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JBEST COom

puters

Monitor not included. IBM registered trade mark of IBM Canada Ltd.

Other Configurations:

BEST MK | oo WithBAOKRAM ..................... $1695
. . . wi M i Fi 1256K . . .$24

Two 360K DS,CD disk drives, Serial and Parallel w::: :gng ::rr: g::::ﬂ F:gssleOK - .:gsgg

Ports, Real Time Clock, Phoenix BIOS, uses 8088 With 20 Meg Hard Drivel1 Floppy/256K .. .$2795

processor — full specifications given below. With 20 Meg Hard Drive/1 Floppy/640K . . . $2895

Other Configurations:

The FAST BEST MK lll WIthG40KRAM . . ... ... .............. $1995

\s As BEST MK Il plus speed selectable: With 10 Meg Hard Drive/1 Floppy/256K . . .$2795

6 4.77 and BMHz (most software will run With 10 Meg Hard Drive/1 Floppy/640K . . .$2895
$ on the higher speed), uses 8088-2 pro- With 20 Meg Hard Drive/1 Floppy/256K .. .$3095

cessor, With 20 Meg Hard Drive/1 Floppy/640K . . .$3195

SUPER-FAST BEST MK IV

Other Configurations:
As BEST MK Il plus TRUE 16-Bit oo WIth640KRAM ...................... $2595
\“ machine, 8086-2 processor, IBM com- With 10 Meg Hard Drive/1 Floppy/256K . . .$3395
66 patible 8-Bit /O channel bus, even With 10 Meg Hard Drive/1 Floppy/640K . . . $3495
With 20 Meg Hard Drivel1 Floppy/256K . . .$3695

faster than MK Ili due to 16-Bit
architecture. With 20 Meg Hard Drive/1 Floppy/640K . . .$3795

Features common to all the above systems:

- Warranty
© Superb IBM PC & XT Compatibility ® Reset Switch We have such confidence in the time fested
® Canadian Made ® Phoenix BIOS as used in many major brand reliabllity of the BEST that we offer a 300.day
® 256K RAM Standard minimum (uses 41256K 1BM compatible systems. warranly, way abave the industry standard
RAM chips) ® 150 Watt Power Supply which will handle a
® Expandable on board to 640K RAM Hard Drive without upgrade. Please Note: Don't be put off by our spectacularly low
® Parallel Port (for printen) ® 7 Slots price; this is due to thenfact we go not :eal with m{ddle
® Serial Port (for communications) ® Flip top case men and our volume buying power of parts. All BESTs are
® Real Time Clock/Calendar ® 2 Slimline DS,DD 5%, 360K Disk Drives manufactured in Canada to the highest quality stanuards
(with Battery Backup) ® Colour Video (RGB & Composite) Board or using prime, guaranteed components by our sister com-
® Presocketed for optional co-processor — Hi-Res Monochrome Card (customer choice) pany. All systems are pretested (burnt-in) for about 48
such as 8087 Math Processor @ Disk Controller Board hours before shipping. Hundreds of happy customers

® IBM Compatible Keyboard report excellent reliability and compatibility.

319 College Street, Toronto, Ont. M5T 152

L r " (416) 921-8941. Order line only 1-800-268-3798
Ottawa, 217 Bank Street (613) 230-9000

Visa, Mastercard and American Express accepted.
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EXCELTRONIX

Long Distance Order line only:
1-800-268-3798

319 College Street, Toronto, ont, M5T 152 (416) 921-8941
217 Bank Street, ottawa, (613) 230-9000 wmaill order Enquiries (416) 252-5285
We guarantee you the combination of BEST Prices & Service in Canada!

APPLE COMPATIBLE
DISK DRIVES

Now also available for Apple lic

FaOmous
Multiflex
Disk
Drive

$199.00

Features:

» Appie compatible ¢ Attractively packaged s Profes-
sionally built and tested » Canadian Made. We believe
that Multiflex put out more drives in the last year than
all other Canadian manufacturers combined.

IBM compatibie Disk Drives
SA455DS,DD, 360K withwarranty .......... $169.00

1 year full warranty

Hard Disk Drives

10 MEG Seagate, drive and hard disk controller. This
controller can handle up to two 10 MEG hard drives.

LOWEST PRICE OF $895.00

Quantity Discounts Available
Seg20 MEG. withcontroller ............ $1195.00
Cables{for 100r20 MEG) ................. $38.00

zenith Monitors
BEST SELLER 2VM 122A . 12" diagonal

screen * non-glare amber display ¢ composite input * 25
lines x 40/80 characters $135.00
BEST SELLER ZVM 123A - 12" diagonal
screen » non-glare green display » composlife input * 28
lines x 40/80 characters $125.00
2ZVM 133 . 13" diagonal screen * RGB input * 25
lines x 80 characters * 640 x 240 pixels green screen
only switch * 16 colours including PC brown

$749.00
peripherals for your Apple

2800 R s el $ a43.00
80 x 24 Video Card with

Soft Switch .. .............. $ 67.00
16KRAMCard ............. $ 43.00

128K RAM Card with 128K ...$ 99.00
Parallel Card with Cable

.......................... 59.00
SerialCard ................ $ 69.00
Apple Programmer ......... $ 65.00

Multiflex 300
Baud Modem
For your Apple (Super com-
patibility) .......... .$159.00

POWER TYPE LETTERQUALITY $599.00
+ 18 CPS bidirectional logic seeking.
* 96 Petal Wheel

New from Star Micronlcs

SG-10 Printer

« Dual Mode - NLQ/draft standard (NLQ = near letter
quality) *120 CPS and 20% faster throughput
« Bidirectional logic/seeking * 2K buffer (expandable
to 6K with optional buffer interface) » 100% IBM PC or
Star standard control codes-switch selected e Fric-
tion and tractor standard o full 1 year warranty * 10"
wide carriage ¢ Standard parallel interface (serial op-
BONAI . .o eeeee e §i99.°&

Except with 15" carriage and standard

VK DUIET - oo oo $599.00

Radix — $995.00 5R-15 $995.00

sStar Micronics Gemini 10X

1 year warranty

* 120 c.p.s., * 816 characters print buf-
fer, option 4K or 8K e standard parallel
optional RS232C e tractor & friction

feed. super Speclal §299.00
— (Time limited offer}

High Quality AMP IC Sockets

8, 14, 16, 18, 20, 24, 28 and 40

1.5 cents per pin
Quantity discounts available

Bypass Capacitors

0AUF,50V . iieis e 43¢
100 PIBCES .« < vvvar e $9.00
Fans

New3dinfan . ... .................. $12.95
Newdinfan ..............coooont $13.95

We have the best prices on
74LSXX TTL Series e.g:
741.5-00, 02, 04, 08, 10, 32 at 29¢ each
741.5-138, 139, 158, 175 at 69¢ each
74LS-244, 245, 273 at $1.19 each

IBM COMPATIBLE KEYBOARDS

Cherry
Maxiswitch

Electronics Today October 1985

connect 300 Baud $179

1IBM compatible “"BEST”
Peripheral Boards.

Colour Graphics Video Board Composite and

RGBoutput ... $179.00
Monochrome Hi-Res Video Board
(MTLoutput) ........oniiinnieenss $179.00

Parallel/Game Port Board
(cableextra) ........
Quanta Board
Parallel/Game Port, 2 x Serial Ports and Real
Time Clock/Calendar with Battery Backup.
Cablesextra ............... ... $159.00
EPROM Programmer ............. $ 99.00
EPROM Programmer with ZIF Socket

Adapter

New Floppy controller

Handles up to 4 DS, DD Drives
Parallel, Real Time Clock/Calendar, 2 Serial
(= o 0 T P = T $199.00

Real Time Clock software included - cables extra.

BEST IBM
compuatible Modem

¢ Plugs into motherboara
» Excellent Hayes compatibility

Dial, Auto Answer, Direct-

300/1200Baud $379

e Auto

Circle No. 2 on Reader Service Card

MEMORY Untouchable Prices!
Guaranteed Prime Stock
Dynamic RAMs

4116 1X16K (15008) ... $ 0.75
4164 1x64K (1500S) .. - ... $ 1.10
41645 (150ns). Set of 8 .. g ... ... $ 9.50
41256 1x256k (150ns ﬁ« ..... $ 5.95
41256 (150n). Set oRPBOZ.. ... $49.95

Static RAM
21e1l4lf 4x1k 200ns . . \0“ 5 ......... $ 2.25
6514 4x1k CMOS 450?“‘ .............. $ 1.20

6116 8x2k 150ns . . ..
2016 8x2k 150ns.
6264 8x8K 150NS. . ... on o $14.95

EPROMS

2716 450ns 8x2k
2716 300ns 8x2k
2732 A50ns 8x4k
2732 250ns 8x4k - SPECIAL . . . ..
2764 300ns Bx8K............
27128 350ns 8X16K. . . ... .l

intel Parts Special Parts for your
IBM & Apple Compatibles

8087-2 (High Speed) ... ........... $219.00
SOST .  Eee $189.00
BOBB .o . 4 i e a e e e g s s 7.90
B2 ARSIV SN TR I e $ 8.90
B250) . e i iele e e e e e N $ 989
B253AI5 ...l e - R $ 5.89
8255A5 . .t . . . . e e Aaw . SN $ 4.89
8259A .. ...... “ﬁ“ ........... $ 495
8284A .. .......%. w .......... $ 595
B2 88 RS N ° : Eg ...... $ 9.75
NEC765/8272 E '“‘C ......$ 8.95
7418322 ... .. Qa ............ ....$ 5.95
62 Pin Card Edge Connectors ....... $ 219
5Pin DinConnector .. ............. $ 0.99
100ns Delay Line .. ............... $ 5.89
B502CPU ... ... $ 5.45
ZBONCRPU .. s AELE $ 4.50
68A45CRTcont. ... ... .. ... ... $ 9.75
TMS99532 FSKModem . ........... $17.95

Set of 8088, 8255A-5, 8237A-5, 8288, 8284,
8258 A-5E825 A=t $48.00

The BEST
PENTRAM
256K RAM

(as illustrated)
Real Time Clock,
Parallel Serial and
Game Port .. ... $299.00

BEST 512K RAM Boards

WIith512KRAM . ..........oon e $229.00
With64aKRAM . ... ... ......... .. $149.00
3
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MASTER THE NEW ELECTRONICS WITH McGRAW-HILL’S

ntemporary

"

CIIES

Electroni

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series that’s as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-
Hill Contemporary Electronics Series
puts you into the electronic picture
one easy step at a time. Fifteen

unique Concept Modules, sent to you *

one every 4-6 weeks, give you a
handle on subjects like optoelec-
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.
You waste no time on extraneous
material or outdated history. It’s a
fast, efficient, and lively learning
experience. ..a non-traditional
approach to the most modern of
subject matter.

Unique Interactive Instruction

With each module, you receive
a McGraw-Hill Action Audio
Cassette. Each tape is a dynamic
discussion that drives home the key
facts about the subject. Your learning

With your first
module, you
get this
solderless
breadboarding
system. You'll
use it through-
out the series to
build elec-
tronic circuits A -

and bring \
concepts - £ X

to life.

experience is reinforced through
interaction with vividly illustrated
text, audio cassettes, and actual
electronic experiments. Indexed
binders preserve backup material,
notes, and tapes for convenient
referral.

L

—————

Perform
Experiments
in Contemporary Electronics

Throughout your series, lab-
oratory experiments reinforce every
significant point. This
essential experience
...dynamic, hands-on

demonstrations of .,.f
theory in practice. . . By s &

will help you master

principles that apply all ¥
the way up to tomorrow’s
latest VLSI (Very Large

Scale Integrated) circuitry.

In your very first module, you’ll
use integrated circuits to build a digital
oscillator, verifying its operation with
a light emitting diode (LED). You’ll
learn to identify passive and active
components, understand concepts
common to all electronic circuits.

>

For Anyone Interested in Electronics

The Contemporary Electronics
Series is designed for anyone from
hobbyist to professional. It’s for you
if you’re looking for new fields of
interest. . .if you’re a teacher who

wants
an update in con-
temporary circuits. ..a
manager or supervisor in an electronics
plant. ..a doctor, an engineer, a chemist
who finds electronics playing an
increasingly important role in your
work. It’s even for electronics engineers
or technicians who feel their training
needs freshening up. It’s the quickest,
most convenient,
probably least
_ expensive way to
2™ doit. Andthe
._/ /‘ only one that gives
“ | you hands-on
experience.

15-Day No-Risk Trial
To order your first module with-

out risk, send the postage-paid card
today. Examine it for 15 days under
the terms of the order form and see
how the Contemporary Electronics
Series gets you into today’s electronics.
If card has been used, write us for
ordering information.

o
Hill

»
g |

s

R

.

P—

McGraw-Hill

Continuing Education Center
330 Progress Avenue
Scarborough, Ontario MIP 2Z5



For Your Information

Surge Protector

A varistor in a tiny low-cost
plugpack protects computers and
other electronic equipment from
high-voltage spikes that come

spikes are absorbed harmlessly;
larger ones may burn out the
varistor, protecting the equipment
downline. A light indicates

down the powerline. Low-power-

whether the workings are still okay
or not. The printing by the in-
dicator w.ndow says °If it’s red, go
ahead. If it’s black, send it back.’
The window was green. From Len
Finkler and Co., 80 Alexdon
Road, Downsview, Ontario M3J
2B4, (416) 630-9103.

Circle No. 43 on Reader Service Card

RF Patch Cords

A new line of RF Patch Cordsin a
wide range of connector styles, in-
cluding mini-hook grippers, dual
stacking banana plugs, alligator
clips and BNC connectors has been
introduced by the E.F. Johnson
Co. Components Division.
They’re available with more than a
dozen termination configurations
Circle No. 44 on Reader Service Card

with three cable types and cable
lengths from 12 inches to five feet.
All of the various cords are
available off-the-shelf so you can
leave them on-the-floor. Contact
Lenbrook Electronics, Unit 1, 111
Esna Park Drive, Markham, On-
tario L3R 1H2, (416) 477-7722.

continued on page 31

THE AFFORDABLE

XT COMPATIBLE

HIGHEST QUALITY, RELIABILITY AND COMPATIBILITY
(ALL MAJOR BOARDS MADE IN JAPAN)

* 256K XT System Board, w/o BIOS
¢ Controller Card

STANDARD SYSTEM NOW ONLY $1 )1 95

» Case, Keyboard, Heavy Duty Power Supply

* Two OSDD Disk Drives
¢ Colour Graphic Card
* Box of Nashua Diskettes FREE

90 DAY WARRANTY

-
v

DEALER INQUIRIES INVITED

PRO 25M HARD DRIVE
SYSTEM NOW ORNLY

* 256K XT System Board, w/o BIOS
* One DSDD Disk Drive
» Controlter Card
« Colou” Graphic Card
¢ One Seagate 26MB Hard Disk Diive
with Controller
* Case, Keyboard Heavy Duty Power Supply
| Box of Nashua Diskettes FREE

$2,295

512K RAM Card

)
) Roland NLQ Printer, 1111A.
)

Options with purchase of above system only spectat
A) 384K (Installed) Multifunction Card. ... .. ..
B) Monochrome Graphic and Printer Card
NEC RGB Colour Monitor, 1216 DFA . .
Zenith Monochrome TTL Monitor, ZVM 124

Regular

. . $239.00 $275.00
........... 195.00  229.00
.......... 450.00  495.00
1698.00 189.00

oMo Moo . 409.00 429.00
.. o 168.00 195.00

10MB, ST212.....$995.00

SPECIAL OF THE MONTH: SEAGATE HARD DISK JRIVES
COMPLETE WITH CONTROLLER AND CABLES
25MB, ST225.....51,295.00

(Formerly Audiovision)

Mail orders cheque, money order, ¥isa. MasterCard accepied. 35 00 for hipping and handimg  Oniario residents add 7% P.S.T.
576 MARLEE AVE.

SUNIR L. woocumsim

Toronto, Ontario
M6B 3J5

Telex: 86-217738 SUNIX TOR.
Tel: (416) 781-3263

in Dallas, USA: (214) 935-1842

6 Circle No. 3 on Reader Service Card
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MAYBE THE ONLY DEVELOPMENT
SOFTWARE YOU'LL EVER NEED

* Table based 8 bit cross-assembler

e Tables/Source files included for:

1802 6502 8048 COP400
3870 6801 8051 Z8
6805 8085 Z80

* Modify/Create tables for most 8 bit micros
Create your own instruction sets

® INTEL, MOTOROLA, TEKTRONIX output formats
e Use with any EPROM programmer
e 36 page manual, full instructions

¢ Available in the following disk formats:

5" IBM-PC PC/MS-DOS 2.0 or greater, compatibles
5 APPLE !l1+/lle CP/M-80 (Softcard), compatibles
8" SSSD CP/M-80 (280 only) -

$9995 uUs

$12 Q95 CON

Credit card orders: Include card no., name on card, expiry date,
signature. Nova Scotia residents add 10% sales tax.

UNIVERSAL CROSS-ASSEMBLERS

PO. BOX 384 BEDFORD NOVA SCOTIA
B4A 2X3 CANADA

Circle No. 4 on Reader Service Card



IT'S PACKED & READY

Conyigm OUR NEW CATALOGUE IS:

All mat.erial is subject to worldwide copyr?ghl i
B L * PACKED with over 2000 top-grade,

without our permission. fu“y SpeC’d Components

— * READY to ship to you

th il comsrucona hepet micacd Respond to this ETI ad and get yours free!

this magazine will operate as indicated effi-
ciently and properly and that alt necessary
components are available, no responsibility
whatsoever is accepted in respect of the failure
for any reason at all of the project to operate
efficiently or at all whether due to any fault in
the design or otherwise and no responsibility is
accepted for the faiture to obtain component
parts in respect of any such project. Further no
responsibility is accepted in respect of any in-
jury or damage caused by any fault in design
of any such project as aforesaid.

Editorial Queries

Written queries can only be answered when ac-
companied by a self-addressed, stamped
envelope. These must relate to recent articles 1 pc. FREE
and not involve the staff in any rescarch, Mark 85-86

such letter Electronics TodayQuery. We can- 19

not answer telephone queries.

CT REFERENCE GUIDE

'S DIRE
A & THE VARAH'S DI T R CATALOGUE

S
«&\«\0 & ELECTRONIC MAI
@0

Binders

Binders made especially for Electronics Today
(ETI) are available for $9.75 including postage
and handling. Ontario residents please add
provincial sales tax.

Back 1ssues and Photocopies

Previous issues of Electronics Today Canada
are available direct from our office for $4.00
each; please specify by month, not by feature
you require. See order card for issue available.

We can supply photocopies of any article
published in Electronics Today Canada; the
charge is $2.00 per asticle, regardless of length. \ d
Please specify both issue and article. - YT E R AR
Page wites prge of
Component Notation and Units uselul inlormaton
We normally specify components using an in- Aover 2000 pacte!

ternational standard. Many readers will be un-
familiar with this but it’s simple, less likely to
lead to error and will be widely used g
everywhere sooner or later. Electronics Today 4
has.opted for sooner!

Firstly decimal points arec dropped and
substituted with the multiplier: thus 4.7uF is
written 4u7. Capacitors also use the multiplier

nano (one nanofarad is 1000pF). Thus 0.1 uF . L i \
e

»
PR X L X LR i

is 100nF, S600pF is Sn6. Other examples are
5.6pF = 5p6 and 0.5pF = Op5.
Resistors are treated similarly: 1.8Mohms is

o o S e ome Not just a product listing,
it's a fully referenced guide giving you

S — operating specs, pin-outs, and dimensions for each part.

i e e Everything you need to build your project:

3‘&22“:13‘:‘?;,,§°;’;:f5:_"’ MM Gl s ®semiconductors ®cabinetry e resistors

) av;'f;i o W:fg;°;£:g TR of what e connectors ®power supplies ® capacitors

:;{‘;'s L"{;’C";as‘lilz';lifsf’;;":e';;‘Sw-visl:lm;‘:;jgcg‘_’ etest equipment *PCB Supplies e literature

el e [ e MORE in the Varah's Direct Reference Guide

B—C—D Electronics, P.0. Box 6326, Stn. F., AND MUCH & Electronic Mail Order Catalogue

Hamitton, Ont. L9C 6L9.

Wentworth Electronics, R.R. No. 1 Water-
‘l’;w“' Ont. LOR i“g' L . Locatlons: Write: Circte:
nocinths Inc., P.O. Box 261. tlan . , .
483185 :JSAS_ : < Vancouver Varah's Direct The reader service
Arkon Electronics Ltd., 409 Queen Street W., Kteg i Edmonton 504 Iroquois Shore Road  number for this ad
Toronto, Ont., M5V 2AS. Calgary Oakville, Ontario Or Call:
Spectrum Electronics, 14 Knightswood Cres- Winnipeg L6H 3K4 (416) 842-8833
cent, Brantford, Ontario N3R 7E6. Member, Canadian Oakville (please include your Monday to Friday
Direct Marketing Nepean return postal code) 8:00 - 5:00, E.S.T.
Association
Electronics Today October 1985 Circle No. 5 on Reader Service Card 7
CONNECTING o
LEADS
Fig. 1 A simple diagram of the internal con- Fig. 2 Some common capacitors. From front to back: a polyester, iwo tantalum beads, two melal-
struction of a capacitor. lized ceramics, two ceramic disc types, and two mylar film capacitors.
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By Hagen Kornberger

INTRODUCING:
THE NEW STANDARD
FOR IBM PC/XT
COMPATIBILITY
The ACS-1000 Super Computer

¢ | Megabyte
On-Board Memory

® Built-in Disk Controller

- up to 4 Floppies

- SASI Hard Disk Interface
¢ 54 KB User Definable ROM
* Switchable: 4.77 or 8 MHZ
® Built-in Multifunction Board

- Parallel Printer Port

- 2 Serial Ports

- Time-of-day Clock

Seize Control of Your
Hardware Destiny

If you are using board level microcom-
puters you can have greater power, versatility
and reliability by using the ACS-1000 single
board SuperComputer.

The ACS-1000 is compatible with both
software and hardware designed for the IBM
PC/XT. It even has the same mounting holes
and the same power supply connections. The
difference is that the ACS-1000 offers a much
higher level of integration and costs less than
$600 when ordered in quantity.

Save your Expansion Slots for true ex-
pansion. Disk Controllers, 1/0 ports and ex-
tensive memory are already built-in, simplif-
ing production and freeing the 6 expansion
slots to take on specialized work of your pro-
cess control, CAD/ CAM or office automa-
tion applications. There’s even a special port
for a low cost piggyback modem.

See for yourself. We are offering a
system evaluation kit for $995.00. The
256K system includes bios, documentation,
and an XT compatible power supply.

Special mtroductory offer on
peripherals and chips.

Shugart SA 455 Floppy Drives $185.00,
IBM Compatible cases $80.00, 130 Watt
Power Supplies $220.00, Keyboard
$200.00, Chips 64K $3.00, 256K $14.00.

To order call 604-888-2606 or write:
Soltech Industries Inc.
9274 — 194th Street
Surrey, B.C. V3T 4W2

10 Circle No. 6 on Reader Service Card
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2uF, and usual working voltages go up to
600V. Like resistors, capacitors have a
specified tolerance which indicates how
accurate their marked values are. Paper
capacitors usually have tolerances of
+20%. Both the value and the tolerance
are marked on the device’s body in
numerical figures.

Metallized paper capacitors use an
evaporated metal film as the conductor in-
stead of aluminum foil. The metalic film
is deposited onto a former by a sputtering
process. This is a technique whereby a
cathode in a gas discharge tube is slowly
disintegrated by bombarding it with
positive ions. When this process is used to
deposit metal film on an object, the object
is placed near the cathode which is made
of the metal to be deposited, and the tube
is then evacuated to a low pressure (1 to
0.0lmmHg). An anode potential of 1kV
to 20 kV is then applied and the process

begins.

EXTERNAL APPEARANCE

CONDUCTIVE
PLATES

OILED OR
WAXED
DIELECTRICS

INTERNAL CONSTRUCTION

Fig. 3 This shows how the dielectric and con-
ductive plates in the capacitor are rolled for
packaging.

Mica capacitors come in a range of
values from about SpF to SOnF. As we
mentioned earlier, high capacitance values
are not made with mica due to the high
cost.

Just as resistors are affected by their
operating temperature and rated with a
temperature coefficient, so are capacitors.
The temperature coefficient for the
average 10pF mica cap is +75ppm per
degree Celsius.

Ceramic

Fig. 5 shows two low voltage miniature
ceramic disc capacitors. As you might
have guessed, these capacitors utilize
ceramic dielectrics. These are standard
general purpose low power devices and
are usually available in values between
OuFO1 and 1uF47. The tolerance of these
components is in the order of
+80%-20% and they have a working
voltage of 12V. The next size up has a
working voltage of S00V.

METAL
PLATES

OUTER
COVERING

'SILVERED MICA

PLATES CONNECTED
TOGETHER

ALTERNATELY

Fig. 4 A graphic illustration of the innards of a
mica capacitor.

High voltage (500V) ceramic
capacitors are made in exactly the same
way as their low power brothers, except
they’re larger. The differences between
the two types is determined by the type
and dimension of the dielectric used.

Ceramic capacitors are made with
dielectrics of three different values of
relative permittivity. Very compact
ceramic caps use high permittivity dielec-
trics of values up to 1200. These are
however very sensitive to temperature.
Medium permittivity types have negative
temperature coefficients and are
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Fig. 5 Two large high voltage ceramic disc
caps.
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employed as temperature correcting com-

ponents. Low permittivity dielectrics have Table 2

a very good frequency response but a low

working voltage. Capacitor Temperature coefficient Colour band
Just as the mica capacitor had its 1.8 to 18pF Zero Black

conductors formed by metallization, so 22pF to 150pF ~150ppm°C-? Orange

can ceramic components. A range of 180pF to 330pF -750ppm° C-1 Violet

capacitances from IpF8 to 22000pF is 390pF to 4700pF (medium permittivity) Yellow

manufactured, with tolerances ranging 10,000 to 22,000pF (high permittivity) Green

from +OpF2S to -20% — + 80%.

Five different temperature coefficient
ranges are made according to the

resistance values. The coloured blend on
the top of each capacitor denotes the
temperature coefficient. These values are
given in Table 2. Capacitors of this type
are generally rated at 100VDC.

CONDUCTORS

Plastics
Plastic capacitors form a major compo-
nent group with dielectrics fabricated
from films of polystyrene, polycarbonate,
and polypropylene.

A very large range of capacitances is
available, running as high as 100000pF.
Of course, as capacitance increases, sO

POLYCARBONATE FILM DIELECTRICS does the physical size of the component.
INTERLEAVED BETWEEN
CONDUCTIVE PLATES A 100000pF polystyrene cap has a body

22mm long and 17mm in diameter. Like
Fig. 6 This shows the internal construction of a almost all plastic capacitors, this type is
polycarbonate capacitor. made by winding the dielectric and the

ELECTRONIC INSTRUMENT SPECIALISTS
121 MILVAN DRIVE, TORONTO, ONTARIO M9L 1Z8 | 1
TEL. (416) 742-4448 - TELEX: 065-27271

OSCILLOSCOPE
MODEL 6022 20 MHz DUAL TRACE

The model 6022 oscilloscope meets the needs of the
modern technician at a most realistic price. A built-in

dual 1:1, 10:1 probes supplied

elminated, thus saving.valuable service time. -
FEATURES CPS-1130M 130 WATT
DC - 20 MHz (-3 dB) SIODE SWITCHING
5mV vertical sensitivit AL L
o b4 ¢ Direct Replacement for
built-in component tester IBMTM 63.5 Watt
140mm PDA tube with internal graticule e CSA PENDING
X-Y-Z operation

* MONOGRAPHICS/W PARALLEL
* COLOUR GRAPHIC ¢ SERIAL

* PARALLEL 256/512K RAM

* 384K MULTIFUNCTION

* JOYSTICK « MONOCHROME

conductors into a roll which is then sealed
into a tubular or flat package.

Typically, polystyrene capacitors
possess temperature coefficients in the
area of -160+ 80ppm per degree Celsius
and have very low losses. This means that
they are very good at holding their charge.

Other polystyrene capacitors are
manufactured to very close tolerances,
often as low as +1%.

Miniature polycarbonate capacitors
measuring about 10mm x 10mm x Smm
are very suitable for PCB and breadboard
mounting because of their small size and
parallel leads. These components range in
value from QuF001 to 1uF x10% or x5%,
with a temperature coefficient of 65ppm
per degree Celsius. The maximum work-
ing voltage is between 120V to 400VDC,

IJ — DEALERS/OEMS
| | Add Value to Your IBM™
ﬂ Build Your Own PC/XT COMPATIBLE

component tester enables problem components to be P XT COMPATIBLE MOTHER BOARD

e e

NEW
UNITECH K-150L KEYBOARD
“IBM SELECTRIC TYPEWRITER compatible Layout’
IBM is a registered Trademark of IBM

Canada Ltd.
$635.00 FST incl. Ontario residents add 7% PST. L ___TECHNOLOGIES | =
a0 IBMT™ PERIPHERAL CARDS @'DELTA
* FLOPPY DRIVE CONTROLLER ¥ Ji Tcrooats

IN HOUSE TECHNICAL SUPPORT 90 DAY WARRANTY ON ALL PRODUCTS
s
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800 06-968080
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Networking Raised to a
Greater Power

Advanced Technology. Withit, IBM tripled the speed of the
PC and increased its memory capacity five-fold. Nowhere is
this increase in computing power more important than in
networking situations. If the AT's technological advances
have prompted you to look into a multi-user network, you
owe it to yourself to take a closer look at MultiLink
Advanced™ . .. a unique multi-tasking, multi-user network-
ing system that runs programs.under PC-DOS 3.0.

Eight Workstations for the Price of an AT. MultiLink
Advanced™ represents the next generation in networking
systems for IBM microcomputers. The system enables ter-
minals, connected to a single AT, to emulate IBM-PC's hav-
ing up to 448K of RAM (The PC-Shadow™ terminal, shown
above, even has a PC look-alike, as well as work-alike
keyboard and display).

This means that instead of spending $3,000 per worksta-
tion for a PC with a Kilobuck “Network Interface Board,” you
can use inexpensive terminals . . . eight of which cost less
than an IBM AT. Even if you need only one workstation
connected to your AT, you'll realize significant savings.

MultiLink Advanced * ...Instant Access to All of Your
Resources. Central to most multi-user situations is the
need to coordinate a variety of printers. With what's been
described by PC-Tech Journal as . . . by far. the best print
spooler for the IBM PC.” MultiLink Advanced ™ gives users
the option to print either at their workstations. or at a central
location. In addition, programs and files can be shared by
multiple users locally or through use of a modem. Just think
of it . . . having remote access to an AT with a lightweight
terminal modem.

