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Monitor not included. IBM, IBM PC, IBM XT and IBM AT are registered trademarks of IBM Canada Ltd 

Features common to BEST MK II, MK III Et MK IV 
• Superb IBM PC & XT Compatibility 
• Canadian Made 
• 256K RAM Standard minimum (uses 41256K 
RAM chips) 

• Expandable on board to 640K RAM 
• Parallel Port (for printer) 
• Serial Port (for communications) 
• Real Time Clock/Calendar 
(with Battery Backup) 

• Presocketed for optional co-processor — 
such as 8087 Math Processor 

• IBM Compatible Keyboard 

• Reset Switch 
• Phoenix BIOS as used in many major brand 
IBM compatible systems. 

• 150 Watt Power Supply Which will handle a 
Hard Drive without upgrade. 

• 7 Slots 
• Flip top case 
• 2 Slimline DS,DD 5'.", 360K Disk Drives 
• Colour Video (RGB & Composite) Board or 
Hi-Res Monochrome Card (customer choice) 

• Disk Controller Board 
• CSA Approved 

Warranty 
We have such confidence in the reliability 
of the BEST that we offer a full One Year 
Warranty. This far exceeds the 90 day 
industry standard. On-site service plan is 
available across Canada at extra cost 
through 3M of Canada Ltd. 

BEST MK II. 

Two 350K DS,DD disk. drives, Serial and Parallel 
Ports, Real Time Clock, Phoenix BIOS. uses 8088 
processor — full specifications given above. 

The FAST BEST MK III 
As BEST MK II plus speed selectable: 
4.77 and 8MHz (most software will run 
on the higher speed), uses 8088-2 pro 
cessor. 

SUPER-FAST BEST MK IV 
As BEST  MK Ill plus TRUE 16-Bit 

machine, 8086-2 processor, IBM com-
patible 8-Bit I/O channel bus, even 
faster than MK Ill due to 16-Bit 

architecture. With 640K standard. 

1695°° 
ONE YEAR WARRANTY 

Other Configurations: 
With 640K RAM  51795 
With 20 Meg Hard Drive/1 Floppy/256K  $2495 
With 20 Meg Hard Drive/1 Floppy/640K  $2595 

189 oo 
ONE YEAR WARRANTY 

ONE YEAR WARRANTY 

Other Configurations: 
With 640K RAM  $1995 
With 20 Meg Hard Drive/1 Floppy/256K  $2695 
With 20 Meg Hard Drive/1 Floppy/640K  $2795 
With 80 Meg Hard Drive/1 Floppy/640K  .$4495 

Other Configurations: 
With 20 Meg Hard Drive/1 Floppy/640K  $2995 
The BEST Mk IV Main board processes data ap-
prox. 2.1 times faster than the IBM PC/XT or 
BEST Mk II. 

coreee 

AVT-286 
Superb IBM AT compatibility, 640K 
RAM, Two 5.25 in disk drives (one 
high density 1.2 Megabyte, one stand-

ard 360K), serial and parallel ports 
high quality-keyboard, keyboard lock 
and status monitor. 16 MHz clock 
(8MHz CPU) 

Lightening Fast  AVT10-286 
New, IBM AT corn- Superb 113IM AT compatibility ewe more 

tible. •• Standard 2Meg RAM and Optionally up pa   
to a megabytes or RAM on main board 

• 10 MHz CPU • 6 M11y. 8 MFly and 10 MX: selectable 
system speed 

• 2Meg RAM • i21 SS. ' dish droves (t bign density 1 2 
• Up to 4 Meg RAM meg. one standard 36061 

• Serial and parallel ports, lugh quality, 

on Board  .0.,,,d, keyboard lock and status 
monitor 

$34950° 
ONE YEAR WARRANTY 

With 2Meg RAM and 10 MHz CPU 

99 
ONE YEAR WARRANTY 

texceltronix 

A Basic Configuration with fast stepping 
Hard Drives: 
20 Meg Hard Drives  $4795 
30 Meg Hard Drive  $4995 
40 Meg Hard Drive  $5495 
80 Meg Hard Drive  $5995 
Built-in Tape Backup Systems from  S 799 
BEST 1200/300 Plug-In-Modem   249 

As Basic Configuration with fast stepping 
Hard Drives: 
20 Meg Hard Drive  $6295 
30 Mog Hard Drive   96495 
40 Meg Hard Drive  $6995 
80 Meg Hard Drive  $7495 
Additional 2 Megabytes RAM 
(to bring system to full 4 Megabytes)  S 995 
Built-in Tape Backup Systems from   799 

Toronto Stonc 319 College Street,  16) 921-8941 
Ottawa Store: 217 Bank Street, Ottaw—  230-9000 
Mississauga Showroom, Pickup Counter and Mall Orders: 
6315 Kestrel Road, Mississauga, Ont., L5T 1S4 
Lon Distance Orders: 1-800-387-6995, Local Orders: 416 673-5111 



Fresh opportunities for 

UNLIMITED ELLI•J kyi  
Selling MICRO COMPUTERS to small and medium size businesses can turn your skills and local knowledge into 

LARGE GAINS. 
EXCELTRONIX, one of Canada's leading PC/XT/AT compatible makers invites those who qualify to share in the 

UNLIMITED REWARDS of successful selling by becoming part of its network of Independent Agents. 
A total investment of $7,500 secured by inventory opens an OUTSTANDING OPPORTUNITY for self starters. 
Our Independent Agents have NO CEILINGS ON INCOME; HAVE GUARANTEED TERRITORIES AND ENJOY 

EXCELLENT SUPPORT directly from the people who designed and manufactured the product line - no offshore 
clones here. 

Choice territories for Independent Agents are still available in all urban centres in Canada. 
INTERESTED PERSONS can receive more information in confidence from: 

Director of Special Projects Exceltronix Components & Computing Inc. 
6315 Kestrel Road, Mississauga, Ontario L5T 1S4  (416) 673-5111 

Applies to most BEST and Multiflex products. 

NE W: Miniae8 
What you've been waiting and asking for 
is now here!  New Compact Portable 
8088-2 Dual Speed PC/XT Compatible 

From $499 

• 8088-2 Motherboard 
• 8MHz and 4.77MHz operation 
• Compact case and power supply 
• 256K RAM on board expandable to 640K 
• 90 Day Warranty 

Basic Unit as listed  $499.00 

Basic Unit with Video Board (Colour or Hercules Compatible), 
Floppy Controller, Keyboard  $699.00 

Basic Unit with Video Board (Colour or Hercules Compatible), 
Floppy Controller, Keyboard and Built-in 3.5" 750K Disk Drive 
 $849.00 
Second 3.5" 750K Disk Drive (Built-in)  $159.00 extra 

Basic Unit with Video Board (Colour or Hercules Compatible), 
Floppy Controller, Keyboard and External plug-in 360K Disk 
Drive  $849.00 

Basic Unit with Video Board (Colour or Hercules Compatible), 
Floppy Controller, Keyboard and external plug-in Dual 360K 
Disk Drive package  $995.00 

External 20 Meg Hard Drive package with controller and power 
supply available. 

tExceltron" 

NE W: Mini-286 
At Last! A 80286 AT Compatible 

From Only 

M a l 1  I  I  I  1  

Mint-286 

• 16MHz clock (8MHz CPU) 
• 80286 Motherboard 
• 512K RAM On-Board Expandable to 640K 
• Case and 150W Power Supply 
• AT Compatible Keyboard 
• 7 Expansion Slots 
• 90 Day Warranty 

Basic Configuration as listed  $1495.00 

As Basic unit plus Video Board, Floppy Controller, and one 
5.25" 360K drive  $1995.00 

As Basic unit plus Video Board, Floppy Controller, and one 
5.25" 360K drive and 20 Meg Hard Drive  $2995.00 

Optional 1.2 Megabyte Drive for any configuration . .  $ 199.00 

Toronto Storc 319 College Street Toronto (tus 921.8941 
Ottawa Store: 217 Bank Street, Ottawa (813) 230-9000 
Mississauga Showroom, Pickup Counter and Mail Orders: 
5315 Kestrel Road, Mississauga, Ont., L5T 1S4 
Long Distance Orders: 1-500-387-6995, Local Orders: (416) 673-5111' 

Circle No. 2 on Reader Service Card 



[Of Onto 

 $2.79 
$1.75 
$1.75 
$2.29 
$2.29 

This could be the biggest bargain of all times. 
The main board shown can be used in many df flerent ways. 
Made recently by one of the Canada's leading electronics 
companies, this board utilizes some of the most current 
technology and parts. 

Use your imagination, software and hardware to make 
this board into many interesting projects. The board is capable 
of colour graphics and was originally designed as a terminal 
for home-ordering system and has many of the facilities 
similar to the Telidon terminals in use In shopping malls, 
hotels etc. 

This magnificent board features an 8088 CPU, 6545 CRT 
Controller, 150/1200 Baud auto-dial, direct-connect modem, 
serial ports, RF Modulator (Ch.3) for 40 characters, EPROMs, 
64K Video RAM, 16K RAM and 64K of EPROM for the pro-
cessor. 

All you need is power supply with 5V at 2A, plus/minus 
12V at 0.05A. The current value of the parts alone on this board 
Is In excess of $300! 

A. The Board itself with the original software, schematics, 
memory map and block diagram'  $49.95 

B. Membrane Keyboard Klt  $19.95 

C. Plastic Case to house the main board  S 9.95 

Items A, B and C as a package  $74.95 

IBM Compatible Peripheral Boards 
Colour Graphics, RGB and composite.  $ 99.95 

Monochrome Boards (Hercules compatible) 
 $129.00 

Floppy Disk Controller (up t04 drives) . . S 44.95 

Floppy Controller w. Real time clock, serial port 
and parallel port  $159.00 

Parallel Printer Card   35.00 

Clock Card  $ 36.95 

Game Card  $ 34.95 

I/O Card, 2 x serial ports, parallel printer port, 
game port, real time clock/calendar .  $149.00 

512K Memory Card, socketed for 512K with 64K 
RAM on board  $139.00 

256K Multifunction Board w. serial port, parallel 
port, game port, with real time clock calendar 
with 256K RAM  $199.00 

IBM XT Compatible 8-slot 
Motherboard 
4.77 MHz, Japanese made boards, burnt-in with 
256K RAM, expandable on board to 640K with 
Phoenix BIOS  $199.00 

IBM XT Compatible Turbo 
8-slot Motherboard 
4.77/8 MHz, Japanese made boards, burnt-in 
with 256K RAM, expandable on board to 640K 
with Phoenix BIOS  $269.00 

Keyboards 

5150 Style  $ 95.00 

5151 Style  $119.00 

Maxiswitch Keyboard - switch selectable 
between XT and AT compatibility  $139.00 

Computing  Centre Inc.  
Come and visit our new expanded premises, nearly 2,000 square feet of computer and electronics 

hobbyists paradise and discover our great bargains. 

Switching Power Supplies 
150W IBM compatible for our motherboards. 5V 
15A, 12V 5.5A, -5V and -12V at 0.5A GSA 
Approved  $134.95 

200W. CSA Approved  $159.95 

Complete Systems 
4.77 MHz, 8088 based (8087 optional) Phoenix 
Bios, reset switch, 8 IBM compatible I/O slots, 
256K RAM (expandable to 640K), colour card, 
135W GSA Approved power supply, 5150 style 
keyboard, flip top case, one Panasonic disk 
drive  $799.00 

As above but Turbo version - 8M Hz  $899.00 

Cables 
IBM type parallel printer cable, 6ft   $13.95 
8ft  $15.95 
10 ft  $17.50 
IBM type serial cable RS232C 6 ft  $13.95 
8ft  $15.95 
10ft  $17.50 

DB Connectors 
DB25 Solder Tail Male  $1.35 
0B25 Solder Tail Female  $1.35 
DB25 Right Angle PCB Mount Male  $2.19 
DB25 Right Angle PCB Mount Female  $2.19 
0B25 Flat Ribbon Cable IDC crimp type 
Male  $3.29 
0B25 Flat Ribbon Cable IDC crimp type 
Female  $3.29 
DB15 Solder Tail Male  $1.15 
DB15 Solder Tail Female  $1.15 
0B15 Right Angle PCB Mount Male  $1.65 
0815 Right Angle PCB Mount Female  $1.65 
0815 Flat Ribbon Cable IDC crimp type 
Male  $2.79 
DB15 Flat Ribbon Cable IDC crimp type 
Female 

DB9 Solder Tail Male   
DB9 Solder Tale Female   
DB9 Right Angle PCB Mount Male   
DB9 Right Angle PCB Mount Female   
DB9 Flat Ribbon Cable IDC crimp type 
Male  $3.29 
DB9 Flat Ribbon Cable IDC crimp type 
Female  $3.29 

Memory Special 
4164 150nS  $ 1.99 
41256, 150nS  $ 4.99 
8087, 4.77MHz  $159.00 
8087,8 MHz  $245.00 
Set of 8088, 8255A-5, 8237A-5, 8288, 8284. 
8253A-5, 8259A  $ 39.95 

IBM Style Flip Top Cases   69.95 

Disk Drives 
Panasonic JU455 Disk Drives, 5.25in DS-DD 
 $147.00 

20 Meg Seagate Hard Drive, Half Height with 
controller and cable  $699.00 

Huge Selection of Apple 
Compatible Boards, Power 
Supplies and other parts. 
Come and Browse. 

Please Call for quantity pricing 

We will NOT be Undersold! 

Mail orders add 5% ($5 minimum) for ship-
ping and handling. Ontario residents add 7% 
PST. We welcome Visa, Mastercard and 
American Express, Money Orders and che-
ques (allow 14 days for uncertified cheques). 
Do not send cash. Returns subject to 20% 
restocking charge and shipping fees. All 
prices and specs subject to change without 
notice. 

8088 Board with Built-in Modem: $49.95! 
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Toronto  
Mail and Phone Orders Welcome: 1-800-387-4935 

Computing  Centre Inc.  321b College Street, Toronto, Ont. M5T 1S2 (416) 960-1350 



Covers from past Februaries highlight our ten 
years as Canada's favorite electronics magazine. 
Design by Dolph Loeb. 
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For Your Information 
The Editor's Corner 
By Bill Markwick 

HELLO, and welcome to our 10th 
anniversary issue. Electronics To-
day started in 1977 with offices on 
Overlea Boulevard in Toronto. I 
joined in January, 1983, and was 
made Editor later that year. In late 
1985 we moved to our new pre-
mises on Don Mills Road, and here 
we are. 
In the past ten years, the inven-

tion and success of the micro-
processor outdid even the in-
troduction of the transistor to the 
commercial world of the 1950s, 
allowing economical desktop com-
puters with the power of a mini. 
This same invention also negates a 
lot of the predictions made about 
the future: no one foresaw the 
feasibility of the microchip com-
puter, except maybe for science-
fiction writers, and they put it into 
the gee-whiz world of the distant 
future. In the same way, predic-
tions made now will probably be 

nullified by the next amazing 
gadget down the road. 
Having said that, I might as well 

go out on a limb and have some 
fun with predictions for the next 
ten years. 
A safe one: faster, more power-

ful chips will proliferate as they 
come down in price, making some-
thing like the 80386 computer 
available for far less than the 
$10,000 it is today. No matter how 
fast they are, though, software 
writers will produce programs that 
make you wish you had something 
better. 

There'll be more computers 
hooked together via networks, 
perhaps by way of cable or satellite 
TV. I don't see an awful rush to 
get into purchasing via TV or com-
puter. The working-at-home idea 
is a nice one if it suits you, though 
I find that we're still slaves to 
paper, and I can't do without the 

office environment yet. Besides, 
the work-at-home, shop-at-home 
mode turns you into a hermit. 
In ten years, cars will still be the 

shiny, dazzling, hi-tech piles of 
poorly-engineered junk that they 
are today, and advertising depart-
ments will still be proudly crowing 
over all the technological innova-
tions that are five years out of date 
on the day they're introduced. 
You'll be able to buy a car with a 
satellite/inertial guidance system 
and total electronic control, but 
the muffler will still fall off every 
two years. 

There'll be a revival of the 
aesthetics of cabinetmaking, and a 
minority of craftsmen will begin to 
appreciate the advantages of hand-
tools for finishing, once the power 
tools have done the brute-force 
work. 
Soldering transistors into bread-

boards will become an anachro-

nistic art, rather like weaving your 
own fabric. 

Technology will allow doctors 
to routinely pull off daily miracles, 
but they'll still be more concerned 
with damage control than with 
health. 

The Canadian media will still 
run stories on Canada's lack of a 
hi-tech industry, on our lack of en-
trepreneurial gumption, on the 
Promise of the Far North. 
Comprehensive synthesizers will 

come down in price and will per-
vade music to the extent where 
someone who knows three chords 
on an acoustic guitar will be like a 
breath of fresh air. 
Canadian beer will improve and 

TV won't. 
Most futurists will have been 

wrong in their predictions. 

Happy Birthday 
Here's a letter of congratulations 
on our 10th anniversary: 

"It's hard to believe that it's only 
the tenth anniversary of Elec-
tronics Today. Today, it would be 
difficult to imagine the electronics 
scene in Canada without ET; but 
ten years ago there was no Cana-
dian electronics magazine for the 
electronics enthusiast. In the days 
before ET, Canadian hobbyists 
and electronics buffs were forced 
to look to popular American 
magazines for their projects and 
parts. ET changed all that by pro-
viding a Canadian source of infor-
mation on products and projects 
available in Canada. ET also pro-
vided  a reasonably  priced 
magazine for Canadian adver-
tisers, and thus was an essential in-

gredient in the development of 
many Canadian companies with 
products to market to the elec-
tronics industry in Canada. 

I have had the opportunity to 
work closely with the people at 
Moorshead Publications over the 
past ten years. Without fail, they 
have been helpful, courteous, 
reasonable, and operated with the 
utmost integrity. I would like to 
offer my personal congratulations 
and thanks for their help over 
these ten years to HaIvor Moor-
shead and the entire staff of ET on 
this special occasion of your tenth 
anniversary." 

Yours Sincerely, 
Howard Gladstone 

ILP Manufacturing Inc. 

100 and 1000 Years Ago in 
Electronics Today 
remeeteree .elrœmnrepermet 

Electronics Today 
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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 filled 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 
go wrong. The printed circuit for 
fast  month's  Electrical  Health 
Stimulator and Perspiration Sup-
pressor was accidentally omitted 
and appears in this issue along with 
apologies for those inconvenienc-
ed.' 

'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 

IMSAI Update 
(From February 1977) 
IMSAI have released a new version 
of their editor-assembler for the 
8080. It's yours in the form of 
paper tape and manual for $40, US 
price. Biggest part of the update is 
multiple device driver routines and 
a larger symbol table space. Also 
featured is an improved debugger. 

PETs Are Here (At Last) 
(From June 1978) 
While CSA approval is still pend-
ing on Commodore PETs, Rick 
Denda f Marketron is importing 
them directly from the States and 
having them approved by Ontario 
Hydro. As far as we know these 
are the first PETs to be actually 
sold in Canada. 

A combination of nas y little gremlins in the 
typesetting machinery and a slip in proof-
reading lead to some strange looking parts list 
headings in two January '87 projects. 

The "Resistor" heading line of the Mini 
Tuner (page 52) should read as follows: 
Resistors (All 1/4W ± 5%); the line should be 
the same in the parts list for the Micro Tracer 
Unit on page 20. Our apologies to anyone who 
was inconvenienced by this. 

shown that miniaturization to this 
extent is simply not physically 
possible.' 

eitctronics tOtlap ic 

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, handling Wire 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 alchernifts do di fturb 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 ùp' 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." 

a Electronics Today February 1987 



How It Began 
By HaIvor Moorshead who started Electronics Today, was Editor 

from 1980 to 1983, and is currently the Publisher, 

IT ALL BEGAN with a phone call from 
Australia to Britain in September 1975. 
In April 1973 I took over as Editor of 

the British Electronics Today; before that 
I had been working for a British magazine 
called Practical Wireless. ETI was a 
British version of an Australian magazine 
of the same name that had been very suc-
cessful in its home market. The magazine 
had been the inspiration of Collyn Rivers, 
the best magazine Editor I have ever 
known. 
The British ETI was largely reprints of 

the Australian magazine, run a couple of 
months later. At that time we had nine 
direct competitors and we were right at 
the bottom. Things went well and by 1975 
we were growing very fast and starting to 
overtake some of the competition. My 
boss, Arnold Quick, who was of course 
based in Australia, was the person who 
made the phone call that started it all. 
F̀laIvor, I don't think there is an elec-
tronics magazine in Canada. Is there a 
market for one?'. I hadn't the faintest 
idea, I had never even been to North 
America. My knowledge of Canada was 
limited to two things: a kid at school who 
had the strange habit of walking around 
in bare feet, an eccentricity that made me 
think that the streets must be very clean 
and the climate less severe than I had 
learned in geography,  and secondly 
'Forest Rangers' which was carried by 
British TV. 

Electronics Today February 1987 

Starting Up 
I flew to Toronto in November 1975 to 
answer my boss's question. Indeed there 
was no magazine even vaguely like ETI. In 
Britain, with twice Canada's population, 
we had several competitors; Australia, 
with half the population had two and 
Holland, with the same number of people 
as Australia, had four. A look at the 
market showed there was every bit as 
much interest in electronics here as the 
rest of the western world. 

We decided that we would test the 
market and began to send over 5,000 of 
the British edition of the magazine, sport-
ing the addition of a dollar figure to the 
price, to see if it would sell. It did. 
Sales were good and in September 1976 

we decided to launch a Canadian edition 
with its own staff. I started to commute 
between London and Toronto, spending 
two weeks in each. This may sound exotic 
but it was merely exhausting. We had to 
set up a company, hire the staff and get 
underway. The differences in publishing 
tradition between Britain and Canada are 
enormous and we were faced with all sorts 
of problems, the worst by far was finding 
an editor. 
During the start period a lot of people 

were good to us. Gordon and Gotch (who 
distributed the British magazine during its 
test) lent me an office for a number of 
weeks. Heath were incredible; when I 
went to ask their advice they gave me our 

first order for advertising without being 
asked and 50,000 names of their cus-
tomers to try for subscriptions. The pro-
blem of hiring an editor was obviously not 
going to get solved by the launch of the 
first issue so we sent over one of the 
British staff, Les Bell, here for a few mon-
ths. 
Offices were set up in Thorncliffe Park 

in Toronto with four staff (two of them, 
Senga Harrison and Sharon Wilson are 
still with us). The plan was for the 
magazine to have 5007o locally produced 
editorial with the rest taken from the 
Australian or British editions who in turn 
would use the best from the Canadian edi-
tion. 
The Heath mailing list was very good to 

us - 7 of the people we mailed took out a 
subscription even before the first issue 
and within a couple of issues we had 7,000 
subscribers plus healthy newsstand sales 
supplemented by sales through electronics 
stores. 

In an early issue we ran an ad for an 
editor and our luck changed - we had 
some excellent applicants and hired 
Graham Wideman who saw the magazine 
through its early stages. 

Becoming Canadian 
In June 1978 the British company, owned 
by the Australians and myself, was sold. 
We had been very successful and had 

Continued on page 88  7 



Train with NRI for a 
servicing NEW! 

Train with the newest Sanyo 880 
Series Cornputer-it's fully 

113M-co1patib1e and runs almost 
twice as fast as the IBM PC! 

Get started now 
by building this 
fully IBM PC 
compatible 
computer 

Now you get it all. . . training 
for America's fastest growing 
career opportunity. . . train-
ing to service all computers 
. . . training on the newest 
total computer system, the 
Sanyo 880. Only NRI can give 
you the well-rounded training 
you need, because only NRI 
gives you a complete com-
puter system. . . computer, 
monitor, disk drive, software, 
even test instruments like a 
digital multimeter and logic 
probe to work with and keep. 
It all adds up to training 
that builds the knowledge, 
competence, and ability you 
need to succeed as a computer 
service specialist. 

Get inside the newest, 
fully IBM PC compatible 
Sanyo Microcomputer 
As an NRI student, you'll 
get total hands-on training 

double-sided disk driwi. 256f: RAM, 
4.77 MHz and 8 MIlz turbo speed. 

DIGITAL MUL'TIMETER— 
Prof mional test instrument for 
quick and easy measurements. 

LESSONS—Clear, well illustrated 
texts build your understanding 
of computers step-by-step. 

DISK SOFTWARE— 
including MS-DOS, 
GW BASIC, 
WordStar, and 
CalcStar. 

4% 
'et te\ 4e4e•e". 

e 

Your NRI total systems training 
includes: • NRI Discovery Lab to design and 

modify circuits • Your four-function digital multimeter 
with walk-you-through instructions on audio tape • Digital logic probe 

for visual examination of keyboard circuits • The newest Sanyo 880 Series Computer with 
"intelligent- keyboard and 360K double-density, double-sided disk drive • High resolution monochrome 
monitor • 8K ROM, 256K RAM • Bundled software including GW BASIC, MS-DOS, WordStar, CalcStar 
• Reference manuals, schematics, and bite-size lessons. 

as you actually build your 
own latest model Sanyo 880 
Series computer from the 
keyboard up. It's fully IBM 
PC-compatible and, best of 
all, it runs programs almost 
twice as fast as an IBM PC. 
As you assemble the Sanyo 
880, you'll perform 

demonstrations and 
experiments that will give 
you a total mastery of 
computer operation and 
servicing techniques. You'll 
do programming in BASIC 
language—even run and 
interpret essential diagnostic 
software. 



high paying career 
computers 

MONITOR—High. resolut 
green screen displays, crisp 
text and graphics. 

Understanding you get 
only through experience 
You need no previous 
knowledge to succeed with 
NRI. You start with the basics, 
rapidly building on the 
fundamentals of electronics 
with bite-size lessons. You 
perform hands-on experiments 

TECHNICAL MANUALS—with 
complete specs on Sanyo computer 
and professional programs. 

DISCOVERY LAB—Using it, 
you construct and test circuits 
like those used with computers. 

DIGITAL LOGIC 
PROBE—Simplifies 
analyzing digital 
circuit operation. 

with your NRI Discovery Lab 
and then move on to master 
advanced concepts like digital 
logic, microprocessors, and 
computer memories. 

Learn at home in your 
spare time 
You train in your own home 

at your own convenience, 
backed at all times by your 
own NRI instructor and the 
entire NRI staff of educators 
and student service support 
people. They're always ready 
to give you guidance, follow 
your progress, and help you 
over the rough spots to keep 
you moving toward your goal. 

100 page free catalog 
tells more... send today 
Send the postage-paid reply 
card today for NRI's 100 page 
catalog that gives all the facts 
about computer training, plus 
career training in robotics, 
data communications, TV/ 
audio/video servicing, and 
many other fields. If the card 
is missing, write to NRI at 
the address 
below. 

Adra WSCHOOLS 

McGraw-Hill Continuing Education Center 
330 Progress Avenue 
Scarborough, Ontario MIP 2Z5 
or telephone 416-293-8787  

We'll Give You Tomorrow. I • ri à 
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HM205 
The outstanding oscilloscope 

with digital storage 

This remarkable new concept combines a general 
purpose oscilloscope with a full functioned digitizing 
oscilloscope to meet today's rapidly increasing de-
mand for measurement versatility. 

In addition to its feature-packed analog operating 
modes, it provides very practical digitized waveform 
processing for slow events between 0.1ms and 50s 
total duration. Key features are: 

• 20MHz-realtime bandwidth, 10kHz sampling rate 
• Input sensitivity 2mV/div - 20V/div 
• Digital timebase 1ms/div - 5s/div 
• Memory 2x1k Byte with 8-bit resolution 
• Analog timebase 0.5us/div - 0.2s/div 
• Triggers to more than 40MHz at 0.5 div 
• Active TV-Sync-Separator 
• Variable Hold-Off Time 
• Built-in component tester, fast-risetime calibrator 

*$1,295.00 

In many applications the HM205 can easily replace 
considerably more expensive digital storage and 
long persistence instruments, or perform display 
functions of chart recorders. 

This is one of the really outstanding and money-
saving innovations on the scope market today! 

•FOB Downsview - FST included - Subject to change. 

J80 Alness Street, Unit 7 
Tel: (416) 661-5585 ELECTRON iCS 

ummEo 

HM208 
The high-tech storage scope 

with 20 MHz sampling rate 

This  is a state-of-the-art  storage oscilloscope 
specially designed to capture fast single events with 
8-bit resolution and up to 2000 points record length. 

Providing both digital storage and analog mode, the 
HM208 combines 20MHz bandwidth, 20MHz sampling 
rate, and sensitivity to 1mV. Up to 4 sets of data can 
be stored in 2 independent 2k Bytes memories. 
Features include: 

• Digital timebase from 10us/div - 50s/div 
• Image expansion to 1us/div 
• Refresh, Roll, Single, and X-Y modes 
• 256 points (8 bit) vertical resolution 
• 1024 or 2048 points horizontal resolution 
• 25 - 50 - 75 - 100% pre-trigger 
• X-Y recorder output with penlift 
• Linear Dot Joiner 
• Options: IEEE-488 bus interface; memory backup. 

*$3,695 

In realtime operation, the HM208 features excellent 
low-level signal triggering to more than 40MHz, and 
maximum timebase resolution of 20ns/div. 

The HM208 is Western Europe's most popular DSO, 
is truly affordable and backed by a company with 30 
years experience in innovative oscilloscope design. 

Downsview, Ontario, M3J 2S2 
Telex: 065-28169 



BRUN ELLE When Accuracy Counts... You Can Count On Us... Since 1972 

$230.00 

MODEL 3344 
AUDIO SIGNAL GENERATOR 

• All solid state circuitry insures extreme high 
stability. 

• Direct coupled circuits. 

• Compact styling with vertical type panel for easy 
operation. 

• Frequency dial calibrated with single-scale gradua-
tions for frequency range of 10Hz to 1MHz selec-
table in 5 ranges. 

• High output design; more than 7V rms at no load 
and more than 3.5V rms at 600 (Sine Wave). Output 
level is fully adjustable with a 10dB-step, 6 range at-
tenuator and a level control. 

• Low output impedance of 600 . The attenuator pro-
vides accuracy of -±- 1.0dB at 600 load. 

• Sine and square waves easily available. 

• Synchronizing input terminal. 

Free Catalogue available upon request. • Quality + 

Brunelle Instruments Inc. 
73-6th Range South 
St- Elie. D'orford, Quebec, JOB 2S0 
Tel: 1-819-569-1408  Telex: 05-836266 

REA 

„,„ gad 
INSTRUMENTS 

MODEL 3030 FUNCTION GENERATOR 
Providing Sine, triangle, square, pulse and ramp out-puts over 
the 0.2Hz to 2MHz frequency ranges. 

Featuring 

• Accuracy of ± 5% • VCF input • Variable DC offset • TTL or 
CMOS pulse output • Measurement range from 0.1 Hz to 
10MHz • High input sensitivity of 20mv RMS • 2 year warranty 
• Digital display. 

$415.00 FST INC. 
Price + Service = BRUNELLE 

Mail Order: Certified Cheque, Money Order, COD's FOB 
St-Elie. Quebec Residents add 9% P.S.T. 

OR  Circle No. 6 on Reader Service Card 

DISKETTES  $8.95 
(Box of 10 with sleeves, labels 

right protects) 

NEC V20 8 MHz  $24.95 

Star Micronics NP10  $325.00 

Silicon Valley 
has come to Mississauga  MS 

_ tafkla  f g;  COMPONENTS 
287 Lakeshore Road, East, (just East of Highway 10) 

Mississauga, Ontario L5G 1H3 
(416) 271-0716 

NAME: 

ADDRESS: 

CITY:  _ PROV: 

POSTAL CODE:  PHONE:)  ) 
Prices subject to change without notice 

CALL COLLECT: 1-819-569-1408 

COMPONENTS 
See our wide selection of 

prime electronic components. 

• Linear 

• Schottky 
• LS 
• Resistors 

• Crystals 
• Transistors 

• Capacitors 
• D B Connectors 
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K.E.M. special Express Prototype 
Plate-thru P.C. Board service. 

In only 36 hours! 

u 

Price example 
4" x 5" with 200 holes Plate-Thru PC Board 
5 working days service  $145.00/for 2 pcs. 

*36 hour service  $218.00/for 2 pcs. 

Please ask for detailed price quotation list. 

K.E.M. Electronics. Ltd 
Mail to: Box 69126 Station (K), Vancouver, B.C. V5K 4W4 

Office: 879 E. Hastings St., Vancouver, B.C.  Tel: (604) 251-1514 
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SPEAKERS 
DRIVERS IN CANADA 

Vifá FUCA'. 

WNAUDIO 
CROSSOVER, SPEAKER COMPONENTS 
SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional, Hi-Fi and Car Hi-Fi 
Application, Power up to 1000 Watt. 

SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from .10 mH to 30 mH, 
Wire Sizes from #20 AWG to #10AWG 

CHATEAUROUX CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd, 
Voltage Rating: 250 VDC 1150 VAC 

CROSSOVER, SPEAKER PARTS 
Mylar Capacitors, Power Resistors, Crossover Terminals, 
Nylon Ty-Wrap, Binding Post, Banana Plugs, Speaker Terminals, 
Grill Cloth, Plastic Grill Fast Snap, Neoprene Gasket, Misc. Parts. 

COMPUTER AIDED DESIGN FOR ENCLOSURE AND 
CROSSOVER AVAILABLE TO CUSTOMER 
Product specifications and prices available upon request. 

SSOLEN INC.  ORDERS 
5940, AV. BERG EVIN 

BROSSARD, QC  Tel: (514) 656-2759 
CANADA, J4Z 1Z2 

ALL SALES SUB
JECT TO THE T
ERMS OF OUR 9
0 DAY LIMITED
 WARRANTY. FR
EE COPY UPON 
RUM 

ANSI VIDEO TERMINAL BOARD! 
* FROM LINGER ENTERPRISES * 

A second generation, low cost, high performance, mini sized, 
single board for making your own RS232 Video Terminal. Use 
as a computer console or with a MODEM for hook up to any of 
the telephone-line computer services. 

FEATURES: 
* Uses the new SMC 9028 Video 
Controller Chip coupled with a 
6502A CPU. 

* RS-232 at 16 Baud Rates from 50 
to 19,200 

* On board printer port! 
* 24 X 80 format (50/60 Hz). 
* For 15,750 Hz (Horiz.) monitors. 
* 3 Terminal Modes: H-19, ADM3A, 
and ANSI X 3.64-1979 

* Wide and thin-line graphics. 
* White characters on black back-
ground or reversed. 

* Character Attributes: De-lnten, 
Inverse, Underline and Blank. 

* Low Power: 5VDC @ .7A,  12VDC 
@ 20MA. 

* Mini size: 6.5 X 5 inches. 
* Composite or split video. 
* 5 X 8 Dot Matrix characters 
(U/L case) with descenders. 

* Answer back capability. 
* Battery backed up status memory. 
* For ASCII parallel keyboard. 

MICRO SIZE! 

À_  bekkm. 
"iimmuut ede 
assi 

lismeamewiailaswarr 

$9 995 U.S. 
(Full Kit) 

ADD $40 FOR A&T 

LOPTIONAL EPROM FOR PC/XT STYLE SERIAL 
KEYBOARD: $15 

SOURCE DISKETTE: 
PC/XT FORMAT 
51/4 IN. $15 

Digital Research Computers 
(OF TEXAS) 

P.O. BOX 381450 • DUNCANVILLE TX 75138 • (214) 225-2309 

Call or write for a free catalog on Z-80 or 6809 Single Board 

Computers, SS-50 Boards, and other S-100 products. 
All prices quoted are In US funds. 

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75C handling. No 
C.O.D. We accept Visa and MasterCard. Texas Res. add 5-1/8.. Tax. Foreign orders 
(except Canada) add 20°. pa H Orders over $50 add 85c for insurance. 
  Circle No. 10 on Reader Service Car  

"SPECIALS" 

DS/DD 51/4" diskettes. Lifetime Guarantee 

Box of 10  $12.95 

Box of 100  $111.00 

6264 LP15, 64K Static RAM . . .$ 9.95 ea. 

27128 128K EPROM  $ 9.95 ea. 

27256 256K EPROM  $13.95 ea. 

TELEPHONE & MAIL ORDERS ACCEPTED 

Please include $3.00 shipping and handling. 
Visa, MasterCard, and American Express ac-
cepted. For full catalogue and to receive our 
regular mailings please add $5.00 extra. 

J & J ELECTRONICS LTD. 
310 Notre Dame Avenue 
Winnipeg, Manitoba, 

R3B 1P4 
Tel: (204) 942-0963 
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Optically 
Isolated Switch 

Switch on in safety, even in 
damp conditions.   

By T.R. de Vaux Balbirnie 

PEOPLE ARE understandably wary of 
installing 120 VAC switches in damp 
places for obvious reasons. The optically-
isolated system described here overcomes 
the problem since no electrical connec-
tions exist between the switch itself and 
the power supply. Any light-duty switch 
may be used, connected with cheap twin 
wire; some readers might use the circuit 
simply to avoid the high cost of 120 VAC 
switches and long pieces of cable. One ap-
plication is to operate a porch light from a 
point outside the house; to prevent 
unauthorized use, a key operated switch 
could be used. 

The Optically-Isolated Switch may be 
used with lights or other non-inductive ap-
pliances up to 300W rating on 120 VAC 
power. The entire system, apart from the 
switch and connecting wires, is housed in 
a wall-mounted plastic case with a socket 
to connect the remote switch and a flying 
lead for plugging into a nearby outlet. A 
120V on/off switch with a neon indicator 
and fuse are provided. Internal "AA" 
size batteries provide power for the switch 
section of the circuit and these will give 
long service in normal use. For very long 
duty periods, it is better to use nickel 
cadmium-batteries which are kept charged 
as required. With the light on, the circuit 
draws a few milliamps from the batteries. 
When off, consumption is virtually nil. 

Circuit 
The entire circuit for the switch is shown 
in Fig. 1. The dotted line indicates the 
division between the battery and 120 VAC 
sections. SI allows current to flow from 
the battery, through RI and R2, to the 
base of TRI in the Darlington arrange-
ment, TR1/TR2. Both transistors turn on 
and allow current to flow in the LED con-
tained in ICI via pins one and two. 
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Fig. I Complete circuit diagram of the Optically Isolated Switch. 

Resistor R4 and VR1 limit the operating 
current. ICI is a six-pin integrated circuit 
containing a triac as well as the LED. 
With the LED on, the triac triggers and 
operates the 120 VAC power section of 
the circuit. 
The LED often requires much less cur-

rent to operate the triac than the data 
specifies so VR1 provides an adjustment 
to minimize this and conserve the battery. 
With the triac section of ICI on, a con-
ducting path is established between pins 4 
and 6. Although the internal triac is 
capable of carrying 120 VAC current, this 
is not sufficient for a suitable lamp; for 
this purpose, a separate triac, CSR1, of 
greater current rating is used. Triggering 

in achieved through R5, and, with Si off, 
the LED no longer maintains the triacs so 
they both switch off next time the AC cy-
cle falls to zero. Since this never takes 
place longer than 1/120th of a second, the 
effect appears to be instantaneous. The 
reason for the Darlington pair, TRI and 
TR2, is to allow a very high input 
resistance (R1 + R2) giving even greater 
isolation between the switch and the rest 
of the circuit. 

Fuse FS1 protects the circuit from 
overload;  it may occasionally blow, 
however, when a lamp fails. For this 
reason, the fuseholder has been made ac-
cessible from the outside of the case. Ad-
justment to VR1 is made through a hole 

Continued on page 82  13 



(I) ata(Perfect Systems 
Not Just Another Look-A-Like 

Write for complete Catalog Dealer Enquiries Welcome 
44 

i) e a e 
XT MOTHERBOARD 
640K MEMORY INSTALLED 
8 SOCKET FOR 8087 
8 SLOTS 
LEGAL BIOS 

$349.00 
Suggested List 

CSA APPROVED XT, 
AT POWER 
SUPPLYS 
150, 180, & 220 WATT 

TURBO PLUS  1 ,› 
XT TURBO 4 LAYER  e 
CLOCK/CALANDER 
4 DRIVE FLOPPY CONTROLLER 
640K INSTALLED 
6 SLOTS 
SOCKETS FOR 8087-2 
1 SERIAL, 2nd OPTIONAL 
PARALLEL PORT 

$595. oo Suggested List 

PORTABLE CASE 
FITS XT OR AT M/B 
9- MONITOR  $595.00 
AT TYPE KEYBOARD 

for XT 
(XT OR AT SWITCHING) 
POWER SUPPLY 
FITS 2 FLOPPYS 
1 31/2 HARD DRIVE  $649.00 

for AT 

474 

PC-286-10 M/B i> .;) 
d AT COMPATIBLE M/B  v 

7 SLOTS 2 XT, 5 AT 
10 & 6 MHz CLOCKSPEED 
1 Mb ON BOARD 
1 SERIAL PORT 
CLOCK CALANDER 
SOCKET FOR 80287-1 

$859.00 
Suggested List 

"1/4) 

v d 

SPEED CARD 286 
AT SPEED FOR YOUR XT 
80286 OR 8088 SWITCHABLE 
8K CACHE MEMORY 
7.2 ON NORTONS S.I. 

$595.00 Suggested List 

DALACOMM MODEMS  li 
300/1200 
AUTO ANSWER/AUTO DAIL 
SPEAKER 
RS232C INTERFACE 
RS 232C CABLE 
FULLY HAYES COMPATIBLE 

$199.00Suggested List 

COMPAQ II SIZE PORTABLE AT 
80286 PROCESSOR (10MHz) 
1 SERIAL, PRINTER PORT 
FDD/HD CONTROLLER 
1 SLOT OPEN 16 BIT 

1.2 Mb FLOPPY DRIVE 

$3395 oo .  Suggested List 

DATA PERFECT SYSTEMS  INC.  (MANUFACTURERS) 

33 West Broadway Vancouver B.C.  V5Y 1P1  (604) 875-0207 



RESEARCH... 
RCC ELECTRONICS. 

HIOKI 3601 — EASY-TO-USE, 
MULTI-FUNCTION, COMPACT COUNTER 
• versatile range of functions induding, period, frequency ratio, time 
interval, pulse width, duty cycle, totalize and even rpm 

• frequency counting uses 3 techniques-direct, prescaled and 
reciprocal enabling coverage of 1MHz to 160MHz 

• data processing functions include averaging and difference 
measurements 

• masking eliminates influence of noise to ensure accuracy 
• can be connected to a GP-IB, standard interface bus, which enables 
computer control and data aquisition 

MORI 8803 FFT HI CORDER 
— A COMPLETELY NEW CONCEPT IN MULTI-FUNCTION 
RECORDING AND ANALYSIS 
• variety of functions from recording through waveform analysis of 
high speed events, including FFT analysis and four channel 
waveform recording 

• can be used as high speed continuous multi-channel x-y recorder 
• waveform analysis consists of dual channel FFT 
• waveform can be transformed to frequency domain, providing 
frequency, time and amplitude analysis 

• storage capacity 8 bits x 8k words per channel 

R CC  

• maximum sampling speed - 4usec 
• analog to digital conversion is achieved by an 8-bit parallel 
comparison technique 

• FFT dynamic range is 49dB with a frequency bandwidth of 100KHz 

MEGURO PdS0-1270A — DIG/TAL STORAGE 'SCOPE 
2MHz SAMPLING 
• 2 channels, each with 2 kiloword 8-bit A/D converter for high 
density, high speed, dual phenomena monitoring 

• trigger level market display, DC coupling 
• pre and post trigger functions 
• simply switches to a 20MHz oscilloscope 
• simultaneous hard copy recording possible with external trigger 
• time axis magnification up to 160 times 

MEGRO MO-1255 — 'SCOPE FOR 100 MHz, 
EXCEPTIONALLY EASY TO OPERATE 
• 3 channels and 8 traces 
• alternate sweep 
• 6-inch rectangular high luminance internally calibrated CRT 
• wide dynamic range and 2-channel X-Y operation 
1V sync. separator circuit 

• 20 MHz bandwidth limiter 

ELECTRONICS 
310 Judson St., Unit 9 
Toronto, Ontario M8Z 5T6 
Tel: (416) 252-5094 
Telex: 06-984874 
FAX: (416) 252-3031 

6600 Trans Canada Highway, Suite 750 
Pointe Claire, Quebec H9R 4S2 
Tel: (514) 694-6080 
Telex: 05-821762 

119-255 West First St., Unit 3 
North Vancouver, B.C. V7M 3G8 
Tel: (604) 985-4065 
Telex: 04-352841 

MEGURO MSO-1270A 

HIOKI 3601 
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Fluke breaks the old mold. 

The Fluke 37. A bold new shape 
emerges with more features for the 
money than any other bench OMM. 
Period. 
Anyway you look at it, the new Fluke 

37 is unbeatable. In addition to its break-
through design — with built-in handle 
and storage compartment — it has all the 
high-performance features of the world's 
best, most reliable 31/2 digit DMMs. 
Autoranging, to eliminate guesswork. 

Audible Continuity, so you don't have to 
look at the display. An exclusive analog 
and digital display, for the best view of 
the signal being measured. Superior EMI 
shielding. And user-friendly features like 
auto self-test, auto battery test and auto-
polarity. All this, plus a two-year warranty. 

And, how many other 31/2-digit bench 
meters give you these features? Min-Max 
recording, for monitoring signals. 38 
components dedicated exclusively to input 
protection. Relative mode, to help you cal-
culate changes in readings. And Fluke's 
patented Touch Hold, to give you an extra 
set of hands when you're taking critical 
measurements. 
Only the Fluke 37. 
Contact your local supplier today for 

additional information. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 37 
01% basic dc accuracy 
Analcg/Digital Display 
Volts, Ohms, Amps, Diode Test 
30 kHz AC bandwidth 
Fused 10A Range 
Integral handle, storage compartment 
2 f warren 

q For the distributor in your area contact 

iarAllan Crawford Associates Ltd. Toronto (416) 890-2010  Ottawa (613) 596-9300  Montreal (514) 731-8564 
Vancouver (604) 988-2195  Calgary (403) 295-0822 
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NEW! LOWER PRICE SCANNERS 
Test any scanner purchased from JSR for 31 days before you decide to keep it. If for any reason you 
are not completely satisfied, return it in original condition with all parts in 31 days, for a prompt 

refund (less shipping/handling charges and rebate credits). 

NE W! Bearca r  50XL 

10-Band, 10 Channel • Handheld scanner. 
Bands: 29.7-54, 136-174, 406-512 MHz. 

The Uniden Bearcat 50XL Is an econo-
mical, hand-held scanner with 10 channels 
covering ten frequency bands. It features a 
keyboard lock switch to prevent accidental 
entry and more. Also order part C BPSO 
which is a rechargeable battery pack for 
$24.99, a plug-in wall charger, part • AD100 
for $17.49, a carrying case part C VC001 for 
$11.80, and also order optional cigarette 
lighter cable part • P8001 for $9.25. 

List price $289.95/JSR price $230.00 

NE W! Bearca r  145XL 

10-Band, 16 channel • AC/DC • Instant 
Weather 
Frequency range: 29-54, 136-174, 420-512 
MHz. 

The Bearcat 145XL makes a great first 
scanner. Its low cost and high perfor-
mance lets you hear all the action with the 
touch of a key. Order your scanner from 

JSR today. 

List price$249.95/JSR price$219.00 

NE W! Bearcat  175XL 

11-Band • 16 Channel • Search • 
Priority • Scan Delay • Weather Search 
• AC/DC. 
Bands: 29-54, 118-174, 406-512 MHz. 

The Bearcal 175XL is an attractive 16 
channel scanner  with luxurious wood 
grain appearance. 

List price$369.95/JSR price$319.00 

JSR BSSOCIECES 

NE W! Bearcat'  100XL 

9-Band, 16 channel • Priority • Scan 
Delay Search • Limit • Hold • Lockout 
• AC/DC. 
Frequency range: 30-50, 118-174. 406-512 
MHz. 
The world's first no-crystal handheld scan-
ner now has a LCD channel display with 
backlight for low light use and aircraft 
band coverage at the same low price. Size 
is 1-3/8" x 7-1/2" x 2-7/8". The Bearcat 
100XL has wide frequency coverage that 
includes all public service bands (Low, 
High, UHF and "T" bands), the AM aircraft 
band, the 2-meter and 70 cm. amateur 
bands, plus military and federal govern-
ment frequencies. Wow.., what a scanner! 

List price $429.00/JSR price 8359.00 

NE W! Bearcar  800XLT 

12-Band, 40 Channel • No-crystal scanner 
Priority control • Search/Scan • AC/DC 
Bands: 29-54,  118-174, 406-512, 806-912 
MHz. 

The Uniden 800XLT receives 40 channels 
in two banks. Scans 15 channels per se-
cond. Size 9-1/4" x 4-1/2" x 12-1/2". 

List price 8589.95/JSR price $499.00 

73-6th Range South, St. Elie D'orford, Quebec JOB 2S0 Tel: 1-819-563-9096  Telex: 05-836266 
DIVISION OF BRUNELLE INSTRMENTS 

BUY WITH C ONFIDENCE 

To get the fastest delivery of any scanner, send or phone your order directly to JSR. Quebec residents please add 90/e provincial tax. Written purchase orders 

accepted by approved accounts. All prices are in Canadian dollars. Out of stock ite ms will be placed on back order automatically unless JSR is instructed dif-

ferently. Shipments are FOB St, Elie D'orford. All products we sell have a Manufacturers warranty. We accept "VISA" Credit Card. Call your Order Collect 

1-819-563.9096. We also ship Canadian postal service C.O.D. Non-certified cheques require bank clearance. Add $7.00 each for transport, all ship ments are 
made by Canadian postal service unless requested differently. 
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AP Products/3M Canada Inc. . .107 
Allan Crawford & Associates16, 110 
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Data Perfect Systems Inc  14 
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Heath Co  19 
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SU M I 
COMPUTERS 
11088180286 SYSTEMS 

The most popular Micro Computer 
Systems that can run all the most 
popular software wntlen for IBM XT/ Al' 
computers on the market ala pnce 
many businesses and individuals 
can afford 

808001 STANDARD SYSTEM 1,150. 
640K Memory 
2 DSDD 3606 Disk Drrves 
Controller and Colour Graphics Card 
L.. '/Calendar. Serrai, Para/let and 
Game Ports 
180 Day Warranty 

8088 XT HARD DRIVE SYSTEM 1,799. 

Same as above. but with one 
20MB Hard Drive System 

8088 XT PORTABLE SYSTEM  1,600. 
Same as above, but wan TIL 

Monitor and Portable Case 

89286 AT BASIC SYSTEM  2.200 
640K Memory 
1 2M Disk Drive 
HD/FD Controller Card 
180 Day Warranty 

U M AT ENHANCED SYSTEM 3.345 
Same as above. but with 

Monochrome Graphics Card, 360K 
Disk Drive and a 20MB Hard Disk 
Drive 

RA 
OPTIONS 

515i Ker tom, 
Cursor Pail 

T ufb0 Crup 
Turbo System Board 

i 4 77•13 MHz Svidchatuei  50. 
10240 Turbo Board  180 

20. 
zo 

KB Electronics  21, 116 
Len Finkler & Co.  118 
Mark Gee Enterprises  102 
Mastertech Laboratories  114 
McGraw Hill  8, 9 
McTouches  116 
Multi Meters Plus +  21 
National Technical Schools . . . .105 
OK Industries Inc  118 
Omnitronix Ltd.  108, 112 
On Sat  109 
RCC Electronics   15, 119 
Silicon Valley Components  11 
Solen Inc   12,113 
Sunix Inc.  18 
Tektron Equipment Corp.  106 
Texpro Sales Canada Inc  113 
The Software Link  120 
Toronto Computing Centre  4 
Toshiba Information Systems 38, 39 
Universal Cross-Assemblers. . . .113 

For Advertising Information 
Call 445-5600 

Copyright -  all material is subject to 
worldwide copyright.  PCB  designs  are 
copyright and may not be sold without permis-

sion. 

Liability - no responsibility whatever is ac-
cepted for failure of projects to perform for 
any reason, and no responsibility is accepted 
for any injury or damage caused by any fault 
in design. 

EDITORIAL QUERIES - written queries 

must be accompanied by a stamped, self-
addressed envelope, relate to recent articles 
and must not involve research. 

We cannot answer telephone queries. 

PCB Suppliers - we do not supply PCBs or 

kits or keep track of stocks. Please contact the 
following: 

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

L9T 4N9. 

B-C-D Electronics, P.O. Box 6326, Stn. F., 
Hamilton, Ont. L9C 6L9. 

Wentworth Electronics, R.R. No. 1 Water-
down, Ont. LOR 2H0. 

Danocinths Inc., P.O. Box 261, Westland MI 
48185 USA. 

Arkon Electronics Ltd., 409 Queen Street W., 
Toronto, Ont. M5V 2A5. 

Spectrum Electronics, 14 Knightswood Cres-
cent, Brantford, Ontario N3R 7E6. 

Mail Order Since 1978 ME. Fast Delivery Nationwide 
PERIPHERAL 
CARDS AT/XT 

256K System Board  $200 
640K Turbo Board  ..  350 
10240 Turbo Board  480 
Controller Card .  60 
MonocnrOme Graphic Caid  11300 
Colour Graphic Card  0 
All Graphic Solution  195. 
MonochriColour Graphic Card  195, 
3840 Multifunction Card .  235. 
Multi PO Card  .  195. 
1/0 Plua Card  .  135, 
Parallel Printer Card  .  45. 
9S232 Serai Card 
Hard Drive Controller Card  1ao9i 
m Epro  Writer Card (I.Porti  ,8 
Pl 0lotyPe Card  25. 

AT CARDS 
640K System Board   $1250. 
Mini AT System Board  CALL 
HO/FD Controller Card   CALL. 
SenaVParallel Card   145 

EGA CARDS 
Everex EGA  479. 
Techmar EGA Master   499. 
Techmar Graphic Master   850. 
Ouad EGA+  675. 

FLOPPY/HARD 
DISK DRIVES 

360K Disk Dnve 
1 2MB Disk Drive   239 
Seagate Hard Drives. 
20M. XT w/Controller   629 
30M. 01w/Controller   929 
20M. AT  975 
30M. AT   1125 
40M, AT   1325 

20M Tape Back-up   1129 

159 

MISCELLANEOUS 
AT/XT 

FOR AT 
Slide-in Case   150. 
200W Power Supply. 
Hydro  225. 
CSA   250. 

5060 Keyboard   150. 

FOR XT 
Flip-top Case  70. 
Mini AT Case   100. 
150W Power Supply 
Hydro   139. 
CSA   159. 

5050 Keyboard   110. 

5060 Keyboard   130. 
5151 Keyboard   150. 
Speaker with lead  3  

MONITORS 
COMPOSITE 
Zenith, Green or Amber  129. 

TT1. 
Zenith Amber, NM-1240  209. 
YJE Gro or Amber, GM 1000 .219. 

COLOUR 
TVM. MD-3  509. 

MD-7   789. 
MD-8   739. 
MD-24  749. 

NEC, JC-1216 OFA   595. 
Multisync   945. 

JOYSTICKS 
Self Centre for AP or IBM 32.50 
Gravis, MKVI toi IBM ..  54.50 

POWER CENTRE 
Molli' Plug 
Power Tree   22.95 

29.95 

PRINTER PAPER 
40M, 91,5" x11̂ Letteredge 
2200 Sheets  39.95 
500 Sheets  995 

40M, 9,12' x11* Standard 
2200 Sheets  21.95 
500 Sheets  795 

406f, 141a' x8V2' Standard 
2200 Sheets   36.95 
500 Sheets  8  95 

PRINTERS 

Roland. P01011   359. 
PR1111A   429. 
PR1212A   569. 
P61215   779. 
PR2017   169. 
P62022   699. 

Seikosha. SP1000   369. 
Canon, Laser   3  895. 

Ink Jet   895. 
Epson. F085   599. 

10800  955. 
L01000   1.195. 

