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74LS153 o 75 L78MG . 195

74L5155..
7415157...

7415240...
| 74LS241...
7415242...
| 7415243..
7415244, .
17415245 ..
7415251..
7415257...
 7415258..
7415259..
7415266...
7415273
7415279..
7415280..
74L5290............
7415293
7415295..
7415298.. .
7aLS324BE L
7415348
7415365
7415367
741S373........
741S374....
7415393..
7415395

VOLTAGE REGULATORS

7805, 5
7808.
7812.
7815.
7818.
7824,
7905.

2708 Triple Supply....9.50
2716 Single Supply.14.95
2716 Triple Supply..29.95

| MICROPROCESSORS

.1.50
.1.50 i MEMORY
1.50
.1.50 | 2102-450NS....
1.50 | 2102-250NS.
1.75 1 2114-450NS.

7912, 175 | 2114-300Ns,..
3401 741585, 7915 175 | 2114200NS...
3900, 741586, 7918. 4116-300NS.
3914 74L590... 4116-200NS
39155 e 741591 : 5101-450NS..............6.
916 T R T1BO203.............9499
NSM3915. 748931 —
NSM3916 .. .
T — MISCELLANEOUS

¥ 5501......

. MK5089...
7415124.. 1771 :
74L8125... R03-2513-001
7415126.... 3 R03-2513-002..
7415136, 160 ) 79012, 75 | KR2376.........coco...
7415138..... v 160 | 79L15 75 | AY38910.....c.e.
7415139.. v 95 | 78HO5 425 1 AY3-1015.
7415145..............2.60 | 78GU...................... 195 | AY59100.........
741.5151.. ....1.20 | 78HG — ..1095 | 11C90

Send certified cheque, money order, Chargex, Master
Charge ... include expiry date, card number and
signature. We process C.0.D.'s for Canpar or Post
Office. Minimum order $10.00. Add 5% (minimum
$2.00) for shipping and handling. Any excess refund-
ed. Ontario residents add 7% sales tax. All prices
subject to change.

409 Queen Street West, Toronto, Ontario, M5V 2A5. 868-1315

TA7205AP.




£ xceltronix

Components & Computing Inc.

OUR COMPETITIVE POLICY:

IF YOU KNOW OF ANY PRICES BETTER THAN OURS,
JUST TELL US AND WE'LL TRY TO BEAT THEM,
ALSO, WE ARE OFFERING VERY ATTRACTIVE DEALS
TO QUANTITY BUYERS.

319 COLLEGE STREET, TORONTO, ONTARIO, CANADA. MST 1S2, ‘HCR (416) 921-5295

LS-TTL (PARTIAL LIST)

74LS00 .29 741590 .57 7415240
74LS04 .35 741593 .53 7415241
74LS08 .35 7415123 1.02 7415244 1.76
741510 .30 74LS124 1.29 7415245 3.49
741520 .33 7418136 .75 7415251  1.89
74LS30 .24 74LS138 .90 74LS253 .77
741532 .49 74LS161 1.11 7418257  1.15
74LS47 .95 7415163 1.11 7415374 1.89
74LS48  1.50 7418174 .57 7418375 1.70
74174 .73 74LS175 .57 7418377 1.85
741875 .55 74LS193 1.16 7415640  3.40
741586 7415221 1.14
4001 . 4024 4508 2.29
4007 .ss 4027 .64 D4511 .94
4009 .69 4049 .57 @452 1.12
4010 .69 4050 .51 4514 2.54
D4011 .36 4051  1.00 4518 1.76
@1013 .51 4052 1.42 4522 1.16
4016 .51 04066 1.12 4528  1.09
| 4017 .94 4075 .38 4532 1.42
| 4018 .79 4081 .34 4543 2.49
4021 .95 @4082 .29 4584 .68
----- (D4702 baud rate gen. 12.79 =-—-=
MICROPROCESSORS; ETC.
280-cPU 11. 802 14.95
280A-CPU 12 89 8224 4 45 6810 4.85
780-PI0  8.49 8226 3.80 6820 3.95
Z80A-PIO  9.99 8228  6.45 6821  4.85
8080A 6.95 8251  8.50 6850  4.99
8085 14.95 8255  7.95 6502 12.85
8212 3.55 6800 8.39 6522 12.85

IC SOCKETS: 14, 16, 20, 24, and 28 pin avail.
A PENNY A PIN!

(M) MEMORY SPECIALS {®)

4116 150nS, ceramic............ $8.85
€@ 4116 200nS, ceramic............ $6.30 €D
*note: price is $5.20 for 16 to 32
° 4116 300nS, ceramic.. $ °
2102LFPC. .
2114 200ns
© 2114 as50ms. o
2716 450nS ([rlple supply)....SlQ.OO
° 2716 450nS (+5V only)......... $12.25 °
2708 450n8.:usesemrssssnemnesee $7.48
2732 A50NS. .o vusanairessaissaas $38.50

*Remember, quantities are less*

—_— -

(GOOD NEWS: Now you can program your own 2708,
2716 or 2516 EPROM's right here in our store
for FREE if the EPROM’s are bought from us,
or for $2.00 per PROM if bought elsewhere .)
Note: The PROM Burner you will be using is
one of the many features of MULTIFLEX's Z-80A
Computer KIT. Please write for more info.

CDC 4096 8* floppy drive Shugart SA800 8" drive
Single or Double sided Single sided

Single or Double density Double density

IBM 3740 compatible IBM 3740 compatible

Soft Sectored S 49  Hard Sectored $749
WE HANDLE MAIL ORDERS

Send a certified cheque or money order (not cash).
Minimum order is $5 plus $1 handling charge.
Ontario residents must add 7% P.S.T. Master Charge
and Chargex accepted: Send account no., signature
and card expiry date,

EXCELTRONIX KIT FEATURE

KIT NO. 15: PROGRAMMABLE LED CHASER $19.95
This kit is a camplete 8-channel chaser which makes
moving light patterns on its own LED array, or on
larger displays (see below) which it can control.
KIT NO. 16: PROGRAMMABLE CHASER EXPANDER $16.95
expands the LED chaser {above) to 16 channels, or
even more. Add on as many expanders as you want.
KIT NO. 17: OPTO-ISOLATED TRIAC BOARD $23.95
Connects tO0 a chaser or expander to ocontrol 8 AC
operated floodlights. Super for discos, rock shows.
KIT NO. 18: "LIGHTNING BOLT" $59.95

connects to a chaser or P)cpander to operate 8 built-
in Xenon strobelichts. Dazzling

COMPUTER PRODUCTS
MULTIFLEX TECHNOLOGY

SEE BELOW FOR FULL DESCRIPTION OF MULTIFLEX PRODUCTS
CALL OR WRITE FOR MORE INFORMATION

MICROOOMPUTER. ¢ v s sveesnnane $389.00
'me nrst smgle—board microcamputer system.
= Built-in video graphics interface, 8K Microsoft
Basic, 4K of RAM expandable to 8K, audio cassette
interface, full ASCII keyboard.
= Fully assembled and tested, requires only +5V,
3A power supply and TV with RF modulator.
HE MODUTA TORSIKIT o0 e w0 o 8 06 020 o100 00 $7.95

CHALLENGER ClP SERIES ALSO AVAILABRLE, AND C1P-MF.
See our ad in December ETI, or write for details.

ANDICOM TECH, PRODUCTS

see December ETI for full line and prices.
WIRE-WRAP WIRE: black & brown $3.85/100ft.

NEW PRODUCTS FOR HOBBYISTS AND PROFESSIONALS I - o tisement

Z80A Computer System:

Multiflex Technology, Inc. has introduced a
new Z80A-based S-100 computer system
designed with both hobbyists and industry in
mind. By virtue of its high speed (4 MHz)
CPU and S-100 bus system, it possesses both
the computing power and infinite expanda-
bility desired by hobbyists, along with ad-
vanced features to assist hard ware and software
development engineers.

The basic system consists of a mother-
board and an S-100 CPU card which can be
purchased as a kit for $375 or assembled and
tested for $450. The features of the mother-
board include up to 4 S-100 card slots, a
wire-wrap area for customizing, hex key-
board and display, a 2000 - bit-per-second
audio cassette interface (with two methods
of calibrating your tape deck to insure proper
operation), an optional RS-232 interface
(with selectable baud rates), an on-board
parallel interface with 24 1/O lines, and a
built-in EPROM programmer for 2708, 2716,
and (soon to be available) 2732 EPROM:s.
The processor board, which can be purchased
separately, can be used to upgrade almost
any S-100 computer. In addition to a fast 4
MHz Z80A microprocessor, it comes with 1K
of RAM (with space for 3K more) and 8
EPROM sockets for either 2708 or 2716
devices. Two of these are normally occupied
by the system monitor EPROMs. The
memory on the CPU board can be located at
any address by hardware jumpers.

Also provided is a powerful 4K system
monitor to assist the user in machine-language
programming. 14 monitor function kevs on

the motherboard control such tunctions as
moving and comparing memory in blocks of
any size, examining and modifying memory
locations, Z80A registers, and 1/O ports,
single-instruction step execution, breakpoints
and delayed breakpoints (a powerful de-
bugging feature), and calculation of relative
branch offsets.

The system can be expanded using other
Multiflex Products available now or in coming
months, or S-100 boards from literally hun-
dreds of other manufacturers.

Dynamic Memory Boards:

A new series of dynamic RAM boards for the
S-100 bus, using the latest memory interface
technology, is also being produced by Multi-
flex. 16K, 32K, 48K, and 64K versions are
available, with on-board refresh making them
indistinguishable from static devices. The
memory cards are S-100 standard and can be
used with any S-100 computer. They also
have a special bank-selection feature, which
allows up to 8 boards to be used in a single
system. If all boards are fully populated, an
incredible 512K bytes (1/2 Megabyte) will be
directly addressable.

Logic State Analyzer:

One of the most sophisticated computer
design and debugging tools, the logic state
analyzer, is now available at a price the indi-
vidual can afford. It allows you to take a
high-speed “‘motion picture” of a digital sys-
tem, and then replay it in slow motion tolet
vou see what is reallv haooening.

Multiflex products are available exclus.zvely from Exceltronix, Inc

A~ A an ~ ] ~ -

The analyzer, developed by Multiflex
Technology, Inc. performs comparably to
professional units costing over $2500, but
sells for only $400. It works by monitoring
16 digital signals simultaneously, and record-
ing 1024 consecutive 16-bit words after a
user-specified bit pattern is detected. For
example, if a program is running correctly
until an instruction at location 3F18 is
reached, and you don’t know what happens
after that, you could specify a trigger word of
3F17, and attach the Analyzer to the address
bus. When 3F17 is accessed, the next 1023
addresses sent to the bus will be recorded.
You could then slowly step through and look
at cach one, to see where your program
actually went.

Alternatively, the data bus, control lines,
or any other digital signals (which are stable
with respect to a common clock) can be
examined and recorded. You don’t have to
use the Analyzer on a computer at all. Dedi-
cated logic devices, process controllers, or
any complex digital systems can be trouble-
shooted with its help. Any number of
Analyzers can be connected together to watch
32 bits, or 48, or 64, and so on. You can also
set it up to trigger on any data that appears
at the inputs, or to continuously collect data
and stop when the trigger word is received.

The basic Logic Analyzer works at SMHz,
which is more than adequate for most micro-
processors, but a 6.6 MHz version is also avail-
able, and even faster models are on the way.
The Multiflex Logic Analyzers promise to
revolutionize the design and debugging pro-
cess for hobbvists and mdustry alike.
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Studio Techniques . . . ........

What goes on inside a recording
studio? We hear about multi-track-
ing, reverberation, vocoders and so
on but how do they fit together?
Steve Rimmer reports.

Power to the People. .. ....... 23

Practically all electronic equipment
needs some form of power: this
may be from the line or from a
battery. We look at the merits and
applications of each.

Battery Tests . ............. 26

Alkaline batteries are being pushed
really hard by their makers but
they’re many times dearer than the
traditional carbon types. Are they
worth the extra money? We've
been testing them,

Edison Effect. ............. 31

Many famous discoveries were made
by accident; this includes the Edison
Effect. What makes this unusual is
that this genius discovered the diode
in 1880 but (unusually for him) fail-
ed to appreciate its significance.
Directory of Electronic Retailers . 35
We‘'ve been scouring Canada for
details of electronics parts dealers —
and there are a lot more of them
than we anticipated. See inside for
our ‘yellow pages’ listing of all those
we were able to contact.

Voice Stress Analyser. . ....... 45
You can get an indication if someone
is lying by analysing their voice
electronically. John Van Lierde has
been looking at a kit that is now
available,

Indexfor 1980 ............. 52
Listing of our contents in 1980 plus
corrections and amendments to
projects during the last year.

Into Electronics Part4 . . ... ... 53
lan Sinclair continues his series by
examining the operation and prin-
ciples of transistors.
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Alarm Circuits . ............58

Our circuits feature this month
covers the area of security alarms.
Their operation is described by Ray
Marston.

PROJECTS

Electronic Ignition. . . ........14
Now, more than ever, you want to
get the most from you gas dollar.
Many, if not most of the 1981 cars
use electronic ignition to peak the
performance. Full constructional
details inside.

Digital Frequency Meter. ......18
A really neat, single board project
which covers 20Hz to 2MHz in four
ranges using just 4 |Cs and 8 trans-
istors.

EPROMEraser . ............28
Commercial EPROM erasers start
at about $100 but you can build
your own very easily for about a
third of this.

Coin ToSs: sovis v sivn v oo nmavdl
An inexpensive project to give you
a pseudo-random choice from two
possibilities.
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All material is subject to worldwide copyright protection, AlY
PCB patterns are copyright and no company can sell boards to
our design without our permission.

LIABILITY

Whilst every effort has been made to ensure that all
constructional projects referred to in this magazine will operate
as jndicated efficiently and properiy and that all necessary
components to manu!acmve the same are availabie, no

In respect of the fallure
for any reason at afl ot me pro]ect 10 operate etficiently or at
all whether due to any fauit in 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 injury or damage czused by any
fauit in the design of any such project as aforesaid,

EDITORIAL QUERIES

Written queries can only be answered when accompanied by a
self-addressed, stamped envetope. These must relate to recent
articles and not Involve the statf in any research, Mark such
letters ET1:Query. We cannot answer telephone queries.

BINDERS
For ET! are available for $6.75 Including postage and handling.
Ontarlo residents add 7% PST.

SELL ETI

ET1 is availabile for resale by component stores. We can offer a
good discount and quite a blg bonus, the chances are
customers buylng the magazine will come back to you to
buy their components. Readers having trouble in buying ET!
could ask their component store manager to stock the
magazine.

COMPONENT NOTATION AND UNITS

We normaily specify components using an internationas
standard. Many readers wlil be unfamillar with this but it's
simple, less tikely to iead to error and wilt be widely used
everywhere sooner or later. ETI has opted for sooner!
Firstiy gecimat points are dropped and substituted with the
multipfier, thus 4.7uF is written 4u7. Capacitors also use the
multlptier nano (one nanofarad is 1000pF). Thus 0.1uF is
100n, 5600pF is 5n6. Other examples are 5.6pF =5p6,
0.5pF =0pS5.

Raesistors are treated similarly: 1.8M ohms is 1M8, 56k ohms
is lshRe same, 4,7k ohms js 4k7, 100 ohms Is 100R and 5.6 ohms
Is 6.

PCB SUPPLIERS

This magazine does not supply PCBs Or kits but we do Issue
manufacturing permits fOr companles to manufacture boards
and klts to our designs. Contact the toliowing companies directiy
when ordering boards. NOTE, we do not keep track of what's
available from who, so pleass don't write to us for information
on kits or boards. Simitariy, do not ask our PCB suppilers for
project heilp.

K.S.K. Associates, P,O. Box 54, Morriston, Ontarlo NOB 2CO.
B&R Electronics, P.O. Box 6326F, Hamiiton, Ontarjo, L9C
6L9

Spectrum Electronics, Box 4166, Stn *D’, Hamliton, Ontario,
L8V 4aLsS

Wentworth Electronics, R.R. No.1. Waterdown, Ontario LOR
2HO

Danocinths tnc. P.O. Box 261, Westland. MI 48185, USA.
Exceitronix Inc.. 319 College St., Toronto, Ontario. M5T 152
Arkon Electronics Ltd., 409 Queen St. W., Toronto, Ontario,
M5V 2AS.

A-1 Electrunics, 5062 Dundas Si. West, Isiington, Ontario M9A
1B9. (416) 231:4331.



SPEAKER

Effective PRICE to JAN 31817

Tweeters — Dome

ADO0400T8/4
ADO0800T8/4
ADO0S00T8/4
AD140T8/4
AD141T8/4
AD01600T8/4/15
ADQ1605T8/4/15
AD0162T8/4/15*
AD0163T8/4/15"
AD01630T8/4/15
AD01631T8
AD01632T8
AD01633T8/4/15
AD01635T8/15

18MM

18MM

18MM
Polycarbonate
Textile

Exposed Textile
Square Exposed
Polycarbonate
Textile

Textile

Textile Square
Paper

Paper Square
Diamond Cut PIt.

Regular

Prices
15.40
14.25
15.00
15.40
15.40
19.25
19.40
17.40
17.30
18.00
21.20
18.00
21.00
48.00

Tweeters — Dome — Ferro Fluid

ADO140478/4
ADO01624T8/4
AD01634T8/4

Available
Early
81

Tweeters — Cone

AD2273T8
AD2296T8

2" Cone
2" Cone

17.30
18.00
18.00

5.45
8.40

Squawkers (Mid Range) Dome

AD0211SQ8/4"
AD02110SQ8/4
AD02150SQ8/4
AD02160SQ8/4
AD021615Q8/4

5" Textile

Deluxe Version

39.90
37.75
44.25
46.50
52.15

Squawkers — (Mid Range) Cone

AD5060SQ8/4"
AD50615Q8/4
AD50625Q8/4

Woofers

AD4060W8/4
AD5060W8/4
AD70650W8
AD70652W8/4
ADO8120W8
AD80100W8/WBW
AD80601W8
AD80651W8/4
ADB0652W8/4
AD80671W8/4
ADB0672W8/4
AD1065W8"
AD10100W8/4*
AD10240W8/W8BW
AD10650W8
AD12200W8
A012240W8/WBW
AD12250W8
AD12600W8
AD12650W8
AD15240W8/WBW

5" Cone
5" Cone
5" Coné

4" 30W
5" 10W
™

7

8"

8" 40W
8" 30W
8" 50W
8" 50W
8" 50W
8" S0W
30 W 10"
40 W 10"
70 W 10"
30 W 10"
80 W 12"
70 W 12"
100W 12"
40 W 12"
60 W 12"
80 W 15"

28.00
20.00
28.65

22.25
20.55
31.20
28.50
8.62

43.00
25.95
32.40
30.00
37.50
36.00
56.25
75.00
67.50
54.00
78.00
69.00
85.50
46.80
52.00
69.75

Discount

Prices
25% Off
12.00
10.70
11.25
12.00
12.00
14.44
15.85
13.05
12.98
13.50
15.90
1350
15.75
36.00

12.98
13.50
13.50

29.93
32.09
33.19
34.88
39.11

21.00
15.00
21.41

16.69
15.41
23.40
21.38

6.47
32.25
19.46
24.30
2250
28.13
27.00
42.19
56.25
50.63
40.50
58.50
51.756
64.13
35.10
39.00
52.31

:
B,

)/

Combi Plates (Squawker &
Tweeter on Aluminum Plate) Discount
Regular Prices
Prices 25% Off
AD21160ST8 Diamond Cut 85.00 63.75
AD21161ST8 Flat Back 85.00 63.75
Full Range
AD5061M8 10 w5 20.75 1556
AD7062M8 W7 26.25 19.69
9710MC 20 w 8" 48.00 36.00
AD12100M8 25 W 12" 80.00 60.00
Passive Radiators (‘‘Drone Cones”)
ADB000 Rubber Surround 14.25 10.69
ADB001 Rubber Surround 12.00 9.00
ADB002 Foam Surround 14.25 10.69
AD1000 Rubber Surround 34.50 25.38
AD10000/W Foam Surround 15.00 11.25
AD12000 Foam Surround 18.75 14.06
AD1201 Rubber Surround 35.90 26.93
Cross-Overs
ADF1500/8/4 2 way 9.75 7.31
ADF1600/8/4 2 way 9.15 6.86
ADF2000/8 2 way 9.15 6.86
ADF2400/8 2 way 7.50 5.63
ADF3000/8/4 2 way 8.85 6.64
AD3WXSP 3 way hi-Power 37.50 28.13
ADF6/5SP 3 way hi-Power 32.00 24.00
ADF7/3SP 3 way hi-Power 41.10 30.83
ADF500/4500/8 3 way 17.40 13.05
ADF700/2600/8/4 3 way 22.50 16.88
ADF700/3000/8/4 3 way 22.50 16.88
AD1SUBW Sub Woofer 37.50 28.15

PDM 35 Pocket Digitai Multimeter

16 ranges; 1%
basic accuracy

PFM 200 Pocket Frequency Meter.

20 Hz-200 MHz
10mV sensitivity

DM 235 3': Digit Multimeter

21 ranges;

0.5% basic accuracy.
DM 450 4% Digit Multimeter

239°°
0.05% basic accuracy.

34 ranges;

thandar

DM 360 3%: Digit Muitimeter.

34 ranges;
0.1% basic ] 9400
$C110 Single-Trace Portable

accuracy.
Oscilloscope.
239°°

6995
189°°

10 MHz band width;
10 mV/div sensitivity.

109°°

T Sinetur MUeonter

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

DOMINION RADIO & ELECTRONICS COMPANY

A DIVISION OF DREECO ELECTRONICS LTD.
THE HOME OF RADIO & ELECTRONIC SUPPLIES



Motorola CMOS MPU

An 8-bit CMOS microprocessor, the first in
a series of planned CMOS microcomputer
parts, has been announced by the MOS Inte-
grated Circuits Division of Motorola Inc.

The MC146805E2, has 61 basic instruc-
tions that are similar to those of the MC6800
microprocessor, plus a complete set of bit-
manipulation instructions to allow any bit in
RAM or any I/O pin to be individually set or
cleared with a single instruction.

The low power requirement, twenty milli-
watts at one megahertz and less than one
milliwatt in standby, makes the part ex-
tremely useful for applications where power
is a major consideration (portable instru-
ments, telecommunications, point-of-sale ter-
minals, appliance controllers, etc.) The vol-
tage range is three to six volts.

On-chip functions include an eight-bit timer
with software programmable seven-bit pre-
scaler, 112-bytes of RAM, and a clock genera-

tor. The multiplexed bus has an 9K byte
addressing range. A 2K byte CMOS ROM, the
MCM65516, is a companion part that is also
now available.

The processor is available in forty-pin
cerdip or plastic packages, and is priced at
$45.00 in unit quantities (plastic). Avail-
ability is off-the-shelf from either factory or
distributor stock. For further information
contact your local Motorola sales office.

Key Cat

Need a keyboard? Grayhill, Inc. has a new 34
page catalogue (no. 5) detailing their line of
keyboards and pushbutton modules. If yer
interested, write to A.C. Simmonds and Sons
Ltd., 975 Dillingham Road, Pickering, Onta-
rio L1W 3B2.

New Webster

Webster Instruments Ltd. has a new office in
British Columbia. The location is Suite 509,
4211 Kingsway, Burnaby, B.C. VSH 3Y6.

A Source

Beeco Marketing Ltd offers a flyer containing
various types of components, capacitors,
CMOS etc. that they stock. This is really only
of interest to retailers since the flyer refers to
100 and 1000 piece orders. Interested
companies should write to Beeco Marketing
Ltd., 5-11711 No. § Road, Richmond, BC,
V7A 4E8.

Safe as Houses

A reformed burglar tells how thieves operate
and what can be done to protect yourself in
a booklet titled ¢ Your Personal Guide to
Home Security’. Copies are available from
Robert J. Wood, Marketing and Sales
Manager, ADT Security Systems, Suite 700,
4881 Yonge St., Willowdale, Ont., M2M 5X3.

Learning
Heath has made available descriptive literature
on their various educational products. In all
there are five brochures: Learn to write your
own programs in BASIC and Assembly
languages; Fundamental electronics and test
equipment; Advanced electronics (digital
techniques microprocessors);  Classroom
educational programs; Problem solving math-
ematics.

Available at a Heath Electronic Centre or
you can write to Heath Co., 1480 Dundas
St. W., Mississauga, Ontario, L4X 2R7.
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Plastic Cat

Having trouble finding odd plastic bits like
control & pushbutton knobs, handles and
more? You should check out Harry Davies
Molding Company’s Catalogue of Standard
Plastic Parts (catalogue no. 30). You can get
it by writing to Atlas Electronics Ltd., 50
Wingold Ave., Toronto, Ontario M6B 1P7.

Learning Power MOS

For those people eager to get on the power
FET bandwagon, Hewlett-Packard offers the
HPWR-6900. For $60.31 (less taxes) you get
two HPWR-6501 power FETSs and a fistful of
spec sheets and application notes. Write to
Inquiries Manager, Hewlett-Packard (Canada)

Ltd.,, 6877 Goreway Drive,
Ontario L4V 1M8.

Mississauga,

“STAND UP
AND PERFORM”

Sugg. List $679.95

That's exactly what the LT-5V does.
Designed primarily as a companion piece
to the Mitsubishi Micros, this space-saving turntable
operates vertically. This innovative unit features vertical linear
tracking, with the stylus and tonearm travelling in a straight line
across the disc. The brain of its fully automatic operations is an
LS! computer on a specially developed chip. Low tracking error,
fewer resonances and improved stereo channel balance are assured.
A spring-loaded clamp secures the disc to the turntable, and the
double-flywheel drive system ensures accurate balance. Fully
electronic automatic control guarantees superb performance.

The LT-5V — Vertical Linear Tracking Turntable.

Expect more from Mitsubishi.

ITSUBISHI

AUDIO SYST EMS

Melco Sales Canada Inc.,
900C Denison Street,
Markham, Ontario

L3R 3K5

(416) 495-7728

Circle No. 14 on Reader Service Card.



Serving The
Technician
Since 1971

— Tuners are
our only
business.

Tuners are cleaned ultrasonically,
checked on new Wavetek sweep
equipment for gain, bandwidth,
oscillator tracking and AFC diver-
gence. Shaft repairs a specialty.
Affiliated with Tuner Service Cor-
poration, Bloomington, Indiana.
Only new parts are used, meeting
manufacturer’s specifications.

$16.95 VHF UHF Varactor

Same day service.

One year warranty on workmanship and
materials on tuner repairs.

Please do not send mounting brackets.

TUNER SERVICE Co. of CALGARY
P.O. Box 5823
Station A"’
Calgary, Alberta T2H 1Y3
(403) 243-0971

Circle No. 6 on Reader Service Card.
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Micros In School

A survey, recently completed by The Ontario
Institute For Studies In Education (OISE),
Has revealed that microcomputers are being
used in more than 50% of Ontario schools,
The survey reports that more than 652
machines are in use across the province. They
are particularly invaluable in making rote
learning more accurate, therefore leaving tea-
chers free to show students how to use skills
developed on the computer.

A major obstacle to increasing use of com-
puters for educational purposes is the lack of
adequate provincial funding, Indeed, more
than 34% of the educators interviewed be-
lieved that additional funding would be
required to expand current programs,

On the! private industry side however,
Commodore Business Machines will give
schools a price break on Commodore PETs.
Their ‘three for two’ marketing plan will
donate one free PET to the school that pur-
chases two. Because of this approach, 65%
of ‘the computers used in schools are PETs.
There is also a Commodore Eductational
Advisory Board to facilitate communications
between teachers and the company.

Teachers of school boards mterested in
the offer should contact James Diohne,
Commodore Business Machines Ltd., 3370
Pharmacy Ave., Agincourt, Ontario M1W 2K4
or phone (416) 499-4292.

" PCB BNC

A family of low-cost pcb mounting BNC
receptacles has been developed by Amphe-
nol North America.

Applications anticipated for the recep-
tacles include instrumentation and test
equipment, communications equipment, and
computer mainframes and peripherals, as an
increasing number of circuit designs call for a
direct interface between coaxial cable and PC
boaids.

Designated the Amphenol 31 Series, the
receptacles mate with all other BNC-type
connectors. Receptacles  are affixed to PC
boards quickly and easily by solder.

The receptacles are available for both
50- and 70ohm coaxial cable sizes. The re-
ceptacles exhibit nominal $0ohm impedance,
with peak operating voltage of 500V. Dielec-
-tric withstanding voltage is rated at 1500V
RMS. Thermal wlumts of the TFE msulatot
are —55° to +199°C (—67 to +390° F).
Connector mating is via standard BNC two-
stud bayonet lock.

ETI — JAN 1981

Intersil Short-Form Product Guide

Intersil, Inc. has published a 30-page con-
densed product guide which describes the
company’s broad line of analog, digital, horo-
logical and microprocessor integrated circuit
products.

Devices in the new catalogue are fabri
cated with CMOS/LSI, MOS/LSI and bi-
polar LSI, in addition to a proprietary process
relating to vertical MOS power FETs. Also
included are data acquistion components and
systems; memories, mictoprocessors, and
development systems; multiplexers and
switches; and discrete MOS and bipolar tran-
sistors.

This product guide is available from Len-
brook Industries Limited, 1145 Bellamy
Road, Scarborough, Ontario MlH 1HS,
telephone (416) 438-4610.

Mars; “It’s a Dessert’”

For all intents and purposes, the Viking
mission ot Mars is almost over. After photo-
graphing 97% of the planet’s surface (some
52,000 pictures in all), scientists have found
no evidence of Earth-like life.

Orbiter and lander craft have indicated
that there is very little water in the atmos-
phere, although there are large amounts
under the planet’s surface in the form of ice.
Additionally silicon (as in sand) comprises
45% of the planet’s surface.

The project, which has cost $1 billion
so far, is not totally over. A full time staff of
twenty-five Jet Propulsion Lab personnel
will monitor meteorlogical data from the
Temaining opegational lander craft until
1994. It seems, however, that further studies
of the Red Planet are off for now.

(%

Optical Zip Cord

Hewlett-Packard has introduced what we
consider to be the greatest thing since zip
lamp cord. Designated the HFBR 3100
Duplex Cable, it takes the form of two fiber
optic cables designed for two way communi-
cation.

The duplex optxcal cables consist of
two single fiber cables extruded together
and surrounded by a common black pely-
urethane jacket to form an ‘“‘easy-slit zip
cord.” A tracer along the outside of one of
the two channels is for easy identification.
The new HFBR-3100 is compatible with HP
HFBR-1001, HFBR-1002, and HFBR-2001
transmitter and receiver modules.

Where two channel transmission is re-
quired, the dual-channel cable can be used
in place of two HFBR-300 single channel
assemblies. It weighs 17 grams per metre
and measures 6.35mm by 3mm. The flexi-
bility of HP’s fiber optic cable has been main-
tained.

Cable lengths totaling up to S kilometres
are $6.75 per metre (Canadian). Connector
installation is an additional $67.64 per ter-
mination for up to 19 connectors. Write to
Inquires Manager, Hewlett-Packard (Canada)
Ltd., 6877 Goreway Drive, Mississauga,
Ontario 14V 1M8.

LOOKING BACK

NiCad Charger

Designer Circuits, November 1980
C1 is incorrectly sited in the schematic. Its
positive lead goes to the junction of D1,2,
and its negative lead is connected to the trans-
former center tap. The original ‘C1’is in fact
the center tap connection to ground.
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The Last Word

We recently heard about a young university
student who had been a keen electronics
hobbyist since he was knee-high to a 6CW4,
Apart from building the usual crystal sets,
hee-haw sirens, home burglar alarms etc, he
was a keen listener on the shortwave bands.

After some years doing quite nicely thank
you at his philosophy course in university,
he felt the need to do something a little more
substantial with his hobby. He threw him-
self wholeheartedly into studying for his
amateur radio licence.

Unfortunately, after some time he had to
postpone sitting for his amateur licence exam
as his Professor said his extracurricular
activites were interfering with his university .
studies.

The poor lad had to put Descartes before
the Morse!



STUDIO
TECHNIQUES

Do you feal a burning need to
express yourself in music? Are
you a band without a demo.
If so then this article by Steve
Rimmer is for you.

THOSE LITTLE K-Mart cassette tape
recorders that go for about thirty dollars
during the Greatful Dead birthday sale
. . . they do have their limitations. You
probably wouldn’t catch the Beatles
cutting ‘their reunion disc on one, and
probably for good reason. For one thing,
if everyone were to get close enough to
the ‘‘three way omni-directional all elec-
tronic built in condenser sonic transducer
microphone” to be heard, Paul’s bass
would prod George in the eye, causing
him to exclaim My Sweet Lord” . ..
which, as | recall, he did after their last
breakup. John might get out the razor
blades to edit the tape into ‘Revolution
No. 10, only to discover that, at 1 7/8
ips, the width of blade encompasses three
or four bars of music, or Yoko screaming
hysterically . . . whichever the case may
be. In order to minimize Ringo/s beefing
about not getting paid as muclf, the pro-
ducer might very well want him to stay
in France ‘till the vocals get down, and
then have him stick in” the drums after
the others have departed for New York,
New Delhi, jail, or whatever . . . quite
unlikely, as overdubbing is just not one
of the features of a recorder where the
power cord is extra.

If all there were were K-Mart cassette
recorders, friends . . . well, we wouldn’t
even have a hope of some distant reprieve
from Wings. :

Fortunately, of course, tape is avail-
able in widths exceeding 3/16 of an inch,
and tracks can surmount two in number.
Some machines are even built without
little plastic tape covers that break off
after a few weeks. Sell the silver, mort-
gage the Sears “’Assemble-1t-Yerself’ tool-
shed, and those two paltry channels can

be multiplied to four, eight, sixteen,'

twenty-four . . . add a combiner, and go
to forty-eight. Of course, these systems
are much more comptex than their hum-
ble predecessors. Not a built-in mike in
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In actual life you don’t need a lot to get into studio type recording.

the lot. And the batteries aren’t included.

You'd think for three quarters of a
million dollars, they wouldn’t be so
cheap.

In the following strange but true tale,
we will have a peer at the fascinating
world of multi-track recording. Veéry
little will be said about those forty-eight
track set ups, though, because the empha-
sis here is on getting the studio running
for less than the price of a small war. A
small studio is well within the reach of
anyone with sufficiently long arms, and
a bit of loose cash. Alternately, try suf-
ficiently long fingers and someone with a
loose wallet. Either way, with a bit of
hardware, and some technique, the
potential of a personal recording facility
is quite phenomenal.

For the purposes of this treatise, we’ll
assume that a ‘‘studio’’ consists of a mini-
mum level of hardware, and that all of
it more or less works. It will also be
assumed that everything is fairly well
understood, that words like “EQ” and
“master fader’”” are not complete mys-
teries. The studio need not be really
heavy . . . no need to have gone to the
Thunder Sound garage sale for equip-
ment, or anyting bourgeoisie like that.
We’ll be dealing, for the most part, with
a four track to two track scene, and only
the basic effects. An eight channel board

should be sufficient, and, four channels
will probably do in a pinch, providing
they all work.

The art of the personal recording
studio is in that it can be used as a time
warp system, a way to be doing multiple
things simultaneously, at least, in terms
of the finished reality. This is occa-
sionally called ““The Oldfield Thing".
You can, as in the case of O dfield’
“Tubular Bells”, play all the parts in a
piece yourself, using the ability of a mul-
tiple track recorder to overdub, to
make them all come together. The ad-
vantages of this are subtle, but real, espe;
cially if you are into fairly complex work.
First off, you, presumably, know what
you want to do. If you do everything
yourself, you needn’ try to explain your
brainchild to other musicians, (who may
well think you’ve been scratching your
ears too deep, and have dented you
brain). Even when presented with scores,
musicians tend to want to personalize
a piece, so even if they do understand
what you‘re raving . . . er, talking about,
there will likely be something lost in the
translation anyway. Secondly, it’s a lot
easier to. go through dozens of hours
of experimentation and general fooling
around with a bit if you don’t always
have to be buying coffee for the rest of
the band. Third, overdubbing .is tighter
than live performance, because you can
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(Above) A multichannel studio mixer. This unit accepts up to 24 inputs and can place them

anywhere on the stage.

(Right) A smaller professional type mixer. The Shure M67 accepts four channels, AC or

battery operation, and isolated output.

play the exact same three bars over 10'°
times, if that’ what it takes for you to
know when to come in with the kazoo
solo. In playing live, there is always some
variation. Lastly, doing the personal
studio trip requires less space, because
there’s only one of you, (one should
hope) and less bread, because’ recording
studio time is getting rather steep, espe-
cially if all you’re doing is fooling around.
Overdubbed stuff has the potential for
being a lot more unusual, simply because
there are no constraints or pressures
about how much it's all going to cost
when the Visa bills roll in.

On the negative side, the spontaneity
of this type of thing is usually buried in
the black somewhere, because everything
gets planned and rehearsed over and over.
This is a drag for pop material, but gets
to be of less importance the closer you
get to the neo-classisist, headspace in-
strumental trip.

It is, for most basement studio
gnomes, in this kind of music where the
personal studio really does become an
instrument in itself, and thus, an exten-
sion of the performer. Most of the things
we're going to look at here relate to this
type of piece.

Signals

There are two places from whence to
obtain signals, these being microphones,
and electronic things, like guitars, syn-
thesizers, other tape recorders, and so on.
There are several important points to
consider when figuring out where your
sound is going to come from.

The first rule | find myself working
under is that accoustic is always best.
Noises that actually exist as noises before
reaching the speaker are always fraught
with sympathetic resonances, overtones,
formants, and such, and are therefore a
lot more complex and interesting than
would be electronically synthesized equi-
valents. Subconscious perception of what
is happening in a sound, especially by
someone who's been out of the Black
Sabbath genre for a few years and has re-
covered from his deafness, can be quite
detailed, and the tiny little intricacies
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inherent in natural phenomena lend
a lot to the listener’s experience of what's
coming down.

Microphones are kind of tricky.
For one thing, studio quality sound dic-
tates studio quality mikes . . . the trick
with these is in affording them. Neu-
mans, which are really superb mikes, go
for about a grand and a half. Worth every
penny of it, of course, but a couple of
these little mothers can make a rather
large dent in the ol’ piggy bank. Even the
mouldy old AKGs | use go for about
four or five hundred new. Sennheisers,
which are fairly acceptable, are about two
fifty each. Most mikes below this range
are stage mikes; the econo Shures, Sonys,
Electrovoices, and so on. In a hall,
their imperfections can be masked by
assorted room noises, a screaming Strat or
two, and, hopefully, even applause. How-
ever, in the studio, where every scrap of
noise and any little hiccough in the fre-
quency response tells, cheap mikes can
mortally wound the karma of the thing
even before it gets rolling.