Although designed to take advantage of the AT, MultiLink
Advanced ™ runs on ail versions of PC-DOS. except 1.0, and
certain implementations of MS-DOS. A wide range of lead-
ing programs are supported which include WordStar,
dBASE I, Multimate, and Lotus 1-2-3.

Get the Advanced Story Today. Call The Software Link
Today for complete details and the dealer nearest you. Multi-
Link Advanced™ is immediately available at the suggested
retail price of $745 and comes with a money-back guaran-
tee. VISA, MC, AMEX accepted.

MlultolLimk

ADVANCED

IBM PC. AT & PC-DOS are trademarks of
IBM Corp MS-DOS. WordStar. dBASE 11l
Lotus 1-2-3, and Multimate are tradernarks
of Microsoft Corp.. MicroPro, Ashton-Tate
Lotus Development Corp. & Multimate
international. respectively

Q:_D/ THE SOFTWARE LINK, INC.

400 Esna Park Drive, Suite 18, Toronto (Markham). Ont. L3R 3K2
CALL: 416/477-5480

Dealer Inquiries Invited

MuttiLink Advanced * &
PC-Shadow * are trademarks
of The Software Link. Inc
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Capacitor Colour Codes

(b)

(c')“

Colour First Figure Second Multiplier Tolerance
Figure
Black 0 0 Black = 20%
Brown 1 1 x 101 White = 10%
Red 2 2 x 102 Green = 5%
Orange g 3 x 103 Black 20%
Yellow 4 4 x 104 White 10%
Green 5 5) x 105 Green 5%
Biue 6 6 x 108
Violet 7 7 x 107
Grey 8 8 x 108
White 9 9 x 109
CONDUCTIVE
VERY THIN  PLATES
INDEED
DIELECTRIC

AlIR BUBBLE IN
DIELECTRIC

ELECTRICAL
BREAKDOWN

OCCURS

CONDUCTIVE PLATES ARE
EVAPORATED, THUS PRE-
VENTING FURTHER SHORT
CIRCUITING, SPARKING
AND CONSEQUENT LACK
OF CHARGE STORAGE
CAPACITY

breakdown, so that normal functioning continues.

FIRST

-

———MULTIPLI

VOLTAGE

POLYESTER CAPACITOR
COLOUR CODING

CAPACITANCE
\A/FIGURE

———SECOND FIGURE

ER

TOLERANCE
———— WORKING

RED = 250V
YELLOW = 400V
BLUE = 630V
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Fig. 7 A graphic representation of how a self-healing capacitor organizes itself after an electrical

Fig. 8 A close-up
diagram of the colour
coding system used for
many capacitors.

according to capacitance. These com-
ponents are multi-layer devices con-
structed as in Fig. 6.

Self-Help

These, like many plastic film capacitors
possess self-healing properties. This
means that if the dielectric breaks down in
any place, the capacitor will not be
useless, but in many cases will function
better than ever.

A small number of pin-holes, thin
areas or air pockets in the plastic films,
and these are all potential areas of
breakdown. When breakdown occurs, the
.thin metal conductors are evaporated
from around the point of breakdown.
This leaves a metal free (insulated) region,
and presto, we are left with a good
capacitor again. As the conductive plates
are made from very thin metal only a
small amount of energy is used in
self-healing.

During the manufacturing process,
capacitors are cleared by subjecting them
to very high voltages. This ensures that all
potential breakdowns are actually made
to happen and the capacitors are forced to
self-heal at voltages higher than those to
which they would be normally subjected.
The healing process is graphically il-
lustrated in Fig. 7.

Metallized polyester film capacitors
are components that use polyethylene
terephthalate (PETP) dielectrics that have
conductive plates metallized upon them.

Polyester capacitors have a wide
operating temperature range (—40 to 100
degrees Celsius), and are typically
available in values from OuFOl to 2uF2
+10% to +20% with an average
temperature coefficient of about 300ppm
per degree Celsius.

Some polyester capacitors have their
values marked on them, but others have a
banded colour code system similar to that
used on resistors (Fig. 8).

The final type of capacitor to be
discussed is the mylar film type which is a
general purpose plastic capacitor available
in values from OuF001 to OuF22 +10%
with a working voltage of 100VDC. 7o be
continued. L
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Error Correction

LY

USERS OF microcomputers frequently
suspect that their machines ‘‘make
mistakes’’. Errors occur which seem not
to be due to faulty hardware, illogical
software or inaccurate data. A program
which has run perfectly a thousand times
suddenly goes wrong. All attempts to
reproduce the problem, in order to locate
and fix it, fail. After misbehaving once,
the system behaves pegfectly until, a long
time later, a totally different problem
makes a one-time appearance. These
events are rare, occurring on average only
once in hundreds or thousands of hours of
microcomputer operation. Most of them
are usually dismissed as being due to
human errors or to faulty operations of
components, such as disk drives, which
are known not to be completely reliable.
Since they are so rare, they are seldom
thought of as serious problems. When
they occur, the user simply re-boots the
system and starts over.

But there are exceptions. Operators
of computer Bulletin Board Systems

14

(BBSs), for example, often leave their
machines running unattended for very
long periods of time. Anything which
causes a system crash can inconvenience
all the BBS’s users until the operator
discovers the situation and re-boots the
system. BBS operators sometimes find
that these crashes have happened at times
when the even cannot be explained by a
human or disk error. Many BBSs spend
most of their time waiting for the phone
to ring. If a crash occurs during one of
these waiting periods (and many such
crashes have actually been observed), its
cause cannot be a human or disk maifunc-
tion.

What Happens

Some of these events cause recognizable
error conditions. The computer may
report a ‘*Syntax Error’’ in a BASIC pro-
gram. Listing the program shows that one
of its lines has been somehow converted to
nonsense, although the previous proper
operation of the program shows that the

The “soft faikwe” can

destroy a program for no
apparent reason — how

to improve your

computer’s reliability.

By David Williams

line must initially have been correct. Many
crashes, although they have not been ac-
companied by simple ‘Syntax Error”
messages, have also been discovered to be
due to changes in the contents of the com-
puter’s memory. Re-booting the system
usually clears these problems, so they can-
not be ascribed to permanent failures of
the memory hardware.

These spontaneous changes in the
contents of RAM are often described as
“‘soft failures’’, to distinguish them from
‘“‘hard failures’’ in which RAM fails per-
manently. Soft failures have no percepti-
ble long-term effects on the computer
hardware. A memory chip which has
undergone a soft failure waorks just as well
afterwards as it did before.

Deeper Causes

There are several known causes of soft
failures. Some of them are incipient hard
failures, in which the hardware works
unreliably before (maybe) failing
altogether. Bad or overheated IC chips,
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poor solder connections and broken PCB
tracks can all cause apparent soft failures.
Some people prefer to call these ‘‘inter-
mittent hard failures’’. Describe them
however you wish; their effect is similar to
all other soft failures except that when
they occur, they tend to be more frequent
and predictable than those which are pro-
duced by other causes.

Some soft failures originate outside
the computer. Bad electrical or elec-
tro-magnetic ‘‘noise’’ can sometimes
make a microcomputer memory mis-
behave. The noise can come from voltage
spikes on the A.C. power line, or from
electro-magnetic fields generated by near-
by equipment.

Perhaps the most mystifying soft
failures are those which are caused by
ionizing radiation. If, for example, a
heavy radioactive nucleus decays in the
vicinity of a memory chip, it may cause an
‘‘alpha particle’’ to pass through the chip.
This is a charged particle, actually a
helium nucleus, which is surrounded by
an intense electrostatic field. As it passes
through the material of the chip, this field
can move electrons from their normal
positions. These electron movements can
“be sufficient to *‘flip’’ a memory cell from
the state which holds the digit ‘1’ to the
“0” state, or vice versa. Thus the infor-
mation in the memory is corrupted.

Radioactive decay is not the only
source of ionizing radiation. Cosmic rays,
atomic nuclei which have accelerated to
extremely high energies by various
astronomical processes, are common in
space. When they enter the earth’s at-
mosphere, they usually collide with air
molecules, producing large numbers of
‘‘secondary cosmic rays’’ which are par-
ticles with lower energies than the
‘‘primaries’’. By the time sea-level is
reached, there are few particles with suffi-
cient energy to cause RAM soft failures,
so events from this cause are relatively
rare at low altitudes. However, at elevated
locations and especially in spacecraft, soft
failures due to cosmic rays can be much
more troublesome, requiring special
precautions to eliminate their effects.

Battling the Problem
The method which is normally used on
spacecraft to minimize the effects of soft
errors is to employ hardware redundancy.
Wherever possible, three independent
computers work in parallel. Their opera-
tions are frequently compared, and, if one
of them is found to be in a different state
from the other two, it is deemed to have
suffered a soft failure. The memory of
this one computer is then re-loaded with
the contents of one of the others, so that
the computer is restored to the presumed
error-free condition.

This method of working in bureau-
cratic triplicate is very effective. If the
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comparisons among the computers are
done sufficiently frequently, the over-
whelming majority of errors can be
eliminated. Only very rarely will events
occur, such as all three computers being
found in different states, which would re-
quire computation to be restarted from
scratch. For most of us with our feet on
the ground, the idea of using three com-
puters to do the work of one is ruled out
by economics. Usually, we just have to
put up with occasional soft failures, using
our human intelligence to detect them and
to prevent their effects from becoming too
large. However, there are occasions,
especially when a computer spends long
periods of time during which the contents
of its memory should not change, when
sufficient redundancy can be built into a
single computer to allow errors to be
detected and corrected. A BBS which is
waiting for a phone call is an ideal system
on which to do this. The rest of this article
describes a method which I have used,
with the help of some other system
operators, to detect and correct soft errors
in waiting BBSs.

Double Checksumming
Checksums are common means for detec-
ting errors in information. For example, if
two computers are exchanging informa-
tion over a telephone line, they may
transmit and receive the information in
‘“‘blocks’’ of, typically, a few hundred
bytes. During the transmission of a block,
both computers calculate the sum of all
the numbers contained in the bytes. The
transmitting computer sums them as
transmitted, and the receiving computer
as it receives them. At the end of the
block, the machines compare the two
sums. Of course they should be identical.
If so, the machines proceed to the next
block. If the checksums are different, an
error must have occurred during the
transmission. In this case, the same block
is sent again. Using checksums, quite ac-
curate transmission of information is
possible even over noisy phone lines which
would otherwise produce many errors.

Checksums are a form of redundan-
cy. Some extra information (the checksum
comparisons) is transmitted over the
phone lines, and can be used to detect er-
rors in a transmission. By using a greater
amount of redundancy, it is possible not
only to detect errors but to correct them
without requiring retransmission of the
entire block. One method of doing this is
to use a ‘‘double checksum’’.

The following little BASIC routine il-
lustrates how a checksum and double
checksum are calculated:

100 CHECKSUM =0
110 DBLCHKSUM =0
120 FOR INDEX =FIRST TO LAST

130 CHECKSUM = CHECKSUM

+ ITEM(INDEX)

140 DBLCHKSUM = DBLCHKSUM +
CHECKSUM

150 NEXT INDEX

The difference between this and a
simple checksum calculation consists of
the inclusion of the quantity
DBLCHKSUM. After each ITEM is add-
ed to-CHECKSUM, the current value of
CHECKSUM is added to DBLCHKSUM.
Whereas CHECKSUM ends up by con-
taining the simple sum of the various
ITEMs, DBLCHKSUM ends up with the
sum of the last ITEM, plus twice the
second-last ITEM, plus three times the
third-last ITEM, and so on back to the
first item.

Suppose that this is used in a
data-transmission scheme and that, at the
end of a block, the sending computer
transmits its values of CHECKSUM and
DBLCHKSUM to the receiving computer.
The receiving machine finds that its own
value of CHECKSUM is four more than
the value which the sending computer
calculated and that its own
DBLCHKSUM is twelve greater than the
sending machine’s value. Obviously
(unless several errors occurred), the
third-last ITEM must have been garbled
during transmission, and can be fixed by
the receiving computer by subtracting
four from the value it received. Mission
accomplished! No more error!

The possibility that several errors
have occurred can usually be distinguish-
ed from a single error. If only one byte is
wrong, the difference between the two
computers’ values for CHECKSUM will
be no more than 255, the largest possible
error in a single byte. Dividing the dif-
ference between the two DBLCHKSUMs
by the difference between the
CHECKSUMs will produce an integer in
the correct range, to point to an ITEM
between the first and last, inclusive. Cor-
recting this ITEM by the CHECKSUM
difference will produce a number which is
also in the range zero to 255, to be a valid
content of a byte.

If any of these conditions is not met,
the receiving computer should conclude
that several errors must have occurred,
and should then signal the transmitting
machine to resend the block. Thus,
although the system is not perfectly
reliable (there is no such thing as a
perfectly reliable information system), in
the vast majority of cases it can be made
to behave correctly, fixing one-byte errors
quickly, and demanding re-transmission
when multi-byte errors have occurred.

Double-Checksumming Memory
Checksums can be used in circumstances
other than data transmission by
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Error Correction in Ram

telephone. Any sequence of numbers can
be used to generate a checksum and dou-
ble checksum. If there is reason to suspect
that the numbers may be corrupted, the
checksum and double checksum can be
used to detect and correct any error. This
is the method which I have used to find
and fix RAM soft failures in waiting BBS
computers. When the machine enters the
waiting state, almost all of its RAM is
scanned by a routine which calculates a
checksum and double checksum of the
numbers the RAM contains. The
checksum and double checksum are
stored. At frequent intervals during the
waiting state, the same area of RAM is
scanned again. If the new values of the
checksum or double checksum differ from
the stored ones, the system attempts to
find and fix a one-byte error. If, however,
it finds that the discrepancies cannot be
accounted for by an error in a single byte,
it calls another routine which automatical-
ly re-boots the entire system from disk.
It is not possible, in a practical
system, to include all of the computer’s
RAM in the scanned area. There are some
bytes which are frequently changed during
the normal operation of the machine,
even in a waiting state. If these bytes were
scanned, the changes in them would be in-

terpreted as soft failures, so the system
would wrongly try to ‘“fix”> them. The
small area of RAM in which the checksum
and double checksum are calculated and
stored must also be left out of the scanned
area, since these operations would cause
discrepancies for the next scan. Never-
theless, in the system I have implemented,
more than 98% of the RAM is scanned,
reducing the probability of a fatal soft
failure by a factor of about fifty.

Machine Language
There are difficulties involved in writing a
routine in BASIC to calculate a checksum
and double checksum of the contents of
memory. Such a routine would be very
slow, taking several minutes to scan the
RAM. Also, it would be difficult to make
the scan exclude the RAM in which the
checksum variables are calculated and
stored by BASIC while still including the
variables belonging to the main BBS pro-
gram, which should be protected from
soft failures. For these reasons and others,
1 decided to use machine language for the
routine which calculates the checksums
and corrects any errors.

In fact, in my system, the entire
“wait for a phone call”’ program is in
machine language and resides in an

EPROM. During the waiting state, the
BASIC interpreter is not used at all. The
machine is extremely insensitive to any
changes in RAM, so soft failures are very
unlikely to cause a crash. The program in
EPROM alternates between two routines.
For approximately one minute, one of
these routines examines an input line for a
signal which would indicate that the
phone is ringing. If this signal is received,
the routine branches back to BASIC and
the main BBS program takes over. Other-
wise, at the end of each minute, the
memory-checking routine is called. This
scans most of the RAM and responds to
any errors, as described above. At the end
of the memory check, the system goes
back to the first routine. If the phone
rings during the memory check, the caller
has to wait until it is complete. This is not
a significant problem, since the entire
check takes less than two seconds at
machine-language speed. The only cir-
cumstance in which a user would have to
wait for a longer period is if the memory
check shows a re-boot from disk to be
necessary. This involves several minutes
during which time the phone will not be
answered. However, this is far preferable
to the probable alternative: a complete
crash of the BBS.

NEXT
MONTH

Build a Signal Generator

Electronics
Joday

Using one of the readily available function
generator chips, you can have a versatile
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Direct Inject Box
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The Hardware

The memory-checking EPROMS have
been installed in three identical microcom-
puters, aged but reliable Commodore
PETs. Prior to this installation, the
ROMs in these machines had already been
modified in several ways to make them
more suitable for running BBSs. For ex-
ample, after power failures or if various
error conditions occur, the modified
operating systems in these machines cause
the BBS to be automatically re-booted
from disk and put online.

The machine language source code
shown in the listing is, of course, specific
to computers which use the 6502
microprocessor or other very closely
related chips. Since many readers will not
be interested in these particular machines,
I do not intend to dwell on the details of
the coding here. I should point out,
however, that I have removed almost all
coding which would work only on a PET.
The original program, for example, con-
tains Commodore-specific coding which
prints a message on the screen if the
memory-checker finds and corrects a
one-byte error. This coding is not shown
in the listing, so the program as printed
will not indicate to its user that it has done
a one-byte correction. The only coding

left in the listing which would not work on
all types of 6502 machine is the jump to
address $C436 in line 960. In a normal
PET, this jump would cause the machine
to clear the stack and then to drop into
direct mode with an ‘‘Out of Memory Er-
ror’’ message. (The fact that the stack is
cleared explains why I have not troubled
to ensure that this jump is made at any
particular stack level.) The modified
operating systems in the PETs which have
actually been used with this routine do
more. The exit to direct mode is
automatically followed by a re-boot from
disk. This is the route which is followed if
the memory-checker finds a situation
which indicates that more than one byte
of RAM needs correction.

Results

The memory-checking EPROMs have
been installed in the three BBS PETs for
practical reasons. Like the other modified
ROM s in the computers, they are intended
to reduce the number of system crashes.
They are not primarily intended to pro-
vide information to myself or to anyone
else. If a one-byte error is corrected, a
message appears on the screen which can
be seen by anyone who happens to be pre-
sent. However, in normal BBS operation,

This Month in

this message soon scrolls off the screen
and is permanently lost. If nobody is
around when an error is automatically fix-
ed, nobody ever knows about the event.
Likewise, a re-boot from disk can pass
unnoticed unless someone happens ac-
cidentally to observe it.

In their primary purpose, the
EPROMs seem to be very successful. In
approximately ten thousand
machine-hours since they were installed,
there have been no crashes of the systems
in which they are fitted. Previous ex-
perience suggests that several crashes
would have occurred in that much time
without the modified ROMS.

Observed Events

On approximately twenty occasions, the
computers have been observed to make
corrections to their memories. Three of
these occasions involved re-boots from
disk; the remainder showed the screen
message as single-byte errors were fixed.
During the waiting state, a substantial
portion of a BBS computer’s memory
does not contain useful information, so
some of these corrections were probably
made to errors which would not have pro-
ved fatal if they had been left unfixed.
Nevertheless, the observed events support

Printers

Software
*lgltow!

A survey of what’s available in the enormous printer
market. Check out the best box for your hardcopy.

PC Time Bomb

A timer program for the PC: make the world’s most ex-
pensive alarm clock.

Mac Fractals

A program to print fractals on the Macintosh. Fractals
are, er, sort of imaginary complex numbers, and, ah . ..
Well, it makes beautiful graphics.

MEX for CP/M

A modem executive program for CP/M that works like
Modem-7 or other telecommunications packages, but
adds lots of features.

Programming Languages
A look at the various languages available for the
microcomputer: BASIC, LOGO, Pascal, Forth, etc.

Reviews

Turbo Pascal, ProDesign Il, Da Vinci Graphics,
Think Fast, Paper Clip and other applications and
games software.

dBase |l

How to debug dBase Il to make it better suited to
your needs, plus a dBase Il programmer’s guide.

For Subscription or Advertising Information Call (416) 423-3262
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Error Correction in Ram

the idea that several crashes would have
occurred if the error-fixing EPROMs had
not been fitted.

The events which have observed have
not occurred equally often in the three
computers. One computer has not
displayed any memory fixes. Four events
have been observed in a second machine,
including two of the three re-boots from
disk. All of the remaining events, eighty
percent of the total, have involved the
third computer.

545
550
560
570
580
590
600
610
620
630

100 +=$7000

110 wkspc=$20

120 permspc=$83e9

130 ptr=$5e

140 flg=$83e8

150 quot=$60

160 lopg=2

170 hipg=$7f

180 erout=$c436

200 strt 1lda #lopg
210 sta ptr+l
220 lda #0

230 sta ptr

240 tay

250 ldx #7

260 11 sta wkspe,x
270 dex

280 bpl 11

290 12 lda (ptr),y
300 cle

310 adc wkspc
320 sta wkspc
330 bcc p2

340 inc wkspc+l
350 bne pl

360 inc wkspc+2
370 p1 cle

390 p2 adc wkspc+3
400 sta wkspc+3
410 lda wkspc+l
420 adc wkspcté
430 sta wkspcté
440 1da ‘- wkspc+2
450 adc wkspc+5
460 sta wkspc+5
470 bcc p3

480 inc wkspc+6
490 bne p3

500 inc wkspe+7
510 p3 iny

520 bne 12

530 inc ptr+l
540 lda ptr+l
542 cmp #hipg+l

640
650
660
670
680
590
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080

13

p4
14

p5

15

erex

16

bne
ldx
beq
1dx
lda
sta
dex
bpl
1da
sta
rts
ldx
lda
cmp
bne
dex
bpl
rts
sec
ldx
ldy
l1da
sbc
sta
inx
dey
bne
lda
begq
pha
lda
cmp
bne
cmp
bne
cmp
bre
pha
cmp
beq
cmp
beq
jmp
l1dx
lda
eor
sta
dex
bpl
inc
lda
sta
sta
ldx
stx

12

flg

p4

#7
wkspc,x
permspc,x

13
#0
flg

#7
wkspe,Xx
permspc,X
p5

14

#0

#8
permspc,x
wkspc,x
wkspc,Xx

15
wkspc
erex

wkspc+l
wkspect+2
erex
wkspctbé
erex
wkspe+7
erex

#$£f

pé

#0

p7
erout
#7

#3$ff
wkspc,x
wkspc,x

16
wkspc
#0
quot
quot+1
#24
wkspc+1l

1090 17 clc
1100 ldx #0
1110 1dy #5
1120 18 rol wkspc+3,x
1130 inx
1140 dey
1150 bne 18
1160 bcs erex
1170 lda wkspct6
1180 sec
1190 sbc wkspc
1200 tax
1210 lda wkspct?
1220 sbc #0
1230 bcc p8
1240 stx wkspc+6
1250 sta wkspc+7
1260 p8 rol quot
1270 rol quot+l
1280 bcs erex
1290 dec wkspc+l
1300 bne 17
1310 1da wkspct6
1320 ora wkspct?/
1330 bne erex
1340 sec
1350 lda ptr
1360 sbc quot
1370 sta ptr
1380 lda ptr+l
1390 sbc quot+l
1400 cmp #hipg+l
1410 bcs erex
1415 cmp #lopg
1420 bcc erex
1430 sta ptr+l
1440 pla

1450 tax
1460 pla
1470 ldy #0
1480 clc
1490 adc (ptr),y
1500 pha
1510 txa
1520 adc #0
1530 bne erex
1540 pla
1550 sta (ptr),y
1560 rts

continued on page 33
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BABANI BOOKS

Publications.

BP53: PRACTICAL ELECTRONICS CALCULATIONS AND

FORMULAE $11.75
A book that bridges the gap between complicated technical
theory and the ‘cut and try’ method A good reference book

BP136: 25 SIMPLE INDOOR AND WINDOW
AERIALS $6.65
People living in apartments who would like to improve short-
wave listening can benefit trom these instructions on op-
timising the tndoor aerial

BP147: AN INTRODUCTION TO 6502 MACHINE
CODE $7.75
The popular 6502 microprocessor 1s used in many home com
puters, this 1s a guide to beginning assembly language

BP150: AN INTRO. TO PROGRAMMING THE

SINCLAIR QL $7.75
Helps the reader make the best use ot the Sinclair QL's
almost unhimited range of features Complements the
manufacturer’s handbook

BP225: A PRACTICAL INTRODUCTION TO

DIGITALICs $6.65
This book deals manly with TTL type chips such as the 7400
series Simple projects and a complete practical construction
of a Logic Test Circunt Set are included as well as details for a
more complicated Digital Counter Timer project

BP130: MICRO INTERFACING CIRUITS -

BOOK 1 $8.55
Aimed at those who have some previous knowledge of efec
tronics, but not necessarily an extensive one, the bass of the
book 15 1o help the individual understand the principles of in-
terfacing circuits to microprocessor equipment

BP131: MICRO INTERFACING CIRCUITS -

BOOKX 2 $8.55
Intended to carry on from Book 1 this book deals with prac-
tical applications beyond the paraliel and senal interface
‘Real world” interfacing such as sound and speech
generators, temperature and optical sensors, and motor con-
trols are discussed using practical circuit descriptions

BP111: AUDIO $13.25
This one s ideal for readers who want to really get into
sound A wide range of material 1s covered from analyss of
the sound wave, mechanisms of hearing, room acoustics,
microphones and loudspeakers, amplifiers, and magnetic
disc recording

BP82: ELECTRONIC PROJECTS USING SOLAR CELLS $7.75
A collection of simple circuits which have applications in
and around the home using the energy of the sun to power
them The book deals with practical solar power supphies in-
cluding voltage doubler and tripler circuits, as well as a
number of projects

BP156: AN INTRODUCTION TO QL MACHINE CODE

$7.75
The powerful Sinclair QL microcomputer has some outstand-
g capabilities in terms of its iIntemal structure With a 32-bit
architecture, the QL has a large address range, advanced n-
structions which include multiplication and division These
features give the budding machine code programmer a good
start at advanced programming methods This book assumes
no previous knowledge of either the 68008 or machine code
programming

BP47: MOBILE DISCOTHEQUE HANDBOOK $5.25
Divided into six parts, this book covers such areas of mobile
‘disco” as Basic Electricity Audio, Ancillary Equipment,
Cables and Plugs, Loudspeakers, and Lighting All the infor
mation has been considerably sub-divided for quick and easy
reference

BP59: SECOND BOOK OF CMOS IC PROJECTS $7.75
This book carries on from its predecessor and provides a fur-
ther selection of useful circutts, mainly of a ssmple nature
the book will be well within the capabilities of the beginner
and more advanced constructor

BP32: HOW TO BUILD YOUR OWN METAL &

TREASURE LOCATORS $7.75
Several fascinating applications with complete electronic
and practical details on the simple, and inexpensive con-
struction of Heterodyne Metal Locators

Imported from England and exclusivelypyw-
available in Canada from Moorshead

BAMRR0g oy

ELECTRONIC THEORY

ELEMENTS OF ELECTRONICS — AN ON-GOING SERIES
F.A. WILSON, C.GLA, CEng,

8P62: BOOX 1. The Simple Electronic Circuit

and Components $11.70
BP63: BOOKX 2. Alternating Current

Theory $ 8.55
BP64: BOOX 3. Semiconductor

Technology $18.55
BP77: BOOK 4. Microprocessing Systems

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

The aim of this series of books can be stated quite simply

1t 15 to provide an inexpensive introduction to modern elec
wonics so that the reader will start on the right road bx
thoroughly understanding the fundamentat principles invols
ed

Although written especially for readers with no mors
than ordinary anthmeticat skills, the use of mathematics
not avoided and all the mathematics required 15 taught as
the reader progresses

I ach book 15 a complete treatise of a particular branch
of the subject and, therefore, can be used on its own with one
proviso that the later books do not duplicate matersal from
their predecessors thus a working knowledge of the subsects
covered by the earlier books 15 assumed

BOOK 1 This book contains all the fundamentat theory
necessary to lead to a full understanding of the simple elec
tronic (ircunt and 1ts main components

BOOK 2 This book continues with alternating currert
theory without which there can be no comprehension of
speech music. radio television or even the electricry
utilities

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

BOOK 4 A complete description of the internal work
ings of microprocessor

BOOK 5 A book covering the whole communication
scene

PROJECTS

BP48: ELECTRONIC PROJECTS FOR BEGINNERS $7.75
F.G. RAYER, T.Eng.(CEl), Assoc.|ERE
Another book written by the very experienced author — Mr
fFC Rayer — and in it the newcomer to electronics, will find
a wide range of easily made projects Also there are a cor
siderable numbe- of actual component and wiring layouts, to
aud the beginner

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

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

BP37: 50 PROJECTS USING RELAYS,
SCR’s & TRIACS $7.75
F.G.RAYER, T.Eng.{CEl),Assoc.IERE

Relays silicon controlled rectifiers (SCR s) and by dicec tionat
triodes (TRIACS) have o wide range of applications in eler

tronic s today  This book gives tried and practical working cir

cwits which should present the mimmum of difficulty for the
enthusiast to construct tn most of the curcuits there 1s a wide
latitude 1n component values and types allowing easy
modification ot circuits or ready adaptation of them to i
dividual needs

BP221: 28 TESTED TRANSISTOR PROJECTS

R.TORRENS $5.00
Mr  Richard Torrens 15 a well experienced electronics
development engineer and has designed, develcped built
and tested the many useful and interesting circuss inc luded
n this book Thke projects themselves r an be sglit down into
simpler building blocks, which are shown separated by boxes
n the circuits for ease of description, and also to »nable any
reader who wishes 10 combine boxes from difterent projects
to realise ideas of his own

BP71: ELECTRONIC HOUSEHOLD PROJECTS $7.20

R. A. PENFOLD

Some of the most useful and popular electronic ¢anstruction
projects are those that can be used n or around the home
The circuits range trom such things as 2 Tone IDcor Buzzer

Intercom through Smoke or Gas Detectors to Baby and
freezer Alarms

BP73: REMOTE CONTROL PROJECTS $8.10
OWEN BISHOP

This book » aimed pamanly at the electrones enthusiast
who wishes to experniment with remotse conteal 1ol explang
f10ns have bren given o that the reador can tully anderstand
how the circuits wark and can more vasily see bow o modity
them for other purposes  depending on pwesonal  re
aurrements Not only are radio contml syvstems considered
Bt also infra red, visible light and ultrasonic syssems as are
the use ot Logic 1Cs and Pulse positic n modulation etc

v

BP90: AUDIO PROJECTS $7.60
F.G. RAYER

Covers in detarl the construction ot awide reng audho
projects The text has been divided nto presmphtiers and
mners power amphifaers tone contr ol g ching and

nusc eflaneous projets

'BP74: ELECTRONIC MUSIC PROJECTS $7.20
iR.A. PENFOLD

Although one ot the more recent branc hes of ateur vleg

Fonics. electronic music has now become extremaly popular

and there are many projects which fal' into this ¢ ategory The
aurpose of this book 1s to provide the constructor with a
aumber of practical circunts tor the less comples items of
electronic music equipment including such things as a fuzz
Box Waa-Waa Pedal Sustan Unit Reverseation and
Phaser Units, Tremelo Cenerator etc

8P44: IC 555 PROJECTS $7.75
£.A. PARR, B.Sc..C.Eng., M.L.LEEE.