PRINTER 
RIBBONS 

Roland 1011, 1111A   14.95 
Epson MX80. Olympia NP  6.00 
Toshiba 1350  900 
OKI Micro 80 Star  250 
Olympia RO 0181 

SWITCH 
BOX 

1 Computer 
2 Printers   69. 

1 Printer 
2 Computers   69. 

PRINTER STANDS 

For 80 Column Printer   24.95 
For Universal Pnnter   21.95 

MODEM 
AND MOUSE 

Smarteam. 1200   299. 
2400   699. 

Everex, 1200.Int'l   275. 

Lognech Mouse   145, 

SOFTWARE 

Lotus 123. V 2 01  469 
AccPac   459 
dBase Ill+ Vi 0  510 

MONITOR BASE 

12" Swivel Base  17.95 
Zenith 12 Swivel Base   18 95 
14' Swivel Base   18.95 

BOOKS 

Your IBM PC Made Easy   24.95 
MS-DOS User's Guide  27.50 
Introducing PC DOS and 
MS DOS  27.50 

Using dBase III   27.50 

Guide to Using Lotus 1-2-3  23.95 
Advanced Techniques 
in dBase III  29.95 

How to Computerize Your Small 
Business   11.95 
The Pascal Handbook   27.95 

CABLES 

Parallel Printer Cable   15. 
10ft. Parallel Ponter Cable   20. 
RS 232 Ser/al Cable   15. 
Modem Cable   15. 
ROB Monitor Cable   25. 
Composite Monitor Cable  3  
Serial Port Cable   12. 

DISKETTES 
NASHuA 
Soft Box DSDD 
Soft Box SSDD 

DVSAB 
Soft no, SSDD  2195 
Hard Box DSDD  26.95 

BONUS. DSDD 
Soft Box   1195 

MAXELL M02   26.95 
M02, HO   59.95 
3.5 MF2   57.95 

NO NAME, DSDD 
Soft Box   6.95 

DISKETTE 
CONTAINER 

14.95 

For 100 5r/." Disks   12 95 
For 505x1,'  Disks   795 
For 40 392" Disks   11 95 

CHIPS 

8088 
8088-2   
8087-2 . 
8087-3   
70108.V20   
2764    
4164 . . 
41256 

CALI, 
CALI, 
299 
199 
20 

2 
5 

578 Marle. Avenue 
Toronto, ONT. M6B 3J5 
(416) 781 -3263 

Telex. 06 217736 Sonic Tor 
Mon Sat 10-6, Thurs 11118.30 

• IBM AUXT are registered trademarks ol Imemanonal Business Machines Cora 

MAIL ORDERS: Minimum order S50.00. Send Money Order, Certified Cheque or Cheque (allow 2 weeks (or clearance), Visa/Master Card 
plus 5% (min $5 00) for shipping and handling. Ontaho residents add Ph P.S.T. Sorry no C.O.D. (Pnces and availability are Sublect 
to change without notice All returned non-detective merchandise is subject to 20% restocking charges ) 

4800 Sheppard Avenue, Unit 114 
Scarborough, ONT. MIS 415 

(416) 292.0588 
Mon-Sat 106 

Thurs 8 Fri tillS 00pm 
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Your guide to every-
thing that's new in elec-
tronics, computers and technical 
education. Over 400 items. Discover 
fascinating kits to build, enjoy and learn 
with, as well as assembled high tech products 
for home, business and hobby. 

Company 
Circle No. 17 on Reader Service Card 

Heath Company 
1020 Islington Ave., 
Toronto, Ont. M8Z 5Z3 

MAIL COUPON TODAY and receive the latest 
issue of the Heathldt Catalog free of charge 

Name   

Address   

City 

DS-0187 



Murphy's Law 

A sample of Murphy's Laws with applications in 
electronics engineering. Reprinted from our 

October 1977 issue. 

IT HAS LONG been the consideration of 
the author that the contributions of Edsel 
Murphy, specifically his general and 
special laws delineating the behaviour of 
inanimate objects, have not been fully ap-
preciated. It is deemed that this is, in a 
large part, due to the inherent simplicity 
of the law itself. 
It is the intent of the author to show, by 

references drawn from the literature, that 
the  law of Murphy has produced 
numerous corollaries. It is hoped that by 
noting these examples, the reader may ob-
tain a greater appreciation of Edsel Mur-
phy, his law, and its ramifications in 
engineering and science. 
As is well known to those versed in the 

state-of-the-art, Murphy's Law states that 
"If anything can go wrong, it will". Or, 
to state it in more exact mathematical 
form: 

where * is the mathematical symbol for 
"hardly ever". 
Some authorities have held that Mur-

phy's Law was first expounded by H. 
Cohen when he stated that "If anything 
can go wrong, it will during demonstra-
tion". However, Cohen has made it clear 
that the broader scope of Murphy's 
general Law obviously takes precedence. 

To show the all-pervasive nature of 
Murphy's work, the author offers a small 
sample of the application of the law in 
electronics engineering. 

Engineering 
1.1 The more innocuous a design change 
appears, the further its influence will ex-
tend. 
1.2 Firmness of delivery dates is inversely 
proportional to the tightness of the 
schedule. 
1.3 Dimensions will always be expressed in 
the least usable term. Velocity, for exam-
ple, will be expressed in furlongs per fort-
night. 

1.4 An important Instruction Manual or 
Operating Manual will have been discard-
ed by the Receiving Department. 

Mathematics 
II.1 Any error that can creep in, will. It 
will be in the direction that will do the 
most damage to the calculation. 
11.2 All constants are variables. 
11.3 In any given computation, the figure 
that is most obviously correct will be the 
source of error. 
11.4 A decimal will always be misplaced. 

Prototyping 
III.I Any wire cut to length will be too 
short. 
111.2 Tolerances will accumulate unidirec-
tionally toward maximum difficulty of 
assembly. 
111.3 Identical units tested under identical 
conditions will not be identical in the 
field. 
111.4 The availability of a component is in-
versely proportional to the need for that 
component. 
111.5 If a project requires n components, 
there will be n-1 units in stock. 
111.6 If a particular resistance is needed, 
that value will not be available. Further, it 
cannot be developed with any available 
series of parallel combination. 
111.7 A dropped tool will land where it can 
do the most damage. (Also known as the 
law of selective gravitation.) 
111.8 A device selected at random from a 
group having 99% reliability, will be a 
member of the 1% group. 
111.9 When one connects a three-phase 
line, the phase will be wrong. 

The man who developed one of the most profound concepts of 
the twentieth century is practically unknown to most engineers. 
He is a victim of his own law. Destined to a secure place in the 
engineering hall of fame, something went wrong. 
His real contribution lay not merely in the discovery of the 

law but more in its universality and in its impact. The law itself, 
though inherently simple, has formed a foundation on which 
future generations will build. 
In fact, the law first came to him in all its simplicity when his 

bride-to-be informed him that his boss had beaten him to the 
alter. 

This hitherto unpublished photograph Edsel Murphy was 
taken just after he had heard his ex-fiancees news. 

II1.10 A motor will rotate in the wrong 
direction. 
111.11 The probability of a dimension 
being omitted from a plan or drawing is 
directly proportional to its importance. 
111.12 Interchangeable parts won't. 
111.13 Probability of failure of a compo-
nent, assembly, subsystem or system is in-
versely proportional to ease of repair or 
replacement. 
111.14 If a prototype functions perfectly, 
subsequent productions units will mal-
function. 
111.15 Components that must not and can-
not be assembled improperly will be. 
111.16 A DC meter will be used on an over-
ly sensitive range and will be wired in 
backwards. 

General 
iv.1 After the last of 16 mounting screws 
has been removed from an access cover, it 
will be discovered that the wrong access 
cover has been removed. 
IV.2 After an access cover has been 
secured by 16 hold-down screws, it will be 
discovered that the gasket has been omit-
ted. 
IV.3 After an instrument has been fully 
assembled, extra components will be 
found on the bench. 
IV.4  In  an  instrument  or device 
characterized by a number of plus-or-
minus errors, the total error will be the 
sum of all errors adding in the same direc-
tion. 
IV.5 In any given price estimate, cost of 
equipment will exceed the estimate by a 
factor of 3. 
IV.6 In specifications, Murphy's Law 
supercedes Ohm's. 
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DIGITAL 
MULTIMETERS 
Accurate...reliable...unbelievable 
quality! 

HC-6040: Ranges, 0.1mV - 1000VDC, 
0.1pA - 10 amps AC/DC, 
0.1mV - 750VAC, 0.1 ohm - 20M 
ohms, 0.25% accuracy, ei se.% e n  

overload protected.  OU.OU 

HC-7040: Same range and capacity 
but with 0.1% accuracy  
and 2000 hr. battery life. Zif 'LOU 

OUR LOWEST PRICED 
DIGITAL MULTIMETER 
DM-105: 10M ohm DC input resistance, 
max. 1000VDC at ± 0.5% accuracy. 
Max. 750VAC and 2000mA DC. Resis-
tance 1 ohm - 2M ohm. 
Overload protected. $49.50 
HC-775: Autoranging model, 5 DC 
and 4 AC ranges, 
10 amp max. $74.50 
Order by phone or mail. VISA, money order, 
cert. cheque or Ce.D. Add $5 for shipping 
& handling. Ontario residents add 7% PST. 

KB ELECTRONICS 
355 Iroquois Shore Road, Oakville, Ont. L6H 11VI3 
(416) 842-6888 Telex: 06-982396 (KBEL OKVL) 

Circle No. 18 on Reader Service Card 

Order your ECG Semis Master 
Replacement Guide direct from... 

ECG C AN A DA INC. 

The expanded ECG Semiconductors Master Replacement Guide and its 
recently published Supplement, cross reference over 227,000 part 
numbers to over 3,500 ECG solid-state replacement devices used as 
substitutes for a wide assortment of semiconductors found in entertain-
ment, commercial and industrial equipment, as well as Industrial 
maintenance, repair and operation (MR0). Both publications are 
available from ECG Canada Inc. 

This comprehensive, 655-page Guide cross references the industry's 
largest selection of semiconductor devices to the ECG line. It features 
additions in practically every product category, including several all-new 
product sections. The 16-page Supplement, which Is Included with the 
Guide, contains technical information on 41 new types added since the 
master Guide was published, and lists some 4,500 new and revised cross 
references. 

If it's ECG, it fits. And it works. 

(To order, please send cheque or money order in amount of $4.50, plus 
$3.00 for postage and handling, to ECG Canada Inc.) 

ECG CANADA INC. 

Electronic Components and Systems 
8580 Darnley Road, Montreal, Quebec H4T 1M6 Tel: (514) 342.6200 

A North American Philips Company 

'Replacements meet or exceed the specs of the original parts. 

AFFORDABLE 
PLUS + 

The Model 10 is a single trace automatic synchronous multi-
purpose oscilloscope, operates in the frequency range from 
D.C. to 10 MHz recurrent, XYZ Axis, internal and external trig-
gering, Test Leads included, 5" CRT screen, vertical input im-
pedence IMohm, vertical input voltage calibrator, flyback line 
blanking circuit, high vertical sensitivity 10MV/Div. Designed 
for production lines, schools, laboratories, and repair shops. 
Dimensions: 7" (H) x 11.5" (W) x 15" (D). Weight 15 lbs. 10:110w 
capacity switchable probe, extra option for $25.00. 15, 20, 30, 
35, 50 MHz oscilloscopes also available. Free literature. 

AFFORDABLY YOURS AT $445.00 
Shipping, insurance, and handling charges add $15.00. Ontario residents add 7% 
Provincial Sales Tax. Accounts can be opened on credit approval. 

Payment: Certified cheque, Visa, American Express, Money order. 

MULTI METERS PLUS + 
P.O. Box 2458, Station B, 

Rich mond Hill, Ontario L4E 1A5 

(416) 773-5230 

Circle No. 20 on Reader Service Card 

Subscribe 
Now! 

Computers in 
Education is from 
the publishers of 
Electronics Today 
and Computing Now! 
and offers full coverage 
of what's happening in Canadian 
Computer Education. 

Practical Features: 
Lesson plans, educational software surveys, and projects. 

Reviews: 
The newest software, book reviews and relevant hard-
ware. 

An Introduction to Cartesian C 
Learning Colours with  ons C p7terdine"" 

Price is Only: 
$25.00 for one year (10 issues). 

Moorshead Publications: 
1300 Don Mills Road, North York, Toronto, Ontario 
M3B 3M8 Telephone (416) 445-5600 
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conpuTER 
nrIrrrr 1-1-71 sinr 
-niç I  LVILLIKC 

316 College St. 
Toronto, Ontario M5T 1S3 

Toll Free Orders Only 

INC 1-800-387-1385 
(416) 928-2161 

MAIL ORDERS: We accept VISA; MC; AMEX; 
credit cards. Money orders, cheques (2 week 
wait) are also OK. Minimum packing and 
handling fee $5.00 or 5%, whichever is 
larger. The only COD we use is via CANPAR 
(Add 14.00 COD fee) or motor freight. We do 
not use postal COD at all. All Ont, res. add 
7%. All prices are subject to change without 
notice. Returns are Subject loa 20 % restock-
' ng charge. 

KEYBOARDS 
(A) 5150, The standard IBM 83 key layout,with 

super good CHERRY keyswitches  $95.00 

(El) 5151, The enhanced 105 key layout,with 

cursor and numenc pad(CH keyswitches$105.00 

(C) 5160, AT/XT AUTOSWITCH,dever u-

processor knows when it is on an XT or AT and 

switches by itself. Also has LED Stasis panel to 

tell you whars up, std 83 key layout  $139.00 

11)15161. AT/)CT AUTOSWITCH, 105 key 

enhanced layout, LED status panel  $159.00 

(E) AES DATA, ASCII keyboard for all es par. 

mentor use, cost over $100., NE W  $24.95 

(F) II, CLONE MACRO KEYBOARD,for 
the ever popular II. and ifs dones, fits the real 
and clone thing, option numeric pad  $69.95 

(G) DETACHED II, plug in keyboard with 

numeric pad and macros  $129.00 

)H) Ile CLONE MATRIX KEYBOARD, fits 

real and clone, same functions  $69.00 

(I) Ile DETACHED MATRIX KEYBOARD, 

A stand alone keyboard for real and done, has 

same functions and some extras  $9995 

IBM/APPLE MIDI 
INTERFACE CARDS 

(A) APPLE 6850 I/F,The standard card for the 
(Ivor Ile, input & output for  control  of al 
new synthesizers, has programming capabil, 
t y Wired  with  full  data   969.96 
BARE PCB 8 DATA  $16.00 
(B)ADVANCED APPLE MIDI UF, with lape and 
drum synchronization, for all old and new syy. 
theslzers. wired with all data   $89.95 
BARE PCB & DATA    $19.95 
(C)APPLE SAMPLE/PLAY CARD. A DIA card of 
advanced design allowing input sound lobe 
sampled at a high rate and played back, 
sound can be manipulated in software for 
novel  effects.  Wired with  data and 
software   $119.95 
BARE PCB & DATA  $16.00 
SOFTWARE & MANUAL  $18.95 
(13116M 68500F. A full feature IBM MIDI card 1 
input, 3 outputs for full versatility, comes with 
lull data, wired tested  $119.95 
BARE PCB & Data  $18.95 
QUAD BOARD, Small PCB with 4 DIN connec. 
tors on it for external mounting (free with 
wired  board)  allows  easy  use  of 
MIDI cards   $8.95 
(E) MIDI DATA SOURCE BOOK/DISK, A corn. 
elation of MIDI data and references for AP. 
PLO or IBM MIDI use(tell us which one you 
want) Complete with programming hints and 
demo disk  of  software 
Very useful book..  $19.95 

ATTAK-286 MODEL I 
MObEL 1, FOR 8,10,12 MHZ OPERATION 
The great new ATTAK-286 board using the CHIPS and TECHNOLOGY 
5 chip AT LS) chipset. All the complex TTL functions have been placed 
on 5 LSI chips. This eliminates all the timing errors that plague the ones 
still using discrete TTL. This board was worth waiting for, and (lis now 
in stock ready to ship.The board is the same size as the real AT, 
and has 4 layers for noise free operation. It has all the features of the 
AT, and some more of it's own, like 1MB on board,8,10,12 Mhz operation, 
PHOENIX BIOS, and it runs like a deer. 

I
A Fully wired and tested,zero RAM, with all IC's,less the 80287...5849.95 
B Socketed board, pretested, but no IC's at all,   $269.95 
C Bare pretested PCB with parts list   .$169.95 
D Detailed technical manual with full CHIPS & TECHNOLOGY data 

and full schematics, with users hints   $39.95 
E) PHOENIX BIOS, for B,C above only, very fast BIOS   .$99.95 
F) Keyboard BIOS, in EPROM'CPU chip   $39.95 
G) Power supply, 200 Watt, FCC/UL OK   $229.95 
H) HINGED TOP AT CASE, Easy access with this flip top box  $189.95 
I) AT Keyboard, see AT/XT keyboards elsewhere on this page. 
J) CHIPS & TECH 5 Chip set   $169.95 
K) OTHER PARTS ARE AVAILABLE, ASK FOR LIST 

XT SYSTEMS 
What a deal, the best price for fully ournect  and working Xt 
compatible systems In 4 configurations. All have a legal BIOS 
and are fully wired and tested for 24 hours of auto-test in our 
burn In room followed by a hands-on step by step functional 
test before shipping In our fully cushioned carton. All turbo 
boards are hard switchable from low to high speed and back 
without data loss. 

XT 4.77 MHZ STD   $749.00 
XT 8.00 MHZ TURBO   $895.00 
XT 8.00 MHZ 4 LAYER TURBO ......  $1049.95 
XT 10.00 MHZ TURBO  $1049.95 

• 640K MOTHERBOARD,FULLY TESTED 
'1 DSDD HALF HEIGHT DRIVE 
'DISC CONTROLLER,1-4 DRIVES 
'KEYBOARD 
'GRAPHICS CARD, COLOR OR MONO 
'FREE SOFTWARE 
'256K RAM ON BOARD 
'8 XT SLOTS 
'FLIP TOP CASE 
'150W POWER SUPPLY 

OPTIONS 
'CLOCK CAL-SER/PAR/GAME  $125.00 
'PRINTER CARD  $29.00 
'SERIAL CARD  $35.00 
'EXTRA DRIVE  $150.00 
'GAME CARD  $29.00 
•KRAM CARD,OK  $179.95 
*RAM BANK 11.0K  $189.95 

AT 
SYSTEMS 
What a deal, now you can get 
AT systems based on the US 
made ATTAK-286 board. This 
is a robot assembled board, 
fully tested on a bed of nails, 
of 4 layer construction etc,etc. 

BASIC SYSTEM 
Entry level system with 2 drives, one each 360K,1.2MB, both 
are high speed PANASONIC drives, 512K high speed RAM, 
disc controller for above drives, and video card(choice of 
monochrome or color graphics),, with 200Watt power supply 
and the 5160 Autoswitch AT/XT keyboard.. 

BASIC AT  $2149.00 
PLEASE SELECT FROM THESE OPTIONS, AD M 
(A 2 1.2M drives only   
$ B 1M BYTE high speed RAM   139.95 
C 20 M HS hard drive with control$1e8r9.:.9551449.00 
D Multifunction 2MB RAM, OK  $349.95 
E 2.5MB Lotus/Intel AT RAM board,OK..$299.00 
F 30-70Mb Hard Drives ask 
We have just started with the AT compatibles and 
will have a lot more products next month. 

TTL AMBER MONITOR 
?Ile nicest TTI monitor you can buy, from GOLD-
STAR, 12', AMBER, HI-RES  $t49.95 

RGB HI-RES COLOUR 
Another great deal from PARTS GALORE, made 
by HITACHI with 600x240 screen on 12' format 
ata really good price  $549.95 

CASES 
(A) The std flip-top for the XT type boards $79.95 
(B) AT look, XT size factor, flip top  $89.95 
(C) AT look, full AT size with flip-top  $179.95 
(D) ABS case for Ike, clones, specify  $49.95 

DRIVES 
PANASONIC JU-455-5, DS-DD XT drive, the 
industry standard ata great price  $149.9 
PANASONIC SA475, DS-HD, the AT drive that 
everyone likes, at a very good price  $229.00 
OUME 142. DS-DD std IBM type  $129.95 

HARD DRIVES 
SEAGATE SA-225, w/controller  $699.00 
SA-225, alone  $540. 00 
Controller, alone  $169.00 
Cable set  $29.95 
TANDON, 10M full height  $299.00 
AT hard drives  CALL 

SWITCHING 
POWER 
SUPPLIES 
(A) 150W CSA APPROVED..5-15A,+12 
5.5A,-5,-12 e0  Std Side Sw  $134.50 
(8) 200W APPROVED + 5-20A, + 12 
7.2A,-5,-12@0.5A, Std Side Sw  $179.95 
(C) 200W CSA APPROVED AT STYLE 
+5-20A,+12-7.2A,-5-12@.5A  9199.00 
(D) 180W MINI AT POWER SUPPLY 
+5-16/1,+12-6.6A,-5-12@0.5A., fits the mini 
AT case and board listed here  $199.00 
(E) APPLE CLONE Supply, for ihe II, and 
the Ile dones,+5-4A+12-2A-5,12 $49.95 
(F) NORTHERN TELECOM , A great open 
frame power supply for hobby use, .5v-4A, 
+12,-5,-12@ 1A each.... ........  $24.95 
(G) NCR PC CLONE, another open frame 
unit with +5-7A....12-3.5A,-5,-12@0.5A, a very 
good unit, runs an XT no problem $49.95 
(H) POWER CORDS, CSA, $4.95 

CASES,XT/AT 
(A) XT FLIP TOP, The standard XT style w/ 

hardware,nuts bolts,8 slots  $64.95 

(B) XT FLIP TOP, WITH AT ASPECT 

fits XT's but looks like an AT, great $89.95 

(C) XT SLIDE TOP, A good strong case, 

very good for schools and others who want to 

keep sticky fingers out of the innards of their 

systems, good shielding too, and much more 

rigid than flip tops,  $74.95 

(D) AT,FULL SIZE For the std boards the 

same size as the real thing  $159.95 

(E) AT, FLIP-TOP FULL SIZED,As 

above but with a flip top  $179.95 

(F) AT, MINI, FLIP-TOP, Made for the new 

mini-AT boards that are the same size as the 

XT mother boards, for mini P.S  $159.95 

(G) 11+,11e ABS CASE,Final sale as we are 

discontinuing this item  $29.95 

UPS-250  sow cost W 
UN1NTERRUPTIBLE 
POWER SUPPLY 

$469.95 
I. Mg., enaerry 
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MOTHERBOARDS 
100% WIRED AND TESTED 

WITH BIOS, BASED ON OK RAM 
ALL BOARDS ARE 640K MAX 
(A) 4.77IAM2. 2 layer.....  .. $199.00 
Bar. PCB 8 data...... ............ $34.95 

(13) 8 MHZ,21ayer, hard switch....$229.00 
Bare PCB 8 data  $39.95 

(C) 10 MHZ21ayer hard switch 5279.00 
Bare PCB at data  $49.95 

lofa MHZ,4 layer, hard awls:h 5289.00 
Bare PCB & data  $79.95 

All the above boards are fully wired & tested 
and have a legar 1310S, and zero K RAM. All are 

100% XT ware dones aslots, all attributes. 

WIRED IBM CARDS 
The follovong cards 1,2 00,10 and tested 
adh Iii hook.up inerruchons and parts 
BARE PCBs are still la eale for $12 00 no 
524.00 for all, andcome with pla.r.nt ana 
pens nata .K. 
INCOLOUR ORAPHICS.TIM one wan 3 out. 
pots for RGBATONOOCOMP COL  1119.00 
IMMONOCIIROME News, ORA . = 
The Hercule. hides .trgraPhlo Cow Or 
chome. 102%compatoble 
mth the original  9111.90 
101131110 comnieLLes,/n. exact fbcmot 
clone of Um real IBM one for perfectly com 
pebble operation. ria M .,. 
ralh cables  $.14.95 
IMPRINTER. The old parallel pr.nter care 
tor use .1.1 'BM ma 
Centroracs prIntms  939.95 
IEIR19232 SERIAL. The tenet card wrth 2 
eels Ir oalrOnell  1 PORT  044.05 
Optional a.one  aact  512.00 
IFICLOCKMALENDAR, I fully software 
accessed clock with 
alarm and 'software  939.95 
IDICIAME SO,The standard dual 00,1 021 03 
Ir0 card fa sn eaks  $29.95 
DR EOM, A very nice crone or the AST 1/0.2 
card with oerieloparalleogernerclockrcalen. 
22 01, 502,0, very 'uncle ., card  $121.96 
tookscsrorz.s.xvi ex the above card bol 
enh • 01.Ç  0.111 lo  $112105 
121 3140 MULTIFUNCTION, The wt.,. an 
80,2 bot mu+ 3841, RAM space on Want 
clone Ou r, asno PACN OK.  1139.95 
BOSTOK RAM, A noc• small card that Ara 
mn. Iron ol RAM la PCA Mc. OR  ROO M 
IUKRAM, A RAM card .011opaoe lor 2 me 
002m,00 ORAMS, lO 11,0 11 1.1».10151, ,.or 
manual* . sol mare. On  S119.95 
188/RAMB0 10 11.0 cMne oi  OTUS. 
INTEL cid. 109, commit. , std. 

1189.95 
IM/PROTOTTPE.  d•I'.  124.99 
10100MPROTO.  12496 
II/8" EXTENDER. or  SIA N 
1015" EXTENDER. AT  soo n 



ISOLATION 
TRANSFORMER 
Another great deal from PARTS 

GALORE. This unit has 4 discr-

ete windings, each 110,120v @ 

1Amp. So the transformer can 

step 110(120) V 02A op 10 220 

(230,240) at 1A, or vice versa. 
Full AC Isolation Is piovided. 

11 0 , 14 1; ) 

$19.95 

TTL MONITOR 
WOW, A rn SS W OPEN 

FRAME MONITOR DEAL!!!! 

WE WERE LUCKY IN FINDING A FEW III 
MONITORS FOR IBM STYLE CARDS 
THEYHAVE A WIDE ENOUGH SYNC 
RANGE THAT THEY WILL RUN FROM A 
HERCULES CARD OR A COLOR 
GRAPHICS CAROM RAW OF COURSE) 
THEY MAKE A VERY CHEAP BENCH MON 
TOR FOR BURN IN RACKS ETC. AND. 
THEY DO NOT COST TOO MUCH. THEY 
COME WITH ALL CABLING TO PLUG M e 
AN IBM SYSTEM. THE UNIT NEEDS 12V 
DC AT 1.5A TO RUN FOR 619.95. 

TTL OPEN FRAME MONITOR 

12"  $49.95 

LINE CHANGE 
AUTOTRANSFORMER 
A great 1400 watt line adjust 

auto-transformer. Tapped at 110, 

170,210,220,230,and 240 Volts 

it will step any of those voltages 

to any other. KODAK made it to 

allow global use of their copiers. 

Max watts is 1400, 0, 13A at 110 

V or 6.5A at 220V. Ideal for any 

European printer, monitor, co m-

puter, etc to let it run here. The 

only units that may not run are 

the ones with AC synchronous 

motors such as record players 

and tape units. VCRs are usually 

OK as they run crystal controlled , 

DC steppers.Can be used on 50 

or 60 Hz systems. Not an isolat 

Ion transformer. 

O  III 130.210 22.013  2u0 

$29.95 

SWITCH BOXES 
MADE FOR PRINTER AND COMPUTER 
INTERCONNECTION, SERIAL AND PAR-
ALLEL BOUT ANO ROUT STYLES. 
SERIAL PARALLEL 1 IN 2 OUT $49.95 
SERIALPARALLEL Ils ROUT 55405 

CASE STAND 
THIS CUTE CASE STAND FOR YOUR XT 
GRATIS STRONG AND BROAD. WONT 
LET YOUR SYSTEM FALL OVER ON THE 
CARPET. NICE COLOR MATCH TOUT. 
SAVES SPACE, DRIVES ARE OEA 

GOOD DEAL AT 0.1 449.95 

MUFFIN FANS 
WE HAVE THEM IN BOTH 3.5" AND ABS" 
SIZES IN "0,220.AND12VDC.PRICES 
ARE AS FOLLOWS 
110VAC. 3.5" AND 4.25 ARE $14.95ea 
220VAC 3.5 AND 1.25" ARE 114.95ea 
12V OVARE SIR 95.4.25' ARE $24.95. 

HARD DRIVE 
CABINET 

A good case for the builder of 
tape backups, external hard-
drives or extension floppy drives 
Has vertical space for 3 half ht 
units, or 1 full and 1 half ht. Has 

space at back for power supply, 

Ian, fuse, switch, line cord. 

Makes a very attractive unit. 
for the system builder. 

$59.95 

DC STEP SERVO 

MOTORS 
WE HAVE A FEW TYPES OF 
STEP-SERVO MOTORS. TOO 

LITTLE SPACE HERE, ASK? , 

ABS CASE 
The std clone case for the 11,1Ie 

in numeric or standard style. Pis 
tell us which one you want. Same 

price for all  $39.95 

SEEDS 
The famous Big Blue Seed and 

the two Apple Seeds are back 

again. Designed to be a help to 

the board builder and service tek 

they are unique. 
(A) BIG BLUE SEED. Over 75 nerds and 
motherboards of all types. Very good and 

large book  ...$19.95 
(B) APPLE SEED I, A compendium of 
6502 motherboards, whh the Ile clones 
end many types of dollerent 

motherboards ....$18.95  
ICI APPLE SEED N, OM 100 plug-in 
cards for the Apple II. and Ile are here 

very thick book......-. ..... _819.95 

KEYBOARDS 
(A) The famous AES DATA ASCII 

keyboard. Cost them over $100. 

when they bought them. Made 
for a sld wordprocessor all the 
keys are in the right place for fast 

Instinctive use by a typist. Runs 
on .1.5 V, micro controlled, with 
full data and pinout. Uses the 
famous HALL elect keyswitches 
that never wear out   519.95 

(B) The standard keyboard for 
the II, or clone. Copy of the real 
thing, and can be used to fix a 
real APPLE. Has 88 key basic pre-

recorder macros  $59.95 
(C) Same as above, but numeric 
keypad Included. For all clones 

with numeric pads  $59.95 

(D) Ile matrix keyboard, for Ile 

clones and real ones 100.549.95 
(E) Ile detached keyboard, for 

real or clone Ile to tun a separate 
keyboard. Looks like IBM KB, 

runs like the Ile, has numeric pad 

and function key array  $99.95 
(F) II+ detached keybor rd, for 

The clones or real thing. haS KB 
macros. IBM look-a-like. nice 

leeling. MAK II  $99.95 

ASSORTED SWITCHING 
POWER SUPPLIES 

P,  • 

POWER SUPPLY(45W) 
This small open frame power 

supply gives ..5v @EA, and ..12v 

@3A , and is ideal for a tape 13,U 

or dual floppy susyem, or single 

hard drive. ONLY  $29.95 
POWER SUPPLY(75W) 
A gutsier unit for 2 hard drives 

or other power hungry uses. Has 

..5v 07A, and ..12v @5A good 

for the bench too  $49.95 
THE EVER FAMOUS NCR Xi UNIT. MADE 
FOR THEIR DEFUNCT CLONE IT WILL 
RUN ANY BUT A FULLY LOADED RI RAS 
.5V ('17A • 12V Sa 3 5A AND .5-126.0 SA 

A REAL DEAL $49.95 

IC SOCKETS 
LOW PROFILE, DUAL WIPE, AMP STYLE 
Available in 6,8,14.16.18.20.24,28.40 Pins 
only For the 

LOW.LOW PRICE OF ONLY IcIPIN 
Minimum order. 50 sockets. of any Rol 
pins. 

114 W RESISTORS 
We have all the standard 1.4 watt carbon 
resletors at 4C each for a minimum order 
of 100 in total, with • min of 10 in any 1 
value. 

TOGGLE SWITCHES 
GOOD QUALITY SUB-MIN TOGGLES FOR 
MANY COMPUTER USES ALL ARE COU 
PLETE WITH HARDWARE. 

001E.001/13LE 111ROVI.SPUT.  51.49 
TILE POLE WOLWLE INROWNIPOTI  $2.49 
'T. BUTTON RESET RWIT OS W OI  51.49 

CENTRONICS 36 PIN 
WE HAVE THE POPULAR 36 PIN PAPAL. 
LEL CONNECTOR IN THESE STYLES. 

MALE » INN FLAT CABLE 

FEMALE 16 IRN FLAT CABLE 

MALE 36 PW SOLDER CUP 

FEMALE 36 PIN SOLSER CUP 

54.95 
54,95 
53.50 
53.50 

EDGE CONNECTORS 
IBM 62 PIN.  52.49 
IBM 36 PIN(AT)  S1 85 
APPLE 50 PIN..  52.49 
APPLE 60 PIN(e).  52.49 
STD Al PIN ..............................$2.49 
WE NAVE WAY DINER EDGE COMHECTOAS.A.91. 

MALE HEADER PINS 
WE HAVE THESE IN SINGLE ROW OF 40 
AND DUAL ROW OF 130(40021, SPECIAL 
"SNAPPABLE" BREAK TO LENGTH TYPE 
40 PIN. SINGLE ROW 
40 PIN. SINGLE ROW GOLD...-....52.00 
BO PI5(40021 DUAL ROW TIN.. ..... 52.50 
BO P15140021 DUAL ROW 11N......53.50 
2 PIN JUMPERS FOR HEADERS 5.11.00 

FEMALE HEADERS 
MADE FOR FLAT CABLE, THESE ARE A 
SPECIFIC H PINS. DUAL ROW CRIMPERS 
10(502) PIN...SO.60 34(1742). 42.00 
16(8021. ..... ...$1.00 40(20.2)....53.00 
2000021_ ..... 51.50 50(2512)....54.00 

EDGECARD FLAT CABLE 
FEMALE CARD EDGE, FOR FLAT CABLE 
RUNS TO DRIVES, ETC. 
20 PIN(HARD DRIVE CON)........52.50 
34 PIN(FLOPPY DRIVE CON).-.23.00 

CAPACITORS 
TANTALUM, DIPPED. TAG STYLE 
1/16..  50.25  .4713$ ..... _30.25 
2.2116 ..... ...50.30  1/35_ __.50.35 
3.3/16  $0.45  2.2/35.......30.40 

10/16........50.85  6.605  .. SO 90 
22116. ..... _51.00  10/35 SI 00 

MONOLITHIC CERAMIC PLATE TYPE 
0.1,50V 0.1" RASSOIS AXIAL.50.12 
0.1/50V 0.2 RAD.50.15 AXIAL.50.12 
0.2215002' RAD $0.35 
0.47.50 0.2" RAD $0.60 
1 OSO 0.2" RAD seas 
WE HAVE OTHER SMALL CAPS, ASKSS 

ELECTROLYTIC CAPS 
WE HAVE MOST VALUES, RADIAL. 
AXIAL AND VOLTAGES. PLS ASILSSS 

RIBBON CABLE, DIP 
SWITCHES,EPROMS, 
LEDS, REGULATORS, 
BRIDGES, IC's, AND 
MANY MANY MORE 
ITEMS WE CAN'T LIST 
ARE IS STOCK, ASK$$ 

AN MXINCING: NOW AVAILABLE FOR SHIPMENT! 

Li 15111111111111 'ULU F.J7T T I GLLI 
N MI M UIR 
1311111011.1111111110111111111111•1 

MINIZIII MI11311311111111:1•1 
011•11111 »lillilligillec m 
in  glm 

The Key Tronic 

KEYBOARD 

Ye.,.. 901.1 00,091 got few owd KE VT RON1CS 5150 
and In, ne. R TIO 1  Wee 1DIA 1Wee so 
.11 al good mme from .n peon In reel 
deen you know what. So we can 011 em 

If you want the IBM" enhanced layout. the 
Key Trot's,: 101 Keyboard is for ytiu. If the 101 is 
not for you, we have alternative layouts available 
for immediate shipment. Of course. customized 
versions are also available. 

The K m Trunu 101 layout features include: 
• Separate cursor and numeric pad 
• LED indicators 

• 12 funttion keys 
• Break over tactile feel 
. 1901m low profile Je.uun 
• 5 VDC operation 

$99.95 for 5150 
$159.95 for RT10 

DO TYPE CONNECTOR 

9  15  25  37  50 

SOLDER CUP  MALE  DB??P  $1.25  51.49  01.29  $3.75  56.50 

FEMALE  DB??S  $1.25  $1.49  $1.49  $3.95  $6.50 

RIGHT ANGLE MALE  DB??PR  $1.75  52.35  02.49  $4.75  $7.50 

SOLDER TAIL  FEMALE  DB??PS  51.75  02.35  52.75  54.75  57,50 

FLAT CABLE  MALE  DB??PFC  $2.49  $2.95  53.49  $5.95  $8.95 

IDC  FEMALE  DB??SFC  $2.49  $2.95  53.95  55.95  $8.95 

HOODS  PLASTIC  DB??HP  $1.00  $1.00  $1.00  52.50  53,95 

METALIZED  DB??HMP  $1.35  $1.49  51.75  53.50  54.95 

METAL  DB??HMET  $2.25  $2.75  $2.95  $4,95  $5.95 

w -T-E  WAREHOUSE SALE 
Ar OUR HUGE SURPLUS WAREHOUSE AT 20 BEVERLY 

316  s STREET, THAT'S RIGHT AT QUEEN AND BEVERLY ST. 

AN   

1 EB 
COLLEGE 

QUEEN 

GARDINER 

(416) 977-0520 
 r COME ON OVER 

WE HAVE THOUSANDS OF ITEMS FOR SALE. ALL KINDS, OF POWER SUPPLIES 
AND CONNECTORS. ETC ETC, ALL THE SAMPLES WE HAVE LEFT OVER FROM 
THE APPLE CLONE ERA, ALL THE DEF CTIVE GOODS THAT WE DO NOT WANT 
TO REPAIR. ALL AT LOW LOW PRICES  OR THE HOBBYIST. 

SWIVEL BASE 

aip  4/0  $19,95 
I 2 

51 1.95 

1 .I 

How nice it is lo be able to turn the monitor 

up and down and Irom side lo side at will 

to show someone, 01 ,051 your neck, you 
will like these as they make the Old unit look 

much better 

APPLE PCB's 
Yes we still have a few bare PCB 
for the II. and Ile motherboards. 

All have a parts list and 
placement diagram. Ouantines 
are limited so ad last. 

GROUP 1.015c, 16X,80 CRI BO 
Col SolSw,RS232,Com, 

Sprite,13716DIsc,Z-80  55.00 

GROUP It Super Serial, Ile Eat 80 

Col 128K card, 128K II. 
card,SSM Modem,Applacard, add-
on for Applacard,EPROM, 

GRIPPLER.RGB, Large or small 
prolotype.Sam, Time II, Thunder 

Clock  $700 

Clone 11,48K Bare PCB-524.95 

CRYSTALS 
$2.49 

32.768 e. 3.5794L 8.000  18.00 

1.00 5/1 4.000  10.000  18.43 

1.8432 1 4.032  10.738 20.00 
2.0000  5.000  12.00  22.118 

2.0971  5.0688  14.318  24.00 

2.4576  6.000  15 .00  30 .00  

3.2768  6.144  16.00  32.00 

3.5795S 6.5536  17.43 

CABLES 
The sld IBM parallel punter cable, now le 

3 lengths for most uSeS,Specify. 
6. 515 III ey....sle Os 10......518 

The standard IBM SERIAL cable. now In 3 

lengths for most uses. specify. 
6.  ell .5 8'.....516 .5 10'.....516 .5 

E %TENDER CABLE. with 36 wires and 
M f ends for SW boxes, specify length 
e....5111 95 8......52t 05 10'....521 95 

SOLAR CELLS 
Silicon Solar Celle Rectangular, 

high efficiency 

SOLAR CELLE These square poly. 
crystalline 31 1 1C0.111 SOlar photo-
voltaic Cells have many uses 110m car 
lop battery charges, sony walkman 
power supphes, calculators. nutrias. 
nicadS. Hic Each cell has an open cil. 
Cull potenhal of 0.5 volts that is area 
indeo•ndent, and a short COC O Dot. 
rent tn. Is area 0000.0001, see list 

iA1 a- .4 11  Amp)    
(BI 4" It 2"10.5 Ampt   11126 
(C) 4"  I" IO 25 Amp) .  sum 
10)2. 2" 10.2$ Arno)  $3.95 

OSCILLATORS 
$8.95 

000  650 

1.8432  6.144 

2 000  000 

2.4576  10.00 

2.50  12.00 

4.00  12.48 

5.068  14.318 

15.00 

16.00 

17.43 

18.432 

20.00 

24.00 

30.00 

Cr OPE PROBES 

- 
• e 

1X  $ 99.95 
DC-10Mhz  10X 
35ns  DC-100MHZ 
55Pf + 0 cap  3.5n5 
1 Meg Ohm I 'P Nominal 16Pf 
600 V(AC+0C)  10Meg ohm 

FEEWARE 
.nedon or KIM compareie free . ...Mal we have 

monoded ItOrn many aou,c,of lot OW pirlaase. ...nil you 
LoPs lhal long detanCiCnanges from mace« ard1M 111110 
Ileakes Oda Me cans. ard Me lime to scieen Ihe dumps 
to keep mil Ille dreaded ofuseS 111.11 ale kery common on 
Public denuin soltwa. Each pfoupconbolS All 0,61,5 01 
6.11Maie in Ow area or intetest Mang wen (I63 based I'll 
files soya. can dump en and ',dent° hod out Isow10 
use each package see, ease, T$5 sa real O . as many 
;nib', domain prom arm are ,ery tsar documented Each 
pack OIS CdfneS in a nice plaslc dekina bo. mat 'snood 
Di Leaping Mend mailing them eta 

IA) COMMUNICATIONS PACKAGE......  81995 
11115 pac.kaga has many many Ides among Mendel 'Oslo, 
ea DOS inamal 00S AlIlOS Communcalons package 
AemullISles w0,0 process's, games keybOdIDMOCM pc(' 
Ile desk organuers 
Ill Cr BASE PACKAGE,,,,,,,,,,,,,  $19 95 
A wiry 0000 diSkehe Set naS a 'G /drug,. Spead 
Sheel database manadat 005 manea) men  Eirs 
Dames Soil man, ,m,b1 uSClullAys 
ICI TURBO • HARD DRIVE PACKAGE  Bless 
DCCI 871,101 neades•orge.rai assemtabi DaSca. 
and lute ulaties DOS assist oiniain 11.1 rier.edel,H, 
T URBO %Antos and rr.an, man, Med.: 

Dl GREAT DEAL. ALL THE THREE ABOVE 
PACKAGES IN A NICE PLASTIC DISK BOB 
FOR THE GREAT PRICE OF  SAC 95 
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Catalogue Survey 

Projects 

Month  Page 

Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 

Mar 
Mar 
Mar 
Mar 

Mar 
Mar 
Mar 
Mar 
Mar 
Apr 

Apr 
Apr 
Apr 
Apr 
May 
May 
May 

Five Watt Stereo Amplifier Feb 
Philips Loudspeaker 
System 
Reaction Tester 
Patch Detector 
Heads Or Tails 
SCR Tester 
IB Metal Locator 
Disco Mixer 
LED Dice 
Two-tone Doorbell 
Bench Amp 
50/100W Amp 
Logic Tester 
Temperature Alarm 
Function Generator 
Burglar 
- - 

Feb 
Feb 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 
Mar 
Mar 
Apr 
Apr 
Apr 
Apr 
May 

22  Easier Way to Make 
24  PCBs  May 
31  Choosing A 
35  Microcomputer  May 
49  Digital Sound Synthesis  Jun 
60  A Generation Away  Jun 
65  Multimeter Guide  Jun 

Liquid Crystal Displays  Jun 
19  Introduction to 
22  Computers  Jun 
33  A Generation Away - Part 
39  II  Jul 

PL Explained  Jul 
41  C.B. Supplement  Jul 
53  Introduction to Computers 
57  II  Jul 
59  Successful Soldering  Aug 
62  Tube Sound  Aug 
12  Kennedy Space Centre  Aug 

An Intro to the 
17  Oscilloscope  Aug 
39  Software Techniques  Aug 
49  Active Filters - Pt. 1  Aug 
55  Pickup Principles  Sep 
20  Scientific Calculator 
28  Review  Sep 
51  Bits, Bytes, and Bauds Sep  34 

16  Ceramic Cartridge Preamp May 
Ni-Cad Battery Charger  May 

27  Bench Power Supply  May 
52  Fuzz Box  May 
55  Stereo Rumble Filter  May 
56  G.S.R Monitor  Jun 
58  Tape/Slide Sync  Jun 
13  Injector Tracer  Jun 
26  Metronome  Jun 
47  Drill Contoller  Jun 
48  Mastermind  Jul 
50  Digital Voltmeter  Jul 
23  The OverLED  Jul 
29  Turn Indicator Canceller  Jul 
45  Skeet  Aug 
47  Digital Frequency Counter Aug 
13  Bass Enhancer  Aug 

17 
43 
47 
48 
54 
12 
36 
54 
56 
57 
21 
45 
53 
55 
10 
22 
42 

Intro to the Oscilloscope 
57  11 

Active Filters II 
60  VFETs For Everyone 
16  Microbiography 
25  Electronics In 
30  Photography 
40  Active Filters III 

Murphy's Law 
44  Color TV Demise 

Basic Construction 
10  Methods 
17  Microbiography 
27  Lasers At Play 

VFETs For Everyone II 
40  Charge Coupled Devices 
14  Bits, Bytes, and Bauds 
26  The First Century 
32  AM Stereo 

Batteries 
36  The Tubes That Won 
47  the War 
49  Datasheet: NSL4944 LED 
20  The One-Armed MPU 

Microbiography 
26  Bits, Bytes, and Bauds 

Tachometer 
Audio Sweep Oscillator 
Soil Moisture Indicator 
Microamp 
Electronic Bongos 
Alarm Alarm 
Graphic Equalizer 
Continuity Tester 
Stereo Simulator 
Digital Thermometer 
Three-Channel Tone 
Control 
Watchdog 
Fifty Watt/Channel Amp 
Intoxication Indicator 
Egg Timer 

Sep  37 
Sep  56 
Oct  16 
Oct  23 

Oct  34 
Oct  46 
Oct  55 
Oct  61 

Nov  8 
Nov  17 
Nov  24 
Nov  33 
Nov  41 
Nov  50 
Nov  52 
Dec  8 
Dec  12 

Dec  23 
Dec  43 
Dec  46 
Dec  51 
Dec  57 

Aug  45 
Sep  10 
Sep  46 
Sep  49 
Sep  51 
Sep  53 
Oct  9 
Oct  42 
Oct  44 
Nov  12 

Nov  22 
Nov  28 
Dec  28 
Dec  37 
Dec  41 



41978 

Features  

Noise Reduction 
Techniques 
Noise Red. By 
Auto-Correltn. 
Make Your Own PCBs 
Transmission Lines 
Data Sheet:LH0091 
RMS-DC Cony 
Cony. Your TV for Video 
Input 
The Commodore Pet 
Electrets Explained 
Class G Audio Amplifier 
Transformers 
Sinclair/Cambridge 
Calculator 
Equalization 
The C20th Jungle 
Telegraph 
ETI Softspot 

Pro ects 

ETI Clock 
LED Pendant 
Compander 
Tachomonitor 
Digital Panel Meter 
CB Power Supply 
Freezer Alarm 
Hammer Throw Game 
True RMS Voltmeter 
Home Burglar Alarm 
Computer Power Supply 
Bucket-Brigade Audio 
Delay 
Gas Alarm 
White Line Follower 

Month Page 

Jan 

Jan 
Jan 
Jan 

Jan 

Jan 
Feb 
Feb 
Feb 
Feb 

Feb 
Mar 

Mar 
Mar 

Jan 
Jan 
Jan 
Feb 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 
Apr 

Apr 
Apr 
May 

Data Sheet: Sound Chips 
8  TRS-80 Review 

FFTs Explained 
12  Data Sheet:MN3001 
16  Bucket Brig 
37  Audio Today 

ETI Tools Catalogue 
42  Data Sheet Special: 

Memory 
45  Making Waves/One 
10  Man's View  Jun 
20  Delhi Antenna Story  Jun 
22  Fluke 8020A DMM ReviewJun 
52  Your Personal R2D2  Jun 

The Real R2D2  Jun 
60  DMM Survey  Jul 
8  Heathkit/Bally Pinball 

Mach.  Jul 
40  Intro to Amateur Radio ! Jul 
55  The TI Programmer  Jul 

Mar 
Apr 
Apr 

Apr 
May 
May 

May 

21  Add-on FM Tuner  May 
27  Audio Feedback 
31  Eliminator  May 
25  Real-Time Audio Analyzer Jun 
29  Ultrasonic Switch  Jun 
44  Phone Bell Extender  Jun 
48  Real-Time Analyzer II  Jul 
14  Electronic Race Track  Jul 
22  Proximity Switch  Jul 
28  Accentuated-Beat 
28  Metronome  Jul 

Sound Level Meter  Aug 
32  Two-Chip Siren  Aug 
42  IB Metal Locator MkII  Aug 
24  Porch Light  Aug 

37  Getting Into Shortwave  Aug 
1.5  Use A Scope  Aug 
22  Intro To Amateur Radio IIAug 

Electronics In Model 
Railways  Sep  14 39 

10 
16 

38 
22 
28 
31 
34 
38 
41 

44 
30 
34 
42 
48 

Scope Survey 
Data Sheet: ULN2232A 

44  CMOS Quickies 
Techniques For SSB 

17  Phasing 
20  Hist. of Electronics 
35  in Med. 
43  Data Sheets Explained 
45  The Bally Arcade Review 
16  PCM Explained 

The Dangers of Lightning 
26  Designing Oscillators 
55  Principles Of Video 
62  Getting Into Video 

Sep 
Sep 
Oct 

16 
22 
56 

20 
58 
23 

Oct  31 

Oct  48 
Oct  55 
Nov  15 
Nov  23 
Nov  27 
Dec  15 
Dec  45 
Dec  52 

29  Electronic Shutter Timer  Sep 
Rain Alarm  Sep 
Digital Display Audio Ose. Sep 
Roulette Wheel  Sep 
UFO Detector 
CCD Phaser 
Strobe 
Hi-Fi Amp w/CMOS 
Switching 
Capacitance Meter 
Stars-n-Dots 
Digital Anemometer 
Tape Noise Eliminator 
EPROM Programmer 

Oct 
Oct 
Oct 

Nov 
Nov 
Nov 
Dec 
Dec 
Dec 

35 
50 
41 
48 
36 
41 
46 

32 
41 
45 
21 
26 
29 

1979 

Features  Month Page 

Robots: Some Facts  Jan 
Robots: Brain Power  Jan 
Robots: Building Guide  Jan 
Voltage-Current 
Transactors  Jan 
Obtaining A Videorecorder Jan 
Quarks  Feb 
OpAmps  Feb 
Resurrecting Your Vid. 
Mach.  Feb 
Binary to Decimal and 
Back  Feb 
The Space Shuttle  Mar 
APL: Good For The Brain Mar 
Video Accessories  Mar 
Home Climate Control  Mar 
Calculator Hangman  Mar 
Design Audio Amps  Apr 
What Quad Terms Really 
Mean  Apr 

14  Sun Rays  Apr 
20 RF Chokes  Apr 
24  Space Shuttle 

Communications  May 
42  Transducers In Measure-
50 ment & Cont.  May 
16  Research In Canada  May 
24  Op Amps Part II  Jun 

Ultrasound  Jun 
50  Propogation and the 

Ionosphere  Jul 
62  Survey of VCRs  Jul 
14  Reed Switches  Jul 
22  Brains & Computers  Jul 
46  Op Amps Part III  Jul 

49  Electronics & Cows  Jul 
64  Survey of Boxes and Cases Aug 
17  Smoke Detectors  Aug 

TV Antennas  Aug 
23  Reed Switches Part II  Aug 

24  Magnetic Field Audio AmpAug  54 
50  Industrial Electronics  Aug  61 

OSI Superboard 
14  II/Challenger Rev.  Sep  28 

Solar Power From 
45  Satellites  Sep  46 
68  Reed Switches Part III  Sep  60 
17  Shortwave Receiver Survey Oct  36 
23  Ultra Fidelity  Oct  52 

Computer Speech  Oct  27 
28  Kit Survey  Nov  34 
35  Ultra Fidelity Part II  Nov  44 
44  Using Uarts  Nov  50 
49  LM10: The Basics  Dec  29 
52  Police Radar Guns  Dec  34 
68  What's All This 'ear  Dec  52 
21  Practical Guide To Triacs Dec  68 

Flourescent Displays  Dec  75 
37 
49 

25 



Projects Month Page 

Digital Tachometer  Jan 
Log-Exponential Converter Jan 
FM Broadcaster 
Shortwave Radio 
Phasemeter 
Light Chaser 
Tape-Slide Synchronizer 
Dual Electronic Dice 
Synthesizer Sequencer 
Differential Temp. 
Controller 
10c Rain Alarm 
Audio Compressor 
Wheel Of Fortune 
Light Show Controller 
PCB Drill 

Jan 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 

Apr 
Apr 
Apr 
Apr 
May 
May 

31  AM Tuner 
34  VHF Antenna 
38  Easy Color Organ 
35  LCD Thermometer 
39  Light Show Color 
43  Sequencer 
31  VHF Antenna Part II 
37  Bip Beacon 
41  STAC Timer 

Two Octave Organ 
31  Light Activated 
39  Tachometer 
41  Audio Power Meter 
46  Shootout 
21  ETI-Wet 
28 

May 
May 
Jun 
Jun 

Jun 
Jun 
Jun 
Jul 
Jul 

Jul 
Aug 
Aug 
Aug 

31  Field Strength Meter 
35  Road Runner Sound 
27  Effects 
31  Digital Wind Meter 

Up/Down Counter 
51  Simple Graphic EQ 
55  Digital Dial 
59  Variwiper 
15  Cable Tester 
21  60 Watt Amp 

Model Train Controller 
24  Curve Tracer 
14  High Perf. Stereo Preamp 
28  Development Timer 
30  Logic Trigger 

Sep  13 

Sep  17 
Sep  21 
Sep  56 
Oct  19 
Oct  65 
Oct  32 
Oct  15 
Nov  18 
Nov  26 
Nov  14 
Dec  14 
Dec  20 
Dec  24 

1980 

Features Month Page 

LM 10 Applications  Jan 
Practical Guide to 
Triacs II  Jan 
A History of Car Ignition Jan 
Hams At Mississauga 
Madness  Jan 
Simple Radio Control  Feb 
Gain Control  Feb 
Practical Guide to 
Triacs III 
HP41C Review 
Calcumeter 4100 Review 
Biofeedback 
Gain Control II 
Power Supplies 
Self Resonant Capacitors 
40 CMOS Clock Circuits 
Valdemar Poulsen 
Deep Space Tracking 
SAWFs 
Delay Lines 
Standing Waves 

Projects 

Guitar Effects Unit 
Series 4000 Stereo Amp 
Logic Probe 
Series 4000 Moving Coil 
Preamp 
Egg Timer 
General Purpose PSU 
Getting Started in RTTY, 
Pt' 
Electromyogram Part I 
Battery Condition 
Indicator 
Wire Tracer 
Electromyogram Part II 
RTTY Part II 
Failure Monitor Indicator 

28 

Feb 
Feb 
Mar 
Mar 
Mar 
Mar 
Mar 
Apr 
Apr 
Apr 
Apr 
May 
May 

Jan 
Jan 
Jan 

Feb 
Feb 
Feb 

Feb 
Mar 

Mar 
Mar 
Apr 
Apr 
Apr 

30  Electronic Warfare  Jun 
PLL Synthesis  Jun 

38  CA3130 Circuits  Jun 
55  Canadian Sound Archives Jun 

Magnetic Power Control  Jun 
43  Beryllium - How 
33  Dangerous?  Jun 
36  Getting 'round HEX  Jun 

