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

e41BEST computers 
Made in Canada, IBM PC, XT & AT Compatible 
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Features common to BEST MK II, MK III & 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 51/4", 360K Disk Drives 
• Colour Video (RGB & Composite) Board or 

Hi-Res Monochrome Card (customer choice) 
• Disk Controller Board 

Warranty 
We have such conficfence in the time tested 
reliability of the BEST that we offer a 300-day 
warranty, way above the industry standard. 

Please Note: Don't be put off by our spectacularly low 
price; this is due to the fact we do not deal with middle-
men and our volume buying power of parts. All BESTs are 
manufactured in Canada to the highest quality standards 
using prime guaranteed components by our sister com-
pany. All systems are pretested (burnt-in) for about 48 
hours before shipping. Hurdreds of happy customers 
report excellent reliability and compatibility. 

BEST MK Il. Regular $1695. This Month: 

Two 360K DS,DD disk drives, Serial and Parallel 
Ports, Real Time Clock, Phoenix BIOS, uses 8088 
processor — full specifications given below. 

$1595°0 
Other Configurations: 

 $1695 
$2495 
$2595 
$2795 
$2895 

With 640K RAM 
With 10 Meg Hard Drive/1 Floppy/256K 
With 10 Meg Hard Dr/cell Floppy1640K 
With 20 Meg Hard Dr/cell Floppy1256K 
With 20 Meg Hard Drive/1 Floppy/640K 

The FAST BEST MK Ill 
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. 

$1895" 

$2500" 

Other Configurations: 
 $1995 

$2795 
$2895 
$3095 
$3195 

With 640K RAM 
With 10 Meg Hard Drive/1 Floppy/256K 
With 10 Meg Hard Drive/1 Floppy/640K 
With 20 Meg Hard Drive/1 Floppy/256K 
With 20 Meg Hard Drive/1 Floppy/640K 

Other Configurations: 
With 10 Meg Hard Drive/1 Floppy/640K . 
with 20 Meg Hard Drive/1 Floppy/640K . 

.$3395 
..$3695 

AVT-286 

\e 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. 

$34950 O
With 20 Megabyte fast stepping Hard 
Disk and Controller: 

$495000 

40 Megabyte systems also available at reasonable prices, 

tExceltronnt 
319 College Street. Toronto, Ont. 1V15T 1S2 

(416) 921 -8941. Order line only 1 -800-268-3798 

Ottawa. 217 Bank Street (613) 230.9000 
Visa Mastercard and American Express accepted 

Circle No. 1 on Reader Service Card 



Super Special on Printers 
New from Star Micronics 

SC-10 Printer 

4'0 
Ideal for Text & Graphics 
• Dual Mode - NLQ/draft standard (NLQ = near 
letter quality) • 120 CPS and 200/o faster 
throughput • Bidirectional, logic/seeking • 2K 
buffer (expandable to 6K with optional buffer in-
terface) • 100% IBM PC or Star standard control 
codes-switch selected • Friction and tractor 
standard • full 1 year warranty • 10" wide car-
riage • Standard parallel interface (serial op-
tional)   11179.00 

5G-10 C for 
Commodore Computers 
All the same features as the SG-10 but 
includes built-in interface which plugs 
directly into Commodore computers. 

$389.00 

Star Micronics SG15 

Same specifications as the SG-10 except 
with 15in. carriage and standard 16K 
buffer. 

$599.00 

SR-15 
• 200 cps and 20% faster throughput • IBM PC 
or Star standard control codes switch selected 
• Dual Mode - NLQ/draft standard • Fric-
tion/tractor and automatic single sheet feed - 
standard • 15" carriage • 16K buffer • Bidirec-
tional, logic seeking • Price/performance leader 
• Parallel port standard, serial optional • Full 1 
year warranty. 5995.00 

Star Micronics — Power 
Type daisywheel printer 
Letter 
Quality 

•••..4111111111 , 
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18 c.p.s, Bi-directional, Logic-seeking. 
110, 132 or 165 columns. 100 Typefaces 
available, Proportional Spacing. 

5535.00 

Call or write for our 
1986 catalogue 

Save Money Time Limited Specials 
Please note: These unbelievably good prices are due to a bulk purchase 

Prices good while stocks last. 

Star Micronics Gemini 10X 
Ideal for Text and Graphics 
• 120 c.p.s., • 816 characters print buf-
fer, option 4K or 8K • standard parallel 
optional RS232C • tractor & friction 

feed. Super Special 5279.00 

Star Micronics Gemini 
10X PC 

All the above features but 
Compatible. 

5279.00 

IBM 

Check out our catalogue for 
prices of Monitors, Disk 

Drives, Print Supplies and 
Printer Cabler 

We have excellent arming 
on 10 and 20 Megabyte 

Hard Drives and Controllers 

Star Micronics Gemini 
15X PC 

IBM Compatible 
Same as Gemini 10X PC but with 15in. 
carriage. 

$399.00 

Delta 15 PC 
IBM Compatible 

160 c.p.s draft, 40 c.p.s Near Letter 
Quality, Friction and Tractor feed, 8K Buf-
fer, Serial and Parallel Interfaces. 15in. 
carriage. Ultra-High Resolution. 

5499.00 

Delta 10 PC 
IBM Compatible 

As above but 10in. carriage. 

$399.00 

Radix 15 PC 
IBM Compatible 

200 c.p.s draft, 50 c.p.s. NLQ, Friction and 
Tractor Feed, Serial and Parallel Inter-
faces, 16K Buffer. 240 x 144 Ultra High 
Resolution. 

$689.00 

Radix 10 PC 
IBM Compatible 

As above but with 10in. carriage. 

$549.00 

51/4" 360K DS/DD Drives 
for your IBM or Compatible 

Toshiba ND-04D (Black) $159.00 
Toshiba ND-04DE-G (Grey) 5169.00 

Shugart/Panasonic SA455 
5144.00 

Memory Special 
41256  $4.79 
4164 150n5  52.49 

Large Quantity Discounts Available 

Check our catalogue for 
other spectacular 
memory pricing 

EXCELTRomx 
319 College Street, Toronto, Ont. M5T 1S2 

(416) 921-8941. Order line only 1-800-268-3798 
Ottawa, 217 Bank Street (613) 230-9000 
Visa. Mastercard and American Express accepted 

Circle No. 2 on Reader Service Card 



Quick... 
who makes the scopes 

.40.2LHeut:tech the competition? 

NEW 
100MHz 
1590A 

NEW 
80MHz 
1570A 
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Compare these features and performance specifications. 
Bright 20kV display 

(12kV on 1570A) 
with illuminated 

graticule. 

SENSITIVITY 
FULL BANDWIDTH 

• ±-2% VERTICAL AND 
HORIZONTAL ACCURACY 
• V-MODE DISPLAYS FOUR 
UNRELATED SIGNALS 
• SOR-TOUCH, LIT 
CONTROLS 
• 500 V CASCADE 
SENSITIVITY 
• CHANNEL 1 BUFFERED 
OUTPUT 

Four vertical inputs 
with 8-trace display 

Compare all of the features and performance benefits 
with any scopes in their price range. See your local 
stocking distributor or phone: 416-789-7761 

Five times more 
sensitive than 

most competitors 

Service Card 

SWEEP TIME/DIV 

Reg 

OKPRECISION 

Dual timebase 
with dual-
independent 
nmebase or 

111 1590A 

DYNASCAN 
CORPORATION 

pir is represented in Canada, by — 

%A: Atlas Electronics Limited 
50 Wingold Avenue, Toronto, Ontario M6B 1P7 
Telephone 416-789-7761 Telex 069-69538 
Brandies: D Quebec 514-337-5260 El Ottawa 613-744-1212 
D Alberta 403-240-3838 El British Columbia 604-255-5011 
O Saskatchewan/Manitoba 204-889-0214 
Prices/Specifications Subject to Change Without Notice 
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plied us with cases and 
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Series 

For Your Information 
Digital Multimeter 

The Brunelle Model 5060 Digital 
Multimeter features six functions: 
AC/DC voltage, AC/DC current, 
resistance and a diode test. The 4 
1/2 digit LED display has a DC 
voltage range of 1200 volts with ac-
curacies of 0.03 percent plus four 

digits. Automatic zero and 
overload protection on all ranges. 
Contact Brunelle Instruments Inc., 
73-6th Range South, St-Elie d'Or-
ford, Quebec JOB 2S0, (819) 
563-9096. 
Circle No. 4 on Reader Service Card 

Solar Power Packs 

Solar power packs in a 
ready-to-use package are available 
from Bestek Micro Devices of Ot-
tawa. The HIVOD series is 
available in four sizes, 3, 6, 9, and 
12 volts, with current ratings from 
110 to 220mA. A built-in diode 
allows a rechargeable battery to be 
directly connected across the pack. 

The package is suitable for indoor 
or year-round outdoor use. Con-
tact Varah's Direct, 504 Iroquois 
Shore Rd., Oakville, Ontario L6H 
3K4, (416) 842-8833, or their loca-
tions in Ottawa, Vancouver, Ed-
monton, Calgary and Winnipeg. 

Circle No. 5 on Reader Service Card 

Universal Counter 

Beckman's UCIO 100M Hz counter 
has applications ranging from sim-
ple event counting to audio and 
computer servicing to FM receiver 
and cordless telephone repair. It 
features eight digits, pushbutton 
controls and four gate times from 

0.1 to 10 seconds. A second input 
allows frequency ratio and time in-
terval measurements. Contact Len-
brook Electronics, Unit 1, 111 
Esna Park Drive, Markham, On-
tario L3R 1H2, (416) 477-7722. 
Circle No. 6 on Reader Service Card 

Digital Multimeter 

The Triplett Model 4 800 
multimeter has a remarkable 
number of features in one case: 
DC/AC voltage and current, 
resistance, frequency to 1MHz, 
period, dBm, diode test, continuity 

and temperature. Also included 
are comparator, peak hold, data 
hold and auto-ranging. Contact 
Len Finkler and Co., 80 Alexdon 
Rd., Downsview, Ontario M3J 
2B4, (416) 630-9103. 

Circle No. 7 on Reader Service Card 

Back here on earth: you can in-
crease the speed of your IBM PC 
considerably without buying a 
Cray-2. PC Technologies of Ann 
Arbor has introduced an ac-
celerator card called the 286 Ex-
press, based on the Intel 80286 8 
MHz processor with an optional 
80287 coprocessor. It plugs into an 
expansion slot and a ribbon con-
nector replaces the existing 8088. 

Software compatibility is unaf-
fected, and speed is upped two to 
six times over the 8088, depending 
on the software. The list price in 
the US is $795. If you can't find a 
dealer who stocks the 286 Express, 
you can contact them at 704 Air-
port Rd., Box 2090, Ann Arbor, 
Michigan 48106, (313) 996-9690. 
They have a great morris team in 
Ann Arbor. 

Circle No. 41 on Reader Service Card. 
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Copyright 
All material is subject to worldwide copyright 
protection. All PCB patterns are copyright 
and no company can sell boards to our design 
without our permission. 

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

Editorial Queries 
Written queries can only be answered when ac-
companied by a self-addressed, stamped 
envelope. These must relate to recent articles 
and not involve the staff in any research. Mark 
such letter Electronics TodayQuery. we can-
not answer telephone queries. 

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

provincial sales tax. 

Back Issues and Photocopies 
Previous issues of Electronics Today Canada 

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

We can supply photocopies of any article 
published in Electronics Today Canada; the 
charge is $2.00 per article, regardless of length. 

Please specify both issue and article. 

Component Notation and Units 
We normally specify components using an in-
ternational standard. Many readers will be un-
familiar with this but it's simple, less likely to 
lead to error and will be widely used 
everywhere sooner or later. Electronics Today 
has opted for sooner! 
Firstly decimal points are dropped and 
substituted with the multiplier: thus 4.7uF is 
written 4u7. Capacitors also use the multiplier 

nano (one nanofarad is 1000pF). Thus 0.1 uF 
is 100nF, 5600pF is 5n6. Other examples are 

5.6pF -= 5p6 and 0.5pF = Op5. 
Resistors are treated similarly: 1.8Mohms is 
IM8, 56kohms is the same, 4.7kohms is 4k7, 
100ohms is 100R and 5.60hms is 5R6. 

PCB Suppliers 
ETI magazine does NOT supply PCBs or kits 
but we do issue manufacturing permits for 

companies to manufacture boards and kits to 
our designs. Contact the following companies 

when ordering boards. 
Please note we do not keep track of what 

is available from who so please don't contact 
us for information PCBs and kits. Similarly do 
not ask PCB suppliers for help with projects. 

K.S.K. Associates, 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. I 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. 

It's a direct hit! 

1 piece 
First Edition  

1986 Varah's Direct Reference 

Guide & Mail Order Catalogue 

The Varah's Direct catalogue is a 
bestseller. And' it's free! 
The first printing just couldr't accomodate all the requests, so now 
we offer you a second printing hot off the press. Contact us today! 

Here's a sample of the comments so far: 

" Excellent catalogue and reference guide " 
Jack Henderson 
Burlington, Ontario. 

" Helps us out of the jungle of part numbers. 
Send more order forms! 

Ray Palmer 
Summerland B.C. 

" Got to be a winner " 
Norm Frieden 
Hamilton, Ontario 

For everything that you need: 

semiconductors • capacitors • resistors • educational kits 

test equipment • tools • literature • and so much morel 

Member Canabian 
Direct Marketing 
Association 

Locations: 
Vancouver 
Edmonton 
Calgary 
Winnipeg 
Oakville 
Nepean 

Write: 
Varah's Direct 
SO4 Iroquois Shore Rd 
Oakville. Ontario 
L6H 3K4 
,please include your 
return postal code) 

Circle: 
The reader service 
number for this ad 
Or Call: 
)416) 842-8833 
Monday to Friday 
8:00 - 6:00 E S T 
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For Your Information 

Shrink Sockets 

The Robinson Nugent TSS Series 
burn-in sockets are designed to ac-
cept the shrink DIP ICs with lead 
pitch at .070. Available in 28, 42 
and 64 pin counts, the sockets 
feature a centre channel to guide 

IC removal and adapt to automatic 
handling equipment. DGW Elec-
tronics Corporation, 85 Spy 
Court, Markham, Ontario L3R 
4Z4, (416) 475-8500. 

Circle No. 8 on Reader Service Card 

Aptron, the folks who bring you 
the Bugbuster machine code 
debugging system for the Apple, 
have a similar system for the IBM 
PC and compatibles. It consists of 
a card for an expansion slot, a 
manual trigger switch, software 
and a manual. The unit monitors 
the machine level operations and 
stores a real time trace of 2048 
cycles around a trigger point. Full 
screen setup menus allow the user 
to define two levels of triggering 
on any program condition for 
quickly debugging any machine 
language or compiled program 
running under PC-DOS or 
MS-DOS. The system sells for 
$999; a software demo package is 
available for $19. Aptron Design 
Ltd., PO Box 13193, Kanata, On-
tario K2X 1X4, (6 13) 
831-0163. 
Circle No. 42 on Reader Service Card 

The new CRAY-2 supercomputer 
is guaranteed to outrun your 
ZX81, even with a disk drive. It 
consists of four independent 
background processors, each more 
powerful than a CRAY-1; they 
can operate together or in-
dependently on scalar or vector 
processing (see Supercomputers, 
ET June, 1985). A common 
memory is accessible from any of 
the processors or data channels 
and consists of 256 million 64-bit 
words. The clock cycle time is 4.1 
nanoseconds; the dense multi-layer 
circuit boards are cooled with a 
fluorocarbon liquid. The operating 
system is based on Unix V. The 
cost, obviously, is in the millions. 
You could put one in your base-
ment and have the fastest Word-
Star in town. 

Continued on page 28 

IDOES YOUR DIGITAL CAPACITANCE METER Do THIsi 
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY 

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

AND THIS 
READS DIELECTRIC ABSORPTION 

AND THIS 
EXTENDED PSEUDO 5 DIGIT 

RESOLUTION ON SOME RANGES ONLY 

AND THIS 
ABILITY TO ZERO LARGE CAPACITANCE 

VALUES UP TO 99.99 uF 

AND THIS 
CALCULATES TRUE CAPACITANCE 

IF CAPACITOR IS LEAKY 

AND THIS 
DIODE CLAMP AND FUSED 

PROTECTED INPUT. 

DISCHARGE RESISTOR IN OFF 

POSITION AT TERMINAL INPUTS. 

POWERED BY 9V BATTERY 

ONE YEAR PARTS Et 
LABOUR WARRANTY 

• MADE IN CANADA 
FOR ONLY THIS MODEL 

MC300 
Approx. Size 
T' x 4" x 134" 15, DAETRON 
A DIVISION OF BERGERON 
TECHNOLOGIES INC. 
935 THE QUEENSWAY 
BOX 641 
TORONTO ONTARIO M8Z 5Y9 
(416) 255-9701 

AND THIS 
IDENTIFIES TRANSISTORS (NPN, PNP) 

AND THEIR LEADS (E, B, C, ETC.) 

AND THIS 
TESTS ZENER DIODES AND RECTIFIERS. 
UP TO 20V ZEN ER WITH AC ADAPTOR, 

ZEN ER 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 
---(QUANTITY) MC300(s) @ $149.95 
CARRYING CASE $19.95 
AC ADAPTOR $11.00 
ONTARIO RESIDENTS ADD 7% PST 
SHIPPING AND HANDLING @ 4.45 per instrument 

$ 

$ 

TOTAL $ 
I ENCLOSE CHEQUE E MONEY ORDER EBILL MY VISA 

E VISA CARD NO.   

EXPIRY DATE 

NAME   
ADDRESS   
CITY   PROV.   POSTAL CODE  

SIGNATURE  

Circle No. 89 on Reader Service Card DEALER ENQUIRIES INVITED 
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Project 

Auto-Volume 
Control 

A clever automatic volume control for your PA System. 

By C. Capel and P. Green 

AUTOMATIC VOLUME control has 
been used for years in broadcast radio 
receivers, at least it has been termed 
automatic volume control although it was 
actually automatic gain control. AGC 
responded not to changes in the audio fre-
quency output, but fluctuations in the 
level of the RF carrier. Part of the carrier 
appearing at the last IF stage was rec-
tified, applied to a circuit having a time 
constant sufficient to remove audio 
modulations, then fed as a DC control 
potential to the grid circuit of the first IF 
stage. Thus fading was reduced and 
strong local carriers did not produce 
overloading of later stages. This illustrates 
the rather confused manner in which the 
term is used. 

Expanding On Compression 
Another confusing idea often encountered 
is between automatic volume control and 
volume compression. Although both are 
concerned with audio levels and their con-
trol, there is an important difference that 
dictates which feature should be used in a 
particular application. 

With volume compression, the 
dynamic range is reduced and the gain of 
the circuit varies according to the 
amplitude of the signal. This reduction 
may take place over the whole range of 
signal levels, or it may start at some 
predetermined threshold below which the 
circuit behaves normally with linear gain. 
Above it, the signal produces an output 
which is proportionally less as the 
amplitude increases. 

Volume compression is used where 
the dynamic range (the range between the 
loudest and softest signals) is too great for 
the equipment of system to safely handle. 
Either the loud signals would overload the 
circuit, over modulate the carrier, or in-
troduce unacceptable distortion, or the 
soft signals would approach the noise level 
Electronics Today March 1986 

The PCB artwork for the Auto-Volume 
Control. 

so that a poor signal-to-noise ratio would 
result. Broadcast radio transmissions are 
an example of the use of compression, 
and the compressed result is generally 
considered satisfactory for domestic 
listening. 

Orchestral Manoeuvres 
It may be worth mentioning at this point 
that there is often a considerable 'overkill' 
in the range stipulated in hi-fi circles. 
Some quote figures around 70 dB as the 
range between the quietest and loudest 
sounds produced by a symphony or-
chestra. Measurements of sound levels 
made by the author at public symphony 

concerts failed to produce anything like 
this. The difference between the quietest 
passages (whispering strings) and 
full-blooded climaxes with percussion, 
brass and everything else playing flat out 
was little more than 45 dBA. 

The opportunity has not arisen for 
measurements during large scale choral 
and orchestral works in which a somewhat 
wider span could be anticipated, but from 
theoretical calculation it would not be a 
lot more. For example if a choir and or-
chestra each generated 45 dB, together the 
combined sound level would be only 48 
dB. 

Levelling Off 
Automatic volume control does not 
reduce dynamic range by lessening the 
amplitude of loud signals more than that 
of quiet ones, it reduces the overall level 
(so that both loud and quiet sounds are af-
fected equally) when the level is high, and 
increases it when the overall level is low. 
The operation is the same as that of a 
manual volume control, except it is auto-
matically actuated by the signal. 

One common use is the automatic re-
cording level control that is incorporated 
in most portable cassette recorders. This 
permits recordings to be made without 

Fig. 1 A signal comprising successive loud and soft tones. The tone exceeds the overload level 
of the equipment (a). With volume compression, the loud tone is reduced more than the 
soft one, reducing dynamic range (b). With utomatic volume control, all the signals are 
equally reduced (c). 
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Auto-Volume Control 

trial runs and careful watching of the 
recording level meter. Though very useful 
for spontaneous recordings it does have 
its drawbacks in being too inflexible in the 
form usually used. Fades, either up or 
down, cannot be executed as there is nor-
mally no recording level manual control. 
The effect is also less than satisfactory 
when recording music which has sudden 
changes of volume. The manual override 
which accompanied the first automatic 
level circuits in recorders now seems to 
have disappeared completely. 

PA Problems 
Public address systems are another ap-
plication for which auto level control is 
ideal. Many platform orators are noto-
riously bad microphone users; they turn 
away and often step away from the 
rostrum, while at other times some lean 
forward and shout into the microphone to 
emphasize a point. As the level varies ac-
cording to the square of the distance bet-
ween the lips of the speaker and the 
microphone, some pretty hefty volume 
changes take place. With interviews or 
forums there may be a variety of par-
ticipants, some soft-spoken and some 
loud. Any of these may shift his position 
during the programme and wind up nearer 
or further from the microphone. The poor 
PA operator struggles manfully to com-
pensate by rapid adjustment of the sliders, 
sometimes the wrong ones, and in the 
wrong direction. No wonder they some-
times emerge from a session as nervous 
wrecks! 

It was for the purpose of PA control 
that our unit was designed, and it has pro-
ved very useful. However, there are no 
doubt other applications for which 
readers may find it practical. Being com-
paratively small it could be built into most 
existing amplifiers or mixers, drawing on-
ly a small amount of current from the 
power supply. However, if desired it 
could be mounted in a separate box with a 
battery supply. 

Alternative Technology 
Several methods were tried (and rejected) 
in order to achieve satisfactory auto-con-
trol. The simplest method (which has been 
frequently used for cassette recorder ALC 
circuits) is to rectify part of the output 
and apply it as negative bias to an early 
NP.N transistor (or positive bias to a PNP 
device). This way the forward bias is 
reduced, reducing the collector current 
and also the gain of the circuit (Fig. 2). 

There are several snags with this ar-
rangement. One is that with the reduction 
of base current on which the signal cur-
rent is superimposed, the capability of the 
circuit to handle large signals is also 
reduced. Now this occurs precisely at the 
time when large signals are present at the 
10 

base, which are not affected by the gain of 
the following circuit. Therefore there is a 
strong possibility of overloading and dis-
tortion, the stronger the signals are, the 
smaller the base current becomes. 

Overloading is less likely in a cassette 
recorder when the internal microphone is 
being used, as close-talking is not usual 
under these circumstances. But it could 
occur if a high sensitivity external 
microphone or auxiliary input were being 
recorded. It could certainly occur when 
used as a general automatic volume con-
trol for PA or other purposes. 

The other drawback is that noise in a 
transistor is dependent on the current in 
the base and collector circuits; the larger 
the current, the greater the noise. As the 
current varies with the operation of the 
automatic control, noise will also vary. 
However, the current, and hence the 
noise, is greatest in the absence of a signal, 
and least when the signal is at a maximum. 
This of course is the opposite to what it 
should be, as noise is relatively unimpor-
tant in the presence of large signals which 
mask it. 

Fig. 2 A simple AVC circuit as used in some 
cassette recorders for recording level control. It 
can be overloaded as the forward bias is reduc-
ed by a strong signal. 

DC CONTROL 
VOLTAGE 

OV 

Fig. 3 Experimental circuit for controlling the 
gain of a stage by varying the negative feed-
back. 

Variable Variation 
Another circuit which at first seemed pro-
mising (Fig. 3) consisted of a transistor 
used as a variable resistor. This was con-
trolled by a rectified voltage derived from 
the output, which was connected in series 

- How It Works 

The signal is sampled from the output of the 
mixer or some other convenient high-level 
point, and is applied to the potentiometer PR. 
This permits the amount of AVC to be preset. 
SW1 shorts the preset wiper to ground, which 
allows the circuit to be switched out without 
disturbing the control setting. 

QI amplifies the control signal and the 
output is applied to Q2; this is an emitter 
follower with a low impedance output and high 
current sourcing. The purpose of this is to en-
sure that the capacitors C4 and C5 charge 
rapidly at the onset of a sudden loud sound and 
so achieve a quick reaction. The capacitance of 
these components has been limited for the same 
reason. 

After rectification by DI, the DC control 
signal charges C5 through D2 which offers a 
low impedance path. However, the capacitor 
cannot discharge back through D2 because of 
reverse polarity, but does so through R8 and 
R7. Thus the discharge is considerably slower 
than the charge, so the control signal doesn't 
fluctuate with every change in amplitude of the 
original signal (which would result in volume 
compression). Instead it maintains a level 
which corresponds with the average level of the 
incoming signal; thus if a quiet signal follows 
immediately after a loud one, the same 
dynamic range is maintained and the gain drifts 
back only slowly to the previous level. Small 
changes in signal amplitude as in normal 
speech have little effect. 

The rapid initial response greatly reduces 
the devastating effect of the explosive con-
sonants P and B when spoken too close to the 
microphone. But because the general overall 
level is governed by the average input signal, 
the circuit evens out longer variations which 
arise when a speaker turns his head away from 
the microphone to address one section of his 
audience. 

Transistor Q3 drives the control transistor 
Q4, which behaves as a variable resistor and is 
connected as the bottom leg of a potentiometer 
aeross the signal source. The upper leg is a fix-
ed resistor, and the tap between them is the 
variable point for feeding the following 
amplifier. A shunt resistor is connected across 
Q4 to maintain the load on the source when the 
transistor is cut off. 

When a large signal is received, Q4 is made 
conductive and the resistance of the bottom leg 
reduced, changing the ratio between it and the 
top leg. When the signal is small the opposite 
happens and Q4 becomes less conductive, in-
creasing the lower leg resistance. Thus the cir-
cuit operates in the same manner as a manual 
volume control, by reducing the signal applied 
to the controlled stage rather than changing the 
gain of the stage itself. Therefore it can't be 
overloaded and self-generated noise remains 
the same. Noise from earlier stages is reduced 
along with the signal, so the drawbacks of 
other control circuits are eliminated. 

with an emitter bypass capacitor. The 
signal developed over the emitter resistor 
by the collector current is in opposition to 
the applied signal between base and emit-
ter, thereby providing a form of negative 
feedback. When bypassed with a capa-
citor having a low reactance compared to 
the emitter resistor, the feedback disap-
pears. Continued on page 38 
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Designer's Notebook: 

GaAs Devices 

Gallium arsenide technology offers a considerable increase 
in the operating speed of semiconductors. 

By Stuart Smith 

TO appreciate how Gallium Arsenide 
(GaAs) devices work, and why they are 
superior in many respects to silicon-based 
devices, it is necessary to understand some 
of the fundamental physical properties of 
semiconductors. At the risk of repeating 
already well-known information, the next 
few sections will cover some of this 
ground. 

Energy Bonds 
It's a fact of life that electrons in an atom 
can have only certain energies. When the 
atoms are bonded together to make a 
brystal, the electrons can have energies 
within certain allowed bands, which may 
overlap. The 'band structure' (Fig. 1) of 
solids determines whether they are con-
ductors, semiconductors or insulators. 

Electrons with energies within the 
valence band are attached to particular 
atoms in the crystal. They cannot move 
through the crystal and contribute to con-
duction. Electrons in the conduction band 
have sufficient energy to escape the attrac-
tion of the nucleus and can move through 
the crystal under the influence of an ap-
plied electric field. 

Band Gap 
The basic difference between insulators, 
semiconductors and conductors is the size 
of the energy gap between the valence and 
conduction bands, because this governs 
how easy it is for an electron to enter the 
conduction band. In metals the bands 
overlap - there are always conduction 
band electrons available, so metals are 
good conductors. 

In insulators the gap is so wide (over 
3 or 4eV) that virtually no electrons enter 
the conduction band at reasonable 
temperatures. 

In a semiconductor the band gap is 
about leV, which leads to a resistivity 
midway between insulator and conductor. 
Electronics Today March 1986 
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Fig. I Energy band diagrams. 

At absolute zero temperature (-273 deg. 
C) the valence band is completely filled 
and the conduction band empty. At 
higher temperatures some electrons gain 
sufficient energy from the thermal vibra-
tions of the crystal to leave the valence 
band and jump into the conduction band. 
The number of conduction band electrons 
is exponentially related to temperature. 

There are several elements and alloys 
with band gaps in the leV region but for 
various reasons not all of them are 
suitable for electronic devices. Table 1 
shows the important electronic properties 
of Germanium (Ge), Silicon (Si) and 
GaAs. Some of these properties are 
discussed below. 

Excitation and Recombination 
It's possible to raise the energy of an elec-
tron in a crystal by several methods: 
heating it, shining a light on it or applying 
an electric field to it. When an electron is 
excited from valence to conduction band 
it leaves behind a vacant energy level (or 
state) called a hole. The hole behaves like 
a positive charge. 

Electrons do not stay in the conduc-
tion band for ever: they naturally 'fall 

back' into the valence band, but they must 
fall into a hole. This process is called 
recombination, and it releases energy, the 
energy the electron originally gained to 
enter the conduction band. The energy 
may be released as heat, light or both, 
depending on the type of material. 

Doping 
To make useful electronic devices, it's 
usually necessary to control the conduc-
tivity of the materials by altering the 
number of holes and electrons in the 
material which are available for conduc-
tion. This can be done by adding small 
quantities of other materials called 
'dopants' to the pure (intrinsic) semicon-
ductor. If the dopant adds electrons, it is a 
donor and the resulting semiconductor is 
called n-type. If it adds holes it is an ac-
ceptor and the semiconductor is p-type. 

Temperature 
The relatively high bandgap of GaAs 
means that at normal temperatures (-20 C 
to 100 C or so) the amount of free carriers 
(electrons or holes) is minimal compared 
with those introduced by doping. this is 
still true at high temperatures. Some 
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GaAs devices are usable at up to 400 C 
and most will work at temperatures bet-
ween -200 C and 200 C. The range is 
much wider than for silicon devices. 

Mobility 
When subjected to an electric field, 

electrons accelerate towards the most 
positive point. In a crystal this does not 
continue forever, as the electrons even-
tually collide with the crystal atoms. Colli-
sions may even cause the electrons to 
reverse direction. Overall the electrons 
can be said to reach a mean or drift veloci-
ty which is constant and proportional to 
the applied field. The ratio of electron 
speed to applied field is called the electron 
mobility, and it is much higher in GaAs 
than in silicon. Electron mobility governs 
the switching speed of transistors and 
GaAs devices are therefore much faster 
than their silicon counterparts. There is a 
limit to the drift velocity attained as the 
applied field is increased, but this limit is 
higher in GaAs than in silicon. 

Photoconduction and Photoemis-
sion 
A quantum of light energy (a photon) can, 
if it has the right frequency, transfer all its 
energy to an electron and cause it to jump 
into the conduction band. the relationship 
between photon frequency and energy is: 
E = hv, where 
E is energy in Joules (1) (leV = I. 6x(0-191), 
h is Planck's constant, 6.63x10-34 

is light frequency in Hertz. 

Below a threshold frequency, Vth = 
Egap/h, the electrons cannot gain suffi-
cient energy to across the band gap and 
will not be excited. At a frequency greater 

than Vth the light will cause excitation 
and generate electron-hole pairs, so the 
conductivity of the material will increase 
with light level. Cadmium Sulphide (CdS) 
has a band gap of 2.42eV which gives it a 
response to light similar to that of the 
human eye. Other semiconductors res-
pond well to infrared or lower frequency 
electromagnetic radiation. 

Light Emitting Diodes 
As we have seen, electrons eventually 
recombine with holes, giving up their 
energy as heat or light. Recombination in 
Si produces mostly heat. In GaAs, recom-
bination gives off light in the infrared. By 
adding phosphorus (P) to the GaAs the 
band gap is increased and the emission 
moves towards the blue end of the spec-
trum. GaP LED's emit green light. 

An LED is a junction between p and 
n type GaAs (or GaAsP, or GaP). In the 
bulk of the diode, away from the junc-
tion, there are a lot of free carriers (Fig. 
2a). Application of a forward bias voltage 
(Fig. 2b) makes it easy for electrons to 
leave the n region, cross the junction and 
enter the region. Here there are many 
holes, which recombine with the elec-
trons. The holes are continually replaced 
by fresh ones at the diode anode so the 
current flow, recombination and light 
emission continue as long as the forward 
bias is applied. 

Semiconductor Lasers 
The semiconductor laser is a device of 
great importance in modern communica-
tions. Fiber-optic data transmission using 
a semiconductor laser as the lightsource 
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allows the transfer of huge quantities of 
information over large distances at great 
speed. 