Every so often a device appears tha s so usatul that one
wonders how life went on before without it The 355 timer s
such a device Included in this book are Basic and General
Circuits, Motor Car and Model Ratlway (ircuds Alarms and
Noise Makers as well as a section on the 556. 538 and 559
nimers
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BABANI BOOKS

BP49: POPULAR ELECTRONIC PROJECTS $7.75
R.A. PENFOLD

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

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS

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

BP95: MODEL RAILWAY PROJECTS $7.60
Electronic projects for model railways are fairly recent and
have made possible an amazing degree of realism The pro-
jects covered include controllers, signals and sound effects
striboard layouts are provided for each project

8P93: ELECTRONIC TIMER PROJECTS $7.60
F.G. RAYER

Windscreen wiper delay, darkroom timer and metronome
projects are included Some of the more complex circuits are
made up from simpler sub-circuits which are dealt with in-
dividually

BP113: 30 Solderless Breadboard Projects-Book 2

R.A. Peniold $8.85
A companion to BP107. Describes a variety of projects that
can be built on plug-in breadboards using CMOS logic 1C’s.
Each project contains a schematic, parts list and operational
notes.

BP104: Electronic Science Projects

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

8P110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING $7.60
R.A. PENFOLD

We have all built circusts from magazines and books only to
find that they did not work correctly, or at all, when first swit-
ched on The aim of this book 15 to help the reader overcome
just these problems by indicating how and where to start
looking for many of the common faults that can occur when
building up projects

BP84: DIGITAL IC PROJECTS

F.G. RAYER, T.Eng.{(CEl),AssoC.IERE
This book contains both simple and more advanced projects
and it 15 hoped that these will be found of help to 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 layouts and wiring diagrams Also the
more ambitious projects can be built and tested section by
section and this should help avoid or correct faults that
could otherwise be troublesome An ideal book for both
beginner and more advanced enthusiast alike

BP67: COUNTER DRIVER AND NUMERAL DISPLAY
PROJECTS $7.05
F.G. RAYER, T.Eng.(CEl), Assoc. IERE
Numeral indicating devices have come very much to the
forefront in recent years and will, undoubtedly, find increas-
ing applications in all sorts of equipment With present day
integrated circuits, it 15 easy to count, divide and display
numerically the electrical pulses obtained from a great range
of driver circuits

In this book many applications and projects using
various types of numeral displays, popular counter and
driver IC’s etc are considered.

BP99: MINI — MATRIX BOARD PROJECTS
RA. PENFOLD

Twenty useful projects which can all be built on a 24 x 10
hole matrix board with copper strips Includes Doorbuzzer,
Low-voltage Alarm, AM Radio, Signal Generator, Projector
Timer, Guitar Headphone Amp, Transistor Checker and
more

BP103: MULTI-CIRCUIT BOARD PROJECTS $7.60
R.A. PENFOLD

This book allows the reader to build 21 fairly simple elec-
tronic projects. all of which may be constructed on the same
printed circuit board Wherever possible, the same com-
ponents have been used in each design so that with a
relatively small number of components and hence low cost,
It is possible to make any one of the projects or by re-using
the components and P C B all of the projects

$7.60

BP107: 30 SOLDERLESS BREADBOARD PROJECTS —
BOOK 1

R.A. PENFOLD
A “Solderless Breadboard” is simply a spectal board on
which electronic circuits can be built and tested The com-
ponents used are just plugged in and unpiugged as deswed
The 30 projects featured in this book have been specially
designed to be built on a "Verobloc” breadboard Wherever
possible the components used are common to several pro-
tects, hence with only a modest number of reasonably inex-
pensive components it 15 possibie to build, in turn, every pro-
ject shown

BP106: MODERN OP-AMP PROJECTS $7.60
R.A. PENFOLD

Features a wide range of constructional projects which make
use of op-amps including fow-nosse, low distortion, ultra-high
input impedance, high slew-rate and high output current
types

$7.60

$8.85

CIRCUITS

How to Design Electronic Projects

BP127 $8.95
Although information on standard circuit blocks 1s avaslable,
there 15 less information on combing these circust parts
together This title does just that Practical examples are used
and each is analysed to show what each does and how to ap-
ply this to other designs.

Audio Amplifier Construction

BP122 $8.95
A wide circusts 1s given, from low noise microphone and tape
head preamps to a 100W MOSFET type There 1s also the cir-
cuit for 12V bridge amp giving 18W Circust board or strip-
board layout are included Most of the circuits are well
within the capabilities for even those with limited ex
perience

BP80: POPULAR ELECTRONIC CIRCUITS —
K1 $7.75
R.A. PENFOLD
Another book by the very popular author, Mr R A Penfold,
who has designed and developed a large number of various
arcuits These are grouped under the following general
headings, Audio Circuits, Radio Circuits, Test Gear Circunts,
Music Project Circuits, Household Project Circuits and
Miscellaneous Circuits

BP98: POPULAR ELECTRONIC CIRCUITS, BOOK2 $8.85
R.A. PENFOLD

70 plus circuits based on modern components aimed at those
with some experience

BP39: 50 (FET) FIELD EFFECT TRANSISTOR
PROJECTS $6.75
F.G. RAYER, T.Eng.(CEl),Assoc.lERE
Field effect transistors (FETs), find application in a wide
variety of circuits The projects described here include radio
frequency amplifiers and converters, test equipment and
recewer aids, tuners receivers, mixers and tone controls, as
well as 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

BP87: SIMPLE L.E.D. CIRCUITS
RN. SOAR

Since it first appeared in 1977, Mr R N Soar’s book has prov-
ed very popular The author has developed a further range of
circuits and these are included 1n Book 2 Projects include a
Transistor Tester, Various Voltage Regulators, Testers and so
on

$5.40

BP24: 50 PROJECTS USING IC 741 $6.75
A unique book containing 52 difterent projects that can be
simply constructed using the 741 op amp and a tew com-
ponents Orniginally published in Germany, this book will be
an valuable asset to any hobbyist

BP88: HOW TO USE OP AMPS $8.85
E.A. PARR

A designer’s guide covering several op amps, serving as a
source book of circuits and a reference book for design
calculations The approach has been made as non
mathematical as possible

BP65: SINGLE IC PROJECTS $6.05
R.A.PENFOLD

There s now a vast range of ICs available to the amateur
market, the majority of which are not necessarily designed
for use in a single application and can offer unhimited
possibilities All the projects contained in this book are sym-
ple to construct and are based on a single IC A few projects
employ one or two transistors in addition to an IC but in most
cases the |C is the only active device used

223: 50 PROJECTS USING IC CA3130 $5.00
R.A.PENFOLD

In this book, the author has designed and developed a
number of interesting and useful projects which are divided
into five general categories | — Audio Projects Il — RF
Projects |1l — Test Equipment IV — Household Projects V
— Maiscellaneous Projects

BOOK 1 J
Virtually any electronic circuit will be found to consist ot a
number of distinct siages when analysed Some circuits in-
evitably have unusual stages using specialised circuitry, but
in most cases circuits ure built up from building blocks of
standard types

This book 15 designed to aid electronics enthusiasts who
like to experiment with circuits and produce their own pro-
jects rather than simply follow published project designs

The circuits for a number of useful building blocks are
included in this book Where relevant, details of how to
change the parameters of each circuit are given so that they
can easily be modified to suit individual requirements

BP117: PRACTICAL ELECTRONIC BUILDING BLOCKS
$7.60

BP102: THE 6809 COMPANION $7.60
wntten tor machine language programmers who want to ex-
pand their knowledge of microprocessors Outlines history,
architecture, addressing modes, and the instruction set of the
6809 microprocessor The book also covers such topics as
converting programs from the 6800, program style, and
specifics of 6809 hardware and software availability

8P118: PRACTICAL ELECTRONIC BUILDING BLOCKS -
Book 2

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

BP24: 50 PROJECTS USING 1C741 $6.75
RUDI & UWE REDMER

This book, originally published in Germany by TOPP, has
achieved phenomenal sales on the Continent and Baban:
decided, in view of the fact that the integrated circuit used in
this book 15 inexpensive to buy, to make this unique book
available to the English speaking reader Translated from the
oniginal German with copious notes, data and circustry, a

must” for everyone whatever their interest in electronics

BP83: VMOS PROJECTS $7.70
RA. PENFOLD

Although modern bipolar power transistors give excellent
results 1n a wide range of applications they are not without
their drawbacks or limitations This book will primarily be
concerned with VMOS power FETs although power
MOSFETs will be dealt with in the chapter on audio circuits
A number of varied and interesting projects are covered
under the main headings of Audio Circuits, Sound
GCenerator Circuits, DC Control Circusts and Signal Control
Circunts

RADIO AND
COMMUNICATIONS

BP96: CB PROJECTS $7.60
R.A. PENFOLD

Projects include speech processor aerial booster. cordless
mike, aerial and harmonic filters, field strength meter, power
supply. CB receiver and more

BP222: SOLID STATE SHORT WAVE RECEIVER FOR
BEGINNERS $47.60
R.A. PENFOLD

In this book, R A Penfold has designed and developed
several modern solid state short wave recewver circuits that
will give a fairly high level of performance, despite the fact
that they use only relatively few and inexpensive com
ponents

BP91: AN INTRODUCTION TO RADIO DXing $7.60
This book 1s divided into two main sections one to amateur
band reception, the other to broadcast bands Advice is given
to suitable equipment and techniques A number of related
constructional projects are described

BP105: AERIAL PROJECTS $7.60
R.A. PENFOLD

The subject of aerials 1s vast but in this book the author has
considered practical designs including active, loop and fer-
rte aenals, which give good performances and are
reasonably simple and inexpensive to build The complex
theory and math of aerial design are avoided
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OTHER PUBLISHERS

PH121: HARDWARE INTERFACING WITH THE TRS-80
). UFFENBECK (1983) $19.45
TRS-80 Model | and Model 11t owners now have a book to
help them understand how to use their personal computers
to monitor and control electronics interfaces between the
computer and the home or industrial environment Contains
14 hands-on experiments using BASIC

$822026 POLISHING YOUR APPLE® $7.45
Clearly written, highly practicai, concise assembly of all pro-
cedures needed for writing, disk-filing, and printing programs
with an Apple Il Postively ends your searchs through endless
manuals to find the routine you need! Should be in the hands
of every new Apple user, regardless of experience level Ideal
for Apple classrooms too!

A BEGINNER'S GUIDE TO COMPUTERS AND
MICROPROCESSORS — WITH PROJECTS.

TAB No. 1015: $1445
Here's plain English introduction to the world of microcom-
puters — it's capabilities, parts and functions <. and how

you can use one Numerous projects demonstrate operating
principles and lead to the construction of an actual working
computer capable of performing many useful functions

TAB1370: A MASTER HANDBOOK OF IC CIRCUITS $21.95
A circuit for every occasion You'll find all the circuits you're
looking for in this 532 page volume The 932 circuits are
broken down according to specific functions and in six
categories It's literally a cornucopra of ideas, projects, and
designs that you can build now

TAB1544: ELECTRONIC PROJECTS FOR

PHOTOGRAPHERS $21.95
This book gives you needed tips on the principles of elec-
tronics and building techniques, hints on how to set up a
work area, and much more. Build all kinds of practical ac-
cessories for your camera, studio, or darkroom with this
helpful guide

$B22361: INTRODUCING THE APPLE

MACINTOSH $20.95
A wealth of information on hardware, software etc for the
Mac Included are such topics as making your desktop more
efficient, improving your productivity with the Mac, getting
the most from your mouse, how the 6800 microprocessor
works and much, much more

PH131: ZAP! POW! BOOM!

ARCADE GAMES FOR THE VIC 20

T.HARTNELL & M. RAMSHAW (1983) $17.45
Move through the maze eating dots with MAZEMAN Sail
through space zapping the ASTROIDS Outshoot the fastest
draw 1n town GUNFIGHT Owners of the VIC 20 can now
play these games — and more — simply by following the
programs outlined in this handy guide

THE BASIC COOKBOOK.

TAB No. 1055: $10.45
BASIC s a surprisingly powerful language . . if you under-
stand 1t completely This book, picks up where most
manufactuers’ documentation gives up. With it. any com
puter owner can develop programs to make the most out of
his or her machine

HANDBOOK OF MICROPROCESSOR APPLICATIONS

TAB No. 1203 $16.45
Highly recommended reading for those who are interested in
mircroprocessors as a means of a accomplishing a specific
task The author discusses two mdlvnduarmlcioprocessors,
the 1802 and the 6800, and how they can be put to use in real
world applications

MICROPROCESSOR INTERFACING HANDBOOK: A/D &
DIA

TAB No. 1271 $16.45
A useful handbook for computerists interested in using their
machine 1n linear applications Topics discussed include
voltage references, op-amps for data conversion, analogue
switching and multiplexing and more

HOW TO BUILD YOUR OWN WORKING MICROCOM-
PUTER

TAB No. 1200 $16.45
An excellent reference or how-to manual on building your
own microcomputer All aspects of hardware and software
are developed as well as many practical circuits

PH180: 1984 CANADIAN BUSINESS GUIDE TO MICRO-
COMPUTERS

K. DORRICOTT $11.95

Written by the managing director of Deloitte, Haskins & °

Sells, a Canadian partnership of public accountants and
other professional advisors to management, this book 1s one
of the most complete comprehensive guides to microcom-
puters avallable Starting with a general overview of
microcomputers and their business applications, the author
helps you assess your computer needs, compares and
evaluates computer systems and apphlication packages, and
gives you tips on “doing it right”’ A must for anyone thinking
of purchasing a miczocomputer for business

COMPUTER PROGRAMS IN BASIC

ABO1 $15.45
A catalogue of over 1,600 fully indexed BASIC computer pro-
grams with applications in Business, Math, Games and more
This book lists available software, what it does, where to get
it, and how to adapt it to your machine

PH217: BASIC COMPUTER PROGRAMMING FOR KIDS
P.CASSIDY & }. CLOSE $16.45
Fully illustrated with photographs and drawings, this book
teaches the reader the history of computers and computing
and gently introduces binary mathematics and the basic
theory of how computers work Written in an easy, conversa-
tional tone

PHS1: PASCAL FOR THE APPLE

IAIN MacCALLUM $34.20
A step-by-step introduction to Pascal for Apple il and Apple
1l Plus users The package of text and software diskette pro-
vides readers with worthwhile and interesting programs
which can be run immdiately and the results studied In-
cludes over 200 exercises with full solutions Book/Disk
Package

PHS2: APPLE GRAPHICS GAMES

PAULCOLLETTA $40.95
Contains 10 arcade-style games written especially for Apple
11, including Spider, Piano, Pairs and Poker, as well as educa-
tion, math, and designing games Book/Disk Package.

PHS7: START WITH BASIC FOR THE COMMODORE VIC 20
D. MONRO $33.45
This bookicassette package shows the reader how easy it
really 15 to create programs using the full capacity of the
machine Inciudes helpful exercises and step-by-step instruc-
tions to put the full power of the VIC 20 at the user’s finger-
tips Book/Cassette Package

$B821822: ENHANCING YOUR APPLE® I — VOLUME 1

D. LANCASTER $25.50
Who but Mother Nature or Don Lancaster could successfully
enhance an Apple? YOU can, with help from Volume 1 in
Don’s newest seres for Sams Among other things, you'll
learn (1} to mix text, LORES, and HIRES together anywhere
on the screen in any combination, (2) how to make a new-wire
modification that will open up whole new worlds of 3-D
graphics and other special effects, plus (3) a fast and easy
way to tear apart and understand somebody else’s machine-
language program Other goodies abound!

PH106: PROGRAMMING TIPS AND TECHNIQUES FOR THE
APPLE Il

). CAMPBELL (1983) $23.45
An advanced exploration of the intricacies of structures pro-
gramming Further develops the skills necessary to solve pro-
gramming problems Special chapter on sound and graphics
whnclh discusses both high and low resolution graphics for th
Apple 11

HB131: THE BEGINNER’'S GUIDE TO BUYING A PERSONAL
COMPUTER $6.45
Written for the potentially interested computer buyer, in
non-technical language, this affordable book explains the
terminology of personal computers, the problems and
variables to be discussed and discovered while making that
initial buying decision The book does not make recommen-
dations, but does present a great dea! of information about
the range of hardware avaialble from the largest personal
computing manufacturers Readers discover the meaning
and impact of screen displays, tape cassette storage and disk
storage, graphics and resolution, and much more Com-
parison charts clearly define standard and optional features
of all the current mass market personal computers

DESIGNING MICROCOMPUTER SYSTEMS
HB18: $18.95
POOCH AND CHATTERGY

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

$100 BUS HANDBOOK
HB19:

BURSKY

Here 1s a comprehensive book that exclusively discusses
$-100 bus computer systems and how they are organized The
book covers computer fundamentals, basic electronics, and
the parts of the computer individual chapters discuss the
CPU, memory, inputfoutput, bulk-memory devices, and
specialized peripheral controllers. It explains all the
operating details of commonly available $-100 systems
Schematic drawings

$26.00

110 THYRISTOR PROJECTS USING SCRs AND TRIACS
MARSTON

HB22 $13.45
A grab bag of challenging and useful semiconductor projects
for the hobbyist, experimenter, and student The project
range from simple burglar, fire, and water level alarms to
sophisticated power control devices for electric tools and
trains Integrated circuits are incorporated wherever their use
reduces project costs

PH104: ACCOUNTANT'S BASIC PROGRAMMING FOR THE
APPLE ||

A PARKER & |, STEWART (1983) $20.45
Shows the reader how to program the Apple Il to perform a
variety of accounting functions, such as payroli, accounts
payable, accounts receivable, tax, inventory, customer
statements, and more

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

HBO1 $18.95
Describes the uses of personal computers in common
business applications, such as accounting managing, inven-
tory, sorting mailing lists, and many others The discussion in-
cludes terms, notations, and techniques commonly used by
programmer’s. A full glossary of terms.

AN INTRODUCTION TO MICROPROCESSORS
EXPERIMENTS IN DIGITAL TECHNOLOGY
HBO7

SMITH

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

$18.95

MICROCOMPUTERS AND THE 3 R'S
DOERR

HB0O9 $16.45
This book educates educators, on the various ways com-
puters, especially microcomputers, can be used in the
classroom It describes microcomputers, how to organize a
computer-based program, the five instructional application
types (with examples from subjects such as the hard sciences,
life sciences, English, history, and government), and
resources listings of today’s products The book includes
preprogrammed examples to start up a microcomputer pro-
gram, while chapters on resources and products direct the
reader to useful additionai information All programs are
written in the BASIC language

HB107: GRAPHICS COOKBOOK FOR THE APPLE
WADSWORTH

HB107 $15.95
Learn how to use your Apple |l to “paint” shapes, objects,
and letters in low-resolution graphics The author provides a
fibrary of microcomputer graphics including such
multicotoured illustrations as robots and flying saucers,
trees, sailboats, and colourful picture backgrounds Contains
complete annotated Applesoft BASIC programs to draw all
the pictures described in the book as well as suggestions for
improving programming techniques

HB116: THE BASIC CONVERSIONS HANDBOOK FOR
APPLETM, TRS-80TM, and PETTM USERS

BRAIN BANK $14.50
A complete guide to converting Apple || and PET programs
to TRS-80, TRS-80 and PET programs to Apple I, and TRS-80
and Appie |l programs to PET Equivalent commands are
listed for TRS-80 BASIC (Model {, Level 11}, Applesoft BASIC
and PET BASIC, as well as variations for TRS-80 Model It
and Apple Integer BASIC Aiso describes vanations in
graphics capabilities

SARGON: A COMPUTER CHESS PROGRAM
SPRACKLEN
HB12 $27.50
I must rate this chess program an excellent buy for anyone
who loves the game.” Kilobaud

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

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

HB13 $21.50
A must for small businesses utilizing micros as well as for en-
trepreneurs, volume provides a wealth of practical business
applications. Each program 1s documented with a description
of 1ts functions and operation, a listing in BASIC, a symbol
table, sample data, and one or more samples

AUDIO AND VIDEO INTERFERENCE CURES

KAHANER

HB21 $8.95
A practical work about interference causes and cures that af-
fect TV, radio, hi-fi, CB, and other devices Provides all the in-
formation needed to stop interference Schematic wiring
diagrams of filters for all types of receivers and transmitters
are included Also, it supplies simple filter diagrams to
eliminate radio and TV interference caused by noisy home
apphances, neon lights, motors, etc

PH107: APPLE LOGO PRIMER

G.BITTER & N. WATSON (1983) $19.95
A pictorial starter book that will make LOGCO easy for
anyone Includes easy to follow examples and reference
tables Also included is a workshop outline for teachers and
leaders who want to train others.

§B22047: 26 BASIC PROGRAMS FOR YOUR

MICRO $17.45
Features 26 previously unpublished, simple-to-complex
games you can run on almost any brand of microcomputer as
long as you have enough RAM on board. Most take between
500 and 5000 bytes, with the highest taking 13K. Conversion
charts that let you key them into your Radio Shack, TRS-80,
Apple [, Timex/Sinclair 1000 (ZX81), Spectrum, Atari, or PET
are included Also features notes on program techniques and
structures.
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Large Digital Scoreboard

Do your achievements

go unnoticed? Build this

big, bright display board

and make sure that

everyone knows the

Score.

By Ken Wood

THIS SCOREBOARD has been designed
for use in a gymnasium or other large area
and uses regular light bulbs to provide a
large, bright display easily visible from a
distance. The scores or other numerical
information are normally entered from
thumbwheel switches but the system could
also be adapted to accept data from a
microcomputer. The basic model has a
four digit display which could be used to
show a two-digit score for each of two
teams, but the number of digits can easily
be increased to suit other applications.

The Circuit

The heart of this project is a digit driver
module. This uses a 7447A, BCD to seven
segment decoder, to drive a digit compos-
ed of regular 15W decorator light bulbs
via seven triacs. The BCD information in
fed serially through a shift register, and
used to drive the display.

One module is used per digit in the
display, and they are chained together so
that they form a long shift register of four
bits per digit. The control logic is isolated
from the 120V line by an opto-isolator
module at the start of the chain, and only
one o these is needed for the display.

Third module is a power supply. This
provides two separate 5V supplies, one for
the circuitry in the display drivers and
theother for circuitry isolated from the
120V supply by the opto-isolator module.
The supplies shown only offer up to
100mA, so for displays with lots of digits
a different regulator may be needed.

Finally there is a controller module.
This takes data from up to four thumb-
wheel switches and turns it into a serial
stream to send to the display drivers. It
also takes 120V zero crossing pulses from
the power supply and uses them to time
the serial transmission. This allows the
display to be updated while the displays
are off at the zero crossing point of the
AC cycle,
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Fig. I Block diagram of the complete system.
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= How it Works

NOTE:
1C9, 10 = 78L05 Ico ¢ Q +5V FLOATING
Q1 = 2N5210 -|-
BR1,2 = 1A 200V LED1 W~
D1 = 1N4001 et c6 S
LED1, 2 = miniature red LED Br1 1V 100n
- R14
330R
4 O 0V FLOATING
AC INPUT |
| IC10 » C+ 5V GROUNDED
J-'-EDZ SR
c8 AC SYNC
100n
R13
330R Q1
. AC
GROUND O o r O 0v GROUNDED

Fig. 2 Circuit diagram of the power supply. Note the use of separate grounded and floating
+35v supplies. The controller operates from the grounded supply.

The power supply is in two sections, each of
which has a bridge rectifier and a
smoothing capacitor followed by a voltage
regulator (ICs 9 and 10). C6 and C8 cut out
any high frequency spikes and protect the
regulators from oscillation. Each section is
also fitted with an LED and current limiting
resistor as a visual check of operation.
The section that supplies power to the
control electronics has its 0V connected to
ground as a safety precaution, and also pro-
vides AC sync pulses to the controller
module. The bridge rectifier BR2 is isolated
from the smoothing capacitor with a diode
D1, so full wave rectified AC waveform ap-

pears at the junction between D1 and R12.
This is fed to TR1, which is driven hard on
for all but the brief interval when the
waveform is at less than 0.7V, 100 times a
second.

The AC sync pulses are not necessarily
at the zero crossing point of the AC because
of the phase shifts that can occur through
the transformer. To overcome this, they are
fed into a monostable IC1a which is trimm-
ed so that its output is truly at the AC zero
crossing point. This is fed into a second
monostable whose output is gated with the
controller blanking output to hold the
triacs off for a period into the AC half cy-

2
- 3
5

E—OQIIYCLN‘
¥ = Pt
“ ol I3EIEEE | %u U,
o 1%
25
0217 - vatag
621 [![ ![! !t !! < ‘< ") Imae
1511 Yy sz::1 Y §3333888%
H H|H H
-illl ml -n”” e

Fig. 3 Circuit details for the controller.

cle. This achieves the dimming function.

IC2a, 2b, and 3a produce a square
wave clock at about 50KHz. It is also used
to control the operation of the remainder of
the module.

IC4a, 4b, and 6a produce a pulse
lasting for exactly one clock period at each
AC crossing. This is used to reset IC7, a
four bit counter. The counter controls IC8,
an eight input multiplexer, to sequence
through the bit inputs from the thumbw heel
switches. Qutput D from the counter selects
one switch bank or the other via IC2d.

When the counter reaches 15 the carry
output goes high and the counter is in-
hibited via 1C2e. This means that after each
AC zero crossing, the data bits from the
thumbwheel switches appear in turn at the
serial data output and via IC2f and S5c at
the shift data output to the digit drivers.

The beginning and end of this sequence
is detected by IC3b which produces an
envelope signal while data is coming oui of
the controller. The signal is made available
to an external controller via ¥C6, and also
gates the shift data and shift clock outputs
to the digit drivers. It is also fed into 1he
blanking signal so that, even with a very
short period set for the monostable IC1b,
the triacs cannot come on while data is be-
ing transmitted.

The three control signals connected to
the digit drivers are fed through an op-
to-isolator circuit to prevent any AC poten-
tials from reaching the control circuits,
thereby making the unit completely safe for
connection to a home computer for exam-
ple.

Each of the three channels is identical,
so reference will be made to one channel
only. An emitter-follower transistor Q2
drives the LED in the opto-isolator 1C11.
The opto-isolator transistor, biased by R19
to improve its high frequency response, is
buffered by a Schmitt trigger (IC14a and
R25), and a final output buffer IC14b
drives the output.

IC15 is a four bit shift register, which
converts the serial data to parallel at its out-
puts. The fourth output passes serial data
on to the next driver module in the chain,
thus with four digit drivers each gets its new
data after sixteen clocks. The parallel BCD
data is decoded by IC16 to form the seg-
ment drive to each of seven triacs.

The blanking signal drives Q5 which
switches off the outputs of 1C16, preven-
ting the possibility of a digit being displayed
while the shifting process goes on and
allowing the display to be dimmed.

continued on next page
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Digital Scoreboard

e HOW it W orks
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The controller also provides connec-
tions so that the display can be driven by a
special purpose external controller, or by
a simple 170 port on a home computer. In
the case of a display with more than four
digits, this is probably the easiest way to
enter data and the circuitry for the thumb-
wheel switches can be omitted.

Construction
The box should be built first, and this is
probably the trickiest part. It’s not possi-
ble to give exact details and dimensions
because these will vary according to the
size of the digits and the number required.
Fig. 6 shows the arrangement used in the
prototype and this should be a used only
as a guide.

The circuit boards are all single sided
except for the controller which is double
sided. The leads of the components on the

24

controller board are used to bridge bet-
ween tracks on each side of the board;
components should be soldered on the top
side as well as the bottom. Unfortunately
this rules out sockets for the ICs.

Printed circuit board pins are used
for the flying lead connections to the
power supply (except the 120V into the
transformer), the isolator module, and the
display drivers. In the case of the display
drivers, no flying leads are used for the
triac-to-lamp connections. The pins
should be installed first, followed by the
wire links, the resistors, capacitors, and
the semiconductors. Be careful with the
ICs, some are CMOS types. Leave the
power supply, transformer, and triacs for
the time being.

The triacs on the digit driver modules

are mounted with a small heatsink sand-
wiched between them and the board. This

CASE AND CONTROL PANEL

D2-17 o 1N4148
ESITL. e panel-mounting
fuse holder and 3A fuselink

LPl ......... panel-mounting mains neon
SKI ........... 7-pin DIN socket or other
multipole connector to choice

SWI1-4 ........... ... BCD ten position

thumbwheel swtich with true

and inverse outputs

SW5.. ... DPST toggle or other
mains on-off switch

15W light bulbs, lampholders as required;
wood, brackets, etc, for enclosure; col-
oured filter for front of display; small
aluminum panel for the controls and nuts
and bolts to mount; cable ties or spiral wrap
or similar, stand-off pillars, nuts and bolts
for mounting PCB’s; ribbon cable, writing
etc. The thumbwheel switches are availabie
from Electro Sonic, 1100 Gordon Baker
Rd., Downsview, Ontario (416) 494-1555.

.

POWER SUPPLY

Resistors

(all aW 5%)

RIZE. .. e o e DY 10k

RUSHIA . W . ... . a0l AT 330R

L. o . o i, e, 1k

Capacitors

C57 . 470u 16V radial
electrolytic

C6,8 ............ 100n 5% polycarbonate

Semiconductors

1IC9,10 ... 78L05

QIN_. VL. .. B 2NS5210

D)l & 4 BT 0000 00000 0c Jooo 1N4001

BR1,2 .......... 1A, 200V (General Inst.)

LED1,2.............. miniature red LED

Miscellaneous

T o 00 op— goo o .. . 6-0-6V, 500mA

mains transformer, chassis mounting

PCB; Imm terminal pins; ground tag; nuts
and bolts for mounting transformer. The
bridge rectifiers are available from Active
Components.

is a length of aluminum strip, details are
given in Fig. 9. The heatsink also provides
the extra two mounting points for the
board. Each triac is bolted to the board
through the heatsink with a mica washer
and bushing to insulate the tab. Silicone
grease should be used between the tab and
the aluminum to improve heat transfer.

Two of the pins on each triac are bent
down to pass through the board, while the
centre pin is bent up for a flying lead con-
nection to the lamps. Only after the
triac-heatsink assembly has been com-
pleted should the triacs be soldered to the
board.
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REAR PANEL

Fig. 6 Details of the cabinet used for the prototype.

The bulb sockets can be mounted on
a wooden panel which is also used as the
chassis for the PCBs. Mount the PCBs
with standoff pillars and keep the inter-
wiring neat by using spiral wrap around
the cables. Make sure suitable cable is us-
ed for the AC supply to the lamps, bet-
ween the lamps and triacs, and'the returns
from the digit driver boards.