C.L.I.P.  Jun 
54  CMOS 555  Jul 
63  Capacitors  Jul 
27  Electronics In The Studio Jul 
36  The Tesla Controversy  Jul 
40  S100 Bus System  Aug 
50  Introduction To Test Gear Aug 
56  Designer Circuits  Aug 
21  FET Special  Aug 
34  Life Out There?  Aug 
38  Telidon  Sep 
43  Burglar Alarm Installation Sep 
21  D-A Techniques  Sep 
25  Kirlian Photography  Sep 

15  Complex Sound Generator Apr 
18  Click Eliminator  May 
25  Soil Moisture Indicator  May 

Fuel Level Monitor  May 
14  16k RAM Card  May 
22  Function Generator  Jun 
25  Dynamic Noise Filter  Jun 

Overspeed Alarm  Jun 
28  HEBOT  Jul 
12  Photographic Timer  Jul 

Analog Frequency Meter  Jul 
18  Accentuated Beat 
24  Metronome  Jul 
9  300W Ampliff,>r  Aug 
31  HEBOT Pt. II  Aug 
51  Transistor Tester  Aug 

12  IEEE Bus 
18  Synthesizers 
27  Electronic Fences 
33  Solar Cells 
41  Into Electronics Pt. I 

Audio Amplifier Circuits 
35  Designer Circuits Special 
48  Cassette Decks and Tape 
51  Attenuators 
11  Identimat 
24  Project Daedalus 
31  Into Electronics Pt. II 
42  Thermistors 
21  Transducers In Audio 
31  Floppy Disks 
36  Ten Simple Transistor 
45  Circuits 
56  Electric Cars 
13  Into Electronics Pt. III 
24 SI Units 
28 
43 

59 i assionmeter 
13  Home Security System 
40  Touch Switch 
61  Speaker Protection Unit 
55  Metal Locator 
21  Linear Scale Capacitance 
38  Meter 
63  Power Supply 
16  Baby Alarm 
46  Guitar Practice Amp 
50  6W Siren 

Infra-red Remote Control 
58  Digital Test Meter 
12  RIAA Preamp 
25  Survival Game 
37 

Sep 
Oct 
Oct 
Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Dec 
Dec 

Dec 
Dec 
Dec 
Dec 

Aug 
Sep 
Sep 
Sep 
Oct 

Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 

62 
21 
35 
39 
53 
61 
19 
29 
34 
39 
53 
65 
71 
17 
23 

26 
31 
49 
56 

Si 
19 
50 
65 
11 

29 
45 
65 
13 
43 
59 
11 
37 
40 



1981 

Features Month Page 

Studio Techniques 
Power To The People 
Battery Tests 
Edison Effect 
Voice Stress Analyzer 
Into Electronics Pt. IV 
Alarm Circuits 

Jan 
Jan 
Jan 
Jan 
Jan 
Jan 
Jan 

Electronics In PhotographyFeb 
Audio Filter Design 
Piezo Electricity 
Into Electronics Pt. V 
Studio Techniques Pt. II 
The Ubiquito2us 
Oscilloscope 
VFET Applications 
Interfacing Made Easy 
Photocells 
Into Electronics Pt. VI 
Intro to Lasers 
Test Meter Circuits 
Eddy Currents 

Projects 

Electronic Ignition 
Digital Frequency Meter 
EPROM Eraser 
Coin Toss 
Ultrasonic Burglar Alarm 
Fuzz Sustain Unit 
Process Timer 
Hum Filter 
Drum Synthesizer 
Shark Game 
Stereo Image Coordinator 
Ultrasonic Switch 
Autoprobe 
Chuffer 
Nobell Doorbell 
Touch Switch 
Guitar Preamp 

Feb 
Feb 
Feb 
Feb 

Mar 
Mar 
Mar 
Mar 
Mar 
Apr 
Apr 
Apr 

Jan 
Jan 
Jan 
Jan 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 
Apr 
Apr 
Apr 
May 
May 
May 
May 

10  Into Electronics Pt. VII 
23  4017 Applications 
26  Radiometric Exploration 
31  Into Electronics Pt. VIII 
45  Project Galileo 
53  Story Behind Stereo 
58  Solder 
13  Computerese 
26  LM3914 Circuits 
38  How To Solder 
41  Michael Faraday 
52  Current Affairs 

Recording Tape and Tape 
13  Rec. 
20  Anatomy of a Micro 
44  Holograms 
50  Wein Bridge Oscillator 
54  555 Astable Circuits 
10  Into Electronics Pt. IX 
23  Thick Film Circuits 
61  A Look At CP/M 

Apr 
May 
May 
May 
Jun 
Jun 
Jun 
Jun 
Jul 
Jul 
Jul 
Jul 

Aug 
Aug 
Aug 
Aug 
Aug 
Aug 
Sep 
Sep 

14  Stereo Powermeter  May 
18  Two Tone Train Horn  May 
28  Flash Trigger  May 
41  High Impedance Voltmeter May 
22  Jack Tester  May 
31  Freezer Alarm  May 
49  1537A VCA  Jun 
26  High Speed Cassette 
35  Interface  Jun 
41  Double Dice  Jun 
16  Bicycle Speedometer  Jun 
31  Universal Timer  Jul 
65  Bargraph Car Voltmeter  Jul 
14  Engineer's Stethoscope  Jul 
16  Motherboard  Jul 
18  Infra-red Alarm  Aug 
20  Bench PSU Aug 

70  Gm Revisted 
66  Hum Loops 
10  Polapulse Batteries 
73  Ex-Or Gates 
35  Graphic Equalizer Design 
42  I/O Devices 
15  Dolby C 
24  Black Hole Theory 
14  TV Quality Control 
18  Digital Design Handbook 
25  James Clark Maxwell 
29  Canada In Space 

POKEing The ZX80 
18  VIC-20 Review 
25  PWM Explained 
31  Band Pass and Beyond 
35  Tubes 
39  IEEE Report 
55  Early Radio In Canada 
10  Into Linear ICs Pt. I 
23  Speaker Design 

25  Wired Sound 
57  LED VU Meter 
64  Russian Roulette 
68  LED Tachometer 
70  Emergency Lighting Unit 
71  Tape Optimizer 
54  Antenna Extender 

Win Indicator 
11  Pulse Generator 
19  Alien Attack 
29  Headlight Delay 
10  Drum Machine 
22  Joysticks 
35  Universal Counter 
49  Musical Doorbell 
11  4 Input Mixer 
41 

Sep 
Sep 
Sep 
Sep 
Oct 
Oct 
Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

Aug 
Sep 
Sep 
Sep 
Sep 
Oct 
Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 

27 
35 
41 
39 
19 
25 
27 
31 
45 
10 
27 
31 
37 
39 
51 
18 
26 
34 
36 
45 
52 

49 
16 
25 
31 
45 
35 
41 
50 
54 
21 
24 
45 
59 
10 
31 
50 

1982 

Features Month Page 

Loudspeaker Des. Princ. IIJan 
Big Bang 
SL Electronics 
Micropower Circuits 
Index for 1981 
Signs 
Industrial Robots 
Amplifier Class 
DBX 
Short Wave Aerials 
50 Circuits 
Into Linear ICs Pt. 2 
POKEing the ZX81 
Ni-Cads 
Perfect Sound 

Jan 
Jan 
Jan 
Jan 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Mar 
Mar 

10  Gluons 
23  CMOS Circuits 
39  Into Linear ICs Pt. 3 
45  Satellite Applications 
64  Fessenden 
35  4066B Circuits 
38  Voice Mailbox 
61  Electric Pencil 
64  Shroud Of Turin 
66  Faster Than Light Travel 
10  Drones 
69  Optical Disk Records 
36  CMOS 
25  Into Linear ICs Pt. 4 
40  Fibre Optics 

Mar 
Mar 
Mar 
Apr 
Apr 
Apr 
Apr 
Apr 
May 
May 
May 
May 
May 
May 
Jun 

41  Lasers In Hi-Fi 
45  Leptons 
61  Hertz 
10  50 More Circuits 
45  Into Linear ICs Pt. 5 
18  Electronic Office 
65  The Hall Effect 
63  Marconi 
13  The Scope 
29  30 Years Of Canadian TV 
39  Introduction to I-Ching 
56  Rogers 
31  High Performance Op-
65  Amps 
10  Light Memory 

Jun  51 
Jun  39 
Jun  41 
Jun  15 
Jun  60 
Jul  10 
Jul  39 
Jul  51 
Jul  24 
Aug  10 
Aug  22 
Aug  65 

Aug  50 
Aug  18 

27 



Features 

Hex Notation 
Telidon 
UPC Codes 
Crossover Networks 
Stephenson 
Aspects of the Scope 
Into Digital Pt. 1 
Electronics in Cars 
Particle Beam Fusion 
History of Early Radio 
Supercooled Magn. 
Sensors 
DAC-ADC Circuits 
XR2206 
Into Digital ICs Pt. 2 
Solar Energy in Can. 
Flat Screen TV 
Fostex A-4 Review 
Voltage Controlled Pots 
Dolby C 
What is CP/M 
Into Digital Pt. 3 
Radio Astronomy 
Satellite TV 
Henry 
Junction FETs 
6500 CPUs 
The Apple Pirates 
Into Digital Pt. 4 

Month Page  Projects 

Aug 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Oct 
Oct 
Oct 

Oct 
Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

48 
31 
62 
69 
10 
27 
32 
54 
59 
51 
67 
10 
24 
55 
20 
28 
30 
68 

48  4-Way Loudspeaker 
9  Movement Alarm 
18  Temp. Contr. Soldering 
46  Iron  Jan 
50  Flash Sequencer  Feb 
13  Enlarger Timer  Feb 
30  Sound Bender  Feb 
11  Music Processor  Mar 
27  Crystal Marker  Mar 
39 Ni-Cad Charger  Mar 

Reaction Tester  Mar 
Background Noise 
Simulator  Apr 
Low Power Pilot Light  Apr 
Power Pack  Apr 
Micro Power Thermal 
Alarm  Apr 
Steam Locomotive Whistle Apr 
AM Radio  Apr 
Photo Timer  Apr 
Touch Lamp 
Electronic Thermometer 
Electronic Doorbuzzer 
AF Signal Generator 
Super Dice 
LED Level Meter 
Phono Preamp 
Roulette 
Light Wand 

Month Page 

Jan 
Jan 

Apr 
Apr 
Apr 
May 
May 
May 
Jun 
Jun 
Jun 

14  Stylus Organ 
33  Negative Ion Generator 

Sticks Drum Box 
68  Heads and Tails 
23  Scratch Filter 
59  Voltage Controlled Audio 
75  1-Ching Computer 
10  Semiconductor Tester 
19  Synthesizer I 
31  150 Watt Amp 
55  Body Work Checker 

Synthesizer II 
26  Intelligent Ni-Cad Charg. 
28  Terminal 
29  Pest Control 

Solid State Reverb 
31  Synthesizer III 
34  Intelligent Terminal 
49  RPM Meter 
51  Contrast Meter 
53  Series 5000 Peamp Pt. I 
55  Hand Clap Synthesizer 
58 
41 
49 
71 
46 
31 
54 

Jun  64 
Jul  16 
Jul  31 
Jul  37 
Jul  41 
Jul  45 
Aug  24 
Aug  33 
Aug  39 
Sep  20 
Sep  26 
Sep  45 
Oct  18 
Oct  43 
Oct  46 
Nov  17 
Nov  22 
Nov  ao 
Nov  49 
Dec  17 
Dec  47 
Dec  59 

1983 

Features Month Page 

Electronics In The 
Newsroom  Jan 
Radio Astronomy Pt. 2  Jan 
Constant Current Gen.  Jan 
Josephson Junctions  Jan 
ZX81 Revisted  Jan 
Into Digital Pt. 5  Jan 
Electronics In Farming  Feb 
Column Loudspeaker Des. Feb 
Hero Robot  Feb 
Membrane Switches  Feb 
VMOS  Feb 
Into Digital Pt. 6  Feb 
ZX Interfaces  Feb 
CP/M For the Apple  Feb 
Voiceprints  Mar 
Closed Captioning  Mar 
Dbx  Mar 
Starlab  Mar 
Super fet  Mar 
Into Digital ICs Pt. 7  Mar 
Inertial Navigation  Apr 
Spy Satellites  Apr 
Tone Circuits  Apr 
Dig. Counters & Timers  Apr 
Fault Finding For Beg.  Apr 
Into Digital ICs Pt. 8  Apr 
History of Radar  May 
Shockley  May 
BiFET & BiMOS Op-
Amps  May 
Electromusic Techs. Pt. 1 May 

28 

13 
43 
21 
68 
53 
59 
13 
17 
47 
60  OKLO: Natural Nuc. 

Reactor  Jul 
Electronics In Fine Art  Jul 
TV Stereo Sound  Jul 
A Look At Cantel/ 
Teleguide  Jul 
MPU Support Chips  Jul 
Light and Power From DC Jul 
Instrumentation Tech. 
Pt. 2  Jul 
Into Digital Pt. 11  Jul 
Selecting A Computer Sys. Jul 
Bob Stephens & SETI  Aug 
Military Communications Aug 
Pay TV Privacy  Aug 
Thyristors Aug 
Inside Memory Sys.  Aug 
Fuses  Sep 
Spectrum Wars  Sep 
Designing Micro Sys. Pt. 1 Sep 

25  Dumont: Osc. & Early TV Sep 
54  Surplus Meters  Sep 

65 
70 
31 
22 
13 
24 
30 
35 
60 
63 
13 
35 
27 
30 
60 
65 
45 
21 

Into Digital ICs Pt. 9  May 
Computing In Britain  May 
Outdoor P.A.  Jun 
Saturn Up Close  Jun 
Equal Tempered Scale  Jun 
Instrumentation Tech. 
Pt. 1  Jun 
Electromusic Tech. Pt. 2 Jun 
Intro. To Microcomputers Jun 
Into Digital ICs Pt. 10  Jun 

29 
57 
67 
81 

49 
66 
35 
31 
39 
58 
22 
45 
32 
43 
49 
57 
20 

71  CA3059 Zero-Cross. 
66  Switch 
24  Designing Power Supplies 
42  Improving Your ZX81 
76  Anik C Satellites 

Optical Memories 
CANDU Reactors 

Sep 
Sep 
Sep 
Oct 
Oct 
Oct 

The Electronics Revolution Oct 
Rebel Radio Stations  Oct 
Designing Micro Sys. Pt. 2 Oct 
Switch. Cap. Filters Pt.1  Oct 

18  Robotics  Nov 
38  Fibre Optics  Nov 
46  Military Lasers  Nov 

Designing Micro Sys. Pt.3 Nov 
57  Wheatstone  Nov 
21  Switch. Cap. Filters Pt. 2 Nov 
24  Introducing Forth  Nov 

Electronic Mail  Dec 
Which Battery to Use  Dec 
Des. Micro Sys. Pt. 4  Dec 
Nuclear Appl. in 
Archeology 
Voltage Multipliers 

44 
58 
28 
8 
34 
36 
ao 
54 
62 
50 
18 
24 
40 
57 
62 
52 
74 
10 
15 
34 

Dec  50 
Dec  45 



1983 continued 

Projects Month Page 

Sound to Light Modulator Jan 
Digital Millivoltmeter  Jan 
Series 5000 Preamp Pt.2  Jan 
Styrofoam Cutter  Feb 
Audio Spectrum Analyzer Feb 
Series 5000 Preamp Concl. Feb 
Dual Logic Probe  Mar 
Digital Kitchen Scales  Mar 
Soundtrack Game  Mar 
Multipurpose PC Board  Apr 
ZX Interface Board  Apr 
Loudspeaker Protector  Apr 
Graphic Equalizer  May 
Digital Capacitance Meter May 
Audio Analyzer Pt. 2  May 

28 
31 
62 
35 
52 
68 
18 
25 
50 
19 
46 
56 
13 
32 
60 

Polyphonic Touch Organ 
Tanover 
Overload Indicator 
Proximity Detector 
Satellite TV Receiver Pt.1 
Reverb Amp 
Audio Oscillator 
Bomb Drop Sound FX 
Designing NDFLs 
60 Watt NDFL Amp 
Auto. Greenhouse 
Sprinkler 
Satellite TV Pt.2 
Noise Reduction Unit 

Jun 
Jun 
Jun 
Jun 
Jul 
Jul 
Jul 
Jul 
Aug 
Aug 

Aug 
Aug 
Sep 

15  Signal Line Tester 
32  Stabil. Power Supply 
53  Sound Switch 
73  Spectra Column 
13  Precision Pulse Generator 
29  Digital Dice 
53  Playmate Pt. 1 
64  ZX81 User Defined 
11  Graphics 
17  Compressor/Li miter 

Ni-Cad Charger/ 
54  Regenerator 
25  Expanded Scale Voltmeter 
17  Playmate Pt. 2 

Sep 
Sep 
Sep 
Oct 
Oct 
Oct 
Nov 

30 
34 
61 
18 
24 
66 
10 

Nov  12 
Nov  48 

Dec 
Dec 
Dec 

20 
23 
60 

1984 

Features 

Induction Loops 
Accurate Rise-Time Meas. 
Micros In Appliances 
COSPAS/SARSAT 
Designing Micro Sys. Pt.5 
LM396 Regulator 
Z80 vs. 6502 
Steinmetz 
Flying Clocks 
The Potent Helix 
Hitachi VC6041 Review 
Colossus 
Designing Micro Sys. Pt.6 
Hall Effect 
More Assembler 
Cellular Radio 
Particle Weapons 
AM Stereo 
Designing Micro Sys. Pt.7 
Switch. PSUs Pt.1 
Hi-res Circles 
Directional Broadcast 
Towers 
Nuclear Wastes 
Steel Tubes & Water 
Droplets 
Designing Micro Sys. Pt.8 
Zener Diode Primer 
Switch. PSUs Pt.2 
C-64 Sprite Editor 

Projects 

ZX81 ADC Converter 
Parametric EQ 
The Digger 
Supply Protector 
Flash Sequencer 
R/C Substitution Box 
More Pop Amps 
Stereo Spreader 
ADC Filter Amp 
Frequency Counter 
Infinite Probability 
Detector 

Month Page 

Jan 
Jan 
Jan 
Jan 
Jan 
Jan 
Jan 
Jan 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 

Apr 
Apr 

Apr 
Apr 
Apr 
Apr 
Apr 

10  Alex. G. Bell  May 
14  Design. Micro Sys. Pt. 9 May 
16  Electronic Maps  May 
32  Computerized Forecasting May 
50  VHSIC Chips  May 
24  Optocou piers  May 
48  Binary Changes  May 
70  Genealogy Of The 
10  Microchip  Jun 
16  Operation Plowshare  Jun 
30  Machine Lang. Pt. 1  Jun 
43  Circuit Supplement  Jun 
46  Coping With Components 
26  Pt.1  Jun 
62  ZX81 Programs  Jun 
10  Machine Lang. Pt.2  Jul 
14  VLFs and the 
24  Magnetosphere  Jul 
48  Armstrong  Jul 
44  6502 Assembler Utilities  Jul 
64  Alignment By Test Pattern Aug 

Advanced 6502 
10  Programming  Aug 
20  Applesoft Listings: 

Timekeeping  Aug 
43  Robotics: Home & 
54  Educational  Aug 
40  Machine Language Pt.3  Aug 
48  What's Happening in 
16  Shortwave  Sep 

Month Page 

Jan  20  The Light Saver 
Jan  36  Drum Synthesizer 
Jan  65  Vector Graphics 
Feb  24  Zener Diode Tester 
Feb  32  ZX Burglar Alarm 
Feb  40  Op Amp Checker 
Feb  64  Multiple Output Port 
Mar  22  Echo Reverb 
Mar  28  Modem Auto Answer 
Mar  38  Add-on 

Low Cost Dwell Meter 
Mar  54  Motor Controller 

Apr 
Apr 
Apr 
Apr 
May 
May 
May 
Jun 

Jun 
Jun 
Jul 

12  AM Stereo Update 
28  Hot Ice 
44  DXing: The Dying Hobby 
47  Direct Broadcast Satellites 
33  Machine Language Pt.4 
40  Audio Recording Techn. 
16  VMOS Circuits 

A Look At ProDOS 
9  Fusion Reaction 
24  A Look At Video 
62  Machine Language Pt.5 
33  Best From Your Scope 

Sample and Hold Circuits 
45  EPROMS 
42  Model Railroad Elect. 
39  The ABCs of Telephones 

Machine Language Pt. 6 
60  Barcodes 
63  Laboratories On A Chip 
41  Electronic Publishing 
14  OTEG Devices 

Audio Design 
42  Improving The ZX81 

ProDOS Booter 
56  Machine Language Pt. 7 

Digital Watches 
16  More Test Equipment 
40  Differential Amplifiers 

Signal Generator Tips 
10  R5232 Explained 

14  Stylus Timer 
18  Model Railroad Switch 
27  cont. 
52  Servo Interface 
18  Audio Test Set 
38  Offbeat Metronome 
52  Square Wave Oscillator 
14  Full Wave Rectifier 

Signal Tracer 
30  Voltage Follow and Hold 
53  Negative Voltage Gen. 
18  Microammeter 

Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Sep 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Nov 
Dec 
Dec 
Dec 
Dec 
Dec 
Dec 

18 
30 
33 
34 
62 
14 
57 
55 
12 
38 
42 
10 
26 
44 
7 
24 
30 
38 
42 
46 
27 
62 
32 
70 
59 
21 
9 
16 
13 
49 

Jul  47 

Aug 
Aug 
Sep 
Sep 
Oct 
Oct 
Oct 
Oct 
Oct 
Oct 

22 
58 
19 
45 
20 
20 
20 
21 
22 
22 
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Eggtimer 
Dry Cell Charger 
Heads and Tails Game 

Oct 
Oct 
Oct 

24  Video Distrib. Amp  Oct 
52  Headphone Amp  Nov 
52  Mod. Railroad Light Cont.Nov 

32 
21 
55 

Function Generator  Dec  24 
ZX81 Tape Controller  Dec  52 

1985 

Features Month Page 

Index 1982-1984  Jan 
Plasmon Solar Cells  Jan 
Hammond Radio Museum Jan 
High Definition Tv  Feb 
Best From Your Scope II Feb 
Alexander Graham Bell  Feb 
Logic Analyzers  Feb 
First Look, ACS-1000  Mar 
Computer Power Supplies 
& Filters  Mar 
Home Computer Survey  Mar 
Making Schematics  Apr 
Signal Generators II  Apr 
Silkscreening for 
Electronics  Apr 

16  ZX81 RAMpack Extender Apr 
26  Designing With 
38  Microprocessors  May 
13  Troubleshooting Guide  May 
18  Communications Satellites May 
21  Supercomputers  Jun 
35  Satellite Reception  Jun 
7  NAPLPS for Microcom-

puters  Jul 
Il Computer Contest  Jul 
22  Magnetic Permanence  Jul 
14  ZX-EPROMer  Jul 
20  Kodak's DX Coding  Aug 

Time Domain Analysis  Aug 
38  Circuit Special  Aug 

Projects  Month  Page 

Analog Capacitance Meter 
RS232 Breakout Box 
EPROM Emulator 
CMOS Tester 
9V Power Supply 
Visu-Writer 
Universal Relay Driver 
Cymbal Synthesizer 
ZX81 RS232 
Darkroom Timer 
Distortion Meter 

Series 

Jan 
Jan 
Feb 
Feb 
Mar 
Mar 
Apr 
Apr 
May 
May 
Jun 

22  Timed Nicad Charger 
45  Anti Phaser 
45  Distortion Meter, Part 2 
58  Dual Tracking Power 
14  Supply 
45  RS232 For Commodores 
26  Sound Effects 
40  Noise Gate 
20  Voltage Probe 
34  Switching Plugpack 
13  Digital Scoreboard 

Month Page 

Des - Notebook: 
Customised ICs  Jan 

Computing Today: Projec-
tile Motn.  Jan 
Configurations: 
Multivibrators  Jan 
Computing Today: 68020 
CPU  Feb 
Configurations: Sawtooth 
Gen.  Feb 
Des. Notebook: Speech 
ICs  Feb 
Des. Notebook: Noise 
Calcs  Mar 
Configurations: Op Amps Mar 
Computing Today: Apple 
Copy Programs  Mar 
Configurations: Heatsinks Apr 
Computing Today: Circuit 
Programs  Apr 
Configurations: Power 
Supply Dsgn  May 
Computing Today: Single 
Chip MPUs  May 
Des. Notebook: Audio 
Design  May 

Jun 
Jun 
Jul 

Jul 
Aug 
Aug 
Sep 
Sep 
Sep 
Oct 

Electronics From the Start 
20  Pt. 1  Jun 

Configurations: Optoelec-
30  tronics  Jun 

Computing Today: Z80 
50  Design Pt. 1  Jun 

Des. Notebook: Power 
8  Amps  Jun 

Configurations: Logic 
30  Gates  Jul 

Computing Today: Z80 
40  Design Pt. 2  Jul 

Des. Notebook: Fibre 
17  Optics  Jul 
33  Electronics From the Start 

Pt. 2  Aug 
52  Electronics In Canada: 
16  Soltech  Aug 

Des. Notebook: 7800 
59  Regulators  Aug 

Computing Today: Z80 
9  Design Pt. 3  Aug 

Des. Notebook: PSU 
26  Noise  Sep 

Computing Today: Z80 
38  Design Pt. 4  Sep 

46  Fundamentals of Hearing Aug 
CSA Certification  Sep 

12  Cellular Telephones  Sep 
30  Error Correction In RAM Oct 
53  What's New In 
29  Oscilloscopes  Oct 
32  A Guide to Transformers Oct 

Automatic Test Equipment Nov 
8  Radar Supremacy in W WIINov 
18  Tools For Electronics  Nov 
32  Camera Contest  Nov 
52  Impedance  Dec 
9  Surface Acoustic Waves  Dec 
10  Electronics In PhotographyDec 
34 

22  Crystal Radio 
55  Audio Mixer 
23  Battery Checker 

Direct Injection Box 
35  Audio Frequency 
23  Generator 
32  ET Photoflash 
13  Heat Pen 
28  FET Amplifier 
19 
22 

9 

16 

39 

42 

13 

27 

58 

14 

17 

26 

38 

25 

39 

44 
10 
30 
14 

34 
38 
12 
20 
32 
11 
18 
27 
37 

Oct  50 
Oct  54 
Nov  9 
Nov  38 

Nov  55 
Dec  10 
Dec  43 
Dec  47 

Electronics In Canada: 
ILP Transf  Sep  41 
Electronics From the Start 
Pt. 3  Sep  58 
Computing Today: Z80 
Design Pt. 5  Oct  8 
Electronics From the Start 
Pt. 4  Oct  9 
Des. Notebook: Transistor 
Summary  Oct  60 
Des. Notebook: Digital 
Sampling  Nov  22 
Computing Today: Z80 
Design Pt. 6  Nov  42 
Electronics From the Start 
Pt. 5  Nov  49 
Des. Notebook: Diodes  Dec  54 
Electronics From the Start 
Pt. 6  Dec  58 
Computing Today: Data 
Encryption  Dec  25 
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1986 

Features 

Index to 1985 
Heatsinks 
Des. Transistor Stages 
MOSFETs 
Des. Transistor Stages 
More On Transformers 
Soldering & Desoldering 
Cabinets for Electronics 
Automatic Test Equipment 
Des. Transistor Stages 
Professional Audio 
PCB Layout Guide 
Display Technology 
Troubleshooting 
RS232/Centronics Cony. 
Automotive Alternators 
Automotive Electronics 
Laminated RF Shielding 
Test Eqipment Special 
Stereo TV 
EEMAC 
Home Computer Control 
The Multimeter 
Radio Shadows 
Circuit Special 
Perpendicular Mag. Rec. 
Futures Training Program 
Semiconductor Processing 
A Guide to IC Numbering 
RF Oscillators 
CBC 50th Anniversary 
Satellite Reception 
Pirate Commercial Radio 
Headphone Isolator 
Satellite TV Supplement 

Reviews 

Aptron Bugbuster 
Daetron Cap. Meter 
Microlab 1 Trainer 
Hitachi V-680 Scope 
Atari 520ST 
Laser 128 Computer 
Tracer Troubleshooter 
MultiLink Network Soft. 
Cambridge L/C Meter 

Projects 

Logical Lock 
Millifaradometer 
Vibration Amplifier 
Pulse Generator 
Cymbal Synth 
Heartbeat Monitor 
Oscilloscope Mem. Disp. 
Automatic Volume Control 
Comp. Controlled Filter 
Audible Continuity Test. 
Appliance Controller 
Analog Thermometer 
Protoboard 
Autowiper 
Periph. Speech Synth 
Light Meter 
Courtesy Light Extender 
Electronics Today February 1987 

Month  Page 

Jan  16 
Jan  30 
Jan  49 
Feb  7 
Feb  15 
Mar  14 
Mar  17 
Mar  30 
Apr9 
Apr  18 
Apr  30 
Apr  53 
May  14 
May  30 
Jun  10 
Jun  26 
Jun  33 
Jul  10 
Jul  27 
Jul  49 
Jul  63 
Aug  28 
Aug  41 
Aug  57 
Sep  20 
Sep  22 
Oct  9 
Oct  38 
Oct  43 
Nov  20 
Nov  33 
Nov  58 
Dec  23 
Dec  26 
Dec  Insert 

Month  Page 

Jan  56 
Feb  21 
May  34 
Jun  31 
Jun  47 
Aug  9 
Sep  12 
Oct  30 
Dec  28 

Month 

Jan 
Jan 
Jan 
Feb 
Feb 
Feb 
Feb 
Mar 
Mar 
Mar 
Mar 
Apr 
Apr 
Apr 
May 
May 
May 

Page Errata 

9 
32 
47 
8 
29 
52 
56 
9 
26 
34 
58 
26 
38 
49 
9 
21 
47 

Programmable Logic Board 
Multi-Use PCB 
Rotation Sensor 
Bit Detector 
Audio Signal Tracer 
Versatile Power Supply 
Digital Freq. Doubler 
Interval Timer 
Auto Light Reminder 
Versatile Multimeter 
Marine Sec. Alarm Part 1 
Electrostatic Detector 
Apple Ile Kbrd. Modif. 
Precision Power Supply 
Low-cost Trans. Checker 
Marine Sec. Alarm Part 2 
Digital Panel Meter 
Vacuum Tube Preamp 
Solar Panel Controller 
Percussion Synthesizer 
Moving Magnet Preamp 
Four Watt Amplifier 
Tilt Alarm 

Series 

Computing Today: RISC 
Elect. From The Start 7 
Des. Notebk.: ATE 
Elect. From The Start 8 
DNB: Power Line Filters 
Elect. From The Start 9 
DNB: GaAs Devices 
Elect. From The Start 10 
DNB: Custom Gate Arrays 
Beg. Bench: Troubleshtg 
DNB: Better By Design 
DNB: Micro Expansion 
Beg. Bench: Pots 
Beg. Bench: Semicond's. 
DNB: Prog. Controllers 
Beg. Bench: Dig. Basics 
Beg. Bench: Logic 
DNB: Computer Interfaces 
Beg. Bench: Radio Basics 
8088 Progr.: Password 
DNB: Pushing CROs 
DNB: Display Technology 
8088 Progr.: Interrupts 

Jun  12 
Jun  41 
Jul  14 
Jul  20 
Aug  12 
Aug  18 
Aug  35 
Aug  44 
Sep  10 
Sep  14 
Sep  38 
Oct  12 
Oct  28 
Oct  32 Jan '87 
Oct  53 
Nov  I 
Nov  28 
Nov  49 
Nov  54 
Dec  10 
Dec  14 
Dec  63 
Dec  65 

Month  Page 

Jan  18 
Jan  41 
Jan  52 
Feb  41 
Feb  48 
Mar  20 
Mar  It 
Apr  14 
Apr  34 
May  38 
May  54 
Jun  21 
Jun  50 
Jul  57 
Aug  22 
Aug  49 
Sep  49 
Oct  21 
Oct  47 
Nov  7 
Nov  19 
Dec  66 
Dec  71 

To order back copies please use 
form on next page. 
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Electronics 
Today 

BACK ISSUES 
1985 
Jan. 

Feb. 
Mar. 
April 
May 
June 
July 
Aug. 

Sept. 
Oct. 
Nov. 

Dec. 

1984 
Jan. 
Feb. 

Mar. 

April 

May 
June 

July 

Aug. 

Oct. 

Nov. 

Dec. 

1983 
Jan. 

Feb. 

Mar. 
April 

May 

June 

July 
Aug. 
Sept. 
Oct. 
Nov. 

Dec. 

1982 
Jan. 

Mar. 
April 
May 
June 

July 

Aug. 

Sept. 
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— Index 1982-84, Cap. Meter, RS232 
Breakout 

— EPROM Emulator, CMOS Tester 
— Low-cost PSU, Visuwriter 
— Silkscreening, Relay Driver 
— Designing with Micros, Darkroom Timer 
— Distortion Meter Pt. 1, Nicad Charger 
— Distortion Meter Pt. 2, Tracking PSU 
— Sound Effects Box, Time Domain 

Analysis 
— Noise Gate, Switching Plugpack 
— Audio Mixer, Crystal Radio 
— Batt. Checker, AF Gen., Direct Inject 

Box 
— ET Photoflash, Heat Pen, FET Amp 

— ZX8I AD Converter, Op Amp Circuits 
— Computer Supply Protector, R/C Subber 

— Stereo Spreader, ADC Filter, Freq. 
Counter 

— Drum Synth, Zener Tester, ZX81 
Graphics 

— Burglar Alarm, Multiple Output Port 
— Echo Reverb, Dwell Meter, Circ Supple-

ment 
— Motor Controller, Stylus Timer, Exar 

Super Timer 
— Servo Interface, Model Train Switch 

Controller 
— 10-project Bonanza, Video Distribution 

Amp 
— Headphone Amp, Model Train Light 

Controller 
— Function Generator, ZX8I Tape Control 

— Sound to Light Modulator, Series 5000 
Preamp Pt. 2 

— Spectrum Analyzer Pt. I, Series 5000 Pt. 3 

— Dual Logic Probe, Soundtrack Game 
— 5-Project PCB, ZX81 Interface, 

Loudspeaker Protector 
— Graphic Equalizer, Audio Analyzer Part 2 

— Touch Organ, Overload Indicator, Prox-
imity Detector 

— Satellite Receiver Pt I, Reverb Amp 
— Satellite Receiver Pt 2, 60W NDFL Amp 
— Line Tester, Hifi PSU 
— Spectra Light Column, Pulse Generator 
— Playmate Inst. Amp Pt 1, ZX81 User 

Graphies 
— Nicad Rejuvenator, Expanded Scale 

Voltmeter 

— Movement Alarm, Temp. Controlled 
Iron, 1981 Index 

— Reaction Tester, Crystal Marker 
— 10 Projects, 4066B Circuits 
— Super Dice, LED Level Meter 
— Phono Preamp, Roulette Game, Stylus 

Organ 
— Negative Ion Generator, Scratch Filter, 

VCAs 
— Semiconductor Tester, Synthesizer Pt I, 

Hex Notation 
— 150W Amp, Crossover Design, Syn-

thesizer Pt 2, Into Digital Series begins 

d 

Oct. 

Nov. 

Dec. 

1981 
Jan. 

Feb. 

Mar. 
April 
June 
July 

Aug. 
Sept. 
Oct. 

Nov. 
Dec. 

1980 
Jan. 

Feb. 

May 

June 

— Intelligent Terminal, Pest Control, 
XR2206 IC. 

— Solid State Reverb, RPM Meter, Synth 
Ill 

— Contrast Meter, Series 5000 Preamp Pt I. 

— Analog Frequency Meter, EPROM 
Eraser, 1980 Index 

— Audio Filter Design, Fuzzbox, Process 
Timer 

— Hum Filter, Shark Game 
— Ultrasonic Switch, Stereo Image Control 
— Cassette Interface, Bike Speedometer 

LM39I4 Circuits, Bargraph Voltmeter, 
Universal Timer 

— Infrared Alarm, Bench PSU 
— Transconductance, LED VU Meter 
— Dolby C, Tape Optimizer, Antenna Ex-

tender 
— Headlight Delay, Digital Design 
— Tubes, Universal Counter, Musical 

Doorbell 

— Series 4000 Preamp Conclusion, Logic 
Probe 

— Series 4000 Moving Coil Preamp, Radio 
Control 

— Delay Lines, Soil Moisture Indic., Fuel 
Level Monitor 

— Dynamic Noise Filter, Overspeed Alarm 

Nov. — Thermistors, Guitar Practice Amp, 
Infrared Remote Control 

Dec.  — RIAA Preamp, Digital Test Meter 

1979 
Feb. 
Mar. 
April 
May 
July 

Aug. 
Sept. 
Oct. 
Nov. 

1978 
April 
May 
Sept. 
Nov. 

Dec. 

1977 
Feb. 

July 

— Phasemeter, Light Chaser 
— Tape-slide Sync, Synth Sequencer 
— Temp. Controller, Audio Compressor 
—  AM Tuner, VHF Antenna 
— Two-octave Organ, Light Activated 

Tach 
— Audio Power Meter, Reed Switches 
— Field Strength Meter, Up/Down Counter 
— Digital Dial, Cable Tester, Variwiper 
— Train Controller, Curve Tracer 

— Audio Delay Line, Gas Alarm 
— Add-on FM Tuner, Feedback Eliminator 
— Shutter Timer, Digital Display Oscillator 
— Hifi With CMOS Switching, PCB Mak-

ing 
— Anemometer, EPROM Programmer 

— (first issue) 5W Stereo, Reaction Tester, 
Car Scope Testing 

— Electronic Mastermind Game, Digital 
Volt meter 

Only a small sampling of each magazine's 
content can be shown. Each issue features 
projects,  articles on techniques  and 
technology, construction hints, and more. 

> 

Electronics Today Back Issues 
Please send me the following issues. I enclose $3.00 per issue, savings of 25% over regular cost 
per issue (Ontario residents add 7% sales tax). 

J  F M A M J  J  A  S O N D 

1986 0 W  O D D O D D D D 

1985 0  0 0 0 0 0 0 0 0 0 0 0 

1984 0 0 0 0 0 0 0 O NA D D O 

1983 0  0 0 0 0 0 0 0 0 0 0 0 

1982  D NA D 0 0 0 0 0 0 0 0 0 

1981 0 0 0 0 NA D 0 0 0 0 0 0 

1980  0  D  NA  NA  D  D  NA  NA  NA  NA  D  D 

1979 NA D D E D NA D D O U D NA 

1978 NA  NA  NA  D  D  NA NA NA  D  NA  D  NA 

1977 NA  D  NA  islA  NA  NA  D  NA  NA  NA  NA  NA 

Total Number of Issues   

Total Amount Enclosed t $3.00 each   

Name    

Address   City   

Province  Postal Code   

Send to: Back Issues, Moorshead Publications, 1300 Don Mills Rd., Don Mills, Ontario M3B 3M8. 
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MARKET PLACE 

Surplus Components 
Manufacturer's Clearance - 

New Parts Only 

Its 
8749 - microprocessor - super low price 1 - $8.95 
LM 339  Quad Comparator 17  t  LM 355  Dual Op Amp  211 
LM 555  Timer  6.1  741S123 Dual One Shot 341 
74HC373 8 bit latch  58 t  4512  Mul t ipl exer  731 

LEDs 

MV 5753 1/4- red led 
I 34 plus holder 

S5R5531 triangular led 091 

MISCELLANEOUS 

luf monocap 10%x7R 

0 luf metal ilm-100v 
0 lui 35v Tant 

RE LAN's 

DPDT 12V I Amp contact 
ITT RZ I 2  $180 
AROMAT DS2-M  $1 95 

7I1  2N4126-pnp transistor  10t 
16t oit 3 prong CSA approved$ I 33 

091  power cord grey or black 

Other parts also available 

Add 12% F.S.T. plus $3.00 
shipping and handling. 

Minimum order is $50.00 by 

certified cheque or money order 

Inquire and order from 

Harding Instruments 
Rttn: Roger Goulet 

4608 - 97 Street 

Edmonton, RB  TOE 5N9 

(403) 438-6800 

CLASSIFIED 

Rates: The basic one time 
$3.50 per word allows 
puting Now!, Electronics 
reverse advertisements 
Special discount rates 

These rates apply 

Send a cheque (deduct 
Classificatiore 
Copy: 

Product 
insertion rate 
your advertisement 
Today, 
are available 
are available 
25% for 
15% for 
10% for 

only to the prepayment 

applicable 

ADVERTISING 

is $1.50 per 
to 

and Computers 
for an 

for multiple 
12 consecutive 
6 consecutive 
3 consecutive 

of 

discounts) 

Mart 
word 
run 
in 

additional 
insertions. 
insertions 
insertions 
insertions 
the entire 

along 

FOR M 

(Minimum 25 words). The rate of 
in all three publications. (Com-
Education) Headings, logos and 
$30.00. 
They are as follows. 

sum. 

with this order form 

1 2 i 4 

6 7 8 9 . 10 

11 12 13. 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30. 

it 32 33. 34. 35. 

16 37 38. 39 40. 

41 42 43. 44 45 

46 47 48 49 50 

Name' 

Address-

PostalCode 

Phone. 

El Mastercard C Visa C American Express 0 Card Number- E %pry Date 

Signature 
3 : MIN "E 

Please contact: Moorshead Publications 
1300 Don Mills Rd.. Don Mills, Ontario M3B-3M8 

(416) 445-5600 

Ille Efig ne RS-?32C Intelligent Stepping Motor controller for all of Computers  

New Model KEM-805 
• Communicate with host computer via RS-232C port. 
• A customized single chip micro computer LSI built-in 
• Controllable by using simple BASIC languages. Only two 
registers In the custom LSI and only ten bytes of data are 
required to control all the stepping motor functions. 
• A totally software control unit. 
• Photo isolator for input and output signals. 
• Max. speed 40000pps. Single power supply +5V only 

Price $298.00 with demo soft. 

K.E.M. Electronics Ltd 
Mail: Box 69216 Station (K). Vancouver, B.C. V5K 4W4 
Office: 879E. Hastings St. Vancouver Tel: 16041 251-1514 

Electronics Today February 1987 

New Model KEM-801SP 
• Heavy duty stepping motor driver 
• Designed for large size motors.  Max. 6A/phase 
• Automatic Power down circuit built-in. 
• Max. pulse rate 10000pps. 

Price $145.00 
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A review and update of the various types 
of capacitors.   

By Jon Fairall 
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IT was fashionable during the years of the 
renaissance to dabble in "natural 
philosophy"via practical experiments. In 
1745 a German cleric with intellectual 
pretensions did just that. He set up a glass 
jar and filled it with water, then sealed the 
top of the jar with a cork through which 
he had driven a copper stake. To the cop-
per stake he connected an electric 
machine, a device in which a spinning 
glass globe was rubbed to create an elec-
trical charge. Nothing seemed to happen, 
so he stopped the machine and grabbed 
hold of the glass jar. Instantly, his muscles 
contracted and the glass jar went flying. 
E.G.  von Kleist  had discovered 
capacitance. 
To put the scene into context: electrici-

ty was still a mysterious force, but enough 
work had been done for people to believe 
that it was manageable, subject to laws 
that could be uncovered by reason and ex-
periment. One of the questions that 
plagued experimenters was whether elec-
tricity was the kind of thing that could be 
stored. 

The Reverend von Kleist proceeded 
with the thoroughly reasonable proposi-
tion that the way to store to store electrici-
ty was probably the way you store most 
small things: in a bottle. The bottle was 
glass, a known insulator, and inside was 
water, a conductor. Of course, when he 
disconnected the wire he gave himself a 
bad shock, probably the worst ever ex-
perienced up to that time. It "stunned his 
arms and shoulders", he later wrote. 

It so happened that one of the finest 
minds in Europe, belonging to Professor 
van Musschenbroek, was working on the 
problem. He duplicated von Kleist's 
work, also getting a shock for his pains. 
Van Musschenbroek was first to publicize 
it, and so the device was named after the 
town where he did his experiment. The 
electric bottle is known to us today as the 
Leyden jar. 
An explanation of the strange effects of 

the Leyden jar was not long in coming. 
The glass was an insulator, the water was 
a conductor, and the hand of the ex-
perimenter was also a conductor, especial-
ly when wet from pouring the water into 
the jar. Van Musschenbroek realized that 
in such a device the effects of electricity 
were condensed. It was, he said, a "con-
denser" for electricity. Today we call such 
a device a capacitor. 

Practical capacitors were developed 
almost as soon as an explanation of the 
Leyden jar effect.  These  simply 
substituted metal foils for the water and 
the experimenter's hand. Connection to 
the inner conductor was via a chain 
threaded through a rubber stopper. 
So what was the wonderful new effect 

that had been discovered? 
Electronics Today February 10117 
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Fields 
Capacitance is a measure of the ability to 
store electric charge. To understand how 
this works, it's necessary to go back and 
think about some fundamentals of physics 
and electricity. Matter is composed of 
atoms, and all atoms are electrically 
neutral. However, the constituents of the 
atoms are not. The nucleus has a positive 
charge and the electron a negative charge. 
One of the fundamentals of electronics 

is that unlike charges attract and like ones 
repel. So, if we have a point with a surfeit 
of electrons, and another point with a lack 
of them, then all the electrons will flee the 
negative point and congregate at the 
positive point. However, this is not the 
whole story, because how many electrons 
flow depends on the type of material they 
are embedded in. Some materials, such as 
copper and aluminum, encourage electron 
flow; we call them conductors. Others 
don't, and we call them insulators or 
dielectrics. 

What's happening? Electron orbits, 
normally circular, are distorted by the 
presence of a charge. There is a gradient 
of force across the electron orbit, so that 
on the side closest to the origin of force, 
the disrupting force is stronger than on 
the side further away. This turns the orbit 
into an ellipse. The stronger the force, the 
steeper the gradient and the more elliptical 
the orbit. When this distorting force 
becomes too great, the electrons shear off 
and become negative ions. The amount of 
force necessary to achieve this depends on 
the quality of the material. The atoms in 
conductors are vulnerable, those in dielec-
trics resistant. 
The problem with this account is that it 

involves what is known as "action at a 
distance". The electrons are depleted here 
and the atoms react there. Exactly the 
same problem worried Newton when he 
was working on the theory of gravitation. 
We can explain things with an abstract 
mathematical idea called a field. Fields 
have been involved in gravitation and 
magnetic theory as well as in electrical 
theory. 

You can give a field some kind of 
physical reality and delineate it with equi-
potential lines, That is to say, lines along 
which the strength of the field is the same. 
At right anglers to this run field lines 
which indicate the movement of a free 
charged particle in this field. As you can 
see from Fig. 2, the rules are that field 
lines leave and enter their source at right 
angles; they never cross, and they flow 
from a positive point to a negative one. 
Another way to think about the field: 

consider what the presence of the field 
means to the atom across which it is im-
pressed. Each of these has electrons in an 
orbit of greater or lesser eccentricity. This 
Electronics Today February 1987 

TABLE 1: COMPARISON OF DIELECTRICS (courtesy Ata) 

Type 
Poly- 
propy- 
lene 

Poly- 
styrene 

Poly- 
ester 

Ceramic 
NPO 

Ceramic 
Hi-K 

Mica Aluminium 
oxide 

Tantalum 
oxide 

e 2.2 2.4 3.3 450 12030 7 10 28 

tYPical  
capacitance 

10n-100u 47p-50n ln-10u 1p-1 On ln-10µ 1p-100n 100n-1F 10n-1000u 

max V dc 2000 500 600 200 100 500 450 125 

dissip-
ation 
factor 

0.05 0.02 0.8 0.1 3 0.2 10 10 

lYPical 
tolerance 

5% 1% 10% 10% 80% 1% 30% 5% 

Fig. I. The elliptical path of an electron 
around the nucleus of an electric field. 

is a higher energy state than normal, and 
thus represents a source of energy. It is 
potential energy, however, since one can't 
get at it until a conducting path is provid-
ed. Then it becomes real energy, showing 
itself in the deflection of an ammeter. In 
effect, the energy field is an energy store. 

Practical Capacitors 
So how do we turn this theory into a prac-
tical capacitor? The earliest capacitors 
consisted of two sheets of parallel metal 
with an air gap. This is still a preferred 
method of doing things for variable 
capacitors. Early in the game, however, it 
was discovered that other materials make 
better dielectrics, and for most applica-
tions solid materials are used. 
There are two main types of capacitors, 

both conforming to the general pattern of 
conductor-dielectric-conductor. One is 
the foil type, in which a strip of dielectric, 
like mica or ceramic is sandwiched bet-
ween two strips of conducting foil. Leads 
are soldered to the foil and the whole 
assembly heated to seal it against 
moisture. 

A variation on this theme is called 
"metallization", particularly favored 
with the plastic dielectrics like polyester 
and polystyrene. Here the semiconductor 
material is vaporized in a vacuum con-
tainer and then deposited onto the dielec-
tric, which is then wound up to form the 
capacitor. This method has the advantage 
that it is possible to make the metal layer 
extremely thin, on the order of microns. 
Modern techniques allow the dielectric to 
be of this order of thickness as well, so an 
extremely compact capacitor results. 

Even more compact are the new 

Ng. 2. The field between two conductors. 
The vertical lines are the equi-potential lines 
which connect points of equal potential. The 
horizontal lines are the field lines and repre-
sent direction of movement of a free charged 
particle. 

monolithic capacitors, especially intended 
for surface mounting. These SMDs (sur-
face mount devices) are made from 
microslices of ceramic and silver packaged 
in a cube a few millimetres on a side. It's 
possible to obtain up to 0.1uF by this 
method, sufficient to bypass TTL in 
typical applications. 
The other major type of capacitor is the 

polarized electrolytic. A metal post com-
posed of aluminum or titanium serves as 
the anode. An extremely thin oxide layer 
is grown on the outside of the post to 
serve as the dielectric. The cathode is an 
electrolyte. Normally an electrolyte is a li-
quid, but in this case the electrolyte is im-
pregnated in paper or some other porous 
substance. With this structure it clearly 
makes a difference which way the current 
flows through it, and in fact this type of 
capacitor can only be used when the cur-
rent flows in a single direction. 

Equivalent Circuits 
In theory a capacitor is simply a capacitor. 
In practice, a capacitor, like every other 
device on a circuit board, has capacitance, 
inductance and resistance. The only dif-
ference is that the capacitance is controll-
ed, and hopefully, the inductance and 
resistance minimized. 

The equivalent circuit of a real 
capacitor is shown in Fig. 4. It shows 
series inductance, and both series and 
parallel resistance. The series inductance 
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CONDUCTORS 

LEADS — 180. 

DIELECTRIC 

Fig. 3. A typical capacitor. 

Rs Ls Cs 

Rp 

Fig. 4. The equivalent circuit of a capacitor 
showing inductance and resistance in series 
with capacitance. The capacitor is also 
shunted by resistance. 

is present in the device leads and indeed, 
in the body of the component itself. As 
one would expect, the inductive effects in-
crease with frequency, and so the practical 
effect on the capacitor as a whole is a 
decrease in the impedance up to a certain 
frequency, called the resonant frequency, 
followed by an increase. This effect is pre-
sent in all capacitors, but it can be 
minimized by careful design, and also by 
careful mounting on a PC board. The rule 
is: keep the leads short. 
Series resistance is a measure of the loss 

in the capacitor. It is measured as the loss 
angle or the dissipation factor. These are 
different ways of approaching essentially 
the same ting, and they are often used in-
terchangeably, especially in AC theory. 
Theoretically,  in a pure,  lossless 
capacitor, there is a phase difference bet-
ween current and voltage of 90 degrees. 
Current leads voltage. In a resistor there is 
no difference. In a practical component 
the resultant phase angle is a result of the 
vector sums of resistance and capacitance. 
As a result, the loss angle is a good 
measure of the extent to which power is 
absorbed in the capacitor, and thus a 

= LOSS ANGLE 
0 = PHASE ANGLE 

Fig. 5. The loss angle. 

measure of the extent of series resistance. 
Parallel resistance is more commonly 

known as insulation resistance, and in fact 
is a measure of the ability of the dielectric 
to carry a direct current. As the area of 
the dielectric and thus the capacitance 
goes up the insulation resistance goes 
down. 

Compromise 
Given all this, what are the limits that con-
strain capacitor design? As always when 
dealing with nature, there are corn-
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Fig. 6. Comparison of two ceramic dielectrics.. 
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promises to be made. 
Capacitance in any capacitor is propor-

tional to eA/d, where e is the dielectric 
constant, A is the conductor area and d is 
the distance between conductors. Since 
the maker usually wants to get as much 
capacitance into as small an area as possi-
ble, he can do any of three things: increase 
A or e, or decrease d. 
Increasing e has been a preoccupation 

of scientists since 1745. However, as we 
will see, high values of e often have nasty 
side effects. Modern trends have included 
research into plastics that has seen pro-
ducts like polystyrene and polypropylene 
join standards like polyester. Research is 
also going on into the creation of new 
types of ceramics. 
The problem is that large dielectric con-

stants  are  associated  with  some 
undesirable electrical properties. Perhaps 
the most notable in a practical sense is 
that most dielectrics are unstable. They 
tend to be sensitive to temperature, fre-
quency and voltage, and any or all of 
them can cause the capacitance to change 
quite dramatically. 
The most dramatic example of this can 

be seen in ceramic capacitors. Ceramic is 
not, as often imagined, a single type of 
dielectric. In fact ceramic capacitors are 
made by mixing up a brew of "powders"; 
a little of this, a little of that. Graphs of 
capacitance versus temperature and DC 
volts are shown in Fig. 6 for two types of 
dielectric, NPO and BX. With an NPO 
dielectric, a capacitor about a millimetre 
cubed can have between 1 and 150pF of 
capacitance, An equivalent sized BX 
capacitor will range between 100pF and 
5.6nF. 
The state of the dielectric also changes 

with frequency. Most significantly, the 
dissipation factor increases dramatically 
with frequency in any given dielectric, and 
as usual, it's the ones with the higher 
dielectric constant that are hardest hit. 
Tantalum, for instance, has much worse 
high  frequency response than either 
ceramic  or plastic  film capacitors. 
Ceramic or plastic can be used to decouple 
high frequency transients from integrated 
circuits; tantalum is essentially useful in 
this application. 
Another factor is the question of aging. 

There are many applications where there 
is a requirement for capacitors to last 30, 
40 or even 50 years without significant 
changes in capacitance. Expensive equip-
ment in telephone exchanges would be a 
prime example. Front runners for this ap-
plication are polystyrene and polypro-
pylene, with dielectric constants around 
three. 

Designers have a number of tricks up 
their sleeves to increase the value of A. 
Perhaps the earliest, and still the com-
monest, is to roll the dielectric up like a 
Electronics Today February 1987 
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Fig. 7. Structure of a typical thin dielectric 
metallized capacitor. 

Swiss cheese (Fig. 7). A rather more subtle 
measure is to increase the microscopic 
corrugations in the surface of the conduc-
tor, thus effectively increasing A without 
increasing the bulk of the whole assembly. 
Etched aluminum surfaces do just this, 
resulting in substantial increases in A. 
Perhaps the most spectacular example is 
NEC's Supercap, which uses a layer of ac-
tivated carbon that is so rough it has an 
area of 10 million square cm for every 
gram of carbon. Going down this route 
has resulted in a farad of capacitance in a 
coin-sized package. 

Manufacturers have made some 
remarkable achievements in pursuit of 
super thin film dielectrics. In 1951 Du-
Pont in the US announced Mylar, the first 
of the plastic films suitable for miniature 
capacitors. It is still in use today as 
"Mylar C" and available down to 1.5um. 
Films of these dimensions are used by 
Wima in Germany to produce ultramini-
ature capacitors with lead spacing only 
2.5mm apart. Paper layers in metallized 
capacitors have been produced that are 
only 10um thick. Rifa is now manufactur-
ing polypropylene dielectrics as thin as 
4um. Research is currently underway that 
will allow large scale manufacturing of 
lum sheets. 
There are many problems with relying 

on super thin dielectrics. Some idea of the 
scale: 20 layers of Mylar film one on top 
of the other would be thinner than a 
human hair. For a start there are mech-
anical problems that come from handling 
material that thin. It tears easily and is 
susceptible to heat. However, these pro-
blems can be overcome (at a price). What 
cannot be overcome is the voltage sen-
sitivity of such capacitors. All things being 
equal, the thinner the dielectric the less 
voltage you can put across it. • 
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ish 
ocl  we 
e'd 

ver seen. 

