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THE NEW HEATHKIT CATALOG!
World's largest selection of fun -to -build money -saving electronic kits

about ail the exciting new electronic
products yoi can build yourself with a
little help from Heath. Our world-famous
assembly manuals guide you every step
of the way, with crystal-clear diagrams
and illustrations that show you exactly
what to do and how to do it. All you need
is a soldering iron and a few ordinary
tools you probably already have.
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134.

Send for
your FREE copy

TODAY I*

 Test Equipment  Color TV  Hi-Fi
 Auto, Marine and Aircraft Accessories
 Digital Clocks and Weather Instruments

 Arna:eur Radio
 Electronics Learning Programs
 Radio Control Equipment

HEATH

Schlumberger
HEATHKIT ELECTRONIC CENTRES

MONTREAL
795 Legendre St. E.

H2M 1H1

EDMONTON
12863 -97th St.

T5E 4C2

MISSISSAUGA
1478 Dundas St. E.

L4X 2R7

VANCOUVER
3058 Kingsway
V5R 5J7

WINNIPEG OTTAWA
1315 Portage Ave. 866 Merivale Rd.

R3G OV3 K1Z 5Z6



15-240 Watts!
HY5
Preamplifier

HY30
15 Watts into 80

HY50
25 Watts into 80

The HY5 is a mono hybrid amplifier ideally suited for all applications Al common input functions
nmag Cartridge tuner etc , are catered for internally the desired luncheon is achieved either by a
multi -way switch or direct connection to tee appropriate pins The interns volume and tone circuits
merely require connecting to external potentiometers (not included) The 1-1Y5 is compatible with all
I L P power amplifiers and power supplies To ease construction and mourning a P C connector is
supplied with each preamplifier
FEATURES: Complete pre -amplifier in single pack - Multi -function equalixation - Low noise - Low
distortion - High overload - two simply combined for stereo
APPLICATIONS: HiFi Mixers - DISC, - Guitar and Organ -- Public address
SPECIFICATIONS:
INPUTS Magnetic Pick-up 3mV Ceram,. Pick-up 3OmV Tuner 100mV Microphone 1OrnV
Auxiliary 3-100m1; input impedance 47k,.) at lkHz
OUTPUTS Tape 100mV Main output 500mV R M S

ACTIVE TONE CONTROLS Treble 1 7di3 10kH, Bass - at 100Hz
DISTORTION 0.05% at 1 kHz. Signal/Noise Ratio 68dB
OVERLOAD 38dB on Magnetic Pick-up ';UPPLY VOLTAGE - 16 50V

The HY30 is an exciting New kit from IL P it features a virtually indestructible I C with short circuit
and thermal protection The kit consist. of I C heatsink P C board 4 resistors 6 capacitors
on:liming kit together with easy to follow construction and operating inituctions This amodfier es

the beginner in audio who wishes to use the most updodate technology aallable
FEATURES: Complete kit - Low Distortion - Short Open and Thermal Protection - Easy to Build
APPLICATIONS: Updating audio equipment - Guitar practice amplifte - Test amplifier - Audio

SPECIFICATIONS:
OUTPUT POWER 15W R M S into 8.1 DISTORTION 0 1 at 15W
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz - 3d8
SUPPLY VOLTAGE - 18V

The HY50 leads I L P s total integration ,pproach to power amplifier design The amplifier features an
integral heatsink together with the simpl,cify of no external components Diiratg the past three years
the amplifier has been relined to the extent that it must be one of the moat reliable and roo ist High
Fidelity modules in the World
FEATURES: Low Distortion - Integral Featsink - Only five connections - ? Amp output transistors
- No external components

APPLICATIONS: Medium Power Hi -F, systems - Low power disco - ',10/onar amplifier
SPECIFICATIONS: INPUT SENSITIVITY 500niV
OUTPUTk, POWER 75W RMS in 8..) LOAD IMPEDANCE 4 16i) DISTORTION 0 04, at 75W at

SIGNAL 'NOISE RATIO 7548 FREQUENCY RESPONSE 10Hz-451(1-IF - 348
SUPPLY VOLTAGE 75V SIZE 105 50 25rnim

I -1Y1 20
'heWI 70 is the baby of I L P s new high power range designed co meet the most exacting

'cornments including load line and thermal protection this amplifier sets a new standard r modular

FEATURES: Very low distootion - Integral Heatsonk - Load line proteri.n - Thermal proection

60 Watts into 8)- No external components
APPLICATIONS- Hi F: - High gualit? disco - Public address - Mre10101 amplifier - ;.-moitar and

iqa
SPECIFICATIONS:
INPUT SENSITIVITY 500mV
OUTPUT POWER 60VV RMS into fii.) LOAD IMPEDANCE 4-16.) DISTORTION 0 04 r, at 601Ar at

1 kHz
SIGNA1 NOISE RATIO 90.18 FREQUI NCY RESPONSE 10Hz 45kHz - if dB SUPPLY Vet PAGE
35V
';7E 114.50x85rnm

El)(200 soo HY/00 now ireflreyerl m rpyr, ar 01 1 20 Watts has been designed m stand thi
moor De. (I ske h as disco re- (Jr. III. while still relael.ng If .0 HIFI r,rfoornance
FEATURES: Thermal shutdown - von, oo,/ dHtnotinn - Loan Ilne piotiorhon -

integral Heatsmk
. .- rellrleere,

120 Watts into 80 APPLICATIONS: H. F. Drser, - Winn -or Pnwon Slave initnstcal Puhhr address
SPECIFICATIONS:
daPt,' SEYSITIVITY 500mV
'70 TPuT POWER 170W RMS into tir t OAD IMPEDANCE 4 1fidt DISTORT ON 0 05 100W .

kHz
SIGNAL NOISE RATIO 9648 FREQUENCY RESPONSE 1nh, 45kH? - 3,18 SUPPI d vCs

45V
',LIE 114 100 85,11,1,

HY400 'he IY400 is I I P Big Daddy of th- range prodinsng 240W mti 42' it has neen leLpteil '
.-dis. nor 11k101.1 address apnin atinols If the amplifier ,s in ised i rintnunn,

a r n4 -fling tan recninmended The arnplitnn int hodes all the gunman, of the rest 01 t
o eke. a eye high pOwe, h. fidelity novo, module

240 Watts into 4()
FEATURES ': ermal shutdown - deny low distormion - Licari I 'le ;voter -1.m Fro

APPLICATIONS: Pinola- address Disco - Power slave - Industrial
SPECIFICATIONS:

,'OVVER 740W RMS into 4') LOAD IMPEDANCE 4 16') DISTORTION 0 I at 740V1i

SIGNAL NOISE RATIO 94.18 FREQUENCY RESPONSE 10Hz 45kHz - 3,113 SUPPI1 vol TAITF
- 45V

INPUT SENSITIVITY 500n -1V SIZE 114 x 100 .

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS

Available in Ontario from:
DOMINION ELECTRONICS GLADSTONE ELECTRONICS MULTI MARK AGENTS LTD.

Now
Available

0 ELECTRONICS LTD.
UNIT 12, 7222 TORBRAM RD, MISSISSAUGA, ONTARIO 14T 3V2 - TELEX 06-968653 - TELEPHONE: (416) 678-0562

I.L.P. Electronics Ltd
Crossland House
Nackington, Canterbury
Kent CT4 7AD
Tel (0227) 63218

Dealer inquiries invited

3



O

EQUIPMENT

REPLACEMENT FOR

0--/Elr
SPECIAL

OF THE

MONTH
OFFER EXPIRES FEB. 28th.

This is a partial list. Write for full tube listing catalogue
TYPE EACH TYPE EACH TYPE EACH TYPE EACH

1B3GT 1.25 6BK4C 3.35 6HS8 1.90 10GF7A 2.50
1K3 1.35 6BL8 1.50 6HZ6 1.50 10GK6 1.80
1S2A ....... 1.35 6BM8 1.55 10G N8 1.85
1X2B 1.35 6JC6A 1.80 10JY8 1.85

68N6 1.80 6J D6 1.85 10KR8 1.85
2AV2 1.25 6805 1.20 6JF6 3.90
2GK5 1.55 6B07A 1.50 11HM7 2.80
3A3A 1.95 6BU8A 1.90 6JS6C 3.45 11MS8 3.50
3AT2 1.90 6JT8 3.95

6BZ6 1.20 6JU6 3.50 12AT7 1.35
3AW2 1.75 6C4 1.25 6JU8A 1.90 12AU7A 1.00
3BW2 2.80 6CA7 3.40 6JW8 1.50 12AV6 1.00
3BZ6 1.00 6CB6A .95 6JZ8 1.90 12AX4GTB 1.50
3CB6 .90 6KA8 2.00 12AX7A 1.35

6CG3 2.25 6KD6 3.95
3CU3A 2.90 6CG7 .95 6KE8 2.25 I2BA6 1.05
3063 2.00 6CG8A 1.50 12BE6 1.05
3DC3 2.60 6C L8A 1.60 6KG6 3.95 12BY7A 1.20
3DF3 2.80 6CM7 1.30 6KT8 2.50 12C5 1.55
3DJ3 2.10 6KZ8 1.80

6CS6 1.35 6L6GC 2.60 12006B 2.25
3GK5 1.55 6CW4 6.25 6LB6 3.75 12DW4A 1.90
3HA5 1.85 6LD6 5.95 12GN7 2.00
3H05 1.90 6DJ8 2.10 6LE8 3.40
4AU6 1.55 6D06B 2.50 14GW8 2.00

6LF6 3.95 15008 1.60
4BZ6 1.35 6DT5 1.60 6LF8 1.85
4DT6A
4EH7
4EJ7

1.55
1.55
1.55

6DT6A
6DW4B
6DX8
6EA8

1.20
1.85
1.60
1.50

6U8
6LN8
6L06
6LT8

1.85
1.25
3.35
1.80

17AY3A
178E3
17BF11

1.60
1.55
2.50

4HA5
5A05

1.55
1.25

6EC4
6EH7
6EJ7

3.40
1.50
1.55

6LU8
6LX8

2.75
5.85 170068

17JN6
2.10
2.85

5CG8
5GH8A
5GJ7

1.55
1.85
1.95

6EM7
6ES8

3.00
2.80

6SN7GTB

6U8A

1.90

1.25

17JZ8
17KV6A
17KW6

1.85
3.95
5.60

5GS7 1.85 6EW6 1.35 6010 2.50
5GX7 2.70 6FM7 2.00 6V6GT 1.95 18GV8 1.95

6W6GT 2.25 19CG3 2.50
5L48
5U4GB
5U8

1.80
1.60
1.60

6GB5
6GE5
6GF7A

3.50
2.25
2.15

6X9

6Z10

2.95

3.25

21GYS
21JZ6

3.15
3.20

6AF9
6AJ8
6A L3
6AL5

3.50
2.00
1.85

.90

6GH8A
6GJ7
6GK5
6GK6
6GM6

1.35
1.90
1.50
1.60
1.50

8AW8A
8B8
8810
8BM11

1.85
1.90
2.90
3.75

23Z9
24L06

27GB5

2.65
3.50

3.35

6AQ5A 8CG7 .90 30AE3 1.70
6A08

.90
1.55 6GU7 1.35 80X8 2.55 30KD6 4.50

6AU6A 6GV8 1.95 8GJ7 2.25 31JS6C 3.95
6AV6

.95

.95 6GW8 1.80 8JV8 1.85 33GY7A 3.25
6GX7 2.80 8LT8 1.85

6AW8
6AX3
6AX4GTB

1.60
1.70
1.60

6GY5
6GY6
6HA5

3.45
1.25
1.85

8U9
8X9

3.45
3.45

35W4
38HE7
38H K7

.90
3.50
3.506AY3B 1.60 9A08 3.25 40KD6 3.80FBA6 1.25 6HE5 2.70 9GV8 2.90 40KG6 3.956BA11 2.50 6H05 1.80 9JW8 1.60 42EC4 ......... 3.8568E6 1.20 6HS5 4.45 I ODE7 1.85 5005A 1.35
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ONE YEAR UNCONDITIONAL GUARANTEE

6C67 -

Celebrating our 19th year
servicing the Electronics

industry.

/
FULL FUNCTION
CALCULATOR
for only $1.99
(including case)

With special orders of 5100. or more

FULL FUNCTION
CALCULATOR
* 8 Digit Display
* Includes % Key
* Acid on and Discount

Features
* 2 Input Registers
* Constant Repeat

Calculation
PLUS MANY MORE
FEATURES

LIMIT 4 TO A CUSTOMER

TERMS & CONDITIONS: ABBEY pays full shipping
charges anywhere in Canada on all prepaid orders over
$25.00. C.O.D. orders, send 25% deposits, balance
C.O.D. All orders shipped same day. Minimum order
10 tubes.

CONIC

e a e-,
ELECTRONICS LIMITED

306 Rexdale Boulevard, Rexdale, Ont. M9W 1R8 745-9555



electronics today
Features
THE CN TOWER: MORE THAN JUST A LANDMARK 22
The technical features in the world's tallest building

BIORYTHM CALCULATOR 24
Find out your condition from a machine!

VCT 31

Can these new devices kill off the op -amp?

555 TIMER APPLICATIONS 35
38 circuits using this popular IC.

YAMAHA B1 REVIEWED 49
Powerful amplifier uses power FETs.

SCOPE TEST YOUR CAR 60
Tune your automobile with just a scope

MICROFILE 65
Microprocessors and microcomputers for the hobbyist

Projects

FIVE WATT STEREO AMPLIFIER 16
Use just two ICs to make this project.

PHILIPS LOUDSPEAKER SYSTEM 27
An off -the -shelf speaker!

REACTION TESTER 52
Measure your reaction time against your friends'

SHORT CIRCUITS 55
PATCH DETECTOR
HEADS OR TAILS
SCR TESTER

Information
WELCOME TO ETI CANADA 7

NEWS DIGEST 9

PUBLICATIONS FROM ETI 15
SUBSCRIPTIONS 61
DATA SHEET 46
MARCH ISSUE DETAILS 30
TECH -TIPS 74

Our first cover shows two aspects
of the types of article that are
carried by ETI.
One of our features describes the
technical side of the CN Tower.

Vol.1 No.1

Our thanks to the CN Tower
for supplying the photograph.
Also shown is our ultra -simple
stereo amplifier project.

EDITORIAL AND ADVERTISING
OFFICES:

Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H 1B1
Telephone (416) 423 3262

Editorial Dept
LES BELL
PETER BERNARD

Circulation Dept
SENGA HARRISON

Marketing Manager and Advertising
PETER PRIEST

Published by:
Electronics Today International
(Canada) Ltd.

Printed by:
Heritage Press, Mississauga, Ontario

News Stand Distribution:
Gordon & Gotch, Toronto

Subscription Rates:

$12.00 per year, $20.00 for two years
Send to Subscription Dept, ETI
Magazine, Unit 6, 25 Overlea Blvd.,
Toronto, Ontario, M4H 1B1.

International Editions
Britain:
Electronics Today International,
25-27 Oxford St., London VV1R 1RF
Editor: Halvor Moorshead

Australia:
Electronics Today International,
Ryrie House, 15 Boundary St.,
Rushcutters Bay, Sydney, Australia
Editor: Collyn Rivers

Holland:
Electronica Top Internationaal,
Postbus 260, Emmen, Holland
Editor -in --chief: Anton Kriegsman

France:
Electroniques Pour Vous International
42 rue Jacob, Paris
Editor: Danis Jacob

Copyright: All material is subject to
world-wide Copyright protection.
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GAMASONIC CANADA LTD./LTEE
OUR PRODUCTS

MN I
NIMBI Ile

OEILF023 eN SANYO
 ELECTRONIC PARTS

 AUTOMOTIVE SOUND
 HiR ACCESSORIES EQUIPMENT

 HEADPHONES  TRANSCEIVERS

 MICROPHONES  CB MOBILES -BASE
 8 TRACK TAPES  VTR -CCTV EQUIPMENT

 CABLES
 CAMERAS -MONITORS

 VIDEO RECORDERS

emtindt
 TELEVISION ANTENNAS

Goodmans
 RAW SPEAKERS

65

NEC
 VTR EQUIPMENT

jn sarknro
 VTR CAMERAS -MONITORS

 VIDEO RECORDERS

Gamasonic Canada Ltd./Ltee,
5780 Royalmount Avenue,
Montreal, Quebec H4P 1K5
Tel: (514) 735-2721

 HALIFAX  TORONTO

 WINNIPEG  EDMONTON  VANCOUVER
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this is
m CANADA

'SO WHAT?' New magazines always start with a

page of publisher's blurb (which few of you will
read). It's always full of well-meaning intentions
and pledges for the future: 'It's YOUR magazine'...
you know the stuff! So, let's forget it. Or should
we? We're proud of what we've done and what
we plan to do and some of you may still be reading
so let's tell you something about ourselves - and try
to be honest.

This is our first true Canadian edition. The
British edition of ETI has been shipped over here
since February 1976, just to see how it sold. It sold
pretty well where it was available (in ten cities);
well enough, in fact, for us to increase the orders
by 50% within six months. Reader reaction was
monitored, advertisers were shown the figures and
most were interested: with this information the
plans for ETI - Canada were formed.

What did we have? A fair number of sales, a
reasonable amount of encouragement but above all
an overpowering feeling that Canada NEEDED a
consumer/hobby electronics magazine of its own.
Until we brought out this issue, Canada was by far
the largest country in the industrialized word
without its own magazine covering this field.

Now starting up in virgin territory may sound
great - you can't fail but it brings its own problems.
How do you pitch the editorial balance; experience
of the existing editions of ETI doesn't help. Each
edition of ETI, in Britain, Australia, France and
Holland operates independently - as we do in
Canada - the balance is tailored to its own market.
For example in Britain ETI has seven competitors
in the hobby -electronics field: this has obviously
led to a degree of specialisation. ETI - Britain does

not pretend to aim at the raw beginner, nor does it
cover ham radio. In Australia the range is wider;
there's competitior but no tendency to specialise.

There, we've made an admission. We've pitched
this issue at a pretty broad spectrum but we may
go even wider. We're feeling our way and we can
only hope that we aren't going to lose any of you
on the way.

ETI is the second largest electronics magazine in
the world if we add together the various editions
(No.1 is south of the border!) with a combined
circulation of just under 200,000 a month. All
editions are unique in that every member of the
editorial staff has come from the ranks of, and
remains, an electronics enthusiast. It's not policy -

just a fact.
We'll not explain our editorial aims too much,

this issue represents the balance that we'll start off
with. If you don't like it - well, take a look at us
again in nine months - we may have come round to
your way of thinking. If you do like it, and we
obviously hope you do, we're wasting our time
overselling ourselves.

ETI - Canada will contribute to, and receive
material from, the other editions of ETI.

As you'll see from our cover - and from Tom
Graham's page at the back - we've combined with
Electronic Workshop to strengthen our arm. We
hope that readers of EW find that they are still
being served by this edition: we plan to have
plenty of material in the servicing field.

Well, that's it. We hope we haven't bored you
too much if you've read this far - all we ask is for
you to judge us by the contents.

e BC ronicsiii
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The SLEUTH Solves - FM Reception Problems
Read what the December issue of FM GUIDE says about

The MAGNUM 85FM
Power Antenna

And an unsolicted testimonal from
Mr. P.M. of Peterborough
Dear Mr. Bruenig:

I enclose the guarantee card from my
FM 85 which I purchased from Minicola's
here in Peterborough. I am very happy
with the unit: most stations are at least
35 to 40 db stronger

'I

Most of us would like to improve our FM reception, no
matter the quality of the system we have. At last a new pro-
duct manufactured by Magnum Electronics in Toronto, called
the "Power Sleuth", has solved the problem of bringing in
those far away stations loud and clear.

Many of the antenna amplifiers that have been around for
years have had serious drawbacks. They would not only am-
plify the FM signals, but would also add noise and distortion.
In Toronto, the "Power Sleuth" not only brings in distant
stations but also seems to eliminate interference from local
stations. On the receiver and antenna used in this test we were
able to increase by 30% the number of stations clearly receiv-
ed. For example, a station in Niagara Falls that previously
came in only very weakly and was for the most part unlisten-
able was with the "Power Sleuth", quite adequate and comfor-
table to listen to.

Impressive!
At under $100 the Magnum 85 FM would fit into most

Christmas budgets. The 85 FM is easily hooked into any stereo
system, a very complete instruction booklet is included with
every unit. Warranty is lifetime on workmanship and five
years on parts. For further information please contact Mag-

num Electronics Inc., 72-74 Stafford St., Toronto M6J 2R8.

MAGNUM ELECTRONICS INC.
72-74 STAFFORD STREET, TORONTO, ONTARIO M4J 2R8

(416) 364-6754

No matter how much you paid
for your receiver... we guarantee

to improve FM performance.

DM2 Multimeter
.PlataiLi5 111_

COMPARE the SinclairDM2 with any digital multimeter under $300.
No other unit has as many features, with such a high degree of
accuracy, at anywhere near this low price! Compare specifications.

Max DC volts
Max AC volts
Max DC current
Max AC current
Resistor ranges up to
Auto polarity
Metal Case
Push-button selection
Warranty
10 Day Trial
Price FST incl.

SINCLAIDM2R Fluke HP B & K
8000A 970A 283

1999V 1100V 500V
1999V 1199V 500V
1.999A 1.999A 1.99A
1.999A 1.999A 1.99A
19.99,4-2 19.99m.C2 19.99k4S2
YES YES YES
YES NO NO
YES YES NO
1 YR 1 YR 1 YR
YES
149.95 335.00 310.00

1500V
1500V
1.999A
1.999A
19.99k4S2
YES
NO
NO
1 YR
NO
256.00

COMPREHENSIVE
5 Functions giving 22 ranges.

ACCURATE
3%. digit 8 MM LED display gives a quick clear read
indicator.
Dual slope integration. High stability.
Protected! Separate fuses for current and resistance

PORTABLE
Weighs only 3.5 lbs. with battery. Measures 2" x 6"

AND REALLY RUGGED
Tough metal casing takes the roughest treatment

* on it!
The Sinclair DM2 has all the capabilities of higher priced units. State-of-the-art circuit
design, high quality components, outstanding performance and proven reliability - at a
realistic price. Only $149.961 Compare it to others. You can't buy better for twice the
price. But don't believe us. Test it for yourself. Simply send your cheque, Chargex or Mas-
ter Charge number, or company purchase order. And in the unlikely event that you are
unsatisfied, return it within 10 days and we'll refund your money in full.

ing. Overload

circuits.

x 9"

- try standing

mansronE-11-ELECTR011ICS
1736 Avenue Rd. Toronto M5M 3Y7 Ontario

O Please send more information.
O Rush Sinclair DM2 to me. Enclosed is 0 Cheque 0 M.O.Chargex

0 Master Charge

NO.
QTY
_Sinclair DM2 & test leads $149.95@ NAME
_ AC Adapter 7.95@

- 9V Battery Pack 4.50@
COMPANY

- Leatherette carry case 19.95@ ADDRESS
_ Rechargeable Battery Pack 24.95@

Ont. Sales Tat 7% extra
TOTAL ENCLOSED $ Ell lan77
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NEWS DIGEST
PERTEC GETS MITS
MITS, manufacturers of the Altair
range of hobby/small business com-
puters have been bought by Pertec,
who are primarily suppliers of disk and
tape drives. Could be we'll see some
nice Disk Operating Systems soon!

FCC PROPOSAL
The US Federal Communications
Commission has drawn up a tentative
list o' proposals for submission to the
World Administrative Radio Confer-
ence in 1979. Amongst the proposals
is one that CB should share with
amateur, amateur -satellite and radio-
locatipn services in the 220 - 225MHz
regior.. It sounds to us like a sure-fire
recipe for something, probably
trouble!

WATCH THIS SPACE
At the bottom end of the LED watch
market the giants are preparing to slug
it out. Texas Instruments retailers have
been offering plastic cased watches for
as little as $12.95 and both Fairchild
and National Semiconductor are
expected to follow TI's lead into the
really ow end. Meanwhile, some of
the smaller companies, including
Gruen, Bulova, and Time Computer,

ave suffered serious financial losses.
somebody's going to get burnt
fingers ..

100MHz DUAL TRACE SCOPE

The bwd540 oscilloscope combines a
full 100MHz specification with lab
accuracy and versatility, and field
portability.

The amplifier risetime of 3.5nS is
suitable for all logic circuitry from
DTL to ECL. The main sweep trigger
extends from DC to beyond 125MHz
with variable hold -off to greater than
one sweep length. It can trigger on
complex digital words and on virtually
every waveform within the vertical
amplifier's range including TV line
and frame. The delayed timebase
has its own trigger source switching,
level and polarity selection. For full

digital compatibility the Z molulation
is DC coupled and requires only f2V
for full blanking.

Other specifications include: 5mV
to 20V/div attenuation range; 5r6 to
5S/div main sweep; 5nS to 13/iiv
delayed sweep; DC to better than
125MHz main timebase trigger with
variable trigger hold -off; identical X -Y
operation; 80 x 100mm screen.

Power requirements: 120 or 240V
AC or 20-30\/ DC. The scope measures
165 x 320 x 430mm, and weighs 9kg.

Duncan Instruments Ltd., 6E Mill-
wick Drive, Weston, Ontario M9L 1 Y4

SUM THING SHARP
Sharp Electronics of Canada Ltd. has
introduced a new ten -digit electronic
printing desk -top calculator, the EL -

1052, with grand total memory
register to store grand total additions,
subtractions and summations.

The EL -1052 utilizes a mechanical
ten -digit impact printer which prints
negatives in red and can print up to
13 digits per line. Average printing
speed is 2.6 lines per second. Other
features include a one -touch percent
key for taxes and discounts, a non-
add/sub-total key for printing codes,
dates, etc. and for sub -totals of cal-
culations in progress, and a constant/
add -mode selector switch and an over-
flow error check device.

The EL -1052 weighs just over 5lbs.,
operates on AC current only and is
available from Sharp Dealers across
Canada, price $139.95.



Heathkit Modl us ...The totally flexible hi-fi
system for today...and tomorrow!
Beath solves the problem of obsolescence with the incredible
Modulus hi-fi system! Housed in a single unit, the AN -2016,
is a superb stereo/4-channel preamplifier with the features
and specifications of the finest separates - an advanced
AM -FM tuner with digital frequency readout, and first-class
AM too - complete sound control facilities and four peak -
responding output level meters. With one of its matching

HEATH

Schlumberger
HEATHKIT ELECTRONIC CENTRES

MONTREAL
795 Lewsndre St. E.

H2M 1H1

EDMONTON
12863-971h St.

TEE 4C2

MISSISSAUGA
1478 Dundee St. E.

L4X 2R7

VANCOUVER
3058 Kingeway
V5R 5J7

WINNIPEG OTTAWA
1316 Portage Ave. 866 Merirale Rd.

R3G OV3 K12 526

NEW 600/60 MHz Frequency Counter
Now available in Canada

MODEL CTR-2X

8 Digit Display
Large .3" LED Readouts

 Automatic Dp. Placement
Resolution to 1 Hz
High Input Sensitivity
Automatic Input Limiting
Input Diode Protected
Selectable Gate Times, lms and 1 sec.
Provision for 10 sec.
High Stability 10 MHz Crystal Time Base

Plug-in Time Base

Plug-in Prescaler

SPECIFICATIONS BASIC WITH PRESCALER

Frequency
Input Z

Sensitivity

Range

Max. Input Voltage

Time Base

Power

Size

Weight

60 MHz
1 Meg/20pf
30 my @60 MHz
10 my @25 MHz
1 Hz to 60 MHz
120v RMS to 10 MHz

7ppm2"`t,ii.55,C

600 MHz
50 ohm
150rnv @600 MHz

10 MHz to 600 MHz

2.5V

1171/ 50/60 HZ 15W

8.13"x8"x2.13"
1223.5203.2a71.12 mm/

Send me Model
Bill my Chargex
Expiry date
Name

Address

KIT PRICES
Kit C7R-2X 60K $339.00
Kit CTR-2X 600K 5649.96

Assembled

CIA -2X 60 5519.00
C7R-2X 800 5689.95

Ontario residents add 7%UP., Tex

Kits include all parts, drilled and plated PC boards, cabinet,
switches, hardware and a complete instruction manual includ-
ing calibration instructions.

Factory assembled units aro tested and calibrated to
specifications.

Master Charge
Signature

Ontario add 7% P.S.T.

City Prov

ELECTRA ELECTRONICS CO.
7222 TORBRAM ROAD - UNIT 12 MISSISSAUGA ONTARIO L4T 3V2 - TELEPHONE 678-0562

amplifiers, it's E superb stereo system with your choice of
power outputs. With two matching amplifiers, it's deluxe
4 -channel. With the addition of "build -in" modules, it's SQ,
Dolby FM and CD -4. No waste, no replacement, no "black
box" wiring hassles. It's all you need for a lifetime of listen-
ing! Find out about Modulus and the over 400 superb elec-
troni: kits from Heath in our new catalog. Send for it today!

Send Today!

PROFESSIONAL
POWER AMPLIFIER

MODULES 436"
FEATURES :
SHORT & OPEN CIRCUIT, IMPEDANCE
OVERLOAD, MISMATCH AND THERMAL
PROTECTION. ONLY 5 EXTERNAL
CONNECTIONS REQUIRED.
FULL 2 YEAR GUARANTEE.

NEW100w MODEL
Power Output 70we tt s RMS

7.5 ohms
110 watts RMS

7.5 ohms
170 watts RMS

7.5ohms

Frequ. Response 10-30 kHz -0.5dB 10-30 kHz -0.6dB 10-30 kHz -0.6dB

Slewing Rate 7.3V per microsec. 8V per microsec. B.4V per microsec
T.H.C. 0.05% @ 1kHz 0.05% @ 1kHz 0.06% @ 1kHz

Damping Factor 200 400 400

Hum & Noise 115dB below 70
watts

115dB below 110
watts

115 dB below 170
wett5_

Input Sensitivity OdB10.775V1 70
Vil A tts

OdB (0.775V) 110
watts

OdB (0.775V) 170
watts

Input Impedance 47k 47k 47k

Power Requirement C 36volts / 45Volts * 55 Volts
Overall Dimens. 5.9" Long x 3"

Wide x 1" High.
5.8" Long x 3"
Wide x 1" High

4.8" Long x 3"
Wide x 1" High
Heat sink 6- x

POWER SUPPLIES

Send me Model
Bill my Chargex
Expiry date
Name Ontario add 7% P.S.T.
Address
City Prov

ELECTRA ELECTRONICS LTD.
Unit 12, 7222 Torbram Rd, Mississauga, Ontario L4T 3V2

Tel. (416) 678-0562 Telex 06-968653

I.P.S. 60 $89.95 100 $109.50 150 $139.50

Master Charge
Signature
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NEWS DIGEST
HOBBY-WRAP TOOL
The new BW-630 Hobby Wrap is a re-
volutionary battery powered tool for
wire -wrapping 30AWG wire onto
standard DIP socket terminals (0.25"
square). The tool comes complete with
a built in bit and sleeve for producing
the preferred 'modified' style wrap.

A built-in device to prevent over -
wrapping is standard. Carefully
designed and developed for the serious
amateur, the tool weighs only 1 loz.
and runs on any standard or recharge-
able 'C' size batteries. Pistol grip
design of rugged ABS, positive index-
ing mechanism and quality construc-
tion assure exceptional performance.
Price: $48.75 (batteries not included).
Len Finkler Ltd., 25 Toro Rd., Down-
sview, Ontario, M3J 2A6.

VARIABLE PERSISTENCE/
STORAGE OSCILLOSCOPE
A new variable persistence/storage
oscilloscope from Hewlett-Packard
includes a number of features not
normally found in instruments in this
price range. Selling for V576.00, the
Model 1223A includes a burn -resistant
CRT and automatic storage control to
make it easy to capture low rep -rate
and single -shot waveforms for stored
display. The 15MHz bandwidth and
2mV sensitivity make it ideal in
education, medical, electromechanical,
and many other applications.
INQUIRIES MANAGER, Hewlett-
Packard (Canada) Ltd., 6877 Gore way
Drive, Mississauga, Ontario.

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

NEW CATALOGUE
FROM UNIVERSITY
Illustrating a comprehensive line of
speakers, horns, drivers and micro-
phone accessories, the new 1977
University Sound 16 -page catalogue
has now been released.

Featuring sectionalized product
informaticn on University's Life -
Safety Speakers, Explosion -Proof
Drivers, Column Speakers, Horns,
Multiduty Speakers, Underwater and
Weatherproof Speakers, and a wide
range of Paging/Talk-Back Speakers,
the catalogue is designed to Provide
both technical and application inform-
ation. Copies are now available by
writing to John R. Tilton Ltd.,
1200A Eglington Avenue East,
Scarborough, Ontario.

COLOUR -BAR PATTERN
GENERATOR

Eico has introduced a new IC digital
colour -bar generator, model 388. The
new unit, housed in a hand -sized case,
weighs only 12 ounces yet delivers
accurate signals for test and alignment
of any coloL r or black -and -white tele-
vision receiver.