The supply, return, and ground wires
have been taken to a central supply point
rather than chaining them from point to
point. This includes the power supply
module as well as each display. Remember
that quite a bit of AC voltage and current
is present throughout much of the wiring;
wire it for safety.
~ The diodes associated with the
thumbwheel switches are integral with the
switches themselves, and the arrangement
shown uses the inverse data outputs. If the

switches used do not have inverse outputs,
turn all the diodes around, swap the com-
mon connections for the two pairs of
digits and alter the pull-up resistors on the
controller module so that they pull down
to OV. If a display of less than four digits
is required, simply omit switches and
diodes starting with SW1, then SW2, etc.

Any convenient connector can be us-
ed for the outlet to the external controller.
A seven pin DIN socket has been used in
the prototype. The external controller can
interrogate the thumbwheel switches by
intercepting the serial data and control
signals. It can inject data in place of the
switch data by driving the switch disable
input to a logic 1 (3.7V +), at which point
the output of IC8 goes high impedance
and can be driven externally.

If the switch inputs are never going to
be used, the controller module may be

dedicated to external control by omitting
IC4,7, and 8, as well as R2 to R9. The
copper track on the component side of the
board leading to IC3 pin 1 should bg cut

" (close to the IC only) and a wire link

soldered between the pad of IC8 pin 15
and ICS5 pin 2. This allows the external
controller to generate the envelope signal.
IC6 pins 5 and 6, and IC3 pins 4 and §
must be wired to OV to protect their
CMOS inputs.

Setting Up and Use
Boot up the power supply with its outputs
disconnected, if all is well, the LEDs
should light to show that something is get-
ting through. Check that both outputs are
producing 5V.

Very little intermediate checking can
be done on the rest of the circuitry so be
careful while poking around the digit

AC
N

AC GROUNDED
SYNC [ supPLy

FLOATING
SUPPLY

Fig. 7 Component overlay of the power supply board. Note the ground connection to the frame of the transformer and the AC connections taken directly

to the transformer, not to the PCB,
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Digital Scoreboard
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Fig. 8 Component overlay of a digit driver board. The lamp connections are made directly to the

centre pins of the triacs.

driver areas as these are ripe with AC
voltages.

Make the set-up adjustments with a
single bulb plugged in somewhere, and ar-
range for the display to show all 8s. Set
RV1 on the controller module fully an-
ticlockwise and RV2 fully clockwise.
Switch the unit on and the lamp should be
at full brightness. Using an insulated
screwdriver so that AC hum does not af-
fect adjustments, slowly turn RVI
clockwise until the lamp suddenly goes
dim, and stop there. Now turn RV2 an-
ticlockwise and thé lamp should increase
in brightness. The lamp may now be set to
the desired operating brightness.

If the display is to be run at full
brightness, either because you need that
much light or because you want to keep
RF interference to a minimum, continue
to turn RV2 anticlockwise until the lamp
suddenly goes out then turn it back to the
point where the lamp comes on again.

The display is now ready for use, so
switch off and install all the lamps. Keep a
few spare triacs on hand as well because
when bulbs blow they tend to take the
triac with them. Running the display at a
reduced brightness should help a little.
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DIGIT DRIVER MODULE

Resistors

(all 4W 5%)

R28 ... . . 330R
R29 ... 10k
R30-36 . ...........oviviiii 100R
Capacitors

Gl . o 100u 10V radial electrolytic
C12 .. 5 O e - 0 o - 100n polycarbonate
Semiconductors

QSERPRERE . . . SO . R 2N5210
ICI5 ... 7415195
IC16 ... ..o 741547
SCRI-T ... i TIC206
Miscellaneous

PCB; 1mm terminal pins; nuts and bolts,
mica washers and insulating bushes for
triacs; heatsink (see text); IC sockets if
desired — 2 off 16 pin DIL.

32170 5 il 2200 S T2 & 12N ot B 4217
— - - g ‘l‘ #[4 ’]
| T -
] 3
| |
128 | | l
—O0 O O O O O O |2s
f
l |
i 100 - -
ALUMINIUM
PREFERABLY 10SWG
OR THICKER PANEL FIXING HOLES
Fig. 9 Drilling details of the heatsink for the digit driver board.
" SEGMENT »
IAC NUT SEGMENT b
INSULATING
BUSH
//MICA WASHER SEGMENT g
SEGMENT
— SEGMENT ¢ SEGMENT ¢
=
f Ll
\ \ HEATSINK
c;gt;%g s%.?ﬁ" T WASHER SEGMENT - AC LIVE

Fig. 10 Mounting arrangements for the triacs.

Fig. 11 How the lamps are connected to form a
seven segment display.
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Train for the Fastest Growing Job Skill in North America

Only NRI teaches you to service and
repair all computers as you build

your own 16-bit IBM-comtliI_)Ie

micro

As computers move into
offices and homes by the millions,
the demand for trained computer
service technicians surges forward.
The Department of Labor estimates
that computer service jobs will actually
double in the next ten years—a faster
growth than any other occupation.

Total System Training

As an NRI student, you'll get total
hands-on training as you actually build your
own Sanyo MBC-550 series computer from
the keyboard up. Only a person who knows
all the underlying fundamentals can cope
with a/l the significant brands of computers.
And as an NRI graduate, you'll possess the
up-to-the-minute combination of theory and
practical experience that will lead you to
success on the job.

You learn at your own convenience, in
your own home, at your own comfortable
pace. Without classroom pressures, without
rigid night-school schedules,
without wasted time. Your own
personal NRI instructor and NRI's
complete technical staff will
answer your questions, give you
guidance and special help
whenever you may need it.

The Exciting Sanyo
16-bit IBM-compatible
Computer—Yours To Keep

Critics hail the new Sanyo as
the “most intriguing” of all the .
IBM-PC compatible computers. It uses the
same 8088 microprocessor as the IBM-PC
and the MS/DOS operating system. So, you'll
be able to choose thousands of off-the-shelf
software programs to run on your completed
Sanyo.

As you build the Sanyo from the
keyboard up, you'll perform demonstrations
and experiments that will give you a total
mastery of computer operations and
servicing techniques. You'll do programming
in BASIC language. You'll prepare interfaces

Using utility programs, you'll check out 8088
functioning. NRI's easy step-by-step
directions will guide you all the way right
into one of today’s fastest growing fields as a
computer service technician. And the entire

for peripherals such as printers and joysticks.

ot |

NRI is the only home
study school that
trains you as you
assemble a top-
brand micro-
computer. After
building your own
logic probe, you’ll
assemble the
“intelligent”
keyboard. . .

.. .then install
the computer
power supply,
checking all the

system, including all
the bundled software
and extensive data

manuals, is yours to circuits and

as part ur connections with
:(e?g oo NRP’s Digital
raining. Multimeter. From

. there you'll move
100-Page Free on to install the
Catalog Tells disk drive and
More monitor.

Send the postage-paid reply card today
for NRI's big 100-page color catalog, which
gives you all the facts about NRI training in
Microcomputers, Robotics, Data Com-
munications, TV/Video/Audio Servicing,
and other growing high-tech career fields.
If the card is missing write to NRI at the
address below.

Your NRI course includes a Sanyo 16-bit
microcomputer with 128K RAM, monitor,
double-density/ double-sided disk drive, and
“Intelligent” Keyboard; The NRI Discovery
Lab®, Teaching Circuit Design and Operations;
a Digital Multimeter; Bundled Spread Sheet
and Word Processing Software Worth over
$1000 at Retail—and More.

NS

McGraw-Hill Continuing Education Center
330 Progress Avenue i
Scarborough, Ontario M1P 225 t{,ﬂ

or telephone 4162938787  Bef

We’ll give you tomorrow.

IBM is a Registered Trademark of International
Business Machine Corporation.




value, convenience and versatility.”

”You won’t match the choice Philips
gives you in LF instruments. Whatever
your application, one of these signal sour-
ces is sure to give the right combination of

functions - at a competitive price!

From low-cost R C and function gene-
rators, ideal for general-purpese require-
ments or teaching work, right up to the
most sophisticated function generators or

priLips] Test &

% Measurement

... Philips offers

synthesizers with microprocessar control
and full interfacing capability for use in
R&D and industry, you can choose from
no less than ten different models.

And don’t forget: Philips backs-up every
product with full service and technical sup-
port. So you get maximum benefit from your
investment. Find out more about Philips’
unbeatable choice in LFinstrumentsfrom:

Circle Mo. 9 on Reader Service Card

PHILIPS ELECTRONI
S&I1 Div,,

Test & Measuring Group,
601 Milner Avenue.
Scarborough, Ontario,
MIB IM8

Tel. (416) 292-5161
Montreal - (514) 342-9180
Ottawa - (613) 237-3131”

PHILIPS

LTD.

“For a wide choice
in LF generators.




continued from page 6

For Your Information

Compact Fibre Optics

Electro Corporation has announc-
ed a new line of Photo-Trol pulsed
LED photoelectric switches for
target detection in industrial ap-
plications. The control head is 1/2
inch in diameter and the optical
diameter of the fibres only .040
inch. No electrical energy is pre-
sent in the head or cable, making
them ideal for hazardous loca-

tions. Models are available in
through-beam, retro-reflective or
groximity modes. They’re stocked

y Atlas Electronics, with bran-
ches in Montreal, Ottawa, Toron-
to, Winnipeg, Calgary, Vancouver
and Tuktoyuktuk; their head of-
fice is 50 Wingold Avenue, Toron-
to, ONtario M6B 1P7, (416)
789-7761. Circle No. 45 on Reader Service Card

Zentronics, 8 Tilbury Court,
Brampton, is now distributing
United Chemi-con aluminum elec-
trolytic capacitors. UCC have a
broad base of capacitors ranging
from general purpose, tantalum
replacement, power supply, high
CV and computer grade. They’re
at (416) 451-9600

Circle No. 46 on Reader Service Card

The president of Apple Computer,
John Scully, announced recently
that the company would ‘‘open
up’’ the architecture of the Ilc and
Macintosh to third-party vendors.
This would encourage hardware
and software developers to come
up with expansions for both
machines. The Ilc, in particular,
could use more memory and the
ability to run CP/M.

i

ZENITH

L 2

Miniature TV

Zenith Electronics has introduced
its most portable television set
ever, the black-and-white model
BT044S, weighing only two
pounds and sporting a four-inch
diagonal screen. It’s said to fit
easily into a briefcase, purse,
totebag or palm, and has
UHF/VHF 69 channel capability.
It runs on household AC, your
12V car battery, or four alkaline C
cells. It also has a jack for signals
from a VCR or video camera,
making it an ideal field monitor.
From Zenith dealers.

Circle No. 47 on Reader Service Card

ComputerLand Canada Inc.,
Canada’s largest computer retailer
with 63 stores, has introduced a
national, toll-free hotline to
answer customers’ software ques-
tions. The hotline, offering bil-
ingual service, is available for the
duration of each maintainence
contract purchased, or for up to 30
days with each software purchase.
Good stuff. Few things must be as
frustrating as spending a bundle on
software that doesn’t seem to do
what you want.

Circle No. 48 on Reader Service Card
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LENLINE

High Performance
Tool Kits for the
Electronic Pro
on the Go

PICK THE KIT THAT

FITS YOUR NEEDS.

You can’t beat LENLINE for top
quality, durability and value in
travelling tool kits. Choose from 8
standard kits (just 2 of them shown
here)—or design your own with a
customized tool assortment.
Quality tools for a wide range of
on-site installation, repair and
service tasks are thoughtfully
organized in cases of legendary
PLATT toughness and excellence.
Send for complete full-colour
catalogue today.
TC200/TC200M
COMPACT SOFT-SIDE

55 basic tools needed for
most on-site jobs housed in
a handy, handsome, easy-to-
tote zippered case of padded
vinyl. 29 tool pockets, inc.
one for your favourite

tester. Metric version
available.

e

TC400 DELUXE
HARDSIDE SUPERKIT

fed

Tough ABS thermopiastic
case by PLATT, deep enough
to hold an extra pallet for
additional tools. Comes with
a versatile assortment of tools
to handle virtually every
task you'll encounter in
the field.

GET THE WHOLE KIT & CABOODLE
YES: Send me your Full-colour l

LENLINE Electronic Too! Kit Catalogue
PLUS complete catalogue of LENLINE
tools, parts and accessories.

Name -

Address S I
City/Prov. I

P/Code Phone ( )

A

I Company

MAIL TODAY TO:

Len Finkler & Co.

80 Alexdon Rd.,

Downsview, Ont. M3J 2B4
OR PHONE CUSTOMER SERVICE

LENLINE (416) 630-9103 LF-02
K N N N N | J
Circle No. 10 on Reader Service Card 31



For Your Information

According to the joint program of
Statistics Canada and the Elec-
trical and Electronic Manufac-
turers Association of Canada,
shipments for May totalled $12.7
million. Exports were $498
million, up about 9 percent from a
year ago, and imports were $1041
million, also up slightly. There
were 108,000 people employed in
the industry, up .8 percent over
last year. In other words, no
drastic changes so far.

Other facts: the electrical
energy made available up until
April was 147,072 gigawatt/hours.
The top three imports were
semiconductors, parts of semicon-
ductors, and tape decks.

Prices: compared to 1971, ma-
jor appliances are 2 1/2 times more
expensive, radio and TVs twice as
expensive, small appliances twice,
and lighting fixtures 3 1/2 times.

The Lexicon 1200C mentioned in
the last issue is used for the com-
pression or expansion of the runn-
ing time of video and audio pro-
gram material, allowing split-se-
cond timing adjustments without
editing. We omitted the fact that
Lexicon products are available

100 and 1000 Years Ago in
Electronics Today

October, 1885: ‘“‘Can the many
readers of Electronics Today really
justify to their compatriots the
usefulness of the endless hours of
diversion provided by coils of wire
and battery jars ﬁllec{with peculiar
liquids? While we, the staff, enjoy
these pastimes as well, we must
answer in the negative. It would
appear that the invention of elec-
tricity will not prove of use to
society, and regretfully must be
ranked with other idle fantasies,
such as the flying machine or the
transmission of animated
photographs through the ether.’

‘While the staff of Electronics To-
day makes every effort to ensure
accuracy, things occasionally do
o wrong. The printed circuit for
ast month’s Electrical Health
Stimulator and Perspiration Sup-
pressor was accidentally omitted
and appears in this issue along with

‘Work is progressing in Southern
California towards the miniaturiz-
ing of relays. The relay, at present
an unwieldy coil and frame, can be
used as the most basic form of
‘memory’, since it ‘remembers’ its
electrical state until power is inter-
rupted. Researchers claim that the
relay could be made as small as six
inches to a side, and dozens of
them mounted in a framework no
larger than the average living
room, giving a ‘memory’ capabili-
ty of hundreds of states. At pre-
sent, we find this concept to be
unrealistic; aside from having no
conceivable use, it can no doubt be
shown that miniaturization to this
extent is simply not physically
possible.’

Equipment Inc., 300 Steelcase | ed
Road, Unit 11, Markham, Ontario
L3R 2W2 (416) 649-2674.
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from Deltech Communications [ apologies for those inconvenienc-
5

R
tetestronics Tovay g

October, 985: ‘‘Verily, ye Len
Fynkler and Companny have
prefented a new machine Tool,
yclept ye OK-11 Wirewrap Tool
from OK Induftries. Cleverly yclad
in black ABS Plaftik, ye compact
Tool is defigned for ye Production
and ye R&D, handﬁnngire from
22 to 34 AWG. Much Time will be
saved over ye previous way of
faftening ye Wire with ye blow of
an Axe.”’

“In sooth, ye Goblins do wreke
Havok in ye Nyght in our Office;
yea, ye Printed Circuit for Ye Elec-
tryfyed Broadfword inddeed was
omitted from laft Month. It ap-
peareth this Iffue wyth Apologia
moft profufe.”’

“‘Ye alchemifts do difturb ye Brain
and quicken ye Temper: verily,
they do infift that ye entyre
Drawbrydge could be ufed for a
‘Memory’ in that it doth
‘remember’ one of ye two State,
forsooth, ye ‘up’ or ‘one’, and ye
‘down’ or ‘zero’. Ye Drawbrydges
are to be ‘miniaturised’, God
a-willyng, and mounted in ye
‘Memory Banks’ to keep afresh ye
‘Data’. Suche Foolery and wafting
of Tyme doth bode ille for ye In-
duftry.”

I licoLocix
HS-80 _.

ADDS INTELLIGENCE TO YOUR INTERFACE

el
BOARD SIZE ONLY 105mm x 205mm

Save Time and Money

This low cost general purpose controller that is
designed to tailor microcomputer applications rang-
ing from teaching aids in basic microprocessor theory
to sophisticated dedicated controllers. The board is
already being implemented in schools and univer-
sities and is an ideal aid for both hobbiests and pro-
fessionals alike.

SYSTEM FEATURES: Z80-CPU based ¢ Z80-PIO pro-
vides two 8bit parallel programmable ports ¢ 8
decoded output port strobes ¢ fully buffered user data
bus e capability for an NMI driven Real Time Clock
(NMI1 driven by second on board clock) ¢ capability of
multi-tasking using the MTHS-80 Operating System
* Revision 1.1 is expandable to 8K of RAM and 16K of
EPROM < 5 VDC operation, plenty of proto-typing
space and more!

PRICES:

HS-80 Bare Board Revision 1.1 ($21.95)
HS-80 Hardware Manual ($ 5.95)
MTHS-80 Operating System Rev 2.0 on 2732A ($29.95)
MTHS-80 Operating System Manual ($ 9.95)

Note: prices subject to change without notice.

POSTAGE AND HANDLING: add $2.00 for the first
item, $1.50 each additional item. Ontario residents
please add 7% PST.

Mail to NICOLOGIX, P.O. Box 976, Streetsville, On-
tario, L5M 2C5. Make cheque or money order payable
to NICOLOGIX.

Also available at Exceltronix Inc., 319 College
Street, Toronto, Ontario, MST 152,

PC ATE

Ate what? If you have an IBM PC
or HP 150, you can build yourself
an Automated Test Equipment
setup with Hewlett-Packard’s new
PC Instruments test modules. The
interface card and software allow
the computer to control and
display test results from up to 15 of
the stackable modules. Modules
available so far are: a digitizing
scope, a multimeter, a function
generator, a universal counter, a
digital 170 interface, multiplexer,
a D/A converter, and a relay ac-
tuator. Contact Hewlett-Packard
(Canada) Ltd., 6877 Goreway
Drive, Mississauga, Ontario L4V
IM8, (416) 678-9430.

Circle No. 51 on Reader Service Card

DMM Temperature Module
Instant temperature measurements
are possible with the Fluke 80TK
thermocouple converter. It has an
output of 1mV per degree, giving a
direct readout on any 3 1/2 digit
multimeter having a 10 megohm or
greater input impedance. Various
probes are available for different
applications, giving a range in total
of -40 to 927 degrees C. Powered
by a 9V battery, the converter is
switchable from Celsius to
Fahrenheit. From Allan Crawford
Associates, Test and Measurement
Division, 5835 Coopers Ave.,
Mississauga, Ontario L4Z 1Y2,
(416) 890-2010.

Circle No. 50 on Reader Service Card
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continued from page 18

Error Correction in Ram

All three machines are in the Toronto
area, at low altitude, so few cosmic ray in-
duced soft failures are to be expected in
any of them. In other respects, however,
the computers’ environments differ
substantially. They are in three separate
buildings. The machine on which no
memory corrections have been observed is
supplied with A.C. power through a com-
mercially manufactured filter which, ac-
cording to its maker, removes virtually all
spikes and other forms of noise from the
A.C. waveform. In contrast, the com-
puter in which the most errors have been
observed is surrounded by many other
items of electrical equipment and, until
recently, was supplied with “‘raw” A.C.
without any filtering. Interestingly, no
memory corrections have been seen on
this machine in the most recent 1,000
hours or so of operating time. This cor-
responds roughly with the fact that an

A.C. spike filter has recently been install-
ed in its power line. The machine which
has twice re-booted its BBS from disk is
one which is suspected by its owner of
having some kind of intermittent hard-
ware problem. If this is the case, it is not
surprising that the errors it produces tend
to be of the multi-byte variety.

Conclusions

Any conclusions which are drawn from
these observations must be very tentative.
They may not apply to types of computer
other than the PET, nor in other
geographical locations, particularly places
at high altitude.

It does appear that the most frequent
cause of memory soft failures in our BBS
computers has probably been electrical
noise. The difference in the error rates
between the most and least error-prone
computers is far greater than might

reasonably be ascribed to chance, and the
only difference between them which seems
to be a likely cause is the “‘dirtiness’’ of
their electrical supplies.

The double-checksum technique of
finding and fixing memory soft failures
has been effective under the real-life con-
ditions I have described. Its inclusion into
other suitable systems is probably
desirable.

The author is grateful to David and
Richard Bradley and to Patrick Cole, the
owners and operators of the Bradley
Brothers’ BBS, for having participated in
this investigation. The BBBBs may be
contacted, in Toronto, at (416) 487-5833.
The BBS which the author operates is not
a publicly accessible system. ]

| DOES YOUR DIGITAL CAPACITANCE METER DO THIS?

FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY

AND THIS

RANGE OF 0.0 pF to 1 FARAD (999.9 mF)
0.5% BASIC ACCURACY UP TO 100 uF

AND THIS

READS DIELECTRIC ABSORPTION

AND THIS

EXTENDED PSEUDO 5 DIGIT
RESOLUTION ON SOME RANGES ONLY

AND THIS

ABILITY TO ZERO LARGE CAPACITANCE
VALUES UP TO 99.99 uF

AND THIS

CALCULATES TRUE CAPACITANCE
IF CAPACITOR IS LEAKY

AND THIS

DIODE CLAMP AND FUSED
PROTECTED INPUT.

DISCHARGE RESISTOR IN OFF
POSITION AT TERMINAL INPUTS.
POWERED BY 9V BATTERY

ONE YEAR PARTS &
LABOUR WARRANTY

FOR ONLY THIS

$\A9 .95
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AND THIS

IDENTIFIES TRANSISTORS (NPN, PNP)
AND THEIR LEADS (E, B, C, ETC)

AND THIS

TESTS ZENER DIODES AND RECTIFIERS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZENER VOLTAGE WITH 9V BATTERY
DEPENDS ON ITS CONDITION

AND THIS

AUTOMATICALLY CALCULATES LENGTHS
OF CABLES IN FEET, METRES, MILES,
KILOMETRES (THEORETICAL RANGE

OF 9,999 MILES)

AND THIS

ABILITY TO SORT CAPACITORS IN
MANY DIFFERENT MODES

AND THIS

ABILITY TO READ LEAKY CAPACITANCE
(INSULATION RESISTANCE OR CURRENT)

AND THIS

CALCULATES TIME CONSTANTS WITH
USER DEFINED RESISTANCE VALUES

HOLD FUNCTION FREEZES DISPLAY
Paladadl R A I R R .A ----------
! PLEASE SEND ME >
MODEL | ———(QUANTITY) MC300(sf @  $149.95 5
i CARRYING CASE $19.95 S
M C 300 ! AC ADAPTOR $11.00 2
1 ONTARIO RESIDENTS ADD 7% PST $
Approx. Size : SHIPPING AND HANDLING @ 4.45 per instrument 1
77 x 4" x 1% ' TOTAL §
' [ | ENCLOSE CHEQUE [] MONEY ORDER [IBILL MY VISA
DAETRON 1 0 VISA CARD NO. s
%:E)SXT&E g 3 i EXPIRY DATE SIGNATURE _
TORONTO ONTARIO M8Z 5Y9 | NAME - _
]
(416) 255.9701 | ADDRESS - ) 7
DEALER ENQUIRIES INVITED i CITY PROV. __ POSTAL CODE

33



Oscilloscopes

A Jook at oscilloscopes
and the various features
provided by low-cost
solid-state technology.

By Bill Markwick

AS THIS article was first taking shape, I
was doing some testing with my 1970s vin-
tage storage oscilloscope. It was the
high-tech of its time, being stuffed with
all sorts of discrete transistors, and featur-
ing an analog storage capability in the
CRT. This worked by flooding the
phosphor coating with electrons to keep
the display refreshed, allowing storage of
signals, or accumulated signals, for hours.
It did its job all right, but the sensitive
coating eventually burned a bit, especially
with bright, repetitive signals; there’s now
the hazy ghost of a sine wave on top of
anything else you happen to be looking at.
It also suffers from spreading (‘‘bloom-
ing’’) of the trace if you turn the intensity
up too high. In addition, it cost a king’s
ransom and generates a remarkable
amount of heat for something that’s

34
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solid-state.

The advent of low-cost digital and
analog electronics has changed all that.
Although discrete transistors are still used
quite a bit for optimizing various
characteristics, ICs are a natural for such
functions as triggering circuits, and reduce
power consumption in the bargain. A/D
converters and inexpensive memories have
replaced the analog phosphor as a storage
device; not only do they eliminate the
analog bugs, but they allow you to store
waveforms in memories for later com-
parisons. On the scope on our cover, for
instance, both the 1KHz pulse train and
the 60Hz electrical noise were being
displayed from the digital memories.
Circle. No. 52 on Reader Service Card

Hameg HM 208

The oscilloscope on the cover,
photographed as seen by someone who’s
nodding out on the testbench, is a dual
trace, 20MHz storage scope with a 20MHz
digitizing rate. This means that you can
capture signals from extremely low fre-
quencies to 20MHz, or 10MHz with both
traces being stored. The Roll mode allows
the scope to function as a chart recorder,
with the signal running from right to left
with continuous trace.

The memory consists of a 4096 by
8-bit block, divided into storage for chan-
nels 1 and 2, plus two backup memories of
1024 points each. The two backups can be
used as a single, doubling the resolution to
2048 points.

Other features include four pre-trig-
gering settings to allow the trace to start
ahead of a particular event, X-Y opera-
tion with storage to display very low fre-
quency transfer curves, Lissajous figures,
etc., and an output for sending the stored
waveforms to a chart recorder. Vertical
sensitivity is SmV/cm to 20V/cm.

The HM208 costs $2750, FST includ-
ed, from BCS Electronics, 980 Alness St.,
Unit 7, Downsview, Ontario M3J 2S2,
(416) 661-5585.

Circle No. 53 on Reader Service Card

Duncan 6022

A general purpose 20MHz scope is the
Duncan 6022, featuring dual traces,
SmV/cm sensitivity, a post-deflection-ac-
celerator tube for linearity, and a built-in
component tester. This latter item is no
end of use to the troubleshooter, par-
ticularly if you come across a doubtful
semiconductor; it consists of a 9VAC sup-
ply current-limited to 2mA. The AC is ap-

continued on page 42



we will not be undersolid

Includes: 8088 motherboard with 256K
+ 8088 motherboard (expandable on board to 640K) Fully (Keytronics Serial Output),
« High quality legal Bios assembled and tested with legal nohousing . ... ..............
* One DS,DS 360K Drive Bios, Flow soldered provision for
» Power Supoly with Fan 8087.
* Keyboard
* Flip-Top case FlipTop8stot . ...............

e Disk Controller

. 41256 (150nS) .......
s With plenty of spare slots [ f( ) IBM Compatible Switching Power Supply,
W All you need for complete ~ Setof9 ................ " 130W.withFan  ................ :
= Bk System is Video Board
=S e - Colours: .. .. .. e . BREGATIRTe } Set of 8088, 8255A-5, 8237A.5, 8288, 8284,
e — - Mono .......... ] 4164 (150nS) .............. O9eE B253A5,8259A ................ R =
= . ! A p—
________ ¢ » Assembled and fully tested (flow slodered) 130W +5V 13A -5V 05V +12V 454,
. « 64K, 80 x 24 video with soft-switch, floppy controller. AVO5A crncnea-.aa...5145.00
"""" * System comes with blank EPROM’s on board, does
» come with any propnetary software or o P
.................. Basic .. #9850 ocholleigiiant .
‘l g SN 0 U e e s e e
...... 801 - o o o FANEES * 6502 board (as tllustrated above} with case, key
s ae e board and power supply .. pun— 5 .88 e T sy
omre - ... ... .. e e e ';,'-.?(R"[Z}'.—\l“ Srscone SNETAENSY ...........80119
Cable and connector ex:ra * Using 6502 board above in IBM style flip-top case,
pheral i g & .$939.00 using powerful 75 watt power supply with fan,
Includes two senal ports, paraliel port. game port and programmable serial keyboard adaptor IBM style L i o ol
provision for {but not including real time clock eybegid : B i Assembled flow-soldered/cleaned and 100% tested
Clock/ [ Mevw . As above with one bumm disk dnve . $598.00 16K RAM Card . . $ 39.00
With battery backup. As above with twodrives . .. ... YIB LG 80 x 24 video card $ 59.95
ZBOA Card .$ 39.00
L . el 1 -~ -‘P‘ LS 3 caeane: SERRERIE Ny
Includes: Senal port. parailel port, game port. provi- i . o\ Sl Card (cables GAE), g
sion for optional real time clock/calendar and For 6502 Case. CSA Approved 5V, 5A, VLAY ol A T ' bl 4
a . Y. EPROM Programmer with Software ..$ 63.00
socketed for Up to 256K FAM. + 12V 25A. -5V 05A, -12V 05A . . . . §8€.0C g
With 64K RAM - {programs 2716 2732 2732A 2764)
- - ' rorer GuEest 8" Floppy Controller Final Sale
L3 , Socketed for 512K including: HOPCEU FO SUFERY -AS IS . L . § 39.00
P 5V 5A +12V 28A -
ERAM . ... ............ |
CAM RAM .. ... L +12V 2A -12V 0.5A.
1B Competthle BDivt: Drives $1250.95 Open Frame Modeanm |
Brand New, frgsh from factory. Shurgart SA455 40 Apple Compaible plugtn Autoanswer Autodial
track, doutle sided double censity Slimline We have 9“..1 Tgp h Ton B W) gi ? Excell 1 .uh !
ordered 10,000 from Shugart - that 1s why we can pass 3 :]Ict e e %' ;O%eB ad. Fxcet gnlt or lese W|t3;nosst
the savings on to you. ulletin Boards. aud. Final Saleasis .$39.9
BN CoApraitile Teyteooals
MaxXISWICh « ..ot $135.00 = Annie Caarpeitiaic
CREITY oot ¢ 98.0Q \!! : s st ... . $TPS.08
EERE Style CooC mmnae .
i prop N
ik & . 850 styte Case Apple Compatible
|
i !
; i EXCELLENT HAYES
Ptk H MICROMODEM COMPATIBILITY
o, i i
“ o e ST
- sl
FlipTop,BSIOt. . ... ooiere v, $7%.06
With 150W PowerSupply ............. $215.60

Bisk Drives for (B Cemputers
ShugaryPanasonic, 5% shmtine. DD, DS 360K,

40track ... i e L120.95
Prinniers

Gemini 10X .......... .. ...l $202.00
GeminiSG10 .........oo it £379.00
Gemini Daisy Wheel Power'ype . ......... $£3599.06
18 cps, Bi-Directional.