By Bill Markwick d Zapfetal 

(Publisher: "Ilmmm. I don't remember 
seeing any of these in ET." 
Editor (opening another litre of Conners 
Ale): "Would ¡lie to you?") 

1. The Cockpit of the Future. The 
freelance writer professed to be an expert 
on aviation and asked if he could submit 
his story on the Cockpit of the Future. 
This turned out to be a kitchen counter 

and a mouse. 
"Well," he said, "it works pretty good 

on my MicroSoft Flight Simulator." 
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2. The Sex-Detecting Doorbell. The 
doorbell featured an infrared thermal sen-
sor mounted on the outside at knee level 
and worked on the theory that women 
would register "female" because they'd 
be wearing skirts, releasing more radiation 
to the sensor. 

The inventor suffered serious injury 
when he threw open the door and embrac-
ed a visiting Scotsman. 

3. Electronics in Alien Spacecraft. The 
author claimed to have been taken aboard 
a number of flying saucers and found the 
electronics modules to consist mainly of 
racks of 12AX7s and 6CA7s, powered by 
a particle converter which changed 
blueberry yogurt into electrons. 

4. Build Your Own Time Machine. The 
author arrived with his prototype for a 
demonstration. The machine began to 
switch on and off like a skipping record, 
forever cycling the author 15 minutes into 
the past. In fact, for Five years now he's 
been in the reception area trying to get an 
appointment to see an editor. 

5. Electronic Cigarette Lighter. Since 
smokers at parties are now forced to go 
out in the yard or down in the basement, 
this lighter module includes a hand-
warmer, a storage space for butts, a Tic-
Tac-Toe game for something to do, and a 
readout showing the amount of time 
deducted from the smoker's life by each 
cigarette. 

6. The Compufib Telephone Answering 
Machine. Using a limited amount of voice 
recognition, the machine listens patiently 
to the caller and then triggers on 
keywords, playing back a number of 
prerecorded excuses: "The database must 
have a glitch in it", "I sent it to the 
mailroom yesterday", or "It's held up in 
another processing section". Persistent 
callers are sent down the winding path, 
their call repeatedly transferred to other 
departments until they go away. 

7. Build a Urinalysis Machine. Now 
anytime you see an employee doing 
stupid, incompetent, blundering things, 
you can give them a low-cost test. Unfor-
tunately, in most companies, this will 
mean most of the employees will be busy 
giving specimens. 

8. Build a Power Tool Destroyer. Sick and 
tired of building crooked bookcases and 
ratty-looking teapot stands? Like some 
more space in your basement? The Power 
Tool Destroyer combines the best of 
hydraulic rams and acetylene cutting tor-
ches to reduce your saws and drills to a 
neat, compact pile readily saleable to the 
scrap dealer. 

9. 500 Uses For A Dead ZX-81. And we 
thought  they were only good  for 
doorstops.  Splitting wedges,  wheel 
blocks, gerbil cage cleaning shovels, the 
list goes on and on. 

10. Kitchen Compactor Project.  Every 
Christmas, somebody gives you another 
appliance for the kitchen until the place is 
overflowing with drink stirrers and dough 
blenders and carrot teasers. Use the Kit-
chen Compactor to crush them all into a 
small, convenient footstool. 
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An invaluable addition to the test bench.  

By Tim Orr and P. Welk 

SWEEP OSCILLATORS are generally 
considered to be a rather fancy piece of 
equipment and usually attract a fancy 
price. Units similar to the one described 
here sell for around $200 to $300. It pro-
duces square and rectangular wave forms 
from a voltage controllable oscillator, 
which can be internally swept by the 
machines own ramp generator (which is 
itself controllable), or it can be connected 
to an external control voltage source. 
Thus various frequency modulations can 
be performed, the most useful one being a 
wide range logarithmic sweep for resolv-
ing the frequency response of various net-
works and filters. To do this, a swept 
sinusoidal waveform must be synthesized. 
The triangle waveform is bent by passing 
it through a diode function generator until 
it closely resembles a sine wave. 

Another waveform provided by the 
function generator is a tone burst output. 
This gates the sinewave signal on and off 
and thus generates a burst of sine waves 
followed by a period of silence. Tone 
bursts are very useful for analyzing the 
dynamic responses (as opposed to steady 
state responses) of networks such as 
filters, compressors,  expanders, and 
loudspeakers etc. The last waveform pro-
vided is a square wave suitable for driving 
TTL circuits. This output uses a current 
sinking transistor so that up to about 30 
TTL unit loads can be driven by it. 

Selecting ICs 
The function generator needs fast op 
amps to buffer the signals to the external 
world. These op amps should also remain 

stable when connected to various reactive 
loads. Several devices were tried, namely: 
the 741S, a fast version of the 741; the 
748, an uncompensated version of the 
741; the CA3130 and CA3140, both of 
which are fast CMOS devices. Also the 
LM318, a fast (50v/uS) slew rate op amp 
made by National; and the NE531v, 
another fast device from Signetics. Not all 
of these proved successful, particularly 
when driving reactive loads. Also, some of 
them require external frequency compen-
sation and so the PCB was designed to ac-
cept various capacitors. You can use any 
of the op amps, but I feel that the best 
results will be obtained by using the sug-
gested devices. In fact, you can use a 
regular 741 , but this will result in degrad-
ed waveforms. Fig. 4 shows the suggested 
ICs. 

Glawirnroleta Trielino Fahruoiry 1987 41 



Using The Machine 
Generally try to keep the load impedances 
presented to the machine as high as possi-
ble. The current driving capabilities of all 
the outputs are limited, particularly at 
high frequencies, and so you may find 
that outputs become degraded as the fre-
quency increases. 
If you want to investigate the frequency 

response of a filter design to get a non-
flickering display, you may have to use a 
fast sweep rate, say 20 times a second. 
This could result in a 'time-smeared' 
display due to the ringing time of the 
filter. The display will be a cross between 
the filter's dynamic and steady state 
response. To overcome this problem, 
there are two possible solutions: use a 
slow sweep speed (if you have a storage 
scope this will be OK), or, frequency scale 
the filter up in frequency, so that say, a 
100 Hz bandpass filter becomes a 1 KHz 
filter. You can then increase the sweep 
speed by a factor of times 10. However, 
this is generally only possible when you 
are designing a filter and when you know 
that there is a sufficient bandwidth margin 
still available. 

Construction 
Even though this is electronically a com-
plex project, construction is reasonably 
straightforward. Main points to note are 
as follows: first insert and solder all the 
wire links, followed by the trimpots. The 
link near RVI is insulated. It's a good idea 
to use terminal pins for all the off-board 
leads; it saves trouble if you have to move 
a wire. Next, the resistors, capacitors, and 
diodes can be fitted, and C3 only needs to 
be fitted if you can't get C2 on the board. 
Q7 needs its base lead bent to fit 
underneath the board. The only IC that 
really needs a socket is IC15, but sockets 
can save hours if used for all ICs. 

All off-board connections should be 
soldered before inserting IC15 anyway. 
Shielded wire should be used for connec-
tion to the controls, but only the socket 
end should be grounded otherwise nasty 
hum loops can develop. The external 
voltage control socket was mounted on 
the rear panel. The transformer specified 
has twin windings which are used in 
parallel. ICI does not need any heat sink 
as very little of its capacity is used. Last, 
but by no means least, R16 and R34 are 
both mounted off the main board. 

Setting Up and Alignment 
Having built and tested the unit, it now 
only remains for you to align the six trim-
pots. 

RV1 - frequency bias 
Set switch SW2 to manual and switch 
SW4 to the high frequency range. By turn-
42 
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Audio Sweep Oscillator 

ing the frequency control knob, the out-
put of the unit should range from approx-
imately 20Hz to 20KHz. However, the 
transistors in the transistor array IC3 are 
only matched to within ± 5mV and this 
can shift the generator's operating range. 
So to counteract this mismatch, adjust 
RV1 until manual operating range is as 
near to 20Hz to 20KHz as possible. 

RV2 - triangle time symmetry 
The time symmetry of the triangle wave 
form may not be exactly 1:1, and if this is 
the case, then the sinewave will have a 
large THD. The root cause of any time 
asymmetry is IC5 which is a CA3080. If 
the time symmetry varies significantly 
when the frequency is changed, then IC5 
will have to be changed until a suitable 
output is obtained. To align RV2, set the 
operating frequency to 1KHz, look at the 
triangle waveform and rotate RV2 until 
the best symmetry is obtained. This preset 
should be readjusted later when the THD 
alignment is being performed. Move the 
frequency throughout its range and check 
that the symmetry is well maintained. 

RV3,4,5,& 6 - THD minimization 
As it was not practical to use low 
tolerance components and matched 
diodes in this design, it is necessary to per-
form several alignments to produce the 
possible sine wave. The way in which you 
align this generator depends on the equip-
ment at you disposal. Here are three 
methods. 
First, by ear. Your hearing apparatus is 

surprisingly acute to matters of frequency 
and harmonic structure. For instance, if 
you listen to the square wave output on a 
good pair of headphones (preferably high 
impedance), then you can adjust the time 
symmetry (RV2) by ear with far more ac-
curacy than you can with a direct visual 
display on an oscilloscope. 
As RV2 is adjusted, and the symmetry 

changes, there comes a point where all the 
even harmonics disappear, which can be 
distinctly heard. You can also try to align 
RV3, 4, 5, and 6 by listening to the 
sinewave output at a frequency of say 
400Hz. As you adjust each pot you should 
be able to minimize the harmonics and 
generally converge upon settings that give 
the purest tone. 

Secondly, by using an oscilloscope, 
look at the sine wave (set to lkHz and ad-
just RV6 so that the waveform, whatever 
it looks like, is vertically symmetrical. 
RV6 merely compensates for any loss of 
DC offset that has occurred in the produc-
tion of the triangle. Presets RV3, 4, and 5 
can now be used to adjust the breakpoint 
slopes. By careful adjustment of them it is 
possible to converge upon a waveform 
that looks very nearly sinusoidal. 

Thirdly, by using a distortion meter 
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BREAK 
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Fig. 3 Technique used to synthesize sine wave for triangle wave form. 

Fig. 4 Suggested ICs for ¡C11, 12, 13, and 16 with correct equalization capacitors. IC11 is C, 
IC12 is A, and IC13 and 16 are B. 

(tuneable notch filter), the sinewave is 
connected to this device and the fun-
damental is notched out leaving only the 
harmonics, which you can see and 
measure. The procedure is to set the fre-
quency to lkHz and adjust the distortion 
meter so that the sinewave fundamental 
has been removed. Look at the residue 
with an oscilloscope and/or millivoltmeter 
and adjust RV3, 4, and 5 until this residue 
is at a minimum. 
If you don't happen to own a distortion 

meter you can construct a notch filter at 
about lkHz and notch out the fundamen-
tal by altering the function generator's 
frequency. 

Problems Likely To Be 
Encountered 
The power supply can be a problem 
source; the 12 volt regulator can be 
responsible for many deviations from the 
predicted performance, due to the ± 5% 
spread in output voltage. This could cause 
the sweep range to be larger or smaller, or 
it can effect the distortion of the sine 
wave. The following is a list of common 
problems and solutions: 

Reduced frequency range. If the manual 
or swept frequency range is less than ex-
pected then increase R12 from lk to lk 1 . 
This will approximately provide an in-
crease of one octave. If the range is too 
large, then reduce R12 to 910 ohms. 

Clipped triangle. This could be caused by 
a lower power supply rail or a large Vp in 
Q3. Either change Q3 for a low Vp FET 
or reduce R17 to 470 ohms. Similarly, if 
the sweep output waveform (output 19) is 
bent on its negative end, change Q6 for a 
low Vp device or reduce R24 to 4k7. 

SWEEP 

AS SEEN AT 
CONNECTION OF 
06 AND R24 

I / 
V 

Tone burst does not shut off. This is 
because Q12 will not switch off. Change 
Q12 for a low Vp device. 

AS SEEN AT 
IC16 PIN6 
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Fig. S Full size PCB pattern for the PCB. 

Sine wave has a high THD. If the THD 
cannot be trimmed to about I elo then it is 
likely that the diode function generator 
has the wrong gain. If the sinewave looks 
more like a triangle (a), then increase R42 
to 20k. If it has flattened ends (b), then 
decrease R42 to 16k. Note, very small 
changes in R42 have a large effect on the 
THD figure. 

TRIANGLE 

AS SEEN 
AT IC 7 
PIN 2 

This project was originally published in 
our September 1977 issue. 

SINE W AVE  THD  1.5 % 
(Variable 13-4V) 
TONE BURST 
(Variable 0-4V) 
TRIANGLE  Summetry ±2 % 
(3V5 Fixed)  (better than) 
SCLUAREVVAVE Markspace  1:1 

± 2% 
(3V5 Fixed)  (better than) 
TTL  Markspace 1:1 

± 2% 
(5V, pulldown 
to zero) 

16Hz on 48Hz off 

(better than) 

TONEBURST 
GATE 
X SWEEP 
RAMP 
CONTROL 
INPUT 

12V Fixed 

1V9 Fixed 

+ 1V / Octave 
+ 3V3 / Decade 

SWEEP RANGE 1000:1 
(Logarithmic) 
RAMP RANGE 500:1 
(30Hz to 0.06Hz) 
HIGH RANGE  20Hz to 20kHz 
LO W RANGE  0.2Hz to 200Hz 
(Manual or Automatic Sweep) 
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Audio Sweep Oscillator 

Parts List 

Resistors (all 1/4W, 5% unless noted)  R44  560k 
RI  2k2  R45  3k9 
R.2,3  27k 1%  R5I  33k 
R4,9,10,26,46  27k  R52  1M 
R5,I7  lk  R54  100k 
R6  1M5  R55  4k7 
R7,11,22,23,24,53  10k  R56  10M 
R8  56k2% 
R12,38,47  1k2% 
R13  150k  Semiconductors 
R14  270k  Q1,2,4,7,8,9  2N3906 or 2N5086 
RI5,43  10k 2%  Q3,6,12  2N5I63 or 2N3819 (N type FET)  C4,11,12,I5 
R16  68k2%  Q5,10,11  2N5210  C5   

Potentiometers 
RV1,2,3  47k Horiz. min. trim 
RV4  lk Horiz. min. trim 
RV5  4k7 Horiz. min. trim 
RV6  100k Horiz. min. trim 
RV7  10k lin, carbon pot. 
RV8,9  10k lin, carbon pot. 

Capacitors 
C1,3,9,10  100n polyester 
C2  1000u 25V elect. 

10u 25V tantalum elect. 
100u 25V elect. 

R18,20  18k  D1-4  1N4002  C6  lOn polyester 
R19,25  1k5  D5-13  IN4148  C7  680p polystyrene 
R21  82k  LED1  02" C8  68n polyester 
R27  20k2%  ICI  7812  C13  In polystyrene 
R28  27k2%  IC2,4,8,9  741  C14  33p ceramic 
R29  2k7  IC3  CA3046 or CA3146 
R30  22k  105,6,7,10,14  CA3080 
R31,32  680R  IC11,12,13,16  see text 
R33  330k  IC15  CD4024AE  Switches 
R34  220R  SW1  off-on rocker 3A, 120V 
R35,49  4k7 2%  SW2  DPDT toggle 
R36,50  220k  SW3,4  SPST toggle 
R37,48  390R 2%  Miscellaneous 
R39  12k  500mA fuse and holder; shielded wire;  Transformer 
R40  820R  stranded wire; PCB; line cord; (8) red  TI  120V - 30V c.t. 0.5A 
R41  120k  sockets; (2) black sockets; knobs; case; etc. 
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Shutter Speed Timer 
A project from the amateur photographer on ET's project team to 

enable accurate checking of the camera's mechanical bits.   

e 
THE NUCLEUS of good photography is 
correct exposure. This is a combination of 
shutter speed and lens aperture as deter-
mined by an exposure meter. if either 
speed or aperture is not as indicated on 
the camera, the results will be less than 
perfect. 

While the lens aperture is a simple 
mechanical operation and unlikely to be 
in error, the same cannot be said about 
the shutter with its springs and things. Not 
only may the speed not be exactly as in-
dicated on the dial, it may (probably) 
change as the camera gets older. There-
fore it is desirable that a simple method of 
determining the actual speed should be 
available. 

This project describes the design and 
construction of a unit which is capable of 
measuring times from 1/10000 sec. to 10 
sec. This allows the actual speed to be 
measured and then used to calculate the 
correct aperture when taking those 
important photos. 

SPECIFICATIONS 
0.Ims to 9.99 sec. 
Photo transistor 

3 digit LED 

9 volt batteries 
65 — 16mA LEDs 
on 20mA LEDs off 

6 hours.— normal 
20 hrs — alkaline 

ETI 
SHUTTER 
TIMER 

RANG1-

99 9ms 999ms 9 49, 

L. é 
1/1000  1 0.ms 

1/500  2 0 ms 
1/250  ' 4 0 ms 
1/125  • 8 0 ms 
1/60  • 16.7 ms 

SENSOR  1/30 

1/15 
1/8 
1/4 
1/2 

• 33.3 ms 
• 66.7 ms 
• 125 ms 
• 25O ,,, 

•  SOO M S 

It is suitable for checking cameras with 
a hinged or removable back so that the 
sensor can be placed in the film plane. For 
cameras where the film fits into a slot this 
cannot be used. 
Construction 
Commence construction with the PCB ad-
ding, initially, the nine wire links re-

OM SHOT 

ADD 

quired. Next, add the resistors and capa-
citors in the appropriate locations as 
shown in the component overlay. Note 
that capacitor C5 is polarized and must be 
inserted the correct way around. 

The transistors and the displays can 
now be soldered in place taking care with 
orientation of the transistors. 

Flarfreinlre Tneinv Fah mars. 101E7 



Fig. 3. Connection of the transistor on the sensor plate. 
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The ICs are the last components to be 
installed and these must be in the correct 
location and orientation. When soldering 
the ICs, solder the corner pins (power sup-
plies), pins 7 and 14 or 8 and 16, first as 
this allows the internal protection diodes 
to work while you solder the other pins. 
The front panel can now be drilled and 

cut. A piece of polarized plastic helps as a 
display window. The switches, pushbut-
ton and phone jack can now be fitted and 
connected to the PCB as shown in the 
overlay. The only point which could cause 
problems here is that the phone jack con-
nections sometimes vary, and you should 
check yours before connection.. 
The PCB can now be mounted onto the 

support bracket with 6mm spacers and the 
bracket into the box with two screws. 
When positioned correctly, the display 
will be visible through the window and the 
battery holders will be held in position at 
the other end. 

Sensitive 
The sensor plate which contains Q1 and 
RI can now be made. We used a piece of 
PCB material,  although any non-
conductive material which is opaque or 
translucent may be used. Start by cutting 
the plate to size and drilling a 6mm hole in 
the center. The phototransistor, QI, 
should be mounted with the curved sur-
face (which is the active side) into the hole 
and RI soldered to the leads. The whole 
assembly should then be glued onto the 
plate with quick-dry epoxy. Ensure that 
all conductive parts are covered with 
epoxy to prevent touching when in use. 

Calibration 
The unit can be calibrated accurately 
enough with a stopwatch which has a se-
cond hand. Set the camera up as detailed 
in the operational notes and using single-
shot mode, open the lens for five seconds. 
By adjusting RVI get the reading close to 
5s. 
Now use a longer time, say 20s, noting 

that the first digit will be missing, (i.e. a 
reading of 8.52 represents 18.52s while 
2.31 would be 22.31s) and finally adjust 
RV1. 
To aid setting up, a pushbutton can be 

substituted for the phototransistor but the 
"add" position should be used and the 
timer manually reset as contact bounce 

o 

1: o 

Fig. 4. Graph showing the relationship between time and shutter speed. Each of the small divisions on the right hand side corresponds with a 1/4 stop. 
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4V 

can cause the display to reset on release of 
the button. 

Operation 
While the camera can be hand-held, it is 

recommended that a tripod be used. 
Mount the camera on the tripod pointing 

at a light of 100 to 500 Watt, about 2 to 3 

feet away. Open the back of the camera 
and position the sensor plate so that the 
light is focused on the sensor. Initially, 

have the lens wide open; if enough light is 
hitting the sensor, the display will be 
blanked. Stop the lens down until the 

display comes on then go back one stop. 
This sets the sensitivity and by selecting 

the appropriate range, the shutter speed 

can be checked. 

This project was originally published in 
our September 1978 issue. 
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Fig. 1 Circuit diagram of the timer. 

HO W IT W ORKS 

To measure the time the shutter is open 
WC use a phototransistor, QI, positioned 
in the film plane in the camera. When 
the shutter is operated and if the camera 
is focusing a bright light on to the tran-
sistor, the voltage across R4 will rise to 
about 7 V for the duration of the 
shutter being open. The transistor used 
is a Darlington type and is normally too 
slow for measuring times shorter than 
1 ms. The addition of RI increases the 
speed at the expense of sensitivity --
hence the need for a bright light. 
The output across R4 is squared up 

by  the  Schmitt  trigger  formed  by 
IC1/1,2. The output of this controls the 
input to the 10 kHz oscillator IC2. This 
is an ordinary 555 oscillator where the 
frequency is set by Cl, R2, R3 and RV I. 
The output of IC2 is divided by 10 in 
IC3/1 and again by 10 in IC3/2. We use 
the enable inputs of IC3 as they give 
clocking on the negative edges, which is 
what w# need. We now have three 
outputs of 10 kHz, 1 kHz and 100 Hz. 
One of these outputs is selected by SW2/1 
which is a centre off toggle switch. When 
it is in the off position, 1 kHz is selected 
via R8, while in the other positions the 
1 kHz signal is swamped by the low 
output impedance of the other dividers. 

Whichever  frequency  is selected 
clocks IC4 which is a 3 decade counter-
latch-multiplexer. We are not using the 
latch in this application. This IC simply 
counts the number of pulses it receives 
and with the help of IC5 (7 segment 
decoder-driver) and Q2 — Q4 displays 
the result on the LED displays. During 
the counting period the display is blanked 
to prevent ripple on the supply rail 
upsetting the 555 timer. The ripple 
would occur as the current changes with 
different digits displayed. The decimal 
point is controlled by SW2/2. 
Two modes, single-shot and add, are 

provided. In the single-shot mode when 
light hits QI operating the Schmitt trigger 
the monostable formed by IC1/3 gives a 
pulse about 50 us long which resets the 
main counter IC4 and the /10 dividers, 
IC3. Pins 1 and 9 on 1C3 which have to 
be low to allow clocking are taken high 
during the reset pulse only because it 
made the PCB easier and does not 
affect the operation. In the 'add' mode 
the reset pulse does not occur and unless 
the reset button is pressed the second 
and successive counts will simply add on 
to the previous count. This allows say 
ten tests to be made and the total divided 
by ten to find the average. 
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Shutter Speed Timer 
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Fig. 2. Component overlay and wiring diagram. 
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PARTS LIST 
Resistors (all 1/2W, 53/4 ) 
RI  1M 
R2  82k 
R3  10k 
R4  2k2 
R5  100k 
R6  220k 
R7,8  10k 
R9-16  220R 
RV1  50k 

Capacitors 
C1-4   I nO polyester 
C5   10u, I6V elect 

Semiconductors 
IC I  4011 
1C2  555 
IC3  4518 
IC4  14553 
IC5  4511 
Display 1-3  DL704 
QI  2N5777 
Q2-4  2N3905 

Switches 
SW1,3  SPDT toggle 
SW2  DPDT toggle, center off 

Miscellaneous 
PCB; case to suit; pushbutton; phone jack 
and plug; battery holder; battery clip; sup-
port bracket; spacers; nuts and bolts; wire 
etc. 

9V BATTERY 

SVV2 
RANGE 

9990  99.9 ms 
SVV3 

POVVE R 

BODY 

PHONE 
JACK 
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LED Level 
Meter 

The LED level meter described here, is ideal for any applica-
tion requiring a wide dynamic range level display. Naturally, 

two are required for stereo applications. 

Full-size reproduction of the completed project. Note the components are laid flat to permit 
close stacking of two boards for a stereo display. 

THE ETI LED LEVEL meter overcomes 
a number of the drawbacks inherent in 
mechanical VU meters by replacing the 
meter movement with a row of light emit-
ting diodes driven by a pair of dB LED 
display drivers. Twenty LEDs are used, 
with 3 dB between each LED, so the total 
dynamic range displayed is 60 dB. The cir-
cuit monitors both the true peak and the 
average signal level and displays both 
52 

simultaneously. The difference between 
the peak and the average voltages of a 
sinewave is around 3 dB, so with a 
sinewave applied consecutive LEDs will 
light. With music applied however, the 
difference between the two LEDs will be 
substantially greater, depending on the 
transient nature of the signal applied. 

Fig. 2 shows a complete circuit 
diagram for the LED level display. The in-

put is fed first to a prescaling amplifier 
formed by an LM301 op-amp, ICI, and 
the associated passive components. This 
stage has adjustable gain, set by the preset 
RV1 that allows the 0 dB point to be set to 
the desired reference voltage. This will be 
covered in greater depth later, in the set-
ting up procedure. The output of the 
prescaling stage is connected to the input 
of a full wave rectifier formed by IC2 and 
its associated components. The output of 
the full wave rectifier is fed to an averag-
ing filter formed by R9 and C6, and to a 
peak follower formed by IC3 and 
associated components. The peak 
follower has a rapid attack/slow decay 
characteristic so that it responds quickly 
to any transients but decays slowly so the 
transient can be seen easily on the display. 
The outputs from the peak follower and 
the averaging filter are connected to the 
inputs of two CMOS analogue switches. 

The outputs of these switches are 
connected together and go to the input of 
the LED display. Two more CMOS swit-
ches are used to form a square wave 
oscillator. This oscillator has out of phase 
outputs used to drive the signal-carrying 
analogue switches alternately off and on 
at a relatively high frequency. When the 
switch connected to the output of the 
averaging filter is on, the average signal 
voltage is connected to the input of the 
LED display. This switch is subsequently 
turned off by the oscillator and the other 
analogue switch turned on, connecting the 
output of the peak follower to the LED 
display. So, only one of the two LEDs is 
on at any instant, but the rapid switching 
speed between them and the persistence of 
vision make them both appear to be on. 

Input signals to the LED display por-
tion of the circuit are fed simultaneously 
to the LM3915 driving the upper 30 dB 
display and via a voltage amplifier to the 
lower 30 dB display. 

The resistors R26 and R27 set the 
Electronics Today February 1987 



LED Level Meter 

180 

160 

0 140 

120 u. 

o 
Lu 100 
—J 

o 
•1Z 

U)  80 

O 60 
cr 
Lu 
Q. 

40 

20 

VU METER 

TYP CAL METER 
MOVEMENT 

THIS OVERSHOOT MUST BE 
GREATER THAN 1°,. 
BUT LESS THAN 1.5°C 

0  01  02  03  04  05  06  07  08  09  10 

TIME IN SECONDS 

Fig. I. 'Ballistics' of a VU meter compared to conventional moving-coil 
meter. 

reference voltage of IC7 at 3.1 V and 30 
dB below this voltage is 

-30 = log x , or 98 mV. 
20  3.1 

Now, the top LED driven by IC6 must 
correspond to this voltage, so the required 
gain around IC5 is 5.34/98 mV or 54.6. 
The values of the resistors R19 and R18 
set this gain at (180+ 33 + 3.9)/3.9 or 
around 56 which is a good enough appro-
ximation, amounting to an error of less 
than 0.5 dB. 

Internally, the LM3915 consists of a 
string of comparators; each one compares 
the input signal to a reference voltage it 
derives from a ten-way protential divider 
(see Figure 3). The accuracy of the 
LM3915 is determined by these internal 
resistors and is therefore very good. To 
ensure the display is accurate over the en-
tire 60 dB range it is only necessary to en-
sure that the changeover from one 
LM3915 to the other is accurate. Resistors 
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?% Ylt?? ?ItY Y 

10011 

• t5V  

I a"  
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• 
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Fig. 2 Circuit diagram of the LED Level meter. 
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R18, R19, R22, R24, R26, and R27 have 
been specified as 107o tolerance types for 
this reason. 

Transistor QI forms a simple voltage 
regulator delivering 5V to the LEDs. This 
decreases the power dissipation in the 
LM3915s. The current consumption from 
the positive rail is around 100 mA while 
the negative rail needs only several 
milliamps. If the display is to be used 
from an existing power supply in a 
preamplifier for example, care should be 
taken to ensure that the relatively high 
positive rail current does not upset the 
preamplifier performance. 

Construction 
Start construction by mounting the LEDs. 
This is by far the most difficult part of the 
project. The LEDs must be inserted even-
ly and with equal heights, and this is not 
easy. Furthermore, the LEDs must be in-
serted the right way around. The longer of 
the leads represents the anode of the LED. 
Check the orientation of each LED 
against the overlay, before soldering. 

Now all the other components can be 
mounted. The order of mounting is not 
really important although it is good 
general practice to solder the passive com-
ponents first (resistors and capacitors). 
And then solder the ICs and transistors. 
The presets are mounted against the cir-
cuit board and this is best done by ben-
ding their leads at right angles first, and 
then soldering. Similarly, many of the 
larger capacitors may have to be folded 
against the board.  Be careful with the 
orientation of all polarised components, 
such as transistor Q1 and the electrolytic 
and tantalum capacitors.  Tantalum 
capacitators are very intolerant of reverse 
biasing. 

Setting Up Proceedure 
Once all the components have been 
mounted on the pc board and checked, 
the unit can be switched on. Ensure that 
the power supply you are using has suffi-
cient current capability for the positive 
rail and that it is correctly connected to 
the supply points on the circit board. If 
the input is touched with a finger two 
LEDs should light and move up the 
display. If all is well the dc offsets can 
now be adjusted. The preset RV2 adjusts 
the dc offset of the peak follower. This 
will be adjusted to equal the dc level of the 
average filter, i.e. that from the output of 
the full wave rectifier. The overall dc off-
set can be nulled by RV3. 

First connect the input of the LED 
level meter to ground on the board. This 
ensures that no signal voltage will be pre-
sent when the adjustments are made. Now 
turn both RV2 and RV3 fully clockwise; 
both LEDs should run off the bottom of 
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A typical 'music' signal may have a completely 
different peak-to-average ratio compared to a 
sinewave, and the peaks are often not sym-
metrical in amplitude about the zero axis. The 
duration of peaks may be as short as 50 
microseconds. 
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LED Level Meter 

the display. Turn RV3 slowly counter-
clockwise until the second LED from the 
bottom has just turned on. If RV2 is now 
turned counterclockwise also, a second 
LED will light on the display. This is the 
peak level LED. Adjust RV2 to superim-

pose this LED onto the second bottom 

LED.  Now  adjust  RV3,  turning  it 
clockwise again until the LED has just run 

off the bottom of the display. 
The final stage in the setting up pro-

cedure is to align the meter for the ap-
propriate 0 dB level. Preset RV1 varies the 

The input stage consists of a variable gain 
amplifier formed by ICI and its associated 
components. This is a conventional IC 
amplifier circuit in which the gain is deter-
mined by the values of the components 
RV1, R3 and R2. Specifically: 

R2 + R3 + RVI  
Av R2 

So the bigger the value set on RV1, the 
greater the gain. Capacitor C2 has the ef-
fect of decreasing this gain for very low fre-
quencies, or dc, decreasing the dc offset on 
the output. 

The second stage is the full wave rec-
tifier or 'absolute value generator'. As men-
tioned in the text, most fully wave rectifiers 
requrie more than a single op-amp, so this 
stage will be of use in any application re-
quiring a full wave rectifier with minimum 
component count. For negative-going 
signals the stage functions as an inverting 
amplifier with a gain of 0.5. This is deter-
mined by the values of R5 and R7. when the 
input signal goes positive the output is 
driven hard against its negative supply 
voltage, which in this case is 0 V. So the 
output stage is turned off, and has a 
relatively high output impedance. In this 
state the resistors R5, R7 and R8 form a 
potential divider and connect the input 
signal to the output directly. Again, the 
output voltage is one half of the input 
voltage. In order for this circuit to work, 
the output stage in the op-amp must be 
CMOS so that the output can go completely 
to OV and have an output impedance high 
enough not to short out the signal voltage 
from the potential divider. This is the 
reason the CA3130 is used. Furthermore, 
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gain of the prescaling amplifier stage 
formed by ICI. Adjustment of this preset 
will vary the input voltage required to 
light the top LED between 260 mV and 

2.5 V. If your application requries 0 dB to 
be a higher voltage than 2.2 V, use a 
potential divider at the input to decrease 
the input signal voltage. If more gain is re-
quired increasing the value of the preset 

from 25k to  100k will decrease the 
necessary input voltage to around 70 mV, 
which should be sufficient for most ap-
plications. 

This project was originally published in 

our May 1982 issue. 

this is a relatively fast device which ensures 
that the full wave rectifier will have a fre-
quency response that covers the entire 
audio spectrum. The one disadvantage of 
the circuit is that it requires a high load im-
pedance since the output signal for positive-
going input signals is obtained from the 
potential divider and not from the op-amp 
itself. In this application the load is around 
100k (R9) which causes negligible error. 

The output of the full wave rectifier is 
fed simultaneously to an average filter 
formed by R9 and C6, and to the peak hold 
circuit formed by IC3 and its associated 
components. The peak hold circuit is really 
nothing more than a 'precision diode' that 
charges a capacitor to the peak voltage. The 
precision diode is formed by including a 
conventional signal diode in the feedback 
loop of a fast op-amp. If an input signal is 
applied which is less than the forward 
voltage drop of the diode, the stage is effec-
tively in open loop gain (around 320,000 for 
the CA3130). The output voltage will rise 
vety quickly, turning the diode on. Since 
the output of the diode is connected to the 
inverting input of the op-amp, the stage 
functions with unity gain once the diode has 
been turned on. Capacitor C5 ensures 
stability of the stage while preset RV2 
allows adjustment of dc offsets due to this 
stage. The output of the peak hold circuit 
charges capacitor C7 through resistor RIO. 
The combination of RIO and C7 defines the 
attack rate of the peak detector. 

As shown, the value of RIO is 10 ohms 
and this is small in comparison to the out-
put impedance of the CA3130, but is in-
cluded in case some applications requrie the 
peak detector to have a slower attack rate. 
With the values shown, the LED level meter 

Close-up of the pc board showing orientation 
of the LEDs. IC7 at lower right. 

will display single 50 uS pulses accurately 
and this is entirely adequate for any audio 
application. 

Resistor RI1 discharges the capacitor 
and its value of 100k dictates a decay rate of 
around one second. This gives the level 
meter its rapid attack, slow decay 
characteristic and enables even short tran-
sients to be spotted. 

As explained in the text, both the 
average and the peak levels of the signal are 
displayed simultaneously. This is ac-
complished by multiplexing the outputs of 
the peak and average detectors. This is done 
by switching between the output of these 
two circuits at a relatively high frequency 
(say a few hundred Hertz). In the circuit, 
this is done with CMOS transmission gates. 
The 4066 was chosen mainly because its on 
resistance is a little lower than the older 
4016 and this enables the remaining two 
gates in the package to be used as the driv-
ing oscillator. The oscillator is formed by 
resistors R12 to RI5 and capacitor C8, with 
the associated two transmission gates. The 
frequency of the oscillator is determined by 
the values of R13 and C8 at around 150 Hz. 

105 functions as an amplifier stage as 
discussed in the text. Once again dc offset 
adjustment is provided, this time by RV3. 
Capacitor CIO provides the necessary com-
pensation to ensure stability. Details of the 
two LED drivers and the amplifier formed 
by IC5 are in the main text. 

The transistor QI and the associated 
components R21, CI5 and ZDI form a sim-
ple 5V regulator to power the LM3915s. 
Capacitor C16 is essential for stability of 
the LED drivers and must be mounted close 
to the LEDs. 
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Parts List 
Resistors (all Vo W, 5% unless marked otherwise 
RI,23,25  22k 
R2  1k2 
R3  2k2 
R4  IOM 
R5,14,15   10k 
R6,8  15k 
R7  4k7 
R9,11,13   100k 
RIO  IOR 
R12  1M 
RI6,17,21   1k 
RI8  3k91% 
RI9  180k I % 
R20  100R 
R22,26  470R 10lo 
R24  1k5 1°70 
R.27  680R I% 
R28  33k1% 
RV1  25k min trimpot 
RV2, RV3  100k min trimpot 

Capacitors 
CI  lu/6V tant. 
C2,14  22u/16V tant. 
C3  33p ceramic 
C4,5,I0  68p ceramic 
C6,7  2u2/25V tant. 
C8  lOn greencap 
C9  47n greencap 
CI 1,12,13   10u/25 V tant. 
C15  4u7/16V tant. 

Semiconductors 
ICI  LM3OL 8-pin D1L 
1C2,3,5  CA3I30, 8-pin DIL 
IC4  4066 
106,1C7  1M3915 
DI, D2  IN914 or sim 
ZD I  5V6 zener diode 
Qi  TIP29C 
LED1-20  Siemens LD80-2 or situ. 

Miscellaneous 
pc board; one bolt and nut. 
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Loudspeaker 
Protector 

By David Tub oak 

Providing up to 1500 watts of DC 
and over-power protection, this 
unit requires no power supply and 
has no discernible effect on sound 
quality. 

YOU'VE JUST unpacked and connected 
that shiny new 400 watt amplifier you've 
always wanted, and you lowec the 
tonearm expectantly. There's a short 
detonation, and smoke silently curls from 
the speaker grille cloth. Nobody had 
pointed out to you that those bargain 
basement speakers could only handle 15 
watts. 
Never, you say? You always check such 

things? Murphy's Law lies in wait: power 
amps fail occasionally, and a shorted out-
put transistor can connect the power sup-
ply directly to the speaker coil, applying a 
steady 30 to 50 volts DC, usually enough 
to char the coil or rip the mountings 
apart. 

A solution to this is the ETI Signal 
Powered Loudspeaker Protector. It is ap-
plicable to almost all speakers, and can fit 
inside the cabinet itself. Since the unit is 
powered by the audio signal, there are no 
batteries to fuss with, and unlike a fuse, it 
automatically resets when the overload is 
removed. It can also tell the difference 
between applied DC and low-frequency 
signals, and can be adjusted to cut out at a 
desired level without tripping on loud but 
harmless transients. 

The self-powering feature is not only 
convenient, but adds no audible distortion 
to the signal, even with low-wattage 
amplifiers having rather high output im-
pedances. 

This is done in this case by placing a 
fullwave rectifier across the speaker lines 
and charging a 1000uF capacitor through 
a 47 ohm resistor. The worst possible load 
presented to the speaker line is therefore 
47 ohms and this is only while charging 
the capacitor and for signal voltages in ex-
cess of 12V. This ensures that the unit has 
no discernible effect on audio quality but 
makes possible a truly "set and forget" 
Electronics Today February 1987 

loudspeaker protector that can be 
mounted inside the loudspeaker enclosure 
if desired. 

The protector tests for both DC and 
over-power, which can be adjusted by a 
preset on the board to suit a particular 
loudspeaker or application. The circuit 
also uses a new filter design with an 
almost "brick wall" response enabling it 
to be connected to very large power amps. 
This is discussed in more detail in the 
"How It Works" section. 
The maximum power that can be ap-

plied to the unit is determined by the type 
of regulator transistor (Q1) used. We have 
specified a TIP31C for this device which 
has a 100V collector-to-emitter break-
down voltage. Since the emitter is at 12V, 
the maximum voltage that can be applied 
to the unit is 112V. This is equivalent to 
an amp capable of supplying approx-
imately 784 watts into an 8 ohm load or 
1568 watts into a 4 ohm load. If the 
amplifier to be used is capable of powers 
greater than these the regulator transistor 
should be substituted for a device with a 
higher Vceo rating. The relay pulls around 
40 rnA when operated, so power dissipa-
tion in the regulator transistor will be 
around 4 watts when dropping 100 volts. 
Although this is not a particularly high 
dissipation it is high enough to lie outside 
the Safe Operating Area of many high 
voltage transistors, so be careful when 
choosing an alternate regulator transistor. 

Construction 
Construction is straightforward since all 
of the components are mounted on the 
PC board. The usual precautions should 
be taken to ensure that all polarized com-
ponents have been mounted with the cor-
rect orientation. The IC used is a CMOS 
type and is therefore static sensitive. 
Solder this last and preferably using a 
grounded soldering iron. It is a wise 
precaution to discharge yourself before 
handling the device by first touching a 
grounded metal appliance. 
It is wise to space the 2.5W resistor, R2, 

off the PC board slightly. In the case of a 

high-powered loudspeaker going faulty 
with DC, this component will get quite 
hot and spacing improves ventilation 
around the component and prevents the 
possibility of charring the PC board. If 
you can't obtain a 2.5W type, then a 5W 
type may be substituted. 
Before mounting the unit, check opera-

tion by connecting around 20 VDC across 
the speaker input terminals on the PC 
board. The relay should cut in after about 
one tenth of a second. If the protector 
passes this test connect the speaker wiring. 
If the preset is turned fully down (turn it 
counterclockwise when viewing the board 
with the components on top and the relay 
to the right) the relay will cut in when the 
power exceeds around 20 watts for an ex-
tended period. The protector allows tran-
sients to the full supply rail to pass but will 
prevent a continuous 20W from being ap-
plied to the loudspeaker. To increase this, 
turn the preset clockwise until the desired 
response is achieved. 

G =I r a 

Parts List (all 1/2W, 5% unless noted) 
RI  47R 
R2  2k2, 2 1/2W 
R3,9  47k 
R4,5  100k 
R6,7,10  470k 
R8  220k 
R11  2M2 
R12  10M 
RV1  20k mini. trimpot 

Capacitors 
Cl  1000u 25V elect. 
C2,3  220n 

Semiconductors 
D1-5  1N4001 
D6-9  1N914, or 1N4148 
1C1  4050 Hex buffer 
QI  TIP3I C 
ZD1  12V, 5W zener 

Miscellaneous 
PC board; RL1 - 12V SPDT 10A or similar 
PC mount type. 
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FROM AMPLIFIER  TO SPEAKER 
The signal from the power amp is rectified 
by the fullwave rectifier formed by DI-D4. 
The output of this is fed through a 12V 
regulator circuit formed by QI and its 
associated resistors and zener diode, and 
charges the electrolytic capacitor, Cl. The 
output of the rectifier is also fed to the in-
put of the dc sense and over-power detec-
tion circuitry. 

ICI gates a and c form the dc filter. 
Resistors R4 and R6 form a Schmitt trigger 
with a small deadband. When the signal 
goes above the trigger voltage the output of 
the trigger swings hard to the positive supp-
ly rail of the IC, charging C2 through the 
220k resistor, R8. Resistors RIO and RII 
with gate c form a second Schmitt trigger 
monitoring the voltage across C2. If the 
voltage across C2 reaches the trigger 
voltage of this second Schmitt, gates d, e 
and f are activated, pulling in the relay con-
tacts and disconnecting the loudspeaker. It 
takes about 100 ms to charge C2 through 
R8, and on normal audio content the out-

F ROM 

AMPLIFIER 

put of gate 'a' will be driven low before this 
occurs, discharging C2 rapidly through D6. 
Only signals which do not have a zero cross-
ing for longer than 100 ms will trigger the 
protector. 

The over-power protector consists 
simply of a voltage divider feeding a third 
Schmitt  trigger.  Whenever the signal 
voltage exceeds the trigger voltage the out-
put of gate 'If is driven high and C3 starts 
to charge. If this condition persists for long 
enough the output gates are turned on and 
the relay pulls in. Note that both the dc and 
over-power sense circuits charge C3 when 
activated. The circuits are decoupled from 
this capacitor by diodes so that, once charg-
ed, C3 can only be discharged by the 
parallel resistor R12 (the effect of the input 
impedance of the gates is negligible). Since 
it takes about one second to discharge this 
capacitor, the relay will hold in for this 
time. The protector therefore reconnects 
the loudspeaker approximately one second 
after the fault condition has been removed. 
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Project 

Frequency 
Counter 

A FREQUENCY COUNTER is a very 
useful piece of test equipment as it can be 
used for troubleshooting both analog and 
digital circuitry. The design shown in this 
article uses readily available TTL and 
CMOS ICs for measuring frequencies 
from below 10 Hz up to 10 MHz. 

This counter differs from others in 
several important areas: 

The gating times are generated by a 
crystal controlled clock which is very ac-
curate and will not drift significantly with 
time as opposed to the more commonly 
used monostable multivibrator. 

When measuring low frequencies 
(below 10 KHz), the input signal is 
multiplied by up to 100, thereby reducing 
the reading time to one second or less. 

This frequency counter automatically 
updates its display about three times every 
second (approximately once per second on 
the 100 Hz range), and a latch is used to 
provide a flicker-free display of the input 
frequency. 

A block diagram of the frequency 
counter is shown in figure 1. The input 
signal, after being conditioned by the in-
put circuit, is "anded" with the gating 
pulse and the resulting signal is fed to the 
counter, which counts the number of high 
to low transitions at its input. This count 
is then latched and displayed on the four 
seven-segment displays. If, for example, 
the gating pulse is set at one second and 
the input frequency is 2259 Hz, the 
counter will 'see' 2259 high to low transi-
tions in the one second gating period and 
thus 2259 will be displayed. Refer to the 
"How it Works" section for a more 
detailed description of the frequency 
counter. 

Construction 
The printed circuit boards shown in this 
article are recommended to speed con-
struction and reduce the possibility of wir-
ing errors;  however,  wire-wrapping 
techniques could be used if desired. The 

For those who need 
frequencies counted, 
ET presents a simple, 
easy-to-bulki digital 
frequency counter. 
Design by 
Dave Bedrosian 

following construction details apply when 
the suggested Hammond case is used with 
the printed circuit boards. 

Start by assembling the large board. 
First solder in the jumpers; there are 24 of 
them. Use a short piece of insulation to in-
sulate JI from the crystal leads. Next, 
solder in the IC sockets and the power 
supply parts. Be sure to attach heatsinks 
to both the bridge rectifier and the 
regulator before soldering them in place. 
Neither silicone nor mica insulators are re-
quired for either heatsink. The remaining 
parts can now be soldered in place. Pay 
attention to the orientation of the tan-
talum capacitors, transistors and diode. 

Before inserting the ICs, temporarily 
apply power to the board and check the 
power supply. The input to the regulator 
should be 9V or greater (depending on the 
transformer used) and the outut of the 
regulator should be 5V, within half a volt. 
Check each IC socket separately for + 5V 
and ground (excluding the two 16 pin 
header sockets and the DIP resistor 
socket). Pin 7, 8, or 9 should be ground 
and pin 14, 16, or 18 should be +5V for 
14, 16, and 18 pin sockets respectively. If 
there is a problem, check that all of the 
jumpers are installed correctly. With 
ground and + 5V at each IC socket, 
power should be removed and the ICs in-
serted; note the proper orientation of each 
one. The DIP resistor obviously can go in 
either way; if, however, it is not available 
eight 33 ohm resistors bent for 0.4 inch in-
sertion can be used instead. 

With the main board completed, the 
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display board can be assembled next. 
Solder in the ten jumpers and the two IC 
sockets, then insert the four displays using 
the parts overlay and figure 2. The 
decimal point of each display should be 
on the bottom half of the display board. 
Next a six inch sixteen pin header cable 
should be made as indicated in figure 3 
and connected to both boards as shown 
on the parts overlay. 

Table 1 

Wire Number 

2 
3 
4 
5 
6 
7 
8 
9 
10 
Il 
12 
13 
14 
15 
16 

Table 1. Wiring table 

a-1 

a-2 

a-3 
a-0 

a-4 — 0 

a-5 ___0 
10MHz 

Switch Location 
d-0 
e-2, e-5 
a-6 
e-1, e-4 
a-1 ,a-2,a-3,a-4,a-5 
e-3, e-6 
d-1 
e-0 
d-2, d-3, d-4 
c-3, c-4, c-5, c-6 
d-5, d-6 
c-I, c-2 
c-0 
b-0 
b-I, b-2, b-3 
a-0, b-4, b-5, b-6 

for switch 1. 

a-6 

60 

pole 'a' 

Schematic diagram for the frequency counter. 

0-- 'cnitr'c"..',,, 

1-0-1 
mebaSe 
generator 

100Hz 
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multiplier 

gating time 

1.111111 

Figure 1. Frequency counter block diagram. 

Power supply schematic for the frequency counter. 

Having completed both printed cir-
cuit boards, the rotary switch can be 
wired. Initially it should be tested with an 
ohmmeter to verify that each position of 
each pole is operational; this may save 
considerable time if troubleshooting is re-
quired later. Use table 1 to connect an 
eleven inch piece of ribbon cable to the 
switch. 

counter latch 4,7 segment 
displays 

At this point in construction the unit 
can be fully tested. With the rotary switch 
and the display board connected properly, 
apply power to the main board. If all is 
well the display will read '000' or '001' 
and the leftmost digit will be extinguished. 
If there is a problem, refer to the 
troubleshooting section, otherwise con-
tinue testing. Apply about a 2V peak to 

Continued after retainer., 



tinner, Today. Computing Nome, Computers in Education, Government Purchasing Guide 



Order Form 
Software  Price Quantity  Amount 

PC-DOSIMS•DOS 
Al most Free PC Volu me ) $19.95 

Almost Free PC Volume 2 $19.95 

Almost Free PC Volume 3 $19.95 

Almost Free PC Volume 4 $19.95 

Almost Free PC Volume 5 $19.95 

Almost Free PC Volume 6 $24.95 

Almost Free PC Volume 7 $19.95 

Almost Free PC Volume 8 $22.95 

Almost Free PC Volume 9 $19.95 

Almost Free PC Volume 10 $19.95 

Almost Free PC Volume 11 $19.95 

Almost Free PC Volume 12 $19.95 n 

Almost Free PC Volume 14 $19.95 

Almost Free PC Volume 15 $19.95 

Almost Free PC Volume 16 $19.95 

Almost Free PC Volume 17 $19.95 

Almost Free PC Volume 18 $19.95 

Almost Free PC Volume 19 $19.95 

Almost Free PC Volume 20 $19.95 
4 

Almost Free Business Software $19.95 

Stockboy $29.95 

Macintosh 

Almost Free Macintosh Volume 1 $24.95 

Almost Free Macintosh Volume 2 $24.95 
, 

Almost Free Macintosh Volume 3 $24.95 

Almost Free Macintosh Volume 4 $24.95 

Apple DOS 

A Teacher for the Apple $19.95 

Almost Free Electronics Design $19.95 

Apple DOS Wunderdisk $19.95 
.: 

CP/M 

Almost Free CP/M Volume 1 $19.95 

Almost Free CP/M Volume 2 $19.95 

Almost Free CP/M Volume 3 $19.95 

The CP/M Hacker Disk $22.95 

Steve's Wunderdisk $19.95 

MDM730 for Apple CP/M $19.95 
, 

Complete set: Almost Free CP/M 
Volume 1, 2, & 3  

$39.95 
, 

Speclal Offers 
Almost Free DX Voices $19.95 
Book of Computer Music $ 4.95 
DX Voice and Book of Computer Music $22.95 

Back Issue Binders $ 9.75 

Computing Now! Subscriptions 1 year $22.95 
Electronics Today Subscriptions 1 year $22.95 
Computers in Education 1 year $25.00 

Name  7% Tax (Ontario 

Sub-total 

Residents) 

& 
$1.00 

Company  Postage 
Address  Handling 

City/Town  Grand Total 

Province  Postal Code 

Date 

North York 

Telephone 

Payment G Cheque O Money Order 0Credit Card 

Credit Card Number (Visa, Mastercard or American 

Signature 

Express)  Expiry 

1300 Don Mills, 
M3B 3M8. 

Don't miss these amazing bargains! 

Send your order to: Moorshead Publications, 
(Toronto), Ontario 

About Almost 
Free Software: 

Note: Unless otherwise stated, all soft-
ware listed in this catalogue and distri-
buted by Moorshead Publications has been 
obtained through public access bulletin 
boards and is believed to be in the public 
domain. A number of programs distri-
buted on these disks are classed as 
"freeware" and contain requests  for 
registration fees. Note that payment of 
such fees is entirely optional, but users 
who do register may be eligible for pro-
gram enhancements and technical sup-
port. 

All software distributed through this 
catalogue is offered free of charge. Prices 
listed for these disks serve only to defray 
the costs of the diskettes, postage and 
handling. 

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 ap-
plications. 

When ever possible, documentation text 
files are provided to make programs 
easier to understand. 

Special Services 
• Special Publications. Call now to get your 
copy of Electronics Today Project Book #3. 

• Missed our last Catalogue? It won't hap-
pen again if you subscribe to Computing 
Now!, Electronics Today or Computers in 
Education. Call (416) 445-5600 for details. 

• Software Gift Certificates! Let your 
family and friends pick the disks they 
need most by giving them an Almost 
Free Software Gift Certificate. Call for 
details Today! 

• Payment must be made before shipment. 

• Defective diskettes: Replacement will be 
made upon the return of a defective dis-
kette. 

• Please specify format for all CP/M disks. 

2 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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ARTIFICIAL ART This is one of the most 
useless programs anyone's ever written, but 
you'll probably spend a lot of time running it. 
It generates an ever changing graphic image on 
your PC - with accompanying sound. While it 
may seem a bit pedestrian, it's a gas to watch. 
Requires a colour graphics adapter. 

AsEasy This is a public domain spreadsheet 
package, very similar in its abilities to the more 
popular functions of Lotus 1-2-3. Unlike 
Lotus, it doesn't cost anything and it isn't copy 
protected. 

ASYNC This is an assembler file which creates 
a device driver to make the PC's serial ports 
behave as they should, with interrupt driven 
buffered inputs and outputs. This is a pro-
grammer's delight. Requires MASM to use. 

ChessII This is one of the best chess programs 
yet devised for the PC. Aside from being small 
and fast, it lets you physically pick up the 
pieces and move them rather than entering 
board co-ordinates. Plays an evil game, too. 

HAUNT This is a haunted house adventure 
game. You wander around looking for the 
mysterious pumpkin man while picking up 
things, encountering ghosts and, if you're not 
careful, getting busted for shoplifting. Very 
nicely executed, and it doesn't require any 
graphics facilities. 

LPTX The most flexible printer redirection 
program imaginable, this thing lets you set up 
virtual printers, that is, disk files to capture the 
output of things that think they're printing. In-
cludes both executable and source files. 

PITFALL This is a supremely clever ASCII 
game. Aside from being an absolutely superb 
game in itself, it's a clever use of the PC's 
screen. You get to pilot a spaceship down a 
winding, rather nasty pit. More fun than being 
beamedginto a supernova. 

RAMDISK Once you've installed a normal 
RAM disk, it's there for the duration. This one 
allows you to change the size of the disk on the 
fly, or blow it away all together, without hav-
ing to reboot anything. 

ZAPD1FtAW This is the C source code for the 
Graphics in C article from the January 1986 
edition of Computing Now!. It creates a 
general purpose high speed PC graphics 
library, suitable for use on both the colour card 
and the Hercules board. Requires Lattice C or 
something similar 

Only $19.95 

The 
Learning 
Computer 

Computers can do a lot more than play video games and run spreadsheets. Specialized 
dedicated microprocessor boards are at the hearts of the latest generation of television 
sets, appliances, cars and sophisticated industrial controls. 

The design of these boards is a large undertaking and, as suc;., few programmers 
ever get a chance to learn the art of writing dedicated system firmware first hand. 
However, with the increasing use of microprocessors in all sorts of high technology, there 
is a growing need for people to write "ROMmable" code. 