The unit provides the following
displays on -.;hannels 2,3, or 4: gated
rainbow pattern for chromirence
adjustment with ten standard 2o I ou r
bars, single cot for static convergence
adjustment, dot raster for final
convergence, nonlinearity correction,
pincushion, single vertical line for
horizontal cantering, eight ve-tical
lines for width and nonlinearity adjust-
ment, single horizontal line for vertical
centering, eight horizontal lines for
height and nonlinearity adjustment,
single crossbar for centering and
positioning and crosshatch pattern for
final convergence.

Model 38f operates from two stan-
dard 9 -volt batteries or nickel-cadium
cells. The unit also features an LED
for power -on indication, crwtal-
controlled oscillator and timing
circuits for Er -eater stability. Eico
Canada Ltd., 20 Millwick Dr., Weston,
Ontario.

VOTES CASHED IN
A preset cash register, normally found
in cafeterias and fast food outlets,
turned out to be 'as speedy as a large
computer' in processing election night
reti, rns for the City of Brampton.

It's believed to be the first time in
North America that a cash register
has been used to tally election results.
Two machines were used by the city-
both NCR 225 preset electronic cash
registers - with one handling Council
results, the other School Board results.

Tl-e principle of a preset machine is
simple. The price of a hamburger for
exanple, is established at 69c and this
price is preset into system memory
and a 'Hamburger' key is assigned.
Every time this key is depressed, the
register recalls the preset price and
adds it to the total sale. To order 5
hamburgers, depress item quantity (5)
and Hamburger; the rest is automatic.

Tha preset machine also allows for
the L se of 'open' keys, that is a key
with no preset price to record miscell-
aneous items. For the election all keys
were made open keys, thus allowing
the c ty to index the number of votes
instead of a price.

Sutstitute Joe Smith, Mayoral can-
didate, for Hamburger and each time
the Joe Smith key was depressed it
activated the inventory counter to
count the number of polls reporting
and record the votes.

As :he polls closed in Brampton,
Deputy Returning Officers tallied up
their totes and telephoned the results
to Brampton's Centennial Centre,
where the poll number and the total
number of votes for each candidate
were then entered on color -coded
slips (different color for each cash
register). The slip was handed to the
appropriate operator and a duplicate
copy was given to a clerk whose job
was to keep track of those polls that
hadn't been reported.

The 225 operator indexed the num-
ber of votes and then depressed the
buttor for the candidate. Each time
the candidate's button was depressed,
the system's memory recorded that
another poll had been accounted for.
System readouts were taken periodic-
ally during the evening, recording a

candidate's total votes by the number
of polls reporting to date; this infor-
mation was then transmitted to the
municipality's main offices for entry
on a lzrge election board. It took
only 10 minutes from the time a DRO
phonec in his totals to the results
appearing on the election board.
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NEWS DIGEST
CB EXPANSION
Effective from April 1, 1977, the GRS
will be expanded to 40 channels from
22. This is in line with the US exp-
ansion. At the same time, more
stringent standards have been intro-
duced with regard to unwanted
radiation from CB rigs. The new
standards are given in Radio Standards
Specification 136, Issue 5, which
should be obtained by anyone wishing
to submit equipment to the DOC for
type -approval.

Equipment for 40 channel oper-
ation may be sold before April 1,

unlike the situation in the US, where
several distributors were warned by
the FCC for selling 40 -channel rigs
before January 1. However, all such
equipment must carry a label which
incorporates the statement 'Licens-
able under Issue 5 for 40 channels
after April 1, 1977 and consequently
fully compatible for licensing under
Issue 4 for 22 channel operation until
April 1, 1977'.

Other quotes from Telecommuni-
cations Regulation Circular 40:

'GRS licensees making use of the
new 17 channels after April 1 should
be aware that this spectrum is present-
ly occupied by licensees in the private

Commercial Land Mobile Service.
Although encouraged to apply for new
frequency assignments they have been
given the option of remaining on their
present assignments until they find
it convenient or necessary to re-
locate. Inter-sevice interference pro-
tection will not be provided be the
Department. In the interim period
GRS licensees are requested to co-
operate where possible with existing
licensees on these frequencies.

The Department will continue to
monitor the growth of the General
Radio sevice and its impact as a source
of interference to broadcasting and
other radio services with a view to the
application of more stringent tech-
nical standards should they become
necessary. In addition it may be
desirable in the future to gradually
phase out the double sideband mode
in favour of single sideband trans-
missions thus eventually doubling the
number of channels available in this
Service. Should such measures become
necessary, purchasers of equipment are
assured that there would be a reason-
able amortization period to allow
conventional AM double sideband
equipment to obsolesce.'

ELECTRONICS CONFERENCE
The International Electrical Electron-
ics Conference and Exposition will be
held on September 26, 27 and 28,
1977 at Exhibition Place, Toronto,
it was announced by Conference
Chairman Douglas M. Hinton of Bell
Canada. The three-day, biennial event,
sponsored by the IEEE, combines
international government and industry
exhibits with the presentation of
technical papers on the latest
developments in the field. It attracts
decision -makers and researchers in
business, education, government and
industry from Canada, the US and
abroad.

The technical papers, which will be
published in digest form for world-
wide distribution, will cover such
diverse areas as telecommunications,
media electronics, standards, safety,
components, EMC, power and bio-
medical electronics. Chairman of the
Technical Program is Geoffrey Beding-
ham of Canadian Motorola.

A highlight of the Conference and
Exposition is expected to be the
traditional banquet at which the
Tanner Lecture will be delivered.

For information regarding exhibits,
technical papers and registration,
contact: International Electrical Elec-
tronics Conference and Exposition,
1450 Don Mills Road, Don Mills,
M3B 2X7.

CANADIAN COMPUTER CRAZE
The hobby computer mania which
has swept America now seems to be
hitting Canada. In Toronto alone,
3 stores have opened selling computers
in kit or assembled form. Most pop-
ular seemto be the IMSAI 8080 and
the Processor Technology systems.
In Toronto at least, it seems that you
can -now shop locally when you go to
the computer store!
First Canadian Computer Store, Ltd.,
44 Eglinton Ave. W.,
Toronto, M4R 1A1.

The Computer Place,
186 Queen St. W,
Toronto, M5V 1Z1.

Compu termaster Systems,
67 Gloucester St,
Toronto.

SAY, WHAT'S THE TIME?
An electronic wristwatch that talks
has been patented by Robert Lester,
president of Intersonics Corp. in New
York. The Sonatime watch will have
a conventional LCD display, and will
also pronounce the time through a
miniature speaker fed from a Read
Only Memory containing digitised
speech. How long before we have a
'Slimmers' Watch' that speaks your
weight?

CGE USE VIR
Canadian General Electric has intro-
duced a domestic colour TV set which
incorporates - for the first time in a
Canadian -made set - a circuit to
detect and decode a special tint and
colour intensity reference signal as it
was actually produced at the studio.

The introduction of this special cir-
cuit into a home TV receiver marks
the first time that a fully automatic
colour TV has been made available to
the consumer.

Today most colour TV programs
originating from the mjor US networks
are broadcast with this reference,
called a Vertical Interval Reference
(VIR) signal. Many of these programs
are reproduced on Canadian TV with
the VIR signal.

The Canadian Radio and Television
Commission has approved in principle
the use of the VIR system in Canada.
Within the next year or so most TV
stations in Canada are expected to
include the VIR signal on domest-
ically produced programs.

An on/off switch on the TV set's
function panel controls the VIR
circuit. If the signal is not being broad-
cast with a particular program, the set
can be adjusted for colour level just
like a conventional TV.

The VIR system is being intro-
duced in a 20 -inch model and plans
are to add the feature to other models
in the line within the next year, accor-
ding to Bill Sinclair, Manager -Market-
ing, CGE Home Entertainment
Products.

CB SPEAKER

Philips Electron Devices has just
released the AD555, an extension
speaker for all mobile or fixed CB
stations. The AD555 uses a 4 inch
weather -proofed cone speaker in a
moulded high -temperature plastic case.
The unit is rated at 6W, and the
response curve is tailored to voice
frequency response. The unit comes
with an adjustable tilt metal bracket
and mounting hardware.

The AD555 has a suggested list
price of $19.95 and is available
through authorized Philips Deforest
distributors and dealers.
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FREQUENCY COUNTER

A new frequency counter, model FM -7
is available from Metermaster.
Manufactured by Non Linear Systems,
the FM -7 uses CMOS construction.
Sensitivity is 30mV with the 7 -digit
LED display having a resolution of
1Hz. The battery -powered unit is ideal
for audio, broadcast, amateur, CB and
industrial frequencies.

Also from Metermaster is a new
clamp -on ammeter capable of meas-
uring DC, AC and AC superimposed
on DC. The YEW model 3228 is a
portable clip -on ammeter designed to

measure DC and AC current from
50mA up to 20 Amps without break-
ing the circuit under test.

The instrument will measure
current with excellent linearity and
has a flat frequency response up to
2kHz. It is unaffected by position of
the current -carrying conductor in the
clamp and has an accuracy of ±2.5%.
Battery operation is standard, with
options including use on AC line and a
100mV recorder output. Metermaster,
214 Dolomite Dr., Downsview,
Ontario M3J 2P8.

FM BOOSTER
Now from Magnum Electronics Inc.,
of 72-74 Stafford St., Toronto,
Ontario M6J 2R8, is the Magnum
85FM Power Antenna. This is basically
(or at least seems so to us) a VHF
preselector with a gain of 35dB and
7dB noise figure. The tuning on the
unit we tried was extremely sharp -
spurious rejection and image rejection
are quoted as 90dB and 85dB
minimum respectively. This unit will
give a worthwhile improvement in
areas of fringe reception.

AM BROADCAST RF AMPLIFIER
National Electrolab Ltd. has intro-
duced their new model R FA-5AM RF
amplifier for off -air monitoring.
Features include a built-in carrier -level
meter which provides an accurate
indication of transmitter radiated
power. An Automatic Gain Control
circuit keeps RF output constant for
up to 30dB variations in day/night
signals.

The amplifier also has an optional
alarm package providing audible and
visual alarms in the event of a carrier
or audio failure. In addition, an
optional audio output package will
provide a balanced 600 ohm output
for an off -air audio feed to studio
monitors as well as a high-fidelity
signal for distortion and frequency -
response measurements. National
Electrolab Ltd., 1536 Columbia St.,
North Vancouver, BC. V7J 1A4.

BATTERIES BOOSTED

Canadian General Electric are promot-
ing sales of their "Recharge Battery
System" with this counter display.
Rechargeable batteries are an attrac-
tive proposition because they can be
recharged up to 1,000 times and can
generally be expected to last as long
as the product in which they are used,
whether that be a movie camera,
photo flashgun, tape recorder, CB or
ham radio, calculator or any other
battery operated product.

C.G.E. N.-Cad batteries are avail-
able in AA, D.C., and 9 Volt sizes. In
addition, the BC -3 can be used in
conjunction with battery holder
modules to recharge the cells. At local
dealers now.

SCIENCE BOOK
'Scientific Models for Experimenters'
by Dr. Harry E. Stockman is written
for first year college students, but
more than 60 models are described
which can be built by high-school stu-
dents participating in a Science Fair.
Included are novel Electric Motors,
Newton -Law demonstrators, Network
Models and Theorems, extending to
the new General Twoport Theorem,
Amplifiers, etc. A considerable part of
the book deals with Medical Elec-
tronics, Biophysics, Helmholz' ZETA
Potential, Heart and Brain -Wave Moni-
tors, extending into Parapsychology.
The 400 -page book sells for $10.95
plus postage. SERCOLAB, P.O. Box
78, Arlington, Mass. 02174.

COLOURFUL VTRS
International Video Corp. of Canada
Ltd., has developed a new add-on for
its IVC 700 and 800 video tape
recorders which will improve the
colour quality. Chromacon, as the
system is called, operates by down -
converting the chrominence signals
and recording them directly.

NEW SOUND CATALOGUE
Argos Sound of Genoa, III., has just
released a new 12 -page, three color
catalogue with photos and descriptions
of their complete line of sound
systems and components. Included is a
large selection of sound columns, as
well as portable sound systems, baffle/
speakers, wall baffles and CB base and
mobile speakers. Specifications include
weights and measures in the standard
and metric systems. Each product is
described according to its acoustical
application to specific market areas.
For further information, write:Argos
Sound, 600 South Sycamore, Genoa,
Illinois 60135, or their Canadian
vents, Leigh-Marsland Engineering
Ltd.

CB BONANZA
23 channel CB transceiver prices are
;Plummeting as suppliers find them-
selves stuck with more sets than they
can sell. The introduction of 40
channel sets in the States means that
would-be customers are holding off
buying, and so manufacturers are
cutting prices, planning free extras,
and some are considering pushing their
sets in Canada where we still have only
23 channels. Watch for a price drop!
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FULL RANGE 40 to 150 watt

0 4"
DRE DC8

OHM
8 12"

$2495
20

WATTS
RMS

DRE DC12

These driver units by RSC have been designed for use in reflex enclosures for optimum
response and power handling. Specifications should not be changed. Your cabinet
must have no air leaks other than the vent . .. caulk all seams and speaker frames.

Speakers are to be mounted from the front and flush with the face of the baffle. The

grille cloth should be an open weave material that you can breathe through easily ...
make sure the grille clears the speaker by at least 3/8". We suggest you line the cabinet
with two inches of damping material making sure the front and vent are clear. Follow

these specifications . .. and you'll have speakers delivering you acoustical exellence.

MARSLAND
SPEAKERS

FOR VALUE & PERFORMANCE

$1695EA 30 Hz

CASE OF FOUR
ROW
RESONANCE

$5900 8ohmsper

AIR SUSPENSION 40 Watt LINEAR

'ara WOOFER

CROSSOVERS
SOO -4.5 KM: $ 1 q 9 5

40W ILea
700-31045 $) A 5

60W Lai ea
700-2.4KMz$'5 900
150W ea

13 Di

DOME TWEETER
RSC

Classic
SERIES

$995

DRE DOM10

Specify 8 or 16 ohm 40 Watts

MID -RANGE SPEAKER
POWER 40 ve

FREQ. RANGE

400-8000Hz
SPECIFY 40r 8 ohms

$1 1 95 EA

AD5060SQ4or8

DOMINION RADIO & ELECTRONICS COMPANY
535 YONGE STREET - TORONTO, ONTARIO - M4Y 1Y5 - TELEPHONE: (416) 922-1818

ETI is printed in Canada

xivoi.sta.aleAh

The quality tools for quick
electrical test connections,
since 1908.
Widely distributed in
CANADA
The world's largest, best-known
and most complete line of
alligator, test and battery clips.
Steel or solid copper. Reliable
"bite". Refined design, through
long experience.
Matching flexible vinyl
insulators.
Famous Hippo and Pigmy -
Hippo plier-type auto
battery clips.
For krther information or
sample clips, write factory or
inquire of our Exclusive
Canadian Representative:
W. H. Cooper & Co., Ltd., 4480
Chesswood Dr., 03,
Downsview 462, Ontario

1619G East 31st Street, Cleveland, Ohio 44114
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PUBLICATIEIS

FROM ETI
FROM THE PUBLISHERS OF

ELECTRONICS TODAY INTERNATIONAL

IRCUIT

1

RIM the Otitiffebert e electronics telly Mternatioial

Take the mystery
out of elettroolor with
this straightforward
logical course

/ varigarair

CIRCUITS No. 1:
A brand new concept from the hoLse of ETI
more than 100 pages packed with a wide
range of experimenters circuits. Based on
the 'Tech Tips' section carried it the over-
seas editions of ETI, Circuits 1 is tie first of
a series of specials - produced for the enthu-
siasts who S:now what they wart, but not
where to get it! Circuits 1 will also act as a
catalyst for further development of ideas,
ideal for the experimenter. The col ection of
more than 200 circuits is complemented by
a compreher sive index, making searches for
a particular circuit quick qnd simple. Also,
similar circuits can be compared easily, due
to the logical layout and grouping used
throughout. _ast and by no means east, Cir-
cuits 1 has no distracting advertisements in
the main section!

TOP PROJECTS No. 4:
A collection of 28 constructional projects
reprinted frcm ETI. This is the fourth in a
series publish ed by the British ed tion (Nos.
1,2, and 3 are not avaiiable). P-ojects are
complete arid include: Sweet Sixteen Stereo
Amp, Waa-W.sa, Audio Level Meter, Expand-
er/Compressor, Car Anti -Theft Alarm, Head-
light Reminder, Dual -Tracking P3wer Sup-
ply, Audio Millivoltmeter, Thermocouple
Meter, Intrucer Alarm, Touch Sw t:h, Push -
Button Dimmer, Exposure Meter, Photo
Timer, Electronic Dice, High Power Beacon,
Temperature Controller, Electrcric One -
Armed Bandit plus many more.

$5.00 FOR CIRCUITS No.1
$2.50 FOR TOP PROJECTS No.4

ELECTRONICS - IT'S EASY:

Volumes 1 ar.d two of the best introductory
series to electronics ever published in a mag-
azine. Volume three, completing the series,
will be available in a few months.

Electronics - It's Easy! takes a ttresh look
at electronics: it avoids the usual introduc-
tions to the subject which mostly seem des-
igned to frighten you away before you reach
page 10!

Volume one leads the raw beginner from
a gentle introduction, explaining circuits in
'black -box' form up to the use of operation-
al amplifiers.

Volume two deals with more advanced
techniques, and deals with digital and logic
circuits.

These boo6ss have sold extremely well in
Australia and in Britain. In Holland they
form the basis for a correspondence course.

$[6.00 FOR BOTH, $3.50 INDIVIDUALLY

i'MPLE15:710S TESTER
HI Fl AMP SW i.SW. CAR ALARM
DICE. Aurao MILLIVOLIM
PUSH BUTTO '

TI TOP PRO$115,0
$3.,e

TRACKING P. S.
ER ALARM. PHOTO is

Ahtl). fMERGENCY ISEACJt
ARM SAI4DIT. LOGIC

EITESv LlOHT EXTE
Dl.IGHT REMINDER,. T
Cat. FLASH IRIGGER.

R SUPPLY. CAR FLA
'LIRE METER. TEMPERA

". THERMO
ERAMIC

electronics
vok...2 -it's easy
Irmo the fotolishers of electronics today international

rq

£t20

Power Supplies
Waveforms
Filters
Digital Systems
Logic

THESE PUBLICATIONS ARE AT PRESENT ONLY AVAILABLE FROM ETI

Send your orders, with payment, to
ETI PUBLICATIONS

Electronics Today International
Unit Six

25 Overlea Boulevard
Ontario M4H 1B1

Please specify which publications you require, and print your name and ac dress clearly.
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ETI

i144WATT STEREO
This simply -constructed amplifier gives high quality reproduction for
surprisingly low cost. The five watts per channel output is sufficient for the
average listening room even when inefficient loudspeakers are used.

THIS PROJECT UTILISES A NEW
advance by IC manufacturers. A few
years ago no one would have
believed a complete stereo hi-fi
amplifier could be made from just
two ICs plus a few passive com-
ponents. Today more and more
components are contained within
the IC so a power amplifier is as
easy to use as an op -amp.
Easy to build - Readers who were
previously apprehensive about
building audio power amplifiers
should have no trouble with this
design - there is little to go wrong.
Adequate Power - The output is
unlikely to be found lacking unless
the loudspeakers are very ineffi-
cient. Speakers of this type usually
belong to the hifi enthusiast who
spends lots of money on his system;
the inefficiency of the speakers is
compensated for in the amplifier. In
an average set-up it is unlikely that
you would, under normal listening
conditions, be able to tell the
difference between the ETI444 and
a twenty watt amplifier.

specification
MEASURED PERFORMANCE OF PROTOTYPE
ETI 444

POWER OUTPUT
Into 8 ohms

DISTORTION
At 3 watts out
At 4 watts out
At 5 watts out

FREQUENCY RESPONSE
High-level input

SENSITIVITY
Magnetic input
High level input

LOAD IMPEDANCE
!NPUT IMPEDANCE

Magnetic input
High level input

SIGNAL TO NOISE RATIO
High level input
Phono input (ref 10 mV in)

5 watts per channel

0.15%
0.5%
3.0%

+10 dB,
-3 dB 4 Hz to 200 kHz

1.5 my
190 mV
8 ohms or higher

approx. 100 k
approx. 10 k

67 dB
64 dB unweighted
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FIVE WATT HI-FI AMPLIFIER
LM379 - National Semiconductor
recently supplied ETI with samples
of their new dual five -watt audio
amplifier IC - the LM379. The
circuitry around the IC is very
simple in comparison to most of
those previously available. The gain
is set in a similar way to that for an
operational amplifier: by the ratio of
two resistors in the feedback
network. In addition the IC features
internal stabilization, current limit-
ing and thermal protection.

-110W it works

Preamp - We decided to try the IC
in conjunction with the dual low-

noise preamplifier IC also from
National Semiconductor - the
LM382. The combination results in
a simple stereo amplifier which
works very well indeed.

Whilst tone control could be
achieved very simply it was decided
that the performance of the ampli-
fier deserved good treatment. So we
use more effective tone controls.

The result is a five -watt stereo
amplifier, ET1444, simple and
inexpensive to build, and with a
surprisingly high performance.

CONSTRUCTION

As with most straightforward pro-
jects the use of a printed circuit
board is not only desirable from an
ease of construction point of view,
but it also helps to ensure identical
results to those of our prototype.

The components may be assem-
bled to the board in any order but
we find it preferable to assemble the
low -height components first, ie,
resistors, diodes. Before installing
IC2 make sure that a hole of about 6
mm diameter is drilled in the board
at the end where the heatsink is to

THE OUTPUT OF a magnetic cartridge is
normally of the order of 5mV at 1kHz.
However, in the recording process the high
frequencies are recorded at a higher ampli-
tude than the low frequencies (in order to
reduce noise). The curve of amplitude -
versus -frequency that is used is known as
the RIAA curve. When the record is re-
played the reverse characteristic of gain -
versus -frequency must be applied to restore
a flat frequency response. This process in
the amplifier is known as equalization.

The first stage of the ETI 444 amplifier
uses an LM382 dual low -noise preamplifier
IC. This stage is designed to amplify and to
equalise the output of a magnetic cartridge.
Note that many of the resistors needed to

bias the IC (and to provide equaization)
are provided within the chip and very few
external resistors are reqired to make it
function as an RIAA compensated amp-
lifier.

The second IC is an LM379 - a dual
stereo power amplifier which provides
six watts RMS per channel with supply rails
of ±13 volts. The IC is unusual amongst
power amplifiers in that it can be used in a
similar fashion to conventional op -amps
(except that it is capable of driving a low
impedance load of 8 ohms).

The gain -versus -frequency response of the
power amplifier is set by the bass and treble
controls. The overall gain is set by the ratio
of 1 + R15 / (R17 + RV4). The part of RV4

corresponding to a particular amplifier is
that between the wiper and the outside tag
connected to the amplifier. Thus the gain of
the two amplifiers may be varied different-
ially by varying RV4 (which acts as a
balance control). The level of the input to
the power amplifier is set by RV1 (which
acts as a volume control). Switch SW1
selects the input to the power amplifier
from either the RIAA power amplifier or
from tuner tape or auxiliary inputs as
required.

The power supply is simply a bridge
rectifier and centre -tapped transformer
arrangement which provides ±-12Vdc. With
both channels driven this is adequate to
provide an output of 5W per channel before
clipping.
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be mounted (after the IC is
installed). Take care that all polar-
ized components, such as diodes,
ICs, electrolytic capacitors and
integrated circuits, are mounted
with the correct orientation.

Solder 25 to 50 mm lengths of
tinned wire to each of the lugs
the potentiometers and then mount
the potentiometers in the appro-
priate position by threading the
tinned copper wires through the
holes provided in the printed -circuit
board. Pull the wires down so that
the lugs are almost flush with the
board and the potentiometers are all
in line. Then solder the wires.

The heatsink may now be
mounted onto IC2 using a single
nut and bolt. Care must be taken to
ensure that the heatsink does not
touch any of the potentiometers as
it is at a potential of -12 volts.

The unit may now be mechani-
cally assembled by securing it to the
front panel by means of the
potentiometer shafts and nuts, and
by fitting two 6.4 mm spacers
between the rear of the board and
the chassis.

Finally wire the unit as shown in
the component overlay diagram.

continued overleaf

80

---Ir-i-r:FOLO HERE

3.2mm DIA

".1

40

I

MATERIAL 1mm ALUMINIUM
ANODISED OR SPRAYED BLACK

NB: Do not paint area of heatsink
that is in contact with the IC.

Fig -3. The heatsink for the LM379. The
heatsink described will get quite hot
when the amplifier is run at full output.
If it has been blackened by painting it
may smell a little at first but this will
soon pass away. For normal domestic
listening this size heatsink will be found
to be entirely adequate but if the amplifier
is to he run continously at full sinewave
output it would be advisable to increase
the size of the heatsink. No damage can
be caused by using the smaller heatsink
however as the IC is thermally protected
and will simply shut down if it gets too
hot.

Fig.2. PCB overlay and interconnection diagram.
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FIVE WATT STEREO

-Parts LIS

Resistors
R1,2 1 k

R3,4 100 k
R5,6
R7,8
R9,10
R11,12
R13,14
R15,16

5k6
27 k
47 k
5k6
27 k
10k

R17,18 100

Fig.4. PCB Pattern (full size).

Capacitors
C1,2 0.1 p.F poly
C3,4 0.33 RF poly -

1/4W 5% C5,6 0.0015 p.F poly/ceramic
C7 -C12 10µF 16 V
C13,14 0.002 p.F poly/ceramic
C15,16 560 pF ceramic
C17,18 100 j.LF 16 V
C19,20 2200 p.F 16 V'
C21 10µF 16 V
C22 0.033 p,F 125V AC

Potentiometers
RV1 10 k log rotary dual
RV2 25 k lin rotary dual
RV3 100 k lin rotary dual
RV4 500 ohm lin rotary wirewound

 1000µF 16 V will do if 2200 j.LF
is not available.
Semiconductors
D1 -D4 1N4001 or similar
IC1 LM382
IC2 LM379

Switches
SW1 2 pole 4 position rotary
SW2 2 pole rocker
Miscellaneous
2 Two pin speaker sockets
2 Four way phono sockets
4 Rubber feet
2 6.4 mm spacers
5 Knobs
2 Core flex, plug, clamp, grommet

Chassis and wooden sleeve to suit.
Panel mounting fuseholder &
250 mA fuse to suit.
Screened cable
Heatsink to Fig. 3.
120V Neon indicator

Transformer 117V to 9-0-9V at 1.5A
PCB ETI 444 - $6.00 post paid
from CANMOS, PO Box 1690,
Peterborough, K9J 7S4.

C

YOU CAN SELL ETI

`CONTACT US
FOR DETAILS'

This is easy -
anyone con solder-*ft2--

WITH
KESTER SOLDER A

P-
KESTER

SOWER

I I 14°1.°
"I' 6 cE5x,

Handymen! Hobbyists!
DO-IT-YOURSELFERS!

A

Let Kester Solder aid you 'n your home repairs or hobbies. For that household
item that needs repairing -a radio, TV, model train, jewelry, appliances, minor
electrical repairs, plumbing, etc. - Save money - repair it yourself. Soldering
with Kester is a simple, inexpensive way to permanently join two metals.
When you Solder go "First Class" - use Kester Solder.

For valuable soldering information send self-addressed stamped envelope to
Kester for a FREE Copy of "Soldering Simplified".

MKESTER SOLDER COMPANY OF CANADA, LTD.
Litton P.O. BOX 474 / BRANTFORD, ONTARIO, CANADA N3T 5N9
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Philips DeForest: Speakers for people who listen
Woofers from 5" to 15", midranges in both dome and core styles and new
versions of the famous Philips domed tweeter are ideal for communications,
experimental or hi-fi application. Philips system -matched crossover
networks in six configurations make virtually any combination possible.

DeForest
Complete kits range from bookshelf models to state-of-the-art packages q,oudspeakersthat look and perform like speakers costing substantially more. Details from
Philips or a Philips dealer.

Electron
Devices
Division

For performance data and location
of your nearest dealer write to:
Philips Electronics Limited,
601 Milner Avenue, Scarborough,
Ontario M1B 1M8.
Attention P Thorne.

PHILIPS
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MORE THAN JUST A LANDMARK

THE

CNTIOWER

PARIS HAS THE EIFFEL TOWER,
Rome, the Colosseum and now,
Toronto has its own landmark. All one
thousand eight hundred and fifteen
feet of it. The CN tower - the world's
tallest free-standing structure. Massive,
breathtaking - a Canadian engineering
showcase. But the tower is more than
a public attraction; it is a working
tower, designed as a transmission
facility for the city's broadcast media.

The tower, which is located in
Toronto's south-west section, about
one-third of a mile from Lake Ontario,
was built primarily to improve signal
strength for the local television and
FM radio stations. Severe ghosting and
weak FM signal problems had existed
throughout the city. High-rise apart-
ment and office buildings combined
with the city's topography, impeded
broadcast signals, distorted their trans-
mission and consequently limited
coverage. With its 1,815 -foot height,
the tower eliminates ghosting for the
local stations and extends television
coverage up to 50 percent with no
increase in power. By increasing the
radio horizon or line -of -sight, the
tower has also extended and improved
FM reception.

CENTER OF A CENTER

The tower was originally conceived
to be the centre -piece for Metro -
Centre, a billion -dollar redevelopment
project for downtown Toronto, cover-
ing 190 acres of land owned by
Canadian National and Canadian
Pacific. Programed for completion
over a 15 -year span, the centre was to
have included an integrated transport-
ation facility, a commercial office area
and a residential section. Early in 1973
with civic support for the centre ebb-
ing, CN began construction of the
tower in an effort to keep the total
project alive, but a year later Metro -
Centre was shelved.

Work on the mammoth structure
began in February, 1973. To accom-
odate the foundation, 62,000 tons of
grey Dundas shale were removed. In
the final stages of excavation, about
50 feet below ground, the shale was
smoothed and a one -foot thick blanket
of concrete was poured over the rock
base. On top of this blanket, a 22 -foot
thick concrete foundation was formed.
For added strength, the foundation
included a maze of 500 tons of steel
and 40 tons of tensioning cables. With

the foundation completed, workers
began pouring concrete into a slipform
which was used to form the tapered Y-
shaped tower. A special concrete mix-
ture was poured 24 hours a day, five
days a week for eight months, to form
1,464 feet of the tower. In total
53,000 cubic yards of concrete were
used with over 80 miles of steel cable.
The cable increased the strength of the
concrete to 6,000 pounds per square
inch. An additional 5,000 tons of re-
inforcing steel and 600 tons of struct-
ural steel were used before the struct-
ure was complete.

BOBBING BOMBSIGHTS
To make sure the tower was being

built straight, engineers used three
German -made optical plumbs or
'bombsights' as well as the traditional
plumb bob. The plumb bob consisted
of a 250 -pound steel cylinder attached
to a steel cable. Every measurement
was checked and cross-checked: The
result: the concrete portion of the
tower varies from absolute vertical
plumb by a maximum of 1.1 inches.

In August 1974, 45 -foot steel angle
brackets were bolted to the tower at
the 1,100 foot level. The brackets
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were used to support the Sky Pod, a
seven -storey circular structure which
houses the public observation areas,
the revolving 416 -seat dining room and
the broadcast transmission equipment.
The brackets were in place for over a
year while workmen used more steel
and concrete to mate the Sky Pod to
the tower.

Above the Sky Pod, at the 1,464 -
foot level, another 16 feet of special
concrete was poured to serve as base
for the transmission mast.

TOWERING OVER THE USSR
In early March 1975, a giant Sik-

orsky Skycrane helicopter topped the
tower off by putting into place the
335 -foot steel transmission mast. With
the last section in place, the CN tower
surpassed, by more than 67 feet,
Moscow's Ostankino Tower, which
previously held the record.

To control the sway and vibration
caused by heavy winds, two dampers,
or absorbers, were installed two-thirds
of the way up the mast. Designed by a
team of Canadian engineers, the damp-
ers are finely tuned to two different
frequencies to counter the motion of
the mast and tower.

SNOWED UNDER
Radome, a 11/2 -inch thick glass re-

inforced plastic cover was installed to
enclose the mast. Used to combat

heavy winter icing caused by freezing
rain, the shape and surface of the
radome will cause any major ice build-
up to break up and fall like snow.

MAST-ERY OF THE AIR
On the mast itself there are four

arrays. The CBC, on channel 5, has an
8 gain, single channel directional VHF
antenna. The 55 -foot tall array is at a
mean height of 1,572 feet.

CFTO-TV Ltd., channel 9, also uses
a directional VHF antenna with a gain
of 11. The 49 -foot high array is at the
1,635 -foot level.

Channel 19, CICA and CBLFT
channel 25, form an omnidirectional
UHF array. Set up as a dual 31 gain
antenna, the array is 60 feet tall and is
located at the 1,695 -foot mark.