Mordtors

Zenith ZVM123 Green and ZVM122 Amber . . @1 26 .06

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3 (416) 960-1350

? ey e

Plugs into your Apple or compatible computer, Direct
connect, 300 Baud, Autodial, Autoanswer, Touch

T o . .
Pﬁmunle printers one/Pulse Dia!, complete with documentation.
OpenFrame - e e e oo veo-....820 68 51!9;93
Ideal for experimenters Hayes I1s a registered trade name.

Mail Orders add $5.00 minimum for shipping & handling. Ontario residents add 7% P.S.T. Visa, Mastercard and
American Express cards accepted: send card number, expiry date, name ot bank and signature. Send certified che-
que or money order, do not send cash. All prices on this page are final sate. No warranty, No returns, No refunds
but HUGE savings. Warranties available at extra cost.

More lines to serve you better

B

S i o hn Ol i B
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LONP UTER s 8 Toll Free Orders Only
R, .. | 1-800-387-1385

316 College St. Order Checking (416)925-8291

KEYTRONICS

PROCRAMMABRLE KEYBOARD
An excellent ASCIl Keyboard. fully Apple
Compatible Fult size with numetic pad.
tully programmable key switches wilh full

. H 4 X data 49.93
Toronto, Ontario M5T 1S3 NSRS BATRERE e S This is a high quality Hall Effect keyboard
made by Microswitch of Canada for AES
data and now bought by us for 10% of the POWER
APPLE lie® ASClI KEVBOARDS $169.00 that AES paid for them in 10,000 SUPPLY
lots. They are a very good word process- CSA APPROVE|

DETACHED NUMERIC KEYBOARD i i ; Our Famous "BLACK BEAUTY " power supp
ing keyboard with both serial and parallel sy (e 0 e G ) 0 e

sgg_m data outputs for use with APPLE and IBM Our ralings are 5v-5A 12v-25A; SA-12 A,
type systems and come complete with a -12V-172A for real 3$79.95
ribbon cable connector and complete pin-

= OUt. .o $24.95 OUR 6502 BOARD
Now, we have a new keyboard, micro con- Now only $29.95 still with all

trolled with 3 levels of pre-coded func-
tions fo:mBasic, CVPM etc. an% at t?\e s:me WIRED CARDS

Sl prilse £ e 16K ... .. $ 4500 Applaext128K .$140.00
Function Keyboard, Numeric .. . .. $89.95 128K noIC $ 3495 Spritegr. ... .. $ 69.95
Function Keyboard, Standard ....579.95 J 128KOK ..$ 55.00 TMS9918AIC ..$ 18.95
12864K ...$ 99.00 NICEPRINT...$119.00
SOLID ABS 128K 128K .$150.00 80Column ... .§ 65.00

MC3242IC $ 12.00 80Col.Sofsw..$ 69.00
For those of you who would fike 1o put your lle in CASE DISC ... .. $ 4500 Grippler ...... $ 50.00
another case we have a high quality 100% plug in Z80 ...... $ 4500 Gripcable ....$ 19.95

compatible Matrix keyboard with all lle keys plus the

highly desirable numeric keypad for qu!ck enry o] NUMERIC |/ Applacard .$150.00 Extended 80 Col. for ile

numencdata . . . .$99.00 ssg 95 ; u ............. $129.00
L 4

the versatility of the original
a full 8 slots.

NEW LOW BARE

SOLDERLESS Y iy el
GROUP 1 $7.00 each
* Real time clock  * PIA card

Pl | ;
BREADBOARD | 555 123
* 9 V Music * WILD CARD The excellent MARK-Il Apple delached

« Disc Controller +« SAM TALKS keyboard using senal cala (IBM) lovmal
il Al ant L ITAASRNF
3 * Disc Controller ~ « COMMUNI-

Solderless prototyping boards (Shamrock) CATIONS GREAT
are the best way to quickly bread- ~ GROUP 259.00 each DEAL
board up a circuit. The holes are * Grippler * RGB ; THE GREAT DEAL
made especially for IC's, * 80 Column * Sprite graphics CARRIES ON Fonsvsn
resistors, and other smaltl parts * 80 Column Soft * APPLACARD 128K AND GETS BETTER

A A i Our proven 6502 motherboard plus a
with 2?-28 gage wire leads, takes Switch ADD ON n:me?lc case plus a black neaunyppzwey
WW pins too. * Z-80 supply plus a numenc function keyboard

GROUP 3 $11.00 each plus any 4 bare pcb tor $225.00

WBA106 ................ $42.95 *SSM MODEM + APPLACARD e AP-
3 IC strips, 5 power strips PARAT EPROM PROG * 16K ¢ 128K CONNECTORS

4 Binding posts, Aluminum plate 4
WB-104-3 ... .. ... ... .$29.95
2 IC strips, 1 power strip

2 Binding posts, aluminum plate
WB-108 ................ $59.95

All boards come with a parts list and
placement diagram. We have all the parts
of the PCB’s just ask for them.

*Prices so low we require payment with

/ 4IC strips, 7 power strips Ricel DB25M so,d':,a SERIES §1.95
4 Binding posts, aluminum plate DB-25 F solder $1.85
WB-104 .. ... ... .. $33.95 MEMORY FLASH DB 25M IDC Flat cable $5.95

A f B 25 F IDC Flat cab! $5.95

2 IQ st'nps, 4 power stlnps 64K-200NSDRAM ... . ...........| $1.28 38 25 M Right :,'.z.ap pecB $4.95
2 Binding posts, aluminum plate. 64K-150NSDRAM . ..... .. .......$1.00 DB 25 F Right angle PCB $4.95
256K-150NSDRAM . .. .. ... . ....CALL Bz AL 21,00

Prime stock, limited quantity. ot S s

DB 15FIDC flatcable $3.95

DB 15 M right angle PCB 52.95

2.!
MOTHER lle’ ABS PLASTIC CASE IBM POWER EE ‘_';3,‘33‘};"'"9”“ 2:3‘2
p soider
BOARD $59.95 s R
DB 9 F right angle PCB $2.50

- 0B 9 Shell $0.75
DRIVE CONNECTORS
50 PinEdge C 8" drive $5.95
40 Pin Edge C $4.95
34 PinEdge C 5-114 dnive $5.95
20 Pin Edge C Hard drive $4.95
34 Pyn Fem header 17 x2 $3.50
26 Pin Fem header 13x 2 $3.00
20 Pin Fem header 10x 2 32.00

ASSORTED SEMI-
CONDUCTORS AND
OTHER STUFF

e (A)REDLEOSMIL 101$1.00

100N lto® ICSmpatE o 7 5 — ”/‘:‘ " (B)GREEN LEO SiMIL 8/$1.00

° patible, for those of you who wish 10 el A (CYAMBERLED SIMiL %1.00
build a clone of Ihe very popular APPLE lle' Ths g /‘/ On§ OfAme pIcestcnel "I?‘me 13 rt]ype (D} PIN PHOTOOIOOE S
board i1s a reverse engineered copy of the lle’ and s . - switching power supplies we have INFRA REQ 2/51.00
100% compatible We have the motherboard and the ever seen. Came from the defunct {E) PHOTO TRANSISTOR
custom iCs only All other parts are widely sold The NCR IBM compatible. runs the whole NPN VISIBLE 231.00
custom ICs are workalike chios that do not infringe thin has +p5V-7A +12V-3A, -5 (F)LOR (LIGHT DEP RESISTOR) $1.00
any copynghts The software for operating the board 9' H it f s 5 up
must be oblained elsewhere as we do not have It for This case 15 made 1o fit the Mother Board Iisted here -12-Y4A. A very good unit for starter micaps 8.4V 74D
sate, When we say 100% we mean it for making e’ clones and it makes a very nice look system. Will not run hard disc system. .. 4A.H CELLS
A very good buy at ing copy There 15 just enough difference to avod L ’ . . .
Custom IC set{2) :::g; design intringemenl  The case also has no brand Areal Stealat ........ o $49.95 e e y Y
Keyboard encoder (AY3-3600) $14.95 names joriother marks onjy | — e
Character generator, UILC $14.95 Ay el fiaad S 1

Another great bargain from PARTS GALORE, A
"e® MATR'x SW|TCH|NG small power supply switching style that give
KEYBOARD POWER SUPPI.Y +5v~4A; +12v 1A and -5v (adjustable) on a
compact 4x8” open frame PCB. Cost Northern
519 95 Tetecom $50.00 when they bought 5000 pieces.
- We got em when a subcontractor went belly up for
10% of that price and we are selling em for
This keyboard {its the above case and has 100% clone
compatibihty, it will allow operation of all lle* com-
mands Another bargatn at $7995

$18.95 NEW IN BOX TESTED
AC power cable (3Wire)forabove ......... $2.50
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MPUTER

316 College St.
Toronto, Ontario M5T 183

Toll Free Orders Only
1-800-387-1385

Order Checking (416)925-8291
Technical Data (416)925-1105

MAIL ORDEAS We accept VISA MC.
AMEX, credn cards Mcney orders, che
ques (2 week wail) are also OK Minimum
packing and handhing fee $500 or 5%.
whichever 15 latger The only COD we use
15 via CANPAR (Add $4 00 COD fee} or
motor freight We do not use postal COD
at all ANl Sn! res add 7% All prices are
subject to change withoul notice
Relurns are subject 10 a 20% restocking
charge

MBE-XT

AN IBM*

. XT Compatible
8 Slot Motherboard

MBE-XT BARE PCB WITH
MANUAL AND SCHEMATICS.

$49.95
LAZY BOARD

What 1s your bime worth?? We have had
a bunch of MBE XT boards stufted and
wave soldered 50 you can save all that
fime soldering them up All you need
are 1he IC's memory and BIOS and you
are set 10 go
FULLY WIRED AND TESTED WITH
64K ON BOARD WITH MEGABIOS

AND MANUAL

$325%

148.00

KEYTRONICS 5150

k™

vty

IEREE PRSP

=

« 8088 16 Bil Microprocessor

= BOB7 Maih Processor Optional

* Up to 256K Dram on Board

« Has Digital Defay Line for Error Free Memory
Retresh

= 8 18M Compalible Expansion Slots

* 4 DMA and Timer Channels

« 84K1128K Eproms Jumper Selactzble

« Will run any Compatible BASIC

« 18M Power Plug Compatible

We aiso

Yes the famous KEYTRONICS 5150 IBM*
patible keyboard. MADE IN USA. We bought a
bunch and can sell them for only

quite good and all are checked foronly . ..

And lastly we have some Taiwan copies of
the famous KEYTRONICS 5151 keyboard with all
the same enhanced features for only

com-
........ $119.00

have some Taiwan copies that are
.$99.00

..... $139.00

- Same PCB size as 1BM XT
* Runs PC DOS aniy CPM 86
« Compatible BIOS in stock

CHERRY SWITCH
IBM KEYBOARD

At last a good low cost keyboard for the
IBM PC, XT or compatible machine Uses

The amazing MEGABIOS"®
of Dallas. A fully rewritten BIOS that

from DTC

MEGA BIOS
TAIWAN BIOS, not as good or 100%

compatible but it will get you running all the RAM

512k MEMORY KIT

RAM DEAL RAM DEAL RAM DEAL RAM DEAL
RAM DEAL This is a real deal. All the parts for a
512K IBM* memory card, including the card and

and sockets and other small parts.

capacitive keys, has a very good feel”. f""":’s V°:’ to mrj“‘te alff:j”y 30":“’?":; and save you bucks -.$2495 1 This would normally sell for around $279.00 or
and has TYPEWRITER LAYOUT for easy egal system. Note ey do no a 2 a
wordprocessing at the very low price of MEGABUCKS" forit,only ...$39.95 more. Now for a short time we can offer this kit for
$119.00. only .. ... $139.95
MB If you want a wave soldered
IBM BARE PCE E-XT board to save you the soldering
(A) Color Graphics (Persyst) $27.95  (N)256K shortcard 519.95 LT Morarolra el solfed b hoCls i, LA [ghE oo $169.95
(B) Monochrome graphics $24.95 (0) 1IBM 6 "extender for service $19.95 STt himanuMiBrdlschimics ’sué 00
(C) Disc controller $17.95 (P) WW Prolo. full sized wilh DB9 & -
(D) Disc controtler + Printer $24.95 DB25 footprint $24.95 As abov:2 with 64K BIOS lesied withalt IC s and fully
(E) Disc controller + Game $24.95 {Q) WW Memory proto. full sized with burned 1n, 3Slots $325.00
{F}10 + 2 WO clock etc $24.95 256K (1Meg) memory laid out on one
(G) Muttfunclion card 11 function $24.95 end with DB.9. DB25 footprint 52995 ?&i%’i'esli’;n ‘:‘oa”i,‘:“: :‘ol‘; ‘;:pi":s"h::;';d"“', MONOLITHIC CAPS
(H) AST SIXPACK COPY .$34.95 (R}512K Mapping PROM $°295 case anc MEGA BIOS U $895.00
(0 Parallel printer $17.95 (S) Mulifunction PROMS(2) $24.95 : MONOLITHIC CERAMIC CAPS
)RS-232 card $17.95 (T) 2732 1ot color graphic $10.00 MBE XT SYSTEM + The lully loaded MBE XT syster We bought 100,000 of em dinl cheap they are very
e el comalisjostre ol = Tt e Kt s abeozmiad e v o
(M)512K card $24.95 :"(‘)'aff"c“:l"' drawing, we aiso have all parts needed senal parallel pons. calendar, clock and many more 100 pcs $ 9.00
small features tully tested ready1opo $1395.00 1000 pcs $85.00
nore? ask
SWITCHING POWER L
» ? &
IBM CASE SURLY - Z

110V, 60Hz with Fan and two
rear switched outlets.

These power supplies fit our cases.
130 WATT  +5V-14A; + 12v-4.2A; x

We have the nicest case of all the various com-
peting cases, ask any friend who has bought
someone else’s case and then has seen ours. The
lid is hinged with pushbutton access. The back is

12v-1/2A

cut for 8 XT slots and it comes with ail the case BéCK S“{'wh """"""""""

back inserts for cards, card guides, blind disc Side Switch ..

filler plates, standoffs, feet, screws, all for .$79.95

Please specify back or side cutour for power sup-

ply. 8 DRIVE
SWITCHING

MEGABOARD CASE, similar to the above.
Fits the MEGABOARD exactly for back
power supply $99.00

We also have an IBM 8 Slot/6502 Board dual duty
case for making IBM look-a-like 6502
systems

POWER SUPPLY

$3995

F

.$79.95

G FSarsnns

PARTS, PARTS, PARTS, PARTS, PARTS

Hard to get parts for your LS for IBM Hard to get parts for your The greatest 8" Drive supply we have ever found. Has
IEM compatable (8088) 6502 systems and Apple 24V-2.2A 5V-3A and -12V-.17A. Al. you need for a dual 8"
e systems Compatible Peripherals. Drive system. A switching power supply by ASTEC . ..$39.95
systems and peripherals : Rt
a w-g9 6502CPU $ 550
3039  6845CRT controlier $ 950
Rl 35051 0 S039  68A45 CAT controlier 5995
8087 Math Processor $21900 08 $0.39  2B0A CPU (4 MH2) s 499 WE' '
R Dl LA 5895 10 3045  MC3242 $1195 T EM H
8250 Serial Port $995 20 $045 7415367 s 62
8253A 5 Prog Interval imer $595 27 $045 7405259 $ 139
. el 5045 7aL5160 s s | 5-1/4"
rog Interrupt Cntr 32 S080 74574 s 82
8284A ADC clock gen & driver 3595 74 30 50 745174 $170 HALF S|ZE DR'VES!
8288 Bus Controller 5995 138 $0.70 7408323 S 455
8272 Floppy Disk Controlier $995 158 075 Card edge connector (50 pin) i35 | For IBM PC, TI PC,
tNEC 765 Floppy Disk Contraller 175 3080  PCAjack PC mount $ 69
{tequivalent to 8272} 243 $1.20 6 pin power square conneclo: $ 99 XEROX 820
Set of 80B8 82554 5. 8237A 5 8288, 8284 szs:ms 244 $1.25  Phono jack (smally s 99
&and B259A s5500 245 $1.50  MPSA t31trang s 55
2116 $349 g;gA :é 3?, 2N3904 trans s 19 o E
Z2132 $395 2N3906 Irans s 7 ugart/Panasonic % sizes i
2164 sa9s 323 53.50  MPSUST trans s 79 § SA455.3AEC $169.00 i Wvel o U
a3 3140 2N4258 transistor of equiv s 69 ) TUUTTUUEY oo d ¢ Double-sided, double
g;; ::;2 1K SIP 10 pin s 69 B (1 . density
1 3,
DELAY LINES 670 3575 1OR&P 10pin 3 7 g6 FD(SSBCadlllac Drslve) : 0l 28 Vi )
100ns delay line ss00 7407 TTL $100  4posdpsw 5 ] || SRERE vaacaacs 169.00 eLatest head & drive
7ns delay line $13.95 20 pin female header for disk drne $ 179 technology
62 pin edge con (high quality) $1.89 s SERI ES 20pinmale 5169 « Fast access time
5pin Din conn $1.25 50.75 S0pltnmcap s .89
Power conn $1.25 502 $0.75  2200hm Inmpot SIS
Dip switch 8 pos 5249 S04 $0.75  20conducior ribbor cable 5 B9t
47k x651p $ .69 203 $0.75
47k x Bpin sip $ 69 74 $0.85
B 2k or 10k 16 pin Resistor or network $ 99 S138 $1.75 a A .
Fiohm x 8 network s110  S157 $1.85 Ye; we have the same QUME drives that IBM uses in their IBM-XT* system. 40 track, 1/2
i“?!:b’i"?:ﬁ:, o, bypass Tapa5E 33 o 85 height, double sided, double density. The exact ones you need to upgrade your old
ul [ . )
i 9 mlee system or build your ctone system up to the max. These are brand new drives that are
34 pin card edge con $595 from QUME's own inventory. They are absolutely perfect, at a perfect price of
for your tloppy controller 75477 5125 only $135.00

Electronics Today October 1985 Circle No. 18 on Reader Service Card 37



A Guide to Transformers

Some theory and some

rules of thumb for get-

ting acquainted with
power and audio
transformers.

By Bill Markwick

THE TRANSFORMER is usually just
one of those black boxes that you don’t
have to think about much; it sits in your
chassis supplying power or changing
signal levels to suit the circuit. Once in a
while, however, you may decide to build a
project or do a replacement and you can’t
find the exact model you need.

There are enormous numbers and
types of transformers for various pur-
poses; we’ll be looking at the two largest
categories: power and audio transformers.
Here’s a brief guide to transformer opera-
tion and specifications.

Basics

Transformers are wusually classed as
step~up or step~-down. This refers to the
output voltage compared to the input
voltage. This applies both to power
transformers, and in a more roundabout
way, to impedance-matching
transformers as well. How the
transformer changes the input voltage
isn’t too complicated, although like
anything else, you can make it as complex
as you want (we’ll stick to finding basic
parameters for replacement or simple
design).

Imagine a coil of wire suspended in
the air. Or you can imagine Brooke
Shields or Robert Redford holding it up.
Your choice. Now we apply a direct cur-
rent through it; this creates a magnetic
field around the wire. Nonbelievers may
hold a compass near it and see the deflec-
tion. Unfortunately for those in need of
lots of magnetism, you can’t get a whole
lot out of an air-core. To increase the
available magnetic energy, the coil is
wound on a ferromagnetic core. My italics
key is stuck! Sorry. As I was saying. You
can demonstrate this by winding some
wire around a screwdriver shaft and ap-
plying an amp or so; the shaft will become
magnetized enough to pick up paper clips.
Borrow your neighbour’s screwdriver if
you try this, because it stays magnetized
and will drive you crazy later picking up
nails and things when you don’t want it
to.

38

CURRENT
sLow ¥
//\\ \\
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DIRECTION OF | \
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MAGNETIC Ay /
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Fig. 1. If an electric current is passed through
a coil of wire, a magnetic field is generated;
in effect, an electromagnet.

Like all good things, though, there’s
a catch. First, there’s a limit to how much
magnetism the metal will store; this
depends largely upon the material
selected. As the applied current increases,
so does the magnetic field until it reaches
the limit called saturation; after this point
is reached, increasing the current causes
no further increase in magnetism. This ef-
fect is very important when it comes to
selecting an audio transformer for
low-distortion power applications. A fur-
ther disadvantage to the. metal core is
hysteresis (pronounced hister-eesis). This
effect happens because the field in the fer-
romagnetic core lags slightly behind the
energizing current it it’s AC; if the delay is
significant, energy is wasted heating up
the core. Unless you plan to design your
own windings, you won’t be bothered
much by this; hysteresis effects are
minimized by the cleverness of
transformer manufacturers.

The energy stored in a coil can be
substantial. For instance, you’ll often see
a reverse-biased diode across the winding
of a relay coil. The purpose of this diode
is to absorb the energy stored in the coil

MAGNETISATION
OF CORE

INITIAL
MAGNETISATION ~_

CURVE

/ MAGNETISING
FORCE

Fig. 2. The hysteresis effect caused by the lag
between the magnetising force and the actual
magnetism in the core.

RELAY COIL 00

N\ j 7
HIGH
=~ VOLTAGE

T capaciton \

+
— BATTERY

Fig. 3. An experiment to observe the storage
of inductive energy in the coil of a relay; the
induced voltage can be higher than the bat-
tery voltage.

when the driving circuit is switched off.
Otherwise, a good-sized reverse voltage is
produced, causing an unwanted spike
which can feed into signal lines or even
damage any transistors driving the relay.
This can be shown by the circuit in
Fig. 3. If the switch is turned on and then
off, the induced current in the coil will
flow through the diode into the capacitor
and charge it up above the battery
voltage. With a suitable choice of relay (or
other coil) and capacitor, much higher
voltage can be induced into the capacitor
than was originally applied to the coil.

Two Coils

If two coils are wound on the same core,
the surge of voltage and current generated
as in Fig. 3 will be generated in both coils,
because the magnetic field is around both
coils. You could connect the power switch
and relay to one coil and the
diode/capacitor to the other and meter
the energy being transferred from one coil
to another. This effect is called mutual in-
ductance and is the principle of the
transformer.

The transfer of energy between coils
isn’t perfect; there’s always some loss,
some of it due to the fact that the
magnetic field generated doesn’t overlap
the coils perfectly. This effect is often
minimized by designers by specifying
bifilar winding. In this type of
transformer, the wires for both coils are
applied together rather than winding one
coil, then the other. This increases the
coupling between coils.

Power Transformers
They come in two basic types: the E-core
and the toroidal. Fig. 4 shows the more
common E-core, so-called because its
magnetic core is put together from stamp-
ings in the shape of Es and Is; this allows
the windings to be done easily on rotary
machinery. You’ve noticed that these
cores are made up of thin sheets or
Electronics Today October 1985



Fig. 4. E and I shaped core leaves on a
plastic bobbin.

laminations; the reason is to reduce losses
from eddy currents. Just as a coil can in-
duce currents in another coil, current may
be induced in the core itself, creating heat
and wasting energy. The laminations
break up these eddies and reduce them to
a fraction of what they would be in solid
cores.

The second type of transformer is the
toroid; the coils are wound on a
donut-shaped core which is itself wound
from a strip of magnetic material (Fig. 5).
The lack of corners reduces stray fields,
and the aligned grain of the rolled iron
strip makes it easier to magnetize. This
makes them smaller and lighter for a given

SPIRAL WOUND STRIP

Fig. 5 The core of toroidal transformer is
made from a wound strip of magnetic
material.

power than the E-cores; in addition, the
symmetrical shape reduces the external
hum field, important in audio or test
equipment.

Power Parameters

Now we come (finally) to the actual
characteristics that concern you if you’re
looking for a new or replacement power
transformer. The first one is the voltage
step-up or step-down, directly determin-
ed by the turns ratio. If you have 500
turns on the input (primary) side, and 100
turns on the output (secondary) side, then
the turns ratio is 5:1 and the output
voltage will be equal to the input divided
by five. As we’ve mentioned often in
these pages, transformer voltage ratings
are specified, for example, as either
12VCT (Volts Centre Tapped) or 6-0-6;
both mean the same thing and both are
RMS voltage ratings.
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The next problem is to determine the
current rating. This is a bit more complex,
because it depends entirely on the sort of
load the transformer will be driving. If the
load is a resistor, which is possible but us-
ed less often, you can take the ratings at
face value: if you need 1 amp at 25VAC
across your resistor, you specify a 1 amp,
25V transformer. However, the majority
of applications call for conversion of the
output to DC using one of the many
methods available. The method of rec-
tification determines the ratings of the
transformer. Onward:

}ll

1
Vac

cT
A

Fig. 6. The conventional full wave rectifier
discussed in the text; 0.68 ohm resistor was
added between the diodes and the capacitor
for monitoring the charging current.

Figure 6 shows the typical full wave
bridge with a capacitor input, used for the
majority of rectifier circuits because it
uses the available secondary energy in the
most efficient way. First, we work
backwards from the desired DC voltage.
Let’s say that you want a 35VDC supply.
The secondary AC voltage for a no-load
condition is:

VAC = VDC x .707
The capacitor is charged to the peak

value of the AC sine wave, which happens
to be 1.414, or root 2, times the RMS

-
%

value; working backwards to find the
secondary AC produces the .707 factor.
This neglects the voltage drop across the
diodes, and gives us a no- load secondary
voltage of about 25VDC.

The problem here is that the
transformer output voltage will sag
somewhat under load, and the diode
voltage drop increases a bit with current;
the diode drop is especially important in
lower voltage supplies. Here’s another
rule-of-thumb which takes these factors
(and others) into account, and is taken
from a nifty chart in a catalogue available
from the L.H. Frost Co. (see the list at the
end):

VAC = 0.83(VDC + 2)

Now we find that our secondary
voltage under load works out to
29.6VAC. Huh? This seems a bit high
compared to the original estimate of 25.

The reason for this is that the current
drawn from the transformer is
non-sinusoidal. Let’s go over the setup so
far. I tested a full wave capacitive rectifier
as shown in Figure 6; the only difference
was the insertion of a 0.68 ohm resistor
between the rectifier and the capacitor in
order to scope the capacitor charging cur-
rent. The transformer was a 25 volt,
150mA unit, the capacitor was 2200uF,
and the load resistor was 460 ohms, giving
a load current of 76mA. Note that the
transformer voltage rating applies only at
the full load current into a resistor; it will
rise a bit under lighter loads. Spec sheets
usually give you the range of output
voltages you can expect under different
load conditions.

At 76mA, the secondary voltage
metered as 29.5VAC and the capacitor

R

Y
++

{

Fig. 7. The secondary AC voltage of the transformer under load; the rush of charging current

into the capacitor flattens the peaks.
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voltage was 35VDC. If you multiply the
29.5 by 1.414 to find the expected peak,
you get about 42 volts instead of the
measured 35. The reason for the
discrepancy here can be seen from the
photograph in Fig. 7. The peaks of the
sine wave are clearly flattened; this is the
point where the rising voltage from the
secondary exceeds the stored capacitor
voltage, the diodes turn on, and the
capacitor draws a large current as it
charges up again.

In the photo in Figure 8, the scope
has been placed across the 0.68 ohm
resistor to monitor the charging current.
Since the scope was set at 100mV/div, the
peak voltage is about 280mV, and
therefore the peak charging current is
about 410mA, considerably higher than
the transformer’s rated continuous value
of 150mA. Note that each positive-going
peak corresponds to one of the peaks of
the AC waveform from the secondary.

It’s this non-sinusoidal waveform
out of the secondary that throws things in-
to a cocked hat. Voltmeters, either digital
or analog, respond to the average value of
the applied waveform. This value is then
increased artificially, either by the digital
circuitry or the analog meter face, to show
you what the RMS value would be if the
input were a pure sine wave. Unless your
meter says ‘‘True RMS”’ on it, this will be
the case, and the reason that the volts
don’t seem to match up where they
should.

Check out the peak value of the
waveform in Figure 7; at 20V/div, the
peak value is about 38 volts. After hazar-
ding the journey through the rectifier
diodes and the 0.68, our rectified and
smoothed peak voltage is now 35V, agree-
ing with the rule of thumb from the good
folks at L.H. Frost.

Here are two more handy equations
for the circuit in Figure 6:

IAC = 1.8 x IDC
VA = 1.4 x (watts + 2IDC)

The Mysterious VA

The ‘‘watts’’ mentioned above is just the
DC volts times the DC load amperes, but
you may have noticed that transformers
are rated using the VA (volt-ampere). The
essential difference is that the VA implies
the possibility of phase shift between the
current and the voltage. In a purely
resistive circuit with an AC signal, the cur-
rent changes are exactly in step with the
voltage changes, as you’d expect. In a cir-
cuit containing inductance, such as a
transformer/rectifier, the current can
happen at a different part of the cycle
than the voltage; in other words, you
can’t multiply volts times amps to get
watts because the volts and amps don’t
occur together. VA is not true power, but
an indication of the volts and amps need-
ed under reactive conditions.
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Fig. 8. The bursts of charging current as the diodes switch on can be seen by putting the scope

leads across a resistor in series with the capacitor.

The VA rating has to be considerably
higher than you’d expect in order to allow
for peculiarities such as the sudden bursts
of current as the diodes switch in and out
of conduction. In our test circuit, the
resistor dissipates 2.66 watts, and the VA
rating works out to about 4VA.

Taps

Most commercially available transformers
have a centre tap. If you’re concocting a
power supply from scratch, you probably
wondered about the choice between a
full-wave (Figure 6) and a centre-tapped
(Figure 9). Simple: if you’re building a
low voltage supply, perhaps less than five
volts, the voltage drop across the diodes
becomes a significant part of things. By
specifying the CT type, you only need two
diodes and the transformer VA rating can
be reduced a bit. However, it isn’t quite as
efficient as the full wave because the
secondary isn’t fully utilized; only half of
it works at a time. Because of this, the VA
rating will have to be fractionally higher
than the full wave version. Remember
that the voltage rating must be twice as
high as the full wave type; our 25V
transformer in the example would have to
be a S0VCT, or 25-0-25.

The main use for the centre tap is in
producing the familiar supply with lots of
names: symmetrical, bipolar, or split.
These put out both positive and negative
voltages for use with op amps, power
amps, etc. They’re really just a variation
on the full wave of Figure 6; the output is
simply split in the middle by calling the
centre tap zero-volts or ground. The
beginner may be confused into thinking
that there are two different kinds of elec-
tricity, positive and negative, but it’s not
s0; it’s all in how you designate it. If we

used two series capacitors in Figure 6 and
connected the centre tap to their mid-
point, we’d have plus-and-minus 17.5V
instead of 35V. If we move the ground
connection to the bottom capacitor’s
negative, and call that ‘“‘ground’’, then we
now have a supply with 17.5 and 35 volts.
It’s all in the labels. Our rules of thumb
from Figure 6 still apply to the split ver-
sion.