The Sloth board is a small dedicated microprocessor board which has been designed 
to be a general purpose small control board of the sort found in industry. It's not a 
trainer.., it can be made to do the sorts of tasks that similar custom boards are doing in 
the real world. However, carefully documented and thought out, the Sloth is the ideal 
board for learning about this powerful aspect of programming. 

The Sloth is based on the popular Z-80 microprocessor. It's programmed with inex-
pensive.., and reusable... 2716 EPROMs. It has two kilobytes of RAM, three counter 
timers and twenty-four lines of I/O. It also has a speaker driver, and the Sloth package 
comes with an auxiliary six digit LED display board. 

The board can be populated with easy to find parts. It can be programmed to be 
anything from a frequency counter to a video tape recorder timer to whatever one's 
imagination runs to. 

The Sloth package available from us includes a bare Sloth main board and a bare 
LED display board, a parts list and overlay, a large easy to read schematic and a series of 
article reprints which document the board in great detail. This includes a source listing 
for a sample program to illustrate how the various devices on the board are accessed. 

In addition to the Sloth itself, you'll need a system to develop Z-80 or 8080 
assembler code and subsequently to burn it into EPROMs. We recommend an Apple 
compatible system running CP/M with a Multitlex PROM burner or an IBM PC running 
Z80MU and a PC compatible EPROM programmer. Z80MU, a CP/M emulator for the 
PC, is available separately from our almost free software service for $19.95. 

the board package costs 

$37.95 
plus 7% Ontario sales tax 

Moorshead Publications 
1300 Don Mills Road 

Toronto, Ontario M3B 3M8 

Or you can order by phone. Please have your Visa, MasterCard or 
American Express card handy. 

(416) 445-5600 
please allow four to six weeks for delivery 

Moorshead Publications Software, 1300 Don Mills, North York (Toronto), Ont. M3B 3M8  3 
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BOTH If you print out a lot of documents, 
manuscripts,  program  listings  or other 
manifestations of hard copy, you'll have notic-
ed that the backs of the pages usually look a bit 
bare. This program can slash your paper bill by 
allowing you to print long files on both sides of 
the sheets 

D1AGS Written by the author of Z80MU, this 
collection of tools will be nirvana for the ex-
perienced PC programmer. It does things like 
generate an annotated list of all the interrupt 
vectors in your PC, let you meddle with the 
6845 registers, test most of the ins and outs of 
your system and so on. It's a brilliant bit of 
work. 

GRCP Graphic cut and paste is a memory resi-
dent tool that allows you to scoop things from 
a PC high resolution graphic screen and pop 
them into other applications. Shades of the 
Macintosh. 

LOCKERUP This tiny microbe of code sleeps 
in your system until you have to leave your PC 
for a while. Then it enables you to irrevocably 
lock up your keyboard until you come back to 
restart it. It's perfect for offices where there are 
more fingers than hands to contain them. 

MEGAPEDE Just when you thought that it 
was safe to play ASCII games again... This one 
is a sophisticated variation of the classic 
"snake" programs and it plays with the speed 
of a boa constrictor. Don't count on winning 
for a while. 

Bradford Fancy printing programs, like Prin-
trix and Fancy Font, are slick but expensive. 
This public domain version does much of what 
they do, but it does it for free. Requires an Ep-
son or Gemini dot matrix printer. 

ZOARRE This is another dungeon game, but 
terrifically well done and very intricate. It 
displays a picture of the room you're in, zaps 
you with various monsters and generally tries 
its very best to kill you. If you liked Castle 
you'll freak over this one. 

MURPHY Sort of an iconoclast in a can, this 
program will print a random selection of 
several hundred of murphy's laws, corollaries 
and commentaries thereon each time it's run. If 
you put it in your AUTOEXEC file it will say 
something clever each time you start your com-
puter. Slaughters more sacred cows than 
McDonalds ever will. 

QUEBERT This fast PC implementation of the 
classic arcade game is every bit as exciting as 
the real thing but lacks a coin slot. Jump down 
the mountain, avoid the snake and try not to 
get clobbered with fresh fruit. Sounds like real 
fe... 

SAT This is a powerful, menu driven satellite 
data downlink terminal, as discussed in the 
December 1986 edition of Computing Now!. 

SCAV This is a great program for people who 
buy economical floppy disks and just about 
everyone else who can't afford a clean room 
for their PCs. It cruises through one's disks 
locking out bad sectors and restores previously 
'fried' disks to usefulness. The ASM source 
code is included, as well as a COM file. 

SimCGA If you own a Hercules card you'll 
have encountered the intense frustration of not 
being able to use programs written to employ 
the graphics of a standard colour card. This 
utility does an astoundingly good job of mak-
ing the Herc card behave like a colour graphics 
adapter for quite a lot of software. 

DIVERTFN This is a tiny program which 
doubles the effective screen printing speed of 
most programs which print through DOS. 

DONKEY KONG This is a pretty snappy 
public domain implementation of the classic 
arcade game. Getting squashed by oil drums is 
more fun than anything. Requires a colour 
card. 

MASTERKEY The Norton utilities are ex-
tremely handy, but they're also expensive. This 
public domain disk manipulation program of-
fers much the same power for nothing. It offers 
track and sector editing, unerasing files, and all 
the general low level fiddling that the expensive 
programs do. 

POPCALC This is a clever bit of resident code 
that implements a moderately sophisticated 
calculator which pops up whenever you hit 
"ALT-C". It's fast, harder to lose than a real 
calculator and takes up a minimum of system 
overhead. 

PRINTER  This is the PRINTER.BAS pro-
gram from the December 1986 edition of Com-
puting Now!. It reprograms the high end 
characters of an Epson FX-80 (or compatible) 
printer to make them print IBM PC screen 
block graphics. 

STUFIF1T Stuffit is a disk management utility 
which stuffs files into the inner tracks of a flop-
py disk, allowing the outer tracks to be used for 
work space. This improves the disk access 
times and the reliability of mostly full disks 
considerably. 

Only $19.95 

QUICKEY  This little program speeds up 
the keyboard action. 

Card This is the draw poker machine program 
from the December 1986 edition of Computing 
Now!. It's included here both as an executable 
COM file and as source code in C. 

Only $19.95 
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•ARC512 This is the latest version of the de fac-
to standard PC file compression and archiving 
utility. It will create, maintain and crack un-
pack ARC files, providing a convenient way to 
reduce the size of files and to merge pots of lit-
tle files into a single larger one. See the 
November 1986 edition of Computing Now! 
for more about this. 

ATC  ATC  stands  for  "Air  Traffic 
Controller". In this colourful simulation of the 
rigors of managing the planes at a busy airport 
may, among other things, renew your interest 
in train travel. 

Draw Poker This is a really slick little poker 
machine simulation. The graphics are good, 
the play is fast and the machine doesn't always 
win. It's a shame it won't spew silver dollars 
out of your disk drives. 

HercBIOS This set of routines will allow you to 
display text on a Hercules card when it's in one 
of its graphics modes - just as you can with a 
colour card. It will intercept the 10H interrupt 
vector so that anything that normally tries to 
print to the colour card will also work for the 
Hercules card. 

HotDos If you've ever found yourself wanting 
to run a second program without quitting your 
first application, then HotDos was made for 
you! Hit its control key combination from 
within most popular programs and it will give 
you a DOS prompt to run any other program 
at. When you're done, type EXIT and you'll be 
back in your first application. 

KBD This is a very tiny keyboard buffer ex-
tender. It's a useful few bytes to have around, 
and extremely tiny. 

LinkFour A simulation of "Connect Four", 
this is a deceptively simple game. It's easy to 
understand, but requires practice if you want 
to win. The graphics and sound effects are par-
ticularly good. 

MONEY Yet another Canadian mortgage pro-
gram, this easy-to-use program is surprisingly 
most colourful. It will also calculate charts for 
a variety of financial situations. 

PCWindow This is a resident utility which lets 
you call up a number of useful "windows". 
These include an elaborate event timer, a note 
pad, an ASCII code chart and so on. It's well 
done, fast, and fairly small. 

PD This program redirects the output of one's 
system from the printer port to a disk file. It 
lets you to use things that normally insist on 
having a printer on line even if you don't own 
one, or don't want hard copy. 

Only $19.95 

Volume 16 

ARCDIR The archive file compression system 
is the most efficient way to store large files in a 
small space. However, it's weird and com-
plicated. This simple ARC directory utility was 
featured in the November 1986 edition of Com-
puting Now!. Aside from being useful, it in-
cludes both a COM file and the source code so 
you can see how it works. Requires a C com-
piler if you want to meddle with it. 

BRICKS The "Little Brick Out" game is one 
of the classic programs for microcomputers. 
This splendid version will get you turned onto 
simple games all over again. 

DX This is a small DX-7 voice librarian, as 
found in the Book of Computer Music. It in-
cludes both a COM file and the assembler 
source code. 

MOREROOM If you have a hard drive system 
you may have noticed that it's extremely ineffi-
cient with small files. Here's a collection of 
tricks to get substantially more space on your 
disk. 

E88 While huge word processors like WordStar 
and PC-Write can be used as text editors, 
they're hardly very good at the task and they 
gobble a lot of disk space. If you're trying to 
manage a C compiler or an assembler on a pair 
of floppies you've probably encountered this. 
E88 is a tiny - but powerful - text editor. 

EXPERT Commercial Expert Systems soft-
ware is still in its technological infancy. If 
you're interested in learning about expert 
systems and how they relate to your computing 
needs, you should try this simple program. 

FULLDOS A DOS enhancement program that 
makes the DOS user interface behave in a 
rather more friendly manner. It creates a com-
mand stack and lets you re-execute previous 
commands. 

K9 This is yet another resident keyboard 
enhancer - with a difference. Aside from ex-
panding the keyboard buffer, installing a 
screen timeout and so on, it makes a number of 
the alternate keys 'hot', giving you dozens of 
unique functions. 

InstantMENU This is the code for the Instant 
Menus article which appeared in the November 
1986 Computing Now!. With it, you can create 
elaborate batch file menus with absolutely no 
tricky programming. The menus can be easily 
altered with a text editor or word processor. 
Source code is included. 

PALERT We've all occasionally run out of 
disk space while inside an application and 
discover that we've been dumped back to DOS 
unexpectedly. This is a serious drag if you've 
left a few hours of work behind you trashed in 
memory. This program warns you of an impen-
ding full disk. 

Only $19.95 

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.  5 
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There is a lot of good stuff on this disk.., but 
most important, there are two dynamite 
games herein. We could get into the graphics 
package, the CP/M emulator, the fractal 
program in C... however, it's the games that 
do it. Plan to lose at least a weekend over this 
one. 

Altamira is one of the nicest public domain 
paint box programs available for the PC. 
Unlike most of the so called graphics 
packages available for the PC, this one isn't 
restricted to doing bar charts and graphs. It 
does first rate pictures. Requires a colour 
card. 

Fractal is the source code for the fractal 
generator in C that we looked at in the 
August 86 edition of Computing Now!. It's 
useful even if you don't like fractals, as it il-
lustrates the use of high resolution graphics 
in C. Requires a C compiler and a colour 
card. 

NEMON is a really weird game. You get 
stuck in the catacombs of king Nemon with 
nothing more than your wits and a flashlight. 
You have to find some keys, some treasures 
and, hopefully, a way around a host of ar-
cade game nasties. 

Thor used to be the god of thunder. Now he 
appears to be the world's most sophisticated 
desk calendar program. He'll remind you of 
appointments, keep track of your agenda and 
do things that would usually require a host of 
'ow tech objects, like pencils and note pads. 
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Round 42 is a wholly bizzarre variation on 
the theme of space invaders. No longer the 
dusty arcade game that it once was, this thing 
breaths new and rather ichorous life into the 
ceaseless  battle between you  and  the 
phospore aliens. This is one of the best com-
puter games in creation. Requires a colour 
graphic card. 

V20 is a CP/M emulator for users of the 
NEC V20 chip. Replace your existing 8088 
with a V20, score this little program and most 
CP/M software will run on your system as if 
someone had stolen half the bits out of your 
PC. Regular MS-DOS isn't affected. Re-
quires a V20. 

Only $19.95 

Volume 14 

Cut and Paste is a memory resident pro-
gram that allows you to grab text from the 
screen of any application and paste it into 
any  other  application  that  accepts 
characters for input. You could, for exam-
ple, copy part of a Lotus spreadsheet and 
paste it into a WordStar document. 

INT13 will help you unravel the copy pro-
tection schemes of your software so you 
can make archive copies - just in case the 
cat takes a fancy to your masters. It prints 
a log of direct disk accesses and where 
they're called from so you can check out 
the code that's going after specific tracks, 
the heart of most protection systems. In-
cludes the assembler source code. 

PMAP tells you what's living in the 
memory of your system - and where. It will 
help you to find the resident utilities you 
have loaded and, more important, is great 
for sorting out peculiar interactions bet-
ween multiple resident programs. 

SoftTouch is a keyboard macro program 
not unlike ProKey. It allows you to store 
up to twenty five thousand key strokes, 
has a built in screen blanker and great 
wandering herds of other features. 

Sub Chase is a first rate graphics arcade 
game. One sails across the clear blue sea 
- or green sea, depending on what sort of 
monitor you have - heaving depth charges 
off the stern to blow up subs. It's extreme-
ly well done and it has a panic button to 
clear the screen should the boss walk in. 
Requires a colour graphics card. 

toot.. ur DEL Li X 
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TheDraw is an ANSI screen editor. It 
allows you to create and edit full colour 
screens of text and graphics which can 
subsequently be typed to make them ap-
pear- in full colour- or integrated into pro-
grams.  Requires DOS two or better, 
ANSI.SYS and is more fun with a colour 
monitor. 

Trek is the best Star Trek game anyone 
has yet devised for the PC. The graphics 
are stunning, the complexity is intense 
and the action scoots along at warp nine 
as soon as the program gets going. Re-
quires a colour card. 

Crossword is a utility which translates 
text files from one application to another. 
It supports several popular word pro-
cessors, including WordStar, WordStar 
2000, Multimate, XYwrite, SideKick and 
standard ASCII. It saves ages worth of 
reformatting and does some useful things 
besides. 

Only $19.95 
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CV is a small utility for changing the volume 
name on disks. Since most of us never bother 
to specify volume names when formatting 
disks, this six hundred byte program provides a 
second chance. 

Breakout Box is an assembly language program 
that hides in memory and shows you what your 
serial ports are doing. It's a valuable trouble-
shooting utility for pin pointing serial printer 
and modem problems. 

Icon Maker allows you to generate 
sophisticated bit-mapped images. Its' easy to 
use and extremely colourful, producing data 
that can be incorporated into other programs. 

Shell is another DOS menu program. This one 
is very fast, free of 'snow', and provides easy 
access to virtually all DOS features. 

Striker is an experience. It's a brilliantly writ-
ten helicopter game in the style of Choplifter, 
complete with professional high resolution 
graphics and running spies. This is one of the 
best public domain games we've ever en-
countered. 

Ramset is a RAM expansion program from the 
July 1986 edition of Computing Now!. It 
allows you exceed the PC's 640K memory 
limit. Ramset also lets you bypass the PC's 
time-consuming memory check. 

Trap is the high-resolution Gemini patch pro-
gram from the May edition of Computing 
Now!. It makes the Gemini 10x suitable for use 
with Personal Composer, but is easily modified 

to fix most bit-mapped printing problems. 
MASM and Link are required to assemble the 
program. 

Almost Free PC Software Volume 12 

Only $19.95 

Volume 11 

Pee Girl is, predictably, a variation on the 
almost mythical Pacman game. This one moves 
fast, and plays much like the arcade version. 

Menu lets you create a menu-driven tree-
strctured environment that is friendlier and 
more manageable than is DOS. It's ideal 
creating interactive systems for non-technichal 
Users. 

ZSOMU is one of the most brilliant pieces of 
software we've ever encountered - free or not. 
It actually emulates a Z80-based computer run-
ning CP/M on the PC with no additional hard-
ware - you don't even need a V20. It will run 
almost all CP/M software, including old 
favourites like WordStar and dBase. However, 
Z80MU also includes features lacking in both 
C/PM and MS-DOS operating systems. 

SERIO is the assembler file from the July edi-
tion of Computing Now! that implements an 
interupt-driven terminal in higher level 
languages such as C. It's also suitable for use 
with compiled BASIC. Both MASM and Link 
are requred to use SERIO. 

Breakdown is a peculiar program which takes 
meaningful text, analyzes it and generates 

meaningless, but profound-sounding prose 
from it. If you've been wondering if your co-
workers really read your office memos and 
reports, try filtering your prose through this 
program. The effects will be astounding. 

PA C 

XMODEM is a C language implementation of 
the XMODEM file transfer protocol, from the 
July 1986 edition of Computing Now!. It can 
be integrated into other programs to allow easy 
access to telecommunications facilities. This 
code requires SERIO (see above) and version 
three Lattice C. 

dots 453 

GRABIT is the screen grab program from the 
July 1986 edition of Computing Now!. It will 
make a useable text file from the contents of 
ones screen at the touch of a key. MASM are 
Link are required. 

- GI R L Al J Jiménes, Sep 26, 1982 

Only $19.95 

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 7 
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Monopoly is the first working implementation 
of the classic board game that we've come 
across - and we've had several that bombed 
pretty colourfully. This one is great, though, 
with fast and occasionally sarcastic play, a 
graphic board display and pretty good sound 
effects. 

D20 is the latest version of Steve's sorted direc-
tory program. This one uses DOS two calls and 
handles subdirectories. 

Edit is a lightning fast full screen editor, ideal 
for editing program source files, dBASE stuff 
or other ASCII phenomena. 

Banner takes mere text and prints it sideways 
on your printer - in gargantuan block letters 
that can be read from miles away if you have a 
good set of binoculars. It's not the sort of thing 
that you'd want to publish a book with, but 
sign makers will love it. 

Mortgage is another utility to help you unders-
tand just what you've gotten yourself into. Its 
one of the nicest mortgage programs we've 
seen so far - lifelong debt and ruination has 
never been so well formatted. 

Quick speeds up your PC quite a bit. It hooks 
into the video and makes it run a great deal 
faster, eliminating at least some of the glacial 
slowness that makes an IBM what it is. 

Speech is a rather remarkable little germ of 
code. It talks through the PC's internal 
squeaker speaker. The voice isn't exactly 
human, but it's understandable on most 
machines. This is an interesting bit of work, 
one that can be accessed from within other pro-
grams to create talking applications. 

PC-AR is an accounts receivable package for 
the PC. While not the equal of some of the 
commercial software that handles this func-
tion, it will take care of the records for a small 
or medium sized business quite well. 

M iaisejel 4la mee,„ 

Only $19.95 

Small C If you've ever wanted to try writing 
programs in the C language, this compiler will 
fascinate you. It's a restricted implementation 
of C, producing code which is compatible with 
Microsoft's MASM and LINK programs 
-you'll need these to get it going. 

Map is an interesting little utility which will 
check how DOS is situated in the memory of 
your computer and tell you a number of things 
about it. It's a useful programming tool, 
especially helpful if you're debugging software 
which interacts directly with DOS. 

Note is the source file for the memory resident 
note pad which appeared in the March 1986 
edition of Computing Now! It requires MASM 
and LINK to use. It will create a resident memo 
page that you can call up from within any ap-
plication. 

Pango is one of the wildest games we've come 
across for the PC. While its premise is a bit im-
probable, it's fast and weird - hours of fun. 

PC-Spell is a spelling checker written in 
BASIC. Despite its pedestrian sounding 
origins, it's fast, accurate and easy to use. It 
can be listed if you want to see how it works, 
and comes with a large dictionary file and a 
utility to assist you in customizing it. 

Peacock is a memory resident program which 
allows you to change the colours of your screen 
with alternate function keys. It's useful, for ex-
ample, if you run software which insists on us-
ing eye-straining screen colours. 

Recover is a utility which assists you in getting 
data back from damaged files. It lets you look 
at your files one sector at a time in order to put 
the pieces back together. 

Tally is a program which accurately counts the 
number of characters, words and lines in a file 
-all within your lifetime. 

Xeno edits the tracks and sectors of your disks 
in a user friendly format - or, at least, one that 
doesn't lunge for your throat every time you 
boot it. You can use it to explore DOS, fix 
trashed disks, unerase files and do all the other 
low level magic that sector editors are renown-
ed for. 

Only $19.95 

Load-Us allows users of the popular Lotus 
1-2-3 and Symphony programs to run them on 
a hard drive. This preboot program does not 
"crack" Lotus's copy protection scheme, but it 
does help legitimate users overcome the in-
convenience of keeping a "key" disk in a flop-
py drive while running Lotus or Symphony on 
a hard drive. 

DDCal is a very clever perpetual calendar and 
desk diary. It keeps track of your appointments 
and performs several other functions that you 
probably thought could only be done on the 
backs of match books. 

PC-Key Draw is a remarkable public domain 
paintbox program which compares favorably 
with many commercial applications. It'll han-
dle multiple screen images, business graphics 
and superb computer art - all in full colour. It's 
worth the cost of this disk all by itself. 

CPU is a tiny program which tells you the ef-
fective speed of your system. 

Xray is a remarkable co-resident utility which 
monitors what a program is doing while it's 
busy doing it. It allows you to interrupt the ex-
ecution of your code and have a look inside. 

Game - well, there are no words for this pro-
gram, or, at least, none that are printable. This 
game is a bit rude - depending on just how 
weird your mind is, it can get pretty bizarre. 
This program does use some suggestive 
language, and we recommend that young or 
sensitive users not boot it. 

Tune is a very small music generator which 
makes noises from within batch files. It's 
useful to see where things are in a complex pro-
cess. 

Chasm, or cheap assembler, is just the thing if 
you want to get into assembly language pro-
gramming but don't want to spring for the 
Microsoft macro assembler package. It's 
reasonably fast, not too huge - it'll run in as lit-
tle as sixty-four kilobytes - and, above all, it's 
cheap. 

Getdir is a resident directory utility. It allows 
you to see what files are on your disks, even if 
you're in the middle of doing something else. 

CopyPC, not to be confused with the commer-
cial Copy ll PC, is a quick disk backup utility. 

Lookit is a full screen browsing program which 
lets you scroll forward and backwards through 
text files - sort of like a tiny word processor 
with no editing features. 

Syslock is a security device for hard disk users. 
By running this utility on your XT or compati-
ble, access to your computer will only be 
granted to users with a valid password. 

Only $22.95 
(two disk set) 
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ACKJACK is a BASIC implementation of 
s popular card game. It's both interesting to 
iy and enlightening to dismantle. It can, of 
•urse, be easily listed so you can see how it 
Jrks. 

DSCR is a screen editor which can be used 
ith virtually any programming language from 
ssembler to dBase III. The program lets you 
paint' PC screens with block graphics and 
saves them as .DAT files which can be easily 
adapted to work in most languages. An exam-
ple screen is included. 

FK allows you to make the function keys of 
your PC do more useful things under DOS. 
They can be redefined to execute commonly us-
ed commands and command sequences. 

FXMASTER is a printer program for the 
popular Epson FX Series and compatible 
printers. It uses a full screen menu to enable 
you to easily change printer settings and 
modes. 

INDEX allows you to generate indexes from 
WordStar documents.., or text files from any 
other text editor. It's an invaluable writer's 
tool. 

KEYCLICK is a memory co-resident program 
which will make your keys click. Small and 
easily included  in an AUTOEXEC file, 
KEYCLICK solves many problems associated 
with clone keyboards. 

PCBW is a small utility which makes colour 
screen displays show up in monochrome video. 
Great for users with colour graphics cards and 
monochrome monitors. 

PINBALL is a pinball simulation that is easily 
worth the cost of this disk all by itself. The 
game plays much like a real pinball machine... 
but its hard to tilt. 

QUICKGRAF is a powerful business graphics 
package which generates complex bar, line and 
scatter charts in medium and high resolution. 
An Epson with GrafTrax or compatible printer 
is necessary to produce hardcopy. 

SERPENT is a variation on the classic snake 
game. Written in BASIC, this one is weird, but 
very fast. 

SHOWCLK is yet another clock program... its 
the smallest one yet, and it beeps to chime the 
hour. 

VTREE is a graphic TREE program that shows 
you how the subdirectories are set up on your 
disk.., in a fashion more easily understood 
than the MS-DOS TREE utility. 

WORLD is a remarkable program which incor-
porates a world map. It allows you to zoom in 
on specific areas of the globe, locate major 
cities and perform a number of useful calcula-
tion. It also has a feature for tracking hur-
ricanes.., tracked any good hurricanes lately? 

Only $19.95 

3-DEMON is one of the most interesting varia-
tions on Pac-Man in the known universe. In-
stead of simply looking at a map of a maze, 
this program shows you a three dimensional 
view of it. You wander through endless cor-
ridors, munching food pellets or granola 
bars.., your choice... and avoiding the deadly 
ghosts. 

DU was one of the most powerful CP/M-based 
disk utilities ever created. This version for the 
PC captures much of its power and flexibility. 
It allows you to see what the tracks and sectors 
on your disks look like, recover erased or 
damaged files, and meddle with the system 
tracks. 

General Ledger This is a complete general 
ledger accounting program. Written in BASIC, 
the program possesses most of the features 
found in commercial packages. An enormous 
documentation file is also included. 

PC-CHESS is a slick chess program which 
makes good use of the PC's colour graphics 
abilities and boasts a running chess clock. 

RAMDISK is the assembler source code for a 
memory disk program. If you've always 
wanted to know how these things work, or 
have a secret desire to write your own variation 
of this useful utility, here's your chance. 

VFILER is a file management utility which lets 
you view files in a directory and allows you to 
COPY, TYPE and even run programs... in 
short, it does almost everything DOS does but 
it's user-friendly. 

QMODEM is unquestionably the best telecom-
munications package in existence. The most re-
cent version of it is replete with windowing, 
multiple protocols, definable function keys. 
And the code is unspeakably well debugged. 

ARC is a sophisticated file archiving program 
which stores several files in single library files. 
As an added bonus, ARC applies one of four 
data compression techniques to each file in 
order to optimize disk space. 

ZAPLOAD is a utility for programers to han-
dle Intel standard HEX files. Very fast and well 
documented. 

SOPWITH Using superb graphics, SOPWITH 
lets you pilot a World War I biplane on 
dangerous bombing missions. 

JSB Another BASIC music program for your 
collection. This one plays a soothing sonata. 

ALSO: Star, Surface, Op. 

Only $24.95 
(two disk set) 

AREACODE is a useful tool if you use the 
telephone a lot. Give it an area code and it will 
match it with the city in which the code is used. 

D in another sorted directory program. This 
one emulates the CP/M style D, which is 
arguably more useful for most applications. 

FRACTALS An amazing implementation of 
the Mandlebrot Microscope, which generates 
unearthly images on your screen. 

HIDE is a set of utilities which let you create, 
enter and remove invisible DOS directories. 
This allows you to set up a hard drive system 
with secure areas which can only be used by 
people who know about them. 

LAR is a library utility that allows you to con-
catenate several small files into a library to save 
on disk overhead. Individual files can be ex-
tracted as they are needed. 

MAILI is a mailing label utility written in 
BASIC. 

MOREFtAM This is an assembler program. 
You need MASM and LINK to make it work. 
It lets you alter the memory setting on the PC's 
motherboard to enable it to use more than 
640K RAM. It will even let you set the switch 
settings to 64K to speed up disk boots and then 
change the RAM setting after bootup. 

MORTGAGE generates amortization charts. 

MXSET lets you control the parameters of Ep-
son printers form the DOS command line. It's 
a lot easier than LPRINTing characters from 
BASIC every time you want to change print 
modes. 

NUSQ unsqueezes  files that have been 
previously compressed to save space. Should be 
of primary interest to bulletin board users. 

PARCHK is an assembler program which re-
quires MASM and LINK to work. It installs a 
trap for parity errors in your computer. A vital 
aid to help locate suspect RAM chips. 

VDEL is a Delete with Verify program. You 
could type VDEL •.BAK and it would show 
them name of every .BAK file in the current 
directory and ask you if you want it deleted. 

WHEREIS finds files in a complex hard disk 
system. 

ZAXXONPC This is an incredible implemen-
tation of one of the most popular micro games 
ever created. 

Only $19.95 

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.  9 
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BUGS is an off the wall ASCII game in 
which a player uses the cursor pad keys to 
move a 'nuclear fly swatter' around the 
screen blowing up a long crawling bug. 

CLOCK is a useful tutorial in writing 
character oriented device drivers for the 
PC. In addition, the program is an im-
proved replacement CLOCK.SYS file 
which works with many real time clocks. 
The ASM file is included. 

DEFRAG is a utility that lets you "de-
fragment" your disks to make your ap-
plications  run  faster.  The  utility 
reorganizes a disk, connecting up the 
fragments of files created by DOS. 

DOSEDIT is one of the most useful DOS 
utilities available, it enhances the com-
mand line facility of MS-DOS by creating 
a command stack. Instead of merely being 
able to recall a command with the F3 key, 
DOSEDIT lets you use the cursor arrow 
keys to scroll through a whole stack of 
previously  entered commands,  re-
executing the ones you need. 

Dump is a utility program designed to 
produce Hex dumps of object files. 
Useful in its own right, the program also 
serves as a good example of how to use 
DOS disk service calls. The ASM file is 
also included. 

FREE is a tiny file which tells you how 
much space is left on a disk.., without 
having to view an entire directory listing. 
Its especially handy for hard disk systems. 

LABEL changes the labels on disk drive 
volumes. It's a simple utility, but useful if 
you use volume labels to keep track of 
your disks. 

LIST is an improved version of the DOS 
TYPE command which shows you the 
contents of a file page by page. 

MEMBRA1N is the most sophisticated 
RAM disk program we've seen yet. It lets 
users install variable sized disks and pro-
vides control  over several  other 
parameters. 

SPACE INVADERS A fast variation of 
this popular arcade game. the graphics are 
superb. 

SPEED is a simple program which 
changes some of the PC's floppy disk 
parameters and effectively speeds up disk 
accesses for some applications. 

WIZARDS is an adventure game in the 
classic style, except that it ranks as one of 
the most sarcastic programs in creation. 
The program is vast.., you can wander 
about its darkened corridors for hours. 

ALSO: Backscroll, Bigcal, Crypto, Kbfix, 
Monoclok, Move, Newbell, Nuxq, Parchk, 
and Sp. 

Only $19.95 

FIXWS is a simple utility which modifies 
WordStar files so that they can be used by 
programs which work with ordinary 
ASCII files. 

WRT DOS 2.0 allows for each file to have 
a 'read only' flag, but it lacks a way of 
manipulating them. This pair of utilities 
allows you to set and unset this flag, pro-
tecting important files from accidental 
« MU M. 

BROWSE is a timesaving program which 
provides a useful alternative to the DOS 
'TYPE' command. BROWSE allows you 
to easily scroll up and down through text 
files, saving you the effort of running 
your word processor just to get a quick 
look at a text file. 

CAT If the DIR display is too dull for 
your taste, CAT may be just what you 
need. It will tell you everything you could 
possibly want to know about the files on 
your disks. 

CGCLOCK is a simple little program 
which displays the running time in the up-
per right hand corner of your screen. In 
addition, the program has lots of display 
options and works with the colour 
graphics card. 

CURSOR A tiny twenty-four byte pro-
gram which displays a large cursor on 
your monitor. 

CM? This program does a very elaborate 
comparison of two files and reports their 
differences. It can for example, spot cor-
rupted files and may prove useful when 
dealing with files created by redirection. 

JUMPJOE A bit like "Miner 2049er", 
this game is certain to damage your mind. 
You get to be the janitor of a space station 
and must deal with berserk robots and 
other weirdness. It's a hoot! 

CASTLE Wander through a deserted cas-
tle collecting treasures.., but mind you 
don't get killed by the nanties. A solution 
is included should frustration set in. 

781ST This is a small BASIC program to 
calculate interest using the rule of seventy-
eight. 

MOON is one of the nicest lunar lander 
games we've come across. This version 
uses high resolution graphics and startling 
sound effects to hurl you to your doom in 
style. 

PERTCHT is a BASIC program which 
prints PERT charts. It should interest 
anyone involved in project management 
and scheduling. 

DATNOHIS is one of the strangest games 
ever put on a disk. In fact, mere words 
don't serve to describe it: you'll have to 
try it for yourself. 

NUK-NY This is one of the nastiest bits of 
software we've ever seen. It produces a 
full color high resolution simulation of a 
nuclear attack on New York City. 

Only $19.95 

SWEEP is a disk utility which virtually 
replaces the DOS Copy command. It lets 
you COPY, RES, TYPE and DEL files 
quickly and easily from a simple menu. 

Worldmap is a sophisticated graphics pro-
gram which draws a very detailed map of 
the world. It can display its wares on your 
monitor, or send them out loa dot-matrix 

printer. 

ANITRA plays Mitras Dance by Edvard 
Grieg. A beautiful addition to your com-
puter music collection. 

RAMDISK is one of the most useful 
utilities you'll ever plug into your PC. 
Once installed, it creates a virtual drive in 
memory on your PC. Files can be copied 
to the RAM-disk and accessed in less time 
than real drives take to turn on their 
LEDs. 

Allen plays a bizarre adventure game and 
will lead you into some of the most exotic 
spots in the universe. It comes with a 
massive data file for an adventure that 
you won't get tired of 'til the dragons 
come home for the evening. 

ASMGEN is one of the best text 
disassemblers we've come across. It takes 
any executable COM or EXE file and pro-
duces an assembler listing. It's surprising-
ly good at distinguishing between code 
and embedded data or text. 

Jukebox represents yet another PC music 
system. This one comes with a host of 
songs to play and some really electric 
graphics. 

FOS is a well designed personal finance 
manager which will do much to help you 
tame your cheque books. 

STRUCF will appeal to the rabid pro-
grammer in everyone. It enables MASM 
to be used to assemble a higher level 
language. Included also is a test file toil-
lustrait the syntax. 

PRTSC replaces the internal PC screen 
dump code with something more suited to 
reality. It allows one to hit the PrtSc key 
and then select the print quality from a 
menu. It supports a number of popular 
printers. 

BREAKOUT plays a PC version of the 
popular game. It will accept input from 
either a joystick or the keyboard. The 
graphics are good and the action is ad-

justable from a beginner's level right up 
to 'fast and nasty'. 

UTIL is a collection system utilities which 
can be accessed from a single menu. 
Among its many talents are a sorted direc-
tory, keyboard redefinition and the facili-
ty for scrolling up and down through a 
text file. 

Only $19.95 

PC-Write An earlier, compact version of 
this well-known word processor - perfect 
for program editing. PC-Write comes ex-
tremely close to equalling the power of 
commercial word processors costing 
several hundred dollars. With full screen 
editing, sophisticated cursor movement, 
PC-Write also boasts features such as 
user-definable help screens and a 'printer 
ruler file' which can be customized to 
work with virtually any printer. 

SOLEE is a small BASIC program that 
plays baroque music. While it has little 
practical use, it's a lot of fun. 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 excep-
tion. It has menus for everything and 
allows full control of all parameters. It 
does file transfers in both ASCII dump 
and  MODEM7/XMODEM  protocols. 

And, it comes with a large documentation 
file. 

SD This  sorted directory  produces 
displays which are a lot more readable 
that those spewed out by typing DIR. 

FORTH This is a small FORTH, written 
in Microsoft BASIC. A good tool for 
teaching the ideas and concepts of this 
esoteric, but useful language. 

LIFE This is an implementation of the 
classic ecology game written in 8088 
assembler code. While you may grow 
tired of watching the cells chewing on 
each other, the source code provides a 
good example of how to write assembler 
applications. 

MAGDALEN This is another BASIC 
music program. We couldn't decide which 
of the two we liked better, so we wound 
up putting both of them on the disk. 

CASHACC is a fairly sophisticated cash 
acquisition  and  limited  accounting 
package written in BASIC. It isn't exactly 
BPI, but its a lot less expensive and 
suitable for use in many small business 
applications. 

DATAFILE  is a simple  data base 
manager, written in Microsoft BASIC. 

UNWS WordStar has an unusual propen-
sity for setting the high order bits on some 
of the characters in the files it creates. 
Here's a utility to strip the bits and 'un-
WordStar' the text. The assembler source 
code is also provided. 

HOST2 This program includes BASIC 
source and documentation files to allow 
users with SmartModems to access their 
PC's remotely. 

Only $19.95 
io  Moorshead Publications Software, 1300 Don Mills, North York (Toronto), Ont. M3B 3M8 
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MA.BAS The Micro Accountant is a complete, 
working accounting and check register pro-
gram, with a 25K documentation file. 

PCWNDW22 A "Sidekick"-like co-resident 
window utility. Pop-up window functions in-
clude ASCII table, stopwatch, alarm, printer 
setup utility and notepad. The entire program 
takes up less than 30K of space on your disk. 

PSHIFT A time saving and convenient 
m̀emory partition' utility. Lets you define up 
to nine memory areas. Load programs such as 
dBase II and WordStar into separate partitions 
and 'flip' between them instantly with simple 
keystrokes. 

PC-TOUCH.BAS Increase typing speed and 
accuracy with this easy-to-use typing tutor. 
Also provides accuracy and speed statistics. 

PCYEARBK.EXE Appointments and 
reminder program to help you keep track of 
your time. 

TASKPLAN.BAS Project management soft-
ware which lets you track up to 50 tasks over 50 
time periods (days, weeks or months). 

NOCOLOR A handy little utility for users with 
monochrome monitors and colour software. 

MAXIT A simple but subtle game for two 
human opponents, or one player and the com-
puter. Hours of fun! 

NOTE PAD 

ASCII  HEX  CHAR 
888  80  null 
881  81  (0 
882  82 
803  83  • 
1981  84  • 
885  85 

CHTL 
NUL 
SOH  1 = POT-1  2 = POT-2 
STX 
ETX  4RESET  1 4 1 13 
EOT  LIME FEED  BR 
EN4 Foui FEED  C. 

ALT-1 
ALT-2 
ALT-3 
A LT-
ALT-5 
ALT-6 
ALT-? 
ALT-8 

= TIME DISPLAY 
= START TIMER 
= SPLIT TIME 
. STOP TIMER 
= COLOR 011/OFF 
= ASCII DISPLAY 
= NOTE PAD 
= PRINTER SETUP 

ELAPSE 
88:80:59 

SPLIT  ALARM 
88:88:88  88:88:88 

DATE 
81/81/1988 

TIME 
88:23:81 

ALT-1 :Exit  ALT-2 :Start Tirer ALT-3 Split:  ALT-4 :Stop Timer  ALT-5 :Alarm 

812 
013 
814 
815 

OC 
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8E 
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ff  FF 
Cr CR 
•  SO 
•  SI 

a,EHomeEEndEEEP OeP OnFE 
ALT-6 :Exit 

It 

egaes 

8 LIRES/INCH  I 

fi Option 

PERTCHT A sophisticated project manage-
ment tool using the Program Evaluation 
Review Technique (PERT). 

PLUS More utilities to help organize maintain 
and copy your files, including a "monitor sav-
ing" program which blanks out your screen 
when it is not in use. 

4.-* Printer 
ALT-8 : EXIT 

t File Proc. 
nd:Ins:Dell 

Only $19.95 

Stockboy Inventory 

Stockboy is a good, powerful, flexible bargain-
priced inventory package which will handle in-
ventory for most small businesses needs. We 
use Stockboy for our own inventory control 
and it has stood the test of time. 

Stockboy can: 

• Maintain an inventory database with current, 
maximum and minimum stock reporting when 
an item needs re-ordering. 

• Be a point of sale terminal, adjusting the 
stock data base on line. 

• Produce individual packing lists. 

• Generate a customer list to be used in mass 
mailings. 

• Run on any CP/M or MS-DOS based com-
puter, including Apple II systems with a Soft-
card. 

Stockboy is written in Microsoft BASIC and is 
designed to be easily altered to suit your needs. 
It can be compiled using BASCOM if desired 
and is designed to be used by non-technical 
operators. Available for MS-DOS/PC-DOS 
and many CP/M systems. 

Only $29.95 

11 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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ASTEROIDS This is a splendid implementa-
tion of one of the most popular arcade games 
of all time. The graphics and sound effects are 
amazing. 

RED RYDER Telecommunication on the Mac 
has never been this easy. RED RYDER in-
cludes XMODEM and Kermit protocols and 
many other features. 

MacCLONE Many users have found the Mac's 
disk copy routine to be less than perfect. This is 
a vast improvement. It even defeats a number 
of copy protection schemes. 

BINHEX is a utility for RED RYDER which 
converts applications files to binary files and 
back again to allow them to be transferred over 
phones lines. 

LIFE is one of the classic computer programs, 
and this version is exceedingly well done. 

VIEW PAINT Ever wanted to look at a Mac-
Paint drawing without getting into MacPAint. 
This utility lets you sneak peeks at your draw-
ing files without fussing about. 

RESOURCE EDITOR Macintosh icons and 
other resource items just cry out to be per-
sonalized. This little tool will help you make 
your Mac look its best for you. 

SCREEN MAKER Moving text from Mac-
Write to MacPaint can be a bit disappointing... 
something gets lost in the clipboard. This utili-
ty helps your words make the trip unscathed. 

FONT EDITOR For those longing to make 
their own fonts.., and for those who just want 
to adjust the ones they have.., this editor lets 
you shuffle fat bits to your heart's content. 

MENU EDITOR A handy utility for editing 
the words in Macintosh application menus. 
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Only $24.95 

Volume 2 

FONT LIBRARIAN A splendid alternative to 
the Macintosh system font mover, this utility 
makes it easy to create custom collections of 
Macintosh fonts. 

WIZARD'S FIRE This is a lively game which 
comes with still more lively games tucked away 
in the desk accessories. Get the magic rays 
before they get you! 

SWITCHER Multitasking on a Mac? Why not. 
SWITCHER lets you run up to four applica-
tions concurrently on a 512K 'Fat Mac'. 

RAMSTART Creates a RAM disk of any size 
on a fat MAc, and effectively increases the 
speed of most applications several times over. 

MADONNA A MacPAint picture of the 
popular pop star. 

MOCK CHART A desk accessory to handle 
the creation and printing of small business 
charts. 

DAM A Desk Accessory Manager for setting 
up the Apple menu on your Macintosh the way 
you want it. 

MOCK TERMINAL A desk accessory for 
telecommunication functions from within 
another application. 

HP CALC Add a simulated Hewlett-Packard 
calculator to your Mac. 

REdit A slick  resource editor.  See the 
December 1985 issue of Computing Now! for 
an in depth look at this esoteric art form. 

ORION This one is worth the price of the disk 
all by itself. It simulates a star ship cruising 
around the galaxy at the speed of light. Stars 
fly past like white lines on the highway ... with 
or without star names fluttering like celestial 
flags. The heavens are accurately mapped and 
the star ship handles like any other warp drive 
star Chevy. 

st. 

Only $24.95 
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Icon Collector is a peculiar program that 
allows you to locate icons in applications and 
capture them to disk for use in other programs. 

Billiard Parlor is worth the cost of this disk all 
by itself. It's an excellent simulation of a 
billiard table. It will play most of the usual 
variations of pool and billiards, and simulates 
the movement of the balls with unspeakable 
realism. 

MandelZoom is the nicest Macintosh fractal 
generator we've come across. It's surprisingly 
fast, considering the nature of the Mac's 
floating point library. 

Red Ryder This is the latest version of this 
popular communications program. It runs 
perfectly, giving you a sophisticated terminal 
with download facilities, macros and dozens of 
other features. 

Packlt2 - not to be confused with PackIt - will 
compress and uncompress P2T libraries which 
have been downloaded from bulletin boards. 
An essential utility for telecommunications. 

BINHEX5 is a file manipulation utility which 
allows Mac files to be sent over a modem. 

Edit is the most sophisticated text editor 
available for the Mac. Operating similar to 
MacWrite, it allows you to edit documents in 
multiple windows. Ideal for program editing, 
Edit produces clean text files which can be 
compiled. 

-n Inmost Free III 

14 items 398K ii disk 2K available 

l'::c,ri C 0 fleeter Mevie.s 

Magic:  Mandel bom 

Edit 

Par.:1.1t2 

Billiard Farloui Clipboard File 

4e. 

F.'ead.rn:ii  Red Ruder 8.0 

Billiard Par lour .help -FL 

Only $24.95 

Volume 4 

One of the most interesting aspects of the 
Macintosh is its ability to use software-
based character sets. While there are a 
number of commercial font packages for 
the Mac, we feel that this collection of 
public domain fonts ranks among the 
best. This disk is filled - to the last byte 
-with thirty-eight  unique fonts. We've 
selected a variety of body copy and 
display typefaces, spanning traditional 
and avant garde designs, along with a 
number of special purpose sets. 

Bid fairwell to the placid exterior of 
Chicago, the mild amusement of Geneva, 
the unadventurous disposition of Athens 
and plug your Mac into this typesetter's 
pipe dream. 

A powerful font librarian is also in-
cluded to assist in adding the fonts you 
want to your system. 

Only $24.95 
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MODEM 7 Allows you to communicate with 
any CP/M-based system to download and 
upload files. Complete details for this program 
first appeared in the November 1983 issue of 
Computing Now! 

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

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

DUU The ultimate disk utility, DUU lets you 
recover accidentally erased files, fix corrupted 
files, and modify the system. 

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 un-compress 
files. You can pack about 40 more data on a 
disk with this system. 

FINANCE A fairly sophisticated financial 
package written in Microsoft BASIC. 

BADLIM Ever had to throw out a disk with a 
single bad sector? BADLIM isolates bad sec-
tors and allocates them to an invisible file, 
making the rest of the disk useable. 

DISK Allows you to COPY, MOVE, DELETE 
and VIEW files with a simple command struc-
ture. 

QUEST Similar to "Dungeons and Dragons", 
QUEST provides hours of glorious adventure. 

STOCKS A complete stock management pro-
gram written in BASIC. 

SEE Also known as TYPE17, this utility will 
TYPE any file, compressed or not, allowing 
you read documents which are stored in a com-
pressed form. 

Only $19.95 
Call or write for available formats. 

BISHOW is the ultimate file typer. This ver-
sion will type squeezed or un-squeezed files and 
allow you to type files which have been archiv-
ed with utilities such as LU (see below). 
BISHOW even lets you scroll up and down 
through typed files. 

LU is a library utility which stores multiple files 
under a single file name in order to save disk 
space. Files can be removed from the library as 
they are needed. 

MORTGAGE is a fancy mortgage amortiza-
tion program which produces a variety of 
useful tables. 

NBASIC Large, commercial BASIC's are 
powerful, but expensive. This one however is 
free, and every bit as flexible as many commer-
cial packages. It's also compatible with North 
Star BASIC. 

Z8OASM is a complete assembler package 
which uses true Zilog Z80 mnemonics. It has a 
rich vocabulary of pseudo-ops, permitting you 
to use features of your Z80-based machine 
which are unavailable with ASM or MAC. 

VFILE Easily the ultimate disk utility, VFILE 
gives you a full screen view of the files on youi 
disk and allows you to do mass COPY and 
DELETE operations using a two-dimensional 
cursor. It has lots of 'extras', a built-in help file 
and it's fast. 

ROMAN Though some say it's silly, this novel 
little program is a fun way to convert ROMAN 
numerals into decimal numbers. 

CATCHUM If you like the fast pace and in-
credible realism of Pacman, you'll go quietly 
insane over CATCHUM... which plays basical-
ly the same game using ASCII characters. 
Watch little "C"s gobble periods, while you 
try to avoid the delay "A"s. 

Only $19.95 each 
or $39.95 for all 3! 
Call or write for available formats. 

Volume 3 

OIL An interesting simulation of the working 
of the oil industry. It can be approached either 
as a game or as 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 play. 

DEBUG The DDT debugger is good, but this 
utility adds many new facilities, including sym-
bolic debugging. It's almost like being able to 
step, trace and disassemble through a source 
listing. 

DU87 This version overcomes several limita-
tions of the older DUU program and adds 
some new features. It will adapt to any system 
and can search, map and dump disk sectors or 
files. Its invaluable in recovering damaged files 
too. 

ELIZA Written in MBASIC, this classic pro-
gram is a microcomputer analyst. With a little 
imagination you will be able to believe you are 
conversing with a real psychiatrist. 

LADDER Fast, bizarre and probably a major 
cause of eye strain. This program plays like 
Donkey Kong with ASCII characters. 

QUIKKEY Programmable function keys let 
you hit one key to issue a multi-character com-
mand. This tiny utility lets you define as many 
"macros" as you want, with seldom used con-
trol codes. Keys can be redefined at any time... 
even from within another program. 

RESOURCE While a debugger will enable 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. 

Only $19.95 
Call or write for available formats. 
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A Teacher for the Apple 

Specifically developed for the educational 
market, this disk introduces both teachers 
and students to the Apple Il series and 
compatible systems. 

It is designed to show you how to 
make the computer work for you. 

After introducing you to the com-
puter, it goes on to explain the BASIC pro-
gramming language. With step-by-step in-
structions it shows you the ins-and-outs 
of Apple programming and explains the 
workings of DOS and high resolution 
graphics. 

Designed for new computer users, 
just turn on the computer, slide in disk, 
and enter the world of Apple programm-
ing. 

Requires Applesoft BASIC, 48K RAM and 
one disk drive. 

Only $19.95 

Almost Free  Electronics 
Design. 

Contains BASIC utilities for attenuators,. 
highpass and lowpass filters, series and 
parallel resistors, slew rate prediction, 
resonant  circuits,  power transformer 
selection, audio transformer selection, 
RMS-average-peak conversions for full 
and half-wave, transistor selection, and 
more. Also contains a program for deter-
mining the parameters of strobe light cir-
cuits; it determines power ratings, time 
constants, capacitor size, resistor sizes, 
operating voltages, dissipation and other 
necessary calculations. Written by Bill 
Markwick, the editor of Electronics Today, 
the utilities are not copy-protected and 
are easily modified to suit the user's re-
quirements. 

Available for MS/PC DOS with GWBASIC 
or Apple II systems with Applesoft BASIC. 

Only $19.95 

Steve's Wunderdisk 

Over the years many first rate program listings 
have graced the pages of Computing Now!. 
And we have many which have never been 
published. We've collected the best of these 
and put them on one disk. Included are pro-
grams like STAR, for setting up a Gemini 10 
printer, the Last WordStar Unhook, CPMAP 
and the CP/M HOST program, complete with 
several unreleased support programs. 

The Wunderdisk is an excellent collection 
of tricky CP/M routines. It's deal for anyone 
who wants to make their CP/M system sing! 
And the programs on the disk are well 
documented.., most of them have been ex-
plored and explained in the pages of Com-
puting Now! 

Only $19.95 

MDM730 for Apple CP/M 

First featured in the July 1984 issue.of Com-
puting Now!, MDM730 is one of the most 
powerful MODEM7 programs available. Our 
version incorporates features not available in 
the public domain. MDM730 is an efficient, 
easy-to-use software tool for anyone interested 
in telecommunications, bulletin boards and 
downloading  software.  Consider these 
features: 

• Terminal program which works at any baud 
rate. 
• Ten programmable macro function keys. 
• A Phone number library for 36 numbers. 
• Christensen software transfer protocol. 
• User selectable toggles for linefeeds, ON-
XOFF, etc. 
• Extensive help menus. 
• Baud rate selection on the fly. 
• ASCII dump and capture. 
• Status menu. 

In addition, we've added dialing support for 
the Apple version.  While the standard 
MDM730 can not dial unless it's hooked to a 
Hayes Smartmodem, we've added patches to 
allow it to do pin twenty-five pulse dialing and 
to dial through the Hayes Micromodem II and 
the SSM card. The Computing Now MDM730 
will also: 

• Select a number form the library and dial it. 
• Dial manually entered numbers. 
• Log you on to a remote system if it's free. 
• Optionally autodial if the remote system is 
busy. 
• Keep track of the number of re-dial attempts. 

The Computing Now! MDM730 package is 
available for: 

• The Hayes Micromodem Il card. 
The SSM 300 Baud modem card. 
!. The FDA 232C serial card with external 
modem. 

The FDA 232C package includes versions sup-
porting both the Smartmodem and a dumb 
modem with pin twenty-five control, such as 
the Novation AutoCat. 

Each package also includes utilities for up-
dating the phone number library and redefin-
ing the function key macro strings, as well as 
an extensive help file. 

The source code for this program is over one 
hundred and fifty kilobytes long and can not be 
hacked on a standard Apple system. We patch-
ed it on a larger machine and downloaded it. 
We're confident you won't find MDM730 with 
these features anywhere else. 

Only $19.95 

Available for Apple II series and com-
patibles with CP/ M 

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders.  15 
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Frequency Counter 

Problem Area of Problem  Possible Cause of the Problem 

all four digits  display driver 
extinguished  circuitry 

- DISP1-DISP4 properly oriented 
- ribbon cable connected properly 
- DIP resistor in place 
- ICI 1 properly inserted 
- Q6,Q7,Q8 properly inserted 

leftmost digit 
always extin-
guished 

first-digit blank-
ing circuitry 

- Q3,Q4,Q5 correctly in place 
- R8-R11 proper values 
- proper insertion of IC9,1C10 

decimal point 

not on 

decimal point 

switching 
circuitry 

- proper connection of ribbon 
cable 
- wiring of switch 1, pole è' 
- RI9 (DIP resistor) okay 

display on, but  input circuit or 
unit won't count clock circuit or 
on any range  reset circuit 

- input BNC connector 
- input circuitry (Q1,Q2) 
- wiring of switch 1 poles 'a', 'b' 
and 'd' 
- R3,C3,R4,C4 proper values 
- IC6 inserted correctly 
- operaton of the clock and clock 
divider circuitry (ICI-ICS) 
- proper insertion of IC9-1C11 

operational on  input frequency 
all but the lower multiplier 
three ranges 

- switch 1, pole 'c' 
- all parts associated with IC7 
and IC8 

operational on 
all but the 
10 MHz range 

input frequency  - switch 1, pole 'a' 
divider  - proper wiring of IC5b 

Table 2. Troubleshooting guide. 

peak signal to the input for each of the six 
ranges; in each case the display should 
read out the correct frequency. For fre-
quencies above approximately 200 KHz, a 
TTL equivalent signal should be applied 
to J17, bypassing the input circuit since it 
only responds to signals below this fre-
quency. With a signal applied to J17, the 
frequency counter should read signals up 
to 9.999 MHz. Also -check that the left-
most digit is extinguished when it is zero, 
and that the decimal point moves accor-
ding to the rotary switch position. If all 
ranges work properly, continue construc-
tion by mounting all parts inside the 
cabinet. 

The front and back panels which 
come with the cabinet are over three in-
ches high and should both be cut down to 
the two inch mark and appropriate holes 
drilled. The display board and bezel can 
be mounted to the front panel followed by 
the rotary switch, BNC connector and the 
power switch. The back panel only has the 
power connection. The main board is 
mounted inside the cabinet with the input 
molex connector adjacent to the BNC 
connector. Mount the transformer and 
wire the power switch followed by the 
BNC and power connectors. Finally, plug 
the two 16 pin headers into the ap-
propriate sockets. 

The frequency counter is now com-
plete and should be tested again. If input 

signals greater than 200 KHz are frequent-
ly going to be measured, the input circuit 
Electronics Today February 1987 

should be redesigned to respond to signals 
up to 10 MHz. Alternatively, a switch 
could be used to take the input circuit out 
of the signal path in which case the input 
signal would have to be TTL compatible. 

Use 
The frequency counter is very easy to use. 
An appropriate signal is applied to the in-
put BNC connector, and the correspon-

Figure 2. The display board. 

ding frequency is read off the display. If 
the recommended input circuit is used, the 
input signal should be less than 200 KHz 
with an amplitude greater than two volts 
peak to peak. When taking a reading, the 
highest range should be selected first and 
lower ranges selected until the left display 
is lit; this avoids misreading the counter 
when there is an overflow. The lower 
three ranges of the counter may take a few 
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E-0.1  —r-< — 0.1 

Output of IC4b with reset pin grounded 

gating period \  r  latch pulse 

0.3  X  0.1 - 0.0 

Output of IC4b with IC6 reset in circuit 

‘- reset pulse 

Reset pulse from IC6 

Figure 3. Timing diagrams. 