Miking an instrument requires between
one and eight mikes, depending upon
what instrument is in question, and
exactly what sound you are after. Keep in
mind that studio mikes are highly car-
dioid, or, at least are usually used set
up in this pattern, and will only pick up
what they are aimed at. Thus, a mike
hung over the bass strings of a piano
won’t even touch the treble notes. This
is actually quite an asset, for, while re-
quiring complex mike arrangements, it
permits one a great deal of control over
over the mix of the instrument as it hits
the tape.

Miking a piano is probably one of the
toughest bits. A grand isn’t all that much
of a drag, because you can hang down
over it, and, possibly, stick a few mikes
under the soundboard. An upright, how-
ever, which is what most of us poor, be-
nighted souls are blessed with, due to
spacial considerations, isn‘t really de-
signed for electronic interface at all.
There are a couple of approaches to the
task.

The best trip is to pull the piano away

from the wall, out by at least four feet,
and hang a blanket or carpet behind it, to
keep the wall from causing a lot of undue
liveliness. The instrument is then miked
from the rear, with the mikes fairly low
to the floor and a foot or two from the
sound board. There are a couple of things
to be overcome in picking up keys. The
first is that the sound behind a piano is
rather . . . hearty. Like, loud, man. We
don’t want anything more coming back as
reflections, which will possibly overload
things and, secondly, muddy up the pre-
sence. Also, because the mikes are to be
lodged in rather cramped quarters, it's
fairly easy to loose some of the strings,
because each frequency comes from a
slightly different part of the sound-
board. This last is a fairly subtle grem-
lin, because all the notes will come
through, but any that have, in fact,
been missed on the first pass will be
picked up as reflections and, thus, won’t
be as bright.

1t might be necessary to use up to four
mikes, depending upon the individual
instrument and the scope of the piece to
be played.

The other way to mike an upright
piano is to suspend a few mikes in
through the open top of the case, or to
remove the front, and point them at the
strings with booms. This technique
does not avail one of the most natural
sounds imaginable; in fact, it sounds
a little freaky in most cases. With a bit
bit of artificial liveliness, reverb or
delay added, a very thick texture can
be obtained . . . a peculiar, complex organ
sound is possible, if everything is set high.

The positioning of the piano on the
stereo stage, that is, how you set the pan
pots on the board, can be used to indicate
its importance in the piece. If it's all
crowded off to a corner, it will not be
perceived as being as strong as if it’s dead
centre. If the piano is the centre of the
work, then it can be set up to cover the
whole state, using a kind of interesting
arrangement. The bass mike is panned
all the way to the left, the treble all
the way to the right and the mid range
mikes set half way between. Thus, as the
notes ascend on the keyboard, they also
move across the stage. It sounds very
spacey in headphones.
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FEATURE

With each mike handling only a chunk
of the spectrum, it’s coo! to turn on the
EQ’s and filter out the bits in which there
is no sound. This will hold down the
noise and increase the sense of spacial
distribution, if the keyboard is set up to
span across the stage.

Miking drums is similar to doing the
piano. One usually has a mike on each
drum and one over the cymbals. The
snare presents the biggest problem,
because most snares leak to some degree,
which “spits” air at the mike. It is often
necessary to use a highly cardioid mike
some distance from the sanre. Alternate-
ly, use congas and biocks, which are more
interesting and far less of a hassle.

One generally sets drums up for ease
of playing. However, as with the piano,
theit  relative positions can be moved
around on the stereo stage by panning the
mikes. Thus, the drums, too, can pan
across the room as they ascend in pitch, if
so desired. If you’re just banging on
congas, you can have one in one speaker
and one in the other. Again, the effect is
really bizarre in cans.

Most other instruments aren’t as much
of a problem and one or two mikes will
usually suffice. A pair is good when doing
something like a flute, especially if you
are wont to moving around a bit when
playing . . . which can lead to a gently
phasing tremolo every time you swing
across the mike. |f you are unsure as to
how you want the track to sound, you
can set up three or four mikes, each on its
own track, and keep the track that
sounds best.

Guitars, strings, and most wind instru-
ments can be miked a different way, that
is, via transducers, or Barcus Berrys. (This
is actually a brand name and several other
manufacturers make transducers as well).
These things attach to the instrument in

EVEN THOUGH 1T LOOKS NEAT

i LN &

one way or another and proffer a per-
fectly miked signal at the end of a cable._

The sound they produce is somewhere

between wholly electronic and wholly
accoustic. Flute pickups, for instance,
sound almost completely natural. They're
ideal if the signal is going to be processed
anyway and usually acceptable if it's
going to be used direct as a component of
a fairly complex passage.

Electronic instruments, electric gui-
tars, synthesizers, and such like, are the
easiest to deal with . . . they simply get
patched into the board. If you want to
run your guitar’s output directly into a
mike jack, an impedance matching device,
or direct box, is usually called for to keep
the sound from getting heavily twangy
and laying a country and western trip
on your rendition of “Sheep May Safely
Graze”.
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Just about everything starts with microphones, so don’t cut corners too sharply here,

The Recorder

The tape recorder is the centre of things.
An eight track isn‘t really necessary . . . as
we’ll see shortly, you can get eight tracks
on a four track machine if you juggle
things right. Noise reduction, such as dbx,
is considerably more important, be-
cause multiple generations of tape are
frequently employed. Obviously, selfsync
is vital. Most machines have provision for
remote control and this is a very useful
feature, indeed. You can usually build the
control unit yourself., It's rather nice,
when enmired in headphones, guitar
chords and mike cables, not to have to
untangle one’s self in order to get up
and start the engines.

An alternative to this may seem to be
putting the tape machine right next to
you. While this is a most, agreeable ar-
rangement, it only works until you do

You can cut a lot of crosstalk by setting up your cables as shown at right. The combination
of looseness and wires crossing each other (physically) reduces parallel inductance {this trick
is used with car sparks plug wires to avoid misfires). If you do use cable ties don’t snug them

down to tightly, you might pinch the cable.

AND ORDERLY — THS 15 BEST
/\A
N /\/‘\\ LABELS AT BOTH ENPS OF
EVERY CABLE
REAR VIEW %éN T 0, NALOR HOOK /vy
THIS CORTAIN R0
S ol » RING o2 T
8K : ® e K\
MINIMOM DISTANCE AT TIE WRAPS
ALLOWED FOR RONS 1\1"1“ NO AACK ”
10 AVES I ATLEAST 19 0F 24 pck.
CAB\ES TIED TO
ABLE LEG | Looee
CONFINEMENT
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If you have a lot of equipment, you might consider rack mounting. This creates a much neater

set up.

your first miked track, at which time the
sound of the tape on the reels gets picked
up.

Now, about that eight track business.
There is a very handy technique, when
you have four or more tracks to play
with, called track bouncing. It allows, at
least theoretically, infinite track expan-
sion, although the noise tends to catch up
with you after a two or three fold dou-
bling. It works as follows.

Suppose we put down a piano track on ;

track one and overdub a quitar on track
two. There are three other instruments to
go down, but only two tracks left.
Therefore, we play tracks one and two
back, mix them together in the way we
want them to be in the final mix, and
simultaneously record them on track
four. {On most recorders, with separate
playback and record heads, the mix on
track four will now be unsynced from the
original on tracks one and two.) This
done, the first two tracks can be re-used,
and, with the addition of track three, as

Miking drums poses some unusual problems.
Use highly directional units to isolate the
sound from each

Microphone
requires considerable care or
the resuilts will be less than

individual

placement

yet left blank, there will be room to L
accommodate the additional three instru-
ments. ;
(Below) If you're short on mikes try str- o
etching them this way.
sm\swm ON THEE.
ERAND PANG %
q FEET \
/ ACOUSTIC
/  GUITAR
2-22 reeT
g gl 0O O/
2?:6‘ / INOMD\)AL
evmog)e‘ \ \ 12 INCHES
S0°ANBLE
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instrument,

If more than three additional instru-
ments were required, the first would be
recorded on track three and then tracks
three and four bounced across to track
one. Four or five generations. of bounce
are not at all nasty given fairly high class
tape, Ampex 456 or something similar, a
good and properly set up recorder (cali-
brated for the specific tape being used)
and a dbx.

There are a-few intricacies of track
bouncing. On some machines, it it possi-
ble to do, three to one bouncing, that is,

to record on tracks one, two and three

and bounce down to four. For example,
I've done this on a half inch Scully four
track without experiencing any major
hassles. All the books say you shouldn’t
be able to, though. You cannot do any-
thing with adjacent tracks on a Tascam
machine, like a 40-4, because of the pecu-
liar head arrangement used with these
beasts. The centre head is used for play-
back and record, with the third head
being just for monitoring and set up. Re-
cording and playing back on adjacent
¥~Y STERED OVERHEAD PAMR

mBM EM\C INSIDE,
ONE HEAD REMWVED p'n'“slrbw

10 AVOLID
‘PORS ' AND

ABOVE THE NOSE LINE,
AND AT LEAET ("ANAY

tracks produces great flapping, scathing
pork barrels of feedback . . . as one well
might imagine, the two head coils be-
having just like windings of a transformer.

The Tascams have several redeeming
features, -however; due to this odd con-
figuration, seif sync is automatic, and
bounced tracks are in sync with their
originals. ®

Next month Steve Rimmer discusses multi-
track recording techniques and special sound
effects, all of them budget Studjo Tech-
nigues.
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ELECTRONIC
IGNITION

A first-class capacitor-discharge-ignition unit that can be easily fitted to any 4 or 6-cylinder negative ground
car engine. The unjt has built-in goodies like status and timing lights, pre-settable RPM limiting, automatic
fail-safe circuitry and remote change-over switching.

a svarve
[ R~

The CD ignition installed and ready for use. This system has already given many thousands of miles of trouble-free motoring.

CONVENTIONAL IGNITION SYSTEMS work by induc-
tively storing energy in the ignition coil when the contact
breaker {CB) points are closed and then releasing this
energy (at a high voltage level) to the spark plug when
the CB points open. These simple "inductive discharge’
systems suffer from a 'number of disadvantages. The
available spark energy and voltage fails to low (and
sometimes inadequate) levels and under cold-start
conditions. The high inductor charge currents and heavy
kick-back voltages cause excessive CB points burning
and wear. Most important, the relatively long rise times
of the ignition waveform (typically 100 uS) make the
system very susceptible to total energy loss under
fouled-plug and damp-weather starting conditions.
Capacitor-discharge electronic ignition systems, by
contrast, work by storing energy in a capacitor (charged
to 300 volts or so) between ignition cycles. This energy
is then released to the spark plugs via a 100:1 step-up
transformer (the existing.conventional ignition coil) each

14

time the CB points open. The energy is released via a
fast-acting silicon controlled rectifier (SCR), which in
turn is triggered via the CB points at a 12 volt, 250mA
level.

CD ignition systems offer several practical advan-
tages over conventional systems. CB points burning is
eliminated and wear reduced. Available spark energy
and voltage do not degrade significantly under coid
starting conditions, so cold-start performance is
improved. Most important, the very fast rise time of the
ignition waveform (about 5 uS) ensures that the spark
does not degrade significantly under fouled-plug and
damp-weather starting conditions. The system also
gives improved ignition or ‘firing’ characteristics and
consequently gives a slight improvement (2-5%) in fuel
economy.

The CD ignition system described here can be used
on all 4- and 6-cylinder 4-stroke engines fitted with 12
volt negative-ground electrical systems. Our unit is

ETI — JAN 1981
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Fig. 1. Circuit diagram of the CD ignition system,

The circuit can be broken down into four basic
sections, a low-voltage (14 volts) to high-voltage
(about 350 volts) DC-to-DC converter, an energy-
storage section, a trigger/discharge section and a
relay fail-safe/mode-selector section. The DC-
to DC converter is.used to charge the energy
storage capacitor to about 250-350 volts and the
trigger/discharge section is used to direct this
energy to the spark plugs via the ignition coil
(which is used as a simple step-up transformer) as
the contact breaker (CB) points open in each cycle.

The converter section is designed around T1-
Q1-Q2 and the associated components. Tl is a
standard 10 VCT, 1.0A power transformer. Ql
and Q2 are connected to the T1 primary terminals
and cross coupled via R2 and R3 so that they act as
a high power astable multivibrator which feeds
anti-phase square waves to Tl primary. The
primary circuit is powered from the vehicles
battery supply (typically 14 volts under running
conditions) and the astable action is such that
double this voltage appears alternately on the
collectors of Q1 and Q2 during the astable action.
The astable waveform has considerable leading-
edge overshoot and zener diodes ZD1 and ZD2 are
used to limit this overshoot to safe values.

The astable voltage is stepped up to about 350
volts at D1-D4 bridge. The resulting dc is used to
charge energy storage capacitors C2a-C2b, which
have one side effectively taken to the battery
positive line via the ignition coil. Resistor R1 and
the output impedence of T1 limit the peak charging
currents to safe values. The neon lamp wired
across the energy $torage capacitors is used to
indicate their status and also to slowly discharge
them when the ignition unit is switched off. Note
that, because of the overshoot characteristics of

HOW IT WORKS

D1-D5 are 1N4007
D6-D7 are 1N4148
Q1-Q2 are 2N3055
SCR1 Is RCA S206M
T11s 10VCT, 1.0A
Power Transformer.

{+)
TERMINAL

the Q1-Q2 astable, the circuit is capable of pro-
ducing a considerable capacitor charge even under
low-voltage ‘cold start’ conditions.

Silicon controlled rectifier SCR1 is used to dis-
charge the storage capacitors as the CB points
open. A current of about 250maA is fed through the
CB points when they are closed. As the points open
a brief trigger pulse is fed to the SCR gate via
C3-D6-D7 and causes the SCR to ‘turn on and
discharge C2 into the ignition coil primary. Under
this condition C2 and the ignition coil form a
resonant circuit and the resulting backswing is
‘captured’ by D5 and automatically turns the SCR
off after 100 uS or so, thereby completing the
operating cycle: the total ignition cycle lasts for
about 200 uS.

Returning to the CB ‘trigger’ action, assume that
C3 is fully discharged just prior to the CB points
opening. As the points open C3 charges rapidly via
R9-D6-D7 and feeds a trigger pulse to the SCR
gate. When the CB points close again C3 starts to
discharge via RV1 and R7 and R8. If C3 has not
discharged by the time the CB points re-open, a
new trigger pulse will not be fed to the SCR gate.
Thus, RV1-R7 act as a bounce-suppression net-
work and can also be adjusted to prevent trig-
gering beyond a certain CB operating frequency:
they thus act as an RPM limiter. Light-emitting
diode LEDI illuminates when the CB points are
open and can thus be used as a static timing light.

Final pointsto note about the circuit are that it’s
converter section is designed to give adequate
operation up to 6000RPM on a 6-cylinder
(9000RPM on a 4-cylinder) 4-stroke engine and its
trigger/discharge section is designed to give cold-
start triggering at battery voltages down to 6 volts.

ETI — JAN 1981
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PROJECT

IGNITION

PARTS LIST
RESISTORS

R1, 1k0 2W5

R2, 3, 270R 2w

R4, 5,8, 33R

R6, 1M8

R7, 10k

R9, 47R 5W

R10, 1k2

POTENTIOMETERS:
RV1, 10k horizontal preset

CAPACITORS:

C1, 1000u 25v electrolytic
C2a+b, 470n 600V dubilier
C3, 4, 220n polyester

SEMICONDUCTORS:

Q1,2, 2N3055

SCR1, RCA S206M

D1-5, IN4OO7

D6-D7 IN4148

D1, 2 33V 1W3

Led 1 0.2" dia. red LED.

MISCELLANEQUS

T1, 10Vct 1A Hammond 166J10

2 off heatsinks drilled for TO3

Neon

SW1 SPDT toggle

FS1 3A +holder

Relay DPDT, coil 185R

Case aluminum box, size 82’ X 52" X 2"

Fig. 2. Above PCB layout for CD ignition.

Fig. 3. Below. Overlay diagram — ensure the relay is connected

the right way round.

PRIMARY v 9v
I HEATSINK

LED 1 CATHOOE

RLA
LED 1 ANODE N(z)RMALLV
OPEN
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designed for easy fitting and uses only four external
connections, The design,which has been subjected to
several thousand miles of actual and simulated road
testing, incorporates a number of unusual ‘goodies’. It
has a built-in 'status’ light to indicate correct functioning
and a LED indicator that can be used as an ignition
timing aid (the LED illuminates when the CB points
open).

Our unit also incorporates a pre-settable RPM limiter.
A relay is used to change the circuit connections from
conventional’ to ‘capacitor-discharge’ ignition and can
be activated via a remotely mounted panel switch. The
CD unit is fuse-protected and the relay automatically
reverts to the ‘conventional ignition’ mode in the event
of fuse failure, -thus giving fail-safe operation.

These features should ensure many thousands of
trouble free miles.

Construction and Use

This project has been designed with ease of constructon
in mind and no attempt has been made to miniaturise
the unit. All components except the relay and trans-
former are mounted on a single PCB as shown in the
overlay.

When the PCB construction is complete fit the PCB,
relay and transformer into a suitable metal box and
complete the interconnections, taking special care to see
that no short circuits occur between the circuitry and the

ETI — JAN 1981



We recommend that the PCB be covered in wax or varnish to
reduce the vibration damage.

case. You can then give the unit a functional check as
follows, after first settig RV 1 to the minimum resistance
position.

Place the unit loosely in the vehicles engine com-
partment, remove the existing CB-to-coil connections
and then connect the unit’s four output leads as shown in
the diagram. One lead goes to chassis, one to the
ignition coil’s ‘'SW' or '+ terminal, one to the CB points
and one to the coil’'s ‘CB’ or ‘—" terminal. When the
connections are complete, switch on the ignition. If all is

LOW-POWER FLASHING LIGHT

=Designer Circuits

well the neon will light and the unit will emit a whistle
sound. Operate the vehicles starter switch. The engine
should start easily and run smoothly. Check that the
ignition reverts to ‘conventional’ operation when the
connection to the coil's 'SW' terminal is broken.

If everything is OK, bolt the unit into place in the
engine compartment, as close to the coil as possible.
Switch SW 1, used to connect the unit to the coil’s ‘SW’
terminal, can be mounted on the vehicle’s instrument
panel. If you wish to use the unit's ‘RPM LIMIT’ facility,
raise the engine revs to the desired limit value and then
adjust RV1 so that misfiring just starts to occur: if
necessary, change the value of RV1 so that limiting
occurs with RV 1 at approximately mid value.

If your vehicle is*fitted with a CB-activated
tachometer, the tacho will probably work perfectly well
with the CD unit. ®

PROBLEMS? NEED PCBs? Before you write to us, please refer to
‘Component Notations’ and ‘PCB Suppliers’ In Table of Contents,
If you still have problems, please address your letters to ‘ET] Query’
care of this magazine, A stamped, self addressed envelope will
ensure fastest reply. Sorry, we cannot answer queries by telephona.

Most integrated circuits, in fact
most electronic circuits, are de-
signed to operate with power sup-
plies in the range 4V5 to 40V. It is
quite rare to find battery-operated
equipment fitted with indicator
lamps, due to the unacceptabie
current drain. Even light emitting
diodes (LEDs), which use up very
_little current (usually 10 to 20mA),
are not used all that often. At very
low voltages (below 2V)an LED will

5 LED1 6 5
,——-—L—-—————o—’--——-—-—-- ———— O - —

LM3809 IC
WITHIN DOTTED LINE

not even illuminate!

National Semiconductor have
produced an integrated circuit to
be used specifically for flashing an
LED, even operating at voltages as
low as 1V1, with an average cur-
rent consumption orders of mag-
nitude below that of an LED on its
own.

The circuit achieves it’s very low
current consumption in two ways.

1V5

Firstly the LED is only illuminated
1% of the time, and only transistor
Q4 is turned on for the rest of the 1
time — drawing a current of only
50uA while on. The 300u capaci-

m——m—mmmm e

e e G e G a am we — a—. —— ——— — ad

tor determines the flash rate by
charging up via the two 400R
resistors and the 3kO resistor. Q1

and Q2 are turned off until the
voltage at the positive end of C1
reaches about 1VO. The exact vol-
tage is determined by the junction
voltage drop of Q1 and Q4 plus the
voltage divider across Q4's base
and emitter.

When the voltage at pin 1 is
1VO more negative than the
positive supply (pin 5), Q1 starts to
turn on. This in turn switches on
Q2 and Q3. The circuit then sup-
plies a high current pulse to the
LED. Q3 is a medium-power tran-

sistor that can handle 100mA of
current, and rapidly brings pin 2 to
a voltage close to zero volts. As the
capacitor has a charge it makes
terminal 1 (the negative end of the
capacitor) go below supply zero. At
this point in the cycle the cathode

of the LED is at a higher potential
than supply positive, and the cur-
rent that flows through the LED is
limited by the 12R resistor bet-
ween pins 5 and 6. The cycle then
repeats itself.

e

ETI — JAN 1981
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DIGITAL
FRE
MET

UENCY

Living by numbers?. . . do it digitally with this easy to build DFM.

WITH JUST A COUPLE of simple-to-operate controls,
this project will enable you to measure and display
frequencies from 20 Hz to about 2 MHz. The upper
frequency limit is determined by the waveform of the
input signal, the input amplifier and the performance of
the particular chip used for IC3. As the CMOS chips used
in this design have a better high-frequency performance
with increasing supply voltage, a twelve volt supply was
chosen and this can be simply provided with eight AA
size cells. §

99999=1
Even a few years ago, a DFM like this unit would have
been AC powered with numerous boards and in-

The Digital Frequency Meter.

18

numerable interconnections. Large scale integration, the
same technology that has put microprocessors in almost
everything, has changed all that and this project features
a five digit readout with input amplifier, logic gating and
counter all on one board. This saves you from having to
worry about connecting displays and cascading discrete
counter chips.

Most of the work is done by one chip which counts
the input pulses and organises the display. Another chip
takes the display data and drives the light-emitting-diode
display while the remaining ICs provide an accurate
counter “‘'window’’ and gate the input signal.

The advantage of CMOS over conventional bipolar
technology is low current drain and the whole unit uses
less power than an ordinary flash light.. Many more

ETI — JAN 1981
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ig. 1. Circuit diagram of the DFM. B_y' using close tolerance components for C4 and R7 to R10 accuracy should be assured.
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Fig. 2. Suggested additional circuitry to perform ‘‘auto update”
on DFM.

sophisticated units of this type use a crystal oscillator
and divider chain to provide accurate timing (just like in
your digital watch). As this would have added consider-
ably to the cost of the project an analogue technigue
based on the ubiquitous 555 timer chip has been used.
This is not too much of a problem as the 555 is capable
of providing accurate and repeatable time delays set by
choice of just one resistor and capacitor and a simple
technique is outlined in **how it works'’ for talibrating all
four ranges.

Construction and Use ]

If you are confident of your ability to handle CMOS and
make the many interconnections required then almost
any constructional technique may be used. However, we

TO EXISTING
PUSH-BUTTON

2N3904

Above. Side view of the DFM. By.keeping a low profile it's
easier to mount the unit in its box. :

Bealow. Athough the layout is not critical we strongly recom-
mend you follow ours.

19
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Circuit operation is most easily understood by
considering each section separately. This approach
makes troubleshooting much simpler too.

THE AMPLIFIER

Transistors Q1l, 2 form a simple direct-coupled
amplifier. The DC operating point is set by neg-
ative feedback via R4. Input signals are
capacitively coupled via Cl. The value chosen
gives good results between 20 Hz and 2 MHz. The
amplified signal appears at Q2 collector where it is
‘squared-up’ by Schmitt trigger gate ICla whose
output drives one input of IC1b. Components R1,
C2 provide a smooth ‘decoupled’ supply for the
amplifier, -

THE COUNTER WINDOW GENERATOR

Input pulses are only allowed to reach the counter
(pin 4,1C3) when the other input of IC1b s ‘high’; ie
at about twelve volts. The input is driven from a
555 counter, IC2, connected as a monostable mul-
tivibrator. This means that upon being triggered
when the voltage at pin 2 drops below about
one-third of the supply voltage, the chip will
generate a pulse whose length is determined by the
values of C4 and one of the switch-selectable
resistors R7, 8, 9, 10. This pulse provides a ‘window’
during which time signal transitions at the
amplifier input are counted. The number of transi-
tions (that is just another way of saying changes
from one level to another) in a certain period; say a
second, is expressed as the frequency of the input
waveform. This means that a frequency of 50 Hz is
just a way of saying that there are fifty cycles of
change in one second of time. A cycle is a change
from positive to negative and back again. By
changing the counter window length, we can
provide our frequency meter with different ranges.
This circuit generates a window of ten secs., one
sec., one tenth sec., or one hundredth sec. depen-
ding on the choice of resistor R10 to R7; giving a
full scale measurement from 9.9999 kHz to 9.9999
MHz.

A novel feature of the 555 chip used in this design
is its ability to provide a large range of output
timing periods with good accuracy. Using a poly-
ester capacitor for C4 and close tolerance resistors
for R7 to R10, the timing intervals obtained will be
very close to ten times multiples of each other. This
means that if the circuit can be accurately set up
on one range then the other ranges will fall into
line automatically. Fortunately the 555 has an-
other trick up its sleeve as the timing period, even
with fixed values of R and C, can be varied con-
siderably by use of the control input, pin 5.

With the unit set to the lowest range, a 50 Hz
signal from the low voltage output of a trans-
former (say 6 or 9 volts) may be applied to the input
via a resistor (about-1 M should do). After de-
pressing and releasing PBI1, the display should

PRO)ECT—
HOW IT WORKS

flicker as the unit counts until a steady number 1s
displayed. The line frequency is 60 Hz but the
display will probably read 65 Hz or so. A resistor
‘Rx’ should now be connected between ‘C’ and ‘N’
and a new reading taken. Different values of
resistance should be tried until the display indi-
cates 60 Hz (0.0600) or at least something close.
Don’t be surprised if a slightly different reading is
obtained even with the same value of resistance for
Rx. We found a value of 56 k was about right. If a
value less than 10 k is required then C4 should be
replaced. In the unlikely event that the display
reads less than 60 Hz then the resistor should be
connected between ‘C’ and ‘P’. Any value down to
4 k7 may be used. Once one range is calibrated, the
accuracy of the other ranges will depend on the
tolerance of resistors R7, 8, 9, 10. Capacitor C3
prevents noise from upsetting things at the control
input.

COUNTER AND TRIGGER

Depressing PB1 causes the output of IClc to go
high to a logic ‘1’ resetting the counters in [C3.
When PBI1 is released, C6 charges via R11 and IC1c¢
output goes low removing the rest signal from IC3
and triggering the monostable IC2 which enables
gate IC1b to pass signals to the counter input (pin
4, IC3). IC3 contains five decade counters which
means that it can count up to 99,999 before ‘over-
flowing’ and starting again from zero. The output
af each stage is presented in binary-coded-decimal
form on pins 17, 18, 19, 20. Each stage uses all four
pins but only one stage at a time is connected to
them. Simultaneously, one of the digit driver
outputs goes high corresponding to the stage
whose value is being output. The binary-coded-
decimal signals are converted to drive a seven-
segment display by IC4 and the appropriate digit is
enabled by Q3 to Q7 driven from the digit driver
outputs pins 11, 16, 14, 8, 7. The decimal point is
driven from Q8 which is turned on at the appro-
priate time by controlling it from the digit driver
transistors via SW1b. The technique of using a few
pins to carry many signals at different times is
known as multiplexing. The multiplexer circuitry
inside IC3 needs to be driven by an external clock
and this is provided by IC1d which, with R26 and
C10, oscillates at about 700 Hz. (Try using the
meter to check this after you have built it!) The
exact frequency is not important. Resistors R12 to
R18 and R24 serve to limit current flow in the
display driver and the LED displays. Do not be
surprised -if the resistors feel a little warm. They
dissipate about 200 mW and this is quite normal.

The 47y capacitors dotted around the circuit help
to prevent interaction between different stages
and are deliberately sited close to individual chips
and transistors.
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PARTS LIST

RESISTORS (All Y2W 5%) r-*
R1 560R - "‘_‘

R2 10k

Si, 6, 25, 26 %%k : "““.

R5, 1210 18, 24 470R

R7 10k
R8 100k
R9 } 1MO
R10 10M
R11 220k
R19 to 23 8k2

- Rx . See text

(Resistors R7 to R10 will effect the accuracy and stability
of the DFM. Use two per cent resistors if you can obtain
them. Otherwise, use whatever you can get — the circuit
will still work). P

CAPACITORS

C1 470n ceramic
C2,7.8,9 474 tantalum
C3 10p tantalum
C4 11 O polycarbonate
C5 1n0 ceramic
C6 ; 447 tantalum
cio 10n ceramic
SEMICONDUCTORS

I1C1 40938

IC2 555

IC3 4534

1C4 45118

Qtto Q7 2N 3904

Q8 - 2N3906

D1, 2 1N4148
DIS1to5 FND500

common-cathode seven-segment LED displays.

Fig. 3. PCB foil pattern for DFM.

MISCELLANEOQUS ;
PB1push-button switch . SW1 2 pole -- 4 way
SW2 SPST

R12-18

PROBLEMS? NEED PCBs? Before you write 1d
to us, please refer to ‘Component Notations’
and ‘PCB Suppliers’in the Table Of Contents. D 8 W
If you still have problems, please address your S L d
letters to ‘ET/ Query’, care of this magazine.
A stamped, self addressed envelope will en-
sure fastest reply. Sorry, we cannot answer
queries by telephone.

Wib
c1 ER
ov

‘Maa BH

A1l

+12Vv )
VIA SW2 1 ¥

C3

Fig. 4. Overlay diagram, we suggest you use 1a

sockets for all §C’s. Note that the capacitors WIPE

C2, C6, C3 are bent flush to the PCB to h Al B LR
¥ b SEE TEXT FOR

enable tht? board to fit neatly in its case, Rx CONNECTION
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PROJECT

strongly recommend that our PCB design is used as this
will cut down the chance of any error creeping in.

If you do use a PCB then construction is quite
straightforward. There are sixteen wire links to make and
these should be inserted first as they pass beneath many
of the other .components. Use an insulated link for the
connection between IC2, pin 3 and IC1, pin 12 to avoid
a possible short circuit to C4. The other components may
be inserted almost as they come to hand although it
helps to have some kind of system to facilitate checking.
The best course is to follow the parts list; resistors first
followed by capacitors and finally the semiconductors.
This technique minimises the chance of overheating the
semiconductors though modern silicon devices are fairly
hardy anyway. We usually use IC sockets; avoiding
handling problems and enabling the chips to be re-used
or replaced if they fail. The LED displays may be soldered
to the PCB or “'soldercon’’ pins can be used. These are
do-it-yourself IC sockets which are supplied in strip-
form. You just break off as many as you need; in this case
five, solder them into the board then break off the
unwanted metal carrier strip at the top of the pins by
grasping it with a pair of pliers and repeatedly flexing it
back and forth. The displays should be mounted so that
the decimal point is facing away from the nearby edge of
the board. In fact the displays will still work if you put
them in back to front but you will see some pretty funny
numbersl|

There are few connections to make'to the board and
the only ones which need special care are those to SW 1.
These should be arranged so that when one section is
connected to R7, the other section connects with the
collector of Q6 and so on as the ranges are selected. This
gives a display reading directly in kilo-Hertz with a
moving decimal point so each range is selected and
facilitates reading the display.

A SINGLE OP AMP OSCILLATOR

=Designer Circuits

An op amp can be made to oscillate
generating a square-wave output.
The circuit is a Schmitt trigger and
integrator all rolled into one.

To understand the operation
imagine the output is high; C1 is
charged up via R3: The voltage at
point A is +0.9 V due to the resis-
tor divider network R1, R2. When
the voltage at B exceeds this vol-
tage, the output of the op amp flips
into its negative (low) state, C1 is
therefore discharged by R3. When
the voltage on C1 reaches —0.9V,
the reverse process occurs and the
op amp output flips back to its
high state. Thus the circuit
oscillates producing a square
wave going from +10V to —10
V.

The frequency of operation can
be obtained from the voltage
changes on C1. This is the trin-
cated section of an exponential
charge/discharge curve, but we
shall ignore this and assume that

the curve is linear (which it almost z

is).

The frequency can be obtained
from the formula F=1/AVXC Hz
where | is the charging current

(approximately 100pA), AV is the
charge accross C1 (3.6 V)and C is
the capacitance measured in
Farads.

Therefore F=10"%/3.6 x C
Hz. Thus, if C1=100nF,
F=270 Hz; if C1 is 10nF,
F=270 Hz and if C1 is 1nF,
F=27 000 Hz.

EXPONENTIAL CHARGE

— +10v
A b
o~
-
+0V9
\/\/\/ —ove
/
/
z
/
L ~10V

VOLTAGE AT POINT B

One of the display units removed from its socket. Note C2 and
C6 mounted flush to the board.’

In use, the highest range should be used first and
then lower ranges selected as required. This avoids false
readings as the counter overflows. The unit is quite
sensitive and will tolerate many waveforms though it
becomes fussier on the highest range, preferring a
sinusoidal waveform. The basic design will-only update
the display following a depression of PB 1. Included here
is a simple update circuit which you can add if you like. It
works by imitating the action of depressing PB1 elec-
tronically about one second after the display has settled.
Any method of construction may be used for this little
circuit and there shouldn’t be much difficulty in making
the required connections to the main board.

Whichever way you build it, this project will provide
you with an economical piece of test gear — off the shelf
and made to measure. o

+10v
R2 Vo)
10k B

-10v

J
~12V g3
100k

L AAAA—
—
/;7-7 ﬂTEGRATOR
DUAL POWER SUPPLY OPERATION
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SINGLE SUPPLY OPERATION
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POWERTO
' THE PEOPLE

We all need electricity, but how do we get it? lan Sinclair looks at the multitude of methods we use to generate,

store and use electricity today.

WHERE DO YOU GET the power to run these circuits?
Do you use expensive, but convenient, batteries or
cheaper, but heavy, power supplies? What sort of
batteries do you use, or do you need stabilised power
supplies? For the answers to your power problems —
read on!

Batteries are ideal for low voltage circuits which use
comparatively low currents and which have to be
portable. If your circuit project uses just a few transis-
tors, or some op-amps, or CMOS digital ICs, then
chances are the current drain is so low that a dry battery
is the best type of power supply. One possible exception
is when there is a seven-segment LED readout — these
devices can easily use 20 mA per segment when il-
luminated, making the life of a dry battery pretty short.
Escape-Proof-Cells
The most common type of dry battery is based on the
zinc-carbon cell (Fig. 1). The voltage is generated by the
chemical action of ammonium chioride (in paste form)
on the zinc case, and the.hydrogen bubbles which are
produced from the chemical reaction are absorbed by
the manganese dioxide which is packed around the
carbon rod. This action (called depolarisation) is import-
ant because hydrogen in gas form does not conduct
electricity, so that a layer of hydrogen gas around the
carbon rod would make the cell an open circuit. In use,
the carbon rod is the positive pole of the cell and the zinc
case is the negative pole. Because the zinc is being eaten
away by the ammonium chloride jelly during the life of
the cell, there is some risk that the jelly will start to leak
from an old cell, so ‘leakproof’ cells use an additional
casing of steel around the zinc. Always use these
leakproof types in electronic equipment, because
ammonium chloride can make a fair old mess of a PCB
and all the components on it.

If your circuit has a very low current drain (measured
in microamps rather than milliamps), a mercury dry cell
may make more sense, because these types can deliver
current over very long periods with a steady. voltage
output. Mercury cells are availabie in the smaller sizes,
such as the AAA size of rod battery and, of course, the
button type of watch or calculator battery. An alternative
to mercury types for very small cells is the silver oxide
cell.

If your project needs rather a lot of current and must
be operated with no power cables, then a rechargable
cell or cells will have to be used. The most common type
is nickel-cadmium — it's expensive and not always as
reliable as its manufacturers claim. Nickel-cadmium cells
and batteries are made in sizes which match the sizes of
dry cells, but with rather lower voltage. For example, the
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METAL
CAP

CARBON

QUTER CASE
{ZINC)
(—Ve)

ELECTROLYTE
(AMMONIUM CHLORIDE
JELLY)

DEPOLARISER MIXTURE
(MANGANESE DIOXIDE + CARBO
+ ELECTROLYTE)

Fig. 1. A zinc-carbon cell, still the most widely used for batteries.

AAA size Ni-Cad cell has only 1.25 V output compared to
the 1.5V of a zinc-carbon cell and the 9V size has only
8.4V comparison, a Ni-Cd 9V will cost anything from
$7. to $10. depending on whether you get it whole-
sale price or retail, as compared to the 80¢ or so for the
drycell. In addition, you need a constant current charger
— a car battery charger is sudden death to Ni-Cd cells —
and you have to keep the cells working. Most failures of
Ni-Cad cells seem to occur when equipment is under-
used. In general they thrive on hard work and last well
providing that they are run right down and then
immediately recharged.

Internal Resistance

Oddly enough, the sealed construction of the Ni-Cad cell,
which lets us operate these cells, like dry batteries, in
any position, has now been copied to produce lead-acid
cells, built along the same lines as the familiar car
battery.

All batteries, wet or dry, primary or secondary, have
internal resistance, which is simply the electrical resist-
ance of the materiats inside the battery. The effect of this
internal resistance is to cause the output at the terminals
when current is drawn to be less than the voltage which
the battery generates. We can understand why this
should happen by drawing a circuit iff which the internal
resistance is represented as a separate resistor (Fig. 2).
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Fig. 2. internal resistance (a) and its effect (b).

