:

1. Fill in the attached card with
your name, address, etc.

2. Circle the appropriate Reader
Service number for further in-
formation about advertised
products.

3. Mail the card and the adver-
tiser will send you literature
free of charge. If the card has
been removed, or it you want
the information in a hurry,
phone or write direct to the
advertiser and refer to the ETI
issue and page number.

Your Company Classification (if
applicable):

Manufacturer

Retailer

Government

R&D

Servicer/installer
Distributor/Representative

OMMOO® >

Educational Institution

n the field of:

-

Computer and Related
Equipment
Communications Equip-
ment & Systems
Navigation, guidance or
Control Systems

Test & Measurement
Equipment

Consumer Products
Industrial Controls &
Equipment
Components &
Subassemblies

Other (Please specify on
the card)

® N Pm A W N

Your major job function (if ap-
plicable):

A Buying

8 Technologist

o] Educator

D. Not employed in an
electronics-related field
E Engineering

F Technician

G Management

H Sales

1 Other (Please specify on
the card)

S i e

What interests you most about
ETI?
your tavourite five or less).

Audio

Video

Ham Radio
Shortwave Listening
Servicing
Components &
Technology

Reports on the Electronic
Industry
Microcomputers
Projects

News Digest

Other (Please specify on
the card)

Tech Tips
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INTO LINEAR IC’s
—— {(Part One

Now that Into Electronics has finished, lan
Sinclair again puts pen to paper and tackles
the awesome task of describing the habits of

that family of ICs known as Linear ICs.

IF YOU'RE JUST GETTING INTO THIS ELECTRONICS
CAPER, perhaps you think that you'd better avoid ICs.
Can't say we blame you — ICs are small, with lots of
connecting pins laid out a bit too close for comfort, and
the circuits which use ICs look strange in comparison to
the more familiar circuits which use transistors. Just to
make life a bit more difficult for the unfortunate begin-
ner, books for beginners very often don’t mention ICs at
all, and books which do mention ICs seem to assume
that you know all about them already.

This series is designed to change all that. We're going
to start off by introducing you to the types of IC which
are classed as linear — and we'll explain what that
means in a moment. Later — much later — we'll look at
the other type of IC, the digital IC. In addition, the series
will be built around practical work — we're not going to
spend too much time on the theory of ICs. Reason is that
what goes on inside an IC is not of so much interest as
what goes on outside — it's not like a transistor circuit in
which we can change any component we like. That
doesn‘t mean we won't explain how the circuits work;
we will, honest, but we won't explain the details of the
circuits inside the ICs. ’

IC THE DIFFERENCE

What is an IC anyway? The letters stand for Integrated
Circuit, which doesn’t tell you much more than the
phrase "silicon chip’ which you read in the papers — and
they usually manage to add an ‘e’ to silicon as ifitwere a
furniture polish. What the IC means is that a complete
electronic circuit can be made on a small piece of silicon
as easily and as quickly as a single transistor. Transistors
are made from thin silicon pieces, called wafers, mea
suring about 1.25 mm square, by a set of manufac-
turing processes which include heating in various gases
and evaporation of silicon and metals. Now as it hap-
pens, we can make resistors and capacitors by the same
processes in a different sequence, so by using shields (or
masks) over the silicon we can control what sort of
component we make on each part of the wafer. By
evaporating metal, we can then make connections
between different sections, so constructing a complete
circuit.

What's the advantage? It's not just that the whole
circuit is smaller to an incredible extent, though that can
be handy. The big, big advantage is that all the connec-
tions are made during the manufacturing process. Let's
explain that. Suppose we made up a 5 transistor circuit
(Fig. 1a) using separate components — the name for a
circuit made this way is discrete circuitry. There are a lot
of connections to make in this discrete circuit. Making
each connection takes time, and each one is a possible
source of trouble, like dry joints. mistakes, short circuits,
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the lot. Even if you get all of these connections right,
there's a fair chance that one out of all these components
may break down and fail at some time, and the more
components you use, the greater the chance of at least
one of them failing. An electronic circuit is like anything
else — the more components it uses, the less reliable it

+
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Fig. 1. A transistor amplifier circuit (a) and an IC circuit (b) with
the same performance.

PINNED DOWN

Now if we make the same circuit in integrated form, as
an IC Fig. 1b, there’'s just one component — the IC. All
the components which make up the circuit are there, but
because they were made in one operation and at the
same time, they behave with the reliability of one
component. There are now fewer connections to make;
in the example shown, we've replaced 21 components
and 42 connections by two components, the I1C and
resistors and seven connections. That's a big improve-
ment, and because the IC is a single component, it can
be tested more easily and more quickly than would be
possible if we had to test each component of a discrete
circuit separately, then the whole circuit once it was
assembled.

That's not all, either. The IC is produced by the same
sort of factory methods as are used to make transistors,
so that making one IC costs about as much, once we get
production going, as making one transistor. Because of
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that, the IC is usually cheaper than the components it
replaces. Just to complete the list of advantages, the IC
is not so easily damaged by mechanical shock (he means
they still work after you've dropped them, lad) as a
complete circuit made from separate components.

Any snags about all this? Well, yes, there’s one. If you
make up your circuits from separate components, you
can make any circuit you like. Using ICs, aren't you
limited to what the manufacturers think is worth pro-
viding? The answer is yes and no! A readymade circuit is
a bit of a restriction, but the types of circuits that are
made as ICs are so designed that they can be used in a
huge number of ways, making them practically as
versatile as separate components, as you'll see when we
getround to trying out some circuits. To keep prices low,
ICs have to be made in very large quantities, so that an
IC must be useful for a lot of applications so as to earn a
bit of bread for all the people who make it.

LINEAR AND DIGITAL

So far, so good. Now we come to the two main types of
IC. Apart from a few specialised ICs, they're all either
linear ICs or digital ICs, so now we have to explain what
the difference is. Any electronic circuit usually has an
input and an output, and we put a signal into the input
and take a signal from the output. If the output signalisa
copy of the input signal then the circuit is a linear circuit,
an amplifier in fact. Why linear? If we plot a graph of the
output signal voltage against the input signal voltage,
the graphs shown in Fig. 2, then the graph shape is a
straight line for a linear circuit — and that’s where the
word J/ine-ar comes from. When an amplifier is perfectly
linear, the graph line plotted as we’'ve just described, is
perfectly straight, and the output signal is a perfect copy
(though to a different scale) of the input signal.

ICs that are designed for use as amplifiers are linear
ICs, each part of the circuit inside the IC is a linear
amplifier. A few other types of ICs are also classed as
linear ICs, even though their output signals look nothing
like their input signals, just because they contain linear
amplifier circuits. We'll be looking at one of these ICs,
the 555 timer, later in this series.

LINEAR ICs

How about digital ICs, then? Very briefly, because
there’s another series on digital ICs coming up, these ICs
use the same types of signals for both input and output,
and what we are interested in is what combination of
signals or sequence of signals we have. Much more of
that later, in the next series but for now we're con-
cerned only with linear ICs.

VOUT P~ vouTt

Fig. 2. Linear graphs (a) Inverting amplifier, (b) non-inverting
amplifier. The graph lines usually bend noticeably at the ends,
hence the use of bias to use only the straight portions.
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SHAPES AND SIZES

The first ICs were made quite a fair time ago; the idea
was first hawked around in 1952, but it wasn't until
silicon was being used on a large scale to make transis-
tors that the first serious attempts to make ICs started. In
those days of the late 50's, only fairly simple circuits,
two or three transistors and a resistor or two, could be
made, and these first ICs didn't need many connecting
leads, very often only four or five. These were input,
output, supply positive, supply negative and perhaps an
additional feedback connection.

Now the silicon wafer slice, or chip, which is used for
an IC is the same chip as we use for a transistor, and it
will fit into the same size of can. As a result the first ICs
were mounted in the same TO-5 cans as were used for
most transistors at the time, but with a few more leadout
wires added. Because the TO-5 can is a fairly large one
(by transistor standards), it was possible to use up to 9
leadout wires from one TO-5 can, and most of the early
ICs were so mounted. You can still get these TO-5 [Cs,
but it’s not the most convenient method nowadays. The
kind of ‘Package’ that’'s most often used nowadays is the
rectangular block of plastic with a row of pins on either
side. This is called the dual-in-line package (shortened to
DIL or DIP), and all ICs are obtainable in this form. The
actual silicon chip takes up only a small part of the block,
and the plastic is simply a convenient way of protecting
the IC chip and its leadout wires.

Fig. 3. An IC in a TO-5 can.

To make life simpler, a number of standard DIL
packages are used, some with 8 pins, some with 14,
some with 16. Larger pin numbers are used, but these
numbers are the most common, particularly for linear
circuits. The spacings of the pins are designed to fit a
2.5 mm grid (0.1" if you are unconverted), so that the
distance between pins is always a multiple of 2.5 mm.
The 8-pin, 14-pin and 16-pin types, for example, have
the pins of each line set at 2.5 mm apart, and the lines
7.5 mm apart. Some of the bigger types of linear or
digital ICs have the lines spaced 15 mm apart, but the
spacing between pins on one line is always 2.5 mm.

Sometimes not all of the total number of pins in a DIL
package are used, and in any case we need to know how
the pins that are used are to be connected. To make it a
bit easier, the pins are numbered, but the numbers
aren’t printed on the ICs — there isn't room. What is
done is to mark the IC package so that we can find pin
number 1, and then go on from there to find all the
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others. Fig. 5 shows how the pins are numbered. The
index mark is a notch at one end of the IC, or a small dot
at pin 1, sometimes both. When the small dot is used, it
locates pin 1; the notch shows which end of the IC has
pin 1. Looking down on the IC, pins down, with the
notch at 12 o’'clock, pin 1 is always at around 11
o’'clock. The pins are then numbered in sequence down
one line and up the next one, with the last pin at the
notch end of the IC, around 1 o'clock. A few ICs,
incidentally, iook as if they have a notch at each end —
the correct one to use is the one which is more deeply cut
"into the plastic.

Fig. 4. Typical DIL packages.

PRACTICALITIES

Let’s be practical fora moment. If all of your construction
has been with transistors up to date, you're going to
notice a difference. Transistors have thin leadout wires
which can be bent and shaped to suit your circuitboard.
ICs have thicker, flattened pins, and the circuit board has
to be shaped, with solder pads 2.5 mm apart in lines
7.5 mm apart, to take the IC without bending the pins.
On most solderboards, this presents a few problems
because with lines spaced only 2.5 mm apart, your
soldering has to be pretty neat if you're to avoid shorting
tracks together with the solder. It’s a great advantage to
have a soldering iron with a really small bit, and to use
fine-gauge solder — more of this in Part 2.

SYMBOLS

Good ol'fashioned transistor circuits use a symbol for
each component and most of these symbols have been
around for a long time. There aren’t many standard
symbols for linear ICs, mainly because so many linear
ICs would need special symbols, and it takes longer
these days to get a symbol accepted than it does to
design and produce the IC! The symbol which is most
often used is the triangle (Fig. 6) with input(S) at the flat
end and output from the sharp end. This symbol is used
to represent an amplifier, and since most linear ICs
contain amplifiers or are amplifiers, it's the most useful
thing to have a symbol for. Other linear ICs simply use a
square or rectangular block symbol, with, input, output
and power supply lines going in and out of the block.
What goes on inside the |C then remains a mystery until
we take a long hard look at the data sheet — and until
you've finished this series it may remain a mystery even
after you've seen the data sheet.
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One feature of the amplifier symbol needs a bit of
explaining, though. A lot of IC amplifiers have two
inputs, marked + and —. This has nothing to do with
power supplies, but with feedback connections.
Remember feedback? It means taking some of the
output signal and connecting it back to the input of the
amplifier. Feedback comes in two main types; positive,
which increases gain and distortion, and causes
amplifiers to oscillate; and negative which decreases
gain and distortion and makes amplifiers more stable if
we use it correctly. The + and — symbols at the input of
the IC amplifier refer to feedback connections. A feed-
back connection from the output to the + input is a
positive feedback connection, and a feedback connec-
tion from the output to the — input is a negative
feedback connection. We can’t get inside the IC, so we
need some way of making these connections as and
when we need them. We'll see how these two connec-
tions can be used later on when we look at the uses of the
741 1C amplifier chip.

BIAS AND FEEDBACK

One feature of an IC amplifier which looks as if it might
be a source of trouble is the fact that we can’t make
jarge-value IC capacitors — they would take up too much
room on the chip. IC amplifiers are directly coupled,
meaning that the collector of one transistor in the
amplifier circuit is connected directly to the base of the
next one. Now if you recall anything about coupling
signals from one transistor to another, you’ll remember
that direct coupling is a very odd business indeed. To
use a transistor as a linear amplifier, the bias current has
to be correct. What amount is correct, then? It's the
amount which ensures that a normai input signal will not
cause any transistor to cut off (no current) or to bottom
(when the collector voltage is almost zero and can’t go
jower). If the transistor cuts off, the collector voltage
reaches supply voltage and can’t go higher — result is no
more amplification until the voltage drops again. If the
transistor is allowed to bottom, the coliector voltage gets
down to about 0.2 V higher than the emitter voltage,
and can’'t go lower; again this means no more
amplification until the voltage can rise again. If any
transistor in an amplifier cuts off or bottoms, then the
amplification certainly isn't linear. We usually ensure
correct bias by setting the current through each transis-
tor so that with no signals at the input, the collector
voltage of each transistor is about half-way between the
supply voltage and the emitter voltage.
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Fig. 6. Symbol for an amplifier IC.

DC COUPLING

Now the odd business about direct coupling is that we
can’t bias each transistor in an amplifier separately by
itself. If all the transistors are connected together,
collector to base, without the use of capacitors to isolate
the DC, then the collector voltage of one transistor is the
base bias voltage for the next one, and the only way we
can control all of this is to have the bias for the first
transistor in the amplifier set correctly, and design the
amplifier so that setting the first one will ensure that all
the others are correct also.