CITY TV, channel 79, has a 25 -foot
long by 5 -foot diameter omnidirec-
tional UHF array, while provision has
been made to accomodate UHF
channels 45, 51, and 57 on a 50 -foot
three channel array.

Along with the arrays for TV, there
is a master FM antenna. Measuring 60
feet high by 26 feet in diameter, the
antenna enables CHFI, CKFM, CHIN -
FM, CHUM -FM, and CBC-FM to trans-
mit simultaneously. The array is a high
power circulary polarized antenna
using cross -dipoles. The array is at the
lowest end of the mast. Each station

using the tower has its own set of
transmitters which are located on the
uppermost floors of the Sky Pod.

PUBLIC MICROWAVES
On the lower section of the Sky

Pod are CN's microwave facilities. Part
of a national network, microwave is
used by CN for point-to-point trans-
missions of business information, high
speed computer data, and network TV
broadcasting. In addition to the broad-
cast and microwave facilities, the
tower also has a land mobile system
which greatly improves two -communi-
cations around the city. The public has
not been completely ignored when it
comes to the electronic features of the
tower. At the reception area located in
the entrance to the tower, is a wall of
television monitors, digital weather
display devices and the first computer
portrait printer in Canada. It can tele-
type a visitor's picture in less than two
minutes.

Built at a cost of 57 million dollars,
the tower, which has an expected life -
span of 200 years, is expected to
attract three million visitors a year.
For most of them, the tower means a
breathtaking ride on the high-speed
elevators to the observation decks, or
the revolving restaurant. But for
Toronto's broadcasters and their
audiences, the tower is much, much
more.

L J rTh

OK, all you budding authors, we know you're out there.
ETI, as you may have noticed is the only Canadian
magazine for the electronics hobbyist and enthusiast. Now,
we like to think of you all frantically rushing about buying
components for, and building, our projects. But we know
you won't all do that - it would be very boring if you did,
because some of you are doing your own things, designing
your own projects, and sometimes, getting them to work.

So, if you've built something interesting, and it works,
perhaps you would like to see it as an ETI project. We even
pay you for the privilege of seeing your pride and joy in
print. Or, perhaps you haven't built anything you feel
worthy of the accolade, but you could write an interesting
feature article.

Either way we'd like to hear from you. This is your
magazine in many ways - and by the way, if you've
just designed a computer -controlled hi-fi based on three
chips, please telephone!

BATTERY HOLDERS MICROPHONES CABLE CLAMPS

7 SEGMENT
LED READOUTS al
LOOPSTICK ANTENNAE

KNOBS

HARDWARE

O

PANEL BULBS

NEON BULBS

LIGHT EMITTING DIODES
(L.E.D.)

MINIATURE

DC MOTOR

INTEGRATED CIRCUITS METERS SOLDER

CONDENSERS TERMINALS TRANSFORMERS
INSTRUMENT CASES RESISTORS TRANSISTORS

TOOLS -vs;<

CB Accessories Single Sideband

CI
((p))1Acr,  SAINnra

DOMINION RADIO & ELECTRONICS CO.
535 YONGE STREET - TORONTO, ONTARIO - M4Y 1Y5

TELEPHONE: (416) 922-1818
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Is this a high, low or a critical day in your life? Find
out on this

BIORHYTHM
CALCULATOR
The Casio Biolator is an eight -digit calculator with
built-in 99 year calendar and digital biorhythm
computer.

We all know of the monthly cycle of hormones in women, but
did you know there are similar cycles in all people, irrespective
of age or sex? At the beginning of this century a German
doctor discovered that the body is regulated according to
three cycles of differing periods. The 23 -day cycle is the one
that describes variations in physical health, strength, endurance,
etc. In the first half of the cycle (days 2 to 11) the stamina
is high and the body is in good shape. In the second half of
the cycle (days 13 to 23) the body is more tired and prone to
illness.

The theory puts special importance
on the crossover days, the days between
the positive and the negative ha!ves of
the cycle. On these days the condition
of the body is undergoing its fastest
rate of change and the likelihood of
an accident or sudden worsening of
an illness is higher than at any other
time of the month. Days 1 and 12 of
the physical cycle are critical days.

The two other cycles concern the
condition of one's mental performance
and this is looked at from two view-
points - activity in the subconscious
regions of the brain and activity in the
fully -conscious regions.

The theory holds that there is a

28 -day cycle in the activity of the
mind's emotional, or instinctive, pro-
cesses. For the first fourteen days of
the cycle one's intuition is keenest,
the artistic side of your personality
is at its most creative and your natural
charm is at a maximum. However for
the next fourteen days life is more
humdrum and you are advised to

be careful with your relationships
with other people. On the critical
days (1 and 15) your non -rational side
is likely to dominate your normal
restraints, resulting in 'irresponsible'
behaviour, slips of the tongue, quarrels,
etc. On the Casio machine this cycle
is called the sensitivity cycle.

The third rhythm is the intellectual
cycle of 33 -day period. When the
cycle is high, thinking power is at
its greatest; judgement, wit and con-
centration are at their best. When the
cycle goes low it is the time for mundane
work, for activities low in their de-
mands on concentration. Days 1 and 17
are the critical days when errors are
likely, when the memory might fail,
when accidents might result from silly
mistakes.

These then are the three biorhythms,
the physical (23 -day) the sensitivity
(28 -day), and the intellectual (33 -day).
According to the theory all three
rhythms start their upward half -cycle
on the day you are born. And in the

O Sul
1 Mon
2 1e
3 Wed
4 Thu
5 Fri
6 Sat

The biorhythm graph as printed on the front of the calcu ator. The P, S, and I wave-
forms represent the body's physical, sensitivity (emotional) and intellectual cycles.

first 58 years of your life each day will
be under the influence of a unique
combination of these three variables.
How the Biolator works
The Biolator is based on a 4 -function,
3 -register, 8 -digit, calculator with auto-
matic constant. Readout is on a green
digitron tube display. This section
works just like an ordinary calculator
of this type: algebraic logic is used,
there is an overflow indicator, the
decimal point is fully -floating and
leading zeroes are suppressed.

Now to the interesting bit. This
can be examined from two aspects:
calendar calculation and biorhythm cal-
culation. The calender covers all dates
from 1901 to 1999 inclusive. It is ac-
cessed by inputs in the format: 76.10.
21. (for 21st October 1976) where the
three decimal points are lit by pressing
the DATE button after entering each
pair of figures. The calendar then replies
(instantaneously) by displaying 76.10.
21-4, the 4 after the - signifying
that the 21st of October 1976 lands on
a Thursday. By this method the day of
the week for any given date can be
calculated.

If after one date has been entered
the operator presses the - (minus)
button and enters another date, then he
can find the number of days between
these two dates by pressing the =
button. So 76.10.21.-4 minus 73.02.
09.-3 equals 1716 days. This facility
has obvious uses in calculating daily,
weekly, or monthly rates when you

24 ETI CANADA - FEBRUARY 1977



THE DESIRABLE AFFINITY CONDITIONS
players as soon as they know fixture
dates, and so on.

SPOUSE
LOVER
FRIEND
CO-WORKER
TEACHER
SPORTS MATE
CO -ADMINISTRATOR
CO -RESEARCHER
SECRETARY

Physical
High

High

High
High

Sensitivity
Medium

High
High

Medium
High
High
High

Low

Intellectual
High

High
High
High

Medium
High
High

know a specific quantity of a resource
was expended between two given days.

Biorhythm calculation
To find a person's biorhythms on a given
day you first enter that date and sub-
tract the date of birth of the person
in question (as if you were calculating
their age in days). However, instead of
pressing the equals button after entering
the second date, you press the 610
button. The biorhythm computer now
replies by displaying -PP.SS.I I-, where
PP gives the status of the physical
rhythm, SS the status of the sensitivity
rhythm, and II the status of the intel-
lect rhythm. These numbers correspond
to the day of the cycle for each rhythm,
they do not show amplitude. To inter-
pret the numbers there is a graph above
the display and a chart on the back of
the calculator.

The product of 23, 28, and 33 is
21252 which means that there are this

many possible permutations of the three
rhythms, and these permutations follow
the same sequence for all people.

No matter when you were born
your biorhythms on day 14610 of your
life will be -06.23.25-. The Biolator
works by calculating your position
on its 21252 -day biorhythm sequence.

Using the Biolator
In calculating your own biorhythms
you can arrange your diary to avoid
disappointment. Picking a day for
a wedding, for an interview or a driv-
ing test, planning an expedition or
training for .sportsmen, warning your
friends or family in advance of your
'off' days, etc., can be done with a

simple calculation.
The Biclator can be used to calculate

the daily condition of other people, too.
Businessmen can forecast the good days
for their key personnel (or the bad days
of their rivals!), team managers can pick

Interesting conclusions can be drawn
when you consider the biorhythms
of two people, with respect to each
other. The time difference between the
individual rhythms of two people will
always remain constant - if two people's
emotional rhythms are in phase they'll
always stay in phase. The difference
between the rhythms can be calculated
easily by finding the condition of the
older person on the day the younger
one was born. This then can be used
to map the affinity of the two people:
High affinity for one cycle is when
the two waveforms are in phase (the
difference numbers are high or low),
low affinity is when the waveforms
are out of phase (difference numbers
around half a period), and medium
affinity corresponds to a phase dif-
ference of about ninety degrees. On
the physical biorhythm, for example,
high affinity is shown by difference
numbers like 1 to 5 and 20 to 23, low
affinity is shown by numbers 9 to 16,
and other numbers show medium af-
finity.

To interpret the significance of af-
finity the table above has been drawn
up.

The Biolator comes with an instruct-
ion booklet and a simulated leather
case. It is attractively styled in a plastic
case with a brushed aluminum front
panel. Typical discount price is $29.95.

GAMASONIC CANADA LTD./LTEE
ELECTRONIC PARTS & ACCESSORIES

1111=11111111

Gamasonic Canada Ltd/Ltee.,
5780 Royalmount Ave.,
Montreal, Quebec H4P 1K5
Tel.: (514) 735-2721

 ELECTRONIC PARTS

 HiR ACCESSORIES

 HEADPHONES

 MICROPHONES

 8 TRACK TAPES

 CABLES
 HALIFAX  TORONTO

 WINNIPEG  EDMONTON  VANCOUVER

ETI CANADA - FEBRUARY 1977 25



EVERYBODY NEEDS....
AN FM POWER SLEUTH

DIMENSIONS

Height: 4'/2"
Length: 81/2"

Depth: 8"

Color: Walnut

CSA approved

No matter how much you paid
for your receiver... we guarantee

to improve FM performance.

RF Gain 35 db max. deviation AL 5 db.
RF Stages: 3 (L and C tuned)

Noise Figure 7 db max.
Transistors: 1 Fet J type and 3 bi-polar types

Spurious Rejection 90 db min.
Indicator Dial: "Led"

Image Rejection 85 db min.
Power Supply: Continuous 'ON" Type

Input 75/300 Ohm Output 75/300 Ohm

HERE'S HOW IT WORKS

RECEIVER OR TUNER

BEFORE

SIGNAL METER

RECEIVER OR TUNER

AFTER

TYPICAL RECEPTION

SIGNAL R

ANTENNA )

SV4

POWER SLEUTH

A SIMPLE EXPLANATION
TO INCREASE YOUR RECEPTION

is uses range from improving reception of FM
signals in problem -ridden city cores (apartments) all
the way to fringe areas (up to 150 miles) where FM
reception may now be impossible. Canadian and
foreign patents pending.

The 85 FM is the world's first tunable FM power
antenna.
It also serves to sharply separate signals, and to
prevent overloads on receivers or tuners.
The FM 85 is easy to install and operate. All that is
required is a screwdriver.
The 85 FM is guaranteed forever against defects in
workmanship, and parts are guaranteed for 5 years.

Suggested Retail Price $98.50

FTE MOBILE SLEUTH

Also available in AM/FM shortwave automobile
antenna. The FTE Mobile Sleuth does for your
car what the FM Power Sleuth does for your home.

MAGNUM ELECTRONICS INC.
2-74 STAFFORD STREET, TORONTO, ONTARIO M4J 2R8

(416) 364-6754
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IINITYOR

SPEA

SYSTI
by Peter J Thorne

LOUDSPEAKER ENCLOSURES -the
wooden boxes that make or break the
sound quality - are not easy for the
hobbyist to make unless he's a real
carpentry nut. However, the enclosure
decribed here can be easily built by
anyone (famous last words?!). We
simply used prefinished shelving, avail-
able at Simpsons
stores across Canada, held together
with glue from a hot -glue gun. The
result - an attractive looking unit, for
which we selected a pair of top quality
loudspeakers.

Using four pieces of 12" x 24" and
one piece of 12" x 36" costs $18 to
$36 (depending on the source of
shelving). For this you get all corners
square and all edges veneered, so the
box is easy to make and also looks
good, thus solving the two major
problems of home construction.

Now let's add to this mixture with
a really good measured design, and
some top quality speakers. The Philips
DeForest 9710MC is an 8" wide -range
20 watt speaker that is available inter-
nationally and is used in monitors for
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watts input, microphone 1 metre from speaker, on axis. The lower curve
the energy response in a reverberant room, with 1.12 watts input of pink
and the microphone 3.5 metres from the speaker. The integration time was

seconds.

some CBC stations. Optionally we can
add one of the latest Philips dome
tweeters, an AD0162T15. With a very
simple crossover capacitor this adds
sparkle at the high frequency end. The
overall response characteristics are
shown in Fig.1: these curves were
made on the prototype enclosure by
the Philips Loudspeaker laboratories in
Dendermonde, Belgium. The tweeter
response is omitted from these curves,
but you can see that the live room
response is very smooth. This test,
using pink noise, corresponds well
with actual home listening conditions.

CONSTRUCTION
Fig.2 shows how the cabinet is
assembled: sides A and B are 12"x 24"
shelves as bought. The back and baffle
are the same, but with 2" cut off one
end. The top, C, and bottom, D, are
cut from each end of a 36" long shelf
so they are just over 12" wide in
order to avoid the back and baffle
oeing a too -tight fit.

We put the box together with hot
glue, using a USM Thermogrip Model
204 glue gun. This came from Simp-
sons at less than ten dollars including
glue stacks and caulk. The advantage of
using hot glue is that it only takes a
minute or so to bond after pressing the
glue -coated edges together. We used no
battens, nails or screws to hold the
cabinet together, except the two 2"
offcuts from panels E and F. These
were glued to the inside of the cabinet
shell as baffle supports.

Note that a manufacturer would
not assemble an enclosure in this
manner, because there probably isn't
enough strength to withstand shipping
shocks. However in most homes this is
not a problem!
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DIY SPEAKER

-Parts List

Prefinished shelving:
4 pieces 12 x 24ins., 1 piece 12 x 36ins.

Loudspeaker" 8in. wide -range:
Philips DeForest 9710MC.

Tweeter' 4in. dome:
Philips DeForest AD0162T15, or also suit-
able: AD0161T15.

Crossover Capacitor*:

2.2uF or 2uF paper, or bipolar electrolytic
type.

Glass fibre batt, approx 2ins. thick: 15 x 48ins.

Terminal strip: 2 connection type, for cabinet rear.

Wire, insulated, stranded: 6 feet.

Tools required: jig -saw, drill (for pilot hole for saw blade),
hot -glue gun with glue stick and caulk, sold-
ering iron (for speaker wires.

'Available from Dominion Electronics or
Gladstone Radio in Toronto; Addisons TV
Parts Ltd., or Payette Radio in Montreal.

THE BAFFLE BOARD
The enclosure is ported (hole B, Fig.3).
This enhances the bass output, and
makes sealing of the internal cabinet
edges less important, though the caulk-
ing supplied with the glue gun should
be used for this purpose. The port
used was a quart plastic ice-cream con-
tainer, with the bottom cut off. This
gives an almost perfectly proportioned
tube for this cabinet size (1.25 cubic
feet). When you cut hole B, measure
your carton first to make sure it
doesn't fall through the hole!

The holes for the 9720M speaker
and the AD0162T15 are cut using a
jig -saw or a router. If you have neither
the lumber yard can be conned into
cutting them when they're not busy.
The exact location on the board of all
three holes is not too critical. We
screwed the big speaker and hot -glued
the other speaker and the port in
position, but be careful with the port,
since the glue is nearly hot enough to
melt the plastic. Wire up the speakers
to a pair of terminals mounted on the
back panel. Don't forget the crossover
capacitor (see Fig.4).

Opposing surfaces of the cabinet

interior should be lined with acoustic-
ally absorbent material. We used a

single R7 glass fibre insulation batt,
(sneaked from the attic - or often a
lumber yard has a burst bag around,
from which one batt can be 'lib-
erated'). This can be glued or stapled
in position. Wear gloves when doing
this, as glass fibre can temporarily irrit-
ate the skin. Snip off a piece of the
glass fibre and wrap and tape it round
the outside of the plastic port. This
will dampen any resonance of the
plastic.

Test the enclosure - at fairly low
volume - before glueing, screwing, or
caulking the baffle in position. This
ensures the speakers are okay and
wired up. When reassured, fit the
baffle and relax to good sound.

NOTES ON MATERIALS
The best shelving to use is veneered
wood. This is also one of the cheapest
(the source is Taiwan). Be careful if
using vinyl, as we're not sure about the
long term adhesion of some materials,
and some vinyls easily split from the
chipwood core. If you're hung up on
rosewood vinyl, or some similar exotic

finish, we'd suggest scraping off the
vinyl at the edges to be glued.

You can of course use plain chip-
board, but watch dimensions; some
nominal 12" chipboard we checked
was only 11Y2" wide. Chipwood edges
can be filled with polyfilla, sanded
smooth and then primed and painted.

You can use other speakers than
the Philips DeForest units specified: if
so, the response curves will be very
differant.

RATING
This enclosure is quite efficient, i.e. it
puts out considerable sound at quite
low powers. The speaker ratings are a
conservative 20 watts RMS continuous
and the enclosure is suitable for use
with amplifiers from 5 to 30 watts
RMS (per channel).

Peter J. Thorne is the author of
Practical Electronics Projects for
Model Railroaders' published in the
U.S.A. and distributed in Canada by
Kalmbach Publishing Co., Milwaukee.
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electronics today
What's in the March issue

INDUCTION BALANCE
METAL LOCATOR Microfile

Microprocessor
at
work

PRODUCE A CIRCUIT which
feeds a modulated 100kHz signal
into a coil of about six inches
diameter. Lay another coil of
similar diameter next to, and
slightly overlapping that coil so
there is virtually no inductive
pick-up. Amplify greatly the small
signal that is picked up but gate it
so that an audio amplifier will just
not produce an output.

When the coils are brought near

metal the electro-magnetic fields
are disturbed and an output is
produced. That's the theory
behind our induction balance
metal locator which will be
described in next month's issue.
We don't pretend it's easy to build
(though the electronics present
few problems) but our prototype
will sniff out a quarter at nine inches
and that's very much better than
any design published up until now!

ATA SHEET
iTl REFERENCE GUIDE

Computers for small
Businesses
MINICOMPUTERS continue
to fall in price and increase in
performance. Once the
exclusive companion of the
large corporation, computers
are now finding their way
into smaller and smaller
companies, reducing drud-
gery and improving effi-
ciency (when properly used).
The day will soon be with us
when any company big
enough to have a telephone
switchboard will boast its
own computer.

SHORT CIRCUITS
WE CONTINUE our series which
began in this issue with another
three Short Circuits:
1. Test -bench Amplifier. Useful
by itself but ours has been modi-
fied simply to act as an audio
millivoltmeter as well.
2. LED Dice Unit. An electronic
dice using only two ICs and six
inexpensive LED's.
3. Two Tone Doorbell. Another
straightforward project for the
home - this time using a 555.

DISCO MIXER
4116

110,11

This articlearticle describes a general
purpose mixer which can be
tailored by the reader to meet a
specific application. Prefade
'listen' is included as a facility and
allowance is even made for
balanced inputs.
The articles described here are in an
advanced state of preparation but circum-
stances may necessitate changes in the
issue that appears.
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Ron Harris reports on

MANY READERS will have heard
whisperings of something big brewing
in the semiconductor industry - talk of
a new device. It is big; and here for the
first time in North America ETI takes
the wraps off VCT. The Voltage to
Current Transactor will get its comm-
ercial launch from Texas Instruments
early in 1977, no doubt accompanied
by the usual choir of angels and 200 -
piece brass band.

So before all the shouting begins
we went to talk to the co -inventor,
Professor W.Gosling of Bath University
where the device was initially develop-
ed. If you're sitting comfortably we'll
begin!

The basic op -amp has been with us
since the days of the tube, and when
semiconductors crept up on us, it was
simply re -designed to use transistors.
This, in the opinion of many designers,
means that the advantages of transist-
ors are not being fully exploited.

BASIC IDEAS
One of the better improvements to

the basic op -amp was the comparator
input designed by Carl S. Brinkler - a
name to which we shall return - and

Fig. 1. Internal circuit of the prototype VCT. The

AN INVENTION

THAT WILL

CHANGE THE FACE

OF ELECTRONICS
patented in April 1965. However Mr.
Brinkler was still dissatisfied with the
op -amp and some years ago began
discussions with Professor Gosling,
with a v,ew to producing a totally new
circuit block. The basic guidelines
were finally set as being that
1. No feedback should be needed to
stabilise the device by limiting the
high frequency response, or to define
the stage gain.
2. Both the input and output ports'
must be totally floating - a true four
terminal device. This leads to much
greater freedom with respect to the
output - it can quite simply be fed into
anywhere!
3. The output should be a constant
current source i.e. very high imped-
ance. Then, should a voltage output be
required at any time, a resistor need
only be inserted across the port.

TEXAS AND THE PROTOTYPES
In 1974 Texas Instruments author-

ised Carl Brinkler to undertake
research into producing such a device.
Because of the scope and magnitude of
the task, it was to be a joint under-
taking with Bath University i.e.

'F?" in the middle is external.

Professor Gosling. In the autumn of
1974 the microcircuit design was
breadboarded up for the first time
with discrete components, and early in
1975 the first I.C.s rolled out of the
ovens. The first vast improvement over
the op -amp to become apparent was
the stewing rate, up to 20V per
microsecond, as compared to
0.5V /microsecond for the 741

The offset on these prototypes was
--110mV due to the layout not being
totally symmetrical. Production
models, when they appear, will have a
much much lower offset. Up to this
point in the proceedings, the project
had been running on a shoe -string. But
with the prototypes showing
incredible potential, Texas whipped
the whole show off to Dallas for devel-
opment. They feet the VCT is the
greatest advance in circuit design for a
long time, and we have to agree with
them.

ABILITIES IN CIRCUIT
Let's take a look at what the VCT

will do. Figure 1 shows the internal
circuit of the Mark 1 VCT. The thick
lines represent multiple emitters,
and these provide the current gain.
You may recognise the current mirrors
around the top centre of the circuit.

The agreed symbol for the VCT is
shown below, the circuit is that used

bias current

BR
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VCT
for all linear applications. For a volt-
age input, we get a pure constant curr-
ent output. Both input and output
impedances are very high, around 10s
of Megohms in the production devices.

There is a fixed ratio between Vin
and 10, which is set by one fixed resist-
or R. i.e. lo = k 1/R Vin. The constant
k can be designed to be any value - it
will be four in the Texas VCTs. A bias
current is applied down BR, and the
device can only output twice as much
current as it draws through BR. Early
devices will be 20mA output VCTs,
but later marks will be up in the amps
range. A ±15V rail is used with the
VCTs, and a 13V signal is quite perm-
issable!

Some circuits now, for instance an
amplifier:

Non -inverting:

VCT as an amplifier.

Voltage gain = k. R L/R

The simplicity of gain inverting arises
because the output port naturally has
a fixed phase relationship to the input.
Since we get a current out for a volt-
age in, a VCT connected thus:

VCT as a simple resistor.

will look like a resistance, value R/k
ohms.

Consider however a device cross
connected:

O

VCT

VCT working as a negative resistance.

What we have now, looking in at the
input terminals, is no less than a negat-
ive resistance! i.e.

Vin= -const.10.

What's more, the transfer character-
istic is perfectly linear!

Applications are literally infinite.
Anything an op -amp can do, so can a
VCT - only usually it does it better!
For instance an integrator:

V input

At point A we have f Vin dt since the
output is a constant current which
follows the input voltage. If we feed
back this integral to the input so:

gut

VCT differentiator

the output will be the differential of
Vin.

Gyrators are by now quite common
place, but what about one which can
reach inductor values of 10s of Henrys
and with a Q of well over 100? Easy!
Values of Q up to 200 have been
achieved experimentally. This circuit
introduces the concept of using :wo
VCTs together. Texas are packaging
the VCT in a 16 -pin DI L dual package.
There are more pins to a VCT than a

VC T VCT

0

0

A VCT gyrator.

741, since we have those already ment-
ioned, plus a centre tap on the output
which is not always used, but extends
the versatility.

AMAZING GRACE

The application we found initially
most amazing is the VCT's ability to
replace a transformer, better than a
transformer! All transformers exhibit
some power loss, but this circuit has a
selectable loss factor, which naturally
can become a gala if so desired.

VCT as a transformer.

Transformer Ratio = (R 1/R2)'/,.

Choose R such that R2=R1R2 to give
no loss/gain it circuit i.e. a perfect
transformer.

NON-LINEAR

We will consider just one non-linear
application to show it can be done -

that of a limiter. Since the VCT can
output only 2x bias current with

bias current
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we will get a characteristic

V OUT IB.....RL 
k/R L

- 1B RL

very simply indeed with only two
resistors.

It is apparent from the preceeding
circuits that one of the biggest gains
when using VCTs, is in reducing
external component count over a

similar op -amp or discrete circuit. In
industrial applications this will lead to
less P.C.B. design and assembly com-
plications, with resultant reduction in
costs.

Another gain is the fact that when
used as an inverting amp, no input
resistor is used to drop the signal, as it
is in op -amp circuits. In these circuits,
since the input is usually a virtual
earth, most of the signal is dissipated
in the resistor, with a resultant poor
signal-to-noise ratio upon amplific-
ation at the output. With VCTs no
resistor is required, and this gives a
distinct improvement in S/N ratio,
with the attendant gain in dynamic
range.

THE PRICE OF A FUTURE

One question remains - how much?
Well, this depends entirely on Texas
Instruments, and the marketing policy
they persue. No doubt the price will
be high at first, falling as the volume
of sales climbs, as it surely must.
Interestingly, the VCT occupies only
half the chip area of a 741 op -amp,
but whether this affects pricing
remains to be seen. We'll keep you in-
formed of developments, as we're con-
vinced you'll be hearing much more of
VCT in the years to come.

OUR THANKS and congratulations to
Professor W Gosling of Bath University,
England, who provided the information for
this article.

QUALITY COMPONENTS
"YOUR ORDER -HERE TODAY ,GONE "OMORROW"

Our semiconductors are first line quality from mar,,
manufacturers only. We usually stock Motorola, RCA
Fairchild, National, or GE devices. All items are brand
new, no "allouts, re -brands, seconds, no tricky adw-
rising such as "100% functional" etc. All fully quara,
teed. Items listed below are in stock for immedvq
shipment. We can supply almost any device Or

special order and at competitive prices. Write for
quotation on any device not listed

TTL

7400 25

7402 .25

7404 .28

7406 .32

7403 75

7410 .33

7413 .69

7414 1.90

7420 29

7427 .45

7440 .29

7441 1.25

7448 1.08

7460 .29

7451 .29

7473 .50

7474 .50

7475 .70

7476 .58

7046 52

7490 .78

7491 1.20

7492 79

7493 .73

74121 .63

74123 1.29

74191 205
74192 1.70

74193 1.70

74194 1.60

74196 1.55

CMOS

4000 32

40016 .35

40028 .35

4007 35

001113 .35

401213 .35

4013 .68

4017 1.80

4018 1.80

00238 36

4024 1.90

4025B .35

4027 90

4046 2.40

4049 .03

awls 1.62

40528 1.62

40668 99

4071B 35

40728 .35

4061B .35

40828 .36

4511 2.89
4528 1.86

LINEAR
301A .48

308A 1.36

311 1.20

360914 1.80

381N 2.30

3829 2.30

LINEAR
555 .66

556 1.55

567 1.80

709 52

710 1.20

723 1.05

733 1.50

741CH .49

741CN 49

1458 .85

2240 4.50

3900 1.25

3909 1.30

Bon 6.50

7035 1.65

7806 1.65

7812 1.65

7815 1.65

C43140 1.75

Transistors
P52222 4/1.00
PN3663 4/1.00
2N3904 4/1.00
293906 4/1 00

254401 4/1.20
255172 5/1 00
NIPSA13 .49

MPSA18 75

MPSUO4 1.12

MPF102 49

253055 1.25

SPECIALS: 74C00 .25 74CO2 .29 293702 6/100

293704 6/130 259071ARA Sensitive Gets Then 1.43

2N6239.4A,200V SCR 105 194001 .16 194032 .14

19404.20 1y406.1.5 154146 10/100

RESISTORS - DEPOSITED CARBON
FILM, 1/4 AND 1/2 WATT, 5%

Any EIA standard value. 1 ohm through 4.7 rnegohms.

5 of any one value and wattage .25 100 of one value. 3.50
100 mixed, 5 per value 4.00

ELECTROLYTIC CAPACITORS

Axial Leads

4.70/50V .20

10u1/25V 20

100/50V 22

220/25V 22

220/50V 25

47uf/25V 24

47uf/50V 29

1000/25V 26

1000/50V .36

220W/25V 35

2200/50V 52

470u1/25V .50

SPECIAL -AXIAL LEAD

Axial Leads

470u1/50V .59

1000uf/16V 52

1000W/25V .59

1000W/40V .95

1000uf/63V 1.25

2213310/16V .87

2200W/40V 1.20

Radial Leads

4.7uf/50V 14

10uf/25V 13

100/50V .16

22u1/25V .15

ELECTROLYTICS

Radial Leads

22uf/50V .20

47ufi25V .20

1000/25V 23

2213u1/16V 25

470u1/16V 39

Dipped Tantalum
.47of/36V .30

1.O551/35V .33

2.2uf/35V .36

I 7uf:16V 35

10uf/16V .42

10W/35V .55

100/50V 8/1 00

DATA AND APPLICATION BOOKS
TTL IC's 592 pages 4.03

Linear Data 957 pages 5.00

CMOS Data 256 pages 3.00

Transistors 288 pages 3.00

Memory IC's 592 pages 4.00

Understanding CMOS. Progr

Audio Handbook 1.00

Interface IC's 464 pages 4.00

Linear Appl. 1 4.00

Linear Appl. 2 3.00

Special Function IC's 3.00

rnmed Learning Course. 200

SOCKETS DIP Soldertail,
8 pin Nickel -silver .25

14 pin Nickel -silver .31

16 pin Nickel -silver .37

18 pin NickersOver 40

low profile

24 pin Nickel.SrIver 50

8 pin Gold Clad 34

14 pin Gold Clad 11

16 pin Gold Clad 47

ORDERING INFORMATION. Minimum order
$5.00. Cheque 7r money o der in Canadian funds. No
COD or charge cards please. Orders under 925 add
Si for postage and handling. Ontario residents add
7% sales tax. Books are not taxable. We ship most
orders within 24 hours.

CANMOS Electronics,
P.O. Box 1690,C Peterborough,

Ont. K9J 7S4

CLASSIFIED
ADVERTISING

RATES

Have something you want to
sell, buy or swap? Try our
classified columns. Minimum
size 1 column by 1 inch.

Cost $27.00 per ad.
Price includes typesetting.

Allow 9 lines of type this size to
1" depth. Cheque or Money Order
must be forwarded with copy.
Typewritten copy is preferred,
otherwise print or write clearly
to avoid mistakes.

CHANGE OF ADDRESS

Use this form to be sure you
get your copies.
allow
6 weeks
for changes
to become
effective.