For example, if the battery has a voltage of 9 V at zero
current, and the internal resistance is 4 R, then a current
of 0.5 A (500 mA) drain from this battery would cause a
voltage drop of 0.5 X 4 = 2 V across the internal
resistor. Since you can’t connect across the internal
resistance, the voltage at the terminals is now 9 V—
2 V=7V, and this will drop still lower if more current is
drained. Fig. 3 shows how to calculate the internal
resistance of a battery from measurements of voltage
across the terminals. Dry batteriés have fairly small

E—-READING OF VOLTMETER I
WHEN SW, IS OPEN sw1

V— READING OF VOLTMETER O
WHEN SW, IS CLOSED B
§ R1

R1- VALUE OF LOAD RESISTOR
IN OHMS

Fig. 3. Cailculating the amount of internal resistance. R1 should
be a 5% wirewound resistor, value about 1R5 for each volt of
battery voltage (9R for a 6V battery, for example),

R1{E-V)
v

internal resistance values (about OR5 or less per cell)
when fresh, but the internal resistance is considerably
greater when the cells are nearly exhausted. Always test
the voltage of a cell when a resistor is connected across it
— it's a better guide. For cells of "C"” size, a suitable
resistance value isaround 1R5 per cell (so that 6R would
be used for a 6 V, four cell battery).

Rechargable cells have much lower internal resist-
ance values, due mainly to the use of liquid electrolyte.
The internal resistance of nickel-cadmium cells is parti-
cularly low and that's why they need a special rechar-
ging circuit which passes a fixed amount of current for
any voltage of cell. The charges used for, lead acid cells
give a fairly constant voltage and rely on the tact that
discharged lead-acid cells have a‘higher internal resist-
ance than fully charged cells, so that when the cell
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voltage is low, the high resistance prevents the charger
passing too much current. As the cell charges, the
resistance drops, but the voltage rises, so that, once
again, the amount of current that can pass is limited
Ni-Cad cells have such low internal resistances at all times
that a constant voltage supply would pass excessive
current. The danger of exceeding the rated charging
current is that the cell is sealed and the gas produced
when excessive charging currents are used will build up
pressure until the cell bursts, making a nasty mess cf
anything near it. Fig. 4 shows a simple Ni-Cad constant
current charger circuit.

Fig. 4. A simple constant-current
supply for a Ni-Cad cell. The
current in milliamps is approx-
imately equal to 2/R, when R
is in kilohms.

ak7

Horses and Courses

However you go about it, using batteries for anything
but the simplest low-current circuits is an expensive way
of buying electricity, so that the more ambitious project
builder will need a line power supply unit (PSU). Such
units are surprisingly inexpensive to build (less than the
price of a 9V nickel-cadmium cell, for example), but will
operate your circuits until the cows come home just for
the price of hydro electricity’ — which at the moment
works out at 6¢ per kWh. In case you don’t realise how
cheap that is, a unit using 10 W, the average consump-
tion of a Hi-Fi set-up, can run for 50 hours for one penny.
Even at 100 W consumption, you get five hours for a
penny. By contrast, you would get about half a minute of
use of a 276 dry battery taking 10W at a cost of around
$1. It's horses for courses here, you simply don’t use
batteries to deliver power of 10 W or so.

Three in One

A simple line PSU consists of three parts. There must
be a transformer to step down the line voitage to the
lower voltage we need, a rectifier to convert AC into
current flowing in one direction and a reservoir capacitor
to convert pulses of current into smooth DC. A typical
circuit is shown in Fig. 5 for a nominal 9V supply.

Because the PSU usés line voltage at it's input, the

usual high voltage safety precautions have to be
observed.

Clamp that Cable

An additional safety requirement is that the line cord
into the PSU must be well secured, so that if someone
(you, perhaps) trips over the cable, the connections will
not tear out. Suitable cable clamps can be obtained
which are designed for this job — do not use makeshift
clamps which can damage the cable. For equipment
which is so heavy that the cable would pull out of any
clamp, a plug/socket connection to the case of the PSU
is acceptable provided that the plug and socket are of an
approved type.
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Remember that if your construction doesn/t measure up
to modern safety standards, you are responsible for any
accidents that may be caused.

The action of a PSU of the type shown in Fig. 5 is
something like this. When you switch on, the AC
sinewave at one end of the transformer will be in
antiphase to the sinewave at the other end of the
winding. One pair of diodes will conduct, leading current
through the load (the circuit which is powered by the
PSU) and also charging 'up the reservoir capacitor until
the peak of the voltage wave is reached. As the wave
voltage drops the diodes stop conducting and the load
current is supplied by the capacitor discharging. When
the sinewave voltages at the transformer reverse, the
other pair of diodes will conduct whenever the wave

O +

1L
il
AAAA
2

°—

Fig. - 5. A rectifier bridge power supply (mains switch and fuse
not shown).

voltage is greater than the voltage across the capacitor.
The capacitor is now topped up with charge once again,
until the voltage across it equals the peak of the wave

. voltage. The way that the diodes are connected ensures

that the current through the lead is always in the same
direction and the reservoir capacitor ensures that the
current keeps flowing even when the diodes are not
conducting. :

If very little current is taken, the supply is almost
perfectly smooth DC, but larger amounts of load current
will cause the reservoir capacitor to discharge during the
time when the diodes are not conducting.. This causes an
alternating voltage, or ‘ripple’, on top of the DC voltage
and it is this ripple which is the cause of ‘hum’ from a
power supply. The amount of ripple voltage, peak to
peak, is approximately given by:

10001t
C

where |'is the load current in mA, t is the time between
peaks (10 ms for a bridge rectifier) and C is the capacit-
ance of the reservoir capacitor in microfarads. For
example, if we decide to use a 500 uF reservoir capacitor
on a bridge circuit supplying 100 mA (=0.1 A), then the
ripple voltage is

1000 X 0.1 X 10

500 volts,

which is 2 V. This isn’t too good, but a capacitor of 5000
uF will reduce the ripple to 0.2 V which is much better.

The simple rectifier bridge plus reservoir capacitor
type of power supply works well providing we don’t
expect too, much of it, but it does have a fairly large
internal resistance. If the circuit needs a steady voltage,
unaffected by changes in line supply voltage or in the
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amount of current being taken by the load, then a
stabilising circuit must be added. The effect of a stabil-
ising circuit (stabiliser or regulator) is to reduce the
output voltage to a level which is then held steady
despite changes in mains voltage or load current and
which has no detectable ripple voltage.

Fig. 6 shows a simple zener diode regulator. The
output from the reservoir capacitor is 12 V, but the
voltage across the zener diode, providing that at least 2
mA is flowing, is only 5 V. Since the ripple voltage
affects only the peak of the waveform (11.5V to 12.5
V). no ripple appears on the output from the stabiliser
and the difference between the supply voltage and the
stabilised voltage appears across the resistor. The
resistor value is calculated so that the zener diode will
still pass current even when the load demands its
maximum current. For example, if the maximum load
current is 50 mA, then allowing for 2 mA through the
zener diode, a total of 52 mA mustdrop 7V (12V~5V)
across R1. The value of R1 is therefore '

Vv 7
(from R I ) 52k
which is 0.135k or 135R — the nearest preferred value
is 120R.

+ +
R1
Fig. 6. A simple zener-diode 5
voltage stabiliser. N
12v ouTt
201
(5V)
-0 —) =

Series Stabiliser

For larger load currents, a series stabiliser such as that of
Fig. 7 is used. Q2 is a power transistor used to control
the flow of current to the load so that the voltage aeross

the load is constant. A sample of the voltage across the
load is selected by resistors R3 and R4 and fed to the
negative input of an operational amplifier IC1. The
action of this IC is to amplify the differenfe in voltages at
its two inputs, marked + and —, and the output voltage®
is always in antiphase to the — input voltage. The zener
diode fixes the voltage at the + input of the IC. Now if
the output voltage rises too high, making the voltage at
the — input higher than the zener diode voltage, the

voltage at the output of the IC will drop, causing Q1 to be

‘biased back. This in turn will bias Q2 back so that the

current fed to the load is reduced. Since this will reduce

the voltage at the output, the rise of voltage has been

corrected.- Similarly, any drop in output voitage will

cause the voltage at the — input of the IC to drop,

making the output voltage rise, increasing the bias on

Q1 and Q2 and so providing more current to the load.

Once again, this corrects the fall in voltage, so that the

stabilisation is automatic.

While a stabiliser circuit such as this one is most
effective, several factors can cause the stabilisation to
fail. One possibility is attempting to stabilise at an output
voltage which is too close to the supply voltage, for
example providing a 10 V stabilised supply froma 12 V
unstabilised supply. This causes problems because the
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BATTERY

TESTS

Alkaline batteries are being pushed really hard
by their makers. Are they good value; we’ve

been finding out.

‘TAKE the Energiser Test’; ‘No battery
looks like it or lasts like it’: these are
the messages that bounce out at you
from your TV screen. Has something
dramatic happened in the battery field?
Yes it has, but it happened some while
ago with the introduction of Mallory's
Duracell — an alkaline battery rather than
the traditional zinc-carbon types. The
competition has heated up because of the
introduction of Eveready’s Energiser.
Now there’s nothing very surprising
nowadays when products are improved,
we expect technological goods to get
better. We can believe it when we are
told these new batteries last up to five
“times longer but have you compared this
to the extra cost? An Energiser D cell
typically costs$2.10 each (they’re norm-
ally sold in a twin pack) while a Radio
Shack General purpose type goes for
39¢ — a greater than five-fold price

difference for what looks the same
product.
There appears to be very strong

pressure to make only the new batteries
available; in a large department store
near ETI’s offices in Toronto they only
sell Energisers — you can’t buy the other
batteries — this wouldn’t matter if they
were obviously always a better buy — but
are they?

Considerations.

More equipment than ever before requires
batteries. Not many years ago transistor
radios and flash lights accounted for a
very high proportion of batteries sold. In
the last few vyears calculators, digital
watches, electronic flash guns and toys
have been added to the products. When
considering our tests we looked around

and it's amazing the range of products -

that are battery powered — pencil
sharpners, automatic telephone books —
even a blood pressure tester! Testing
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batteries requires quite a bit of thought.
At first you may jmagine tHat you can
hang a resistor across the terminals and
plot a time voitage graph — but that’s not
how we use batteries. The type of load,
the length of usage, the time allowed for
the battery to recover, thelikelihood of it
being left on accidentally; all have a
bearing on the test.

Battery makers do produce specification
sheets on their products and they’re a lot
more complex than you'd imagine —
the useful life of a battery can be five
times as long as another depending on the
usage. .

In our tests we simulated, as close as
possible, true test conditions. This
presented us with a problem in a few
areas. Although we began our tests six
weeks before starting to write this article,
it was nowhere long enough for some
tests, such as electric clocks where a years
operation can be expected from even the
worst type of battery.

Other tests we started were not comple-
ted on account of the length of time that
the batteries lasted; an example of this
was a cassette recorder. This couldn’t be
left unattended for long periods and the
alkaline batteries lasted so long that we
had to give up on this part of the test.

We did however complete many others
— in ftashlights, flash-guns, radios and in a
portable TV set. We also have some
comments on battery powered toys.

Are the claims valid?

How do the makers claims make out?
Our conclusion is that not only are they
substantially- correct but in some cases
the performance we got was better than
the claims. In most cases this also show-
ed greater power-per-penny with the
alkaline types, but not invariably.
Electronic Flash Guns

For our test we bought an inexpensive

Keystone electronic flash, it cost only
$10; our reason for choosing an inexpen-

sive model was that flash tubes are
supposed to last only for about 1000
flashes and we anticipated going through
several units; in fact our little flash gun
lasted throughout the test, over 2500
flashes in all.

in a flash gun the battery drives a tiny,
but heavy current consumption, oscillator
which produces a high voltage charge in a
capacitor which is discharged very rapidly
through the flash tube when the shutter
button is pressed. There is a tiny neon
which strikes to tell you when there is
sufficient charge in the capacitor.

Even in a small flash gun, the initial
current drawn from the battery is high.
We measured 1.8 AMPS for the first
charge (which fell to about 1.2A for
subsequent  turn ons, presumably
because the electrolytics were reform-
ing). This current falls to about 200mA
when the neon strikes. Even so, nearly
2A is a lot to expect from an AA cell.

As the batteries become used up, the
time taken to charge the capacitor
becomes longer and longer.

Uses of a flash gun will vary but a
typical programme might be 15 flashes
in a 30 minute period, then nothing for
another month.

Even during the first few flashes, carbon
batteries took noticeably longer to
charge than alkaline types and the time
expanded as the test went on. However
after a ‘rest’ they improved dramatically
for a short period. Used continually,
carbon batteries were good for only
about 50 flashes before the time taken
to charge became unacceptable (over
30 seconds).

The alkaline batteries showed no
appreciable deterioration — even when
used continually — until 400 flashes
and they still had plenty of life left in
them. They didn‘t show the dramatic
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In our electronic flash gun tests the alkaline
cells did far, far better than carbon types.
They work out cheaper and have the advan-
tages of long life.

‘recovery’ of. the carbon batteries but
they did improve slightly after a rest.

Alkaline batteries have a very extended
life and in a flash gun this is a definate
plus. Many of us will use a flash only a
few times each year and this fits in with
the advantages of alkaline batteries.

Toys

Radio contro! toys are great fun (far too
good for kids). Carbon batteries are
prcatically useless because the current
drain is so high, they can’t cope, even at
the beginning. The car we tried with
carbon batteries was so sluggish we
couldn’t possibly recommend them.
Alkaline batteries do the job beautif-
ully, but there’s a catch. In an ideal
world the kids will always switch off their
toys once they‘ve finished playing with
them. In a real world they’ll lose momen-
tary interest and leave the toy jammed
against tHe wall in a stalled condition
{(which increases current drain considerab-
ly). By the time the parents find it,
there’s $8 worth of batteries to throw
away.

By far the greatest cause of battery .dis-
charge in toys is being left on — not
useage — that’s in a real world rather than

* an idealistic one.

Radios
Transistor radios don’t draw much
current, 20mA is typical and they're

usually used for about an hour at a time
with longish gaps between useage. In
our tests we set three identical radios
(having checked them to ensure that the
current drains were similar) on at the
same volume. Regular carbon batteries
lasted for about 75 hours while the
alkaline batteries were good for about
180 hours. We repeated these tests as on
a penny-per-hour basis the alkaline types
weren’t so hot. The repeat test confirm-
ed the initial results.

TV

We purchased a 5" screen portable TV
which could be used with AC, from a car
battery via the lighter socket or from dry
batteriés. Now no one is suggesting that
you would ever use batteries for this type
of equipment if there was an alternative
but we gave it a go. Our model took nine
D cells which cost nearlly $19 using the
alkaline Energisers|l To put this in persp-
ective this is more than 10% of the cost
of the TV itself. The current drain was
320mA — pretty large. Carbon batteries
lasted only three hours before failing (we

did two tests which gave the same

results). After a couple of days these
batteries were good for another hour or
so but that was about it.

Alkaline batteries lasted for about 18
hours — a six-fold improvement — but

Although we have never heard of any
publicity being given to it, Mallory
battery packs are stamped with a date
(it's embossed on the cardboard part of
the pack).

Another point to look out for is that
we were offered leaky batteries on two
occasions (once these were on ‘special’).
All. modern batteries are much less
likely to leak than those of ten years
ago (some people will remember the first
improvement in batteries — leak-proof
types). As most batteries are now sold in

bubble packs signs of leaking are easy to
spot.

Squeezing out the last ounce

Where batteries are required to give a lot
of current, they may still have plenty of
life in them for some less exacting equip-
ment.

The carbon batteries used in our
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Although we ran several tests — and repeated them — the alkaline batteries did not prove
good value in radios. They lasted longer but not in proportion to their cost. The flashlights

last five times longer using alkaline cells.

i 5 4
this still works out at over a dollar an
hour! {As with carbon types, we also did
two tests with alkaline types).

Flash lights

Flashlights are one of those things that
most of us keep for emergencies but
when we want them, we want them to
work — we’re usually using the thing as
an emergency anyway.

Carbon batteries — both regular and
heavy duty types — gave out after about
4 hours, the alkaline types were good for
20 hours.

There’s a very practical reason to use
alkaline types here which doesn’t apply
to the other tests. The outside temp-
erature during winter here in Canada —
especially at night — make alkalines
almost a necessity. Carbon batteries
have a poor performance at low
temperatures and even fresh ones won't
be much good at very low temperatures.

Buying batteries

You'll do well to buy your batteries from
a retailer who has a big turnover in them;
you should be able to work out for your-
self who this will be in your area.

TV test for instance were apparently dead
after four hours (total) but they were
used to fill up flash lights for Halloween
and were good for at least 2% hours
more.

Manufacturer v Manufacturer

In all to do our tests we purchased over
$150 worth of batteries and had
originally intended to compare not only
carbon: against alkaline but Duracell
against Energiser. Both companies are
spending a lot on advertising asking us
to compare. Note that they don’t
suggest you try out one against the other,

Continued on page 46



EPROM ERASER

A simple and inexpensive way
to erase EPROMs from Marty
Ing.

VIRTUALLY all EPROMs require a
light source of 2537 Angstroms to erase
the contents back to its original state
of all outputs high or all outputs low.
For a long time the only)method of
getting that type of light source that
| knew' of was to buy a commercial
EPROM eraser. By the time | landed the
cheapest one into Canada | was looking
at over .one hundred Canadian dollars.
Since then I've found you can have an
EPROM eraser for as low as $27.00.

At 2537 Angstroms light does not
pass through common glass or the
atmosphere very well. This means
ordinary mercury vapour ultra-violet
sources such as the ones you use for ex-
posing sensitized PC boards or making
blueprints do not ‘work when it comes
to erasing EPROMs. Exposing to direct
sunlight doesn’t seem to work either
because of the atmospheric absorption
of light rays in this region. | can safely
say this because I've tried these methods
including “’black lights”.and plant lights.

The Right Bulb
After searching around | finally found
the G8T5 bulb (better known as germi-
cidal lamp). The beautiful part of
this lamp is that it will fit any standard
desk top flourescent lamp that uses a
12" bulb. All you have to do is replace
the existing bulb with the G8T5 or
equivalent. This bulb isn't cheap. At
$27.00 a bulb you better not drop it
too. many times. The secret to this
bulb is quartz tubing instead of glass.

Placed at 3/4” away from the
EPROM window it will erase the
EPROM contents in about 20 minutes,
even less time for 1702/4702 types.
Because of varying situations, i.e.
age deterioration, dust particles on the
EPROM window, centering of the light
source, etc., you should run a complete
"read” of all the addresses on the newly
newly erased EPROM to ensure there is
not partial erase on any of the bits. It
can be very frustrating to find a par-
tially erased bit at the 1023 location
after you've keyed in everything cor-
rectly up to that point.

Warning! Although light sources in
this range of the spectrum may not look
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Fig. 1. Basic construction of the
Eprom Eraser,

very dangerous or even very bright, it
can cause skin cancer under continued
exposure. At 2637A, it is well beyond
the light spectrum you can see but it
will still destroy the cells in your eye,
eventually causing blindness. The moral
of this story is to clearly label a warning
on your lamp fixture and don’t try to
read with this bulb.

For safety reasons or if you don't
have a suitable lamp fixture already you
can build an inexpensive unit such as
shown in the drawing. It's simply a
piece of .032 aluminum folded into an

inverted trough with 3/4” hardwood
plywood ends mitered as shown to keep
the light from escaping at the ends. The
wiring is shown in figure A. Simply
centre this light source over your
EPROMs, turn it on and come back
after the required exposure, time. If
you're building from scratch, be sure
to mount the lamp sockets so that there
is at least 3/4’" clearance between the
bottom of the lamp and the base line.
You can even save on the sockets by
soldering the leads directly to the bulbe
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Fig. 2. The schematic.
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Everybody’s making money
selling microcomputers.
Somebody’s going o make money
servicing them.

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing,

and Programming Personal and Small Business Computers

Seems like every time you turn
around, somebody comes along with a new
computer for home or business use. And
they’re being gobbled up to handle things
like payrolls, billing, inventory, and other
jobs for businesses of every size. ..to perform
household functions like budgeting, envi-
ronmental systems control, indexing
recipes, even playing games.

Growing Demand for Computer
Technicians...Learn in Your
Spare Time

Even before the microprocessor burst
upon the scene, the computer industry fore-
cast over a 100% increase in job openings for
the decade through 1985. Most of them 7ew
jobs created by the expanding world of the
computer. NRI can train you at home to
service both microcomputers and their big
brothers. Train you at your convenience,
with clearly written “bite-size” lessons that
you do evenings or weekends without quit-
ting your present job.

No Experience Needed

You don't need prior training in elec-
tronics or computers to take this exciting
new course. NRI starts you with the basics,
gives you a firm foundation to build on. And
your personal counselor is always available,
ready to help whenever you have questions.

Assemble Your Own
Microcomputer
NRI training also includes plenty
of practical experience. You perform

meaningful experiments building and
studéing circuits on the NRI Discovery
Lab® Then you build your own test in-
struments like a transistorized volt-ohm
meter, CMOS digital frequency counter
...equipment you lean on, use later in
your work.

And you build your own microcom-
puter, the only one designed for learning. It
looks and operates like the finest of its kind,
actually does more than many commercial
units. But NRI engineers have designed
components and planned assembly so it
demonstrates important principles, gives

you working experience in detecting
and correcting problems. It's the kind
of “hands-on” training you need to
repair and service
units now on the
market.

Rush Card for Free Catalog
Send the postage-paid card today

for our 100-page, full-color catalog. It de-
scribes NRI's new Microcomputer Technology
Course in detail, shows all equipment, kits,
and lesson plans. And it also tells about
other NRI courses...Complete Communica-
tions with 2-meter transceiver... TV/Audio/
Video Systems Servicing with training on
the only designed-for-learning 25" diagonal
color TV with state-of-the-art computer
programming, With more than a million
students since 1914, NRI knows how to give
you the most in home training for new
opportunity. If card has been removed,
write to:

NRI Schools
McGraw-Hill Continuing
Education Center

i 'A ' 330 Progress Avenue
€ gal' Scarborough, Ontario MIP 275
BN o telephone 416-293-1901
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(We wouldn’t dare enter the Canadian scope
market if we didn’t have a better product

MODEL 5630 MODEL 5531

35 MHz, dual trace, calibrated delayed sweep. 35 MHz, dual trace, delayed sweep. Auto selection,
Alternate trigger, 500KHz chop frequency, variable alternate/chop (200KHz) and chop mode only,
trigger hold off, alternate timebase viewing, 5mV variable trigger hold-off, one touch X-Y mode,

@ 35 MHz, TmV @ 10 MHz. 5mV @ 35MHz, TmV @ 15MHz.

KIK—SCOPES

MODEL 5650 50MHz, calibrated delayed sweep . $2569. 5520 20MHz, dual trace. . . ........ $10065.
5630 35MHz, calibrated delayed sweep . $2275. 55168T 10MHz, storage, auto-erase . . . . . $2509.
5531  35MHz, delayed sweep. . . .. ... $1770. 5513  10MHz, dual trace. . .......... $824,
55630 35MHz,dualtrace........... $1495. 5509  10MHz, single trace. ... ....... $663.

Price includes probes and a 2 YEAR WARRANTY.

For more information about Kik-Scopes, Circle No. 59 on Reader Service Card.

Conditions:

Prices are F.0.B. Montreal, Quebec, (I :
duty and FST included. Payable by WAl ORDER ADDRESS:

ified ch der. -
certified cheque or money order I n te rfax INTERFAX SYSTEMS INC.
6515 Van Den Abeele,

Phone numbers of other locations:
Ottawa (613) 838-3187 St. Laurent, P.Q.

Toronto (416) 826-7080 H4S 181
Montreal {514) 336-0392 systems inc.
l F ®
| RESOLUTION WHEN AND WHERE YOU NEED IT B DATA PRECISION
3 Ul
- Data Precision has 3% digit DMM’s, the 935 and 936, that
compete very well with other manufacturers, especially
- if reliability and accuracy are considered. . =
- Model Price RMS Digits Accuracy

Y But at 4% digits our competitors back off. The 245, 248 935 $219 No 3% 1%
-4 and 258, all 4% digit portables, have 0.05% basic DC [936  $248 No 3% 1%
“ N accuracy, plus the 248 and 258 have true RMS measuring 245 $5568 No 4%  .05%

A capability. 248 $504 Yes 4%  .05%
® 258 $528 Yes 4% .05%

The model 2480 and 2480R have 0.03% basic DC accuracy  |2480  $458  No 4%  .03%
in a bench/portable package. 2480R $489  Yes 4%  .03%

1!

>

VW more information on Data Precision products, Circle No. 60 on Reader Service Card.




THE EDISON EFFECT

Many famous discoveries were made by accident or whilst‘
investigating another field. The Edison Effect falls into this

category. K.T. Wilson tells the story. ..

THOMAS ALVA EDISON (1847-1931) was called ""The
Wizard who Spat on the Floor.”” The U.S. Patent Office
credits him with more patents on inventions than any
other U.S. citizen before or since and it was he who
coined the expression ‘genius is 1% inspiration, 99%
perspiration.” What it all amounts to is that even though
Edison was a practical man, he was also an inventive
genius. This is the story of how he discovered one of the
basic principles of electronics — and then forgot it!

Let There Be Light.

In 1878, Edison, then aged 31, along with his partner
Swan, produced the first successful incandescent light
bulb. That's the type of lamp bulb that we use today with
a wire filament heated white-hot by electric current. It's
difficult to imagine, writing this a century later, how
astonishing this must have been, to have light at the
touch of a switch. These early bulbs used filaments
which were either of carbon, produced by charring silk
or cotton threads, or of tungsten (a hard, tough metal)
wire. The filaments were sealed into a glass bulb, with
the wire leads made of a material which expanded to the
same extent as the glass so that the glass around the wire
did not crack as it all cooled. The bulbs were then
evacuated, using a rather primitive air pump. The
vacuum was necessary because the oxygen in the air
combines with any very hot metal {or carbon) — the
material, in other words, burns. Take away the air, and
the filament can be heated white hot without burning.
They had their problems, of course; the carbon filaments
were very fragile and easily broken but astonishingly
enough, a few carbon-filament lamps have survived and
are still usable. Edison, however, felt that the future lay
with the more robust metal filaments.

Now in those days, as now, you could arouse a lot of
interest with a new invention, but it had to be pretty well
sorted out before people in large numbers could be
persuaded to buy. The metal-filament bulb certainly had
a better chance of getting to the customer in one piece,
but its working life was short. After only a few hours of
running, the light level had dropped noticeably, the
glass of the bulb darkened, and soon afterwards the
filament melted.

At that particular time, what we now call vacuum
physics was in its infancy, and very little was known
about how materials behaved in a vacuum but
nowadays, we can understand perfectly what was
happening in these primitive light bulbs. Every sub-
stance has its own vapour around it and the pressure of
this vapour can be measured. When the pressure of the
vapour equals the pressure of the atmosphere around
the material, the material vaporises rapidly, we say that
it boils. The higher the temperature of any material, the
greater is its vapour pressure.

Low Pressure Problems

At 20°C (normal room temperature) for example, the
vapour pressure of water is 2.34 kPa (the kilo-Pascal,
shortened to kPa, is the unit of pressure), and at 100°C,
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Thomas Edison was one of that rare breed — the practical inventor.
He holds the US record for the number of patents filed but one
of his discoveries, the diode, was not appreciated by him, or anyone
else for that matter, at the time.

the vapour pressure of wateris 101.32 kPa, equal to the
pressure of the air about us, so that water boils at
100°C. If we put some water in a container inside a
vacuum bell-jar and start to pump out the air, however,
we can soon bring the air pressure inside the jarto 2.34
kPa. This is the same as the pressure of vapour around
water at 20°C, so that the water inside the bell-jar will
boil at this pressure, even though its temperature is only
20 C. By lowering the pressure still further, we can
make the water boil even while itis busy turning into ice.

What has this to do with lamp bulbs? Well, it’s just
that Edison’s tungsten filaments, at the temperature that
was needed to give out light (well over 2000°C) had a
vapour pressure which was pretty close to the pressure
inside the glass bulb — so the tungsten was evaporating
fast. Like any other vapour, whenever the tungsten
vapour hit the cold surface of the glass it condensed,
leaving a thin film of tungsten on the glass. This cut
down the amount of light passing through the glass and
also reflected a lot of the radiated heat back. As more
and more tungsten condensed, less light was given out,
and more heat was reflected, making the filament hotter
so that it evaporated faster. Eventually, the inevitable
happened, the filament melted.

Edison was strictly a practical man, self-educated,
who had no interest in science unless he could see an
answer to a problem. This was such a problem, and he
browsed over some ideas. The most likely connection he
could see was with electrostatics. He reasoned that the
hot filament was giving off some sort of particles and
that it was these landing on the glass which were
causing the trouble. What could be done? According to
the laws of Electrostatics, charged particles could be
attracted or repelled by other charges, were the particles
charged? Edison wasn’t interested in speculating, he
simply wanted a solution to the problem, so he devised
an experiment to see if he was right.
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Physical Attractions

If the particles were charged, it should be possible to
attract them to @ metal plate inside the bulb if the metal
plate were connected to a DC supply. Edison reckoned
that if the particles could be attracted to a plate, they
would not fog the glass and the Edison light bulb would
shine for much longer. In addition, it would be one in the
eye for Swan and his carbon filaments.

Using his excellent workshop facilities (which have
been preserved as a museum), he constructed his
experimental light bulb, looking something like Fig. 1.
The metal plate was connected to a stub of wire which
was in turn sealed through the glass, and the rest of the
bulb was a normal lamp-bulb which was then evacuated
and sealed-off in the usual way.

Edison then set up the circuit for his experiment. The
lamp filament was operated by a DC supply, and another
DC supply was hooked up for the plate. How would he
know if it worked? The obvious answer was to wait and
see if the bulb dimmed, but Edison was much too
impatient for this. He decided that if charged particles
reached the plate, then an electric current would flow,
and that this current could be measured. He connected a
milliammeter into the supply line for the plate and fixed
up a reversing switch so that one side of the supply could
be connected to the plate and the other to the negative
filament lead (Fig. 2).

He switched on and juggled with the controls. To his
delight, he found that the milliammeter registered a
current when the plate was positive with respect to the
filament but not when the plate was negative with
respect to the filament. This was clear evidence that
charged particles were moving through the vacuum
inside the bulb. He then tried varying the filament
current. When the filament current was decreased, the
milliammeter current (plate current) dropped greatly,
and became zero when the filament was no longer
glowing brilliantly, though still glowing. This was
equally clear evidence that the charged particles were
coming from the filament and that they were emitted
only when the filament was very hot. Since they col-
lected on a positively charged plate, the particles must
be negatively charged.

It fooked good to Edison and he then set about what
we would call a life-test, adjusting the filament current to
its normal value, and making the plate voltage positive
so that the charged particles were attracted to the plate.
He then turned to something else, since he always had
several projects going at the same time.

Meanwhile, Back at the Lab

He returned to his bulb experiment a few days later to
find the plate current still flowing merrily but the bulb
clouding over in the usual familiar way. Soon after-
wards, the filament melted. Edison, not quite believing
it, made a second sample. He found the same action, the
flow of current in the plate circuit indicating that charged
particles from the filament were landing on the plate.
This bulb also clouded over and then failed. Edison
hated being beaten, but he didn’t know what to do next.
It was obvious that the clouding of the glass was not
related to the flow of the charged particles. Being a
shrewd man, Edison thought that he should patent the
idea, just in case he thought of a use for it later. So it was
that the Edison Effect was described fully in its US
patent, filed in 1880. Edison was soon too busy with
ideas to revive his experiments and, tragically, no-one
who might have made use of the idea seems to have read
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Fig.1. Edison’s experiment which he set up to see if a charged
plate inside his light bulb would attract the vapourised tungsten
which was causing all the problems.
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Fig.2. Being too impatient to wait to see if his arrangement in
Fig.1. worked. Edison decided to measure any current to his
charged plate.

the patent — there were no instant copiers in those days.

What Edison had invented, you see, was the first
diode valve. With the invention of the telephone in
1876, and Marconi’s first long-distance radio transmis-
sion of over a mile in 1895, the time was ripe for the
birth of electronics. Poulsen in Denmark was ex-
perimenting with magnetic recording, a principle that
cried out for electronic amplification; but the Edison
effect was forgotten by its inventor, overlooked by the
rest of the world, and the patent lapsed. Later on,
Fleming had to invent the diode all over again and Irving
Langmuir was then ready to add the grid that made the
diode into a triode, opening the way to amplification.

The lamp-bulb problem? Swan was more of a scientist
than Edison, and he soon realised that the problem was
caused by the low pressure around the filament. The
only reason for using such a low pressure was to remove
oxygen from the bulb, and Swan devised the method
that is still in use today, of allowing an inert gas (one
which does not allow hot metals to burn) into the bulb
after the air was evacuated out. Such gas, argon or neon,
can have a fairly high pressure, so that the rate of
vaporisation of the metal is very low and can help to
conduct heat away from the hot filament.

If Only. ..

What a lot of might-have-beens we can think up,
though. Suppose, for example, that the remarkable
genius Heinrich Hertz, born in 1857, who discovered
radio waves, but who died at the age of 37, had noticed
the Edison effect? What sort of history would have been
written, what sort of electronics would we know today?

Anyone out there forgotten about any old inventions? @
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10 to 30 MHz oscilloscopes with more
performance

and reliability

DUAL TRACE OSBCILLOSCOPE
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It's easy to see why LEADER
oscilloscopes are now specified more
than ever. More performance and
quality for less cost. .. with immediate
deliveries from stocking
distributors. They come with

the best two-year warranty in the
industry ... backed by efficient
factory service .

A full-range of reliable,
medium bandwidth

oscilloscopes.
LEADER's oscilloscope line includes 11
models, single and dual trace versions,
for bench or field use. All models offer
comprehensive triggering controls, TTL
compatible Z-axis modulation, front
panel trace alignment control and
convenient, color-keyed front panel
layout. Probes are furnished with most
oscilloscopes and options include probe
pouches, carrying cases, front panel
covers and rack mounting adapters.

30 MHz delayed sweep —
NEW P

LBO-515B is a compact, precision
oscilloscope at a moderate price. Using
a PDA 4-inch CRT with parallax-free
internal graticule, it features 5 mV
sensitivity and delayed sweep for
viewing and measuring complex
waveforms. Also has 120 ns signal
delay, trigger hold-off and x-y
operation at full sensitivity.

30 MHz with signal
delay - $1585.

LBO-520 combines a 11.7 ns rise time
with 5 mV sensitivity and 120 ns signal

than
ever
possible.

5 Y

=

surprisin

leader.

delay lines. Has single shot triggering,
X10 sweep magnifier and bright, sharp
PDA CRT. Triggers to 50 MHz.

20 MHz dual and single

trace — $1100., $865.
LBO-508A and X =
LBO-507A give you 2 R
versatility at low cost.
Rise time is 17.5 ns
with 1 MQ (35 pFd)
input impedance.
Automatic or external
triggering, X5 sweep
magnifier, 10 mV/cm
sensitivity and add/

function
subtract modes.

10 MHz with 1 mV
sensitivity — $895.

LBO-514 has both vertical and
horizontal X5 magpnifiers. Sensitivity
is from 1 mV/cm to 10 V/cm. Sweep
speeds from 0.2 s/cm to 0.1 ys/cm.
Auto or normal triggering. Z-axis
modulation. (Single trace version,
LBO-513, $775.)

Nirnlo Nin 18 An Roarar Rarvire Mard

ou
thought

Oscilloscopes, frequency counters,

enerators, video and
audio instruments...a LEADER

instrument for almost every need.

20 MHz battery/ac
portable —$1350.
LBO-308S provides lab performance
and high reliability in field service
applications. Sensitivity is 2 mV
with a complete set of triggering
controls and 18 sweep ranges to
0.1 us/div. with X5 magpnifier.
Compact, lightweight with 3-inch
rectangular, internal graticule CRT.
(Optional 2 hour internal battery pack is
recharged during ac operation.)

‘Two-year warranty.
Evaluation units.
A history of high reliability permits
LLEADER to provide a generous 2-year
warranty. . backed by factory service.
Call or write for:
@an evaluation
@ a catalogue
@the name or your
nearest franchised
distributor
®@additional information

When Quality Counts

Instruments Corporation

REPRESENTED IN CANADA BY:

- = -y

7 omnitronix Itd. &%

2056 Trans Canada Hwy. Unit 7, 6295 Shawson Dr.
=:| Dorval, Quebec. Mississauga, Ontarlo.

« i) HOP 2Ng L5T 1H4

(514) 683-6993 (416) 678-7170
Telex: 05-822692 Telex: 06-968653




Hi Power Class ‘A’
Amplifier Kits

Now you too can afford to experience

VIDEOZ DISCOUNT

and enjoy the exciting, almost no-dis- 6 hr VHS VCR {1981 Model, Solenoid controlled). .., $999
tortion sound of the latest Class “A” 6 hr VHS tapes . . . . . $19.99 minof6. . ... $20.99 for 1
amplifiers with unigue circuit designs
you o eh Thid s/ Expensivs i COLOUR CAMERAS . ............ .from $599 up.
name products. y
SANYO Betavideorecorder . . .. ............ $888
BELDEONE DN SEID S AV E, 8 hr POFLABIE WIth TUNET o » « o v« v s o s v nv s s ns $1299
ot o ppamim ) Aito . Skt
A o ideo accessories available:
Preimp. snd. Fover Ampier i’ —Dust covers (specify model) . . . .. .. oty i $22.95
HEe ] L e e —Cleaning Kits s« » s s oa 2035 »ea b G e $9.99
70W RM.S. per channe! Stereo Class “A” —Others available. Write for catalogue.
A B O LI Moviesfrom. . . .......... T I .. $49+up
Power Supply 138.50 Satellite Earth Stations. . . ... .... T 2 $4995
No.7777 130W R.M.S. per channel Stereo FET Shipping Extra ]
e ','\‘3,,";.f,.',,"‘,.ﬂ,";;’l‘:i,f’;:fm;‘,;, Write for a free catalogue or circle the Reader Service
end/PoweriSupely:s :$169.50 Number (below] on the Reader Service Card.