The only way we can bias a linear IC, then, is by
applying a steady bias voltage at an input terminal. We
can't take the circuit apart to get to any of the transistors
inside, we simply have to assume that the designer of
the IC knew what he was doing (and they do, folks, they
do) and arranged things so that with the correct bias on
the input each stage of the IC would be correctly biased.

We can ensure that we have the correct bias for linear
action by using negative-feedback bias. As we've seen, a
signal fed back from the output of an amplifier to the +
input is positive feedback, but a signal fed back to the —
input gives negative feedback. A linear amplifier IC can
be correctly biased by connecting a resistor to act as a

Q1

Qaz ouT

Fig. 7. Direct coupling — the base voltage of Q2 is equal to the
collector voltage of Q1.

feedback path between the output and the — input
terminal. This feeds back DC, and works only because
the amplifier is completely direct-coupled.

How does it work? Let's take a look at a typical circuit
(Fig. 8) which uses two separate batteries to operate a
linear IC amplifier. Now using two batteries as this circuit
does may look a bit complicated, but in fact it makes
amplifier circuits a lot simpler, as we’ll see later. In the

SUPPLY

FEEDBACK
RESISTOR

ouT

SUPPLY
Fig. 8. Negative feedback bias — this is the bias system which
is used for all linear amplifier circuits,
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diagram, the + input of the amplifier is connected to
earth, which is also the return path for both batteries,
and the output of the amplifier is connected through a
resistor (any size, 10K to 10M) to the — input. This
automatically sets the amplifier to the correct bias.

HOW IT WORKS

Here's how it works. Remember that the circuit inside
the linear IC is quite an elaborate one, containing a lot of
transistors and with a very large voltage gain, 100 000
or more. In addition, the voltage that is amplified is not
just the voltage at one input but the voltage difference
between the inputs — if both of the inputs are at the
same voltage there’'s nothing to amplify. We've shown
the + input connected to ground, so unless the — input
is also at ground voltage (give or take a bit, as we’'ll see),
there will be some voltage difference between the inputs
and this will be amplified to appear at the output. If the
voltage at the + inputis higher than the voltage at the —
input, the output voltage goes high (to +9 V in the
diagram) and if the voltage of the — input is higher than
the voltage of the + input, the output voltage goes low
{to —9 Vin the diagram).

So far, so good, now we have to get back to the
negative feedback. If we raise the voltage at the — input
above earth voltage (which is the voltage of the + input),
then the voltage at the output will drop below ground
voltage. If we lower the voltage at the — input below
ground voltage, then the output voltage will rise well
above ground voltage. The output voltage is free to sw-
ing either above or below ground voltage because we've
used two power supplies in this example.

With the output connected to the — input, the only
thing that can happen is for both the — input and the
output to settle at ground voltage. Why? Imagine that
the—input voltage rises to 0.00001V above ground
voltage. With a voltage gain of 100 000, and the usual in-
version, this would cause an output voltage of —
0.00001 X100 000 = —1 V. This amount of voltage
at the output, connected back to the — input by a
resistor, would whip the input voltage back to zero pretty
quickly. Imagine it the other way round — that the —
input voltage has dropped to —0.00001 V. Once again,
the combination of high gain and inversion produces a
voltage, this time of + 1.0 volts, at the output, and the
feedback ensures that the voltage drops back to zero
again. If the — input voltage is exactly zero, the same as
the voitage that the + input has been set to, then there's
no difference between the input voltages, nothing to
amplify, and the output voltage remains at zero — which
Vs exactly halfway between the supply voltages, just the
condition to ensure that the amplifier is correctly biased.

INPUTS AND OUTPUTS

Why can’t we just connect both inputs to ground? The
reason, once again, is the very high voitage gain of the
IC amplifier. The slightest voltage difference between
the inputs, as small as 10 microvolts, will cause an
output of a volt or so, and so and slight differences
between the transistors inside the IC will cause a change
of output voltage even with both inputs grounded. This
sort of difference is called an offset. We can't, even in an
IC make transistors which match each other prefectly, so
that this offset always exists. Using negative feedback
for bias solves this problem, because the feedback action

Continued on page 62
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ABOO1 $14.45
A catalogue of over 1600 fully indexed
BASIC computer programs with applica-
tions in Business, Math, Games and more.
This book lists available software, what it
does, where to get it, and how to adapt it
to your machine.

PET Games and Recreation

ABO002 $12.45
A variety of interesting games designed to
amuse and educate. Games include such
names as Capture, Tic Tac Toe, Watchper-
son, Motie, Sinners, Martian Hunt and
more.

The Beginner's Handbook Of Electronics
ABO003 $9.45
An excellent textbook for those interested
in the fundamentals of Electronics. This
book covers all major aspects of power
supplies, amplifiers, oscillators, radio,
television and more.

Digital ICs — How they Work and How To
Use Them

ABO00O4 $10.45
An excellent primer on the fundamentals
of digital electronics. This book discusses
the nature of gates and related concepts
and also deals with the problems inherent
to practical digita! circuits.

Brain Ticklers

ABOO05 $8.00
If the usual games such as Bug Stomp
and Invaders From the Time Warp are
starting to pale, then this is the book for
you. The authors have put together
dozens of stimulating puzzles to show you
just how challenging computing can be.

How To Program Your Programmable
Calculator

ABOO6 $10.45
Calculator programming, by its very
nature, often is an obstacle to effective
use. This book endeavours to show how to
use a programmable calculator to its full
capabilities. The Tl 57 and the HP 33E
calculators are discussed although the
principles extend to similar models.

Experimenter's Guide To Solid State Elec-
tronic Projects

ABO0O7 $9.45
An ideal sourcebook of Solid State cir-
cuits and techniques with many practical
circuits. Also included are many useful
types of experimenter gear.
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Computer Progralns in BASIC S iigg

We've recently added a selec-
tion of new electronic books to
the ET! Book Service published
by Prentice-Hall. Don’t be put
oft by the low prices — the
books are simply very good
value. 5

’

Pascal Programming Fo e
ABO008 $16.45
A great book to upgrade your programm-
ing skills to the UCSD Pascal as im-
plemented on the Apple il. Statements
and technigues are discussed and there
are many practical and ready to run pro-
grams.

Apple Machine Language Programming
ABO09 $16.45
The best way to learn machine language
programming the Apple Il in no time at all.
The book combines colour, graphics, and
sound generation together with clear cut
demonstrations to help the user learn
quickly and effectively.

280 Users Manuai

ABO10 - $14.45
The Z80 MPU can be found in many
machines and is generally acknowledged
to be one of the most powerfui 8 bit chips
around. This book provides an excellent
‘right hand’ for anyone involved in the ap-
plication of this popular processor.

The Essential Computer Dictionary and
Speller

ABO11 $9.45
A must for anyone just starting out in the
field of computing, be they a
businessman, hobbyist or budding com-
puterist. The book presents and defines
over 15 000 computer terms and acronyms
and makes for great browsing.

How To Debug Your Personal Computer
ABO12 $10.45
When you feel like reaching for a sledge
hammer to reduce your computer to
fiberglass and epoxy dust, don’t. Reach
for this book instead and learn all about
program bug tracking, recognition and
elimination techniques.

How To Troubleshoot
Microcomputers

ABO13 $10.45
Learn how to find the cause of a probtem
or malfunction in the central or peripheral
unit of any microcomputer and then repair
it. The tips and techniques in this guide
can be applied to any equipment that uses
the microprocessor as the primary control
element.

and Repair

B

Please order In writing or use the order form in this issue.
Send to ETI Magazlno, Unit 6, 25 Overlea Blvd., Toronto,
Ont., M4H 1B1.

tax on books. Normaily books are dispatched within 48
hours but please allow six weeks for delivery.

rices Include shipping; there is no sales

PET BASIC — training your PET computer
ABO14 $16.45
Officially approved by Commodore, this is
the ideal reference book for long time PET
owners or novices. In an easy to read and
humorous style, this book describes
techniques and experiments, all designed
to provide a strong understanding of this
versatile machine.

Programming In BASIC For Personal Com-
puters

ABO15 $10.45
This book emphasizes the sort of
analytical thinking that lets you use a
specific tool — the BASIC language — to
transform your own ideas into workable
programs. The text is designed to help you
to intelligently analyse and design a wide
diversity of usefu! and interesting pro-
grams.

Electronic Design With Off the Shelf In-
tegrated Circuits

ABO16 $10.45
This practical handbook enables you to
take advantage of the vast range of ap-
plications made possible by integrated
circuits. The book tells how, in step by
step fashion, to select components and
how to combine them into functional elec-
tronic systems. |f you want to stop being a
“cookbook hobbyist”, then this is the
book for you.

How To Get the Most Out Of Low Cost
Test Equipment
ABO17 - $9.45
Whether you want to get your vintage 1960
‘TestRite'signal generator working, or you've
got something to measure with nothing to
measure it with, this is the book for you. The
author discusses how to maximize the
usefuiness of cheap test gear, how to upgrade
old equipment, and effective test set ups.

Complete Guide To Reading Schematic
Diagrams

ABO18 $9.45
A complete guide on how to read and unders-
tand schematic diagrams. The book teaches
how to recognize basic circuits and identify
component functions. Useful for technicians
and hobbyists who want to avoid a lot of
headscratching.

Electronic Troubleshooting Handbook
ABO19 $9.45
This workbench guide can show you how to
pinpoint circuit troubles in minutes, how to test
anything electronic, and how to get the most
out of low cost test equipment. You can use
any and all of the time-saving shortcuts to
rapidly locate and repair all types of electronic
equipment malfunctions.
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4-INPUT

Four into one will go with this mini- mlxer
Why not build one for your band today?

IF YOU ARE IN A BAND and your PA has
arange of inputs you may wonder why
you need a mixer. Well one of the advan-
tages is that when your bass player
thinks he is not loud enough to be heard
over the rest of you, it’s up to someone
else to turn him up! Otherwise, you can
so easily get that snowball effect where
one musician turns up the volume only
to be followed by all the rest and so on
until every sentient being within earshot
suffers premature deafness (pardon?).

Many bands these days seem to
have started on nothing and are main-
tained on a shoe string. If yours falls into
this category, then this is the project for

you. No-one is going to claim it’s hi-fi but HOW IT WORKS
itis cheap. Using 741 op-amps will pro-
duce plenty of power versus cost. The heart of the circuit is 1C2, an op-

amp connected as a conventional vir-
Construction tual ground summing amplifier. This
We built our unit into a small plastic stage mixes the input signals and also
case and mounted all the pots on the has a gain of 10 to compensate for the

insertion loss of the passive tone con-
trol network. There are three high level
inputs and one fow level which is input to

aluminium top cover, making the re-
quired connections with shielded cable.

Take care not to produce a ground loop ICI. - This stage provides non-inverting
when connecting up. The remaining amplification with a gain of about 20. In-
components can be mounted on our dependent volume controls are provided for
PCB; only three wire links are required to each input and the signals are mixed in IC2
supply the op-amps negative supply. before bei.ng pas§ed to the tone control net-
We used polycarbonate capacitors work. This provides a 40 dB range of con-
mostly, taking advantage of their tzz)o[‘glth an insertion loss at midband of —
dB.

small size and good characteristics,

This output from the tone control
is AC coupled to unity-gain voltage
follower IC3. AC coupling avoids the
problem of wiper ‘track noise’, which
would result from the irregular
capacitor charge and discharge cur-
rents. R16 is inserted in the output of
IC3 to isolate the op-amp from the
large capacitive load presented by a
long length of screened cable. Poten-
tiometer RV7 provides overall volume
control and capacitors Cl14 and CI5
decouple the power supply lines. Two
9V batlteries provide power for the unit
and current consumption will be just a
few milliamps.

L
Y
n o iy N \SW1.
Fig. 1 Circuit diagram. d
|
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RV1,2,3%4
SLIDERS

though polyester types can be
substituted. There are no special
precautions to take. Just make sure
you put the ICs in the right way up
and get the polarity of the two tan-
talum capacitors right.

Remember, if you ever reverse-bias

SW1ib i}

SWi1a

Fig. 2 Component overlay.

a tantulum cap by more than about 3V
it's dead certain that you’ll have blown it
up and it'll no longer be a capacitor;
more a low-value resistor with the in-

RV7

evitable effect on
problems with this

circuit operation. No
project, though. Simp-

ly build it, fix it and mix it!

PARTS LIST

Resistors all YaW 5% Capacltors
R1,2 100k C1,2 150n polycarbonate
R3 4k7 C3,11 100n ceramic
R4,5,6,7 47Kk C4,5,6,7,8 100n polycarbonate
R8,9 470k C9,10 33n polycarbonate
R10,12,13 10k C12,13 15n polycarbonate
R11,14 1k0 C14,15 47u 16V tantalum
R15 1MO0
R16 470R Semiconductors

1C1,2,3 741
Potentiometers
RV1,2,3,4 22k logarithnmic Miscellaneous
RV5,6 100k logarithmic Case, connectors, batteries, DPDT
RV7 10k logarithmic switch, etc.

The PCB (above) tucks neathly away at
one end of the case. Make sure the caselis
deep enough to allow clearance of the
batteries and potentiometer bodies.

Front panel control layout (left).
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SPEAKER DESIGN &

Part

1f you ever wanted to know, in a practical fashion, what is involved in the design of a loudspeaker system
then here’s a down-to-earth insight — ending in a real design. By David Tilbrook.

MORE MONEY can be saved by the con-
struction of a pair of loudspeakers than
any other single component of the hi-fi
system. Unfortunately, they are also the
most important hi-fi component! Unless
the turntable or amplifier is particularly
poor, the loudspeaker will undoubtedly
determine the overall sound of the
system. For this reason it is disappointing
there are so few really 'good kit
loudspeakers.