Send classified copy or
address changes to:

ETI Magazine
Unit 6
25 Overlea Blvd.,
Toronto, Ontario
1W-1-1 1B1
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CIRCUITS 1: $5
CONTENTS BY CATEGORY

ALARMS
INTRUDER
LEVEL
MISCELLANEA

AMPLIFIERS &
PREAMPLIFIERS
AUDIO -BUFFER
AUDIO -EQUALISED
AUDIO -POWER
AUDIO -SPECIAL
R.F. AND VIDEO

SIGNAL PROCESSORS
AUDIO
OPTO-ISOLATED
CONVERTORS
RECTIFIERS
MISCELLANEA

6
7
9

11
12
13
15
16

17
19
21
22
23

SIGNAL GENERATORS
SQUAREWAVE 24
SINE WAVE 26
PULSE AND SAWTOOTH 27
NOISE 29
SPECIAL 30
SPECIAL EFFECTS 32

FILTERS
AUDIO -ACTIVE
AUDIO -SPECIAL

DIGITAL
DIGITAL

POWER SUPPLIES
CURRENT
DUAL
LOW VOLTAGE
SPECIAL
STABILISED
ZENERS
PROTECTION

TEST
DIODE, TRANSISTOR, SCR
CRYSTALS, BATTERIES
OP -AMPS
LOGIC
MISCELLANEA

37
38

40

46
47
48
49
52
54
55

58
60
61
61
63

TIMERS & DELAYS
TIMERS AND DELAYS

SWITCHING
SWITCHING

INDICATORS
LEVEL
WARNING
SPECIAL

FLASHERS
FLASHERS

POWER CONTROL
POWER CONTROL

AUTOMOBILE
AUTOMOBILE

DETECTORS &
COM PAR ATORS
DETECTORS AND
COMPARATORS

RADIO FREQUENCY
RADIO FREQUENCY

MISCELLANEA
MISCELLANEA

TIPS
TIPS

DATA
741 OP -AMP
BC107-109
BC177-179
CMOS & TTL
2N3055
MJ2955
BIPOLAR DATA TABLES
BIPOLAR, FET & RECTIFIERS
DIODES, PINOUTS,
MISCELLANEA
FOR YOUR NOTES
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71
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78

82
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87

94

98
99

100
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103
104
105

106
107

What can we add to that?
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ETI SUPPLEMENT

555 TIMER
DESCRIBED BY

R. M. MARSTON

APPLICATIONS
THE 555 TIMER is a highly versatile low-cost IC that is
specifically designed for precision timing applications,
but which can also be used in a variety of monostable
multi -vibrator, astable multivibrator, and Schmitt
trigger applications. The device was originally
introduced by Signetics, but is now available under the
'555' designation from many other manufacturers.

The 555 has many attractive features. It can operate
from supply voltage in the range 4.5V to 16V. Its
output can source (supply) or sink (absorb) any load
current up to a maximum of 200mA, and so can
directly drive loads such as relays, LED's, low -power
lamps, and high impedance speakers. When used in
the 'timing' mode, the IC can readily produce accurate
timing periods that can be varied from a few
microseconds to several hundred seconds via a single
R -C network. Timing periods are virtually independent
of actual supply rail voltage, have a temperature
coefficient of only .005% per °C, can be started via a
TRIGGER command signal, and can be aborted by a
RESET command signal.

When used in the monostable mode, the IC
produces output pulses with typical rise and fall times
of a mere 100nS. It can be made to produce
pulse -width modulated (PWM) pulses in this mode by
feeding fixed frequency clock pulses to the TRIGGER
terminal and, by feeding the modulation signal to the
CONTROL VOLTAGE terminal.

When used in the astable mode both the frequency
and the duty cycle of the waveform can be accurately
controlled with two external resistors and one capacitor.
The output signals can be subjected to frequency sweep
control, frequency modulation (FM), or pulse -position
modulation (PPM) by applying suitable modulation
signals to the CONTROL VOLTAGE terminal of the IC.

THE 555: HOW IT WORKS
The 555 is available under a variety of specific type
numbers but is generally referred to simply as a '555
timer.' The device is available in a number of packaging
styles, including 8 and 14 -pin dual -in -line (DIL) and
8 -pin TO -99 types. Throughout this article all circuits
are designed around the standard 8 -pin DIL versions of
the device.

Fig 1 shows the outline and pin notations of the
standard 8 -pin DIL version of the 555, and Fig 2 shows

GROUND

TRIGGER

OUTPUT

RESET

Vcc

DISCHARGE

THRESHOLD

CONTROL VOLTAGE

Fig. 1: Outline and pin notations of the standard 8 -pin dr1
version of the 555 timer 1. C.

the functional block diagram of the same device (within
the double lines), together with the connections for
using it as a basic monostable generator. The following
explanation of device operation assumes that the 555 is
used in the monostable configuration shown in Fig 2.

The 555 houses 2 diodes, 15 resistors, and 23
transistors. These components are arranged in the form
of one voltage -reference potential divider, two
voltage -comparator op -amps, one R -S flip-flop, a

low -power complementary output stage, and a slave
transistor. The voltage -reference potential divider
comprises three 5k0 resistors in series, and is

connected across the supply lines. Consequently, 2/3
V appears at the junction of the upper two resistors of
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,Vcc 0 0

 0 ,Vcc
RESET

OR4 RL

RI
5k

THRESHOLD

0

R2
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DISCHARGE
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OP AMP

OP AMP

R

FLIPFLOP

a

OUTPUT
STAGE

C11

555TIMER

GROUND

0
TRIGGER

0
OUTPUT

ov

Fig. 2: Functional block diagram (within the square) of the 555
timer i. c., together with the connections for using the i.c. as a
basic monostable generator or timer.

the potential divider, and is fed to one input terminal of
the upper voltage -comparator op -amp and 1/3 V,
appears at the junction of the two lower resistors of the
potential divider, and is fed to one input terminal of the
lower voltage -comparator op -amp. The outputs of the
two comparators control the R -S flip-flop, which in turn
controls the states of the complementary output stage
and the slave transistor. The state of the flip-flop can
also be influenced by signals applied to the pin 4
RESET terminal.

When the monostable or timing circuit of Fig 2 is in
its quiescent state the pin 2 TRIGGER terminal of the
chip is held high via Rl. Under this condition Q1 is

driven to saturation and forms a short circuit across
external timing capacito- CT, and the pin 3 output
terminal of the IC is driven to the low state. The
monostable action can be initiated by applying a

negative -going trigger pulse to pin 2. As this pulse falls
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below the 1/3 V00 reference value of the built-in
potential divider the output of the lower voltage
comparator op -amp changes state and causes the R -S
flip-flop to switch over. As the flip-flop switches over it
cuts off Q1 and drives the pin 3 output of the chip to
the high state.

As Q1 cuts off it removes the short from timing
capacitor CT, so CT starts to charge exponentially
towards the supply rail voltage until eventually the
voltage across CT reaches 2/3 Vcc. At this point the
upper voltage comparator op -amp changes state and
switches the R -S flip-flop back to its original condition,
so Q1 turns on, rapidly discharging CT, and
simultaneously the pin 3 output of the IC reverts to its
low state. The monostable operating sequence is then
complete. Note that, once triggered, the circuit cannot
respond to additional triggering until the timing
sequence is complete, but that the sequence can be
aborted at any time by feeding a negative -going pulse
to pin 4.

The delay time of the circuit, in which the pin 3
output is high, is given as

t = 1. 1 RT CT

where t = mS, RT = ka and CT = uF. Fig 3 shows
how delays from 10 uS to 100 seconds can be obtained

100

10

01

001
1 100

rnS mS

TIME DELAY, t

Fig. 3: 555 time delays for different values of resistance and
capacitance.
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by selecting suitable values of CT and RT in the range
.001 uF to 100uF and 1 k0 to 10MQ. In practice, RT
should not be given a value less than 1 kO or greater
than 20MQ, and capacitor CT must always be a
low -leakage component. Note that the timing period of
the circuit is virtually independent of the supply voltage
but that the period can be varied by applying a variable
resistance or voltage between the ground and pin 5
CONTROL VOLTAGE terminals of the chip. This facility
enables the periods to be externally modulated or
compensated.

The pin 3 output terminal of the IC is normally low,
but switches high during the active monostable
sequence. The output can either source or sink currents
up to a maximum of 200mA, so external loads can be
connected between pin 3 and either the positive supply
rail or the ground rail, depending on the type of load
operation that is required. The output switching rise
and fall times are typically about 100 nanoseconds.
Having cleared up these points, let's now go on and
look at some practical applications of the 555 timer I.C.

50 SECOND TIMER
This 50 second timer or pulse generator gives a direct
voltage output at pin 3 which is normally low, but goes

high for the duration of the timing period. Optional
components R4 and LED (shown dotted) give a visual
indication of the timer action. The circuit works in the
same basic way as already described, except that the
timing action is initiated by momentarily shorting pin 2
to ground via START switch S,. Note from the circuit
waveforms that a fixed -period output pulse is available
at pin 3 and an exponential sawtooth with an identical
period is available at pin 7: The sawtooth waveform has
a high output impedance.

The basic timer circuit of Fig 4 can be varied in a
number of ways. The timing period can be made
variable between approximately 1.1 seconds and 110
seconds by replacing R, with a 10k() fixed resistor and
a IMO variable resistor in series.
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4.7k
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Fig. 4: Circuit and
waveforms of simple
manually -triggered 50
second timer or pulse PIN 3J

generator (OUT)
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The period can be further varied, if required, by
switch -selecting decade values of timing capacitance.
The dotted section shows how the circuit can be
provided with a RESET facility, so that a timing period
can be aborted at any time, by taking pin 4 to the
positive supply rail via resistor R5 and wiring RESET
switch S2 between pin 4 and ground.

The timing circuit of Fig 4 can be used to drive
non -inductive loads at currents up to 200mA directly.
They can be used to drive inductive relay loads by using
the basic connections shown in Fig 5

The Fig 5 circuit is designed to apply a connection to
a normally -off external load for a pre-set period of 50
seconds when START switch S, is momentarily closed.
The relay is normally off, but turns on for the 50 second
period when tie timing cycle is initiated. D2 is wired in
series with the relay coil to counteract the slight residual

TO BREAK
LOAD

TO MAKE
LOAD

12V

D1 RLA
SIN 12V ;
:4001 60

We

Dv

Fig. 5: Relay -output timer makes or breaks connection to load
for pre-set period of 50 seconds when S, is momentarily
operated.
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voltage that appears at pin 3 of the IC under the OFF
condition and thus ensure that the relay turns fully off.
The dotted section shows how this circuit can be used
to switch off a normally -on load.

Note in Fig 5 and all other relay -output circuits
described here, that the relays used can be any 12 volt
types that draw ON currents of less than 200mA, e.g.,
that have coil resistances greater than 600.

The basic relay -driving timer circuit of Fig 5 can be
adapted for use in a variety of useful applications Some
typical examples are shown in Figs 6 to 9.

V4

92 PON DONS

I  0 Isec lOset

2  9 Claw 100%H,

Fig. 6: Relay -output general-purpose timer covers 0.9 sec to
100 sec in two decade ranges.

Fig 6 shows the practical circuit of a relay -output
general-purpose timer that covers 0.9 seconds to 100
seconds in two decade ranges: The circuit has a RESET
facility provided via S2, so that timing periods can be
aborted part way through a cycle if necessary. A
noteworthy feature of this circuit is that the maximum
timing periods of each decade range of the timer can be
precisely pre-set via R5 or R6, which effectively shunt
the built-in potential divider of the 555 and thus
influence the timing periods: This facility enables the
circuit to give precise timing periods even when
wide -tolerance timing capacitors are used.

To set up the Fig 6 circuit, first set R, to maximum
value, set RANGE switch S3 to position 1, activate
START switch SI, and adjust R5 to give a timing period
of precisely 10 seconds. Next, set S3 to position 2,
activate START switch SI, and adjust R6 to give a
timing period of precisely 100 seconds. All adjustments
are then complete, and the timer is ready for use.

DELAYED HEADLIGHT TURN-OFF

Fig 7 shows the practical circuit of an automatic
delayed -turn-off headlight control system for auto-
mobiles. This facility enables the owner to use the car
lights to illuminate his path for a pre-set time after
parking as he leaves the garage or walks along a
driveway, etc. The circuit does not interfere with normal
headlight operation under actual driving conditions. It
works as follows.

When the ignition switch is turned to the ON

VEHICLES-r-
BATTERY 12V

-L-

OV ICHASSIS)

Fig. 7: Automatic delayed -turn -out headlight control system
for automobiles.

OFF
HEADLIGHT:WITCH

ON

HEADLIGHT

position current is fed to the coil of the relay via D3 and
the 12 volt supply rail, so the relay turns on and
contacts RLA/ 1 close. As the contacts close they
connect the 12 volt supply to the timer circuit and to
the headlight switch. Thus, under this 'ignition on'
condition the headlights operate in the normal way.
Note that, since one side of C2 is connected directly to
the positive supply rail and the other side is taken to the
positive rail via R2, the capacitor is fully discharged
under this condition.

The moment that the ignition switch is turned to the
OFF position the D3 -derived current supply to the relay
coil is broken, and simultaneously a negative -going
trigger pulse is fed to pin 2 of the 555 as the C2 -R3
junction drops to ground volts and C2 charges up. Now,
relays are inherently slow -acting devices, so contacts
RLA/1 do not open instantaneously as the ignition
switch is turned off. Conversely, the 555 is a very fast
triggering device, and the instant that the trigger pulse
is generated via the turn-off action of the ignition switch
a timing cycle is initiated and current is fed to the relay
coil via output pin 3 of the IC as it goes high. Thus the
relay remains on for a pre-set period after the ignition
switch is closed, and the positive supply rail remains
connected to the headlight switch for the duration of
this period. With the component values shown this
period is roughly 50 seconds.

At the end of the 50 second timing period, pin,3 of
the 555 switches to the low state and the relay turns
off. As it does so, contacts RLA/ 1 open and remove the
supply from the timer and the headlight switch, and the
headlights turn off. The operating sequence is then
complete.

Readers may care to note that the above system of
operation is consistent with the practice adopted in
many modern vehicles of feeding the headlight switch
via the ignition switch, so that the headlights operate
only when the ignition is turned on. On older types of
vehicle, where headlight operation is independent of
the ignition switch, a manually -triggered
delayed -turn-off headlight or spotlight control facility
can be obtained by using the circuit shown in Fig 8. The
action of this circuit is such that, if the vehicle is parked
with its lights off, they turn on for a pre-set 50 second
period as soon as a push-button START switch is

momentarily closed, and at the end of this period turn
off again automatically.

The Fig 8 circuit uses a relay with two sets of
normally -open relay contacts. The timing sequence is
initiated by momentarily closing push-button switch
S,. Normally, both SI and the relay contacts are open,
so zero power is fed to the timer circuit and the lights
are off. C is discharged under this condition.

When S, is momentarily closed power is fed directly
to the relay coil, and the relay turns on. As the relay

VEHICLES
BATTERY-L-

OFFo HEAD OR
LIGHT

RLA
SWITCH

OV ICHASSIS)

Fig. 8. Manually -triggered delayed -turn-off head- or spot -light
control system for automobiles.

HEAD OR
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turns on contacts RLA/ 2 close and apply power to the
vehicle lights and contacts RLA / 1 close and apply
power to the timer circuit, but pin 2 of the IC is briefly
tied to ground via C2 and R3 at this moment, so a
negative trigger pulse is immediately fed to pin 2 and a
timing cycle is initiated. Consequently, pin 3 of the 555
switches high at the moment that the relay contacts
close, and thus locks the relay into the ON condition
irrespective of the subsequent state of START switch
S,, so the lights remain on for the duration of the 50
second timing cycle. At the end of the timing cycle pin
3 of the I.C. switches to the low state, so the relay turns
off and contacts RLA /1 and RLA / 2 open, disconnect-
ing power from the timing circuit and the lights. The
operating sequence is then complete.

PORCH LIGHT
Finally, to conclude this 'Timer Circuits' section of the
555 story, Fig 9 shows the circuit of a relay -output
automatic porch light control unit that turns the porch
lights on for a pre-set 50 second period only when
suitably triggered at night time or under 'dark'
conditions: The circuit is triggered via switch S,, which
may take the form of a microswitch activated by a porch
gate or a pressure -pad switch activated by body weight
and concealed under a porch mat or rug.

The operation of the Fig 9 circuit relies on the fact
that for correct timer operation the negative -going
trigger pulse that is fed to pin 2 of the IC must fall
below the internally -controlled '1 /3 Vcc' voltage value
of the 555. If the trigger pulse does not fall below this
value, timing cycles can not be initiated by the trigger
signal.

OUT TO
PORCH
LIGHTS

04
15E7 TRIG

LEVEL)
47k

Fig. 9. Automatic porch light turns on for a pre-set period only
when triggered at night.

In this design, light -dependent resistor LDR and pre-
set resistor R4 are wired in series as a light -dependent
potential divider. One side of switch S, is taken to the
output of this potential divider, and the other side of the
switch is taken to pin 2 of the IC via the C2-133
combination. Under bright or daylight conditions the
LDR acts as a low resistance, so a high voltage appears
at the output of the potential divider. Consequently, the
act of closing S, causes a voltage pulse much higher
than '1/3 V' to be fed to pin 2 of the chip, so the timer
is not triggered via S, under the 'daylight' condition.

Conversely, the LDR acts as a high resistance under
dark or 'night' conditions, so a low voltage appears at
the output of the potential divider. Consequently, the
act of closing S, causes a voltage pulse much lower
than '1/3 V' to be fed to pin 2 of the IC, so the time
circuit is triggered via SI under the 'night' condition.

In practice, the LDR can be any cadmium -sulphide
photocell that presents a resistance in the range 1 k0 to
100k() under the required minimum 'dark' turn -on
condition, and R4 can be adjusted to preset the

minimum 'dark' level at which the circuit will trigger.
Note that the trigger signal is fed to pin 2 of the IC via
the C2 -R3 combination, which act as a trigger signal
conditioning network that effectively isolates the d.c.
component of the LDR-R4 potential divider from the
trigger pin of the IC.

MONOSTABLE PULSE GENERATOR CIRCUITS
All the 555 timer circuits that we have looked at so far
act essentially as monostable multivibrators or pulse
generators. The 555 can be used as a conventional
electronically -triggered monostable multivibrator or
pulse generator by feeding suitable trigger signals to pin
2 and taking the pulse output signals from pin 3. The IC
can be used to generate good output pulses with periods
from 51,13 to several hundred seconds. The maximum
usable pulse repitition frequency is approximately
100kHz.

The trigger signal reaching pin 2 must be a carefully
shaped negative -going pulse. Its amplitude must switch
from an OFF value greater than 2/3 V to an ON value
less than 1/3 V (triggering actually occurs as pin 2
drops through the 1/3 V value). The pulse must have
a width greater than 100nS but less than that of the
desired output pulse, so that the trigger pulse is
removed by the time the monostable period terminates.

One way of determining a suitable trigger signal for
the 555 monostable circuit is to convert the input signal
to a good square wave that switches between ground
volts and the full positive supply rail voltage, and then
couple this square wave to pin 2 of the IC via a simple
short time -constant C -R differentiating network, which
converts the leading or trailing edges of the square
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.01uF 90uS 1 2mS

1201uF 1 9uS 120uS 1

Fig. 10a: Simple add-on pulse generator is triggered by
rectangular input signals: circuit can be used at trigger
frequencies up to 100kHz.

wave into suitable trigger pulses. Fig. 10a shows a
practical circuit that uses this basic principle, but is
intended for use only with input signals that are already
of square or pulse form.

Here, transistor Q, converts the rectangular input
signal into a signal that switches between the ground
and positive voltage rails, and the resulting signal is fed
to pin 2 via the C2 -R2 differentiating network. The
circuit can be used as an add-on pulse generator in
conjunction with an existing square or pulse generator.
Variable -amplitude output pulses are available from pin

38 ETI CANADA - FEBRUARY 1977



3 via variable potential divider R6. The output pulse
widths can be varied over more than a decade range via
RI, and can be switched in overlapping decade ranges
by using the values of Cl listed in the table. With the
component values shown the pulse width is fully
variable from 9 uS to 1.2 seconds. Note that C3 is used
to decouple the pin 5 CONTROL VOLTAGE terminal
and improve the circuit stability.

Fig 10b shows how the above circuit can be
modified so that it can be driven from any type of input
waveform, including sine waves. Here, ICI is
connected as a simple Schmitt trigger, which converts
all input signals into rectangular output signals, and
these rectangular signals are used to drive the 1C2
monostable circuit in the same way as described above.
The Fig 10b circuit can thus be used as an add-on pulse
generator in conjunction with an existing waveform
generator of any type that produces output signals with
peak -to -peak amplitudes greater than 1 /2 V.
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Fig. 10b: Improved add-on pulse generator is triggered by any
input waveform.

Fig 11 shows how two basic monostable pulse
generators can be connected in series to make a
delayed pulse generator, IC1 is used as a
Schmitt trigger and IC2 controls the delay width and
IC3 determines the output pulse width: The final output
pulse appears some delayed time after the initial
application of the trigger signal. This circuit can be
made into a self-contained instrument by building it into
the same cabinet as a simple square wave generator,
which can be used to provide the necessary drive
signals.

Fig. 11: Add-on delayed pulse generator is triggered by any
input waveform. For C1 (and C7) values, see table in Fig 10a

Any number of basic monostable pulse generators
can be wired in series to give a sequential form of
operation. Fig 12 for example, shows the circuit and
wave -forms of a 3 -stage sequential generator, which
can be used to operate lamps or relays, etc., in a

pre-programmed time sequence once an initial START
command is given via push-button switch S,. Note that
the pin 4 RESET terminal of all ICs are shorted together
and positively biased via R7, and that these terminals
can be shorted to ground via SET switch S2: This SET
switch should be closed at the moment that power is

Fg. 12: 3 -stage sequential timer
or pulse generator.

01.1111101

first applied to the circuit, to ensure that none of the ICs
are falsely triggered at. this moment.

Finally, three or more monostable circuits can be
connected, via C9, in a continuous loop, with the
output of the last monostable feeding back to the input
of the first monostale, to form a 'chaser' circuit in
which the sequential action repeats to infinity. This type
of circuit can be used to drive lamp or LED displays, etc.
Note tnat the circuit is again provided with the S2 SET
facility, so that the circuit can be emptied at the
moment that power is first applied.

ASTABLE MULTIVIBRATOR CIRCUITS
Fig 13 shows the practical circuit of a basic 1 kHz astable
multivibrator, together with the formulas that define the
timing of the circuit. Note that TRIGGER pin 2 of the
chip is shorted to the pin 6 THRESHOLD terminal, and
that timing resistor R2 is wired between pin 6 and
DISCHARGE pin 7.

When power is first applied to the circuit C1 starts to

+t1

k-- T

12.

OUT

t1 = 0.693(R1 r R2IC1

t2 = 0 69314321C1

T = 0.6931R1 r 2R2IC1
f 1 44

(131 r 7R210

0

IF R2 IS GREATER THAN R1:

tl 0.7 R2 C1
t2 0.7 R2 C1
T 14 R2 Cl

R2 C1

Fig. 13: Basic circuit of 1KHz astable multivibrator, with
timing formulas.

charge exponentially (in the normal monostable fashion)
via the series R1 -R2 combination, until eventually the
Cl voltage rises to 2/3 V. At this point the basic
monostable action terminates and DISCHARGE pin 7
switches to the low state. C1 then starts to discharge
exponentially into pin 7 via R2, until eventually the Cl
voltage falls to 1/3 Vcc, and TRIGGER pin 2 is
activated. At this point a new monostable timing
sequence is initiated, and Cl starts to recharge towards
2/3 V, via R1 and R2. The whole sequence then
repeats add infinitum, with C1 alternately charging
towards 2/3 V, via R 1 -R2 and discharging towards
1/3 V via R2 only.

Note in the above circuit that, if R2 is very large
relative to R1, the operating frequency of the circuit is
determined essentially by the R2 and C1 values, and
that a virtually symmetrical output waveform is
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generated. The graph of Fig 14 shows the approximate
relationship between frequency and the C1 -R2 values
under the above condition. In practice, the R1 and R2
values of the circuit can be varied from 1 kO up to tens
of megohms. Note, however, that R1 has a significant
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Fig. 14: Approximate relationship between Cl, R2, and
frequency when R2 is large relative to R1

effect on the total current consumption of the circuit,
since pin 7 of the IC is virtually grounded during half of
the timing sequence. Also note that the duty cycle or
mark/space ratio of the circuit can be pre-set at a
non -symmetrical value, if required, by suitable choice
of the R1 and R2 values.

The basic circuit of Fig 13 can be usefully modified
in a number of ways. Fig 15, for example, shows how it
can be made into a variable -frequency square wave

5V to 15V Ve

R4
4.7k R1 1k

OUT

R310k

C2 .01uF

R2
100k

CI OluF

T oov
Fig. 15: Variable frequency square wave generator covers the
range 650Hz- 7. 2kHz approximately.

generator by replacing R2 with a fixed and variable
resistor in series. With the component values shown the
frequency can be varied over the approximate range
650Hz-7.2kHz via R2.

Fig 16 shows how the circuit can be further modified
5V to 15V We

R5
4.7k

OUT

91 1k

R2 100k
021N 914 R3 1k

Cl .OluF

TC2o.01uF T
0,

R4
100k

Fig. 16: Astable multi with mark and space _periods
independently variable over the approximate range 7.5µs to
7501.is

so that its MARK and SPACE periods are independently
variable over the approximate range 7.54S to 750 /IS.
Here, timing capacitor C1 alternately charges via
R1 -R2 -D1 and discharges via R3 -R4 -D2.

Fig 17 shows how the circuit can be additionally
modified so that it acts as fixed -frequency square wave
generator with a mark/space ratio or duty cycle that is
fully variable from 1% to 99%. Here, C1 alternately
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R2 100k

R3 1k

02
IN 914

C2
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.OluFOFT 0 ov

Fig. 17: Astable multi with duty cycle variable from 1 to 99%
with frequency approximately constant at 1.2kHz.

charges via R1 and the top half of R2 and via D1, and
discharges via D2 -R3 and the lower half of R2. Note
that the sum of the two timing periods is virtually
constant, so the operating frequency is almost
independent of the setting of R2.

GATING A 555 ASTABLE
The 555 astable circuit can be gated ON or OFF, via
either a switch or an electronic signal, in a variety of
ways. Figs 18 and 19 show two basic ways of gating
the IC via a switch.

In Fig 18 the circuit is gated via the pin 4 RESET

PRESS
S.1

OV -

5V to 15V
Ve

Cl
01uF

OV

Fig. 18: Gated 1kHMZ astable with 'press to turn-off' or 'press
to turn -on" operation.

terminal. The characteristic of this terminal is such that,
if the terminal is biased significantly above a nominal
value of 0.7 volts, the astable is enabled, but if the.
terminal is biased below 0.7 volts by a current greater
than 0.1 mA (by taking the terminal to ground via a
resistance less than 7k(), for example) the astable is
disabled and its output is grounded. Thus, the Fig 19
circuit is normally on but can be turned off by closing
S1 and shorting pin 4 to ground, while the circuit
shown in dotted lines is normally gated off via R4 but
can be turned on by closing S2 and shorting pin 4 to the
positive supply rail. These circuits can alternatively be
gated by applying suitable electronic signals directly to
pin 4.

The Fig 19a and 19b circuits are gated via the pin 2
TRIGGER and pin 6 THRESHOLD terminals. The
characteristic here is such that the circuit functions as a
normal astable only as long as pin 6 is free to swing up
to 2/3 V and pin 2 is not biased below 1/3 V. If
these pins are simultaneously driven below 1/3 V the
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Fig. 19A: Alternative gated 1kHz astable with press to
turn-off' operation.

astable action is immediately terminated and the output
is driven to the high state. Thus, the Fig 1 9a circuit is
normally on but turns off when S1 is closed. Note that
an electronic signal can be used to gate the circuit by
connecting a diode as indicated and eliminating SI. In
this case the circuit will gate off when the input signal
voltage is reduced below 1/3 Vcc.

The Fig 19b circuit is connected so that it is normally
gated off by saturated transistor Ql, but can be gated

5V to I 5V

.(PRESS St1"

ov
1

Fig. 19B: Alternative gated 1kHz astable with press to
turn-off" operation.

on by closing S1 and thus turning the transistor off.
This circuit can be gated electronically by eliminating
R5 and S1 and applying a gating signal to the base of
Q1 via a 10k() limiting resistor. In this case the astable
turns off when the input signal is high, and turns on
when the input signal is reduced below 0.7 volts or so.

All the 555 astable circuits that we have looked at
can be subjected to frequency modulation (FM) or
pulse -position modulation (PPM) by simply feeding a
suitable modulation signal to pin 5. This modulation
signal can take the form of an A.C. signal that is fed to
pin 5 via a blocking capacitor, as in the case of Fig 20a
or a D.C. signal that is fed directly to pin 5, as in the case
of Fig 20b. The action of the chip is such that the
voltage on pin 5 influences the width of the 'mark'
pulses in each timing cycle, but has no influence on the
'space' pulses. Thus, since the signal on pin 5

influences the position of each 'mark' pulse in each
timing cycle, this terminal provides pulse -position

5V to 15V .Ve

;OV

OV

51

\ 1

5V to 15V One

MODULATION
INPUT

SPACE PULSE WIDTHS CONSTANT
MARI( PULSES VARIABLE

Fig. 20. Alternative ways of obtaining frequency or

pulse -position modulation (FM or PPM) from the 555 astable
circuit.

modulation (PPM), and, since the signal influences the
total period of each cycle (and thus the frequency of the
output signal), the terminal also provides frequency
modulation (FM). These facilities are useful in special
waveform generator applications, as is shown in the
next section.

MISCELLANEOUS ASTABLE APPLICATIONS
The 555 astable multivibrator has three outstanding
advantages over other types of astable circuit. First, its
frequency can be varied over a wide range via a single
resistive control. Second, its output has a low
impedance and can source or sink current up to
200mA. Finally, its operating frequency can readily be
modulated by applying a suitable signal to pin 5 of the
IC. These features make the device exceptionally
versatile, and it can be used in a vast range of practical
applications of interest to both the amateur and
professional usef.

MORSE PRACTICE OSCILLATOR
Fig 21 shows how the 555 timer I.C. can be used as a
morse-code practice oscillator. The circuit acts as a

MORSE 5V to 15V +Ve

KEY

RJ
S6R

OV

Fig. 21: Code -practice oscillator with variable tone
(300Hz..3kHz) and variable volume.

R2
10k

CI
022uF

100k
(TONE/

normal astable, with frequency variable over the
approximate range 300Hz - 3kHz via TONE control
R3. The 'phone volume is variable via R5, and the
'phones can have any impedance from a few ohms up
to megohms. The circuit draws zero quiescent current,
since the normally -open morse key is used to connect
the circuit tc the positive supply rail, which can have
any value in the range 5 volts to 15 volts.

Fig 22 shows now the 555 astable circuit can be
used in LED flasher applications. This circuit operates at
approximately 1 Hz, and has a single LED. The Fig 22
circuit has a single LED output; the dotted section
shows how a second may be added, such that one LED
is on while the other is off, and vice versa. Any types of
LED's can be used in this circuit. Series resistors R, or

LEO

Re
4/OR
(NOMINJ,L)

LED

5V to 15V 'VI

V

C2
014F

H1
10

75

-0

OV

Fig. 22: Single and dual output led flashers give symetrical 1Hz

outputs.
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555 TIMER APPLICATIONS
R4 determines the ON current of each LED.

Fig 23 shows how the Fig 22 circuit can be modified
to give automatic dark -activated operation. Here, R4
and R5 are wired as a fixed potential divider that sets
1/2 V, on the emitter of Ql, LDR and R7 are wired as
a light-sensitive potential divider that applies a variable
voltage to the base of 01, and the collector of Q1 is
taken to RESET pin 4 of the IC, which is normally
biased to ground via R6.

SV to 15V ve

Rl
Ok0 1.014 R4 .1.

1.2k liatJi V

! . 1 U e .
01

25370 i
fl PI OIL Vill=I ii

L--
555

TIMER.1111.
4 5

113

410R

NOMINAL) CI
- 10uF

.010
LEO

OV

Fig. 23: Automatic (dark -activated) flasher.

In use R7 is adjusted so that the voltage to the base
of Q1 is greater than 1 /2 V, under 'daylight'
conditions, so Q1 is cut off, but under 'dark' conditions
Q1 base is biased below 1 /2 Vcc, so it is driven on.
thus, under daylight conditions Q1 is cut off, so the
555 astable is disabled, with its output driven low, by
4.7k0 resistor R6 which is wired between pin 4 and
ground. Under 'dark' conditions, on the other hand, Q1
is biased on, so pin 4 is positively biased, and the
astable operates normally and activates the LED.

The LDR used in the above circuit can be any
cadmium -sulphide photocell that presents a resistance
in the approximate range 4700 to 10k0 under the
minimum 'dark' turn -on condition.

The dotted section shows how the 555 astable
circuit can be used as a 12 volt relay pulser, which
turns the relay on and off at a rate of one cycle per
second. The relay can be any type with a coil resistance
greater than 600.

ALARM GENERATOR
Fig 24 shows the connections for making an 800Hz
monotone alarm -call generator. The circuit can be used
with any supply in the range 5 to 15 volts, and with any
speaker impedance. Note, however, that Rx must be
wired in series with speakers having impedance less
than 750, and must be chosen to give a total series
impedance of at least 750, to keep the peak speaker
currents within the 200mA driving constraints of the
555. The available alarm output power of the circuit
depends on the speaker impedance and supply voltage

5V to 15V rVe

SPKR
0

C3 100uF

1 8

Ea 8 PIN DIL 
Wei 555
MI 11114TIMER,

75R TOTAL

C2 OluF

Fig. 24: 800Hz Monotone alarm call generator.
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Fig. 24 a, b, c, d: Monotone alarm activated by dark (2), light
(b), under -temperature (c), or over -temperature (d).

used, but may be as great as 750mW when a 750
speaker is used with a 15 volt supply.

