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The compact convenience of Sony’s
stylish cassette tape decks is drawing
more supporters every day

Sony's TC-122 is the lowest priced stereo cassette deck
yet it includes many advanced features like 4-track
stereo and 2-track mono recording and playback, Sony-
O-Matic — completely automatic recording volume
control, solid state amplifier for low distortion, stereo
level meter, all-silicon transistor circuitry, headphone
jack and sleek design. About $144.00.

(=

Sony's TC-127 introduces a new era of magnificent hi-fi
tape cassette stereo sound at a modest price. Features
include 4-track stereo and 2-track rono recording and
playback, limiter circuit (on-off) to control input level for
distortion tree recording. Sliding-type recording volume
controls ior each channel with dual VU meters, tape
sentinel lamp to indicate tape i1s running, 3-digit tape
counter, headphone jack, attractive woodgrain cabinet.

About $199.00. Sony’'s TC-160 is an exceptionally sophisticated cas-
sette stereo tape deck for unrivalied recording and play-
back. Features closed loop dual capstan drive system,
first of its kind ever used in a stereo tape deck for
perfect tape tension and to cut down wow and fluttes to

Distributed by unusually low level. First hard and durable high perfor-

Mm mance heads adopted in a cassette deck. Limiter circuit

to control input. Optimum manual control with separate

KEMPTI{(X{NE right and left meters, sliding type volume controls., Tape
SYONEY: 262651, MELBOURNE: selector for change from conventional tape to high per-
o e formance. Easy loading. Low noise, low distortion solid
O e e Ul oenna state amplifier. De Luxe styling. About $281.00,

KEMBLA. 84 8022,

r o
TO: Jacoby Kempthorne, 469-475 Kent Street,
| 7 Sydney. N.S w. 2000

Please send me, without obligation or cost, information on
| the Sony Models TC-122, TC-127 and TC-160.
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feel the beat
through your feet
and hear the lyrics too

enjoy both with BASF LH-hifi recording tape

Sure, with any tape, you can turn the volume up as 8dB over other quality tapes. Now you can
until the floor shakes. The difference is the quality keep the swingers swinging with wall to

of the sound produced. When you are playing wall sound while the neighbours enjoy the lyrics.
a BASF LH-hifi tape there is less distortion, more

clarity and realism. The gradual narrowing BASF LH-hifi tapes also available in Compact

of track widths and lowering of tape glassette§. )

speed on domestic tape recorders place, G aying times: . B .
above all, great demands on tape to 30 = 2 x 15 minutes = 30 minutes.
head contact and magnetic uniformity. c60 2 x 30 minutes = 60 minutes.
A natural consequence of this development C90 = 2 x 45 minutes = 90 minutes.
appeared to be b.ackground noise which became  T720 = 2 x 60 minutes = 120 minutes.
more audible during sound reproduction. -

To counter this, BASF engineers have BASF Compact Cas§ettesl avanlatz!e“every'\?/here
introduced low noise equalisations and in your choice of either “Trans,” “Snap™ or
eliminated the background noise, increased Plastic Pack.

sensitivity and achieved a dramatic
improvement in signal-to-noise ratio of as much

BASF HAS THE QUALITY—YDU MAKE THE MUSIC —BASF FOR ENDLESS PLEASURE

Australian Distributors:

Maurice Chapman & Company Pty. Ltd,,

276 Castlereagh St., Sydney. Phone: 61 9881.
146 Burwood Rd., Hawthorn, Vic. Phone: 81 0574.

BA1371C

ELECTRONICS TODAY — MARCH 1972



Collyn Rivers, Editor
Engineering Manager:
Barry Wilkinson
Production Manager:
Bob lzzard

Projects Adviser:

Kim Ryrie

Laboratory Technician:
Rob Giumelli

Review Editor:

John Clare

Acoustical consultants
Louis A. Challis & Associates
Art Director:

Clive Davis

Advertising Manager:
Howard Jenkins
Melbourne Manager:
Clarrie Levy
Representative (Sydney):
Terry Marsden

Advt. Production Manager:
John Oxenford

Brian Chapman
Assistant Editor

wego
international

ometimes it seems like vyesterday, sometimes like
half-a-lifetime — but the plain chronological fact is that, with
this issue, ELECTRONICS TODAY is one year old.

In that first year we have achieved most of the goals we'd set
ourselves, and in some ways even exceeded our expectations. We
have recruited a strong, vitally interested readership, plus equally
strong (and still growing) advertising support, gained a reputation
for being consistently first with the news, and — as we'd hoped to
do — managed to reach a large and important audience untapped
by other publications in this field: people who use — or need to
use — electronics in their business, industry or profession, but who
are not necessarily electronic engineers.

All of which has enabled us to take the next big step — which we
had planned to take from the start — a little sooner than expected.

Beginning next month, a British edition of ELECTRONICS
TODAY will go on sale throughout the United Kingdom, plus
Holland and the Scandinavian countries. ’

From the very first issue, ELECTRONICS TODAY has presented
electronics, in all its aspects, as an international topic. By its very
nature electronics IS international — its equipment and techniques
are not limited by national boundaries.

The new British edition demonstrates the validity of this
approach.

Called ELECTRONICS TODAY INTERNATIONAL, the new
magazine is a joint venture by a wholly-owned international
subsidiary of our own company and Whitehall Press Ltd., of
London.

Its format and basic editorial content will be similar to those
which proved successful in Australia — but, naturally, it will also
feature news and articles of special local interest, as well as its own
local advertising.

Our Australian edition will continue unchanged — except that,
from next month, it will also be called ELECTRONICS TODAY
INTERNATIONAL.

British Editor of ETI is Paul Godden, previously with
‘Electronics Weekly'. Collyn Rivers, Editor op the Australian
edition since the inception of the inagazine, becomes Editorial
Director of both publications.

Since more responsibilities inevitably mean more work, we have
added an Assistant Editor — Brian Chapman, a name well-known
in Australian electronics.

Like all our editorial staff, Brian has an extensive background in
electronic engineering. Previously Applications Engineering
Manager of Natronics gty. Ltd., he is a fully qualified illuminating
engineer and a widely recognised authority in the field of lighting
control. He has extensive experience in digital equipment and uhf
communications systems, and has been closely associated with
NASA's space missions at Woomera and Orroral Valley.

With our new international link-up, and the addition of Brian
Chapman to our ranks, you can look forward to further
improvements in the scope and value of ELECTRONICS TODAY
INTERNATIONAL — to call it by its new name.
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300 MPH HOVERTRAIN — PUBLIC SHOWING

Computerised control and data
recording equipment that can handle
information from up to 413 different
sources will be used in the development
of Britain's tracked hovertrain —
during its period of full-scale
development.

From this console, commands will be
transmitted by radio to the hovertrain
and radioed signals from the measuring
instruments inside the vehicle will be
received, recorded and analysed.

The 25-ton vehicle straddles the track
and is supported approximately an inch
above it by a system of fans employing
the hovercraft principle. The linear
motor consists of an aluminium strip
set into the top of the track as the
motor’s “’stator’’, and a complex
set of electrical windings mounted
inside the body shell. Power is picked
up from a trackside rail.

The train made its first run over a mile
of the track recently, watched by
visiting experts and the press from
several countries. It performed perfectly
during the slow-speed run and is now
expected to reach speeds of up to 90
mph during the next two months.

The hovertrain has been designed
and constructed by Tracked Hovercraft

6

Ltd., a company set up by Britain’s
National Research Development
Council, and would be capable of
providing a link between central
London and the airport planned for
Foulness, its passengers completing
the journey in quiet pollution-free
comfort in about 20 minutes.

FOUR CHANNEL DISCS

In the UK the EMI group have
announced plans to release quadra-
phonic discs — using the CBS developed
‘SQ Matrix’ system — in April.

The company claims that the new
discs will be fully compatible with
existing stereo equipment.

EVR CASSETTES
The British EVR organization will be

releasing their 1972 catalogue of Educa-

tional and training EVR cassettes in
March. A list of their releases can be
obtained, free of charge, from EVR
Partnership, Vogue House, 1 Hanover
St. London, W1, England.

BIAS — AUTOSELECTION

Cassette tape recorders that have been
designed specifically for use with
chromium dioxide tapes require special
bias switching facilities.

At present this is done manually,
However the latest BASF ‘SM’
chromium dioxide cassettes have a
notch on the rear of the cassette (in
addition to the tab now used to
prevent erasure of recorded material)
and, hope BASF — and Philips who
are backing the system — future
cassette players will have a switch
mechanism actuated by this tab to
bring in the necessary bias circuitry,

ELECTRONIC WATCHES

Motorola are marketing an electronic
watch package consisting of one of
their own complementary MOS circuits,
an ultra-stable precision quartz crystal
and a miniature motor.

The package is being developed by a
special products group in the USA, and
uses circuits from the Motorola Semi-
conductor Products Division, and
crystals from the Consumer and
Electronics Division.