0.3 0.13 

seconds to stabilize after a signal is ap-
plied while the phase-locked loop locks 
onto the input signal. On all but the 100 
Hz range, the display is updated about 
once every 300 ms; the 100 Hz range, hav-
ing a gating time of one second, is up-
dated once every 1.3 s or so. 

o 

o 

Troubleshooting 
If the frequency counter does not function 
prcperly, first check the power supply for 
+ 5V. Both circuit boards should be in-
spected for solder bridges and all IC leads 
should be checked for proper insertion. If 
the problem(s) still persist, use table 2 as a 
guide in troubleshooting the unit. 

This project was originally published in 
our March 1984 issue. 

The printed circuit layouts for the main board and display. 

•71.1.imiBLAR M  
,•• Cle.2.r.U1  

Resistors (all 
specified) 
RI,2 
R3,8,9,20 
R4 
R5 
R6 
R7 
RIO 
RII 
R12-19 

R21 

Capacitors 
CI 
C2 
C3,8,9,10,Il 
C4 
C5 
C6 
C7 

ViW 5% unless otherwise 

27OR 

4k7 %TALI 5,003 MHz crystal - 
390k Displays ICE 2678R or FND500 

XERMRI 10 to 12 V 500 InA - 
18k. Bezel ICE 24036R — Cabinet 
47k  Hammond 9H CH BU. The bezel, 

displays, and ¡6 pin connector, are 
10k available from the source listed in 
1k  the parts list. 

IOR 
33R DIP resistor (Boums 
4116R-001-330 or equiv.) • 
4M7 

2200u 25 V electrolytic 
lOn ceramic 
100n ceramic 
lu tantalum 
4u7 tantalum 
50p silver mica 
2u2 tantalum 

Semiconductors 
QI-Q8  2N3904 or equiv. 
DI  1N4148 or equiv. 
BR1  1.5A, 200 V bridge rec-

tifier with heatsink (WO2M 
or equiv.) 

REG1  5V, IA regulator with 
heatsink (LM7805) 

IC1,10  74LS04 
IC2,3,4,5,8  74LS390 
IC6  74LS221 
IC7  MC14046B 
1C9  74LS132 
ICI 1  74C926 (National) 

o 
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Frequency Counter 
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C6  I  •g«I 7 
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HOW IT WORKS 
The  frequency  counter  can  best  be 
understood if it is broken down into five 
separate sections: the power supply, the in-
put circuit, the frequency multiplier, the 
clock generator and divider, and the 
counter/display driver. 

Power Supply 
The  secondary  voltage  from  the 
transformer is full wave rectified by BR1 
and filtered by Cl; it is then fed to the 
regulator where it is regulated down to 5 
VDC. The output of the regulator is used to 
drive all of the ICs and the unregulated 12 
VDC (or so) is used in the input circuitry. 
C9 improves the stability of the regulator. 

Input Circuit 
Input signals are fed to the main board via 
the BNC connector on the front panel. C7 
removes any DC component from the input 
signal, and D1 clips off the negative half of 
the signal. QI and Q2 amplify the input to a 
square wave which is fed to the input of 
IC9a; the output is connected to both a 
decade divider (IC5b) and switch 1 pole 'a'. 
While on the 10 MHz range the divided 
signal from pin 3 of IC5 is used; on all other 
ranges the direct output from IC9a is used. 
The output from Sla feeds both switch 1 
pole 'b' and the frequency multiplier. 

Frequency Multiplier 
An MC 14046B phase-locked loop (PLL) is 

0,361 1,1322 • 01523 DI VA 

e 0,08 
• 0 C 160 

j,  C2 

) 

161.6 

TH -1 7 31 7 

)  ICC 

ICC 

D tC) 

frICS  
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• C3 

fr JOE 

l 02 

c , 03 

c'sn 
I 

los o , DO 

De 

configured to multiply the input frequency 
by 10 on the 10 KHz range and by 100 on 
the 100 Hz and the 1 KHz range. The signal 
from Sla is buffered and inverted by ICI0a 
and is fed to the input of the PLL (pin 14). 
This input signal is compared to the output 
of the decade dividers IC8a and b, and a 
comparison signal is generated at pin 13; 
this signal is filtered by C5, R6, and R7 and 
drives the voltage controlled oscillator in-
put (pin 9). The VCO output at pin 4 is buf-
fered and inverted by ICId and drives both 
the decade dividers and the input of IC9b. 
The VCO adjusts its frequency until the in-
put signal and the comparison signal from 
the decade dividers are equal. At this point 
the PLL is locked, and the output frequen-
cy is either 10 or 100 times the frequency at 
pin 14, depending on the position of the 
rotary switch. 

Oock Generator and Divider 
ICI a, b, c, and the crystal are configured to 
oscillate at a frequency of 5 MHz. The 
74LS390 decade dividers reduce this fre-
quency to produce the required gating times 
of 0.01s, 0.1s, and 1.0s. Switch 1 pole 'd' 
selects which of the gating times will be us-
ed; the following explanation assumes a 
gating time of 0.1s. At the end of the 0.1s, 
the output of IC4b will swing from low to 
high, triggering one half of IC6 (a dual 
one-shot timer). This one-shot generates a 

'high' pulse approximately 300us wide 
(determined by the time constant of R3 and 
C3) at pin 13. This pulse transfers the out-
put of the counter into a latch and triggers 
the second one-shot. A 300ms pulse is pro-
duced at pin 5, resetting both the decade 
dividers and the counter, but not the con-
tents of the latch. With the decade dividers 
reset, another gating pulse is generated and 
the contents of the latch are updated. The 
gating pulses from Sld are inverted and 
'anded' with the conditioned input signal to 
produce the 'count' signal. A timing 
diagram showing the clock signals is given 
in figure 4. 

Counter/Display Driver 
The 74C926 is a complete counter, latch, 
and display driver. The count, latch, and 
reset signals are connected to ICII and the 
appropriate display signals are generated. 
R12-R18 limit the current to the displays 
and Q6, Q7, and Q8 drive the common 
cathode of DISP4, DISP3, and DISP2 
respectively. DISP1 is blanked when it is 
zero, and therefore requires some extra cir-
cuitry. Note that DISP 1 is zero when seg-
ment 'f' is on and segment 'g' is off. Q3, 
Q4, ICIOd and e, and IC9c and d decode 
this condition and blank the display. Switch 
1 pole è' selects the proper decimal point to 
light. 

I 111 Ill I 
0 

J=I  4 

ÍTI IaI 
° c'isi  "  

IL ¡0 I —  01 I— II ;i 

6" 

I I 1 I 

Parts overlay for the frequency counter.  Figure 4. Header cable diagram. 
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Expanded Scale Voltmeter 
Covering The 10-15 V Range 
A simple, low-cost 

instrument that can be 
built into power supplies 
or used as a portable or 
fixed 'battery condition' 
monitoring meter. 

COMMON STORAGE batteries to power 
nominal 12 V DC electrical systems have a 
terminal voltage that ranges from a little 
over 10 volts when discharged to around 
15 volts when fully charged, the operating 
voltage being somewhere in the range 11.5 
V to 13.8 V. Lead-acid batteries, for ex-
ample, may have a terminal voltage under 
rated discharge that commences at around 
14.2 V and drops to about 11.8V. A 12V 
(nominal) nickel-cadmium battery may 
typically have a terminal voltage under 
rated discharge that starts at 13 volts, 
dropping to 11 volts when discharged. 

Equipment designed to operate from 
a nominal 12 V DC supply may only 
deliver its specified performance at a sup-
ply voltage of 13.8 V — mobile CB and 
amateur transceivers being a case in point. 
Other DC operated equipment may per-
form properly at 12.5 V but 'complain' 
when the supply reaches 14.5 V. 

To monitor the state of charge/dis-
charge of a battery, a battery-operated 
system or the output of power supplies, 
chargers, etc., a voltmeter which can be 
easily read to 100 mV over the range of in-
terest, i.e., 10 to 15 volts, is an invaluable 
asset. This project does just that. 

This instrument, being of the true 
analogue type, is intended for exacting 
measurement and is better characterized 
as a test instrument. 

The Circuit 
An LM723 variable voltage regulator IC is 
employed to set an accurate òffset' 
voltage of 5 V, and the meter (M1) plus 
the trimpot RV2 and R3 make up a 5 V 
meter, with the trimpot allowing calibra-
tion. The negative terminal of the meter is 
connected to the output of the 723 so that 
it is always held at 5 V àbove' the circuit 
negative line. The positive end of the 
meter goes to a zener which will not con-
duct until more than 5 V appears between 
the circuit + ve and -ve lines. Thus the 
meter will not have forward current flow-
ing through it until the voltage between 
the circuit + ve and -ve rails is greater than 
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10 V, and will read full scale when it 
reaches 15 V (after RV2 is set correctly). 

The meter scale limits may be ad-
justed by setting the output of the 723 
higher or lower (adjusted by RV1) and set-
ting RV2 so that the meter has an increas-
ed or decreased full-scale deflection 
range. 

A variety of meter makes and sizes 
may be used. 

Construction 
Mechanical construction of this project 
has been arranged so that the pc board 
can be accommodated on the rear of any 
of the commonly available moving coil 
meter movements. We chose a meter with 
a 55 mm wide scale (overall panel width, 
82 mm). A meter movement with a large 
scale is an advantage as it is considerably 
easier, and more accurate, to read than 
meters with a smaller scale. It also pays to 
buy a 2% fsd accuracy meter for best ac-
curacy. 

Having chosen your meter, drill out 
the pc board to suit the meter terminal 

HOW IT WORKS 
The meter, MI, is a 1 rnA meter with series 
resistance — made up of R3 and RV2 — so 
that it becomes a 0-5 V voltmeter. The 
negative end of the meter is maintained at 5 
V above the circuit negative line by the out-
put of ICI, a 723 adjustable regulator. The 
positive end of the meter is connected to the 
circuit positive line via ZD1, a 4V7 zener 
diode. Thus, no 'forward' current will flow 
in the meter until the voltage between the 
circuit negative line and the circuit positive 
line is greater than 5 + 4.7 = 9.7 volts. 

Bias current for the zener is provided 
by a FET, QI, connected as a constant cur-
rent source so that the zener current is ac-
curately maintained over the range of cir-
cuit input voltage. This ensures the zener 
voltage remains essentially constant so that 
meter reading accuracy is maintained. 

The trimpot RV1 sets the output 
voltage of the 723. This determines the 
lower scale voltage. Trimpot RV2 sets the 
meter scale range. More resistance increases 
the scale range, less resistance decreases it. 

Diode D1 protects the circuit against 
damage from reverse connection. 

spacing first. The components may then 
be assembled to the board in any par-
ticular order that suites you. Watch the 
orientation of the 723, ZD1, the FET and 
particularly Dl. The latter is an 'idiot 
diode'. That is, if you have a lapse of con-
centration or forethought and connect 
your project backwards across a battery, 
the fuse will blow and not the project. 
Fuses are generally found to be cheaper 
than this project! 

Seat all the components right down 
on the pc board as the board may be posi-
tioned on the rear of the meter with the 
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Battery Condition and 

Terminal Voltage 

The 12 V battery, in its many forms, is a 
pretty well universal source of mobile or 
portable electric power. There are lead-acid 
wet cell types, lead-acid gel electrolyte (seal-
ed) types, sealed and vented nickel cad-
mium types, and so on. They are to be 
found in cars, trucks, tractors, portable 
lighting plants, receivers, transceivers, air-
craft, electric fences and microwave relay 
stations — to name but a few areas. 

No matter what the application, the 
occasion arises when you need to reliably 
determine the battery's condition — its 
state of charge, or discharge. With wet cell 
lead-acid types, the specific gravity of the 
electrolyte  is one  reliable  indicator. 
However, it gets a bit confusing as the 
recommended electrolyte can have a dif-
ferent SG depending on the intended use. 
For example, a low duty lead-acid battery 
intended for lighting applications may have 

6 

108 

1A+ e 

2 

3 

Capacitors 

tamaiern 

C D   

TAG 

TOP 

BAND 

BOTTOM 
2113819 

a recommended electrolyte SG of 1.210, 
while a heavy-duty truck or tractor battery 
may have a recommended electrolyte SG of 
1.275. Car batteries generally have a recom-
mended SG of 1.260. That's all very well 
for common wet cell batteries, but measur-
ing the electrolyte SG of sealed lead-acid or 
nickel-cadmium batteries is out of the ques-
tion. 

With NiCads, the electrolyte doesn't 
change during charge or discharge. 

Fortunately, the terminal voltage is a 
good indicator of the state of charge or 
discharge. In general, the terminal voltage 
of a battery will be at a defined minimum 
when discharged (generally between 10 and 
11 volts), and rise to a defined maximum 
when fully charged (generally around 15 
volts). Under load, the terminal voltage will 
vary between these limits, depending on the 
battery's condition. 

Hence a voltmeter having a scale 
'spread' to read between these two extremes 
is a very good and useful indicator of bat-

10 HOUR DISCHARGE RATE 

o  2  4  6  e  10 
TIME (HOURS) 

Fig I. Typical discharge characteristics of a 12 V (nominal lead-
acid battery. 

TERMINAL VOLT
AGE 

10 HOUR DISCHARGE RATE 

O  2  4  6  10 
TIME (HOURS) 

Fig. 3. Typical discharge characteristics of a 12 V (nom.) 
nickel-cadmium battery (usually consisting of 10 cells in series). 
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components facing the meter The size of 
C2 may give you a little trouble. We used 

a ÌvIgnobloc' type capacitor — as com-
monly used on computer pc boards as 

bypasses. Alternatively, a 100n tantalum 
capacitor ( + ve to pin 2 of ICI) may be us-
ed. The actual value or type of capacitor is 
not all that critical. 

We have used multiturn trimpots for 

RV I and RV2 as they make the setting up 
a whole lot easier. 

—CMIEMORM  
Resistors (All 1/2 W 1% or 2% metal film) 
RI  470R 
R2  39OR 
R3  lk 
RV1,RV2  10k cermet multiturn horizon-

tal trimpot 

Capacitors 
Cl 4u7/ 10 V tant. 
C2  100n ceramic 
C3  10u/10 V tant. 

Semiconductors 
ICI  LM723CH 
ZDI  4V7, 400 mW or 1W zener 
QI 2N3819 
Dl  1N4002 or similar 

Miscellaneous 
MI  1 mA meter (see text) 
FS I  500 mA fuse and in-line fuse 

holder 
pc board; meterscale to suit meter. 

tery condition. It's a lot less messy and 
more convenient than wielding a hydro-
meter to measure specific gravity of the 
electrolyte! 

The charge and discharge characteris-
tics of typical lead-acid and sealed NiCad 
batteries are given in the accompanying 
figures. 

CHARGING RATE 
REDUCED 

RAPID GASSING 
OCCURS 

T  S  T  T 
2  4  •  e  le 

TIME (HOURS) 

Fig. 2. Charging characteristics of a 12 V (nom.) lead-acid bat-
tery. The 'kind' in the curve near 6 hrs is explained in the text. 
Ba 
62 
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Fig. 4. Typical charging characteristics of a 12 V NiCad battery 
(10 cells) charged with a constant current at one-tenth rated 
capacity (0. IC).  Continued on page 80 
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Project 

60111/ 
NDFL 
Amp 

Here is a practical amplifier design, presented as 
a module, with very low distortion. 

Design by Edward M. Cherry. 
THIS AMPLIFIER will perhaps be of 
most interest to home constructors who 
want to rebuild an existing system and 
upgrade its performance without the ex-
pense of new major components. The 
power output transistors employed are the 
well-known types MJ802 and MJ4502 
which have been around for several years 
and have proved their reliability. Indeed, 
the whole design is mature and home con-
structors should have no difficulty in 
making it work. 

Grounding 
In any amplifier where the basic distortion 
has been reduced to a few parts per 
million, several distortion mechanisms not 
ordinarily considered may become signifi-
cant. One such mechanism is associated 
with currents circulating in the ground 
leads and power-supply wiring. 

Figure I Circulating even-harmonic current in 
a Class-B output stage. 
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Figure 1 explains the origin of this 
distortion. The current in each power 
transistor of a class B stage is a half-wave 
rectified version of the output. The two 
currents, drawn alternatively from the 
positive and  negative supplies,  are 
equivalent to a circulating full-wave rec-
tified current and this is basically an even-
harmonic distortion of the signal output. 
If there is any mutual inductance between 
the power-supply wiring (including the 
grounds) and the signal wiring (also in-
cluding the grounds), then an even-
harmonic distortion is induced in the 
amplifier and feedback is powerless to 
correct it. 

The circuit board has been laid out so 
as to minimise this effect. The areas 
enclosed by some tracks are critical, and 
home constructors making their own 
PCBs are cautioned to follow the layout 
exactly, using the accompanying foil pat-
tern. 

Note that the circuit uses three 
distinct ground symbols. 

a) 

b) 

c) 

•=1.1. 
is the quiet ground track 
on the circuit board (one 
per channel). 
is the noisy ground track 
on the circuit board (one 
per channel). 
is the  metal  chassis 
ground (there are six 
connections  to  the 
chassis in total). 

Each channel is connected to chassis 
ground at two points. The input socket is 

connected to the chassis (rather than in-
sulated from it), the input lead from 
socket to circuit board is shielded, and the 
quiet ground track is connected to chassis 
ground at the input socket via the screen. 
Similarly, the ground output terminal is 
screwed into the chassis, the leads from 
the circuit board to the output terminals 
are a twisted pair and the noisy ground 
track is connected to chassis ground at the 
output terminals via the ground output 
lead. The remaining two connections to 
chassis are in the power supply (Fig. 5). 

Note that a 10 ohm resistor, R3I, 
links the quiet and noisy ground tracks. 
This resistor is short circuited at low fre-
quencies by the input shielding and 
neutral output wiring to chassis ground. 
However, the resistor takes over at high 
frequencies where wiring inductance 
become significant. 

The 15uH filter inductors in the sup-
ply rails are also for suppressing cir-
culating currents (R6 and R7 represent the 
winding resistances of LI and L2). 

This amplifier employs only two 
nested differentiating feedback loops and 
its distortion ik not down to the ultimate 
limit. The benefit of including the filter 
inductors is therefore marginal. The 
author is not blessed with 'golden ears' 
and cannot hear the effect of removing 
the filters, although the difference is clear-
ly measurable. The filters should certainly 
be included in amplifiers that use three or 
more NDFLs. As the inductors must be 
home-made, and therefore cost nothing 
but time, and as they do make a measur-
able (if small) improvement, most home 
constructors will probably wish to include 
them. Winding data is given in Table I. 

The precise values of inductance and 
resistance are not important — ± 503/4  is 
good enough — but do not use the 1.25 
mm wire from L3 as something like 0.1 
ohm seri,s resistance is essential. For a 
similar reason, do not parallel the 470uF 
bypass capacitors C9 and CIO with high-
frequency types. Brass or steel mounting 
screws are perfectly satisfactory for the 
filter inductors, as linearity is not impor-
tant. 

Critical Components 
The majority of the components in this 
amplifier are not critical. Almost any 
small-signal diodes will do, such as the 
1N914 and I N4148. QI and Q2 should be 
high-gain, low-noise types — BC109 and 
BC549 are among the cheapest available. 
The others could be almost any small 
signal types: BC107 and BC547 are readily 
available NPN types, the BC177 and 
BC557 are suitable PNPs. The driver and 
output transistors should be the types 
shown: TIP29C and TIP30C for the 
drivers, MJ802 and MJ4502 for the power 
transistors. The biasing transistor, Q11, 
could be any NPN in a TO-126 pack that 
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can be mounted on the heatsink: the 
TIP29C is a readily available type that 
would suit. 

Unless the contrary is indicated on 
the Parts List, resistors can be standard 1/2 
W types and the capacitors can be the 
lowest available working voltage. A few 
components, however, do require special 
mention. A feedback amplifier cannot be 
more linear than its feedback network, so 
the various components that constitute 
the feedback network should have small 
voltage coefficients. 
Specifically: 
a) The overall feedback resisitors R11 and 
R12 should be high-stability types, such as 
metal oxide or metal film; 
b) C4,C6 and  C8  should  be NPO 
ceramics, not high-K types (NPO means 
negative-positive zero, a low-K capacitor 
with a very low temperature coefficient; 
metallised plate ceramics, for example. 
Silvered mica capacitors are also suitable); 
c) C5 and C14 should be polycarbonate, 
polystyrene or polypropylene types, but 
not polyester (eg. mylar types); 
d) C3 should be an ordinary cheap 
aluminum electrolytic, definitely not one 
Of the relatively expensive resin-dipped 
tantalum types (this is not a misprint!) 

The 6u8 H inductor (L3) needs to be 
home-made. Winding data •is given in 
Table 1. The bobbin should be mounted 
on the circuit board with a nylon screw; 
brass or steel must not be used, because of 
non-linear eddy current losses. 

+451/ 

OV 

INPUT 

-45V 

15oH2OR15 
SEE TEXT 
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Figure 3a Square wave response of the amp 
without group-delay compensation. 

Figure 3b Square wave response of the amp 
with group-delay compensation — note the im-
provement over Fig. 3a. 

Construction 
Assembly of the PCB is quite straightfor-
ward. It is probably best to commence by 
soldering all the resistors in place. Note 
that R32 could be either a 2 W type (not 
common) or two 1 W resistors (15R and 

516 
335 

517 

685  010 

7 470, 

0121 

0131 

D3: 

18R) in parallel. Note that the emitter 
ballast resistors of Q16 and Q17 (R29 and 
R30) should have very low inductance and 
if you have trouble with high frequency 
instability, these resistors are likely to be 
the culprit. The best solution may be 
several carbon resistors in parallel. Mount 
R29 and R30 a few millimeters above the 
board. 

Assemble the diodes next, making 
sure you get them all the right way round. 
Install the links next. Follow with the 
capacitors. Note that C5 and C14 must be 
polycarbonate types and C4,6 and 8 must 
be NPO ceramics. None of the other 
ceramic capacitors should be hi-K types, 
as mentioned earlier. When mounting C9 
and C11, see that there is three or four 
millimetres between the capacitor body 
and the adjacent 5 W resistors (R29 and 
R30) 

The transistors may be mounted 
now. See that each is oriented correctly. 
Wind L3 next and mount it on the board. 
Details are given in Table 1. It is not 
necessary to strictly follow the former 
dimensions given, but the inductance 
needs to be close to 6u8 H and wound 
from 1.25 mm wire at least, for low 
resistance. 

Assembly of the components mount-
ed to the heatsink comes next. The heat-
sinks in the original were a standard type 
sold by many companies. Each heatsink 
has a thermal resistance to ambient of 
about 1 °C/W, and other types could, of 

016 1 

829 
0547 
5W 

530 
0547 
5W 

L3 
6u811 

OUTPUT 

4-1V VYs-9--1 

852 ..  C1IT R7 R32 

100n 
2W 

"1551w AND 1951W IN PARALLEL 

Figure 2 Circuit diagram of the 60W power amp. Components marked with a single asterisk are not mounted on the PCB. 
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course, be substituted. The specified ther-
mal resistance permits continuous opera-
tion at full power: smaller heatsinks (up to 
2°C/W) could be substituted if the 
amplifier is to be used only for domestic 
sound reproduction. Use one heatsink per 
channel. 

Figure 4 Circuit for compensating low frequen-
cy group delay: (a) basic uncompensated cir-
cuit; (b) compensated circuit. 

Figure 5 Suggested PSU for the amplifier. 

TABLE 1 

Formers 
If a suitable type is not at hand, these may 
be turned from 25 mm diameter polystyrene 
rod to give 12 mm internal bobbin diameter 
with 7.5 mm winding space between cheeks. 
Wire & Winding L1,2 
Take two 1680 mm lengths of 0.75 mm 
diameter enamelled copper wire and wind 
onto each former leaving 20 mm or so lead 
length at start and finish. 
Wire & winding L3 
Take a 1190 mm length of 1.25 mm 
diameter enamelled copper wire and wind it 
onto the former. Leave 20 mm or so lead 
length at start and finish. 

Three small components are mounted 
on the heatsink adjacent to the transistors 
to keep certain leads short: R28, C12 and 
C13. Construction is very much simplified 
if a 4-way terminal strip is installed under 
one of the collector mounting bolts of 
Q16 and a 5-way strip under one of Q17's 
mounting bolts. Figure 8 shows details. 

The collector and emitter leads from 
each power transistor to the circuit board 
should be twisted. The base leads to Q14 
and Q15 could be twisted in with the cor-
responding collector and emitter leads 
(although this is not necessary) and the 
base lead of Q11 can be kept separate. 
Note that all transistors must be insulated 
from the heatsink. Note also that the 
TIP30C specified for Q10 needs its leads 
dressed to fit the board. 

Quiescent current in the power tran-
sistors should be set to 40-60 nu% by PR 1 . 
Be warned that this quiescent current is 
almost zero until PRI is about three-
quarters of its maximum resistance, after 
which the current increases very rapidly; 
be sure that PRI is set to minimum 
resistance when the amplifier is turned on 
for the first time. 

A convenient way to check the quies-
cent current is by means of the voltage 
drop across R29 and R30; this should be 
40-60 mV (total) for zero signal input to 
the amplifier. 

This project was originally published in 
our August 1983 issue. 

HARMONIC ANALYSIS AT 6 kHz 

Rated output 
Harmonic  2IV9 60 W 
2nd  115 ppm 
3rd  100 
4th  32 
5th  40 

Harmonics  higher  than 
ultrasonic and hence inaudible. 

-20 dB 
2V19 600 mW 
40 ppm 
25 
15 
9 

the  3rd  are 
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 CHASSIS 

RIGHT 
INPUT 

RIGHT OUTPUT 

TWISTED 
PAIR 

IN  SPEAKER 

LEFT AMP 

IN  SPEAKER 

RIGHT AMP 

TWISTED 
PAIR 

Figure 6 Showing the 
general technique for 
connecting inputs, out-
puts and grounds to a 
stereo pair of modules. 

R15 
R16 
R17 
R18 
RI9,26,27 
R20 
R21 
R22,23 

R24,25 
R28 
R29,30 
R31 
R32 

PARTS LIST 

Resistors 

(all 1/2 W, 
RI 
R2 
R3,13,I4 
R4,5 
R6,7 
R8-10 
R11 

5% except where stated) 
lkO 
47k 
33k 
330R 2% 
see text 
4k7 
470R metal oxide or metal 
film 

R12  15k metal oxide or metal 
film 
Ik8 
33R 
68R 
220R 
470R 
3k9 
1k0, 1W 
8k2 

100R 
47R 
OR47, 5 W 
IOR 
8R2, 2 W or 15R//18R, 
each 1 W 

Potentiometer 

PR1  2k2 miniature vertical preset 

Capacitors 

Cl 
C2 
C3 
C4 
C5 
C6,8 
C7 
C9,10 
C11 
C12,13 
C14 

Inductors 

4u7 axial electrolytic 
680pF ceramic 
47uF axial electrolytic 
33pF 100 V NPO ceramic 
1u5 polycarbonate 
68pF 100 V NPO ceramic 
470pF ceramic 
470uF 63 V axial electrolytic 
100uF 63 V axial electrolytic 
33pF 100 V ceramic 
100nF 100 V polycarbonate 

L1,2  15uH (see text and Table 1) 
L3  6u8 H (see TAble 1) 

Semiconductors 

Q1,2 
Q3,4,8,12 
Q5-7,9,13 
Q11,14 
Q10,15 
Q16 
Q17 
D1-3 
ZD1,2 

Miscellaneous 

BC109, BC549 etc. 
BC107, BC547 etc. 
BC177, BC557 etc. 
TIP29C 
TIP30C 
MJ802 
MJ4502 
1N4148, IN914, etc. 
15 V 400 mW zener 

FI,2  2 A standard fuse 

PCB; one 4-way and one 5-way terminal 
strip; heatsink to suit (see text); PCB 
stakes; bobbins for inductors; wire, etc. 
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60W NDFL Amp 
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Figure 7 Component overlay for the power amplifier., 
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HOW IT WORKS. 

Figure 2 is the complete circuit of one chan-
nel of the amplifier; equations referred to in 
the explanation refer to last month's 
feature. The circuit is clearly based on Fig.. 
10 (in the theory article), with major 
parameters 

1/B = 32.9 
rx = 800 nS 

The value of B is set by the overall feedback 
resistors RI I and R12 (470R and 15k — see 
Equation I). rx is set by: 

a)  R4 and RS (33R) plus C6 and C8 
(68p) in conjunction with the chosen 
value of B (see Equation 13); 

b)  R15 and C7 (1k8 and 470p — see 
Equation 14); 

c)  R32 and C14 (8R2 nd 100n) plus the 
8 ohm nominal load and L3 (6u8 H); 

d)  R12 and C4 (15k and 33p) via the 
other constants in Equation 15. 

The first stage requires little comment. 
Q I and Q2 operate at 1.5 mA each, Q3 is a 
current source, Q4 is a common-base stage 
to equalise the quiescent voltages on Q1 and 
Q2; Q5 and Q6 constitute a current mirror. 
RI and C2 form a 200 kHz low-pass filter 
against RF interference. 

The current amplifier operates at 3 
mA, set by R18, and it incorporates a cat-
ching diode (DI) to accelerate recovery 
from overdrive. The pre-driver, Q10, 
operates at 8 mA; Q9 protects the stage 
against damagingly large currents under 

fault conditions. Driver quiescent current is 
25 mA, set by R28. 

Transistors Q12 and Q13 provide 
short-term protection for the power tran-
sistors. Short-circuit current is limited to 
about 4 A, and peak signal current is 
limited to 7 A. Long-term protection is pro-
vided by 2 A fuses in each supply rail; these 
should be 'ordinary' types, rather than 
delay or quick-blow. In the unlikely event 
of transistor failure, these fuses limit the 
loudspeaker current to 2 A, corresponding 
to 32 W into 8 ohms. 

The common alternative of a single 
fuse in the loudspeaker lead is less satisfac-
tory: it provides less protection for the 
amplifier; it provides less protection for the 
loudspeaker as the fuse must be rated to 
carry the full signal current, and it in-
troduces distortion on large-amplitude, 
low-frequency signals. 

Low Frequency Compensation 
A feature of Fig. 2 not discussed so far is a 
low-frequency compensating circuit, R13 
and C5. 

Amplifiers of the basic circuit topology 
of Fig. 2 (theory article) have a group delay 
which is different for different signal fre-
quencies. Some frequencies take longer or 
shorter times than others to pass through 
the amplifier. High-frequency group delay 
in NDFL amplifiers can be corrected, as 
described last month, by a small capacitor 
in the feedback network (See Equation 15). 
Errors in low-frequency group delay, in 
both Figures 2 and 10 (theory article) are 
associated with the input coupling capacitor 
and the capacitor in series with R n. Low-
frequency square-wave inputs are repro-
duced with a 'tilt' as in Fig. ja. 

One approach to this problem is to use 
a truly direct-coupled amplifier, with no 
capacitors in series with the signal path; 
commercial audio power amplifiers of this 
type appeared in the 1970s. Unfortunately, 
such amplifiers are prone to drift. A signifi-
cant DC voltage may appear at the output 
even when there is no input. Although it is 
possible to reduce drift in a power amplifier 
to an acceptable level, it is not possible with 
today's technology to build a system that is 
truly direct-coupled from pick-up input, 
through the RIAA network and the power 
amplifier. 

In the last few years a generation of 
amplifiers has appeared which include some 
form of servo amplifier to correct the drift. 
All circuits known to the author re-
introduce the problem of group delay, 
albeit in a lesser form. 

The approach adopted in the design is 
to retain the coupling capacitors and 
thereby eliminate drift, but include a group-
delay correcting circuit. Figure 4 shows the 
outline. Group delay is optimally compen-
sated if: 

Rn = 2RRF2 ,  (16) 

RF2 CF2 = RF1CF1  (17) 
Figure 3b shows the improvement in 
square-wave response. 

Low-frequency group-delay compen-
sation could well be included in audio 
power amplifiers and pre-amplifiers other 
than NDFL types. 
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ANNOUNCING 
PROJECTS BOOK NO. 3 

Hobby Projects was first published in the summer of 1980 and 
contained 25 Electronics Projects reprinted from Electronics 
Today magazine. It was a sell out and was followed in January 
1981 by Projects Book No.2 and in the summer of 1983 by 50 Top 
Projects, both of which were also virtually sell outs. 

Projects Book No.3 has now been compiled and is off press and 
available for order by telephone or mail. Cost is $3.95 (plus $1.00 
postage). Bulk rates on requests. 

Projects Book #3 contains over 35 of the most popular projects 
which have appeared in Electronics Today since 1983. Emphasis 
this time is on test equipment and audio, as well as several other 
projects in a variety of applications. This long-awaited best seller 
is a must for project fanatics. 

To order, telephone (416) 445-5600 with credit card details or write: 

Moorshead Publications, 1300 Don Mills Road, North York 
(Toronto), Ontario M3B 3M1. 

Figure 8 Wiring diagram for the components 
mounted on the heatsink. 

HARMONIC ANALYSIS AT IkHz 

Rated output  -20 dB 

Harmonk  21V9 60 W  2V19 600 mW 

2nd  19 ppm  5 ppm 
3rd  14  3.5 
4th  2.5  2.5 
5th  3.0  1.5 
6th  1 
7th  1.8  1.8 
8th  1  1 
9th  1.0  1 
10th  1.8  1 

Notice how the harmonics drop away at 
small signal amplitude. In this regard a 
class-B NDFL amplifier is more like a con-
ventional class-A amplifier than a class-B 
amplifier. 
1 ppm = 0.0001% 

• 

Projects Book No.3 

Ln  57 Favorite Projects 
Mayttuine 
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Direct 
Injection 

ox 
Clean up your on-stage sound with this low-cost   
high and low impedance splitter. 

By Andrew Armstrong 

EVEN WITH the large number of electric 
musical instruments in use today, sound is 
still frequently transferred from instru-
ment to PA system by means of a 
microphone.  Electric guitarists often 
regard their stage amplifier as part of the 
instrument and wish the sound to include 
the distortions, cabinet resonances and 
even the microphone in the case of tube 
amplifier. This demands a microphone 
placed directly in front of the musician's 
loudspeaker, with all the consequent pro-
blems of distortion and increased risk of 
feedback. 
Microphones have to be used in any case 

for vocalists and acoustic instruments, 
which makes it all the more important to 
avoid using them on electric instruments 
wherever possible so as to keep the risk of 
feedback to a minimum. Electric key-
boards can usually be fed directly into the 
PA system, but an on-stage amplifier may 
still be required so that the sound can be 
heard by the musician and acoustic instru-
ments may also need local amplification in 
the noisy environment of an amplified 
band. 
The solution to some of these problems 

is a direct injection box, a unit which takes 
the incoming signal from the instrument (or 
from the microphone in the case of an 
acoustic instrument) and splits it to produce 
two outputs, one of which is fed to the main 
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PA while the other is taken to a nearby 
amplifier and speaker controlled by the mu-
sician. A DI box (as they are generally 
known) usually has a high impedance in-
put, a low impedance output for the mixer 
which is sometimes balanced, and either a 
high or low impedance output for the stage 
amplifier. 

Well Balanced Design 
This design is based around a very low 
noise dual op-amp which allows it to be 
used at low signal levels without significant 
noise problems. The gain is normally set at 
unity but a voltage gain of 2:1 can be 
achieved by making a few component 
changes. The unit operates from a single 
9V battery and powers up automatically 
when a jack plug is inserted into the input 
socket. In addition, a low-voltage detector 
is included which lights an LED when the 
battery needs replacing. 
The unbalanced output can be taken 

from the output of the first op-amp which 
gives a reasonably low impedance driver, 
or, if preferred, can be connected directly 
to the input. The advantage of this arrange-
mentis that the unbalanced output will then 
continue to operate even if the unit de-
velops a fault or the battery runs down. The 
input impedance of the DI box circuitry is 
quite high and will not excessively load a 
connection made in this way. 

The mixer output is balanced and can 
either be used directly with high impedance 
balanced inputs or set at 600R by adding 
two 300R resistances. A circuit for a low 
impedance balanced input has also been 
included, as an add-on, to enable the unit to 
be used with equipment which does not 
already have a balanced input. 
The normal type of balanced line to use 

for audio work is 600R. To be completely 
correct, the source resistance for each sig-
nal connection should be 300R and each 
one should be terminated with a 300R resis-
tance to ground at the receiving end. In 
many cases, a high impedance is used at the 
receiving end and the sending end imped-
ance is just 'low'. 
As long as the signal level is suitable, 

this unit may be used as a proper 600R 
driver. The 5532 op-amp specified has very 
low noise, typically 5 nV/ FHZ, so very 
low level signals may be used without a 
severe signal-to-noise penalty. The voltage 
swing which the op-amp can drive into 
600R is somewhat less than it could drive 
into 10k for example, so, taking account of 
the reduced efficiency when operating 
from a single 9V supply rather than a dual 
15V supply, signals of over two volts peak 
to peak may clip. When the battery is ex-
hausted, the 5532 may only manage two 
volts peak to peak into a high impedance. 
This should be adequate for most purposes, 
but if it is not, the project may easily be 
adapted to give more output. 

If the box is operated with 300R output 
resistors into a terminated 600R line, the 
output signal will be potted down by 2:1. 
To compensate for this, voltage gain is 
provided by the addition of optional com-
ponents R4 and C2. Equally, if the input 
signal is of a very low level, adding these 
components will boost it to a level consid-
erably above the of the interference picked 
up on the line. This is particularly useful to 
prevent buzz from phase controlled lights 
being audible on microphone circuits. For 
the purpose of driving a balanced line, a 
voltage gain of two times is required. 
In order to gain the greatest benefit from 

the DI box, its output should be fed into a 
balanced (or differential) input. Unfor-
tunately, the equipment you use it with may 
not have a differential input, but read on. 

The circuit in Fig.2 shows the cien-
ventional configuration of a differential re-
ceiver. Most text books show all four 
resistors in the circuit to be of equal value, 
but that is not always the best way to do 
things. At first glance, it would appear that 
the impedance on the non-inverting input is 
R3 + R4, while that on the inverting input 
is RI. This is not so. If the op-amp is work-
ing linearly (ie not clipping) then for all 
practical purposes, the voltage on the in-
verting input of the op-amp is the same as 
that on the non-inverting input. 
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Fig. 1 The block diagram of the direct injection box. 
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Fig. 2 A standard differential input ar-
rangement. 

The non-inverting input has half the 
positive signal voltage, and since the inver-
ting input has the same signal present, re-
sistor RI has a voltage across it equal to half 
the positive input signal plus the negative 
input signal. The signals are meant to be 
balanced, so the voltage across RI is 1.5 
times the negative input signal. The current 
flowing in this resistor is therefore 1.5 
times as high as would be expected if RI 
were feeding a virtual ground point, so the 
apparent impedance is 1/1.5 times the value 
of RI. Therefore RI should have a value of 
1.5 times the desired input impedance. An-
other way to visualize this is to think of the 
virtual ground point as being one third of 
the way along the resistor from the invert-
ing op-amp input to the input signal. 
The component values shown in this cir-

cuit are for a 48k input impedance, 24k on 
each line, should a 600R input impedance 
be required, it is best to use 300R resistors 
to load the input, rather than using very low 
value resistors around the op-amp. There 
are two reasons for this. 
First of all, the differential impedance of 

the circuit shown is correct, hut the com-
mon mode impedance is not balanced. The 
addition of 300R load resistors will swamp 
any differences and the best performance 
will be obtained. The second reason is that 
the op-amp would be required to drive 
heavy currents into its feedback resistors if 
low value resistors were used around the 
op-amp, and this would restrict the output 
swing. 
7,3 

IBALANCED OUTPUT 

LOW 
VOLTAGE 
DETECTOR 

-r-

Power Consumption 
The one drawback of the excellent NE5532 
dual op-amp is that its current consumption 
is quoted as eight milliamps typical, six-
teen maximum. If the DI box is to be used 
with reasonably large signals and not into a 
low impedance load, it may be preferable 
to use the LM358 op-amp in order to cut the 
power consumption. The gain bandwidth 
product of this device is only IMHz, so 
there is not a lot of scope for providing 
voltage gain without the risk of slight deg-
radation of sound quality. 
Another alternative would be the TL072 

which has a gain bandwidth product of 
3MHz and a noise figure of 18nv/viii, 
both of which are quite acceptable. This is a 
BiFET device, so it would be possible to 
use a very high input impedance if neces-
sary, a megohm for example. The max-
imum current consumption of this is 5mA 
total, so the battery life should be reason-
able. 
If the application requires substantial 

voltage drive into a 600R load, the DI box 
may be constructed with 25V rated elec-
trolytic capacitors and powered from two 
9V batteries in series. There is not room in 
the case of the prototype unit for another 
battery, so a large sized case would have to 
be used. The low battery warning would 
have to be recalculated to work at a dif-
ferent voltage as well, of course, in order to 

give warning before the unit stopped work-
ing correctly, rather than afterwards. 

Low Battery Alarm 
This part of the circuit uses the 8211 micro-
power sensor. This handy chip draws a 
quiescent current of about 25uA and 
provides a current limited LED drive which 
switches on when the voltage on its thresh-
old input falls below 0.15 volts. Referring 
to Fig. 4, the threshold voltage for the LED 
to switch off is given by the formula: 

Ra+ Rb  
V= 1.15 X  volts 

Rb 

Hysteresis is added by Rc (R14 in the final 
circuit), but if this is not required pin 2 
should be left open circuit. 
The addition of hysteresis does not affect 

the switch off voltage but the switch on 
voltage is lowered. This voltage is calcu-
lated from the formula: 

tRa X Rc Rb) 
V=  Ra + Rc 

x 1.15 
Rb 

The component values specified in the cir-
cuit diagram give nominal switching volt-
ages of 6.55 (off) and 5.60 (on). If this end 
of life voltage is too low, it may be raised 
by reducing Rb in the sensing circuit. 

Fig. 4 The low voltage warning circuit 
using the 8211 micro power sensor. 

Fig. 3 A practical circuit for a differential input stage. 
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Direct Injection Box 
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Fig. 5 Complete circuit diagram of the direct injection box. 

Construction 
Before starting to assemble the Dl box, you 
must decide which of the various circuit 
options you wish to incorporate. Some of 
these will affect your choice of components 
while others, like the choice of unbalanced 
output take-off point, will only involve 
wiring changes. The components which 
may be affected are all marked in the parts 
list. SKI is specified as a stereo jack socket 

power supply to about 4V, if the LED does 
not light, then reverse its connections and 
try again. Once the LED works, increase 
the voltage until the LED goes off, then 
reduce it until the LED switches on again. 
Measure the voltage and check that it is 
about 5.6V. Individual units may vary due 
to component tolerance, but if the voltage 
is not acceptable the value of R13 or R15 
should be changed. 

UNBALANCED 
OUTPUT 

(SEE TEXT) 

INPUT 

INPUT GROUND 
AND BATTERY 
VE VIA SWITCH 

•VE FROM 
BATTERY 

IBALANCED OUTPUT 

L ED1 ANODE 

OUTPUT GROUND 

LED1 CATHODE 

Fig. 6 The component overlay for DI box. 

even though the signal is mono, the extra 
connection is used to connect the battery 
negative to the PCB when the input is plug-
ged in. The rest of the assembly is straight-
forward; Fig. 7 shows the suggested layout 
within the case. 

Testing 
If a regulated power supply is available it 
should be used for initial testing. Set the 

Now apply 9V, either from a battery or 
from the power supply, and use a voltmeter 
to check that the op-amp output pins are at 
about 4.5V and that the outputs are at OV. If 
they are not, the most likely fault is a re-
versed electrolytic capacitor. Finally, con-
nect up a signal source and a suitable 
amplifier and check that everything works 
correctly and that the sound is what it 
should be. 

A practical circuit for a differential input 
is shown in Fig. 3. The 300R input resistors 
are optional but should be included if the 
input is connected to a 600R balanced out-
put. The power may be drawn from any DC 
source with a voltage in the range 6-30V or 
a dual rail supply could be used and the 
biasing component omitted. If the arrange-
ment is to be battery powered, it might be 
an idea to include a low voltage monitor of 
the type used in the main DI box. 

Parts List 

Realtors 
(1/4 W 5% unless otherwise stated) 
R1,2,11,12,15  100k 
R3  47k 
R4  47k (see text) 
R5,10  300R 1% 
R6,8  10k I% 
R7,9  10k 
R13  470k 
R14  2M2 (see text) 

Capacitors 
CI  470n polyster 
C2  luO tantalum 

(see text) 
C3  10u 10V radial 

electrolytic 
C4,5,6  47u1OV radial 

electrolytic 

Semiconductors 
ICI   . NE5532 dual op-amp 
IC2  ICL8211 

micropower sensor 

Miscellaneous 
SKI  1/4 " stereo jack socket 
SK2  XLR 3-pole chassis 

plug (XLR-3-32 or equivalent) 
SK3  1/4 " mono jack socket 

PCB: die cast box, approx 110 x 60 x 
30mm; panel-mounting bush for LED1; 
battery connector; nuts and bolts to mount 
SK2 and the PCB. 
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ALL DIMENSIONS IN MILLIMETRES 

Fig. 7 Layout of the major components 
within the case. 

•• How it Works 

ICI A works as a buffer with selectable 
gain, R4 and C2 being added only if 
voltage gain is required. The offset 
voltage on the inputs is minimized by 
having a similar net DC resistance on 
each input. The output of this buffer 
drives the in-phase output and also a 
unity gain inverter, ICI 13, which in 
turn drives the other output. Both out-
puts have their impedance set by series 
resistors and are DC blocked by elec-
trolytic capacitors. The capacitors are 
polarised by load resistors RI I and R12 
The low battery detector is based on 

a purpose designed IC which contains 
a very low current band gap voltage 
reference, a comparator, and a current 
limited output drive circuit. For this 
reason, the LED needs no current lim-
iting resistor. 

PCB for the DI box. 

This project was originally published in 
our November 1985 issue. 

Subscribe now to 
Computing Now! 
Computing Now! is from the 
publishers of Computers in 
Education and Electronics Today 
and offers full coverage of what's 
happening in Canadian 
microcomputing. Get the most 
out of your micro with: 

Progra m ming 
• Amigo Seirpinski Curves 

• instont oos menus • Pc Run 
• suck TO WortiStor • Stud ST In C 

Met StO MMIS 
SS the Loot MSC 

_ 

Listings! 
From the CP/M to MS DOS; 
programs for business use 
or just for fun. 

Reviews! 
The newest computers, the 
latest peripherals. Software, 
book reviews, and interesting 
gadgetry. 

Programming! 
Articles and discussions on how 
to solve those programming bot-
tlenecks. 

Systems! 
If you're looking for a business 
system, you'll find information 
that lets you find the most effi-
cient, most economical equip-
ment for your needs. 

Subscribe now: 
$22.95 for one year (12 issues) or 
$37.95 for two years (24 issues). 

(SPECIAL OFFER PAGE 39!) 

1300 Don Mills Road, 
North York, 
Toronto, Ontario 
M3B 3M8 
Telephone (416) 445-5600 
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Phil Walker presents a device which, while not 
actually being very useful for digging holes, does do a 
fairly reasonable job as a digital oscilloscope trigger, 

Electronics Today February 1987 

THE ETI Digger is a very simple device 
which will make fault-finding on digi-
tal circuits much easier. The basic unit 
is an eight bit comparator which provides an 
output signal whenever the input signal is the 
same as that set up on the unit's switches. 
The unit as described will handle up to eight 
logic inputs which will probably be sufficient 
for most purposes. However, it is designed so 
that additional units may be plugged into the 
first to expand the total capability in blocks 
of eight. 

Use 
The unit must be provided with a normal 
TTL type + 5 volt power supply (probably 
conveniently derived from the equipment 
under test). The output can then be taken to 
the external trigger input of your oscillo-
scope. In case you hadn't guessed, your next 
move is to set the scope to external trigger; 
you may have to adjust the trigger controls 
for best results, especially if the circuit under 
test contains ripple counters. The reason for 
this is that signal propogation delays in the 
devices will cause glitches in the output from 
the Digger unit. This is not a fault, as the in-
put conditions are in fact true, even if only 
for a short time. Actually this property of 
the Digger could be quite useful if you 
suspect this action in your own circuit. 

The leads from the device can be con-
nected to the test circuit in any order but 
remember to set the switches in the corres-
ponding order or your results will be wrong. 
It is a good idea to use the input nearest the 
output as a clock input, as this will eliminate 
a good many ambiguities. Don't forget to 
set any unused input channels to HIGH or 
the unit will not trigger! 

The Circuit 
The circuit for this device is very simple. 
Most of the work is done by the two ICs 
which are 74LS85 devices. These are TTL 
four bit magnitude comparators, and give 
outputs which show whether one of the two 
four-bit binary numbers presented to their 
inputs is equal to, greater than, or less than 
the other. In addition to the normal inputs, 
there is also a set of inputs which take the 
outputs from another similar device. When 
these are connected, the final output de-
pends on all the comparisons of all the in-
puts to the devices connected in this way. 

The rest of the circuit is devoted to pro-
viding the requisite comparison inputs to the 
ICs and giving a visible indication of it. The 
method of doing this is to use resistors to 
hold the inputs normally at a low level, but 
with switches that can force them high via 
an LED which will light up to show that it 
has been selected. The logic inputs from the 
test circuit are provided with pull up resis-
tors so as to define unused inputs. 
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Fig. I. Circuit diagram, PLI and SKI are used when two or more units are cascaded, SK2 Is the 
8-bit input. 

TO SCOPE -

- 

SUPPLY  
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STAGE 

Overlay of the Digger. 

Construction 

Construction of the PCB is quite simple so 
long as the ICs are inserted the right way 
around. The LEDs and capacitors must like-
wise be put in correctly. If you are going to 
use resistor packs as we did, the end with the 
dot or similar mark is the common terminal. 
Verify this with a meter if in doubt. If you 
use discrete resistors, mount them vertically 
and join all the top ends to the common ter-
minal with a piece of stripped solid wire. 

It will be necessary to use a 16 pin wire-
wrap type socket for the DIP switch so that 
it can be positioned through a hole in the 
box. The LED leads will probably be long 
enough without extension. We would also 
recommend using ordinary sockets for ICI 
and 2. 

There are 5 links to insert on the board, 
as marked on the overlay, which connect the 
inputs to SK2. Use thin insulated wire for 
these. Mounting the PCB in the box is a lit-
tle tricky. First make sure that the corners 
have been cut off at the marks shown and 
check that the board will fit into the box. 
We found it easier to fit the PCB upside-
down in the box (with the track side facing 
the lid), so that only a little of the side walls 
have to be cut away to allow SKI, 2 and 
PLI to fit. Also, a rectangular cut-out must 
be made in the bottom of the box to allow 
SW1-8 through. Finally, eight 3 mm holes 
should be drilled for the LED's. 

The PCB can now be bolted to the lid 
and the box put together. Connections to 
the outside world are made via the plugs and 
sockets. If you use right-angled plug parts, 
then a small piece of Veroboard soldered to 
them makes a solid connector. The socket 
should be a socket housing with crimp ter-
minals. 

For greatest convenience the power 
connections can be made via the free socket 
and PLI while the trigger output goes from 
SKI. The switch can be mounted either way 
round in its socket allowing you the option 
of the test leads coming out of the top or 
bottom of the device, while the switch posi-
tion is still up for high, for example. 

This project was originally published in 
our January 1984 issue. 

The Digger itself, less case. 
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Another Magazine 
From 
Moorshead Publications 
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TO SCOPE 
TRIGGER 
INPUT 

Two or more Diggers can be cascaded. 

HOW IT WORK)  

Not much to say here really. The LED, switch 
and resistor combination on four inputs to 
each IC provides a low when the switch is 
open and a high when it is closed. Also when 
the switch is closed the LED will light showing 
that a high has been selected for that channel. 

When the logic input pattern on the input 
pins matches that on the switches the output 
from each IC will change state and thus trigger 
a scope connected to the final output. The 
outputs from one IC will directly drive the 
cascade inputs of another and so extend the 
width of the comparison. The inputs from the 
test circuit are provided with pull up resistors 
so any unused input will appear as a high and 
this must be set on the corresponding switch. 
Cl and C2 are present to decouple the supply 
mils. RI is a pull up for the " = " cascade in-
put. 
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PARTS LIST 

RESISTORS (Vu W 5% carbon film unless 
stated) 
R 1 
R2-9 

2k2 
lkO (SIP resistor 
pack 8 x 1k0) 

R10-17  2k2 (SIP resistor 
pack 8 x 2k2) 

CAPACITORS 
CI  100nF ceramic 
C2  10uF 16 V 

electrolytic 

SEMICONDUCTORS 
ICI, 2  74LS85 
LED1-8  3m111 red LED 

MISCELLANEOUS 
SWI-8  8 pole SPST DIP 

switch 
10 way PCB socket 0.1" spacing; 5 way PCB 
socket, 0.1" spacing; 5 way rt. angle PCB 
plug 0.1" spacing; box; PCB; 10, 5 way free 
plugs and 5 way socket for above. 

It too is about Pets but not the 
computers! 

It is a bi-monthly magazine 
about small animal health, nutri-
tion, obedience, and much more... 
from dogs, to cats, to birds, to 
fish. It also carries the stamp of 
approval of the Ontario Veterina-
rian Society. 

In fact, it is the only magazine 
of its kind in Canada and we are 
proud to lend our publishing ex-
pertise to it. 

SUBSCRIBE NOW AT 
ONLY S9.95 FOR A FULL YEAR 
OR $15.00 FOR TWO YEARS 

Call (416) 445-5600 with credit 
card details or complete and mail. 
esr, 
SUBSCRIBE NOW! 

Make sure you receive every issue of Pets Magazine. A two 

year subscription delivered to your home costs only 
515.00. One year is Just 59.95.  lime limited Rate 

I wish to receive a subscription 

Name 

Address 

City  Province 

Postal/Code 

I wish to give a gift subscription to.' 

Name 

Address 

Cuy Province 

Postal/Code 

0 2 year subscription 515.00 

CI I year subscription $9.95 

My cheque enclosed 

MAIL TO: 
Peb Magazine, Moorsbead Publications 
1300 Don Milks Road, [Son Mills. Toronto, 
Ontario, M3B 3M11 (416) 445-5600 

American Express 
Account 

D Visa Card Account 

D Master Card Account 
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Video 
Distribution 
Amplifier 

This simple, low-cost project will allow you to 
drive up to five video monitors from one 

source, such as a video cassette recorder or a 
computer. 

by John Power 

7R 

Design 
The requirements of a video distribution 
amplifier are quite straightforward. The 
unit must be able to take a single input 
and to drive the required number of out-
puts while retaining video fidelity. The 
bandwidth at full output level must be at 
least 5 MHz, or more, so as to retain video 
fidelity. The input and output impedances 
must be matched to standard 75 ohms 
widely used in video work and adding or 
subtracting units to or from the outputs 
should not affect any other device con-
nected to an output. In essence, that's 
what this project does. 

The heart of the unit is a transistor 
array IC — a CA3086. The transistors in-
side this package have been connected as a 
differential amplifier, the output of which 
drives a power output stage. Feedback 
provides a gain of one (i.e., unity) and en-
sures a wide bandwidth. Regulated ± 5 V 
supplies are used so that the whole 
amplifier can be direct-coupled, yet main 
tain 'the output on at DC ground poten-
tial. In practice, the D̀C offset' at the 
output is on the order of 100 mV or so (it 
could be positive or negative). 

Construction 
The video amplifier fits into a 50 x 95 x 
158 mm project box along with its own 
power supply. This has the advantage of 
convenience, though it is possible to run 
the circuit off a 12 volt AC adaptor, 
which would make the whole a little 
cheaper if you already have the adaptor. 
These are also safer for the constructor 
who is unfamiliar with mains wiring, 
though more expensive in the first place. 
Anyway, details are given for both situa-
tions. 