The above circuit can be modified so that it is
activated by darkness (a), by brightness (b), by an
under -temperature (c), or by an over-temperature (d).
Pin 4 is disconnected from the + Ve supply, and
connected to the triggering circuit, which is designed
around 01. This works in the same way as already
described for the automatic (dark -activated) LED
flasher. The LDR used in the light -activated versions of
this circuit can be any cadmium -sulphide photocells
that present resistances in the approximate range 4700
to 10k0 at the desired turn -on levels. The thermistors
used in the temperature -activated versions of the circuit
can be any negative-termperature-coefficient types that
present resistances in the same range at the required
turn -on temperatures.

ALARMS AND SIRENS
The next 4 diagrams show a variety of useful alarm-call
generator circuits. The Fig 25 circuit generates an
800Hz pulsed tone alarm call. Here, IC1 is wired as an
800Hz alarm generator, and IC2 is wired as a 1 Hz
astable which gates IC1 on and off via D1 once every
second, thus causing a pulsed -tone output signal to be
generated.

Fig. 25: Pulsed -tone (800Hz) alarm call generator.
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The Fig 26 circuit generates a warble -tone alarm
signal that simulates the sound of a British police siren.
Here, IC1 is again wired as an alarm generator and IC2
is wired as a 1 Hz astable multivibrator, but in this case
the output of IC2 is used to frequency modulate IC1 via
R5. The action is such that the output frequency of IC1
alternates symmetrically between 500Hz and 440Hz,
taking one second to complete each alternating cycle.

CO 100u

75R
TOTAL

SPAR

5V To I

.1, .,..I
liBIIBORla= sis-Td'iimmmit TIMERmil _ei4TIMER NI

IMORS IOY IC2

440 - 500113 ASTABLE

OluF
C2

0,FT

52

BIER. ASTABLE

0 OV

Fig. 26: Warble -tone alarm -call generator simulates British
police siren.

CO

The circuit of Fig 27 generates a 'wailing' alarm that
simulates the sound of an American police siren. Here,
IC2 is wired as a low frequency astable that has a
cycling period of about 6 seconds. The slowly varying
'ramp waveform on C, of this chip is fed to pnp emitter
follower Q1., and is then used to frequency modulate
alarm generator IC1 via R6. IC1 has a natural centre
frequency of about 800Hz. The circuit action is such
that the alarm output signal starts at a low frequency,
rises for 3 seconds to a high frequency, then falls over 3
seconds to a low frequency again, and so on add
infinitum.

Fig 27: 'Wailing' alarm simulates American police siren.

Finally, to complete this quartet of alarm generator
circuits, the Fig 28 circuit generates a siren alarm signal
that is a simulation of the 'Red Alert' alarm used in the
STAR TREK T.V. programme: This signal starts at a low
frequency, rises for about 1.15 seconds to a high
frequency, ceases for about 0.35 seconds, then starts

Fig. 28: 'Red alert' siren alarm simulates Star Trek alarm

signal.

rising again from a low frequency, and so on add
infinitum. The circuit action is as follows:

IC2 is wired as a non -symmetrical astable
multivibrator, in which C1 alternately charges via R1
and D1, and discharges via R2, thus giving a rapidly
rising and slowly falling 'sawtooth' waveform across
Cl. This waveform is fed to pnp emitter follower Ql,
and is thence used to frequency modulate pin 5 of IC1

via R6. Now, the frequency modulation action of pin 5
of the IC1 astable circuit is such that a rising voltage on
pin 5 causes the astable frequency to fall, and vice
versa; consequently the sawtooth modulation signal on
pin 5 causes the astable frequency to rise slowly during
the falling part of the sawtooth and collapse rapidly
during the rising part of the sawtooth. The rectangular
pin 3 output of IC2 is used to gate IC1 off via npn
common emitter amplifier Q2 during the collapsing part
of the signal, so only the rising parts of the alarm signal
are an fact heard, as in the case of the genuine STAR
TREK 'Red Alert'.

MISCELLANEOUS APPLICATIONS
To complete the 555 story, this final section shows a
miscellany of 555 applications, of varying degrees of
usefulness. Fig 29 shows how a single 555 can be used
as the basis of an event -failure alarm or a missing -pulse
detector, which closes a relay or illuminates an LED if a
normally recurrent event fails to take place.

+VA

01

IN4001 NOTE.
Rd SELECT RI AND Cl

470R VALUES TO SUIT
APPLICATION

CLOCK INPUT

(PULSE OR
SWITCH)

o OV

Fig. 29: Event -failure a/arm or missing -pulse detector has relay

or LED output.

The operating theory of the circuit is fairly simple.
The 555 is wired as a normal monostable pulse
generator, except that transistor Q1 is wired across
timing capacitor C1 and has its base taken to TRIGGER
pin 2 of the IC via R3: The TRIGGER pin is fed with a
train of pulse- or switch -derived clock input signals from
the monitored event, and the values of R1 and C1 are
selected so that the monostable period of the IC is

slightly longer than the repetition period of the clock
input signal.

Thus, each time a clock pulse arrives, a monostable
timing period is initiated via pin 2 of the IC, and C1 is
discharged and the pin 3 output is driven high via

transistor Q1. Before each monostable period can
terminate, a new clock pulse arrives, and a new
monostable period is initiated, so the pin 3 output
terminal remains high so long as clock input pulses
continue to arrive within the prescribed period limits.
Should a clock pulse be missed, or the clock period
exceed the pre -determined limits, however, the
monostable period will be able to terminate normally,
and pin 3 of the IC will go low and drive the relay or
LED on. The circuit thus functions effectively as an

ETI CANADA - FEBRUARY 1977
43



555 TIMER APPLICATIONS
event -failure alarm or missing -pulse detector. With the
component values shown, the monostable has a natural
period of about 30 seconds. This period can be varied
via R1 and C4 to satisfy specific requirements.

Fig 30 shows how a couple of 555s can be used to
make a pulse -width modulation (PWM) circuit. This
circuit can be used for transmitting coded messages, or
for applying variable power to a load at maximum
efficiency.

Here, IC1 is wired as a 1 kHz astable multivibrator,
which is used to feed a continuous train of clock pulses

5V 10 I5V Vo

CP .019F OUT

0-- 730101
I

Fig. 30: Pulse -width modulation (PWM) circuit.

CO

479F

MODULATION
INPUT

to the pin 2 TRIGGER terminal of IC2, which is wired as
a normal monostable multivibrator or pulse generator
and has a natural monostable period of approximately
0.36mS. The external modulation signal is fed to the
pin 5 CONTROL VOLTAGE terminal of the monostable
via C4, and determines the instantaneous widths of the
generated pulses. Thus, the circuit generates a train of
pulse -width modulated (PWM) pulses at a fixed
repitition frequency of 1 kHz.

SCOPE TIMEBASE
Fig 31 shows how a basic 555 monostable
multivibrator can be modified so that it generates a

OV

L..1
rITN DIE VALUES SNOWN
P  WM - POWS AT 9V

Fig. 31.- Triggered linear -ramp generator can be used as the
basis of an oscilloscope timebase.

linear ramp waveform of fixed duration each time it is
triggered: This circuit can form the basis of an excellent
oscilloscope time -base generator. The circuit works just
like a normal monostable circuit, except that timing
capacitor C1 is charged via constant -current generator
Q1 during each timing cycle, thus causing a linear ramp
voltage to be generated across Cl.

When a capacitor is charged via a constant -current
generator, the voltage across the capacitor rises linearly
at a predictable rate that is determined by the
magnitudes of the charging current and the capaci-
tance. The relationship can be expressed as:

Volts -per -second= I /C, when I is expressed in Amps
and C is expressed in Farads.

In this circuit the charging current can be varied over

the approximate range 904A to 1 mA via R4, thus
giving rates of rise on the .01 µF capacitor of 9V-per-mS
to 100V-per-mS. Now, remembering that each
monostable period of the 555 circuit terminates at the
point when C1 voltage reaches 2/3 Vcc, and assuming
that a 9V supply is used (giving a 2/3 Vcc value of 6V),
it can be seen that the monostable cycles of the Fig 32
circuit have periods variable from 6664S to 604S.
Periods can be increased beyond these values by
increasing the C1 value, or vice versa. Note when using
this circuit that its supply rail must be stabilised if stable
timing periods are to be obtained.

If the circuit of Fig 31 is to be used as the basis of an
oscilloscope timebase, note that the input driving signal
must first be converted to a good square wave, from
which suitable trigger pulses can be derived via C3 and
R5. The minimum useful ramp period that can be
obtained from the circuit is about 54S, which, when
expanded to give full deflection on a ten -division 'scope
screen, gives a maximum timebase speed of
0.54S -per -division. Flyback beam -suppression signals
can be derived from the pin 3 OUTPUT terminal of the
IC.

The 'timebase' circuit gives superb signal synchro-
nisation at trigger frequencies up to about 1 50kHz. If
the timebase is to be used with input signal frequencies
greater than this, the input signals should be divided
down via a single- or multi -decade digital divider. Using
this technique, the timebase can be used to view input
signals up to many MHz.

Fig 32 shows how a 555 can be connected for use
as a simple but effective Schmitt trigger or
Sine/Square converter. The circuit acts as a good
converter at input frequencies up to 1 50kHz or more. It
works by changing its output state each time the pin 2
input signal swings from above the 2 /3 Vcc level to

5V to 15V Ve
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WAVE Cl luF
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Fig. 32:32: 555 Schmitt trigger circuit acts as excellent
sine/ square converter up to about 150kHz.

below the 1/3 Vcc level, or vice versa. Resistor R3 is
wired in series with pin 2 of the chip to ensure that the
input signal is not adversely influenced by the transition
action of the IC.

Fig 33 shows how the basic Schmitt circuit can be
adapted to a dark -activated relay driving application by
wiring light -dependent potential divider R1-LDR to the
pin 2 input terminal of the IC. This circuit has an
inherently high degree of input backlash, and is likely to
be of value in only very specialised applications.

A far more useful relay -driving switching circuit is
shown in Fig 35. This circuit has negligible input
backlash, and can be used as either a light- or

44
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Fig. 33: Dark -activated relay switch has built-in backlash.

temperature -activated switch. In light -activated appli-
cations R1 is wired in series with a cadmium -sulphide
photocell that presents a resistance in the approximate
range 4700 to 10k0 at the required turn -on level.
Dark -activated operation can be obtained by using the
connections shown in Fig 34a or light -activated
operation can be obtained by using the connections
shown in Fig 34b.

Fig. 34: Minimum -backlash relay swi ch can be activated by
dark (a), light (b), under -temperature (c), or over -temperature
(d).

For temperature -activated operation, R1 must be
wired in series with a negative -temperature -coefficient
thermistor. This thermistor must present a resistance in
the range 4700 to 10k() at the required turn -on level.
Under -temperature operation can be obtained by using
the connections shown in Fig 34c, or over -temperature
operation can be obtained by using the connections
shown in Fig 34d.

I kHz ANALOGUE FREQUENCY METER
This circuit needs a square -wave input drivirg signal
with a peak -to -peak amplitude of 2 volts or greater. In
this circuit the 555 is wired as a standard monostable
multivibrator or pulse generator, and is powered from a
regulated 6V supply. Transistor Q1 is used to amplify
the square wave input signals to a level suitable for
triggering the monostable stage, and the output of the
monostable is fed to 1 mA fsd meter M1 via multiplier
resistor R5 and offset -cancelling diode Dl. This meter
gives a reading that is directly proportional to the
frequency of the square wave input signals, and its
operating theory is as follows:

Each time the monostable multivibrator is triggered
it generates a pulse of fixed duration and fixed
amplitude. If we assume that each generated pulse has
a peak amplitude of 10V and a period of 1 mS, and that
the pulse generator is triggered at an input frequency of
500Hz, it can be seen that the pulse is high (at 10V) for
500mS in each 1000mS (one second) total period, and
that the MEAN value of output voltage measured over
this total period is 250mS/1000mS x 10V = 5V, or

ETI CANADA - FEBRUARY 1977

50% of 10V. Similarly, if the input frequency is 250Hz
the pulse is high for 250mS in each 1000mS total
period, so the mean output voltage equals
250mS/1000mS x 10V= 2.5V, or 25% of 10V.
Thus, the mean value of output voltage of the pulse
generator, measured over a reasonable total humber of
pulses, is directly proportional to the repitition
frequency of the generator.

Normal moving coil meters are 'mean' reading
instruments, and in the Fig 35 circuit a 1 mA f.s.d.
moving coil meter is wired in series with voltage
multiplier resistor R5, which sets the meter sensitivity
at about 3.4V fsd, and is connected so that it reads the

Fig. 35: Simple 1 kHz linear -scale analogue frequency meter.

mean output voltage of the pulse generator. This meter
thus gives a reading that is directly proportional to
frequency, and the circuit thus acts as a linear -scale
analogue frequency meter. With the component values
shown the circuit is intended to read fsd at 1 kHz. To set
up the circuit initially, simply feed a 1 kHz square wave
signal to its input, and then adjust R2 (which controls
the pulse lengths) to give full-scale reading on the
meter; all adjustments are then complete.

The full-scale frequency of the above circuit can be
varied from about 100Hz to about 100kHz by suitable
choice of C1 value. The circuit can be used to read
frequencies up to tens of MHz by feeding the input
signals to the monostable circuit via a single- or
multi -decade digital divider, thereby reducing the input
frequencies to values that can be read by the
monostable circuit. The circuit can form the basis of an
excellent and inexpensive multi -range linear -scale
analogue frequency meter.

"Do you think we should bring in the
generating boys before we hit the market
with these." 45
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MC 1312/15/14P CBS SQ LOGIC SYSTEM MOTOROLA

A complete SQ decoder system in three
chips. The MC1312P is the decoder and
consists of two high input impedance pre-
amplifiers which are fed with left total, LT,
and right total, RT, signals. The preamp-
lifiers each feed two all -phase networks
which generate two LT signals in quadrature
and two RT signals in quadrature. The four
signals are matrixed to yeild left front, left
back, right front and right back signals (LF',
LB', RF', RB').

The MC 1314P is a voltage controlled
attenuator, a gain control and balance
adjustment unit for e:.,e with any quadra-
phonic system. It has four channels whose
gain can be varied by an external dc voltage.
In addition, the relative gain between
channels can be set by three external dc
voltages. Thus with four variable resistors
the master volume LF/RF, LB/RB and F/B
balance may be controlled.

Power Supply Requirements:
Nominal Signal Level.
Maximum Input Voltage:
Input Impedance,
Output trnpedance.
Total Harmonic Distortion.

at 1 Hz
Voltage Gain (at quiescent):
4 Channel Volume Control:
4 Channel Balance Control:

60 mA at 20 V
0.5 V
1.9 V
2 MO
2 kO
0.2% at nominal input
1.0% at maximum input
1.0
Range 70 dB
Tracking - within 3 dB
-35 dB at -20 dB gain

ELECTRICAL CHARACTERISTICS

Characteristic Typ
Supply Current Drain 16 mA
Input Impedance 3.0 MD
Output Impedance 5.0 kit
Channel Balance ILFIRFI 0 dB

Voltage Gain LF/LT or RF/RT 0 dB

Relative Voltage Gain Lg'/LF'.
LE' measurements made with LT input, RE' measurements made with
RT input.

-3.0 dB

Maximum Input Voltage for 1%THD at Output RT or LT 2.0 VIRMS)
Total Harmonic Distortion AT or LT 0.1 %

Signal to Noise Ratio 'Short:Circuit Input Vo - 0.5 VIRMSI
with Output Noise Referenced to Output
Voltage, V01 IBW - 20 He to 20 kHz)

A/

80 dB

Characteristic Typ
Maximum Gain I V8 6 V) 1.0 dB
Minimum Gain I VE, - 0 V) 0.5 dB dB
Gain Spread@ Gain , Mac 1.0 dB
Total Harmonic Distortion (Vie = 0.4 Vrms, max gain) 0.2 %
Signal 'Noise Ratio 120 Hz 15 kHz Bandwidth) Note 1.

VIN - 0.4 Vrms (ref)
80 dB

Channel Separation 60 d6
Balance Control Range V8 - 6.0 V I= Mac Gainl 20 dB
Gain Reduction (V4' - V 12' = 3.12 Vdc compared to

Va' = V12' :- 0.60 Vdc. VCC ' 25 Vdc)
14 dB

Supply Current )max gain) I VIN = 0 V)
1mm gain) WIN - 0 V)

19 mA
9.0 mA

Input Impedance 13 kSt
Output Impedance 2.0 kit
Control Current 14 or 112 -20.e A
Interrnodulation Distortion 111 = 7 kHz, 12 e 60 Hz) 0.6 %

CharaCtOf KIM Tye
Stipp's, Current (Pin 1210 VIN  0

P VIN s 1 4 Vrms
7 0 mA
15 mA

Input Resistance P Pin 1. 15. 16 20 !az
Output Resistance @ Pin 3. 5 1.5 IsSt

Paraphase Fiber Resistance @ Pin 9, 10 4.0 k II
8 ront-Elack Logic Discharge Resistance ife Pm 7.8 5.0 kit
Bias Voltage 110 k to ground) @ Pin 13 1.4 Vdc
Logic Contrni Input Current @ Pin 2

I V2- VI 3 0, V2- 0)
sO 5 mA

Relative Output Change
Front Output With LB or RB input, Of back output with LB or RF inputs 2.8 viv

L Phase
Shift

Network
LF' Output

Lg' Output

L Phase
Shift

Network

LT Input

Gnd

LF/RF
Balance

RF Output

RF' Input

Control
Front GF

LF' Input

LF Output

F/B Balance

Volume

RF' Input

Logic
Control

Control
Front GF

TF2

Control
Back GB

TB1

TB1

TF1

The logic circuitry for the system is in
the MC1315P which provides the basic logic
function to enhance the front to back
separation in the CBS SQ four channel
decoding system. This device is designed to
interface with the MC1312 decoder and MC
1314. The MC1315 provides dc logic
enhancement control signals which extend
the performance of the basic SQ system to
the levels desired for top -of -the -line systems.

MC1312P

MC1314P

MC1315P

Rg' Output
R Phase

Shift
Network

VCC

RF' Output

R Phase
Shift

Network

RT Input

VCC

Lg/Rg
Balance

Rg Output

R g' Output

Control
Back GB

Lg' Input

Lg Output

Gnd

Rg' Input

LF' Input

Gnd

Bias

VCC

AGC

Filter Back

Filter Front
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MC 14543CL/P LCD DISPLAY DRIVER MOTOROLA

The MC1453 BCD -to -seven segment
latch/decoder/driver is designed for use with
liquid crystal readouts, and is constructed
with complementary MOS (CMOS) enhance-
ment mode devices. The circuit provides the
functions of a 4 -bit storage latch and an
8421 BCD -to -seven decoder and driver.

In order to drive LCD displays, which
require a non -polarised drive, the MC 14543
has a 'phase' input. With a square wave
applied to this pin, the output phase
reverses in step, thus satisfying the require-
ment. To drive common anode LED
displays, Ph input should be held high, and
low for common cathode LEDs. Other

display types can be driven, but witn
transistor interface.

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high imped-
ance circuit.For proper operation it
recommended that Vin and Vout be con-
strained to the range VSS --<..(Vin or Vout
<VDD..

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
VSS or VDD).

LOGIC DIAGRAM

> > 13 0-->0

2 0--[>0

_ 4

AI 7 OH>0---

LD 1 0->D-4,---->0-
/

-Do

Phase 6 0---[>0-*

9a

10

11 r

12

13 e

-0 15

14 t,

ELECTRICAL CHARACTERISTICS

Characteristic

VDD

Vdc

MC14543CL/CP

Unit
.25°C

Min Typ Ma.

lutput Voltage '0- Level 50 0 001 Vdc
10 0 001
15 0

"1- Level 5 0 4 99 5 0
10 999 10

15 15

Noise Immunity 
(V.,,, .,... 3 5 Vac/ 50 15 225 Vile
IV°, ...- 70 Vdcl 10 30 450
tVou, -?- 10.5 Vdcl 15 6 75
IVou, 5., 1 5 Vdcl 50 15 225 Vdc
IVo,.j1 -<... 3 0 Vdcl 10 30 450
(Vout 4.5 Vdcl 15 6 75

Output Drive Current
IVOH 2.5 Vdcr Source 50 -020 -1 9 mAdc
IVOH = 9.5 Vdcl 10 -020 -1 0
1V0s4 = 0.5 Vdcl 10 97
IVOH = 135 kirk/ 15 39
(VOL 04 Vdcl Sink 50 020 0 78 mAdc

(VOL -
0.5 Vdc) 10 050 20

1V0L  95 Vdcl 10 114

'VOL -
1 5 Vdcl 15 78

Input Current 10 pAric

Input Capacitance 50 17,

Quiescent Dissiprition '1
I0L 15 pF. I 0 MHz)
PD - (4 8 mW MHz( f  0 000025 mW 5 0 0 000025 0 25
PD - 119 rnW;MHz1 f 4. 0 00010 mW 10 0 00010 1 0

PD 143 mW MHz) f  0 00023 mW 15 0.00023

Minimum Latch Disable its

Pulse Width IStiohinq Date)
50 125 375
1(1 50 150
1,-, 40

MC 14543
Output

Ph

FLUORESCENT READOUT

vss

F ilament
Supply

VSS or appropriate
voltage below VSS'

INPUTS OUTPUTS

LD BI Ph DC13 Ari b c id e I g Dispiay

x I 1 0 X X X X 0 0 0 0 0 0 0 Blank
1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0

1 0 0 0 0 0 1 0 1 1 0 0 0 0 1

1 I 0 0 0 0 1 0 1 1 0 1 1 0 1 2

1 0 0 0 0 1 1 1 1 1 1 0 0 1 3

1 0 0 0 1 0 0 0 1 1 0 0 1 1 4

1 0 0 0 1 0 1 1 0 1 1 0 1 1 5
1 0 0 0 1 1 0 1 0 1 1 1 1 1 6

1 0 0 0 1 1 1 1 1 1 0 0 0 0 7

1

1

0 0 1 0 0 0 1 1 1 1 1 1 1 8
1 0 0 1 0 0 1 1 1 1 1 0 1 1 9
1 0 0 10100000000 Blank
1 0 0 10110000000 Blank
1 0 0 11000000000 Blank
1 0 0 11010000000 Biank
1 0 0 11100000000 Blank
1 0 0 11110000000 (bank
0 0 0 XXXX '''

1 1 1 t Inverse of Output
Combinations

Display
as above

Above
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Yamaha B-1 amplifier with
UC-1 control unit.

VERTICAL RT POWER AMPLIFIER
PRODUCES OVER 200W

PER CHANNEL - AND IT'S
CLEANER SOUNDING THAN

VALVES

CONVENTIONAL POWER OUTPUT
transistors produce a fairly high level of
distortion as a result of the non -linearity
of their transfer characteristics. In fact
transistor manufacturers have been
searching for many years for a solid
state device which would have
characteristics more nearly equivalent to
the hitherto ubiquitous tube.

Professor J. Nishizawa's development
of the field effect transistor provided
the break -through that had long been
sought. The characteristics of these
F ET s, when compared with the con-
ventional bipolar transistor, are firstly
the elimination of carrier storage
effects, reducing switching or notch
distortion when used in Class AB or B
power stages, and extremely rapid rise
and decay times. High order harmonic
distortion is dramatically reduced
because of the squareness of the transfer
characteristics and the power drive
requirements are extremely low.

Unlike bipolar transistors, when the'
temperature rises the quiescent current
decreases and so the big drawback of
bipolar transistors, thermal runaway, is
very conveniently avoided. When placed
in a power output stage of a power amp-

lifier this provides the opportunity to
develop extremely low open loop
distortion and, in theory, almost the
ultimate in power amplification
characteristics.

The B-1 Power Amplifier is a

braggart's delight! It's bigger, heavier,
more powerful (within limits) and has
better performance than any other
power amplifier in its class that we have
ever tested. It also has many most
valuable features that are not commonly
encountered.

The B-1 unit is a big ventilated black
box on which are mounted a power
ON/OFF switch, two speaker level
controls and three LED s indicating the
operation of the overload protection,
the state of the thermal overload pro-
tection and power ON/OFF.

These controls are set in an anodised
aluminium panel which is readily
removeable to enable it to be inter-
changed with a Basic Amp Controller
UC-1 which includes two large peak
level meters with the unusually wide
dynamic range of -50 dB to +5 dB.
These are also calibrated in terms of
watts into an 8 ohm load; i.e., a range of
up to 0.01 W to 300 W. This unit allows
the connection of any one or more of
up to five pairs of stereo speakers each
with its own pair of individual pre-set
level controls, the load terminals for
which already exist on the rear panel of
the main amplifier.

PROTECTION RACKET

Main amplifier features include com-
pletely separate power supplies for left
and right channels and a third power
supply for the relay control functions.
These are activated via a relay from the
front panel power switch such that
when the power is switched on the
speaker protection muting circuit
operates to disconnect the speaker loads
until the amplifier voltage conditions
have stabilised.

There are two separate protection
circuits whose operation is indicated on
the front panel. These are, firstly,
thermal protection - designed to cut
off the power supply if there is any
danger in any circuit elements rising to a
temperature exceeding 100°C: simul-
taneously, the speaker protection circuit
will be activated cutting off the sound.
This circuit is self re -setting when the
internal temperature returns to a safe
level. A second protection circuit
operates on overloads resulting from
three distinct conditions. Firstly, the
speakers are disconnected if a DC level
exceeding ±2 volts is detected at the out
output terminals. Secondly, the muting
circuit already mentioned is activated
immediately following power turn -on to
eliminate loudspeaker thumps and
thirdly, the power supply is discon-
nected whenever an abnormal voltage or
current is detected in the output
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YAMAHA 111

VERTICAL FET POWER AMPLIFIER
circuitry. This provides amongst other
things protection against short circuits
on the output or loads of less than 4
ohm impedance. This feature may
preclude the amplifier being used with
some 4 ohm speakers - the impedance
of which falls to well below 4 ohms at
some frequencies.

A rumble filter with a 12 dB per
octave filter (below 10 Hz) protects the
loudspeakers from low frequency
transients. The control switch for this
filter is at the back of the unit.

MEASURED PERFORMANCE
Our past experience with Yamaha

products has been that the manu-
facturer's specification is generally
bettered. The Yamaha B-1 was no
exception. It has a frequency response
which was +0 -0.4 dB from 10 Hz to
122 kHz, a straight line on a level
recorder. The manufacturer's power
ratings were easily exceeded, both with
8 ohm and 4 ohm loads, being 210
watts into an 8 ohm and 220 watts into
4 ohm with both channels driven. The
power bandwidth was 5 Hz to 50 kHz -
precisely as stated by the manufacturer.

Distortion is very low indeed - over
most of the frequency and power
output range the unit introduced no

MEASURED PERFORMANCE OF YAMAHA 8-1 POWER
AMPLIFIER - SERIAL NO. 2869

Frequency Response:

Power at Clipping Point:
(Both channels driven)

Power Bandwidth:

-0.4 dB at 10 Hz and 122 kHz
-3.0 dB at 2.3 Hz and 122 kHz'

210 watts (8 fl 1 kHz)
222 watts (4 E2 1 kHz)

E Hz: 144W 8S2 0.13% THD
50 kHz: 105 W 8 S2 0.3% THD

Total Harmonic Distortion:
(Both channels driven) 100 W 8 St

Noise:

Hum

Sensitivity:

Input Impedance:
Output Impedance:

I W 8 .S-2

100 Hz 0.03%
1 kHz <<0.01%
6.3 kHz 0.07%

100 Hz
1 kHz
6.3 kHz

<0.03%
<0.03%

0.04%

- 99 dB re max. power i.e. 0.46 mV
-106 dB (A) " "
-126 dB "

60 mV input gives 1 watt (852)

92 k52 at 1 kHz
0.08 S2 at 1 kHz

*Max measurable frequency with test gear used.

YAMAHA VERTICAL FET CONSTRUCTION

As the vertical FET illustration below shows, the
source, gate and drain are aligned vertically, permit-
ting much higher power capacity. Each element of
the mesh is, in effect, equivalent to an independent
FET; a single Yamaha vertical FET contains tens of
thousands of such elements.
The mesh itself measures 5-10p across. To assure
highest possible drain -source and drain -gate break-
down voltage, impurity concentration is reduced to a
level far below any previous semiconductors, through
a special epitaxial layer formation method.

Conventional FET Construction

Source Gate Drain
N  Stratum

NStratum
--) N Stratum

P Base

Arrow shows current flow direction

Yamaha Vertical FET Mesh Configuration
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increase in distortion beyond the
inherent distortion of our measuring
system.

Yamaha conservatively state that at
one watt output, the distortion at 1 kHz
is 0.03%-and 0.04% at 20 kHz. Our
findings indicated that under those
conditions the distortion was respective-
ly less than 0.02% and less than 0.03%
respectively. At 100 W output the
distortion was very much less than
0.01% (being typically less than
0.005%) and at 6.3 kHz it was a precise
0.07%.

Until recently it was generally
believed that ultra -low distortion levels
were irrelevant.

Nevertheless there is increasing
evidence that basic design improvements
such as those incorporated in the
Yamaha B-1 amplifier result in audible
improvements - even though these
improvements are not necessarily
measurable by standard steady-state test
methods.

Noise was found to be -99 dB with
respect to maximum output or, if you
prefer it, less than half a millivolt at the
output terminals. Hum was an extra-
ordinarily low -126 dB with respect to
maximum power output.

SUMMARY
As hard as we tried we could in no

way fault the performance of this unit,
except lamely to say that when we
picked it up we found it too heavy!

Currently research shows that amp-
lifiers offering higher linearity with
lower levels of inverse feedback offer
very good transient performance.

We think, but cannot prove, that the
subjective performance of this unit is
better than other amplifiers using con-
ventional bipolar transistors but must
honestly say that we have not positively
proven it so, on the basis of instru-
mental measurements.

Let's just say that we believe the B1
is the cleanest performing amp we have
ever heard.

Qr./4 & Pa", 50 08 0,10,
www

LOW
FREQUENCY
RESPONSE
OF THETHE

YAMAHA 0-1
POWER

AMPLIFIER
14

"NORMAL"
MODE

SHOWING
EFFECT OF
RUMBLE
FILTER.

30/7/76
DFC

J81

Hz W. Sneed rnm/sec P.P.' Speed mm/ r
W 11 1 11 IF V

:0 Hz 50

OP 1124 5+",1,014 Prepuec, Scala b, I/ 10th.

2'0 501' 1000 20010 5000 10000 20000 40000 0 A 8 C L.

200 Lowe! 11612/21121 A 8 C Lon

IAI

L

We are looking for someone to work on the editorial of
ETI-Canada in Toronto.

As it's far easier to teach someone the journalistic side
than the electronics side, it's an electronics person we're
looking for.

Prime qualifications are a genuine interest in electronics
with a bias towards the hobby side. A fair knowledge of
modern circuitry, components and developments is also
necessary but we're not looking for a designer and many
enthusiasts have the necessary knowledge.

The work will consist of some writing, some research,
some working on other people's originals. The name of the
game is accuracy: presenting information in the most
readable form and making sure it's correct.

We've no strong views on age but guess the successful
applicant will be in his/her twenties. Salary is negotiable.
Incidentally, this is not just a 'prestige' ad - it's genuine
and it certainly isn't just put in to fill an odd space!

Apply in writing, with resume, as soon as possible to:
The Publisher,
Electronics Today International,
Unit 6,
25 Overlea Boulevard,
Toronto,
Ontario,
M4H 1B1.

Then well like to have

a word with you.
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ETI project

rfi0ON TESTER
Measuring the speed of your reactions can be fascinating. Our
project not only allows you to do this to a considerable degree of
accuracy, but allows for competition between two players.

THE MOST NOTICEABLE EFFECT
of a night on the town, apart from the
revolving universe, is the immediate
slowing up of a person's reaction time.
The project to be described here will
give an indication of that time,
measured to 1/100ths of a second.

There are two possible versions of
the project; which one you build
depending on the usage or abusage you
intend to subject the unit to.
The 'standard' version if you like, is

the TTL circuit of Fig.1, which can be
run from a battery pack as a

portable unit.

PLAYING THE GAME
The tester provides an intriguing

party game which will cause many an
argument. It is set up as a contest bet-
ween two people, with indication of
who has won - and the winning time.
It might be an idea to take some read-
ings on the known drinkers at the start
of that party - and when their reac-
tions have slowed to half, pack 'em off
in a taxi!

Playing the game is simple. The
contestants man the switches on the
front panel, and a 'referee' takes the
remote start switch. By pressing this
he lights the 'GO' lamp on the panel,
and starts the timer. Whichever of the
players pushes his button first, lights
his own 'WIN' lamp, and stops the
count at his/her reaction time.