100W  maximum (35W R.M.S. per
channel) Stereo Dynamic Bias Class "A™
Dual Differential Pure Complementary
Power Amplifier with Speaker

Protector. . .. vousunn .. $75.50

LOWEST PRICES,
WE SHIP ANYWHERE,

VIDEOLAND

TORONTO

120W R.M.S. single channel DC FET

cl ifier_with
e ot P&:f:rmﬁrﬂn:urs'r' Heaalofcait OTTAWA
Differential Qutput 6.00 1 154 Bank St.
No.100DP DC Class **A** Professional Stereo Preamp. Maijl Order Address: at Glenn)
with Regulated Power Supply . . . $84.50 780 Wilson Ave. 582 Yonge St. 36-0475

N. of Wellesley) SARNIA

SN of Dufferin) |
oronto, Ont. 773 Confederatlon

Add 5% for postage and handling (no ownsvlew Oont.

charge on orders of $200.00 or more). 921-0264 Sarnia
Ontario residents add 7% sales tax. Send (416) 638-2074 e, 5433
cheque or money order. Master Charge 1375 Danforth Rd. W. of Islington) NORTH BAY

or Visa accepted.
PHONE ORDER (MASTER CHARGE
OR VISA ONLY): (416) 499-0401

FREE CATALOGUE:

AUDIOVISION SERVICE
P.O.Box 95§, Station B
Willowdale, Ontario M2K 2T6

N. of Eglinton) tobicoke, Ont. 1138 Cassells St.
carborough, Ont. 255-7543 North Bay, Oont.
265-3525 476-0007
Other locations opening soon In Montreal, Caigary and
vancouver. Call telephone operator for phone number.
Retall (non-majl order) customers must present this ad
(or a photocopy) to get these prices.
(DEALERSHIPS AVAILABLE)

Circle No. 1 Reader Service Card. Circle No. 23 on Reader Service Card.
ircle No. 1 on Reader Service .

FOR
EVERYTHING

- - - -----1

| SUCCESS
- WITHOUT
! COLLEGE

15 WAYS

l ICS will prepare you at home in your spare
time for one of these top pay careers.

ofoRs OBRYAN ELECTRONICS O

WHAT A DEAL/ WHEN YOU PUT THE FAMILY NAME ON THE BUSINESS
Mini-dip switches

H. =
A YOU HAD BETTER DO IT RIGHT — WE DO IT RIGHT

["TAB BOOKS
UNBELIEVABLE! ORDER & SAVE

For every one No. 1]00_7 Master Transistor 1.C.
= K i

vou buy, we'll give erbs it ionillandico $1355 | ..imiTED QUANTITIES. IF vOU'RE
GOING TO ORDER, DO IT NOW, OR

you one free. No. 1053—Microprocessor Cook
- Book . . .. $6.76
HELP US! WE'RE GOING TO No. 856-Master Op-Amp YOU MAY BE LEFT OUT. THIS SALE
BE BURIED ALIVE EXPIRES MARCH 1/81
NOTICE: This is Canada.

Applications Handbook . $10.95
IF WE DON'T MOVE ‘EM,
These are Canadian prices.

No. 938~Linear |.C. Applications
ELECTROLYTICS — RADIAL Handbook % . $7.60
1 mfd—50v— 204 ea. No. 876—Master Handbook of
2.2 mid—S0v— 20¢ ea. Olgl(nl Logvc Applications
3.3 mfd—50v— 204 ea. WSEND FOR COMPLETE LIST LIST

FREE CAREER BOOKLET - FREE DEMO LESSON
NO OBLIGATION
Fill out this Coupon and Mail Today, to:

Canadian Limited
7475 Sherbrooke St. West, Montréal, P.Q. H4B 154
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D Air Conditioning D Adult High School *Parts and instructions not Included. 4,700 :ld o: s3_91 i: 70346’ telephone cable
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nd Refrigeration [J Diesel Mechanics No. 15A~0-24v 1A power 6.800 mfd 50v. $4.72 ea. | plug/spade lugs $1.69 ea
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No. 22 Xenon strobe

No. 23A—3 channel

Color Organ .

No. 27A—-Electronic Dice

No. 28A~—Super Roulette . . $4.50 ea.
* SEND FOR COMPLETE LIST. #

supply . % .. $2.49 ea.
$2.40 ea.

. $2.25 ea.
$6.95 ea.

B!
7035--25" telephone cable

000 mtd 50
1 b plug/spade lugs . .

16.000 mfd 50v
2,200 mfd 100v .
3.300 mfd 100v
4,700 mfd 100v .
6.800 mfd 100v

$5.40 ea.
$7.42 ea,
. $6.61ea
$8.77 ¢a.
$10.80 ea.
$16.20 ea.

$3.69ea

FINISHED PRODUCTS

Ev;lch for this space in our upcoming ads in
I

TRANSISTOR BLiIT2! | DISPLAYS
2N2222—- 394 ea.
2N3055— 69¢ ea.
2N3704— 104 ea.

common anode. 0.8"'} -C.0.0. orders $2.00 additionai
7 segment—$2.25 ea.
9 segment—$2.25 ea.

Qur Marketing expertise is going to save you
money!

Shipping is extra on these items, 15 day
return privilege.

-Add $2.00 for shipping handling

-Ontario residents add 7% sales ta)
‘Mastercharge, Viss, Money Orden

2N3906~ 15¢ ea.
TiP29C— 69¢ ea.
TIP30C— 69¢ ea.
MPS6515—.16¢ ea.

L.ED.s
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Pin-point 3mm
your choice.
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“AFTER

2N3904— 15¢ es. GET THE “LED” OUT

red < .,. 0819 ea
$.29 ca.
$.29 ea.

-Oo not send cash

{Belslrete slgnivodr osdér I.C.C. Electronics Home Audio-Amp 160

wrms total—$299.95

Phone Controlier Automatic Phone Dialer-
30 number storage, battery back-up, LED
Misplay, built in clock, elaj se timer,
auto-redial. hold, and more—$129.9.

BRYAN ELECTRONICS
P.0. BOX 2068
BRAMALEA, ONTARIO

L6T 353 Write for more details on these items.

SANTA SUPER SALE”

Circle No. 7 on Reader Service Card.
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DIRECTORY OF
'ELECTRONIC
STORES

This listing of Electronics Stores has been compiled from our own lists and with the cooperation of several
subscribers to the magazine. They were asked to supply details of their local stores or any that they purchased
from. We then wrote to all stores and this listing is what they supplied; the wording and the details are those
given to us by stores.

O 3 TR S U T W TR IR I O
BRITISH COLUMBIA KEY
Kamloops ETI ETI Magazine sold here
P EC Supplies Electronic Components
Cam Gard Supply Limited ET1 CA  Selis Computers and Accessories D
825 Notre Dame D1, Kamloops,B.C. V2C 5N8 RTV Sells Radio and TV parts A
Tel. (604) 372-3338 TG Sells Test Gear
I%St,igr'}:a\l/’w’r!%lfs]il,eygf electronic parts and B~ "oawe By plwo e / k
equipment including such lines as B & K, oy I ol dsai i e RAE INDUSTRIAL ELECTRONICS LTD.
Potter and .Brumﬁeld. Jana, Belden, this. or i it frea, is shown
AT I P, R-A-E Industrial Electronics Limited  ETI
Vancouver 3455 Gardner Court, Burnaby, B.C. V5G 4]7
TEL é604) 291-88&60 CAT, $10.00
i EC, CA, TG, EK, , CAT, d
?(‘J:’%e ]gicl)]mg:anentv Sales Corp. 6. TR I;Z'Jl"; I nte k The largest inventory in Western Canada
Bo¥ays Wencouyer, 2 of industrial electronic components. R-A-E

Tel. (604) 438-3321.
EC, CA, RTV, TG, EK, MO, CAT (Free)
See our directory ad.

Cam Gard Supply Ltd.

2055 Boundary Rd, Vancouver, British
Columbia. V5M 3Z2. Tel. (604) 291-1441.
EC, CA, RTV, TG, EK, MO.

Aiphone, Amphenol, Andrew Ant, A P
Products, Augat, B&K, Bach Simpson,
Beckman, Belden, Cannon, Controlled Static,
EZ Circuit, Gel Cell, Hammond, I T T, Jana,
Lab Volt, Luxo, Mallory, Pico, Potter &
Brumfield, Power One, Scotch Flex, Texas
Instrument.

Conti Electronics Limited

5656 Fraser St., Vancouver, B.C. V5W 2Z4
Tel. (604) 324-0505

AP Products, Armaco, Commodore Business
Machines, EZ Hook, Fluke, GC, Plessey,
Sanken, Silicon General, Synertek and more.

@ ELECcTRONICS LTD

Intek Electronics Ltd. ETI
10 — 8385 St. George St., Vancouver, BC
V5X 4P3. Tel. (604) 324-6831.

EC, EK.

Electronics parts distributors handling pro-
ducts such as: Alpha, Beckman, C&K Dale,
Exar, Harris, ITT, Littlefuse, Motorola,
Opto-22, PMI, Silicon General, Teledyne
Semiconductor, Robinson Nugent, Varadyne,
Mallory.

RAE

stocks 150 manufacturers product lines with
over 26,000 separate items to choose from.

Victoria

Queale Electronics Ltd.

1004 North Park Street, Victoria, British
Columbia. V8Z 2E6 Tel. (604) 388-6111
EC, CA, RTV, TG, EK, MO.

Broad line distributors, all phases of elect-
ronics parts, equipment consumer & ind-
ustrial plus audio visual.

INDUSTRIAL ELECTRONICS LTD.
VANCOUVER —

EDMONTON

(Line card available). R—A—E has the largest inventory of industrial electronic parts in Western Canada,

representing over 150 manufacturers of active and passive components. Many
hard-to-find parts are readily available from our extensive inventory of over
26,000 separate items.

Glenwood Trading Company Limited

278 East First St., North Vancouver, BC
V7L 1B3. Tel. (604) 984-0404

EC, CA, RTV, TG, MO, CAT (Free)

Canada’s largest mail order supplier of amateur
radio equipment, accessories, antennas, books.
Computers, microphones, power supplies, rec-
eivers, rotors, transceivers.

Our new 1200 page catalogue is now available. It's free to industrial customers
on receipt of a letterhead request. Copies for hobby or home use are $10 each.

VANCOUVER

3455 Gardner Court
Burnaby, B.C. V5G 4J7
Phone (604) 291-8866

EDMONTON

11680 — 170th Street
Edmonton, Alberta T5S 1J7
Phone {403) 451-4001

Heath Company ETI1
3058 Kingsway, Vancouver, B.C. VSR 5J7
CA, TG, EK, MO, CAT, FREE

Shortwave Radios, Amateur Radio Equip-
ment, Radio, Control Equipment, Marine
Equipment, Video, HI-FI, and other kits.

VISA and MASTERCHARGE mail orders are welcome.
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ALBERTA
Calgary

Active Component Sales Corp. ETI
5809 MacLeod Trail South, Calgary, Alberta,
T2H 0J9. Tel. (403) 259-6408.

EC, CA, RTV, TG, EK, MO, CAT (Free)
See our directory ad.

B & E Electronic Supply Limited ETI
442 Manitou Rd. S.E., Calgary, Alberta

T2G 4C4 Tel. (403) 243-3177

EC, RTV, TG, EK, MO

Visions

329 — 8th Avenue S.W., Calgary, Alberta,
T2P 1C4. Tel (403) 233-2249.

CA, RTV, MO, CAT (Free).

Visions is a speciality video, electronics and
video retailer. Major lines carried: Exidy,
Atari, Mattel, Magnavox, Electrohome, C.Itoh
and Hitachi. Sister company Spectra Electro-
nics is Canadian distributor for Exidy Data
Products Inc.

N
'6\6 DEALERS IN:

COMPUTER PRODUCTS

-~ Atari 400 and 800 Home Computers
— Exidy Data Products

— C. Itoh Printers

— MPI Printers

— Quality Software

VIDEO GAMES
— Atari 2600

— Magnavox Odyssey |1
— Mattel Intellivision

VIDEO PRODUCTS

— Electrohome Projection Televisions

~— Magnavox Video Disc & Televisions
— Hitachi Video Recorders

— Accessories

Catalogues available upon request

VISIONS
329—8th Ave. S.W.
Calgary, Alberta.
T2P 1C4
(403) 233-2249

Edmonton

Medicine Hat

Base 2 Consulting Limited

(formerly KS Computer Services)

42 Rossmere Close, S.E., Medicine Hat,
Alberta T1B 2J8 Tel. (403) 526-0594

CA

G T DR N T S AR L AT
SASKATCHEWAN

Moose Jaw

Sonic Supplies Ltd.

Box 1265 —111 Main St. N., Moose Jaw, SK
S6H 0V9. Tel. (306) 692-6486.

EC, CA, RTV, TG, EK, MO

Stereo components, video cassette tapes
electronic parts, amateur radio equipment,
semiconductors, tools, wire, TV antennas,
TV distribution equip., sound equipment.

Regina

Cardinal Industrial Electronics Ltd. ETI
10630 — 172 St., Box 12000, Edmonton,
Alberta T5J 2P4 Tel. (403) 483-6266
10-5920 — 10th St. S.E., Calgary, Alberta
T2H 2M4 Tel. (403) 259-6817

EC, RTV, TG, MO, CAT, $10.00

Radio Supply & Service (1977) Limited

3033 S. Railway St., Regina, Sask. S4T 1H5
Tel. (306) 352-8642 Telex. 071-2661

EC, CA, RTV, TG, EK, MO

We are wholesale distributors of radio, TV
electronics parts and industrial components,
serving dealers, HI-FI trade, broadcast, indus-
trial, government, amateur radio accounts.
We supply manufacturers’ catalogues/bro-
chures free on request. Directory of lines
available.

Saskatoon

Cam Gard Supply Limited

1501 Ontario Ave., Saskatoon, Sask. S7K 187
Tel. (306) 6424.

EC, RTV, TG, EK, MO

Swift Current

G W Colortronies Ltd.

616 Cheadle Street West, P.O. Box 1270
Swift Current, Saskatchewan., S9H 3X4.
Tel.(306) 773-3672

EC, RTV, TG, EK, MO.

WR — VHF 2-way Radios, Leader Test
Equipment, Sylvania Tubes and Electronic
Parts, Satellite Earth Receiving Stations,
Winegard TV Antennae Systems, Cable
TV Supplies, Columbia and Cerro Cable,

Lind saz Towers and Antennas.
MANITOBA

Winnipeg

Cam Gard Supply Ltd.

1777 Ellice Avenue, Winnipeg,
R3H OWS5. Tel. (204) 786-8481
EC, RTV, TG, EK, CAT (Free)

Industrial OEM and Radio Television parts

Manitoba.

Heathkit Electronic Center

1315 Portage Ave., Winnipeg, Man. R3G 0V3
Tel. (204) 783-3334

CA, TG, EK, MO, CAT, FREE

Kit Televisions, Amateur Radio, Weather
Instruments, Marine Equipment, Stereo and
Speaker Equipment. Service of Heath Pro-
ducts and Parts.

order distributors of Electronics.
speciallzing in semiconductors by most
name manufacturers. Prime quality surplus
electronic materlals. Stocking pots, resistors,

i switches, audio amps, and
perfboard, {(VEROBOARD). Canadians
serving Canadians since 1962,

Store at:

310 Notre Dame Ave.,
Mall orders to:

P.O. Box 1437,
WINNIPEG, Man.

R Z4

J & J Electronics Limited ETI
310 Notre Dame Ave., P.O. Box 1437,
Winnipeg, Man. R3B 1P4/R3C 224

Tel. (204) 943-6916

EC, RTV, EK, MO, CAT, $1.00

HEAD OFFICE
1777 ELLICE AVE WPG MANITOBA
BRANCH

88 HORNER AVE TORONTO. ONTARIO

1515 King Edward St
Winnipeg, Man.
R3H OR8

ELECTRONICS LTD. (204) 632-1260
TLX. 07-567347

W.E.S. Electronics Limited ETI
1515 King Edward St., Winnipeg, Manitoba
R3H OR8 Tel. (204) 632-1260

EC, RTV, TG, EK, MO

Wholesale industrial electronics distributor
for: Fluke, Samtec, Magnecraft, Hammond,
Delhi, Belden, Viz, Powersonic, Platt, Ungar,
Diamond Tools, Eveready, Cinch Jones,
Sylvania, Raytheon, Siemens, Semi-conduc-

supplier.  Industrial semiconductor supplier
representing Texas Instruments, Fairchild,
ITT, Data Display, General Instrument, Beck-
man, Philips and General Electric.

Sales area — Alberta, Saskatchewan, British
Columbia and the Territories. Hammond,
P & B, Fluke, Amphenol, Intersil, Weller,
B & K, Belden, Alpha, Microswitch and many

others. Cal us. _ CAM GARD SUPPLY .ro.

HEAD OFFICE WINNIPEG 1777 Ellice Ave

WESTERN BRANCHES
VANCOUVER
2055 Boundary Rd

tors, B & K, Switchcraft.

Heath Company

12863 97th St., Edmonton, Alberta
TSE 4C2 Tel. (403) 475-9331

CA, TG, EK, MO, CAT, FREE
Shortwave Radios, Amateur Radio Equip-
ment, Radio Control Equipment, Marine
Equipment, Video, HI-FI and other kits.

EASTERN BRANCHES
HALIFAX

3065 Robie St
FREDERICTON
Rookwood Ave
MONCTON

15 Mount Royal Blvd
TORONTO

88 Horner Ave

RED DEER

45 6841 - 52 Ave
SASKATOON
1501 Ontario Ave
REGINA

1303 Scarth St

KAMLOOPS

825 Notre Dame Drive
EDMONTON

16236 - 40 - 116 Ave

R-A-E Industrial Electronics ETI
11680 — 170th St., Edmonton, Alberta

TSS 1J7 Tel. (403) 4514001

EC, CA, TG, EK, MO, CAT, $10.00

CALGARY
640 - 42nd Ave. S E
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ONTARIO

Brampton

Bryan Electronics ETI
90 Kennedy Rd, S., Brampton, Ont. L6W 3E7
Tel. (416) 457-9269

EC, RTV, TG, EK, MO, CAT, FREE
Suppliers of electronic parts, equipment,
home and car audio, specialty items, etc.,
at discount. Access to more than 550 brands
of manufacturers.

Georgetown

Computer Innovations Limited
70 Princess St., Kingston, Ont. K7L 1AS
’gel. (613) 544-6830

A

(Branch of Computer Innovations Limited,
Ottawa) Sells Apple, Commodore (PET),
Crumemco and Hewlett-Packard- minicom-
puters and Texas Instruments, Brother and
Hewlett-Packard calculators.

London

Inventories Unlimited ETI
130 Guelph Street, Georgetown, Ont. L7G
4A5. Tel. (416) 846-1759.

EC, EK

R. J. Buckland Company

P.O. Box 367, Station B, London, Ontario.
Tel. (519) 672-8390.

CAT, FREE.

XS INVENTORY UNLIMITED

1C's
DIODES
RESISTORS
CAPACITORS
TRANSISTORS

TELEPHONES

BOOKS

ROTORS
ANTENNAS
AMPLIFIERS
ACCESSORIES
WE INSTALL

NEW SOURCE FOR ELECTRONIC NEEDS
LARGE INVENTORY GREAT PRICING

Guelph

NEUTRON
ELECTROMES

LTa.

485 Sitvercres X Prwy. N
Phone: ($19) 86.9220 Unit No. ¥
(819) 8389229 Gusiph, Onterlo N1H 7K

Neutron Electronics Limited ETI
485 Silvercreek Pkwy N., Guelph, Ont.
N1H 7K5 Tel. (519) 836-9220, 836-9221
EC, CA, RTV, TG, EK
Distributor for Hammond Xfmr’s — cabinetry
— power supplies, Sylvania and GE — tubes
and transistors, Westinghouse — industrial
tubes and semiconductors, Jana Kits, B & K,
Amprobe Test Equipment, Xcelite and Weller
Ungar — solder equipment and tools,
Astatic Wheeles and Cartridges, Ceresist,
Panavise, OK Machine, Atlas Sound Equip.

Kitchener-Waterloo

K—W Surplus Clearinghouse ETI
327 Breithaupt St., Kitchener, Ont. N2H 5Hé6
Tel. (519) 745-2661

EC, CA, RTV, TG, EK

Surplus electronics of every type including
components assemblies, test equipment etc.
Open only Wed., Thurs., Fri,, 12pm to 9pm,
Sat. 9am to 5pm. Store is both retail and
wholesale.

Waterloo Electronic Supply Co. Inc. ETI
219 Hartwood Ave,, Waterloo, Ontario
N9IJ 3Z9. Tel. (519) 745-9421.

EC, RTV, TG, EK, MO.

Industrial — PB Relays, Hammond, Belden,
Burgess Switch, Buss, AP Products.

Test Equipment — B&K, Leader, Beckman,
Amprobe, Eico.

Hi-Fi — Sanyo, Kenwood, Fisher, Lloyds.

Car Sound — Sanyo, Sound Barrier.

CB — Cobra.

Antenna Systems — Kay Towne, Delhi, Delta,
Benco.

ETI — JAN 1981

130 Guelph Street
Georgetown, Ontario
(416) 846-1759

Forest City Surplus Ltd. ETI
781 Dundas St., London, Ont., N5W 2Z6
Tel. (519) 438-0233.

EC, CA, RTV, TG, EK,

Surplus electronics of every description.
Components, semiconductors, assemblies, test
equipment, computer parts etc.

Mississauga

Atwater Electronics Limited ETI
886 Dundas Hwy E., Mississauga, Ont.

L4Y 2B8 Tel. (416) 2764550

EC, CA, RTV, TG, EK, MO

Suppliers and consultants of Philips speakers,
Sylvania tubes and ECG semiconductors,
B & K Test Equipment, Concord Car Com-
ponents, TDK and Maxell Tapes, Eico and
Jana Kits, Tab Books and Sam’s Books,
Weller and Ungar Soldering Supplies, Indus-
trial Wire, Batteries, Plugs and Jacks, Etc.

Heath Company ETI
1478 Dundas St E, Mississauga, Ont L4X 2R7
Tel. (416) 277-3191

CA, TG, EK, MO, CAT, FREE

Shortwave Radios, Amateur Radio Equip-
ment, Radio, Control Equipment, Marine
Equipment, Video, HI-FI, and other kits.

Ottawa

Active Component Sales Corp. ETI
Baxter Centre, 1050 Baxter Road, Ottawa,
Ont., K2C 3PA. Tel. (613) 820-9471.

EC, CA, RTV, TG, EK, MO, CAT (Free).
See our directory ad.

Compumart ETIl
(A Division of Emile State Inc.)

411 Roosevelt Ave., P.O. Box 6132,

Station J, Ottawa, Ont. K2A 1T2

Tel. (613) 725-3192

CA

We carry Apple and Commodore microcom-
puters, and a large selection of books, maga-
zines and software for the TRS-80, Apple and
PET.

R R T A T R R R R R O N>

Computer Innovations Limited

171 Slater St., Ottawa, Ont. K1P 5H7

Tel. (613) 233-8413

CA, MO

We sell Apple,Commodore (PET), Cromenco
and Hewlett-Packard microcomputers and
Texas Instruments, Brother and Hewlett-
Packard calculators.

Gervais Electronics Limited ETI
333 Cumberland St., Ottawa, Ont. KIN 713
Tel. (613) 236-3101

EC, RTV, TG, EK

Astatic — ECG and SK Semiconductors —
Tenco — Oaktron and Peerless Speakers —
Thordarson — Buss Fuses — Vaco — B& K —
Sencore — Leader — Tech-Spray — C.D.E. —
EduKits — TDK — Ampex — Eveready -
Lenline — Workman — Columbia Wire

Heath Company ETI
866 Merivale Rd., Ottawa, Ont. K1Z 526

Tel. (613) 728-3731

CA, TG, EK, MO, CAT, FREE

Shortwave Radios, Amateur Radio Equip-
ment, Radio, Control Equipment, Marine
Equipment, Video, HI-FI, and other kits.

Kris Electronics ETI
(A Division of 365781 Ontario Limited)

1070 Morrison Dr., Unit 1-B, Ottawa, Ont.
K2H 8K7 Tel. (613) 8204986

EC, CA, RTV, TG, EK

ILP Amplifiers, Sinclair Instruments, Univolt
V.O.Ms, Phillips and Oaktron Speakers,
Ritron Equalizers, Mixers, Edukit, Trans-
formers, Ceresist, Wire, Cable, Adaptors,
Semiconductors, Resistors, Capacitors, P.C.
Accessories, Motors . . .

Videoland

1154 Bank St. (S. of Sunnyside), Ottawa,
Ontario. Tel. (613) 236-0475

We are the oldest and largest video specialist
in Canada. We carry video recorders, video
cameras, blank tapes, prerecorded movies,
satellite earth stations and accessories, giant
screen TV. We transfer film to video and
also sell or rent all kinds of video equipment.
We are inexpensive too.

Wackid Radio

312 Parkdale Ave., Ottawa, Ont. K1Y 1G3
Tel. (613) 728-1821

EC, CA, RTV, TG, EK, MO

We sell 232 product lines in 16 catagories,
including video, C.B.,, Ham and HI-FI etc.
(Line card available — free on request).

Owen Sound

North Western Electronic Supply Limited ETI
370-2nd Ave S E, Owen Sound,Ont. N4K 5T1
Tel. (519) 371-1071

EC, RTV, TG, EK, MO

North Bay

Videoland

1138 Cassell St., North Bay, Ontario.

Tel. (705) 476-0007.

We are the oldest and largest video specialist
in Canada. We carry video recorders, video
cameras, blank tapes, prerecorded movies,
Satellite Earth Stations and Accessories,
Giant screen TV. We transfer film to video
and also sell or rent all kinds of video equip-
ment. We are incxpensive too.
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Sarnia

Videoland

773 Confederation, Sarnia, Ontario. Tel
(519) 336-8433.

We are the oldest and largest video specialist
in Canada. We carry video recorders, video
cameras, blank tapes, prerecorded movies,
satellite earth stations and accessories, giant
screen TV, We transfer film to video and
also sell or rent all kinds of video equip-
ment. We are inexpensive too.

Simcoe

Notrfolk Electronics Limited

17 Peel St., Simcoe, Ont. N3Y 1S1
Tel. (519) 426-1527

EC,RTV

Toronto

‘A-1 Electronics ETI
5062 Dundas St W, Etobicoke, Ont. M9A 1B9
Tel. (416) 2314331

EC, CA, RTV, TG, EK, MO, CAT, FREE
Mississauga and Etobicoke’s largest electronics
store. Product lines carried: Hammond, Texas
Instrument, Fairchild, AP Products, OK
Machine And Tool, Leader, Jana, National
Semiconductor, Sam’s Books, Ungar.

Active Compenent Sales Corp. ETI
4800 Dufferin Street, Downsview, Ont.,
M3H 5S59. Tel. (416) 661-1115.

EC, CA, RTV, TG, EK, MO, CAT (Free)
See our directory ad.

Active Surplus Annex ETI
345 Queen St W., Toronto, Ontario M5V 2A4
Tel. (416) 368-7936

EC,CA,RTV, TG, EK

Large stock of electronic components. New
and used electronic equipment including
transformers and motors.

Arkon Electronics Limited ET1
409 Queen St W., Toronto, Ont. M5V 2AS
Tel. (416) 868-1315

EC, CA, RTV, TG, EK,MO

Complete industrial and hobbyist outlet.
Stocking distributor of OK Machine, AP
Products, Hammond, Stackpole, Chemtronics,
Amp, SD Systems, Vector, OSI, RCA. Injec-
toral, SSM, Mullen and much, much more.

Batteries Included

71 McCaul St., Toronto, Ont., MST 2X1
Tel. (416) 596-1405.

CA, CAT (Free).

We carry a complete selection of calculators
as well as being authorised Commodore PET
dealers. We are also the Canadian distributors
for Microtechnology Unlimited (MTU) and
Connecticut Micro Computer (CMC) products.

KEY

ET! ETI Magazine sold here

EC Supplies Electronic Components

CA  Sells Computers and Accessories

RTV Sells Radio and TV parts

TG  Sells Test Gear

EK  Sells Electronic Kits

MO Company does Mail Order

CAT Catalogue available, The cost of
this, or if it free, is shown
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Toronto ont. . TECHNOLOGY LEADERSHIP!

M5V 2A5
(416) 868-1315

YOUR TOTAL COMPONENT SUPPLIER

WE ARE STOCKING DISTRIBUTORS OF:

TOOLS AND PARTS: A P Products, Global, Hammond, Injectorall, Lenline, Mallory, Noma,

OK Machine, Jana, Saxton, Stackpole, Tech Spray, Chemtronics, Ungar, Xcelite, Weller,
:/legtgr.B/I\mD. Olfa, Cramco, Kester, Omega Tools, Amphenol, Cannon, Eagle, Edsyn,
{cbby-Blox.

TEST EQUIPMENT: Kelthtey, Hitachi, Leader, Sinclair, Hiokl, Univoit.
ARKON EXCLUSIVES: CP10/1, FORT/80, Arkits.
COMPUTERS AND SUPPLIES: Ohjo Scientific, Aardvark, Control Data, DCS., SSM, Multen,

RCA, Rockwell, Texas {nstrument, SD Systems, Siemens, Epson, Lifeboat, Dysan,
TELEPHONES: GTE, Northern Telecom, Teledevices, Webcor, Teleconcepts.
SPEAKERS AND AUDIO: Laser, Phllips, Sanyo, Shure. Koss, Jana, Motorola, RSC, Oak-

tron, Sound Deslgn, A.R.K,,

Scott,

Peerless, Fanon.

COMPONENTS: Zllog, Fairchild, Texas Instrument, Signetics, Motorola, Intel, General

Instrument, Hitachl, NEC.

We carry the most complete line of books and magazines in Canada.

Also, visit our sister companles:
M&W Computer Stores Inc.
407 Queen Street West
Toronto, Ontario
M5V 2AS5
(416) 368-5705

Cesco Electronics Ltd.

24 Martin Ross Ave. Toronto, Ontario.
M3J 2K9 Tel. (416) 661-0220

EC, CA, RTV, TG, EK, MO, CAT, FREE.
Cesco stocks semiconductors and com-
ponents by major manufacturers including
Texas Instruments, Motorola, RCA, Allen
Bradley, Corning, Scotchflex, Amphenol,

Cutler Hammer, Signetics,  Apple,
Commodore, Centronics, Mallory.
Dominion Radio and Electronics ETI

535 Yonge St., Toronto, Ontario. M4Y
1YS5. Tel. (416) 922-1818
EC, RTV, TG, EK, MO, CAT (Free) .

Efstonscience Inc.

3500 Bathhurst St., Toronto, Ont.,M6A 2C6
Tel. (416) 787-4583.

EK, MO, CAT (32.00).

This company specializes in optics, electronic
instruments and kits of educational, research
and/or industrial use. A new line of high
quality electronic measuring instruments,
speciality tools, tool kits and cases. All
available through mail order or at our retail
premises. Two catalogues, Jensen Tools and
EfstonScience.  $2.00 each or both for

Electro Sonic Inc. ETI
1100 Gordon Baker Road, Willowdale, Ont.,
M2H 3B3. Tel.(416) 494-1555.

EC, TG, EK, MO, CAT ($15.00).
Coast-to-coast service with Canada’s largest
inventory of semiconductors, electronic
components, and equipment. Specialists in
supplying the needs of the industrial and
educational markets.

COMPUTERS ¢ VIDEO * MICRO ELECTRONICSO

5529 YONGE STREET
WILLOWDALE, ONTARIO M2N 5S3
223-8400

M&W Computer Stores
2155 Leanne Bivd.
Unit 3
Mississauga, Ontario
L5K 2K8
(416) 822-8080

Iinterested Dealers

for Computer Accessorles
and magazines, call
MICRON DISTRIBUTING
(416) 363-6058

Electronics 2001 ETI
5529 Yonge St.,Willowdale, Ont.,M2N 5S3
Tel. (416) 223-8400.

CA, MO, CAT (Free).

Dealers for Commodore computers, RCA
video recorders, Computer related books and
magazines. Software for Commodore, Apple,

TRS-80. TV cable converters, telephone
accesories, Sharp calculators, Casio
calculators.

‘Exceltronix Components &

Computing Incorporated

319 College St., Toronto, Ont. MST 1S2

Tel. (416) 921-5295

EC, CA, TG, EK, MO, CAT, FREE

We have exceptional stock and prices of
LS-TTL and memory chips.

Main products: digital and linear IC’s, mem-
ories, transistors, passive components, com-
puter systems, boards and software by multi-
flex and Ohio Scientific. We distribute: AP
Products, Jana Kits, Jana Industrial, Lenline,
Ungar, OK Tools.

General Electronics ETI
5511 Yonge St., Willowdale, Ont.,
M2N §S3. Tel. (416) 221-6174.

EC, CA, RTV, TG, EK, MO.

Jana, Vero, AP Hobbyblox, Audiovision,
Ceres, Surplus, Eveready, Edukit, Tenco,
Accusonic, Hioki, Leader, Hameg, Inject-
orall, Lenline, Resistors, Capacitors, ICs,
Transistors, Solder, Wire, Hammond.

' Gladstone Electronics ET1

1736 Avenue Rd., Toronto, Ont. MSM 3Y7
Tel. (416) 787-1448

2936 Eglinton Ave E, Scarborough, Ont.

CA, TG, EK, MO, CAT, FREE

Speakers (Philips, KEF, JBL, Celestion,
Decca, Motorola), ILP Audio Modules.
Sinclair/Thandar Test Equipment, Kits (Logi-
cal Systems, Ace Audio, PAIA, Eico), Sinclair
ZX80 Computer.

"Home Computer Centre

6101 Yonge Street, Willowdale, Ontario.
M2M 3W2. Tel. (416)222-1165

CA, MO, CAT, FREE.

Canon, PET, Apple, North Star Horizon,
Atlas, T 1.
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House of Computers Inc.

368 Eglinton Ave W, Toronto, Ont. M5N 1A2
Tel. (416) 4824336

EC, CA, MO

Jimpak, Apple Computers, Compucolor Corp,
Northstar Computers, Versatile from Com-
puter Data Systems, Commodore Business
Machines, APF, Control Data, Olivetti, Cen-
tronics, Integral Data Systems. We carry a
full selection of Computers, Printers and
Accessories, Parts, Books, Magazines, Soft-
ware. Full service department.

M & W Computer Stores Inc.

407 Queen St W, Toronto, Ont. M5V 2AS
Tel. (416) 368-5705

CA, MO

Apple Computers, S-100 Computers, Trend-
com, Anadex, Centronics Printers, Personal
Software, Programa, Instant Software, Crea-
tive Software, for all Mic:ocomputers, Dysan
Disks, Mountain Hardware, and much more.

Radio Trade Supply Limited ETI
490 Yonge St, Toronto, Ontario M4Y 1X5
Tel. (416) 966-5151

EC,RTV, TG, EK

These products are available from us:
Aiphone, B & K, Belden, Bogen, Buss, Cinch
Joives, Delhi, E.C.G. Sylvania, Eveready,
Hammond, Hioki, I.R.C., International Rec-
tifier, Mallory, Memorex, Microswitch, Moto-
rola, Photoswitch, Spectro, Sprague, Switch-
craft, Tubes, Ungar, Weller, Xcelite.

Videoland

582 Yonge St. (N. of Wellesley), Toronto.
Ontario. Tel. (416) 921-0264

1375 Danforth Rd., Scaraboro, Ontario.
Tel. (416) 265-3525

1158 The Queensway, Toronto, Ontario.
Tel. (416) 255-7543
780 Wilson Ave.,
Tel. (416) 638-2974
We are the oldest and largest video specialist
in Canada. We carry video recorders, video
cameras, blank tapes, prerecorded movies,
satellite earth stations and accessories, giant
screen TV, We transfer film to video and
also sell or rent all kinds of video equipment.
We are inexpensive too.

Downsview, Ontario.

Zenith Radio Canada Limited ETI
1020 Islington Ave, Toronto, Ont. M8Z 5X5
Tel. (416) 2314171

EC,RTV, TG

B & K Test Equipment, Jerrold Converters,
Fanon Auto Sound, Record-a-Call Telephone
Answering Equipment, Leader Test Equip-
ment, Vaco Tools

Waterford

QUEBEC
Blainville

SURPLUS ELECTRO QUEBEC

We buy and sell surplus
Electronic Components

SPECIAL No. 1: Approximately 1000
electronics :  capacltor resisto

relay - switch - etc, etc, for $10. Special

No.” 2: Assortment .50 tantalum
;:apasclltors 1 uf to 100 uf (6 to 35 VDC)
or

All new and first quality parts with
unconditlonal money-back guarantee. Free
flyer and sampie on request.

2264 Monte Gagnon
Blainville, P.Q. J7E 4H5

Surplus Electro Quebec

2264 Monte Gagnon, Blainville, P.Q. J7E 4HS
EC, MO, CAT, FREE

Mail Order only. Surplus from manufacturers
of commercial radio (two way) in HF. —
VHF — UHF

Longueuil

Master Vox Ltd.

400 St. Jean, Longuevil, PQ, J4H 2X6.
Tel. (514) 670-1550.

EC, MO, CAT (85.00).

Copeland Electronics

46 Main St S., Waterford, Ont. NOE 1Y0

Tel. (519) 4434163

EC, RTV, TG

Jana, Daveco, Sylvania, ECG, Principal
Business — TV, stereo, auto stereo, sales
and service.
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Mont-Joli
Distribution JMC Distribution Inc. ETI
CP. 142, 88 Ave Laval, Mont-Joli, PQ

GS5H 3K9. Tel. (418) 775- 2331.

EC, RTV, MO, CAT ($1.00).

One stop shoppmg for electronics parts,
commercial or industrial. Genuine Jap
parts, Transistors (2SA, 2SB, 2SC..) IC
and general replacement for solid state
JMC Products same as ECG. Recorder and
projector belts, Tapes, Cassette, 8-Track,
videocassette, reel-to-reel.

Montreal

Active Component Sales Corp ET1
5651 Ferrier St., Montreal PQ, H4P 2K5
Tel. (514) 731-7441.
EC, CA, RTV, TG, EK, MO, CAT (Free)
See our directory ad.

Active Components is capable of serving
the complete needs of the hobbyist,
student, technician and professional
by not only providing the latest solid-
state and passive components, but a
wide variety of computer parts as well.

As a division of Canada’s largest fran-
chised semiconductor distributor, Future
Electronics, Active Components’ exten-
sive inventory is supported by over
80 major manufacturers.

Active Components is conveniently
located in Canada’s major cities (see

listing). Those clients who do not
have access to our current stores should
use our extensive mail-order service
located at our Montreal office. Ask
for our Quarterly Money Saver today.

Addison Electronic Ltd.