Prices have not yet been disclosed,
but Motorola say that they will quote
immediately for individual orders.

IDEA LOOKING FOR A JOB

Many ideas that tantalize the
scientist cannot be pursued within
the normal framework of research.
Often more pressing problems take
priority, leaving individuals to ponder
the practicality of ideas that are
simple, yet teasing.

Over ten years have passed since Dr
Alan Head, a solid-state physicist of
the CSIRO’s Division of Tribophysics,
conceived the idea of a plate that
continually radiates heat to outer
space, but it remains a fascinating idea
in search of an application.

Dr Head noticed that the Earth's
atmosphere and certain materials such
as silicon monoxide had approximately
the same ‘radiation window’. In other
words, they only transmit heat radia-
ation in a narrow range of wavelengths
and this range is not in the region
where most solar radiation energy is
received. Thus, Dr Head reasoned, if
a surface, exposed to a cloudless sky,
could be made to radiate at these wave-
lengths and reflect strongly at other
wavelengths, there would be a net loss
of radiant heat to outer space.

Surfaces with these radiation
characteristics can be made, for

{Continued on page 11)
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SANSUL... SILENT

- SOUND SOURCE.

FUNDAMENTALLY, A PARADOX SELLS SANSUI TURNTABLES.

When y>J are listening to your favourite
stereo recording playad on a Sensui
turntabie you are cwite unawar2 of
the sourd source. Ard isn't that the
way it should be?
Trere ar2 three models in the Sensui
turntab e range. All are silent, all share
Sansui “know - how'” and technology
and even the lowest priced model
has a ' wow" specificet on of less than
007%. Let's look at :he three Sansui
models:—

SANSU! MODEL SR1X0C — MAMUAL
CPERATION.

@ Belt crive ® Two speeds @ 4 pole
hysteres s synchronos motor @ Push-
button controls @ Du3l purpose cueing
control @ Precision built tone arm with
a lateral balancer anc an inside ‘orce
cancelfirg device @ Iiduced magnet
cartridge with a frecuency response
of 20-20,000 Hz. and an output of
5 mV. @ Wow — Less than 0.07% @
Femovable dustprool acrylic covar @
Hand fnished cabnet of selected
walnut @ Recommended list price —
$181.

SANSUIMODEL SR2CS0C — FOF
AUTOMANUAL OPERATION.

® Belt drive @ 4 pcl2 hysteresis syn-
chroncus motor @ Automatic lift and
stop which is electr cally operated —
a detector circuit operates a relay/

soleno d system @ Push-buftcn speed
controls @ “wo speeds @ Cueing zon-
trol @ Psecision built statically bal-
anced tone arn @ Induced magnet
cartridJye vi h a frequency response cf
20-20,000 Hz. and an o_tput of 5 m\v.
® Wow — Less than 0.C7% @ Ramov-
able dustpreof acrylic cove- @ Hand
finished catine: of selected walnut @
Recomrmencad ist price — $231

SANSUI MODEL SR4050C — FOR
AUTOV ARLAL OPERATION.

® DelLxe "wo speed model @ Bet
drive @ 4 pole synchrcious mctor @
Automatic | %t z2nd stop whict is elec-
trically ope-ated — a magietic reed
switch and olunger gen-y lifte tre arm
and stcps tte wurntable @ Push-putton
speed ccnvol @ Cue 1g contic! @
Statically balanced gimbal desiga tone
arm @ Inducec magnet carrr dge with
a frequency response ot 20-23,000 Hz.
and an outpat c¢f 5 mV. @ Wow — Less
than 006% @ Removable dustproof
acrylic ccver @ Hand f aishad casinet
of selected walnut @ Recommeided
list price — $320.

From tnese necessarily brief specific-
ations you can see scme ot the ad-
vantages o~ a Sansui sound source.
Get all the tacts — see your franchised
Simon G-a. dealer. When you com-

pare a! the Sansui fezures . . . ard
hear the diffarence Sansui quality
makes . . . you'll invest in Sensui!

SANSU DISTRIBUTORS Auslralla, excepting
W.A.: Zimon sray Pty. Ld Head Office: 28
Elizaba h Stree , Melbou-ae 3000. Tel 63 8101¢
Telex-21904. &ydney Offace: 53 Vicloria Avenue,
Chatswiod. NSW. 20€7 Tel 404522* Can-
berra Office: 25 Molinglo Mall, Fyshwick,
ACT 2609 T21 95654 Adeiaide Office: 301
South Terrace, Adelamda S.A. 5000. Tel
23 6223 N.T.: Ptitzner's »usic House., Smith
Street Darwin 5790 Wel 3801. Qid.: Sydney
G. Hughes, 184-158 Arpu- Street, New Farm,
Brisbrre 4005 Tel 281422, Tas.: K. W
McCu tach Pty Ltd., 5° Ceorge Sireel, Laun-
cestor. 7250 Tel 25322 W.A. Distributors:
Carlyr» & Co Pty Lid, 1-9 Miltigan Slreet,
Perth. 6000. “el. 22 0%31 Sansul equipment
is marwitactured by: Sassan Electric Co. Lid
14-1, 2-chome, lzun  Suginami-ku, Tokyo
Japan

S$G-STT-372







Some expensive stereo sets
actually sound like this.

And generally it’s because of the speakers. No stereo in
the world can sound better than the speakers allow it to. A
point people all too easily forget. And which in the carly
fiftics worried a Swede called Stig Carlsson.

So he built an audio-lab at the Royal Institute of Tech-
nology in Stockholm.

And there he created a unique researcl facility which he
used to investigate the whole chain of sound reproduction.
Speakers. Amplifiers. Tape recorders. Records.

On the basis of his research he came to a simple conclu-
sion,

“Yhe sound reproduction faults that are usually called
speaker sounds are the obvious consequence of the way
speakers have been designed.”

And so Stig Carlsson designed totally new speakers. Free
of ‘speaker sounds’.

They were omni-directional. And that was years before
anyone had even heard of that mildly trendy expression.

In the beginning they were available in kit form only.
Now they are in full production. And they're covered by
world-wide patents.

What are Carlsson speakers like?

They 6l the whole room with music. evenly. You'll feel
almost as though you are floating in sound. (Stig Carlsson
describes this phenomenon in terms of plasticity, airiness,
openness.

Carlsson speakers were introduced into Australia barely
a month ago. Write or phone us and we’ll send you the
Sonab literature and the name of your nearest dealer.

‘ Please send me details of your equipment.
, Name:. S _
Address:

o _PostCode:

Sonab

Sonab of Sweden Pty. Ltd., 114 Walker Street, North Sydney, N.S.W. 2060
Telephone: 929 4288/4554



Give your
present stereo system
a$500 sound

For a modest expenditure you can now
significantly improve your *8 ohm speaker
system to give the exciting experience and
‘presence’ of a frequency response to
beyond 20,000 Hz.

The Philips dome tweeter is a professional
unit designed to ensure natural reproduction
over its wide frequency range and thus
enhance any speaker system, whether 2
watts or 40 watts. The dome construction
avoids the annoying ‘beam effect’ of
conventional tweeters with its characteristic
180" polar radiation pattern of sound
dispersion at all frequencies up to 20 KHz.

Excellent transient response and low

distortion are achieved by employing a high
efficiency low mass diaphragm with a high

flux density Ferroxdure 300R magnet system. y

Convert in minutes — each kit complete —
2 Philips dome tweeters, cross-over Pt
capacitors and full instructions. =

*Suitable also for other o

impedances with appropriate
cross-over values,

PHILIPS

foraround$30

,'// \%}3 .

PHILIPS

&=

THE ELCOMA DIVISION

Electronic Components & Materials
Philips Industries Limited.
Sydney « Melbourne » Brisbane
Adelaide « Perth « Canberra « Hobart

Complete instructions
printed on pack.

38.1731
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{Continued from page 6)

example, by depositing a very thin ;
layer of silicon monoxide on‘a highly
polished surface of aluminium. If the I
sheet is thermally insulated from its
immediate surroundings, the tempera-
ture of the sheet should fall.

Can this idea be put to work?

Independent work by Mr R.N. Morse,
Chief of the CSIRQ’s Division of
Mechanical Engineering, led to other
speculations on the cold plate idea.

Mr Morse realized that transparent
polyethylene sheet has a radiation
window in about the centre of the
region where the human body radiates
most of its heat. A well-insulated cold
plate with one surface covered with
polyethylene should allow a person to
lose heat to that plate without having
to lower the temperature of the
surrounding air. In this way, comfort
cooling panels have been produced
and tested.

But, suppose Dr Head's coid plates
were used in a ceiling or wall panel of
a room, with silicon monoxide on the
outside, polyethylene on both inside
and outside, and the entire plate
insulated against heat flow from its
surroundings. Would this radiant heat
exchanger enable people to keep cool

has all leading brands at
Sydney s leading prnces

l
|
I
|

in the tropics without air-conditioning SYDNEY'S LARGEST

by radiating to the deep cold of outer RANGE OF TEAC -

space? SPECIALIST EQUIPMENT -
The answer would appear to be, for ON DISPLAY Teac A — 350

all practical purposes, no.