CONSTRUCTION
Building up the 'standard' version is

best done by constructing the display
and counter sections first. Check the
former by applying a high level to pins
7, 1, 2, 6, in turn of ICs 3 and 4.
The numbers 1, 2, 4 and 8 will
appear on the display if all is well.

Remove the 'decimal point' pin on
the displays, this will vary from type to
type, ours were DL707s. This aids
location on the P.C.B. The lead from
the hand-held unit to the main unit
must be screened - four -core individual
screen recording lead is ideal - other-
wise stray capacitance can 'clock' the
7490 without the switch being operat-

ETI

REACTION
TESTER

2

WIN

1

O
WIN GO

STOP RESET STOP

ed. Ground one end to pin 2 of the
socket on the unit, and the switch end
to the output (ground) side.

We used a plastic box for the
remote button. If you are going to use
a line supply, check the output of this
before applying Vcc to the circuitry.
Too high (>7V) will send the logic to
join its ancestors on that great bread-
board in the sky.

Possible modifications and add-
itions to the basic unit are legion. We
originally used a 7400 as the oscilla-
tor, but settled on the discrete
circuit for simplicity. No doubt the
logic hounds will return it, but watch
out for resistance values, no higher
than 20k with TTL. The frequency is a
little low for TTL to be entirely at
home in any case.

A 'self -test' facility could be added,
using an 'almost random' start circuit
employing say, a 7413 device. Wire
three of the inputs to the gate high,by
a potential divider, and the fourth
goes to the mid -point of a series R -C
combination across the supply. Make
the R variable, then if the C is large
enough, an appreciable time will elapse
until the voltage at the fourth input
rises enough to turn on the gate. When
it does the Schmitt will turn hard on,
and provide a suitable pulse to gate the
output of the oscillator into the count-
er. Leave the pot uncalibrated, and
there really is no way of knowing
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DISPLAY
1

3 9
III

fgabcde

15 1413 12 1110 9
16

IC3 7447-
8 6 2 1 7

DISPLAY

III
3 9 14

1
fgabcde

15 141312 11 10 9
16 7447 IC4
8 6 2 7

Press
to
Reset

R15
3k3

R16 R17
68k 68k

C2 0.1uF

R18 j LED3
3k3

C2 I 0.1uF

Fig. 1: Circuit Diagram of the Tester.

Q1 to Q4 can be any general purpose
silicon NPN types such as 2N2222

S1a

S2a\
LED1

7,4

Fig. 2: PCB foil pattern - full size.

R13 270

R21 39k R22 39k

D1

S5
On off

R2C
270

-r
6V

T

MM. Novi it works-

If we begin with the display driver/
counter section, we see that the counting is
done by two cascaded 7490 devices. These
are working as +10 BCD counters, and the
outputs feed two 7447 BCD decoders/
display drivers. The input pulses, 4.2V p -p
square waves, are generated by Q1 and Q2
in a multivibrator mode at a frequency of
approximately 100Hz. Greater accuracy
can be obtained by making one of the charg-
ing resistors (R16 or R17) variable, and
tuning the oscillator to exactly 100Hz. In
this way the tester will read exact reaction
times, ± .01 secs.

When the 'Go' button is pressed, green
LED3 in the front panel lights, and pulses are
fed into the counter chain. When either con-
testant's switch (Sla, S2a) is pushed, the
link between oscillator and counter is
broken and the counter will 'hold' the
number of pulses that have entered i.e. time
in 100ths of a second.

At the same time Slb and/or S2b oper-
ate the Vindicator' circuit comprising Q3
and Q4. Either one of the LEDs can lock on
turing off the other transistor, and so ensur-
ing only one light can be on at any given
time - that corresponding to the first button
pushed. Diode D1 serves both as a voltage
dropper to bring Vcc down to a logic supply
level (5.4V) and also to prevent damage due
to supply reversal.

a 

re
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REACTION TESTER

Parts List
Resistors
R1-14, 23 33OR
R15, 18 3K3
R16, 17 68K
R19, 20 27OR
R21, 22 39K
All V4W 5%
Capacitors
C1, 2 0.1mF minifoil etc.

Transistors
01,2,3,4 2N2222 or similar

Diodes
D1 IN 4001 or equivalent
LED 1, 2 RED 0.2"
LED 3 GREEN 0.2"
Integrated Circuits
IC1, 2 7490
IC 3, 4 7447

Switches
SW1, 2 Double Pole Changeover-

Push On, Push Off.
SW3 Single Pole, Single Throw-

Push to Break, non locking.
SW4 Double Pole Changeover-

non locking.
SW5 Single Pole, Single Throw-

rocker type.
PCB ETI 570 - $5.85 post paid from
CANMOS, PO Box 1690, Petert °rough

Misc
I.C. sockets
Battery holder to suit
(Use 4 x Type C Alkaline version)
Boxes to suit
5 pin chassis skt
5 pin in -line plug
1m 4 core individual screened lead
Board spacers etc.

LED1 and 2 anode
LED1 cathode
L E D2 cathode
Vcc from switch

SW1b contact
SW2b contact

SW1b POLE
OV I SW2b POLE

PINS 5 and 2 of SKT Fig. 3. Component overlay.

SW1a

PIN 3
of SKT

exactly when the circuit will fire the
LED Anyway we offer the idea for
experiment - no guarantees!

By speeding up the clock oscillator
to 1kHz, and adding a third 7490/
7447 stage, timings can be taken in
1/1000ths of a second, or up to 9.99
seconds, depending on which end you
add it! If anyone takes 9 seconds to
find the button - call the undertaker.

Many more ideas will undoubtedly
occur to the constructor - it is a case
of knowing where to stop.
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SHORT
CIRCUITS

This new series will describe straightfor-
ward projects but they are not necessarily
simple in their operation or aimed at the
beginner. We plan to carry between two
and four such projects each month.

PATCH DETECTOR
THERE IT STANDS: gleaming. On
the surface, a secondhand car in really
good nick but think! Modern mater-
ials, especially resin body filler and a
quick paint job with the spray gun
can make a rusty heap look like a new
car.

Our Patch Detector will quickly
find areas of the body -work which
have been filled - or even patched
with aluminum.

Only a handful of components are
used. The key to the operation is the
transistor output transformer; we used
several types and they all worked
without any difficulty.

It is necessary to modify the trans-
former. First remove the shroud over
the laminations. Then, using a pair of
fine -nosed pliers carefully remove the
laminations, These are held together
by wax: the first lamination may be

-Parts List
QI Transistor 2N2222 etc
RI Resistor 47k 1/4W
Cl Capacitor 0.1/AF disc ceramic etc
C2 0.01812F
C3 10011F 12V electrolytic
Ti Armaco AT 49 (Electrosonic)
Earphone: 81L type, 3.5mm jack plug
Earphone socket, 3.5mm
PCB to design shown
Small plastic box
Eveready 216 and connector

-How it works
The circuit is a Hartley oscillator using
an AT49 as the inductor. The primary
of Ti is tuned by CI and feedback is
provided by C2. The secondary of Ti
connects via the socket/switch to the
earphone.

Due to the modification of the trans-
former, when metal is brought near to
the open end of the E laminations this
alters the inductance of the primary and
consequently the frequency of the note
produced.

Cl. C2 and RI all affect the note
produced and as long as R1 is not
reduced below 33k, these may be
modified to give the desired frequency.
Current drain from the battery will be
between 5 and 10mA. Fig. 3. PCB foil pattern - full size.

FVF:
FROM RATTER

TO EARPHONE SOCKET

T1
MODIFIED AT49

SOLDERED
TO PINS ON BOARD
(FOR SUPPORT)

Fig. 1. Circuit diagram of the detector.
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Fig. 4.- The wiring and modifications to the
earphone socket
tricky to remove but thereafter you
won't have any difficulty. The lamin-
ations in the AT49 (and the others
we tried) are E shaped with a bar
enclosing the exposed end, they are
layed alternately.

When all the laminations have been
removed reassemble them all the same
way round to form an E. Fit this back
into the transformer and replace the
shroud.

We used a small plastic
hand - held box and built a small
PCB to hold the components. The
transformer can't fit directly onto the
PCB so two thick wires are soldered
to the shroud, these in turn are
soldered to the PCB, this effectively
stands the transformer away from the
board.

A hole is necessary in one
end of the plastic box to take the

Internal view of our Patch Detector. Note
how the transformer fits through a hole cu' in
the short end of the case.

transformer's face; the open ends of
the E should face out.

The circuit is simple and will only
be used with an earphone so an on -off
switch will just complicate matters
Instead the switch section of the ear-
phone socket is bent so that it
switches on when the earphone is
inserted.

An Eveready 216 will fit nicely
across the end of the box if one
of the plastic buttresses on the pillar
and two pips inside the same area are
cut away.
The circuit is really a simple metal

locator. In free air an audio tone is
heard but when run along the body of
a car the note is lower. When filler is
encountered the note rises: even
alumin urn causes note change. There
is no danger of the unit scratching the
paintwork as the only thing to touch
the bodywork is the soft plastic of the
transformer's former.

A change in note can be detected
when sheet steel is about 10mm
(3/8in) from the laminations. Greater
sensitivity is not an advantage
incidentally.

HEADS 011 TAILS
THE MULTIVIBRATOR IS ONE OF
the most commonly -used circuit
blocks in electronics - especially in
digital circuitry. And the multivibrator
forms the basis of this 'head or tails'
project.

The multivibrator is a basic form of
square -wave oscillator which in our
design runs at about 700Hz whenever
the push-button is pressed. When the
button is released the oscillator will
stop and the circuit will assume one of
the two possible stable states. Either
Q1 will be conducting and Q2 will be
cut off, or Q2 will be conducting and
Q1 will be cut off. Whichever tran-
sistor is conducting draws enough
current down through the resistor and
the light -emitting diode (in series with
its collector) to cause the LED to
light.

Notice that the circuit is symmet-
rical and that the two transistors are
cross -coupled between their collectors
and bases (via R3, C1 and R4, C2). If
corresponding components on each
side are matched there is equal prob-
ability of either transistor being on

LED1

Zi

R1

390 R
R2
47k

b

01

2N2222

R3
47k

RV1
47k

R4
47k

R5
47k

b

a

k

4

SW1

LED2

Zs.

9V
BATTERY

R6
390 R

e

Q2
2N2222

Fig 1 The circuit of our Heads -or -Tails unit

when the button is pressed. However,
electronic components do not have
exactly the values they are supposed
to have so it is necessary to include
potentiometer RV1 to adjust for

equal probability. Alternatively it
may be useful to maladjust RV1 so
that the effect of bias on the results
can be assessed.

When either Q1 or Q2 is on, as said
before, the associated LED will be on
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Parts List
Ri

C1,2

S.W.1 On/off switch

Q1,2

P.B.1
LED 1,2 Light emitting

Battery PP3
Battery clip
Aluminum box 4 x 2 x 1
PCB to design shown.

Potentiometer
Capacitors
Transistors

Press to make

Resistor
R2-5 Resistor
R6 Resistor
RV1

390R 1/4w 5%
47k 1/4w 5%
390R 114w 5%
47k trim
22nF polyester
2N2222

diodes (large type)

ins.

-110W it works

Internal view of the completed unit

LED 1

a0 f-R

R2 1

billrPO46j°16
Fg. 2: The PCB layout. Full size 50 x 40mm

This circuit may be considered as a multi -
vibrator, when the button is pressed, and as
a flip flop when the button is released. If
initially we consider the circuit with R2,
R5, Cl and C2 deleted we have a standard
flip flop. If Q1 is on, it robs current from
the base of Q2, thus turning it off.
Transistor QI will be held on by the current
through R6 and R4. However, if Q2 is on,
the reverse is the case. Thus only one of the
transistors can be on at any time - never
both.

The addition of R2, R5 and Cl, C2, will

not alter the above, providing the push
button is not pressed. However if the button
is pressed the current through R2 and R5
will try to turn on both transistors.

Take the case where initially Q1 is on
and Q2 is off. The voltage on the collector
of QI will be about 0.5 volts and the voltage
on Q2 collector, about seven volts. We
therefore have about 6.4 volts across C2 (as
the base of QI is at about 0.6 volts). When
the button is pressed Q2 will turn on and its
collector will drop to 0.5 volts.

However a capacitor cannot instantly
change its voltage and the base of QI will

therefore be forced to -5.9 volts which
turns off the transistor. Capacitor C2 then
discharges via R2 and R4 until the base volt-
age is again at +0.6 volts when Q1 will turn
on again. This however forces the base of
Q2 to -5.9 volts (due to Cl,thus turning
Q2 off. This process continues back and
forth until the push button is released. The
circuit then stops in the state it was at the
instant of releasing the button.

To add bias to the circuit RV1 can be
adjusted to change the discharge time of Cl
or C2 by up to 50%. In this case the two
transistors will not be on for equal times
and the results will be biased towards one
side.

LEDs are included in the collector
circuits of each transistor to indicate which
transistor is on. If, for display purposes,
a slower -running unit is required the values
of Cl and C2 may be increased. If both are
10 microfarad electrolytic capacitors the
rate will be about 1.5 seconds. Make sure if
electroytics are used that the positive
terminal is connected to the collector
of the transistor.

To
PB1 ---. {-1114-10

11\0 C2 C1

-CD
Fr75a

aOc6e- R6
LED 2 CA2

1 1

To Battery
SW1 -ve

Fig. 3: The component overlay

and this gives us our 'heads' or 'tails'
indication. When the button is pressed,
however, the LEDs are switched on
and off alternately at a rate of 700Hz.
The switching cannot, of course, be
seen due to the limited flicker -
frequency response of the eye. Both
LEDs will therefore appear to be
illuminated.

CONSTRUCTION

The unit can be assembled onto a
small printed -circuit board such as that
illustrated .

The main points to watch are that
the transistors are correctly orientated
and that the LEDs are wired correctly.

The unit should be thoroughly
checked - a transistor or LED can be
destroyed if it is wrongly connected.
Double-check the battery connection
- a reversed battery can also destroy
semiconductors.
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SCR TESTER
SCRs ARE INCREASINGLY being
used for power control in mains
circuitry (e.g. sound -to -light converters
and drill speed controllers) and also in
battery circuits (e.g. flash triggers).
Testing any semiconductor can be a
bit of a problem if you have to set
up a test board to do the job, so that
there are now many circuits available
for transistor testers. Now, here's a
simple SCR tester which will give an
instant indication of a faulty device.
CONSTRUCTION

As can be seen from the circuit
there are only a handful of compon-
ents but we opted to mount most of
these onto a small tag -board; there are
almost as many components on the
front panel, however.

SCRs come in a variety of encapsul-
ations; the small ones are usually in
TO5 cans and a socket is fitted to the
front panel to accept these directly.
Other types are not suitable for plugg-
ing in so the connections to the socket
are taken to three sockets into which
extension leads with alligator clips can
be plugged.

-11oW it works
On switch on, assuming a good SCR, there is
approximately 20V AC across the SCR, but
it does not conduct so that with no current
flowing through R2, no volts are dropped
across it, hence neither LED will light. When
P/B1 is pressed, thyristor gate current will
flow, and the thyristor will turn on when
the anode is positive with respect to the
cathode. Thus, for half of each cycle,
current will flow through R2, so that LED1
will light up.

If both LEDs light up, this means that
the SCR is conducting both ways, i.e.
internally short circuiting. If neither LED
lights up, when PB1 is pressed, the SCR has
failed open circuit.

-Parts List
T1
NEON
Cl
131
R1
R2
R3, 4
LED 1
LED 2

117V - 25V .3A min. trans
240V TYPE
0.1.PF 160V
1N4001
100R ihvNi
100R 5W W/W
1k2 V4W
GREEN TIL 209 TYPE
RED TIL 209 TYPE

PB 1 Push to test type
SWI OFF/ON mains toggle
TO5 Transistor test socket, banana sockets,
mains cable, miniature tag board. feet.
Aluminum case (6 3/8" x 2 7/8" x 1 7/8")
(162 x 73 x 48mm)
2 'standoffs' '/zin.
Nuts and bolts.

T1
117V / 20-25V

300mA

NEON

DEVICE UNDER TEST

D1
1 N4001

C1
0.11/F

G

P/Ei 1
.1 0

R1

1000 '5W

R2
1000
5W
w/W

LED1 LED2
(GREEN) (RED)

Fig. 1: Circuit of the SCR Tester.

The completed unit is built into a strong aluminum box.
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The majority of the components can be wired
to a small tag board.

12 VDC (ft 3 AMPS
 REGULATED, CONTINUOUS DUTY
 CONVERTS CB, HAM RIGS TO HOME

115V to 12VDC converter!
Built-in automatic RESET
circuit breaker. Powerful 3
amps (8 amps peak) makes
tt ideal for SSB rigs, tool
Attractive walnut like metal
modern -de .ign cbinet (5e
4 l.s x21/4 '7. Big U.S.
maker design. Built-in cir-
cuit breaker. Front panel
has OFF -ON switch and
LED light. For 116 VAC
80 cycle. Wt. 5 lba.

Oat. Ne. 203452

2495
 120ELOTO PRLAMIP
 I" VAC MOTOR
 IMADV TO 00
 WITNI ALL CORDS

of
LOSILT MOTOROLA

ITS READY TO GO! Platoo,: 115 VAC opera-
tion. An exceptional feature: 116 VAC olotcw, to ',VOW
FREE" heavy duty wheel; built In power OUggigi balk -
in prearnP. panel, black -and -silver trim:nod x 81/2 x
4 Ws. beery duty plastic.Depth 11%.. Wt. 3 lba.
Cat. No. 203444

TOUCH TONE
WANNAANA1

ENCODER
KIT*

REPETER NOM..

as OrrICE

30/0:T°'"
1.26M, 2 -meter and 6 -meter amateur radio operators.
if your rig is mobile convert it easily to  mobile
telephone station and enact your home, shop. school.
factory TTE-100 tour, tone encoder kit. Kit includes:
Chomerica touch tone pad, Motorola MC14410 chip,
trimpot, resistors, men r, diagram, and G-10 pc board.
Electrical specs: 12-16 volt, 5 mile rmas I, 4 volts
PP output.  Lean 1 -MC crystal. Cat. No. 20 3315

Cat. No. Description Sale BUY 'EM253149 Touch Tone Pad 54.502013x2 MC1.1410 Chip 10.30 SEPARATELY
25 3393 P.C. Boar,' 2.95

"POCKET."

vat
3 for 548.

$16.88
 MIRRORED 3- SCALE

 20,000 OHMS PER VOLT
Designed to train engineers of the top electronics school:
BELL & HOWELL, famous maker of precision photo-
graphic equipment! Compact and versatile, with fea-
tures found only in costly test equipment. Constructed
with 1% precision resistors and D'A.rsonval meter
movement for precision readout accuracy. Low volt -
tags range. for solid state testing. Insulated hi -Impact
plastic case. Input impedance 20,000 ohms per
volt DC, 10,000 ohms per volt AC. Measures
DC Volts: 0-25-50-250-500-2500; AC Volts 0-10-
E0-100-500-1000; DC current 0-50uA-2.5ma-250ma:
Ohms: X1000, X10,000. Measures db from -20 to
+22. Pocket site, measures 3" x VA" x 21/2". In-
cludes pal, of unbreakable 34" test probes with pin
Jacks. Thumbwheel ohms adjust. Require. standard AA
Penlite battery (not included), Wt. 8 ass. No.203580

MICROPROCESSORS
D 8008 $14.95 0 8080 $24.95
O 2102-1 $1.95
O 1702-A $9.95
 MM5262 $1.95

8 FOR $11.95
3 FOR $25.00
3 FOR $3.00

Rotron Fans
 118 VACI
 Cempactl
 Lightweight!
 Only 4-11/1.1E' en.

x 1 Va' Mold
Pans by Rotron. Used extensively for hi -e eqpt because
of low -met, dependable cooling, as well as flushing

omputers, power supplies, office equipment, light
projectors, transmitters, receivers & more? Weighs only
1-1b. LOW NOISE LEVEL! Humidity & moisture resis-
tant motor. REVERSIBLE AIR FLOW! Impedance pro-
tected. Suitable for -40° to +160° F. Both 116 VAC,
9200 rpm, 15 watts, .18 ampa. Hi -impact, flame retard-
ant polycarbonate propellers in a reinforced phenolic
venturi block. Removed from new eritaptnent. Mont,
hack gurrantee. 11/3 lbs. 203108 MuffIrd. 3 -blade

la
10111011

88

20-ZV
F ROM T1

ANODE
TEST SOCKET

QED
LED 2

11()

GREEN
LED 1

IKI

IAI

GATE TEST
SOCKET
VIA PB 1

CATHODE
TEST SOCKET

Test gear tends to be mishandled
and a nice strong aluminum case is
advisable in view of the propensity of
small test gear to disappear under piles
of components at the back of the
workbench.

In a no-go condition, both LEDs
will light under a short-circuit cond-
ition so don't be misled by the green
light being on.

OPERATION
1. Insert SCR.
2. Switch on. If either or both LEDs

come on, reject the SCR.
3. Press button 1. LED1 only should

come on; if anything else happens,
reject the SCR.

 .13aoho .5" redoutal
7 -minute snoossi

Beeper 1021 With

V 010010
conar ol I

 Blinking aeicat.e0,.,sec a

BKRONOS

ON°. 2L3505 - 4 Digits
.5" READOUTS; Kit.
ON.a. 21-3507 - 6 Digits
.3" READOUTS; Kit.

epin'
Time

MACHINES

1995
New from Kronos at an alarrotri low price. Compact.
it fits in palm of your hand (only 41/2 x 4 x
Beautifully designed far any room or oflIce-EASY
FUN TO BUILD! Attractive gray plastic case with
chrome trimmed transparent red panel. Pushbutton
switches control: alarm time/real time display, minutes
net, hours set, snooze. Uses famous National h1M5376
clock chip and minimum of parte. Complete kit with
atep-by-step instructions. Wt. 10 ova. Na. 203505

DIGITAL CLOCK 05
4 -digit, 0'5" Dig"' MODULEISI

WITH at 
BUILT-IN Cat. Ne.

20.3411

Clock.. LED, built-in red
filter, with a MM5385 mul-
ti -function larm chip,p,

on a 3 x 13/4 x
module. Has all neces-

sary discrete components:
mounted on module by fac-
tory, to require only fi
function switches, bright-
ness and voltage divider
control, 12-16 volt fila-
ment transformer, AC line
cord and case. Makes eaai-
buiot-in alarm and radio
Alarm ON/OFF. Instruction
and hookup diagrams.
Shpg. wt. 7 ors. iii

FAIRCHILD, NATIONAL
VOLTAGE REGULATOR PANIC

YOUR , S  TO -440 or TO, CASES
CHOICE '  POSITIVE OR NEGATIVE

 1-APAP RATING - -

Cat. 203449 Positive Voltage   State voltage and coos
Cat. 203450 Negative Vnitage .style when ordering.

Tiarms: Add postage Rated) net 30 MIN. ORDER S6
Phone: Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St., Wakefield, Postage)

POLY PAKS CriEappll'sorEid,
BOX 942G LYNNFIELD, MASS. USA 01940
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12 X $1.25 +$5
$12?

wromiEFORY
OFFER

PEOPII THE PIPIM11.1111 OF
EtECTEORIC1 TODAY INTEEMHOPIAL

ETI

CIRCUITS

Not

FOR
OFFICE
USE

Now that's our kind of arithmetic.
We are offering new subscribers to ETI a free copy of Circuits Book 1, a

superb compendium of those circuits you can never find when you want them.
This has just been published by ETI in the UK, compiled from the
tremendously popular Tech -Tips section of the magazine, and contains over 250
circuits for experimenters.

So, 12 issues of ETI, delivered by the mailman hot off the press, plus the
bonus Circuits Book, (normally $5), will cost you just $12 compared with the
regular $20. If you prefer, we'll send you ETI for two years, throw in the
Circuits Book, and since you obviously like our magazine, we'll settle for only
20 bucks (you save fifteen!).

To make things easy, we've stuck in a card on which you can fill in the
relevant details, and you'll notice we accept Chargex and Mastercharge.
If anyone has beaten you to it and used the card, we've thoughtfully provided
a coupon on this page.

Code

electronics today

0

UNIT 6,25 OVERLEA BLVD.
TORONTO, ONT.
M4H 1B1

O Send me ETI for one year (12 issues) for $12.00  Send me ETI for two years (24 issues) for $20.00
For U.S. add $3.00 per year for postage, outside U.S. and Canada add $5.00 per year.

NAME

ADDRESS

TOWN/CITY PROVINCE/STATE

CODE DATE

O Cheque enclosed. DO NOT send cash.

O Bill Mastercharge. A/C No. Signature

O Bill Chargex. A/C No I Expiry Date

PLEASE

PRINT

CLEARLY
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AUTOMOBILE ENGINE TUNING IS A
grossly misused and misunderstood
operation. To many it implies some
esoteric knowledge or ability - of
listening to an engine and somehow
deducing that the ignition must be
advanced - or the mixture strength
richened a bit on the front carburettor.

In reality it consists almost entirely
of ensuring that ignition and
carburetion is adjusted to the vehicle
manufacturer's specifications.

No more - no less.
But to do this it is virtually essential

to use at least some basic instrumenta-
tion; a dwell meter, a tachometer, a
good exhaust gas analyser - and pre-
ferably an ignition analyser.

Many car enthusiasts have at least a
tacho/dwell meter - but few have
access to an ignition analyser for such
devices are costly indeed. Nevertheless
if a few limitations are accepted
virtually any standard oscilloscope can
be used as an ignition analyser simply
by making a couple of very simple
capacitive probes - which can be as
simple as clothes pegs and a few square
inches of aluminium foil.

An ignition analyser displays wave-
forms from the primary or secondary
side of the vehicle's ignition system.
Surprisingly perhaps, this waveform
provides information not only about
the ignition system in general but also
about carburetion, and a number of
mechanical conditions.

The analyser can do this because
the voltage required to fire a petrol/air
mixture in an engine is affected by
many different variables including air/
fuel ratio, cylinder compression,
ignition timing, ignition polarity, spark
plug gap and condition etc, etc.

THE SECONDARY WAVEFORM
The simple waveform shown at the be-
ginning of this article is a typical
secondary waveform that is derived
from the secondary (or high voltage)
side of the ignition system. This wave-
form is the one most commonly used
since phenomena occuring in .he

primary side of the system will be
reflected through the coil windings and
appear in the secondary pattern.
Point A: is the instant at which the con-
tact points open thus causing the
magnetic field to collapse through the
coil's primary winding. A very high
voltage is thus generated in the second-
ary winding and this continues to rise -
until a spark jumps across the dis-
tributor rotor gap and the spark plug
gap (point B). The voltage at which this
occurs is known as the 'ionization" or
the 'firing' voltage and may be any-
where between 5 kV and 15 kV depend-
ing on the factors outlined above.
Points C-D: after a very short, time the

voltage drops substantially but the arc
is maintained (point C). The subsequent
section from point C to point D is
known as the spark line and when
viewed on a 'scope the amount by
which this line slopes away from the
horizontal is directly related to resist-
ance in the plug and coil ht leads
(ignition suppression). A slope of 30°
or so is OK - if it's more than that then
it's worth checking lead resistance with
an ohmeter. The total resistance
between the centre terminal of the coil
and the centre electrode of the plug
should not exceed about 20 k assuming
the rotor gap is shorted out of course!
Actual resistance is not critical but
anything more than 30 k may cause
problems. Resistance over 50 k almost
certainly will.

Point D: the section immediately fol-
lowing the end of the spark line
(point DI should be a series of diminish-
ing oscillations. These should appear as
our illustration. If there are no oscil-

FIRING
LINE ----a.

ZERO A
LINE

FIRING
SECTION

1E POINTS
OPEN

I POINTS
1/ CLOSE

INTERMEDIATE
SECTION

DWELL
SECTION

F
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'Scope test
your car

lations - or just or or two - then it's
a safe bet that there's a shorted turn in
the coil. It may not have broken down
completely yet but it's a safe bet it
shortly will. (See also below).
Point E: is where the contact breaker
points close. It is essential that there is
a gap between the last oscillation of
the preceding section and point E for
otherwise the diminishing coil energy
will be fed into the now closed points
thus preventing the coil re -building its
magnetic field for the next cycle of
ignition.

A great deal may be learnt by study-
ing point E carefully, point misalign-
ment, point bounce, burnt points etc
may be spotted at this part of the
waveform. The correct waveform at
point E should be a short downward
line followed by six or so diminishing
oscillations.

0KV

CONTACT POINT INDICATIONS

Unusual point opening signal (note hash
extreme right of picture) burnt or arcingpoints.

Spike on spark line. Point arcing caused byfaulty capacitor.

OKV

Points bouncing probably caused by weak
closing spring.

0KV

Points misaligned - or dirty.

Point F: magnetic energy will now build
up in the coil until Point F. This is in
effect the same point as our previous
point A but in the next firing sequence.
The section from points E to F is
known as the dwell section and should
occupy roughly the proportion of the
total, waveform as shown in our main
drawing. Dwell is adjusted by varying
the contact breaker gap and should be
set using a dwell meter.

SPECIFIC INDICATIONS
Firing waveforms should be observed
with the engine warm and running at
about 1000 rpm - that is about 400
rpm higher than normal tickover speed.

Check each section of each firing
sequence slowly and carefully. The
various figures shown in this article
indicate how specific faults will show
up.

FIRING LINE
All firing lines should be of roughly
equal height. If any plug is 10-15% or
more higher than the rest, connect a
jumper lead to earth and short out at,
the plug terminal. If the firing line now
decreases the fault lies within that
cylinder - either a faulty plug or
unusually weak mixture (probably
caused by a leaking inlet manifold
gasket). If the firing line does not
decrease there is a partial open circuit
in the associated plug lead or that
lead is not making firm contact with
the connector within the distributor
cap.

If the firing lines are unequal on a
multi-carburettored engine check to see
if the lines which are higher correspond
to those cylinders fed by one common
carburettor. If so it is probable that the
mixture from the carburettors is un-
balanced. A further but less common
fault that may be spotted this way is
an eccentric distributor cap - the gap
between rotor and distributor contacts
being wider on one side than the other.

At some time during the check
'snap' the throttle wide open momentar-
ily, meanwhile watching the firing lines.
They should all rise by about the same
amount. If one or more lines rise
substantially higher than the others then
there is an open circuit plug lead or
resistor, a wide plug gap or badly
deteriorated plug electrode.

One or more lines staying lower than
normal indicates spark plug breakdown
or insulation breakdown in the circuit
concerned.

5KV

SNAP THROTTLE INDICATIONS

OKV
PIMIIIMMIM111=1111MIIIIIMIUMMIN
MIWO1uis1vp1ummonwill1111111

All lines should rise but remain even.

15KV

10KV

5KV

0KV 'WI Wort %IR WI

One line breaks up. Insulation break down -
probably spark plug fouling. Extreme cases
will show similar signal under normal
steady running.

10KV

5KV

0KV

One line rises above rest. Wide plug gap,
partial break in suppression resistor, plug
lead etc.

COIL OUTPUT AND
INSULATION TEST
While the engine is running disconnect
a plug lead and observe the firing
pattern for that cylinder. The firing line
should rise to about two to three times
its previous level (to about 20 kV) and

should extend below the base line by
about half the upward distance.

If the firing line is short or inter-
mittent - or if the lower section does
not appear - then there is an insulation
breakdown in the distributor cap, plug
leads, rotor or coil.

COIL AND CAPACITOR
A series of diminishing oscillations
should be observed at point D in the
waveform. If these do not appear, or
are truncated, there is either a shorted
or crossed turn in the coil - or the
capacitor is breaking down.

BREAKER POINTS
Point E on the main waveform. The
drawings accompanying this article
show various fault indications. Note
however that faulty point action may
also show up at the point opening
position (A). Check breaker point
action with the engine running at all
speeds. Weak or incorrect breaker
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SPARK
COIL

Connect the 'scope to the vehicle's
ignition system like this.

TAIGGF
IN/PUT

ok

TO CHASSIS
OF C A c

A motor vehicle's ignition system produces output voltages varying
from 3kV to 20kV or more. These high voltages must be reduced to
a workable level before coupling into an oscilloscope.

The simplest way of doing this is via a resistive voltage divider -
however a capacitive divider will work equally well (we are dealing
with ac signals) and is simpler to connect.

We can make one of the capacitors by wrapping a piece of Alfoil
- about 50mm long - around the required lead and connecting this
foil to the scope. A more professional approach is to glue a short
length of split tube to a clothes -peg - as shown in the accompanying
photograph. This will have a capacitance of about 1pF - not much
but ample for the massive signals we are sampling.

A second capacitor of about 1000pF should be connected as
shown. The capacitive divider thus formed divides the input signal
by about 1000:1 thus reducing the input signal to a workable 3 - 20
volts. A 1M resistor should be connected across the 1000pF
capacitor to provide a dc load.
The technique in use: Place the 1pF capacitor over the main lead
from the coil to the distributor and connect it to the 'Y' input of
the scope.