To use an optical fiber at high speed 
over an appreciable distance (say several 
kilometers), a number of conditions must 
be satisfied: 
1. The laser light must be capable of being 
modulated at a high rate; 
2. The light must be of a single frequency 
to avoid spreading of pulse edges; 
3. The light must be very intense to allow 
large spacings between repeaters (which 
pick up weak signals, amplify and 
retransmit them); 
4. The light source must be very efficient, 
for low cost and power consumption. 

Semiconductor lasers fulfil all these 
requirements. 

The basic principle of the laser is 
quite simple. We have already seen that 
electron-hole recombination releases 
energy. In most cases recombination oc-
curs randomly and spontaneously. Any 
photons given off in the process are in 
random phase with one another. The light 
so produced is said to be incoherent. 

The presence of photons of the wave-
length corresponding to the band gap 
energy can cause recombination, accom-
panied by emission of light. This 
'stimulated emission' is in phase with the 
photon which caused the emission. The 
light amplitudes add in phase and the 
resulting light is very intense and coherent 
(Fig. 3). 

We also know that photons can be 
absorbed by the material, causing the elec-
trons within it to be excited into the con-
duction band. In order for there to be a 
continuous output of coherent light, two 
conditions must prevail. 
1. There must be a high density of 
photons in the material, so that more 
stimulated than random emission occurs; 
2. There has to be an electron 'population 
inversion', a greater number of electrons 
in a high-energy state than a low-energy 
state. This ensures that more emission 
than absorption takes place. 
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Fig. 4. Simplified diagram of GaAs/GaAlAs diode laser. 

The first requirement is met by 
creating an optical resonant cavity, simply 
a bar of material with mirrored faces so 
that the light intensity builds up within the 
cavity by repeated flections. 

Population inversion occurs in the 
semiconductor junction's depletion layer. 
It is called the depletion layer because it 
usually lacks carriers (holes or electrons). 
At high currents, however, it is far from 
depleted. There is a continual stream of 
high-energy carriers being injected into 
the junction and swept away. Over a short 
distance in the junction there can be more 
conduction than valence band electrons. 

The basic structure of a 
GaAs/GaAlAs injection diode laser is 
shown in Fig. 4. The laser action takes 
place at the junction between the p-GaAs 
and the n-GaAlAs (gallium aluminium 
arsenide). The regions immediately adja-
cent to these perform two functions. 
1. They confine the light to a narrow 
region because thy have different refrac-
tive indices to the junction materials; 
2. They keep the volume within which 
population inversion takes place small, so 
reducing the threshold current at which 
laser action begins. The effect occurs 
because the band structure of the 

materials forces the carriers to recombine 
in the narrow region near the junction. 

For optical fiber communications the 
GaAs/GaAlAs laser is being replaced by a 
GalnAsp (Gallium-indium-arsenic-
phosphide) diode on an InP substrate. By 
adjusting the relative quantities of Ga, In, 
As and P in the diode it is possible to ad-
just the band gap so that the emitted light 
has the wavelength at which the fiber is 
most transparent. By the same means the 
lattice constant (the distance by which 
atoms are separated) can be adjusted in-
dependently of the band gap. This allows 
the growth of diodes directly matched to 
the InP substrate. 

The present aim is for systems using 
1.5 to 1.65um radiation modulated at 2 
gigabits/sec. With the latest optical fibers 
signals may be sent up to 100km without 
repeaters. 

The Gunn Diode 
The Gunn diode is a two-terminal device 
used in microwave oscillator circuits. It 
has a variety of different modes of opera-
tion, but its basic principles can be 
understood with reference to resonant cir-
cuits. 

Fig. 5 LC oscillator with damping (a) and with negative resistance applied (b). 
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A common LC circuit, when stimula-
ted by step input voltage, will oscillate at a 
frequency: 

f=1/(277.0.C.) 

The oscillations will die away exponential-
ly, however, because of resistive losses 
(damping) in the circuit (Fig. 5a). 

In most oscillators, these resistive 
losses are compensated for by feeding 
back an amplified version of the output to 
the input in such a way as to sustain the 
oscillation. Another approach is to use a 
device which exhibits negative resistance 
over part of its 1-V characteristic (Fig. 
56). 

A real negative resistance would be 
very valuable! In practice, we find some 
devices for which a small increase in ap-
plied voltage causes a small decrease in 
current flow (Fig. 6). Strictly speaking, 
they have negative differential resistance 
and a suitable doped piece of GaAs ex-
hibits this property due to its band struc-
tures. 

Electrons in GaAs can be excited into 
the conduction band by an applied field. 
Up to a certain threshold field (about 
3kV/cm) the electron drift velocity in-
creases with field strength, since the 
mobility is constant. Above the threshold 
field the electrons gain sufficient energy to 
reach part of the conduction band where 
their mobility is much smaller because of 
the increased probability of collisions. 
The conductivity of the GaAs drops. 
Small increases in field cause more elec-
trons to enter the low-mobility region and 
the current falls; this is the negaive-
resistance region. This property is utilized 
in Gunn diodes and makes the devices 
useful for circuits of the form shown in 
Fig.5. 

The Gunn diode (named after J.B. 
Gunn who discovered the principle of pro-
ducing microwaves by the application of a 
steady voltage in 1963) is formed from a 
single section of n-type GaAs. The GaAs 
is unevenly doped so that, with the ap-
plication of a suitable voltage, both high 
and low mobility electrons are liberated. 
The crystal becomes partitioned into areas 
of different intensity electric field. In the 
negative-resistance region of operation, 
the existence of a highest-intensity area, 
in which electron density is greatest, will 
cause an increase in current flowing into 
the area and a decrease flowing out of it. 
The domain of high-intensity charge 
builds-up and is eventually attracted to 
the anode end of the GaAs crystal. It 
travels through the crystal, a packet of 
charge not altogether unlike a spark 
bridging two electrodes in the air, produc-
ing a spike of current at the anode. The 
process repeats itself, generating a 
microwave output which has reached 
65mw at 2GHz continuous and up to 
200w pulsed. 

Transistors and ICs 
Although GaAs transistors for microwave 
applications have been available for some 
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More 
on 
Transformers 

Transformers are for more than just 
power supplies; here are some of 
the special applications. 

By Bill Mark wick 

LAST October, we looked at the usual 
transformer/rectifier/filter found in most 
power supplies, plus a hurried look at 
audio applications. What with one thing 
and another, this sequel didn't quite make 
it into the following month, or the next, 
or the next... 

But I've been taking vitamins, and 
here's a rundown on the special-purpose 
types you may find in circuitry. 

The Autotransformer 
One of the great advantages to trans-
formers as power supply components is 
the resulting isolation; the output of the 
secondary coil acts like a power source on 
its own, eliminating ground path shock 
hazards and allowing considerable DC 
offset. The heater filament of a scope 
CRT is a good example of the latter; it 
might have only a few volts across it, but 
operates at kilovolts above the chassis 
potential. 

If you don't need this isolation and 
only want to change voltage levels, the 
transformer can be simplified by letting 
both primary and secondary share a com-
14 

mon coil, called an autotransformer. The 
schematic is shown in Fig. 1.. It can func-
tion either as a step-up or step-down, 
depending on which way around you put 
the source and load. 

The voltage ratio is the same as the 
turns ratio, as in normal transformers. If 
you're using it as a step-up, the entire 
number of turns is taken as the secondary 
and the primary will be the number of 
turns from the tap to the commoh. For 
step-downs, take the entire number of 
turns as the primary, and the number of 
turns from the tap to common as the 
secondary. 

Autotransformers are most often 
used to adjust power line voltages. For in-
stance, Hammond's model 168B auto-
transformer has a 115VAC input, and 
taps at every 5V from 85 to 125. It can 
supply about 200 watts and weighs 2kg. 
Another popular use is in the variac. In 
this unit a slider wipes across contacts on 
the entire secondary wire itself, giving a 
smooth control of output voltages from 
zero to slightly higher than the input. 
Great for lab supplies, RFI-free lamp 

dimmers and motor controllers (costly, 
though: expect $50-300 for small ones). 

You can make your own autotrans-
former from any standard power type. 
Connect one primary wire to one of the 
secondary wires; this connection becomes 
the tap. For instance, suppose you needed 
to step up the IOVAC output of an oscil-
lator to about 50V. A small power 
transformer such as a 115VAC-to-
25VAC would be ideal. It has a turns ratio 
of 115:25, or 1:4.6 (we can ignore the ac-
tual number of physical turns; we're only 
interested in ratios). As a step-up 
autotrans, we use the former primary side 
as our new secondary. Since it's on top of 
the former secondary, the total turns ratio 
is now 4.6 + 1 = 5.6. See Fig. 2. 

The voltage step-up is now 5.6, for a 
total of 56 volts out. The available current 
at the input is divided by 5.6 at the output. 

There are limitations here. Don't be 
tempted to use the homemade autotrans-
former to get really high voltages, because 
the secondary may not be insulated ade-
quately, and the original transformer was 
not designed to run at frequencies too far 
from 60Hz, though you might be able to 
push it to a few hundred Hertz with some 
losses. This quickie method is best suited 
to very low power requirements such as 
bias supplies. 

Fig. I. The schematic of a step-up 
autotransformer. The secondary and primary 
connections can be interchanged to form a 
step-down type. 

Fig. 1. An autotransformer for special applica-
tions, made from an ordinary small power 
transformer. 

Switching 
The reason power transformers are so big 
and heavy is that it takes a lot of iron to 
operate at 50 or 60Hz, values chosen by 
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Fig. 3. The basic diagram of a 100kHz switching regulator, courtesy of International Rectifier. 

the world's utility companies to minimize 
transmission and distribution losses due to 
high-frequency effects, not to mention 
the annoyance of hearing your toaster 
sing at some audible high frequency. 

If the operating frequency can be 
stepped up, however, the size of 
transformers goes down remarkably. The 
transformers in the switching power supp-
ly of an Apple or IBM computer are hard-
ly larger than an ice cube, and they supply 
100 to 150 watts. 

Fig. 3 shows a 100kHz switching 
power supply designed by International 
Rectifier to showcase their HEXFET 
power transistors. The transformer is 
custom wound on a ferrite core: only 20 
turns in the primary and 3 turns of copper 
strip in the secondary. 

Aside from the diminished size of the 
magnetics, switching supplies have 
another big advantage. The switching 
transformer/transistor is off until the out-
put capacitor needs a squirt of current to 
keep it topped up, and then the transistor 
switches on full. This minimizes power 
dissipation in the transistor, allowing in-
put voltages to vary from as low as 
85VAC to as high as 265VAC with no ad-
justment or tap-changing required. 

In the circuit of Fig. 3, the AC line 
voltage is rectified and filtered by a stand-
ard bridge/capacitor arrangement. The 
control circuit turns the transistor switch 
on, causing a current pulse through the 
primary. This pulse transfers through the 
secondary to the output smoothing cir-
cuit, and when the capacitor is charged, 
the control circuitry shuts off the tran-
sistor switch. The clamping winding then 
returns the magnetizing current in the 
transformer back to the primary DC 
source, resetting the flux in the core prior 
to the next cycle. 

If you'd like complete details on the 
construction of this supply, which can 
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deliver 20A at 5VDC with 0.5% regula-
tion, it's covered in International Rectifier 
application note AN-939A, A Universal 
100kHz Power Supply, contained in their 
HEXFET Databook HDB-3 and avail-
able from IR dealers. 

Class A 
The Class A power transformer has faded 
from the scene, but at one time it was the 
favorite for small vacuum tube power 
amplifiers. It can still be found occa-
sionally in professional audio applica-
tions, such as high-quality balanced out-
put amplifiers. 

In this type of amplifier, collector 
current flows at a preset level all the time, 
whether a signal is present or not. When 
the signal appears, it modulates the collec-
tor current to produce the output power. 
Obviously, the power dissipation is very 
high at all times; this inefficiency is the 
price paid for the absence of Class B bias-
ing problems. 

Fig. 4. Using a choke to increase the signal sw-
ing of a common emitter amplifier. 

The transformers used in this ap-
plication must be specially made for the 
purpose because the constant flow of col-
lector current magnetizes the core. It isn't 
too likely that you'll have your heart set 
on one anyway; the transformer is un-
necessary in Class A amplifiers for the 
highest of fi. 

On the other hand, suppose you need 
a very high voltage swing from a Class A 
small-signal amplifier. A typical applica-
tion would be the mixing stage of an audio 
console; the sudden arrival of a dozen 
audio feeds at once may require a very 
large signal swing from the mixing amp to 
avoid overload distortion. The circuit in 
Fig. 4 shows a good solution to the pro-
blem of getting more output voltage with-
out raising the supply voltage. A large in-
ductor is used in place of the usual collec-
tor resistor. Any large choke (1H or more) 
will do, but linearizing feedback should be 
incorporated in the circuit to offset distor-
tion from core magnetization. The choke 
will double the output voltage because of 
the energy storage in its core. 

Stay Tuned 
Tuned transformers are a mainstay in high 
frequency design. Before delving into 
them, it's worth recapping the 
phenomenon of resonance. 

If we put a coil in series with a capa-
citor, we get a series-resonant circuit. If a 
low-frequency signal is applied, the 
capacitor dominates and its reactance 
(resistance to AC flow, in ohms) goes 
down with increasing frequency. As the 
frequency continues to rise, the inductive 
reactance begins to increase. At some 
point determined by the circuit values, the 
inductive and capacitive reactances will be 
equal; this is the resonant frequency. 
Since they're also out of phase, they 
cancel, leaving only the circuit resistance. 

If we put a coil across a capacitor, we 
get a parallel-resonant circuit. Its circuit 
action is much the same as a series-reso-
nant, except that at resonance the coil and 
capacitor tune each other out, giving the 
equivalent of an open circuit. 

Since transformers have inductance 
and capacitance, and additional capa-
citance can be added externally, we can 
make them into a resonant circuit. 
Sometimes only the secondary is tuned, 
and sometimes both coils are tuned (a 
double-tuned transformer). 

The advantage is that we now have a 
bandpass filter. The secondary of a 
single-tuned transformer is really the 
series-resonant filter discussed above, and 
at resonance the secondary circuit appears 
to be resistive. Fig. 5 shows the current in 
the secondary versus frequency for a 
single-tuned transformer. The three dif-
ferent curves are for high, medium and 
low Q, which defines the narrowness of 
the bandpass response and is the ratio of 
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More on Transformers 

Fig. 5. The frequency response of a single-tuned resonant transformer. The three curves show high, 
medium and low Q. 

the circuit inductance to the circuit 
resistance. 

The response of the double-tuned 
transformer is almost identical except that 
two curves are produced. If they're tuned 
a distancé apart along the frequency axis, 
then we have a bandpass with very rapid 
rise, a wide reasonably flat peak, and a 
very rapid falloff. Tuning the coil reson-
ances together produces a filter with an 
extremely sharp response curve. 

If you look in almost any radio 
receiver, you'll see the resonant 
transformers, usually mounted in small 
rectangular metal cans for shielding. 
These transformers are usually tuned with 
a variable capacitor; the familiar egg-
slicer for station-tuning, or a small PCB 
variable for trimming. For calibrating the 
circuitry, a ferrite core is used to change 
the inductance of the transformers by 
moving it in or out of the coils with a 
top-mounted adjusting screw ("Dear 
Sirs, I bought one of your radios and due 
to your poor quality control, all the little 
screws on top of the transformers were 
loose. I tightened these down and now 
nothing works..."). 

Pulsing 
Pulse transformers are rarely en-
countered, and very straightforward when 
they are. Their most popular use would be 
in the triggering of photographic 
flashtubes (see Electronics In 
Photography in the December, 1985 
issue). Next most popular would probably 
be in isolating the trigger circuits of SCRs 
and triacs, though optoelectronic couplers 
have generally taken over this application. 

Pulse transformers are always very 
small in size, since they don't pass much 
power. The turns ratios are generally 1:1 
or 2:1. If the transformer is to be used for 
isolating a line-operated device, check for 
adequate insulation for the voltages in 
use, as well as some assurance that the 
unit can withstand short-lived 
high-voltage transients for at least a frac-
tion of a second. 

Sound Distribution 
When you go to install 20 or 30 speakers 
in the ceiling of an installation, you im-

mediately have impedance-matching pro-
blems. It's possible to get the whole works 
to come out to 4 or 8 ohms by juggling 
series-parallel hookups, but the resulting 
wiring would be impossibly complicated. 

The usual method is to step up the 
amplifier's output voltage level with an 
audio power transformer. This gives you a 
high-voltage, low-current, high-imped-
ance line running through the ceiling. Any 
place you want a speaker, you install a 
speaker transformer to convert the 
distribution line level back to the 
low-voltage, higher-current signal so en-
joyed by loudspeakers. Most speaker 
transformers have a number of taps to 
allow presetting the maximum volume. 
For instance, the Hammond 117 J4 will 
couple a 3.2 ohm speaker to a 25V line 
with taps at 4, 2, 1, 1/2 and 1/4 watts out-
put. 

And what exactly is this 25 or 70 volt 
business? It's simply the voltage which 
will be present on the distribution line 
when the amplifier is producing full 
power. Suppose you have a solid state 
power amplifier which will produce 25 
watts into 8 ohms and you'd like to match 
it into a distribution line. Using the power 
equation (power equals voltage squared 
over resistance) to solve for voltage gives 
14 volts. Since we'd like 70 down the line, 
the turns ratio should be 70/14 = 5. Or, 
you can just look in a catalog; the Ham-
mond 119 Y30 will match a 30W, 8 ohm 
amp to either 25 or 70V lines. Nothing to 
It. 

It's of interest to work backwards 
from the speaker to look at the impedance 
changing that takes place. If a speaker 
transformer transfers one watt from a 70V 
line to an 8 ohm speaker, the voltage on 
the speaker solves to 2.8. This is a turns 
ratio of 24.75, and squaring this gives an 
impedance ratio of 612 times. Thus the 8 
ohm speaker appears to the distribution 
line as 8 x 612 = 4896 ohms. To 
double-check: squaring the 70V max-
imum line voltage gives 4900, or one watt 
across the speaker's reflected impedance. 
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Soldering and Desoldering 
Tools 

No other operation is as critical to the reliability of electronic 
circuits. A look at the tools available. 

By Bill Markvvick 

SHOULD you find the soldering opera-
tion to be a tense, painful thing and 
desoldering to be even worse, you may not 
be using the right tools or the right pro-
cedures. Or, maybe you are using them 
and you just got stuck with wiring a 
100-pair cable into a 1-inch diameter con-
nector. In any case, here's a look at some 
of the tools to make soldering a breeze in-
stead of a teeth-clencher. 

But First, This Word 
Which will bore the old pros, but it can't 
be repeated often enough if you've just 
put one toe in the electronic water, so to 
speak. 
Rule Number One: the surfaces to be 
soldered must be clean. If components 
have been sitting in the junkbox oxidizing 
away, shine them up with a small wire 
brush or very fine sandpaper. 
Rule Number Two: Heat the work, not 
the solder. It is absolutely verboten to 
melt the solder onto the iron and carry it 
to the work. 

Good solder joints look smooth and 
shiny, and the edges of the solder seem to 
flow into the surface of the work. Bad 
solder joints sit up on the surface; joints 
that have been moved before they solidify 
look dull or frosty. 

I like to place the iron's tip on the 
surfaces to be soldered, and then melt a 
bit of solder between the tip and the sur-
faces to aid heat conduction. Within a 
split second, the surfaces should be hot 
enough to accept a further bit of solder, 
and it should flow nicely around the joint 
by itself. 

If it won't flow, it isn't clean enough 
and it isn't hot enough. 
Electronics Today March 1986 

tr 

An Edsyn soldering station, typical of small 
workbench types. 

Controlled Irons 
Further to the problem of getting it hot 
enough, here's the rub: small irons (pencil 
types) don't have enough power, and 
large irons with lots of power are cumber-
some to work with and burn out their tips 
quickly. The cure is to use a con-
trolled-temperature iron; this is a pencil 
type with lots of power and some sort of 
thermostat arrangement to keep it at a 
reasonable temperature. 

The Edsyn Model 1036 hot-air soldering sta-
tion, which will solder or desolder and is said to 
be ideal for the new surface-mount devices. 

There's just nothing like having a 
good soldering station. Work that used to 
put you into depression just thinking 
about it now becomes rapid and even 
pleasant. 

On my particular station, the manu-
facturers use a 24V, 2A supply to the 
heating element near the tip. The electrical 
contacts are held shut magnetically, and 
controlled by a phenomenon called the 
Curie effect. When the tip reaches a cer-
tain temperature (determined by the tip 

A solder bath typical of those used for small 
printed circuit boards. 

model itself; I use 700-degree tips), the 
magnet loses its magnetism and the con-
tacts open. On cooling, the magnetism 
returns and they close again. 

One of the disadvantages to the Curie 
method is the burst of RFI which may be 
generated when the contacts open; this 
can find its way into adjacent test equip-
ment. I find it a bit annoying if I'm testing 
high-gain, low-level circuits, but I can 
live with it. Irons that use thermistors or 
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similar are usually free of RFI. 
Another advantage to the soldering 

station is that it's heavy and stays where 
it's put instead of skating around the 
bench as you insert and remove the iron. 
Yet another is that there's usually room 
on the top for a wet wiping sponge for 
keeping the tip clean, an important task. 

A desoldering tip for integrated circuit removal. 

Look for names like Weller, Ungar, 
Wahl, OK or American Beauty. Why you 
would pick a name like American Beauty 
for a soldering iron, 1 have no idea. 

There are lots of different tips 
available for soldering stations. I prefer a 
fine cone-shape for PCB work and a 
chisel tip for heavier point-to-point wir-
ing. An 800-degree tip comes in handy for 
soldering large-diameter wires or solder-
ing to the chassis. 

A small solder pot for dip-soldering of leads. 
18 

Soldering irons are generally ground-
ed through the power cord third pin. This 
is mandatory if you're assembling 
anything with MOS circuitry, and a good 
idea in general. There are isolated irons 
available if you have the need for one. 

All this is not to say that the small 
self-contained soldering pencils are no 

good. They have their uses, particularly 
for PCB work or field service, but they're 
very limited in scope. They take a long 
time to heat up and are useless on heavier 
work. 

A good soldering station may change 
your whole attitude towards electronics. 
They're not inexpensive, starting at about 
$100 and heading upward rapidly, but 
you'll never regret getting one. 

There are also portable irons with 

Facts About Solder 

I. Solder has only about 10% of the con-
ductivity of copper. The amount of solder 
and the small size of a solder joint makes 
the extra resistance negligible for electronic 
applications. 
2. The tin in the solder promotes wetting of 
the surfaces and a good flow of solder via 
capillary action. The lead is used for filler. 
3. The quality of a solder joint can be judg-
ed by the angle that the sides of the solder 
ball make with the surface. 90 degrees in-
dicates that no wetting or bonding has 
taken place, 20 degrees indicates good wet-
ting, and the best joints approach zero 
degrees. 
4. Electronic solder should never be relied 
on for mechanical strength; first secure the 
components, then solder. 
5. The ratio of tin to lead determines the 
melting point of the alloy; a 2/98 tin/lead 
ratio has a melting point of about 600 
degrees F and is used for seams in cans; a 
63/37 solder melts at about 360 degrees F 
and is used in heat-sensitive electronic 
work. 
6. Soldering flux is mildly corrosive and 
may also cause conductive paths during 
high humidity. It should be removed with 
commercial flux solvents. 

rechargeable batteries, said to give you 
over 100 solder joints from one charge. 
An example is the Wahl 7500. 

By the way, you aren't soldering with 
one of those hardware store pistol-grip 
things, are you? Shame on you. 

Accessories 
There's the OK SH-1 solder spool holder, 
a good idea since solder spools have a 
built-in navigational system that guides 
them under things where they can't be 
seen. There's Ungar's 8001 Anti-Seize, a 
lubricant for threaded tips so you can get 
them back out again. It smells sort of 
pleasant when it's hot. There are various 
solders of various alloy mixes, though I 
find that the thinner diameter 60/40 type 
is just fine for everything electronic (by 
the way, don't use any solder or chemical 
that you even think might contain acid). 
There are silver solders and solders for 
aluminum, though I've never had much 
luck with these; maybe I'm doing 
something wrong. 

There are all sorts of probes and 
hooks that look like dentist's tools, 
available with sharp ends, or brushes, or 
mirrors or what have you; these are useful 
for probing the quality of joints, moving 
wires or components around, or doing 
root canals on the side. There's a dull-tip-
ped probe called the spudger and I've 
never known what it was for. 

There are various chemicals available 
for PC work. If the boards have been sit-
ting around oxidizing, the surfaces can be 
renewed with something like Kester's 
Copper-Nu Formula 5520. If they have to 
sit around some more, Kester's Protecto 
Formula 5612 is a protective coating that 
comes off with any flux remover. There 
are various solvents and sprays for clean-
ing off flux and other residues. The big-
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A spring-loaded plunger for removing molten solder. 

gies in soldering chemicals would be 
Kester, Chemtronics and GC. 

If you solder a whole lot of small 
PCBs at once, a solder pot may be the 
answer to speeding things up. The 
American Beauty type 600, for instance, 

A solder service centre from Ungar, for solder-
ing or desoldering. 

has a 3 1/2 inch diameter crucible for 
dip-soldering of connections and costs 
about $200. There are other models with 
rectangular crucibles that will accept en-
tire PC boards. The board is dipped in 
flux and then into the solder bath, doing 
the whole job in seconds. 

Desoldering 
Now that you have it all soldered up, you 
can get all sorts of gadgets to take it apart 
again. The reasons you'd want to 
desolder, aside from having a weird hob-
by, would be servicing and reclaiming 
components from scrap boards. 

The most common desoldering aids 
for the small workbench are drywick and 
the desoldering bulb. Drywick comes 
under various tradenames, and consists of 
a metallic braid covered in flux. It's plac-
ed on the joint and heated; it sucks all the 
solder right up, leaving a joint completely 
clear of solder. It's the only way to 
remove ICs without damage if you don't 
have special IC desoldering tips for your 
iron. Incidentally, you can make your 
own drywick out of cable shield braid by 
dipping it in flux if you have any. The air-
bulb type has a tip made of Teflon or 
other heatproof material, and it sucks up 
a ball of molten solder with one released 
squeeze. Later you can pry out the tip and 
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discard all the little solder blobs. 
Some of the iron manufacturers, 

such as Weller, will sell you an iron with a 
desoldering bulb attached directly to the 
tip. Another way to do it is with tools such 
as the Edsyn Soldapullt or similar models 
made by most of the soldering equipment 
people. This is like a hypodermic syringe 
in reverse; a spring-loaded piston is com-
pressed into the barrel and latched; press-
ing a button zips the piston out again and 
draws the molten solder up into the bar-
rel. 

a-- y oeileg 

A service centre from Automated Production 
Equipment, containing everything necessary 
for installation and repair. 

If you'd like complete control over 
soldering and desoldering, companies 
such as Automated Production Equip-
ment or Ungar will sell you complete 
systems for the workbench, including one 
or more temperature-controlled irons, a 
desoldering probe and a built-in vacuum 
pump. 

Distributors of soldering and desoldering 
equipment are listed below; they can 
direct you to retail outlets. 

Ungar: 
Eldon Industries of Canada Inc., 
500 Esna Park Drive, Unit 13, 
Markham, Ontario L3R 1H5, 
(416) 475-9407. 

OK, American Beauty, Edsyn: 
Len Finkler and Company, 
80 Alexdon Rd., 
Downsview, Ontario M3J 2B4, 
(416) 630-9103. 

Weller: 
Cooper Tool Group. 
164 Innisfil St., 
Barrie, Ontario L4N 3E7, 
(705) 728-5564. 

Chemtronics: 
Paco Electronics, 
20 Steelcase Rd. W., Unit 10, 
Markham, Ontario L3R 1B2, 
(4 16) 475-0740. 

Kester Solder, 
1 Prince Charles Rd., 
Brantford, Ontario, 
(416) 368-3777. 

Automated Production Equipment, 
142 Peconic Avenue, 
Medford, NY 11763, 
(516) 654-1197. 

Fumex: 
Cygnus Air Industries Inc., 
3550 Wolfedale Rd., 
Mississauga, Ontario L5C 2V6 
(416) 848-7780 

The Fumex 101 soldering station features 
an air intake over the tip to remove solder-
ing fumes. 

PRODUCT MART 
CLASSIFIED 

CALL (416) 445-5600 
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Series 

A continued look into diodes and 
some practical applications. 

LAST MONTH we took a detailed look at 
diodes and their characteristics. This 
month we're going to take this one stage 
further and consider how we use the 
characteristic curve to define how the 
diode will operate in any particular cir-
cuit. 

The components you'll need for the 
circuits this month are: 

1 x 10k resistor 
2 x 15k resistors 
2 x 100k resistors 
1 x 10u 10V electrolytic capacitor 
1 x 220u 10V electrolytic capacitor 
1 x 1N4001 diode 
1 x LED 
1 x 555 integrated circuit 

Figure 1 shows the forward biased section 
of a typical diode characteristic curve. It 
has a transition voltage of about OV7, so 
.you should know that it's the charac-
teristic curve of a silicon diode. 

Diodes aren't the only electronic 
components for which characteristic 
curves may be drawn; most components 
can be studied in this way. After all, the 
curve is merely a graph of the voltage 
across the component compared to the 
current through it. So, it's equally possi-
ble that we draw a characteristic curve of, 
say, a resistor. To do this we could per-
20 

form the same experiment we did last 
month with the diodes: measuring the 
voltage and current at a number of points, 
then sketching the curve. 

But there's no need to do this in the 
case of a resistor, because we know that 
resistors follow Ohm's law which is a 
linear relationship. If however we were to 
plot the curve of the resistor character-
istics, we would see that they are straight 
lines (ohmic) because of that linear rela-
tionship. We know that: 

R = V/I 

where R is the resistance, V is the voltage 
across the resistor, and I is the current 
through it. So, for any value of resistor, 
we can choose a value for the voltage 
across it, and calculate the current 
through it. 

Diode characteristic curves are neces-
sary because these components are 
non-ohmic (non-linear). To see what cur-
rent passes through the device with any 
particular voltage across it, it's useful to 
see its characteristic curve. 

Load Lines 
It's important to remember that although 
a diode characteristic curve is non-linear 
and non-ohmic ( i.e. it doesn't abide by 

Ohm's law throughout its entire length), it 
does follow Ohm's law at any particular 
point on the curve. For example, if the 
voltage across the diode whose character-
istic curve is shown in Fig. 1 is OV8, the 
current through it is about 80mA. There-
fore, the diode resistance is: 

R = V/1 = 0.8/80 x 10E-3 = IOR 

as defined by Ohm's law. Any change in 
voltage and current, however, results in a 
different resistance. 

Generally, diodes don't exist in a cir-
cuit merely by themselves. Other com-
ponents, eg. resistors, capacitors, and 
other members of the semiconductor 
family, are combined with them. It is 
when designing such circuits and calcu-
lating the operating voltages and currents 
in the circuits that the use of diode 
characteristic curves really come in handy. 
Fig. 2 shows as an example, a simple cir-
cuit consisting of a diode, a resistor and a 
battery. By looking at the circuit we can 
see that a current will flow. But what is 
this current? If we knew the voltage across 
the resistor we could calculate (from 
Ohm's law) the current through it, which 
is of course the circuit current. Similarly, 
if we knew the voltage across the diode we 
could determine (from the characteristic 
curve) the circuit current. Unfortunately 
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we know neither voltage! 
We do know, however, that the 

voltages across both the components must 
add up to the battery voltage, je: 

VB = VD + VR 

(It's a straightforward voltage divider) 
This means that we can calculate each 
voltage as being a function of the battery 
voltage, given by: 

VD = VB - VR 

and 

VR = VB - VD 

We know that the voltage across the diode 
can only vary between about OV and OV8 
(given by the characteristic curve), but 
there's nothing to stop us hypothesizing 
about larger voltages than this, and draw-
ing up a table of voltages which would 
thus occur across the resistor. Table 1 is 
such a table, but it takes the process one 
stage further by calculating the 
hypothetical current through the resistor 
at these hypothetical voltages. 
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Fig. I The forward biased section of the 
characteristic curve of a silicon diode. 

Fig. 2 A simple diode circuit. 

From Table 1 we can now plot a se-
cond curve on the diode characteristic 
curve, of diode voltage against resistor 
current. Fig. 3 shows the completed 
characteristic curve. The second curve is a 
straight line; all we've done is plot a 
voltage and a current for a resistor, and 
resistors are ohmic and linear. In a circuit 
such as that of Fig. 2, the resistor is 
Electronics Today March 1986 

Diode voltage (VD) 

3 
2.5 
20 
1.5 
1.0 
0.5 
o 

Table I 
Resistor voltage (VB - 

VD) 

o 
05 
1.0 
1.5 
2.0 
2.5 
3.0 

Resistor current (I) 

o 
8.3mA 
16.7mA 
25 mA 
33.3mA 
41.7mA 
50m A 

known as a load, i.e. it absorbs electrical 
power, and the line on the characteristic 
curve representing diode voltage and 
resistor current is called the load line. 

Where the load line and the 
characteristic curve cross is the operating 
point. As its name implies, this is the 
point representing the current through 
and voltage across the components in the 
circuit. In this example the diode voltage 
is thus IV and the diode current is 33mA 
at the operating point. 

If you think carefully about what 
we've just seen, you should see that the 
load line is a sort of resistor characteristic 
curve (in reverse, i.e. the slope is opposite 
to that of a resistor characteristic line). 