The National Research and Develop-
ment Council of Britain and the
National Research Corporation in the
United States have been looking for
people to take up the radiant cold plate
idea and make it work. However,
because the radiant intensity is so low,
large areas are required and the fact
that dull weather ‘closes’ the radiation
window combines with other obstacles
to ensure that the eternally radiant i
cold plate remains just a fascinating idea |
idea.

ECOLOGICAL CITROEN i

In France, Citroen are working
jointly with the Total petroleum
company to produce an electrically
powered commuter type vehicle.
Surprisingly, present development is
concentrated on producing a ‘clean’
efficient fuel cell, rather than high
energy density batteries.

The long term objective, according |
to a company spokesman, is for the '
power source to take in dirty air and
exhaust clean air! \

20 Pittwater Rd., Gladesville, N.S.W., 2111 Telephone 89 0663

Lat2 Shopping — Thursday Night till 9 pm
JVC NIVICO and TEAC Authorised warranty repair centre.
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Finally! A virually perfect sine wave!l

The sine wave above was generated by Shure's Design Computer — the NEW Shure
Model M91ED and Model M91GD Hi-Trackability Cartridges can reproduce a sine wave
which looks the same. This new series of improved M91 Hi-Track cartridges offers sound
re-creation performance never before available in their price class! Gem-quality diamond
tip is ““nude-mounted”’ directly on the stylus bar (without a mass-increasing metal
bushing) to reduce effective stylus tip mass — and improve trackability. Deluxe molded
housing assembly. Shure Model M31ED — Bi-Radial Elliptical % to 1% grams R.R.P,
55.00; Shure Model M91GD — Spherical Dynetic .0006 % to 1% grams R.R.P. 45.00.
SPECIAL NOTE: Present owners of M91 and M93 cartridges can upgrade their
cartridges and obtain the superior performance

of the new MY1ED by using the new NS1ED

stylus assembly. Write Audio Engineers Pty. Ltd., g! — I =
342 Kent Street, Sydney. 2000. 29 6731, Y | S &=

Queensiand: Victoria South Australia: Western Australia:
RON JONES PTY. LTO AUOIO ENGINEERS (VIC.) AUDIOSON INTERNATIONAL ATHOL M. HILL P/'L
§7 Castliemaine St., Mifton 4064 2A Hill St., Thornbury 3071 7 Osmond Terrace, Norwood 5067 613-15 Wellingtén St., Perth 8000
Ph. 36-0711 Ph. 44-3295 Ph. 21-7861




_news
digest

NEW PHONE ENABLES DEAF TO
“SEE"” MESSAGES — THE DEAF
AND BLIND TO “FEEL” THEM

A new telephone which will allow the
deaf to “’see’’ messages in coded
flashes of light and the blind to “’feel”
them in the vibrations of a finger pad
is being developed for
by Bell Telephone at their
indianapolis, New Jersey laboratories,

Called the Code-Com set, it is one of
two new ‘phones which will make
calling possible for handicapped
persons. The second is a set with a
volume control receiver for public
coin telephones.

The Code-Com set is for people who
are totally deaf, deaf and blind, or deaf
and mute. It consists of a conventional
telephone and a signal unit containing
a light bulb, a vibrating disc, and a
sending key.

While a telephone ordinarily converts
speech into electrical impulses which
are transmitted and reconverted to
speech at the receiver, the Code-Com
set converts the transmitted signals
into flashes of light and vibrations of
the disc or sensor pad. Thus, a deaf
or deaf and blind person can ‘‘read”’
simple messages by using a question
and answer system, or more complex
messages by using a pre-arranged code
such as Morse code. Using the sending

key like a telegraph key, a person
without normal speech can send light
or vibration signals to another Code-
Com set or coded sound signals to a
regular telephone.

The Code-Com set may be used with
a separate signal control unit, which is
connected to the ringing circuitry of a
conventional telephone. A telephone
ring” is indicated when the control
unit switches a light, electric fan, or
some other light-duty appliance on or
off.

Field trials of experimental models of
the Code-Com set have been held in
Indianapolis, New York City and
Columbus, with the assistance of
handicapped persons and local
telephone companies. After some
practice with Morse code users were
able to attain sending and receiving
speeds of about 10 words per minute.

The second set — the volume control
handset — is being developed for
public phone locations, such as bus,
train, and airline terminals, where it
must serve customers with normal
hearing as well as those with impaired
hearing. Customers with impaired
hearing can use a three-position switch
to increase the volume of sound from
the receiver. Persons with normal
hearing can use the phone at either
normal volume or amplified volume

r

MC2105 2 x 105 watts RMS — $1076

Melntosh
AMPLIFIERS.

Closer to Perfection

SOLE AUSTRALIAN DISTRIBUTORS

[-ru#l Industries prv. LTD. 266 Hay St., Subiaco. W.A. 6008 ‘

for noisy booth locations.

Available from Selected
Dealers in Brisbane,
Sydney, Melbourne,
Adelaide, Canberra and
Perth.
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Alex Encel’s column

“DOLBY NOISE REDUCTION
UNIT FOR EXISTING
SYSTEMS AND

TAPE RECORDERS"”

Specially designed for existing cassettes
or tape recorders, the DS 100 Dolby
Noise Reduction System will give you
far more enjoyment from your current
equipment than you‘ve ever had before!
You won't believe the difference! Call in
and let's show you what this masterpiece
of electronics engineering can do for
you!

LUX SQ 38FD TRIODE
VALVE INTERGRATED AMP.

Wwhen | last visited Japan, Mr, Hayakawa,
founder of the Lux organisation in 1921,
presented me with a 38FD as he felt |
loved and understood music. Come and
listen — and you'll find out why it was
his choice.

BRAND SPANKING NEW
AT ENCEL

Interdyn QL (I Matrix Quadrasonic
adaptor. Nothing to compare with it!
And only $69.

NEW “PREMIER” SYSTEM
CREATES HIGH INTEREST!

Our newest system, the *Premier’' is
really capturing the admiration of hi-fi
enthusiasts. incorporating a Rotel RX
150 AM/FM receiver/tuneramplifier, it
has a belt-driven turntable with all
sophisticated operating features,
magnetic cartridge with diamond stylus,
quality muitiple unit Scandinavian
speaker system, handsome console with
record storage, and matching speakers.
Apart from its superlative performance,
it's truly a magnificent addition to the
furnishing of any home.

$480

SPECIAL SYSTEMS FROM STOCK
Australia’s best value!

$238 Jason comprises a high
performance Interdyn X50 amplitier,
belt-driven turntable, 3 piece modular
system and Interdyn Varby speaker
system,

$368 Heart of this system 1S the Rotel
RA 310 amphfier, Dual 1215 turntable
with base and cover, Micro VF 3100
cartridge, and famous Celestion Ditton
10 speakers.

$787 This system has a Lux SQ503X
fully corncrlernenlavy amplifier, Micro
MR 311 deluxe turntable, a choice of
Grace, Micro moving coil, Shure or
Ortofon cartrnidge, and Interdyn 225
speakers

In our superbly equipped sound
studios, you can hear tzo world’s finest
components under ideal conditions.
Come see and hear, or write for
information on the equipment of your
choice!

AUSTRALIA’S FOREMOST
HI-FI AUTHORITIES

431 Bridge Road, Richmond, Vic. 3121.
Tel: 42-3762
257 Clarence St, Sldney. 2000
Tel: 29-4563
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ELECTRONICS P/L

Manufacture — Sales — Service

392 Centre Road, Bentleigh, Vic.,
3204. Tel.: 97 4832 A.H. 97 5539

NOW AVAILABLE —
TRANSISTORISED

ULTRA-VIOLET

BATTERY PORTABLE LIGHT.
Can be used for Prospecting,
Mineral |dentification, Fluorescent
Research, Secret Messages, Plans,
Party Fun, etc.

..‘7..

COMPLETE WITH BATTERIES
$49.00 inc P.P.

NOW AVAILABLE
IN INEXPENSIVE
KIT FORM

METAL DETECTOR/
TREASURE FINDER
Printed board, 5 transistors, all
electronic components. With
battery.

SPECIAL INTROOUCTORY PRICE
$19.00

COMPONENT BARGAINS

Mono 3 speaker selector. . $2.70
Stereo 3 speaker switch .. $4.20
X-over with tweeter pot. $2.70
Substitution box.

Condenser ........ $3.20
Resistor ........ $3.20
Headphone adaptors. . .. $2.75
Foot switches . ........ $2.85

3 way x-over with midrange
and tweeter control . ... $5.90

PANEL METERS

Modern streamlined meters from
50uA. At the best price from
$4.85. 32" by 3" scale.
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HIGH SPEED SHADOWGRAPH

This remarkable photograph of a steel
ball {and wooden blank) fired from a
37 millimetre cannon, has captured
their shadow as they pass between an
electrical spark and a sheet of film.
This shadowgraph was exposed for
slightly less than one millionth of a
second.