Select the connectors you intend to 
use. Some video systems use RCA sockets 
and cables rather than the more robust 
BNC type. You may not require the full 
five outputs which the unit is capable of 
driving. Thus you may elect to economize 
and fit only two BNC sockets. (BNC 
sockets, if good ones, are not cheap). Or, 
you may fit two BNC's and an RCA type, 
in case. Note that solder lugs are needed 
for grounding. 

Having selected the connectors, you 
must decide on the power supply. Includ-
ed are the full power transformer, rec-
tifier, filter and so on, all of the com-
ponents for which cam to about half the 
cost of an adaptor. I recommend this ap-
proach as cost effective as well as conve-
nient. (You cannot easily lose the parts 
you bolt in, like you can lose an adaptor.) 

Next, drill the box to allow the entry 
of the power cable or the mounting of an 
adaptor connector as appropriate. Also, 
mounting holes for the connectors, the 
LED, printed circuit board and power 
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Video Distribution Amplifier 
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Power supplies. Wiring details for the two types of power supplies suggested. 

HOW IT WORKS 

transformer, if applicable, will be needed. 

Once the drilling is finished, fit the 

components to the pc board after check-

ing that all holes are correctly drilled and 

that all the tracks are OK. Be sure to get 

the IC's and the tantalum capacitors and 
transistors the correct way around. Attach 
short lengths of hookup wire to the pc 
board input, output and power connec-

tions. These can be trimmed and soldered 
to their respective destinations once the 

board is bolted in place. 
Next fit the transformer, power cable 

and connectors in their respective posi-

tions in the box. Clamp the power cable 

carefully and connect it to the terminal 
block, along with the transformer wires. 

Now wire up the tagstrip, following 

the diagram carefully. Solder onto it the 

transformer secondary wires and the wires 
leading to the pc board. Mount the 

tagstrip and the pc board. Run a ground 

The unit is basically a dc-coupled feedback 
amplifier. It comprises a differential input 
stage, a buffer stage, and a power output 
stage which together form a small but fast 
and powerful operational amplifier. This is 
suitably configured to give an overall gain 
to 75 ohm matched loads of precisely one, 
and a bandwidth of better than five 
megahertz — the requirement for a video 
distribution amplifier. 

The differential input stage is created 
from a CA3086 IC (ICI) which counts five 
discrete transistors. Four (Q1 to Q4) are us-
ed to provide a Darlington long-tailed pair, 
with the fifth transistor (Q5) acting as the 
current source for the stage. The use of this 
IC, rather than having five discrete tran-
sistors guarantees good thermal matching 
for low offset and good matching of the 
transistors for predictable balance and 
gain. 

The open loop bandwidth.of the circuit is 
defined by the capacitor Cl in conjunction 
with the 3k9 load resistor, R2, and other 
rilinor effects. 

Transistor Q6 is a common collector 
cieuit which buffers the differential pair 
output and provides a negative dc shift of 
about 0.6 volts. Q7 and Q8 form the output 
sta3e. Q8 is a current source setting the out-
put quiescent current to about 100 mA 
which is required (worst case) to drive five 
parallel output lines of 75 Ohms each. Q7 is 
a common collector stage which drives the 
output. Q8 also uses the LED as a voltage 
reference. 

Specifications of the 
Video Distribution Amplifier 

Number of outputs  up to five 
Peak output  2 V peak-to-peak 
Power bandwidth  8 MHz (-3 dB  I V p-p output) 
Small signal bandwidth26MHz (-3dB @ 200 mVp-p output) 
Input impedance  75 ohms 
Output impedance  75 Ohms (any port) 
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Resistors R3 and R4 form the feedback 
ratio defining resistors. High stability metal 
film types have been specified here. In prac-
tice, they define the gain of the whole 
amplifier and hence should be precise 
enough to ensure that the standard video 
levels are maintained. However, their value 
is not critical, only that they should be 
equal. it would be possible to use a pair of 
selected resistors of any value from 330 to 
560 Ohms. 

The input termination resistor and the 
output  termination  resistors are also 

specified as metal film types. This is in 
order to minimize mismatches with the 
cables used to connect to other video 
systems. It would be possible to use 47 or 51 
Ohm metal film resistors if your system is 
50 Ohm. In this case, the output stage could 
handle only four parallel loads. 

The amplifier runs off + and -5 volts, 
provided by two three-terminal regulators. 
These are prevented from oscillating by the 
two tantalum capacitors, C2 and C3, which 
also provide supply rail bypassing over a 
wide bandwidth. 
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Video Distribution Amplifier 

lead to each of the connector ground lugs, 
as shown in the wiring diagram, and then 
the 0 V point to the pc board. Finally, 
connect the input and output leads and 

the LED wires. 

Test 
To test it, apply power and check that the 
rectifier outputs are correct. If you're us-
ing the 12 VCT transformer, you should 
measure around 9 V across each of the 
1000u filter capacitors. If you're using the 
adaptor supply, you should get around 
16-17 V across the 1000u filter capacitors. 
If they're okay, check the outputs of the 
two regulators. These should each be 5 V. 
The LED should be lit. 

If there are any faults to this stage, 
switch off and sort them out before conti-
nuing. A wiring error is the usual culprit. 

If all's well, connect it up and try it 
out. 

OUTPUTS 

ALL 75 OHM) 

PARTS LIST 

Resistors (all 'AW, 5% unless noted) 
RI, R8-12  75R, 107o 
R2  3k9 
R3, R4  470R, 1% 
R5  470R 
R7  68OR 
R13, RI4  33k 

Capacitors 
CI 
C2,C3 

27p 
10u/6 V tant. 

Semiconductors 
ICI  CA3086, LM3086 
IC2  LM7805, LM340/T5 
IC3  LM7905, LM345/T5.0 
06,Q7,Q8  2N5818 
LED1  TIL22OR red LED 

Miscellaneous 
pc board; box (50x90x150 mm); required 
number of BNC sockets; AC adaptor (12 V( 
or power supply components to suit — see 
text; wire, nuts, bolts, etc. 

Overlay and wiring diagram. Showing how the 
pc board is assembled and wired up. 

This project was originally published in 
our October 1984 issue. 

Continued from page 65 Expanded Scale Voltmeter 

Note that the fuse (to protect the pro-
ject) is inserted in an in-line holder in the 
external connecting leads. 

Calibration 
For this you will need a variable power 
supply covering 10 to 15 volts and a digital 
multimeter (borrow one for the occasion). 

First set the 10 V point. Connect the 
digital multimeter across the power supply 
output and adjust the power supply to ob-
tain 10.00 volts. Set the mechanical zero 
on the meter movement to zero the 
meter's pointer. Connect the unit to the 
power supply output and adjust RV1 to 
zero the meter needle. 

Next, set the power supply to obtain 
15.00 V. Now adjust RV2 so that the 
an 

meter needle sits on 15 V (full scale). 
Check the meter reading with the power 
supply output set at various voltages 
across the range. We were able to obtain 
readings across the full scale within ± 
half a scale reading ( ± 50 mV). With a 2% 
meter, the worst error may be about ± 
one scale division. 

When set up, our unit drew 12.5 mA 
maximum current drain, which is pro-
bably typical, but current drain may be 
around 20 mA or so maximum. Note that, 
when the input voltage is below 10 V, the 
meter needle will move in the reverse 
direction. 

This project was originally published in 
our December 1983 issue. 
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Congratulates ET 
for 10 Great Years! 

• Built-in heatsinks 
• Only five connections 
• One year warranty 

MOSFET SERIES 
These high quality power amplifiers utilize the very lat-
est technological development in the audio field - the 
MOSFET. Superior performance characteristics can be 
achieved by using these devices in amplifier output 
stages. MOSFETs provide faster slew rate and com-
plete absence of crossover distortion. Their inherent 
positive temperature coefficient makes them immune 
from thermal runaway, eliminating the needs for com-
plicated protection circuitry. ILP MOSFET amplifiers can 
operate into complex loads without difficulty making 
them suitable for the most demanding audio applica-
tions. ILP amplifiers are encapsulated to fully adequate 
heatsinks, and connections are made via five soldered 
terminations. 

Harmonic Distortion (@1 Khz): 0.005% Intermodulation 
Distortion (60 Hz/7 Khz 4:1 ratio) : 0.006% Slew rate: 
20v/us. Rise time: 3 µs. S/N ratio: 100 db Frequency 
response: (-3db): 15Hz -100 KHz. Input sensitivity: 500 
mV rms. Input impedance: 100K çà Damping factor 
OD 100 Hz): >400 

ILP Output Lead SaPPI7 Size 
Model Perm bamboos Mae. It. mm) $ 

RMS Watts Ohms (DC V) 
1100121 60 4-80 ±45 120978,40 139.80 
MOS248 120 4-80 ±55 120e78x40 180.59 
M05364 180 en ±55 120x78)(100 268.01 

RACK MOUNT 
CABINETS 
Professional 19" x 5 1/4" cabinets for the ultimate in 
appearance and flexibility in assembling ILP amplifiers. 
Modules moun on pre-cut side panels. Transformers 
and power supplies mount internally. Supplied with 
quality hardware and instructions.  S09.95 each 

ILP MODEL FOR USE WITH THESE MODULES 

AMOS 
81105 
CP»5 

2 e 40244 OR H0248 
2x M0524E1 
2 e 115364. 110368 OR M0S364 
plus power supplies 

AMPLIFIER MODULES 
BIPOLAR SERIES 
These ILP modular hybrid amplifiers have been de-
signed to provide the utmost in high fidelity perform-
ance. They are encapsulated to a built-in heatsink. They 
have internal safeguards to ensure full protection and 
make them both mechanically and electrically rugged. 
Connections are made simply and quickly by only five 
soldered terminations. 

ILP Audio Modules 
for 10 Great Years! 

The HY30 and HY60 are extremely small-sized ampli-
fiers that are widely used for compact equipment, in-
cluding portable amplifiers, guitar amplifiers, and public 
address systems. The HY6060 is a compact stereo unit. 

The other units in the series share similar height and 
length, however the higher power units have greater 
physical depth. Models are available to provide 4 or 8 
ohm output, and power of 60, 120 and 180 watts RMS. 

Model HY30, HY60, HY6060. Harmonic Distortion 
(lp 1 KHz) : 0.015% Intermodulation distortion (60 Hz/7 
KHz 4:1 ratio): 0.006% 

Model HY124, HY128, HY244, HY248, HY364, HY368. 
Harmonic Distortion: 0.01 %. Intermodulation Distortion: 
0.006% 

All models Protection: Full load line. Slew rate: 15v/µs. 
Rise time: 5 its. S/N ratio: 100 db. Frequency response: 
(-3db) 15Hz - 50 KHz. Input sensitivity: 500 mV rms. 
Input impedance: 100K ohms. Damping factor (@100 
Hz): >400. 

IL? 
Model 

Output 
Power 
HMS VMtls 

Load 
Impedance 
Ohms 

&mph), 
Voltage 
DX V1 

tilee 
(In mm) $ 

9730 15 4-80 ±18 713,68e40 40.73 
HY511 30 4.80 ±25 76.6E1.40 40.73 
1178060 30 e 30 4-80 ±25 12008x40 87.35 
111124 60 en ±35 120e78e40 69.87 
117128 60 80 ±35 120e78e40 69.87 

07244 120 40 ±45 120,78.50 93.18 
H72111 120 80 ±45 120e78e50 93.18 
H7354 180 40 ±55 120x713e100 139.80 
H73011 180 en ±55 12008 e 100 139.80 

APPLICATIONS HANDBOOK 
An 80-page guide o the use of ILP modules and power 
supplies in the design of audio systems. Complete 
specifications of ILP amplifiers, preamplifiers, mixers, 
transformers, power supplies, etc.  S4.95 

We Stock ILP 
Toroidal Transformers 

* Mail and phone orders accepted. Shop in per. 
Gladstone Electronics  son Tuesday-Saturday 9:30 am - 6:00 pm. 

1736 Avenue Rd., Toronto, M5M 3Y7 Thursday 9:30 - 9:00. Visa and Mastercard 
Telephone (416) 787-1448  accepted. 

Circle No. 22 on Reader Service Card 

ILP POWER  . \ 
SUPPLIES 

ILP Power Supply units consist of an ILP toroidal trans-
former and matching circuit board with power supply 
components. These are designed to give the proper 
voltage and current for ILP audio amplifier modules. 
Transformers may be purchased separately. 

ILP Model For use with Price 
P1111410 1 OR 2 HYPO - 1 1106060 - 147124 67.57 
46027 TRANSFORMER FROM P51.1410 48.08 
P018420 1 110128 76.36 
41040 TRANSFORMER FROM PS1i420 48.08 
P1115130 1 M05128 80.76 
4A041 TRANSFORMER FROM PS7430 48.08 
P811510 2 HY128 - I 17244 82.96 
55828 TRANSFORMER FROM PS(.1510 60.83 
1111529 241124 82.96 
56927 TRANSFORMER FROM P50520 60.63 
P341530 2 M05128 87.36 
56035 TRANSFORMER FROM P0U530 80.63 
P811510 1 H1248 87.36 
5411111 TRANSFORMER FROM PSU540 60.63 
P80560 1 M0S248 08.15 
5*835 TRANSFORMER FROM PSU550 80.83 
P511710 2 111244 108.05 
7A1147 TRANSFORMER FROM P5U710 78.22 
P59720 2111248 110.44 
7A047 TRANSFORMER FROM PS0720 78.22 
P311730 1 140364 110.44 
7A1117 TRANSFORMER FROM PSU730 76.42 
P381740 
761117 

1 111368 
TRANSFORMER FROM 1S11740 

119.25 
76.22 

P3187511 2 M05248 119.25 
7111/31 TRANSFORMER FROM PSU750 76.22 
P311700 2 H0364 (includes 2 Pass) 199.95 
11401715 TRANSFORMER FROM P55780 105.34 
P511771 2 110368 (includes 2 PdIss) 199.85 
8A02611 TRANSFORMER FROM PSU770 105.34 
PSU7110 2 5405364 (includes 2 pcbs) 210.94 
9A036/S TRANSFORMER FROM PSU780 131.54 

ILP PREAMPLIFIERS 
AND 
MIXERS 

Compact modules - not much larger than a matchbox 
- that provide the best audio reproduction possible. All 
ILP modules are fully compatible so you can combine 
modules to create systems as required. Fully short-
proof. All connections made via edge connector (sup-
plied). Complete circuitry is encapsulated and simply 
plugs into the connector. Require ±15 VDC @ 20 ma 
(1-I Y67 requires 80 mA). 
HY6 Mono Preamp Provides input for mic, phono 
(magnetic cartridge) tuner, tape, auxiliary with volume, 
bass, treble controls.  $3491 
HY66 Stereo Preamp Similar to HY6 with two stereo 
channels  $64.04 
HY78 Stereo Preamp Similar to HY66 minus tone 
controls. Inputs for phono, tuner, auxiliary, plus tape 
monitor  $58.22 
HY67 Stereo Headphone Amplifier Will drive stereo 
headphones in the 4 ohm- 2K ohm range.  $64.84 
HY73 Guitar Preamp Provides for two guitars (bass + 
lead) and mic with separate volume/bass/treble and 
mixing  984.04 
HY83 Guitar Preamplifier State of the art unit with 
bass/mid/treble controls, separate channels for "clean", 
overdrive, reverb with master control  $79.95 
HY76 Stereo Matrix Switch Provides two channels 
each switching one of four signals into one.  $75.77 
HY77 Stereo VU Meter Driver Programmable gain/ 
LED overload driver.  $46.58 
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Fig. 2 Veroboard layout and construction. 

drilled in the case lid so all testing and 
operation is carried out with the case clos-
ed - an important safety point. 

Construction 
Refer to Fig. 2 and build the circuit up on 
a piece of 0.1 inch stripboard, 12 strips by 

29 holes in size. Make the breaks as in-
dicated: Safety depends on the copper 
strips being completely broken. Drill the 
two holes use for mounting the triac 
panel, and mount the IC socket. Follow 
with all the on-board components. 

MICA W ASHER 

ALUMINUM PANEL 

Fig. 3 Details for mounting the triac. 

Resistor R5 requires an adequate power 
rating and either three 470 ohm resistors 
as specified connected in parallel. Alter-
natively, a single 150 ohm, 2W compo-
nent will suffice. 
Solder light-duty stranded connecting 

wires to strips C and D. Extend the bat-
tery connector leads as necessary and con-
nect these to strips A and F. Fig. 3 shows 
details for making the triac panel from a 
thin sheet of 32 x 60mm aluminum. At-
tach the triac using a single screw and a 
mounting kit. This prevents the panel 

9V BATTERY 

CONNECTIX 

OUTPUT TO LAMP 

Fig. 4 lnterwiring of the Veroboard and other components. 
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P  I 

Fig. 5. Details for using two switches to switch the lamp with one and off with 
the other. 

— Parts List   

Resistors (All 1/4W, except where noted) 
RI ,2  1M 
R3  2M2 
R4  15OR 
R5  150R, 2W or (3) 470R, 1/2W wired 

in parallel. 

Potentiometers 
VR I  lk mini, preset vert. mounting 

Capacitor 
CI  10n ceramic 

Semiconductors 
ICI  M0C3020 optically isolated triac 
CSR1  3A triac 
TRI ,2 ....2N5210 or BC184L NPN silicon 

Miscellaneous 
Si  small single-pole 
S2  DPST 120VAC rocker switch with 

neon ind. 
SKI  Suitable jack socket 
B1  (4) "AA" size batteries 
FS1 .... 3A fuse and 20mm panel-mounting 

fuseholder 
TB!  3A terminal block 

Battery holder for above with 9V connec-
tor; 6-pin DIL socket; T066 mounting kit 
for CSR1; thin sheet aluminum for triac 
panel 32 x 60mm; case 150 x 80 x 50mm; 
fixings; connecting wire; cable clamps etc. 

from becoming "live". Attach the triac 
panel to the circuit board using the 
previously drilled holes. Make the gate 
and MT2 connection using wire rated for 
120 VAC purposes. 
Refer to Fig. 4 and complete the inter-

nal wiring using 3A 120 VAC-rated wire 
for S2, FS1, and TB1 connections. Leave 
the sliding contact of VR1 fully clockwise. 
Fit the 120VAC with strain relief clamps, 
place a 3A fuse in the fuseholder, and 
connect the batteries. If possible, fit used 
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batteries for testing and adjustment pur-
poses since this will ensure correct opera-
tion as the new ones age. Cut two pieces 
of thick cardboard to secure the battery 
holder as shown in the photograph. 

Optically Isolated Switch 

Installation and Adjustment 
Due to exposed high voltage connections, 
all operation must be carried out with the 
lid of the case on. Shut down the main 
power whenever a battery change is 
necessary. Secure the main unit to the wall 
in a dry place. Connect Si with light-duty 
twin wire, plug the unit into the 120VAC 
circuit, and test the system. The lamp may 
flash briefly as S2 is switched on; this will 
not effect the unit at all. Adjust VR1 anti-
clockwise to give minimum LED current 
for reliable operation. If it works with the 
sliding contact fully anti-clockwise, all the 
better. 

Switches situated outdoors should be 
protected from moisture to prevent corro-
sion and early failure. Also, any water 
entering and bridging the contacts will 
short circuit them and actuate the light. If 
the lamp flickers or operates at reduced 
brightness this is a sign to replace the bat-
teries. 

Two- Way Switch 
A circuit to enable the light to be operated 
from two switches is shown in Fig. 5. Both 
switches are single-pole two-way types. • 

Ra 



Digital Pulse 
Generator 

A pulse generator designed specifically for testing digital circuits 

By Michael Tooley and David Whitfield 

TESTING DIGITAL circuits is quite dif-
ferent in a number of important aspects 
from the testing of analog circuits. 
However, much of the same est equip-
ment can still be used, althou  in many 
cases it is more convenient f an ap-
propriate digital instrument is available. 
In other cases, there are additi • nal needs 
which call for test equipment  ich caters 
specifically to the needs  • f digital 
troubleshooting. 
The unit described here is a • igital pulse 

generator. It produces digita signals in 
four switched frequency rang  giving an 
overall coverage of 1 Hz to • KHz. At 
any given frequency, four i dependent 
outputs are available with du y cycles of 
25%, 50%, 50%, and 75%  spectively. 
This allows a number of sign s of known 
phase relationship to be used or testing a 
digital circuit. All of the ou puts are at 
TTL levels, and the unit ope tes from a 
single +5V supply. 

Circuit Description 
A block diagram for the 
generator is shown in Fig. 1, 
responding circuit diagram 
is a monolithic timer arr 
oscillator configuration. Thi 
set to run at four times th 
quency. The output from t 
has alternating "high" (ne 
and "low" (near 0 volts) 

84 

igital pulse 
ith the cor-
Fig. 2. ICI 
ged in an 
oscillator is 
output fre-
is oscillator 
r +5 volts) 
eriods. The 

durations of these periods (TH and TL) 
are determined by the following equa-
tions: 

TH 0.693 x (VR1 + RI + R2)x C 
TL 0.693 x R2 x C 

The values are: time in microseconds, 
resistance in ohms, and capacitance in uF. 
The capacitance, C, is the value of the 
capacitor currently selected by SI. From 
this it can be seen that the "low" period 
of the waveform will always be less than 
the "high" period; often very much less. 
For any given range, the "low" period is 
fixed, and it is the "high" period which 
varies as the setting of VR1 is altered. 
With the components selected, the fre-
quency of the oscillator varies over a 
range of approximately 10:1 as VR1 is ad-
justed. The oscillator provides decade fre-
quency ranges, with slight overlaps bet-
ween the ends of adjacent ranges. 

Divider 
The oscillator output is applied to the 
clock input of a D-type flip-flop, IC2b, 
which is configured as a divide-by-two cir-
cuit. The output from IC2b si a square 
wave signal at half of the oscillator fre-
quency. The output is then fed to a second 
divide-by-two circuit which uses a second 
flip-flop, IC2a, to produce a square wave 
at a quarter of the oscillator frequency. 

The D-type flip-flops each have two out-
put signals which are logical inverses of 
each other. Thus, while the Q output is 
"high", the  output is "low", and vice 
versa. The 50% and 50% outputs are 
therefore taken directly from the outputs 
of IC2a. The 25% and 75% output signals 
are then derived by gating the 50% signal 
and the signal at twice the output frequen-
cy. Two NOR gates, IC3a and IC3b, are 
used for this purpose; the result is il-
lustrated in the overall timing diagram for 
the unit in Fig. 3. 

The power supply for the pulse 
generator is a single + 5V rail. This should 
ideally be kept within 250mV of its 
nominal level. Protection against reverse 
polarity is given by D1, which will behave 
as a short-circuit under such conditions. 
C6 provides LF decoupling. If a suitable 
stabilized power supply is not available, a 
higher voltage supply may be used in con-
junction with an integrated circuit fixed 
regulator. 

Construction 
The layout for the Veroboard is shown in 
Fig. 4. However, before soldering any 
components in place, four mounting holes 
of suitable diameter must be drilled in 
preparation for mounting into the case. 
The order of assembly is not critical but 

a left to right approach is recommended. 
You may also wish to use DIL sockets for 
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Ft,c. I Block diagram of the Digital Pulse Generator. 

Fig. 2 Complete circuit diagram for the DPG. 

the ICs, but these are not essential. Take 
the usual care in orienting the polarized 
components (ICs, electrolytic capacitor, 
and the diode). The wire links are best 
made using lengths of tinned copper wire; 
22AWG or similar is quite suitable. Also, 
use terminal pins for all the off-board 
connections that will be made; this will 
simplify the later installation of the inter-
connection wiring. 
Carefully inspect the board for all con-

nections and wire links, as well as solder 
bridges etc.  Once everything looks 
satisfactory, you're set for testing. 

Testing 
The first step is to measure the supply cur-
rent drawn by the unit. This should 
typically be in the range of 30 to 40mA for 
a + 5V supply with no loads connected to 
the outputs. The higher current figure is 
to be expected when VR I is set to the max-
imum frequency end of its range, and the 
lower figure when it's set to the minimum 
frequency. Any significant deviation from 
these figures should be investigated before 
proceeding. If the supply current is 
significantly higher it's possible that the 
supply has been connected with the wrong 
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Fig. 3 Overall timing diagram for the Pulse Generator. 
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Fig. 4 Veroboard layout and details of breaks to b. made in the underside copper strips. 

Breaks are required in the following locations: F37, G3 7, H3 7, 137, f37, K3 7, L37; P25, Q25, 
R25, S25, T25, U25, V25, Z13, a13, 613, and cI3 (total of 18 cuts). 
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Digital Pulse Generators 
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Fig. 5 Full-size front panel layout. The final calibration may vary slightly to that shown. 
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Fig. 6 Assembly and interwiring details. 

polarity, and that D1 is conducting. 
Next, set the instrument to the lowest 

frequency range and adjust VR1 to give 
the lowest frequency. A multimeter con-
nected to SK3, SKS, SK6, and SK4 in turn 
should indicate a I Hz output signal. but 
with different duty cycles.  If an 
oscilloscope is available,  the output 
waveforms may be checked against the 
timing diagram shown in Fig. 3. Alter-
natively, four LEDs can be connected in a 
forward biased configuration (one for 
each output) directly between the outnuts 

and OV; the cathode of each diode should 
be connected to OV. At the lowest fre-
quency, the timing relationships will then 
be visible for all four outputs at the same 
time. Constructors should note that this 
technique is only suitable for standard 74 
series TTL. In addition, it should be noted 
that although the logic states indicated by 
the diodes (i.e. "on" = "high") are cor-
rect, the levels themselves will not be cor-
rect TTL levels while the diodes remain 
connected. The LEDs cannot, therefore, 
be left permanently connected in this 

fashion. If permanent indicators are re-
quired, the outputs to the diodes will need 
to be buffered by additional gates. If a 
frequency counter is available, the unit 
may finally be checked on all four ranges. 
Any frequency errors between ranges are 
likely to be due to component tolerances, 
particularly of CI to C4. 
In use, the unit is capable of driving up 

to ten standard TTL loads from each out-
put. This in practice means that up to 
800uA may be sourced in the "high" out-
put state, while up to 16mA may be sunk 
in the "low" state. A "low" output here 
is any level below +0.8V, while a "high" 
output is any level above + 2.4V (typically 
it's + 3.4V). • 

Parts List 

Resistors 
RI, R2  330R 0.25W, 2% 
R3,R4,R5 ..1k 0.25W, 10% all carbon film 

Potentiometer 
VR1  10k logarithmic 

Capacitors 
CI  33uF 16V tant. elect. 
C2  3  3uF 16V tant. elect. 
C3  330nF polyester (10% or better) 
C4  33nF polyester (10% or better) 
C5  lOnF polyester or ceramic 
C6  47uF 16V elect. 

Semiconductors 
DI  1N4001 
ICI  555 (8-pin) 
IC2  7474 
IC3  7402 

Miscellaneous 
SI  Three-pole, four-way rotary switch 
SK1,3,4,5,6  4mm red socket 
SK2,7,8,9,10  4mm black socket 

Knobs with pointers; 0.1 inch pitch 
Veroboard, 5 x 3.75in.; suitable case, 10 
terminal pins. 
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NEXT MONTH 
IN 

Electronics 
Eoday 

Computer Troubleshooting 
Troubleshooting computers doesn't have to mean 
stabbing in the dark with a logic probe or scope. 
Sophisticated,  easy-to-use  test  equipment 
abounds, and we look at some of the models 
available. 

Reliability 
How and why does equipment of any kind fail? 
Can it be predicted and something done about it? 
What exactly is MTBF? Answers next month. 

Build a Bulk Eraser 
Take 300 pounds of pink rubber... No, but serious-
ly, next month author Harold Wright describes the 
construction of an eraser for restoring audio tapes 
to blank purity. 

This Month 
in 

Poker For The Mac 
Challenge the Mac to a serious game of "C" 
poker with this high-tech differencing engine ver-
sion of the popular game. 

Review of Colour Printers 
We didn't find a pot 'o gold at the end of the rain-
bow, but we did discover four colour printers in 
need of review. 

User-Friendly Issue 
Why buy the Atari? Why buy the Amiga? Why buy 
the Mac? A comparison of three 68000-based, 
user-friendly, machines. 

For subscriptions or advertising information 
call (416) 445-5600 

For subscriptions or advertising information 
call (416) 445-5600 
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Continued from page 7 How It Began 

climbed from being the smallest in the 
market to become number one and a big 
corporation with a matching cheque book 
made us an 'offer we couldn't refuse'. As 
part of the sale agreement, I took over 
ownership of the Canadian company but 
was also put in the extraordinary position 
by that same agreement of having to run 
the British company for at least one and a 
half years, without being allowed to take 
any interest in the Canadian company. On 
the day that this agreement expired 
(February 1980) I quit and the next day 
emigrated here with my family; I am now 
a Canadian citizen. Since that time the 
company has been 100% Canadian and 
we now have only ancestral links to the 
other editions of Electronics Today in 
Australia and the UK. 

People and Magazines 
Many of the people who have worked on 
Electronics Today are still around in 
other capacities. Steve Rimmer joined us 
in early 1981 as Assistant Editor and now 
is Editor of Computing Now! His  re-
placement, Bill Markwick is now Editor 
of this magazine. Our first regular 
freelancer, Roger Allan, is now on staff as . 
Editor of our magazine Computers in 
Education. Ed Zapletal, the Assistant 
Editor of ETI, started with us as a sum-
mer student and later joined the staff. 

Electronics Today has become the 
parent of several other magazines. We in-
troduced Teaching Electronics and Com-
puting (TEC) in February 1982. In April 
1983 we launched Computing Now! 

We bought a magazine called Com-
puters in the Classroom in January 1984 
and amalgamated it with TEC to form 
Computers in Education. We launched 
Software Now! in late 1984 but there was 
not the market and we closed this just 
over a year later. 

Pets Magazine was acquired in April 
1985 and we have just taken over a fifth 
title, Government Purchasing Guide. The 
last two are about as far as one can get 
from the electronics/computing markets 
but this is deliberate, we don't want to be 
dependent on any single market for our 
future. 

Where Next in Electronics? 
Where next for ETI? The electronics 
market has changed dramatically in the 
last ten years. The electronic novelties 
which formed the backbone of many pro-
jects are now being produced in the far 
east in enormous quantities and varieties 
at very low prices. Sophisticated  elec-
tronics in the home ten years ago was 
limited to a colour TV set; now there are 
video recorders, compact discs, cam-
corders, synthesizers, cellular phones and 
home computers with a power unimagin-
88 

able ten years ago. Canadians, like the 
rest of the western world, have become 
hooked on owning high technology. 
When it was suggested that I do a per-

sonal piece for first issue, I was asked to 
look into the crystal ball about what 
would happen in the next ten years; I'm 
going to skip that. I did a piece in Britain 
about twelve years ago guessing what 
things would be like today - I got it about 
99 wrong! I imagined personal calculators 

of enormous power hooked by radio to a 
Telidon-like data base - a sort of personal 
portable computer terminal - to a giant 
mainframe. I can join in the laughter at 
myself, I wish I had never written it, 
especially as it went into syndication and 
was reprinted heaven knows where. We 
want to forget our mistakes. If I guessed 
now, I would probably be just as wrong. 
The only thing I am prepared to stick 

my neck out on is that our love affair 
with high technology has being going on 
since long before that term was adopted 
and, unless there is a massive move back 
to nature and a major rejection of 

technology, this will continue. 
The 1920's were a very exciting time 

for rapid adoption of technology. Al-
though that decade was nothing special as 
far as invention was concerned, it was a 
time of enormous change. The period 
opened with a lifestyle that was not so 
very different from a hundred years 
before but closed with radio a major 
force, widespread use of the phone, motor 
car and above all, electricity with all the 

domestic uses that this made possible. 
From that time until the last ten years, 
there has only been television and hi-fi as 
a major new technologies to find its way 
into the home. Since then? Well, it has 
been incredible and I don't see it stopping 
now. Maybe robots... 

No, I said I wouldn't guess; I don't 
want to have my guesswork in print to 
haunt me!  3 
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ETI Birdhouse/Magazine Binder 
Here is the perfect opportunity for those who love 
our little feathered friends (and birds, too) to have 
the perfect backyard birdhouse. With the ETI Bir-
dhouse kit, all you'll need for a lifetime of enjoyment 
is a floor, walls, supporting structure, a pole, glue, 
and infinite patience. 

Should you live in a neighbourhood where the 
birds are so stupid they build their nests on the out-
side of the birdhouse, you may prefer to use your 
ETI kit to store 12 issues of the magazine. Famous 
scientists were hired at great expense to come up with 
a vinyl-covered design which allows insertion and 
removal of issues without cutting or punching. 
They're available for $9.75 postpaid (Ontario 
residents add 7% PST). Send to: ET Binders, 1300 
Don Mills Road, North York, Toronto, Ontario 
M3B 3M8. 

One of our favourite binder ads, from the October 1983 issue. 

Electronics Today  Order Form SPECIAL PUBLICATIONS 

Sub-scriptions:  ITEM  QTY  AMOUNT 

Please complete reverse sic  to start or renew a subscription.  Book of Computer Music $4.95 
Project Book No. 3 $3.95 

Back Issues: $3.00 each; Ontario residents add 7% sales tax. 
Please circle issued desired. 
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Binders: Moorshead Publications, Electronics Today 
$9.75 each plus 7% P.S.T. 

BOOKSHELF — Order Form 

Code  Title  Price 
(e.g. BP12)  (Short-form is O.K.) 

SOFTWARE  Order Form 

Sub Total S   
Tax (Ontario Residents) $   

Postage $1.00    
Total Enclosed S   

Orders from the Bookshelf are tax exempt. Please add $1.00 for postage. 
Remember to put your name and address on reverse side. See over for 
mailing details. Specials and Software add 7% PST. 

. •41,1 ,1 89 



Product Mart Where Buyers Find Sellers 

COMPUTER and Electronics parts. 
Priced to sell. Send for free catalogue 
and get on mailing list for frequent. 
"Sale Flyers." M.O. ENTERPRISES, 
Box  2066,  Bramalea,  Ontario, 
L6T 353. 

ELECTRONIC SURPLUS INDUSTRIES 
LIMITED, we sell used industrial/military 
test instruments, including oscilloscopes 
by  HP Tektronix,  Philips;  Signal 
generators, meters, components, tubes, 
etc. 1191 Lawrence Avenue West, Toronto 
Ontario M6A 1E2 416-787-1837. 

7" SONY B&W TV's AC/DC $59 
5" Sony B&W TV's operating on 12VDC 
Fully reconditioned with 90 day warranty. 
Add $4 shipping, Ontario residents add 
7% sales tax. Send cheque or money 
order to, R-2 ELECTRONICS, 48 Torrance-
woods, Brampton, Ont., L6Y 2VI. 

CABLE TV DESCRAMBLING TECHNI-
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8088 Programming: 
Interrupts Part 2 

TWO issues ago an in-depth foundation 
was laid regarding BIOS and DOS inter-
rupts, and we're going to pick up this 
month with a closer look at screen inter-
rupts specifically, and screen handling in 
general. We'll also look at printer inter-
rupts. The only supplementary program 
you'll need for the 8088 assembler ex-
amples shown below is DEBUG.COM, 
one of the utilities on your DOS master 
disk. 

One of the problems computer 
salesmen have in selling IBM computers 
and compatibles to interested clients is ex-
plaining the various video cards available, 
their usual lack of compatibility with each 
other, what monitor is best with a given 
card, and what software will die a horrible 

More on how MS-DOS uses 
interrupts in handling in/out 

routines. 

By Ellery Henn 

death if it attempts to use a given card. 
For example, IBM's standard colour 
graphics adaptor (CGA) generally gives 
you universal software compatibility, but 
at a cost of screen resolution. IBM's 
monochrome TTL adaptor offers 
laudable text resolution, but your copy of 
Exploding Poultry from Beyond with the 
latest in real-time graphics animation isn't 
compatible with it.  A Hercules 

monochrome graphics adaptor will allow 
many graphics programs to operate on a 
high resolution TTL monitor, but most 
games programs like Exploding Poultry 
still won't work. Of late, video cards from 
third-party vendors such as ATI and 
Emulex have more effectively bridged the 
gap by offering CGA emulation on a 
monochrome TTL screen. We won't even 
attempt to get into the higher resolution 
cards like the EGA and PGA. 

Foregoing graphics for the moment, 
what all this means is that, of the various 
ways of getting characters onto an IBM's 
screen, a programmer will generally opt 
for a method that will allow his program 
to operate successfully on most available 
video cards, unless speed is a requirement. 
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A Pig and a POKE 
Various methods are available for the 
IBM assembler programmer to introduce 
characters to the screen. These include 
routines through BIOS Interrupt 10H and 
DOS Interrupt 21H, and video card-
specific POKEing. Note that BIOS inter-
rupts, while more than acceptable for 
IBMs and true compatibles, may not be 
quite the same in other machines which 
are compatible only in the estimation of 
the fellows who sell them. We'll have a 
look at DOS Interrupt 21H first. 
Our present objective, noble as it is, is 

to simply print a happy face on the screen. 
By introducing the value of 2 into the AH 
register and the ASCII value of the 
character you want to print on-screen into 
the DL register, that character is printed 
when you call Interrupt 21H. We did this 
with the letter À' last month, but to 
refresh your memory, put your DOS disk 
in drive A:, and call up DEBUG ... 

A: DEBUG 
-A100 
2E96:0100 MOV AH,2 
2E96:0102 MOV DL,2 
2E96:0104 INT 21 
2E96:0106 INT 20 
2E96:0108 
-G= 100 

As mentioned last month, the 2E96 shown 
above is the segment address in RAM that 
we're assembling in. The chances are very 
good that your segment address won't 
match it. Don't pay it any attention. 

When you've typed G = 100, your 
eight-byte program will immediately ex-
ecute from address 100H, and -- no matter 
what video card you're using -- you'll be 
staring at a happy face on your monitor if 
you've typed everything in correctly. 
DEBUG will give you the message 'Pro-
gram Terminated Normally'. 

This technique is limited, though, in 
that you may only print a character 
wherever the cursor happens to be. You'd 
be in for a lot of programming if you 
wanted to centre the happy face on the 
screen using only Interrupt 21H. For-
tunately, BIOS Interrupt 10H allows you 
to position your cursor anywhere on the 
screen by MOVing the value of 2 into the 
AH register, the row number into register 
DH, the column number into the DL 
register and the page number (useful for 
animation, but we'll be using page zero 
for now) into the BH register. To approx-
imately centre a character on an 80 by 25 
matrix, we'll use ODH (13 decimal) for the 
row, and 27H (39 decimal) for the col-
umn. The program we're about to write 
will position the cursor and print the hap-
py face. So, back to DEBUG: 

-A100 
2E96:0100 MOV AH,2 
2E96:0102 MOV DH,OD 
2E96:0104 MOV DL,27 
2E96:0106 MOV BH,0 
2E96:0108 INT 10 
2E96:010A MOV AH,2 
2E96:010C MOV DL,2 
2E96:010E INT 21 
2E96:0110 INT 20 
2E96:0112 
-G = 100 

When the dust settles, the happy face will 
be in the centre of your screen, and your 
cursor will be displaced a line or two 
underneath the happy face. 
Oddly, most of the programming you'll 

be doing -- unless you're writing a text 
animation program -- will involve more 
than one character. In fact, you'll pro-
bably want to print a whole pile of them 
onto the screen. Interrupt 21H allows you 
to accomplish this by taking text strings 
terminated with a dollar sign from 
memory and dumping them consecutively 
onto the screen. 
Using a dedicated assembler like MASM, 
text strings are placed into memory 
through DB (Define Byte) statements like 
this: 

TEXT1  DB T̀utorial',ODH,OAH,'$' 

Through DEBUG, however, the text str-
ing has to be entered in hexadecimal either 
before or after the assembler code. I 
usually prefer to type it in afterward, so I 
needn't bother learning the new start ad-
dress of the code. 

You may use the cursor positioning 
code to print a string anywhere on your 
monitor if you like, but in the following 
example we're going to print the word 
Tutorial wherever the cursor happens to 
be. In hexadecimal, 'Tutorial' followed 
by a return, linefeed and dollar sign looks 
like this: 

54 75 74 6F 72 69 61 6C OD OA 24 

After typing in the code, we'll be using the 
Enter function of DEBUG which permits 
you to change individual bytes of 
memory. The bytes that appear as '00' 
below are the bytes that we're changing. 
To go to the next byte, hit your spacebar. 
When you've finished entering them in, 
hit return. Here's what to type from 
DEBUG: 

-A100 
2E96:0100 MOV AH,9 
2E96:0102 MOV DX,0109 
2E96:0105 INT 21 
2E96:0107 INT 20 
2E96:0109 

-E109 
2E%:0109 00.54 00.75 00.74 00.6F 
00.72 00.69 00.61 
2E96:0110 00.6C 00.0D 00.0A 00.24 
-G= 100 

For your efforts, you should see the word 
'Tutorial' and the 'Program Terminated 
Normally' string. 
By MOVing 9 into the AH register, In-

terrupt 21H knows we want to print a str-
ing, so it looks at the DX register to find 
the address where the string starts. It finds 
an address of 109H and proceeds to print 
each subsequent character it finds from 
there until it sees a dollar sign (24H). The 
program then continues to INT 20, which 
wraps things up. 

POKEing Fun 
No matter what video card you happen to 
be using, it has a given amount of RAM 
on it for its text video display. A minimum 
of 4K is required for an 80x25 (2000 bytes) 
character screen and their screen at-
tributes (another 2000 bytes), which we'll 
be getting into shortly. A screen of 
640x200 graphics would require 16K to 
display. Because there is on-board video 
RAM, we can choose to POKE characters 
directly to it. This has the benefit of 
speed, as we're dealing directly with the 
video card, and not with long routines to 
gently print characters to it. Two disad-
vantages remain, though. The CGA's 
RAM begins at segment:address Hex 
B800:0000, whereas the monochrome 
adaptor's RAM starts at segment:address 
Hex B000:0000. So, where you POKE 
makes a difference. Also, POKEing 
directly to screen RAM on the colour 
graphics adaptor has the unusual side af-
fect of "bumping" the display; it jumps 
visibly and white "static" may appear for 
the duration of the POKEing process. 
You may have noticed this when using 
Borland's SideKick, for instance. This 
method is generally used in animation or 
programs where text must appear on-
screen, but not permanently displace the 
text already there. 

DEBUG experimenting with screen 
RAM POKEing is easy. Before we get to it 
though, permit me a small discourse per-
taining to the way screen RAM is mapped 
out. IBM character RAM on the CGA 
begins at segment:address B800:0000 and 
ends (on-screen) at B800:0FAO. For the 
monochrome TTL card, the addresses are 
the same, but the segment is B000 Hex. 
Characters cannot be POKEd into con-
secutive addresses, however, as after every 
character location resides an attribute 
location dedicated to it. So, on the CGA 
where B800:0000 is a character address, 
B800:0001  is its  attribute address. 
B800:0002 would be another character ad-
dress, and so on. 
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8088 Programming 

Attributes are what give characters ... 
character. By POKEing an appropriate 
value into an attribute byte, its related 
character may turn bright, flash, become 
an inverse character, or turn into any 
combination of colours, among other 
things. While you won't get colour on a 
monochrome TTL card, you can get on-
screen underlined characters this way. 
Here are a few attributes in hexadecimál 
you can try out on the DEBUG session 
below: 

Normal Intensity - 07 
Reverse - 70 
Blinking - 87 
High Intensity - OF 
High Intensity Blinking - 8F 
Blinking Reverse - F8 

If you're still in DEBUG, type Q to get 
out of it, as you'll want to clear the screen 
to see what you're doing. Then type: 

A:CLS 
A:DEBUG 
-EB800:0000 
B800:0000 20.41 07.70 20.41 07.8F 

Remember to use the spacebar to go from 
byte to byte. Also remember to type 
EB000:0000 if you've got a monochrome 
TTL card. 

When you type in the above with the 
CGA card, you'll end up with two A's 
beside each other, one reversed, and one 
brighter than the other and blinking. Ex-
periment with the given attributes, and, if 
you've got a colour monitor, try random 
hexadecimal numbers for the attribute 
bytes. 

A La MODE 
The colour graphics adaptor has a few 
other tricks up its sleeve. You may, for in-
stance, have a use for its 40 by 25 
character text capability. Or, perhaps 
you'd prefer the nonexistent cursor (but 
slower scrolling) that the 640x200 mode 
has. Whatever your preference, Interrupt 
10H can handle it. Available video modes 
through INT 10 are 40x25 B/W alpha, 
40x25 colour alpha, 80x25 B/W alpha, 
80x25 colour alpha, 320x200 colour 
graphics, 320x200 B/W graphics and 
640x200 B/W graphics. To accomplish 
each mode, the AL register should have 
one of these values in it. Respectively, 
0,1,2,3,4,5 or 6. 
If you haven't guessed, this is what the 

MODE command accomplishes through 
DOS. A DEBUG example to plop you in-
to 40)(25 black and white text would go 
like this: 

-A100 
2E96:0100 MOV AH,0 
2E96:0102 MOV AL,0 

2E96:0104 INT 10 
2E96:0106 INT 20 
2E96:0108 
-G= 100 

To get back to the more comfortable 
80x25 black and white text, type: 

-E103 
2E96:0103 00.02 
-G= 100 

Should you be playing with the graphics 
modes, you may want to POKE numbers 
onto your screen using the method used 
earlier. There are a few differences to be 
noted, however. There aren't any at-
tributes in the graphics modes, as they're 
not necessary. Also, you can't POKE let-
ters onto the graphics pages unless you 
want to do it the hard way ... by taking 
their bit patterns and POKEing them in. 
Note that it'll take eight bytes per letter to 
do so. You may, however, use the 
previously discussed methods through 
INT 10 and INT 21 to print characters on 
these pages. 
There is a 2000H offset between each 

graphic line on the graphic pages. This 
means that to print four one-byte lines 
underneath each other on the upper left 
corner of the screen, the addresses to 
POKE FFH into would be B800:0000, 
B800:2000, B800:0050 and B800:2050. 
We'll get further into graphics in a later 
issue. 

Hold the Presses 
If you've got a printer attached to your 
IBM, actually getting it to print through 
8088 assembler isn't all that difficult. In 
fact, it's almost unavoidable as there are 
two dedicated interrupts for printing, and 
INT 21 can handle a print function as 
well. 
Not surprisingly, we can hook into the 

PrtSc function (printing a screen of text) 
through assembler, using INT 5. In fact, 
all you have to do is make sure your 
printer is on and type: 

-A100 
2E96:0100 INT 5 
2E96:0102 INT 20 
2E96:0104 
-G= 100 

Mind, if you've got a daisywheel, you may 
not want to do this that often unless 
you've got a lot of time or a print spooler 
installed. 
INT 17 is also a dedicated printer inter-

rupt, albeit somewhat more versatile. To 
initialize your printer through 8088 
assembler, MOVe the value of 1 into AH, 
the printer number (usually zero) into 
DX, then call INT 17. Similarly, if you 
want to print a character, MOVe the value 

of zero into AH, the hex value of the 
character you want printed into AL, the 
printer number into DX and call INT 17. 
For instance, 

-A100 
2E96:0100 MOV AH,0 
2E96:0102 MOV AL,41 
2E96:0104 MOV DX,0 
2E96:0106 INT 17 
2E96:0108 INT 20 
2E96:010A 
-G= 100 

... will waste a sheet of paper by printing 
an "A" on it. Interrupt 17H also reads 
the status of your printer into the AH 
register. Check out the IBM Technical 
Reference Manual for more information. 

Interrupt 21H will do for a fast print 
without any printer status checking 
(dangerous if you've run out of paper). 
Typing this in will do the same thing as the 
last example except INT 21 will be used. 

-A100 
2E96:0100 MOV AH,5 
2E96:0102 MOV DL,41 
2E96:0104 INT 21 
2E96:0106 INT 20 
2E96:0108 
-G= 100 

Using quick DEBUG examples, we've 
covered a few of the more popular ways 
of getting characters onto your screen and 
printer through 8088 assembler. 

"THE SATELLITE PICTURE DOES NOT TELL 
US 31 MH ABOUT TOMORROW'S WEATHER." 



MIDI  
11111ru Box 

This simple Thru Box tidies 
up one small problem with 
MIDI: it provides ports for 
up to four instruments to 
achieve data output 
simultaneously, avoiding 
chaining delays. 

By Simon Leadly and 
Michael Horn 

THE MIDI STANDARD allows syn-
thesizers from one manufacturer to send 
and receive information from completely 
different synths or sequencers. 
Most MIDI instruments these days are 

equipped with a MIDI-in, a MIDI-out and 
a MIDI-thru port. No doubt you're 
familiar with these, but just in case your 
not, here's a re-cap. 
Think of your synth (or drum machine) 

in two parts: the 'controller' (eg the 
keyboard) and the s̀ound generating 
module' (the part that actually puts out 
the sound). MIDI information is control 

information; it's the messages sent from a 
keyboard, say, to a sound generator in a 
synth. If you press a 'D' on a keyboard, 
for example, this information is sent from 
the MIDI-out socket ('play a D') and goes 
to the sound generator of another synth 
via its MIDI-in socket. Both synths then 
play a D. 
When you connect two synths this way 

(MIDI-out from one to MIDI-in on the 
other), the keyboard on the second instru-
ment is not active (control info is coming 
from the first keyboard), so no MIDI-out 
information is present at the second 
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(slave) keyboard's MIDI-out socket. End 
of the line. 

However, the clever people who 
developed the MIDI specification realized 
that you might want to connect more than 
two instruments, so they included a 
MIDI-thru socket which is basically a 
replica of that control info coming into 
the MIDI-in from the first keyboard. 
Using MIDI-thru, therefore, you can pass 
control info down a 'chain' of in-
struments; MIDI-out to MIDI-in, MIDI-
thru to MIDI-in etc. 

Theoretically this chaining can go on 
forever, but there's a catch. For various 
reasons, like the need to simplify the 
grounding situation, MIDI information is 
not transmitted physically from instru-
ment to instrument. Instruments are 
coupled 'optically' using optocouplers, 
i.e., the message is translated to light and 
back at each MIDI connection. This 
translation process takes time, not a 
noticeable amount of time for a setup 
which includes only a couple of in-
struments, but it accumulates with the 
more instruments you chain together. If 
you were to chain four or five keyboards 
one after the other (Fig. 2 top), you might 
notice that the last one played a little after 
the first. 

+5V 

CURRENT I 
LOOP — 

TRANSMITTER  RECEIVER 

V 

Fig. I The current loop system; the transmitter provides the loop current and is electrically isolated 
to obviate loops that can cause ground hum. 

The MIDI Thru box will alleviate this 
problem by allowing you to connect you 
instruments in a 'star' configuration, 
rather than a chain (Fig. 2 bottom). In this 
case, the delay caused by the optocouplers 
is the same for all instruments connected 
to the MIDI-thru ports. It doesn't ac-
cumulate, and therefore shouldn't be 
noticeable. 

The Circuitry 
The Thru Box is a very simple device, real-
ly only a buffer that takes one input and 
provides four identical outputs. The 
MIDI standard uses a current loop system 
for the data transfer so that it is relatively 
immune to noise that could otherwise find 
its way on to the data lines, but MIDI 
Spec 1.0 limits the length of the connec-

OUT  IN 

MASTER 
(SEQUENCER) 

MASTER 
(SEQUENCER) 

INSTRUMENT 
(1) 

OUT  IN 

THRU 
BOX 

THRU  IN  THRU 

INSTRUMENT 
(2) 

IN  THRU  IN 

INSTRUMENT 
(3) 

IN  INSTRUMENT 
(1) 

IN 

IN 

INSTRUMENT 
(2) 

IN 
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(3) 

DRUM 
MACHINE 

DRUM 
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Fig. 2 Setting up the Thru Box. Top is the chained arrangement without the Thru Box in which delays occur in the 
instruments last in the chain. Underneath shows an arrangement with no chaining delays, each instrument receives the 
MIDI data at the same time. An instrument may be disabled by using the MIDI disable switch on the Thru Box. 
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MIDI Thru Box 

How It Works 

MIDI information is applied to the input 
socket. A current loop is formed by the 
diode in the optocoupler sitting in parallel 
with the input pins. Diode, D1, guards 
against reverse polarity. 
Output from the optocoupler is taken by 

an inverter at the beginning of the output 
chain. Since the 74LS04 is a TTL device, up 
to eight inverters can be driven by the one 
output while still remaining within TTL 
rules. Provision has been made for four 
outputs on this board, although more could 
be added very simply in parallel. 
The output current loop is provided via 

the 220 ohm resistor to pin 4 of the four 
output sockets, then through the device 
hanging off the output and finally back in 
pin 5 of the Thru Box outputs. The state of 
the output buffers dictates whether current 
will flow. 
To provide an indication of whether the 

MIDI input is being exercised, one of the 
inverters on ICI is used to drive LED2. This 
will light whenever pin 12 of ICI goes high. 
LED 1 is taken from the output of the 7805 
so it provides a power-on indicator. D2 
functions to protect the regulator IC3 
against incorrect polarity on the connec-
tion, which needs to be 9VDC. 

ting leads to 15 meters. 
The incoming data is converted to a 

standard TTL level by the 6N138 op-
tocoupler. This is buffered by the 7404 
TTL hex inverter and converted to a cur-
rent drive, presented at each MIDI-out 
socket. Four outputs are provided but this 
number may be increased simply by ad-
ding more of the inverter sections and 
connecting their inputs to the optocoupler 
output. 
One inverter and an LED are used to 

provide the unit with a visual indication of 
incoming MIDI data. 

The power supply is fed from a 9V 
plugpack, filtered and regulated to give a 
5V supply. An LED is placed at the out-
put of the regulator to give indication that 
power is being applied to the unit. 

Construction 
All the components are contained on a 
small PC board. Begin by placing all the 
resistors and capacitors on the board tak-
ing care to orient the electrolytic capacitor 
correctly. Next, mount the ICs again 
checking for correct orientation. 
When you are sure that they are all in 

the right place start wielding the soldering 
iron. Since all the resistors are the same 
value there should be no problems here. 
Wire up the LEDs with flying leads. 
All that is needed now is to connect the 

power input and the MIDI sockets to the 
board. It is essential that you wire them 
exactly as shown or the unit will fail to 

If the Government in Ottawa 
gets its way, 
they may take this magazine 

right out of your hands 
The Great Depression; two world wars; a small, spread-out population; 
recessions; inflation; overwhelming competition from the U.S.—none of 
these could kill Canada's magazines... 

...but the current Government in Ottawa just might. 

rr he Government is considering demolishing the delicate struc-
ture of postal, tariff and tax-related incentives that helps keep the 
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OUR LOW PRICES, AND 
DEDICATION TO QUALITY 
MAKE US NUMBER ONE. 

WE CARRY A FULL LINE OF 
IBM PC/XT  AND AT  COMPATIBLE 
PRODUCTS ASSEMBLED AND TESTED 

HERE IN CANADA. 

SYSTEMS (640K) 
XT, 2 Dr. C/G, Multi I/O   $1,099.00 
XT, 2D, M/G/P, Multi I/O   $1,199.00 
XT Turbo, 2 Dr. C/G, Multi I/O  $1,269.00 
XT, Turbo, 2 Dr., M/G/P, Multi I/O   $1,299.00 
AT, 1.2 MB Dr., C/G  $2,549.00 
AT, 1.2 MB Dr., M/G/P  $2,699.00 
AT Turbo, 1.2 MB Dr., C/G  $2,999.00 
AT Turbo, 1.2 MB Dr., M/G/P  $3,199.00 

SYSTEM KITS (640K) 
XT 2 Dr., C/G Multi I/O  $ 999.00 
XT, 2 Dr., M/G/P, Multi I/O   $1,099.00 
XT Turbo, 2 Dr., C/G, Multi I/O   $1,169.00 
XT Turbo, 2 Dr., M/G/P, Multi I/O   $1,199.00 
AT, 1.2 MB Dr., C/G  $2,100.00 
AT, 1.2 MB Dr.. M/G/P  $2,200.00 

MONITORS 
TIL Amber  $ 150.00 
TTX RGB  $ 479.00 

PARTS 
XT Motherboard  $ 220.00 
XT Turbo Motherboard  $ 249.00 
AT Motherboard  $1,119.00 
5160 Keyboard  $ 139.00 
M/G/P Card  $ 129.00 
C/G Card  $  95.00 
Multi I/O  $ 159.00 
Floppy Controller  $  49.00 
AT Controller (2 FD/1HD)  $ 499.00 
360K Drive  $ 145.00 
1.2 MB Drive  $ 255.00 
EGA  $ 479.00 

DKL TECHNOLOGY 
TO ORDER, CALL 514-694-9904 

C.O.D., Money orders or certified cheques only. Quebec 
residents add 9% Sales Tax. Returns subject to 15 % 
restocking charge. Prices subject to change without 
notice. All prices F.O.B. Montreal. Please call for your 
shipping charges or we can send them collect. Allow 10 
days for delivery. 