8018-20e Ave., Montreal, Quebec. HI1Z
387. Tel. (514) 376-1740

EC, RTV, CAT ($1.50)

Cite Electronique (1979) Inc. ET
3185 Hochelaga, Montreal, P.Q. H1W 1G4
Tel. (514) 525-2551

EC, CA, RTV, TG, EK, MO

Aiwa, Amphenol, Armaco, Astatic, Bach,
Simpson, Bechman, Belden, Bishop, Graphics,
Calectro, Celestion, Cornell, Dubelier, Cutler,
Hammer, Daveco, Delta Wakefield, Eagle and
more. Product card available.

Cesco Electronics Ltd.

4050 Jean Talon St. W., Montreal, Quebec.
H4P 1W1 Tel. (514) 735-5511

EC, CA, RTV, TG, EK.

Cesco stocks semiconductors and com-
ponents by major manufacturers including
Texas Instruments, Motorola, RCA, Allen
Bradley, Corning, Scotchflex, Amphenol
Cutler Hammer, Signetics, Apple, Com-
modore, Centronics, Mallory.

Etco Electronics

183 Hymus Blvd., Pointe Claire, PQ, H9R
1E9. Tel. (514) 695-0400.

EC, RTV, TG, EK, MO, CAT (Free)

We publxsh a very interesting American
catalogue available free to our Canadian
customers. Also branch at North Country
Shopping Center, Plattsburg, NY 12901
and 469 Mc Gill St., Montreal, PQ.

Hamilton Avnet Electronics

2670 Sabourin, St. Laurent, PQ. H4S 1M2
Tel. (514) 331-6443

EC,CA

Distributor for AMD, Fairchild, Harris, Hew-
lett Packard, Intel, ITT, Litronix, Motorola,
National Semiconductor, RCA, Rockwell,
Signetics, Siliconix, TRW LSI, Centronics
printers, Hazeltine, Novanon (modems),
Shugart etc.

Heath Company ETI
1400 Sauve Ouest, Montreal, P.Q. H4N 1CS
Tel. (514) 332-3666

CA TG EK, MO CAT, FREE

Shortwave Radios, Amateur Radio Equip-
ment, Radio Control Equipment, Marine
Equipment, Video, HI-FI and other kits.

North American Electronics Co. Limited

2407 Ste-Catherine St. East, Montreal, P.Q.
H2K 2J7 Tel. (5§14) 522-8422

EC, RTV, CAT, FREE

We can sell anything in terms of parts. How-
ever, we are well known for the following:
Amidon Cores & Rods — J.W. Miller Coils
& Chokes — magnet wire, etc.

Payette Radio
730 St-Jacques, Montreal, Quebec.

Radio Hovsep

5945 Park Ave., Montreal, Quebec. H2V
4H4. Tel. (514) 274-0589

EC, RTV, TG, EK, MO.

Authorized Grundig Service Depot for
Canada. Also parts and accessories for
European makes.
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DIRECTORY OF ELECTRONIC RETAILERS —

Produits Electroniques Ltee

/Electronic Wholesalers Co. Limited

1935 Avenue de L’Eglise, Montreal, P.Q.

H4E 1H2 Tel (514) 769-8861

EC, RTV, TG, EK, MO

General line distributor with portfolio of 200
lines. Principal penetration industrial. Ham-
mond, P & B, Amphenol, Edac, TRW, C & K,
Beckman, Philips, A.P., Mallory, LR.C.,
Homite, B & K, Belden, Alpha.

Standard Electronics ETI
8927 Boul. Pie IX, Montreal, P.Q. H1Z 3V3
Tel. (514) 327-3578

EC, RTV, MO

Semiconductor’s Specialist, for radio, TV, CB,
VTR, Communications Equipment, com-
puters, industrial controls, any brand as RCA,
Solid-State, Motorola, National, etc. Ask for
our free price list.

Super Electronic (Canada) Company

1963 Centre St., Montreal, P.Q. H3K 1J1

Tel. (514) 932-5636

EC, RTV, TG, EK, MO

Electric Motors, Cables & Wires, Switches,
Non Contact Voltage Detectors, Insulators,
Capacitors (Computer Grade, Electrolytic,
Oil, Disc, Polystyrene, Tantalum, etc.),
Relays, Resistors (Precision, regular, large,
medium, small), Tubes, Semi Conductors.

_St. Romuald

Selco Electronics

P.O. Box 2036, St-Romuald, Quebec. G6W
3P2. Tel. (418) 839-8367.

EC, MO, CAT, Free.

Your mail order source for calculators, ICs,
resistors, capacitors and a lot more. Ask
for our free catalogue and check our prices.

Thetford Mines

Elektronicxe Enr.

276 Notre Dame Nord., Thetford-Mines, P.Q.
G6G SR9 Tel. (418) 338-2330

EC, CA, RTV, TG, EK, MO

We can etch any size, any kind of circuits
with photoresist or silk screen. We buy elec-
tronics components from US, England, Japan,
etc. — so we have unusual parts. We have op-
tical products, chemical products etc — all
for electronic projects.

Trois Rivieres

Matteau Electronique

2045 Royale, Trois Rivieres, PQ, G9A 4L3
Tel. (819) 375-4779.

EC, RTV, MO

R RTINS e S TR VPR

NEW BRUNSWICK
Moncton

Amphion Electronics Limited

4 Lockhart Ave., Moncton, N.B. E1C 6R1
Tel. (506) 855-3337

EC, RTV, TG, EK

We handle audio components, auto sound
equipment, audio visual (video) equipment,
amateur radio.

NOVA SCOTIA
Halifax

Amphion Electronics Limited

2411 Agricola St., Halifax, N.S. B3K 4C1

Tel. (902) 429-7211

EC, RTV, TG, EK

We handle audio components, auto sound
equipment, audio visual (video) equipment
and amateur radio.
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Basic Computer Sales Ltd.

6061 Young St., Halifax, NS, B3K 2A3
Tel. (902) 454-9600.

CA, MO, CAT (Free).

Stocking dealer for the following micro-
computers: Texas Instruments, Hewlett
Packard, Zenith-Heathkit, Atari Software and
computer books,

éam Gard Supply Limited ETI
3065 Robie St., Halifax, N.S. B3K SHé6

Tel. (902) 454-8581

EC, RTV, TG, EK, MO, CAT, FREE
Electronic wholesaler covering dealer, indus-
trial, educational and dem accounts through-
out Canada. Also distributors for Jana, OK
Machine, Fairchild, Texas Instruments and
other major semiconductor lines.

MiniComp Systems Limited

5666 Stanley St., Halifax, N.S. B3K 2G1

Tel. (902) 455-5123

CA, MO

Sales and service of the complete Commodore
line. Specializing in small business applica-
tions. Also inventory control package for
CBM systems.

Sydney

g;l%‘g I §

Fisher Electronics Limited

337 Welton St., Sydney, N.S. B1P §84

Tel. (902) §39-3949

EC, RTV, TG, MO

Learjet, Jensen, Sencore Test Equipment,
Belden and Columbia wire, RCA Semicon-
ductors, Bogen, University, Bearcat, Shure,
Electrovoice, Astatic, Hammond, Blonder
Tongue, Mirtone, Telex, Sony, Sprague,
Tenco, Lenline.

T AT I AR E A AR R
PRINCE EDWARD ISLAND

Charlottetown

Island Radio Centre Limited ETI
102 Queen St, Charlottetown, P.E.I. C1A 4B1
EC, RTV, TG, EK, MO

Bogen, B & K, Switchcraft, Basf, Belden,
Cooper Tool, C.G.E., Dual, ElectroVoice,
Eico, Fanon, Hammond, LR.C., JB.L,
Lindsay, Marsland, Sams, Paco, Sylvania,
%];lure, Sencore, Telex, University, Ungar,

er.

NEWFOUNDLAND
St. John’s

Electronic Centre Limited ETI
115 Ropewalk Lane, St.John’s, N.B. A1E 4P1
Tel. (709) 579-5021

EC, CA, RTV, TG, MO

Astatic, Atari, Atlas, Belden, Bogen, Buss,
Delhi, Electrohome, Fanon, Hammond, Mid-
land, Raytheon, RCC, Schematics, Shure,
Sylvania, ECG, TDK, Antenna, C.B., Com-
puter, Stereo, VHF, Landmobile.

IS ANYONE MISSING?

Although we mailed all the companies
for whom we had information, some of
them twice, a few did not supply details.
We are also certain that we have missed
some outlets. If you know of any store
that you feel should be included, please
let us know. If there is any reasonable
number of them, we will include a
supplementary listing in a couple of
months. Inclusion is quite free.

onthe
Newsstand
price!

One Year Subscription to ETI Magazine: $16.95
(a 23.8% saving over the newsstand price)

Two Year Subscription to ETI Magazine : $29.95
{a 28.6% saving over the newsstand price)

Fill out the coupon on the reverse Of the order
form or send your cheque {or Visa or Mastercharge
Card number and expiry date} to:
Subscription Department,
ETI Magazine,
Unit 6, 25 Overlea Boulevard,
Toronto, Ont., M4H 1B1
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COIN TOSS

MACHINE

Try vyour luck with the ETI
Coin Toss Game. Heads or Tails
with LED indicators, full sound
effects and fingertip control.

YOU KNOW how it is. Someone flips a
coin, it spins wildly in the air, you all
call and the coin lands. . .on the fioor
and rolls under the sideboard. Frust-
rating, isn‘t it? Well, now you can
banish the problem at a stroke with
our great new circuit. Featuring illum-
imated indicators, single push-button
control and exciting sound effects,
the whole unit is powered from a
single nine volt battery and switches
itself off automatically after about
twenty seconds. )

Only a couple of cheap chips are
used along with three transistors and
a scattering of discrete passive com-
ponents. Depressing the push-button
causes the unit to emit a "'whooping’
siren sound. Also the LEDs flash
alternately, gradually slowing down
until one remains illuminated. A
further depression of the push-button
starts the process again. If the unit is
left undisturbed it will turn itself off,
emitting a couple of quiet squeaks.
Once the flashing display has settled
and one LED is illuminated con-
tinuously, the display will remain
stable until both LEDs are ex-
tinguished. This avoids any trou-
blesome arguments!

Construction
The unit is assembled on a single PCB
with the battery, push-button switch,
LEDs and loudspeaker connected via
flying leads. There are two links to
make on the board; from IC1 (pin 4) to
IC2 (pin 4) and from IC1 (pin 3) to the
junction of diodes D6, 7. Note that
this is a straight wire link which
passes under R11 and D6. The flying
lead link is most easily made on the
underside of the board after construc-
tion is complete.

Assembly is quite simple. As usual,
pay attention to the orientation of the
diodes, transistors, ICs and capaci-
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The finished coin toss machine installed in a standard Verobox.

tors. C9 may nave to be bent to one
side to accommodate C1. However.
there is plenty of space for the other
components. As IC1 is a CMOS chip,
use a socket if you are worried about
damage from static electricity. There
are no problems with IC2 or the other
components.

Layout of the unit is uncritical and
any construction technique may be
employed. You need two different
coloured LEDs. Any size or colour of
LED will do. The unit should work as
soon as power is applied and again
upon depressing PB1. Build one now
and try your luck! L4
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Fig.1.Circuit diagram. We found that the circuit operated more reliably if D1 was made 1N4001
+9v FLYING LEAD NOTES:
IC11s 4093
IC2 1s 555
R Q1 is 2N3906

Fig. 2. Component overlay.

—— PARTS LIST ——

Resistors

R1 470k
R2,5,7,9,10 10k

R3 1MO0

R4 2M2
R6,8,11,14 100k

R12 150k

R13,15 680R
Capacitors

C1 1000u electrolytic
C26 10u tantalum
Cc3 100n polyester
C4 1u0 tantalum
C5,7.8 10n polyester
c9 100u electrolytic
Semiconductors

IC1 4093

1C2 555

Q1 2N3906

Q2,3 2N3904

LED 1,2 ANY LEDs
D1to7 1N4148

Miscellaneous
PB1 SPST, LS1 8 ohm loudspeaker,
PCB, 9V battery.

PROBLEMS? NEED FPCBs? Before you write to us, please refer to ‘Component Notations’
and ‘PCB Suppliers’ in the Table Of Contents. If you still have problems, please address your
letters to ‘ETI Query’, care of this magazine. A stamped, self addressed envelope will ensure
fastest reply. Sorry, we cannot answer queries by telephone.
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Q2, 3 are 2N3904
LED 1, 2 are any LED
All diodes are 1N4148

HOW IT WORKS

The circuit has a single push-button control,
PB1. When PBI1 is closed, C1 is shorted to
ground via D1. Current then flows through
R1,2 and the base-emitter junction of Ql,
turning the transistor on and providing
power to the rest of the circuit. Upon re-
leasing PB1, the charging curtent in Cl
maintains power for about twenty seconds,
after which the circuit will shut down.

A voltage-controlled-oscillator is formed
around ICla, which generates the clock
for the sound-effects oscillator IClb
and bistable flip-flop IClc, d. Depressing
and releasing PB1 causes the voltage across
C2 to rise exponentially from near zero
volts as it recharges via R3. ICla then pro-
duces a train of pulses which decay from
about 10Hz until the oscillator stops when
the voltage across C2 rises above the lower
threshold voltage of the IC’s input. Note
that IC1 is a schmitt trigger device. Use of
the specified chip is essential to ensure
proper circuit operation.

Oscillation occurs as C3 is discharged
below the lower threshold voltage of ICla,
causing the output (pin 3) to go ‘high’. C3
then charges via D3, RS until the voltage
across it reaches the positive threshold,
flipping the output of ICla ‘low’. C3 then
dischargesvia R4 and the cycle continues
until the voltage across C2 rises above the
lower threshold of voltage of IC1a. A falling
siren tone is generated by IC1b. Operation
of this VCO is identical to ICla except that'
it is configured to operate with a positive
control voltage. The output of IC1b drives
IC2, a 5§55 timer which simply acts as an
amplifier driving LS1.

The slow oscillator pulses from ICla
drive the bistable flip-flop formed around
IC1c, d, R9,R10,C7,8 and D6,7 provide a
‘steering’ network for the trigger pulse.
The indicator LEDs are driven by Q2,3.
8;erall supply decoupling is provided by
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Oscilloscope
Probes

Part No. 900-95-522

SP 100 Oscilloscope Probe Kit

This passive probe incorporates a three-
position slide switch in the head and has a
cable length of 1.5 metres.

Position x1
Bandwidth:
Input Resistance:
Input Capacity:
Working Voltage:
Cable Length:

Position Ref.
Probe tip grounded via 9MS2 resistor, oscilloscope input grounded
Position x10

Bandwidth: D.C. to 100 MHz $51 2_0

Risetime: 3-5 nanoseconds

D.C. to 10 MHz

1M (osciltoscope input)

40pF. Plus oscilloscope capacity

600 Volts D.C. (including Peak A.C.)
156 Metres

ALSO AVAILABLE ARE THE FOLLOWING
MODEL  ATTEN.  FREQUENCY PRICE

1P20 x1 20 MHz $26.60
P100 x10 100 MHz 35.85
2P150  x10 150 MHz 48.10
2P250 x10 250 MHz 63.50
SP100  DUAL 100 MHz 51.20
2L.CP100 x100 100 MHz 72.70
DP300 Detector 300 MHz 41.95
DP750 Detector 750 MHz 66.55
TLS2000 TEST LEAD SETS 23.50

Sprung Hook for above probes 6.90
Wire Wrap adapt.above probes 8.15

The above prices include shipping
via parcel post. For other means
please include additional cost.
Ontario residents add 7% sales tax.
Send cheque or money order to

Circle No. 9 on Reader Service Card.

98G Alness Street
BCS Unit 35

Downsview, Ontario
ELECTRONICS LIMITED M3J 2S2

Instruments For Industry and Service  (416) 661-5585

YOU GANNOT SKi
DOWN

OUR

SLOPES

But VERO SLOPING FRONT CASES do make
attractive housings for many projects.

They are available in two sizes, made from high quality,
two tone plastic, with anodised aluminium front panels.
Both cases have Integral circuit board fixing points in the

65~ 2523E and 75— 1798K make ideal housings for test
equipment, audio gear (faders, mixers, rhythm generators
etc.) and control boxes.
See them at your local electronics shop and judge for
yourself,
For your Free Catalogue circle No. 49 on Reader
Service Card, Dealers reply on letterhead.

ELECTRONIC PACKAGING  SYSTEMS LTD.
Dopagment

on, ntario

K7L 4ws Tohphone ('?“ 3) 4841142

Eﬂﬂﬂﬂﬂﬂﬂﬂﬂ o . .
- INIECTORALL é'ﬁ ]
If you FLECTRONICS | 9
need: ~ CORPORATION 5
e PL. COMCTORS j t;
eprinted circuit ™ PRATED CROUT KIS 5
boards and ALGANENT TOCLS ' O
connectors ELECTRONC CHEMCALS
edrafting aids ®
ehreadboards
oPCB chemicals
thcUoMcchmnkﬂs.
send for our

complete catalogue
today!

@ ELECTRONICS CORP. #0190 ows 52 o Cov. LY. 11342 V34

TN

T T T T T " T
Please send me a copy of your Injectorall Catalogue and Price List.
Name
Address
City
Prov. Postal Code
P!

omnitronix itd.

6 HAWSON DRIVE
si| DORVAL, QUE. H9P 2N4 ¥| SISéAléGA IONT L5T 1H:
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Vi Ter: (514)5 3-6993 el: (416) 678-7
| Telox: 05-822692 Telex: 06-968653

Circle No. 17 on Reader Service Card.
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NEED MORE
ERS

INFORMATION?

PHILIPS
CAMBRIDGE 70W.rms Air Suspension 12" AD0140/ T8 8ohm  20W.rms
Woofer 2'' Voice Coil, 25Hz Resor AD0141/T8 Bohm  20W.rms
il 54 Misy inem g r SIS Tyt 1 et
MARSLAND TRI-LINEAR 6"x9'" Bi-ampable ADO1633/T8  Bohm  50W.rms you would like more information
100 rms Eac. 4oz magnet. 1% Voce i  OTORDLIA on the products or services
' WOOFERS N Ieohmas 1o Arme 10, mentioned in the advertisements:
RHiLIES KSN100SA  Bohm* 100W.rms 1. Fillin the attached card
COMPLETE ADAOGO/WE Bl WWrms 1875 KSNIOIGA  ohm® 100W.rms d dd
CABINETS AW.rms  17.30 KSNWZ(?:OSSEO[%"E?AB'O%\?GT;I 2 with your name, address, etc
0Wrms 1995 . .
QWms 2% 15 seltit 2 Clrcl_e the appropriate Reader
SYSTEM | 40W.rms 2 Way Speaker System fowins Sael - KoiaoT tohm  70W.ms 19, Service number for further

OW.ms  69.95

FOSTER information about advertised
ACI0200/WE Bonm BOW.rms COMINGSO0N  GONCAVE OOME Bohm  &OW.rms

SYSTEM 1) B0W.cms 3 Way SOaker SYStem 0 ioorns s v e products. '
B o poner rrange 1 Dome Tweelsr  ADI2250/WE  Bonm  100W.rms 81,10 3. Mail the card and the advertiser
L ' SEREECR IR ey MIDRANGE will send you literature free
LASER
PHILIPS
EVERYTHING D b~ TR Arseoia) e s AT of charge. If the card has been
LAIZS4AS  8hm  150W.rms AD0211/SQ  40r Sohm  OW.rms removed, or if you want the
Now IN STOCK LAI254BR  Sohm  150W.rms ADO2161/5Q  4or Bohm  6OW.cms 4 g 5
LATS5AS  Bohm  150W.rms iy mforr'natlc')n in a hurry, pho_ne
LA1S4BRASSon B B0W.cihe 5" MIO. dorsohm 4OW.ms 9. or write direct to the advertiser
Come [n and see our newly opened audio room .
We are authorized Oistributors of, A.R.K p 5.C. OAKTRON and refer to the ETI issue
Loudspeakers, Concord, Fanon, Foster, Fuj, 19878 hm 200W.rms BF6HMR Sohm  18W.rms 24,
Jana, Koss, Laser, Motorolla, Oaktron, Peer- SHMR Sohm  18W.rms 26, and page number.

fess.” Philes, OAKTROM
e Gery ALS.Coy Sampo, Shdpe, SUMS, * ceypunry  gohm  175Wirms BFSKMR Bohm  25W.rms

10" Woofer 2°* Tweeter. Walnut Veneer Cab-
inet $78.95PR

Your Company Classification
(if applicable):

SEE OUR FULL LINE OF AUDIO COMPONENTS A. Manufacturer

B. Retaller

C. Government
Send certitied cheque, money order, Chargex, Master Charge . . . include D. R&D ‘
expiry date, card number and signature. We process only prepaid orders. E. Servicer/Instalier e —
Minimum order $10.00 Add 5% (minimum $2.00) for shipping and handling. - F. Distributor/Representative

Ontario residents add 7% sales tax. All prices subject to change. G. Educational Institution
Dealer inquiries welcome. )
el In the field of:

o

409 Queen Street West, Toronto, Ontario Canada,

1. Computer and Related
MSV 2AS. Tel. (416) 868-13185. Equlpment

Communications
Equipment & Systems
Navigation, Guidance or
Contro! Systems

Test & Measurement
Equipment

Consumer Products
Inaustrial Controis

& Equipment
Components &
Subassemblies

73 o ' e . Other (Please specify on
ANAleER ’ » ‘ - card) ]

* Works on TV, radio, telephone, tape recorder L ; 2 Your major job function

NORMAL

P w B

® N oo

* Immediate results — no walting v $ (if applicable): g
* Analyzes anyone i S \ .
* Compares with professional systems at $3,000 — $4,000! 4 VOICE ANALYZER A. Buying
The LOGICAL SYSTEMS VOICE STRESS ANALYZER KIT is an . 2 B. Technologist
Inexpensive yet elegant exploration of a stress theory that has C. Educator
xalned prominence in recent years. The VOICE STRESS D Not employed In an
NALYZER will analyze any voice it hears — It utilizes the har- electronics-related field
monics of the voice, which enables detection of stress over E. Engineering
frequency limited devices such as TV, radio, tape recorders — F' Technici
you can éven hook It up to a telephone! =5 Meacnan :r::nt
The LOGICAL SYSTEMS VOIC§ ANdALYZEg IST co“\es com- H. Sales 9
lete with ali components, hand held case, battery clip, power 3
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Tired of the same old party lie detectors?
John Van Lierde reviews a new type that

shows considerable promise.

IT IS QUR experience that there are
some. projects that will always be of
particular interest to our readers. These
include metal detectors, digital dice,
party games and, the topic of this ar-
ticle, lie detectors.

It isn‘t possible to detect lies direct-
ly. Rather, we look for indications of
the presence of lies, usually in the form
of bodily stresses. There are many
things that we can observe that are
direcly affected by stress. A few of
them are; respiration, blood pressure,
pulse, galvanic skin resistance, pupil
dilation, microtremors in the voice, and
others.

Skin resistance is the!variable most
frequently employed in inexpensive lie
detectors and similar party gadgets. The
basic circuit is nothing more than a
glorified ohmeter. Analysis of the other
bodily variables is reserved for more
expensive instruments.

The Voice of Truth?
Our attention was drawn to the Logical
Systems ‘Voice Stress Analyser’. For a
mere $150.00 you to can join the ranks
of the FBI, CIA and the RCMP. (‘A
hundred and fifty bucks??!’ do | hear
you shout. Bear in mind that commer-
cial units.cost many (and | mean many)
thousands of dollars.) Needless to say,
the system ‘detects stress by observing
the microtremors in a subjects voice.
The unit itself is the size and weight
of a pocket calculator. It is completely
self contained, right down to its own
internal microphone. In addition there
are two jacks provided. One for an AC
adapter (nice touch) and the other, for
external voice sources (tape recorde '.
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The logical Systems

telephone pickups, etc.). The whole
affair runs off a 9V battery. Using the
VSA is simplicity itself. You simply
turn the box on, point it at your subject
(victim?) and make like you‘re Kojak.

The display takes the form of three
LEDs. When the VSA picks up speech,
the ‘Normal* LED will light. [f the VSA
thinks the subject is under stress the it
will illuminate one or two of the ‘Stress’
LEDs.

We were provided with a review
model and a kit which we did not build
up. From the looks of things, however,
the kit can be easily built in an evening.
The manual is clear and concise and
includes the usual sections on soldering,
tools and components. The actual as-
sembly instructions take the constructor
through step by step with separate
overlays for each type of component.
In addition there are section dealing
with the principles of microtremors,
how to detect them and how the VSA
works.

The printed circuit board supplied

Voice Stress Analyser.

STRESS

VOICE ANALYZER
w— ON

Logical Systems

with the kit is superb. The copper traces
are tinned, so soldering won‘t be a pro-
blem, and the silk screened component
overlay is unambiguous. The compo-
nents appear to be of high quality and
are packed according to type (a bag of
resistors, a bag of capacitors etc.) Un-
fortunately no IC sockets are provided
so the constructor should take care to
get it right the first time.

Voice ‘Quakes

The principles behind the device are
more interesting than the actual ability
to ‘detect’ lies. Human speech is comp-
osed of both fundamental and harmo-
nic frequency components. It turns out
also that the fundamental frequencies
occur between 90 and 200Hz (This is
why. telephone lines get away with such
a narrow bandwidth). These fundamen-
tal frequencies are in turn modulated by
an 8-12Hz .vibration, the so-called
‘microtremors’. In the speech of a
person under stress, the tremors are
reduced in amplitude if not completely

A commercial Voice Stress Analyser costing $8,000.
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absent. Consequently, if we have some
means of detecting these microtremors
we would have a fairly effective means
of detecting stress and, by implication,
lies (hopefully).

Note that because the microtremors
modulate the voice fundamental fre-
quencies, they are unaffected by the
narrow bandwidth of telephones and
inexpensive tape recorders. This means t
that you are not restricted in your
means of analysis.

Referring to the block diagram, it is
fairly apparent how the VSA works.
The signal is initially amplified and fil-
tered to pull the voice out of any back-
ground noise. The next stage of the cir-
cuit rectifies the signal, removes the
unwanted harmonicse and ' triggers a
monostable timer. The spacing of this
resulting pulse train is modulated by the
microtremors, The 20Hz bandpass fil-
ter changes the incoming pulses in to
changing voitage levels that hopefully
are in the 8-12Hz range.The next stage,
the 8-12Hz bandpass filter, decides
whether it is indeed looking at a micro-
tremor and triggers the appropriate
LEDs.

Using It

Lie detecting is a very subjective pro-
cess.The prospective investigator has to
monitor his subject carefully to deter-
mine just how he/she will react to a
stressful situation. In order to get the
most useful data from the VSA, the sub-
ject must be completely relaxed and
free from any distraction. Also, because
no two people are exactly identical in
how they’ll react to a given question,
each subject should be evaluated on his/

her own merits. The usual procedure in |

such cases is to give a series of faiely in-

Continued from page 27 i y
just to compare their alkaline cells against

carbon types.

To conduct such a test falrly turned out
to be far more difficult than we had
anticipated. First you have to ensure that
both batteries are equally fresh, and
then every test had to be identical. We
did of course get results and differences.
The Energisers gave a marginally better
performance in all cases but we wouldn’t
like to say that this would always be so;
the differences were not great and both
performed vastly better than carbon
types.

Conclusions
Think about the application for the
battery before you buy.

If the equipment can be run off the
power line and it is practical fo do so
always use this; it’s hundreds if not
thousands of times cheaper. Plug-in
AC adaptors cost under $1Q, no more
than a couple of refills of <alkaline cells
for a radio. Most radios*and tape record-
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The component overlay on the pc is
very clear.

’

nocuous questions with the ‘zingers
interspersed. Therefore your question-
ing might go along the lines of; ‘What is
your name? How old are you? Are you
married? Did you steal my jelly donut?
What colour are your eyes?

Theoretically questions 1, 2, 3, & 5
will keep the subject at ease while ques-
tion 4 will induce a substantial amount
of stress. Note that the questions re-
quire only simple one word answers.
This hopefully would eliminate ambi-
guities. Some ‘researchers also feel that
the subject should be allowed to read
through the questions and prepare for
the actual test.

Testing the VSA properly proved
more difficult than we thought. In an
office enviroment you don’t go around
to seriously see if someone is lying—you
can cause real embarrassment and/or of-
fence. (Also, using thumbscrews tends
to ruin the objectiveness of the test.)

We did however get some results. In

7o

&

The kit before it is built up,

normal conversation it is very difficult
to get the ‘stress’ LEDs to light easily.
We did test radio phone-in shows and
found that the ‘personality’ registered
‘normal’ while the callers tended to to
give readings more in the ‘stress’ area.
We also tried the unit on a tape where
we interviewed a person that we didn’t
believe (we never ran the story). That
person continually peaked in the ‘stress’
area.

We're not claiming our results de-
monstrate anything. Relaxed speech
does sometimes show stress (especially
‘ums’ and ‘ers’), there did however ap-
pear to be far more peaks with the radio
station callers than with the person we
interviewed.

The Logical Systems VSA does open
the door to some intriguing experimen-
tation. One can use it to evaluate poli-
tical debates on television or screen
your daughters prospective dates for
sincerity. L4

The Logical Systems Voice Stress
Analyser is available from Gladstone
Electronics, 1736 Avenue Rd., Toronto,
Ontario M5M 3Y 7. Send Cheque or Mo-
ney order for $149.95.

Block diagram of the VSA

BATTERY TESTS I S s e a5 R IR 1 L i e S U S S Ry AT S 0 e

This TV drew 350mA and cost $1 an hour
using dry cells. The alkaline types lasted
six times longer than the carbon cells,

ers come equipped for AC/DC operation
anyway.

Consider Ni-Cads where you are using
the equupment a lot. The cost of these
hasn’t risen as fast as the cost of dispos-
able cells. Remember however that
Ni-Cads can be destroyed unless they’re
properly used and recharged.

For flash lights, electronic flash guns
and toys (but see the notes on this) the
alkaline cells are the best bet.

Our tests with radios however. did not
demonstrate any real advantage for the
dearer alkaline cells.

Finally

We're somewhat surprised how few
people take advantage of the Radio Shack
Battery Club scheme. Look under the
battery section in their catalogue; you
get a free battery (regular type) once a
month — the idea of course is to get you
to visit the store every so often. Even so
it's a good scheme and there’s no obhg-
ation to buy.
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Special Supplement
COMPUTERS

In next month’s ET| we're including a bumper
supplement devoted entirely to computers. and
computing. Those readers NOT interested in this
subject will not be cheated out of the regular content
as this is over and above the normal features.

COMPUTERS FOR SMALL BUSINESSES

Qur magazine isn’t a particularly unusual business;
we maintain books, mailing lists, raise invoices and
keep check on inventories, and we’re planning to
instal a computer. Like most companies we've got
a limited budget and have had some problems in
deciding op what we need to take account of
future growth, We've written about our
experiences in tackling this problem,

SINCLAIR ZX80
COMPUTER

A computer for under
$300? That's
what this system -
costs. John Van Lierde has
been trying it out,

COMPUTERS — AN OVERVIEW
A look at the forefathers of the modern computer
and how they developed into today’s machines
‘and continues with a look at some of the termin-

oligy.

ANATOMY OF A MICRO ’
Looks inside the microprocessor itself, at the
architecture and the way that it works,

LOOK OUT FOR THIS SUPPLEMENT IN THE
FEBRUARY ISSUE.
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INTERNATIONAL

time of go-

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

FEBRUARY

ELECTRONICS IN

Cameras are changing fast and are be-
coming very sophisticated — all thanks
to electronics. In next month’s issue,
Phil Gerring looks at the applications
of electronics in the field of photo-
graphy.

FUZZ SUSTAIN UNIT

ot

For that raunchy sound that is so
beloved of electric guitarists the world
over, this straight-forward project is just
the thing. Using the foot switches you
may select straight through operation,
fuzz with sustain or fuzz without
sustain.

COMPUTING SUPPLEMENT

A bumper extra in next month’s ETI,
all dealing with computers. 3
Features include:'What to consider
when buying a business computer for
a small company’; a review of the
Sinclair ZX80 computer which costs
under $300; Steve Rimmer writes on
programming and we look at the dev-
elopment of computers.

ULTRASONIC BURGLAR ALARM
ETi G
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Ultrasonic burglar alarms offer one maj-
or advantage over contact-triggered
types: they need no complex wiring.
They work by ‘flooding’ an area with
sound waves and if these are disturbed,
an alarm sounds; they work by detect-
ing movement of an intruder. Complete
details'next month,

PIEZO ELECTRICITY

%

‘It sparks when you hit it’: well, that’s
snot a bad description of 'the piezo
electric effect but these crystals can do
a whole lot more as lan Sinclair will
explain,

myriad

" controller has a
applications in electronic and photo-
graphic work. It features a LED display
which ‘counts down’ and is visible in

This

most light conditions. It will work
over the range of 0.1 seconds to
20 minutes.

DESIGNING ACTIVE FILTERS

11¢
11
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Fe = LR e T v T
2n C VIRAXRB} ouv
—® ]
Q = %/RBjp,
GAIN = -20’

Our circuits feature in the February
issue examines the different methods
of separating out sound frequencies
from one another. Tim Orr examines
the various types and presents practical
circuits with the formulae for calcul-
ating the component'values.

SHORT WAVE AERIALS

Modern SW radios are selective and sen-
sitive — and normally are used with a
short telescopic antenna but results
are staggeringly better when they are
used with a properly designed aerial.

Save up to 28% on the Newsstand price by subscribing to ET! — see page 40.




The Fun of Electronics i Geiger '
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It contains the latest breakthrough in audio delayed tech-
nology — a tiny electronic life insurance salesman inter-
cepts the signal, and delays it for hours, trying to sell it
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L sound with a fuzzbox?
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Okay, I'll admit it's pretty good by itself, but how does it
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it's a master/slave flip flop If you look closely, you can
always tell which one is the master — it's the one with

the tiny little whip.

On the whole, it's actually a pretty good ‘scope. You just
have to watch your fingers when you put it in the ‘chop’

mode.
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I’'ve got to start dealing with more reputable mail order
: A " houses. | sent away for a *“$14.95 deluxe vacuum
There was f‘;m"? interference from a Brazilian station — desoldering kit and they mailed me a box of matches and
L so | put a coffee filter in series with my set. a drinking straw, J
& \
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To get yours, fill in the form in this issue or write to ET1 Magazine, Unit 6, 25 Overlea Bivd., Toronto, Ontario M4H 1B1. Please allow six weeks for
delivery. Due to sometimes uncertain supplies, some books may not be in stock, please indicate whether you wish your order.held or if you wish

your money refunded.
Master Handbook Of 1001 Practical Circults

TAB No. 800 $18.30
Master Handbook Of 1001 More Practical Circuits
TAB No. 804 $18.36

Here are IC and tramaistor cifcuits for practically anything and everything
with ALL the data needed to put them to work. The ides} schematic source
book for ali active tachnicians, engineers, axpecimanters, smateurs — for anyone
who must occasionally or regularly construct of adapt electronic circuits for
any purposs whatsoavar. You'll find any circuit you're Bver likely 10 naed in the
pages of this rich volume. The schemetics are classified according to general
application, and the Sections themselves appear in alphabetical arder

99 Test Eguipment Projects You Can Build
TAB No. 0; sSN.7s
Hera's the A 1o Z guide you need to build all sorts of electronic test equipment
from a simple signal tracer 10 & sophisticated modularized 60 MHz counter
and victually cverything in between! Here are voltmeters and ammeters, capa
citance meters, tesi: and , testers for solid. com
pucsnts, digital voit-meters, calibrators and frequency standards, signat genera
tors, uancy counters, oscilioscopes, and a variety of AF test equipment. The
variety is incredible and almost endless wirtually every test instrument you
could possibly want to build for yourself. It's pertect for the hobbyist ~ and
indispansable for the professional because you can incorporete each one — or 3
combination of several — into your work bench setup or other gear

The Power Supply Handbook
TAB No. 806 4

A complete one stop reference for the hobbyist and engineer. Contains high
and low voliage supplies a3 well as mobile and fixed units. Everything you need
10 keep your project perking with the right volts and amps.

S1.75

Build Your Own Working Robot
TAB No. 841 $855

Here are complete instructions — plany, schematics, logic circuits, and wiring dia
grams - for building Buster. Not a project for novices, Buster 13 8 sophisticated
experiment tn cybernetics, You build him in phases. and watch his personality
develop #s you add progéssively more advanced circuitry to his mamntrame. The
first_ ot this threephase robot, Buster I, is “leash-led” and dependent on his
master for decision-making. you create tha “amimal” and give him wheels,

Digital Inte«facing With An Analog World
TAB No. 1070 $1235

Are you tooking for ways 10 really put your microcomputer to work ? This book
tells you how to go about it how to convert snergy produced by pressurs,
force, position, temperature, wic. into an electrical voltage or current that your
microcompeler can deal with. It's for the user who views the microcomputer as
4 bit of hardware to be applied, and who views softwara as sither 3 simole set
of instructions to make the machine go or, more importantly, as a valid substi
wte for hardware. It presents tnformation, in handbook style, for users of
micracomputers who want to dasign a device or system with a microcomputer
at its heart

Very simoly, this book 13 for the microprocessor/computer user who wants to
use the machine to measure certain conditions, of 1o control external devices,

N k Of Rob
:

te your own robot? All the information you need 10 build & walking, talking
nd and companion of a helpful servant appears in this book|
Your robot can take on many forms and operate in any way you choose
Every possible option is covered in minute detail — including light, sound, heat,
200 proXimity 123013, MiNICOMPUter " brains”
Whether you want a fobot for a experimenting, for & security application or
10 verform somé task suitable for 3 “smart” maching, all the idess you naed are.
packed N0 this book

The Ce lete F
TAB No. 1071
Cel

$10.90

Artificial Intelligence
TAB No. 1076 $11.55
Aruficial intalligence s the branch of computer science devoted 10 program:
ming computers 1o carry out tasks thet, if carried out by human beings, would
require inteliigence. Here 15 8 book that deasts with the entire subject of artificial
intelligence. It describes what we conwder intelligence whera computers are
concerned, and presents an interesting summary of the s1ep-by-step sdvancement
of computer complexity toward the rudimants of human.type intelligence.