The slope of the load line and the ex-
act position of the circuit operating point 
depends on the value of the resistor. Let's 
change the value of the resistor in Fig. 2 to 
200R. What is the new operating point? 
Draw the new load line corresponding to a 
resistor of value 200R on Fig. 3 to find 
out. You don't need to draw up a new 
table as in Table 1; we know it's a straight 
line so we can draw it if we have only two 
points on the line. These two points can 
be when the diode voltage is OV (thus the 
resistor voltage: 

VR = VB - VD 

equals the battery voltage), and when the 
diode voltage equals the battery voltage 
and so the resistor current is zero. 

Fig. 4 shows how your results should 
appear. The new operating point cor-
responds to a diode voltage of OV8 and 
current of about IlmA. 

Diode Circuits 
We're now going to look at some ways in 
which diodes may be used in circuits for 
practical purposes. We already know that 
diodes allow current flow in only one 
direction (ignoring saturation reverse cur-
rent and zener current for the time being) 
and this is one of their main uses: to rec-
tify alternating current (AC) voltages into 
direct current (DC) voltages. The most 
typical source of AC voltage we can think 
of is the 120V power supply to every 
home. Most electronic circuits require DC 
power so we can understand that rectifica-
tion is one of the most important uses of 
diodes. The part of any electronic equip-

Fig. 3 A diode characteristic curve and the load 
line crossing to give the operating point of the 
diode. 

Fig. 4 The load line plotted on Figure 3 for a 
resistor of 200R. 

ment (TVs, radios, hifis, or computers 
etc) which rectifies AC voltages into low 
DC voltages is known as the power supply 
(sometimes abbreviated to PSU - for 
power supply unit). 

Generally, we wouldn't want to 
tamper with voltages as high as 120V AC, 
so we would use a transformer to reduce 
the 120V AC supply voltage to about 12V 
AC. 

The simplest way of rectifying the 
AC output of a transformer is shown in 
Fig. 5. Here a diode simply allows current 
to flow in one direction (to the load 
resistor, RL) but not in the other direction 
(from the load resistor). The AC voltage 
from the transformer and the resultant 
voltage across the load resistor are shown 
in Fig. 6. The resistor voltage, although in 
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only one direction, is hardly the fixed 
voltage we would like, but nevertheless is 
technically a DC voltage. You'll see that 
of each wave or cycle of AC voltage from 
the transformer, only the positive half gets 
through the diode to the resistor. For this 
reason, the type of rectification shown by 
the circuit in Fig. 5 is known as half wave 
recti fication. 

Fig. 5 A simple output rectifier circuit using a 
diode. 

It would obviously give a much 
steadier DC voltage is both half waves of 
the AC voltage could pass to the load. We 
can do this in two ways. First by using a 
modified transformer, with a centre-tap 
to the output or secondary coil and two 
diodes as in Fig. 7. The centre-tap of the 
transformer gives a reference voltage to 
the load, about which one of the two ends 
of the coil must always have a positive 
voltage (i.e. if one end is positive the other 
is negative, if one end is negative the other 
must be positive) so each half wave of the 
AC voltage is rectified and passed to the 
load. The resultant DC voltage across the 
load is shown. 

Second, an ordinary transformer 
may be used with four diodes as shown in 
Fig. 8. The group of four diodes is often 
called a bridge rectifier and may consist of 
four discrete diodes or can be a single 
device which contains four diodes in its 
body. 

Fig. 6 Waveforms showing the output from the transformers, and the 
rectified DC voltage across the load resistor. 

Fig. 7 A more sophisticated rectifier arrangement using two diodes 
and a transformer centre tap. 

Both of these methods give a load 
voltage where each half wave of the AC 
voltage is present and so they are known 
as full-wave rectification. 

Filter Tips 
Although we've managed to obtain a 
full-wave rectified DC load voltage we 
still have the problem that this voltage is 
not too steady (ideally we would like a fix-
ed DC voltage which doesn't vary at all). 
We can reduce the up-and-down 
variability of the waves by adding a 
capacitor to the circuit output. If you 
remember, a capacitor stores charges so 
we can use it to 'average out' the variation 
in level of the full wave rectified DC 
voltage. Fig. 9 shows the idea and a possi-
ble resultant waveform. This process is 
referred to as smoothing or filtering and a 
capacitor used to this effect is a 
smoothing capacitor. 

You should remember that the rate at 
which a capacitor discharges is dependent 
on the value of the capacitor. To make 
sure the stored voltage doesn't fall too far 
in the time between the peaks of the half 
cycles, the capacitor should be large 
enough (typically of value of thousands of 
microfarads) to store enough charge to 
prevent this happening. Nevertheless a 
variation in voltage will always occur, and 
the extent of this variation is known as the 
ripple voltage, shown in Fig. 10. Ripple 
voltages of the order of a volt or so are 
common, superimposed on the required 
DC voltage, for this type of circuit. 

Stability Built In 
The power supplies we've seen so far are 
simple but they do have the drawback that 
output voltage is never exact; ripple 
voltage and to a large extent, load current 

requirements mean that a variation in 
voltage will always occur. In many prac-
tical applications such supplies are ade-
quate, but some applications require a 
much more stable power supply voltage. 

We've already seen a device capable 
of stabilizing or regulating power sup-

Fig. 8 A very familiar rectifier arrangement. 
four diodes as a bridge rectifier. 

Fig. 9 Levelling the rectified DC with the help 
of a capacitor: the process is known as 
smoothing. 

plies: the zener diode. Fig. 11 shows the 
simple zener circuit we first saw last 
month. You'll remember that the zener 
diode is reverse biased and maintains a 
more or less constant voltage across it, 
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This Kit's A Hit! 
The response to last December's drive kit ad 
was so overwhelming that we sold out! We're 
pleased to announce that a shipment of brand 
new Tandons has recently arrived. These ter-
rific expanded capacity drive kits come in an 
all-inclusive do-it-yourself package. 

And at great sale prices! 

A screwdriver and one of these complete drive 
kits from Tandon instantly gives you up to 
40MB of extra storage capacity. Direct to you 
from the world's #1 disk-drive manufacturer ... 
with controller card, cables, and all accesso-
ries for guaranteed do-it-yourself installation! 

• Fully pretested and formatted. 

• Easy to follow instructions. 

• Complete 90-day warranty. 

• Simply plug in, boot up and go! 

To order your drive kit, simply write us or call 
(416) 842-8833 between 8:30 & 6:00 (EST), 
Monday to Friday. 

Limited quantities, so act now! 
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Electronics from the Start — Part 9 

even as the input voltage V changes. If 
such a zener circuit is used at the output of 
a smoothed power supply (say, that of 
Fig. 6) then the resultant stabilized power 
supply will have an output voltage which 
is much more stable, with a much reduced 
ripple voltage. 

zener stabilizing circuits are suitable 
when currents of no more than about 
50mA or so are required from the power 
supply. Above this it's more usual to build 
power supplies using stabilizing integrated 

Fig. 10 The extent to which the DC is not exact-
ly linear is known as the ripple voltage. 

Fig. 11 A simple zener circuit which can be us 
ed with a smoothing circuit to give a greatly 
reduced ripple voltage. 

circuits (ICs), specially made for the pur-
pose. Such ICs, commonly called voltage 
regulators, have diodes and other 
semiconductors within their bodies which 
provide the stabilizing stage of the power 
supply. Voltage regulators give an ac-
curate and constant output voltage with 
extremely small ripple voltages, even with 
large variations in load current and input 
voltage. ICs are produced which can pro-
vide load current up to about 5A. 

In summary, the power supply princi-
ple is summarized in Fig. 12 in block 
diagram form. From a 120V AC input 
voltage, a stabilized DC output voltage is 
produced. This is efficiently done only 
with the use of diodes in the rectification 
and stabilization stages. 

Practically There 
Fig. 13 shows a circuit we've already seen 
and built before: a 555-based astable 
multivibrator. We're going to use it to 
demonstrate the actions of some of the 
principles we've seen so far. Although the 
output of the astable multivibrator is a 

Fig. 13 An astable multivibrator circuit. This 
can be used to demonstrate some of the prin-
ciples under discussion. 

Fig. 14 The square wave output from the circuit 
in Figure 13 experimentally modified by a 100k 
resistor (b) and a 10k resistor (c). 

Fig. 15 The breadboard layout of the circuit in 
Figure 16. 

Fig. 16 A modification of Figure 13 to include 
a smoothing capacitor. 

square wave, we're going to imagine that 
it is a sine wave such as that from a 120V 
AC powered transformer. Fig. 14a shows 
the square wave output, and if you stretch 
your imagination a bit, rounding off the 
tops and bottoms of the waveform, you 
can approximate it to an alternating sine 
wave. 

HIGH AC 
VOLTAGE - "" TRANSFORMER RECTIFIER SMOOTHING 

CIRCUIT 
1.111.• STABILISING 

CIRCUIT 
STABLE DC 
VOLTAGE 

Fig. 17 The breadboard layout for the circuit in 
Figure 13. 

Build the circuit, as shown in the 
breadboard layout of Fig. 17, and 
measure the output voltage. It should 
switch between OV and about 8V. 

Now let's add a smoothing capacitor, 
Cs and load resistor RL to the output of 
our imaginary rectified power supply as in 
Fig. 16. The output voltage of the 
smoothing stage is now fairly steady at 
about 6V5 indicating that smoothing has 
occurred. Although you can't see it, the 
voltage waveform would look something 
like that in Fig. 14b with a ripple voltage 
of about IV. The breadboard layout for 
the circuit is shown in Fig. 15. 

We can show you what happens when 
the load current increases by putting a 
lower value load resistor in circuit; take 
out the 100k resistor and put a 10k resistor 
in its place. The ripple voltage now in-
creases causing greater changes in the DC 
output level, and the whole waveform is 
shown as Fig. 14c. 3 

Electronics 
Today 
Each year Electronics 

Today delivers 
thousands of sales 
leads processed 

through our Reader 
Service Card Program. 
These sales leads are 
qualified with name, 
address and title of 

respondent. 

For advertising information 
Call (416) 445-5600 

Fig. 12 A block diagram of a power supply using the circuit stages we have described. 
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Train for the Fastest Growing Job Skill in North America  

Only NRI teaches you to service and 
repair all computers as you build 
your own 16-bit IBM-compatible 
micro 

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

Total System Training 
As an NRI student, you'll get total 

hands-on training as you actually build your 
own Sanyo MBC-550-2 computer from the 
keyboard up. Only a person who knows all 
the underlying fundamentals can cope with 
all the significant brands of computers. And 
as an NRI graduate, you'll possess the up-
to-the-minute combination of theory and 
practical experience that will lead you to 
success on the job. 

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

The Exciting Sanyo 
MBC-550-2—Yours 
To Keep 

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

As you build the Sanyo from the 
keyboard up, you'll perform demonstrations 
and experiments that will give you a total 
mastery of computer operations and 
servicing techniques. You'll do programming 
in BASIC language. You'll prepare interfaces 
for peripherals such as printers and joysticks. 
Using utility programs, you'll check out 8088 
functioning. NRI's easy step-by-step 
directions will guide you all the way right 
into one of today's fastest growing fields as a 
computer service technician. And the entire 

system, including all 
the bundled software 
and extensive data 
manuals, is yours to 
keep as part of your 
training 

100-Page Free 
Catalog Tells 
More 

Send the postage-paid reply card today 
for NR1's big 100-page color catalog, which 
gives you all the facts about NRI training in 
Microcomputers, Robotics, Data Com-
munications, TV/Video/Audio Servicing, 
and other growing high-tech career fields. 
If the card is missing write to NRI at the 
address below. 

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

. then install 
the computer 
power supply, 
checking all the 
circuits and 
connections with 
NRI's Digital 
Multimeter. From 
there you'll move 
on to install the 
disk drive and 
monitor. 

Your NRI Course Includes 
a Sanyo MBC-550-2 Computer 
with 128K RAM, Monitor, Disk Drive, 
and "Intelligent" Keyboard; The NRI 
Discovery Lab', Teaching C rcuit Design and 
Operations; a Digital Multimeter; Bundled 
Spread Sheet and Word Processing Software 
Worth $1500 at Retail—and More. 

ArnieffscHoms 
McGraw-Hill Continuing Education Center 

330 Progress Avenue • 
Scarborough, Ontario M I P 2Z5 
or telephone 416-293-8787 I.fl 

We'll give you tomorrow. 
IBM is a Registered Trademark of International 
Business Machine Corporation. 



Project 

NORMAL FILTER type musical effects 
units (phase and waa-waa units for exam-
ple) use a low frequency oscillator to pro-
vide automatic sweeping of the filter fre-
quency. Another approach is to use the 
envelope of the input signal or the control 
voltage from an envelope shaper (as in a 
synthesizer) to provide the sweeping. A 
third method is to simply use a foot pedal 
to control the effect. This novel effects 
unit uses yet another approach, and this is 
to have a computer to control the filter 
frequency. Although only a relatively 
crude method of control is possible, this 
enables a useful range of effects to be ob-
tained, and the versatility is increased by 
having two filters. Notch, bandpass, and 
lowpass filtering are available, with each 
filter having a Q or resonance control. 
This enables simple phasing plus two 
forms of waa-waa effect to be produced. 

While perhaps not being ideal as a 
guitar effects unit, this project is useful to 
anyone interested in sound synthesis, par-
ticularly in stereo set-ups. For stereo 
operation the main way of using the unit 
is to feed one signal to both filter inputs, 
and then take a pseudo stereo output from 
the two filter outputs. This would be 
pointless if the filters were to be swept up 
and down in frequency in unison, but 
some interesting effects can be obtained if 
the filters are operated in antiphase, with 

the frequency of one being swept 
downwards while the other is swept up-
wards. The effective sweep waveform can 
be altered under software control, and can 
be triangular, sawtooth (of either type), 
squarewave, or even a random modula-
tion of the filters can be used if desired. 
The two filters do not need to be set for 
the same type of filtering, and interesting 
results can be produced using bandpass 
filtering in one channel and notch filtering 
in the other. Each filter has a separate in-
put, and the unit can be fed from a stereo 
source if desired. Obviously there are 
numerous ways in which the unit can be 
used, and it is ideal for the more adven-
turous electronic music enthusiast. 

The unit is primarily intended for use 
with the Commodore 64 computer, but it 
will work in a more basic manner with the 
VIC-20 or any computer which has a user 
port provided by port B of a 6526 or 6522 
device. With machine code software it 
should be possible to drive it from any 
computer that can provide one or two 
digital outputs, but this goes beyond the 
scope of this article. 

Operating Principle 
One approach to a computer controlled 
filter would be to have an ordinary voltage 
controlled filter driven from the computer 
via a digital to analogue converter. A 

Computer 
Controlled 
Filter 

There are various ways of controlling the filter 
frequency of a musical effect. 
This one uses a Commodore 64. 

By RA PenfoId 
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more simple alternative, and the one 
adopted for this design, is to use a switch-
ed capacitor filter with the computer pro-
viding the clock signal. Switched 
capacitor filters may be unfamiliar to 
many readers, and while not being a par-
ticularly new concept, have received 
relatively little use. 

Fig. la A simple low paçs filter circuit. 

Fig. lb The circuit for a switched capacitor 
filter. 

An ordinary single stage lowpass 
filter just consists of a resistor and a 
capacitor connected as shown in Fig. 1(a). 
Ra and Ca form a potential divider cir-
cuit, but the degree of attenuation 
through the circuit is not fixed, and 
depends on the impedance of Ca. This 
decreases as the input frequency is in-
creased, giving losses that rise as the input 
frequency is increased. The losses are 
minimal at first, but once the 6dB point 
has been reached (the output potential is 
half the input voltage) the attenuation rate 
is 6dB per octave (doubling the input fre-
quency halves the circuit gain). 

A switched capacitor filter operates 
in a similar fashion, but the resistor is 
replaced with a low value capacitor and an \ 
electronic (SPDT) switch, as in Fig. 1(b). 
Cb and SW1 are the capacitor and the 
switch, while Cc is the normal filter 
capacitor. A clock oscillator controls the 
rate at which the electronic switch alter-
nates between the position where it takes a 
charge from the input, and is discharged 
into Cc. A change in the potential at the 
input of the circuit is obviously transfer-
red to the output of the circuit by the 
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charge/discharge action of Cb and SW!, 
but changes in potential are not instantly 
transferred. The time taken for the output 
of the circuit to respond to changes at the 
input depends on the relative size of Cb 
and Cc, and on the rate at which SW1 is 
clocked. It is this last point which is of im-
portance, since raising the clock frequen-
cy provides a faster transfer, and boots 
the cutoff frequency of the filter. In other 
words, the filter's cutoff frequency is pro-
portional to the clock frequency. 

In a practical switched capacitor filter 
there are usually two filters wired in series, 
and some other circuits are included so 
that the basic lowpass filter action can be 
modified to give any other form of filter-
ing. The switched capacitor device used in 
this project is the National Semiconductor 
MF1OCN which can operate in any filter 
mode, has adjustable Q, and two 12dB 
per octave filters. The filter frequency can 
be either 1/50th or 1/100th of the clock 
frequency but it must be the same for both 
filters. 

Circuit Operation 
The block diagram of Figure 2 shows the 
make-up of one channel of the unit (the 
other channel is identical). A passive 
lowpass filter is used ahead of the switch-

IN LOWPASS 
FILTER 

MODE 

LP 

SWITCHED 
CAPACITOR 
FILTER 

DIVIDE BY 
N COUNTER 

ACTIVE 
LOWPASS 
FILTER 

  CLOCK 
‘OSCILLATOR 

OUT 

Fig. 2 The block diagram for one channel of the filter; the other channel is identical. 

ed capacitor filter, and this is needed to 
prevent strong signals close to the clock 
frequency from entering the switched 
capacitor filter and producing heterodyne 
'whistles'. The switched-capacitor filter 
operates in a mode which gives notch, 
bandpass, and lowpass filtering, and a 
switch is used to select the desired mode. 
Clock glitches only appear at the output 
of the filter at a relatively low level, but an 
active filter here gives further attenuation 

and a clean output signal. This stage also 
provides output buffering. 

The clock signal is provided by the 
system clock of the computer, and is at a 
frequency of about 1MHz, but the precise 
frequency depends on the particular com-
puter used (980kHz in the case of the 
Commodore 64). It is connected to the 
filter via a divide by N counter, but this is 
also part of the computer and not includ-
ed in this project. The divider can be pro-

Continued on page 42 

FAST 
SERVICE 

100-MHz 3-Channel Oscilloscope 

The LBO-516 is an economical 100-MHz Dual Time 
Base Oscilloscope. In addition to its 8 trace 
capability and bright 20 kV PDA, CRT, this scope 
offers excellent triggering sensitivity, alternate 
triggering and alternate time base capability, 
making it possible to observe a stable display of 
asynchronous signals, in both the main and 
delayed time base modes. Fowrzofessionals 
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• Automatic polarity, "-" display for negative 
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• High over-load protection for all ranges 
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alone glows 
• Service temperature and humidity 0-50°C and 
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• Power consumption 20mW approx. 
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Continued from page 8 For Your Information 

Surface Mounts 

DPAK 

11 

TO-220 

Lii 

Motorola has ten new bipolar and 
three new MOSFET power tran-
sistors designed for surface moun-
ting; the DPAK surface-mounting 
method reduces the size of the 
PCB, eliminates through-holes, 
and devices can reliably handle 
more than 1 watt. Typical part 
numbers for the new surface--

Your Probe 
Specialists 

mount are MJD41C NPN, 
MJD42C PNP, MJD3055 NPN, 
and MTDIONI2 N-channel 
MOSFET. At Motorola semicon-
ductor dealers, or contact 
Motorola Semiconductor Products 
Inc., PO Box 20912, Phoenix, 
Arizona 85036, (602) 244-4911. 

Circle No. 11 on Reader Service Card 

Breadboard 

The A P Products ACE 118 All 
Circuit Evaluator is a solderless 
breadboard that has 1824 solder-
less plug-in tie points, allowing up 
to 18 I4-pin DIPs to be used. Four 
binding posts allow connections to 
power supplies, generators, etc. 

BES FOR SALE 
SOURCE FOR OSCILLOSCOPE PROBES 

AND DMM/VOM TEST LEAD SETS. 

Coke Canadian Sales Et Stocking Source 
Store Haws: Monday to Friday 8:00 am to 500 pm. 
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• tow cost 
• High Duality 

• Excellent Performance 

• Slender, Flexible Cable 

• Wide Range of Choice 

• Switch X1 and X10 
Attenuation Factor 

• 100 MHz Bandwidth 

MODEL SP100 

$25 00 
Please add $2.00 for shippin 

980 Ainess St. Unit 7, 

Downsyiew, Ontuno, 
M3J 2S2 

(416) 661-5685 
TELEX 065-28169 

Interconnections are made with 
22-ga. solid wire. From Lenbrook 
Electronics, Ill Esna Park Drive, 
Unit 1, Markham, Ontario L3R 
1H2, (416) 477-7722. 
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Power line Monitor 

The GS-2X Power Line Monitor is 
simply plugged into the power line 
under test, and monitors power 
failure, high and low voltages, 
voltage spikes, HF noise and fre-
quency deviations. Using ad-
justable preset thresholds, the 
GS-2X will print out the nature 
and time of the disturbance. The 
keyboard can be locked. From 
Duncan Instruments, 121 Milvan 
Drive, Toronto, Ontario M9L 
1Z8, (416) 742-4448. 

Continued on page 40 
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1111RPLUSTROIMICS 
we will not be undersold 

8088 Computer Systems 

$995 
Includes: 

• 8088 motherboard 
• High quality legal Bios 
• One DS,DS 360K Drive 

• Power Supply with Fan 
• Keyboard 

• Flip-Top case 
• Disk Controller 
• With plenty of spare slots 

All you need for complete 

System is Video Board 

Colours:  $159.00 
Mono  $159.00 

$339 
8088 motherboard with 256K 
(expandable on board to 640K) Fully 

assembled and tested with legal 
Bios, Flow soldered provision for 

8087. 

256K Memory 
41256 (150nS)   $ 4.35 
Set of 9  539.95 

64K Memory 
4164 (150nS)  $2.45 

IBM Compatible 
Keyboards 

(Keytronics Serial Output), 

no housing  $39.95 

IBM Style Case 
Flip-Top 8 slot  $75.00 

IBM Compatible Switching Power Supply, 

130W, with Fan  5134.00 

Set of 8088, 8255A-5, 8237A-5, 8288, 8284, 

8253A-5, 8259A  545.00 

IBM Peripheral Cards 
Colour Video Board  $159.00 
Floppy Controller  5 99.00 
Floppy Controller with 
RS232  $139.00 
Floppy Controller with clock/ 
RS232  $149.00 
Parallel and Game Port 
Card  5 59.00 
Cable and connector extra. 

Peripheral Interface Card . 5139.00 
Includes two serial ports, parallel port, game port and 
provision for (but not including) real time clock. 

Clock/Calendar Option . . . .5 29.00 
With battery backup. 

256K & Multifunction Board. 
Includes: Serial port, parallel port, game port, provi-
sion for optional real time clock/calendar and 
socketed for up to 256K RAM. 
With 64K RAM  5149.00 
512K Board. Socketed for 512K including: 
64K RAM  $119.00 
IBM Compatible Disk Drives $159.95 
Brand New, fresh from factory. Shurgart SA455 40 
track, double sided, double density Slimline. We have 
ordered 10,000 from Shugart - that is why we can pass 
the savings on to you. 

IBM Compatible Keyboards 
Maxiswitch  $135.00 
Cherry    S 99.00 

Hard Drives 
Half-height, 

with Controller 
and Cables 

10 Meg . . $639.00 
20 Meg . . . $975.00 

Disk Drives for IBM Computers 
Shugart/Panasonic, 51/4 " slimline, DD, DS 360K, 
40 track  S149.9S 

Monitors 
Zenith ZVM123 Green and ZVM122 Amber 5129.00 

Complete 6502 System 
• Assembled and fully tested (flow slodered) 
• 64K, 80 x 24 video with soft-switch, floppy controller. 
• System comes with blank EPROM's on board, does 
come with any proprietary software or 
Basic  5199.00 

Complete System 
• 6502 board (as illustrated above) with case, key-
board and power supply  5399.00 

Complete System 
• Using 6502 board above in IBM style flip-top case, 
using powerful 75 watt power supply with fan, 
programmable serial keyboard adaptor, IBM style 
keyboard  5459.00 

As above with one built in disk drive . 5599.00 
As above with two drives  5749.00  

6502 Power Supply 
For 6502 Case. CSA Approved 5V, 5A, 
+ 12V 2.5A, -5V 0.5A, -12V 0.5A.. . . . 569.00 

Kepco Power Supply 
5V 5A, + 12V 2.8A, 
+ 12V 2A, -12V 0.5A, 
Open Frame 

$38.95 

6502 Style Case 

With Numeric Keyboard  5129.00 

Panasonic Printers 
Open Frame   

Ideal for experimenters 

$29.95 

IBM Style Power Supply 
130W, + 5V 13A, -5V 0.5V, + 12V 4.5A, 

-12V 0.5A  5145.00 

Power Bars with 
Surge Protectors  $49.95 

Plug In Surge 
Surpressor   $11.95 

Apple Cards 

Assembled, flow-soldered/cleaned and 100% tested 
16K RAM Card   
80 x 24 video card   
Z80A Card   
Parallel Printer Card (cables extra)   
128K RAM Card with 128K   
EPROM Programmer with Software 
(programs 2716, 2732, 2732A, 2764) 

• 49.00 
S 69.95 
S 59.00 
$ 49.00 
5 85.00 
$ 79.00 

Modem Bargain! 
Apple Compatible plug-in Autoanswer, Autodial, 
Touch Tone or Pulse Dial. Excellent for use with most 
Bulletin Boards. 300 Baud. Final Sale as is ..539gs 

Apple Compatible 
Disk Drives 51/4  S175.00 

Apple Compatible 
Modem 

Plugs into your Apple or compatible computer. Direct 
connect, 300 Baud, Autodial, Autoanswer, Touch 
Tone/Pulse Dial, complete with documentation. 

5159.95 

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

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3 
More lines to serve you better 

(416) 960-1350 

Circle No. 42 on Reader Service Card. 



Project 

Cabinets 
For 
Electronics 

Dressing up your elegant projects in an elegant box. 

By Bill Markwick 
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AFTER the solder fumes clear from the 
breadboard and the little LEDs all come 
on properly and the LCD display says 
what it should and the speaker plays 76 
Trombones, you're justified in thumping 
yourself heartily on the back for being so 
clever. Rush upstairs with your bread-
board and show it to your wife, husband, 
amorata, butler, chauffeur, the dog, 
whoever. They will feign delight and say 
"That's really nice, really it is, but what 
are all those parts doing sticking up in the 
air and what are the paperclips for?" 

Sigh. It's time to think about putting 
it in a box. But take heart, oh ye of little 
machine shop experience, it doesn't have 
to look like something out of a WWII 
submarine. You can get really nice stuff 
these days, and working your creation in-
to it doesn't require a 50-ton press or a 
four-foot shear. 

Of course, I have a 50-ton press and 
a four-foot shear in my basement, but the 
neighbours won't let me use them. 

Planning 
Planning helps no end. If you get the box 
first, and then design the circuit card 
around it, you've saved all that uncertain-
ty at the parts counter with a catalog and a 
tape measure. 

For instance, Radio Shack sells a box 
and matching perfboard, the 270-291, for 
$4.49. If your circuit will fit on a 2 by 3 
inch perfboard, you're away. Otherwise, 
you'll have to either buy a box on specula-
tion or build the circuit and go looking. 
The choices for small projects that don't 
have to look too distinguished would be 
the plastic handy cases, available from 
most component stores, or the all-metal 
types that consist of two channels, one for 
the top and one from the bottom. I really 
like the plastic boxes because drilling holes 
is so easy. I hate drilling holes. All the 
passages from the interior of the box to 
the outside world will be automatically in-
sulated too, unlike the metal boxes which 
require bushings or tape. 

If your perfboard or PCB can mount 
vertically as opposed to being in the bot-
tom of the box, you can get plastic utility 
boxes with grooves cast into the sides for 
holding your board. These are wonderful 
for modifying and debugging; the whole 
works lifts out so you can find out where 
the burnt smell is coming from. 

Mini-Consoles 
If you're making a device that will be used 
often by an operator (as opposed to a box 
that fastens under the desk), you can get 
very attractive looking mini-consoles. Ex-
amples are the Radio Shack 270-282 
slope-front or the Hammond 1456 series; 
some of them even have walnut sides). 
The disadvantage to these is that the slop-
ing part separates from a flat bottom, 
leaving you with the puzzle of how to 
mount the components. If you fasten a 
large motherboard to the bottom, it 
means a thick wiring harness up to the 
controls. I prefer to make mini-PC 
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The Hammond 1456 series, a standard for miniature consoles. 

boards with the pots and switches on 
them; these are fastened to the sloping top 
with the pot shafts. The board on the bot-
tom of the case contains the power supply 
and output amplifiers. The disadvantage 
to this method is the number of PCBs you 
have to paint and etch. 

Another disadvantage that you may 
not think of is the problem of wiring 
harnesses or components squashing things 
when you close the case halves. It's par-
ticularly a problem when you have 
movable things like trim pots; extra care is 
needed to route any wiring into a vacant 
area so everything coexists peacefully. 

Otherwise you can do a beautiful job on 
the top and on the bottom, and when you 
fasten them together and turn it on, things 
go bzzzzt. 

The real cream of the cream (creme 
de la creme) of mini-consoles is the Ham-
mond SC series. The SCED 251126 is on 
our cover, clad in walnut. This model is 
available in widths up to 17 inches, and 
also with the rear part 9.5 inches deep, 
allowing more room for output circuitry. 
The extra-deep version also comes in 20 
inch widths. Aside from great looks, the 
series SC series offers easy access to the in-
terior because all panels come off easily. 

PC/XT Compatible ECS1-PC/XT 
Special 

$899.00 
• 8088 processor 
• optional Intel 8087 
• numeric coprocessor 
• 256K memory 
• double sided double 
density disk drive 
• detachable keyboard 
• colour graphic board 
• 130 watt power supply 

• support PC software 
• 90 day warrarty 
• 8 slot Mother board 

TTL Flat Screen Monitor 
$199.00 

Mouse - 
$149.00 

AT Compatible 
$2995.00 

• 512K memory 
• 1 1.2M drive 
• Colour card 
• Keyboard 
• 200 watt power supply 

XT/PC MAIN PERIPHERAL 

Enhance Graphic Card . . .$695.00 
Mother Board 8 Slot  $249.00 

Color Graphic Card  $139.00 
Multifunction  $149.00 

Monochrome Card  $139.00 

Monochrome Graphic  $175.00 

Game Port  $ 49.00 
RS232 Card  $ 59.00 

Parallel Interface  $ 59.00 
Disc Controller Card  $ 89.00 

Case  $ 69.00 

Keyboard (Cherry)  $ 99.00 

Power Supply 130 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 . .5 99.00 

150 Watt Power Supply . . $149.00 
Modem 1200 B  $349.00 

Network Card  $595.00 

ELECTRONIC CONTROL SYSTEMS 
- 1590 Matheson Boulevard. Sthte 1 8. 2 MtssIssauga. Omar.° L4W 1J1 

e"- (416) 625.8036 Hours - Mon. to Fri. 10-6. sat. 10-2 

For a real deep-dish version, the 
SCEH series adds a 3.5 inch high hinged 
lid to the large SCED models. This gives 
you plenty of room for meters, more in-
terior circuits, etc., and also gives ex-
cellent serviceability. When the audience 
is waiting for you to find out why they 
can't hear the performers, you can raise 
the hood and rummage away knowled-
geably. 

All the above models can have the 
display panel replaced by a red, green or 
gray filter for illuminated displays. The 
filter height is only 2 inches, so you can't 
use it for a vertical LED level meter, but 
it's ideal for status lights. I got status, 
man, dig the lights. 

The SC series isn't cheap, starting at 
about $60, but then if you do a good job 
screening on the lettering, you'll have a 
finished project as good or better than the 
pro stuff. I have an urge to fasten the 
sides of a 20 incher and a 10 incher 
together and make a 12-channel 30-inch 
wide PA mixer. There's lots of room in 
the SCEH series for recording outputs 
(musicians always want to take home a 
cassette of the gig). 

Specials 
If you're making your own test equip-
ment, there are some good looking instru-
ment cases available, such as Hammond's 
1452, 1458 or 1426 series. Meter cases, 

CANADA REMOTE 
SYSTEMS 
OFFERS YOU! 

PUBLIC DOMAIN SOFTWARE  
Canada's Largest Selection For CP/M, IBM, 

Macintosh Microcomputers 
By Telephone - 12 remote Telecommunications Systems 
available 24 hours per day. Annual Access charge only $55.00. 
No charge for downloading. For CP/M and IBM type 
microcomputers. Data Pac available. 
By Mail - for over 200 different Computers. Over 1000 disks 
representing all major user groups ihcluding SIG/M and 
PCSIG. From $10.00 per user group disk. Our special collec-
tion disks contain the most popular software and are priced 
from $15 per disk. 

COMMERCIAL SOFTWARE 
Specializing in CP/M and IBM commercial software, Low 
overhead, low prices, good service. We work with what we 
sell, and provide full assistance. 

COMMERCIAL HARDWARE 
Including coprocessor boards for CP/M computers and a full 
line of modems. The new 2400 Baud U.S. Robotics Courier 
Modem is now available for only $825.00 
Call us at (416) 239-2835 or Circle Reader Service Number 15 

for a free mini-catalog. 