DEALER ENQUIRIES WELCOME 

*IBM PC, XT AND AT are registered trademarks of 
International Business Machines Inc. 

MIDI Thru Box 

Parts List 

Resistors  (all  1/4W,  5%) 
R1-8  220R 
R9  100R 

Capacitors 
CI  220u, 25V elect. 
C2  220n greencap 

Semiconductors 
DI,2   1N914 
ICI  74LSO4 
IC2  6N138 
IC3  7805 
LED I  red 3mm 
LED2  green 3mm 

Miscellaneous 
5 x 5 DIN plugs; 1 socket for plugpack; I 
9V plugpack; 4 SPST mini switches; small 
310 x 182 x 105mm case. 

+To w ceç 8 8 0'91)17 
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function.  The pin numbers of the DIN 
plugs are usually found on the plugs 
themselves. If not, refer to the diagram. 
When you have triple checked the wir-

ing connect the plugpack and confirm 
operation of the power LED, then con-
nect a MIDI keyboard to the MIDI-in 
jack on the Thru Box from the MIDI-ou.. 
Playing notes on the keyboard should 
cause the MIDI-in LED to light; if it 
doesn't power down and check all you 
wiring particularly to the LEDs. 

Optional Extras 
If you wish to have more outputs, all you 
have to do is get another board and build 
the hex inverting section leaving out the 
power supply and the MIDI-in indicator 
and then connect up as shown. 
Switchable outputs can be connected to 

the unit to disable the MIDI to a par-
ticular instrument. This practice of swit-
ching the data lines can cause problems 
particularly if you switch while playing 
which may cause notes to hang on because 
no MIDI note off info is received after the 
switch is turned off. Similarly, some se-
quencers or drum machines are constantly 
outputting information on the MIDI bus 
and can be upset by having the connec-
tion broken. 



A Look at 
Spectrum 

Analyzers 
The spectrum analyzer opens up a world of information 

about signals - how it works and how to use it. 

By Dr. H. Va rani 
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AS a designer and sometime installer of 
TVRO systems and equipment, I find the 
one piece of kit I most depend upon is the 
spectrum analyzer. When I need to know 
what is happening in the RF system, with 
regard to frequency, power levels (signal 
and noise, power), response, bandwidth, 
interference, intermodulation and all such 
things that cannot be left to chance, this 
instrument is indispensable. A multimeter 
will check DC power conditions, a signal 
level meter will assist in accurate antenna 
pointing, an oscilloscope will tell me a lit-
tle more about video quality than I can 
easily deduce from a TV picture, but the 
ability to view the frequency domain lets 
me know whether the system is perform-
ing as it should, and lets me pinpoint any 
problem areas. 

The spectrum analyzer has generally 
been a professional's tool, most at home 
on the microwave engineer's testbench, 
not because its application is particularly 
specialized, but because of its high cost. 
Low-cost analyzers have been produced 
for American cable TV applications up to 
450 MHz, but these are of little use in to-
day's block IF environment. Now we can 
see Japanese-made general-purpose 
analyzers breaking the 1GHz barrier at 
modest prices, and newly emerged in the 
United States is the simplified budget-
priced spectrum analyzer specifically 

designed for TVRO use. 
The spectrum analyzer is a receiver. 

Unlike most receivers, which are tuned to 
a specific frequency and remain there for 
some time, the analyzer is continuously 
scanned, or swept, over a band of fre-
quencies. In order for us to make sense of 
what the receiver sees while it scans, its 
output is presented as a cathode ray tube 
(CRT) display of signal amplitude (ver-
tical) against frequency (horizontal). The 
result is a panoramic view of the 
amplitudes and frequencies of all the 
signals present in the frequency range be-
ing scanned.  Just as the familiar 
oscilloscope allows us to view a signal in 
the time domain (amplitude against time), 
the spectrum analyzer gives a frequency 
domain view of one or more signals. 

Frequency Calibration 
In order for this scanning receiver with 
panoramic display to qualify as a spec-
trum analyzer, it must be calibrated in 
both amplitude and frequency. The fre-
quency calibration allows the user to set 
the limits of the band being swept. For in-
stance, he may wish to view an IF block 
spanning 950 to 1450MHz or to look at a 
single transponder downconverted to lie 
between 55 and 85MHz, or indeed to 
measure a beacon at 4.199GHz plus or 
minus 0.5MHz. The display (and hence 
sweep) is normally calibrated at either its 

OEM 
MODEMS 

• Auto 2400H, 2400 baud,  OR 
Auto 

• Auto 1200HC, 1200 baud, OR 
Auto 

• Auto 12006, 1200 baud,  OR 
Auto 

• Auto 1200A, 1200 baud, Auto 

• MM101, 300 baud Manual 

• MM101A, 300 baud Auto Answer 

Avatexl 
2400HC, 2400 baud,  Call 
Auto 

1200HC, 1200 baud 
Auto 

1200 baud Auto 

$160 
Quan. Only 

$130 
Ouan Only 

$200 
Quan. Only 

$ 40 
Ouan. Only 

$ 70 
Ouan. Only 

MARK GEE ENTERPRISES LTD. 
2250 Midland Avenue, Unit 26, Scarborough, Ont. M1P 4R9 

(416) 298-9388  All prices COD & FOB by quantity. 
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start (lefthand edge of display) or centre 
and this point will be tunable over the 
SA's full range, from a low of a few 
kilohertz (or sometimes to 10MHz) right 
up to the analyzer's limit, which might be 
450MHz, 1.8GHz, 12.4GHz, 22GHz or 
even higher. Frequencies above 2 or 3GHz 
will be tuned using harmonics of the SA's 
swept oscillator. Having set the sweep 
start or centre frequency, a second control 
determines sweep width or frequency 
span, over a range from zero (sweep off), 
through convenient values of kHz and 
MHz per horizontal division, right up to 
the analyzer's full sweep width, typically 
2GHz for a microwave instrument. The 
absolute accuracy of a spectrum 
analyzer's frequency readout is poor (plus 
or minus 5MHz), but careful use of a 
calibration oscillator will enable signal 
frequencies to be read to within plus or 
minus 1MHz. 

Log Display 
The amplitude display must be able to 
show signal level in absolute and relative 
units (using power rather than voltage). If 
a linear amplitude detector were used, a 
tenfold increase in voltage would take the 
display from 10 percent to 100 percent of 
screen height, considerably limiting the 
dynamic range of signals which could be 
viewed at one time. Instead a logarithmic 
detector is employed, scaled to make each 
large vertical division on the screen (usual-
ly 1/8 of screen height) represent 10dB or 
10 times the power ratio. The screen can 
then hold a total of 80dB, representing a 
100 million-to-one range of signal power, 
the same as a 10,000-to-one range of 
voltage. In practice, the usable dynamic 
range may be 70 rather than 80dB, the 
bottom 10dB of the screen displaying 
system noise. To further expand the in-
strument's handling of signal levels, step-
ped gain and input attenuation controls 
are included, the gain being calibrated at 
each step so that the user knows just what 
power level is represented by each vertical 
division on the screen (in dBm, where OdB 
equals one milliwatt). The top line of the 
display is usually the reference and may be 
set to represent values between -90 and 
+ 30dBm (1 picowatt to 1 watt), depen-
ding on the range of the attenuators. Ab-
solute accuracy here may be within plus or 
minus 3dB with a good instrument, and 
will be improved by careful calibration at 
the frequency of interest. 

Milliwatts, Millivolts, dBm 
For those unsure about dB notation, 
Table 1 relates dBm values to voltage and 
power units in a 50-ohm system. Using a 
spectrum analyzer is a sure way to gain 
familiarity with the decibel. In a 75-ohm 
environment the relations will be dif-
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A Look at Spectrum Analyzers 

ferent, and the more specialized 75-ohm 
analyzer is often calibrated not in dBm 
but in dB relative to microvolts (dB/uV) 
or millivolts (dBmV), units more familiar 
to cable TV technicians. 

Bandwidth 
The spectrum analyzer also offers control 
of resolution bandwidth, the IF selectivity 
of its swept receiver. Too wide and it will 
be impossible to separate closely spaced 
carriers or sidebands, or to measure a 
weak signal embedded in system noise. 
Too narrow and the receiver will not res-
pond to the highest modulation frequen-
cies in the signal being analyzed. Typical 
maximum bandwidth is 1MHz or 3MHz, 
and the minimum will generally be around 
10kHz. Sweep rate is also adjustable, and 
a slow scan speed (with attendant flicker) 
may be necessary with certain types of 
signal, or when the spectrum analyzer is 
used on its narrowest resolution band-
width ranges. Analyzer with storage 
displays allow these scan rates to be used 
without flicker. A variable-video low-pass 
filter completes the signal processing con-
trols, and enables the HF "grass" (and 
high-frequency modulation information) 
to be smoothed out on the CRT display. 

TVRO Applications 
The spectrum analyzer is unique among 
our tools in presenting a continuous view 
of the entire frequency band of interest. 
The analyzer can be set to display a block 
IF  of 270-770MHz,  450-950MHz, 
700-1700MHz, or whatever conversion 
scheme may be in use. It will show us at a 
glance the whereabouts of a signal in the 
band, how strong the signal is, how far 
above the noise, and to some extent the 
type of modulation present. This makes it 
ideal for use when seeking a satellite for 
the first time, when the receiver's tuning 
may not be calibrated or the active 
transponder is not known. By its very 
nature this situation is more common in 
the international arena than in North 
America, where satellites with 24 fully 
loaded transponders are the norm. Fig. 1 
shows the Statsionar 4 Gorizont downlink 
band, 3650 to 3950MHz as seen in the 
United Kingdom at an IF of 850 to 
1150MHz (frequency span 50MHz/div., 
bandwidth 1MHz). Fig. 2and Fig. 3 show 
a 950-to-1700MHz IF (100MHz/div) 
representing 10.95 to 11.7GHz, looking at 
Eutelsat 1-F1 (mixed polarization) and In-
telsat VA F11, respectively. 

Care should be taken in connecting a 

Fig. I Gortzont 7 spectrum showing the 
3650 -3950 Ite-lz range. 

spectrum analyzer to the IF feed line. Line 
powering with DC voltages between 12 
and 28V is standard in our industry, and 
most spectrum analyzers (all of the 
general-purpose instruments) have DC-
coupled 50-ohm inputs. A DC power 
block or bias tee is required, specified for 
the IF band in use. In practice most of the 
common 4GHz DC blocks are adequate 
for IGs down to 270MHz, for non-critical 
applications. 

I L.......  The Ultimate Surge Protection  M e e, 

For all Electronic Equipment. 

au 

• CSA Approved 

• Response time 
less than one 
nano second. 

Protection: 

• Model 406:  6,000V at 200A 
• Model 2000: 10,000V at 3,000A 

Model 2001:i, :,, 
Lifetime Warr-aitt;.' . 

Noise Filtration: 

• Model 406: over 10db; 150KHz to 130Mliz 
• Model 2000: over 40db; 150KHz to 130MHz 

Available through Authorized Hammond Distributors 

Model 406 
1 Year Warranty • 

HAMMOND 
M ANUFACTURING 

394 EDINBURGH RD N. 
GUELPH, ONTARIO 
(519) 822-2960 
(416) 456-3770 
TN. 069-56523 
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A Look at Spectrum Analyzers 

Detection Sensitivity 
A further advantage in satellite-seeking is 
the analyzer's ability to reveal the 
presence of a signal just 1 or 2dB above 
the noise level, in bandwidth considerably 
less than that of a satellite receiver. A 
300kHz bandwidth can be employed for a 
full band sweep and gives an effective 
20dB sensitivity improvement over a 
receiver's 30MHz (say) IF bandwidth, for 
a similar detection criterion. The com-
parison is reasonable, as in each case (SA 
versus satellite receiver) a 3dB car-
rier/noise ratio will usually correspond to 
positive identification of the signal above 
the system noise floor. When aligning an 
antenna this 20dB advantage will con-
siderably simplify initial acquisition of the 
satellite. 
Antenna Alignment 
Having found the satellite, the analyzer 
can then be used to point the antenna ac-
curately for maximum signal. The display 
is switchable to represent ldB (instead of 
10dB) per large division. This expanded 
vertical scale provides a very sensitive in-
dication of signal strength, and the effects 
of small adjustments to an antenna or 

a na 

Fig. 2 ECS Fl spectrum showing mixed X 
and Y polarization and poor LNB response. 
Transponder 4 is off. 

feed system are readily seen. Likewise, 
polarization null adjustments are best per-
formed using the analyzer, or the final 
15dB of cross-polar rejection will be lost 
below the wideband receiver's-noise level. 

Interference 
Adjacent satellite interference 20dB below 
the wanted signal is unlikely to be noticed 
on a TV picture, but it is quite clearly seen 
and quantified on the spectrum analyzer 
display. Potentially harmful interference 
may be identified and antenna ad-

NEXT TIME 
YOU'RE IN 
THE DARK... 
LOOK TO ECG TO 
LIGHT UP YOUR DISPLAY., 
IBM • DEC • ADDS • TELETYPE • DATA GENERAL • APPLE 
• TAN DY •SIEGLER • MOTOROLA • LEAR • IBM • TATUNG 
• AMDEK • AYDIN • TELETYPE • PERKIN ELMER • ITT • 
ONTEL • COMPUTEX • IBM • ZENITH • EPSON • 
PRINCETON • GRAPHICS • BURROUGHS • NCR • 
SPERRY • COMPAQ • ONTEL • IBM • DEC. 

Where do you go to replace or upgrade your specific tube, 
when time and cost are critical factors? 

ECG CANADA INC. can supply you with the latest quali-
ty replacement display tube at a fraction of the OEM cost, 
and with a limited one-year warranty. Our high-resolution 
colour or monochrome tubes feature the latest dark glass, 
direct etch options, and are available in popular colours 
ranging from Black & White to European Amber. 

With over 3,000 tube types, ECG can supply the exact 
replacement for computers, medical instrumentation, 
surveillance equipment, and most other monitor applica-
tions. And with its complete distribution system, ECG can 
get one to you fast - most orders are shipped the same day 
they are received. 

ECG CANADA INC. 
Electronic Components and Systems 
8580 Darnley Road, Montreal, Quebec H4T 1M6 
A North American Philips Company 

(514) 342-6200 
ECG...wE'LL SHOW YOU THE LIGHT. 
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justments or improvements made before it 
becomes  a problem.  Terrestrial 
microwave interference can be impossible 
to distinguish from a high level of system 
noise in a satellite TV receiver, but with a 
spectrum  analyzer,  the carrier-to-
interference ratios can be measured with 
the interfering signal's frequency and 
direction assessed, enabling filtering or 
shielding solutions to be specified. 

Fig. 3 Intelsat VA FIO spectrum showing 
half-transponder transmissions in 
transponders I - 2 and 5 - 6, and amplitude 
ripple on feed line. 

Intermodulation distortion, associated 
with nonlinearities in an amplification or 
distribution system can result in poor 
carrier-to-noise ratio (C/N) and the 
generation of spurious products within 
the band. In Fig. 3, the effect of inter-
modulation in a satellite receiver can be 
seen. Channel spacing is 40MHz and the 
display clearly shows another pair of car-
riers, lower in level, spaced by a further 
40Mhz at either side. These are third-
order products (2f1-f2 and 2f2-fl) 
generated within the transponder's 
10-watt travelling-wave-tube-amplifier 
and passed by its output fundamental car-
riers. The intermods carry a mixture of the 
program modulation on two primary 
channels, but it is not the best way to keep 
an eye on the big fight while watching a 
movie. These intermodulation products 
are accepted by BTL, Intelsat and other 
programmers, as they cause no in-
terference to other services. The higher-
level carrier lower down the band is that 
of Premier/Children's Channel, half-
transponder channel 2W in transponder 
1-2, but operating at signal-carrier satura-
tion when this shot was taken. • 



IF YOU WANT TO GET 
INTO PC SERVICING, 
YOU HAVE TO GET 

INTO A MICROCOMPUTER! 
Learn PC Servicing By  
Building Your Own 
Desk-Top Computer! 
NTS  lntronic  Home  training 

gets you right down into the heart 
of computer circuitry. Learn how 
microprocessors  function,  how 
they operate and are used to 
solve  problems.  Your program 
includes a wide variety of tests 
and projects you perform as you 
build your own PC, circuit board 

unit. by circuit board unit by 

SEND FOR "FREE 
COLOUR CATALOGUE" 

Leading   

eoa aun drd i-n0(gInB Ere e  d g Compatible) TrainingOf With 
Y   
PC-XT Puts You At The  

Technology! 
This remarkable desk-top PC is 

the must powerful and versatile 
ever offered in any home study 
course. Advanced features of this 
PC-XT include: 
• 16 Bit 8088 microprocessor for 
IBM compatibility 

• 640 K RAM for high speed 
performance 

• 8 expansion slots 
• 135 watt power supply 
• Dual 720K double density 
floppy disks drives 

• Color graphics/printer adapter 
card 

• Operating system included: 
MS-DOS with GW Basic 

ON s • % paler . rf•Orrnmek of I   e at ... Machine Co , 

NS . • Pe elle..d trademark of Microsoft Corp 

NTS Offers Many 
Additional Courses in 
Electronic and Other 
Fields: 
fl Robotics 
D Video Technology 
[I] TV & Radio Servicing 
[I] Industrial Technology & 

Microprocessor 
Ej Basic Electronics 
D Transportation Technology 

(Auto and Diesel) 
D Climate Control Technology 

(HVAC) 

TRAINING THE WORLD FOR THE 21ST CENTURY 

National Technical Schools 
Canadian Office 
517 Bohemia Crescent 
Oakville, Ontario L6J 2K7 
(416) 842-8383 
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DIGITAL MULTIMETERS  We've Got Them! 
Bench-Type 

SOAR 5030 • Voltage 0-1000V AC/DC 
$305.00  • Current 0-10A  AC/DC 

• Resistance 0-20 Megohms 

Features 
• Auto/Manual Ranging 
• 31/2 Digit LCD Display 
• Diode & Continuity Tests 
• Tilt-view Adjustable Handle 

Hand held DUNCAN 3000A 
• AC/DCV 750/1000V (5 Ranges) 
• AC/DCA 0/10A (7 Ranges) 
• Resistance 0-20 Megohms 

(6 Ranges) 
• Diode Test 
• Transistor hFE Test 
• Tilt Stand 
• Free Carry Case 

$98.00 

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

EQUIPMENT CORPORATION 
Your one-stop source for 

PRINTED CIRCUIT BOARD 
EQUIPMENT AND SUPPLIES 

TEKTRON has everything you need to make 
prototype or small volume printed circuit boards. 
Our supplies are of the highest quality and 
produce 'state of the art' results. 

With our complete line of bench top 
equipment you will be able to produce circuit 
boards both quickly and economically. 

Printed circuit boards have been our 
business for over fourteen years. We can 
provide the equipment, supplies and technical 
advice you need to produce nothing less than 
professional results. 
Call or write for a free catalogue. 

TEKTRON EQUIPMENT CORP. 
230 Arvin Avenue 

Stoney Creek, Ontario 
L8E 2L8 

(416) 662-7820 

ECS-8088 Computer 
Special 
$795.00 

• 8088 processor  • Colour R Mono video card 
• optional Intel 8087  • support PC software 
• numeric coprocessor  • One Year warranty 
• 256K memory  • 8 slot Mother board 

expandable to 640K  Optional: 
• double sided double 
density disk drive  TURBO 
• detachable keyboard  8MHz motherboard 
• 150 watt power supply $50.00 
TTL Flat Screen Monitor 

$179.00 

AT* Compatible 
• 512K memory 
• 1 1.2M drive 
• Colour card 
• Keyboard 
• 200 watt power supply 
•IBM is a registered trademark of 
International Business Machines 

$1995.00 

XT/PC MAIN PERIPHERAL 

Enhance Graphic Card  $395.00 
Mother Board 8 Slot  $195.00 
Color Graphic Card  $ 90.00 
Multifunction Card  $119.00 
Monochrome Card  $ 90.00 
Monochrome Graphic  $129.00 
Game Port  $ 30.00 
RS232 Card  $ 59.00 
Parallel Interface  $ 59.00 
Disc Controller Card  $ 89.00 
Case  $ 59.00 
Keyboard (Cherry)  $ 99.00 
Power Supply 150 Watts .. $139.00 
Printer Cable  $ 25.00 
RS232 Cable  $ 25.00 
Disk Drive Cable  $ 15.00 
Moving Message Board .. $495.00 
TTL and CMOF test Card  . $ 99.00 
150 Watt Power Supply ... $149.00 
Modem 1200 B  $299.00 
Network Card  $495.00 

ELECTRONIC CONTROL SYSTEMS 
1590 Matheson Boulevard Su ,te 1 E. 2 Mississauga. Ontario L4 W 121 

(416) 625.8036  Hours — Mon. to Fri. 10-6. Sat. 10-2 
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Rock of 
Ages 

The Book of Computer Music is a special 
publication which we created to make the 
promise of MIDI computer based music 
systems a bit more of a reality. It's a com-
plete introduction to MIDI instruments, 
software and the link to personal computer 
systems.  It features product reviews, 
tutorials and even a few simple programs 
for those who want to hang ten on the 
leading edge. 

With a bit of understanding, MIDI can 
give you a musical scope bigger than 
anything any human being has a right to ex-
pect. However, the most important thing 
about MIDI is that you can make it into 
whatever you want it to be. It's the ultimate 
instrument because, with all the power and 
flexibility of microcomputers, it can adapt 
to your tunes. 

Whether you're into rock jazz, baro-
que, fusion or just plain speaker squeaks, if 
there's any music in your soul at all you'll 
want to check out the Book of Computer 
Music. 

The ages will never know what hit 'em. 

The Book of Computer Music is available 
for just $4.95 plus seven percent Ontario 

sales tax and $1.00 for postage. 

Moorshead Publications 
1300 Don Mills Road 
Toronto, Ontario 

M3B 3M8 

or order by phone at (416) 445-5600. Please have 
your Visa, MasterCard or American Express card 
ready. 

The Connection 

That  LASTS 

A P TEST CLIPS 
FOR FAST, SAFE ACCESS TO DIP LEADS 

• 8 thru 64 Pins 

• Easy Attachment with Positive 
Clamping 

• Fast Hands-Free Testing 

• 40 and 64 Low Profile 
.33" High Test Clip 

3M 
Worldwide Sponsor 
1988 Olympic Games 

999 

• Reliable Contact Everytime 

• Rugged Construction 

• New Surface Mount Test Clips 

• Available with Ribbon Cable 
Assembly for Automatic Testing 

Available Across Canada 
From Your Local 

Authorized 3M Distributor 

Electronic Products 
3M Canada Inc. 
Post Office Box 5757 
London, Ontario N6A 411 
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Omnitronix Announces An On-Site Diagnostics 
Breakthrough. 

The new Leader Advantage Series gives you brief-
case portability with lab-grade features. Finally there is 
a family of oscilloscopes that breaks the barrier between true por-
tability and multi-feature functionality. Leader's new Advantage 
Series from Omnitronix. Their sturdy die-cast aluminum frames are 
just 230 x 290mm by 75mm high. And they weigh a mere 4kg! 

But Advantage scopes include many features previously found 
only on lab-grade equipment — such as an internal graticule CRT 
display, 5mV sensitivity, channel I output, and alternate trigger. 

Now you can take the lab to the problem instead of taking the 
problem to the lab. 

That's the scoop. That's the Advantage. 

The LBO-325 60M HZ/Delayed Sweep/Dual-Trace 
(Above). Built-in delay line • Easy-reading scale illumination • 3.5 
inch 2kVi I 2kV PDA CRT • TV-V, TV-H sync separation • Auto focus 
• ALT sweep • Variable trigger hold-off 

2410 Dunwin Dr., Unit 4, 
Mississauga, Ont. L5L 1J9 
(416)828-6221 Telex 06-22324 

The LBO-324 40M HZ/Delayecl Sweep/Dual-Trace 
/111111.1111111111.11111111ftw, • 3.5 inch 2kV! I 2kV PDA 

—  CRT • TV-V, TV-H sync 
separation • Auto focus 
• ALT sweep • Variable 
trigger hold-off 

LBO-323 20MH7-/Dual-Trace • 3.5 inch I .7kV CRT 
Aftgailfi ffliffiligiumg•-• • TV-V, TV-H sync 

separation • Auto focus 
• Variable trigger 
hold-off 

Call or write for full information on the Advantage, and 
how to get it. 
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Put 

FOUNDING MEMBER OF SCAC 

"Canada's Guide To Home Satellite TV"T 

To Work For You! 
If you are a satellite dealer, 
earn commissions by join-
ing our "Dealer Program!" 
Call toll-free 
1-800-833-0056. 
If you are currently a sub-
scriber to OnSat, take an 
active role in our "Bounty 
Mountie" program and re-
ceive $10.00 for every per-
son you convince to switch 
to OnSat. (Dealers are also 
eligible.) 

For more information or a free copy of OnSat 
call toll free 1-800-833-2039. 

OnSat, 2857 Derry Rd. E. Suite #130, Mississauga, On-
tario, Canada L4T 1A6. 



Price/Performance 
With Real Scopes 
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The SS-5710 and 
SS-5711 can be 
provided with 

exclusive counters 
and digital 
multimeters. 

SS-5711 Reliability resulting 
from superb basic 
characteristics DC-100 MHz 
• Typical frequency of from DC to 120 MHz, —3 dB, 
thereby having a 20 MHz margin over the specified 
frequency response 
• Highly precise and stable deflection factor and 
sweep rate 
• Reliable time difference between channels 
• Jitterless circuitry for stable triggering 
• Superb linearity 

.30 

0, 0 0 ti 

air 

SS-5705 3-input, 6 trace Portable 
Oscilloscope, DC-40MHz 
• 3-Input, 6-Trace 
• 12KV Accelerating Voltage 
• Versatile trigger capability with TV-SYNC 
• Jitter-free circuitry and variable Hold-off 
• High accuracy for V and H (-t-. 2%) 
• Accurate calibrator (Amplitude: 
-r 1% and Frequency 't: 1%) 

$2402 
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SS-5710 4-input, 8-trace 
Portable Oscilloscope 
DC-60 MHz 
• Typical frequency of from DC to 70 MHz, -3 dB, 
thereby having a 10 MHz margin over the specified 
frequency response 
• Highly precise and stable deflection factor and 
sweep rate for a wide range of temperatures 

• Superb linearity 
• Reliable time difference between channels 
• Built-in TV sync separator 

, 
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$1772 

SS-5702 2 -input, 2-trace 
Oscilloscopes, DC-20 MHz 
• Compact and lightweight; low power consumption 
• 6-inch retangular parallax-free CRT with internal graticule 
• Variable sweep length and dual X-Y operation facilities 
• 1 mV/div-10 V/div deflection factor 
0.1 µs/div-0.2 s/div sweep rate 
• TV-V trigger mode 

-313 Allan Crawford Associates Ltd. Toronto 416-890-2010 Montreal 514-731-8564 Vancouver 604-988-2195 
Ottawa 613-596-9300 Calgary 403-295-0822 Halifax 902-463-8640 

$849 

Prices are suggested Canadian list. 
FST Extra. Subject to change 

without notice. 

Available from: 
ELECTROSONIC 
Toronto, Ontario 
(416) 494-1666 

ELECTRONIC WHOLESALERS 
CANADA LTD. 
Montreal, Quebec 
(514) 769-8851 

Ottawa, Ontario 
(613) 746-4413 

PRODUIT ELECTRONIOUE 
Ste.-Foy, Quebec 
(418) 651-5356 

NCC ELECTRONICS 
Windsor, Ontario 
(519) 969-4363 

PROJEAN INSTRUMENTS 
LTEE 
Montreal, Quebec 
(514) 273-8331 

RAE INDUSTRIAL 
ELECTRONICS 

Burnaby, BC 
(604) 291-8866 

Dartmouth, Nova Scotia 
(902) 465-2350 

Edmonton, Alberta 
(403) 483-6266 

Moncton, New Brunswick 
(506) 855-2200 

St. Laurent, Quebec 
(514) 331-0960 

Saskatoon, Saskatchewan 
(306) 373-7139 
Downsview. Ontario 
(416) 736-1588 
Winnipeg, Manitoba 
(204) 786-8401 

RIDEOUT TOOL & SUPPLY 
St. Johns, NFLD 
(709) 754-2240 



OSCILLOSCOPES 

DUNCAN 6022 
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See °u 106 
on Page 

• 20MHz, DUAL TRACE, 

• 5mV VERT SENSITIVITY, 

• DUAL PROBES SUPPLIED 

$675.00 

FREQUENCY COUNTERS 

GOODWILL 
GFC 8010F 

4 
of the   
Best 

POWER SUPPLIES 

GOODWILL 
GPO 6010 

GPR3020  GPS6010  GPD6010 
SINGLE 0/P  SINGLE 0/P  DUAL 0/P 
30V/20A  60V/10A  2x60V/10A 

GFC8010F  GFC8055F  GFC8100 
120MHz  550MHz  1GHz 
8 DIGIT LED DISPLAY FOR ABOVE MODELS 

$355.00 $550.00 $705.00 

$295.00 $295.00  $575.00 

GPC6030 
THREE 0/P 
60V/3Ax2 
FIXED 5V/3A 

FUNCTION GENERATORS 

GOODWILL 
GFG 80160 

GFG8015F 
0.2Hz-2MHz 

SINE, SQUARE TRIANGLE 
PULSE & RAMP OUTPUT 

$255.00 

$875.0044 

GFG8016D 
0.2Hz-2MHz 

DIGITAL DISPLAY 

$415.00 

For further information on the above or for your copy of our Instrumentation Newsletter, use Reader Service # 35. 

DUNC:AN INSTRU MENTS CANADA LTD. 
ELECTRONIC INSTRUMENT SPECIALISTS 

121 MILVAN DRIVE TORONTO, ONTARIO M9L 1Z8  TEL: (416) 742-'1'M8  TELEX: 065-27271 



Leader Smart 
Signal Generators 
make tough tests 
fast, easy, accurate. 
When it comes to test 
equipment, being smart 
makes a big difference. 
We equipped these two new 

Leader Smart Generators with 
programmability and a 2K memory 
to end time-wasting repetitive set 
ups. The LSG-215A & LSG-216 
general purpose AM/FM signal 
generators recall at the touch of a 
button the 100 test conditions you 
use most often. Just set frequency, 
output level and modulation once 
for each situation. You never need 
to do it again, even if the ac is lost. 
Fail-safe battery backup protects 
the RAM memory against power 
outages lasting up to one full month. 

Unequalled performance, 
features and ease-of-use. 
Both of these Leader Smart Signal 

Generators are ideal for general, 
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41 
communications, AM/FM radio 
receiver, TV-VIF, and cordless 
telephone applications. Whether you 
choose the LSG-215A (0.1 to 120 
MHz frequency) or the LSG-216 
(0.1 to 30 MHz and 75 to 115 MHz 
ranges), each has a high visibility 
digital display and large peak 
modulation meter to make error-free 
readings a cinch. Its one-touch front 
panel keyboard enables you to 
easily control frequency, output level 
and modulation mode. A precise 
PLL synthesizer provides oscillation 
frequency and drift stability accurate 
to an incredible 5x10 5. AM/FM 
modulation is available internally 
at 1 kHz and at 400 Hz as well as 
externally. And FM Stereo MPX is 
standard on the LSG-216. There are 
many more features, too numerous 
to list. You can even add an optional 
remote control and for identical 
programming of multiple test stations, 
a plug-in EPROM Cartridge. 

Leader Smart Signal 
Generators cost no more 
than many dumb ones. 
Yet they are backed by our two-

year warranty, and the 30-year 
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I 
reputation for reliability and precision 
which has made Leader famous. 
Compare Leader Smart Generators 
to the rest. We think you will agree, 
Leader is the only smart choice. 
Request a catalogue for your evaluation. 

B.C./Alberta Call 
(604) 985-6707 

Saskatchewan/Manitoba Call 
(204) 775-3354 

Ontario Call  Quebec Call 
(416) 828-6221 (514) 337-9500 

mnitronix11 
Instruments that measure up 

2410 Dunwin Drive, Unit 4, 
Mississauga, Ontario L5L 1J9 

Telex 06-22324 

8100 F, Trans-Canada Hwy., 
St. Laurent, Quebec H4S 1M5 

Telex 05-824151 
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MANUFACTURING 

EASY AS . . . 

ONE . . THREE . . . 

ELIMINATES RADIO FREQUENCY 
INTERFERENCE 

\ AFFECTING: 
• TELEVISIONS 
• RADIOS AND STEREO SYSTEMS 
• PA SYSTEMS 
• TELEPHONES 
• VIDEO RECORDERS 
• TEST EQUIPMENT 
• BURGLAR 8 FIRE ALARMS 
• MODEMS 
• MONITORS 
• COMPUTERS 
• AND OTHER ELECTRONIC DEVICES 

DUE TO: 

• DOMESTIC APPLIANCES 
• RADIO TRANSMITTERS 
ICOMMERCIAL. HAMRADIO. CBI 

• INDUSTRIAL MACHINERY 
• CORDLESS TELEPHONES 
• SWITCHING SYSTEMS 
• COMPUTERS 

$9.95 
PACKAGE 
OF TWO 

FEATURES 
• THEY ARE THE MOST WIDELY APPLICABLE INTERFERENCE FILTERS 
• Useful on antennas. digital data. audio, telephone and power cables 
• Fits onto small large and ribbon cables 
• Effective 0 5MHz lo 200MHz 

• THEY ARE EASY TO USE COAIIIERCIAL 
. No need for rewiring of connectors   
• Do not affect satety or function of equipment  ALSO 

AVAILABLE 
• FUNCTION IS DIFFERENT TO ORDINARY POWER LINE FILTERS 
• 'Common mode not 'Differential mode' 
• Fillers ground (earth) connectons 
• Reduce interference picked up or radiated by interconnecting cables 
• Reduce trouble from -electrostatic discharge from • people to equipment 

Comparison to other products 'snot possible Nearest equivalent product is the simple toroidal core which is difficult to Iru 
and nos uasPec lied perfo rmance 

COMES PI 
SEABOARD PACKAGE 

OP TWO 
WITH DISTALLAGOKI 
DATA SHEET 

DOES NOT VOID EQUIPMENT 
WARRANTY 

Circle No. 37 on Reader Service Card 

41E1;  SALES CANADA INC. 
533 Galway Dr., Burlington, Ont. L7L 2S6 

Tel: 1-416-333-1344 
11)esler & lksiribulur inquirirr are neleurnr 
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SPEAKERS 
DRIVERS IN CANADA 

Vffá RXL 

11(NAUDIO 

CROSSOVER, SPEAKER COMPONENTS 
SOLEN CROSSOVERS 
Custom Computer Design 
Passive Crossover for Professional. Hi-Fi and Car Hi-Fi 
Application, Power up to 1000 Watt. 

SOLEN INDUCTORS 
Perfect Lay Hexagonal Winding Air Cored 
Values from .10 mH 10 30 mH, 
Wire Sizes from #20 AWG to #10AWG 

CHATEAUROUX CAPACITORS 
Metallized Polypropylene (Non-Polarized) 
Values from 1.0 mfd to 200 mfd, 
Voltage Rating: 250 VDC /150 VAC 

CROSSOVER, SPEAKER PARTS 
Mylar Capacitors, Power Resistors, Crossover Terminals, 
Nylon Ty-Wrap, Binding Post, Banana Plugs, Speaker Terminals, 
Grill Cloth, Plastic Grill Fast Snap, Neoprene Gasket, Misc. Parts. 

COMPUTER AIDED DESIGN FOR ENCLOSURE AND 
CROSSOVER AVAILABLE TO CUSTOMER 
Product specifications and prices available upon request 

SSOLEN INC.  ORDERS 5940, AV. BERGEVIN 
BROSSARD, QC  Tel: (514) 656-2759 
CANADA, J4Z 1Z2 

Elr; 
U 

CROSS-16 META 

ASSE MBLER 
• Table driven 8/16 bit cross-assembler 

• Tables & Example Source Files are included for 
ALL of the following processor families: 

1802  3870  64180  6502 
6801  6805  6809  6811 
68000  8048  8051  8085 
8086  8096  Z8  Z80 

• Manual contains full instructions for creating 
new tables for other (future) processors. 

• Produces 8/16 bit Intel and Motorola hexcode. 

• 5" DSDD for PC/MS-DOS 2.0 or greater 

$ 99 95 US  $13995 CDN 

Worldwide shipping (AIRMAIL) & handling included. Credit 
Card orders ($139.95 CDN) please specify: Card number, 
name on card and expiry date. 

Universal Cross-Assemblers 
P.O. Box 384, Bedford, N S 

Canada B4A 2X3 

Circle No. 39 on Reader Service Card 



D OES Y O U R DIGITAL CAPACITANCE METER D o T His i 

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 9999( rflF/ 
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 W ARRANTY 

FOR ONLY THIS 
MADE IN CANADA 

MODEL 

MC300 
A ,. Soto 

DAETRON I A DIVISION OF BERGERON 
TECHNOLOGIES INC. 

7686 CIMBEL STREET 
UNITS 

MISSISSAUGA, ONT. 

L55 1E9 
14161 576.1600 

DEALER ENQUIRIES INVITED 

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

AND THIS 
TESTS ZENER DIODES ANO 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 

AND THIS 
HOLD FUNCTION FREEZES DISPLAY 

PLEASE SEND ME 
— — —10UANTITYI MC30001 N  816955 

CARRYING CASE  51995 
AC ADAPTOR  111.00 

ONTARIO RESIDENTS ADD IS. PST 

SHIPPING AND HANDLING e SOU Pe IPTIIPTImPI 

I ENCLOSE CNEOuE  MONEY ORDER  VISA 

CARD NO 

EXPIRY DATE  • SIGNATURE 

NAME 
ADDRESS 
CITY 

MAST FICA ,11 

,-Kov  _ POSTAL CODE 

DAETRON'S MC300 DIGITAL CAPACITANCE 
METER IS ALSO AVAILABLE AT: 

ATLANTIC REGION  
Fathom Atlantic Ltd. 
473A Windmill Road 
Dartmouth N.S. 
B3B 1B2 (902) 463-3344 

Fathom Atlantic Ltd. 
21 Pippy Place 
St. John's Newfoundland 
M B 487 (709) 722-9324 

MONTREAL   
Active Components 
5651 Ferrier St. 
Montreal P.O. 
H4P 1N1 (514) 731-7441 

Active Components 
6080 Metropolitan Blvd., 
Montreal P.O. 
HIS 1A9 (514) 256-7538 

Ellen Inc. 
2351 43e Ave., 
Lachine P.O. 
H8T 2K1 (514) 631.2320 

EIL Instruments 
1100e La Barre Suite 226 
Longueuil P.Q. 
J4K 1A3 (514) 651-4844 

ITM Instruments 
2056 32nd Ave., 
Lachine P.Q. 
H9S 3K7 (514) 636.1574 

QUEBEC CITY  
Pro Technique Jean-Mare 
Emond Inc. 
383. De La Canardiere 
Quebec City, Quebec 
G11.. 2V1 (418) 529-5774 

TORONTO 
Active Components 
86 St. Regis Cr. N. 
Downsview, Ont. 
M3J 1Z3 (416) 661-1115 

Cathray Television 
Trade Supply 

1552 Weston Rd., 
Toronto, Ont. 
M9N 1T3 (416) 241.1106 

Sayal Electronics 
100 Westmore Drive Unit 5 
Rexdale Ont. 
M9V 5C3 (416) 494-9721 

B.T.W. 
500 Alden Road Unit 3 
Markham, Ont. 
L3R 5H5 (416) 479.0797 

Active Components 
14 Carlton Street 
Toronto, Ont. 
M5B 11(5 (416) 977-7692 

AVR Communications 
595 Middle( ield Road. 
Unit 18 
Scarborough Ont. 
M1V 3S2 (416) 297-9377 

Eltonscience 
3350 Duff erin St. 
Toronto, Ont. 
M6A 3A4 (416) 787-4581 

Tradeport Electronics Group 

1179 Finch Ave. West 
Unit 24 
Toronto, Ont. 
M3J 2G1 (416) 736-0866 

Sayal Electronics 
3791 Victoria Park Ave. #9 
Scarborough, Ont. 
M1 W 3K6 (416) 494.8999 

MISSISSAGUA  
ÈIFC0 Inc. 
3240 Wharton Way 
Mississauga, Ont. 
L4X 2T1 (416) 624-0700 

E.I.L. Instruments 
1200 Aerowood Dr. Unit 8 
Mississauga, Ont. 
L4W 2S7 (416) 624-6660 

HAMILTON 
Cathray  
Trade Supply 
899 Main St.E. 
Hamilton, Ont. 
L8M 1M4 (416) 547-8420 

OTTAWA 
Active à"..omponents 
Baxter Centre 
1050 Baxter Road 
Ottawa, Ont. 
K2C 3P2 (613) 820-9471 

ONTARIO 
T rT eeply 
933 Tungsten St. 
Thunder Bay, Ont. 
P7B 5Z3 (807) 623-5464 

Neutron Electronics 
485 Silvercreek Pkwy North 
Guelph Ont. 
N1H 7K5 (519) 836-9220 

Industro-Sery Electronics Ltd 
294 Lake St. 
St. Cathorines Ont. 
L2N 4H2 1-800.263-5758 

Orlon Electronics 
40 Lancaster St. W. 
KItchner, Ont. 
N2H 4S9 (519) 576-9902 

EIL Instruments 
P.O. Box 382 
Desoronto, Ont 
KOK 1X0 (613) 396.3383 

WINNIPEG  
W.E.S. Electronics 
1515 King Edward St. 
Winnipeg Man. 
R3H 0R8 (204) 632-1260 

CALGARY 
ct %I- 1 =e Components 
5809 Macload Trail S 
Unit 109 
Calgary, Alberta 
T2H 0J9 (403) 259-6437 

Cardinal Industrial 
Electronics 
li st. E. 
Calgary, Alberta 
T2H 2M4 (403) 259-6817 

EIL Multi Source 
Instruments 

208 Queen Alexandra Rd. S.E 
Calgary, Alberta 
T2J 3P6 (403) 271-2001 

EDMONTON AREA  
Cardlnal Industrial 
10630-173 St 
Edmonton, Alberta 
T5J 2P4 (403) 483-6266 

Active Components 
Electronics 

5312 Calgary Trial 
Southbound 
Edmonton, Alberta 
T6H 4.18 (403) 438-5888 

SASKATOON  
Cardinal Industrial Elec. 
210 Cardinal Gres. 
Saskatoon Sask. 
S7L 6H8 (306) 934-3443 

VICTORIA  
Pacific Coast Electronics 
631 Dunedin Street 
Victoria B.C. 
V8T 2L7 (904) 385.5111 

VANCOUVER 
Acme eo- -mponents 
3070 Kingsway 
Vancouver B.C. 
V5R 5J7 (604) 438-3321 

"TINKER. TAILOR, DATABASE ANALYST..." 

MICROLAB 1 DIGITAL 
ELECTRONIC TRAINER 

roirrate  

b  im 

Microlab 1, by MASTERTECH, con-
tains a thoroughly-designed proto-
board, comprehensive manual and 
wonderful appendix, providing a com-
plete course in basic logic circuits 
and digital techniques. Designed for 
people with little or no knowledge of 
electronic components, the course 
offers detailed explanations of each 
concept. Instructions for 40 lab ex-
periments including all necessary 
jumper wires for completing the 
many circuits in addition to test 
questions and answers. Some topics 
are logic gates and inverters, flip-
flops, counters, shift registers, and 
data-handling. Further information 
through: 

MASTERTECH 
LABORATORIES 
302 Royal Trust Building 

612 View St., 
Victoria, B.C. V8W 1J5. 

(604) 388-6631 

114  Circle No. 95 on Reader Service Card Circle No. 41 on Reader Service Card 



INVEST IN YOUR FUTURE 
with Test Equipment from 

BCS ELECTRONICS 

HAMEG HM 203-6 

• DUAL TRACE 
• 20 MHZ BANDWIDTH 
• 2 mv cm SENSITIVITY 
• 8 x 10 cm SCREEN 
• TV TRIGGERING 
• COMPONENT TESTER 
• PAIR X1 X10 PROBES 
• 2 YEAR WARRANTY 
• $795.00 
• $35.00 STUDENT REBATE 

ALL UNITS IN STOCK 
MAIL ORDER OR COUNTER SALES 
STORE HOURS: DAILY 8:00 TO 5:00 

SAT. 10:00 TO 1:00 
PROVINCIAL SALES TAX EXTRA 

TRIPLETT CORPORATION 

e V  3350 3360 

• 3' DIGIT, AC DC 
• AUTO RANGING, VOLTS & OHMS 
• DIODE TEST 
• CONTINUITY BEEPER 
• 10 AMP RANGE 
• TEST LEADS 
• 3 YEAR WARRANTY 
• 3350  0.5%  $140.00 
• 3360  0.3%  WITH DATA & 
RANGE HOLD $160.00 

• $10.00 STUDENT REBATE 

VISA 

ECCS 
ELECTRONICS 
UMMED 

98 

master charge 

Alness St., Unit 7, 
Downsview, Ontario 

M3J 2S2 
(416) 661-5585 

TELEX: 065-28169 

Circle No. 42 on Reader Service Card 



H.E.11111• 
Specialist of Computer controlled 
Stepping motor applications 
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Our products: 
• Intelligent stepping motor controllers 
• Stepping motor drivers 
• Many types of stepping motors 
• Rotary encoders 
• Custom design of computer control systems 

K.E.M. Electronics Ltd. 
Mail: Box 69216 Station (K) Vancouver, B.C.  V5K 4W4 
Office: 879E Hastings St., Vancouver Tel: (604) 251-1514 

Circle No. 43 on Reader Service Card 

CALL FOR FREE CATALOG 

TEXT TO SPEECH BOARD! 
P C/XT C O MP ATI BLE. M AKE Y O U R C O MP U TE R T AL K! 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL 
INSTRUMENTS 5P0256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH 
CONVERTER. 
THIS  BOARD  USES  ONE  SLOT  ON  THE 
MOTHERBOARD  AND  REQUIRES  A COM 
SERIAL PORT. BOARD MAY ALSO BE USED IN A 
STAND ALONE ENVIRONMENT WITH ALMOST  .  #  ‘ 
ANY COMPUTER THAT HAS A R5232 SERIAL  
PORT. FEATURES ON BOARD AUDIO AMP OR -  -..7,4,1 tat *Alge 
MAY BE USED WITH EXTERNAL AMPS.  .:.A  —  
DEMONSTRATION SOFTWARE AND A LIBRARY "il _ 
BUILDING PROGRAM ARE INCLUDED ON A 5'. 
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED. 

$ 6 9 95  $ 8 9 95  
COMPLETE  NEW! • ASSEMBLED 

KIT  8 TESTED 

HARD DISK CONTROLLER CARD 
THE FANTASTIC KONAN KDC-230. WITH MANUAL. SUPER EASY 

TO CONFIGURE AND USE. FOR PC/XT. 
HALF SIZE PCB. .99. — ADD $8.00 FOR CABLES 

PC/XT EPROM Ji 
PROGRAMMER   

-« 
$199 L'°.., . ; dI L 

• LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AI urat I 'pelt * r CATURES EASY 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS.* USES AN 
INTELLIGENT  PROGRAMMING  ALGORITHM  FOR  SUPER  FAST (85) EPROM 
BURNING. • THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS 
CONTAINING  4 TEXTOOL  Z.I.F. SOCKETS.  * NO PERSONALITY  MODULES 
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V. • EPROM DATA CAN 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE.* PROGRAMMING SOFTWARE 
SUPPORTS: 2716, 2732. 2732A, 2764, 2764A, 27128.27128A, 27256,27256A. 27512. AND 
27512A. * ASSEMBLED AND TESTED. BURNED. IN WITH MANUAL. 0199 WITH 
SOFTWARE. 

Digital Research Computers 
(OF TEXAS) 

P. 0. BOX 381450 • DUNCANVILLE, TX 75138 • (214) 225-2309 

TERMS: Add S3.00 postage. We pay balance. Orders under $15 add 756 handling. No 
C.O.D. We accept Visa and MasterCard. Texas Res. add 5-1 8. Tax. Foreign orders 
'except Canada) add 20 - P 3 H Orders over S50 add 856 tor insurance. 

AIFFORDABLE 

DUAL TRACE OSCILLOSCOPE 
Here's exceptional value at a budget price! This 20 mHz 
dual trace scope has a built-in component tester ideal 
for troubleshooting solid state circuits and components 
with no circuit power, and features 6" high luminence 
CRT, TV sync measurement for vertical & horizontal 
circuitry, sensitivity 1 mV/div. 
Model 33330 dimensions: 
6.4" x 11.5" x 14".  s595°° 

All for an incredible price of 
Set of 1:1/10:1 switchable probes $59. 

35 and 50 mHz scopes also available. 

Order by phone or mail. Visa, money order, certified cheque or C.O.D. 
accepted. Add $15. for shipping and handling. Ontario residents add 
7% PST. 

KB ELECTRONICS 
355 Iroquois Shore Road, Oakville, Ont, L6H 1M3 
(416) 842-6888 Telex: 06-982396 (KBEL OKVL) 

Circle No. 45 on Reader Service Card 
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THE NEW ERA IN MEMBRANE SWITCHES 

▪ Make your own graphic inserts 

Change the m in seconds to suit 

YOUR SPECIAL PROJECT 

• Attractive levan face 

• Sharp display of graphics 

• Rigid PCB backing 

• Wafer thin: 0.100" 

• RFI & EMI Shielded 
To FCC/VDE Standards 

• Roughed connector for: 
Wire wrapp,direct solder 
or plug in (ie.Berg Clincher) 

• Canadian 
Cat.no.750161 $39.95 Complete with insert kit 

Over the last twenty years, Membrane switches have established their presence 
in all areas of the electronics industry. From time to time various manufacturers 
introduced kits and standards varying in co mplexity, availability, price, 
and results. Leaving you battle to get the attention of big corps. and then 
with a little luck; the product you wantecl.(Frustrating was it not!) 
The 750 Series we are introducing is unlike anything you have seen before. 
It is a self contained industrial quality product ready to work the instant you 

open the packeage. You can use it for that rush project, leaving it installed 
permanantly, or switch it from project to project in seconds. 

Experience the dawning of a new era,order today, use the coupon and save. 

888 Blvd.St.Joseph Drummondville Oc. J2C 2C5  

1 010 e  INTRODUCTORY OFFER 
For a limited time (until april 30 19871 

<°)  Send cheque or money order with coupon  I 
/0‘  c o U e314  Only S29.95 per Cat. no.750161INO COCI 

Limit: 10 switches per order. Add 2.95 Post. I 

t\A  Dealer enguiertes wanted  am . 

rir nl . M e.  AA  •-• 
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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. 

TOUGH MINI SCOPES 
These rugged ultra-portables 
will take it, wherever the job 

takes them. 

-OP 

PERFORMANCE PROVEN 
GENERAL PURPOSE 
From 20 MHz to 100 MHz 
Hitachi's price/performance 
combination is second to none. 

Call us for Performance Proven Electronics 
Hitachi Denshi,Ltd. (Canada) 

Head Office: 
65 Mel ford Drive 
Scarborough, Ontario M1B 2G6 
Tel: (416) 299-5900 
Toll Free: 1-800-268-3597 
FAX. 1-416-299-0450 
Tlx: 065-25324 

Ottawa Office:  Eastern Office: 
159 Colonnade Road. Unit 3 8096 Route Trans Canadienne 
Nepean, Ontario K2E 7J4  St Laurent, Quebec H4S 1M5 
Tel (613)727-3930  Tel. (514) 332-6687 
FAX . 1-613-727-3955  FAX: 1.514.335.1664 
Tlx: 053-4533  Tlx. 0582-4768 

Western Office. 
3433-12th Street NE. 
Calgary, Alberta T2E 6S6 
Tel. (403) 291-4388 
FAX: 1-403-250-1634 
Tlx: 03825-861 



Bench Portable 

ror me rieiciaervice rroressional 
Who Doesn't Have Everything... 

Rackable, Stackable and Portable Instrument! 
From 

Model 202 
200 KHz 
Function 

Generators 

These extremely compact, space saving generators do not sacrifice 
performance for size. The models are easily operated and have 
outstanding specs at unbelievably low prices. 

Compact and Complete 

The Bench Rack 

Multi Frequency 
Counter 

31/2  Digit D1VIM 

When your bench is crammed for space and you are short on budget 
there is a superior alternative: Model 2324-R Bench Rack System. The 
Test Solution. 

Oscilloscope 

Designed and built for field service, this micro/miniature scop. 
weighs only 21bs. Made for your tool kit, it's the lightest mot 
compact, most complete scope you'll ever buy. 

Accurate and Affordable 

Counters 

Whether you need 8 digit accuracy on the bench or M the palm ( 
your hand precision and reliability does not cost a fortune. 

For more information about O.K. Electronics Division's full range of Test Instruments contact: 

len finkler & co. 
80 Akz xdon Road, Downsview Ontario 
M3J 2B4 Tel:(416) 630-9103 
Telex 065-24322 



MODEL. 3232 OMM 

• 3200 Count 
• termm High Characters 

• BCD Output 

310 'JUDSON STREET, UNIT 19, TORONTO M8Z 51 
al: 6600 Trans Canada Highway, Suite 750, Point 

r. 119-255 West First street. Unit 3, North 
Toll Free Newt • 



Best of All 
Worlds. 

The 80386 chip. The "big bang" 
that's put the speed and power of a mini-
computer into a desktop PC. As awesome 
as the creation of the universe, the 80386 
signals the beginning of a new generation: 
of computers.   

But how will you make them mn? Will 
you choose an operating system designed for 
the world of DOS applications.. .or one for the 
world of multi-users? 

Introducing a new star, PC-MOS/386'... 
The Best of All Worlds. 

The Brightest of the Multi-User Operat--

ing Systems. PC-MOSt" was specifically designed to 
take full advantage of the 80386's 32-bit multi-user 
power. Planetary features include file & directory secur-
ity:access to four GIGABYTES of memory and graphics 
support for 25 terminals driven by a single 80386-PC. 

PC-MOS's "Hot Spots". —10,000 DOS Appli-
cations. DOS program compatibility puts a world of — 
applications at your fingertips...like Lotus 1-2-3, dBASE 
-and WordPerfect. Plus, multi-tasking lets each user run 

up to 25 programs at the same time. 
New Stars Are Still Being Born. Call The Software 

Link TODAY for more information and the dealer nearest you. 
PC-MOS/386" will make its earth orbit in February 1987 with single. 
user, 5-user, & 25-user versions. 

PC-MOS/386' 
'THE FIRST 80386 OPERATING SYSTEM 

o THE SOFT WARE LINK, INC. 

250 Cochrane Drive, Suite 12 
Markham. Ont. L3R 6B7 
Dealer/Distributor Inquiries Invited 
CALL.: 416/477-5480 

PC .SIOS.306"  PC-1005" are Tb. Salmon 
Lmk. Ise Loam 143.411ASSAIL: Coe r emetle pe 
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