The new electro-photographic
technigue was developed by the Cana-
dian National Research Council’s
Division of Mechanical Engineering.

ELECTROTECHNOLOGY DRAFT
STANDARD

The Standards Association is seeking
comment on a draft Australian
standard for diagrams, charts and
tables used in electrotechnology,
issued as Doc. 1878,

The draft defines and classifies these
diagrams, charts and tables in order to
explain or display the functions or
connections of electronic equipment.
Classification by purpose and by
method of representation are
demonstrated.

These definitions are in line with
those proposed by the International
Electrotechnical Commission in their
Publication 113 and those of BS 3939.

Copies of Doc. 1878 may be
obtained without charge from the
various offices of the Standards
Association in all capital cities and
Newcastle,

Comment on the provisions of the
draft is invited from persons or
organizations experienced in the
preparation and uses of such diagrams,
and should reach head office of the
Association, 80 Arthur Street, North
Sydney, NSW, 2060, not later than
31 March 1972.

POOL ALARM CONTEST

Initial judging of our swimming pool
alarm contest has now been practically
completed and finalists will be asked
to submit prototype designs within
the next few weeks.

BOZAK
COMMERCIAL
SOUND

CMA-10-2 Ten input Stereo
Mixer with Plug-in input
adaptors for every need.

Sole Australian Distributors

era7a /nc/usfrles PTY. LTD.
e————————————————————

As used by Hollywood Bowl

New York Philharmonic

Chicago Symphony, elc.

Fully professional performance,
reliability and flexibility at reasonable
prices. Delivered to you within 24 hours

266 HAY STREET,
SUBIACO, W.A. 6008
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Variations on an original theme...
with Silcron!

Although it's only two years since the very first Silcron turntable was released, this econzmical and noise-free belt

driven turntable has captured a substantial percentage of the Rustralian hi-fi market. The original Sicron Mk. I
appeals to the hi-fi enthusiast who demands perfeclion yet is cost-conscious; without doudt it is the finest furntable
available at the price.

Like all engineers who are also perfectionists, the designers of the original Silcron turntable have recognised the
need for a deluxe model. And so we release the new Silcron M«. IV “Isophonic” Series. It combines al the proven
attributes of the Mk. IlIf with new design and engineering featuses which make it the most outstanding turatable
available in Australia toddy . . . no other turntable offars as much performance for relatively low cost.

FEATURES OF THE SILCRON TURNTABLES:—

SILCRON MK. IiL SILCRON MK. IV “ISOPHON C’ SERIES.
Sealed 12 pole synchronous motor. @ New sealed 8 pole 750 r.om. synchronous motar.
Belt drive . . . noise-free. @ Belt drive . . . noise-free.
Wow and flutter — less than 0.04% @® Wow and flufter — less than 0.04%

ﬁghmlng fast speed change @ Lightning fast speed change.
Two speeds — 33% and 45 r.p.m. ® Two speeds — 33'% and 45 r.p.m.

Dynamically balanced cast aluminium turntabe Dynamically balanced cest\ aluminium turntalda
platter. platter.

Only 3 moving parts. Four times the pcwer of the Mk. 11|

Anti-static mat 4t no extra cost New centre bearing shaft assembly

Height above motor board 2", Acoustically insu ated turn:able platter \and pic<-u3
Precision engineering throughout. assembly which eliminates acoustic feedback.

Tone arm trackinj is conste nt

@® New vibration absorbent ant -static mat.

Ee e o !
) T e O e 3 2 4
jf.“";-:ﬁ-’:'-"’f : - "
- - .
- }_J it R SN TR i e A e =z |
CHOICE OF MODELS —
SILCRON MK. IIl. SILCRON MK. IV
@ Basic turntable only, uneounted. @ Basic turntable, unmounted.
@ With motor % rd and timbar base. @ With professional quality tere arm.
@ With independe tly'sprung motor board, dustproof pess- @ With attractive oiled teak base
pex cover, professional tone arm and magnetic starso @ With professional tone arm ard attract ve oiled eak bste

certridge

Note. Dustproof perspex ¢Overs anc spring mounted timber bases are available for both
Siicron modeis

ASK FOR A DEMONSTRATION!

See your franchised Simon Gray dealer. You'li. iind It costs very little to step up to S’lcron! Servic2 facilitizs
are available in all states and spares, if ever required.

> Australian National Distributors: IN“ERSTATE RERFFSENTATWSS:
AV °m @ﬁg zp 77@@{1 N.T.: Pfitzner’s Music Hbuse, Smith S-raet, Darwin Tel. 380:
\ f [ 4 Ll g 9 1 268, -
{ 3 l \ ) Sa @W 8%“:4 4 Q'land: Sydaey G. Hughes, 154-158 A taur St., Naw Farm, B~ sban 422
\ Head Office: 28 Elizabeth Sto~Melbourne Vic. Tel. 55 8181 * Telex: I1M4 a5 - K. W. McCulloch Fty .Ltd., 57 Gecrge Street, Launcestca Te' I 5452

Sydney Office: 53 Victoria Ave., Chalswood, N.S.W, Tel. 40 4522*
Canberra Office: 25 Molonglo Mall, Fyshwick, A.C.T. Tel 956528
Adelaide Office: 301 South Terrace, Adelaide S.A. Tei. 23 6219

WA - Athol M Mill Pty. Ltd., 613-615 Wellington Street. P¥r - .21 7261

ET-STT472




“Industrial espionage is a serious

subject, far more serious than we ’
suspect’” — Sir Richard Powell,

Bt. M.C. Director-General,

Inst. of Directors.

e )] SRLE0 COUBTREABLE pFSIGN “Industrial espionage is very rarely
committed as a deliberate act of board
policy. It is almost invariably initiated by
senior sales or marketing personnel and
concealed from the top management”. —

wooD

]

T | P SUPPORTING AING Leading US security agent.
|

| .@4— 3MIL. METAL DIAPHRAGM.

l : | + 40 MHz FREQUENCY DIFFERENCE BE TWEEN

e % "’//// NON-CONDUCTIVE INSULATOR B ST RIANDICECEIVERS R

| 'llllll’lll,lilll" & AND SUPPORT l >

! 1 | % WAVE WHIP AT 330 MHz N N

SILVER PLATED COPPER ——
CYLINDER HIGH "Q” CAVITY =33 (COPPER ROD)

——

INDUCTANCE APPROX 1/100 mH. T A%
o CAPACITANCE COUPLING
CLEARANCE BETWEEN "POST’ " ) oSt ,.
BOTTOM AND CYL. BOTTOM oAl 0 "TUNING POST: XM REC
RELAY
MIKE
M 4— ampmop —
CAREFULLY HO_LOWED AREA TO
RESEMBLE “"FREE SPACE” o POWER
. SUPPLY
BACK OF SEAL CARVED WOOD
LLe
Fig. 1. Probably the most famous, bug of all time, this / Fig. 2. This bug was planted in the office of the US Under-
ingenious device contained an externally energized uhf cavity Secretary for State in 1966. A remotely operated transmitter was
and was implanted by the Russians in the US Embassy in used to send a switch-on signal to the implanted bug, and thus extend

Moscow. battery life.




UGGING YOU?

- a serious look at industrial espionage

presented Averill Harriman — then

US Ambassador to the Soviet Union
— with a magnificantly carved
American Great Seal (Eagle) for the
newly built USA Embassy in Moscow.

Subsequently, it was discovered that
the Russians’ motives were somewhat
less than altruistic, for the Great Seal
contained one of the most ingenious
bugs yet devised.

Brilliant in its simplicity, this bug
was a %' diameter, silver-plated
copper cavity capacitively coupled to a
% wave antenna also concealed within
the wooden carving.

A thin metal diaphragm sealed one
end of the cavity. Any speech within
the room containing the bug would
modulate this diaphragm, which in
turn would change the resonant
frequency of the cavity.

The cavity was energised by radiated
rf — at thenormal static frequency of
the cavity — and then as the
diaphragm moved — the cavity in
effect behaved as a modulated
oscillator.

The cavity was energized at 330 MHz
by a small transmitter and
narrow-beam high-gain antenna
concealed within a van parked outside
the Embassy grounds.

Another nearby  vehicle, also
equipped with a narrow-beam
_highgain antenna, tuned in to the bug
and detected the modulated 330 MHz
signal.

After many vyears service, the bug
was discovered by some British
technicians who accidentally tuned
across its operating frequency. (In the
resulting brouhaha the CIA also
uncovered no less than 60 other
microphones hidden throughout the
Embassy building).

Figure 1 shows our artist’s
impression of this now famous bug
which was shown to the UN in 1960
by Henry Cabot Lodge. {The wooden
carving has now been replaced by a
new — and hopefully, non-performing,
Seal).