C CANADA REMOTE 
SYSTEMS 

Circle No. 14 cri Reader Service Card 

M. I • • • "I • • 
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Cabinets For Electronics 

The SCED series from Hammond has a fancier 
look than the 1456 series. 

such as the 1412 series, come with the 
large hole already punched for you. 

When making something to go under 
the hood of your car, it improves reliabili-
ty to use a sealed case. The 1590 series is a 
waterproof diecast box with a neoprene 
sealing ring; circuits inside it will continue 
functioning long after you've driven off 
the end of a dock. How you seal the wire 
entry and exit points is up to you. Silicone 
caulking, maybe. 

Another nifty gadget is the Polycase, 
Hammond's answer to the plugpack. The 
case itself is available in 2 or 3 inch 
heights, and the base can be a variety of 
things: 2 or 3 pin AC plugs, octal plugs, 
11-pin plugs, plain, etc. There are also 
grooves inside the case for holding perf-
board or PCB. 

Rackmount 
Why not? Everybody with a testbench 
usually has various bits of equipment in 19 
inch rack boxes, and they also usually 
have a clutter all over the bench. If you 
mount as much as possible in a rack 
beside the bench, you free up lots of room 
on the work surface so you can fill it up 
again with components and tools and bits 
of wire and the lamp you said you were 
going to fix last year. You don't have to 
buy expensive rackmount cabinetry; you 
can get relay racks, which are just a 
skeleton frame, or you can go for used or 
surplus racks. 

Rackmounting is particularly good 
for portable equipment; a rack cabinet on 
casters can hold stacks of power 
amplifiers and still be reasonably easy to 
maneuver. You can also add power ven-
tilation painlessly. The rackmount gadget 
with the silver slotted front on our cover is 
a 150 cubic foot per minute centrifugal 
blower, the RAVB 15 003 from Ham-
mond. 

Then there's the approach of moun-
ting each piece of gear in a tiny module 
that slips into a main mounting rack. This 
gets very expensive and means a whole lot 
of work, not the sort of thing you'd spend 
your Saturdays on, but good for pro-
totypes or small runs. 

Tooling Up 
Maybe I should have started off with this 
section. Metalworking is what puts 
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Rackmount cases come in every shape and size and aren't a bad idea, even for small testbenches. 

everybody right off doing proper packag-
ing of their projects. It doesn't have to be 
that way if you have the right tools, which 
doesn't mean you have to spend a fortune 
equipping yourself with a sheet metal 
shop. 

Holes are the first hurdle. There are 
lots of different holes in any project, and 
the more different ones you have to con-
tend with, the more likely you'll be to 
forget the whole packaging thing and just 
tape your PCB to the side of the 
workbench. 

The first and most obvious way to 
make a hole is to put a twist drill bit in a 
power drill and have at it. This works 
within limits: the hole size shouldn't be 
much more than 6mm (1/4 inch) and you 
should really centre-punch all the hole 
positions, even if a variable-speed drill 
isn't supposed to need that. If the size ex-
ceeds 1/4 inch, drill small pilot holes first. 
I know, it means doing it all twice, but it 
beats having the drill skate down the panel 
and leave a shiny spiral through your nice 
new black crackle finish. Furthermore, 
the actual time spent is less because large 
twist drill bits don't like to start their own 
holes, at least not with a handheld drill. If 
you don't have a centre punch, a concrete 
nail will do in a pinch. 

The next most obvious way to 
alleviate the drilling pain is to use a drill 
press. If you have a proper machine shop 
type, you're away and probably don't 
need much help anyway. If you have one 

The top-of-the-line in miniature consoles, 
Hammond's SCEH series. 

of those little ones that hold a 3/8 power 
drill, you're still ahead. One problem with 
the little drill presses is that it's difficult to 
control the drill speed; turn it down and 
there isn't enough torque, turn it up and 
it's too fast for large bits. You sort of 
have to compromise by setting the speed a 
bit high and hoping it comes down to the 
right speed under load. Incidentally, cut-
ting oil (which has some sort of stuff in it; 
I think it's sulphur) makes a big difference 
in the speed and pressure of drilling, par-
ticularly on steel panels. You can get it 
from a hardware store, or use light 
general-purpose oil. Bits will stay sharper 
longer, too. One other problem in drilling 
large holes with twist bits is their tendency 
to bite into the metal and grab it solidly, 
twirling the work around and around, 
knocking off bits of knuckle until you can 
calm the thing down. Use sharp bits, use 
oil, use clamps. Stand well back, 
preferably in another room. Get someone 
else to do it. 

Or, you can get a set of conical cut-
ters. Mine came from Canadian Tire. 
These are born and bred to cut holes in 
sheet metal. They cut so fast, in fact, that 
you have to be careful to observe a depth 
mark of some kind, such as a piece of 
masking tape on the bit. If the hole is 
larger than 1/2 inch or so, I'd highly 
recommend the Greenlee chassis punches. 
Though expensive, about $20 each, they 
make a perfect hole with minimum effort. 
A pilot hole is drilled for the bolt, the 

Con/Reim  
emaw. 

Readers spend over 
$133 million annually 

on Products and 
Services 

For advertising information 

Call (416) 445-5600 
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Publications 

About Almost Free Software: 
For many, Public Domain software is 
one of the most exciting and rewar-
ding aspects of microcomputing. 
Each year, thousands of programs 
are created by private individuals and 
distributed through computer bulletin 
boards systems. Magazines such as 
Computing Now!, Computers In 
Education and Electronics Today, 
have also contributed to the body of 
public domain software by 

publishing program source code 
listings. 

Public Domain software is free, 
but locating, retrieving and debugg-
ing the software can be a time con-
suming endeavor. The programs of-
fered in this Catalogue have been 
culled from bulletin board systems 
through out Canada and the United 
States. Most have been chosen for 
their high quality and their 

usefulness, although a few have been 
included because they are just plain 
fun! 

In this Catalogue you'll find 
outstanding software for MS-DOS, 
PC-DOS, CP/M, Apple DOS and 
Macintosh systems. Whether you're 
looking for utilities, business/produc-
tivity software, or games, we bring 
you the best of what the public do-
main has to offer. 

CP/M Formats supported: 

Almost Free CP/M Volumes 1,2 and 3, MDM730, Almost Free CPIM Hacker and 
Stockboy are available in 8" disk formats and for Apple Il systems with CP/M. We 
can also supply 5 1/4 " floppy diskettes for many CP/M formats, including: 

Actrix (SSDD & DSDD) 
Avatar TC10 (DSDD) 
Casio FP 1000 (DSDD) 
Chameleon CP/M-80 (DSDD) 
Columbia MPC CP/M-80 (DSDD) 
Cromenco CDOS (SSDD) 
Cromenco w/Int'l Term (DSDD & SSDD) 
Dec VT180 (SSDD) 
Davidge (DSDD) 
Digilog (DSDD) 
Epson Multifont (DSDD) 
Epson 9X-10 (DSDD) 
Fujitsu Micro 16s (DSDD) 
Groupil Ill CP/M (DSDD) 
H/Z 2100 CP/M (SSDD) 
H/Z Z100 Z-DOS 1.1, 2.0 (DSDD & SSDD) 
H/Z Z90 40 trk 1K blk (DSDD & SSDD) 
Heath w/Magnolia CP/M (DSDD) 
IDEA Bitelex (SSDD) 
ISM CP/M (DSDD) 
Insight Dey. 1G-120 (SSDD) 
Kaypro 11/2 (SSDD) 
LKW-80 (SSDD) 
Lobo Max-80 (SSDD) 
Lobo Max-80 512 (SSDD) 
Micral 9050 CP/M430 (DSDD) 

NCR Decision Mate 5 (DSDD) 
NEC PC-8001A (DSDD & SSDD) 
Olympia ETX 11 (SSDD) 
Olympia EX100 (DSDD) 
Osborne (SSDD) 
Osborne 4 (DSDD) 
Osborne Osmosis (SSDD) 
Otrona CP/M (DSDD) 
PMC Micromate (DSDD) 
Reynolds & Reynolds (SSDD) 
Sanyo CP/M (DSDD) 
Systel II (SSDD) 
Systel Ill (DSDD) 
T1 Professional CP/M-86 (SSDD & DSDD) 
TRS-80 FEC CP/M (SSDD) 
TRS-80 FEC T805 (SSIDD) 
TRS-80 III Hut. Labs (SSDD) 
TRS-80 Ill wlAem Merch (SSDD) 
TRS•80 IV CP/M (SSDD) 
TRS-80 IV Mont. Micro (SSDD) 
Teletek 40 trk (SSDD) 
Toshiba T100 (DSDD) 
TurboDos (DSDD) 
Wang Maws CP/M (DSDD) 
Xerox 820 Il (SSDD) 

Note: Unless otherwise stated, all soft-
ware listed in this catalog and distributed 
by Moorshead Publications has been ob-
tained through public access bulletin 
boards and is believed to be in the public 
domain. A number of programs 
distributed on these disks are classed as 
Ireeware` 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 applications. 

Order Form 
Send to: Moorshead Publications Software Services, 1300 Don Mills Road, Don Mills, Toronto, Ontario M3B 3M8 

Code Title Format Quantity Price 

Name   

Company  

Address   

City/Town  Telephone   

Province  Postal Code   

Payment "I: Cheque 7: Money Order _ Credit Card 

Sub Total 

7% Tax (Ontario Residents) 

Grand Total 

Credit Card Number (Visa, Mastercard or American Express)   Expiry Date   



Almost Free PC Software Moorshead 
Publications 

Volume I. 

PC-Write While not quite WordStar for 
nothing, this package comes extremely 
close to equalling the power of commer-
cial word processors costing several hun-
dred 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. 

===PC-TALK III COMMAND SUMMARY=== 

tPrtSc = print screen contents 
"PrtSc = contin. printout (or "PgUp) 
Alt-R = Receive a file (or PgDn) 
Alt-T = Transmit a file (or PgUp) 

transmit: pacing '=p' binary '=b' 
tran/recv: XMODEM '=x' 
Alt-V . View file Alt-Y = delete 
Alt-D = Dialing directory 
Alt-Q = redial last number 
Alt-IC = set/clear Func keys (Alt-J) 
Alt- , set/clear temp Alt keys 

Alt-E = Echo toggle Alt-M = Message 
Alt-S = Screendump Alt-C = Clearsc 
Alt-P = communications Parameters 
Alt-F = set program deFaults 
Alt-L = change Logged drive 
Alt-W = set margin Width alarm 
Alt-Z = elapsed time/current call 
Alt-X = eXit to DOS 

Ctrl-End = send sustained Break signal 

SOLFE 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, even 
the really silly ones. It does file transfers 
in both ASCII dump and MODEM7/X-
MODEM protocols. And, it comes with a 
comprehensive documentation file which 
uses 119424 bytes of disk space. 

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. It's good if you want to 
get used to the ideas and concepts of 
FORTH. You can build on the primitives in-
tegral with the language. 

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

MAGDALEN This is another BASIC music 
program. We couldn't decide which of the 
two we liked better, so we wound up put-
ting 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. 

DATA FILE is a simple data base manager, 
written in Microsoft BASIC. 

UNWS WordStar has an unusual propensi-
ty 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 
or $22.95 for two single sided disks. 

Order as AFPC#1 
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SWEEP is a disk utility which virtually 
replaces the DOS COPY command. It 
allows one to do mass copying, deletions, 
renaming and other disk operations in 
menu-driven comfort. 

WORLDMAP is a sophisticated graphics 
program which draws a very detailed map 
of the world. It can display its wares on 
the tube, or send them out to a dot-matrix 
printer. 

ANITRA plays Anitra's 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 pays 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. 

FOS is a well designed personal finance 
manager which will do much to help you 
tame your cheque books. 

JUKEBOX represents yet another PC music 
system. This one come with a host of 
songs to play and some really electric 
graphics. 

ASMGEN is one of the best text 
disassemblers we've come across. It 
takes any executable COM or EXE file and 
produces an assembler listing. It's sur-
prisingly good at distinguishing between 
code and embedded data or text. 

POPULAR 

A -- Downtown 

B Garota de Ipanema 

C -- Satisfaction 

D -- Sounds of Silence 

E -- Cab. 

F Imp' 

G -- Bet 

H -- Sun, 

===> SELECTION: D <=== 

STRUCT will appeal to the rabid program-
mer in everyone. It enables MASM to be 
used to assemble a higher level language. 
Included also is a test file to illustrate 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 of system utilities which 
can be accessed from a single menu. 
Among its many talents are a sorted direc-
tory, keyboard redefinition and the facility 
for scrolling up and down through a text 
file. 

Only $19.95 
or $22.95 for two single sided disks. 

Order as AFPC#2 

To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 3 
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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 
erasure. 

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 
tastes, 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 ad-
dition, the program has lots of display op-
tions and works with the colour graphics 
card. 

CURSOR A tiny twenty-four byte program 
which displays a large cursor on your 
monitor. 

CMP 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 2049'er", 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 nasties. A solution 
is included should frustration set in. 

781 NT This is a small BASIC program to 
calculate interest using the rule of seven-
ty-eight. 

MOON is one of the nicest lunar lander 
games we've come across. This version 
uses high resolution graphics and startl-
ing 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. 

DATNOIDS 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 

or $22.95 for two single sided disks. 

Order as AFPC#3 

Volume IV. Almost Free PC Software 
BACKSCROLL Perhaps one of the 
cleverest DOS utilities, BACKSCROLL 
hooks itself into the PC and buffers 
whatever scrolls by. Using a well thought 
out command structure, it allows one to 
scroll back and forth through text which 
would normally have scrolled off the 
screen into oblivion. 

BIGCAL is a BASIC program which per-
forms calculations on extremely large 
numbers. Using floating point form in-
stead of scientific notation, very accurate 
calculations can be made. 

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 improv-
ed replacement CLOCK.SYS file which 
works with many real time clocks. The 
ASM file is included. 

CRYPTO is a BASIC program which 
unscrambles cryptograms. It's an in-
teresting study for puzzle enthusiasts. 

DEFRAG is a utility that lets you "de-frag-
ment" your disks to make ylur applica-
tions 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-ex-
ecuting the ones you need. 

DUmp is a utility program designed to pro-
duce Hex dumps of object files. Useful in 
its own right, the program also serves as a 
good example of how to use DOS disk ser-
vice calls. The ASM file is also included. 

FREE is a tiny file which tells you how 
much space is left on a disk.., without hav-
ing to view an entire directory listing. Its 
especially handy for hard disk systems. 

KBFIX displays the status of the keyboard 
lock keys on the screen and expands the 
size of the keyboard character buffer to 
avoid losing bytes. 

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 con-
tents of a file page by page. 

MEMBRAIN is the most sophisticated 
RAM disk program we've seen yet. It lets 
users install variable sided disks and pro-
vides control over several other 
parameters. 

MONOCLOK is a screen clock display pro-
gram, designed specifically to work with 
monochrome displays. 

MOVE is a disk utility which moves and 
optionally erases disk files. Using wild 
cards, the user can ensure that specific 
types of files are not MOVED by the pro-
gram. 

NEWBELL is a tiny program which per-
forms the lowly task of changing the 
sound of the PC's control G beep. 

NUSO is a file un-squeezer. Its a useful 
utility for people who download com-
pressed files form bulletin board systems. 

PARCHK is a trap which prevents the 
system from 'freezing' when a "parity er-
ror" is encountered. It gives you the op-
tion of finding out what caused the error 
and recovering from it. 

PURGEDUP is an intelligent little program 
which cleans up obsolete backup files. 
Very useful on a hard drive. 

4 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 



11100rSheati 
Publications 

 11111'111k    1111iillï. 
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. 
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VDEL is a multiple deletion program that 
queries the user prior to erasing each en-
try. Similar to MOVE, but much smaller. 

WHEREIS will locate a file on a disk even 
if it lurks in a subdi rectory. Most useful on 
hard disk systems. 

PX is a cross reference generator for 
assembler programs. It helps you keep 
track of where you put procedures in large 
files. 

OS is a DOS patch which eliminates some 
of the wait encountered when DOS is 
booted while it performs a number of 
system checks. The program is not com-
patible with all software, but is still handy 
to have. 

SDIR is an improved sorted directory pro-
gram. 

SP is a clever print spooler which lets you 
'print' files into a RAM buffer. The PC then 
sends the file to the printer at its leisure, 
leaving the user free to move on to other 
tasks using the computer. 

WIZARDS is an adventure game in the 
classic style, except that it ranks as one 
of the most sarcastic programs in crea-
tion. The program is vast.., you can 
wander about its darkened corridors for 
hours. 

Only $19.95 
or $22.95 for two single sided disks. 

Order as AFPC#4 

Volume V. Almost Free PC Software 

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 is another sorted directory program. 
This one emulates the CPIM style D, which 
is arguably more useful for most applica-
tions. 

FRACTALS An amazing implementat k)n 
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. 

MORERAM 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. 

LAR is a library utility that allows you to 
concatenate several small files into a 
library to save on disk overhead. In-
dividual files can be extracted as they are 
needed. 

MAIL1 is a mailing label utility written in 
BASIC. 

MXSET lets you control the parameters of 
Epson printers form the DOS command 
line. It's a lot easier than LPRINTing 
characters from BASIC every time you 
want to change print modes. 

NUSO unsqueezes files that have been 
previously compressed to save space. 
Should be of primary interest to bulletin 
board users. 

PARCHK is art assembler program which 
requires MASM and LINK to work. It in-
stalls a trap for parity errors in your com-
puter. 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 
the 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 im-
plementation of one of the most popular 
micro games ever created. 

Only $19.95 

or $22.95 for two single sided disks. 

Order as AFPC#5 

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 5 
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3-DEMON is one of the most interesting 
variations on Pac-Man in the known 
universe. Instead of simply looking at a 
map of a maze, this program shows you a 
three dimensional view of it. You wander 
through endless corridors, 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 damag-
ed 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 feature found in commercial 
packages. An enormous documentation 
file is also included. 

1 Command Menu 1 
Alt-A Translate Table 
Alt-C Clear screen 
Alt-D Dial Phone 
Alt-E Echo Toggle 
Alt-F Configuration Menu 
Alt-G AMS1 Graphics mode 
Alt Mang-up Modem 
Alt-1 Program info 
Alti Function %ey Set 
Alti' Log Drive Change 
Alt-0 Change Sub-Dirs 
Up-Arrow Scroll lost 1 
Ctrl-End Send sustaine 
Shft-Tab Add Linefeed 
Ctrl Home Printer echo 
Alt-2 Qwindows - 

Press key combin 

Alt-R C 
Alt-Q e' 
Alt-R e 
Alt-S S 
Alt'U 
Alt-W 
Alt-X e 
• __%/ D 

4modem 
Pa ge 11 1 
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(MODEM is unquestionably the best 
telecommunications package in ex-
istence. The most recent version of it is 
replete with windowing, multiple pro-
tocols, definable function keys. And the 
code is unspeakably well debugged. 

ARC is a sophisticated file archiving pro-
gram which stores several files in single 
library files. As an added bonus, ARC ap-
plies one of four data compression techni-
ques to each file in order to optimize disk 
space. 

SURFACE demonstrates the complexity 
of the "hat" function by graphing it on a 
monitor screen. 

OP is the operator program from the 
November '85 issue of Computing Now! 
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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-friend-
ly. 

C - Clear entry 

2488-7-E-1 E - rEvise prefix 
2408-7-E-1 D - Dial prompt 

ZAPLOAD is a utility for programers to 
handle Intel standard HEX files. Very fast 
and well documented. 

SOPWITH Using superb graphics, SOP-
WITH 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. 

STAR is one of a growing breed of small... 
somewhat silly.., novelty programs. This 
one, as you might guess, draws stars. 

Two Disk Set 

Only $24.95 

Order as AFPC#6 

6 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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BLACKJACK is a BASIC implementation 
of this popular card game. It's both in-
teresting to play and enlightening to 
dismantle. It can, of course, be easily 
listed so you can see how it works. 

EDSCR is a screen editor which can be us-
ed with virtually any programming 
language from assemblei to dBase Ill. 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 example 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 used commands and com-
mand 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 set-
tings and modes. 

VTREE is a graphic TREE program that 
shows you how the subdi rectories are set 
up on your disk.., in a fashion more easily 
understood than the MS-DOS TREE utili-
ty. 

KEYCLICK is a memory co-resident pro-
gram which will make your keys click. 
Small and easily included in an AUTOEX-
EC file, KEYCLICK solves many problems 
associated with clone keyboards. 

PCBW is a small utility which makes col-
our 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 games plays much like a real 
pinball machine.., but its hard to tilt. 
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QUICKGRAF is a powerful business 
graphics package which generates com-
plex 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. 

INDEX allows you to generate indexes 
from WordStar documents... or text files 
from any other text editor. Its an in-
valuable writer's tool. 

KEY 

BUSES 

CARS 

WORLD is a remarkable program which in-
corporates a world map. It allows you to 
zoom in on specific areas of the globe, 
locate major cities and perform a number 
of useful calculation. It also has a feature 
for tracking hurricanes.., tracked any 
good hurricanes lately? 

Only $19.95 

or $22.95 for two single sided disks. 

Order as AFPC#7 

Stockboy Inventory 

Stockboy is a good, powerful, flexible 
bargain-priced inventory package which 
will handle inventory 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. 

e Be a point of sale t, Generate a 
customer list to be used in mass mailings. 

• Run on any CP/M or MS DOS based 
computer, including Apple II systems with 
a Softcard. 

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 nontechnical operators. Available 
for MS DOS/ PC DOS and many CP/M 
systems. See order form for a list of 
available formats. 

Also available for 
CP/M Systems. 

See Order form for available formats. 

Only $29.95 

Order as Stockboy 

7 
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MA.BAS The Micro Accountant is a com-
plete, working accounting and check 
register program, with a 25K documenta-
tion file. 

PERTCHT A sophisticated project 
management tool using the Program 
Evaluation Review Technique. 

TASKPLAN.BAS Project management 
software which lets you track up to 50 
tasks during 50 time periods (days, weeks 
or months). 

PC-TOUCH BAS Increase typing speed 
and accuracy with this easy-to-use typ-
ing tutor.. Also provides accuracy and 
speed statistics. 

PCYEARBK.EXE Appointments and 
reminder program to help you keep track 
of your time. 

PCWNDW22 A "Sidekick"-like co-resi-
dent window utility. Pop-up window func-
tions include ASCII table, stopwatch, 
alarm, printer setup utility and notepad. 
The entire program takes up less than 30K 
of space on your disk. 

MAXIT A simple but subtle game for two 
human opponents, or one player and the 
computer. Hours of fun! 

NOCOLOR A handy little utility for users 
with monochrome monitors and colour 
software. 

PSHIFT A time saving and convenient 
'memory 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. 

PLUS More utilities to help organize main-
tain and copy your files, including a 
"monitor saving" program which blanks 
out your screen when it is not in use. 

Only $19.95 
or $22.95 for two single sided disks. 

Order as AFBUS 

8 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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DISK Allows you to COPY, MOVE, DELETE 
and VIEW files with a simple command 
structure. 

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. 

USG/SO Lets you compress and un-com-
press files. You can pack about 40% more 
data on a disk with this system. 

FINANCE A fairly sophisticated financial 
package written in easily understandable 
and modifiable Microsoft BASIC. 

BADLIM Ever had to throw out a disk with 
a single bad sector. BADLIM isolates bad 
sectors and allocates them to an invisible 
file, making the rest of the disk useable. 

MODEM 7 Allows you to communicate 
with any CP/M -based system to download 
and eload files. Complete details for this 
program first appeared in the November 
1983 issue of Computing Now! 

GUEST Similar to "Dungeons and 
Dragons", QUEST provides hours of 
dlorious adventure. 

STOCKS A complete stock management 
program 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 compressed form. 

Only $19.95 
or, $22.95 for 8" formats or two single 
density disks. 
See order form for available formats. 
Order as AFS#1 

Almost Free CP/M Software Volume II. 

MORTGAGE is a fancy mortgage amor-
tization program which produces a variety 
of useful tables. 

BISHOW is the ultimate file typer. This 
version will type squeezed or un-squeez-
ed files and allow you to type files which 
have been archived 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. 

NBASIC Large, commercial BASIC's are 
powerful, but expensive. This one however 
is free, and every bit as flexible as many 
commercial packages. It's also compati-
ble with North Star BASIC. 

RACOUEL 

Z8OASM is a complete assembler package 
which uses true Zilog Z80 mnemonics. It 
has a rich vocabulary of pseudo-ops, per-
mitting 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 screerr view of the 
files on your 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 works 
very 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 basically the same game using 
ASCII characters. Watch little "C's gob-
ble periods while you try to avoid the delay 

Only $19.95 

or, $22.95 for 8" formats or two single 
density disks. 
See order form for available formats. 
Order as AFS#2 

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 9 
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OIL An interesting simulation of the work-
ing of the oil industry. It can be approach-
ed 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 and 
does symbolic debugging. It's almost like 
being able to step, trace and disassemble 
through a source listing. 

LADDER Fast, bizarre and probably a ma-
jor cause of eye strain. This program plays 
like Donkey Kong with ASCII characters. 

Gemini WordStar Press 

DU87 This version overcomes several 
limitations 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 lit-
tle imagination you will be able to believe 
you are conversing with a real 
psychiatrist. 

QUIKKEY Programmable function keys let 
you hit one key to issue a multicharacter 
command. This tiny utility lets you define 
as many "macros" as you want, with 
seldom used control 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 

or, $22.95 for 8" formats or two single 
density disks. 
See order form for available formats. 
Order as AFS#3 

Steve's Wunderdisk Apple WordStar Fixer 

With all its many strengths, WordStar's 
printing function is very slow. It can also 
be difficult to get page numbers and 
headers to appear the way you want 
them.., and where you want them. 

PRESS is a utility which handles the 
formatted printing of all sorts of text files 
such as manuscripts, drafts, program 
listings.., anything that you'd normally 
want printed in page form. PRESS installs 
the header of your choice at the top of the 
page and prints the page number beside 
it. 

It also provides a running count of 
characters and pages printed. You can 
print with a variety of type size and style 
permutations, depending on the 
capabilities of your printer. 

Most important, PRESS will send for-
matted text to your printer as fast your 
printer can accept it. 

PRESS comes configured for Gemini 
10x and 15x printers, but will work with 
most Epson compatible dot-matrix 
printers. A version is also available for 
daisy wheel printers. PRESS is easy to use 
and very fast. 

Only $19.95 
Order as PRESS 

Over the years many first rate program 
listings have graced the pages of Com-
puting Now!. And we have many which 
have never been published. We've col-
lected the best of these and put them on 
one disk. Included are programs like 
STAR, for setting up a Gemini 10 printer, 
the Last WordStar Unhook, CPMAP and 
the CP/M I-10ST program, complete with 
several unreleased support programs. 

The Wunderdisk is an excellent col-
lection of tricky CP/M routines. Its ideal 
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 explored and explained in the 
pages of Computing Now! 

Only $19.95 
See Order Form for available formats. 
Order as WUNDER 

Apple compatibles and WordStar are not 
entirely friendly. Apple compatible 
systems equipped with Videx type eighty 
column cards do a number of unpleasant 
things to this popular word processor. 
While there are simple cures for this.., 
they all involve some delicate code hack-
ing. 

The FIXER solves this problem. Place 
it on the same disk as your copy of 
WS.COM, type FIXER and after a suitable 
amount of disk noise, you'll have 
APWS.COM on there too. This patch ver-
sion releases the control K's, translates 
the left arrow to a delete character and 
patches Unitron keyboards. 

In addition, the FIXER lets you 
change certain default settings which are 
not alterable with MicroPro's INSTALL 
program. All features are menu-driven for 
easy operation. 
Will run in either 44K or 56K CP/M 

Only $19.95 

Available for Apple Il series with 
CP/M. 
Order as FIXER 

10 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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SUPERZAP is a disk utility similar to the 
DU programs. It lets you modify your disks 
at the track and sector level, patching 
code and fixing BOOS errors. But, unlike 
DU, its all menu driven with a full screen 
editor. 

MEMDSK32 is the best memory disk pro-
gram we've ever seen for CP/M systems. It 
runs on any 64K system to create a 32K 
RAM disk labeled drive D. The source is in-
cluded, in case you'd like to alter its 
parameters. 

ZDEBUG is a Z80 debugger. Its function is 
analogous to that of DDT, but it works in 
Zilog mnemonics rather than those of the 
Intel 8080. As such, it won't give you lines 
of question marks when you're trying to 
patch your BIOS or other commercial soft-
ware. 

ZESOURCE and REZ are two of the most 
powerful disassemblers ever created. 
They'll create salvageable assembler 
code from any .COM file. With 
perseverance you can recreate the source 
code for most existing software in order 
to learn its secrets or patch it for your own 
applications. Especially useful for pat-
ching CP/M. Both are supplied to allow 
you to use simple assemblers or M80 and 
L80. 

COPY is a handy way of copying an entire 
disk, files and system tracks, onto 
another floppy. Includes source code. 

Almost Free CP/M Hacker Software 

PROBE digs through your version of CP/M 
and tells you everything there is to know 
about it, including the locations of its 
various components, where things jump 
to, how the disk allocation is set up, etc. A 
splendid tool for low level programming. 

DU-V88 The latest version of this tried 
and trusted disk utility. This one also in-
cludes the long sought after DU.DOC file. 

MLOAD24 is a replacement for the LOAD 
command... with considerably more 
power. It is ideal for doing loads that call 
for merging in overlays, multiple hex files, 
etc. 

ASM65 is a 6502 cross assembler. It runs 
under CP/M, but assembles 6502 source 
code. Its extremely useful for developing 
sophisticated Apple software and for do-
ing EPROMS for 6502-based systems. In 
fact, it supports the entire range of 6500 
series processors. 

Only $22.95 

See Order Form for available formats. 
Order as HACKER 

MDM730 for Apple CP/M 

First featured in the July 1984 issue of 
Computing Now!, MDM730 is one of the 
most powerful MODEM7 programs 
available. Our version incorporates 
features not available in the public do-
main. MDM730 is an efficient, 
easy-to-use software tool for anyone in-
terested in telecommunications, bulletin 
boards and downloading software. Con-
sider these .features: 

• Terminal program which works at any 
baud rafe. 

• Ten programmable macro function 
keys. 

• A Phone number library for 36 numbers. 
• Christensen software transfer pro-

tocol. 
• 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 pat-
ches 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 at-

tempts. 

The Computing Now! MDM730 package is 
available for: 

• The Hayes Micromodem Il card. 
• The SSM 300 Baud modem card. 
• The PDA 232C serial card with external 

modem. 

The PDA 232C package includes versions 
supporting both the Smartmodem and a 
dumb modem with pin twenty-five con-
trol, such as the Novation AutoCat. 

Each package also includes utilities for 
updating the phone number library and 
redefining 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 patched it on a larger 
machine and downloaded it. We're confi-
dent you won't find MDM730 with these 
features anywhere else. 

Only $29.95 
Available for Apple II series and com-
patibles with CP/M 

Order as MDM730 
and specify modem type 

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 11 
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DATABOX is a small, but useful database 
program written in BASIC. Sample files 
are included to get you started. 

NULLSPACE INVADERS is a fast BASIC 
HiRes game which tests coordination and 
judgement as you manipulate a monolith 
through mysterious gates. 

DNA TUTORIAL Written in Integer BASIC, 
this is an interactive low resolu-
tion graphics tutorial which uncovers the 
mysteries of DNA. 

TOAD is an Applesoft BASIC implementa-
tion of 'Frogger' that can be played with 
either a joystick or the keyboard. User's 
high scores are saved to disk. 

Volume IL 

FUNCTION PLOTTER is a sophisticated 
Applesoft BASIC program that takes any 
inputted function and plots it on the 
HiRes screen. 

DATA DISK FORMATTER is a binary pro-
gram which formats a disk without putting 
DOS on system tracks, freeing up more 
room for data on multiple drive systems. 

BASIC TRACE is a utility for the advanced 
Applesoft programmer which displays the 
hexadecimal locations of each Applesoft 
line number currently in memory. 

GEMINI UTILITY is a word processor 
pre-boot utility for Gemini printer users 
which initializes the printer's font or pitch 
before you boot your word processor. 

PAYMENTS This basic program enables 
you to keep track of payments and credits 
to and from up to 100 accounts on a single 
disk. A sample account is included. 

PICTURE CODER Standard Apple II high 
resolution graphics pictures are require 
an inefficient 36 sectors of disk space. 
This utility creates graphics text files, 
squeezing out the zero bytes that can 
later be EXEC'd into memory. These text 
files often take up less space on disk than 
regular graphics files. 

Only $19.95 
Order as AFAD#1 

Almost Free Apple DOS Software 

AMORT is a monthly amortization pro-
gram that calculates monthly payments, 
principle and interest on every balance 
and prints the resulting chart. 

VOICEPRINT An unusual program that 
uses the HiRes screen to sample sounds 
inputted through the Apple's cassette 
jack. Sampling rate and other variables 
can be controlled, and two sounds may be 
compared side-by-side. 

CALC NOW! Written in BASIC, this 
spreadsheet program is not as fast as 
VisiCalc, but it still offers the power you 
expect from a spreadsheet. With sample 
files. 

CAVERN CRUSADER A mix of BASIC and 
binary programming, winning this game is 
difficult, to say the least. For every wave 
of aliens shot in the cavern, there's 
always a meaner bunch waiting in the 
wings. 

NEWCOUT This binary program replaces 
the I/O hooks in the Apple with its own so 
you can operate your Apple through the 
HiRes screen. Includes a sample 
character set and program source code. 

CHARSET EDITOR A utility for creating 
graphics character sets to use with 
NEWCOUT. 