Audios, amigo
I won’t go into immense detail on the
audio transformer because they’re largely
out of favour these days. At one time they
were used all over the place, especially in
microphone inputs because they furnished
voltage gain, and in those days gain stages
cost a lot of money (no gain without
pain). Now that we have all kinds of com-
plex circuits integrated onto chips for next
to nothing, the transformer has been
relegated to providing balanced lines in
professional audio, and even then they’re
being replaced with differential
amplifiers.

The idea of the balanced line is sim-
ple: because the transformer will transmit
only those voltages which appear across

Voe

b=

its primary, it rejects signals which appear
Vac J_

T

Fig. 9. The centre-tapped full wave version of
the supply shown in Fig. 6.
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equally on both primary terminals (‘‘com-
mon mode signals’’). Microphone and
output lines are usually twisted pairs runn-
ing into a transformer, and since the lead
is symmetrical, noise and hum are induced
on both wires with equal phase and
voltages, and they get cancelled out by the
transformer. The pair also has a grounded
shield or braid, which is why some audio
cables have three wires instead of the ex-
pected two. Good audio transformers
may reject low-frequency common-mode
signals by as much as 75 dB or more.
High-frequency interference tends to
jump from the primary into the secondary
via the inevitable stray capacitance; this
can be reduced by looking for a
transformer with an electrostatic shield
between primary and secondary. This
shield is connected to ground via the
chassis. -

In selecting a microphone
transformer, the turns ratio and im-
pedance ratio are important; the turns
ratio squared gives the impedance ratio.
For example, a transformer with a 1:10
turns ratio will step up the voltage by 10
and the impedance by 100. If you drive
the transformer primary with a 250 ohm
microphone, the impedance looking into
the secondary is 25,000 ohms.

Impedance matching is important
with an audio transformer, particularly on

professional equipment. If serious
mismatches occur, the most likely result
will be either poor low-frequency
response (source too large or load too
low) or a boost in the high end (source too
low or load too large). However, there’s
some elbow room if you can’t find the ex-
act model that you need. The general rule
for fudging trannies is: select a model that
has the turns ratio that you need (mike
trans almost always have 10 to 20dB in
gain, a turns ratio spread of 3.2 to 10).
Check the impedance specs; the primary
should be more than the driving load, and
the secondary should be /ess than the
secondary load.

An example: a PA amp requires a
replacement transformer. Microphones
are mostly 150 ohm low impedance types,
and the secondary feeds a transistor amp
with about 40k input impedance.

Thumbing through a Hammond
catalogue turns up the 809, a broadcast--
quality transformer with a 200 ohm
primary and 10,000 ohm secondary. A
nice bit of luck; if the impedances don’t
turn out to match this closely, you can

. always mismatch by 100 percent, or even

more (who said that?). The 809 has an im-
pedance ratio of 1:50. Taking the square
root gives the turns ratio, or 7.07. The
voltage gain in dB is:

20 log 7.07 = 17dB
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This should be fine as is, but check
the frequency response anyway. If you
find a boost in the treble, it may be
necessary to load the secondary with a
resistor sub box until you find a value that
smooths it out. Will the 17dB of voltage
gain overload the input amp during use?
Maybe. It all depends on the circuit; if
you know the original equipment
transformer gain, you should try to stay
within 3 or 4dB of the original.

I’m out of room already, and I didn’t
even get to audio output transformers or
autotransformers or tuned types. There’s
an excuse for another article in an upcom-
ing issue. [ ]
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continued from page 34

Oscillioscopes

plied through the component via banana
jacks on the front panel, and goes to the
scope’s vertical and horizontal circuits. A
good diode, for instance, will display a
straight line (no conduction) up to about
600mV, where the trace will angle sharply
to show increasing current under the for-
ward bias conditions.

Other features include TV sync and
sync separator circuits for optimum trig-
gering of the sweep during TV testing. It
comes with dual probes that can be set to
1:1 or 10:1. Price is $654.50 from Duncan
Instruments, 121 Milvan Drive, Toronto,
Ontario M9L 1Z8, (416) 742-4448.

Circle No. 54 on Reader Service Card

Duncan 3015

Also from Duncan Instruments (see
model 6022 above) is the model 3015 Dual
Trace Portable. Easy portability is the
dream function for field servicing, and the
3015 fills the bill by running from 90 to
260 VAC power lines from 48 to 440Hz,
NiCads with internal recharger, and DC
from 11 to 30V. It has 15MHz bandwidth,
a 3.8 inch CRT, 2mV/div vertical sen-
sitivity and a comprehensive trigger amp,
making it just about ideal for taking your
show on the road. The price is $951.50.

Circle No. 55 on Reader Service Card

Tektronix 2220

The Tek 2220 is one of a new family of
scopes combining both storage functions
and portability. It has 60MHz bandwidth,
which should be adequate for checking
your Silvertone guitar amp, TV-pre-post
triggering, glitch capture to 100nS, an
analog output, and optional communica-
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tions links such as GPIB and RS232.
Signal averaging can be used to salvage
the signal from noisy environments.
Others in the family include the 2230 and
2240, with various extra features such as
increased bandwidth, glitch capture to
2nS, and a controllable cursor for
on-screen measurements. Contact the
Marketing Communications Department,
Tektronix Canada Inc., PO Box 6500,

Circle No. 57 on Reader Service Card

Model 1596 is suitable for either bench or
field use. List price is $4555.85. Contact
Atlas Electronics, with sales offices in
Montreal, Ottawa, Winnipeg, Calgary
and Vancouver, or the head office at 50
Wingold Avenue, Toronto, Ontario M6B
1P7, (416) 789-7761.

Hitachi V-1100A

The Hitachi V-1100A’s primary feature is
cursoring capability and a digital
multimeter display on the CRT. Moving
the cursor dots between two points on the
display is not only a super-convenient way
to measure waveforms, but it eliminates
guesswork and errors. The 1100A’s CRT
displays scope setting information, cursor
locations and values, DVM values, and
programmable text (8 lines of 30
characters each).

Vertical sensitivity is 5mV/div
(ImV/div with x5 control) and the band-
width is 100MHz; the CRT is a 6-inch.
The cursor measurement facility has a
resolution of .01V/div; list price is $3978
including FST. Contact their offices in
Nepean (Ont.), St Laurent (Que.),

Calgary, or the head office: Hitachi Den-
shi, Ltd., (Canada), 65 Melford Drive,
Scarborough, Ontario MIB 2G6, (416)
299-5900.

Barrie, Ontario L4M 4V3, (705)

372100, R
Circle No. 56 on Reader Service Card Circle No. 58 on Reader Service Card

B&K 1596

The B&K Model 1596 is a quad input
scope. Remember quad sound? Edsels?
Nothing to do with it. The 1596 can
parade four waveforms, just the ticket for
analyzing data circuits. The vertical sen-
sitivity is 500uV/div up to 70MHz, and
5mV/div at 150MHz. There’s also a Dual
function in which the A sweep and B
sweep operate independently; two signals
can be viewed with different sweep times,
a fairly unusual feature. At 7.4kg the

Leader 5825

The Leader LBO 5825 is yet another
digital storage scope. If you haven’t used
a storage scope yet, and wonder why there
are so many around these days, upgrading
to a storage is like going from a slide rule
to a computer. The 5825 is a 35MHz real
time scope, or 500kHz in dual channel
storage mode. There are memories for
each channel; the memory permits four
waveforms on two channels to be stored
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Gould 1425

Another advantage from the proliferation serial interface. The interface can also
of microchips is the ability to have your drive a plotter for copying of the trace.
scope converse with a computer for the The optional Type 125 waveform pro-
analysis or control of whatever’s under cessor keypad allows waveforms to be

test. Several of the scopes listed above stored, magnified, attenuated, transfer-
have outputs for interfacing, and the red, averaged, filtered, etc. The 1425 lists
Gould 1425 is no exception. It’s a dual at $4204, taxes extra. From Allan
trace, 20MHz storage scope that offers Crawford Associates, Electronic In-

CDMVMPUTER

on-screen measurement of time and struments and Systems Division, 5835
voltage via cursors and an alphanumeric Coopers Ave., Mississauga, Ontario L4Z
readout; data can be read to and from an 1Y2, (416) 8950-2010. [ |

external computer via an RS232/RS423
Circle No. 59 on Reader Service Card
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The Electronics Today
Electrivia Contest Results

AND THE the grand winnah of our July/August contest is...
Bill Markwick, editor of Electronics Today!!! Well, thank
you, thank you, I know I'll enjoy this computer for many
years to come... what? I can’t? Why not? What contest rules?
Okay, okay, I’ll draw again. This time, the winner is:

Terry Wong
118th Avenue Edmonton, Alberta

Our congratulations on your new computer.

Here are the correct answers. Since the contest was finally
decided by a draw, we marked as liberally as we possibly could
without being unfair to those who had gone to a lot of effort
researching the questions. There were over 200 entries with
correct answers.

1. The relationship between sound intensity and distance is
governed by the Inverse Square Law, or the reciprocal of D
squared. It doesn’t matter what unit you select for measuring
the sound; it falls off inversely with the square of the distance.
A lot of readers got sidetracked onto the measurement units
for intensity, using decibels and the Weber-Fechner law and so
forth.

Inverse-square was the magic word.

2. The common-base equivalent of Beta (current gain) is
Alpha, or HFB, or Ic/le. We also accepted other
mathematical equivalents or the Greek character for Alpha.

3. False. The Wheatstone bridge, named after Charles
Wheatstone, was developed by Samuel Christie in 1833. Some
readers wrote False because we forgot the ‘‘Sir’’ in Charles’
name. We gave it to you anyway.

4. The oscilloscope figures resulting from similar signals ap-
plied to horizontal and vertical inputs are called Lissajous pat-
terns. Some readers put only special cases, such as the circle or
the ellipse. We were generous.

5. True. The turns ratio of a transformer is indeed equal to the
root of the impedance ratio.

6. The Bel, the log of a power ratio, was named after Alex-
ander Graham Bell. We also accepted the decibel or dB.

7. The voltage gain of an analog buffer is one, or unity, or zero
dB. A lot of entrants put ‘‘close to one’’, which we accepted
because it’s generally true, but we didn’t accept ‘‘zero’’ unless
you mentioned decibels.

8. An asynchronous counter is also known as a ripple, or
serial, counter. We were liberal on this one, accepting such en-
tries as ‘‘ring counter”’, even though it’s a special case of the
ripple counter.

9. The algebra used in logic was named after George Boole,
1815-1864. We had to turn down the several ‘‘Boolean
algebra’’ entries on the grounds that the question wasn’t read
closely.

10. True. Maximum power is transferred when the source and
load resistances are equal.

Many thanks to the nearly 1,000 readers who entered the contest.
We’ll have another one coming up in a future issue.
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Almost Free Software

ALMOST FREE SOFTWARE

OFFER

Moorshead
Publications

Almost Free Software (CP/M) .......#17

Almost Free Software #1, #2 and #3 are for
CP/M and are available in a variety of for-
mats: Apple // + CP/M, 8 inch SSSD*, Ac-
cess Matrix, Morrow Micro Decision, Super-
brain, Xerox/Cromemco*, Epson QX-10VD,
Sanyo MBC 1000, Nelma Persona, Kaypro II,
Osborne and double densities, Televideo, DEC
VT-180, Casio FP-1000, Zorba.

Modem 7. Allows you to communicate with any
CP/M based system and download files. Complete
details were in Computing Now! November 1983.

PACMAN. You can actually play PACMAN without
graphics, and it works pretty fast.

FORTH. A complete up-to-date version of FIG
FORTH, complete with its own internal DOS.

DUU. The ultimate disk utility allowing you to
recover accidentally erased disk files, fix gorched files,
rebuild and modify your system. A real gem.

D. A sorted directory program that tells you how big
your files are and how much space is left on the disk.

USQ/SQ. Lets you compress and uncompress files.
You can pack about 40% more stuff on a disk with
this system.

Finance. A fairly sophisticated financial package writ-
ten in easily understandable, modifiable Microsoft
BASIC.

BADLIM. Ever had to throw out a disk with a single

bad sector? This isolates bad sectors into an invisible
file, making the rest of the disk useable.

DISK. Allows you to move whole masses of files from
disk to disk without having to do every one by hand,
you can also view and erase files with little typing.

QUEST. A ‘“‘Dungeons and Dragons’’ type game.

STOCKS. This is a complete stock management pro-
gram in BASIC.

SEE. Also known as TYPE17, will TYPE any file,
squeezed for not allowing you to keep documents in
compressed form while still being able to read them.

Order as AFS #1,
and specify system

$19.95 each

Except for 8” disks and those with two disks
which are marked with an asterisk (*) above

which are:

$22.95

*single density formats require two disks. The package
cost for these formats is $22.95.

#

Almost Free Software (CP/M) .......#2

BISHOW The ultimate file typer, BISHOW version
3.1 will type squeezed or unsqueezed files and allow
you to type files which are in libraries (see LU, below).
However, it also pages in both directions, so if you
miss something, you can back up and see it again.

LU Every CP/M file takes up unneccessary overhead.
If you want to store lots of ata in a small space, you'll
want LU, the library utility. It permits any number of
individual files to be stored in one big file and cracked
apart again.

MORTGAGE This is a very fancy mortgage amortiza-
tion program which will produce a variety of amor-
tization tables.

NSBASIC Large disk BASIC packages, such as
MBASIC, are great . . . and very expensive. This one,
however, is free . . . and every bit as powerful as many
commercial programs. It’s compatible with North Star
BASIC, so you'll have no problem finding a manual
for it.

RACQUEL Everyone should have one printer picture
in their disk collection.

Z80ASM This is a complete assembler package which
uses true Zilog Z80 mnemonics. It has a rich
vocabulary of pseudo-ops and will allow you to use
the full power of your Z80 based machine . . . much
of which can’t be handled by ASM or MAC.

VFILE Easily the ultimate disk utility. VFILE shows
you a full screen presentation of what's on your disk
and allows you to mass move and delete files using a
two dimensionai cursor. It has heapt of features, a
built-in help file and works extremely fast.

ROMAN This is a silly littte program which figures
out Roman numerals for you. However, silly pro-
grams are so much fun . . .

CATCHUM If you like the fast pace and incredible
realism of Pacman, you'll go quietly mnsane over Cat-
chum . . . which plays basically the same game using
ASCII characters. Watch little “C’*"% gobble periods
while you try to avoid the delay *“‘A’s”" ... it’s a
scream.

Order as AFS #2
and specify system

$19.95 each

Except for 8 disks and those with two disks
which are marked with an asterisk (*) above

which are: $22.95

*single density formats require two disks. The package
cost for these formats is $22.95.
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Almost Free Software (CP/M) .......#3

OIL. This is an interesting simulation of the workings
of the oil industry. It can be approached as either a
game or a fairly sophisticated model.

CHESS. This program really does play a mean game
of chess. It has an on-screen display of the board, a
choice of colours and selectable levels of look ahead.

DEBUG. The DDT debugger is good but this offers
heaps of facilities that DDT can’t and does symbolic
debugging... it's almost like being able to step, trace
and disasemble through your source listing.

DU87. The older DUU program does have some
limitations. The version overcomes them all and adds
some valuable capacities. [t will adapt itself to any
system. You can search map and dump disk sectors or
files. It’s invaluable in recovering damaged files too.

ELIZA. This classic program is a micro computer
head shrinker... it runs under MBASIC, and with very
little imagination, you will be able to believe that you
are conversing with a real psychiatrist.

LADDER. This is... this prograin is weird. It's
Donkey Kong in ASCII. 1t’s fast, bizarre and good for
hours of eye strain.

QUIKKEY. Programmable function keys allow you to
hit one key to issue a multicharacter command. This
tiny utility allows you to define as many functions as
you want using infrequently used control codes and to
change them at any time... even from within another
program.

RESOURCE. While a debugger will aliow you to
disassemble small bits of code easily enough, only a
true text based disassembler can take a COM file and
make source out of it again. This is one of the best
ones available.

Order as AFS #3
and specify system

Almost Free Apple DOS Software

$19.95 each

Except for 8’ disks and those with two disks
which are marked with an asterisk (*) above

which are:
$22.95

*single density formats require two disks. The package
cost for these formats is $22.95.

Almost Free Apple DOS Software ... .#1

While CP/M is a wonderful thing in its own
right, the Apple computer can also, and usually
does, operate under DOS. For this reason,
there’s a multitude of programs available for
it. Below, we offer a minimultitude of our
own.

The following programs will operate on
any Apple //+, //e, //¢, or true compatible
operating under DOS 3.3. Apple users
operating only under ProDOS may have to
make alterations to some programs.

Picture Coder: All Apple HiRes pictures take up 36
sectors in their binary form. This program creates a
textfile of a program in memory, squeezing out the
zero bytes, that can later be EXECd into memory. The
textfile often takes up less room on the disk

DNA Tutorial: Operating under [nteger BASIC, this
program might appeal to ‘clone’ owners. In actuality,
though, it’s an interactive low-res graphics tutorial of
DNA in its inherent forms. And you thought your Ap-
ple was only good for games..

Toad: Speaking of games, this program is an Ap-
plesoft BASIC implementation of ‘Frogger’ that can
be controlled with either a joystick or the keyboard.
The user’s high scores are saved to disk.

Function Plotter: A fairly extensive Applesoft BASIC
program that takes any inputted function and plots it
on the HiRes Screen.

Data Disk Formatter: Apple DOS disks need not be
bootable to be useful. This binary program formats a
disk without setting DOS on the tracks, conserving
useful disk space.

BASIC Trace: A program for the advanced Applesoft
programmer, this file, when EXECd, displays the hex-
adecimal locations of each Applesoft line number of a
program in memory.

Gemini Utility: A word processor pre-boot for
Gemini printer users, this BASIC program initialises
the printer’s font or pitch before you boot your word
processer.

Payments: This BASIC program allows you to keep
track of payments and credits to and from up to 100
accounts on a single disk. A sample account is includ-
ed.

Databox: A small but useful database program in Ap-
plesoft BASIC. Sample files are included to get you
started.

Nulispace Invaders: A quick BASIC HiRes game
testing coordination and judgement as you manipulate
a monolith through mysterious gates.

Fine Print: The majority of this software has been obtained
from on-line public access sources, and is therefore believed to
be in the public domain. Any remaining programs were written
in-house. The prices of the disks defer the cost of collecting the
programs, debugging them, reproducing and mailing them,
plus the cost of the media they’re supplied on. The software
itself is offered without charge.

Moorshead Publications warrants that the software is
readable, and if there are any defects in the medium, we will
replace it free of charge. While considerable efforts has been
made to ensure that the programs have been thoroughly debug-
ged, we are unable to assist you in adapting them for your own
applications.

Order as AFAD #1
and specify system

Each disk is

$19.95

or, as an introductory offer you
can order all three for

$39.95

Software Services Moorshead Publications

25 Overlea Boulevard, Suite 601, Toronto, Ontario M4H 1B1

See Order Form Page 45
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Almost Free Apple DOS Software .. ..#2

Amort: A monthly amortization program that
calculates monthly payments to an inputted figure,
calculates principle, interest on every balance, and
prints out the resuiting chart.

Voiceprint: An unusual program that uses the HiRes
screen to sample sounds inputted through the cassette
jacks at the back of your Apple. Sampling rate and
other variables can be controlled, and two sounds may
be compared side-by-side.

Calc NOW!: Written in BASIC, this spreadsheet pro-
gram is somewhat slower than VisiCalc, but still offers
the power you expect from a spreadsheet. With sample
files.

Cavern Crusader: A mix of BASIC and binary pro-
gramming, winning this HiRes game is difficult, to say
the least. For every wave of aliens shot in the cavern,
there's always a meaner bunch in the wings.

Newcout: With source file. This binary program
replaces the 1/0 hooks in the Apple with its own so
you can operate your Apple through the HiRes screen.
Comes with a character set.

Charset Editor: A utility to help you create your own
character sets to use with Newcout.

Calendar: A BASIC utility useful for finding a par-
ticular day of any inputted month and year, or for
printing out any given year.

LCLODR: With source. This binary utility BLOADs
any given file into the 16K language card space at
$D000. The source is useful in showing how to use
DOS commands through assembly language.

Cristo Rey: An animated HiRes BASIC program
showing Cristo Rey by moonlight. For apartment—
bound romantics.

ATOT: That’s an acronym for ‘Applesoft to Text’.
EXEC this textfile to produce a textfile of your pro-
gram,

Applesoft Deflator: This program takes a textfile
made by ATOT and squeezes it, replacing PRINT
statements with ‘7’ and removing unnecessary spaces
from the listing.

Almost Free PC Software

e I e —— e

Almost Free PC Software ...........#1

Order as AFAD #2
and specify system

Each disk is

$19.95

or, as an introductory offer you
can order all three for

$39.95

Our Almost Free Software disks, volumes one
through three, for systems running CP/M
have been so thunderingly popular that we
have assembled a volume for IBM PC users.
The considerably greater power of a sixteen bit
system, coupled with its larger capacity disk
drives, have enabled us to offer a collection of
programs that will knock the socks off virtual-
ly any sentient life form booting the disk. Be
warned... wear sandals when you unwrap this
thing.

This software will run superbly on ge-
nuine IBM PC’s and compatible systems.

PC-WRITE While not quite Wordstar for nothing,
this package comes extremely close to equalling the
power of commercial word processors costing five or
six bills. It has full screen editing, cursor movement
with the cursor mover keypad, help screens and all the
features of the expensive trolls.

SOLFE This is a small BASIC program that plays
baroque music. While it has little practical use, it’s
just a kick to toodle with. It’s also a fabulous tutorial
on how to use BASICA’s sound statements.

PC-TALK Telecommunications packages for the
IBM PC are typically intricate, powerful and huge.
This one is no exception. It has menus for everything
and atlows full control of all its parameters, even the
really silly ones. It does file transfers in both ASCII
dump and MODEM7/XMODEM protocols and
comes with... get this... 119424 bytes of documenta-
tion.

SD This sorted directory program produces displays
which are a lot more readable than those spewed out
by typing DIR. It’s essential to the continued
maintenance of civilization as we know it.

FORTH This is a small FORTH in Microsoft BASIC.
It’s good if you want to get used to the ideas and con-

cepts of FORTH. .. you can build on the primitives in-
tegral with the language.

LIFE This is an implementation of the classic ecology
game written in 8088 assembler. While you may grow
tired of watching the cells chewing on each other, in
time the source will provide you with a powerful ex-
ample of how to write code.

MAGDALEN This is another BASIC music pro-
gram. We couldn’t decide which of the two we’ve in-
cluded here was the best trip, so we wound up putting
them both on the disk. Ah... the joys of double sided
drives.

CASHACC This is a fairly sophisticated cash acquisi-
tion and limited accounting package written in
BASIC. It isn’t exactly BPI, but it’s a lot less expen-
sive and suitable for use in most small business ap-
plications.

DATAFILE This is a simple data base manager writ-
ten in... yes, trusty Microsoft BASIC.

UNWS Wordstar has this unusual propensity for set-
ting the high order bits on some of the characters in
the files it creates. Looks pretty weird when you try to
do something other than Wordstar the file, doesn’t
it... Here’s a utility to strip the bits and
“unWordstar’’ the text. The assembler source for this
one is provided.

HOST2 This is a package including the BASIC source
and a DOC file to allow users with SmartModems to
access their PC’s remotely. It's a hacker’s delight.

Moorshead Publications warrants that the software will
be readable. If defects in the medium prevent this, we will
replace your disk at no cost. While we have made every effort
to assure that these programs are completely debugged, we are
unable to assist you in adapting them for your application.

The disk also includes various support and
documentation files needed to run the software.

We can provide the Almost Free PC Software
Disk volume one on either one standard double sided
disk or on two single sided ones.

Order as AFPC #1
and specify system.

Only

$19.95
or $22.95

for two single sided disks.
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Project

Natural Crystal Radio

A crystal radio is the simplest form of

radio, and an interesting experiment for

both beginners and experts.

By R.A. Penfold

WHEN WRITING an article about a
radio receiver it is normal to start by ex-
tolling the virtues of the new miracle
design, but such an approach is really not
appropriate for a crystal set. By any stan-
dards the level of performance provided
by a crystal set is pretty mediocre, and one
could reasonably ask why bother to build
one? Even in these days of high
technology, crystal receivers remain quite
popular among electronics enthusiasts
and there are a number of reasons for
this:

1) Very inexpensive to build.

2) The most simple type of radio that will
work.

3) Zero running costs as no power is re-
quired.

50

4) No setting up or any form of adjust-
ment required once completed.

5) Easy enough for even a complete begin-
ner to construct.

There are a couple of disadvantages
apart from the general lack of perfor-
mance. One is merely that there is only
sufficient output to drive a sensitive ear-
phone or headphones, and loudspeaker
operation is out of the question. The se-
cond is that ordinary ferrite or telescopic
aerials provide an inadequate signal level,

.and a so called /ongwire aerial is needed.

This is not such a major drawback as one
might think, since the aerial can just be a
few meters of ordinary hook-up wire
strung between two supports outdoors. A
sophisticated installation with insulators
and masts is not required.

This crystal set is a fairly conven-
tional design which covers two
wavebands. These are the normal medium
wave broadcast band, and short wave
bands from about 4.5 to 12MHz.

Circuit Operation
The simplicity of a crystal set is readily ap-
parent from the circuit diagram of Fig. 1.
There are only seven components plus the
input and output sockets. SK2 is the nor-
mal aerial socket, and a reasonably effi-
cient aerial wire will give output levels of a
few hundred millivolts peak to peak or
more on strong signals. Although the
signal levels are quite respectable, the out-
put impedance is quite high and the
available current is therefore quite low. It
is for this reason that a low impedance
load such as a loudspeaker can’t be driven
from a crystal set, and it is not even possi-
Electronics Today October 1985



ble to use low impedance headphones suc-
cessfully.

The signals provided by the aerial are
at high frequencies, and the audio signal is
amplitude modulated on to each signal.
Fig. 2 helps to explain the amplitude
modulation and demodulation process.
The waveform of Fig. 2a represents an un-
modulated carrier wave, and here there is
no variation in the strength of the signal
with each half cycle having the same peak
voltage. In Fig. 2b the carrier wave has
been modulated by a lower frequency
squarewave, and the signal switches bet-
ween two levels in sympathy with the
modulation signal. In practice the
modulation signal is the audio signal that
is to be transmitted, and it would normal-
ly be a complex speech or music
waveform. However, whatever the
waveform the system works precisely the
same way, with the amplitude of the car-
rier wave being varied in sympathy with
that of the audio modulation signal.

A crystal set has to perform two basic
functions in order to recover the audio
signal modulated onto the required
transmission. First it must select the re-
quired signal from the multitude of signals
provided by the aerial, which picks up
transmissions on all bands from long
waves through to VHF bands. Then it
must demodulate that signal to recover
the audio signal it contains.

The filtering is provided by Cl and
L2 which form a parallel tuned circuit.
This type of circuit has an infinite im-
pedance at its resonant frequency, with
the impedance falling as the signal fre-
quency is varied either side of resonance.
In practice the impedance does not reach
infinity at resonance due to imperfections
in the components (leakage in Cl and
resistance through L2), but a very high
impedance is still achieved. The im-
pedance falls rapidly on either side of
resonance. This gives the desired band-
pass filtering with transmissions at the
resonant frequency being unaffected by
the tuned circuits while transmissions at
other frequencies are virtually short cir-
cuited to ground.

The value of L2 and C1 enable the
tuned circuit to be tuned over the medium
waveband by varying the value of Cl. For
short wave reception L1 is switched into
circuit by closing S1, and the inductance
in the circuit is then the parallel induc-
tance of L1 and L2 (approx. 4.6uH). This
boosts the resonant frequency so that it
covers the desired short wave broadcast
bands.

Demodulation

Having selected the signal we want, the
next step is to demodulate it. If you look
at Fig. 2b you will see that the average
signal level does not vary in sympathy
with the strength of the audio signal, but
Electronics Today October 1985
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Fig. I The circuit: only seven components.

is always zero as the negative half cycles
cancel out the positive ones. If one set of
half cycles is removed as in Fig. 2c, the
situation is then different, and the average
signal level is proportional to the
modulating signal. All that is required to
recover the original signal is a simple
lowpass filter to remove the radio fre-
quency signal and leave a DC output
voltage equal to the average input poten-
tial. This gives the waveform in Fig. 2d.
Although the demodulated signal is a
varying DC type rather than a true AC
signal, this is of no real consequence, and
the sound from the earphone is the same
either way. A capacitor could be placed in
series with output to convert the signal to
an AC type, but this would not give any
practical advantage and is not done here.

The filter is a C-R smoothing circuit.
Although the capacitor may seem to be
absent, the unit is designed to feed into a
crystal earphone, and this provides a
capacitance of a few nF which gives the
smoothing. RI prevents the charge on the

p PARTS LIST
Resistors
S 220k
0.25W 5%
Capacitors

Cll 2 oocavavaassafoasosMoaoooas SO00pF
Variable
(€7) 66000000 B o 0005009000004 27pF
ceramic plate
LS . S0y merm g e 4.7uH
RF choke
2. .. 390 e e 220uH
RF choke

)] PR R IN34 or IN60
germanium diode

Miscellaneous

SK1,23 ................... 4mm sockets
SK4,5 ... ... ... 3.5mm jack sockets
SWI ..o SPST

sub-miniature toggle switch

Case about 120 x 80 x 35mm; control knob;
crystal earphone with 3.5mm plug; connec-
ting wire, solder, aerial wire, etc.

smoothing capacitance from simply
charging to the peak input voltage and re-
maining there, by providing a discharge
path. Two output sockets are provided,
and the unit can drive two earphones if re-
quired. The unit will also operate with
high impedance (about 4000 ohms) head-
phones. However, with these R1 should
be replaced with a capacitor of about 4n7
in value as magnetic headphones provide
a DC path but no significant capacitance.

Removing one set of half cycles is
easy enough, and can be achieved by pro-
cessing the signal with a diode (DI in this
circuit). A diode passes current in one
direction, but blocks any significant cur-
rent flow in the opposite direction, and
gives exactly the action we need here. Un-
fortunately, practical diodes are less than
perfect, and silicon types do not conduct
in the forward direction unless a voltage
of about OV5 or more is applied to them.
This level would not be achieved on many
stations, resulting in many signals giving
no output at all, and severe distortion plus
loss of volume on the strongest signals.
This is overcome by using the older type
of germanium diode. These are inferior to
silicon types in most respects, but have a
much better forward conduction
characteristic which makes them vastly
superior for this application.