As the reader will appreciate, this
system required neither maintenance,
nor internal power source, and
operated only when the cavity was
energized by external rf energy at
exactly the right frequency.

In 1945, the Soviet Government

4—_ —
PHONE LINE
‘___7

10

Fig. 4. This is the most common type of telephone bug. It is often incorporated within the
existing microphone of the telephone handset and derives both its modulation and power
from the telephone system. The antenna is usually capacitively or inductively coupled to

the phone lines.

In 1966, two Communist
Czechoslovakian diplomats  were
charged with attempting to bug the
offices of US Under Secretary for
State, George W, Ball.

The eavesdropping system that they
used is shown, schematically, in Fig. 2.
The implanted equipment is shown to
the right of the drawing. A remotely
operated transmitter was used to send
a ‘switch-on’ signal to the implanted
bug. When this signal was received, a
relay in the bug closed and connected
the inbuilt batteries to the remainder
of the equipment. This technique
extended the life of the inbuilt
mercury batteries many times over.

Once again this bug was found, not
because of US bug detectors, but from

Circuits and schematic diagrams
shown in this article are included
solely to clarify the written text.
For obvious reasons, ‘bug’ circuits
have been shown without com-
ponent values and with minor
components excluded.

Again, for obvious reasons, neither
the Editor nor any member of our
staff will enter into any correspon-
dence relating to the construction
or installation of this type of
equipment, the use of which is

generally illegal.
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information received from political
enemies of Czechoslovakia.

To many of our readers it may come
as quite a surprise to hear that
industrial espionage methods only
slightly less sophisticated than those
just described are used, to an
evergrowing extent, throughout the
world.

The term ‘industrial espionage’ is
emotive. It is intensely disliked by its
practioners, who prefer the
euphemism ‘aggressive market
research’, which they define as the
practise of securing knowledge about
competitors by any and every possible
means.

Generally,
operates on

industria! espionage
a non-technical basis,
relying on simple  well-proven
techniques of bribing employees,
obtaining access to private documents,
board reports, salary files etc. Other,
rather more sophisticated methods are
detailed in Fig. 3 on page 16.-

But despite the more common
non-technical approach there are many
occasions when very sophisticated
electronic equipment is used. In fact
the manufacture of this equipment has
become big business for over 50 large
companies (mainly, but not
exclusively, in America), and several of
these companies back the field both
ways by also producing a range of bug
detectors.

17



WHAT’S BUGGING YOU?

PMG employee — or?

A telephone can never be considered
secure,

In most countries, Government
security organisations use direct wire
tapping, or rearrange the phone wiring
using an elementary ‘third wire’
technique so that the microphone
becomes ‘active’ even though the
handset is on the rest.

TELEPHONE TAPPING

Industrial espionage agents generally
use more elaborate methods, for the
direct wire tapping techniques draw
current from the telephone lines and
are readily detected by conventional
telephone line monitering equipment.

The most commonly used telephone
bug is a small transistor oscillator —
operating around 90 MHz — mounted
on the back of a standard telephone
microphone insert, or actually built
into a standard insert. Either way the
bug is a direct plug-in replacement for
the standard microphone insert and
can be fitted in a second or two. The
bug is powered by the telephone line
current and, if undetected, can operate
practically for ever. The telephone line
itself acts as an antenna.

The bug’s operating range is of
course limited by the lack of a tuned
antenna. Normally, coupling to the

local telephone lines provides a range
of less than half a mile The schematic
circuit of the most commonly used
unit of this type is shown in Fig. 4.
(Engineers will notice that we have

deliberately omitted one or two
components from all schematics
shown in this articte — nor are

component values given — our reasons
for doing this are obvious). In this
circuit, the transmitter is modulated
by the rectified but unfiltered
telephone line voltage upon which is
impressed the voice frequencies
existing on the line.

Yet another telephone bug utilises
the magnetic field that exists around
the hybrid transformer in the base of
the telephone handset. The bug, often
disguised as a ‘telephone diary’, or
ashtray, is placed close to the
telephone so that an inbuilt coil can
detect the handset’s local magnetic
field.  Following detection and
amplification, the signal is then sent to
a nearby receiver via a miniature FM
transmitter operating in the 88 to 108
MHz band. A more ‘refined’ version of
these units inccorporates a miniature
microphone, SO that room
conversations as well as telephone
conversations may be detected.

Perhaps the most ominous of all

telephone tapping devices is one
known as the ‘infinity transmitter’.
The device has almost ‘infinite’ range,
hence its name, and can be used over
telephone lines thousands of miles
long.

A block schematic diagram of the
infinity transmitter is shown in Fig. 5.
The actual bug consists basically of a
frequency sensitive decoder that
actuates a miniature multi-pole relay.
The eavesdropper has a tone generator
with an audio output that he holds to
his telephone mouthpiece immediately
after dialling his victim’s number. The
moment this tone is decoded by the
bug, the relay is actuated; this
simultaneously opens up the bell
ringing circuit and connects the
handset’s transmitter and receiver to
an inbuilt audio amplifier the output
of which is connected to the telephone
line.

Thus the victim’s telephone bell is
deactivated before it can ring, and his
telephone handset now transmits all
sound within the room to an
eavesdropper who may be thousands
of miles away, whilst the handset is
still on its rest. If a third party rings
the number whilst the bug is operating
he receives the normal ‘busy tone’.

Infinity transmitters are difficult to

ELECTRONICS TODAY — MARCH 1972
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Fig. 5. Block schematic drawing of infinity transmitter. This bug enables an
eavesdropper to listen to sounds within a room thousands of miles away.

detect as the electronic tone decoding
equipment may be located some
distance from the telephone. One
method, commonly used in the USA,
is to sweep the telephone line with an
audio oscillator — meanwhile checking
the voltage across the line. A tone
operated bug will cause a significant
dip in the line voltage.

Yet another method of detecting
these bugs is to dial the number of the
suspect telephone — having first
arranged that it is not answered — and
then to sweep the line with the
oscillator — this will energize the tone
operated relay and cause the number
to stop ringing. (Fig. 6 shows a
detector specifically developed for this
purpose.)

One certain defense against the
infinity detector is to use an extension
telephone that is connected through a
manually operated switchboard, for
this type of bug can only be used on
direct lines. It is ironic that many
senior executives prefer direct lines in
a mistaken belief that this provides
them with a higher level of security!

If one’s line does not go via a manual
switchboard, the only other successful
defense is to install a white noise
generator, with an audio output, close
to the mouthpiece of the telephone
handset. |f your telephone is being
bugged then this will saturate the line
and prevent speech being understood.

Normally of course, the white noise
generator cannot affect the telephone
system in any way for the telephone is
disconnected from the line until lifted
from the handset.

It is practically impossible to
estimate the extent to which
telephone tapping occurs in this
country. But our own discrete

enquiries indicate that it is far more
common than we had previously
believed.

The miniature electronic  bugs,
featured so often in spy stories and
films are very much a reality.

TRANSMITTERS ANO RECOROERS

They consist of a small radio
transmitter (usually FM), a hearing aid
microphone and batteries. They have a
range of about 400 yards and sound
can be picked up within 20 to 30 feet
of the microphone.

Another variation uses a flexible
plastic tube fastened to the front of
the microphone. This is done not only
to enable the microphone to be
installed in ‘difficult’ locations, but
also to prevent the microphone or
transmitter being located by metal

detectors.
Other types of detectors are used to

receive sounds through concrete and
brick walls. One type commonly used
is based on a record player cartridge
and stylus, it works very well,
providing no-one drops something
heavy on the floor, or bangs the wall
that is being bugged. Either happening
is prone permanently to deafen the
eavesdropper. (The US manufacturer
of this device has apparently not heard
of clipping circuits).

The FM transmitters used in these
bugs are very simple, many are based
on tunnel diode oscillator circuits such
as that shown (incomplete) in IFig. 7

Power for these transmitters is
usually derived from miniature
batteries, and to conserve battery

power the more sophisticated units
incorporate circuitry that switches on
the transmitter only when there is a
sound signal to transmit.

Another power source occasionally
used consists of what is basically a
simple tuned circuit, diode and large
storage capacitor. The source is
connected to a short antenna and
when tuned to a local broadcasting
station, receives and stores sufficient

ELECTRONICS TODAY — MARCH 1972

power to operate a low powered bug
practically for ever. (Fig. 8)

Many microphone/transmitter bugs
openly on sale in the USA and UK are
built inside or around furniture and
electrical fittings and appliances.

One company, Mosler Research
Products, manufacture a range of
framed pictures. A  microphone
concealed within the moulding
receives sound signals via a number of
strategically placed holes in the frame,
whilst extra long-life batteries are
evenly placed so that the complete
picture has a balanced feel. The
pictures are said to be presented to the
victims as gifts.

Other companies, manufacture
bedside lamps, pencil sharpeners, an;
other electrical devices incorporating
inbuilt microphones and FM
transmitters; generally the power cord
doubles as the antenna.