CALENDAR A BASIC program for finding 
a particular day of any inputted month 
and year. A calendar for any year can also 
be print. 

LCLODR2 With source code, this binary 
utility BLOAD's any given file into the 16K 
language card space at $D000. The source 
listing is useful in showing how to use 
DOS commands in assembly language. 

CRISTO REY is an animated HiRes BASIC 
program which displays Cristo Rey by 
moonlight. For apartment-bound roman-
tics. 

ATOT An acronym for 'Applesoft to Text'. 
EXEC this textfile to produce a textfile of 
your program. 

APPLESOFT DEFLATOR This program 
takes textfiles created with ATOT and 
squeezes them replacing PRINT 
statements with '?' and removing un-
necessary spaces form the listing. 

Only $19.95 

Order as AFAD#2 
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GENERAL LEDGER is an extensive BASIC 
general ledger program. 

EE-DESIGN A shape and design program 
written in BASIC. Lets you plot shapes in 
HiRes graphics and save them to disk or 
print them out. 

QUICKZAP is a disk sector utility that 
reads a given track and sector into 
memory and permits you to alter it and 
write it back to disk. 

SOFTGRAPH A complete graphing pro-
gram written in a combination of Ap-
plesoft and Assembly language that 
enables you to see your data plotted in 
pie, line or bar charts. 

INTELLICALC An intelligent calculator 
with three memories and a 'paper tape' 
readout. 

POKER! A fast Applesoft BASIC version 
of this popular card game. Harmless elec-
tronic avarice. 

POLAR GRAPHICS Similar to Function 
Plotter, this BASIC program supplies a 
number of attractive functions in REM 
statements which can be used to plot on 
the HiRes screen. 

CLOCK AND CLOCK II Two Applesoft 
digital clocks to help you keep track of 
those late hours spent at the keyboard. 
One has an alarm function. 

CONVERT UTILITY A BASIC program that 
converts number between decimal, hex-
adecimal, binary and disk sectors. 

FLOWERS An assembly language pro-
gram that prints a border of flowers 
around the high resolution screen. Source 
code is included as an valuable lesson in 
handling HiRes shapes in assemble 
language. 

ProDOSfix.TXT Apple clone users who 
have purchased ProDOS will note that it 
doesn't work on their machines. This text 
file explains why. and how to remedy the 
problem. 

Only $19.95 

Order as AFAD#3 

A Teacher for the Apple Apple DOS Wunderdisk Almost Free Electronics 
Design. 

Specifically developed for the educational 
market, this disk introduces both teachers 
and students to the Apple II 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 
instructions it shows you the ins-
and-outs of Apple programming and ex-
plains 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 $35.00 

Order as TEACHER 

Over the last few years, Computing Now! 
has featured many programs for Apple II 
users. These programs have involved a lot 
of work and have been thoroughly debug-
ged. Because the tedious job of typing in 
program listings is not everyone's 
favourite past time, we've gathered 
together a collection of our best Apple 
programs and put them all on a single 
disk. Enshrined on this disk are some of 
the classics of the past. 

You get DOSdial, the dialing terminal 
program, Clef Hangar, an Apple music 
box, Skyhook, a radio teletype converter, 
Fruit Crate, a small bulletin board system, 
MuGraph, an experimental sound system, 
Hashit, a sorting routine, JoyGraph, a 
graphics program, and of course, the in-
famous Blort! Ah, the memories! 

Only $16.95 

Order as Apple DOS Wunderdisk 

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 

Order as DESIGN 

Moorshead Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 13 
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Camel Term for Apple DOS 

CP/M and IBM PC system owners who use 
modems for file transfers and bulletin 
boards have long had the advantages of 
the XMODEM/MODEM7 or Christensen 
file transfer system. Telecommunications 
programs using XMODEM perform some 
sophisticated checks to ensure that data 
received over the phone is identical to the 
data originally sent. In fact, using 
XMODEM ensures that all data received is 
over 99% free of errors caused by 
telephone line noise. 

Now for the first time, Apple users 
can upload and download files and 
transfer data with the knowledge that all 
files will be received error free. 

We are pleased to offer CameITERM 
for Apple Il and compatible systems. It 
combines the functions of a simple ter-
minal program, a phone number library 
and autometic dialer with a checksum 
compatible MODEM7/XMODEM file 
transfer system. 

With CameITERM you can call 
remote bulletin boards and download 
software. You can even call CP/M and MS 
DOS-based boards to download BASIC 
and PASCAL files for subsequent conver-
sion to Apple. You can also send files bet-
ween two Apple systems confident that 
the data will not be corrupted. 

Note that for CameITERM to work, 
both ends of the transfer must support it. 

CameITERM will cheerfully move 

binary files, machine language code and 
high resolution pictures. It will handle 
files up to twenty-four kilobytes long and 
supports multiple baud rates on some 
serial cards. At present, the following 
cards are su000rted: 
• PDA 232C with Hayes Smartmodem or 
equivalent. 
• Hayes Micromodem It at 300 baud only. 
• SSM Modemcard at 300 baud only. 

These cards can be in any slot from 
one to seven. CameITERM will not work on 
clones of these cards. 

Best of all, CameITERM is inexpen-
sive. 

Only $32.95 
Order as CAMEL 

and specify modem type 

Volume I. Almost Free Macintosh Software 
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ASTEROIDS This is a splendid implemen-
tation 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 includes XMODEM and Kermit 
protocols and many other features. 

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 pro-
grams, and this version is exceedingly 
well done. 

VIEW PAINT Ever wanted to look at a Mac-
Paint drawing without getting into Mac-
paint. This utility lets you sneak peeks at 
your drawing files without fussing about. 

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. 

11 
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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 disappoin-
ting... something gets lost in the clip 
board. This utility 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. 

Only $29.95 

Order as AF-MAC #1 

14 To order use order form or call (416) 445-5600 for Visa, Master Card and American Express orders. 
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FONT LIBRARIAN A splendid alternative 
to the Macintosh system font mover, this 
utility makes it easy to create custom col-
lections 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 ap-
plications concurrently on a 512K 'Fat 
Mac'. 

RAMSTART Creates a RAM disk of any 
size on a fat MAc, and effectively in-
creases the speed of most applications 
several times over. 

MADONNA A MacPAint picture of the 
popular pop star. 

MOCK CHART A desk accessory to han-
dle the creation and printing of small 
business charts. 

DAM A Desk Accessory Manager for set-
ting up the Apple menu on your Macintosh 
the way you want it. 

MOCK TERMINAL A desk accessory for 
telecommunication functions from within 
another application. 

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 flut-
tering like celestial flags. The heavens are 
accurately mapped and the star ship 
handles like any other warp drive star 
Chevy. 
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HP CALC Add a simulated 
Hewlett-Packard calculator to your Mac. 

REdlt A slick resource editor. See the 
December 1985 issue of Computing Now! 
for an in depth look at this esoteric art 
form. 

Only 24.99 

Order as AF-MAC #2 

Almost Free Macintosh Software 

One of the most interesting aspects of the 
Macintosh is its amazing typography. Far 
from being hard wired into its operating 
system, the Mac allows one to change the 
fonts available to an application to suit 
one's needs... or just 'cause one feels 
weird today. 

While there are a number of commer-
cial font collections available for the Mac, 
we feel that the best things in life are 
almost free, and have thus created this 
disk. It is full.., right down to a zero K in 
the upper right hand corner.., of font files. 
There are thirty eight unique fonts on the 
disk but, as most of them are available in 
several sizes the actual number of fonts is 
considerably higher. We've tried to select 
a variety of body copy and display faces, 
both fairly normal ones, really bizzare 
ones and a number of special purpose 
ones. In most cases, there are also plenty 
of extra symbols available in these fonts 
as well. 

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 on this disk to assist you in adding 
the fonts you want to use to your system. 

Fontasy I 

I 30 items 400K in disk OK available 
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Only $24.95 
Order as MACFONTS 

Moorsheaél Publications Software, 1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 
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You've put everything 
you've got into developing 
a unique piece of software. 

Leave the next step to Xemag. 
Why take chances? 
You've done your best. Now it's time to 

turn your software over to someone who will 
do theirs. 

Top of the line duplicating 
Whether you need 100 or 100,000 copies of 

your software, with Xemag, you're assured fast, 
effective service. Plus: 

Diskettes that meet the industry's highest 
standards yet are competively priced. 

Stringent quality control. 
Customized copy protection and encryption 

Total software publishing 
From manual design through software 

duplication to your fully packaged product 

ready for shipping, Xemag can give you what 
you need - in French as well as English. 

All of this backed up by a worldwide 
support network. 
Xemag. When you want your software to get 

the attention it deserves. 
For more information, call Xemag toll-free 

at 1-800-387-9635. 

Xemag, a division of Xidex /Dysan Magnetics, 
80 Riviera Drive, Markham, Ontario L3R 2L6 
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punch and backing plate are put on op-
posite sides of the metal and the bolt is 
tightened with a wrench. It's the best way 
to make holes for things like XLR mike 
connectors. Keep everything well oiled. 

Rectangular holes aren't the drag 
you'd think. If it's a smallish sort of hole, 
1 x 2 or thereabouts, a metal nibbler is the 
best way. Mine is the Adel nibbling tool, 
available from component suppliers. It 
needs a 7/16 inch starting hole, and nib-
bles a line about 1/8 inch wide. For larger 
holes, try a power sabre saw fitted with a 
hacksaw blade. Zip-p-p! Relief at last. 
The edges may be a bit rough if you're 
working freehand, though they'll be bet-
ter than with a metal nibbler. You could 
always use C-clamps to fasten a wooden 
strip to the work to guide the saw. That 
reminds me. When it comes to clamping 

Some metal-working tools to make life easier: 
the Adel nibbler, a sabre saw, two conical cut-
ters and two rasps that fit power drills. 

and positioning, there are few things as 
useful in the workshop as a Workmate or 
similar worktable. The adjustable clamp-
ing jaws have a million uses, and the 
whole thing folds up if you want to hang it 
on the wall. 

There are also handles into which you 
can insert a standard hacksaw blade for 
cutting blind holes. I guess they're better 
than nothing, but hacksaw blades are 
meant to be supported at both ends, and 
they flex a lot when held only at one end. 

If you have to bend a piece of sheet 
metal for shielding or other purposes, try 
using C-clamps to fasten the sheet to the 
workbench with the foldline right at the 
edge. C-clamp plywood on both sides of 
the bit that's hanging over, allowing a bit 
of space for the bend. Bend it. Well, it 
ain't no professional bending brake, but 
it's better than bashing at it with a ham-
mer. 

The Greenlee chassis punch, also available in 
various shapes other than circular holes. 

Electronics Today March 1986 
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Instrument cases dress up your equipment, and are available in various time-saving configurations. 

Rack Packaging from 
Hammond 

We've added five lines to our Electronic Rack Packaging system, 
for greater system versatility and choice. The addition of styles and 
sizes plus many accessories make Hammond system racks the first 
choice for proto-typing, OEM production, or office and lab 
workstation applications. 

1 

Send for our free 9R-3 
Electronic Rack Packaging 
catalogue. e 

21,1 HAMMOND MANUFACTURING 

394 Edinburgh Road, Guelph, Ontario N1H 1E5 
Phone (519) 822-2960 or (416) 456-3770 Telex: 069-56523 

See our 
• Heavy Duty Racks 
• Slope front consoles 
• Data Terminal workstations 
• 19" Rack mountable cases 
• 19" Desk top rack cases 

Circle No. 43 on Reader Service Card. 33 
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316 College St. 

Toronto. Ontario M5T 1S3 

INC. 

Toll Free Orders Only 

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

MAIL ORDERS: We accept VISA; MC; 
AMEX; credit cards. Money orders, che-
ques (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 $4.00 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 to a 20% restocking 
charge. 

IBM CASE 
We have the nicest case of all the 
various competing cases, ask any 
friend who has bought someone 
else's case and then has seen ours. 
The lid is hinged with pushbutton ac-
cess. The back is cut for 8 XT slots 
and it comes with all the case back 
inserts for cards, card guides, blind 
disc filer plates, standoffs, feet, 
screws, all for $69.95. SIDE SWITCH 
Please specify back or side cutour for 
power supply. 
CLEARANCE, BACK SWITCH 
CASE  $59.95 
We also have an IBM 8 Slot/6502 
Board dual duty case for making IBM 
look-a-like 6502 systems  $79.95 

NICADS 8.48 7 "D" 
4A.111 CELLS 

A great buy, a pack of 7 
brand new GE NICADS giv-
ing 8.4v at 4 Amp hours. Each 
cell is 12v and separates 

easy. Used as 5V backup 
through a 7805. Gives 5v 1 
Amp for 4 hours. 

 $14.95 

WIRED CARDS 
FOR IBM 

(A) 384K RAM CARD. A ,4 sized card that has 
384K of 64K DRAM on board. With OK 
  79.95 

(B) 512K RAM CARD. A full sized card with 
512K of 64K DRAM on board. With 64K 
 5119.00 

(C) 576K RAM CARD. A very popular card 
with 576K of 64K and 256K DRAM on 
board. This is a 1/4  sized card for portable 
use. With OK  S 79.95 

(D) KRAM RAM CARD. A clone of the JHAM 
with up to 2 MBYTE on board using 256K 
DRAM. 100% compatible, complete with 
software for using as RAMDISC and 
RAMSPOLL. With OK  $139.00 

(E) COLOR GRAPHICS. A clone of the 
popular PERSYST color card. Has three 
outputs and one input. A. ROB for IBM 
color monitor. B Video 1v P to P corn-
posite color video. C. Video gray scale in 
P to P for seeing color on green or amber 
monitor  $129.95 

(F) MONOCHROME GRAPHICS/PRINTER. A 
workalike clone 100% IBM compatible for 
the HERCULES card. Has par printer port 
and hi-res text and graphics mono output 
  $159.95 

(G) 384K HEXPACK. A copy of the AST 
6-PACK, 100% compatible with software. 
Has Clock/calendar/alarm and 384K 
DRAM and serial and parallel ports and 
game I/O. With OK  $189.00 

(H) 640K HEXPACK. Similar to above but with 
640K on board using 256K and 64K 
DRAM. All other features the same. With 
OK  $279.00 

(I) DISC CONTROLLER. For 1-4 DS-DD 
drives. Full IBM standard with cable and 
instructions  $ 79.95 

(J) DISK CONTROLLER + 1/0 CARD. A very 
good card that has a clock/calen-
dar/alarm and game I/O and serial and 
parallel ports and a standard 1-2 drive 
controller card on a full sized card. Vent 
eft icient card   $189.95 

(K) I/O + 2. A clone of the very popular USA 
card of the same name. Has clock/calen-
dar/alarm, with game I/O, serial and 
parallel, ports  $129.95 

(L) PRINTER CARD. A standard centronics 
printer port for all parallel printers 
  59.95 

(M) SERIAL CARD. A standard ASYNC serial 
card for modem use etc.  $ 49.95 

(N) MODEM CARD. A 300/1200 Baud modem 
using the 8910 WORLD chip. Compajible 
with many popular software packages. 
 $189.00 

(0) 8255 I/O CARD. Uses 2 8255's to give 16 
lines of I/O for various uses. Fully 
locatable  $129.95 

(P) CLOCK CALENDAR CARD. A small card 
to add the clock/calendar/alarm battery 
to system  S 49.94 

(C) GAME PORT CARD. Adds two std game 
I/0 ports to the system  5 39.95 

SYSTEMS 

All SME-XT systems share these attributes. 

• High order compatibility due to the DTC bios 
which is recognized superior to others. 

• 8 Slots for plug in cards, just like IBM 

• Made right here in Canada 

• Socketed for the 8087 Co-processor 

• IBM compatible serial keyboard 

• Disc controller using 9216 IC, the most advanced, 
for error free operation. 

• Properly made 135W power supply with accessory 
plugs. 

{A) Basic system 256K, 1 DSDD drive, 8 controller 
monochrorm -ard, 135W PS and keyboard $949.00 

OPTIONS, Add the amount indicated for the op-
tion. 

(1)640K Motherboard with 640K  $110.00 
(2) Color graphics card with gray scale . $ 80.00 

(3) Parallel printer port card   59.00 
(4) Clock, calendar, alarm, serial, parallel, and 
game card  $110.00 

(5) Extra drive, installed and tested  $160.00 

(6)10 Meg hard drive, w/controller  $699.00 
20 Meg hard drive, w/controller  $949.00 

9)1Rwini 10 meg tape B/U  $649.00 
IRWIN 20 meg tape B/U  5799.00 
Tape cartridges for above   34.95 

(8) External hard drive box w/power supply for 
hard drive or tape B/U option, w/cables and 
ready to go  $249.00 

HARD DRIVE BOX 

This nicely made box is ideal for externally 
mounted hard or floppy drives. It has space 
for one full height or two half height drives 
and power supply space at rear. This is a 
well made and rugged units for only $59.95 

NEW SME-XT 
640K TO 1M BYTE 

In response to popular demand we have developed an 
upgrade of the famous MBE-XT board. The new board is 
called the SME-XT and has space for up to 1 Mbyte on 
board. The most popular configuration is 640K which is 
the IBM max addressable memory. The extra RAM above 
640K is normally used for system purposes such as video 
lookup, ROM sitting, and other uses. However, we can 
supply proms to allow full use of this overhead space on 
demand. The 256K RAMS are more highly evolved than 
64K RAMS and board using them have far fewer problems 
with parity errors. We have decided to maintain the low-
low price we pioneered with the MBE-XT and sell the new 
PCB at $39.95 as well. All other attributes stay the same 
as the original IBM and the MBE-XT. 
SME-XT  $39.95 
Manual and Schematic  $ 4.95 

LAZY BOARD 
LAZYBOARD. No we are not lazy, it's for YOU!!!. We had 
a bunch of 640K motherboards expertly wave soldered 
with all solder-in parts with AMP style IC sockets but no 
IC's at all. You buy the IC's or use your own stock and 
you can get a system going really cheaply. We are sell-
ing this "LAZY BOARD" for only  5135.00 

MEMORY FLASH 
64K-200Ns DRAM  $2.00 
64K-150Ns DRAM  $2.00 

256K-150Ns DRAM  $5.75 
Set of 941256  $44.00 

OUME 
Yes we have the same QUME drives that IBM uses in their IBM-XT® system, 40 track, 1/2 height, dou-
ble sided, double density. The exact ones you need to upgrade your old system or build your clone 
system up to the max. These are brand new drives that are from QUME's own inventory. They are ab-
solutely perfect, at a perfect price of only  5149.00 

CABLES 
Disc Drive cable (3 Con & twist)  $12.95 
IBM Parallel printer cable  $14.95 
IBM serial printer cable  $14.95 
IBM 6' Keyboard extension (curly)  S 9.95 

SWITCHING POWER 
SUPPLY 

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

These power supplies Id our cases 
130 WATT + 5V - 14A. + 12v - 4_2A _t 12V - 1/2A 

Back Switch    $135.00 
Side Switch    $139.00 
GSA Approved 150W Side Switch PIS  $159.95 

KETTRONICS 5150 

Yes the famous KEYTRONICS 5150 IBM* compatible 
keyboard MADE IN USA. We bought a bunch and can 
sell them for only  $129.00 

We also have some Taiwan copies that are quite good 
and all are checked for only  $109.00 

And lastly we have some Taiwan copies of the famous 

KEYTRONICS 5151 keyboard with all the same enhanc-

ed features for only  $139.00 
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COIIPUTER 
rii-11-171- I- 1-11-11 

II 
316 College St. 

Toronto, Ontario M5T 153 

INC. 

Toll Free Orders Only 

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

DISC DOUBLER 
Just that. it doubles your discs by cutting another 
write protect notch on the other side of the Apple 
SSOD diskette so the other side can be used. doubling 
your storage space Note, almost all diskettes are 
good on both sides and the diskette packagers just 
lable them SS or DS and sell the DS for 25% more. So 
spend $8.95 and save hundreds later on. 

MODULATOR 
This modulator was made for the 1199-44 that is now dead 
as a doornail. We bought a bunch and are selling ern for... 
$14.95. They are a very good quality modulator for use on 
12 Volts DC and have both sound and video inputs and are 
for color use on channel 3 or 4. They also have a built in 
antenna switch. They are a very good and professionally 
built   $1495 
Video cable, RCA-RCA 6 feet   51.00 

([1 

STEP UP/DOWN 
TRANSFORMERS 

(A) 1400 WATT AUTOTRANSFORMER. Has taps for 
121221236240 Volt operation and is 100% new in 
the box. Coat %war over $150.00 in large lots, your 
coal only  949.95 

240 WATT 120/240. This beauty has two 120 Volt 
primaries and two 120 Volt secondaries and can 
reap up/step down with isolation. Each side is good 
for 2 Amp al 120 or 1 Amp at 240 Volts. Your cost 
 $24.95 

NOTE, due to the weight freight is extra, ask for 5. 

ASCII KEYBOARD 

This is a high quality Hall Effect keyboard made by 

Microswitch of Canada for AES data and now 
bought by us for 10% of the $189.00 that AES paid 

for them in 10,000 lots. They are a very good word 
processing keyboard with both serial and parallel 

data outputs for use with APPLE and IBM type 

systems and come complete with a ribbon cable 
connector and complete pinout.   $24.95 

CONNECTORS 
DB SERIES  

DB-25 M solder  S1.95 
DB.25 F solder  51.95 
DB-25 M IOC. Flat cable  $5.95 
DB-25 F 1DC, Flat cable  $5.95 
DB-25 M Right angle PCB  $4.95 
DB-25 F Right angle PCB $4.95 
DB.25 Shell  51.00 
DB-15M solder  51.35 
DB.15 F solder  $1.35 
DB-15 F IDC, flat cable  53.95 
D13.15 M right angle PCB  $2.95 
DB-15 F right angle PCB  $2.95 
DB-15 Shell  91.00 
DB.9 M solder  $1.35 
DB.9 F solder  $1.35 
OB-9 M righbangle PCB  $2.50 
0119 F right angle PCB . $2.50 
DB-9 Shell   50.75 

FLAT CABLE 
DRIVE CONNECTORS 

50 Pin Edge C, 8" drive  $5.95 
40 Pin Edge C.  $4.95 
34 Pin Edge C,61/4" drive  $5.95 
20 Pin Edge C. Hard drive  $4.95 
34 Pin Fern header 1702  $3.50 
26 Pin Fern header 1302  53.00 
20 Pin Fern header 100 2 02.00 
16 Pin Fern header 802  52.00 
16 Pm DIP header  $2.00 
10 Pin Fern heads. 502  91.00 

IBM POWER 
SUPPLY 

One of the nicest open frame IBM type switching 
power supplies we have ever seen. Came from the 
defunct NCR IBM compatible, runs the whole thing. 
has + 511.7A, + 121.43A, -5, -12-%A. A very good unit 
for starter system. Will not run hard disc system. A 

real Steal at  $19.95 

SPECIAL 
10 MEG HALF HEIGHT 

HARD DRIVE 
W/CONTROLLER 
AND CABLES 

$695.00 

TEACHERS 
We accept all SCHOOL BOARD purchase 

orders. We will provide a written quote if need-

ed. We have access to all monitors, printers, 

disc drives, software etc, now sold in Canada 

and can quote very competitively on these 

items. Pis include any duty or sales tax data on 

any RFO. 

25 MEG HALF HEIGHT 
HARD DRIVE 

W/CONTROLLER 
AND CABLES 

$949.00 

CENTRONICS 
CONNECTORS 

36 Pin solder cable male  
36 Pm Flat cable make IDC  
36 Pin Chassis female   
S.100 Edge Connectors   

$8.95 
$6.95 
56.95 
$2.50 

MOTHER 
BOARD 

100% Ile• Compatible. for those of you who wish to 
build a clone of the very popular APPLE Ile . This board 
is a reverse engineered copy of the Ile• and is 100% 
compatible. We have the motherboard and the custom 
ICs Only. All other parts are widely sold. The custom ICs 
are workalike chips that do not infringe any copyrights 
The software for operating the board must be obtained 
elsewhere as we do not have it for sale. When we say 
100% we mean it. 
A very good buy at  $49.95 
Custom IC set(2)   $49.95 
Keyboard encoder (AY3-313001  514.95 
Character generator, U/LC   $14.95 
486 6502 Motherboard. same Old 100% 
compatible 2 . clone   $2995 

Ile ABS PLASTIC CASE 

$59.95 

This case is made to fil the Mother Board listed here 
for making Ile • clones and it makes a very nice look-
ing copy There is just enough difference to avoid 
design infringement The case also has no brand 
names or other marks on it. 
A good buy at  $59.95 
ABS numeric case for 48K motherboard Exact lit 

$49.95 

INSTRUCTIONAL USE BONUS 

Any order tor 12 units at regular price will be 

given an extra unit for instructional use. Larger 

orders will be pro-rated accordingly. Instructor 

may specify alternate goods for equal value. Pls 

Invoke this bonus in writing at time of order 

referencing PON in letter. 

APPLE 11E® 
DETACHED NUMERIC KEYBOARD 

599.00 

aIlltalineWeelltallilit IOUS 
fle •UBS 00iIUiB a 
. uiusuu R 

CM WM 
let 

For those of you who would like to put your lie 
in another case we have a high quality 100% 
plug in compatible Matrix keyboard with all lie 
keys plus the highly desirable numeric keypad 
for quick entry of numeric data   

lie® MATRIX 
KEYBOARD 

11118111111111111111i 
011111181188 

1111111111181111,111‘ 
111111101111811111ti 
p p asommioner.•••• - 

This keyboard tits the above case and has 100% 
Clone compatibility. it will allow operation of all Ile' 
commands. Another bargain at  $79.95 
20 numeric keyboard for 486 mother boards IOC% 
comp. 88 basic functions for only $09.95 

Standard same as above  $69.95 

SWITCHING 
POWER SUPPLY Another great bargain troto PARTS GALORE, A small 

power supply switching style that give + 5v - 4A; ± 120 
IA and - 5v (adjustable) on a compact 408" open frame 
PCB Cost Northern Telecom $50.00 when they bought 

5000 pieces. We got ern when a subcontractor went belly 

up for 10% of that price and we are selling em for 

S18.95NEw IN BOX TESTED 

AC power cable (3 Wire) icx *box.   52 so 

PARTS, 
100ns delay line  $5.00 
inn delay line  $13.95 

62 pin edge con (high quality)   
Spin Din conn   
Power cono   

51.89 
$1.25 
$1.25 

Dip switch 8 pos  92.49 
4.7k 0.6 sip  5 .69 
4.7k 0 8 Pin SiP  S.69 
8.2k or 10k 16 pin Resistor or net  s .99 
33ohm network  $1.10 
Small speaker  51.99 
.1 uf 50V high quality bypass capacitors g .10 
TrimcaP  $ .99 
34 pin card edge con.  55.95 
2716  $3.49 
2732  53.95 
2764 54.95 

GRAY SCALE 
ADAPTER 

As you know Me IBM color graphics Sao, does nrit 
look very good on a monochrome monitor. This is 
because often two colors look the same on 
monochrome so you cannot read red print on a blue 
background or some such. This little gray scale pro. 
portionately scales each color into a different inlensi. 
ty allowing easy viewing on amber, green or white 
monitors We sell it as a kit for only (with cable) 

- $19.95 
or wired and tested with cable) • $324.95 

V-20 CHIP 
You may have heard of the NEC V.20 chip. It Is an 
upgraded 8088 that can run programs up to 50% 
faster (depending on code). It also can run 2-80 code, 
allowing It to be used for Z-80 development. Especially 
good for Video when using code using It's features A 
hot and hard to get CHIP at.(5 Mhz)  $24.95 
Futer version runs al 8 Mhz  544 95 

Note tnis CAP is aiso rebianded and soid as 
by steers be warm, 

DUAL TRACE BENCH/ 
PORTABLE SCOPE 

Featuring at no ewe cost The . .• il TeSter 

• 20 MH: -30131 • Trace Rotator 
Bandwith • 5 rriV Vertical 
• 6' CRT Display Sensitivity 
• Fully Automatic . RE Rerection 
Triggering 

We have a lot of these 20 Mhz scopes that are sold 
elsewhere for up to $699 00 Well we sett em a loi 
cheaper. only 547560 
Dual probe set per probe 534 95 

PARTS, 
8088 CPU   
Ece7 Math Processor   
8237A.5 Prog. DMA Colin  
8250 Serial Port   
8253A-5 Frog. Interval timer  
eQ554.-5 PI A  
82596 Prop Interrupt Cntrl.   
8284A AOC cloc1 gen & driver   
8288 Bus Controller   
8272 Floppy Disk Controller   
NEC 765 Floppy Disk Controller 
(equivalent to 8272)   
Set of 8088. 8255A-5. 8237A-5, 8288 8204, 
8253A-5 and 82516   
6502 CPU   
6845 CRT controller   
68445 CRT controller   
2130A CPU (4 MHz)   
MC3242   
74LS367   
74L5259   
741.5161   
74574   
745174   
74L5323   
Card edge connector (50 pin) 
RCA jack PC mount .. 
Spin power square connector 
Phono jack :small) . 
MPSA 13 trans   
2N3904 trans   
2N3906 trans   
MP51.151 trans   
2N4258 transistor or equiv 
16 5IP 10 Pm 
165IP 8 Pin 
tOK SIP 10 pin 
4 pos dry 5m. 
20 pin female header for disk drive 
20 pin male . 
50 pf trim cap   
220 ohm trimpot   
20 conductor ribbon cable 

512.95 
mesa 
$8.95 
51.95 
sses 
$4.95 
$4.95 
55.95 
$9.95 
59.95 

$44.03 
550 
950 
9 95 
499 
r 1 95 

62 
1 39 
99 
82 
1 70 
455 
2.49 
.69 
.09 
.911 
.55 
.19 
.27 
.79 
89 
69 
69 
75 
95 

1.79 
I 69 
89 
.69 

0911t 

SOCKETS 
AMP IC SOCKETS 

As you know AMP makes the best IC 

sockets. With a double wipe action and a 

very wide open target for easy insertion, 

the best. 

6, 8, 14, 16, 18. 20, 24. 28. 40 

Pin in stock at only 

tic PER PIN 

PREWAR, 
Fe-ware". Ir is public domain Software that we have 
colected into volumes and are offering out at a fair 
perde considering the gathering effort. You can do 
what you like with it. set up your own resale operation 
in your area etc What we offer is two sels of 4 disk°, 
tes with each set covering a general area st interest 

SET A - Communication °fronted. 
Full Modem package 1200/300 Baud . Word 

processor o Keyboard Ma crosacurtoi lsities.o  o DesCoktoppyemo. e 
vironment . Help n po 
grams o Many other small routines too detailed 
to list here. 

SEC B - Data Base package. 
Spreadsheet 4. Printer utilities 4. File utilihes 
o Help o Games o Data Base .1.. -C" Com-
piler o LangLage utilities Many other small 
routines too detailed to list here. 

Price 524.95 for each set 
Please specify package A or B Catalog pelundable on 
pur chase)  92.00 

IBM BARE PCB 
(A) Color Graphics (Persyst) 
lei Monochrome graphics .. 
(CI Disc controller   
(D) Disc controller o Printer   
(E) Disc controller o Game   
(F)I0 21/0 clock etc  
(G) Multifunction card 11 function   
IN)AST SIX PACK COPY  
Ill Parallel printer   
GI) RS-232 card  
Kt Simple modem card 
IL) Disc for atrove . 
(M)5121( card . 

527.95 
$24.95 
$17.95 
524.95 
$24.95 
524.95 
$24.95 
$34.95 
$17.95 
$17.95 
517.95 
500 

$24.95 

(N) 256K shod card   
(011BM 6" extender for service 
(Pi WW Proto, full sized with DB•9 

DE125 footprint   
(0) WVI Memory prote, full sized with 

2566 (1 Meg) memory laid out on one 
end with DB-9. DB25 footprint . 

(91512K Mapping PROM   
(S)Multif unction PROMS(2)  
(7)2732 for color graphic   

Ail cards corne with a detailed parts list and 
placement drawing, we also have all pans needed 
for thorn 

$19.95 
$19.95 

924.95 

$29.95 
$12.95 
$24.115 
$10.00 
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Continued from page 10 
Auto-Volume Control 

A variable resistor in series with the 
capacitor enables the gain of the stage to 
be varied in sympathy with the signal 
amplitude by changing the total impe-
dance across the emitter resistor and also 
the amount of negative feedback. 

Unfortunately, the circuit proved un-
satisfactory in practice because the DC 
charge in the capacitor changed according 
to the value of the series resistance. 

into existing mixers or amplifiers, the top 
leg resistor of can be inserted in series with 
the main volume control at its 'high' end. 
The transistor is connected across the con-
trol which therefore serves as the shunt 
described in the 'How It Works' section. 
The value of the top leg resistor should be 
about a tenth of that of the volume con-
trol, so a 25k control would need a 2k2 
resistor. This will reduce the gain of the 

O  
INPUT 

PRI 
22k 

RI 
51,6 

Cl 
10u 

-é 

CT 
47. 

01 

R4 
82k 

NOTE: 
01-04 are 2N929 
D1,2 are 1N4143 1.18 

02 

C3 
47. 

R5 R6 
34,9 3k9 

DI 

820k 

OUTPUT 
O  

04 
CIV 

 o 

SEE 
TEXT 

V UME 
CONTRO 

Fig. 4 The circuit of the AVC unit, showing the connections required 
isting equipment. 