The fact that a ‘‘correct”
loudspeaker doesn’t exist is to be ex-
pected, since the principles of
loudspeaker operation are enormously
complex. Every loudspeaker model
makes certain assumptions to simplify
the mathematics and to make the model
manageable. |f these assumptions are
overdone the model rapidly loses
relevance, becoming incapable of mak-
ing worthwhile predictions about the
real loudspeaker. While it is true that a
detailed understanding of loudspeaker
operation is not necessary to enable a kit
loudspeaker to be built, some understan-
ding willenable the optimum to be ob-
tained from the loudspeaker and is
essential for those brave experimenters
who would like to get involved in modi-

fying the loudspeaker drivers. Only then
can the best choice of driver,.enclosure
type and crossover be established.
Although loudspeaker design is as much
anart as itis a science, the loudspeaker
that has been created with a motley
assortment of drivers placed in a box
with some “general purpose crcssover'”
is more likely to sound like a dropped
saucepan than a good loudspeaker!

The most common loudspeaker
consists of several moving-coil direct-
radiating drivers mounted in an
enclosure. These cover different fre-
quency bands within the audio spec-
trum. A crossover is used to separate
these frequency bands and feed them to
the appropriate driver.

If the drivers used had perfectly flat
frequency responses, were constant
eight ohm loads with infinite power
handling, and the crossovers reprasented
lossless transfer characteristics with no
untoward interactions with the drivers,
and if nature did not object to the
reproduction of low frequengies in con-
fined volumes (i.e. if the speed of sound
was one tenth the speed it is)
loudspeaker design would be a simple
matter.

RIGID FRAME WITH INTEGRAL

OOME KEEPS OUT DUST

RADIAL CENTERING DISC
ANCHORS VOICE COIL

VOICE COIL

ROLL SURROUND ANCHORS
EDGE OF CONE

RIGID CONE

MAGNET POLE PIECE {OUTER)

INNER POLE PIECE

SOFT {RON CENTRE. CORE
TOROIDAL MAGNET

Most of these problems can be sum-
marised with cne work . . .inertia. This
is that property of nature whereby things
resist change. We can’t really complain
too strongly about inertia since it is
responsible for much of the order that
exists in the universe. Nevertheless, in
loudspeaker design it causes real pro-
blems. The signal voltage from the
power amp, the magnetic field around
the voice coil, the movement of the coil
and loudspeaker cone, all resist change.
Since the objective of loudspeaker
design is to convert an electrical signal
into its exact acoustic counterpar, these
sources of inertia cause errors resulting
in distortion. The effects of inertia don’t
stop at just slowing down the system.
The resistance to change of motion by
the cone for example results in some
parts of the cone moving before others.
Sound waves start to travel along the
cone itself, travelling radially out from
the voice coil. Depending on the nature
of the flexible surround between the
cone and the chassis this sound wave
will be partially reflected back down the
cone. This causes constructive and
destructive interference with the original
sound wave propagating up the cone

Cutaway view of a speaker unit showing
internal construction (Pic: National).

Figure 1. An exploded view of a moving-coil loudspeaker showing the various components in its
construction. Compare this with the cutaway view of a speaker at right (Pic: courtesy Bose).
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resulting in colouration. Clearly, this is
notsomething the home constructor can
do much about, since it depends on the
manufacture of the particular driver con-
cerned, but it indicates the sorts of pro-
blems that will be encountered.

The Moving-Coil
Speaker

The vast majority of drivers used in
loudspeakers are of the moving coil type
and as such all operate in a very similar
way. Fig. 1 shows a typical moving coil
loudspeaker. Signal voltages from the
power amp give rise to signal currents
that flow through the voice coil. This is
simply a coil of wire wound on a holiow
circular former. In normal 8 ohm drivers
the dc resistance of the voice coil is
around 8ohms, but the driver will only
represent this resistance to the power
amp at one specific frequency, the ac-
tual impedance of the driver varying
widely as the frequency is varied (see
Fig. 2). A given signal voltage level will
therefore produce different signal cur-
rents for different frequencies. The
signal current causes a varying magnetic
field to be produced around the voice
coil. This field interacts with an intense
magnetic field from the drivers’ pole
piece and magnet assembly causing a
force to be exerted on the voice coil and
loudspeaker cone.

As the cone moves it will compress
or rarify the air immediately in front of
it, creating an area of either increased or
decreased pressure. These pressure
variations comprise a sound wave that
travels from the driver to our ears.

The electrical impedance of the
driver is caused by several phenomena
each one dominating in a specific fre-
quency band. One of the most signifi-
cant mechanisms is the back EMF (EMF
stands for electromotive force, i.e:
voltage) of the driver. The movement of
the voice coil in the magnetic field acts
as a generator causing a current to flow
in the voice coil. This current is of op-
posite polarity to the applied signal cur-
rent (another natural application of the
principle of inertia) causing decreased
current flow in the voice coil for a given
signal voltage. This is seen by the
amplifier as an increase in the drivers’
impedance.

EMF is given by the simple equa-

Direct-Radiating

tion:
EQUATION 1
e=Blv where ‘e’ is the back EMF
in volts
‘B’ is the magnetic
flux

‘1’ is the length of
wire in the magnetic
field
and ‘v’ is the velocity of
the cone
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Figure 2. Typical impedance versus frequency chaeracteristics of s moving-coil loudspeaker

Since the magnetic flux and the length of
wire in the magnetic field can be con-
sidered as constants, the equation shows
that the amount of EMF generated is
directly proportional to the velocity of
the cone.

So the electrical impedance is a
secondary phenomenon, is certainly not
constant, and does not relate directly to
the radiated acoustic power. The
amount of back EMF will be determined
by the velocity of the cone, and this is a
function of nearly every major
parameter of the loudspeaker box.

The force exerted by the voice coil
on the loudspeaker cone is given by the
equation:

EQUATION 2
F = Bil where ‘F’ = force on the
voice coil
‘B’ = Magnetic field
intepsity
‘i’ = current in the
voice coil
and ‘1’ = length of wire
in the field

Again, regarding ‘B’ and ‘I’ as constants,
the equation shows that it is current and
not voltage that determines the force on
the voice coil. Since the voltage contains
the signal information from the power
amp, it would be necessary for a perfect-
ly linear relationship to exist between ap-
plied voltage and resulting signal current
flow if a distortionless signal is to be pro-
duced. The impedance would have to be
a constant and this is not the case. For-
tunately the movement of the cone is
not directly related to the current in the
voice coil in the simple way shown
above or the frequency response of a
loudspeaker would simply be the inverse
of its rather lumpy impedance curve.
In order to understand the
parameters that determine the acoustic
power actually radiated, it is necessary
to look at the sources of mechanical
rather than electrical impedance.

Converting Energy

In the operation of a moving-coil direct-
radiating driver there are really two
energy conversions going on
simultaneously. First the electrical
energy is converted into mechanical
energy of the voice coil and cone.
Secondly this mechanical energy is con-
verted into acoustic energy by the in-
teraction of the cone with the neighbour-
ing air molecules. Both these conver-
sions must be accurate if the final result
is to be a low distortion replica of the in-
put voltage waveform.

The laws that apply to mechanical
and acoustic forces are directly
analogous to those of electrical forces
and for this reason we can represent
what happens in any- acoustic or
mechanical problem by a circuit
diagram. In mechanics and acoustics
there are direct and simple relationships
like Ohm’s law in electronics. It is only
the complex arrangement of mechanical
or acoustic circuit elements that makes
the picture look complicated. Just as an
electronic circuit can look complex, but
can be broken down into smaller and
simpler circuits, so too can any acoustic
or mechanical problem.

We can represent a complete pic-
ture of a dynamic loudspeaker by a cir-
cuit diagram showing elec-
trical/mechanical and mech-
anical/acoustic conversions (see Fig. 3a).

The power amplifier is connected
via a net series resistance Rg, to the ter-
minals of the loudspeakers. This
resistance is the result of the internal
resistance of the power amplifier and
connecting cables. Since the voice coil is
a coil of wire it possesses both induc-
tance and resistance. The applied elec-
trical signal sees these twoin series and
we represent this by the resistance Re
and the inductance L. The “E” simply
implies that these are electrical quan-
tities. Current flowing in the voice coil
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Fig. 3 Equivalent circuit for a typical moving coil direct radiating driver in an infinite baffle

gives rise to the magnetic field that
causes mechanical movement of the
voice coil and cone assembly. This con-
version of electrical to mechanical
energy is represented in the circuit
diagram as a transformer. Voltage across
the primary is represented by the letter
“e" and gives rise to velocity ‘v, of the
voice coil and cone assembly at the
secondary of the transformer.

The total force applied by the voice
coil (“F) is shown in the mechanical
stage as “flowing” through the “wires”
just as current would fiow through the
wires of an electrical circuit. This force
sees three mechanical components in
parallel, a mechanical capacitance M,,,
a mechanical inductance C,, and a
mechanical resistance, 1/R,. The
mechanical capacitance M, is caused
by the mass of the cone. As frequency
rises inertia comes into play and it
becomes increasingly difficult for the
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Figure 4. Normalized frequency responss of a

typical low frequency loudspeaker for differ-

ent values of Qy (after Hermans & Hull,
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cone to follow the input voltage
waveform. The mass of the cone causes
a frequency response roll-off at higher
frequencies. This could be represented
either by an inductance in series or a
capacitancein parallel with the load. In
Fig. 3 this has been shown as the parallel
capacitance, M,,.

A loudspeaker cone has a cer-
tain springiness, due to the nature of
the cone’s suspension and the overall
construction of the particular driver.
We specifiy this springiness by a spr-
ing constant, which is simply a
number, represented by the letter ‘k’.
in loudspeaker technology we more
often use the term compliance rather
than spring constant. Compliance
Cy., is defined as:

CM=1 where ‘k’is the spring

k constant.
The compliance impedes large move-
ment of the cone. Since bass frequen-
cies require longer cone excursions
the compliance of the driver causes a
frequency response that falls as fre-
quency decreases. This can be
represented as a capacitance in
series or an inductance in parallel
with the load. In Fig. 3 the compliance
Cy is represented as an inductor in
parallel with the load.

The remaining term in the
mechanical part of the loudspeaker
circuit diagram is the mechanical
resistance. Just as all circuit
elements in an eléctronic circuit have
resistance, so too does the
mechanical circuit. The resistance is
seen in series with the whole
mechanical circuit and could be
represented as a series resistor or a
parallel inverse resistance. If Ry, is

the mechanical resistance of the cir-
cuit, an inverse resistance is defined
as:
1

R
In Fig. 3a force is shown as ‘flowing’
in the mechanical ‘wires’. The total
available force is shared into four ma-
jor parts; the forces needed for the
mass M,,, the compliance G, the
mechanical resistance Ry, and the
load. If we define these four forces as
F., F,, F3and F, respectively, we can
say that

F (the total force available) =
F1+F2+F3+F4, and this has been
shown in the mechanical circuit
diagram. We have to represent the
series resistance as an inverse
resistance, _1 and place it in parallel
Rm

with the load, to illustrate the way it
obtains its part of the total available
force (F).

in this, case the load is the
primary of the mechanical/acoustical
transformer. Of course this
transformer doesn’t actually exist. it
is merely a way of representing the
conversion of mechanical energy to
acoustic energy by the interaction of
air molecules with the surface of the
loudspeaker cone. Mechanical force
in the primary of the transformer is
converted into sound pressure ‘p’, in
the acoustic circuit.

In Fig. 3a it is assumed that the
loudspeaker is mounted in an infinite
baffie. This is a partition that extends
to infinity in all directions, cutting the
universe into two halves, with a hole
in which the loudspeaker is mounted.
This is just a little impractical, but the
only important thing is that no sound
produced by the back of the speaker
cone can interact with the sound
from the front.

In order to move air molecules,
the cone must do work so the air im-
pedes movement of the cone. This im-
pedance is called the acoustic im-
pedance and is represented in the cir-
cuit diagram by Z,. Since the
loudspeaker is mounted in an infinite
baffle the acoustic impedance is the
same on both sides of the cone and
becomes 2Z,.

We are now in a position to
understand the causes of variations.
in the electrical impedance and
acoustic radiated power. As was
shown earlier, the back EMF is one of
the dominant forces acting to in-
crease the driver's impedance. It is
related to the velocity of the
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loudspeaker cone as was indicated
by Equation 2. If the motion of the
cone is impeded, i.e: if the cone is
held, the velocity must decrease,
causing a decrease in the amount of
back EMF. The decrease back EMF
will cause a drop in loudspeaker im-
pedance. So an increase in
mechanical impedance causes a
decrease in electrical impedance.
With this in mind the elec-
trical/mechanical/acoustic circuit
diagram of Fig. 3a can be converted
into the all electrical circuit diagram
of Fig. 3b.

This circuit predicts the im-
pedance characteristics of the driver.
A generally increasing impedance
with frequency is caused by L, while
My, Cyw, and R, form a damped
parallel resonant circuit. We would
expect asharpincrease inimpedance
at one frequency, dropping to the dc
resistance of R and Rg; and then
slowly rising as frequency increases.
This is exactly the response as
shown in Fig. 2 which is the
measured impedance response of a
typical 12 inch (300 mm) woofer. This
resonance point is called the fun-
damental resonance of the driver, and
being a function of the compliance of
the driver, can be expected to
decrease in frequency a little as the
driver wears in. This is the reason
some loudspeaker experimenters
“run in” the driver before measuring
resonant frequency.

A more accurate model

The model of the loudspeaker
developed so far has assumed that
the shape of the loudspeaker cone re-
mains unchanged and moves as a
“rigid piston”, following the input
signal. This rigid piston theory works
well at predicting the characteristics
of drivers at low frequencies. At high
frequencies inertia again comes into
play and the cone can no longer be
considered as a rigid piston. if the
driver remained a rigid piston
throughout the audio spectrum its
frequency response would fall off at a
rate of 12dB/octave at high frequen-
cies, range.