§
lllustrated Dictonary Ot Microcomputer Terminotogy
TAB No. 1088 $1185
This reference book contans cledr and cetailed axplanations for neatly 4000
terms currentiy used in the exploding field of microcomputers

Anyone having troubte understanding the “buzz” words, the jargon, the tech.
nical language fo the computer crowd — and the domain of the personal com.
puter in particular — will find this authoritative reference book of terminoiogy

tol

steering Capabihity, and tha capacity to s " your basic
Phase t1 makes Buster more independent. Now he has 2 basic brain hg can use to
decide when he's in need of a battery charge, or trapped into a physically
binding situation he can’t get out of

57 Practical Programs & Games Jn Basic
TAB No. 1000 $11.55
From 9 10 statistical 10 one-arm bandits, here
are 57 practical, useful and fun programs designed 1o help you ceally put your
minKcomput
Game programs include blackjack, one-arm bandit, craps, and two space
war games. Math and accounting programs. include compounding, straightdme
. statistical . instant and sofutions tor
integrals — sven a whole section of geometiic solutions for modern-lay Euclidls,
For hustory bulfs_ thece is 2 Day-of-the-Week orogram for any date back through
1753
Each progiam begins with an introductory waragraph describing its capa
bilities, and conlinues with a typical program sequencé and flowchart. Atl
programs will run on any floating point BASIC

Tower's International Teansistor Selector

TAB No. 1010 $9.85

OSCAR: The Ham Radio Satellites
TAB No. 1120 §7.75

H you want 10 get in on one of the hottesl new frontiers in amateur exlio, this
book 15 tor you! It's your thorough guide to communications via the Ortutal
Satellite Carrying Amatenr Radio (OSCAR) satellites. If you think amateur radio
i fun now, wait Tl you see what can be done by pting satellita communications.
This easy-10-read manual will tune you in on one the latest trend io ham dadio,
and at the same time show you all the details you need 1o s1art yout 0WN sma
teur earth station

The Active Filter Handbook
TAB No. 1133

A designar’s and users' guide 10 the theory and apphcations of acuive filter
circuits,

For anyone interestedt in electronics, this handy one-stop guide to modern
filter technology will prove invaluable It introduces filters and their purpose
compares different filters, and covers LC passive filtee operation, 0p amps, But
terworth filters, Chebyshev filters, low-pass fiters, high-pass friters, etc. This all
inclusive manual offers ooverage of electronic math and hasic electronic theory
al30. Cannot be beat for 3 complete anil practical thscussion and examinanion ot
filter techniques

§9.75

Here are transistor substitutions, outline disgrams, terminal 3
manufacturers’ codes and specs for more than 13,000 devices made in the US..
Jaoan, Europe, and England. This ultra-complete reference-guidebook is/an
absoiute MUST for anyone who deals with transistors of tha equipment in which
they'te used makes it 2% easy 10 locate teansistos substirutes for Japanese

/and European imports as for massmarket U.S. consumer electronic products.
Containg info on device ratings, characteristics, casa and terminel identification,
applications, Mmanufacturers and addresses, and voltage fatings — collector 1o
base, collector-to-emitter, and emitter-to-base.

A Beginner's Guide To Computers & Microprocessors — with project
TAB No. 1015 ¢ 55.7(;

Here's 2 plain English intraduct o the f wodld of the
puter s capabedities. parts. tuncrions, and programming and how you can
Mave ona In your own home. Numerous projects, using actuat computer parts,
demonstrate the operation of 3 computer aad lead 10 the assembiy of a working
minicomputer capable of performing many usetui functions around the home
and office.

A typicai family-sized computar, with video screen, printse, and keyboard,
s fully descriped

How To Design, Build & Test Complete Speaker Systems
TAB No. 1064 $11.85

I you've always wanted to build your own speaker fystem, here's a book
crammed with evarything you need to know to do it fight the fisst time!
It contains a variety of ready-tobuild spesker sysiem projects. from simple
speakar-in g-bOX selups to complex multi-driver systems, plus all the informs
ti0n eyen a beginner needs to design and burld his or her own

This clear guide shows You exactly how 8 spedker works, how ils power and
resondnce are attained, and how speskers may differ trom one another. it's
5 thorough 3 book as you'll find on the cumplete subject of speakars, speak &
systems, and enclosures. g

All oricec inrliura nactana £ hawadi:

Dats R Manual

TAB No. 1152 $11.75
Since the antenna system has 8 large influence on what you get out of 8 ham
of CB station or get into a shortwave or an AM/FM receiver, best results are ob
viously achwved with the best passible antenna, This book will show you how to
make and instali hundreds of antennas, among them half-wave dipoiss, inverted
vaes, verticals, yagis, quads, deitas, FM broadcast, and CB antenna and trans.
mission lme, plus bmited space and hidden antennas. Included are precise
specifications for a huge variety of difterent designs tuned.to work on most ama
teur, mering, international broadcast, AM/FM broadcast and CB bands

The Gisnt Handbook Of Computer Projects
TAB No. 1169 S13.75
If mictocomputers have caught your intarest. or if you've been through the
ready-mada hardware foutine, you're ready for this book. It's 3 huge collection
of teady-to-use infarmation designed for the enterpnsing hobbyist who wants
mora flexibility — and practicality — than that offered by systems assemblad for
the mats Mmarket

Model Radio Control - 3rd Edition
TAB No. 1174 $9.75

This all new snd complete revision will thoroughly acquaint you with everylhing
you need 10 know about Mods! radio control — how 1t works, how to design &
systam, how to install it, and how to Operate model 2irplanes. cars, bodts, tays of
virtuslly snything by radio controb. Starting out with fundamenta RC concepts.
the author takes you through all the latest and most modern equipment, in
cluding coding and coders, relays, superregenerative caceivers, decoders, power
control citcuits, servo motors, tone-operated and proportionsl control systems
and much morel

It you want to kaep up with the changes in rouio-contrQlied modeling, or i*
you want to get sn on tha ground floor of the hobby. this lucid guide shoulkt be
part of vour Library

21 Custom Spesker Enclosure Projects You Can Build
TAB No. 1238

If you 7eally went 10 get some truly great sounds out of your audio system, this
unique new book shows you 21 good ways 10 do «t. From simple closed-box sys
t#ms 1o complex omnidirectional speak ets, you get complete descriptions, design
and gonstruction details for 21 build-1t-yourself projects — virtually every ind
ol audio speaker you could want. You can pick and choose your own project
from the simplest to the most advanced for home ot car, stereo or quad
aven for a van or AV,

$11.75

How To Build Your Own Self-Programming Robot
TAB No. 1241 s1.75
This 1 8 straighttorward how-to book about machine intelligence — & practical
guide 1hat shows you how 1o buitd a robol capabie of learning how 1o adapt to
changing circumstances in its environment. The unique little ereature described
in this book, named Rodnay, can pick up ngnals and stimub from his environ.
ment and develod Derceptions just like humans and higher amimals do. Yet Rod
ey is fully tranable, and his “Dersonality" can be altered and moided by human
intervention. All in all. Rodney i in 3 class by himielf, and 11 8 most remark able
and fascinating machine — he can program himself 10 deat with the problems
of the moment and devise theories for dealing with similar problems in the
future. Yas, Rodney is self-programming, and B3 a result no two Rodnaeys behave
exactly the same way. In tact, f you wipe out his selt-generated memory, he'll
devalop another one that's somehow ditferent from the first

An Introduction to Personal & Business Computing

SYBEX C200

This 13 2 basic i y taxi on Ity mawn goal 1 Lo answer
the question: “¥hat do I need for in specific detail. No previous techrical
background 15 ¥sumed. The author addreses progressively off the essential
topics of interest 10 the microcomputer user {as apposed (0 the designar). How a
system works. Which modules are required for which function. How much
memory 15 needed Which perpheral shoui) he used The cost. The softwara
Differences between existing microcomputers. Is 3 mini-BASIC sufficrent? The
real cost of @ business system. It hmitations. Can you really manage a maling
Gist on a floppy disk? Packages and nther programs. The traps for the hobbyist
Application technigues. New systems and facilitres,

The book 13 clesigned 10 educate the reader in ail the aspects of a system,
from the seleciion of the microcomputer 10 the requiredt peripherals. No com-
puter background is reguned

$10.75

Programming the 6502

SYBEX C20. $18.75
An educational tex1 designed 1o teach you programming from the ground up.
Already one of the most ful proge 9 books ever i " has

been cevised and expanded at both the low end and high-end of the spectrum,
The range of programming concepts and techniques presented is such that it
addresses the needs of virtually. every programmer interested in using the 6502
microprocessor, trom beginner to exgert

Pragramming the 280
SYgEX CZB%

This ook has Iwvn tesigner bath 3s an educationat text and a3 4 selt-contained
reterence haok. As wuch, 1t can be used as & complete introductory book on
proceatnming, fanqing from the hasic concepts to advanced dats structures man
nulations.

It 2l contains a comprehensiva description of atl the ZBO instructions as!
weil & its internal operation. and should provide 8 comprehensiva referance for
the rastier who is already tamiliar with the princrples of programming, byt
wishes (0 l3atn the ZBO. All concepts are explained in simple yet precisa terms,
buskding progressively towards mora complex techniques

$20.75

Programming the 28000
SYBEX C281 . $22.75
This Book was designed as both an educatrons text and a self contained referance
manual. This book presents a thorough inteoduction to machine language
programmury from basic concepts to atvanced programming tachniques.
Datailed iiustrative axamples and numegous programs show the resder how to
write clear, well-organized programs in the Yanguage of the Z8000.

With over 113 illustrations, a ihorough index, and 5 appendices, Programming
the 28000 1 an inclispensablic text for enginears, students, POP-11 wsers and any-
one intarestad in kearning machine fanguage pogramming skills.

6502 Appiications Book
SYBEXp8302 $18.75
This book presents practical applications techniques for the 6502 You will build
3 complete home alatm system, including fire detection, as wel! as an electronic
0130, 3 motor speed-regulstor, 3 bme-of-day clock, a simulated tratfic control »
system, and a Morse code generator. You will also design an industrial control
loep for tamperature control, including analog-to digitat conversion, and your
own simple from reader 1o oprinter

Truly the '‘input-output” book for the 8502, it includes more than 50
exercises deyigned for testing yourself at every step

6502 Games Book
SsBEX G402 $18.75
This book s tlesignact #s an educational fext on advanced programming lech
niques. It prasents 3 comprahentive set of algorithms and programming ech.
niguas lor common computer games. All the programs are davaloped for the
6502 at the assembly language leve!

The reader will learn how to devise strategies suitable for the sdlution of com-
otex problems, typical of those encountared in games. He/she can also use all
the tesources of tha 6502, and sharpan hishar skills at sdvanced programming
techniques. All the games presanted in this book can be played on 8 reat board
{the SYM)_ and require 3 very smali amount of additional components,
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Projects — Miscellaneous

Egg Timer Feb
General Purpose Power Supply Feb
Getting Started In RTTY Feb
Electromyogram — Part | Mar
Electromyogram — Part || April
RTTY — Part i! April
16K RAM Card May
HEBOT — Part | July
Photographic Timer July
HEBOT — Part Il Aug
Passionmeter Aug
Touch Switch Sept
Metal Locator Oct
6W Siren Nov
Survival Game Dec

Projects — Home & Automobile

Battery Condition Indicator Mar
Wire Tracer Mar
Failure Monitor Indicator — Auto April

Fuel Level Monitor May
Soil Moisture Detector May
Overspeed Alarm June
Home Security System Sept

Baby Alarm Oct
Infra Red Remote Control Nov

Projects — Test Equipment

Logic Probe Jan

Function Generator June
Analogue Freguency Meter July
Transistor Tester Aug
Linear Scale Capacitance Meter Oct
Power Supply Oct
Digital Test Meter Dec
Projects — Audio & Music

Guitar Effects Unit Jan
Series 4000 Stereo Amplifier Jan

Series 4000 Moving Coil Preamplifier Feb

Complex Sound Generator April
Click Eliminator May
Dynamic Noise Filter June
Accentuated Beat Metronome July
300W Amp Aug
Speaker Protection Unit Sept
Guitar Practice Amplifier Nov
RIAA Preamp Dec

Science & Technology
A History Of €ar Ignition Jan

Calcumeter 4100 Review Mar
Deep Space Tracking Apr
Standing Waves May
Electronic Warfare June
Beryllium — How Dangerous? June
The Tesla Controversy July
Life Out There? Aug
Telidon Sept
Kirlian Photography Sept
Project Daedelus Nov
Electric Cars Dec
General
Hams At Mississauga Madness © Jan
Biofeadback 3 Mar
Valdemar Paulsen April
Microwave Cooking May
CSA May

22
25
28
12

31

16
46
25
53

1
43
40

18
24

61
40
63
19
65
59

25
21

50
37

45
11

43
36
34
33
45

Canadian Sound Archives June 33
Electronics In the Studio July 31
Introduction To Test Gear Aug 31
Burglar Alarm Installation Sept 24
Synthesisers Oct 21
Electronic Fences Oct 35
Cassette Decks and Tapes Nov 29
Si Units Dec 56
Microprocessors & Computing

HP41C Review Feb 63
Artificial Intelligence May 54
C. L4 Py June 51
Getting ‘Round HEX June 48
S$100 Bus System Aug 21
IEEE Bus Sept 62
identimat Nov 39
Floppy: Disks ,Dec 23

Components & Circuit Theory

LM 10 — Applications Jan 30
(Part | of this feature appeared in Dec ‘79)

Practical Guide To Triacs — Part | Jan 38
(Part | of this feature appeared in Dec ‘79)

Simple Radio Control Feb 33
Gain Control.— Part | Feb 36
Practical Guide To Triacs — Part |1l Feb 54

Gain Control — Part |1 Mar 40
Power Supplies Mar 50
Self Resonant Capacitors Mar 56
Data Sheet Apr 15
- 40 CMOS Clock Circuits Apr 21
SAWFs Apr 43
Delay Lines May 21
Magnetic Power Control June 41
CA3130 Circuits June 27
PLL Synthesis June 18
CMOS 555 July 11
Capacitors July 24
FET Special Aug 45
D—A Technigues Sept 28
Solar Cells Oct 39
Into Etectronics — Part | Oct 53
Audio Amplifier Circuits Oct 61
Attenuators Nov 34
Into Electronics — Part | Nov 65
Thermistors Nov 71
{nto Electronics — Part 11| Dec 49
Ten Simple Transistor Circuits Dec 26
Transducers In Audio Dec 17
Designer Circuits
Logic Lock Sept 56
Electronic Thermometer Sept 56
Single IC Organ Oct 18
Water Alarm Oct 18
HF TTL Oscillator Nov 19
Linear Scale Resistance Meter Nov 19
555 I.C. Projects Nov 20
Sound Triggered Flash Nov 21
Quick Transistor Tester Nov 21
AF Signal Generator Nov 22
Sine To Square Converter Nov 22
Headphone Amplifier Nov 23
NiCad Charger Nov 23
CMOS Monostable Nov 24
Two Transistor Noise Source Nov 24
Sustain Unit Nov 25
AC Meter Booster Nov 125
Clipping Amplifier Nov 26
Reaction Game Nov 26
Car Cassette Power Supply Dec 23

Series 4000 Stereo Amplifier
January 1980

i) The power supply pcb for this article
appeared in the March 1980 issue.

ii) RL1 is a 12V relay with maximum pull in
current of 100ma or minimum coil resistance
of 100R.

Minisynth
April 1980 I

Minor error in the PCB. The trace between
the cathode of D1 and the positive terminal
of C14 is missing. This is Vcc for the SN-
76477, solder in a short jumper.

Click Eliminator
May 1980

i) The Parts List only lists resistors for the
right hand channel. You will also need C104-
106 lidentical to C1 to C6); RV101 (identi-
cal to RV1), and ICs 101-103 (you get the
idea).

ii) C12 and C13 are 4u7 tantalums R23
(fisted twice) is 10k.

iii} Two overlay problems; C10 at the top
right corner should be C11. Also, the R103
that appears just to the right of RV101 is
actually C103.

Simple Intercoms
Hobby Projects, Summer 1980

A 25u, 25V capacitor {C5) is specified for the
power supply but does not appear in the sche-
matic. It goes in parallel with C4.

Hebot
July, August 1980

As stated in the article, our arrangement for
the manufacture of Hebot chassis fell
through. We do have a source of excellent
motors, write to: Isotronic Limited, 105
Scarsdale Road, Don Mills; Ontario and check
availability. Further notes on mechanical con-
struction appear in Part |1, August 1980.

300W Amplifier
August 1980

i) The note on the schematic neglects to
mention Q17. It can be either a BD139 or
2N4923. The Parts List is correct in this res-
pect.

ii) Apparently the Philips heatsink is unavail-
able. i

Electronic Thermometer

Designer Circuits, September 1980
i) Pin numberings 1 and 2 for IC2 are re-
versed. The output is pin 1, the input (from
B1) is pin 2. £

ii) The right hand leg of C2 goes to pin 8 on
ICil>

iti) RV1 and RV2 are described as R4 and R6
in the test. There are no R4s or R6s required.

Speaker Protection Unit
September 1980
The note on the schematic describing D1-D4

as 1N914 and D5-D6 as 1N4001 is incorrect.
They are reversed (the Parts List is correct).

Metal Locator
October 1980

The pcb overlay gives R3 as 1M. This is incor-
rect, its value is as shown in the schematic and
Parts List.

NiCad Charger
Designer Circuits, November 1980

C1 is incorrectly sited in the schematic. Its
positive lead goes to the junction of D1,2,
and its negative lead is connected to the trans-
former center tap. The original ‘C1’ is in fact
the center tap connection to ground.



INTO

' ELECTRONICS(PART 9

This month lan Sinclair looks at transistors, how they work, and how they’re used.
“

Double Your Junctions :
IN 1948, Brittain, Bardeen and Shockley made one of
the most important discoveries of all time. They
managed to make two PN junctions really close
together: the first transistor. What's so special about
two junctions close together? It's like Siamese Twins,
that’s what, and anything that happens in one affects the
other.

Imagine a very thin layer of P-type material as the
meat in an N-type sandwich (Fig.1). By a thin layer we
mean just a few hundred atoms thick. Now imagine one
N-type layer connected to battery + and the other
connected to battery —. From what we know so far
there’s no way this arrangement could conduct current,
its like two diodes connected anode to anode. No matter
which way you look at it, one diode is reverse biased and
therefore can’t conduct. This is where the closeness ot
the junctions has an effect. Suppose we start one

lCOLLECTU?
N COLLECTOR
b BASE
N EMITTER
EMITTER
(a) (b)

Fig. 1. The transistor. {a) Arrangement of junctions. {b) Two-diode
circuit which would give the same readings on an ohmmeter. When
two terminals of a transistor are found which do not conduct
in either direction, the other terminal must be the base. {c) Symbol
of NPN transistor.

junction conducting; the one between the P-type
material and the N-type that is connected to battery
negative. It won’t conduct unti the voltage across it is
somewhere around 0.55 V (assuming a silicon device),
but when it does, the junction is flooded with carriers.
Because the junctions are so close the other junction also
becomes flooded with carriers, though it is reverse
biased. This turns the second junction into a conducting
junction, despite the reverse bias, so that current flows
between the two N-type regions. This current can flow
only for so long as carriers are injected from the junction
that has been deliberately forward biased.

It's time we put some names to the bits of this device,
the bipolar (or junction) transistor. The meat in the
sandwich is the part called the base, the other two
regions are the collector and the emitter. The reverse
biased junction is the junction between coilector and
base and the forward biased junction is the junction
between base and emitter.

Look at it all again. With no' bias (or reverse bias)
between the base and the emitter, no current flows
between the collector and the emitte.: reason for that is

—BIAS + BlAS

-BlAS

Fig. 2. Transistor effect. (a) With the base-emitter P-N junction
unbiased, both junctions are depleted, no current flows. (b) When
the base-emitter junction conducts, both jungtions are flooded
with carriers (efectrons in this case) so that both conduct.

the reverse bias between the collector and the base.
When the base-to-emitter junction is forward biased,
though, the carriers enter the collector junction, so that it
conducts. As a result, we can change the collector-
emitter circuit from insulating to conducting by altering
the base voltage slightly.

We can do even better than this. When we make the
base-emitter junction conduct, most of the base carriers
are swept across the other junction (base-collector). As a
result, much more current flows between the collector
and emitter than between base and emitter; a small
current between base and emitter controls a large
current between collector and emitter. Controls? Yes,
controls, because the ratio:

Collector to emitter current

- - is fairly constant.
base to emitter current

A typical value is 100, meaning that the current
between collector and emitter, |.is 100 times the current
between base and emitter (I.). This ratio is called the
forward current transfer ratio, common emitter,
mercifully shortened to hy,. The phrase ‘common emit-
ter’ is used because both the base and the collector
conduct to the same terminal, the emitter.

COLLECTOR
CURRENT
'S

R MLLIAMPS

BASE CURRENTS Ib
(a) (d)

Fig. 3. Current gain (a) Circuit for measuring base and collector
currents. {b) Typical graph of collector current plotted against
base current.
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NPN and PNP
Bipolar transistors can be made in two varieties, NPN
and PNP. The NPN operates with its collector positive to
its emitter and will conduct when the base (the P-layer) is
about 0.565 V positive to the emitter. The PNP transistor

N ¢ - ¢
=5~ b s s b
_____ ..

N g L .

(3) (b)

Fig. 4. Junction arrangements and symbols (a) NPN, (b) PNP.

operates with its collector negative to its emitter and will
conduct when the base (the N-layer) is about 0.55 V
negative to the emitter. These voitages assume that
silicon devices are being used

Gaining on the Deal

Look at the circuit of Fig. 5a. Ithasa 6V, 60 mAbulbin
series with a switch and a 6k8 resistor across a 6 V
battery. What happens when it's switched on? Nothing
noticeable, because 6 V across 6k8 produces less than 1
mA of current, not enough for a 60 mA bulb to glow as
bright as an exhausted firefly? Now try the circuit in Fig
5b . This time the switch will operate the bulb. The
current through the 6k8 resistor is more than enough to
make the transistor conduct, passing 60 mA through the
bulb. We call this effect current gain, and the quantity
h¢, measures this current again.

SWITCH SWITCH
6k8 l*
Tev
6y
60mA

(a) (n)
Fig. 5. Current amplification. (a) This circuit cannot pass enough
current to light the bulb. (b) The bulb will light when the
switch is closed because the base current of the transistor will
cause collector current to flow.

Don’t get carried away though. The transistor hasn’t
created this current, just controlled it. If the battery had
not been able to supply 60 mA, no cunning tricks with
transistors could make the bulb light.

Try the circuit of Fig. 6 for yourself. The bulb will

+6v

100k
6
6

v
TOUCH
OONTACTS o_@) 2ra

(o]

Q1, Q2 are 2N2222 &3

Fig. 6. A touch switch — touching the contacts with your fingers
will allow the bulb to light.

light when the two terminals are touched with one
finger. The tiny amount of current that flows through
you causes a current many times greater to flow in Q1.
(We use the abbreviation Q for atransistor;an alternative
is Tr). This greater current flows into the base of Q2, and
causes a greater current still, enough to operate the
bulb. Suppose we put some sizes to these currents. If the

54

Typical small signal transistors. (R Ohm)

bulb needs 60 mA, then let's suppose, for the sake of
simplicity, that Q2 has a current gain (hy,) of 60. Then
just 1 mA is needed into the base of Q2 to make the bulb
glow. This 1 mA is supplied by Q1. If this transistor also
has h,,=60, then only one sixtieth of a milliamp (16 uA)
is needed into the base of Q1.

This sort of use of transistors is called switching. The
bulb, or whatever the transistor is switching on and off,
is called the load. The load is connected in the
collector-emitter circuit, and switched on or off by
charges at the base. To switch the load on:

(a) the voltage between base and emitter must be

more than 0.55 V for a Silicon Transistor (0.15
V for a germanium transistor)

(b) the current between base and emitter must be
enough to ensure that the correct current will
flow through the load.

Just to illustrate these conditions, try to explain why the
circuits in Fig. 7 will NOT work!

SW

+6v

6V
100mA

(a) (b)

Fig. 7. Two circuits which DON’T work. Can you explain why?

Variations on the Theme

Figure 8 shows another circuit which needs some
thought. If the load resistor is in the emitter part of the
circuit, then the amount of current needed at the base is
the same as it would be if the load were connected in the
collector part of the circuit. The voltage needed at the
base, however, has to be more than the normal voltage
across*®he load. Think of it this way — for the load to
operate, it needs the correct voltage across it and the
correct current through it. Suppose the load isa 6 V 60
mA bulb. In this circuit, the emitter terminal of the
transistor must be at 6 V when the bulb glows. For the
transistor to conduct, the base voitage must be 0.6 V or
so above the emitter voltage which means around 6.6 V.
The shift in the position of the load in the circuit makes a
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large difference to the voltage that is needed at the base.
This is, in fact, a rather different type of circuit, the
common collector circuit.

SwW
+

v Fig. 8. The emitter-follower.

[~1]

6v
¢ 60ma

The differences between these circuits illustrate
rather well differences in the behaviour of transistors.
Connect as a common emitter circuit (Fig.5b) and
small changes of voltage at the base cause fairly large
changes of base current. The input circuit of the transis-
tor (base-emitter) behaves like a low resistance. Connect
the transistor’in a common collector circuit (Fig. 8) and
much larger changes of voltage at the base are needed to
cause the same changes of base current. Now the input
circuit behaves like a large resistance. We refer to this as
the input resistance of the transistor; it's important
because we have to be able to supply the correct voltage
to this input resistance to turn on the current.

Transistors have an output resistance too. A transistor
connected in a common emitter circuit has a high output
resistance. This means that changing the collector
voltage has very little effect on the collector current. It's
a useful feature, because a high value of output resist-
ance means that the current flowing between collector
and emitter is controlled only by the base current, not by
the collector voltage. Connecting the transistor up into a
common collector circuit has the opposite effect; the
output resistance is now low. Any change in the emitter
voltage now causes a large change in the emitter current
(assuming the base voltage is fixed). These input and
output resistance values are shown in Table 1, for the
common emitter, common coilector and also fok the
common base connection. The common base connec-
tion is seldom used now except in high frequency
circuits or as a part of other circuits.

Laying it on the Line
Take a look at the graph of Fig. 9. It's a graph of silicon
transistor collector current plotted against the base
voltage (base-to-emitter voltage,that is). What it shows is
that very small changes of base voltage will cause larger
changes of collector current. We make use of this when
we design voltage amplifiers.

A voltage ‘amplifier has an AC voltage signal at its
input and produces a copy of the wave, with greater
amplitude at its output. The ratio voltage gain equals

signal amplitude at output
stgnal amplitude at input

How do we use a transistor as a voltage amplifier? To
start with, we have to convert the collector currents into
voltages. The simplest method is to use a resistor as a
load. Take the example of Fig. 10. The load resistor here
is a 1k resistor, and the voltage signal is at the collector
of the transistor. When the collector current is zero, the
voltage at the collector is 6 V, the supply voltage. When
a collector current flows, there is a voltage across the
resistor so that the collector voltage drops. The greatest
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amount of current that could possibly flow in this circuit
is 6 mA, because this amount makes the collector
voltage zero. We could then get a voltage wave at the
output with an amplitude peak-to-peak of 6 V, providing
we had enough signal voltage at the input to cause a
collector current of 6 mA peak-to-peak. That's where the
graph of Fig. 10 comes in, because we can read off the
base voltages for the two current limits of zero and 6 mA.
Now we have the output voltage (6 V p-p) and the input
voltage (0.1 V p-p); so that the voltage gain of this
amplifier is 60 times. Easy!
is the output voltage signal a good copy of the input
voltage signal? It can be, but two things can go wrong.
One is that the graph of | (collector current) against V,,
may not be a straight line. Any curvature of this line
- causes a poor copy; we say that there is distortion. The
other thing is that the base voltage /must never drop

000

Ic.mA

1 i
1 2 Vbe VOLTS

Fig. 9. Mutual conductance characteristic for a medium-current
silicon transistor.

below the minimum conducting voltage of about 0.55
V. Both problems are tackled by using bias. [n everyday
language, bias is anything that tips things to one side.
What we need to tip to one side is the base voltage, to
make sure that it can’t drop below that figure of about

TABLE 1

Relative sizes of input and output resistances

® Name Rin Rout
.
common
emitter Medium high
our
IN {
+
common
base low high
IN { }ou T
common
collector high low

out
low: below 100R; medium:
several k; high: above 10k.
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0.55 V (again assuming a silicon transistor).

A bias circuit does just that. Two common types of
bias circuits are drawn in Fig. 11. and Fig. 11a. shows a
circuit using a resistor connected between the base and
the collector. We can calculate the value of the resistor
so that the collector voltage, with no signal present will
be about half supply voltage. This way if we put an AC
signal in at the base, an amplified signal will appear at
the collector and its amplitude can be anything up to
about half supply voltage without cutting off either peak.

Figure 11b is of another type of bias circuit. In this
design, a potential divider sets the voltage at the base.
This makes the transistor pass current through the
emitter resistor R4 so that the voltage between base and
emitter is set to the correct value, around 0.55 V. If we
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Fig. 10. Voltage amplification using a load resistor.

choose the value of the load resistor R3 correctly, the
collector voltage can be set to about half supply voltage
once again. The capacitor C2 is important. Unless this
capacitor is connected, we do not have a true common
emitter circuit for signals (because of R4) and the voltage
gain will be very low — more of that later.:

Both of these methods of bias are self correcting — if
we change the base voltage temporarily with a signal,
the voltages will afterwards always return to the value
that we set. In addition, slight changes in the values of
h or resistance will not cause noticeable changes in the
bias voltages when these circuits are used.

Bias is not necessarily just a method of preventing the
peaks of the signal from being chopped (or clipped). Bias
can also be used to ensure that the distortion is as low as
we can arrange. The graph of I. against V,, is not usually
a perfectly straight line, but some parts of the curve may
be more nearly straight than others. If we bias the
transistor so that a fairly straight portion of line is used,
then the distortion is fow. The names ‘linear amplifier’

LOAD
resistor 2 F'

BIAS
RESKSTORS R2

._n

-0

(a)

Fig. 11. Two types of bias circuit. (a) Current bias, using a single
resistor. {b)Voltage bias, using a potential divider.
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and ‘linear operation’ come from the idea that the best
operating conditions are along a piece of the graph
which is a straight line.

We can calculate the gain of a transistor amplifier
very easily. The ratio

change of collector current
change of base voltage

called mutual conductance, symbol gm, is about 40
mA/V for each 1 mA of collector bias current. For a
transistor biased to a collector current of 2 mA, for
example, the gm value would be 80. This value of gm is
also related to the current gain hy, and the input resist-
ance of the transistor h,=gmh,. Now
the correct signal out for an input V,, must be gmV;,, so
that the voltage signal is gmV;,RL (RL is the value of the
load resistance). An even simpler method arises because
the DC bias voltage across R, depends on the bias
collector current. The voltage gain of any small signal
amplifier using silicon transistors is just 40X (steady
voltage across Ry). For example, if there is 5 V across the
load resistor with no signal input, the voltage gain of the
transistor is 5 X40=200 times.

Up and Down the Scales

We can measure the voltage gain of a voltage amplifier
at any frequency of signal we care to use, but we won't
get the same results at each frequency. A simple voltage
amplifier such as that of Fig. 12 will have its normal
value of voltage gain (around 200) at frequencies
ranging from about 100 Hz to several hundred kHz. At
very low frequencies, of a few Hz, the measured gain will
be less. The transistor is still doing its stuff, but the
capacitors that are used in the circuit have such high
reactance values at very low frequencies that the signal
is potential-divided by each capacitor that is connected
to a resistor or the transistor. If we use circuits that
eliminate capacitors (direct coupled circuits), the voltage
gain remains constant even for DC.

We cannot simply remove the capacitors in a circuit
such as that in Fig. 12 because these capacitors are
needed to prevent the bias voltages being shorted out or
increased by the circuits to which the transistor is
connected.

At the high frequencies, it's capacitors again that
cause the trouble. This time they’re invisible, the type
we call stray capacitance. Every gap in a circuit is a
capacitance, though of small value. In the circuit of Fig.
12 the dotted lines indicate gaps which must have some
stray capacitance. The effect of these capacitances is to
provide an easier route for high frequency signals than
the resistors or even the transistors, so that the voltage
gain is, once again, reduced. For audio amplifiers,

Fig. 12. A complete voitage amplifier stage. The dotted lines
indicate important stray capacitances between parts of the circuit.
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Fig. 13. Frequency response graphs. (a) Using a linear scale for
gain. (b) Using a decibel scale for gain.

working with the frequency range 40 Hz-20 kHz, these
frequency limits are not usually troublesome. Amplifiers
intended for much higher frequencies use tuned
{resonant) circuits in place of the load resistor. The stray
capacitance then becomes part of the resonant circuit, so
that its value does not greatly affect the frequency we
can use. At really high frequencies, the transistor itself
begins to give up, because the charge does mot move
fast enough to follow the changes of voltages of high
frequency signals. Transistors of rather specialised
construction are needed for frequencies of 100MHz or
more.

A graph of voltage gain plotted against frequency is
called a frequency response graph. A typical
frequency response graph for an audio amplifier is
shown in Fig. 13a. We have to use a logarithmic scale
for frequency, with the same distance between 1 kHz
and 10 kHz as we have between 100 Hz and 1 kHz. This
is because a linear scale would have to be several metres
long to show the same frequency points.

The frequency response of an amplifier plotted in this
way always looks much worse than we expect from the
evidence of our senses. The reason is that the difference
between a gain of 100 and a gain of 50 is not so very
great when the amplifier drives a loudspeaker or the
brightness of a cathode. ray tube, it certainly doesn‘t
seem like a 2 : 1 ratio. A better way of showing

GATE (P)

TERMINAL
DRAIN
SOURCE TERMINAL SRIE
TERMINA\L
| DR
L —SuBsTRate
CHANNEL (N)
METAL —_
geas) o 722
GATE SOURCE N-SILICON™
SUBSTRATE GATE
(a) (v)

Fig. 14. FETS. (a) Junction type, N channel. (b) MOS type, N
channel. The substrate is the silicon layer on which the other
layers are deposited.
frequency response is the decibel (dB) scale. To convert
a voltage gain to decibels, we use dB=20 log (voltage
gain) so that a voltage gain of 20 is 26 dB, a gain of 40 is
32 dB, and a gain of 80 is 38 dB. Note that doubling the
gain figure causes the dB figure to increase by 6 dB,
typical of a logarithmic scale.

A frequency response graph plotted in dBs is shown
in Fig. 13b.

FETS

The two-junction, or bipolar, transistor is not the only
way of using a semiconductor material for switching or
amplification. Field-effect transistors (FETS) make
use of another way of controlling the movement of
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electrons or holes in semiconduction without injecting
carriers from junctions. The main current path in any FET
is called the channel, it's a thin narrow strip of silicon,
usually N-type. There are no junctions along the length
of this channel, so that it behaves like a resistor, allowing
current to flow in either direction. The current in the
channel is controlled by changing the conductivity of the
material, not by injecting carriers into a reverse biased
junction.

Two ways of controlling the current are used. One
way uses a reverse biased junction, so that the FET is a
junction FET. The junction is formed around the strip at
one end {Fig. 14a), but the carriers moving through the
channel do not pass across the junction. Reverse biasing
the junction will deplete it of carriers, sp that the
conductivity of the silicon around the junction becomes
less, and the current in the channel becomes less.

The other type of FET is the MOSFET (Metal-Oxide-
Semiconductor FET). A thin layer of silicon oxide (an
insulator) is grown on the strip of channel at one end and
a layer of metal deposited on top of the insulator. This
arrangement forms a capacitor with the silicon of the
channel as one plate and the insulated metal as the
other. Connecting the metal to a negative voltage causes
negative charges to be repelled from the channel, so that
the conductivity of the channel becomes less.

In either type of FET, the controlling electrode is called
the gate; the end of the channel nearest the gate is
called the source, and the far end of the channel is
called the drain. A voltage between gate and source
controls the current between source and drain, and the
ratio

change of channel current

change of gate voitage

is called mutual conductance, gm. The values of gnv
obtained from FETs are pretty low, 1.2-3.5 mA/V
usually, as compared to values of 40 mA/V upwards for
bipolar transistors. The big advantage of FETs is their
very high input resistance. The MOS types have such a
high gate resistance that they can be 'damaged by the
electrostatic voltages produced by rubbing materials
together! These types of FET (and the MOS types of
integrated circuits) must be handied carefully, keeping
the leads shorted together until they can be soldered in
place in their circuit. ®

57



BURGLAR

ALARM

CIRCUITS

Ray Marston looks at low-cost burglar-and security-alarm circuits.

BURGLAR ALARMS and home security systems are
genuinely useful projects that are always popular
amongst electronics hobbyists. The most important
teature to look for in such alarms is their system
reliability or immunity to false alarms. Most ‘clever’
alarm systems, such as those using ultrasonic, infra-red,
or proximity-detection principles, tend to be rather
unreliable and, generally speaking, should be avoided
like the plague, particularly when they are amateur-
designed circuits published in electronics hobbyist
magazines.

The most reliable types of burglar alarm are those that
use electro-mechanical devices such as microswitches,
reed-and-magnet switches, or pressure mat switches, as
intrusion sensors. Fig 1 shows the simplest of all types of
burglar alarm. The circuit is activated via normally-open
(close-to-operate) switches such as pressure mats and
consumes zero standby current. When any of the
switches close the relay turns on the self-latches via
contacts RLA/ 1 and the alarm is activated via contacts
RLA/2. This circuit can be used to give a reasonable
degree of security to a small house.

Break-to-Operate Alarm Systems

An alternative type of alarm system is shown in Fig 2.
Here, normally, closed switches are used as intrusion
sensors. Normaily, with all switches closed, the base and

Fig.1. This simple close-to-operate self latching burglar alarm
is adequate for many domestic applications,

emitter terminals of Q1 are shorted together, so Q1 and
the relay are off. If any of the sensor switches open, Q1
and the relay are turned on via R1 and the relay is
self-latched via contacts RLA/ 1.

This basic ‘break-to-operate’ type of circuit has two
distinct advantages. First, the alarm automatically
activates if any of the sensor-switch leads are cut ot
broken. Second, the series-connected switches of the
circuit are far easier to install in a building than the
parallel-connected switches of the Fig 1 circuit. This
second point is particularly important when complex
switch-wiring installations are concerned. A major
disadvantage of the Fig 2 circuit is that it draws a fairly
hefty ‘standby’ current of 1 mA via hold-off resistor R1.