Design Developed 
Finally, the circuit shown in Fig. 4 was 
developed, and with some minor modifi-
cations over a period of use has proved to 
be very effective. When the device is built 

when it's built into ex-

amplifier by an eleventh or less than 1 dB. 
If the unit is constructed in a separate con-
trol box, the shunt resistor can be 47k and 
the upper one less than a tenth at 3k3. 

RACK 
MOUNT 
CASES -LE-

• High quality at reasonable prices • easy to work with. • 
Ideal for audio equipment and test instruments. • Black 
anodized aluminum front panel and handles • perforated 

steel top plates and side panels. • Interior Mounting 
panel for control pots. 

DIMÉNhlUt inches) 
MODELS A B C D E PRICE 

19127 7. 19 17. 6.5 12 $43.50 
19126 5.75 19 17. 5.5 12 42.50 

5 1991224 5.25 
4. 

19 
19 

17. 
17. 

5. 
3.5 

12 
12 

39.50 
38.50 

19123 35 19 17. 3. 12 37.50 
19122 25 19 17. 2. 12 36.50 

1796 5.75 17 15.5 5.5 9 937.50 
1794 4. 17 15.5 3.5 9 32.50 
1792 2.5 17 15.5 2. 9 30.50 

1286 5.75 12 11.5 5.5 7 626.50 
1284 4. 12 11.5 3.5 7 22.50 
1282 2 12 11.5 1.75 7 21.50 

825 2 8 7.5 2. 5 $16.50 

• Each rack mount case kit contains one aluminum front panel, one 
steel interior mounting panel, two steel side panels, two steel 
covers, two aluminum handles, four rubber legs, one bag of 
assembly screws and an assembly diagram. 

• MAIL ORDER: Certified cheque, money order, Visa or Master Card 
plus 5% delivery charge (minimum $5.00 delivery charge). Ontario 
residents add 7% P.S.T. We send via Canada post, UPS. 

Sal% IME 
578 MARLEE AVE. Telex: 06.217736 SUND( TOR. 

(At G)encalrn Subway) Tot (416) 781.3263 
Toronto, ()Marks 

(Formerly Audlov,slon) M613 3J5 ln Dallas, USA: (214) 98.51642 

, Parts List   

Resistors (all 1/4W, 5g/o) 
R1,3  5k6 
R2,8 820k 

R4,7 82k 
R5,6 3k9 
PR 1 22k potentiometer 

Capacitors 
C1,5  10u 16V PCB elect. 
C2,3  47u 16V PCB elect. 
C4  luO 16V PCB elect. 

Semiconductors 
QI-4 2N929 
D1,2  1N4148 

Miscellaneous 
SW1  SPST or SPDT (see text) 

Manual Mode 
The AVC control is shown as a preset 
mounted on the circuit board, but if 
desired it could be an ordinary manual 
control fitted either to the control panel of 
the mixer or on the case of a separate unit. 

A manual control is useful as dif-
ferent conditions call for different degrees 
of control. In the lowest positions, opera-
tion of the control automatic circuit is not 
noticeable to an audience, but the 

K.E.M. 

Assembled I. tested metal case mounted Frequency Counter --
( 1 Year Guarantee ) 

(I) VW Freq.-counter Model KEM-102NS $159.98 
10Hz to 200111, 3-range. 6-digit LED.zero blanking 
Sensitivity 30mVr.m.s. , Input impedance 1Mohm or 50ohm 
Accuracy Ippm (0.00015) 

(2) OW Freq.-counter Model KEM-102N5-1G $249.98 
10Hz to 1000MHz(IGHz) 4-range. 6-digit LED.zero blanking 
Sensitivity 30eVr.m.s., Input impedance IMohm or 50ohm 
Accuracy Ippm (0.0001%) 

Frequency counter Kit series without case 

(I) 10Hz to 101112 counter Kit: Model HEM-10211 KIT 
10Hz to 10MHz 2-range. 6-digit LED 
Sensitivity 30mVr.m.s. Input impedance Mph. 
Accuracy 3PPm (0.0003X) --- Last 10 sets only ---

$69.98 

(2) 1014, to 200111, counter Kit: Model KEM-10214S KIT $94.98 
1014e to 200MHz 3 range. 6-digit LEO zero blanking 
Sensitivity 30,eVr.m.s., Input impedance Iftohm or 50ohm 
Accuracy 3ppm (0.00035) --- New Model ---

13) 200MHz Pre-scalercratio 1/100) Kit $19.98 
Maximum input 200111, . Sensitivity 30mlir.m.s. 

(4) High-Quality Metal Case Kit $40.00 

$5.00 for shipping. Plus Prov. Tax for BC residents. 
Plus C.O.D. fee if required. Prices I specifications are 
subject to change without notice. 

BC EE eds. EE 1 a .c r t ce re 1 es L.. t a 
Mel to Box 89128 Stet Ion (1(), Vancouver. B. 0. V5K 4W4 
OII.ce 879 E. Hest i ngs St. Van. Tel (804)251-1514 
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Fig. S Component overlay for the AVC unit. 

operator can see form his output meters 
that the loudest signals are restrained and 
kept within the range of the equipment. 
At the other extreme, if turned fully up, 
the loud sounds come out quieter than the 
soft ones. This degree of control would 
obviously never be used, and the setting 
will be somewhere well below that. 

Modifications 
A switch can be incorporated, if desired, 
to short the wiper of the control to 
ground. The same effect is obtained by 
turning down the control to zero, but the 
separate switch enables a particular con-
trol setting to be preserved when the cir-
cuit is switched out. Another optional 

Fig. 6 Board connections to peripheral com-
ponents when used as a separate control box. 
PRI can be replaced by a manual control on 
the panel if desired. 

feature is that the switch can be a double 
pole type with the second pole arranged to 
switch a LED on and off as an indication 
that the automatic circuit is in operation. 

Don't plug in without one! The 
family of solid state 

'SURGE PROTECTORS' 
• POSITIVE LOW COST PROTECTION FOR 
EXPENSIVE SOLID-STATE EQUIPMENT. 

• TAKES THE "ZAP" OUT OF TRANSIENT VOLTAGES. 

2 YEAR MANUFACTURERS 
REPLACEMENT WARRANTY 

DEALER ENQUIRIES INVITED 

elFrgirere 

e 

SSP-3 - $13.95 ea. 

SSP-4 • $24.95 ea. SSP-6 • $37.95 ea. 

SPECIFICATIONS • SSP-3 
Type: 
Size Moo: 
Configuration: 
Peek Current: 
Energy Absorption: 
Clamping: 
Indication: 
Filtering: 

metal oxide varistor 
one 14 mm. 
differential mode 
1600 amps 
45 Joules 
240 volts «z 1 ma. 
windicator monitor 
Differential Mode, one .01 mfd. 
capacitor across line. • 

ELECTRICAL RATING • SSP•3, SSP-4 and SSP-8 

Environment: 
Amps: 
Volts: 
Hz: 
Watts: 

FEATURES • SSP•3 
1. Low cost 
2. Windicator monitor 
3. Radio frequency filtering 
4. High temperature, high impact Noryl case 
5. Made in U.S.A. 

SPECIFICATIONS SSP-4 and SSP•6 

Type: 
Size Mou: 
Configuration: 
Peak Current: 
Energy Absorption: 
Clamping: 
Indication: 
Filtering: 

40 deg C to 70 deg C indoor 
15 
125 max. 
60 
1875 max. 

metal oxide varistor 
three 14 mm. 
common and differential mode 
16139 amps. 
135 Joules total 
240 volts @ 1 ma. 
neon lamp 
Common Mode, two .01 mfd. 
capacitor to ground 

FEATURES • SSP-4 and SSP-6 
1. State of the Art for passive surge surpression 
2. Indicator lamp monitors condition of suppressors 
3. Radio Frequency Filtering 
4. Made In U.S.A. 
5. High temperature, high impact Noryl case 
6. All modes of surges protected 

westown electronics 
A DIVISION OF 245603 ONTARIO LIMITED 

P.O. Box 370, Station U, Toronto, Ontario M8Z 5P7 

MAIL ORDER: Immediate delivery. Cheque, Money 
Order, Visa accepted. Please add $2.00 transport 
and handling. 
Ontario residents add 7% P.S.T. 

(416) 624-8284 Please no Collect Calls. 
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Continued from page 28 

LCD Bargraph 

For Your Information 

PCI Displays announce the PCIM 
500 Bar Graph Module. The LCD 
module has stand-alone capabili-
ty, containing the necessary 
decoders and drivers. Features in-
clude a full-scale graph of 32 
segments, operation from 5V, a 

selectable alarm level, and an 
alarm indicator and output. The 
voltage reference is built-in. From 
Zentronics, 8 Tilbury Court, 
Brampton, Ontario L6T 3T4, (416) 
451-8445. 
Circle No. 19 on Reader Service Card 

Shaft Encoder IC 

The IXYS Corporation, designers tal optical shaft encoders to pro-
of VLSI circuits for motion con- vide velocity and direction infor-
trol and one of the more unpro- mation, error detection, homing, 
nounceable names around, an- etc. The 8-bit format allows shaft 
nounce the IXSE501 Shaft En- speeds up to 38,000 RPM, depen-
coder Peripheral Interface IC, ding on the encoder used. IXYS 
which links position and velocity Corporation, 142 Charcot Ave., 
feedback from motors to San Jose, CA 95131, (408) 
microprocessors. It uses incremen- 435-1900. 

Circle No. 21 on Reader Service Card 

We Import Direct and We Service What We Sell 
BEST QUALITY INSTRUMENTS AT LOWEST COST! 

Why Pay More?... Just a Few Examples: 
NOW ALSO AVAILABLE: 
MODEL HC 775 AUTORANGING 

31/2 Digit LCD, "memory' and low 
, !resistance "buzz" Features: DC 
' !Volts: Resolution 100 micro V, p. -- max. 1000V. AC Volts: Resolution 

1 mV, Max. 750V. AC/DC current: 
Max. 10A. Resistance: 0.1 Ohm 
— 2 Meg Ohm. Overload protec-
tion on all ranges 

AN AUTORANGING 
V DMM AT $79.50 ONLY 

Add $5.00 for shipping. 

OSCILLOSCOPE 33330 
- 2 Chan. 
20mHz bandwidth 
Built-in 
Components 

• 4, 5 mV vert. 

• o 9 sensitivity 

Probes extra. 
Special Price $525.00 

Add $15.00 for shipping. 

Precision Multimeter Model 5050E 
• Input resistance, 10M /DC Introductory 
• 43 measuring • AC/DC current Price $67.50 
ranges max. 12A 

Add $5.00 for shipping 

JUST OFF THE 
PRODUCTION LINE IN 
KOREA UNBEATABLE IN 

EVERY WAY: 
Model DM 105, 3- 1/2 digit, LCD 
Multimeter, 10 Meg Ohm DC in-
put res, battery status indicator. 
Max 1000VDC at +/— 0.5% acc. 
— Max 750 VAC and max. DC cur-
rent 2000mA. Res. 1 Ohm to 2 
Meg Ohm. All ranges overload 
protected. Shock Mounted 
display. ALL THIS FOR AN 
UNBELIEVABLE $49.50 
Add $5.00 for shipping. 

OMM 601 

31/2 dig. 0.25% acc. 
0.1 mV - 1000 VDC 
0.1 uA - 2 A AC/DC 
0.1 mV - 750 VAC 
0.1 ohm - 20 M ohms 
Safety test leads incl. 

$63.90 
viargagagig Add $5.00 for shipping 
Dmm 6040 (same as 601) 
except: max. 10 A AC/DC 
$69.50 Add $5.00 for shipping. 

Mail Orders: Visa Certified Cheque, Money Order or COD's F.O.B. Oakville, Ontario residents add 7% P.S.T. 

KB ELECTRONICS 
355 Iroquois Shore Rd., Oakville, Ont. L61-1 11V13 
(416) 842-6888 Telex 06-982396 (KBEL OKVL) 

RS232 Patch 

The Micropatch interface adaptor 
solves the problem of switching the 
leads around on RS232 cables. The 
adaptor is inserted in the line using 
its own DB25 connectors, and 60 
spring sockets allow custom con-
figuring of the connections 
without cutting or soldering. 
Comes with 25 reusable jumper 
wires. From Home Base Inc., 60 
Nably Court, Scarborough, On-
tano M1B 2K9, (416) 293-4488. 
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Electronics Today helped 
Bill Jackson build his business. 
Bill Jackson, President of Computer Parts Galore Inc., has been actively selling electronic 
and microcomputing components for more than 10 years. Most important, Mr. Jackson 
has been successful and to a large degree that has been because he recognized how 
valuable Electronics Today was as an advertising medium. 

Beginning in the summer of 1982, Mr. Jackson has continually ,ncreased his advertis-
ing budget in Electronics Today consistent with the growth of his retail and mail order 
sales. Today, Computer Parts Galore Inc., is now a major advertiser in Computing Now!, 
another magazine in the Moorshead Group, to reach another lucrative audience for his 
products. 

Mr. Jackson reports, "Electronics Today has given me a very good response, in-
cluding technical personnel in addition to hobbyists and students. And I get it every 
month." 

Electronics Today readers are informed, educated, and they buy. Next mon:h is the 
month you should rethink your marketing plan and move to Electronics Today ... every 
month. Let our Electronics Today Advertising Director show you how it can deliver for you. 

EleZrOnICS 
z y Can help build your business us well. 

For Advertising Information Call Marlene Dempster (416) 445-5600 



Continued from page 27 
Computer Controlled Filter 

grammed to divide by any even integer 
from 2 to 131070, and a vast range of 
some 65535 output frequencies is 
therefore available. However, most of 
these are unusable in this case as they are 
within the audio range, and would pro-
duce noticeable breakthrough at the out-
put. The available range enables some 
useful effects to be generated though. 

The full circuit diagram of the unit 
appears in Fig. 3. If we take the channel 
based on ICIa, RI and C2 are the input 
filter, while IC2 operates as a standard 
third order 18dB per octave lowpass filter 
at the output. SW1a selects the required 
type of filtering, and on the prototype this 
is ganged with SW1b in the other channel. 
However, separate switches should be us-
ed here if you wish to use the two channels 
in different filter modes. RV1 is the 'Q' 
control. The filters are connected to 
operate with a 100 to I clock/cutoff fre-
quency ratio, which gives an effective 
sweep range of about 150Hz to 5kHz. 

The circuit requires dual balanced 5 
volt supplies. The 55 volt supply is 
available rom the Commodore 64's user 
port, but the -5 volt supply has to be 
derived from one of the 9 volt AC outputs 
using a simple rectifier, smoothing, and 
regulator circuit based on IC4. 

Construction 
Details of the printed circuit board and 
wiring are shown in Fig. 4. There is 
nothing unusual about construction of the 

in different filter modes. 

board, but note that ici is a MOS device 
and should be mounted in a socket. The 
other MUS handling precautions should 
also be observed. The connections to the 
computer are taken via a 5 way DIN 
socket fitted on the rear panel of the case. 
From here the connections are carried to 
the computer by way of a 5 way ribbon 
cable up to about a metre long and fitted 
with a 5 way DIN plug to connect to SK5, 
and a 2 by 12 way edge connector at the 

Fig. 4 The component layout: straightforward, but use an IC soket for ICI. 
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Fig. 3 The circuit. The switches should be used in place of SW2 if you intend to use two channels 

end which connects to the user port of the 
computer. Fig. 5 gives wiring details for 
the edge connector. 

The case for the prototype is a plastic 
Verocase having metal front and rear 
panels, with approximate outside dimen-
sions of 180 by 120 by 39 millimetres. Any 
case of roughly the same size should take 
all the parts without any difficulty 
though. The controls and input/output 
sockets are mounted on the front panel. I 
used a stereo jack socket at the inputs, 
and another at the outputs, but any type 
of audio connector that is convenient for 
your particular setup can be used. 

In Use 
It is advisable to plug the unit into the 
computer prior to switching on the latter. 
The filters have a medium input im-
pedance, low output impedance, and 
nominally unity voltage gain, and they 
should therefore fit into most set-ups with 
no problems. Signals of up to about 2 
volts RMS can be handled. 

In order to set the timer/counters of 
the computer's interface chip to the cor-
rect operating mode a value of 23 must be 
written to the two control registers. These 
are at addresses 56590 and 56591. The 
high bytes of the two timer/counters are 
at addresses 56581 and 56583, and in this 
application these are set to and simply left 
at zero. The filter frequencies are then 
controlled by the values written to the low 
bytes at addresses 56580 and 56582. These 
control the filters fed from PB6 and PB7 
respectively. Values from 1 to about 25 
can be used, and although this gives rather 
crude control of the filter frequency, it 
nevertheless produces some good effects. 
This simple program demonstrates the 
basic way in which the filter is used. 
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COM 

ICA 
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Resistors (All 1/4W 5%) 
R1,8  3k3 
R2,3,9,10  56k 
R4,11  33k 
R5,6,7,12,13,14  8k2 
RI5  22R 
RV1,2  220k linear pot. 

Capacitors 
C1,7 470nF carbonate 
C2,8 220pF ceramic plate 
C3,9 3n3 carbonate 
C4,10 4n7 carbonate 
C5,11  330pF ceramic plate 
C6,13  10uF 25V radial elect. 
C12,15   100nF ceramic 
C14  470uF 16V radial elect. 
C15  220uF 16V radial elect. 
C17,18  100uF 10V radial elect. 

Semiconductors 
ICI  MF1OCN 
IC2,3 741C 
IC4 79L05 5V 100mA regulator 
D1,2 I N4002 

Miscellaneous 
SW1 4 pole 3 way rotary 
SKI-4  standard or stereo jacks 
Sk5  5 way DIN socket (180 degree) 

Case about 180 x 120 x 39mm; three control 
knobs; five-way cable; 5-pin (180 degree) DIN 
plug, and 2 x 12 way 0.1 inch pitch female edge 
connector; 20 pin D1L IC socket; wire, etc. The 
MFIO switched capacitor device is available 
from Hobbilt Electronics, 7454 Langelier, St. 
Leonard P.Q., HIS 3B7, (514) 259-5581. 

10 POKE 56590,23 
20 POKE 56591,23 
30 POKE 56581,0 
40 POKE 56583,0 
50 R=25 
60 FOR L = 1 TO 25 
80 R = R-1 
90 NEXT 
100 FOR L = 25 TO STEP-1 
110 POKE 56580,L:POKE 56582,R 
120 R=R+1 
130 NEXT 
140 GO TO 60 

This program moves the filter fre-
quencies up and down in antiphase, using 
what is effectively a triangular modulation 
waveform. You do not really need to be a 
software genius in order to work out sim-
ple routines to vary the filter frequencies 
in various ways, and timing loops or dum-
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my instructions can be added in order to 
reduce the modulation frequency. If you 
are familiar with 6510 machine code pro-
gramming then it is possible to obtain 
faster operation if desired. 

With the VIC-20 computer both 
filters must be driven from PB7 of the 
user port. A value of 192 is written to the 
control register at address 37147 in order 
to set the timers to the correct mode, 0 is 
written to the high byte of the timer/-
counter at 37141, and the filter frequency 
is controlled by writing a value in the 
range 1 to about 25 or so to the low byte at 
37140. 

As pointed out earlier, any computer 
with one or two digital outputs could pro-
bably provide suitable clock signals with 
the aid of a machine code program. • 

.5V 9V AC 

ODUCIDI (110017011 

P.B7 
PB6 GND 

Fig. 5 Wiring details for the edge connector. 



Continued from page 40 For Your Information 

Peak Power Meters 

The Wavetek 8500 series of peak 
power meters offer a unique 
self-calibration system and an 
LCD display which gives menus, 
power readings, and a profile of 
the detected pulse. The unit can be 
controlled through a General Pur-
pose Instrument Bus (GPIB). 

Either repetitive pulses or single 
pulses as short as 15ns can be 
measured, from 30MHz to 40G Hz. 
From Allan Crawford Associates 
Ltd., Test and Measurement Divi-
sion, 5835 Coopers Ave., 
Mississauga, Ontario L4Z 1Y2, 
(416) 890-2010. 
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Vero Connectors 

Electronic Packaging Systems is 
the representative for BICC-Vero 
Electronics, who make a wide 
range of multiway connectors, rib-
bon cable connectors, and 
assembly tools. They also offer 
assemblies manufactured to 
customer specifications. In addi-
tion, they feature the Vero Elec-

tronics VMEbus packaging, con-
nectors, card frames, power sup-
plies, and complete printed circuit 
cards for CPUs, memories, GPIB 
controllers, etc. Electronic 
Packaging Systems Ltd., PO Box 
481, Kingston, Ontario K7L 4W5, 
(613) 384-1142. 
Circle No. 24 on Reader Service Card 

Product Mad Where Buyers Find Sellers 
1.1Jj.:1111  
ÉLECTRONIQUE 

WE DON'T SELL COMPUTERS. 
WE JUST SELL THE PARTS! 

Send your name and address along with 
$1.00 to: 7454 Langelier, St. Leonard 
Montreal, Que. HIS 3A7. 
Tel: (514) 259-5581. 

PRINTED CIRCUIT BOARDS for ETI and 
Ham Radio Projects. Our full list is free. 
Coleco Adam cassette drives new with 
schematic $59.95, Joy sticks $11.95, 
Keyboards $76.50 new. B-C-D ELEC-
TRONICS, P.O. Box 6325, Station F, 
Hamilton, Ontario. L9C 6L9. 

"YOUR CHOICE of 8 total of the following 
high quality semiconductors for only 
$9.70 which includes $2.00 shipping; 
74LSOON (QUAD2-NAND), 74LS04N (IN-
VERTER), 74LSO8N (AND), 74LS2ON 
(DUAL4-NAND), 74LS27N (NOR), 
74LS107AN (DUALJ-K WITH CLEAR), 
2N2222A (NPN TRANSISTOR), MV5053 
(REDLED), RL21 (REDLED). Print items 
required, your name and address and 
send to CEDAC, 6 Douglas Cr., Hillsburgh, 
Ontario NOB 1Z0." 

FOR $10 per kit $2 handling, receive free 
ft.;. and any of the following. #1: 1000 
asst'd pcs choke — capacitor — resistor 
— transistor — hardware — etc. #2: 200 
asst'd ceramic — #3: 100 asst'd silver 
mica — #4: 100 asst'd mylar — #5: 50 
asst'd tantalum — #6: 50 asst'd elec-
trolytic — #7: 50 asst'd feed-through — 
#8: 50 asst'd metallic silver mica (Elmen-
co) #9: 25 asst'd variable — #10: 100 asst'd 
5MM L.E.D. — #11: 100 asst'd iic sockets 
— #12: 6 AA nicad batteries — #13: 15 
PL-259 connectors — #14: 10 UG88 con-
nectors — #15: 10 asst'd Lorlin switch. All 
new material. Unconditional guarantee. 
SURPLUS ELECTRO QUEBEC, 2264 
Montee Gagnon, Blainville, Quebec J7E 
4H5. 

J&J ELECTRONICS LTD., Box 1437E, Win-
nipeg Manitoba R3C 2Z4. Surplus and 
Semiconductor Specialists. Do you get 
our bargain flyer? Send $1.00 to receive 
the current literature and specials and to 
be placed on the mailing list for future 
publications. 

LED..LED...LED.... Always in stock for im-
mediate delivery by return mail. (5mm dif-
fused) Red. 10, Green.12, Yellow.12, 
Amber.14, Orange.14, 2 Pcs holder. 04, 
Minimum order 100 each. Add $2. for 
postage. Free sample and selection guide 
on your letterhead. To SURPLUS ELEC-
TRO QUEBEC, 2264 Montee Gagnon, 
Blainville, P.Q. J7E 4H5. 

KIT. KING 
75 fun projects that you can build. Start 
today by writing for our catalogue. It is 
free! Catalogues, KIT-KING, 21 Mill St., 
Orangeville, Ontario, L9W 2M2. 

SARNIA now has surplus! Resistors, 
capacitors, I.C.'s, switches, LED's, and 
more! Thousands of electronic parts plus 
other interesting hobby gadgets (new 
deals arrive every week)! Almost every 
kind of manufacturers surplus you can 
imagine! Visit SARNIA SURPLUS 
LIMITED, 174 Christina St. N., Sarnia, On-
tario, N7T 5T9 (519) 344-3044. 

COMPUTERS: Apple and IBM compatibles 
available at low, low prices. Send $1.00 to 
help cover postage to: MICRO-SOURCE, 
R.R. #5, Site 7, Comp. 15, Vernon, B.C., 
V1T 6L8. 
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RF Analyzers 

The Wiltron 6407 RF analyzer 
makes precision transmission, 
return loss and absolute power 
measurements over the 
1-1000MHz range, with the Model 
6409 covering the 10-2000MHz 
range. The portable micro-
processor-controlled units contain 
a crystal-derived swept signal 

source, a scalar network analyzer, 
an external RF detector and an 
SWR autotester function. The 
analyzers can store up to nine test 
setups. For more information, 
contact Wiltron Instruments Ltd., 
Unit 102, 215 Stafford Rd., Ne-
pean, Ontario K2H 9CI, (613) 
726-8800. 
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Connectors 

ICC Canada is marketing and 
distributing a complete line of 
AMP-compatible connectors, in-
cluding 9, 15, 25, 37 and 50 pin 
D-subminiatures with crimp 
snap-in style connectors of 20-24 

Circle No. 26 on Reader Service Card 

and 26-28 AWG. Various shell 
styles are available for interference 
suppression. ICC Canada, 461-28 
Alden Rd., Markham, Ontario 
L3R 3L4, (416) 477-0566. 

The Canadian Standards Associa-
tion has announced the publication 
of the 1986 Canadian Electrical 
Code, Part I: Safety Standards for 
Electrical Installations. The Code 
is a national standard throughout 
Canada, although amendments 
can be made by provinces or 
municipalities. Major changes are 
said to have been made on the 
regulations for circuit loading, 
grounding, wiring methods, elec-

trical communications systems, 
etc. The Code is available by mail 
order or telephone order for 
$30.00 plus $1.25 postage from the 
Canadian Standards Associa(ion, 
Sales Group, 178 Rexdale Blvd., 
Rexdale, Ontario M9W 1R3, (416) 
747-4044. For $33.75 plus $1.25 
postage, you get the Code plus a 
summary of the changes, 'What's 
New In 86'. 
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Moorshead Publications 

Order Form 
Subscriptions: 

Please complete reverse side of order form to start or 
renew a subscription. 

Back Issues: $4.00 each; Ontario residents add 7% sales tax. 
Please circle issues cf,sired. 

1977 February July  
1978 April May September November December 

1979 February March Apri I May July 

August September October November 

1980 January February May June November December 
1981 January February March April June July 

August September October November December 
1982 January March April May June 

July August September October November December 
1983 January February March April May June July 

August September October November December 

1984 January February March April May June July August 
October November December 

1985 January February March April May June 
July August September October November December 

On the following items please add $1.00 for postage and handling 
plus 7% Ontario provincial sales tax. 

Special Publications: 
ITEM OTY AMOUNT 

Electronic Circuit Design $3.95 
Projects Book No. 2 $3.95 
Personal Computer Guide $3.95 
50 Top Projects $4.95 
Your First Computer $3.95 
Computers in Small Business $3.95 

Binders: El Electronics Today; El Computing Now! 
Moorshead Publications 

$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 $ 
Tax (Ontario Residents) $ 

Postage $ 
Total Enclosed $ 

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. 

Do you currently subscribe to Electronics Today Yes No L Computing Now! 
Yes E; No Computers in Education Yes L3 No El Software Now Yes Ci No U 



BE SURE OF YOUR ISSUE EACH 
MONTH. SUBSCRIBE TODAY. 

BOOKS, BACK ISSUES, SPECIAL 
PUBLICATIONS, BINDERS SEE OVER 

Printers 
Making Hard Copy Easy 

• Demeter T.Dellter 
• D. DI. 

• EDEon E11,1, 

• DEC 1,210 

Moorshead Publications 
1300 Don Mills Rd., Don Mills, Toronto, Ont. M3B 3M8 

MERCHANDISE ORDER '1- Please fill out form overleaf 
SUBSCRIPTIONS: 11 NEW SUBSCRIPTION II RENEWAL 

Electronics Today 
One year (12 issues) $22.95 Two years (24 issues) $37.95. 

Computing Now! 
One year (12 issues) $22.95 in Two years (24 issues) $37.95 

Computers in Education 
E One year (10 issues) $25.00 E Two years (20 issues) 945.00 

Outside Canada (US Dollars) 
For U.S. please add $3.00 per year D other countries add $5 Per Year D 

NAME   

ADDRESS   

TOWN/CITY  PROVINCE/STATE   

CODE  DATE   

POSTAL CODE   

D Cheque enclosed DO NOT send cash 

II Mastercard Account No.   

D Visa Account No.   

D American Express Account No.   

Expiry Date   

Signature   

Electronics Today Presents 
The World's First 3-D Binder Ad! 

The two photos below, which had to be printed sideways to fit 
the format, were photographed separately with the camera 
moved about two inches and can be blended into a three-
dimensional image in a number of ways. 

Try staring at one of them and move the page back and 
forth in front of your eyes until they blend. This method is ex-
tremely frustrating, though it works eventually. 

Place a piece of cardboard about 3 inches square between 
your eyes and move the images up to the cardboard. This 
works, but they'll be out of focus, unless you have weird eyes. 

Put a small slide magnifier or magnifying glass above 
each photo and look through them. This works really well ex-
cept for the cost of the magnifiers. 

Listen. If you've spent an evening trying unsuccessfully to 
get the two images to blend, we apologize for wasting your 
time with this foolery. 

What won't waste your time, however, are the new Elec-
tronics Today binders, also available with Moorshead Publica-
tions on the spine for keeping Computing Now!, Computers 
In Education, or our special issues. 

They hold twelve issues without cutting or punching, and 
they're spacious enough that the magazines are held fair and 
square without bunching or creasing. 

To order yours, specify which imprint and send $9.75 
(Ontario residents add 7% sales tax) to: 
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Binders 
Moorshead Publications 
1300 Don Mills Rd., 

Don Mills, Ontario M3B 3M8 
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SCOPE CONTEST 

Win the Hameg HM203-5 oscilloscope! 

• Dual trace, 5mV/div vertical sensitivity. 
• DC to 20M Hz horizontal amplifier. 
• Full-featured trigger amplifer. 
• Built-in calibrator. 
• Built-in component tester. 
• Complete with probes and two-year warranty. 

rarbrit It 

MM. e l 

The Hameg HM203-5 is supplied by the distributor, BCS Electronics Ltd., 980 Alness St., Unit 7, Downsview, Ontario M3J 
2S2. 

Win This Scope in Electronics Today's Hassle-Free Contest! 
If you think about entering contests, but never get around to it because you're faced with finding an envelope 
and cutting out forms and so on, we've solved it all for you. All you have to do is circle a number on our Reader 
Service Card. 

No scissors, no hassle. 
And while you're at it, if you haven't used a Reader Service Card before, this can be your big moment. Most 
advertisers and new product mentions have a service number. Circle the number of the product you're interested 
in, and we'll take care of the rest. Information will be sent to you by the company or their representative. 

It's an easy way to get more information, it helps the manufacturers judge the response to their products, 
and it helps us judge your interests as a reader. 

And, if you're not a subscriber, you'll note the postage-free subscription card attached to the Reader Ser-
vice Card. A good chance to keep Electronics Today coming in regularly at much less than the newsstand price. 

Below is a circuit diagram and a question with four answers. Choose the answer you think is right, circle the cor-
responding number on our Reader Service Card (between pages 40 and 41), fill out and mail it. 

+ 15V 

The circuit represents: 

A. A relaxation oscillator. Circle Reader Service Number 97. 

B. A voltage regulator. Circle Reader Service Number 98. 

C. A temperature-compensated audio amplifier. Circle Reader Service 

D. A non-functioning circuit. Circle Reader Service Number 100. 

Number 99. 

Contest Rules: 

I. If the Reader Service Card is missing, you can send in your answer by regular mail. 

2. Only one entry per person, please. 

3. The winner will be drawn from the total of correct answers received. 

4. The deadline for entries is April 15, 1986. The winner will be notified by mail or telephone within seven days of judg-
ing. The winner and correct answers will be published in the May issue. 

5. The prize will be awarded as described. No correspondence will be entered into regarding this contest. 

6. Any persons associated with the contest, including employees (and their families) of Moorshead Publications or BCS 
Electronics are precluded from entering. 

If the Reader Service Card is missing, send your answer to: 

Moorshead Publications 
Electronics Today Scope Contest, 

1300 Don Mills Road, 
Toronto, Ontario. M3B 3M8 
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Continued from page 45 For Your Information 

Rolled Grommets 

A big problem in packaging is try-
ing to find a way to protect the 
edges of openings; you often have 
to suit the hole to available grom-
mets. The Brady Co. solves the 
problem with extruded nylon 

grommeting material in black or 
natural, serrated or uncut, 
available in six sizes up to 1/4 inch. 
W.H. Brady Inc., 10 Marmac 
Drive, Rexdale, Ontario M9W 
1E6, (416) 675-7111. 

Circle No. 27 on Reader Service Card 

Strain Gauge 

The Alphatron DPM-35-LC-PH 
digital strain gauge indicator can 
freeze the reading at peak or max-
imum force and can accept input 
from up to four load cells. It's also 
available as a standard strain 
gauge indicating meter, or with an 

optional 4-20mA output and dual 
set point relays. Alphatron also 
makes load cells; complete systems 
are available. Alphatron Inc., 350 
Harvey Road, Manchester, NH 
03103, (603) 625-9229. 