A number of American companies
also produce domestic radio sets
constructed so that when switched off,
the speaker acts as a microphone.
Additional circuitry within the set
transmits the received voice signals —
again using the power cord as an
antenna.

OETECTING
TRANSMITTER BUGS

Fortunately it is fairly simple to
detect the presence of radio
transmitter bugs.

The simplest and most efficient way
is to use a portable FM receiver to
establish an acoustic feedback loop.
The receiver must cover the complete
FM band — ideally it should range

RAODID

Fig. 6. This device, manufactured in the USA,
is specifically designed to detect infinity
transmitter devices.
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WHAT’S BUGGING YOU?

from 40 MHz to 300 MHz — and
should have good sensitivity.

To check for bugs, switch on the
receiver and turn the volume control
to a high setting. Pull out the antenna
and then smoothly and very slowly
sweep the tuning control over its
entire range. This must be done slowly
— taking about four or five minutes to
cover the range.

If the room has been bugged with a
radio transmitter, at some point along
the tuning scale a howl! will be heard in

the receiver caused by feedback
between the loudspeaker and the
concealed microphone. |t may be

necessary to repeat the operation at
several points if the room is larger than
15ft. square.

The actual location of the bug can be
found by decreasing the volume
control setting until the howl just
stops and then tapping a pencil on
various surfaces in the room. The
tapping signal will be quite clearly
heard in the receiver as one approaches
the microphone’s location.

Do not use an earphone for this
procedure — the receiver’s loudspeaker
is an essential part of the acoustical
feedback loop.

Another  detection method —
commercially available for a few
hundred dollars - uses a

straightforward rf field detector (Fig.
9). In this circuit a tunnel diode is

used as an untuned broadband
detector (a sensitivity control ensures
that the device is not triggered by local
broadcasting stations). The detector is
used to sweep the required area, and if
it detects an rf field, the tunnel diode
circuit causes an audio oscillator to
generate a loud warning signal.

Technicians should always bear in
mind that experienced industrial
espionage operators nearly always
install more than one bug. If one is
detected, it is almost certain that
others will be around.

Many iarge organisations — rather
than attempting to solve their possible
bugging problems — merely trample
them to death by installing rf white
noise generatorsrs. These flood the
surrounding area with rf noise and
effectively jam any radio transmitter
within several hundred feet. These rf
generators are at least as antisocial as
the bugs against which they afford
protection, for they jam all radio
signals within their area — legitimate
or otherwise. But several companies
are known to have even used spark gap
transmitters for this purpose.

SECURE ROOMS

The  best  protection  against
microphone/transmitter bugging s
probably that used by many

governments for high security areas —
especially in their overseas embassies.
This consists of prefabricated rooms of
which the walls are constructed from
layers of acoustical and rf screening

Fig. 7. Typical of simple FM bugs, this device uses a tunnel

diode oscillator and radiates in the 90 — 100 MHz band. \ /

/8

10

L

Fig. 8. Simple rf receiver provides
‘free’ power for implanted bugs.
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material. Any power lines entering the
room are fitted with by-pass capacitors
to remove all rf signals. No telephones
are installed.

The rooms are thoroughly checked
after manufacture and then
re-assembled as a ‘secure’ area within
an existing room.

This may appear to be going to
extreme lengths to protect against a
probably non-existent problem — but
in Sydney, one company, by no means
known for industrial paranoia, uses a
room of this type for its board
meetings and other top-level
discussions.

SHOT-GUN MICROPHONES

These have been developed from the
directional microphones used by radio
and film recording companies. They
consist of a microphone transducer
with a series of tubes .of various
lengths mounted in front of the
microphone diaphragm. The tubes
vary in length from two inches to 60
inches and are bound together to form
arigid structure (Fig. 10).

Sound originating on the axis of the
tubes first enters the longest tube and
then' successively enters each shorter
tube in order of tube length. Thus ali
sounds originating from the front of
the device travel the same distance and
arrive at the microphone diaphragm in
the same phase relationship.

Any sounds originating at, say, right
angles to the tubes, enter all tubes
simultaneously, thus a sound entering
the longest tube may travel five feet
before it reaches the microphone,
whilst the same sound entering the
shortest tube may travel only an inch
or two. Thus off-axis sound will arrive
at the microphone with varying phase
relationships and considerable sound
cancellation will occur.

A well designed shot-gun microphone
can readily pick up a conversation
across a wide street, and will be so

{Continued on page 87)

+

Fig. 9. This is an rf field detector frequently used
to detect and locate concealed transmitters.
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The black vehicle has electronically controlled braking.

Electronic Anti-Skid Braking

forecast that an electronic

anti-braking system for automobiles
would be in production in the near
future.

This has now happened and a system
basically similar to that we described
will be optionally available on
Mercedes-Benz commercial vehicles,
buses and their 350 SL passenger car
from next month.

Despite the recent introduction
of twin hydraulic circuits, practically
fade-free disc brakes and anti-rear
wheel locking valves, Mercedes-Benz
felt that too much reliance was placed
on the driver to assess and remain
within the confines of the physical
laws of friction.

Locked wheels do not have
directional stability. Their braking
efficiency is also less than with wheels
braked to within a fraction of locking.

OPTIMUM BRAKING

The co-efficient of adhesion of a tyre
— which, when multiplied by the
wheel load gives the braking power —
is dependent on tyre slip. If the tyre
turns freely in relation to vehicle

In our October (1971) issue we

ensures optimum deceleration
regardless of surface conditons.

speed, the slip is zero and the
transferable braking power is zero.

With a slip of 10 to 15% (that is to
say, when the wheel turns 10 to 15%
slower than the corresponding vehicle
speed), the coefficient of adhesion,
and therefore the braking power reach
a maximum.

If the slip is higher, the co-efficient
of adhesion decreases, and with 100%
slip, i.e. when the wheel is locked, it is
generally at a minimum.

Only on ice is the co-efficient of
adhesion curve generally horizontal.

With these facts in  mind,
Mercedes-Benz considered that further
improvements in braking performance
could only be achieved through an
automatic system that ensured the
optimum application of braking effort
for all road and tyre conditions during
an emergency stop.

HOW THE SYSTEM WORKS

As soon as a wheel begins to lock up
as a result of excessive pressure on the
brake pedal, the automatic control
system reduces the braking force to
such an extent that the gripping
capacity of the tyre is not exceeded

Electronically controlled braking system

even if full brake pedal pressure is
applied.

The components of the system are
shown in Figs. 1 and 2.

Fig. 1 shows the arrangement of the
electronic sensing and control circuits.
The schematic diagram (Fig. 2) shows
the layout of the hydraulic part of the
system.

If a wheel tends to lock up as a result
of excessive pressure on the brake
pedal, its rotational speed decreases
very rapidly. A digital signal,
proportional to wheel velocity, is sent
by a digital transducer in each wheel
to an electronic control unit. A
differentiating circuit within the
control unit converts this digital
{(velocity) signal into a voltage
proportionate to deceleration.

This voltage is then compared with a
predetermined highest permissible
value {roughly proportional to a whee/
deceleration of 1.3G). If this level of
deceleration is exceeded, a control
signal is instantly transmitted to an
electro-magnetic valve that in turn
reduces the pressure of the brake fluid
on the appropriate wheel.

As soon as this happens, the wheel,



FIG. 1 HOW THE ELECTRONIC SENSING AND CONTROL SYSTEMS ARE INSTALLED

Front wheel sensor
Rear wheel sensor
Hydraulic unit
Pressure switch
Electronic unit
Warning light
Starter switch
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Front wheel sensors
Hydraulic unit
Electronic unit
Rear wheel sensors
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now receiving less braking power,
accelerates again. This is registered by
the wheel’s sensor, and again the
control unit reacts and brake line
pressure is re-applied until speed drops
once again and the cycle begins anew.

To fully appreciate the operation of
this system it should be clearly
understood that the wheel sensors are
monitoring wheel deceleration and not
necessarily vehicle deceleration. At
low braking efforts the two levels of
deceleration will be virtually the same,
but the instant that the wheel begins
to lock, the wheel deceleration
becomes many times greater than the
vehicle deceleration and this s
registered instantly by the electronic
control unit. This technique ensures
that the optimum level of deceleration
will apply regardless of the co-efficient
of friction of the road surface.

THE CONTROL
ACTION

With conventional brakes, a car can
be stopped from 60 mph within 160
feet. Using the Mercedes system the
same car on the same road can be
stopped within 138 feet. The
reduction by 24 feet corresponds to a
16% increase in braking efficiency.

But this does not tell the whole
story, for when braking, speed does
not decrease in a linear progression;
retardation increases towards the end
of the stopping distance. At the point
where the car equipped with the
electronic system has stopped from 60
mph, the conventionally braked car
would still be doing 25 mph.