Fig 3 shows an improved version of the basic Fig 2
circuit. Here, IC1 is a 4-gate CMOS IC with one of its
gates used as a simple inverting buffer between R1 and
Q1. The use of this gate enables the R1 value to be
increased to 12M, thereby reducing the circuit’s
standby current to an insignificant 1 uA. Note the use of
C1and R2 in this circuit. In practical installations many
metres of wire may be used to interconnect the series
sensor switches and this wire tends to pick up spurious
pulses and sighals, particularly during thunderstcrms.
C1 helps reject these spurious signals and R2 protects
the IC against lightning-induced spikes.

Fig. 2. This simple break-to-operate alarm consumes 1TmA standby
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Fig. 3. This CMOS-aided alarm draws only 1mA standby current

An alternative type of break-to-operate alarm circuit is
shown in Fig 4. In this case the self-latching action is
performed by the IC1a-IC 1b bistabie circuit. C2 and R4
cause the bistable output to latch low at the moment that
SW1 is closed, ensuring that the relay and alarm are off.
If any of the sensor switches are activated they cause a
‘high’ signal to be fed to pin 2 of the bistable, which then
latches into a high-output state which turns on Q1 and
RLA. Relay contacts RLA/1 are used to activate an
external alarm generator.

Note in the Fig 4 circuit that R2 is wired in series with
the series sensof switches, thereby enabling the circuit
to .be activated by either the series switches or by
paralleled pressure-mat switches wired across R1. The

circuit thus makes a versatile burglar alarm. The circuit is
designed to activate an external alarm generator that is
equipped with its own power supply.

Fig 5 shows how the above circuit can be modified to
give auto-turn-off alarm action, so that the alarm sounds
as soon as an intrusion is detected but turns off again
automatically after four minutes or so. This action is
obtained via IC1a and IC 1b, which are wired together as
a monostable or one-shot multivibrator that is triggered
via the sensor switches. ;

Note in the Fig 4 and 5 circuits that Q1 and the relay
are permanently connected to the power supply rails,
even when SW1 is open. This fact makes-it easy to add
accessories such as fire detectors and 'panic’ buttons,
which must be permanently enabled, to the basic
circuits. ‘Panic’ buttons are push-button switches that
are placed in vulnerable intrusion areas such as halls,
kitchens and bedrooms, to enable aid to be summoned
via a self-latching alarm generator at any time.

Fig 6 shows a practical add-on ‘Panic’ and ‘Fire’
alarm circuit that can be used with either of the Fig 4 and
5 circuits. 1C2a and IC2b are wired as a bistable latch
that can be used to turn the relay on (via Q2) via any of a
number of parallel-connected panic switches or fire-
sensing thermostats. Note that if you decide to combine
(say) the Fig 6 and 6 circuits into a single unit, it is still
necessary to use two independent ICs for IC1 and IC2,
since these ICs must have isolated supply connections.

+12v
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==c1 o I SWITCHES I >1208 i
10n 3 X ;
\ Fig. 4. A simple self-latching burglar alarm
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Fig. 6. ‘Panic’ and ‘Fire’ alarm circuit can be added to the Fig 4
or 5 circuits.

A Comprehensive Home Security System

The burglar alarm circuits that we've looked at so fa( all
give useful but limited performances. This month’s final
circuit, by contrast, gives an outstandingly good perfor-
mance and incorporates a number of sophisticated
features. The circuit is that of a comprehensive home
security system and is shown in Fig 7. The circuit is
powered from a 12 volt supply and draws a quiescent
current of only a few uA. BERLR AP

The operating theory of the Fig 7 circuit is fairly
complex. The power supply to the CMOS circuitry is
smoothed via D3 and C4, ensuring that the circuitry is
not adversely influenced by power-supply transients.

- This factor enables the alarm system and the alarm
generator (a bell or electronic siren, etc) to share the
same power supply. Normally, with SW1 closed and all
sensor switches inactive, LED 1 and the relay and alarm
are all off. C1-R3 and C2-R5 suppress the effects of any
transients or lightning-induced spikes that are on the
switch wiring.

If any of the sensor switches activate, the inputs of
IC1aand IC1b go high. This action causes LED 1 to turn
on and (normally) causes the relay to immediately turn
on via Q1 and IC1c-IC1d. As the relay turns on it
self-latches via contacts RLA/ 1 and activates the alarm
generator via contacts RLA/2. Note that the ~self.-
latching relay is permanently wired to the supply circuit
and can be activated at any time via panic buttons or
fire-sensing thermostats, as shown in the diagram.

AAAN

In the previous paragraph we’ve described what
happens under ‘normal’ conditions, when SW1 has
been closed for more than a couple of minutes. An
exception to this occurs when SW1 is first closed or if
PB1 is pressed and then released.Under either of these
conditions the C3-R6-1C1c network disables the Q1
input circuitry for approximately 100 seconds. At the
end of this period the circuit returns to normal operation.
This facility is of great practical value, as follows.

When the system is first turned on via SW1, LED 1
should remain off, indicating that all sensors are inac-
tive. If LED 1 does illuminate, a sensor fault is indicated
and the owner is thereby warned to locate the fault
before the alarm sounds. If the owner wishes, he may
leave the premises via a protected door without soun-
dingthe alarm during this 100 second "hold off’ period.
At the end of the period the system reverts to normal
operation and will activate the alarm generator instantly
if an intrusion subsequently occurs. On his return the
owner can re-enter the premises via a protected door
without sounding the alarm by first operating the
(concealed) PB1 'RE-ENTRY’ switch and thereby in-
itiating a new hold-off period. SW1 should ideally be a
key switch or a concealed switch.

The Fig 7 circuit can be used with a wide variety of
types of alarm generator circuit, including bells, sirens,
electronic sirens, etc. These alarms can, if required, be
chosen to given an auto-turn-off action. °

Fig. 7. A comprehensive high-performance home security system
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8P1: First Book of Transi Equivalents & Substi $2.80

More than 25,000 transistors with aiternatives and equivakents make up this
most complete guide. Covers tranustors made in Great Brtan, USA, Japan,
Germany, France. Europe. Hong Kong. and includes types produced by more
than 120 ditferent manufacturers.

BP14: Second Book of Transi Equ & Substi $4.80

This handbook contains entirely new material, written in the same style as
the “First Book of Transistor Equivalents & Substitutes”. The two comple
ment each other snd make available some of the most complete and exten:
sive information in this field

BP24: Projects Using 1C741 $4.26

The of this i circuit has made this book highly
successtyl. Translated from the ong-nal German with copious notes, data and
Circuitry, 8 “must™ for everyone, whatever their interest in electronics.

BP33: Electronic Caiculator Users Handbook $4.25

An invaluable book tor alt calculator users whatever their age or occupation,
of whether they have the simplest or most sophisticated of alcuhlort. Presents

tormulase, data, methods of calculation, conversion factors, etc., with the catcula
tot user in mind, often i with simple
BP35: Handbook of IC Audio Pre-amplifier

& Power Amplifler Construction $5.50

This book is divided into three parts: Part |, Understanding Audio ICs: Part 11,
Pre-ampflifiers, Mixers and Tone Controls; Part t11, Power Amplifiers and Sup-
plies. Includes practical constructional details of pure IC and Hybrid IC and
Transistor designs from about 250mW to 100W output. An ideal book tor both
beginner and advanced enthusiasts alike.

NO.205: First Book of HI-FI Loudspeaker Enclosures $3.55

The only book giving all data for building every type of loudspeaker enclasure.
Includes corner retlex, bass refiex, exponential horn, folded horn, tuned port,
khpschorn labyrinth, tuned column, loaded port and mult speaker pancramic.
Many clear diagrams arg provided showing all dimensions necessary.

BP37: 50 Projects Using Relays, SCR's & Triacs $5.50

Raiays. silicon controlled rectifiers (SCR's) and bi-directional triodes [TRIACs)
have 8 wide range of application in eiectronics today. These may extend over the
whole tieid ot motar control; dimming and heating control; delayed, timing and
light sensitive circults and'includs warning devices, various novelties, light modu-
lators, priority Indicators, excess voltage breakers, #tc.

The enthuslast should be able to construct the tried and practical working
circuits in this book with & minimum of difficulty. There is 8 wide latitude
in component values and types, allowing esty modification of circuits or ready
adaptation of them to indlvidual needs.

BP39: 50 {FET) Field Effect Transistor Projects $5.50

The projects described in this book include radio frequency amplitiers and con
verters, est equipment and receiver aids, tuners, recevers, mixess and tone
controls, as well a5 various miscellaneous devices which sre useful in the home.
This book contalng something of particulsr intersst tor every class of enthusiast
~ short wave listoner, radio amateur, experimenter or audio devotee

BP42: 50 Simple L.E.D. Circuits $3.55

S0 interesting and usetul circuits and applications, covering many difterent
branches of electronics, using one of the most expensive and freely avaiiable
components — the Light Emitting Diode {L.E.D.}. Alio includes circuits for the
707 Common Anade Disptay. A useful book tor the hibrary of both beginner and
more advanced enthusiast atike.

BP44: IC 555 Projects $7.55

Every 50 often a Oevice appears that 15 so useful that one wonders how life
went on before without it. The 555 timer is such 2 device. 1t 1s manutaciured
by almost every semis [ and 13 ive and very eauily
obtainable.

Included in this book are Basic and Generst Circuits, Motor Car and Mode!
Aeilway Clrcuits, Alrms and Noise Makers as well a5 a section on the 566, 558
and 659 timers.

BP46: Radio Circuits Using ICs $5.90

This book describes integrated Circuits and how mev can be employed n re-
ceivers for the ton of either ar signals.
Chapters on amplitude modulated {s.m.} receivers and frequency modulation
{1.m.} receivers. Discussion on the subjects of steres decoder circus, the devices
available at present for quadrophonic circuits and the convenience and versatility
©f voitage regulator devices. An extremely valuable addition to the library of ait
electronics enthusiasts,

BP47: Mobile Discotheque Handbook $5.90

The aim of this book is 16 give you enough information to enable you to have a
better understanding of many aspects of “'disco gear”. The approach adupted is
10 assume the reader has no knowiedge and starts with the fundsmentals. The
explanations given are simplified enough for aimost anyone to understand.

BP48: Electronic Projects For Beginners $5.90

The newcomer 1o electronics. will tind a wide range of eanly made projects
and 3 considerabls number of sctusl component and wiring layouts. Many
projects are constructed 50 as to eliminate the need for soldering. The book
is divided into four sections: ""No Soidering” Projects, Miscellaneous Devices,
Radio and Audio Frequency Projects and Power Supplies

BP49: Popular Electronic Projects $6.25

A collection of the most populac types of Circuits and projects which will
provide a number of designs 10 interest the electronics constructor. The projects
selected cover a very wide range. The four basic types covesed are: Radio Pro-
jects, Audio Projects, Household Projects and Test EQuipment,

Babani Books from ETI

BP50: IC LM3900 Projects $5.90

The purpose of this book s 10 introduce the LM3900; one of the most versatile,
treely obtainable and ingxpensive devices available to the Techairian, Expe
menter and the Hobbyisi. |t provides the groundwork for both simple and mare
advaniced uses

Simple basic working Circuits are used to inlroduce this tC. The reader should
set up each of these for tumsell. Familianty with these simple circuits is estential
n order 1o understand many mare complicated circuits and advanced uses

BP51: Electronic Music and Creative Tape Recording $5.50

This book sets out to show how electronic music can be made at home with the
simplest and most inexpensive of equipment. It then describes how the sounds
are generated and how these may be recorded 10 build up the final compasition.

For the constructor, several ideas are given to enabla him to build up a small
studip including a8 mixer and various sound etfects units, All the circuits shown
in tull have been built by the author. Most af the projects can be built by the
beginnar.

BP62: BOOK 1. The Simple Electronic Circuit & Components $8.95
BP63: BOOK 2. Alternating Current Theory $8.95
8P64: BOOK 3. Semiconductor Technoloay §8.95
BP77: BOOK 4. Microprocessing Systems & Circuits $12.30
Simply siated the am af these hooks i 16 provile nexpensive intraductiun
10 modesn electronics. The reader will start on the right road by thoraughly
understanding the fundaimental principies involved,

Although waitten especially for readers with no more than ordinary mathe
matical skills, the use of mathematics 1s not auoidled, amil all the mathematics v
Quirecds 1aught & the reaifer progresses.

The course concentrates on the understanding of the IMportani concepis cen
113l to electronics. Each book 15 3 complete treatise pt » particulat Ixanch of 1he
subject and, theretore, can be used on its own. However, laiter hooks assume &
working knowledge of the subyects covered in saplier books.

BOOK 1°  Thi book contans fundamenta theory necessary 1o 3 develop o full
g of the simple cucuit and 125 man componenis.
BOOK 2. This book continues with alternating current theory

BOOK 3:  Follows on semiconductor technology. leading up to transistors
and integrated ciccuits
BOOK 4: A compplete descriptiun of the internal workings of microprocessors

BP6S: Single IC Projects $6.55

All the projects contained in this book are simple to construct and are based on
a singie {C. A strip board fayout s provided for each project, together with any
special constructional points and setting up information, making’ this book
suitable for beginners as well as more advanced constructors.

BP66: Beginners Guide To Microprocessors & Computing §7.55

This book i3 intended a3 an introduction to the basic theory and concepts of
binary arithmatic, microprocessor operation and machine 1anguage program-
ming. The only prior knowledge which has been assumaed is very basic arnithmetic
and an understanding of indicies. A helpful Glossary is included. A most useful
book for students of eiectronics, technicians, engineers and hobbyists.

BP67: Counter Driver & Numeral Display Projects 8§7.55

The author discusses and features many applications and projects using various
types of nuimeral displays, Popular counter and driver IC's, otc.

BP68: Choosing & Using Your HI-FI $7.26

The raader is provided with the lundamgntal information necesiary to enable
him to make a sanstactory choice from the extensive range of stereo sgquipment
cureently on the market. This should aid him in understanding the technics!
of the he s in buying. Full of helpful sdvice
on how to use your stereo system properly so a3 1o realise its potential to
the fuliest and als0 on buying your equipment. A Glossary of terms is included.

BPE9: Electronic Games $7.58

The author has designed and developed a number of interesting electronic game
projects using modern integrated circuits. The book is divided inta two sections,
one deahing with simpie games and the Iatter dealing with mors complex Circuits,
Ideal for both beginner and enthusiast.

BP70: Transistor Radio Fault-Finding Chart $2.40

Author Mr. Chas. Miller has drawn on #xtensive experience in repairing transistor
radios to dengn this book. The reader should be sble to trace most of the
common faults ouickly using the concise chart

BP?71: Electronic Household Projects $7.70

Same of the most useful and popular eleCtronic construction projects are those
that can be used in or aruund the home. These circuits range from such things as
‘2 Tone Door Buzzer” and Intercom through Smoke or Gas Detectors to Baby
and Freezer Alarmg

BP72: A Microprocessor Primer $7.70

A newconer tends 1o be pverwheimed when first contronted with aritcles or
books on mecraprocessors.  [n an attempt o give & pamless approsch 10 compu
tung, this small book will start by designing 8 ssmple computer that s easy to
learn and understand. Such ideas as Relative Addressing, Index Registers, elc
will be developed and wilt be seen as log:cal progressians rather than arbitrary
things to be accepted but not understood.

BP 73: Remote Control Projects $8.58

This book 15 aimed primanily 8t the electronics enthusiast who wishes to expers-
ment with remote controi and many of the designs are suitable for adaptation
to the control of other circuits Fuk ions have been
given 30 that the reader can fully understand how the circuits work and see
how to modify them. N6t only are Radio contral systems considered but also
Infra-red, Visible tight and Ultrasonic systems as are the use of Logic ICs and
Pulse position modulation etc

BP74:Electronic Music Projects §7.70

ARhough one of the mare recent branches or amateur electronics, electrome
music has now become extremely popular and there are many projects which
fall into this category, ranging in complexity from a simple guitar effects unit
10 a sophisticated organ of synthesiser.

The purpose of this book is to provide the construcior with a number of
pracuical crcuits for the tess complex items of electronic music eguipment, n
cluding such things as Fuzz Box, Waa Waa Pedal, Sustain Unit, Reverberation
and Phases-Units, Tremelo Generator etc.

BP75: E ic Test Equi [of ion $7.30

This book covers in detail the construction of a wide range of test equipment for
both the hobbvnl and radio amateurs. Included are projects ranging irom a FET
Amplif and R Bridge 1o a Faeld Strength Meter and Hetero
dyoe Frequency Meter”

Not only can the home canstructor enjoy building thé equipment but the
finished project can also be usetully utilised in the furtherance of his hobby.

An ideal book tor both beginner and advanced enthusiast alike,

BP76: Power Supply Projects $7.30

Power supphes are an essential part of any electronic project.

The purpose of this book i3 to give 8 nrumber of power supply designs,
inclucing simple unstabilised types. fixed voltage regutated types, and variable
voltage stabllised types, the latter being primarily intended tor use as bench
supplies forthe electronic workshop. The designs are all low voltage types for use
with semiconductor circuits.

There are other types of power suppliss and a number are dealt with in the
final chapter. including a cassette supply, Nicad battery charger. vollage step up
circuit and 3 simple inverter.

B8P78: PRACTICAL COMPUTER EXPERIMENTS $7.30

This book aims to il in the background 10 micraprocessors Ly describmy 1ypi-
cal computer circuits in discreet logic and it 15 hoped that this will form a use-
tul introduction to devices such as adders, meniories, k1. as well a3 2 general
source book of lagic circunts.

An essential edition 1o the library of any computer and electronic enthusiast,

BP79: Radio Control For Beginners §7.30

The aim of this book 5 to act a5 an introduction to Radio Controb for beginners
to the hobby, The book wilt commence by dealing with the conditions that are
allowable for such things as frequency and power of transmission. This is follawed
by 3 “block” explanation of haw control-device and transmitter opersie and re.
celver and aciuator(s) produce motion in a model.

Oetails are then gwen of actual solid state transmitting equipment that the
reader can build. Plain and Ioaded aerials are then discussed and 3o is the field:
strength meter to help with praper sefting up.

The radio receiving equipment is then Gealt with, this includes a simple receiver
and a crystal controlled superhet. The book ends wilh electro-mechanical means.
of obtaining movement of the controls of the model.

BP80: POPULAR ELECTRONIC C{RCUITS-BOOK 1 $8.26

Another book by the very popular suthor, R.A. Penfold, who has designed and
developed a large number of circuits which are accompanied by a short text
Qiving # brief intraduction, circuit descriplion aod any special notes on CoNstruc
tion and setting up that may be necessary.

The circuits are grouped under the loliowing headings; Audio Circurts, Radio
Cucuits. Test Gear Circuits, Music Project Circuits, Household Projects, and
Misceilgnzous Circuits.

An extremely usetul book for all , oftering Vo
lue for the number of designs 11 contains.
NO.213: Electronic Circuits For Model Railways $4.50

The reader 15 given constructional details of how to butld a simple model train
controller cantroller with simulated inertia and a high power controffer. A signat
system and lighting tor mode! 1rains is discussed as is the suppression of RF
interference from model railways. The construction of an electronic steam
whistie and 3 madel train chuffer is aiso covered.

NO.215: Shortwave Circuits & Gear For Experimenters

& Radio Hams $3.70
Covers constructional details of 3 number of projects for the shortwave eathu
siast and radio “Ham". Included ace: an add-in_crystal filtes, adding an "§*
meter in your receiver; crystal tocked H.F. Recewver. AM tunet using phase
tocked loop, converter tor 2MHz 1o 6MHz, 40 to 800MHz RF amplifier, Aerigls
for the 52. 144MHz bands, Solid State Crystal Frequency Cahbrator. ete.

NO.221; Tested Transistor Projects $5.50

Author Mr. Richard Torrens has used his experience a3 an slectromics develop:
ment engineer 10 design, develop, butld and test the many.uselul and nteresiing
circults i this book. Contains new and innovative circuits as well as some
which may bear resemblance to familiar designs.

NO. 223: 50 Projects Using IC CA3130 $5.50

in this book, the author has designed and developed 3 number ot nterestindand
useful projects using the CA3130, one of the more,advanced operational amp
hitiers that is avarlable to the home constructor. Five general categories are
covered. Audio Prajects, R.F. Projects, Test Equipment, Household Projects
and Miscetlaneous Projects.

NO.224: 50 CMOS IC Projects $4.25

CMOS 1C's are suitable for an extraordinary wide range of applications and are
now also some of the mast inexpensive and eastly available types of ICs The
author has designed and developed a number ol interesting and usefui progects.
The four general categories discussed in the book are: Multivibrators, Ampifiers
and Osciflatars, Trigger Devices and Special Devices.

ALL PRICES INCLUDE
POSTAGE & HANDLING

These books are specially imported from England by us. If someone has already used the form in this issue,
please write to: ET| Magazine, Unit 6, 25 Overlea Boulevard, Toronto, Ontario M4H 1B1.
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Prices subject to change without notice.
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What does slew rate limiting mean? Wally Parsons explains.

LAST MONTH in the letters section of
Audio Today, your usually kind and
gentle Scribe chastised a not so gentle
reader over a rather acerbic letter which
dealt, among other things, with T.| M,
slew rates and deep-sounding stuff like
that.

Buzz-words, the latest ongoing break-
through in high-fididdly-dum.

Generally speaking, buzz-words gain
currency as a result of their improper or
excessive use by advertising types, sales-
men, journalists, TV commentators, and
the like, in a vain attempt to make the
comprehensible incomprehensible, then
convert it into something as simple as
the mind of a politician.

Such. words abound: interface, op-
pression," racist, to mention a few in
the areas of socio-politics; inflation,
productivity, in the economic fields.

And in audio we hear about phase
coherence, phase linearity, time win-
dows, time alignment, rise time, Tran-
sient Intermodulation Distortion
(T. 1. M.). Slewing Induced Distortion
(S.1.D.), slew rate, scanning windows.
You name it.

| suppose the next term we hear will
be Dynamic Tension. And if you don't
know what that is, check the back
covers of old comic books.

Slewing Along
Webster defines ‘“‘slew’’ (sometimes
spelled “'slue’’) as being originally a
nautical term meaning to swing or turn
around a fixed point or pivot. As a
noun, it's also described as “‘a wet
place. presumably the abode of so
many people who throw the term
around indiscriminately.

When applied to amplifiers, slewing
can be described as a change in output
voltage from a zero reference in res-
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ponse to a step change in input vol-
tage. The slew rate limit (a more ac-
curate term than simply ’‘slew rate’’)
is the maximum rate of change of the

amplifier’s output voltage. If electrons,

travelled through semiconductors at an
infinte rate of speed, and there were
no time delays elsewhere in the circuit,
then any amplifier would have an
infinite slew rate.

But in the real world nothing is ever
simple, except wishful thinking. Elec-
trons do have a finite transit time, and
transistors and interelectrode wiring (in-
cluding etched conductors in Integrated
Circuits) have capacitances, resulting in
time delays which also produce phase
shift.

Real world transistors also have non-
linear transfer characteristics, resulting
in distortion, so to correct this we use
feedback around all or part of a circuit.

The phase shifts which result from
the aforementioned capacitances can
also cause instability under certain con-
ditions of feedback, conditions which,
in strict accordance with Murphy's
Law, correspond to conditions usually
encountered in audio design.

To compensate for this a compensa-
tion capacitor is invariably used within
the feedback loop, usually in the for-
ward gain portion, and the greater the
feedback, with its attendant lower gain,
the larger the capacitance.

The time required to charge and dis-
charge this capacitor and the fact that
there is only a finite amount of charging
current available results in a delay in the
rate of output change in response to an
input step.

Slewing Rate
In simple terms, we've seen that slew
rate could be described as the maximum

possible rate of change in output in a
given period of time. The degree of
change is expressed in Volts and the
time in microseconds, giving us “Volts
per microsecond’’ or V/us.

Thus, the ever popular type uA741
can slew 0.5V/us, while an LM318
can slew 50 V/us. This does not mean
that the uA741 can only put out 0.5V
or that the LM318 can deliver 50V This
is determined by other factors in the
design. What it does mean is that if the
device had unlimited output capability,
the output would swing to this level in
one microsecond if the input were
pulsed with a signal with an infinitely
fast rise time.

It also means that if an input signal
has a slope which exceeds this rate,
the output will not follow it.

Signal Characteristics

If a sine wave of 1kHz is applied to the
input, the input voltage will rise to a
positive maximum, fali to zero, rise to
a negative maximum, fall back to zero,
that is, complete one full cycle, in
1/1000th of a second, or one thousand
microseconds. The output will have to
follow the first quarter cycle in 250us,
and each subsequent quarter cycle in
the same time.

Let us suppose that an amplifier has
a slew rate limit of 1V/us. Given un-
limited output capability, such an
amplifier would be able to deliver 250V
in 250us. Thus, such an amplifier could
be able to deliver its full output at
1kHz.

At 10kHz, the first quarter cycle
would take 25us, so 25V would be the
maximum possible output, due to slew
rate limit.

At 100kHz, the quarter cycle time is
2.5us, for a 2.5V slew limited maxi-
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Fig. 1. a) An exampie of slew
rate limiting. This figure shows
what a typical op amp (LM 118)
does to a square wave. b) Graph

of an LM 118 large single response
versus frequency.

mum.

If our maximum output is specified
at 2.5V then our power bandwidth is
100kHz, assuming adequate current to
deliver specified power at the rated
load. This is true for both power and
voltage amplifiers.

If we were to double the slew rate we
could double the maximum slew limited
voltage at any given frequency, or
double the power bandwidth for a given
output rating.

If our maximum output at low fre-
quencies is set at 10V due to supply
voltage and amplifier characteristics,
and we wish to maintain this capability
to b0kHz, then-our quarter cycle time
is Bus. Our output would have to swing
10V in bus, or 2V in 1us, for a required
slew rate of 2V /us.

If this were a power amplifier, 10V
output into 8 Ohms would give us
12.5W

A 50W amplifier would deliver 20V,
and with a slew rate of 2V/us, power
bandwidth would reduce to 25kHz. To
retain the full 50kHz power bandwidth
would require a slew rate of 4V/us.

In other words the power bandwidth
varies inversely as the maximum output
voltages, or the root of the power out-
put.

For a given power bandwidth, the
slew rate required varies directly as the
maximum output voltage, or the root
of the output power.

These are parameters which can be
traded off, a fact which is used to good
advantage by circuit designers. And
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failure to understand this gives rise to
much misunderstanding by the unin-
formed.

Complex Signals

So far, we have only considered slew
rate in terms of the amplifier’s ability
to handle single sine waves.

But music and speech consist of
complex wave forms whose wave
fronts may be very steep.

Since we are primarily concerned
with the handling of the rising wave
front, it's convenient and quite pro-
per to consider this situation by exa-
mining the rising front of a square
wave. Although a perfect square wave
would have an instantaneous rise
time, corresponding to a step response,
real square signals consist of a multi-
plicity of sine waves, and in the real
world a square wave is considered to be
adequately passed by an amplifier
whose bandwidth is equal to ten times
the fundamental frequency of the
square wave. Thus, to handle a square
wave of 10kHz would require a band-

width of 100 kHz, and to pass that
square wave essentially unaltered would
require a full power bandwidth of
100kHz. If full power is some high
value, say 200W the slew rate would
have to be quite fast, namely 16V /us.

This assumes full output will in fact
be demanded, but we know that the real
requirements of music are such that we
are not likely to demand full output
of a 10kHz square wave.

More than likely our demands would
be at least 20dB down from this value,
if any of the analysis conducted over
the years have validity. Lowering our
demands by 20dB means a 10:1 reduc-
tion in voltage, and slew rate, so our re-
quirements are no more than 1.6V/us.

These figures are in line with the
findings of many designers, including
Peter Walker, of Quad Acoustical.

Slew rate has an effect on other
characteristics than power bandwidth,
which we shall consider next month.
The point is, it is only one factor in
a whole fistful of trade-offs.

And that’s not so simple. o

A R S W O A S R AR

AudioToday Letters

Re your comments in Audio Today
Letters {(Oct. ‘80) in respect of a speaker

construction project:

! would like to see a project that

would fulfill the following points:

It could be any design that would pro-
duce a high quality speaker for hi-fi use,
‘to handle, say 100W (should satisfy most

people) .

Use readily available drivers, perhaps
De Forest, which are reasonably priced,
if they are of high enough quality. This

would have to be left up to you.

The finished speaker should show
good value for money. Most people
able to build a speaker resent paying
perhaps double the cost of the materials,

for a finished speaker.

Hope { haven’'t confused the issue

more. Speakers are my next purchase.
A F C, Niagara-On-the-Lake, Ont.

Just thought I'd write with some feed-
back on speaker projects. | wouldn’t
mind seeing a satellite /subwoofer system,

perhaps organized in the following stages,
to allow for different needs and ambi-
tions.

1) Ported satellite design, with a use-
ful response similar to or better than the
available minispeakers.

2) Electronic assistance for above,
on Thiele B6 alignment basis, to intro-
duce concept and improve response
further; eg., parameters easy to change
to accommodate later profect.

3) Subwoofer design, with_ passive/
active alternates. Also necessary alter-
natives to satellites, for mid/high use.

4) Electronic crossover design for
active design of subwoofer, fitting in with
the use of electronic assistance and trusty
60W, low TI1D design amp. :

Also, an overview of ported speaker
theory, to give some good grounding
and stimulate experiment.

Hope that this is helpful. | like your
articles, especially your recent ideas on
dynamic range. Thanks.

J G, Toronto, Ont.

| write again to request a speaker pro-
ject (and maybe a permanent column) on
speaker building. The system you were
talking about in July ‘78 sounded in-
teresting.

One question | do have.is, what is the
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efficiency of a Transmission Line speaker
system? | ask, partially because | am con-
sidering the NAD 3020 Integrated Amp.
Its power is only forty watts, but rave
reviews, especially in The Audio Critic
make it look like a very good deal.

Some speakers | have been considering
are from Itone Audio. Their high effi-
ciency, low distortion, and low bass
cut-off make them look pretty good.
There did seem to be a possibility that
they were more like Disco speakers, but
the near rave review in the May ‘80
Audio has nearly laid that worry to rest.
What's your opinion?

By the way, | think you should put
in a plug for the ORACLE turntable.
After all, it is a Canadian company, and it
did receive the CLASS ONE rating from
International Audio Review.

On the subject of Canadian Audio
Manufacturers, is anyone producing your
Transmission Line speakers yet?

! will close by saying, thanks for your
time, and keep up the great work.

Greg Erker, Address Unknown

Thanks, guys. | knew you were out there.

We have a speaker project on hand, de-
veloped in Australia, which, in my
opinion, fulfills the requirement of being
of good quality, and although not state of
the art, of reasonable cost, which can be
built from readily available parts by
someone with reasonable cabinetry skills
and tools.

| agree that a skilled constructor
might resent paying high prices for what
is really a simple well established design
which he could easily duplicate. And
most speakers on the market fit this des-
cription, even though there are some
notable exceptions.

At the present time, the project is
undergoing modification to suit Canadian
parts availability, and a series of optional
modifications which the builder may in-
corporate or not as he sees fit.

As to the satellite, etc., idea, as it
happens | have plans for such a system
myself which will be built after 1 get the
new woodworking shop together, pro-
bably next spring. At present {’m building
a listening room with non-parallel sound-
proof walls, and internal damping, partly
to prove that good acoustic design can
also yield an aesthetically pleasing decor.

However, rather than a ported design,
| have something else in mind which
doesn’t correspond to anything currently
in use. On paper it looks good and pre-
liminary tests are promising.

However, to suggest making all the
parameters df a B6 alignment variable is
terrifying. Do you know what you're
asking, lad! Surely it must be the sudden
chill of October cooling the brain too

64

rapidly which prompts such an idea.

Anyway, electronic assistance is ap-
propriate only for 5th order and higher
alignments, and is an integral part of the
alignment, not an attempt to make
it better. With a B6 alignment it allows
extended bass, high mid-range efficiency,
and smallish box, but demands high
power from the woofer amplifier.

However, something on reflex design
might be a good idea. | must admit that,
outside of professional journals and an
article in the August 1975 issue of Audio,
| haven’t seen anything particularly
memorable on the subject.

Efficiency is not a function of the sys-
tem alone, but largely magnet, voice coil,
cone mass, which are related to the
design. Most transmission line speakers
are very insensitive. Most such speakers
are also badly designed. A good design is
capable of delivering the efficiency of an
air suspension system with a high re-
sonance frequency, only retaining the
extended bass response. It's a matter of

Power Kits

Designed primarily for use with
musical instruments, Celestion has
made available a set of plans for use
with their Power Range loud-
speakers.

There are seven systems in all for
use with different woofers, but what
sets these systems apart from other
such endeavours is that, instead of
giving dimensions for sealed boxes
for use with several superficially
similar drivers, each system is de-
signed in conjunction with a specific
Celestion driver in a specific Thiele
alignment. As a result, unless you
know how to use these alignments,
you can’t mix and match. On the
other hand, the approach promises
optimum system performance.

These kits are not for people who
think that manufacturers who think
that - published plans are merely
guides, to be used as a point of
departure.

Also they are for musical instru-
ment use, not high fidelity reproduc-
tion. They are sensitive, high pewer
units which, in the home, could
probably serve double duty in demo-
lition work.

Contact Rocelco at 1669 Flint
Road, Downsview, Ontario M3J 2J7.
Phone: 1-416-663-5302.

AudioToday Products

balancing the electrical and mechanical
Q of the driver with that of the line. Most
designers seem concerned only with the
total Q of the driver, ignoring its com-
ponents. For moderate levels, 40 Watts
can be quite adequate, although | like
dynamic range, which means power.

As for the ltones, | share your mis-
givings, just as Bert Whyte did before he
wrote the review you sent me. Remem-
ber, they were auditioned at an audio
show, and might perform differently
under home conditions.

I’d be' glad to mention ORACLE but
| hear they're getting orders so fast
they’re several hundred units behind. And
it doesn’t need a boost because it's
Canadian, but because it's good. Period.

No, no one is manufacturing my
speakers. | may try marketing on a
custom order basis. If you want to buy a
pair, or have some capital to invest, Greg,
send me your address and I'll get back to
you.

Adios, amigos! .
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You’ve heard Qaxron

Circle No. 29 on Reader Service Card.

NORTH AMERICAN

ELECTRONICS
EST. 1949

AMIDON TOROIDAL CORES,
FERRITE BEADS AND RODS,
POT CORES, J.W.MILLER R.F.
CHOKES, COlIL FORMS,

OSCILLATOR COILS,
TRANSISTOR I.F.s, HASH FILTER
CHOKES, MAGNET WIRE,
XCELITE HAND TOOLS, WELLER
SOLDERING EQUIPMENT,

...more than you’ve heard of Qaxmron

If you’ve heard a lead guitar lately, ringing out a

KESTER SOLDER, BARKER &
WILLIAMSON AIR COILS, R.F.

SWITCHES, ANTENNA  CONN- string of clear, crisp notes — or a concert organ
ECTORS, ELECTRONIC HARD- thundering a thousand voices, you may have been
WARE, WIRE AND CABLE, RADIO hearing Oaktron loudspeakers. Oaktron's M18Y2

TUBES, SWITCHES, AND MORE. . Lead & Rhythm

Oaktron has made speakers for some of the leading Speaker, 175

names in the musical instrument field — and the watts RMS
Our 44 page 1981 catalogue, No. Hi-Fi field. And any field where clear sound is :
18, is now being sent, free of charge. important. /
WRITE forit,or CALL us. :

Over the past 25 years, you may have heard more
Oaktron speakers than any other brand. You’ve

Ask for Oaktron’s speaker
catalogue by circling the

heard Oaktron in studios, theaters, discos, and ReadariSarvi
NORAMEL CO. LTD., homes of the Hi-Fi pros. From steel mill to ballet oreiyezme{iv:';etoczard ARIORE
2407, STE. CATHERINE ST. E., stage, you’ve heard Oaktron. And you’ve liked
MONTREAL, QUE., H2K 2J7. WHAT Yoy
(514) 522-8422 We’d like you to get to know our 7 omnitronix itd. &R }._]
sDeakers' Ca“ us for the name Of UNIT 7, 6295 SHAWSON ORIVE 2056 TRANS CANADA HWY
your nearest dealer or drop in and =4l MISSISSAUGA, ONT. LET 1H4  DORVAL, QUE. HEP 2N4
Circle No, 21 on Reader Service Card. hear them at: TEL: (416) 678:7170 TEL: (514) 6383-6993
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Simple 2708 EPROM Programmer
Eimer Bulman

This circuit will allow you to program
1K X 8 2708 EPROM. Contrary to what
it appears to suggest in the spec sheets,
you do not have to run through the full
1K during programming. Simply tie
address 8 and 9 to the map location of
your choice. This will conveniently
allow you to program 256 bytes in one
run. The procedure is to serial in your
address to the address register then
serial in your data to the data register.
ICla gating prevents clocking the
address register while entering data.
Once address and data are established
strobe the programming pin as per
specs. | suggest for your first attempt
that you do a number of dry runs and
scope each pin to check for obvious
errors. If a mistake does occur, correct
the fault(s) and move to a new map
location. You have four chances before
you will have to erase.

74164
ADORESS +

sv DATA PINOUTS
00]A0|3
D1/A14
D2/A2(5
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7 DS |AS |11
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50k ic1 3
D1 2 ) Notes:

4 61 5 SW1 1C1 555
100u A= I L C2 D1,02 1N914
25V T T _0n D3,04 1N4001

T =

Relay Power Saver
L. Goodfriend

When power is at a premium {usually
in battery circuits), this circuit can be
used to save 20% or more of the
power used by a relay.

Since the pull-in voltage of a relay
is several volts more than its drop-out
voltage, there will be no noticeable
effect if a resistor is switched into
circuit when the relay pulls in. This is
very simple to achieve. Any contact
which carries the coil voltage of the
relay can be used to bypass current
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limit resistor R1 until the relay is
energised. When power is applied to
the relay, all the necessary current
flows through this contact, but when
the relay pulls in, the current has to
flow through R1, which reduces the
power drain.

The value of R1 must be deter-
mined by experimentation; try about a
quarter to a fifth of the relay's coil
resistance. Bear in mind that the on-
load voltage of a battery decreases
with use, so while a resistor may seem
to be suitable with a new battery, the
relay may start to drop out when the
battery ages.