Circle No. 28 on Reader Service Card 

Flat-top LED 

huh 
dewlett-Packard's flat-top LEDs 
combine flush-panel mounting 
with a wide viewing angle and 
uniform light output. The product 
selection includes stan-
dard-brightness, high-brightness, 
and integrated-resistor types; also 

available are low-current devices 
in high-efficiency red or yellow. 
Contact the Inquiries Manager, 
Hewlett-Packard Canada Ltd., 
6877 Goreway Drive, Mississauga, 
Ontario L4V 1M8, (416) 678-9430. 

Circle No. 29 on Reader Service Card 

Power Supplies 

A new line of bench power supplies 
is available in the Brunelle Com-
mander series. 20 models are 
available in eight voltage ranges, 
including six dual tracking models 
from 0-18VDC to 0-150VDC, 
with current levels from 1 to 20A. 

All units feature short circuit pro-
tection, automatic constant cur-
rent and constant voltage outputs, 
and excellent regulation. Brunelle 
Instruments, 73 6th Range S. (In-
dustrial Park), St. Elie d'Orford, 
Quebec JOB 2S0, (819) 569-1408. 

Circle No. 30 on Reader Service Card 

A computer now can perform in 15 
minutes a procedure that often 
takes physicians two to four hours, 
and the use of dyes, x-rays and 
five to six catheters. Radionuclide 
angiography provides for an 
easier, more accurate diagnosis of 
many heart disorders, says 
Thomas Bashore, assistance pro-
fessor of medicine and radiology at 
Ohio State University, Columbus, 
Ohio. Cardiologists hope that the 

added information this procedure 
gives about the heart will aid physi-
cians in determining a patient's 
risk of sudden death. 

The uniqueness of the pro-
cedure is the computer's ability to 
recognize and record the location 
of the heart's "skip beats." These 
irregularities, called premature 
ventricular contractions or PVCs, 
indicate a misfiring within the 
heart's normal rhythm of contrac-

tions. While much remains to be 
learned about the significance of 
PVCs, Bashore says that "certain-
ly, PVCs can be harbingers of sud-
den death. Most sudden death is 
thought to be initiated by a series 
of PVCs called ventricular 
tachycardia," says Bashore. 
"Most, but not all, sudden death 
victims have exhibited PVCs." 

But until now, heart cathe-
terization has been the only 

method of correctly determining 
the location of a PVC, he says. 
Catheters threaded through blood 
vessels into the heart record elec-
trical activity at various sites in 
order to pinpoint the PVC. While 
the procedure is highly accurate, 
the use of the catheter can present 
both discomfort and risk for the 
cardiac patient, he says. As an 
alternative, patient monitoring 
with an electrocardiogram, or 
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Wirewrap Tool 

The OK Industries OK-11 
wirewrap tool is ideal for all ap-
plications from R&D to 
high-volume production. The tool 
uses 22-34 gauge wire, incor-
porates positive gear drive for long 

life and low maintainence, and has 
circuitry fro RF1 suppression. 
From Len Finkler and Company, 
80 Alexdon Rd., Downsview, On-
tario M3J 2B4, (416) 630-9103. 

Circle No. 31 on Reader Service Card. 

Delay Lines 

Lower height, auto-insertable 
delay lines for logic circuitry allow 
delays of 25ns to 250ns in 10 stan-
dard delays; five equally-spaced 
taps per IC are available. Output 
rise time is 4ns, with drive 

capabilities of 10 STTL loads with 
logic 0 or 20 STTL loads with logic 
1. Kappa Networks Inc., 1443 
Pinewood St., Rahway, NJ 07065, 
(201) 541-1600. 
Circle No. 32 on Reader Service Card. 

ECG, is used to locate the PVC 
origin. The procedure is less 
threatening to the patient, but also 
less accurate in certain situations. 
"When determining skip beats in 
the right ventricle, we've found 
that the ECG is accurate about 90 
percent of the time. On the left 
ventricle, it's accurate only 17 per-
cent of the time," says Bashore. 

The ECG often mistakes 
damaged heart tissue as sites of 

PVCs, he believes. Because 
damage to the left ventricle is 
much more common than damage 
to the right, the margin of error is 
much greater in that portion of the 
heart, he says. In more than 50 
comparisons at University 
Hospitals, Bashore pitted his com-
puter technique against catheter-
ization and ECG readings. 

"We took the 'gold standard,' 
the catheter, and tried to see if we 

AC Current Sensor 

Now why does it say ̀ ZI-I 09' in the 
photo? Anyway, if you need to 
monitor AC current flow with 
complete isolation, the Coilcraft 
G6517-A 60Hz current sensor 
functions as the secondary of a 
current transformer while the cur-
rent-carrying lead passes through 
it and acts as a one-turn primary. 

Output is 12mV at 1 amp to 90mV 
at 10 amps. The centre hole is 1/8 
inch in diameter. While the com-
pany deals mainly with the OEM 
market, they'll no doubt have a list 

distributurs. Coilcraft, 1102 
Silver Lake Rd., Cary, Illinois 
60013, (312) 639-6400. 

Circle No. 33 on Reader Service Card. 

could learn the same thing non-in-
vasively," he said. The results, 
says Bashore, were "very im-
pressive. We didn't miss any PVC 
sites," he says. 

In addition, the computer im-
ages provided the information on 
chronic heart disease, evidence of 
heart damage, blocked blood 
vessels and the percentage of blood 
pumped. Data could be collected 
en a patient who was at rest or on a 
stationary bicycle. A patient about 
to undergo radionuclide angio-
graphy will be injected with a sonall 
amount of radioactive material, 
allowing for about the same radia-
tion as a chest X-ray, Bashore 
says. Catheterization also involves 
the use of some radioactive 
material. Since the radioactive 
substances adhere to red blood 
cells, nuclear gamma ray cameras 
can record images of blood "pool-
ing" inside the heart. The normal 
heart "beat" is really a wave of 
contractions .which _spread, from 
the upper to lower heart chambers 
and out into the ventricles. 

Recording blood pool images 
of heart contractions is not dif-
ficult, said Bashore. Each series of 
heart contractions presents a faint, 
but separate, image for the com-
puter to record. Stacking the im-
ages, the computer can assemble a 
multi-coloured picture of the 
beating heart. But to stack the 

faint images of PVCs, the com-
puter must be able to differentiate 
between the electrical misfirings, 
or PVCs, and normal heart con-
tractions. 

Now that radionuclide angio-
graphy could offer the same results 
as catheterization, Bashore said he 
would like to try to go a step fur-
ther and use the procedure to 
determine how sudden death 
relates to PVC sites. 

"The extent of coronary heart 
disease, the amount of damage to 
the left ventricle and the presence 
of PVCs are the three things which 
tell the most as to who's suscepti-
ble to sudden death," he says. 

Using radionuclide angio-
graphy, Bashore can record each 
ot these three factors. If some rela-
tionship is established between the 
PVC site and the tachycardia 
which can signal sudden death, 
cardiologists may be able to deter-
mine a method of lowering risk. 
"Previous' studiegs using just the 
ECG suggest that PVCs in the 
right ventricle may be benign while 
those in the left ventricle often may 
be more dangerous. But because of 
the problems of interpreting the 
origin of PVCs with the ECG, the 
new computer methods may be 
able to clarify whether the dif-
ference exists," Bashore says. 

- David Dempster 
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Electronics 
Today 

BACK ISSUES 
1985 
Jan. — Index 1982-84, Cap. Meter, RS232 

Breakout 
Feb. — EPROM Emulator, CMOS Tester 
Mar. — Low-cost PSU, Visuwriter 
April — Silkscreening, Relay Driver 
May — Designing with Micros, Darkroom Timer 
June — Distortion Meter Pt. I, Nicad Charger 
July — Distortion Meter Pt. 2, Tracking PSU 
Aug. — Sound Effects Box, Time Domain 

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

Box 
Dec. — ET Photoflash, Heat Pen, FET Amp 

1984 
Jan. — ZX8I AD Converter, Op Amp Circuits 
Feb. — Computer Supply Protector, R/C Subber 

Mar. — Stereo Spreader, ADC Filter, Freq. 
Counter 

April — Drum Synth, Zener Tester, ZX81 
Graphics 

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

ment 
July — Motor Controller, Stylus Timer, Exar 

Super Timer 
Aug. — Servo Interface, Model Train Switch 

Controller 
Oct. — 10-project Bonanza, Video Distribution 

Amp 
Nov. — Headphone Amp, Model Train Light 

Controller 
Dec. — Function Generator, ZX81 Tape Control 

1983 
Jan. — Sound to Light Modulator, Series 5000 

Preamp Pt. 2 
Feb. — Spectrum Analyzer Pt. 1, Series 5000 Pt. 3 

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

Loudspeaker Protect or 
May — Graphic Equalizer, Audio Analyzer Part 2 

June — Touch Organ, Overload Indicator, Prox-
imity Detector 

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

Graphics 
Dec. — Nicad Rejuvenator, Expanded Scale 

Voltmeter 
1982 
Jan. — Movement Alarm, Temp. Controlled 

Iron, 1981 Index 
Mar. — Reaction Tester, Crystal Marker 
April — 10 Projects, 4066B Circuits 
May — Super Dice, LED Level Meter 
June — Phono Preamp, Roulette Game, Stylus 

Organ 
July — Negative Ion Generator, Scratch Filter, 

VCAs 
Aug. — Semiconductor Tester, Synthesizer Pt I, 

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

thesizer Pt 2, Into Digital Series begins 

d 

Oct. — Intelligent Terminal, Pest Control, 
XR2206 IC. 

Nov. — Solid State Reverb, RPM Meter, Synth 
Ill 

Dec. — Contrast Meter, Series 5000 Preamp Pt I. 

1981 
Jan. 

Feb. 

Mar. 
April 
June 
July 

Aug. 
Sept. 
Oct. 

Nov. 
Dec. 

1980 
Jan. 

Feb. 

May 

June 

— 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. 

Dec. 

1979 
Feb. 
Mar. 
April 
May 
July 

Aug. 
Sept. 
Oct. 
Nov. 

1978 
April 
May 
Sept. 
Nov. 

Dec. 

1977 
Feb. 

July 

— Thermistors, Guitar Practice Amp, 
Infrared Remote Control 

— R1AA Preamp, Digital Test Meter 

— 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 
Voltmeter 

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 AM J J A S 0 N D 
1986 D D D 

1985 D 0000000 D ID D D 

1984 D D D D D D DNAD D D 
19830 00000000000 

1982 D NA ID 000000000 

1981 D D D D NA D 000000 

1980 D D NA NA D D NA NA NA NA D D 

1979 NADOEDNADDOCIDNA 

1978 NA NA NA D D NA NA NA Cl NA D NA 

1977 NA D NA NA NA NA D NA NA NA NA NA 

Total Number of Issues  

Total Amount Enclosed (g $3.00 each  

Name  

Address  City  

Province  Postal Code   

Send to: Bach Issues, Moorshead Publications, 1300 Don Mills Rd., Don Milks, Ontario M3B 311a. 
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BABANI BOOKS  
Imported from England and exclusively 
available in Canada from Moorshead 
Publications. 
BP53: PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE $11.75 
A book that bridges the gap between complicated technical 
theory and the 'cut and try' method. A good reference book 

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

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

BP150: AN INTRO. TO PROGRAMMING THE 
SINCLAIR QL $7.75 
Helps the reader make the best use of the Sinclair QL's 
almost unlimited range of features. Complements the 
manufacturer's handbook 

BP225: A PRACTICAL INTRODUCTION TO 
DIGITAL ICs $6.65 
This book deals mainly with TTL type chips such as the 7400 
series. Simple projects and a complete practical construction 
of a Logic Test Circuit Set are included as well as details for a 
more complicated Digital Counter Timer project. 

BP130: MICRO INTERFACING CIRUITS - 
BOOK 1 $13.55 
Aimed at those who have some previous knowledge of ele, 
tronics, but not necessarily an extensive one, the basis of the 
book is to help the individual understand the principles of In-
tel acing circuits to microprocessor equipment. 

BP131: MICRO INTERFACING CIRCUITS - 
BOOK 2 $8.55 
Intended to carry on from Book 1, this book deals with prac-
tical applications beyond the parallel and serial interface. 
"Real world" interfacing such as sound and speech 
generators, temperature and optical sensors, and motor con-
trols are discussed using practical circuit descriptions 

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

BPI41: LINEAR IC EQUIVALENTS AND PIN CONNECTIONS 
ADRIAN MICHAELS $21.95 
Find equivalents and cross-references for both popular and 
unusual integrated circuits. Shows details of functions, 
manufacturer, country of origin, pinouts, etc.; includes Na-
tional, Motorola, Fairchild, Harris, Motorola, Intend, Philips, 
ADC, AMO, SCS, Teledyne, and many other European, 
American, and Japanese brands. 

BP156: AN INTRODUCTION TO QL MACHINE CODE 
$7.75 

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

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

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

BP32: HOW TO BUILD YOUR OWN METAL & 
TREASURE LOCATORS $7.75 
Several fascinating applications with complete electronic 
and practical details on the simple, and inexpensive con-
struction of Heterodyne Metal Locators, 

It 
ELECTRONIC THEORY 

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

and Components 
BP63: BOOK 2. Alternating Current 

Theory $ 8.55 
BP64: BOOK 3. Semiconductor 

Technology 
BP77: BOOK 4. Microprocessing Systems 

$11.70 

$18.55 

And Cocults $11.70 
BP89: BOOK 5. Communication $11.70 
The aim of this series of books can be stated quite simply --
it is to provide an inexpensive introduction to modern elec. 
tionics so that the reader well start on the right road by 
thoroughly understanding the fundamental principles involv-
ed 

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

F ac h book is a complete treatise of a panic ular branc h 
c4 the subject and, therefore. can be used on its own with one 
proviso, that the later books do not duplicate material from 
their predecessors, thus a working knowledge of the subie( ts 
covered by the earlier books is assumed 

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

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

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

BOOK 4 A complete description of the internal work. 
onus of microprocessor 

BOOK 5 A book r meting the whole communic ation 
scene 

PROJECTS 
BM: ELECTRONIC PROJECTS FOR BEGINNERS $ 7,75 
F.G. RAYER, T.Eng.(CEI), Assoc.IERE 
Another hook written by the very experienced author -' Mr 
F C Raver - and in it the newcomer to electronics, will find 
a wide range of easily made proiects Also, there are a con-
siderable number of actual component and wiring layouts, to 
aid the beginner 

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

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

IIP37: 50 PROJECTS USING RELAYS, 
SCR's & TRIACS $7.75 
F.G.RAYER, T.Eng.(CEI),Assoc.IERE 
Relays slim on controlled rec tif ers (SCR's) and bi-directional 
triodes ( TRIM. s) have a wide range of applications in elec. 
minis s today this book gives tried and practical working cor. 
cults whit h should present the minimum of difficulty for the 
enthusiast to construct In most of the circuits there is a wide 
latitude in ccmponent values and types, allowing easy 
modification of circuits or ready adaptation of them to in. 
dividual needs 

Practical 
Electronics 
Calculations and 
Formulae 

BP221: 28 TESTED TRANSISTOR PROJECTS 
R.TORRENS S.iiii 
Mr Richard Torrens is a well experienced electron', 
development engineer and has designed, developed. built 
and tested the many usef ul and interesting c drugs Inc ludid 
in this book The prole, ts themselves can be split down into 
simpler building blocks. whu h are shown separated by boxes 
in the cm tuts for ease of description and also to enable ans 
reader who wishes to combine boxes from different protects 
to realise ideas of his own 

BP71: ELECTRONIC HOUSEHOLD PROJECTS 62.20 
R. A. PENFOLD 
Some of the most useful and popular electronic construction 
projects are those that can be used in or around the home 
the circuits range from such things as *2 Tone Door Buzzer 
Intercom. through Smoke or Gas Detectors to Baby and 
Freezer Alarms 

BP73: REMOTE CONTROL PROJECTS 68.10 
OVVEN BISHOP 
1 his book rs cunen poniards at the elm omit,. enthusiast 
who wishes to expennient with re1111,1, 1,111,01 lull 1,111.111.1 

nons have been given so that the reader r or lulls understand 
how liii irt tuts work and r.rrr r lllll east's %VI' /ION to 11101/11‘ 
the'', tor other purposes. depending it', 'terminal re 
quIreint•nts Not only Mr rail. control systems ton...tiered 
but also aura red, visible light and ultrasonic systems is are 
the use ot I ow( IC. and Pulse position modulation eit 

BP90: AUDIO PROJECTS $7.60 
F.G. RAYER 
( Mel,  in detail the t onstruc lion of a wild.. range ot .111C111 , 

prole, ts The text ha. been disnled into meanwhile. and 
Inver. power amphhers tone t 'intro... rid matt lung and 
ririsi ellaneous proiet rs 

BP74: ELECTRONIC MUSIC PROJECTS 87.20 
RA. PENFOLD 
Although one ot the more re( ent bran, hes ot amateur elm 
tronics. elec tronic music has now bet ome ex:remely popula I 
and there are many prole, ts whit 11 tall into this category The 
purpose of this book us to provide the t onstrut tor with a 
number of prat tical tin um for the less complex Items of 
electronic music equipment, Inc luding cut h things as a Fuzz 
Box, Waa.Waa Pedal, Sustain Unit, ReymberatIon and 
Phaser-Unds. Tremelo Generator etc. 

BP44: IC SSS PROJECTS $7,75 
EA. PARR, 11.Sc.,C.Ing., MILE. 
Every so often a device appears that is so useful that one 
wonders how life went on before without it The 555 timer u' 
such a device Included in this book are Basic and General 
Circuits, Motor Car and Model Railway Circuits, Alarms anti 
Noise Makers as well as a section on the 556. 558 and 559 
timers 

BPS2: ELECTRONIC PROJECTS USING SOLAR CELLS $7.75 
A collection of simple circuits which have applications in 
and around the home using the energy of the sun to power 
them. The book deals with practical solar power supplies in-
cluding voltage doubler and tripler circuits, as well as a 
number of projects. 
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BABANI BOOKS 
BP49: POPULAR ELECTRONIC PROJECTS $7.75 
LA. PENFOLD 
Includes a collection of the most pop ilar types of circuits 
and projects which, we feel sure, will 3rovide a number of 
designs to interest most electronics cmstructors. The pro-
jects selected cover a very wide range and are divided into 
four basic types: Radio Projects. Audio Projects, Household 
Projects and Test Equipment. 

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS 
PENFOLD $7.60 

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

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

BP93: ELECTRONIC TIMER PROJECTS $7.60 
F.G. RAYER 
Windscreen wiper delay, darkroom timer and metronome 
projects are included. Some of the more complex circuits are 
made up from simpler sub-circuits which are dealt with in-
dividually 

BP113: 30 Solderless Breadboard Projects-Book 2 
R.A.Penfold $8.85 
A companion to BP107. Describes a variety of projects that 
can be built on plug-in breadboards using CMOS logic IC's. 
Each project contains a schematic, parts list and operational 
notes 

BP104: Electronic Science Projects 
Owen Bishop $8.85 
Contains 12 electronic projects with a strong scientific 
flavour. Includes Simple Colour Temperature Meter, Infra-
Red Laser, Electronic clock regulated by a resonating spring, 
a 'Scope with a solid state display, pH meter and electro-
cardiograph. 

BP110: HOW TO GET YOUR ELECTRONIC PROJECTS 
WORKING $7.60 
LA. PENFOLD 
We have all built circuits from magazines and books only to 
find that they did not work correctly, or at all, when first swit-
ched on The aim of this book is to help the reader overcome 
just these problems by indicating how and where to start 
looking for many of the common faults that can occur when 
building up projects 

BM: DIGITAL IC PROJECTS $7.60 
E.G. RAYER, T.EngLCEI),Assoc.IERE 
This book contains both simple and more advanced projects 
and it is hoped that these will be found of help to the reader 
developing a knowledge of the workings of digital circuits. 
To help the newcomer to the hobby the author has included 
a number of board layouts and wiring diagrams Also the 
more ambitious projects can be built and tested section by 
section and this should help avoid or correct faults that 
could otherwise be troublesome. An ideal book for both 
beginner and more advanced enthusiast alike 

CP67: COUNTER DRIVER AND NUMERAL DISPLAY 
PROJECTS $7.05 
F.G. RAYER, T.Eng.(CEI), Assoc. IERE 
Numeral indicating devices have come very much to the 
forefront in recent years and will, undoubtedly, find increas-
ing applications in all sorts of equipment. With present day 
integrated circuits, it is easy to count, divide and display 
numerically the electrical pulses obtained from a great range 
of driver circuits. 

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

BP99: MINI-MATRIX BOARD PROJECTS $7.60 
RA. PENFOLD 
Twenty useful projects which can all be built on a 24 x 10 
hole matrix board with copper strips Includes Doorbuzzer, 
Low-voltage Alarm, AM Radio, Signal Generator. Projector 
Timer, Guitar Headphone Amp, Transistor Checker and 
more. 

BP103: MULTI-CIRCUIT BOARD PROJECTS 
PENFOLD 

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

BP107: 30 SOLDERLESS BREADBOARD PROJECTS - 
COOK 1 $8.85 
RA. PENFOLD 
A "Solderless Breadboard" is simply a special board on 
which electronic circuits can be built and tested. The com-
ponents used are just plugged in and unplugged as desired 
The 30 projects featured in this book have been specially 
designed to be built on a "Verobloc" breadboard. Wherever 
possible the components used are common to several pro-
jects, hence with only a modest number of reasonably inex-
pensive components it is possible to build, in turn, every pro 
ject shown. 

BP106: MODERN OP-AMP PROJECTS $7.60 
LA. PENFOLD 
Features a wide range of constructional projects which make 
use of op-amps including low-noise, low distortion, ultra-high 
input impedance, high slew-rate and high output current 
types. 

CIRCUITS 
How to Design Electronic Projects 
BP127 $8.95 
Although information on standard circuit blocks is available, 
there is less information on combing these circuit parts 
together. This title does just that. Practical examples are used 
and each is analysed to show what each does and how to ap-
ply this to other designs. 

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

BP80: POPULAR ELECTRONIC CIRCUITS - 
BOOK 1 $7.75 
R.A. PENFOLD 
Another book by the very popular author, Mr. R.A. Penfold, 
who has designed and developed a large number of various 
circuits. These are grouped under the following general 
headings; Audio Circuits. Radio Circuits, Test Gear Circuits, 
Music Project Circuits, Household Project Circuits and 
Miscellaneous Circuits. 

BP911: POPULAR ELECTRONIC CIRCUITS, BOOK 2 $8.85 
RA. PENFOLD 
70 plus circuits based on modern components aimed at those 
with some experience 

BP39: SO (FET) FIELD EFFECT TRANSISTOR 
PROJECTS $6.75 
F.G. RAYER, T.Eng.(CEI),Assoc.IERE 
Field effect transistors (FETs), find application in a wide 
variety of circuits. The projects described here include radio 
frequency amplifiers and converters, test equipment and 
receiver aids, tuners, receivers, mixers and tone controls, as 
well as various miscellaneous devices which are useful in the 
home. 

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

BP117: SIMPLE LLD. CIRCUITS $5.40 
LN. SOAR 
Since it first appeared in 1977. Mr. R.N. Soar's book has prov-
ed very popular The author has developed a further range of 
circuits and these are included in Book 2. Projects include a 
Transistor Tester, Various Voltage Regulators, Testers and so 
on. 

BP24: 50 PROJECTS USING IC 7el tot . $6.75 
A unique book containin- O V) I. Projects that can be 
simply constructed ,v, . op amp and a few com-
ponents. Origin. 0.01, ..0 in Germany, this book will be 
an valuable asset ..iv hobbyist. 

BM: HOW TO USE OP AMPS $8.85 
LA. PARR 
A designer's guide covering several op amps, serving as a 
source book of circuits and a reference book for design 
calculations The approach has been made as non-
mathematical as possible 

BP65: SINGLE IC PROJECTS $6.05 
R.A.PENFOLD 
There is now a vast range of ICs available to the amateur 
market, the majority of which are not necessarily designed 
for use in a single application and can offer unlimited 
possibilities. All the projects contained in this book are sim-
ple to construct and are based on a single IC. A few projects 
employ one or two transistors in addition to an IC but in most 
cases the IC is the only active device used. 

223: SO PROJECTS USING IC CA3130 
LA.PENFOLD 
In this book, the author has designed and developed a 
number of interesting and useful projects which are divided 
into five general categories: I - Audio Projects II - R.F. 
Projects Ill - Test Equipment IV - Household Projects V 
- Miscellaneous Projects. 

BP117: PRACTICAL ELECTRONIC BUILDING BLOCKS 
BOOK 1 $7.60 
Virtually any electronic circuit will be found to consist of a 
number of distinct stages when analysed. Some circuits in-
evitably have unusual stages using specialised circuitry, but 
in most cases circuits ...re built up from building blocks of 
standard types. 

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

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

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

BP118: PRACTICAL ELECTRONIC BUILDING BLOCKS - 
Book 2 
R.A. PENFOLD $7.60 
This sequel to BP117 is written to help the reader create and 
experiment with his own circuits by combining standard type 
circuit building blocks. Circuits concerned with generating 
signals were covered in Book 1, this one deals with process-
ing signals. Amplifiers and filters account for most of the 
book but comparators. Schmitt triggers and other circuits are 
covered. 

BP24: 50 PROJECTS USING IC741 $6.75 
RUDI 8, UWE REDMER 
This book. originally published in Germany by TOPP, has 
achieved phenomenal sales on the Continent and Babani 
decided, in view of the fact that the integrated circuit used in 
this book is inexpensive to buy, to make this unique book 
available to the English speaking reader. Translated from the 
original German with copious notes, data and circuitry, a 
-must" for everyone whatever their interest in electronics. 

BP83: VMOS PROJECTS $7.70 
RA. PENFOLD 
Although modern bipolar power transistors give excellent 
results in a wide range of applications, they are not without 
their drawbacks or limitations. This book will primarily be 
concerned with VMOS power FETs although power 
MOSFE Ts will be dealt with in the chapter on audio circuits. 
A number of varied and interesting projects are covered 
under the main headings of: Audio Circuits, Sound 
Generator Circuits. DC Control Circuits and Signal Control 
Circuits. 

RADIO AND 
COMMUNICATIONS 

BP96: CB PROJECTS $ 7.60 
PENFOLD 

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

BP222: SOUD STATE SHORT WAVE RECEIVER FOR • 
BEGINNERS $47.60 
RA. PENFOLD 
In this book, R.A. Penfold has designed and developed 
several modern solid state short wave receiver circuits that 
will give a fairly high level of performance, despite the fact 
that they use only relatively few and inexpensive com-
ponents 

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

BP105: AERIAL PROJECTS $7.60 
LA. PENFOLD 
The subject of aerials is vast but in this book the author has 
considered practical designs including active, loop and fer-
rite aerials, which give good performances and are 
reasonably simple and inexpensive to build. The complex 
theory and math of aerial design are avoided 

il 
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OTHER PUBLISHERS 
PH121: HARDWARE INTERFACING WITH THE TRS40 
J. UFFENBECK (1983) 919.45 
IRS-80 Model I and Model Ill owners now have a book to 
help them understand how to use their personal computers 
to monitor and control electronics interfaces between the 
omputer and the home or industrial environment Contains 
14 hands-on experiments using BASIC. 

S822026 POLISHING YOUR APPLE* $7.45 
Clearly written, highly practical, concise assembly of all pro-
cedures needed for writing, disk-filing, and printing programs 
with an Apple II. Postively ends your searchs through endless 
manuals to find the routine you need! Should be in the hands 
of every new Apple user, regardless of experience level. Ideal 
for Apple classrooms too! 

A BEGINNER'S GUIDE TO COMPUTERS AND 
MICROPROCESSORS - WITH PROJECTS. 
TAB No.1015: 914.45 
Here's plain Lnglnh introduction to the world of microcom. 
outer% •-• it's capabilities, parts and functions ... and how 
you can use one Numerous proiects demonstrate operating 
principles and lead to the construction of an actual working 
omputer capable of performing many useful functions 

TAB1370: A MASTER HANDBOOK OF IC CIRCUITS 921.95 
A circuit for every occasion You'll find all the circuits you're 
looking for in this 532 page volume. The 932 circuits are 
broken down according to specific functions and in six 
categories. It's literally a cornucopia of ideas, projects, and 
designs that you can build now. 

TAB1544: ELECTRONIC PROJECTS FOR 
PHOTOGRAPHERS 921.95 
this book gives you needed tips on the principles of elec-
tronics and building techniques, hints on how to set up a 
work area, and much more. Build all kinds of practical ac-
cessories for your camera, studio, or darkroom with this 
helpful guide 

SB22361: INTRODUCING THE APPLE 
MACINTOSh 920.95 
A wealth of information on hardware, software etc for the 
Mac Included are such topics as: making your desktop more 
efficient, improving your productivity with the Mac, getting 
the most from your mouse, how the 6800 microprocessor 
works and much much more. 

PH131: ZAP! POW! BOOM! 
ARCADE GAMES FOR THE VIC 20 
T. HARTNELL & M. RAMSHAW (1983) 917.45 
Mos e through the maze eating dots with MAZEMAN. Sail 
through space zapping the ASTROIDS. Outshoot the fastest 
draw in town GUNFIGHT Owners of the VIC 20 can now 
play these games - and more - simply by following the 
programs outlined in this handy guide 

THE BASIC COOKBOOK. 
TAB No. 1055: $10.45 
BASK is a surprisingly powerful language of you under-
stand it completely. This book, picks up where most 
manufactuers' documentation gives up With it, any com-
puter owner can develop programs to make the most out of 
his or her machine 

HANDBOOK OF MICROPROCESSOR APPLICATIONS 
TAB No. 1203 916.05 
Flighty recommended reading for those who are interested in 
itirs roprocessors as a means of a accomplishing a specific 
task The author discusses two individual microprocessors. 
the 1802 and the 6800, and how they can be put to use in real 
world applications 

MICROPROCESSOR INTERFACING HANDBOOK: AID & 
DIA 
TAB No. 1271 $16.15 
A usef ul handbook for computerists interested in using their 
machine in linear applications. Topics discussed include 
voltage references, op-amps for data conversion, analogue 
switching and multiplexing and more. 

HOW TO BUILD YOUR OWN WORKING MICROCOM-
PUTER 
TAB No. 1200 916.45 
An excellent reference or how-to manual on building your 
own microcomputer All aspects of hardware and software 
are developed as well as many practical circuits 

PH180: 1980 CANADIAN BUSINESS GUIDE TO MICRO-
COMPUTERS 
K. DORRICOTT 911.95 

Written by the managing director of Deloitte. Haskins & 
Sells, a Canadian partnership of public accountants and 
other professional advisors to management. this book is one 
of the most complete comprehensive guides to microcom-
puters available Starting with a general overview of 
microcomputers and their business applications, the author 
helps you assess your computer needs, compares and 
evaluates computer systems and application packages, and 
gives you tips on "doing it right" A must for anyone thinking 
of purchasing a microcomputer for business 

COMPUTER PROGRAMS IN BASIC 
ABO1 915.45 
A catalogue of over 1,600 fully indexed BASIC computer pro-
grams with applications in Business, Math, Cames and more 
This book lists available software, what it does, where to get 
it and how to adapt it to your machine 

PH217: BASIC COMPUTER PROGRAMMING FOR KIDS 
P. CASSIDY di J.CLOSE 916.05 
Fully illustrated with photographs and drawings, this book 
teaches the reader the history of computers and computing 
and gently introduces binary mathematics and the basic 
theory of how computers work Written in an easy, conversa-
tional tone 

PHS1: PASCAL FOR THE APPLE 
IAIN MacCALLUM 934.20 
A step-by-step introduction to Pascal for Apple It and Apple 
II Plus users The package of text and software diskette pro-
vides readers with worthwhile and interesting programs 
which can be run immdiately and the results studied. In-
cludes over 2CIO exercises with full solutions Book/Disk 
Package. 