On wet roads, the differences in
stopping distances are even more
dramatic. For example, on wet
concrete a conventionally braked

SYSTEM IN

FIG. 2 THE HYDRAULIC SYSTEM

vehicle travelling at 90 mph recorded a
stopping distance of 543 feet, whereas
another vehicle, identical except for
electronic braking control, stopped
within 336 feet. At the point where
the ‘controtled’ vehicle had stopped,
the ‘uncontrolled’ vehicle’s speed was
stilt 53 mph.

More important still is the fact that
with the automatic system the vehicle
remains steerable — this is dramatically
illustrated in our lead photographs
where vehicles with the electronic
system are seen maintaining their
cornering line despite heavy braking,
whilst conventionally braked vehicles
have left the track.

it is greatly to Mercedes-Benz’ credit
that despite their very heavy
development costs they have agreed to
make the system available to other
motor manufacturers. L

The hydraulic unit features the following components
tandem master brake cylinder with brake booster

~maNOOAWN™
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inlet valve, front wheel

outlet valve, front wheel
caliper, front wheel (disk brake)
valve set, rear wheel

caliper, rear wheel (disk brake)
brake fluid reservoir, front axle
brake fluid reservour, rear axle
check valve

©

dual-circuit floating-piston eccentric pump, driven by electric motor

hydraulic unit
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THE

electronics
product test

Although Harmon-Kardon is
an American company, their
new Dolbyized cassette re-
corder is built in Japan.
Louis Challis reports . . .

24

he Harman Kardon cassette

recorder is one of the smallest

cassette recorders we have seen
to date, even compared with the other
Dolbyized casette recorders that we
previously reviewed.

The external appearance is attractive.
Imitation timber panelling is used on
the top and front of the recorder, both
side panels are timber with imitation
edge strips, and the splayed control
panel is finished in matt black. All
controls are mounted on a splayed

HARMON-KARDON
CAD5 CASSETTE
RECORDER

panel at the front of the recorder, with
the exception of the two microphone
inputs. These are located on the front
panel. This panel has a rocker-type
stereo-mono mode select switch at the
left hand end adjacent to six small key
switches. These key switches provide
the following functions:-

a) record interlock

b) fast rewind

c) stop and cassette eject
d) play or record
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e) fast forward
d) pause
Four small bezel indicators are

mounted below the key switches.
These indicate:—

a) record mode

b) drive motor ‘on’

c) record level overload
d) Dolby ‘on’

These are inadequately illuminated
for medium to bright room conditions,
with the exception of the overload
light which was extremely bright when
operative.

To the right of the key switches are
dual VU meters, two slide-type record
level potentionmeters, the Dolby “‘in”’
rocker switch and the power “on”
rocker switch. The dual VU meter is
clearly marked and easily read from a
distance, alithough calibration is
slightly inaccurate.

The cassettes are drop loaded onto
the loading platform, which is raised
by operating the "stop-cassette eject”
key switch. The loading platform and
cassette may then be pressed into the
operating position without closing the
smoked perspex dust cover. However,
the manufacturers do recommend
closing the dust cover to guarantee
correct location of the cassette.

A small tape counter, which may be
used for cueing, is located just behind
the cassette well.

Four holes on the rear panel provide
access to tab potentiometers so that
the record and playback levels may be
correctly adjusted before making
Dolbyized tapes. The playback level
potentiometers are normally preset in
the factory and should not require
further adjustment. In fact, if one does
wish to check their setting it is
necessary to obtain a Dolby level
setting tape which is pre-recorded with
a Dolby test tone of standard
intensity. The record  level
potentiometers should be adjusted to
provide optimum bias for each type or
brand of recording tape, and the
handbook explains how this should be
done. A ’hold-on” pushbutton is
located on the back pane! so that a
Dolby test tone may be recorded on
the desired brand of tape for adjusting
the record level potentiometers.
Adjacent to this pushbutton is a
second push button for bias selection
for chromium dioxide tape.

All inputs and outputs are effected
via three pairs of R.C.A. coaxial
sockets located on the rear panel. Two
pairs of sockets are for inputs, one pair
is for high level inputs (typically
600mYV) and one pair is for low level
inputs (typically 200mV). The third
pair is for the output (950mV for
0VU output level).

For the subjective tests we recorded
some of our favourite records on
Advocate Crolyn CrO2 and on BASF
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Low Noise cassettes and compared the
recorded tapes with the original
recordings in an A-B type test.

With the chromium dioxide tape the
difference between it and the original
was impossible to detect, except for a
slight loss in the very high frequencies.
(On many recordings there is negligible
high frequency content above 12kHz
and no difference would be discernible
between an original and a recording on
chromium dioxide tape). The loss is
more apparent with the BASF Low
Noise tape which on this recorder,
rolls over at a frequency of
approximately 10kHz. However, as
many speaker systems roll over above
12kHz, the frequency response of the
BASF tape will be more than adequate
for most domestic hi-fi installations.

The measured performance
confirmed our subjective appraisal.
The record to replay frequency
response extends to 13kHz with
chromium dioxide tape. During the
subjective and laboratory
measurements we found the force

required to operate the key switches
rather excessive, particularly the
record/replay switch. Admittedly we
were continually changing from record
to rewind to playback modes, which
tended to accentuate the force
required.

On a machine described by the
makers as a professional stereo
cassette, we expected to find a tape
sensor of some form that would
release the pinch roller and stop the
drive motor when a tape fault
occurred, but were dismayed when we
realised that should a tape break,
particularly during a recording session,
the drive motor is kept operating and
the only visible indication that a fault
has occurred is that the feed hub has
stopped rotating.

PRINTED CIRCUIT BOARDS

The electronic circuitry is contained
on six printed-circuit boards. The main
board, located under the cassette
chamber, is fitted with three multipin
plugs to facilitate removal for repairs.
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would improve the signal to noise ratio

{(with Dolby) by as much as 10dB and
would make the unit fully portable. A
12V battery wired in after the rectifier
would appear to be the only
modification required.

The unit was supplied with a
complete set of RCA patchcords for
record and replay. An 11" x 8%, 12
page Instruction Manual was also
included. This very adequately
describes the recorder’s operations,
but is inadequate in terms of
maintenance instructions for fault
finding. A circuit diagram is not
supplied.

This recorder again highlights the
advantages of incorporating the Dolby
‘B’ Noise Reduction system with a
cassette recorder capable of utilizing
the full capabilities of chromium
dioxide tape.

This test report, graphs and measured
specifications show that the Harmon
Kardon recorder is a well-made unit
with good performance. But it is a pity
that the manufacturers describe it as a
‘professional’ unit. ‘Professional’ is a
reasonably precise term and we feel
that gimmicks such as this are out of
keeping with the standards that we
expect from truly professional
equipment. But intending purchasers
should appreciate that this is a
criticism of the promotion rather than
the unit itself. )




Introducing the Ampex Extended Frequency Cassette

Here's a new listening experience that lets you enjoy the
full range and total frequency response of your stereo
system. No more trading quality sound for cassette con-
venience. Record anything . . . Rock, Pop or the Classics.

You get it all with AMPEX “Series 362" Extended Fre-
quency Cassettes. Lower noise because
of our super-smooth Ferrosheen ®
tape. Higher output with exclusive
small particle black oxide formula
that produces more magnetic
energy per square inch of tape.
Provides response capability from
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AMPEX CoO

30-20,000Hz. And packaging to complement the finest

equipment.

Ask your Simon Gray dealer about the new AMPEX

“Series 362" Extended Frequency Cassettes. If you own a

high fidelity cassette recorder, you need the extra quality
of AMPEX tape cassettes.

Australian National Distributors:
Simon Gray Pty. Ltd.
Head Office: 28 Elizabeth Street,
Melbourne, 3000. Tel. 63 8101".
Offices and representatives

throughout Australia.
SG.ATC.1271




AUDIO
DISTORTION

oscilloscope aids analysis

Although no substitute for a
distortion meter, an oscilloscope
can measure frequency
magnitude and phase of
distortion components with
reasonable accuracy.

Ithough the harmonic

distortion meter and the

intermodulation analyzer are
the specialized instruments for
measuring audio distortion, the
oscilloscope can also be useful. A
scope is particularly helpful in
identifying the type(s) of distortion in
various trouble situations. The scope
may be used directly, or with a
harmonicdistortion meter. Nearly all
tests of hi-fi equipment place exacting
requirements on scope characteristics,
as will be explained.

SINE-WAVE DISPLAYS

Let’s start with a review of sine-wave
displays. Fig. 1 is the basic test setup.
The load resistor should have a
resistance roughly that of the rated
amplifier output impedance and must

also have a power rating at least equal
to the maximum rated power output
of the amplifier. Note that the audio
oscillator must have a lower
percentage distortion rating than the
amplifier under test. Similarly, the
vertical amplifier of the scope must
have a lower distortion figure than the
amplifier rating. Otherwise, the test
results become meaningless — we will
be measuring test-equipment
deficiencies rather than amplifier
performance.

Tests can be made at various levels of
amplifier power output, but the most
useful test is usually the one made at
maximum rated power output. Most
types of distortion show up most
prominently at maximum output,
although there are few exceptions. For
example, crossover distortion is greater
at /ow levels. Therefore, low-level
performance must not be ignored.