Windshield Wiper Delay
Grant Wood

This circuit works great on misty days.
IC1 is wired as a monostable oscillator.
C1 charges through RV1, R2 and D2,
until the charge reaches two-thirds of
the supply voltage, then IC1 switches
and C1 discharges through D1 and R1
to pin 7. While C1 discharges, pin 3 is
low and RL1 is operated. Pin 3 stays
low long enough for the windshield
wipers to cycle 3 times. The time bet-
ween relay operations is controlled by
RV1 and ranges from 15 seconds to
2 minutes. SW1 is used for continous
wiper operation. The contacts of RL1
can be wired in parallel with the car’s
wiper switch. The relay contacts should
be rated to handle the motor current.

o+
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Model

FEATURES INCLUDE: PLUS:
s Internal Graticuled 5° CRT. m 50 nsec delay for viewing pre-trigger data.
s Full 40MHz Bandwidth at -3dB. m X5 Sweep Magnification.
s 5mV \Vertical Sensitivity for the full band- » Supplied with AC Line Cord and an
width, expandable to ImV/div. utilizing the Operations and Maintenance Manual.
X5 Gain Multiplier below 10MHz .
Trace Rotator. Accessories: Probes (extra).

Look...

At the features
of these 15MHz

Oscilloscopes

Model 65310 : - Operates from 3 Power Sources Model 65610:

1. Rechargeable Ni Cad Batteries.
2. 120 VAC Line (also charges batteries).
3. 11 - 30VDC. .

= Fully Automatic Triggering.
* Bandwidth DC - 15MHz (- 3dB). =
= Trace Rotator. .
= 2mV Vertical Sensitivity. .

e Metermastenr
= R.H. NICHOLS

I B 10RONTO (41606613190 o MONTREAL {514)337-0425 o EDMONTON (403)432.7746 o OTTAWA (613)238.7007 [} T

Circle Nn.4 nn Rearer Sarvira Card

The Best Scope Buys Available!

iIntroducing...

Metermaster's NEW
40MHz Dual Trace
Oscilloscope .

65615

Featuring an Extremely
Bright CRT Display

(18KV acceleration voltage).

|
s
only $1395.

Model 65310 Model 65610
3" CRT Dual Trace Scope ! 6" CRT Dual Trace Scope

$695, cach | sy | enaam—

« Operates from 2 Power Sources

* Bandwidth DC - 15MHz (- 3dB).

Accessories: Vinyl carrying case, probes {extra). Accessories:

F.S.T. INCLUDED

1. 120 VAC Line.
2. 11.5- 30 VDC.

Fully Automatic Triggering.

Trace Rotator.
HF Rejection.
5mV Vertical Sensitivity.
Probes {extra).

All prices F.O.B.
Downsview, Ontarlo
subject to change with-

out notice. P.S.T. extra
where applicable.



TECH TIPS

Clock Switching Unit
A. Claughan

On normal clock modules such as the
National MA1002 or the Liton LT701
six bulky and untidy looking pushbut-
tons have to be used. This circuit cuts
these six to two.

The output of IC2 is connected to
the clock input of IC1. On reception of
the first pulse, the first output goes
high. Each time the output goes high,
a corresponding LED is switched on
and the base of the adjoining transis-
tor goes positive. When the correct
LED is switched on, pushbutton two is
pressed. This switches on the transis-
tor, completing the corresponding
function. The rate at which the LEDs
light up is adjusted by changing the
value of R1. The seventh output of the
IC is used as a pause so that the clock
can run normally. The eighth output is
connected directly to the reset input
on IC1. This causes the IC to
automatically reset on the eighth
pulse. The 9 V supply is obtained by
regulating one of the clock inputs.

NOTES:
PB1 + PB2
Repuacen
WITH TOUCH = +
CONTROLS P81 4=
9 VOLTS
—
—
FAST SET
da
SLOW SET
b= DISPLAY
SLEEP DISPLAY
L ALARM DISPLAY e
'’z 2N3304
&5
—b A% %

SPECIALISTES

€N ELECTRONIOUE I

MONTCALM ELECTRONIQUE c.

NOTRE SUP
2SC1308K S

OUR SUPER

SPECIAL
$3.99.

ER SPECIAL
ANYO

Horizontal Out Pul Transistor Equivatent 4/to ECG 238
[«

5 = Minii order of 5

Epargnez 50% sur les Prix Réguliers ¢ Save 50% on Regular Price
on replacement transistors

MES
MES
MES
MES
MES
MES
MES
MES
MES
MES

MES 103-6
MES 111-5

10-4
128
129
176
239
274
275
28-8
30-7
976

Equiv
Equiv

Equiv

Equiv
Equiv

Equiv

Equiv.

Equiv.

Equiv.
Equiv.
Equiv.

Equiv.

ato ECG 104
a/to ECG 128
a/to ECG 129
a/to ECG 176
a/to ECG 239
a/to ECG 274
a/to ECG 275
3/t0 ECG 288
a/to ECG 307
a/to ECG 976
a/to ECG 1036
a/to ECG 1115

SANYO Reg.  Soedc

258 492 195 117
STK 439 1750 10.50

SANKEN

250 91
25C 1826

Rég.
298
236
248
3.88
444

Spéc.
1.49
1.18
1.24
1.94
2.22

MITSUBISHI

B¢ 176
M 5106P

TOSMIBA LT

TA Nasp Ges &N
TA 7204P 53 I

NEC Reg.  Spéc

Spec

HITACHI

3.98
448
1522,
444
248
7.66
848

15 Watts RMSX 2

Inputs: 50K 500 M.V.

Frequency: 30 a 20 KH2

Needs only: 28 V.A.C. or 56 V.A.C. x FO

Super Special $19.88

11-PIECE ROUND PUNCH
SET 2907

# Easy-smooth holes

In sheet metal
45 slzen: W”, 11/167

¥, 1%, 13/16°
Five most often need-
ed round hole punch-
es. Essily auts smooth
accurate  holes Inr
sockets, plugs. cov
trols. panel Ilths
switches. terminal
and moat radio num Drlvc
with any wrench or with
cluded T-handie Punch slus
included are m”
17, 1.3/16". Co mnleu wllh
punches, dies. T drive handle.
tapered reamer, fitted case. _‘
and instructions. Shpg. wt Q
2% Ibs. imported

ﬂﬂ

Limited stock

Super Special $16.88

\#ﬁ

)

139
2.24
0.61
2.22
1.24
3.83
4.24

UPC 10254
UPC 10264
MATSUSHITA

25A 683
25¢ 1383

57
455
Reg

12
110

345

Spéc.

086

HA 1366W
HA 1366WR

SONY

BCENUA
3¢ 1818

Metal TRUMPET 15 WATTS

Color: Grey Hammer Finish

Dimension: 8" x

5" x

Ideal for external use

P.A. system

Paging and music

SQUARE PUNCH SET

2906

o 3sizes: 1/2', 678", 1*
¢ Smooth, accurate and
easy to use

9 PIECE
snuare hotes

o

hole Drive pun wilh sny

2qu
uied T dtve hardie plote with
w na woe

$21.88

17 pu nd_die:
Stog g s imgorted

Super Special
BECKMAN — DIGITAL MULTIMETER

w234 ] 22 meg. input resistance
10 Amp. AC/DC Current Capability
e 1,500 V overload protection
Auto decimat, Autozero, Autopolarity
D 2,000 Hour Battery Life
A W true R.M,S. measurement
£ Rugged deslgned to last - Water resistant
Bid o o

We send accessorjes Super SpC

catalogue with order
Model 300 $144.88

8”

Super Special $20 88

: Montcaim Electronlc Inc

97, des Laurentides
Laval, Qué. H7G 2T2

Please send me the
parts | choose:
| enclose a cheque
Money order/crédit card
VISA/MASTER CHARGE No.:

(514) 663-3102

Expiry date

Amount

Signature

Name

Address

Postal Code

Want to receive our mailer yes D

Minimum order $20.00
Québec resident add 8% tax

Prices subject to change without notice.
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16K LEVEL 1l

INTERACT COMPUTER

Write for our
flyer on Interact R ma Look at its facilities:
Computer [ @ Transmits 128

A powerful microcomputer with a full standard 53 key typewriter o ASCllcodes

style keyboard and built-in cassette recorder for use in entering @ Can display last 30
and storing programs. Utilizing the versatile Intel 8080A micro- 4 characters received
processor, the Interact computer has 16K of RAM and 2K of ROM
at its disposal. Output is in color on your own TV screen. Sound
is also generated through your TV set and can consist of ex-

POCKETASC

Here's $$$$ worth of convenience foranyone
working with digital systems. Carry it

anywhere in a pocket, valise or toolkit to enter
and retrieve data, run diagnostics, change
constants, test data links, etc

@®Displays full
64-character ASCIl

hilarating computer beeps or two full octaves of music. This is set on clear 16-

truly a powerful computer capable of developing and handling a
variety of programs, and with available software provides true
educational stimulus (examples: Star Track, Chess, Concentra-
tion, etc.). The Interact computer offers the ideal opportunity to
learn BASIC, the most popular computer language for small busi-
ness and hobbyists, and with the use of the 84 page manual, you

tearn at your own pace.

INSTALLATION: Attach to antenna terminals of your color TV

set and plug into 120 VAC wall outiet. Computer

RF modulator, FCC approved and UL and CSA listed.

PROGRAMING: Most Micro-computers start you off with an
abbreviated 4K BASIC, and then later you have to relearn the
more powerful language. Since this computer has 16K of RAM,
we start you with Level Il Microsoft 4.7 BASIC. BASIC is the
most popular Micro-computer language using commands that are
words we are ordinarily used to: such as, PRINT, NEW, GOTO
(For go to), END, COLOR, JOY, INPUT, etc. To help you learn pro-
graming we have included an 84 page instruction manual, plus

a 20 page book of program examples.

Educational and Entertaining

ORION

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR
INDUSTRIAL — EDUCATIONAL — COMMERCIAL ~ HOBBYIST

segment LEDs
@25-line RS232/¢
compatible interface
@Single 5V supply
required at 400mA
typical
@ 110 or 300 baud
transmission selectable
@Parity codes, stop bits
settable to your standard
@®0beys bell, cursor and
data format control codes

includes built-in

For more information call or write to:
TRACKER INDUSTRIES LTD.
P.O. Box 1094 Stn. “A"
Toronto, Ontario M5W 1G6 CANADA
tel.: (416) 364-2943 or 762-8744
telex: 06-22816

Circle No. 3 on Reader Service Card.

START WITH ORION FOR | 155, 05,2 ate, 2", 4l RCA COSMAC V1P
A NEW ERA |N THE WOR LD generate graphics!!!!1 o b e

@ Easytooperate ® Easy toprogram [E S ——an mm -

® A chall for th rious hobbyist o P

OF ELECTRONICS SRBT Eniea T IS WML

We have the most complete selection et ii ool b Rl - :--!’ 3
of electronic components. face. 16.4ev heyosd. 2K AAM. AOM operating f‘ﬁ -
. . systam, CHIP-8 language and powsr supply. Out-

Full line of TTL, CMOS, Linear, g ghe Yo morr o 4 masews . s '75

f P- 1 y g
ICs, Computer Interface, Support Chips VIP Color Board Dispiava VIP outout in colort Program controt of
and CPUs. four Backgroung colors and exgnt foraground colom, CHIP-BX

nena -
i S0

cosmac[] "( ‘,
| ?’, \ e,
w -y FDD 1006 Single 5. . . . ..... $425.75

Authorized disiributor for RCA, COSMAC VIP FDD 200_5 Double 5!1 s 0 do & & .$597.75 9 GEe T
. FDD 100-8 Single 87 . . . . . .. . .$649.75 ‘efivf/"« SN ol 5.
FDD 2008 Double 8" . . . . . . .$1175.75 | . A5

. language adds color commands. Includes two sockets for VP-580

Expansion Keyboards $94.75

VIP-590 .

VIP Simple Sound Board Provides
256 diffecent frequencias in place of
VIP single-tone output. Idest for use
with VP-580 Color Board for simulian.
20us color and sound. Great for simple
music o sound etfects! Includes speaker

SIEMENS
DISK DRIVE *SALE*

t

f at! Provides two independsnt sound chennels. Frequency, dur-

never $129.50

$159.00 | $107.93 | $159.00

_ &, ation and amplitude envelope (vaice) of aach channel under pro-
Visa/Master Charge add 3% (4 9r8m control, On-board tempa control, Provision for multi-trask
. . recording or siaving ViP's. Oulput drives sudio presmp. Does not per-
[JPlease send more information on pra i dnbsitbatele
Siemens disk drives. - $67.50
VIP Super Sound 4-Chennei Expander Peckege VP-551 provides four (4] independant
A p p d t sound channele with frequency durstion and smplilude envelopeior each channel Package
r o u c S incluges modihed VP-550 super sound board, VP:576 two board expandar. dats cassette
1 with 4-channe! PIN-8 program. and instruction manual. Requires 8K RAM system snd your
The all-new line of ACE VP-550 Super Souna Board
’ G VPS51... .. - $99.75
All-Circuit Evaluators VIP Expansion Keybosrd Adds two-player intaractive game cap-
w E n ability. 16-key keypad with cable. Connacts to socksts provided
W l T H po on VP-830 Color Boerd or VP-585 Keyboard Interface Board
VP-580 $ 2 7_ 9 B
POWERACE 103|POWERACE 101|POWERACE 102 VIP Keyboard intertace Board |
Tripe-output  wower | The genersl  purpose| The compiete digitat b "“:"':’" “’:" V- 560:"‘: ohe Key: T (
ML i s (Lo e lab. Yoith o ; iractly 10 the VIP. Not requirsd ?
both tinesr and digitsl |ali types of clrcuits,| FREE logic probe bullt "':" paacojCeprPosioly é’é‘ -
e circuits. it VP-585 ......... $22.50 h

VIP Memory Expansion Board Plg-in 4K
#tatic RAM memory. Jumper locstea RAM in any 4K block
In firs1 32K of VIP memory space.

Microcomputer.. Assembied*andtested. | ..... S R S T ke Nl tae) 515 vw-zzo;‘.., Shrennaere - $128.70
Features. Video mond modul < " B 5 ASCH Keyboard Fu v er 128-characte wl
+ RCA 1802 Micropracessaot e S brecree . Orion Electronic Supplies Inc. ohanumer ke
® 1K Bytes static RAM o Instruction Manual with 5 video game $99.75

Expandable on-board to 4K. tistings, schematics, CHIP-8, much more
Expandable to 32K Byies total £t 25,

* 512 Byte ROM operating system Igeal for low-cost control applications.
o CHIP 8 nterpretive language of Expancabie to full VIP capabiity wih
machine language programmatte VP-114Ka

® Hexidecimal keypad *User need onfy Connect cabies (Inciuoed), a .
® Audiotone generator. 5-vol power supply. ana speaker
® Single 5-voh operation

ETI-JAN 1981

: & insurance extra. Write for our FREE F:-blo:ASCllKoybo-rdl
. catalogue!

40 Lancaster Street West e
Kitchener, Ontario N2H 4S9 == Kevoowa iownicl 1o VP-601 o
(519) 576-9902

Master Charge & Visa, COD, Cheque,
Money Orders accepted. CODs, shipping VP-620

VP-611 |

- $129.95
Cable: ASCII Keybosrds to VP—.]“ Fiai '» r Co

P61 Key

Circle No. 20 on Reader Service Card.
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CLASSIFIED

ADVERTISIN

at Unit 6, 25 Overlea Bivd., Toronto,
Ontario. M4H 1B1

WHAT DO WE DO?

We typeset your words (and put the first
word and your company name in BOLD
capital letters). If we get your message
by the 14th of the month, it will appear
in ETI 1% months later. For example
if we receive it by October 14th you (and
thousands more) will see it in the December
issue.

ETD’s classified advertising section allows
you to reach 30,000 Canadian readers
nation-wide. For as little as $15 (there’s
a 20 word min.) you can promote your
business from coast to coast.

WHAT DO YOU DO?

Send us your typewritten or clearly printed
words, your permanent address and tele-
phone number, and your money (no cash
please). Make your cheque or money
order payable to ‘ETI Magazine’, We're

LOW-PRICED, high quality ETI Project
Boards. Glass epoxy, drilled, tinned,
guaranteed. Inquire about our low-cost
TRS-80 (TM) printer interface. For latest
flyer send stamp to: K.S. K. ASSOCIATES,
P.O. Box 54, Morriston, Ontario. NOB 2C0

RECEIVING TUBES. Radio & TV. Large
quantity, brand new, original boxes, RCA,
WE, Crossley etc., $2 each while they
last. Send your requirements to WOLVER—
TON ENTERPRISES, 5 South Hythe,
Burnaby, BC, V5B 3Hé6

INTERNATIONAL Electronics Compon-
ents Exhibition, Paris, France, 3rd to 11th
Apr8l. Attend or participate. Establish
Import/Export contacts around the World.
Take your Family and make it a Business
and Pleasure trip. For details contact
VIAIR TRAVEL SERVICE (The Travel
Experts), 2020 Eglinton Avenue West,
Toronto, Ont., M6E 2K3. Phone (416)
783-6141.

POWER TO THE PEOPLE
Continued from page 25.

J&J ELECTRONICS LTD., P.O. Box
1437E, Winnipeg, Manitoba R3C 2Z4.
Surplus Semiconductor Specialists. Do you
get our bargain flyer? Send $1.00 to receive
the current literature and specials and to be:

placed on the mailing list for future pub-

lications.

sale! Z89/48k §$2995.00; H14 Printer
$899.00; Z87 Dual Discs $1349.00.
JRT, 80 Empire, London, NSY 1G7,
(519) 451-3154

SUPERBOARD Machine utilities software.
Disassembler, memory block move and
auto-load cassette loader. Tape $13.95.
Richard van Nus. Box 9, 100 Mile House
B.C. VOK 2E0

NEW STORE! Hobbyist. Parts. Speakers.
Kits. Equipment. GENERAL
ELECTRONICS, 5511 Yonge St., Willow-
dale, Ont. M2N 5S3, 221-6174. Please
write for free catalogue. Monday, Friday,
Saturday: 10:00 AM - 6:00 PM. Tuesday,
Wednesday, Thursday: 10:00 AM - 8:00 PM

PRINTED CIRCUIT BOARDS for your
favourite projects. C.D. Ignition - $5.75;
Digital Freq. Meter - $7.50; Coin Toss -
$2.85; Digital Test Meter “A” - $5.25;
DTM “B” -$5.85; DTM Switch Board
$3.10; RIAA Preamp -$1.50; Survival
Game -$3.60; Guitar Practice Amp.-$10.15;
I.R. System-Receiver-$3.25; Decoder-$3.70;
Remote Control-$2.35; Power Supply-$1.25
We have all Boards for Summer '80 Special
Projects and Canadian Projects Book 2.
Full list free. Send Cheque, Money Order
or COD.. Post and Pack 50¢. B & R
ELECTRONICS, Box 6326F, Hamilton,
Ontario. L9C 6L9.

COMPLETE Electronic Hobby Services.
Custom Kkits, circuits, technical writing,
special parts, original designs. Free infor-
mation. TEKNIKIT ASSOCIATES 301
Flora Street, Carleton Place, Ontario K7C
3MS8.

SEMI & KITS. 1. 168W Leach power
amplifier kit $214. / 2. 80W Playmaster
amplifier kit $169. / 3. MJ15003, 15004
$9.00 per pair. / 4. MJ502, 4502 $8.00 per
pair. Send $1.00 for our catalogue add 5%
for shipping. KITSTRONIC INTER-
NATIONAL Box 577 Station J, Toronto
M4J 472

PRINTED CIRCUIT Boards available for
all ETI projects. Electronic Ignition —
$7.69; Frequency Meter — $6.49; Coin
Toss — $2.49. No C.O.D.s please. Get
parts for your boards from our large sel-
ection during our Winter Sale. Write to:
WENTWORTH ELECTRONICS, R.R. No.1,
Waterdown, Ontario, LOR 2H0O

DYNAMIC bias Super Class A amplifiers*
Colour LED VU and Power meters* Ver-
satile bench power supplies* FM wireless
Mic.* Electronic switches and many other
quality Kits. Write for your free catalog:
CLASS-A ENTERPRISES, INC No. 104-
206 E. 6th Ave. Vancouver, B.C. V5T 1J8

SERIES
STABILISER
Q2

[ ’ " > -0 FROM
UNSTABILISED
+ 0 N © TOLOAD
Q2
§ R3
R1 a3
OVERLOAD
a CIRCUIT
Ic1
+ a1
R2 STABILISING
R4 CIRCUITS
FROM
Z01 o O Loao
- Y R1

O g

Fig. 7. A series stabiliser circuit using an operational amplifier.

12 V will drop as more current is passed, and when the
unstabilised voltage becomes too low there is not
enough voltage across the two transistors to keep
current flowing. A second problem concerns the IC
which must be a type which permits the input and output
voltages to rise close to the supply voltage — the popular
741 does not do this. The third problem is that if the
reservoir capacitor of the unstabilised circuit is too small,
all the stabilisers in the world will not prevent ripple from

appearing on the output voltage.

70

Fig. 8. An overload protection circult. The potentionmeter RV 1 is

used to set the current at which the protection operates, R1 is a
low-value resistor, TRO or less.

well! |f the output is accidentally shorted, the stabiliser
will burn out its transistors trying to keep the output
voltage constant. The addition of the circuit of Fig. 8
prevents such a situation. When the current returning
from the load passes through R1, a voltage (V=R1X|
load) appears across the base and emitter of Q3. If this
voltage is sufficient to switch Q3 on, the collector of Q3
will conduct and its connection to the base resistor of Q2

will cause Q2 to switch off, so switching off the stabil-
One final headache arises when a stabiliser works too iser.
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Finkler File

An established and reliable source for segments of the Canadian Electronic &
electronic and electrical equipment. Electrical Industry.

Components, instruments, hand tools, The Finkler File designed tofitinfo a
production devices, printed circuitboard  standardfiling system, is a compilete set of
holders, hardware, communication product data and catalogues
antennas, soldering and desoldering represented by Len Finkler Limited. Each
irons, digital equipment, breadboarding  company has its own file'folder, which is
elements, etc etc tabbed with detailed product information -

Eighteen different companies’ product  and local distributors” addresses and
lines are represented across Canadaby  telephone numbers.

Len Finkler Limited. Their catalogues list The Finkler File is part of the commitment
thousands of products used daily by all to the pursuit of service excellence initiated

25 years ago.

len finkler limited = ‘)}
25 Toro Road J
Downsview. Ontario M3J 2A6 1S
Telex: 065-24010 « Phone: (416) 630-8103

For your own Finkler File, please mail this coupon to:

len finkler limited
25 Toro Road
Downsview, Ontario M3J 2A6

Please send my Finkler File to:
NAME

POSITION

DEPT

COMPANY

ADDRESS : =

POSTAL CODE

(Type or print cleoriy; pleass)
Circle No. 13 on Reader Service Card.




e B L i i ) MiLRUFRULVEOOVR VAIIF oCto
280-S10/0 25 MHz 29.19
ZBOA-SI0/0 4.0 MHz 37.13 Part No. Price Part No. Price Part No. Price  Part No. Price
en Z80-CPU 2.5 MHz 10.99 Z80-SI0/1 2.5 MHz 29.19 | | 8080a CPU 7.00 8228 647 6800CPU  7.74 6502CPU  12.20
ZBOA-CPU 4.0 MHz 12.29 Z80A-SIO/1 4.0 MHz 37.43 | | 8085 CPU 1294 @25y 9.04 6802 CPU 1515 6504 CPU 12.29
SalESCDm Z80-PI0 2.5 MHz 7.77 280-S10/2 2.5 MHz 29.19 | | @212 326 6253 1294 ggy0 455 6505CPU 1229
Z80A-PIO 4.0 MHz 9.95 Z80A-SI0/2 4.0 MHz 37.13 | | 8214 75 8255 774 a2y 52 6520 8.39
280-CTC 2.5 MHz 7.77 Z80-SI0/9 25 MHz 21.91 8216 3.25 8257 14.24 gggp 4.55 6522 12.94
ZBOA-CTC 4.0 MHz .85 Z80A-SI0/9 4.0 MHz 28.00 8224 449 8259 1684 ggep 4.55 6532 18.14
Z80-DMA 2.5 MHz 24.25 280-DART 2.5 MHz 18.79 | | 8226 3.25 6551 18.14
e SCR'S and TR'AC S ™\ \Z80A-DMA 4.0 MHz 29.84 ZB0A-DART 4.0 MHz 22.88 3
$1OGDB 1.26 g(ég S amp 400V ;8 220 (
1IC116 : 8 amp 200V TO-220
TIC1268 142  SCR 12 amp 200V TO-220 74S SCHOTTKY ki
TIC2168  1.29 Trac 6 amp 200V TO-220 74S00N .62 74S37N  1.68 745134N 74$168N  6.47 745241N 6.4 74S373N 514
TIC2260  1.24 Tnac 8 amp 400V TO-220 74S02N .68 74338N 1.8 74313N 209 743169N  6.47 745244N  6.44 74S374N  5.14
TIC236D  1.89 Triac 12 amp 400V TO-220 74S03N .68 74540N .62 745136N  1.53 74S174N 168 74S251N  2.15 74S412N  3.87
TIC2460  1.89 Triac 16 amp 400V TO-220 74504N .68 74S51N .68 743139N  1.53 74S175N  1.68 74S253N  9.95 74S470N 10.34
74505N .68 74S74N  1.03 748120 1.77 74S18IN  6.31 74S257N  2.15 74S471N 12.94
Bi-Fet OP AMPS 74S08N .68 74385N  2.86 74S151N.1.55 74$182N 537 7aSzseN 215 745472N 2191
N o e 74S09N .68 74586N  1.56 74$353N  1.85 745189N 20.35 74S260N 2.1 74547aN 34.91
THOTACR i73 lowiata e 74S10N .68 74S112N  1.56 74S157N  1.68 74S194N 593 748274N 2504 745476N 12.55
: 74S1IN .68 74$11aN  1.56 7451588 1. 74S195N 2.4 745275N 25.94 745478N 32.44
TLO72CP 1,55 Dual low noise 188 e
o aci i, on it 74520N .68 745124N 3.45 74S161N 5.94 74S201N 16.84 745280N  3.69
Ttgg‘gp o J{JFUEB;’ oy foize 74S30N .68 745132 182 74S162N  5.79 74S225N 12.55 745283N  5.19
TE002EP 1:20 Dual J-FET input \_ 74S3N 116 74S133N  2.48 74S163N . 5.14 74S240N  6.44 745299N  9.07
5% TLOB4CN 2.54 Ouag J-FET input 53 7
LINEAR IC s AN-LINE— z )
PS 1980 IC MASTER ~\ [ s w wrarcne 42 ) [ DYALIN-LINE—LOW PROFILE-1.C. SOCKETS
Final Sale $34.9 LM0acH® 118 ChMasN 88 DiraSNSe 77 CONTACTS PRICE CONTACTS PRICE
i (Meoon'e 170 (hosNe 103 (Miassns  as |[ .eew 1 2pw 3
NEW 1981 EDITlON LM308CH 124 LM555N8 38 LM14B6N-14 90 14 PIN a7 24 PIN .36
2 volumes — 3200rbages LM309K 2.03  LMB56N-14 B4  LM1489N-14 .90 16 PIN 20 28 PIN a2
now avail LM3IOHC 194 23CH 196 LM3046N-14 1:20 18 PIN 27 40 PIN 61
requiar price: $107.25 LM31IN-G 7 LMIZCNas 62 [MadoeN14 72 20 PIN 30
Introductory TSR o L7 raaeNce 2a3 IMRRN'Y 26 || . LowEsT PRICES ANYWHERE FOR THE HIGHEST DUALITY
\_ microprocessor devh MERa s 318N 189 LM739CN-14 168  LM4136N-14 129 AN UNBEATABLE COMBINATION
A A\_(M316CH 226  (M7AYCH 85  ULN2003AN 1.16 y
[ PLASTIC POWER \ a CMOS N OPTO SALE "y
TRANSISTORS L.E.D. LAMPS
TE29A; M 16416 Edes, s CD4001BE (@7  CD4026BE 287 CO4068BE 35 CD4519BE .70 :
W AT H THREED Y 4002BE @7  CD4027BE. 88  GD406IBE 35 CD4520BE .90 e TAnTmBed 2
TIP0A 31 TipGB 77 TP12r 109 T UL COORRER WERNERIEEE o1 COs2oBE 116 LED212  T-13 mm Yello 18
Tess i Thee BT 10 CD4007BE .42 CD409BE 109 CD4072BE .31 CD4526BE 1.63 w .
HEooal | ceed LY T Co40088E, 96 COAI0BE .82  COA07E %  COuszrBE 207
'nPaOA -35 npno e by o CD4009BE = .68  CD4033BE 2.57  CD407SBE .38  CD4528BE 1.12 LED220 T-1% 5 mm Red A4
Teae 2 e 1s TEIZ e D40 10! 68 CDA4034BE 3.48  CD4O76BE 1.03 COD4531BE 142 LED222  T-1%5 mm Green 31
TIPIC 58 TIP115 72 TIP146 257 B BRI ooC WM REC SRR 42  CD4sd2mE 140 LED224  T-1% S mm Yeliow 21
TIP32A 85 TP 77 TP 203 S S 0d00E TREEEEE Ofaiuen 3! CQ4cmBE 109 DISPLAYS
£9g 55 IR e CD40130E .47 = CD4041BE 2.33  CD40B2BE .31  CD4S43BE 2.57
I R ST - LR CD4D14BE 90 =~ CO4D42BE .88  CD40BSBE .75 CD4S53BE 3.76 FND357 375" Common Cathode 1.29
JRgRea e s ETIz1200 lenssl 497 CD4015BE .90  CD4D4IBE 1.20  CD40BEBE .98  CD4555BE .83 FNDS00 500" Common Cathode 1.20
\_TP4t 72 TIP121 88 FT30S5 ) CO4015BE 47 CD4D44BE .99  CD4093BE .98  CD4556BE 1.09 FNDSO7 500° Common Anode .29
cgwws %0 comsgg 1.09 ggwgggg 287 COsseisE 259 DLIA16 38,94
: CO4018BE CD4047BE 1.09 41 45828E 1. ;
@ ; PROM'S p w CD40I9BE 90 . CD4049BE .55, CD4SOBBE 2.20  CD4584BE .68 4 dgil. 16 segment alphanumeric display 16~ ht
48288 5.14 256 bit. 16 PIN CD4020BE ‘1.09  CD4050BE 68  CD4510BE. .98  CD45858E 1.11 ISOLATORS
745188 514 256 bit, 16 PIN CD4021BE .90 CD40S1BE 1.09  CO4511BE .83  CD4702BE 11.64 ILD74  Dual Opto Isolator 1500V 1.68
93427/MB7052 5.14 1K, 16 PIN CD4022BE 1.68 CD4052BE 1.27 CD4512BE 1.09 074  Ouad Opto ol 1500V 5.4
93417/MB7057 5.14 1K, 16 PIN CD4023BE .33 | CD40S3BE 1.27  CDAS14BE 2.48 \LeTe DUBIOP' #ojator Y B
93446/MB7053 6.44 2K. 16 PIN CD4024BE .70 ~ CD40EOBE 2.03  CD4SISBE 2.48 ual Opto Isofator 1500V 1)
93436/MB7058 6.44 2K. 16 PIN CD4025BE .38 CD4086BE .80 = CD4816BE 1.28 TIL113  Opto Coupler 1500V .70
93453/MB7122 1294 4K. 18 PIN 4N26  Opio Isofator 2000V 70
825185/7128 3634 8K, 18 PIN . _J \3N3  Opto isotator 1500V .88
745478/7132 32.44 8K, 24 PIN
825191/7138 101.40 16K. 24 PIN 7 i 7
We provide PROM programming. NOW AVA LABLE FROM ACTIVE COMPONENTS-
\__Please enciose truth tabie or master PROM ) GIFT CERTICATES
g ———————— VALUES" $10. $15:$20. $50. $100.
1 MOS MEMORIES ] THE PERFECT GIFT FOR YOUR FRIENDS AND RELATIVES.
[} MOS Static RAM's [
Part No. Price - ’
1 2101-35 IK (256 x 4) 350NS 22 PIN 514 “Memo lSpec'a’s” 16K MOS DYNAMIC RAM'S (16 PIN) [
1 2102-25 IK (IK x 1) 250NS 16 PIN 1.42 416-3 (200ns) $5.14 1
P2111-45 IK (256 x 4) 450NS 18 PIN 514 . 416 B84
I P2112:35 1K (256 x 4) 350NS 18 PIN an EPROM’'S B S R > S 1
i 2114L  Low Power 4K (1024 x 4) 300NS 4.49 4K MOS DYNAMIC RAM'S . 1
2147 4K (4K x 1) 55NS 12.94 TMS4060-30 Special 3.84
I 2147 4K (4K x 1) 70NS 11.64 C2708 $ 8.44 WK (4K x 1) 300NS 22 PIN ]
1 UART's . 1K X B 450 ns TMS4060-20 5.14 i
COMBO17/AY5-1013A Special 514 TMs2832 §32.44 4K (aK x 1) 200NS 22 PIN i
1 soxnz Single 5V Suppl! 32K (4086 x 8) 450 ns
i "I cmos ram_ C2716/TMS2516 ol LAl UL SE— i
§101 1K (256 x 4) 450NS 22 PIN Low Power 5.14 16K (2K x 8) 450 n: 16 16K (2K x 8) 150NS 1 $129.9
| { S : 64K MOS DYNAMIC RAM !
4K CMOS RAM (Single 5V supply — Similar to intel version)
I Pe504 4K (4K x 1) 550NS 18 PIN 110MW 10.34 TMS2564 $253.50 4164 64K (64K x 1) 200NS 16 PIN $129.94 1
1K x 4) 4 PIN 110MW 10.34
B PASIAT HKNIKxA) SONDID Y 64K (8K XEERD " THIS 1S AN UNBELIEVABLE MOS SALE. ALL MAJOR MANU. |
' SHIFT REGISTERS FACTURERS, ALL CURRENT PRODUCTION. ACTIVE ELEC- |
3341APC FFO MRz 6.47 TRONICS — YOUR AUTHORIZED SOURCE FOR MAJOR MA-
J 3347Pc 80 bIt 5.14 NUFACTURERS PRODUCTS ]
\—-———-‘—-—-----—----——-—‘-—-—--———-—————--——--———-——-——-,
TTL — LOW POWER SCH TTKY o WE ARE THE SOURCE WITH ALL NEW MAJOR MANUFACTURERS ANO GUARANTEED DELIVERY
74LS0ON .27 31 74LS95N .7 74L3162N 74LS193N 1.1 74LS248N 2.20 74LS283N 1.26 74LSIG2N 16.54 74LS3IEN  2.54
TSN 37 alsaN 1 74LS73N B0 TALSON BB TALSIIN 90 TALIEAN 1M T4LS1giN 118 7aLSaeoN 129 74LS390N 198 74LSIGIN '1es TALSIAIN 4
74L502N 35 74LS26N 51  74LS74N 20 TASTN B3 TALSIION 169 TeLSreiN B3 74LS195N 88 74LS95IN 293 7SO |40 74LSIGEN 103 7ALSI90N 284
74US03N 30 74LS2TN 38  74US7SN 51 74LS109N .68 74LS147N 3.19 74LS165N 1.65 74LS196N 146 74LS253N .77 74LS298N 1.55 T74LS3IETN 1.03 74LS630N110.50
74LS04N .38  74LS30N .25 74LS76N .51 74LS192N S5 74LS148N 1.87 74LS166N 243 74LS197N 1.20 74LS257N 1.09 74LS299N 345 74LSIGEN 1.03 74LS631N 110.50
74L50SN .35 74LS32N .73 74LS78N 47 74LSI22N .70 74LSI5IN .59 74US170N 3.58 74LS229N 1.4 74LS2SBN .88 74LS320N 3.84 74LS37IN 1.92 74LS6EIN 1.16
740508N 35 74LSITN 47 74LSBIN 1.08 74LS123N 1.03 74LS153N .65 74LS173N .96 74LS240N 1.20 74LS25N 3.84 74LS32IN 5.02 74LSI74N 1.92 74LS67ON 3.45
74USOSN 42 74LS3BN 47  74US8SN 1.50 74LS124N 1.29 74LS155N 193 74LS174N 55 74LS24IN 120 T4LS260N 1.29 74LS322N 8.44 74LS37SN 3.84
74LS10N .31 74US42N 59 74LSB6N .82 74LS125N 1.20 74USI56N 1.89 74LS175N .55 74LS242N 1.20 7T4LS266N .62 74LS32IN 6.44 74LSITIN 1.87
74LS1IN .42 74LS47N 99 74LSGON .57 74LS126N 70 74LS1SZN .73 74LS18IN 3.09 74LS243N 1.29 74LS27IN 181 74LS324N 1.85 74LS378N 1.55
74LS12N 23 74LS48N 1.89 74LS9IN 1.22 74LS132N 77 74LSI58N 77 74LS19ON 1.63 74LS244N 1.29 74LS275N €.44 74LS348N 319 74LSI7N 2.54
74L$13N .33 74LS5IN .31  74LS02N 70  74LS133N 371 74LS160N 1.20 74LSI9IN 1.6 74LS245N 293 74LS279N B8 74LS352N 1.64 74LSIOON 2.57
iu‘LS"N 82 74US54N 31  74LS93N .55 7TALSIIEN .62 74LS16AN 1.11 74LS192N .88 74LS247N 118 74LS280N 3.50 74LS353N 1.65 74LS3IOIN 2.43 ‘

MINIMUM MAIL ORDER $10 00

Add $3.00 to cover postage and handling
PRICES ARE IN CON. FUNDS. F 0B CANADA
Federal Safes Tax Inc!

Provinclal Sales Tax Extra

LARGE INVENTORY AT ALL LOCATIONS

STORE HOURS

Monday to Wednesday 900 am
Thursday and Friday 9:00 am
Saturday 9:00 am — 500 pm

600 pm
9-00 pm VISA AND
MASTER CHARGE

ACCEPTED

Active A

«” Componett

Corp-

5651 FEARIFH $1
MONTREAL. QUEBEC
H4P 2K5

Tel. (514) 731.7411

HAXTFR CENTFH
1050 BAXTER ROAD
OTTAWA. ONTARIO
K2C 3P2

Tel (613) 820-9471

1800 DUFFERIN ST
DOWNSVIEW. ONTARIO
M3H 559

Tel {116} 661-1115

$809 MacLEOD TRAIL S
UNIT t09

CALGARY. ALBERTA
T2H 049

Tel.: {403) 259-6408

3070 KINGSWAY
VANCOUVER B C
V5R 597

Tet {604) 138.3321

Circle No. 8 on Reader Service Card.