PH52: APPLE GRAPHICS GAMES 
PAUL COLLETTA 940.95 
Contain, 10 arcade-style games written especially for Apple 
II. including Spider. Piano, Pairs and Poker, as well as educa-
tion, math, and designing gaines Book/Disk Package 

PHS7: START WITH BASIC FOR THE COMMODORE VIC 20 
D. MONRO 933.45 
This book/cassette package shows the readei how easy it 
really is to create programs using the full capacity of the 
machine. Includes helpful exercises and step-by-step instruc 
tions to put the full power of the VIC 20 at the user's linger. 
tips Book/Cassette Package 

5B21822: ENHANCING YOUR APPLE'. II - VOLUME 1 
D. LANCASTER $25.50 
Who but Mother Nature or Don Lancaster could succe,stolls 
enhance an Apple? YOU can, with help from Volume 1 in 
Don's newest series for Sams. Among other things. you II 
learn (1) to mix text. LORES. and HIRES together anywhere 
on the screen in any combination. (21 how to make a new-wire 
modification that will open up whole new worlds of 
graphics and other special effects. plus (3) a fist and easy 
way to tear apart and understand somebody else s machine' 
language program. Other goodies abound' 

PH106: PROGRAMMING TIPS AND TECHNIQUES FOR THE 
APPLE II 
J. CAMPBELL (1983) 923.45 
An advanced exploration ol the Inuit acies ot strut tures pro. 
'tramming Further develops the skills necessary to solve pro-
gramming problems, Special chapter on sound and graphics 
which discusses both high and low resolution graphic s tor th 
Apple It 

HB131: THE BEGINNER'S GUIDE TO BUYING A PERSONAL 
COMPUTER 86.45 
Written for the potentially interested computer buyer, in 
non-technical language, this affordable hook explains the 
terminology of personal computers, the problems and 
variables to be discussed and discovered while making that 
initial buying decision The book does not make recommen-
dations, but does present a great deal of information about 
the range of hardware avaialble from the largest personal 
computing manufacturers Readers discover the meaning 
and impact of screen displays, tape cassette storage and disk 
storage, graphics and resolution, and much niore Com-
parison charts clearly def ine standard and optional features 
of all the current mass market personal computers 

DESIGNING MICROCOMPUTER SYSTEMS 
HB18: 918.95 
POOCH AND CHATTERGY 

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

S100 BUS HANDBOOK 
11819: $26.00 
BURSKY 
Here is a comprehensive book that exclusively discusses 
S-100 bus computer systems and how they are organized The 
book covers computer fundamentals, basic electronics, and 
the parts of the computer Individual chapters discuss the 
CPU, memory. inputbutput, bulk-memory devices, and 
specialized peripheral controllers It explains all the 
operating details of commonly available S-100 systems 
Schematic drawings 

110 THYRISTOR PROIECTS USING SCRs AND TRIACS 
MARSTON 
H822 913.45 
A grab bag of challenging and useful semiconductor projects 
for the hobbyist, experimenter, and student. The project 
range from simple burglar, fire, and water level alarms to 
sophisticated power control devices for electric tools and 
trains Integrated circuits are incorporated wherever their use 
reduces project costs 

PH104: ACCOUNTANT'S BASIC PROGRAMMING FOR THE 
APPLE It 
A PARKER & J. STEWART (1983) 920.45 
Shows the reader how to program the Apple II to perform a 
variety of accounting functions. such as payroll, accounts 
payable, accounts receivable, tax, inventory, customer 
statements, and more 

HOW TO PROFIT FROM YOUR PERSONAL COMPUTER: 
PROFESSIONAL, BUSINESS, AND HOME APPLICATIONS 
LEWIS 
HBO1 918.95 
Describes the uses rit personal computers in common 
business applications, such as accounting managing, inven-
tory, sorting mailing lists, and many others The discussion in-
cludes terms, notations. and techniques commonly used by 
programmer's A lull glossary of terms 

AN INTRODUCTION TO MICROPROCESSORS 
EXPERIMENTS IN DIGITAL TECHNOLOGY 
HE107 $18.95 
SMITH 
A "learn by doing- guide to the use of integrated circuits pro-
sides a foundation for the underlying hardware actions of 
programming statements Emphasis is placed on how digital 
circuitry compares with analog circuitry Begins with the 
simplest gates and timers, then introduces the fundamental 
pans of ICs, detailing the benefits and pitfalls of major IC 
families, and continues with coverage of the ultimate in in-
tegrated complexity the mirroproc essor 

MICROCOMPUTERS AND THE 3 R'S 
DOERR 
H1309 $16.45 
this book educates educators, on the various ways com-
puters, especially microcomputers, can be used in the 
classroom. It describes micro( omputers, how to organize a 
computer-based program, the five instructional application 
types (with examples from subjects such as the hard sciences, 
life sciences. English, history, and government), and 
resources listings of today's products The book includes 
preprogrammed examples to start up a microcomputer pro-
gram: while chapters on resources and products direct the 
reader to useful additional information All programs are 
written in the BASIC language 

HB107: GRAPHICS COOKBOOK FOR THE APPLE 
WADSWOR TH 
HB107 915.95 
Learn how to use your Apple II to "paint" shapes. objects, 
and letters in low-resolution graphics. The author provides a 
library of microcomputer graphics including such 
multicoloured illustrations as robots and flying saucers, 
trees, sailboats, and colourful picture backgrounds Contains 
complete annotated Applesoft BASIC programs to draw all 
the pictures described in the book as well as suggestions for 
improving programming techniques 

HB116: THE BASIC CONVERSIONS HANDBOOK FOR 
APPLEM, TRS.8nTM, and PETTP4 USERS 
BRAIN BANK 911.50 
A complete guide to converting Apple II and PET programs 
to TRS-80. IRS-80 and PIT programs to Apple II. and TRS-80 
and Apple It programs to PET Equivalent commands are 
listed for TRS&(t BASIC (Model I, level II), Applesoft BASIC 
and PET BASIC, as well as variations for TRS-80 Model Ill 
and Apple Integer BASIC Also describes variations in 
graphics capabilities 

SARGON: A COMPUTER CHESS PROGRAM 
SPRACKLEN 
H812 $27.50 
"I must rate this ches> program an excellent huy for anyone 
who loves the game Kilobaud 

Here is the computer chess program that won first place 
in the first chess tournament at the 1976 West Coast Com-
puter Faire It is written in Z-60 assembly language, using the 
IDI, macro assembler It comes complete with block 
diagram and sample printouts 

BASIC COMPUTER PROGRAMS FOR BUSINESS: 
STERNBERG (Vol. 1) 
HI113 921.50 
A must for small businesses utilizing micros as well as for en-
trepreneurs, volume provides a wealth of practical business 
applications. Each program is documented with a description 
of its functions and operation, a listing in BASIC, a symbol 
table sample data, and one or more ,amples 

AUDIO AND VIDEO INTERFERENCE CURES 
KAHANER 
HB21 $8.95 
A practical work about interferences auses and cures that af-
fect TV. radio. hifi, CB. and other devices Provides all the in-
formation needed to stop interference Schematic wiring 
diagrams of filters for all types of receivers and transmitters 
are included Also, it supplies simple filter diagrams to 
eliminate radio and TV Interference caused by noisy home 
appliances, neon lights, motors. etc 

PH107: APPLE LOGO PRIMER 
G. BITTER & N. WATSON (1983) 919.95 
A pictorial starter book that will make LOGO easy for 
anyone Includes easy to follow examples and reference 
tables Also included is a workshop outline for teacher., and 
leaders who want to train others 

5622047: 26 BASIC PROGRAMS FOR YOUR 
MICRO 917.45 
Features 26 previously unpublished, simple-to-complex 
games you can run on almost any brand of microcomputer as 
long as you have enough RAM on board Most take between 
500 and 5000 bytes, with the highest taking 13K Conversion 
charts that let you key them into your Radio Shack, TRS-80, 
Apple II, Timex/Sinclair 1000 (7)(811. Spectrum, Atari, or PET 
are included Also features notes on program techniques and 
structures 
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Continued from page 13 Designer's Notebook: GaAs Devices 
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Fig. 6 Negative resistance characteristic of doped GaAs. 

time, the development and production of 
integrated circuits is still in its infancy; 
commercial ICs have only been on the 
market since early 1984. 

GaAs integrated circuits are difficult 
to make: the raw material cost is high, 
defect-free wafers (circular slices of 
single-crystal semiconductor) are hard to 
obtain and the processing of them is dif-
ficult (Fig. 7). To take full advantage of 
the speed of GaAs, the devices need to be 
very small, stretching the limits of current 
technology. In addition, the wafers are 
brittle and have to be handled more 
carefully than silicon. 

On the other and, GaAs devices pro-
mise higher speed than silicon at lower 
power levels, which should allow higher 
levels of integration before heat dissipa-
tion becomes a problem. As yet only MSI 
devices have been produced in commercial 
quantities. 

Most of the work currently being 
done on GaAs integrated circuits concen-
trates on ultra-high speed digital circuitry. 

Results so far indicate that GaAs devices 
may rival superconductor Josephson 
junction devices for speed, and more im-
portantly, they are available now and 
developing quickly. Current commercially 
available logic circuits feature gate delays 
of around 300ps and maximum counter 
clock rates of around 2 to 3GHz. 

It is useful to look at what makes an 
ideal transistor switch for digital in-
tegrated circuits. It should be small, so 
that large circuits can be fabricated in a 
small space. This reduces the likelihood of 
encountering a wafer defect and so in-
creases the yield. It should consume very 
little power, so that heat dissipation at 
high circuit densities does not become a 
problem. It should require very little 
voltage change between the on and off 
condition. This reduces the switching time 
as less charge has to be put on to or 
removed from internal capacitances dur-
ing switching. Finally, its control input 
should have low capacitance, again to 
reduce switching time. 
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Fig. 7 Some defects in crystal structure capable of causing device deterioration. 
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Fig. 8 Cross-section of D-MESFET (not to scale). 
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Fig. 10 Cross section of High Electron Mobility Transistor (not to scale). 
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Most current GaAs integrated cir-
cuits use depletion-mode metal-semicon-
ductor field effect transistors 
(D-MESFETS), as these are the easiest 
devices to produce (Fig. 8). Unfortunately 
a negative gate voltage is required to turn 
these devices off, while the output is 
positive (Fig. 9). They require two power 
supplied (plus ground) and level shifting 
circuitry between circuits (Figs. 11, 12 and 
13). 

Enhancement-mode FETs (E-MES-
FETs) have been produced, but they are 
not yet at the mass production stage. 
Their construction is similar to that of the 
D-MESFET but the channel is very 
shallow and lightly doped so that the 
built-in potential of the metal-semicon-
ductor junction keeps the channel pinched 
off with no external gate bias. Thus the 
E-MESFET is normally off. It requires 
only about 0.1V gate potential to turn on. 
This is a definite advantage for high speed 
and low power circuits, but requires very 
tight control over processing in order to 
keep the threshold voltages within a very 
narrow range, or else the devices become 
overly susceptible to noise. E-MESFETs 
are also difficult to fabricate as the chan-
nel is very lightly doped and surface 
defects can easily pinch off the channel; 
various structures and geometrics are be-
ing tried to avoid this. 

Other devices under development in-
clude the high-electron mobility transistor 
(HEMT) (Fig. 10) and the heterojunction 
bipolar transistor (HJBT). Up till now I 
have only mentioned field effect 
(unipolar) transistors. An NPN sandwich 
made entirely from GaAs does not work 
well as a transistor, partly because holes, 
which are the dominant carriers between 
base contact and active base region, travel 
rather slowly in GaAs. A much better 
transistor can be made with an n-GaAs 
emitter and a p-GaAs base. Work on the 
HJBT is not as far advanced as on the 
various FETs, but it could be the best 
device for very high speed VLSI. 
Single-transistor switching speeds of 1ps 
and logic swings of 250mV have been 
predicted. 

The current dominant technology is 
the D-MESFET. Several logic structures 
are in use, just as silicon bipolar circuits 
are available in TTL, LSTTL, 12L and 
ECL. Buffered FET Logic, Schot-
tky-Diode FET Logic and Capacitor-
Diode FET logic gates are illustrated in 
Figs. 11,12 and 13. 

Even after a GaAs circuit has been 
produced, the problems are not yet over. 
To preserve reasonable pulse-shapes at, 
say, 1GHz, circuits have to deal with fre-
quency components up to 3GHz. The 
digital designer will have to utilize 
microwave design techniques such as im-
pedance matching of chips to interconnec-
tions to avoid pulse reflections. Supply 
decoupling becomes vastly important, and 
the capacitors used have to behave pro-
perly at GHz frequencies. Testing is likely 
to become anther large (and expensive) 
headache. 
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Designer's Notebook: GaAs Devices 

Fig. 11 Buffered FET logic (BFL) NOR gate. 
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Fig. 12 Schottky-Diode FET logic (SDFL) NOR gate. 
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The Market 
The major semiconductor manufacturers 
have, on the whole, stood back and 
waited to see where GaAs is going; after 
all, the market for high speed bipolar and 
MOS devices is not going to go away just 
yet. Also, there is a world shortage of 
engineers qualified to develop GaAs 
devices. This is probably a good reason 
for not spreading them too thin on the 
ground. 

The two major UK suppliers of GaAs 
logic circuits are Harris Semiconductors 
and Gigabit Logic. Both have a range of 
small scale integrated circuits (NOR gates, 
D-types, dividers and, for example, shift 
registers), which work at around 1 to 
4GHz clock rates. Harris also market a 
range of discrete GaAs FETs for use at up 
to about I8GHz. They have also released 
preliminary data on a 170-gate array. 
Both companies sell an evaluation kit for 
their ICs. 

The Future 
Future markets for GaAs integrated cir-
cuits include the Direct Broadcast by 
Satellite system, very high speed com-
puters, optical communication and phas-
ed array radar. As for the future of the 
technology itself, researchers at Glasgow 
University have produced tiny MESFETs 
with only 75nm wide gates, while Shef-
field University has demonstrated an 
all-optical switch in GaAs/GaAlAs which 
holds promise for all-optical logic (which 
may be very fast, indeed). Inevitably 
GaAs development will be largely deter-
mined by the military value attached to 
high-speed temperature and radiation 
resilient devices. The rest of us will have to 
wait to savour the benefits of this 
remarkable material. 

WM'« 
Each year Electronics Today 
delivers thousands of sales 
leads processed through our 
Reader Service Card Program. 
These sales leads are qualified 
with name, address and title of 
respondent. 

For advertising information call 

(416) 445-5600 

Fig. 13 Capacitor Diode FET logic (CDFL) NOR gate. 
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Continued from page 49 For Your Information 

Switching PSU 

The ACDC Electronics JF-series 
switching power supplies are 
available in 750, 1000 and 1500 
watt versions using sub-modular 
wireless construction and complete 
protection from overcurrent, 
overtemperature, overload, reverse 

voltage and short circuits. Fast 
transient response holds voltage 
excursions to less than 10mV 
following 50% or 100A load step. 
From Webster Instruments, 176 
Main St. North, Markham, On-
tario L3P 1Y3, (416) 294-5711. 
Circle No. 34 on Reader Service Card. 

A mouse for the IBM PC and com-
patibles is available from Basonje 
Systems. The ZNIX mouse is said 
to be compatible with the 
Microsoft mouse system, Lotus, 
WordStar, dBase II, AutoCAD, 
GEM, PC Paint and PC Brush. 
For $169, the system includes the 
mouse, circuit card, connector and 
software. Basonje Systems, 138 
Huron St., Toronto, Ontario MST 
262, (416) 598-7992. 
Circle No. 44 on Reader Service Card. 

Last month we reviewed the 
remarkable MC300 capacitance 
meter from Daetron. This month 
we'd like to pass on the informa-
tion that the meter is also being 
distributed by Varah's Direct, with 
locations in Vancouver, Edmon-
ton, Calgary, Winnipeg, Oakville 
and Nepean, or contact Varah's 
Direct, 504 Iroquois Shore Rd., 
Oakville, Ontario L6H 3K4 (416) 
842-8833. 

In a press release that looks more 
like something written by the Na-
tional Lampoon, an American 
research firm says that the use of 
hi-tech security and verification 
systems such as fingerprint, retinal 
pattern and speech detectors has 
suddenly become a rapid-growth 
market due to terrorists and "the 
increasing numbers of AIDS-
infected people". Soothe your 
paranoia with a retinal pattern 
scanner. 

VIZ Test Equipment announces 
the release of their new 19-page 
catalogue, detailing power sup-
plies, isolated AC sources, fre-
quency counters, analog meters, 
generators, testers, digital meters 
and wattmeters. For a copy and a 
Canadian price list, contact H.W. 
Cowan Canada Ltd., PO Box 268, 
Richmond Hill, Ontario 1.4C 4Y2, 
(416) 773-4331. 

Circle No. 45 on Reader Service Card. 

Xerox Canada has introduced a 
bilingual computer compatible 
with the IBM PC. The 6064 has a 
keyboard with French characters, 
and software such as Lotus, Word-
Star, dBase III and Multiplan are 
also offered in French by Xerox. 
The 6064 has two floppy disk 

drives, and the 6065 has one floppy 
and one hard disk. List price for a 
basic 6064 is $4485. Xerox Canada 
Inc., 703 Don Mills Road, Toron-
to, Ontario M3C 1S2, (416) 
429-6750, or in Montreal at (514) 
288-9400. 

Circle No. 46 on Reader Service Card. 

e••f.,.e DLJNCAN INSTRUMENTS LTD. Lt , Arai 
eate ELECTRONIC INSTRUMENT SPECIALISTS 

121 MILVAN DRIVE, TORONTO, ONTARIO M9L 1Z8 
(416) 742-4448 TELEX: 065-27271 

All prices include Federal Sales Tax. In Ontario add 7% Provincial Sales Tax. 
Call or write for additional information. Telephone and mail orders invited. 

MODEL 6022 $59500 
DUAL TRACE 20 MHz OSCILLOSCOPE 

• 6" CRT with internal graticule 
• 20 MHz bandwidth (- 3 dB) 
• Stabilized power supply 
• Trace rotator 
• Low power consumption 
• X-Ymode; Add/Subtract; 5 trigger modes 

• Built-in component tester 
• Complete with two dual probes 

MODEL 8055F 
DIGITAL FREQUENCY COUNTER 

• Frequency range: 
1 Hz - 550 MHz/3 ranges 
• Sensitivity: 

A: 1 Hz -100 MHz 20 mV 
B: 50 MHz - 550 MHz 150 mV 

• 8 digit LED display 

MODEL 8010F 
• 1 Hz -120 MHz/2 ranges 

VISA 

ORDER DESK 1-800-387-7418 
BETTER PRODUCTS. BEST VALUE. 
We provide the finest, state-of-the-art electronic 
instruments available. Backed by superior post 
sales service and a comprehensive 12 month 
warranty. Many of our products are unavailable 
anywhere else. Examine just a few of the many 
products we currently stock. Recognize value. 

59500 MODEL 8016D $435" 

$39500 

DIGITAL DISPLAY 
FUNCTION GENERATOR 

• 0.2 Hz to 2 MHz frequency range 
• Wave forms: Sine, triangle, square, 
pulse and ramp 
• Output level: >20V p-p open circuit 
• V.C.F.: 0 to 10V (1000:1) 
• Frequency counter: 6-digit display 

MODEL 8015F $26000 
Available without digital display 

Circle No. 35 on Reader Service Card. Electronics Today March 1986 
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Project 

Economical Appliance 
Controller 

Save energy and control your power consumption with this 
helpful Watt miser. 

By Phil Walker 

AFTER this winter's snow, frost and elec-
tricity bills you're probably looking for 
ways to save a little money without losing 
comfort or convenience. This project is 
designed so that electric heaters or other 
appliances can be set to turn on a little 
before they're actually needed. 

The device could also be used to con-
trol other devices such as tape recorders, 
radios and so on where the precise timing 
isn't too critical. 

Operation 
The device operates by dividing the AC 
frequency (60 Hz) by 180,224 to get a 
signal with a period of about 1 hour. The 
actual division required was 180,000 but 
the 180,224 was more easily achieved and 
the error involved was less than 60 seconds 
in the maximum period of 9 hours delay. 

This 1 cycle per hour signal advances 
a divide-by-10 counter which has 10 
separate outputs. Each output is active for 
1 hour and only one is active at a time. 
One of the outputs is selected to drive the 
AC power switching triac giving an 'on' 
period of 1 hour after a selectable off 
period. It's also possible (if SW4 is on) to 
have the output come on permanently 
after its set delay (this is always the case 
on the 9 hour delay setting). 

To use the device, set the number of 
hours of delay with SW3, select whether 
'1 hour only' or 'permanently on' opera-
tion is required with SW4 and press SW2 
to start the device working. 

Installation 
When using the device, the AC supply 
must be fed from a plug or switched fuse 

outlet containing a fuse and wire rated for 
the appliance used. 

Construction 
The construction of the PCB should pre-
sent no great difficulties. The first thing to 
do is to ensure that the mounting holes are 
of a suitable size and that the correct 
ones are being used if the specified 
box is utilized. Next put some 12mm 
bolts through the 120V power 
connection pads, heads on the 1 
copper side, and run some solder 
around these heads to secure 
them and improve the contact. 
Now fit the wire links and 

the other components with te 
the exception of the switchesq 
LED1 and SCR1. Make e 
sure that D1 and D2 are the 1/ 
right way around. Also note I 
that IC1 is the opposite the 
way around to IC2, 3 and 4. 
Next fit SCR1 and its heatsink 

to the board, using a 6mm 
bolt and heatsink compound to • 
improve thermal conductivity. 
Note that if the lower rating triac is 

used, the fixing hole nearest to the contact 
pads should be used and vice versa. Con-
nect SW3, if the contacts are on a 22mm 
diameter circle they may be connected 
straight to the board, otherwise short 
lengths of stiff wire should be used. If all 
else fails you could attach the switch to 
the cover of the box and connect it to the 

board using thin flexible wire, leave 
enough to remove the lid when fitted. 

Attach some lengths of flex (6") to 
the PCB at the remaining switch positions 
(SW2 and SW4), LED1 position and 
transformer connections. Fit the 
transformer into the corner of the box and 
then the cable glands, neon, AC switch 

Fig. I Block diagram of the unit. 
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Fig.2 Pulse shaper action. 
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Economical Appliance Controller 
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SW 

Fig. 3 Component overlay. 
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and fuseholder into the end-plate. 
Finally fit SW2, SW4 and LED1 to 

the lid of the box and cut a hole through 
to take the SW3 spindle. 

It is advisable to solder eyelets to the 

Electronics 
Today 

Offers advertisers the 
opportunity to 

increase their sales 
and profits in the 

electronic field. Over 
$200 million is spent 
annually for both 

electronics and micro-
computer products by 
Electronics Today 

readers. 
For advertising information 

Call (416) 445-5600 

The PCB for the Appliance Controller. 

120V leads to fit on to the PCB bolts; 
alternatively the ends of the wires should 
be soldered to stiffen them. 

NOTE: As a 120V are present, care must 

be taken that no ungrounded metal parts 
are accessible from the outside and that 
clearances between live and grounded 
parts are maintained under all cir-
cumstances. 

5% discount when you call Tom and order direct. 

• 3 CH, Alternate Time Base Ill 2 CH, Single Time Base 
Simultaneous Trigger View  $950 
  $1,215 U P-P Auto Trigger 

• Nationwide Sales and 
Service 

• 2 CH, Delayed 
 $1,075 Sweep 

interfax 45KIK 
514-336-0392 
416-671-3920 

613-726-8888 
604-430-1410 
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AMAZING 
SCIENTIFIC and ELECTRONICS 

Economical Appliance Controller 

DEVICES 
PLANS - All Parts Available in Stock. 

• LOE BURNING CUTTING CO2 LASER $20.00 
• RUB3 RUBY LASER RAY PISTOL  20.00 
• BTC5 1.5 MILLION VOLT TESLA COIL  15.00 
• GRAI - GRAVITY GENERATOR  10.00 
• MAGNETIC CANNON/PROJECTOR  10.00 
• LRG3 SOLID STATE LASER RIFLE  10.00 

KITS - includes Plans and Parts 

• LHC2K SIMULATED RED/GRN/YEL 
LIGHT LASER  34.50 
• BTC3K 250,000 VOLT TESLA COIL  159.50 
• 10G1K ION RAY GUN  109.50 
• PSP3K PHASOR SHOCK WAVE PISTOL . 49.50 
• STGIK - STUN/PARALYZING GUN  39.50 
• INF1K INFINITY TRANSMITTER  134.50 
• MFT1K 2-3 MILE RANGE FM VOICE XMTR .49.50 

ASSEMBLED AND TESTED PRODUCTS 

• LGU30 RED 1MW PORTABLE NENE LASER 315.00 
• TCL30 SOLID STATE TESLA COIL 35KV 74.50 
• IPG50 POCKET PAIN FIELD GENERATOR 84.50 
• BLS10 BLASTER DEFENSE WEAPON  89.50 
• ITM10 - 100KV SHOCK AND STUN GUN  99.50 
• PPF10 PHASOR PAIN FIELD PORTABLE. _249.50 
• SNP20 SECURITY PHONE LISTNER 99.50 

• CATALOG CONTAINING DESCRIPTIONS OF 
ABOVE PLUS HUNDREDS MORE AVAILABLE FOR 
$1.00 OR INCLUDED FREE WITH ALL ABOVE 
ORDERS. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO-
DUCTS PLANS ARE POSTAGE PAID. SEND CHECK, 
MO, VISA, MC IN US FUNDS. 

INFORMATION UNLIMITED 
P.O. Box 715, DEPT ET, AMHERST, NH 03031 

Circle No. 47 on Reader Service Card. 

XT COMPATIBLE 
Only $945 

System includes 
• 256K XT (JAPAN) Board + 1 DSDD Drive 
• Colour Graphics/or Monochrome Display Card 
• Case, Keyboard, 135 W Power Supply 
• 90 Day Warranty 

PCIXT EXPANSION PRODUCTS 

Retail Price 
Main Board 8 slot (256K)  $260.00 
Colour Graphics Card  $115.00 
Multif unction Card (384K) & Cable  $230.00 
512 RAM Card (OK) $ 80.00 
Disk Controller Card & Cable   75.00 
135 W Power Supply (Japan)  $185.00 
150W Power Supply (Hydro Approved)  $145.00 
Monochrome Display/Printer Card $111.00 
Monographics Print Blanket (Herc.Comp.) .  $161.00 
Panasonic Drive (JA 551-5)  1180.00 
Asuka Drive (for Apple)  $150.00 
Keyboard for IBM  S 99.00 
Shugart (10MB) Hard Disk &Controller  $850.00 
Segate (20MB) Hard Disk & Controller  $1000 
Flip-top XT Computer Case S 70.00 
High Resolution TTL Monitor from 175.00 
High Resolution Display Monitor from  $150.00 

RAMS 
4116 150 or 200ns  $ 1.00 
4164 150 or 200ns  $1.40 
4128 15Ons  $ 9.50 
41256 150ns $4.50 
EPROMS 
2716  $3.00 
2732  $4.00 
2764  $4.50 

Computer Parts, I.C. & Memories Specialist 
Dealers Inquires welcome - price lowest in town 

PATRON COMPONENTS INC. 
4002 Sheppard Ave. E. Suite 506, 

Toronto, Ontario M1S 1S6 
Tel. (416) 299-7731 

Telex: 065-25256 PATRON TOR 
FAX NO. (416) 298 4569 
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Fig. 4 Circuit diagram of the appliance controller. 

Parts List 

Resistors (all 1/4W, 5%) 
R 1  15k 
R2  220k 
R3,4 100k 
R5  27k 
R6  Ik2 
R7  820R 
R8.  56R 
R9  100R 

Capacitors 
CI  1000u 40V axial elect. 
C2  I nO ceramic 
C3  1u0 63V axial elect. 

Semiconductors 
ICI  4093 
IC2 4060 
IC3  4516 
IC4 4017 
IC5  MOC3020 
QI  2N199OR (T018 package) 
D1,2  IN4148 
BR1  100V, lA bridge rectifier 
SCR1  400V, 25A or 400V, 16A 
LED! 3mm red LED 

Miscellaneous 
SW I DPDT AC on/off miniature rocker 
SW2 . 1 pole push-to-make, momentary action 
SW3  1 pole, 12 way rotary wafer switch, 

contacts on 22mm diameter circle 
SW4  SPST toggle switch 
FS I  IA anti-surge fuse and panel fuse 

holder (20mm) 
LP!  120V panel mounting neon indicator 

with internal resistor 
T1  6VA transformer 

(9V secondary, 120V primary) 

PCB; case to suit; 2 cable strain reliefs; 3 
16-pin and I 14-pin IC sockets; TO-220 heat-
sink; knob; nuts, bolts, spacers etc. 

How It Works 
ICla takes the raw AC 60 Hz signal applied to 
the bridge rectifier and converts it to a train of 
pulses at the same frequency. This is divided by 
16,384 by IC2. Further division is done by IC3 
which is connected with ICI c to divide by 11. 

This is accomplished by loading 1011 
binary into IC3 each time it counts down to 
0000 binary. At the Q(4) output of IC3 there is 
a signal which has a period of 20 mS x 16,384 x 
11 = 3,604,480 mS = 3,604.48 seconds. This 
signal is applied to the clock input of IC4, a 
divide-by-10 device with 10 decoded outputs. 
The output of IC4 selected will change every 
3,604.48 seconds (about 1 hour) until the '9' 
output (pin 11) is high. At this time further 
clocking of IC4 is prevented by a signal at pin 
13 via Dl. 

SW3 selects which output of IC4 drives the 
output power switch. This varies from per-
manently on (position 1), through zero delay 
(position 2), up to 9 hours delay (position 11), 
to permanently off (position 12). 

If SW4 is open then in the 0 to 8 hour 
delay positions the output will be on for 1 hour 
after the set delay only, whereas if SW4 is clos-
ed or a 9 hour delay is selected the output will 
stay permanently on after the delay period. 

IC1c takes the output signal from SW3 
and drives Q1 and thus IC5. IC5 is an optically 
isolated triac which enables us to have the logic 
circuitry safely at ground while switching the 
AC power with SCR1. 

The last part of the circuit is that around 
ICla and IC1d. This is the reset circuitry which 
ensures that the time period will be consistent 
and start when SW2 is released. IC2 and IC4 
are reset to 0 by ICIa, while IC3 is set to 1011 
(decimal 11) by IC Id. 

• 
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Circle No. 37 on Reader Service Card 

For more information contact: 

MARK GEE ENTERPRISES LTD. 
2250 Midland Ave., Unit #26 

Scarborough, Ontario M1P 4R9 (416) 298-9388 
Telex 065-26270 

Distributor and Dealer Inquiries Welcome 

Product Mart 
Classified 
Turn unneeded 
goods into cash 

Sound like a real challenge? It 
doesn't have to be. Not when 
you employ low-cost Product 
Mart advertising to sell the 
things you no longer need. 
Classified works for you by 
putting your selling informa-
tion in the hands of people 
who are ready to huy. Call 

today for assistance in 
wording and placing your 

advertisement for maximum 
response. 

Call (416) 445-5600 

WHY PAY MORE 

PC/XT 
TURBO 

ew PLUS f  
t, 

ONE YEAR WARRANTY 
BY MISCOE DATA 

NEC V-20 Proc. 
4.77 & 8 Mhz 
256 K Memory 
2 Drives 
Color Graphics 
155 W. Power 
Supply (CSA) 

$1395.00 
Complete 

XT Turbo M/B OK  $399.00 
Modem 300/1200 Baud  $279.00 

Apple ] [e Compatible 128K  $479.00 
Disk Drive 143/160 K  $179.00 

Raitronic's Ltd 
207 W. 6th Ave., 
Vancouver, B.C. V5Y 1K3 
(604) 875-0207 

Terms: COD, VISA, 
Master Card 

100 MHz 
3 CHANNELS...$1,995 

eel 
_........., ,..ei 

4. 6 

Alternate • Time Time Base 
• Simultaneous Trigger View 
Ill 2 ns/div, Max Sweep 

_ 

r-

• Multimode Display 
• P-P Auto Trigger 
•60 MHz . . . $1,550 

Interfax KIK #3 in scope sales 
514-336-0392 
416-671-3920 

613-726-8888 
604-430-1410 
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NEXT MONTH 
IN 

Electronics 
Today 

PCB Layout Guide! 
Don't be intimidated by printed circuit board 
layout. Find out how to get from a schematic to 
the PCB artwork with a minimum of problems. 

A Look At Professional Audio! 
We look at studio and stage electronic equip-
ment and techniques to find out how it works so 
well, and why it works so reliably (most of the 
time). 

Autowiper Project! 
The variable-delay wiper controller is one of the 
most convenient options ever offered by car 
makers. Build your own reliable digital versions. 

For Subscription or Advertising Information Call (416)445-5600 

-Trarv,i,,,,,r Stag 

MffillilfaLigin t 

ffir ation Ani'p'PiiAect 
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COMPARE.... then make your selection 

Take home the European Champion at a special 
HA MEG-BCS purchase price but only while 

the supply lasts. 

The 20MHz Oscilloscope that outsells all others in Western 

Europe. The model HM203-5 is available complete with two 

(X1-X10) probes. This GSA approved Oscilloscope is covered by 
a two year parts and labour warranty. 

All major credit cards accepted. 

$695.°° 
F.O.B. Downsview, Ont. 

FST Incl'd 
Shipping Extra 

IIIIIIIIIIIIIiiiiiiijiii 
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c Mail Merge 

Immediate delivery from Stock 

prieur-vElui GmbH 

West Germany is represented 
and distributed in Canada by 

ELECTRONICS 
WAITED 

Circle No. 39 on Reader Service Card. 

This Month 
in 

980 Alnesa St. Unit 7, 
Downaview, Ontario 

M3J 2S2 
(416) 661-5585 

TELEX 065-28169 

Mon-Fri 8-5 pm, Sat 10-1 pm 

dBase Inventory 
An dBase inventory program for a small 
business; it lets you keep track of what's coming 
or going. 

ProKey Macros 
Personalizing your PC's keyboard. 

AMT Printer Review 
A look at a really impressive colour printer that 
does it all. Graphics and text at the end of the 
rainbow. 

Yamaha RX21 Review 
Out-of-work drummers may not agree with the 
concept, but the RX21 Midi Drum Synth gives 
you lots of control over your rhythm. 

For Subscription or Advertising Information Call (416) 445-5600 
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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 290mnn by 75nnm 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 thr, 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 display line • Easy-reading scale illumination • 3.5 
inch 2kV/ 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 H7_/Delayed Sweep/Dual-Trace 
• 3.5 inch 2kV/ I 2kV PDA 
CRT • TV-V, TV-H sync 
separation • Auto focus 
• ALT sweep • Variable 
trigger hold-off 

LBO-323 20MHZ/Dual-Trace • 3.5 inch I .7kV CRT 
AISPWRIPMMII,1111111W • TV-V, TV-H sync 

e  separation • Auto focus 
• Variable trigger 
hold-off 

Call or write for full information on the Advantage, and 
how to get it. 

Circle No. 90 on Reader Service Cw•cl 

mnitronix 8100F, Trans-Canada Hwy., 
St. Laurent, Que. H4S 1M5 

(514) 337-9500 Telex 05-824151 Instruments that measure up. 