If the scope has a trigger input, this may be used to lock in the
ignition signal. Just make up a second capacitive pick-up and place
this around number 1 plug lead. Once again use a 1000pF capacitor
as a divider but bridge this capacitor with a 10k resistor - not 1M as

previously.

A simple pick -off can be made by glueing short lengths of
split metal tube to a clothes peg.

Start the motor and adjust the 'Y' gain and timebase frequency
to give four (or six or eight) complete firing sequences across the
screen. The first complete pattern will be number 1 cylinder and the
rest will follow in the eng ne firing order.

All waveforms may be superimposed by expanding the trace and
triggering via the X input.

If the scope does not have a trigger input, synchronization is
slightly harder to achieve. Number 1 cylinder may be identified
simply by shorting out that cylinder momentarily.

When the scope is connected as described above, the ignition
waveform will appear inverted relative to that seen on a commerc-
ially produced ignition analyser - and the waveforms shown in this
article. It is surprisingly easy to adapt to an inverted picture, how-
ever, if this is found to be a problem, it can be remedied simply by
coupling the signals into the scope via a simple 1:1 transformer.
Details will vary from one scope to another but all that is basically
needed is two coils of wire taped together. It may be necessary to
reduce the 1000pF capacitor/s to 470pF. Just connect the second-
ary to give the correct picture.

If possible, arrange to calibrate the scope's vertical axis so that
the magnitude of the signals may be measured. This is best done
simply by taking average indications from several vehicles and
'calibrating' by transferring data from the graphs in this article. The
result may not be accurate, but only a rough guide is required.

springs will cause the points to bounce
- and this is readily seen on the scope
pattern.

COIL
With very few exceptions - notably
on some Citroens - the high voltage
side of a vehicle's ignition system is

designed to have positive earth -
regardless of overall vehicle battery
polarity.

The reason for this is that electrons
are emitted more readily from a hot
surface than a cold one so as a spark
plug centre electrode always runs
hundreds of degrees hotter than the
side electrode the ignition system is

devised so that a negative potential is
applied to the centre electrode.

If this polarity is reversed, the
plug will require an extra 5 kV or more
to fire it - and that voltage may not be
available from the coil under heavy
load - or when running at light throttle
at high speed (remember a weak
mixture needs a higher voltage to ignite
it than a rich one.

If you are checking polarity on a
specialist ignition analyser then the
polarity is correct if the pattern is as
shown in the illustrations in this article.
If you are checking it with a standard
scope (with no inverting device) then
the pattern should be upside down if
polarity is correct. (See inset for full
explanation).

Polarity is corrected simply by
reversing the coil terminals. (Incorrect
polarity is usually caused by a mechanic
replacing a coil intended for a negative
earth vehicle with a coil meant for a
positive earth vehicle - or vice -versa. It
may also, but less probably, be caused
by an incorrectly manufactured coil, or
less likely, by the vehicle's polarity
being accidentally reversed by the
battery being connected the wrong way
round).

MIXTURE STRENGTH
This section is intended for the lucky
man who has access to an exhaust gas
analyser and tachometer as well as a
scope.

If cylinder compression pressures are
identical, plugs in good order and evenly
gapped, and plug leads and distributor
in good order - then any significant
difference in firing line heights will
almost certainly be caused by differing
mixture strength from one cylinder to
another.

The voltage required to fire a rich
mixture is substantially less than for a
weak mixture: for instance a 12:1 ratio
may need 3 to 4 kV - whilst a 15:1
ratio may need 7 to 9 kV (typically).
Thus even quite small differences in
mixture strengths will be reflected
quite dramatically in firing line height.

The only accurate way to adjust
mixture strength is as follows:

Connect a tachometer to the engine
and adjust slow running to 1000 rpm.
Without looking at the gas analyser
adjust mixture strengths so as to
produce the highest tickover speed
whilst maintaining the firing lines at
an even height. If necessary reduce the
tickover speed to keep it around 1000

Continued on p.77
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Service le meme lour
Noire service de huit heures signifie que
les syntonisateurs sont repares et
retournes le jour meme.

Seules des Dieces originates sont
utilisees dans la reparation de synton-
isateu rs.

G-arantie d'un
Main d'oeuvre et pieces sont garanties
pour un an a partir de la date de
reparation.

nUP/PSS:1'
Nous les re-parcns tous: couleur, noir et

lampe, transistor ou syntonisa-
teurs. a capacite variable . . . Toutes les
marques, tous les modeles.

VHF ou UHF $13.95 Combinaison UV $21.95
(Pieces rrajeures et Iivraison en plus...net au detaillant).

PTS ELECTRONIQUE CANADA LT
SERVICE DE PRECISION DE SYNTONISATEUR

Suite 2C5, 8400 bcul. St -Laurent
Montreal, P.Q. H2F 2M4
514-381-5838

Demandez notre Guide ce remplacement et notre
Catalogue de pieces. PTS Canada offre egalement un
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assemble d'avance ou en pieces detachees.
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MICRO
COMPUTERS
Operating and programming your own digital computer.

THANKS TO TECHNOLOGICAL
advance in LSI manufacturing and the
low costs of mass production, the micro-
computer is now within the reach of
the average person. At a cost of only
two or three weeks wages, these mac-
hines are giving private individuals in
America the means to exploit and en-
joy a pastime that only two years ago
was restricted to the very rich or
privileged (i.e., those working in the
industry).

It all started when minimum system
microcomputers appeared on the mar-
ket. They were more specifically aimed
at companies that needed systems,

By Kevin Barnes

but didn't want the expense and worry
of design and development. But many
were sold to individuals who wanted
first-hand experience of a new techno-
logy, or who were dedicated builders
who had worked their way through
radios, oscilliscopes, digital clocks and
television sets and now relished the chal-
lenge of a digital computer. Realising
the potential of a new market, several
companies developed systems they
thought would be suitable, and offered
them for sale. The response was for
thousands of Americans to buy and
install them in their homes, boats
and cars. Because of thei- high speeds

No, you can't use it for your homework . . . I'm loading in tomorrow's
runners.

(in excess of 100,000 operations per
second) and versatility, owners found
uses almost too numerous to mention,
and were rewarded with fun and profit.
Some used their computers to run train
sets. By having a number of train
manoeuvers pre-programmed in the
computer, they were able to direct
their trains to more complex and realis-
tic operations. Routines in the program
were used to create hills, slopes, etc:
conditions closely approaching those in
real life.

The computer also allowed operat-
ion by one pair of hands where several
pairs were needed before. For example,

This is what an evaluation card looks like. This is built up from the
Motorola evaluation kit (the MEKI. You can see space on the
board for adding extra memory or developing a system.
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MICROCOMPUTERS
one man used his computer to control
the stage lighting for his local drama
club. With all the lighting set-ups pre-
programmed, the transition from one
set-up to another required pressing just
one switch where before several switch-
es were needed. This allowed more
lighting changes with less chance of
error.

There is also a growing group of
amateur radio operators who com-
municate to one another via their com-
puters. Their machines allow them to
translate directly from morse to written
text and from the keyboard to a modu-
lating signal. They are also using pro-
gram routines to look for errors and
improve readability. With their high
speed, these same devices monitor the
operation of the radio shack and keep
the log. Amateurs have also gained
permission from the FCC to exchange
information using the ASCII code
(the most common general purpose
code used in the computing industry).
And there has been at least one report
of a pair of amateurs communicating
via their computers and ASCII through
the OSCAR orbiting satellite.

Complex games
Many people are using their micro-

computers to play games. The computer
can be used to play against or as a
means of playing (as one would use a
monopoly board or a pair of dice).
The variety of games range from simple
ones like Two Up or Roulette to more
complex games like Poker or Checkers.
But the most interesting games are the
simulation games, where the program
makes the computer behave as if it was
a completely different machine, such
as a car or an aeroplane. Here the
switches on the front panel of the
computer become the controls of the
car or spaceship and the operator be-
comes the driver or astronaut whose
skill must now be put to the test.

Simulation is not limited to mimi-
cry of machines. It has also been used
to reconstruct events. Popular games of
this type include running horse races
or playing a game of basketball. Then
there are the popular war games like
'Tanks and Artillery'.

The hobbyists are also finding practi-
cal uses for their systems. The system
used for playing poker during leisure
time can become an elaborate burglar
or fire alarm at night. Or it can be used
to teach children maths. The computer
can put a question to the student
and later correct his answer before
going to the next question. It can also
keep a record of what questions could
not be answered. Valuable feedback
to act upon!

13usiness
Business and engineering programs
suitable for home machines are now
starting to appear. They vary from
simple programs to calculate interest to
elaborate ones that are almost a

complete accounts system. This allows
the computer owner a chance to recover
some of the cost of his machine. The
engineering programs are equally varied
and range from a simple random number
generator to programs capable of
performing circuit analysis of groupings

of over 100 components.
As the numbers of hobbyists have

increased, computer clubs have sprung
up to help them. Here individuals
get together to share ideas and to swap
software (programs) and to compare
their efforts with those of others.
Clubs have also been formed where all
the members own the same brand of
computer; this is a characteristic of the
computer industry where they are
called 'users groups'.

Three applications for microcomputers . . . these examples are taken from a Motorola ad which
appeared in a US magazine. All these systems use the Motorola 6800 microprocessor.

HONEYWELL

Vehicular traffic management is
recognised as one of the great practical
transportation problems. Honeywell
attacked this problem with the
programmable, multi -purpose, Type
140 controller for both intersection
and freeway ramp applications. It
has the speed, capacity, and versatility
for uses from simple, fixed, time
control to sophisticated, traffic
responsive, centrally directed operation,
yet it's low cost. The central
processing unit is Motorola's MC
6800 microprocessor.

HYCEL

It's a desk -size, 30 -channel, automated blood
analyzer for medical laboratories. It performs
over 3,000 tests per hour, selectively and
sequentially, while continuously tracking
patient identity and sample status. Maximum
test time is ten minutes, from sample pickup
to completion. The HYCEL M is big news
in the medical test instrument field, and
HYCEL calls it the "ultimate analyzer". All
machine functions are automatically controlled
by the instrument's Motorola's MC6800
microprocessor.

CHRYSLER

Chrysler developed the lean burn system to permit
engines operating in their cars to meet emission
standards without catalysts, while giving improved
fuel economy on either leaded or unleaded gas.
Servicing this innovative system also called for an
innovative new concept in diagnostic testing Chrysler
has called the MC6800 microprocessor based portable
diagnostic tester they designed to meet this challenge
"an ideal service tool " for its veratility and economy.

C
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These clubs are having an important
effect on the hobby. Many people who
want to own a computer come from
outside the computer industry, and
don't know what to ask for when
shopping. They also find the jargon
used very perplexing at first. By going
to club meetings they meet people
who are able and willing to answer
their questions and advise them on
things they should know. This is im-
portant because the initial purchase is
almost always the Central Processing
Unit (CPU) and its design and limitat-
ions dictate the development of the
system.

A close up of the CPU board with the actual microprocessor (in this case an Intel 8080)
indicated by a pen. This board also has the clock on it and the clock crystal may be seen in
the upper right hand corner.

LITERATURE
on the chip, the system and programs.

Why are manufacturers putting their marketing effort into distribution of this
literature?
Because before you buy an evaluation board you're going to need lots of
information ...

EACH KIT COMES WITH A PILE OF
information, designed to offer assistance
in three main areas:
1. Details on how to put the kit to-

gether and how to operate it.
.2. Technical details on the micro-

processor and the support chips
supplied to make the microcomputer.
Such information usually includes
details on the microprocessor in-
struction set, timing diagrams, and
loading rules as well as application
information.

3. Programming manuals with detailed
explanations of the software sup-
port available. These programming
manuals go beyond evaluation boards
and deal with commercial time
sharing services and developmental
systems. The cost of such systems is
an order of magnitude greater than

the price you pay for your evaluation
kit.

To the hobbyist the first two listed
above are the most important, especially
the technical details and application
notes. It is this information you will
have to use to interface to your
computer. It is strongly recommended
that you at least have a look through
this material before buying an evaluation
board for two reasons:

First, to give a measure of the
difficulty involved in making the system
work so you can decide whether your
knowledge and experience is up to such
a project.

And second, to learn what the
evaluation board involves; this inform-
ation can help you decide which system
to choose.

The documentation that came with the
evaluation boards we are looking at this
month. You can see the different amounts of
information offered by each manufactJrer.
However, much of this information wi'l be of
little practical use to the amateur.
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WHAT IS A
MICROPROCESSOR?
There is no shortage of technical information on microprocessors but most of it is rather
daunting when you first see it. We asked Dr Tim Hendtlass of the Royal Melbourne
Institute of Technology briefly to explain these devices to our readers, assuming
only a basic knowledge of logic circuitry.

MY AIM IS TO SHOW WHAT A
microprocessor is and how it relates
to a microcomputer. I make no apology
for treating the subject in a simple way
and in particular for using analogies to
non -electronic situations. When the
general idea of what a microprocessor
can do has been grasped then you can
read the manufacturers' literature and
some of it at least make sense.
As you get more familiar with a

particular device (and nothing can
beat hands-on experience for this)
more and more will fit into place.
Those strange letter groupings which
seem so daunting at first are in reality
a concise and powerful way of
conveying information amongst the
initiated .The problem,as usual, is how
to be initiated.

One more thing before I get down to
it: microprocessor is a long word and it
just calls out to be abbreviated. The
most common short form is MPU and
I will use this often in the rest of the
article. An MPU is a super logic chip that
can be any one of a number of ordinary
logic chips at any given time; this is

not the same thing as having separate
chips. It's rather like some children's

tool sets which consist of one handle
and several attachments, each of which
fits into the handle to give a particular
tool: a hammer, a saw, etc. You can,
in principle at least, do any job with this
combination tool set that you could do
with separate tools - but it will take
longer because every time you want to
use a different tool you have to take
the old
one on. The MPU is an electronic
combination set.

Impersonating digital circuits
The number of digital electronic

tools you can make out of an MPU
is fixed at the time of manufacture,
but it will almost certainly include the
ability to be an AND gate, an OR gate,
a NOT or inverting gate, an ADDER,
or a SHIFT REGISTER. (In order to
be useful an MPU must be able to
perform other types of operation,
but we will meet these later when the
need for them has become apparent.)
The type of digital circuit an MPU will

impersonate at any time is determined
by a set of voltages applied to certain of
the pins on the IC. This set of voltages
(each of which can have either of two
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levels and is one bit of information)
is referred to as the instruction. A
typical MPU might have eight voltages
(eight bits) to its instruction word,
or byte, which gives 256 possible
instructions (not all of which are
used). Fifty to eighty instructions
would make up a normal instruction
set. Before I leave the tool kit analogue
I must caution you not to take
far. In particular, combination tool sets
are often of inferior quality to the tools
they replace; but an MPU is every bit
as good as the individual logic ICs
it replaces (except for speed).

One difference between using
individual logic ICs and using an MPU is
that the former are supplied in hardware
form,often in parallel, and several
operations can be happening at the same
time. Consequently the solution is
obtained very quickly - the only limit
is gate propagation delay. The MPU can
do only one thing at a time so the logic
must be performed sequentially and
this requires some extra steps compared
to hardwired logic. Both Figure 1 and
Figure 2 show ways of arriving at a
decision about whether it is safe to cross
the road at traffic lights.

WALK LIGHT ON?

AND

CROSSING CLEAR?

CLEAR FOR 200 YARDS TO
LEFT?

CLEAR FOR 200 YARDS TO
RIGHT?

SAVE

V
OR WALK

Fig. 1

68

Fig. 2

ETI CANADA - FEBRUARY 1977



microfile
MPU or hardwired logic
Figure one uses parallel logic and we
consider 'is the walk light on?' AND
'is the crossing physically free of
obstructions?' The resulting bit of infor-
mation is ORed with the result of the
less legal 'is the road clear for 200
yards to the left?' AND 'is the road
clear for 200 yards to the right?' Note
both AND functions are performed
at once.

In Figure 2 we see that the MPU
can't dO two functions at once; we have
to save or store the result of the first
operation while we perform the second.
This bit of information is recalled after
the second AND operation has been
completed and then the OR operation
can be carried out as in Figure 1.

This storing and recalling , or generally
moving around bits of information
internally is a very important type of
operation to a microprocessor.

The storage room inside the chip is
very limited and often it is necessary for
an MPU to store information outside
and bring it back later.

The IF instruction
When we looked at Figure 2 you might
have noticed a redundancy in the logic.
If the answer to the first ANDing is yes
then there is no need to perform the
second AND function at all, as the

decided. However we must still have the
ability to perform the second AND , in
case the answer to the first one is no.
After the first AND we need to make
a decision (based on the result) as to
what to do next.

This is a jump on condition instruct-
ion - IF the answer is yes, go to the
output; but IF the answer is no go to
the second AND. This is shown diagram-
matically in Figure 3; note there are two
exits from the decision box, one
showing the path taken if the answer is
yes, the other showing the path if the
answer is no. Also note we have told the
microprocessor what to do if the answer
to both ANDs is no (go back to the

A complete microcomputer system comprising microcomputer, teletype, a twin floppy disk store
and a EPROM programmer. The single diskette holds as much information as would be contained
on 1.5 km of paper tape of the type shown on the top of the microcomputer (about 2.5 million
bits).

beginning and go through it all again and
keep doing this until the answer to one
of the ANDs is yes). What we have just
drawn is called a flow chart.

MPU or Hard -wired logic?
Up to now it may seem that
I have been stressing the over-
heads involved in using an MPU and
you may be feeling that it wouldn't be
worth it just to replace a few ICs. You
would be quite correct; an MPU would
be more bother than help. Remember,
though, that this same MPU can, with
the help of a set of instructions, do the
same job as hundreds or thousands of
ICs. Also, if you wanted to change the
function performed by that array of
hardwired ICs you would probably have
a long job with the soldering iron and
side cutters ahead of you. With the MPU
the hardware changes will be minimal, if
indeed any. Instead you change the
series of instructions (in honesty let it
be said that it can take a surprising

lit CROSSING CLEAR

.11 START
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AND

NO

CLEAR FOR 200 YARDS TO
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AND
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V

WALK -T

YES
t

E: IT Fig.3

amount of time to get the instruction
sequence correct so that the MPU does
what you want it to!).

Once these series of instructions
(called programs) are written they can
be stored and one program can be
changed for another in almost no time.
Finding when it becomes profitable to
use a microprocessor then is quite a
complicated decision based on how
many ICs it replaces and how many dif-
ferent jobs you would like the same
hardware to do. As a rough rule of
thumb, if you need thirty to fifty SSI
and MSI packages to do the job - and
you don't need the whole job done in
microseconds but can afford milli-
seconds - then you should seriously
look at using a microprocessor.

The idea of a program consisting of a
series of instructions presented to the
pins of the chip leads us to realise that a
microprocessor chip is an incomplete
unit on its own. Where do we store
program for example? A microprocessor
then is only a part of a greater whole
and this greater whole is called a micro-
computer.

THE MICROCOMPUTER
Figure 4 is my personification of any
digital computer in general and a micro-
processor -based microcomputer in
particular. I have changed my model of
an MPU - now I think of it as a keen
and eager clerk at a desk, able to ADD,
SUBTRACT, AND, OR, X -OR, NOT,
STORE, RECALL and TEST, and with
baskets labelled "PENDING" to
temporarily store the pieces of paper
(data) on which to work. Someone has
to give this MPU the input data on
which to work - and take the finished
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data away again. This is the role of the
input/output, the circuits which enable
the MPU to communicate with the out-
side world.

The Program. Also, our MPU, although
keen, cannot begin until someone tells it
what jobs to do and in what order. The
program we referred to before is the
MPU's equivalent of the office super-
visor and is stored in the microcom-
puter's memory where the MPU can get
at it by a special kind of recall instruct-
ion (program fetch). The baskets refer-
red to before can only hold one byte of
information each and soon the MPU will
have run out of space to store infor-
mation unless provided with auxiliary
storage (filing cabinet in an office, more
memory in a microcomputer).

The Master clock. Although it might
seem that our computer is complete,
one potential problem remains. What if
the MPU is getting information from the
filing cabinet while the input/output is
pouring data on one end of the desk and
removing some from the other end and
the supervisor (who has been calling
instructions out far faster than they can
be done) is already into tomorrow's

job? Clearly something is needed to
keep everybody in step (personification
- an army drill sergeant (in an office?);
reality - a pulse generator called a

master clock).

Memory. The program or list of instruc-
tions may be stored in read-only mem-
ory (ROM) where it is safe from being
altered - in fact, if it is in ROM, you
can't normally alter it even if you want
to. The working memory or auxiliary
storage must be in read/write memory
(RWM). RWM is often (though rather
confusingly) called random access mem-
ory (RAM) - we will bow to popular
usage and also use this latter term.

Program may also be stored in RAM

RWM or RAM
Read/write memory is organised as a ran-
dom access memory so you can address
the various cells in it in any order (unlike a
shift register, for example, where the cells
must be addressed in a particular order).
However, read only memory is also organ-
ised as a random access memory - hence
the possibility of confusion with the com-
mon usage.

along with the temporary storage - it is
up to the programmer to see that the
MPU does not accidentally write over its
program or read some temporarily
stored data thinking it to be program. If
this latter should happen no physical
damage will result, but it is hard to pre-
dict what the microprocessor will do -
especially if the data happens to be one
of the combinations of bits which does
not correspond to a valid instruction.
(Remember not all possible combin-
ations of bits in the instruction word are
used).

Also most, though not all, RAM is
volatile - that is to say the contents are
lost whenever the power supply is
turned off. If you have program you
will want again in a volatile RAM you
must save it in some non-volatile form.
(On paper tape or magnetic tape for
example) before turning the power off.

NEXT MONTH Dr Hendtlass will
finish this article with 'The micro-
processor at work'. He will take you
through a program step by step and
explain what a subroutine is and how
it can save time for the programmer.
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MICRO -68b
Electronic Product Associates, Inc.,
1157 Vega Street, San Diego, CA
92110, announces the availability of
the new MICRO -68b microcomputer.
The MICRO -68b comes completely
assembled with hex keyboard, 6 digit
LED display, 8K RAM, 1K PROM

monitor, CRT/TTY/Audio Cassette
interface. It is housed in a ruggedized
aluminum cabinet with a 13 slot
EXORcisor-compatible mother board
and 20A power supply. The 6800 -
based MICRO -68b lists for $1878.00
south of the border and is available
from stock.

MICROCHESS
Now available is a chess -playing
program for the MOS Technology
6502 -based KIM -1 microcomputer.
The Microchess program does not
require the KIM -1 to be modified in
any way, as it occupies only 1100
of the 1152 available bytes of RAM,
and all moves are entered and dis-
played via the KIM keyboard and
display. The program has several levels
of play, and may be set up for 3, 10
or 100 seconds per move.

Documentation supplied covers a

source listing, Player's Manual, and
description of the strategic algorithms,
so that it is possible to modify and
expand the software. Microchess is

available for $10.00 from :Microchess,
1612-43 Thorncliffe Park Dr., Toronto
Ontario, M4H 1J4.

MICROPROCESSOR TRAINING
SDS Technical Devices Ltd. offers an
evening course designed around the
M6800 microprocessor. The course
features a hands-on, applications
oriented approach and is aimed at
those who desire to gain actual hard-
ware and programming experience.
An extensive set of notes with
numerous examples is provided.
Demonstration models developed
especially for this course provide a
means for the students to relate their
programming to real world situations.

The SwTPC 6800 microcomputer
system is used throughout this course
because its I/O structure and assoc-
iated peripheral gear make it well
suited to a course of this nature.

The course utilizes an evening course
format rather than the usual intensive
3 or 4 day format to allow thinking
time for the participants to develop,
debug and test programs over an ext-
ended period of time.

The first course in this series is

scheduled to start on February 8,
1977 in Winnipeg, Manitoba.

SDS are inviting enquiries from
interested parties who wish to estab
fish this training series in other cities.
They can help you get started --
contact them for details at:SDS
Technical Devices Ltd., 1138 Main
Street, Winnipeg, Manitoba, R2W 3F3.

GET YOUR MITS ON
MITS, the manufacturer of the Altair
range of hobby computers, have
announced four new products. The
88 - Mux is a 24 channel multiplexer,
companion card to the 88 - Analog/
Digital Converter. It features differen-
tial inputs, with independent gain
setting and scale factoring on each
channel Input filtering can also be
added to provide the desired roll -
off characteristics. The 88 - Mux
will be available within 60 days of
order placement at a cost of $319

(assembled only).
The 88 - PROM Programmer will

program the standard 1702A EPROM
in less than three minutes. The unit
consists of a separate chassis (with
24 pin zero insertion force socket)
and an interface card that plugs into
the 8800 bus. The software driver
for the programmer is supplied on
PROM. The assembled unit costs

$455.
Also from MITS is the 88 - S4K,

a synchronous 4K memory board
which runs with no wait states at the
maximum CPU speed. The memory
relies solely on the CPU for timing
signals - there are no single shots
and no critical on -board timing.
Price? $155 (kit), $255 (assembled).

Finally, the Altair 7000 Graphics/
Printer is an electrostatic printer
plotter and graphics hard -copy output
device that is plug -compatible with
the 680 and 8800 via one PIO port.
It can print up to 160 characters per
second (80 characters per line) in a

5 x 7 dot matrix. By means of an
extra, eighth printing electrode, it can
also plot and produce pictures, either
in outline or shaded form.

Horizontal resolution is up to
128 dots/inch and vertical reso-

lution is 65 dots/inch. The Altair
7000 will be available from MITS
at a cost of $785. MITS, 2450 Alamo
S.E., Albuquerque, NM 87106.

MICROCOMPUTER HARDWARE
Tc support M6800 -based equipment
development, Motorola has introduced
chassis, card cages and a power supply
fo- the MICROMODULE products.

Two card cages are available; one
with 5 card slots, the other with 10.
Both card cages have mother boards
that are compatible with the Micro -
modules and all of the EXORcisor
modules. In addition, the cages can be
mounted on five different axes.
The unit price for a 10 -card cage
is $147; a 5 -card cage is $98. (US).

Power supply outputs are 15A at
+5V DC, 2.5A at +12V DC, 1.5A at
-12V DC, and 0.1A at 8V AC. Short
circuit, overload and overvoltage pro-
tection are provided.

Two chassis models are available:
again, 5 & 10 card cage versions. Both
fit into a standard 19" RETMA rack,
and include a power supply, cover and
hinged front panel. Unit prices are
$660 for the 10 -card version and $610
for the 5 -card chassis. The power
supply is available separately for
$295, again US price.

Technical Information Center,
Motorola Semiconductor Products Inc.
PO Box 20294, Phoenix, AZ 85036.
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4 reasons pts canada
offers the best in
tuner repair service
SAME DAY SERVICE
Eight hour service means that tuners are repaired and
ready to go the same day we receive them.
ORIGINAL PARTS
Only original parts are used on all tuner repairs.
ONE YEAR WARRANTY
Workmanship and parts are warranted one year from
the date of repair.
VERSATILITY
We repair them all - color, Black & White Tube, Elec-
tronic/Varactor or Transistor . . . Any Make, Any
Model, including foreign makes.

VHF or UHF...$13.95 UV -COMB. $21.95
(Major Parts and Shipping Extra...Dealer Net)

Ask about our Tuner Replacement Guide and Parts
Catalog. PTS Canada also has a complete line of tuner
testing instruments, fully assembled or in kit form.

PRECISION TUNER SERVICE

8400 St. Lawrence Blvd., Room 205
Montreal, Quebec H2P 2M4
514-381-5838

GLADSTONE'S
Single Chip
PROGRAMMABLE
SCIENTIFIC
CALCULATOR
by
SINCLAIR
at a new low price

$44.95
INCLUDES: AC adapter, carrying case, instruction

book, and full program library.
1 Year warranty on parts and labour.

FUNCTIONS AND FEATURES.
 Display: 5 digit mantissa 2 digit exponent.
Number entry is floating point and/or
scientific notation; results in scientific nota-
tion.
 Logic: Reverse Polish notation.

Functions: Sins, cosine, arctangent (radians),
log, alog (base 10) square root, reciprocal,
change sign. clear/clear entry.
 Memory: store, recall, exchange.
'Size: 6" x 2-7/8" x 1'4" Use on desk or
handheld. Non -slip rubber feet, big green
display, 9V battery or Gladstone's AC
Adapter.

satisfaction
guaranteed

OR YOUR MONEY BACK
IF NOT FULLY

SATISFIED, RETURN
WITHIN 10 DAYS FOR

REFUND

Scientific calculator with option of program-
ming repetitive calculations. Keyboard entry
of 24 step programs and store in memory.
Stored sequences recalled at touch of key
and applied to new numbers with new results.

Make your own programs with instructions
supplied; use standard programs for additional
functions and problem solving also FREE
Sinclair extensive library with hundreds of
programs in all branches of science and
physics.

GLADSTONE ELECTRONICS
1736 Avenue Road, Toronto M5M 3Y7

0 Please send Programmable Scientific Calculators
Enclosed is 0 cheque 10 money -order
Please charge to 0 Chargex  Mastercharge
Card Number 0000 COO CCD LLJD Exp. date
Name
Address

PERFECTION IN
TV RECEPTION

El

si
WITH

DELHI

High Performance

ANTENNAS
TOWERS

ELECTRONICS

Available across Canada
from leading Electronic
Parts Distributors.

DELHI METAL PRODUCTS LIMITED
GENERAL INSTRUMENT CORPORATION

65 Waverly Street, Delhi, Ontario, Canada N4B 1 E8
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tech tips
SINGLE POINT STEREO INPUT
SELECTOR

OV
0

SW1

0
+Ve

CLOCK
3

h 4013

13

IC1a)L

IC1b

CLOCK
1 12

154013

Q
IC 1c

3

IC1d

13'
4012

Four different inputs can be switched
through by the continual pressing of
SW1.

IC1 is a dual 'D' type flip flop. The
Q outputs are connected to the D
inputs so that the clock inputs are
divided by two. The two flip flops are

5

8

11

13

A BC D
LEFT INPUTS

I1 14 Cie 112

4016

S

4016

11

3

9

10

2

3

 EFT
0

10

11 121

AI

B

RIGHT
0

T INPUTS

connected in series, giving a two -stage
binary counter.

IC2 is a quad AND gate. This is
used to decode the four states of the
counter. The outputs are used to
control the quad switches at IC3 and
IC4 (4016AE).

2
0
r-:

_, -
N

cTo 3
0
2

10µ
400V

+12V OR -12V

IGNITION SWITCH

H.T. COIL

AUTOMOBILE IMMOBILIZATION
In order to discourage theft of an
automobile, many people incorporate
a 'secret' switch to break the ignition
circuit (usually in series with the key
switch). This system is very easily by-
passed using 'jumper' leads.

POINTS

DISTRIBUTOR

CAM

A more effective method of
immobilisation is shown in Fig.1, also
using a 'secret' switch. A 10uF/400V
capacitor is switched across the points
preventing the ignition being started;
at the same time this prevents the use
of 'jumper' leads.

Fig. 1

OV

V+ (10-30V)

Fig. 2

DRIFT FREE CURRENT SOURCE
The conventional type of constant -
current source, as shown in Fig.1, will
drift in output current immediately
after switch -on. This is because of the
voltage drop across 01, causing a sig-
nificant amount of power to be dissip-
ated n the transistor, heating it and its
Vbe. Hence the output current slowly
increases after switch -on, typically
reaching a stable value about two
minutes later. In tests the current
increased by about 4% for a small sig-
nal transistor dissipating 100mW.

This effect is greatly reduced by the
configuration shown in Fig.2, which
fixes the voltage across Q1 at a very
low ilevel by virtue of the common -
base transistor Q2. The main voltage
drop occurs across Q2, leaving about
600mV across Ql, this being set up by
the two extra diodes in the bias chain
(D1, D2) which fix the emitter poten
tial of 02.



tech-tips
100,000 MEGOHM DC PROBE!
The input current of a junction FET,
usually less than lnA, flows out of the
gate, and is constant at a particular
temperature, provided the voltage
across the device is constant. By
making the gate positive to the source
this leakage current can be made to
flow back into the device, reducing the
input current almost to zero.

FET A should be a low loss, low
Vp device (ideally Vp should be about
0.5V). FET B must be somewhat
higher but is less critical, the bargain
pack is usually a good source of such
devices. Forward bias should be about
150mV and current through the FETs
about 400mA.

The mercury cell holds the voltage
across the input FET constant at 1.5V
(1.35V plus 150mV) and the silicon
diode in the op amp's negative lead
prevents the cell from discharging
when the power is off.

By adjusting values in the potential

1M

32NPUT

MERCURY CELL

divider it is possible to achieve input
currents within a few picoamps either

V SILICON DIODE

TO -ye RAIL

0 -9V
way and to measure the voltage on a
small capacitor without changing it.

LED COUNTER
The astable multivibrator is used to
generate pulses which operates the
four integrated bistables. The 7490
gives a binary counting sequence
and the 7490 gives a BCD count.
This circuit is very useful for testing
the IC's.