The equation showing the rela-
tionship between the frequency of a
sound and its associated wavelength
is ’

Av=V, where V4 is the velocity
of sound in air
A is the wavelength
in meters
and v is the frequency in
Hertz.
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The equation shows that the
wavelength of sound decreases as
frequency is increased. It should be
noted that the velocity of sound
depends on the medium in which the
wave is propagating. The velocity of
sound in the loudspeaker cone will be
substantially different to that in air.
Using this equation we can calculate
the frequency at which the
wavelength of sound approaches the
radius of the loudspeaker cone. For a
300 mm (12 inch) loudspeaker this fre-
quency is around 400 Hz and it is at
this frequency that the rigid piston
theory starts to come unstuck. Above
this frequency the sound wave pro-
pagates up the cone, hopefully to be
damped in the rubber surround. The
sound wave is attenuated as it moves
through the cone, and this attenua-
tion effect increases with increasing
frequency, causing a decrease in the
effective cone diameter. This is the
effect that enables a single cone
loudspeaker to operate over a wide
frequency range, since the decreas-
ing effective cone diameter
decreases the inertia presented to
the coil assembly at higher frequen-
cies. It should be noted that, in this
range of the frequency spectrum, the
rim and the cone will be radiating in
antiphase with the coil assembly. The
way the cone material and suspen-
sion react to this multiple wave pro-
pagation is one of the biggest dif-
ferences between a good driver and a
poor one. It is for this reason that
metal cones for instance are so often
unsuccessful. Their ability to damp
multiple resonances is generally poor
in comparison to materials like paper
or plastics.

Damping and Q-factor

In midranges and tweeters the drivers
can be operated in frequency ranges
that exclude their fundamental
resonances. The crossover points are
usually chosen so that at least one
full octave exists betweeen the
crossover point and the fundamental
resonance. In the case of bass drivers
however it is necessary to operate the
driver at the below the resonance of
the woofer.

This is the main reason so many
different bass loading principles have
been developed. The fundamental
resonance of the basss driver must
be damped so that an acceptably flat
frequency response can be establish-
ed. If the resonance is not damped
adequately, the all too common ‘one
note bass’ sound results. This is a
particularly noticeable and fatiguing

loudspeaker fault and considerable
effort must be spent on obtaining a
smooth bass end response.

Since the loudspeaker is a reso-
nant circuit the amount of damping
can be specified by quoting the Q or

quality factor. Q is defined by:
f
Q= —>— where fo is the
f1 - 12 frequency of the funda-
mental resonance.
and f1, f7 are the 3 dB

points.

Figure 4 shows a graph of bass-end
frequency responses at a variety of
Qs. Although the flattest response
appears to be given by the case when
the Q=1, this is not the optimally
damped case and some boomy bass
often occurs in bass systems with Qs
around unity. The best Q is probably
about 0.5. The bass is not boomy but
is also not over-restricted which can
happen if the Q drops to around 0.2 or
0.3. The best damping for any specific
case needs to be established by ex-
periment and ultimately, as always,
the ear must be the final test.

Loudspeaker compliance, the
total mass of the cone and the net
series resistance with the voice coil,
all determine the response of any
loudspeaker system and any or all of
these can be adjusted in order to
achieve the optimum damping and
frequency response. In practice, ad-
justments to the Q of the system are
done by modifying the compliance
and acoustic mass and resistances
caused by the loudspeaker enclosure
rather than modification of the driver
itself.

The enclosure

The circuit in Figure 3 has been
developed assuming that the driver is
mounted in an infinite baffle. The air
load on the cone of the loudspeaker
is represented by an impedance of
value:

1
2ZA

When the driver is mounted in a
practical loudspeaker enclosure, this
acoustic impedance becomes a little
more complicated and the circuit in
Figure 5 replaces the simple resistor
of Figure 3. This new impedance is
made up of two major components.
The radiation impedance from the
front of the box (MpgsAR, Rap) is
related to the size of the baffle and is
independent of the volume of the box.

The volume of air that the driver
has access to is related to the effec-
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tive radiating area of the cone and to
the size of the baffle. Since bass fre-
quencies have a greater dispersion
than higher frequencies the volume of
air accepting the radiated sound in-
creases at lower frequencies. So the
impedance on the front of the cone
will be greatest at high frequencies. If
the size of the baffle is large in com-
parison to the radiating size of the
driver the box approximates an in-
finite baffle down to a lower frequen-
cy than it would otherwise, and the
frequency at which the driver has ac-
cess to a 360° radiation pattern is
decreased. This is represented by the
series combination of the inductance
M,s and R,g which gives an im-
pedance characteristic that in-
creases with frequency like the front
radiation.

The second component of the
radiation impedance is caused by the
enclosed volume of air within the box.
If we consider a sealed enclosure the
volume of air within the box will be
compressed by the driver. So the
enclosure volume will affect the
overall compliance of the
loudspeaker system. This acoustic
compliance is represented in Figure 5
by the capacitance C,g. The effect of
this is to increase the stiffness of the
loudspeaker cone resulting in an in-
crease in the fundamenta! resonance
of the enclosure.

The volume of air in the box will
also have an equivalent mass
represented by the inductance M,g.
This mass will also affect the
resonance of the system by increas-
ing the overall mass of the cone. The
acoustic resistance with the
enclosure is shown in Figure 5 as R,g.

The final resonant frequency of
the driver in the box is a function of
the total effect of all the compliances
and masses in the system. If the total
mass is represented by M, and the
total effect of the compliances is C,
then the resonant frequency of the
system will be given by the equation

1

fos —m8 ————
2m/ M,C,
the equation shows that a
decrease in either the total mass or
compliance will cause an increase in
the resonant frequency of the
loudspeaker system.

Resonances

The acoustic circuit in Figure 5
represents the reactances caused by
the enclosure around the resonant
frequency, but as usual in
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loudspeaker science things get more
complicated as frequency increases.
As the wavelength of the sound wave
produced inside the enclosure
becomes shorter the box no longer
acts as a simple spring. The produced
wave travels from the back of the
driver towards the rear and sides of
the cabinet, where it is reflected back
towards the driver. This sound wave
will interact with the cone, either rein-
forcing or impeding the motion of the
cone depending on the particular fre-
quency. This results in successive
rises and dips in the frequency
response and for this reason it is im-
portant that this reflected wave is
damped as much as possible. In order
to absorb this unwanted energy the
enclosure is usually lined with an ab-
sorptive material such as bonded
mineral wool, acetate fibre or bonded

hair felt.
RADIATION FROM THE
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Fig. 5 Equivalent circuit diagram for the
acoustic stage of a direct radiating moving coil
driver mounted in a sealed enclosure.

The most important parameter of
an y of these materials is that they
are reasonably open. If the material is
too dense it will not only have little
absorption but it will decrease the
total available volume within the box.
Generally a layer of 25 mm speaker in-
nerbond on the back, sides, top and
bottom is about right.

Lining the box also has the ef-
fect of altering the acoustic
resistance on the back of the cone.
This effect is often used to increase
the damping and thereby decrease
the Q of the system resonance.
Usually the necessary damping can
be only partially achieved and it is
necessary to partially fill the box with
an absorptive material as well. If the
enclosure is completely filled sound
waves within the enclosure are con-
verted into heat in the filler material.
Normally this overdamps the box
resulting in a Q sometimes as low as
0.1.

Filling the box has one other ma-
jor effect. Owing to the heating of the
material inside the box and its dif-
ferent density to that of air, the veloci-
ty of sound within the enclosure is
reduced dramatically. The speed of

sound in air is around 344 m/s and
this could drop to as low as 292 m/s.
This has the effect of increasing the
compliance of the enclosure and
thereby decreasing resonant frequen-
cy in the same way as increasing the
box volume would. As optimally filled
box could appear some 30% to 40%
bigger than it really is.

Throughout this article we have
discussed the sealed enclosure, leav-
ing explanations of other bass
loading techniques to a later time.
One of the most common enclosures
is the bass reflex, which uses a port
cut in the baffle to augment the bass
radiation of the driver. The acoustic
circuit diagram must show the ef-
fects of the mass, compliance and
resistance of the port in addition to
those shown for the rest of the box,
making the loudspeaker equivalent
circuit even more complicated. Both
the bass reflex and the sealed
enclosure are capable of very good
results and it is not possible to state
simply which is better. We have omit-
ted a detailed discussion of the prin-
ciples of the bass reflex loudspeaker
simply for the sake of simplicity.

Next month we will deal with the
problems of mating a collection of
drivers to form a completed
loudspeaker.

Dont’ miss it!
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HEY! SOMETHING NEW.

This month, we're inaugurating a
column to deal with micro-computers
and micro-computing for the users of,
the popular small systems. In the
months to come, we're going to be
looking at both hardware and soft-
ware for TRS-80s, PETs, VICs, AP-
PLEs, OSls, and a really neat, if in-
credibly slow, way to play space in-
vaders on an abacus. At the moment,
we're planning future bits on speech
synthesis, machine language pro-
gramming and computer music, plus
a lot of other stuff even we haven't
« though up yet.

ETI readers are invited to con-
tribute to this column. If you have a
favourite bit of computing you'd like
to share, we'd be most interested in
checking it out, and, of course, we’ll
pay for anything we use. Complete
fine print is at the end of this column.

VIC With Character

One of the things that we touched on
in the VIC review last month was the
capability of the machine to produce
programmable characters, that is, for
the user to decide what the letters on
the CRT should look like. This is a
capacity not found in the PET com-
puters, which preceded the VIC, and,
as well, not even mentioned in the
VIC’'s manual. However, it can be
done, as we shall see.

You are probably familiar with
the basic notion of character genera-
tion, but, if not, heretofore, (or hereto
forethirty in Newfoundland) is a brief
explaination. Skip ahead if it's
already lodged in your brain.

The characters you normally see
on the screen live in a ROM, or Read
Only Memory. This is a chip that
spews out a pre-defined pattern of
bits for any given input code. The in-
put code, in this case, would be a
function of the character code being
called up, i.e., the ASCII value of the
character, plus the position of the
CRT beam at the moment in question.
Obviously, the bit pattern changes as
the beam scans downward. In the
case of the VIC, with characters be-
ing defined by an 8x8 dot matrix, each
character in the ROM can be thought
of as being eight eight-bit words, or
eight bytes.
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When the VIC wants to generate
characters, all it does is to vector
over to the location in memory where
the. ROM lives, add to this the
character code, and call up the re-
quired pattern of bits, which
thereupon modulates the CRT beam.
A bit simplified, but that’'s about it.
On sequential lines, as the beam
decends, it must be constantly ad-
ding to.the character code to get the
required bytes out of memory.

Now, changing the characters is
actually pretty easy. All you have to
do is change the bit patterns in the
ROM. Gad zooks! Hardware modifica-
tions . .. never. Okay, how about mak-
ing the computer thing you've done it.
Ya, that sounds better.

The VIC’s character generator
ROM lives at 32768 decimal (oddly
enough, the screen location in old
PETs). Among other things, location
36869 holds the address of this ROM,
so the computer can find it. When it
wants to get the bit patterns for
characters, it simply goes to this
location, and vectors over to wherever
it tells it to go. A bit complicated, |
suppose, but there is a perfectly good
reason for doing it this way. You see,
while the ROM up at 32768 cannot be
changed under software command,
the number in this address location
can. It can be set such-that the VIC
chooses as its character ROM a
chunk of RAM, which can be loaded
with whatever data we choose . . . in-
cluding, of course, character pat-
terns.

The way to get basic program-
mable character capability in the VIC
is, first off, to define some RAM as ex-
clusive character pattern RAM. Ac-
tually, we need quite a lot of this. The
only place where there’s enough is in
the user RAM (which, yes, is small
enough as it is). We must make sure
that BASIC doesn’t interfere with the
character codes ... and BASIC is
noted for trampling over things. Thus,
what we needs do is to make the VIC
think that the top of its BASIC RAM is
somewhat lower than it actually is.
The difference will be used to contain
the characters.

The top of memory ponter is at
locations 55 and 56 in page 0. The
way this works is that the top of

If you have a computer, would
like to have a computer, or feel
like you work for a computer
sometimes, ET| has a new col-
umn for you.

memory is defined by PEEK(55) +
256*PEEK(56). In order to reserve
enough memory to produce a pro-
grammable character set of useful
proportions, we're going to need at
least a K, and preferably a K and a
half. The register at location 56 ad-
justs the pointer in increments of 256
bytes, or %K, which is convenient. It
is usually at 30: we’ll POKE it to 24 (6
* 256, or 1.5K).

The beginning of this new ersatz
character ROM will now be at 6144
decimal.

Next, we want to change the ad-
dress of the character ROM to fool
the computer into looking at the RAM
block at 6144 instead of its ROM at
32768. This is done by POKing the ad-
dress register at 36869 with 254.

This, as you will know if you've
just tried it, will produce a screen full
of garbage. This is because there is
just random stuff in the RAM at this
point, which the VIC is presently us-
ing for character codes. Hit RUN and
RESTORE simultaniously to get out
of this condition.

With the memory location reserv-
ed, before or after changing the vec-
tor (probably easier to do before,
although it's less fun to watch) the
characters must be moved from ROM
into the character code RAM. This is
just a matter of writing a simple FOR-
NEXT loop to PEEK each location in
the ROM and POKE the resulting data
into the appropriate RAM locations,
beginning at 6144,

Program 1 shows the basic
mechanism for doing all of the above
in its first subroutine. It takes about a
minute to complete, and looks really
wild, as it fills the screen up with gar-
bage, and then gradually replaces it
with letters.

Now, although the screen may
not look any different, it actually is
being filled by a completely different
set of characters. Only thing is that
they’re the same ones as in the
character ROM. :

To figure out where any par-
ticular character lives in this RAM, do
the following. Clear the screen and
home the cursor. Type the character
in the first location on the screen.
This is location 7680 decimal in RAM.
PEEKing this location will give you
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the PET ASCII code for the character.
This differs a bit from real ASCI!, so
don’t just use the ASC function. The
code for “A” for example, is 1. The
location of the first byte for the letter
“A” in RAM is given by 6144 + 1*8,
with the next consecutive seven
bytes being the rest of the character.