Selectivity
An obvious problem with a crystal set is
that of obtaining a strong enough signal
to give good volume. A less obvious one is
that of sorting out one transmission from
the rest once on adequate aerial signal has
been obtained. The problem is partly due
to the broad response of the filtering pro-
vided by the tuned circuit. In fact, in
isolation the tuned circuit would give ade-
quate selectivity for a simple receiver in
most cases. The tuned circuit is not in
isolation though, and it is damped by the
signal extracted to drive the demodulator
and earphone. The output impedance of
the aerial often has an even greater damp-
ing effect, and making the aerial longer
tends to reduce its output impedance and
give reduced selectivity from the receiver.
This is unfortunate as it means that using
a good aerial to obtain decent volume can
result in poor selectivity with two or more
stations being received simultaneously.
Where possible it is best to connect
the aerial to SK2 and obtain maximum
volume, but if lack of selectivity is a pro-
blem it is better to use SK1 instead. C2
then gives a loose coupling into the tuned
circuit which gives improved selectivity at
the expense of slightly reduced volume. A
ground can be connected to SK3 and this
will give improved signal strengths.

Construction

With so few components there is no need

for a printed circuit board and the com-
5il



Natural Crystal Radio

ponents can be connected directly to the
sockets and controls. Try to stick as close
as possible to the layout shown in Fig. 3
and the photograph.

The major concern during soldering
of the components is making sure not to
damage D1, the germanium diode. Use
heat shunts on each of the leadout wires
when completing this step and be quick
with the iron. A

o

{a)

Aerial and Ground
Without a reasonable aerial the unit will
not function at all. The minimum require- +
ment for good results is about 10 meters
of wire strung indoors, around a picture
or window frame. If possible, 20 or 30
meters of wire strung up outdoors should
be used. In any case the wire should be
high enough from the ground so as not to
interfere with anyone’s neck! Proper
aerial wire can be obtained but ordinary
PVC covered multistrand connecting wire — (b)
will work just fine.

A ground connection is not essential,
but can give a substantial improvement in

o

results. All that is needed is a rod or pipe +

about one half to one meter in length

pushed into the ground, and connected to

SK3 via a lead which should be no longer ’\ ’S
than is absolutely necessary. It would not 0

be a good idea to make a connection to
the AC ground as this could be
dangerous.

{c}
In Use
It is probably best to try the medium +
waveband first (SW1 open) as in most |—
areas there is normally a good selection of

strong medium wave stations. With even a
modest aerial and no ground connection 0
there should be several stations received at
good volume, and using a good aerial plus
a ground there should be a dozen or so @
receivable after dark. When using either
tuning range, if a lack of selectivity proves

to be a problem, try connecting the aerial Fig. 2 A series of waveforms illustrating the processes through which the aerial signals go through:
to SK1 instead of SK2. a) an unmodulated carrier b) a carrier modulated by a square wave c) the negative set of half cycles
Results on the short wave bands are removed d) a low pass filter removes the carrier wave and leaves the square wave.

less predictable, and stations can come
through loud and clear one minute, only
to disappear the next. A lot of patience is sK3
required when listening on these bands,
but some interesting stations can be pick-
ed up. a

Fig. 3 No PCB! All the components are
soldered to each other. Tin the joints to ensure
good connections, but beware of damaging the
heat-sensitive germanium diode.
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PrOdUCt Mart Where Buyers Find Sellers

25 TESTED low cost plans regulated
power supplies, electronic locks, alarms,
lie detectors, testers, electronic jewelry,
etc., $6.50. Kits & parts available also.
TRS-80 I/O interface plans $15.00. Send to
J.B. ELECTRONICS, Box 122, Delson, P.Q.
JOL 1GO.

TECHNICAL BOOKS. Metalworking,
woodworking, electronics, plans, science.
Large catalogue $1.00. ERIC KEATS &
COMPANY, P.O. Box 796, Station A, Scar-
borough, Ontario, M1K 5C8.

. I [ ] [ ' -
| UBBILN)
ELECTRONIQUE |
WE DON’'T SELL COMPUTERS.
WE JUST SELL THE PARTS!
Send your name and address along with
$1.00 to: 7454 Langelier, St. Lecnard

Montreal, Que. H1S 3A7.
Tel: (514) 259-5581.

Projects Book No. 2

100 pages $3.95

25 Electronic Projects

from ETT Magazine

LU

rwenty-five of the best projects from
recent issues including the High Per-
formance Series 4000 Amplifier (in-
cluding Preamp and Power Supply),
Rumble Filter, Dynamic Noise Filter,
Logic Probe, Cable Tester, Function
Generator, Rain Alarm, Digital Tacho,
Two Octave Organ, Light Chaser,
Shutter Speed Timer, Ni-Cad Charger
and more. First published January
1981.

ORDER TODAY FROM
Moorshead Publlcations, 25 Overlea Boutevard
Toronto, Ont. M4H 1B1 (416) 423-3262
Postage and Handling included.

MPF IIl Apple lle Compatible $1395.00 64K
Slim Drive, Z80 Printer Card, 80 Columns
Amber or Green Monitor, Shipping $10.00.
Send SASS for catalog. RAITRONIC'S,
6650 Ross St., Vancouver, B.C. V5X 4B2.

ULTRASONIC transducers. 40KHz
piezoelectric transducers as used in the
PIP10 module. $9.95 (+7% Ontario
residents) for a transmit and receive pair.
Add $2.00 for instructions and postage:
EYE ELCTRONICS CORP., Box 13100,
Kanata, Ontario. K2K 1X3.

FAST CLEARANCE: Your price is mine!!!
Complete S-100 computer: 21 siots 280 2
serials 2 parallels; 1Q-120 terminal;
IDS-440 printer; Lobo-Shugart SS-8”
drives. Many programs and CP/M. More
details: (418) 688-8387, 2260 Masson,
Sillery, Quebec, G1T 1M8.

EXCITING scientific and electronic
devices you can build. Many facinating
plans and kits available. Catalogue $2.00.

Mail order only. DUKER ENTERPRISES

8307-160 Street,
T5R 2H2.

Edmonton, Alberta

LINE negatives/positives for all your pro-
jects. Write today for prices and discount
rates. Also drafting aids. ADB Graphics,
P.O. Box 203, Delta, B.C. V4K 3N6.

HARDWARE/software product design and
prototyping. Mainframe communication
interfacing and protocol conversion. THE
LISMA COMPUTER CORPORATION, 4865
Sheppard Ave. East, Scarborough, On-
tario M1S 3V8 (416) 297-0297.

TS2068 or Spectrum compatible disk drive
controller card. Uses Shugart SA455 or
compatible drive. 160 KB per disk, 2K DOS
on EPROM $119.95 LARKEN ELECTRO-
NICS, R.R. #2, Navan, Ontario K4B 1H9.

Credit Card payment accepted

Electronics Today October 1985

ACTIVE Crossoner Modules (Stereo). Fre-
quencies to your specs. PCB Alt Parts and
Plans Included. Requires 20-35v supply
three way $129.95. Two way $99.95. Sub-
woofer $99.95. Residents add 5% PST.
Send stamp for information or money
order/certified cheque to: SOUND REIN-
FORCEMENT, Box 7604, Saskatoon, Sask,
S7K 4R4.

FOR $10 per kit $2 handling, receive free
flyer and any of the following. #1: 1000
asst’d pcs choke — capacitor — reasistor
— transistor — hardware — etc. #2: 200

asst’d ceramic — #3: 100 asst'd silver
mica — #4: 100 asst’'d mylar — #5: 50
asst'd tantalum — #6: 50 asst'd elec-

trolytic — #7: 50 asst'd feed-through —
#8: 50 asst’d metallic silver mica (Elmen-
co) #9: 25 asst’d variable — #10: 100 asst’d
5MM L.E.D. — #11: 100 asst'd i/c sockets
— #12: 6 AA nicad batteries — #13: 15
PL-259 connectors — #14: 10 UG88 con-
nectors — #15: 10 asst’d Lorlin switch. Alt
new material. Unconditional guarantee.
SURPLUS ELECTRO QUEBEC, 2264
Montee Gagnon, Blainville, Quebec J7E
4H5.

e ey
DO SMALL
ADVERTISEMENTS
ATTRACT ATTENTION?
WELL, THIS ONE DID!

WHERE BUYERS FIND SELLERS

For more information Call:
(416) 423-3262

Now - Motlon Detection
With Your Computer

ULTRASONIC module PIP10 connects to
your computer to detect motion. Up to 7
Metre range, 12V, 10MA, LED motion in-
dicator. Module size 6.5/4.5/2cms contains
transmitter, receiver and doppler shift
detector. Booklet tells how to connect
module to computer, how to construct a
full alarm system etc. Assembled and
tested module $29.50. Ontario residents
add 7% EYE ELECTRONICS CORP., Box
13100, Kanata, Ontario K2K 1X3.

J&J ELECTRONICS LTD., Box 1437E, Win-
nipeg Manitoba R3C 2Z4. Surplus and
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 I'st for future
publications.
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Low Cost Audio Mixer

This modular mixer is
not super-fi, but it is
inexpensive, portable,
and so versatile you can
use any source.

By John Linsley Hood

THE UNIT described here was designed
and built as a control console containing
the necessary electronics, and fader pots,
so that an operator could mix in various
voices with programme material from
other sources such as: disc, radio, or tape,
to produce a final stereo cassette tape.

The general layout is versatile enough
for the actual inputs to be modified for
other types. 1 will show some of the other
input circuits which may be slotted in, in
place of, or in addition to, the existing
layouts.

One general requirement for mixer
consoles such as these is the provision of a
reasonable quality stereo headphone
monitor facility, allowing the control
engineer to hear just what is being put on
to tape. The unit has been designed to be
operable from a battery DC supply. It
could be used as a fully portable ‘studio’

¢ i

10V

C12 gm3

20 WA

C13  R32

30— VW

C14 33

oA

C15 Rag

5
MIXER
INPUTS

NOTE: FOR COMPONENT VALUES
REFER TO MAIN CIRUIT DIAGRAM.

Fig. 1 The central circuit of a virtual ground
mixer.
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in conjunction with a suitable battery
operated cassette recorder.

No VU metering system has been
provided since it is assumed that the
recorder used will have this facility.

Basic Layout

The circuitry is organized around the vir-
tual ground mixer layout shown in Fig. 1,
which can be hooked up easily around an
IC op-amp and allows as many inputs as
one wishes to be combined together into a
common signal (only five are shown).

This is a very powerful technique for
mixing inputs, and has the great benefit
that there is no leakage back from one in-
put into another, since the inverting input
of IC1 in this layout really does look like a
ground point to the incoming signals. This
also implies that the input impedance of
the circuit is determined by the values
chosen for each input resistor, R30, R31,
etc.

The overall gain of the stage is deter-
mined, for any one input channel, by the
ratio of R40:Rin (Rin = input resistor). If
R40 is variable (As in Fig. 1, but notin the
main circuit diagram), the gain of al! the
input channels may be reduced or increas-
ed simultaneously.

The various inputs to this mixer stage
are obtained from input stages of the
types described below.

Line Input Stage
In the simplest case, where a signal is ob-
tained from a radio or tape recorder hav-
ing a line output socket (300-700mV @
low impedance), all that is required is a
simple slider pot connected as shown in
Fig. 2. On the other hand, if it is known
that the unit may be used with signal
sources having outputs conforming to the
DIN standard, in which the output is ar-
ranged to provide 1mV for each 1K of
load impedancy, the alternative arrange-
ment of Fig. 3 is possible.

This is quite a versatile system, and
can be used with any input source where a
flat frequency response is all that is need-
ed, and where the input signal level will
not exceed more than about 0.5V RMS.

Microphone Input Stage
This uses an identical circuit layout to that
of Fig. 3, but with the values of R55 and

LINE
mpuri
10
7 U MIXER

INPUT

NOTE: FOR COMPONENT VALUES
REFER TO MAIN CIRCUIT DIAGRAM

Fig. 2 A mono line input arrangement.

R56 changed to R11 and R16 in Fig. 4 to
give a higher gain. The reason for this be-
ing that the expected output signal level
from the mic may be only 2-3mV. The in-
put impedance is also made switchable
between 100k and 4k7 (R1 and SWI in
Fig. 4) to suit either crystal or dynamic
(moving coil) microphones. Electret mics
with a built-in FET buffer output could
be used equally well with either.

Turntable PU Inputs

This facility was not required on the pro-
totype, but there is no difficulty in modi-
fying the op-amp input stage to provide
the required gain and frequency response
characteristics. The circuit for this is
shown in Fig. 5. Since we’re not aiming at
the ‘ultimate-fi’ in this unit, a conven-
tional series feedback layout, as used in
99.9% of domestic hi-fi amplifiers, will
be adequate.

The op-amp output resistors in the
DIN, mic, and RIAA stages (R57, R21,
and R62 respectively), are included to pre-
vent changes in the loading of the
op-amp, due to the setting of the output
gain controls which would alter the fre-
quency response characteristically of the
gain stage.

OIN
INPUT

§ T0
MIXER

INPUT

Fig. 3 A DIN input stage.
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NOTE.
IC15a = 4TLO72

T0
MIXER
INPUT
NOTE: FOR COMPONENT VALUES nn
REFER TO MAIN CIRCUIT OIAGRAM,
Fig. 4 Mic input stage.
+V,
INPUT 3 g8
@ " (514‘ A62
ca1 PO} S80R
470n 2
2601, -
Rsfc Fig. 8 Optional bass and treble lift#cut tone control stage.
Rssg 120k
a7k
RV12 . ’o)
R60 ‘O'é TO
€34
s 82 490~ e AB.C,D,EF TOSLIDES
NOTE
cazt $g3 1C13 = %TLO72
‘OOuT W *22n//21n
,,,I,, mn
) Mr—-0/P (L)
Fig. 5 Optional RIAA input stage. E e o
e O /P {R}
z g 32
a > > o
= (=] 1 =
T T \ ! |
& 4 A’,8'.C",D" E'F’ TO SLIDES

Fig. 9 PCB overlay for optional tone control stage (stereo).

 YGC

Rv14
10k LOG

63 TO
aK7 x2 MIXER
INPUT

NOTE

1C14 = %TLO72
7] 364

5T
rrin

Fig. 7 Optional treble-lift mic input,

Completed prototype mixer
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Audio Mixer

LINE
INPUT

7
RVlll /
10K

LOG

STEREO

; 7/
RV1b
10k —~

LOG

MASTER
Mmic

w1

MIC 1

R2
&7

MiC 2

o]
47u
€15 ALL 220n

MIC 4 cs

—>- Ve

PHONES
“Vee
1
|
|
|
|
PHONES |
|
|
_______ =]
O)LINE OUT
A
SWG/ STEREO/MONO
R3641 ALL 27%
R45 *
630R
—O)LINE OUT
H

NOTE:
IC16,7-9 = $TLO72
1C6 = TLO72 or LF353

€11-20 R26-41 1C10 » 7815
ALL 2200 ALL 27k IC11=7915
D12 = INA48
D34,5.6 = 1N4002
& DOTTED BOX IS RIGHT HAND CHANNEL
e OF HEADPHONE AMPLIF IER
IT 1S IDENTICAL TO THE LH
Wee CHANNEL SHOWN ABOVE IT
C - SW7 = 4WAY 3.POLE SWITCH
2 , 680R Q1 = 2N6123
ce Q2 = 2N6134
5 SW7a 7
-]
Ve lo BATTERY
PIN7 IC15 | ov
PIN 81C6 i | I >
c22 ﬁL 4t O Ds,
100u 2200u 01T SWh
18V k3% | o———oL
0
I = 120VAC
N
1009 zz‘ééﬁi L —
T _s—-.VI D4 DE, Il e /J'—'—O
PIN 4 1C1-5 CHASSIS
PIN 41C6 oy | i
9V
5‘”741" X BATTERY

POWER SUPPLY UNIT o

Fig. 10 Circuit diagram of the complete mixer.
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Headphone Output Stage

This is fairly conventional, and again uses
an op-amp as the gain block, to which
some muscle power is added by the tran-
sistors Q1 and Q2. These are biased into
class A by the diode/resistor network
R46-R50, D1 and D2. A small capacitor,
C26, is connected across the op-amp to
ensure HF stability. Several pairs of head-
phones can be connected in parallel across
the output, provided that the isolating
resistors (R53) are taken separately to
each output jack. This will ensure that
there are no problems if phones of
dissimilar type of impedance are used.
(Fig. 10)

AC Power Supply

Although the mixer unit can be used quite
satisfactorily on a pair of 9V batteries,
batteries are expensive and it is probable
that it will be powered from 120V on most
occasions. A very simple dual power sup-
ply, with a couple of voltage regulator
ICs, was used on the prototype, as shown
in Fig. 10.

Complete System

The circuit for the whole unit is shown in
Fig 10 and fitted into a shallow sloping
fronted box, approximately 19 inches
long, as shown in the photograph.

Since the specification to which this
unit was built called for a stereo line in-
put, as well as a pair of mono line inputs,
a ganged 10k slider pot was used for RV1,
while single slider units were employed
for RV7 and RV8. The four main mic in-
puts are controlled individually by slider
pots RV3 to RV6, with a master fader,
RV10, controlling their overall level so
that it can faded down if, for example, a
voice-over commentary is to be superim-
posed from the master mic.

A dual-gang slider pot, RV9, is used
to control the volume level of the head-
phone outputs. Finally, an overriding
stereo/mono control is provided by SW6,
which simply parallels the two L and R
outputs. In general, however, the unit is
used in the stereo mode, with a stereo
signal from the line input, over which the
(mono) mic input voices appear on ‘centre
stage’.

No tone control facilities were re-
quired for the unit as it appears here, but
subsequently a microphone input treble
lift facility was added, to give greater
clarity to voices. This was done as shown
-in Fig. 7. The unit can completely replace
the mic input shown in Fig. 4.

A more formal bass/treble-lift/cut
tone control stage could be added, at pin 1
of ICs 7 and 8 in Fig. 10. The tone control
circuit is shown in Fig. 8.

Fig. 11 Overlays for the mixer and PSU
boards.
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Audio Mixer

— PARTS LIST

ca3
1 a70n
A

R79
10k LOG | 680R Lp 2200 27k 10
| o PIN 2
iy
|
|
! ~Vee NOTE:
| IC16 = TLO72
i RV1sh) FURTHER L AND R INPUTS
i CAN BE TAKEN TO POINTS
R76 X AND Y VIA EXACTLY
INPUT 680R | SIMILAR NETWORKS TO
FROM ] —— THOSE SHOWN.
1c3 A 470n oy
AVI7b< 2 R8O C46 Ra2
10k LOG 680R RH 2200 27k TO
O PIN 2
ic8
=ce
= °

Fig. 12 Single stereo mic input arrangement using two mono input stages.
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MAIN BOARD Semiconductors R63,70.,......... % . ... . ... .. 4k7
IC1-6,89............... TL072/LF353 R65,71,73 . ... .. . 2k2
Resistors TCIONFIIEEE SR S 7815 R69,72 . .. . ... 10k
(all ¥5 watt unless stated) ICIL ... 7915 R77,78.81,82 ... ... ... ... ... 27k
R1,2,3,4 .. ... ... . ... ... 4k7 Ql ... 2N6123/2N5296 RVIL1, 12,13 ... ........... 10k log sliders
R6,7,8,9,10,16,17 ................. 100k Q2 . 2N6134/2N6109 RVI3 . . . 1kO slider
18,29,20 D02 oo cgmoo- T W S 1N4148 RVIS5 16 ... ... ............. 100k sliders
R11,12,13,14,15, . ... .............. 680R D3,4,56 ....... ... ........... 1N4002 RVI8 ... .. ... ... 47k ganged slider
21,22,23,24,25,42,44 45
R26,27,28,29,30 ... ................. 27k Miscellaneous Capacitors
31,32,33,34,35,36 SW1,2,3,4,5,6 ............ SPST switches C29,35,45,46 .. ................... 220n
37,38,39,40,41 SW7 . ... 3 pole, 4 way switch C30,36.................. ... 47u 16V
R43 ... 3k3 Standard jack sockets (13 for main board C31,43,44 .. ... ... ........... electrolytic
R46,49,50 . ....... ... ... .. .. ... ... 10k configuration); 9V battery clips (x2); 470n
R47,28 ........................... 68R 20-0-20 20VA transformer, TR]; 19*° C32. . 100u ]6V
gg;,SZ ...................... ]5()];6/&;\& shielded cabinet. C33,40,42 . ... ............... CleCtrOlﬁ)lC
....................... n
RVLO oo, 10k log (Note: R43-53, C21, 26-28, Q1-2,D1-2 have C3aR .. 49n (22/27n)
ganged sliders corresponding components for the right- Gt - . . DI O 150n
RV2,3,4,5,67.8 . o0oeereenn... 10k log hand headphone amplifier. They are mark- C38 .o 1u0 ceramic
single sliders ed R143-153, Cl21, 126-128, QI01-102, CI9)A1) i - i e 47n
RVIO ..o 47k D101-102 on the overlay diagram).
single slider Semiconductors
ICI12-16 .. ................ TLO072/LF353
OPTIONAL BOARD Miscellaneous
Capacitors . ’
C1.2.3.4,5,11,12,13,14 Resistors Standard jack sockets are required.
15,16,17,18,19,20. ... .......... 47u 16V (all ¥ watt) i:‘;‘(f;;‘i::6§£;’;§;'t‘g Co3n‘ 'i?‘ehazzcg‘;;
= “oul6v RS oo g channe of the RIAA cqualiser board They
C2,23 o electrolytic RO6 o S o o 3K3 are numbered R158-162. RV1IZ and
2425 .. ... 2200u 40V RS57,62,67,74,75 ... ...\ 680R C131-134 on the component overlay.
electrolytic 76,79,80 Likewise for components R69-74, RV15-16
C26 .o 10p RSB oo 47k and C38-42 whose second channel
€27,28 0o s e T 22u16V R59,68 - ..\ 390R equivalents on the tone control board are
electrolytic R ... m N | 120k marked R169-174, RV115-116 and
................... C138.142).
AV1Ss 4 Full Stereo System
weur T8 It is very easy to organize this layout to
A provide more stereo input channels than

the one stereo line input on the prototype.

This is done by taking each pair of in-
puts, say those from IC2 and IC3 (Fig. 10)
and routing them to a pair of master fader
stages, IC16a and IC16b, as shown in Fig.
12, and from there to ICs 7 and 8, as
before.

The prototype unit was designed
around TLO71s or their higher specifica-
tion equivalents, LF351. To enable the ad-
dition of extra facilities with relative ease,
we have designed the board using TL0O72s
(LF353s) exclusively. Pads for the unused
halves of the op-amps can be found on
the main PCB.

And As We Go To Press...

In Fig. 6, overlay for the RIAA stage, the
board is incorrectly shown from the foil
side. The PCB artwork itself is shown cor-
rectly.
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Designer's Notebook:
Transistor Summary

A look at the several types of tran

sistors available and the applications

to which they are best suited.

AS A WORKING electronics engineer I
tend to look unsympathetically at the pro-
paganda of the back to tubes brigade. The
enormous scope for circuit design now
available to the electronics set is due en-
tirely to the wealth of devices at our
disposal. Of course, you have to know
what devices are available and how to use
them properly so that they perform up to
specs, and it is also necessary to know
their individual strengths and weaknesses
so that you always use the most ap-
propriate device for the job at hand.
There are several types to choose from, so
let’s take a look.

Small Signal Junction Transistors
These exist as small metal cans or blobs of
moulded plastic with three (or sometimes
four) leads, as shown in Fig. 1. There isn’t
much difference these days between the
longevity and reliability of plastic and
metal can encapsulations, especially since
the can is often just a receptacle into
which epoxy resin has been poured to hold
the silicon chip in place. Metal can types,
especially those which are hermetically
sealed, are usually far more expensive
than plastic moulded types.

The chip inside the encapsulation will
normally be of either the planar or the
epitaxial planar type, both of which are
shown in Fig. 2. Epitaxial (or epitaxial
base) types have an additional thin layer
of a different type of silicon grown on the
chip by vapour phase techniques before
the other diffusions have been made.
They are cheaper and generally work bet-
ter than other types and are therefore the
most commonly used.

Typical power dissipations for small
signal plastic transistors range from about
250 to 650 milliwatts. Metal can types will
typically handle from 300-1000mW
dissipation, It’s a good practice to keep
dissipations down to about half of the
rated maximum.

Small signal NPN and PNP tran-
sistors can generally be regarded as the
workhorses in the small circuit field. They
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By John Linsley Hood

TEXAS 'L° MOTOROLA EUROPEAN

SERIES ANO MPS A SERIES ‘BC° SERIES
2N TYPES ANO SOME
2N TYPES

B B
°
- o E{o ojC
°
CASE

T05 T018,T039 RF TYFES

PLASTIC ENCAPSULATIONS

FERRANTI MOTOROLA TEXASFETS
‘E LINE® ANO FETS ANQ PLASTIC
MOSFETS 2N5457/60 CASEO SMALL
ETC OWER
MOSFETS BY
MANUFACTURERS
OTHER THAN

METAL CAN TYPES

GAYE 2

RF DUAL GATE

FERRANTI

T03.7066
OSFETS

Fig. 1 Common transistor connection arrangements.

are easy to use, inexpensive, reasonably
difficult to damage, and will work well
when used within their limits. Certain
types are particularly suited for use in very
low-noise, low impedance applications.
Because they can be used in complemen-
tary symmetry arrangements, some very
crafty circuit layouts are possible. The cir-
cuit symbols for these devices are shown
in Fig. 3a.

Darlington Transistors

These consist of a pair of small signal
transistors coupled together in one case.
They are available in NPN and PNP types
and the circuit symbol for the NPN type is
shown in Fig. 3b, with my own preferred
symbol shown in Fig. 3c. They are similar
to other junction transistors except that
they have current gains of between 20000
and 50000 and relatively high input im-
pedance. Typical input impedances would
be from 100k to 250k for output currents
of between 2 and 10mA, which is the
range over which they work best. The
Motorola MPSA-12/14 (NPN) and the
MPSA-62/64 (PNP) are good examples.
Inevitably they are more expensive than
standard single transistors.

Junction Field Effect Devices
These were the original high impedance
transistor types and are represented in cir-
cuit diagrams by the symbols shown in
Fig. 3d. Their physical construction is
shown in Fig. 4

They differ from junction bipolar
transistors in that their input terminal, the
gate, is normally non-conducting. In fact,
it is a reverse biased junction diode, and
the only current which will flow is the nor-
mal reverse leakage current of such a
diode. Typical input impedances for good
quality devices of this type range from ten
thousand to a million megohms.

Contrary to popular belief, these
devices will not normally be damaged by
static charges any more than any other
small signal diode would be, so they don’t
need special care in use. They’re used in
instances where high input impedances are
needed, and where the cost of using a
junction FET is justified - they are about
five times the cost of an equivalent bipolar
device. The better types are also less noisy
in high impedance circuitry than bipolar
devices but you need to choose carefully
because some of the cheaper junction
FETs are not very good in this respect.

continued on page 63
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STAR PERFORMANCE
FROM

DIGITAL + ANALOG
STORAGE SCOPES
Whether recording lightning strikes,
crash impact data or heartbeats,
these digital and analog storage
scopes will capture them all.

HIGH PERFORMANCE

CRT READOUT DISPLAY

If top of the line is what you demand.

these outperformers will top your list

with features such as cursors, DVM,
programmable on screen text, etc.

- _

VIDEO WAVEFORM + -

VECTOR MONITORS

In the studio or on location.,

the versatility and performance

of these instruments will steal the show. * §#©

i

=g
e

PERFORMANCE PROVEN
GENERAL PURPOSE
From 20 MHz to 100 MHz
Hitachi’s price/performance
combination is second to none.

TOUGH MINI SCOPES =
These rugged ultra-portables e
will take it, wherever the job
takes them.

Call us for Performance Proven Electronics
@ Hitachi Denshi,Ltd.(Canada)

Head Office: Ottawa Office: Eastern Office: Western Office:

65 Melford Drive 159 Colonade Road. Unit3 8096 Poute Trans Canadienne  3433-12th Street N.E.
Scarborough, Ontario M18 2G6 Nepean. Ontario K2E 7J4 St. Laurent, Quebec H4S 1M5 Calgary. Alberta T2E 656
Tel: (416) 299-5900 Tel: (613) 727-3930 Tel: £14) 332-6687 Tel: (403) 276-8505

Toll Free: 1-800-268-3597 FAX:613-727-3955 FAX: 1-514-1664 FAX: 403-250-1634

FAX: 1-416-299-0450 Tlx: 353-4533 Tix: 0824768 Tlx: 03825861

Tix: 06525324
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e 20 MHz (—3dB) Bandwith
e 6" CRT Display
e Fully Automatic Triggering

Model 65601
Dual Trace Bench/Portable Scope

e Trace Rotator

e HF Rejection

e b mV Vertical Sensitivity

Model 65635

B
v — C—
o
°
3
$ 69500
Probes & FST
included
Featuring at no extra cost . . . .... ‘The Component Tester’ 35 MHz (—3dB) Bandwith

Delayed Sweep (selectable)
Single Sweep (selectable)
6" CRT Display

Dual Trace Bench/Portable Scope

OSCILLOSCOPES!

The Best Buys Available

Probes & FST
included

1 mV Optimal Sensitivity
X-Y or X-Y-Z Operation

120V AC Line Qperation
x5 Sweep Magnifier

MULTIMETERS!

Go for Quality --- Go for The Best Value

Models 78020, 78021, 78022

Supplied with:

— 28 Page Qperating and
Maintenance Manual

— Calibration Certificate
Traceable to NRC

— Schematic with com-
plete Parts Listing

— Safety Test Leads

— One-year Warranty

AUTO ZERO
AUTO POLARITY
3% DIGIT LCD

FULL OVERLOAD
PROTECTION ON
ALL RANGES
RECESSED — SAFETY
DESIGNED INPUT
TERMINALS

Metermaster

A Div.ot R.H.NICHOLS CO. LTD.

Head Office: 80 Vinyl Court
Woodbridge, Ontario L4L 4A3

$ 9900+

¢ £0.25% DC

¢ +0.1% DC
¢ 2000 hrs Bat. life

VISA

5% Discount for Cash
plus Student Discount 5% on all products.
Certified Cheque, or Money Order
DEALER INQUIRIES INVITED

Circle No. 21 on Reader Service Card

VANCOUVER (604) 937-3622 ® SARNIA (519) 542-1201

¢ 10 Amps AC+DC
¢ 200 hrs Bat. life

¢ £0.25% DC
¢ 200 hrs Bat. life

* F.S.T. inct.

Alt prices F.O.B.
Woodbridge, Ontarioc
subject to change without
notice. P.S.T. extra
where applicable

Bl TORONTO (416) 7419381 e MONTREAL (514) 337-0425 ¢ EDMONTON (403) 432.7746 e OTTAWA (613) 727-3974 [} .
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‘HEADER’
N\

SILICON

PLAN VIEW
PROCESS '07° MASK TYPE

PLANAR

$i0, LAYER

HEADER
SOLDERED (COLLECTOR CONNECTION)
CONNECTION

CHIP DIFFUSION-CROSS SECTION

except in special cases), into which a

PLASTIC g 5 2
ENCAPSULATION depletion layer will expand, narrowing
hoTroTME . and finally cutting off the undepleted

e~ layer through which current may flow as

the reverse bias potential applied to the

N gate is increased. Junction FETs are

0.01" SQUARE usually, though not always, symmetrical,

so source and drain may be interchanged.