'WARMTH' INDICATOR
The sensing element used was a therm-
istor, attached to the outlet which is
warm when the pilot light is on. A
rod -type thermistor was used for
cheapness, with a resistance of about
3k @ 200C, but a bead type would
work as well and with a faster response
time.

Two gates of the 7400 provide a
Schmitt trigger with a low hysteresis
(determined by the 18k feedback
resistor) and the third gate inverts that
output. When the pilot light is on, the

0

2N3904 or similar

input of IC1 is high, IC3 output is
logic 0 and LED2 (green) is on. If
the pilot lights fails, the temperature
falls, all ICs change state, LED2 goes

.5V

ALL IC, ' 7400

off and LED1 (red) comes on.
The temperature at which the

changeover takes place is set by the 1k
preset.
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Poly Prik'l EXCLUSIVE
 f , , - - . . . - - - -, - - - --41- --

.

, ,

'''".'"P.wt.

, . . - - ; - --...--. ---..s......

S6 ms. 98....
- --

fD YOUR
CHOIC'i
OF
ANY
Kli

Every kit carries
a ""leY 6ack

guarantee,'

---_,
INCLUDES

1 00%"
MATERIAL

TOO!!!!

OPAMP 1c:341310N 3 foro rrff:

01.14558V 3 for 1.19
004565N 3 for 2.30S1PECIALS
0

1 19 0 LM703/1 4 for 1.19
0 LM30111 5 for 5 5
0 LM30 IV 5 for 1.19 0 LM70911f
oLm3.7v 4 for 1.19 0 LM710N 2 d

2 for 1.19
9 rim3304 V. 23 :or. 1:13. 99 8 LLM3,77243,Nv

1.19
r 1.19

0 LfA322N 3 for 3.00 0 LM74714
0 LM324N 3 for 3.00 0 LM7413V 5 for 1.19

Li LM339N 3 for CI LM I800N 3 for 2.50

Op LL14/770300 33 floor, 23150 0 LM3900N 3 for 1.19
00 0 LM425011 3 for 2.50

- ... -____ 0 LM377N 3 for 4.00 Code 11..705 cad_.
0 LM380V 2 for 1.19 V =Mid DIP. If w DIP

5.00' S OF BARRELS PURCHASED! throughout the United States buy 10 I::flomFor the first time anywhere, Poly Pak runsnwerchandisers introduce a new way
various lotteries ...their
in barrels. Poly Palk

over-
has done Buy BARREL KIT ;2 0

MINI BLOCK
ARREL KIT #2 031
ALCULATOR 00O

in buying the economical way. Raw the
stock from the "barrel". Remember the

RE-TESTERSthe "good ole days"? They're back
again. The same way merchandisers "/ ilf_,1/

sante. Therefore you are
same type of material

DO!DO!

. E. %1 YOURSELF

getting FL KiTS
as the BAFIR7, E

I v,/ .--s,

.N SAVE I liZfree
CAPACITORS
100 for $1.98

Wt. 3 od.pet. 26 3528

KEYBOARDS OGG,s
10 for $2.9 :/abil

y:t. 4rifducnuc:

give-away.
Cat. No. 20

3,r2ls. 12 odd

/BARREL KIT #201 K #200 /
41/ INDICATORS 9 DIGIT /
wireads READOUT

.15 for $1.98 MODULES

Test lamp maoufdturer 5 for .

dumps inventory! Worth $1.98 i
..

Mit calculator &
.690 ea. Like grain -o -wheat. 4,,iyor col, boomth epoxy
CM C.No. '203528 Mo. 201515

4,...' ARREL KIT ;1 9 3

Fltainim-19-75 for 491.9
Hard Co find; but.--Y-vi got
millions. Lo & Hi value,
1/4 end Ye watt, 5%.
10 % tot- All marked.
100% .203534

KIT 4182

4°° Parts VS1,98
Include. resistors, cap,
transformers, mongers, di-
odes, etc. for .p.c. work.
Preformed, dumped into
barrels by fsctorld. 100 %-
Cat. Ne, 263401

K  184 9,
KEYBOARD

si

of i
CHIPS
10 for $1.98
Truthfully we can t teat
em, MM5740', ire/board
encoder chips. How good
they de we don't know.
Cat. Ple.26 3414

BARREL KIT #184
3/4 -WATT METAL FILM

150 forfr1.98
011

100% metal filmresia-
tors. Long leads. 20 2413

BARREL KIT #182
JUMBO RED LEDS
15 for $1.98
100% material, user ran -
collation from factory
dumps. eV 10 mil.. Fo
100's of projects, red lens.
Cot. No. 20 3369

L KIT #103
MINI TRIM POTS
30 for im.

$1.98 ---
Mgt_, values 100 to 1 ;let
What  buy. Sloes turn
Y4 W. Wt. 6 on. 20 3345

BARREL KIT #161
.POP' PLASTIC
TRANSISTORS
as for $.98
20304 s with some
21.1890tra of 100% mate-
sal. TO -92 Preformed.

CM. Rea 2113343 1 a&

KIT 11160
V. REGULATORS-
15 for -
$1.98

LM309KC TO -3 V.11 -'s bar -
led. Bot by the pound,

No. 263330

KIT .I150
MODULAR SWITCHES
25 for
$1.9 -- -
cvnt!aleh _. FM.,

-makec'e4s'n.cUp'df TV
n e w . Cgt No. 2G 3150

KIT #15111
MAGNIFIED MAN -3's12 for Alp
11.98 MAN -3. -5:
seg re_adoulf with built -on

rarnii.."nocr.Y% 'lit:It':
pia]. Cot. No. 203325 1 on

BARREL KIT #157
MOLEX CONNECTORS
75 for
$1.98 12 ose.

Nylon, white cable comet-

Itg4p7Vir Ig.Y.rie.r7,1!:
rele.Cat. No. 203324

KIT #154
CLOCK CHIPS
20 for
$1.98
We gathered an assortment
,..r.,7ekxr.:: alarm,w known,elan.e

H. mixed, Cab. No.. 20330

KIT #14, NBARREL
MINI

KIT #144
FICA PHOTO PLUGS

BARREL KIT #143
75 -PC TRANSISTORS

BARREL KIT #138
SWITCHES

IT #134
CALCULATOR C141

BARREL KIT #133
C-MOS IC'S

IT #131
TANTALUM

TRANSFORMER
15 for $1.9
MIniature tramformer back
again. Asst. outputs, inter-
stage and aodio. OnlY la
sa. Wt. 2 lbs. 2{13294

40 for $1.98
1100.000 RCA_phono plugs
know wof Go, are
100%

we,..
P11/.19i

$1.98 -ri
LOC, omoraotoeolia.1...dTfllitt:

Pale. mixed with nuns,
204400-1-2-8-1. 20 3290

30 for,..1

otherD

9u.13, `tae.fit ' .

G. h ObAgr;. itd.

oil typo. of f.,,,,,, _

trio, slides, etc. 2012111114

15 for ... -------$1.98 ,

National type. Can he
dm 57;6. 3o. etc- uo_

tested. Cat. No. 212.2358

80 for$1.9
""brte'Y th,--, Pa'rel., so we can't test 'em!
The famous CD4005ieeries.
Row good? Who knriWs?.
Cat. No. 2G 326'7

ELECTROS
=19.

30 for $1.98
Mixed, marked prime top
grade asst. value., 'volt-
.s.. Cat. No. 2

KIT #129
MINI DIP ICS
75 for $1.98
Large mfgr dumped 100's ot

KIT #127
AXIAL ELECTROS
40 f o r __Ar'''._"1",

----4""""-

KIT #124
UPRIGHT ELECTROS
40 for ___.

$1.98

BARREL KIT
PRECISION
RESISTORS _,..- 1 '.?.°-'0

100 for $1.98

B KIT #118
MINI SCRS
50 for $1.98
UNBELIEVABLE! TO -92200

BARREL KIT #115
MOLEX 100%) 0000
SOCKETS good

for gat.No

BARREL KIT #1 1 2
MICRO MINI LEDS
40 for
$1.98

lb. into bdrela. Includes
741. LM -380-8, 703, 667,
655. 558 -but who knows?
W 1 lb. 203248{

$1.98
Asst. capacities and

voltages. Cat. No. 203227
1mf to 300m1 fn mixture
of voltages. 100% marked
'n good. 283226

PREFRMED! Deaigned for
printed circuit work. Vo,
V. w. Marked values. 1 and
2% values.2 .3.20 3205

Plastic SCRS in barrel. ..
rite from factory. I I-aa-a.daa
all voltages up rhea 200
pro. 20 3135

$1.98 2432
Calculator maker dump! We
gut o ow... of .o. Used,

/or IC sockets, ets

All the tiny led, axial, up -
right of Monsanto, Litronlx,
variety of colors. Yield
50% or batter. 20 3139

KIT #105
TERMINAL STRIPS
100 for $1.98

KIT #104
SLIDE VOLUME
CONTROLS

IT #101
RESISTOR SPECIAL

BARREL KIT #99
PHOTO ELECTRIC
CELLS

KIT #93
HALF WATTERS

KIV #412
3 AMP EPDXY., Jar
RECTIFIERS

EPDXY BARREL #91
SILVER MICASIM

Wide asst. of terminal strip
connector,. from 1 contact
up. Strip manufacturers
barrel dump le your gain'
Wt. 1 lb. Cat.No 20313{

10 for
$1.98
Cal No. 20 5057

200 for ........,01-_
$1.98:'1P-89*

Includes: Vs. 1/2. 1/2. 1. Z-
watted, carbon. 8 os.
100% good. 26 3054

10 for $1.98
Mst. GE type, CDS Lyda-
Mixed by factory. Big job
for us to separate. 100 %
good. Cat -lie. 20 3052

200 for $las
Resistor factory tried to
tool us by ...inn 100%
color -coded resistors i
barrel. But value la there.
4 oz. 20 3046 Untested

100 for $1.98
Cosmetic reject, electri-
cally fine business! You
check 'ern. It's not for us.
Adt. voltages. 20 3204

100 for $1.98
Axial, red case, variety of
physical Rises & values.
Cat.No. id 30111

BARREL KIT #88 '
LITRONICS LED
READOUTS ,A 

%

$ 1. %--10 for 98
; I7', 727 -. Ningle, tn.
pies, etc. .33 to 0.6. Rot
from foofo.. all ,,,,,d,
hove run! No. 8-Q2861

KIT #67
NATIONAL IC BONANZAHOBBY100 for =It

$1.98
Types 0000. 7100 sone..
DTLs. ROMs, registers, clock
& cal, chips, linears, etc.
Cat.No. 20 2860 Untested.

BARREL KIT #116
LEDS

40 for 4-
$1.98 Untested747... 727i.. shark., ,

plea, ed. .33 to 0.6, fjot
from factory, all mixed
have fun! 20 2859

KIT :93
15 for S1.9
LM3407
VOLT REG
Factory re,ected them toy
length of lewd. May include
a 6. 9, 12,15.18. 21 volts
Power tab Cat. 26263E

ARREL KIT #81
SUBMINI RESISTORS
200 for
$1.98

pr.i upright type. color cod.
,,d, izo watt. Am, values.
Came in us in a bdrel.
Cat.No 30 2746 100 %goo&

KIT #70
1 -WATT ZENERS
100 for $1.98
Factory same as 400-mw's.
Never -to -de -again offer. 6.
0. 10, 12, 15V. under
glass. Double plug.
Cat -No -X3.02741 Untested.

KIT #75
400MW ZENERS..
100 for $1.9
Factory out of biz! Amazing
offer: 6, 8. 10, 12 to 115V.
You test. Hermetically sealed
glare pak. Double plug.
Cat.Ne. 202740

BARREL KIT #7 3
TRANSISTOR
ELECTROS

50 for $1.98
We don't wish to separate
wide awn voltages & velum
up to 300 mf. Cat. 20 2747

BARREL KIT #71
CAPACITOR SPECIAL
100 pcs.

$1.98
mica, moldeda, plaafics
ceramic.. dime, etc. Nifty
100 %good Cat.No 20 2739

BARREL KIT #65 lOry
2 WATTERS '
100 for
$1. vvv L00 .w.

3.0d.
Suppliers throw 'em in the
barrel. It's a HI gold mine.
All marked. COLN.. 202730

BARREL KIT #85 BARREL KIT #112
MIXED READOUTS MIXED IC'S

10 for $1.98 al100 for
gaetory returns - such $1.98
numbers as MAN -4.s. MAN Al shapes: 7100 Series,
7', MAN -3's, 11 barrels & 8000, 9000, ROMS. RTL's,
no time to dparate. DTL's, linears of all kind,
Cat.No. 20 2733Untested. Cat. No. 20 2730

BARREL KIT 781
POLYSTYRENE CAP
100 for
$1.98

Finest caps made. As a gam-
ble we bought 10 barrel;
from factory, mixed 0.,...,
all good. Cat.No. 202729

BARREL KIT #55 a
SLIDE SWITCHES

30 for $1.98All shape, sixes, spat. oust.
....r...tile. etc, TreTe'
dons shop pak for 100 0 of
switching projects,
Cat.No. 202720100 %good

BARREL KIT #58
POWERS! POWERS!
$1.98

ARREL KIT #54
DIGIT READOUTS

10 for jraiwin
BARREL KIT 445
741 MINI DIP
"BO AAAAA "

BARREL KIT #48 BARREL KIT #40
G.E. 3.5 WATT 'S PNP HIGH -POWER
AMPLIFIERS '1, TRANSISTORS

KIT #39

TRANSISTORS

BARREL KIT #37
1 AMP "BULLETT"
RECTIFIERS Untested

100 for
Large distributor cleaned
home. Barrels of Dower
resistor. 3 to 7 watts.
Cat. No 26 2724

$1.98 - - -
Bargain of a lifetime! All
we got was 1 barrel - the
-blisdor digit" types, Multi-
plesed. Cat. No. 29. 2722

50 for $1.
Barrels 'n barrels of em.
This Is buyer's market.
How many can wa g.t tart-
orl. Cst. No. 102424

25 for a" /
$198

Hobby tyj_,_ factory fah-
outs, 262024 Ulatosted

20 for  III_1.e.,ti-'$1.98 "- I
Popular germanium TO.3
case 24126161i50% gcva

15 for . ,-.
$1.98

Fallouts of the famous
203055. 20 2617 109.%

100 for $1.98
Famous style. asstd. volt -
ages, silicon, said include
all types of voltages
1KV.Cet-No. KII 2615

KIT #35
NEON LAMPS

S 1 28r 100 % good,
Famous NE -2's. All prime.
but factory made millions
and barrered 'ern. Your ad-
vantage cot.p4o. 202813

KIT #2f
M IC
REST100 for $1.98
Made mostly by Corolag.
the flout resistor made.{tow, I/2 watter 1% to
5% tat. a tan, of
values. Cot. No. 203609

BARREL KIT #30
PREFORMED
RESISTORS
200 for 1.98
'As sof hiii-Z,....'"I' a '. 2'"---'" 1°' Pa a100: 3/4, 100 t.." wetter..

Na al 2406 100% good

KIT #27
MED DISCS

100 for 50
$1.915 .

Hi-Fi mfr's Mel! inventor,.
but he dumped 'do in bar-
rel.. Preformed. for PC use.
/Used values tool 20 2405

BARREL KIT #26 ,
PLASTIC
TRANSISTORS
100 for
$1.98 Vote/M

Type TO -92 (TO -18), all
manufacturers, variety of
2N 11'.. Cat.No 20'260a

KIT #25
METAL CAN
TRANSISTORS
100 for $1.98
Includes TO -5. O, YO-
18, etc., unsorted 2N num.
hers, unmarked etc. _

Cat.Ra 50 2603 Untested.

KIT #20
LONG LEAD DISCS
100 for -.01

$1.98
-

"enn1i00 sal.- Prim,
marked only. Long leads,
Cat.212 2599 100 % g000

.4. WeWe.".....-... Poly Paks C -R A-C -K -S -
..p

011 Firrn3 Prices iiir
,I ao

iNCREDIBLE
1

KIT #17
LINEAR  7400 DIPSUPRECISION100 for 4k
$1.98t..t,.
Marked and unm I. in-
tarsal numbers o raw far-
iory stock. Ne. 203431

KIT :15
MOSFET TRANSISTORS
60 for

$1.98
All 4 leaded TO -58 case,
includes UHF tramistors
tool Cat.No. 20 2429

KIT 014
RESISTORS200 for_._$1.98 ---

Marked and unmarked Vs.
Ye, 2 watd.144. 20 2417

KIT #12
POWER TAB TRANS
40 for 4111,.,.
$1.98 .

PNP, plastic T0220 tyli,.
Assorted 2N numbers.
Cat.No. 212 2426 Untested

?Ft ICES BUY ANY 10
TAKE 15%

BUY 100 1

TAKE 25%

BARREL NIT 711POWERnoms-REGISTERS
TRANSISTORS
40 for

KIT #10

75 for
EL KIT ,I8

SUBMINIATURE ie)
IF TRANSFORMERS

KIT #7
VOLUME CONTROL
BONANZA, Z-7,..-..

U "7404N 70 LJ SPI741600 .88.6300TYPE SALE N7 NNNNN .88
0 S0749514 76 0 5

0 5117400N 50.16 0 514744214 _ 72 0 5174/64N .79

0 SN7401N .16 0 51474450 .49 hi
51474100N .98 0 99

0 5117402N .16 D 514744614 .79
9 C 51474106N .63 0 52174173N 1.39

$1.98
.NPN, plastic T0220 type.
Assorted 2N numbers.
No. 20 2425 Unteateo.

1.98$ erttest
28 to 40 pin de v ice,
oforood, tat...ea.,' factory
numb., etc. 20 2424

for S1.981
Amusing. incluaes 455kcs,
usf. antenna, "9,,k^99..?
From transistor I' ad I0 0 man-
ufarturers.100% 242421

30 for
$1.98 afCt au"

Single, dude, variety :1
values, styles. big ones --
small ones. CatNo. 202421

0 5147403N .16 0 "7447N .6o, I:15074107N .33 0 97

0 5N7404/1 .14 0 $074500514446N .7

0 5517405N .16 0 7 .1111 0 91174112N .65 0 MI GG

Cl SN7411101 .20 0 5147451N .16 0 51174113N .65 0 51174176NRECTIFIERS
0 5217407N .25 0I 5147454N .1 8 0 511 NNNNNN .63 0 51174177N .79

0 51474121N .36 0 511741111N 2.05
05.7400N .25 0 51474640 .16

0 511740911 .16 .0 SO1747014 .45 H 12474

0 S117410N .16 CI 5147472N .34 901741250 99 0 M47418511 1.75
5N74126N .59 0 51474190N 1.15

0 5 NNNNN PI .25 0 "747" .74 ° 51474132N 1.00 0 51174191N 1.05
45 C 5147474N .31 -

BARREL KIT #41

100 for -an-
$1.98 Untested.

ff,,,,no rues May
elude 25. 50. 100, 200,
400, 600. 800 and 1000
volters, 202417

KIT d 3ca"-
154148/914
SWITCHING DIODES
100 for $1.98

Imagine ,aai, ,,,,trhisig
diodes at these prices!
Cat.No. 262418 Untested.

BARREL KIT .72
LINEAR OR AMPS,
DIPS 75 for" $i, 98teeted
May include 709'.. 7.11...,
703's, 560 series. 556 in-
eludes 2512410

BARREL KIT #1
DIP IC'S.

75 for $1.98
Marked 14 and/or with 16
pin dips, may include gates,
registers, flip RUM coon,
ere 202415 Voted

0 0 SN70141N .68 1p 38174192N .67

0 SN7417N .32 0 5074750 .4

o 5074200 .16 0 511747614 .31 0 51474145N .89 0 51174193N .63

0 5117421N .29 0 5147471114 .79 511 NNNNN N 1.29 0 514 lllll N .73

0 5/17423IN .35 0 911745311 .6 D SN74150N .99 0 5147419614 .85

CISN7421101 .27 U 514746514 AS 8 5N7413t 0 .70 0 5117419IM 1.49

D 5/17430N .10 0 511746911 1.95 0 9074133N .65 0 51174199N 1.49
41340 1.03 0 91174200N 3.95

0 5147437N .26 0 V1749014 .44 0 5147 0 51174251N 1.09
"7415714 .70 0 51174264N 5.955147431IN .26 C 5147491N .73 0

L3 914744011 .16 C 5/474920 .47 0 5117
N .85 0 50742650 5.99

0 9147441N .64 0 514749311 .47 0 5074138 .

Cat. No.201981HONED
BARREL KIT #5
SCRS, TRIACS,
QUADRAdS
30 for-
$1.98 R. factory

Lstockl All the 10;in tp
cat.No. 20 3019 untestyed .

Terms: Add postage Rated: net 30 SALE
Photo: Wakefield, Mass. (617) 245-3829
Retail: 16-18 Del Carmine St., Wakefield, 0 Send for FREE

MINIMUM ORDER - $6.00 SPRING CATALOG

POLY PA I( S C.O.D.Yi MAY 1
P.O. BOX 942G LYNNFIELD, MA. USA 01940 BE p
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tech -tips
Tech -Tips is an ideas forum and is not aimed at the beginner.

ETI is prepared to consider circuits or ideas submitted by
readers for this page. All items used will be paid for. Draw-
ings should be as clear as possible and the text should prefer.
ably be typed. Circuits must not be subject to copyright.
Items for consideration should be sent to ETI TECH -TIPS,
Electronics Today International, Unit 6, 25 Overlea Blvd.,
Toronto, Ontario, M4H 1B1.

DIFFERENTIAL TEMPERATURE SENSOR AND ALARM SYSTEM
The circuit is comprised of three parts
(i) the differential temperature sensor
(ii) a differential amplifier to provide
gain (iii) a swit circuit to
monitor the output from the different-
ial amplifier.

Two diodes D1 and D2 are used as
probes for the sensor. A small preset,
RV1 provides fine adjustment of the
current through each branch so as to
give zero differential output between
D1 and D2 when they are at the same
temperature.

A gain of 500 must be provided at
the differential output to provide a
useful voltage to switch the LED's
(....ie IV corresponding to 10C.) RV2
provides fine adjustment of the gain
and RV3 adjusts the CMRR.

A potential divider network is set
up by RV4, R9, R10, RV5 to provide
the necessary switching voltages for
the voltage comparators, thus enabling
LED1 or LED2 or LED3 for voltages
set up by RV4 and RV5 -3V and
+5V.

SETTING UP

1. Adjust offset -null on all Op. Amps
for zero output by connecting
input terminals together and taking
to ground and adjusting either
RV6, RV7 and RV8.

2. Adjust CMRR for differential amp-
lifier by shorting input terminals
and connecting to +15V line, then
adjusting RV3.

3. Apply probes D1 and D2 to a
liquid, say at room temperature,
and adjust RV1 until there is zero
output across collectors of T1 and
T2.

0

0

1 R

ZD1

R3

REMOTE PROBES

02

57 RV2

SET
5 GAIN

0I
BALANCE

RV1

R8

741

4
RV6

RV3 SF CMRR

1V/4C DIFFERENTIAL
OUTPUT

HIGH FAIL I 50C/

R11

R12

LED1

R1

'71
LED2

LOW FAIL I- - 3PC1

LED3

'PASS'

COMPONENT LIST
RESISTORS
R1
R2,R3
R4,R10,R13
R5,R6

2.2k
51k

1k
2k

RV4,RV5
RV6,RV7,RV8
TRANSISTORS
T1,72
DIODES

2.2k
10k

2N2222

R7,R8 910k D1,D2 1N4004
R9 39052 D3,D4 1N914
R11,R12 1.2k LED1,LED2 miniature RED
PRESETS LED3 miniature GREEN
RV1 100E2 ZD1 400mW, 3V3
RV2,RV3 100k 3 Operational Amplifiers 741

4. Apply probe D1 to a liquid at a

temperature 100C different from
above, then adjust gain control
RV2 until there is 10V at the diff.
amplifier output. The CM RR

should again be set.
5. Adjust RV4 and RV5 so that the

comparators switch at -3V and
+5V corresponding to -30C and
-F5oc.

7400 SIREN
The siren consists of two oscillators
which generate the tones. A third osc-
illator is used to switch the others on
and off alternately, giving the two
tone effect

By changing the capacitor values
different tones can be produced.

IN

IN

OUT

IN

IN

OUT

GND

7400

4k7

0.11AF 0.15F 0 1pF

113

0.1pF
4k7 4k7

2A

0.2sF

1C

4k7

220pF

025F
4k7 4k7

A

220/ F

47OR

811 15052

PIN 7's OV
PIN 14's 55V

OV

76
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CANADIAN
REPRESENTATION
WANTED

For a well established manufact-
urer and importer in the USA,
with well rounded lines of:

Microphones
P.A. & Paging Horns
and Accessories

Headphones

CB Accessories

CRT Briteners

TV & Audio Accessories

Tape Recorder Accessorie

Multitesters
& Automotive Speakers

PLEASE REPLY IN

CONFIDENCE TO:
P.O.BOX No. 251

Electronics Today
Unit 6, 25 Overlea Blvd.,

Toronto, Ontario, M4H 1B1

0 IN STOCK FOR 0IMMEDIATE SHIPMENT

SEMICONDUCTORS  rri  cmos 
 LINEAR  DIODES  TRANSISTORS 

SCRS . TRIACS  LEDS  READOUTS 

RESISTORS CARBON POWER
 PRECISION  POTS  TRIMMER 

CAPACITORS ELECTROLYTIC
 TANTALUM  DISC  FOIL 

HAMMOND HOBBY LINE
 TRANSFORMERS AND CABINETRY 

CONTINENTAL SPECIALTIES 
 BREADBOARDS 

ALSO DATA BOOKS HARDWARE
 SWITCHES  PC BOARD  ETC.

COMING SOON
ETCHED BOARD KITS MUSIC

 MICROCOMPUTERS  TEST GEAR 

SPECIALIZING IN QUALITY COMPONENTS FOR
THE SMALL QUANTITY BUYER  HOBBYISTS 
SCHOOLS  HAMS  TECHS  ETC. WRITE FOR OUR
LATEST FREE PRICE AND PRODUCT INFORMA-
TION.

CANMOS Electronics
BOX 1690, PETERBOROUGH, ONT. K9J 7S4

FIRING LINE INDICATIONS

10KV

5KV

0KV

Normal pattern:
Note that the firing line for cyl. 1 appears
at the extreme end of the trace. The remain-
ing cylinders then appear in engine firing
sequence.

5KV

0KV

Firing lines even but high:
Excess plug gaps, rotor gap, break in coil
ht lead, mixture too lean ignition retarded.

15KV

10KV

5KV

0KV

Firing line high on ONE cylinder:
Break in plug lead, broken electrode in
spark plug. To test short plug - if line
drops, problem is within cylinder.

5KV

0KV

Firing lines uneven:
Break in plug leads, worn plugs, burnt
distributor cap contacts, uneven air/fuel
mixture.

ADVERTISER'S INDEX

ABBEY 4
CANMOS 33,77
DELHI 72
DOMINION 14,23
ELECTRA 10
GAMASONIC 6,25
GLADSTONE 8,72
HEATHKIT IFC,10
I LP 3
KESTER SOLDER 20
MAGNUM 8,23
MUELLER 14
PACO OBC
PHILIPS 21
POLY PAK 59,75
PRECISION TUNER 64
TEKTRONIX IBC

continued from p. 63

rpm. Finally richen the mixture a shads
until tickover speed drops by about
50 rpm.

Then and only then - look at the gas
analyser. You should now have a read-
ing somewhere between 14:1 and 15:1.
If you haven't then there's something
wrong with the carburetion system -
an air leak in the induction manifold:
incorrect float chamber level: blocked
slow running jet or something.

WHEN REPLYING

T i ADVERTISMENTS

PLEASE MENTION

ETI
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OPEN CIRCUIT
Technician's column

by Tom Graham

Here it is!

As this new format is designed to please everybody interest-
ed in electronics from the veriest beginner to the electronic
technician level, we would appreciate your comments,
pro and con, as this is your magazine and we want to do
everything in our power to please everybody as best we can.
Be assured that we will carefully scrutinize each and every
letter; especially the ones with adverse comments so that
we can try to serve you better.

OTEA revisited

We got quite a lot of feedback from my editorial in the Fall
issue of the electronic workshop wherein we discussed the
fact that all electronic servicemen and Companies should
join the Ontario Television Electronics Association. Most of
what we got were phone calls from small, independent ser-
vicemen across the province saying that they never even
received an application in the mail from the OTEA asking
them to join.

Of course the prime reason for this just naturally has to
be that they don't have your name on the mailing list.
Furthermore, even we probably don't have all of the names
of every service shop on our mialing list. Undoubtedly,
now that we are on general newsstands, a lot of previously
unknown companies and independents will be seeing this
for the first time. So in case you fall in either of the latter
categories, here is where you write for information.

Norman W. Matthews, Managing Director,
Ontario Television Electronics Assn.,
13 Queen St. S., Elmira, Ont. N3B 2S5.
Telephone: (519) 669-8410.

While on this subject, a new member of the OTEA wrote
me from Cornwall, asking how he could go about getting
the information on where to go to write the exams in
order to obtain his Ontario Certificate of Qualification.
Seems he got a rather brusk brush-off from the local
Community College. Previous to this I thought that all of

the Ontario Colleges could give this exam. Not so, it ap-
pears. However, members of the OTEA are having negotia-
tions with the Ontario Ministry of Educational Programs
to try to clear up this matter and, hopefully, to get some
sort of standardization throughout the province.

In the meantime, it appears that once again Ontario,
with 40% of Canada's population within its borders is

lagging way behind Quebec and Alberta to name just two
provinces that I know of for sure that are working very
closely with their provincial electronic associations to not
only provide excellent educational programs, but also put-
ting some teeth into laws designed to practically eliminate
the 'moonlighters'.

But of course this is the reason in both cases; both of
these provinces have very strong provincial associations.
And it is the prime reason why Ontario needs a strong
provincial association itself.

I'm very pleased to hear from Norm that they are
already starting to do something about this situation. But
they need every member they can get. It's an old adage of
course that there is strength in numbers, but it is so very
true in the case of the television and radio serviceman.
Because there are so many people reading this that never
saw that artic e I wrote; (this issue has 30,000 circulation
as compared to our former 10.561 . . . ) I'll repeat part of
that editorial titled "You can win a million". I made the
point that a lot of servicemen stopped reading the notice
from OTEA when they saw the price. Then I likened this
to the fact that just about everybody who balked at same
very probably has gambled from $50.00 to $100.00 and
more on the almost impossible odds of winning a million
dollars on the various lotteries that are going on all the
time. After making the point that joining the provincial
association was betting on a sure thing and then ended the
article with the following paragraph.

"For my money, if you don't join your local, provincial
and national associations very soon, you may be out of
business with the next 5 years.

Wanna bet?

78 ETI CANADA - FEBRUARY 1977



A NEW LOW-COST,
DUAL -TRACE SERVICE OSCILLOSCOPE

FULLY BACKED BY TEKTRONIX

Now for only $495 you can get a
portable, 10 MHz dual -trace ser-
vice oscilloscope. The 18 lb.
TELEQUIPMENT D61a nas front -
panel controls that are easy to
understand, easy to use. Full -sen-
sitivity X -Y gives you vector dis-
plays that are in true phase
relationship-displays that you
can rely on. And automatic selec-
tion of alternate or chopped mode
and automatic selection of tv line
or frame triggering make this os-

cilloscope ideal for classroom
use as well as the service shop.

D61a features a bright 8 x 10 cm
display, and 10 mV sensitivity in
dual -trace and X -Y operation. It
is fully backed by a standard
Tektronix one-year warranty and
may be serviced at any of
Tektronix Service Centres nation-
wide. Call your nearest field
representative for specifications
and ordering information on tne

new D61a and other low cost
TELEQUIPMENT Oscilloscopes
or contact Tektronix Canada Ltd.
CDN Sales Price FOB Destination. FST extra.

TELEQUIPMENT

Tektronix Canada Ltd.
900 Selkirk St.
Pointe Claire, Quebec H9R 3S3



CHEMTRONICS CHEMICALS
PROFESSIONAL TOOLS

FOR THE TV TECHNICIAN

UPER
1

!464.......00
Leave 0,01;;Pfl

A SE'
IC

0
COO,.

SUPER FROST -AID
FINDS INTERMITTENTS FAST!

TUN -O -WASH
IS LIKE AN
ULTRASONIC
BATH
IN A CAN

Availrtde in Canada through SPECIAL OFFER: Save $10.00! Send any 3 labels from these products,
plus $10.00 and this address panel and we will give you a two year subscrip-
6or to ELECTRONICS TODAY. A regular $20.00 value. Offer expires
:.pail 30, 1977. Valid only in Canada.

.MCO ELECTRON1,3'; Ti.).! 45 s..inson street montreal, quebec h4r 2e1 tel.: (514) 748-6787