Numbers

If you PEEK the first byte of the
character “A”, you will get 24 . Now,
how do these numbers correspond to
the bit patterns, you cry forlornly.
Well, you could if you tried. Oh, very
well; be upper crusty and dignified
about it.

Program 1

16 GOSUB1@6 :GOSURZEAA sEND

19@ REM MOYE THE CHARACTER ROM IMTO
11@ FOKESE .24 :FOKEZ6B69,254

120 FORK=32763TO34303

130 POKE(X-Z6624) , cPEEK (X))

140 NEWTH

156 RETURN

208 REM POKE IN GRAFHICE CHARACTERS
248 READA: IFA= THENZZE

250 FOKE{6E64+KY A

260 REM 6664 IS 6144 (START OF CHARACTER RAMD+6S
ZCRFEEM RECII OF SHIFTED “A" ¢ &.

27@ K=+l :G0TO240
288 RETURHN
1080 REM THE OATH RRER
1616 DATH @.@.8.9
1015 DATH @.0.68.
1azé DRTH
1625 DATH
1aza DATH
1035 ORTH
104e@ DATH
1333 DATAH
RERDY.

o
P
1. - .', ',u
B

Program 2 (by Paul Higginbottom)

1000 POKES6,2431CLR 1G0SUBS@00
1010 REM
1070 PRINT"IDISPLAY MATRIX OF 7

RAM ANO CHAMGE THE LOOKUP YECTOR.

2° 2; 22 29 24 2% 28 27

32776

32777
32778
32778
32780
32781
32782
32783

Fig. 1

(RETURN FOR NOTHING>" :X=0:v=0

1073 GOSUBS100 1G0SUBS200 : IFA=32THENFORI=0TO? 1A$(Id=". ... .... "INEXT :GOTO1088
1976 FORI=OTO71A$C(I>=""FORJ=ATO7 :A$=". " s IFPEEK{P+IDAND21<{?-I> THENA$="#"

1077 ASCID=ASCIO+AS INEXTT, I

1080 FRINT"D" : :FORI=ATO? :PRINTASCI D sHEXT

1085 FRINT "MXM’ «” FOR NEMW MATRIX" :PRINT"M RETURN’ TO ENTER”

1086 FRINMT"N %’ TO WRITE PIXEL":PRINT"M SPACE” TO ERASE PIXEL"

1096 FRINT"®#" ; :IFYTHENFORI=1TOY :PRINT :NEXT

1108 FRINTLEFTSCASCY D X" @'MIDSCASCYD ,X+1, 1) "@'MIDS(RE(Y D, K+20 :10v="Y

1118 GOSUBI186: IFAS$="8" THENY=CY+1)AND7Y

1138 IFAS="p THEMK=CX+12AND?

1148 IFAS="11" THENX=C(X-1)ANOY

1158 IFA$="10"THENY=IY—-15ANO?V

1170 IFA$="8"THENKX=0:Y=8

11?75 IFAS="«"THEN1G7O

1186 IFA$="3"THENKX=@:Y=0:60T01073

1158 IFAF="#"THENAS Y )=LEFTSCAS (YD Ko+ "# " +MIDFCAS (YD ,K+2) 1K=

<+ 1 YANDT

1208 IFA$=" "THENR$(YISLEFTSORECT) Ko+ 0" +MIDSCRE YD L K+20 si= R+ 1 JAMNDT
1400 FRINT""A$C0OY) : IFAS{OCHRE(1 3D THENLG3G

1500 FRINT" salelelalslssalal00k 2 1H0Y" 2

1518 GETRF:IFAS=""THEN1S10

15z8 FRINT" 801" : t IFRECE Y THENT1 @92
153@ FRINT " selelejeleaalalsleEPLACE = 01"

1540 GETA$: IFA$=""THEN1S4@a
1558 FRINTAS

1555 IFFEEK VI 10=32AN0A$CE" “"THEN1S3@

156@ SETES : IFE THEN1S€8
1576 IFE$=CHR$.
1580 IFESCOCHRECLZDTHEN1SEO

1526 GDIUBIZGQ

1 THENFRINTY D" » :GOTOLS30

1816 FORI=0TOV : T=0:FORJ=GTOF : IFMIDECA$ I . P=-T+1 , 1 0="¥"THENT=T+21J

1628 HEXT T:FOKEF+1, T :FRINTT:NEXTI
1630 CETAS :IFA$=""THEN1&3@

1646 GOTO1AO18

SEea END

a0 FRINT“ZMAICH CHARACTER 7

0 GETAS : IFA$="" THEHEO1 &
FRIMNT""A$ :A=FEEK L FES@)
F=5143+A%3

3 FORI=OTO7 :FRINTFEEKC I+8) tNEXT
G GETAS : IFA$="" THENSASH

GOTC 181@

IFPEEK Y 36569 ) =254 THENRE TURH
FOKERGSES . 25

A28 RETURN

9106 ETAE:IFAF=""THEN31G&
211& RETURN

208 PRINT*O"A% :A=FEEK(FES@
RERDY.
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tFRINT MO IHG THE CHARACTERS' :F=26624
0 FORI=6144TOVETI :FOKET .FEEKC(F+1) sNEXT

tF=5144+A#Z2 PRINT" JUORKING ! 1" :RETURN

If you check out figure 1, you’ll
see an eight by eight matrix that con-
tains the letter “A”. The top line is the
byte that happens to be 24. Now, if
you were to weight each vertical col-
umn of the matrix in ascending
powers of two, as in a hexidecimal
format, you’d get some of the bits in
that line off and some on. Add ‘em up:
they do actually come out at 24,

The numbers from 0 to 255, ex-
pressed as powers of two, can pro-
duce every possible combination of
eight bits. Thus, poking this byte with
the appropriate number will turn on
any desired dots in the matrix. If you
POKE it with 255, the top line in the
“A” will become a bar, with all the
dots on.

POKing the character codes in
by hand is something of a pain, but,
fortunately, there is an easier way.
You can store the codes as DATA,
and use a program to load them in for
you. The second subroutine in pro-
gram 1 handles this. It begins at 6664,
the location of the spade symbol, or
shifted “A”, and POKEs the RAM with
all the data it finds until it READs a
999. The DATA is located from state-
ment 1000 on.

The DATA which is contained in
the program listing will produce a tre-
ble cleff using the shifted “A”
through “G”.

Generating the codes can be
done with 8x8 graph paper, but this,
too, is a royal pain, and, happily, not
all that necessery. Program 2 is of-
fered by Paul Higginbottom of Com-
modore. It can be used to figure out
the character codes, which can be
written down, and later included in
program 1 as data. When changing
the data in program 1, just be sure
you don’t omit the 999, or you'll get an
“QUT OF DATA" error.

When you run this program, it
will produce a garbage screen just
like before, and then clean it up.
Thereafter, it will display the matrix
of any character you like, with dots
for the “O”s and asterisks for the
“1"s. Using the screen editor con-
trols, it’s possible to replace the dots
with asterisks, or vice versa, and
modify the character matrix. The
thing’s pretty well self explanitory.

Applications
It's possible, but not all that ad-
visable, to reprogram the upper case
alpha characters; the hassie being
that if you do it you probably won’t be
able to read text. However, there’s
still all the shifted (graphics) sym-
bols, which should give you enough
for any reasonable application. Keep
Continued an Page 70
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UNIVSAL UNTER Continued from Page 14

RN

Front panel wiring of Universal Counter
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Interior view of Universal Counter

There is a very strong 500Hz multiplex signal
on the function switch lines so this distance
must be at least 2 in.

Fig. 5 The PCB
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The Fun of Electronics

1

OSCILLOSCOPE

SALE |
T,
200 ¢
.

This is a very good
logic state analyser
and it also solves
crossword puzzles.

[PAVL
TV,

[REPAT

7 EXPANDING
MY COMPUTE

< SYSTEM .

quillan

If you can possibly avoid it, try not to —

P
"4~ FuncTioN
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Yes | am “into Electronics’ how did you guess?
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mention to the customers that we GEGEL.
count ‘‘on” and “off"” as two functions.

A l

g 1
G—p VLA
IE%' uif
GEI6EIR
It says “Warning — this is a low profile

socket and can only be used with /
incognito ICs.”

any we use.

Do you find Electronics
funny? Send in your own
cartoons — we’ll pay for

Well if you can’t get me a 5 megahertz
triggered-sweep, solid-state
oscilloscope with Z-axis modulation,
trace rotation and 10X sweep
magnification, then how about a teddy
begar?
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IN MUCH OF AUDIO design we see
a great deal of preoccupation with big
things.

For example, with amplifiers we
are often concerned with circuit
topologies, the kind of output stage
used, the input circuit, amount of
feedback, which active devices are
better than others, and so forth.

Similarly, speaker designers
make mush of such parameters as
driver size, type of enclosure, box
size, number of drivers, magnet
weight, total Q, even the number of
elements in the dividing network, to

- the point of counting fuses as
elements.

Turntable platter weight, type of
drive, speed control system, pickup
operating principle, cantilever
material, all of these are frequent
topics of discussion.

To be sure, all these are impor-
tant matters. After all, it wouldn’t do
to try to build a bass retlex speaker
without consideration of driver Q and
driver/box compliance ratios. And cer-
tainly the shape of a stylus is a mat-
ter of some significance whether
you're a pickup designer or simply
setting out to buy one.

But all too often we tend to give
so much attention to the big things
that we leave little details to look
after themseives. Or we take them so
much for granted that we never
bother to learn their function, and so
never maximize their usefullness.

Consider, for example, the ubi-
quitous Zobel network!

An Exercise In Simplicity

The Zobel (or Zoebel) network, so
named after its invéntor, is a decep-
tively simple little circuit consisting
of a capacitor in series with a
resistor, which is connected across
either the output or input terminals of
a circuit or device (Fig. 1). its primary
function is load stabilization and the
neutratlization of inductance.
Although it has applications in other
areas, such as servo control systems,
in audio it is usually found in audio
amplifiers where it is used to provide
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a phase lag in the output circuits of
amplifiers which must drive long
lines at low impedances, and across
the input terminals of ioudspeaker
drivers.

Its importance in the latter ap-
plication was brought home quite
clearly to me many years ago and,
considering its ease of application,
I'm amazed that so few speakers
feature this means of impedance cor-
rection. Instead, too many designers
seem to proceed on the simplistic
assumption that driver voice coil in-
ductance can be allowed for in the
design of the dividing network.

Unfortunately, such efforts
usually result in an impedance curve
which looks like a roller coaster, a
characteristic which seems all too
common with the bulk of the
speakers on the market today.

Several years ago, while working
on a particular speaker, | discovered
that the cross-over network didn’t
work. Each driver, bass, midrange,
tweeter appeared to delivering a
smooth wide range signal. it was my
first try at a first order network, which
is supposed to be inherently phas
linear. :

R
SOURCE LOAD

Tc

Fig. 1. R & C form a Zobel network.

RATED IMPEDANCE

IMPEDANCE

FREQUENCY
Fig. 2. Driver impedance curve.

Wally Parsons

You've probably been thinking
that speaker wire is nothing -
more complicated than an ex-
tension cord with the plugs
cut off. Wally Parsons dispells
your delusions.

Fig. 3. Square wave across inductive load.

This Is Eight Ohms?
Examination of Fig. 2 will disciose
the cause of the difficulty.

Fig. 2 is an impedance curve
representative of what is usually en-
countered with a dynamic unit. This
is alleged to be an eight ohm unit, but
at what frequency does it exhibit this
impedance? Why, at the lowest point
on the curve, that’s where. As you can
see, this is a very narrow band.

In addition, the only frequencies
at which the impedance is resistive
are the minimum impedance to which
| just referred, and the low frequency
fundamental resonance. At all other
frequencies the impedance is reac-
tive.

Of particular interest to us is the
high frequency rise. This is due large-
ly to voice coil inductance and if you
know its value it’s a simple matter to
neutralize it. To find the value of in-
ductance, simply connect a suitable
value of capacitance across the voice
coil terminals and measure the fre-
quency at which the combination
resinates. inductance can be
calcutated from the formula:

L= "2XF?C,

where F = Voice Coil inductance,
and ro = Voice Coil DC resistance,
and Rzope) = T

The final network may not be en-
tirely correct, either because of inac-
curacies in measuring the induc-
tance, or the fact that the inductance
may actually vary with frequency
because of acoustical loading ef-
fects. Nevertheless, it can yield ex-
cellent correction.

This network can be fine-tuned
by driving the driver/network com-
bination from a square wave
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generator, and observing the
waveform on an oscilloscope. The
capacitance can be varied to obtain
the nearest approximation to a
square wave. In any case, it will be a
vast improvement over Fig 3, which
shows what a square wave looks like
across an uncompensated driver.

In case you think that such a net-
work will roll off the highs, try con-
necting a corrected and uncorrected
driver directly to an amplifier. A reac-
tance does not dissipate energy; it
takes energy from the source, then
returns it. The resulting phase angles
of the inductive and capacitive
elements exactly balance each other,
so that no phase shift occurs, the
condition which exists if the network
is resistive.

Testing The Whole Network.

A constant resistance dividing net-
work only performs as specified when
each output is terminated at its
design resistance. An inductive load
does not provide for this condition. It
is, therefore, essential that each
driver behave as a resistance, even in
its stop band.

It follows from all this that a cor-
rectly designed and terminated
dividing network can be connected
across a signal source without defor-
ming a square wave. This provides a
useful test of such a network.

To test the network itself, each
output should be terminated by a
resistor of the required value. Defor-
mation of the leading edge of a
square wave indicates problems in
the high frequency network, while

deformation of the trailing edge in-
dicates problems in the low frequen-
cy network.

A hump or trough in the flat top
region indicates mid-range problems,
while any sign of ringing indicates
oscillation.