Small Signal MOSFETs

These devices, sometimes also known as
insulated gate field effect transistors or
IGFETs (MOSFET stands for Metal Ox-
ide Silicon FET), have the general con-
struction shown, for the wafer, in Fig. 6a.
They work on the principle that if a
£ charge (i.e., a voltage) is applied to an in-
sulating layer, a charge of the opposite
type will be attracted to the other face, as

|

E B C
CONNECTING LEADS

EPITAXIAL PLANAR
$i0, LAYER

— v . .
h shown in Fig. 6b.
"""""""""""" N+ | If that other face happens to liein the
% body of a slice of high impedance (low im-
HEADER 1 1 1nsi 1li
purity, or intrinsic) silicon, then current
{ ECTOR CONNECTION} . . 2
N o N will flow in that charge layer. If the in-

sulating layer is very thin, only a few volts
need be applied to the gate in order to

Fig. 2 The construction of a typical small-signal, plastic encapsulated transistor.

make current flow through the charge
layer. The layer, which can be less than a
micron thick, is usually made by oxidizing

NPN PNP
(a)

BIPOLAR JUNCTION
TRANSISTORS

N-CHANNEL

SYMMETRICAL UNSYMMETRICAL

P-CHANNEL

(d)
JUNCTION FETS

the outer face of the silicon slice, so that a
metal layer can be deposited on it without
making contact. It is normally capable of
withstanding an applied voltage of some

c
8 c
OR B
E B

(b) (c)
N e 20 or 30 volts only, and can be damaged
(NPN SHOWN) by static charges or careless handling.
In order to make these devices a little
less fragile in normal day to day use, it is
) ) customary to incorporate on the chip a
G@ G@ couple of back-tp-back zener diodes
g o across the gate-source connections. this
N-CHANNEL P-CHANNEL 3 4
reduces the input impedance to perhaps a
million megohms. It is possible to get un-
0 protected MOSFETs which have a higher
G2 N-CHANNEL . .
ol DUAL GATE input impedance, but these need careful
s handling.
MOSFETS The most common variety of small

signal MOSFET is the dual gate type
shown in Fig. 7. This was specifically

Fig. 3. Transistor circuit symbols.

Junction FETs also make good RF
amplifier devices at frequencies up to
about 300MHz, and can offer very low
noise in this application. In circuitry, they
will tend to have a lower stage gain than
bipolar device, unless a very high im-
pedance output load is employed which
usually means an active load of some
kind. They have a very flat drain cur-
rent/drain voltage characteristic which
makes them good at rejecting HT line rip-
ple effects, and also allows them to be us-
ed as nearly ideal constant current
sources.

The chip construction of a junction
FET is shown in Fig. 5. The chip acts asa
thin conducting layer of P-type or N~type
silicon (germanium is almost never used

Electronics Today October 1985

designed as a device for RF amplification
and mixing in radio and TV tuners, and is

<

GATE

METALLISATION Si05 LAYER

i+ AT T | J II - \ORAIN S
A ‘OEPLETION' REGION
L - _‘~~:><::’_ - =5 o)

- - T - =
/:—” 'DEPLETION’ REGION | =

G
[ET= e
N MATERIAL

GATE

(NOTE UNSYMMETRICAL SHAPE OF DEPLETION REGION
DUE TO GREATER DRAIN-GATE POTENTIAL)

Fig. 4 Cross-sectional view of an N-channel FET, showing the depletion regions which result when
the device is just biased to cut-off.
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SOURCE

[!m,—

Si0y LAYER P

/]
= = L

N ——DRAIN
]

==

v

HEADER (CONNECTED TO GATE)

CROSS SECTION THROUGH SLICE
(METALLISED THROUGH APERTURES IN

I
Si0y LAYER)

GATE

Fig. 5 Cross-sectional view of an N-channel small signal junction FET.

useable up to a few hundred megahertz.
The second gate can be used to screen the
input signal from the output signal on the
drain, permitting stable RF amplification.
In this application, it acts in a similar way
to the screened-grid or RF pentode type
tube. The circuit symbol for these tran-
sistors appear in Fig. 3c.

All of these MOSFETsS require a for-
ward voltage applied to the gate electrode
to cause them to conduct. This will be
positive in the case of N-channel
MOSFET (operating on a positive DC
supply line) and negative in the case of the
less common P-channel types. Small
signal devices of this type will typically
have a mutual conductance or Gm of a

few milliamps per volt. This allows a sim-

ple calculation of stage gain from:

Gain = Gm x RL

where RL is the effective load impedance.
Recently, small signal versions of the

T-MOS type of power MOSFET have

been introduced. These have a slightly dif-

ferent type of chip construction to the

METALLISING

GATE
SOURCE ORAIN
( \ Si0, /[ Si0, &

{a) TYPICAL SLICE CROSS SECTION FOR SMALL SIGNAL ‘LATERAL® MOSFET
NOTE VERY THIN SiO, LAYER OVER GATE

+V

GATE METALLISING
[Trrr+++++ 9 A

50,
P

P SILICON SUBSTRATE

—J¢— INSULATOR LAYER (Si0p)

CURRENT FLOW THROUGH
MOBILE INDUCED CHARGES

{b) SMALL SIGNAL MOSFET
IN OPERATION

N— SUBSTRATE

{HIGH RESISTIVITY SILICON}

Fig. 6 Cross-sectional views showing the construction and operation of a MOSFET.

5
W= 4 w =
[+ o
gd | 3% | 3 ¢ | 2
w < =0 = ~F =0
= o =
=) © W= X w w X = X
& g ws 33 4 <O <>
Zuw = Sw $u S~ s> SO
=9 & =z ) 0s ~© ~©
a2 ) -0 -4 w5 -3 24>
< < S5s =< s s <
oQ Q> as O 9S> 0% ox
a a< = a =2 a X ax
> 3= 29 >0 os >0 >0
-3 o ol = 22 -2 =2 COMMENTS
SMALL SIGNAL NOT VERY LINEAR
D L B s1s T oRs 0.5-20k | 40-200 | 200k + [300MHz | 1dB | 150V | 500mA | oo or Tl e
SMALL SIGNAL TEMPERATURE
DARLINGTON TRANSISTORs | 250k | 100500f 200k |100MHz| 6dB | 4oV 1A | SENSITIVE
JUNCTION FETS 10"1R | 1030 | 10M |400MHz| 2548 | 30v | 15mA | LINEAR
12 : CAN BE DAMAGED
DUAL-GATE MOSFETS 10'2R | 50-100 | 500k {500MHz| 2dB 20V | 20mA | BU ST ATIC CHARGES
12 . CAN BE DAMAGED BY STATIC
SMALL POWER MOSFETS 10"2R | 50-200 | 250k |500MHz| 6dB | 100V 1A | e
CAN SUFFER FROM
POWER TRANSISTORS (NPN) |10-200R| 10-30 Sk | 40MHz | N/A | 400V | 25A |G BT Cr o E EFFECTS
SOMEWHAT SLUGGISH &
POWER TRANSISTORS (PNP) | 10-200R| 10-30 Sk | 10MHz | N/A | 100v | 15A | o Rl O B STORAGE
SLUGGISH AND SUFFER
POWER DARLINGTONS 20k 50 + 5k amMHz | N/A | 120V | 15A [ PR R ORAGE
HIGH INPUT CAPACITANCE-PRONE
POWER MOSFETS 100M+| 50+ 10k |500MHz | POOR | 750v | 10a | Lot e N OT PREVENTED
HIGH OPERATING
?
POWER FETS oM+ | 10+ 5k | 100MHz| NJ/A ? R |

Table I A comparison of the characteristics of different transistor types.
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" normal small signal MOSFET, shown in
Fig. 8. Their big advantage is that they can
withstand drain voltages of up to about
100V, whereas the average dual-gate
device or small signal junction FET can
only cope with some 20-30V.

By comparison with bipolar tran-

Bipolar Junction Power

Transistors

These are heavier duty versions of the
small signal transistors we have already
come across, and range in current handl-
ing capacity from an ampere or so for
some of the small plastic encapsulated

GATE1

SOURCE

GATE 2

ORAIN

Sioy

LL_JL)kL_UJ

N— SUBSTRATE

NOTE VERY THIN SILICA INSULATING LAYERS
OVER CHANNEL (N-P-N) REGIONS

Fig. 7 Cross-sectional view of a dual-gate MOSFET.

sistors, MOSFETs are much more linear
in their characteristics and do not suffer
from operational problems such as ther-
mal runaway and hole storage. The
absence of this latter defect makes small
signal TMOS devices considerably better
than bipolar junction devices when used
in the class A stages of audio amplifiers.

The circuit symbol used for the
TMOS device is the same as that used for
other MOSFETsS except that they are only
available in single gate versions.

The normal operating characteristics
of the various small signal transistors are
shown in Table 1, and a group of curves
showing their input voltage/output cur-
rent characteristics are in Fig. 9.

types with a metal cooling tag to 400
amperes in the case of some of the big in-
dustrial devices.

Permitted dissipations, with ade-
quate heat-sinking, range from one to
many hundreds of watts, and maximum
collector voltages can be up to 500-1000
volts in specialized types, with 60-150V
being. more common in easily found
devices such as the 2N3055 or 2N3442,

There isn’t a big difference in price
between the plastic encapsulated types
and the hermetically sealed TO66 or TO3
versions, so for DIY projects where you
aren’t buying a lot of power transistors,
the metal can versions may be preferable.
They are certainly easier to cool.

SOURCE

GATE

BURIED
POLY-SILICON
GATE

il

SOURCE

N+
P

N— CURRENT FLOW¢ ¢ ORIFT REGION

N+ SOURCE
P BODY

VERTICAL ‘T° MOSFET

A\

ORAIN

‘V'-MOSFET (HEXFET setc)

7

ORAIN

Fig. 8 Cross-sectional views of MOSFETs:
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Power junction transistors are
available in NPN and PNP types, just like
small signal devices, but the PNP versions
tend to be a bit slower in action and a bit
less burst-proof than the NPN ones. You
should beware of assuming that because
they are complementary in characteristics
they can be treated as identical. A nice
comment I once heard was that “NPN
and PNP transistors are as similar as a
man and a woman of the same height and
weight’’.

The transition frequency of a power
transistor, that is, the frequency at which
the current gain falls to unity, will usually
lie within the range of 4-20MHz, which is
considerably lower than the transition fre-
quency of a typical small signal device
which would probably be between 100 and
400MHz. In addition to being more slug-
gish than small signal types, power tran-
sistors also have lower current gains.
Whereas a small signal junction transistor
has a typical current gain of 100-500, a
power device might have a current gain of
only 15-80, with the lower values usually
being found at higher collector currents.

]

I SCIENTIFIC and ELECTRONIC I

LASER DEVICES

* LC5 BURNING CUTTING CO2LASER . ... $20.00

* RUB3 RUBY LASERRAY PISTOL .......... 20.00

* LRG3IRLASERRIFLE/PISTOL ............ 10.00

* LGU3 VISIBLE RED LASERRIFLE . .. .... ... 10.00

* LBT1- LIGHT BEAM COMMUNICATOR . ... 10.00

* LHC2 BEGINNER simulated VISIBLE LASER .5.00
SCIENTIFIC & ELECT

¢ TCL3SOLID STATETESLACOIL35KV. ...... 6.00
* BTC3 250 THOUSAND VOLT TESLA COIL ... .9.00
* BTC51.5MILLION VOLTTESLACOIL ...... 15.00
* GRA1-GRAVITY GENERATOR .. .......... 10.00
* |0G3 ION RAY FORCEFIELDGUN . ......... 8.00
* PTG1-PLASMA TORNADO GENERATOR .. .10.00
ULTRASONIC ACCOUSTICAL
* PPF1 PHASOR PAIN FIELD GENERATOR . .. 15.00
* PSP3PHASOR SHOCK WAVE PISTOL .. ... .. 7.00
* IPG5 POCKET PAIN FIELD GENERATOR. ... .7.00
» RAT2 RAT AND PEST ELIMINATOR ... ...... 6.00
* HT9 HIGH FREQ. LISTENING DEVICE . .. .. .. 8.00
SECURITY & PROTECTION
* STG1- STUNANDPARALYZINGGUN ....... 7.00
* PPG1 PHASOR PROPERTY GUARD ... ..... 15.00
* MFT1 MINIVOICEXMTR2-3MILE .......... 7.00
© INF1INFINITY TRANSMITTER ............ 15.00
* PSW3PHASOR BURNING STUNWAND .. ... 7.00
* ITMIINTIMIDATOR PLASMAGUN .. ..., .. 10.00

WE STOCK ALL PARTS NECESSARY FOR
CONSTRUCTION OF THE ABOVE PROJECTS

» CATALOG CONTAINING HUNDREDS MORE OF
ALL NEW AMAZING and FASCINATING PLANS.
EASY TO BUILD KITS AND ASSEMBLED ITEMS
$1.00. CATALOG INCLUDED FREE WITH ANY OF
THE ABOVE PROJECT PLANS. SEND CASH,
CHECK, MO, VISA, MC IN US FUNDS.

INFORMATION UNLIMITED
P.O. Box 716, DEPT. ET, AMHERST, NH 03031
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continued from page 8

Computing Today

rg;{ P 470R
Analog 5
T B e SELECT Rb
e that
outputs identical 3 so P 'b)'c_xZ__ LAMP
¥ hrt
3914
10k
2 oUTPUT
4 1 BIT7
8
toinput of port i
U Fig. 7 Connecting LEDs and lamps to the PIO.
Fig. 5 Converting analog to digital using the LM3914. e ) - m““ ’ ::.s;;::
Inputs without the PIO tion will eliminate the need for a heat sink BooRE L, e
Although the PIO is qUite handy with - L applications' The SOftware is m\n:'l " nu:.l::':h‘mva ‘.EV:;-O;:":‘O' (S
limited 170 ports it can get quite expen-  straight forward, alow at the output turns o oan o a7
sive when more input ports are needed. ~ on the LED and a high turns it off. A > R S
Fig. 6 shows a 74LS245 tristate buffer _ Seven segment displays allow us to e
connected to the CPU as an input port. display numbers and various letters‘and i s s
This circuit uses a 74LS138 3 to 8 line  patterns with only seven outputs. Fig. 8 ;
multiplexer to decode the address bus. shows the connection of two seven seg-
Only the upper 128 1/0 address space is ~ ment displays to a PIO. While this
decoded leaving 128 address locations ~ method might be sufficient for two .
available for other 1/0 activity. The ad-  displays, another method must be
dress of the input port is decoded to be ~ employed for 3 or more displays. This n e s won
80H. Seven more input ports can be con- method calls for multiplexing the displays. e wens

nected with corresponding addresses from
81H to 87H.

Output Devices and the CPU

Perhaps the simplest output device to be
connected to the CPU is an LED or lamp.
Fig. 7 shows the schematics for connec-
ting led’s and lamps, and in some cases a
driver transistor is needed depending on
the load. Selecting the proper base
resistor to drive the transistor into satura-

P FOR OFF T1

In this method each display is lit up
one at a time over and over again. This is
done fast enough so the human eye does A
not notice. Fig. 9 shows the schematic
for connecting 8 seven segment display
units; one output port is used to drive the
seven segments and another port is used to
turn on the individual displays.

74L5138

— 7415245
14 2 18
_—
D:) 15 3 17
gz 12 4 16
8 5 15
oK) 7 6 14 Input Port
D4 5 - B
D5 P
10 8 12
SOl e 9 1
Z80 CPU D7 > L L
a0 |30 1 3 i
21 15 80H 19 1 A6 > AAAA——— T, | BB >_/\/W\—b —3
A1 2 14 A5y AAAA—2 85 > AAAA—
32 3 F— 81H c c
A2 | 13 - AL > AAANN—H B4
37 =" 82H d d
6 12 A3 AN N——- — [ B3 Y NVNWWV—FA ——
A7 r— 83H e e
20 5 11 A2 \—-/\/\/\/\—f— B2 >-—'V\/\/\—'
(0RO o= o 2% Al > AAAN— B1 >——'V\/\/\———-—g
RD i A0 —AAAN— 80 >—AAAA—
‘ ek all 470R —a all 470R ==
7
L» 87H

Fig. 6 A 74LS245 used as an input port.
66

Fig. 8 Connecting two common anode displays to the PIO.
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Keep In Step With the Future . . . Become
a Part of the Fascinating World of Technology!

b ngh'TECh How-To * Robotics List $21.95 List $12.95 paper
* Space Age Projects e Computers "
¢ Digital Electronics ¢ Telecommunications

Artificial Intelligence e And much more!

Select 9 Books for Only ‘2”—5

(values to $109.75) 1505P

List $11.50 paper

COMPUTER ‘ sarecure SR
PERIPHERALS ELECTRONIC

THAT YOU CAN BUILDY DESIGN AND
COHSTRUCTION OF

TROUBLESHOOTING
MICROPROCESSORS
& DIGITAL LOGIC

B -

\stronenty & Telescopes

i

A Beqinners fandhook

==

1419P : 1183 1449 1672 1199 1632P 1113 1671P
List $14.95 paper List $16.95 List $19.95 List $18.95 List $21.95 List $11.95 paper List $12.95
THE COMPLETC Wb : "ELECTRIC
VIDEGCASSETIE 101y ReAMoes e NOTORS &
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2% DO ¥ TECHNIQUES rd q o o
A=yl e e+
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Emtsmm e |
DY ARRY KYBCTT "t o T v
1673 1211P 1013 1625P 1465 1996 800P 1909
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FREE When You Join NOW s

7 very good reasons o join o e ——_———s
the Electronics Book Club EuecTRucs Book Cue

l P.O. Box 10, ; I
e Big Savings. Save 20% to 75% on books sure to in- iy e A 1724
crease your electronics know-how

Please accept my membership in the Electronics Book Club and send the 5 volumes '
* No Risk Guarantee. All books returnable within 10 days I (#1420H), billing me $2.95 plus shipping and handling charges. (Payable in U.S.

circled below, plus my FREE copy of The Handbcok of Electronic Safety Procedures

without obligation 1 dollars.) If not satisfied, | may return the books within ten days without obligation

e Club News Bulletins. All about current selections— and have my membership canceled. | agree to purchase 4 or more books at regular
mains, alternates, extras—plus bonus offers. Comes 13 times Club prices (plus shipping/handling) during the next 12 months, and may resign any

a year with hundreds of up-to-the-minute titles to pick from time thereafter. l
* Automatic Order. Do nothing, and the Main selection will 800P 1013 1113 1183 1199 1211P 1277 1419P 1449 I
be shipped automatically! But . . . if you want an Alternate l 1465 1474P 1505P 1536 1539P 1625P 1632P 1650 I
selection—or no books at all—we’ll follow the instructions you

give on the reply form provided with every News Bulletiyn I 1671P 1672 1673 1765 1825 1875 1905P 1909 1996 I
* Bonus Books. Immediately get Dividend Certificates with & Name - — — i
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* Exceptional Quality. All books are first-rate publisher's [ (1o e Temoats ot Foroan sepicans wilrecelvo ordering instructions, Canada must
editions selected by our Editorial Board and filled with useful £TY-1085
up-to-the-minute information. T r 7 1T r 71 r-7r 7 J 3 7 7 " T J 1]
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470R

a b c d e f 9 dp anodes
N O
N T T

1 - 8 cathodes

2k2
B0
PORT B f i

87
2N2222

Fig. 9 Multiplexing 8 seven-segment LED displays.
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Your readers’
response to our
Hameg-BCS sale for
the German made
HM-203-5 was so
overwhelming, we
sold out our entire
stock before
September 30th.
We are therefore ex-
tending a raincheck
to all those who
were unable to have
this scope from
stock. We at BCS
regret this shortage
as our policy is
never knowingly to
advertise what is not
immediately
available.

Until October 31/85
Hameg Model HM 203-5,
complete with switch-
able probes and 2 year
parts & labour warranty

$67 00

FST included
PST extra
FOB Downsview, Ontario (shipping extra)

980 Alness St. Unit 7,
Downsview, Ontario
M3J 282
(416) 661-5585
TELEX 065-28169

Mon.-Fri. 8 am - 5 pm
Saturday: 10 am - 1 pm

To be continued.
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The High Performance
Digital Storage Oscilloscope
at an Economical Price!

20MHz Two Channel Oscilloscope

or as a digital storage oscilloscope with
20MHz in One Channel Operation and
2 X 10MHz in Two Channel Use.
2 Switchable x1 - x10 Probes included

980 Alness St. Unit 7,

»
27 0 FST* [ ) Downﬂfgugsgntario
included ~ (416) 6615695

TELEX 0€5-28169

Mon.-Fri. 8 am - 5 pm
*F.0.B. Downsview: Price subject to change S L E AT
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PATRON -

COMPONENTS INC.
N\

(Stock Distributor of Memories I.C. (U.S.A./Japan),
All New Parts. Min. 1000 pcs.

RAM/EPROM:

« 16K DRAM (4116) from $0.50 EPROM (2716) $2.45

« 64K DRAM (4164) from $1.10 EPROM (2764) $3.15

« 128K DRAM (4128) from $8.05 EPROM (27128) $3.95
« 256K DRAM (41256) from $5.45

EPROM (27256) $11.85

« 16K SRAM (6116,2016) from $2.10

« 64K SRAM (6264,5565) from $6.70

T.T.L.:
(74LSOO0 etc.) from $0.17

4000 CMOS:
(CD4001 etc.) from $0.17

LINEAR:
LM324 etc.) from $0.21

MICROPROCESSOR:

8088 Kit set (8088, 8253, 8237, 8284, 8288, 8259, 8255)
from $33.10 per set

Please call for other 8000 series MPU/O.E.M. price and delivery.
IBM* PC/XT EXPANSION PRODUCTS

MainBoard8SIot(OK) ..ottt $199.00
Main Board8siot(256K) . ..........coiiiiiiiiiiiant $250.00
ColourGraphicCard ..........ooiiiieenrernnneennns $ 99.00
MultifunctionCard(OK) .......coviiiiiii it $ 99.00
MultifunctionCard (384K)...........coiiiiienn, $149.00
512KRAMCARD(OK) .. .ottt e s $ 95.00
765Controller Card . .....c.oveiiiii it $ 69.00
130 WATT PowerSupply ..o ove it e $129.00
Monochrome Card. . ....cvvvei i iinrnrnennnaensenens $ 89.00
Monochrome GraphicCard ...t $129.00
NEW-TECH Keyboard(forIBM) ....................... $ 69.00
JA551-2/5 (Disk DriveforIBM) ....... ..ot $129.00
Asuka F.D.D.(forApple** 2)........c.coviieiiiiennen $129.00
KEYTRONICS 5151 Keyboard (forIBM) . . ............... $170.00
Quantity under 10 pcs. e.a. Please add 5% extra.

XT COMPATIBLE COMPUTER. ........... $1050.00

includes: 256K 8088 XT (Japan) mother board, Colour graphic card
two 360K DS/DD disk drive, Controller card, Case, keyboard, 130
with power supply.

* A Registered Trademark of IBM Canada Ltd.

**A Registered Trademark of Apple Canada Ltd.

Price subject to final confirmation. Please call for details.

MAIL ORDERS:
For quantities under 1000 pcs, please add 25% extra from above
price plus postage and provincial tax.

We can ship C.0.D. freight collect for larger quantities.

4002 Sheppard Ave. E., Suite 506,
Agincourt Commercial Centre,
Scarborough, Ontario, M1S 156
Tel: (416) 299-7731

Canada
FAX: 416-298-4569

Telex:065-25256

HIGH SPEED EPROM PROGRAMMER ----$175.00

FROM 2718 UP TO 27256, ALL ROUND TYPES. ONE TOUCH OPERATION
INCLUDING 'A° AND 'CMOS’ VERSIONS.

(:;::ni) 30SEC v cano rr APPLE o I1BM
10256!
1

27256 — 120 SEC

IBM H/F CARD— 3

APPLE 1/F CARD —5

UY LAMP wiTH HOLDER - - $26.98

Fom P itive PCB E
or UV-EPROM Erasing.
Whea you order, plesse let us
know which type, exposing

o ONLY
iGH speep 1OM™

ROBOTICS TRAINING 1/0 "ODEN" ---
WCLYDES STEPPING MOTOR DRIVER. SPEAKER OUTPUT,

8 BIT LED DISPLAYS. PNOTO-. THERMAL-. SOUND- SENSORS,
MANUAL DATA ENTRY SWITCHES . RELAYS.

& I/F CARD - - ===~--= FOR APPLEOR lBM

OC MOTOR CONTROLLER & ULTRA SOMIC RADAR UNIT(OPTION)

- $149.00

JUST CMANGE YOUR I/F CARD, YOU CAN SWITCH TO IBM OR APPLE.
EXTRA |I/F CARD FOR ‘PROGRAMMER’' OR 'ODEN' ---~—---—--- $69.00

STEPPING MOTORS s DRIVERS

MOTONS (JEVERAL MODELS) TORQUE RAMGE
PRICE RANGE

(ASK FOR DETAIL)
280g-cm --- 20Kg-cm
$16.00 —- — $165.00
$65.00 - - $189.00

PLUS CaNABA POST COD FEE W
PRICES & SPECIFICATONS ARE SUBJECT 7O CNANGE WITHOUT NOTICE.

|

KEM xaentan Electronics LLd.

879 EAST MASTINGS STREET, VANCOUVER, B.C. VSK 4wd
PHONE (804) 251- 1514
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'SCOPE for 100 MHz

The MO-1255 100 MHz 'scope Control togistics make this unit
features 3-channels and 6 traces. exceptionally easy to operate. Has
Has aiternate sweep, 6-inch rec- TV sync. separator circuit and 20

tangular high iuminance internally MHz bandwidth limiter.
calibrated CRT, wide dynamic
range and 2-channel XY operation.

DIGITAL STORAGE 'SCOPE 2 MHz sampling

MSA-1270 features 2-channels, simply switches to a 20 MHz
each with 2 kiloword 8-bit A/D con- oscilloscope. Simuitaneous hard
verter for high density, high speed, copy recording possible with ex-
dual phenomena monitoring. Has ternal trigger.

trigger level marker display, pre

and post trigger functions, and

S OB TG e i WY

LOGIC ANALYZER - 16 ckannel
The MLA-3300 combines timing LCD display. Comparative acquisi-

analyzer, state analyzer and tions are easy with 256 bit/channel
signature analyzer in one. Has acquisition and reference
16-channel input and 100 ns memories. Menu operated

resoiution at 10 MHz. Portable, bat
tery or AC operation, low power

SPECTRUM ANALYZER 1-300 MHz

The MSA-4901 spectrum analyzex strength and terminai levels.
covers 1 to 300 MHz with a Calibration mode at —30 dBm ang
logarithmic-scaled frequency 20 MHz. LCD centre-frequency
domain and vertical axis. TV scan-  display.

ning mode permits CATV and VHF

TV bands measurements for field

IDIJI@‘@K’@

RCC/ELECTRONICS

310 JUDSON ROAD, UNIT 6, TORONTO M8Z 5T6. (416) 252-5094

Montreal: 6600 Trans Canada Highway, Suite 750, Pointe Claire, Quebec, HIR 482, Telephone: (514) 694-6080, Telex: 05-821762
Vancouver: 119-255 West 1st Street, Unit 3, North Vancouver, B.C., V7M 3G8, Telephone: (604) 985-4065, Telex: 04-352841
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2220/2230/2430

IG/PORTABLES .

Now Tektronix gives you
three new choices in digital
storage oscilloscopes. They
build on the high-value, high-
performance standards that
Tektronix is famous for. And
they set some standards of their
own — in performance, price
and ease of use.

The new Tek 2430 features
150 MHz bandwidth, a
100 Ms/s digitizing rate and
dual channel acquisition. It's a
powerful combination that lets
you digitize, view and store high
bandwidth and complex sig-
nals. Also offering 8-bit vertical
resolution, 1K record length per
channel and a 0.01% crystal-
controlled timebase, the 2430 is
an advanced measurement
package with many sophisti-
cated capabilities including

S - -

8 8 '8

Y
-~

folmaa

THE WORLD’S M'CéST
POPULAR PORTABLES
GO DIGITAL!

If it's economy you want, for
performance that’s best in its
class, the new Tek 2230 and
2220 offer solid features at
exceptional prices. Included:
storage and non-storage
bandwidths of 100 MHz in the
2230 and 60 MHz in the 2220.
Sampling at 20 Ms/s with 8-bit
vertical resolution. Plus 4K re-
cord length with save reference
memory and expansion, com-
pression, and positioning of
save reference waveforms.

Both scopes offer optional

GPIB or RS-232-C interfaces,
with 26K of battery-backed
reference memory included in
2230 options. All of this in
scopes that are easy to use
and affordable!

Contact the Tektronix office
or sales representative
nearest you for complete de-
tails. Each scope is backed by
Tek’'s 3-year warranty, plus ex-
cellent documentation, training
programs and outstanding ser-

vice support — worldwide.
Copyright® 1985, Tektronix, Inc. All Rights Reserved

Features 2430 2230 2220

Maximum Sampling Rate 100 MS/s 20 MS/s 20 MS/s

Equivalent Time Bandwidth 150 MHz 100 MHz 60 MHz

Interface Standard GP!B/RS-232-C GPIB/RS-232-C
Fully Optional Optional
Programmable  (Talker/Listener) (Talker/Listener)

Record Length 1K/CH 4K/1K Selectable 4K

Peak Detect Yes (2 ns) Yes (100 ns) Yes (100 ns)

2 ns glitch capture. Signal Averaging Yes " Yes y (repetitive sampling)
ith i i X-Y Storage Bandwidth 150 z 100 MHz 60 MHz
n\év}tgnl]tﬁ Srlwgrl]? rgﬁnrcfgrr]rtnglt Pre/Post Triggering Yes/Select Yes/Select Yes
a < panei el Cursor Measurements AT, 1/AT AT, 1/AT, AV No
you can put the 2430 right to AV, dB, slope, %
work in one application after CRT Readout Yes Yes No
another — from appliedre- gaXeCoTbDaethg \\;g: ,l:llg uo
H - e alipration [¢]
search to prOdUCt d.eS'g.n tothe Front Panet Setting Recall  Yes No No
automated production line. Warranty 3-Year 3 Year 3-Year
Vancouver — (604) 438-4321 Edmonton — (403) 434-9466 Tektronix Canada Inc. &
Toronto ~ (416) 675-3865 Montreal — (514) 697-5340  P.O. Box 6500 Barrie, m"onli
Calgary — (403) 250-7583 Winnipeg — (204) 632-4447  Ontario. L4M 4V3 . el

Ottawa — (613) 225-2850

Halifax (902) 469-9476

(705) 737-2700
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