Examination of the pass band
with sine waves will pin-point the fre-
quency at which problems are occurr-
ing and appropriate measure can be
taken.

Now For The Lines

After wiring up your system and veri-
fying that all is well, using the above
tests, try sending a square wave
down the line which will be con-
nected to the amplifier, only using a
high impedance (say, 500 Ohms)
generator, with the speaker attached
at the far end. Observe the waveform
at the generator output.

Surprise, surprise! It will bear a
remarkable resemblance to our old
enemy in Fig. 3.

What happened?

Simple. Wire has self induc-
tance. When two conductors are
close to each other and run parallel,
serving both the send and return
sides of a circuit, their magnetic
fields oppose each other and tend to
cancel. The closer the conductors the
greater the cancellation and the less
the net inductance.

Since this constitutes an induc-
tance in series with a resistance (the
load), the answer is a Zobel network
at the input to the line, or the output
of the amplifier.

In fact, most amplifiers incor-

porate the network in the equipment.
However, since the manufacturer has
no way of knowing exactly what is go-
ing to be connected to his product,
the final circuit may not always be op-

timum, but will be satisfactory foran -

anticipated worst condition.

But, if you're building your own
amplifier, or you don’t mind tamper-
ing with a commercial product, it’s
quite possible to establish the op-
timum network values.

Usually you won't have enough
data to compute the inductance of
your line, so it’s simpler to do so ex-
perimentally. Connect a dummy load
to the receiving end equal to the in-
tended impedance load. Send a
square wave of sufficiently high fre-
quency (around 10kHz) as to allow a
clear view of the spike on the leading
edge, from a high resistance
generator, and observe the waveform
on the scope. Connect across the line
at the generator a Zobel network con-
sisting of a resistor equal to the dum-
my load, and try various capacitors
until the spike is eliminated, but
without rounding the leading edge of
the wave form. The value required will
probably be between 33n and 200n.

Finally, you may have concluded
that since the resistance in the Zobel!
network is equal to the load
resistance, the importance of main-
taining constant impedance in the
load has been sadly neglected.

How very true.

&

INTO LINEAR IC’s continued from page 48

—— O -Ve

OFFSET
ADJUSTMENT

O our

O +Ve

Finally, as far as this session is concerned, to matters
practical. Reading about what ICs do is fine, but there’s
nothing like experimenting for yourself, and your
understanding of what linear |Cs do becomes a lot more
complete when you’ve tried out some circuits and found
out for yourself how they behave. There are going to be a
lot of circuits shown in this series, and | wouldn’t
suggest that you tried out each and every one of them,
but at least one or two from each part of the series is
about par for the course, keeping you up to date in the
practical side of using ICs. One of the pleasant things
about working with ICs is that you quite often don’t need
many other components — the bias circuit of Fig. 8
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Fig. 9. Offset adjustment. The
potentiometer can be adjusted
to make the output voltage zero
when both inputs are zero.

demonstrates that. On the other hand, if you want to
show exactly what a circuit is doing, you need some way
of testing it. If you have access to such goodies as signal ,
generators and oscilloscopes, great — you can check out
any of the circuits completely. If you don’t run to this sort
of laboratory equipment, then we’ll try always to inciude
circuits which can be tested with simpler methods, like
cheap crystal microphones and earpieces, old loud-
speakers, LEDs and the like. One really useful aid,
though, is a decent voltmeter or multimeter with at least
20 000 ohms per volt on its DC ranges.

Now the next thing is how to construct the circuits.
You could, of course, solder up each one, spend a
fortune on ICs, and end up with an awful lot of small bits
of board, each with a different circuit on it. A much
simpler way is to use one of these very useful devices, a
solderless breadboard. This way there’s no soldering
problem, circuits can be assembled very quickly, taken
apart afterwards, and the components re-used. We can
even arrange our circuit diagrams (and we have, too) so
that you can check each connection in the circuit — it's
as near to electronics-by-numbers as you’ll ever get.
More about all that next month, and also about soldering
and power supplies. We'll also take a brief look at how
you can design a circuit layout for yourself — stay with .
us. BTN
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ETI's classified advertising section
allows you to reach 30,000 Canadian
readers nation-wide for 75¢ per word.
For as little as $15 per insertion
(there’s a 20 word minimum) you can
promote your business from coast-to-
coast.

WHAT DO YOU DO?

Send us your typewritten or clearly
printed words, your permanent ad-
dress and telephone number, and your
money (no cash please). Make your

CLASSIFIED
ADVERTISING

SPECIAL No. 1:

Approximately 1000
electronics parts: capacitor — resistor
— relay — switch — etc, etc,for $10.
No. 2: Assortment of 100 tantalum
capacitors, 1 uf to 100 uf (6 to 35 VDC)
for $10. No. 3: 500 assorted ceramic
capacitors for $10. All new and first

quality parts with unconditional
money-back guarantee. Free flyer
SURPLUS ELECTRO QUEBEC, 2264
Montee Gagnon, Blainville, Quebec,
Canada J7E 4HS.

ELECTRONIC PIANO Kits now
available in Canada. Both 7% and 6 oc-
tave instruments are designed for pro-
fessional, stage or home use and are
fully touch sensitive. Features include
three piano voices, harpsicord, honky-
chorus, phaser and pedals. Other
quality kits include string synthesizers,
programmable rhythm units, organ
rotors etc. Just the thing for your
winter project. Send now for full details
to G&R ADVANCED ELECTRONIC
DESIGNS INC. P.O. Box 38,
Streetsville, Ontario L5M 2B7.

CB Frequency Expanders, boosters,
speech processors, do-it-yourself
repairs, plans, modifications. Catalog
$2 US. CB CITY, Box 31500ET, Phoenix,
AZ 85046 USA.

cheque or money order payable to ‘ETI
Magazine’. We're at Unit 6, 25 Overlea
Btvd., Toronto, Ontario. M4H 1B1.

WHAT DO WE DO?
We typeset your words (and put the
first word and your company name in
BOLD capital letters). If we get your
message by the 14th of the month, it
will appear in ETI 1% months later. For
example if we receive it by October
14th you (and thousands more) will see
it in the December issue.

SATELLITE Television information on
building or buying your earth station.
Six pages of what’s needed, where to
get it, costs, etc. $4.00 U.S. to
SATELLITE TELEVISION, R.D. 3, Ox-
ford, N.Y. 13830.

SEMIS & KITS MJ15003, 15004 $10 per
pair/ 250W class A amplifier kit
$239.95/ 160W $149.00/ 140W $84.95/
60W $60.00. Send $1.00 for our
catalogue. Add 5% for shipping
KITSTRONIC INTERNATIONAL, Box
577, Station J, Toronto M4J 4Z2.

CASSETTES. Canadian -made analyst
label. UDC extended range music
series $3.74 for C90. CXII high bias
mastering series — specs exceed
most CRO2 tapes — $6.99 for C90,
other lengths and formulations
available. Inquires welcome. Add 50¢
postage. B.C. residents add 6% tax.
WATT DISTRIBUTORS Box 82180, 474
S. McDonald, N. Burnaby, B.C. VSC
5P7.

COMPLETE new catalogue with hun-
dreds of interesting items. Send $1 for
your copy today: KRIS ELECTRONICS,
1070 Morrison Drive, Unit 1(b), Ottawa,
Ont. K2H 8K7. 1-(613) 820-4986.

J&J ELECTRONICS Lid., P.O. Box
1437E, Winnipeg, Manitoba R3C 2Z4.
Surplus Semiconductor Specialists.
Do you get our bargain flyer? Send
$1.00 to receive the current literature
and specials. and‘ to be placed on the
mailing list. for future pulications.

WSI RADIO — SWL Radios — Ham
radios 18 Sheldon Avenue North, Kit-
chener, Ontario N2H 3M2. Tel. (519)
579-0536. Write for giant catalogue,
free of course!! (VE3EHC).

HYDROGEN GAS GENERATOR plans,
$10.00. Starter Kit, $5.00 extra.
PRAIRIE POWER RESEARCH AND
DEVELOPMENT P.O. Box 62, Regina,
Sask., S4P 2Z5.
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FOREST CITY SURPLUS. A con-
tinuously changing assortment of
manufacturers surplus from just about
everywhere in this galaxy. Bargains for
every interest. 781 Dundas (near
fairgrounds) London, Ontario. (519)
438-0233.

CORONET ELECTRONICS, 649A Notre
Dame W., Montreal, Que. H3C I1HS,
Catalogue IC’s, Semi’s, Parts, send
$1.00 to cover postage. Monthly
specials at crazy prices.

FREE Catalog of Electronic Designs.
Radio, Audio, Telephone, Self Defense
& Surveillance. Peter - Schmitt Enter-
prises, Dept. ETI, Box 07071,
Milwaukee, WI 53207.

T.V. satellite reception. Elevation and
azimuth angles for your location. $3.00.
Computer readout measurements to form
parabolic dishes $7.00. Both for $9.00.
RECREATIONS, Box 159 ,Harrow, Ont.,
NOR 1GO0.

SECRETS OF REPAIRING TV’'s
REVEALED. Anyone can doit. . . Easy.
Money back Guarantee. Details Free.
RESEARCH Box S17ET, Brea, Calif.
92621.

DACOR LIMITED — Excellent hobbiest
response to our DEALER ONLY adver-
tisments for ETI related items changes our
policy — NOW, our mail order facilities
will service all ETI readers direct — refer to
our ETI PCB catalogue in this issue of ETI
for great savings — refer to ETI classified
monthly for new issue PCB and special hot-
hot goodies.

GET off, eh! . . . at Yonge & Finch and
visit the General for your electronic needs,
parts, kits, speakers, ETI Project Circuit
Boards and advice. Do you want to sell
some of your equipment . . . let's talk.
Great (White North) prices. Custom cir-
cuits designed and built at low prices. Send
for free Electronakit catalogue. GENERAL
ELECTRONICS, 5511 Yonge St.,
Willowdale, Ont. M2N 5S3, (416)
221-6174.

NORTHSTAR users — tomailit — A pro-
fessional list manager. Maintains and
references mail, price, employee lists etc. on
two keys, (e.g. Name and Zip) without time
consuming sorts. Allows you to add,
change, delete, view and print records on
cither key, always keeping entries in the
correct order. TOMAILIT — a truly uni-
que list manager yours for only $73.95,
manual for $6.00 refundable with purchase.
REQUIRES — rel 5.0 up, 32K, 80 column
terminal with cursor addressing. State ter-
minal make, control codes for addressing,
home and clear screen functions. IN-
TEGRATED COMPUTER ENTER-
PRISES INC. Box 190, Stn. ‘V’, Toronto
Ontario, M6R 1Gl.

PC boards for all magazine projects. Etch-
ed and drilled 30¢ sq. in. Etched only 25¢
sq. in. Send photocopy of etch patterns and
cheque or money order to SAKURA
ELECTRONICS Box 166, 55 McCaul
Street, Toronto, Canada, MST 2W7.

TWO 8K S-100 RAM boards assembled
and tested. $125 each or $225 for both. JIM
GLEN; 9 Fuller Cres., Thorold, Ont.,
L2V 4B9, 227-7200.

S.E.A. Equalizer Preamp with cabinet,
Class-A Amplifiers, Parametric Equalizer,
Electronic Speaker Protector, Colourful
LED Meters, Power Supply, DC Voltage
Doubler/Tripler, FM Mic, Programmable
Music Box, Digital Clocks, Electronic
Roulette with Sound and Much More. Send
$2.00 for your Catalog and future special
flyers. CLASS-A ENTERPRISES, INC.,
#104-206 East 6th Avenue, Vancouver,
B.C. V5T 1J8.

DACOR LIMITED — ETI August 1980 —
“Brute’” 300 Watt” Amplifier — Special
Heatsink & PCB Package $19.95 — Add
$3.50 for postage and handling, cheque or
money order only. Ontario add 7% PST.

P.O. Box 683, Station Q, Toronto,
Canada.
l-- . {1 1 1 [ [ 1 |
" NIC
THE OREAT ELECTRO
\ THINGS & IDEAS BOOK!
HL OF

STORES OR CATALOGS ANYWHERE! Bargsin prices on everything!
New items in every issue! Rush posteard for your copy!
- ELECTRONICS

I UNUSUAL PARTS, GADGETS & [DEA ITEMS, UNAVAILABLE IN
l Dept, 306

ot H = | Plattsburgh, N.Y. 12901,
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Seven Channel Lightshow
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RELAY
P COIL

Relay PSU Protector

This circuit may prove very useful when
trying out a project for the first time.
Any power supply shorts will pull the
supply voltage {Vi) down, turning the
transistors on and tripping the relay.
This then causes the 10 k resistor to
latch the circuit in the ‘tripped’ mode.
The relay is connected so that it discon-

64

nects the supply to the circuit being
tested. The circuit can be reset by
pressing the momentary-contact switch
shown.

R1 is selected so that Vi/R1 is
greater than Vs/R2. R2 must be greater
than R1 and Vs/R2 must be large enough
to turn the first transistor on.

The circuit works with Vi ranging
from 3 to 18 volts.

I <= OV
T

Y

L]
Wiy cip,
o

."’

g
‘, a”’*.u

COUNT]| LP1 | 1P2| LP3 | LP4 | LPS | LP6 | LP7
0 X X X X X X
1 X X
2 X X X X X
3 X X X X X
) X X X X
5 X X X X 3
6 X X X X X
7 X X X
8 X X X X X X X
9 X X X X X
10 X X X X
1 X X X

12 X
13 X X X
14 | x X X X X
15
X LAMP LIT

When used with an audio input this
circuit gives a very effective display,
using seven 75 W coloured spot
lamps for disco work or smaller
‘pygmy’ bulbs when used as an addi-
tion to a home audio system. Alter-
natively the 7447, which is a display
driver, tan drive seven LEDs directly.

As can be seen from the truth
table there are 16 different ar-
rangements for the sequence of swit-
ching. This helps give the impression
that the bulbs are randomly switched.
The operation of the circuit is as
follows.

The 555 timer is connected here
as a VCO with the control voitage on
pin 5 derived from the audio input via
the FET input buffer circuit. The
variable length pulses from the VCO
are then used to clock the 7493 which
is connected here as a binary
counter.

The outputs from the 7493 are
then decoded by the 7447 decoder
(BCD to seven-segment). The outputs
from this IC are used to trigger the
SCRs, thus turning on the appropriate
lights.

All that is necessary to operate
the circuit is adjustment of the input
level controt (RV1) to give the best
visual display. When switching low
power loads ie 75 W, RFI suppression
circuitry should not be required,
however, with greater loads (ab-
solute max 750 W per channel) such
circuitry will be necessary.
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®'r
LTD. ’ .
/ DACOR LIMITED
’ c‘ ET| PCB Dept.
P.O. Box 683, Station Q,

MAIL ORDER

5 Certified cheque or
money order only. Add
\ $3.50 for postage and

’ handling for the first
PCB and 50¢ for each extra PCB.

’ FST included. Add 7% PST in Ontario.
’ Dealers wanted.

Dacor Ltd
Number

1

WNOD A WN

10
11
12
13
14
15
16
17
18
19
20
21

23
24
25
26

28

Date

Jan 77
Feb

Apr

May

June
July
Aug
Sept

Oct

Dec

Jan 7¢
Feb

Apr

May

Junz2

July

Sept

Custom PCBs made to order.

Dacor Ltd Dacor Ltd

ETI Project PCB Price Number Date  ETI Project PCB Price Number Date  ETI Project PCB Price
Drill Control $1.02 51 Sept  Roulette Wheel $1.64 g7 Logic Probe 1.23
Reactor Tester 204| 52 Oct  CCD Phaser Unit 2.86 g8 Feb  Moving Coil Preamplifier ~ 3.27
Heads or Tails 1.23 53 Simple Strobe 1.02 99 Egg Timer 1.23
Five Watt Stereo Amplifier 2.66 54 Nov Capacitance Meter 1.02 100 General Purpose Power
Patch Detector 1.02 55 Dec Eprom Programmer 3.68 Supply 1.02
General Preamplifier 1.02 56 Tape Noise Eliminator 82 101 Mar  Battery Condition indicator .82
Two Tone Doorbell 1.43 . 102 Apr Complex Sound Generator 3.68
Induction Balance 57 Jan 79 FM Wireless Transmitter 1.64 103 May Click Eliminator 3.68
Metal Detector MKII 184 | 58 Feb  Light Chasser 2.04 | 404 Soil Moisture Detector 1.64
Disco Mixer 245 | 59 Phasemeter 184 | 405 Jjune Function Generator 3.68
Vu Meter 1.43 60 Shortwave Receiver 1.64 106 Dynamic Noise Filter 2.04
50/100 Watt Amplifier 6.13 61 Mar Synthesizer Sequencer 2.04 107 Overspeed Alarm 1.64
Logic Tester 327 | 62 Electronic Dual Dice 204 | 408 Photographic Timer 1.23
Stereo Rumble Filter .82 63  Apr Audio Compressor 1.64 109 July  Analogue Frequency Meter 1.23
Burglar Alarm 1.43 64 Differential Temperature 110 Aug  Brute 300 Watt Power
Fuzz Box 1.02 Controller 2.04 Amplifier 3.68
Metronome 82| 65 Solar Controiler 2.25 111 Transistor Gain Tester 1.64
The Overied 82 66 Wheel of Fortune 2.04 112 Passion Meter 1.64
Bass Enhancer 2.45 67 May  AM Tuner 1.43 113 Sept  Speaker Protection Unit 2.04
Alarm 1.02 | 68 Light Show Controller 491 114 Oct  Metal Locator 1.64
Audio Sweep Oscillator ~ 4.09 | 69 June LCD Thermometer 2.04 115 Linear Scale Capacitance
Graphic Equalizer 2.45 70 Easy Colour Organ 1.64 Meter 1.23
Continuity Tester 82 71 Light Show Colour 116 Nov  Guitar Practice Amplifier ~ 3.27
Loudhailer 1.43 Sequencer 2.45 117 IR Remote Control 4.91
Digital Thermometer 2.25 72 July  Light Activated 118 Dec  Digital Test Meter 4.09
Three Channel Tone Tachometer 2.66 119 Preamplifier .82
Control 123 1 73 Two Octave Organ 123 1 420 Survival 1.64
Power Amplifier 2.04 74 Stac Timer 2.66
Egg Timer 1.02 75 Aug  Audio Power Meter 3.27 121 Jan 81 Electronic Ignition 2.04
50 Watt Per Channel 76 Plant Waterer 1.43 122 Feb  Uftra Sonic Burglar Alarm  1.64
Amplifier 1.64 77 Sept Road Runner Sound Effect 1.23 123 Process Timer 1.84

78 Digital Wind Meter 3.27 124 Mar Hum Filter 1.43
Compander 1.84 79 Up/Down Presettable 125 Drum Synthesizer 6.54
Digital Panel Meter 2.04 Counter 3.27 126 Shark 2.04
CB Power Supply 1.84 80 Oct  Varywiper Wound Field 127 Apr Ultra Sonic Switch 2.04
True RMS Voltmeter 1.64 Coil 245 f 428 May  Nobetl Doorbell 1.64
House Alarm 4.50 81 Varywiper Permanent 129 Stereo Power Meter 1.64
Microcomputer Power Magnet 2.45 130 June  High Speed Cassette
Supply 2.04 82 Digital Dial 3.27 Interface 2.04
Bucket Brigade Delay Line 4.09 83 Cable Tester 1.43 131 Double Dice 1.43
Gas Alarm 1.64 84 Simple Graphic Equalizer  1.23 132 Bicycle Speedometer 1.64
Audio Feedback Eliminator 2.04 85 Nov Model Train Controller 1.23 133 1537A VCA 1.64
White Line Follower 102 | 86 Audio Phaser Book 1 225 | 434 July  Universal Timer 1.64
Add on FM Tuner 3.07 87 Curve Tracer 1.23 135 Bargraph Car Voitmeter 1.23
U'trasonic Switch 1.64 88 60 Watt Low Distortion 136 Engineers Stethoscope 1.23
Phone Bell Extender 1.23 Amplifier 204 | 437 Motherboard ) 6.54
Real Time Analyser MKIl ~ 9.81 89 Dec  Development Timer 1.64 138 Aug IR Alarm 491
Accentuated Beat 90 High Performance Stereo 139 Bench Power Supply 1.64
Metronome 1.23 Amplitier 368 | 140 Wired Sound 3.27
Proximity Switch 2.45 141 Sept Led Vu Meter 1.64
Porch Light 1.84 g1 Jan 80 Versatile Logic Probe 1.84 142 Russian Routette .82
Sound Level Meter 1.84 92 Headphone Amplitier 143 Led Tachometer 2.04
Two Chip Siren 1.02 Book 1 164 1 444 Oct  Tape Optimizer 1.02
1B Metal Locator MKII 1.64 93 Double Dice Book 1 2.25 145 Antenna Extender 1.64
Shutter Speed Timer 2.45 94 Sound Light Flash Trigger 146 Win Indicator 1.43
Digital Display Audio Book 1 1.84 147 Pulse Generator 2.04
Oscillator 491 95 Audio Limiter Book 1 2.25 148 Nov Alien Attack 3.27

96 Guitar Effects 123|149 Headlight Delay 82

150 Drum Machine 4.91




100 MH;

5 CHANNELS

ITS TIME
TO COMPARE!

Let us show you how much more
you can see with the extra
channels... Especially useful in
digital applications... With high
reliability and performance and
yet... At a lower cost than ever.

KIKUSUI'S MODEL COS 6100

Call us now

interfax

Montreal (514) 336-0392
Ottawa (613) 838-3397
Toronto (416) 671-3920
Vancouver (604) 873-3951

For a demonstration, circle No. 26. For literature
circle No. 17 on your Reader Service Card.

Oscilloscope
Probes

Part No. 900-95-522

SP 100 Oscilloscope Probe Kit

This passive probe incorporates a three-
position slide switch in the head and has a
cable length of 1.5 metres.

Position x1

Bandwidth: D.C. to 10 MHz

Input Resistance: 1MS2 (oscilloscope input)

Input Capacity: 40pF. Plus oscilloscope capacity
Working Voltage: 600 Voits D.C. tincluding Peak A.C.)
Cable Length: 1-5 Metres

Position Ref.
Probe tip grounded via 9MS2 resistor, oscilloscope input grounded

Position x10

Bandwidth: D.C. to 100 MHz $51 20

Risetime: 3-5 nanoseconds

ALSO AVAILABLE ARE THE FOLLOWING
MODEL  ATTEN.  FREQUENCY  PRICE

1P2C x1 20 MHz
P100 x10 100 MHz
2P150 x10 150 MHz
2P250 x10 250 MHz
SP100  DUAL 100 MHz
2LCP100 x100 100 MHz
DP300  Detector 300 MHz
DP750  Detector 750 MHz
TLS2000 TEST LEAD SETS
Sprung Hook for above probes
Wire Wrap adapt.above probes 8.

The above prices include shipping
via parcel post. For other means
please include additional cost.
Ontario residents add 7% sales tax.
Send cheque or money order to .

66

We service all makes of Oscilloscopes:
TEKTRONIX ® HEWLETT-PACKARD @
GOULD @ ETC.

From coast to coast. Call us next time.

980 Alness St., Unit 35, Downsview,
Ontario (416)661-5585 M3J 2S2

Circle No. 7 on Reader Service Card.
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Car Lights Warning
AM. Tucker

This circuit gives an audible warning
if the car lights are feft on when the
ignition is switched off. If necessary,
the lights can be switched off and
then on again, and the alarm will be
cancelled.

Operation is as follows: the igni-
tion switch is connected to buffer
IC1a, Schmitt trigger R4-1C1b-IC1b
and inverter IC1d. R1-C1-C2 and
R2-C3 are filters. If the lights are on
and the ignition is switched off, a
negative pulse is applied through C4
to 1C2b and the junction of R5 and D3
goes high, causing the flip-flop to
change over. This enables the slow
oscillator 1C2c-IC1e (approximately)
4kHz oscillator 1C2d-IC1f, causing
audible bleeps in the piezo-electric
transducer. If the lights are off, the in-
put to IC2a is held low via D3 and R7,
inhibiting the oscillators. D1 and D2
deal with unwanted transients, while
R12 is chosen to give the required
warning level.

The circuit can be adapted for
positive ground vehicles by reversing
the diodes and electrolytic capacitor,
reversing the connections to pins 7
and 14 of the ICs, and substituting a
4001 NOR IC for the 4011 NAND IC.
With this modification, there may be
a short bleep when the ignition is
switched off and the lights are not on.

|

| ETI is happy to consider ideas or cir-
cuits submitted by readers; all items used
will be paid for. Drawings should be as clear
as possible and the text preferrably typed.
Anything submitted should not be subject to
copyright. Items for consideration should be

[ sent to the Editor.
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Your Toolbox Test Bench

Model 216 Transistor Tester
with fast, automatic switching
for instant good-bad analysis of
NPN's, PNP’s, FET's, diodes and
SCR's in or out of circuit.
$165.00

Model 240 Video Generator with
10 step gray scale staircase for
VTR, CCTV monitor and TV
applications. $215.00

X304 digital multimeter with
automatic decimal point, built in
low battery indicator and

transistor testing capability.
$129.00

X303 digital multimeter with
easy-to-read LCD display.
Only $110.00

FOR THOSE ON THE GO
FROM...

HICKOK R

T ey W
the value innovator

m ROGERS clactronic instruments Itd.

P.O. Box 310, 595 Mackenzie Ave. Units 1&2
Ajax, Ontario L1S 3C5. Tel. (416) 683-4211

Duty and FST included. Chargex (Visa) accepted.
Ontario residents add 7% sales tax. Shipping
Ixtra.

Circle No. 1 on Reader Service Card.



FEATURING:

§Ol}qTELLITE TV PACKAGE

$3500!

1 10FT SPHERICAL ANTENNA
24 CHANNEL RECEIVER
120° DEXCEL LNA

ALSO ...

24CHANNEL RECEIVER  s§

complete with Remote:

$1950.00

120° LNA WITH SPEC SHEET

OPTIONS: 100°LNA: $1 095.00
85°LNA: $1 295-00

\e
’1\\ “‘““"t’ﬁ .
“a,\ ookt B HIGH GAIN FEED
' } 210.0
\ $210.00

|
I\ SATELLITE HANDBOOK
A — $5.00
. ﬂg
Y

A DIVISION OF NU WEST VIDEO SYSTEMS LTD.

6590 Victoria Drive, Vancouver, B.C. V5P 3X9
Tel: (604) 324-3343

Circle No. 14 on Reader Service Card.

@ BRYAN ELEC TRONICS —

WISH WE HAD INVENTED THEM
RECTANGULAR BASE. ROUND HOLE

22“\'
Rated output — 20w + 20w —1 KHZ-THD - 10%

4
Ceresist
Direct-etch PCB
I Distortion at 1 KHZ 15w + 15w = 0.5% max transfers
POWER PRICE — $44.95 STOP l $1.69 pkg.

ANDREWS 10FT

HIGH GAIN ANTENNA
Complete with feed and mount $2495.00

MODEL AE-207
Maximum output — 56w + 56w

ST
um |wanu RELAYS IH 4 LINES FINE Enter tbe
\" T AMAL 35 ohn 1
T [05'5 ivach) gt s 981 e Exciting World of Tomorrow
1C6 KIHA([ um SEA 4 349 1.C. 'DIPS’
N ‘ : i ICS can help you prepare for a
r Semer 100w 10 8and Boorier Equaiie: Ew Rewarding Future in Electronics.
gm1;5t0w pesk lpoweLlEoslpul‘mc‘iohms You can start now!
step 0l ou walt meters

!ad s booster defeat POWLR | ROM THE SUN!

o 38, b 30mm, -4 vaomm§ SOUAK Fanel . Write today for full details - No obligation.

MODEL -BX 1012
Il: School of Electronics
ICS Canadian Ltd.

POWER PRICE - $99.95

ALWAYS NEEDED' 2
R.C.A CHASSIS JACK
ALWAYS NEEDED
R.C A CHASSIS |ACK
© o000t O
CA PR

] 7475 Sherbrooke St. West,
RO A PHONO PLUG, INSULAIED Q I Montreal. PO H4B 1 S4 E
‘,no“- — . j VAME AGE i
R ANBOW O AIBEON CABLE | 1

iz conpucron | 9 o s ] ADDRESS _ = __ APT |
SZ : ‘ 4 {/\SIIHQ\\ . l

15 onoucron | BRYAN ELECTRONICS -~ ClmY__— == — ______ PROV.__ -
o s JPognnoy soso soun (et v 1

\ 52, 33 L6W 367 g " ‘ POSTAL CODE TEL.

(416} 4579269 ! -~ ‘ ELTDAB '

--------------'
Circle no. 20 on Reader Service Card.
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TECH TIPS

Simple Frequency Response Display
M. Harrison

This circuit was originally designed
to test audio filter circuits, but has
several other uses such as
demonstrating the properties of tun-
ed circuits, or testing graphic
equalisers. The circuit consists of a
low-frequency oscillator with a
triangular wave output which is used
to frequency modulate a VCO, while
also being fed to the X input of a
‘scope (the signal is about 2 V peak-
to-peak, so further amplification may
be needed for some ‘scopes). The
VCO output level against frequency,
with the frequency decreasing from
left to right. SW1 sets the frequency
range of the display, and RV1 sets the
scanning speed; it is adjusted to give
a good display, and does not affect
the actual shape of the display. As
well as being simple this circuit is
cheap, the 76477 only costing about
$5. Q1 and Q2 are any NPN silicon
transistors with a reasonable gain,
for example 2N3904.

NOTE:

IC1 IS SN76477

Q1,2 ARE 2N3904 OR SIMILAR
D11S 1N4148

ZD IS 6V8 ZENER

Four-Input Mixer

D. Marzolla
.
o
O— MW= | 1 10
1 < ook b 5
2 1| P
f l + f ‘go
o < 100 10, — .
e R e {5‘) 4|>v”_i
°1l = ) sy S =
* G _L
AR 1 "
7 L t .
o YW NOTE: Q1 is 2N2706
°1 -

This mixer circuit has very low current
drain and can give an operating life of
three to four months from a No. 216 9-
volt battery with moderate use

The input impedance is 47k and the
gain of the mixer is 3 dB. Perhaps a
good use for those old germanium
transistors you were going to throw out
but knew they would come in handy
sometime!

Tt- DECEMBER 1981

ITTH

ml

m

|
{ 10 scoPE
;é i
N | ‘"

va

SWEE
SPEFD

FITER
S — uno)
v( "~ roscoe
¥ INPUT
oyreur

_c)v

No other 50-MH:z oscilloscope
gives you as many features as

the LEADER LBO-51%.

Compare the LB0-517 E_ - - ® 1 mV sensitivity
with all other 50-MHz Y R { 10 MH2z).
oscilloscopes. Only 8% . e Alternate/composite
Leader gives you total ‘ H triggering.

4

® Variable trigger hold -
off with B-ends-A
mode.

capability with:
e Calibrated delayed

@

time-base . .

e Simutitaneouss dis- =90 ¢Q ® 20 kV accelarating
piay of main and =l potential dome-
delayed time-bases. -] mesh CRT.

® Two trigger-view ® Two-year warranty.

channais.

Fact: No waiting for LEADER instruments.
Off-theshelf deliveries any-where in Canada
from franchized distributors backed by
Montreal and Toronto warehouses.

Fact: Every LEADER instrument is care-
fulty performance tested before shipment.
Fact: LEADER instruments are specified
by engineers in over BO countries.

Fact: A free trial use of any LEADER
instrument is available to qualified
companies.

v =
AN Pt —'\ SR
I aAlihe Tatite TS, .

r’\l
WARRANTY

Fact: Less than 1% of all LEADER products are returned

for service during the 2-year warranty period.

Fact: LEADER Instruments Corporation warrants its pro-

ducts to be free from defects in materials and workmanship
for a period of two years from the date of purchase

o [T odllks ol v 2
E-\ A ‘--/ \’.\ \.-‘-

omnitronix Iitd.

6295 Shawson Drive Unit 7,
Mississauga. Ontario L5T TH4
Tet. (416} 678 7170 - Telex. 06-968653

2056 South Service Rd., Trans-Canada Hwy
Dorval, Québec HI® 2N4
Tel (514)683-6993  Telex 05822692

Circle No. 24 on Reader Service Card.
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COMPUTING TODAY Continued from Page 58 | ——

in mind, though, that even if you
reprogram the appearance of a
character, it will still be interperted by
the machine in the same way. For in-
stance, if you convert a shifted *2” so
it looks like half a Martian, it will still
set the quote mode when hit, and,
thereafter, all subsequent cursor con-
trol keys will be printed, instead of
directly moving the cursor.

Programmed characters can be
used to create special character sets
for math, chemistry, electronic
design, music, and, of course, games.
The character loader program, pro-
gram 1, can be run prior to actually
loading the main program, as once
the characters are in RAM and pro-
tected by bringing down the pointer,
nothing can hurt them unless you
RESTORE. You can execute NEW or
CLR without any hassles, as these
commands only refere to BASIC, and,
by bringing the pointer down below
the character RAM, we’ve put them
outside the memory BASIC can deal
with. It’s worthwhile doing this two
program approach, as it means you
don’t have to tie up useful working
RAM with the loader, which isn't real-
ly much good for anything after it’'s
been run once.

Send Us Stuff!

...and we'll send you money. Actually,
i's a bit more complex than that. If
you're into computers, you may have a
favourite program, utility, peripheral or
hardware widget that other readers
would be interested in checking out.
Send it to us, and, if we think it's
wonderful, we'll run it, and send you
up to $30.00 on publication. The
following are our criteria for thinking
things are wonderful.

1. Long BASIC programs are
generally not wonderful, because, in
our experience, not many readers ever
bother to use them. Short BASIC pro-
grams are conditionally wonderful if
they do something really unusual.

2. Machine language utilities and
other ML stuff with reasonably prac-
tical applications are generally
wonderful.

3. We need listings. Don’t send us
cassettes, disks or paper tape,
because, in the vast majority of cases,
we won’t be able to do anything with

them. Hand written or typed listings
are not all that wonderful, as they lead
to errors. Printed listings are wonder-
ful, especially when done with fairly
new ribbons. |f you haven’t got a
printer, you can usually harrass the
store where you bought your computer
into doing a listing for you.

4. Hardware add ons and mods are
quite wonderful if they aren’t too crazy.

5. The PDP 11 is not a home com-
puter. Neither is the IBM 1130, even if
you did get one at a junk sale. We're
trying to restrict wonderfuiness to
reasonably well known smaill
machines, as it will be applicable tothe
greatest number of readers. Obviously,
if you're writing machine code for a biz-
zarre computer with a common CPU
with a reasonably normal bus struc-
ture, it’s still wonderful as it will work
for anyone else having that CPU.

8. Please send your stuff along
with a self stamped and addressed
envelope. This is really wonderful, so
we can tell you what's to become of it.

YOU CANNOT SKI
2 DOWN
% OUR

\‘, f("

& SLOPES

But VERO SLOPING FRONT CASES do make
attractive housings for many projects.

Digital Thermometer Kit

® Range —55 to +150°C

® Can be wired for °F

They are available in two sizes, made from high quahty, ° Liqmd CWStaI Display
two tone plastic, with anodised aluminium front panels.
Both cases have integral circuit board fixing points in the

base.

¢ Operates 200 hours
on a 9V Battery

¢ Supplied with
1 Sensor

RAEKIT #3200D

® Provision for 2nd
Sensor or 6~
Stainless-Steel
Accessory Probe

ACCESSORIES
3201 Accessory Sensor $ 5.95
3202 Stainless-Steel Probe .. $49.95

65— 2523F and 75 - 1798K make deal housings for test
equipment, audio gear (faders, mixers, rhythm generators
etc.) and control boxes.

See them at your local electronics shop and judge for
yourself.

For your Free Cataloguecircie No. 49 on Reader

MAIL ORDER INFORMATION

Payment by, VISA /Mastercard (Include signature, number and expiry
date), cheque or money order. Add $2.00 for shipping, B.C. residents

add 6% Sales Tax. Visit our new Edmonton store

Service Card, Dealers reply on letterhead. R-A-E Industrial Electronics Ltd. B W
[ ELECTRONIC PACKAGING SYSTEMS LTD. 3455 Gardner Court, Bumaby, B.C. Vi J Master\card

V5G 4J7 Phone: (604) 291-8866 h :
Circle No. 4 on Reader Service Card.
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You can’t beat The System!

GLOBAL SPECIALTIES corporaTiON

Smarter tools for testing and design.

1 P S e

Fiiititt iif.’.‘ffi:fﬁﬂ!!“ii
7

sedeoe overe Vowes'

U.S. PATDES. NO. 235504

B e S e s i

Experimentor Matchboard pre-drilled PCBs. YOU CAN'T BEAT THE SYSTEM!

When you have a circuit idea that you want to
make happen, we have a system to make it happen
quicker and easier than ever before: The
Experimentor System. 2 EXP-302, which includes three items s 5.20

You already know how big a help our Three 50-sheet Scratchboard workpads
Experimentor solderless breadboards can be. Now

'I EXP-300PC which includes one item $4 25
A Matchboard pre-drilled PCB

we've taken our good idea two steps further. 3 ?rXP-?K??; V:]';)ich ;ﬂclugeS t’ér;%g%gs s 25 15
wo atc oards and an = °
We’ve added Experimentor Scratchboard solderless breadboard
workpads, with our breadboard hole-and-connection EXP-304, which includes four items
pattern printed in light blue ink. To let you sketch up 4 Two Matchboards, an EXP-300 526 .70

a layout you already have working so you can breadboard and a Scratchboard workpad

reproduce it later.

Z
With Experimentor Matchboard you can go from :
breadboard to the finished product nonstop! We've 1
matched our breadboard pattern again, this time on ]
a printed circuit board, finished and ready to build |
on. All for about $4.25. :
There’s even a letter-and-number index for each i
hole, so you can move from breadboard {where ! Name Position
:
]
]
]
1)
]
]
(]
]

e i e b i GG

For your FREE Giobal Catalogue, mail this coupon to:

len finkler limited
80 Alexdon Rd. Downsview, Ontario, M3J 2B4

Please send catalogue to:

they're moulded) to Scratchboard (where they're

i
)
|

printed) to Matchboard {where they’re silkscreened Company Dept.
onto the component side) and always know where
you are. Address
When you want to save time and energy, you can't - Postal Code 1

RN 1o Dy stehil Circle No. 13 on Reader Service Card. !

b ce ce e mm e me m- mm mm e m m = m- m= m mm = o )

THE EXPERIMENTOR SYSTEM Available from leading Electronic Parts Distributors

Circle No. 13 on Reader Service Card.
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CHOOSE ATOM POWER

At work or play- everything you need in a personal computer

The Atom is amachine tobe used. Optional Extrus
Everyday, day after day. It's a full @® Network facil ty with Econet
functionmachine- check the ® Disk 8UHF colour encoder

specification against others. It's
rugged, easy to operate built to last
and features a full-size typewriter
keyboard.

Justlook at some of the features!

® More hardware support than any other
microcomputer ® Superfast BASIC

® Add-oncards include 32K memory.
analogue to digital, viewdata VDU, disk
controller, daisywheel printer, plus many,
many more! ® Power supply

FREE MANUAL

The Atom’s high.y acclaimed manual zomes
free with every Atom and leaves nothing out. In
just a while you'll be completely at ease with

® High resolution and comprehensive your new machize! Within hours you'llbe

graphics ideal for games programmers and
players* ® Integral printer connection*

® Software available forgames, education,
maths, graphs, business, word processing, etc.
® Otherlanguages: Pascal, FORTH, LISP

® 1/O port for control of external devices

® Built-in loudspeaker ® Cassette interface
® Full service/repair facility ® Users club

* Expanded version only

ATOM SOFTWARE is designed and produced by Acomsoft, a
- division of Acorn Computers, Trust the
manufacturer to get the very best rom its
own product. Current software includes
word processing, maths packs
over 30 games, database,
Forth and business packages.

SPECIAL INTRODUCTION OFFER
(Closes December 31st 1981)

Basic ATOM: 2K RAM
Black & White (8K ROM) $349
Expanded ATOM. 12K RAM
Colour (12K ROM} $499
Whert you order your ATOM, we will include full details
of al s_oflware packs and the optional hardware

ACORN
;%MPUTER

When you order your Atoin we will inc.ude
full details of all software packs and the |
optional hardware.
Mail Order to:
Torch International Computers (Canada) Ltd., Suite 212,
7240 Woodbine Avenue, Markham, Ontarin, L3R 1A4. ]
Or Call (4)6) 490-8622

Name
Address
JChegue (

Total amt. encl ( JMoney order

Chargeto { Wisa { Mastercard (
Card No
| Expiry

$7.50 delivery

JAmerican Express

Ontario residents add 7% P.S T

I Qty. Item Price
Basic Atom Assembled ’
2K RAM, 8K ROM $349
Basic Atom Assembled — Colour 399 ¢
Expanded Atom
12K RAM, 12 ROM 449
Expanded Atom — Colour 499
Power Supply 25

in the interest of our clients, funds received are held in a
Trust Account controlled by our Auditors, Messers Del-
oite, Haskins and Sells and are not transmitted to Torch
unti! proof of ship'vinLhas been established
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