Distortion must be appreciable
before it becomes easy to see, when
the method shown in Fig. 1 s
employed. For example, Fig. 2 shows
1-kHz sine-wave patterns displayed
when the output from the audio
oscillator is fed directly into the
vertical input terminals of the scope.
Although highquality instruments

O

\%
SCOPE

O
O O
O
AUDIO AMPLIFIER
OSCILLATOR OR DEVICE
UNDER TEST

Fig. 1. Test setup for sinewave display.

Fig. 2. Reference pattern produced by audio
oscillator fed directly to oscilloscope.

28

LOAD R

0 G

were used in this example, there is of
course a slight amount of distortion.
But even a highly experienced scope
operator could not state the
approximate percentage nor identify
the types of distortion in the display.

A reference pattern like that of Fig.
2 should always be set up and
observed before making
measurements. Not only does it serve
as a check on instrument condition,
but it also establishes a standard for
subsequent observations. Next, let us
consider the pattern that is displayed
when the 1-kHz sine-wave voltage is
passed through an amplifier operating
with 1% harmonic distortion. Fig. 3
shows the resulting pattern. Note that
although this waveform contains 1%
more distortion than the waveform
illustrated in Fig. 2, it is very difficult
to discern the difference.

When an amplifier operates at 2%
harmonic distortion, the operator may
be able to observe a departure from
the reference pattern. For example,
Fig. 4 is an example of 2% harmonic
distortion. In this case, the distortion
is  caused by positive  peak
compression. This is one of the most
common forms of audio distortion: it
is caused by a nonlinear transfer
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Fig. 3. This waveform has one percent more
distortion than that shown in Fig. 2.

characteristic, as depicted in Fig.5. In
this example, the bias point is
incorrect. Note that even when the
bias point is correct, overdriving
inevitably results in double-peak
compression or clipping, as shown in
Fig. 6.

Higher percentages of distortion are
progressively easier to observe in
sine-wave patterns, as in Fig. 7. These
are also examples of positive-peak
compression. The relation of
second-harmonic distortion to peak
compression or clipping is depicted in
Fig. 8. Introducing a second harmoni¢
results in reducing one peak amplitude
and increasing the other in the
resultant complex waveform. (In
general, we can  state  that
assymmetrical distortion is caused by
even-order harmonics, while
symmetrical distortion is caused by
odd-order harmonics.)

Although the ear has little or no
discrimination for phase distortion,
the resultant waveform of a
fundamental and second harmonic,
changes greatly with phase shift, and is
very prominent in a scope pattern. As
an example, if a second harmonic is
introduced into a sine-wave with the
phase shown in Fig. 9, peak
compression does not occur. Instead, a
mirror<image  type of  nonlinear
distortion takes place. Note also that a
harmonic-distortion meter is "“like”
the ear in that it has little or no
response to harmonic phase relations.

LISSAJOUS DISPLAYS

1t is easier to discern small
percentages of distortion in scope
patterns if we use Lissajous patterns.
Fig. 10 shows the basic test setup. A
linear time base is not used. Instead,
the amplifier input waveform is fed
into the vertical channel of the scope,
and the amplifier output waveform is
fed into the horizontal channel.
Although the amplifier roles could be
reversed, we usually have more
amplifier output voltage than input

Fig. 4. Two percent distortion becomes noticeable.

voltage; and since the horizontal
amplifier usually has less gain than the
vertical amplifier, the arrangement
shown in Fig. 10 is generally most
practical.

Note that the audio oscillator need
not meet hi-fi standards to be useful in
Fig. 10. That is, the test setup is
largely immune to distortion in the
audio-oscillator output waveform. On
the other hand, the scope must have
low distortion vertical and horizontal
amplifiers. Otherwise distortion in the
scope will be charged against the
amplifier under test in most cases. It is
advisable to make a preliminary
equipment check by omitting the
amplifier in Fig. 10 and driving the
scope’s vertical and  horizontal
amplifiers directly from the audio
oscillator. |f the scope has low
distortion  amplifiers, a straight
diagonal line will be displayed, as
illustrated in Fig. 11-a.

Since no scope can be absolutely
perfect, there is a slight amount of
distortion in the pattern on Fig. 11-a,
although it cannot be discerned. Next
when an amplifier operating with 1%
harmonic distortion is checked, we
note that this amount of distortion is
evident, although it might be
overlooked by the inexperienced
observer. Note in Fig. 11-b that if a
straightedge is held against the
displayed line, a definite curvature is
apparent. This is also the case if we
sight along the displayed line from end
to end.

Although no industry standards have
been established, it is generally agreed
that high-fidelity reproduction entails
a harmonic-distortion figure of less
than 1%. Thus, the examples shown in
Fig. 12 exceed high-fidelity limits.
These tests were made at 1kHz, which
is the standard single-test frequency.
The particular curvature in the
patterns is characteristic of peak
distortion, and is essentially
independent of the test frequency.
Fig. 13 shows similar patterns for
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Fig. 6. Overdriving, even with correct
bias, will cause distortion by clipping.

higher percentages of distortion. Note
that the traces are visibly separated for
the examples of 5% and 10%
distortion. This is an indication of
harmonic phase shift, in comparison to
the foregoing photos.

Fig. 14 depicts the basic amplitude
and phaseshift Lissajous patterns. We
observe that clipping produces a sharp
discontinuity in the pattern. All
ac-coupled audio amplifiers shift phase
in the vicinity of their high-frequency
and low-frequency cutoff points. A
dc-coupled audio amplifier exhibits
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DISTORTION-

phase shift only in the vicinity of its
high-frequency cutoff point, since its
low-frequency cutoff point is zero Hz.
As noted previously, the percentage of
harmonic distortion due to crossover
distortion increases as the output
power is reduced.

ANALYSIS OF DISTORTION
PRODUCTS

An oscilloscope is also useful for
checking harmonic-distortion
products, as shown in Fig. 15. This
application is least demanding on
scope performance, and any
service-type scope can be utilized.
When the harmonic-distortion meter is
adjusted to reject the test frequency
(such as 1kHz), the scope then
displays the waveform of the

Fig. 8. Second harmonic distortion and its
relation to peak compression or clipping.
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Fig. 7a

Fig. 7. Positive peak
compression (a) 3%
harmonic distortion
{b) 5% (c) 10%.

Fig. 7¢
distortion products. This is very
seldom a second harmonic alone, a
third harmonic alone, or a mixture
solely of second and third harmonics.
In most situations, we will find a
distortion waveform that consists of a
number of even and odd harmonics.
However, one harmonic, such as the
second or the third harmonic, is
usually dominant. This can be
determined by using the scope to
measure the frequency of the complex
distortion waveform.

Frequency can be measured easily if
the scope has calibrated sweeps. For
example, if the test frequency is 1kHz,
and the period of the distortion
waveform is 500 us, we know that the
dominant distortion product is the
second harmonic. On the other hand,
if the scope does not have calibrated
sweeps, a simple comparison test will
determine the period of the distortion
waveform. The scope is adjusted to
display one complete cycle when the
harmonic-distortion meter is set to
feed the input waveform through.
Then, when the harmonic-distortion
meter is adjusted to reject the test
frequency, we observe how many
cycles of the distortion waveform are
displayed on the scope screen. For
example, if three cycles are displayed,
we know that the dominant distortion
product is the third harmonic.

Note that phase relations are not
troublesome in most cases. For
example, Fig. 16 depicts a distortion

waveform made up of a dominant
second harmonic with a subordinate
sixth  harmonic. In these two
examples, the sixth harmonic has zero
phase and 180° phase respectively,
with respect to the second harmonic.
However, the number of zero
crossovers remains the same, and the

FUNODAMENTAL

RESULTANT
WAVEFORM

SECONO HARMONIC

ZI

EIN Eout

Fig. 9. Mirror image distortion due to
phase of second harmonic insertion.

SCOPE

AMPLIFIER OR
OEVICE UNOER
TEST

[

LOAOR [

AUOIO
OSCILLATOR

<&
=

Fig. 10. Lissajous displays can be
obtained with the test set-up as shown,
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Fig. 11. Lissajous display of amplifier output. (a) negligible, F;g. 12. Increasing distortion is easy to see fa) 1.5%, (b} 2%
{b) 1% distortion. distortion.

Fig. 13. Lissajous patterns for peak compression 3t 3, 5and 10% Fig. 14. Classic audio patterns. (a) no overload, no phase shift; (b]
harmonic distortion. peak clipping, no phase shift; fc) double peak clipping, no phase
shift; (d) phase shift no amplitude distortion; (e} phase shift and
peak clipping; (f] phase shift and double peak clipping.

period of the complex distortion
waveform is unchanged.
Finally, we may note that apparent :

SCOPE

harmonic distortion might be hum
distortion in the whole or in part. In

either case, scope analysis of the AMPLIFIER o, D o ov
distortion waveform will quickly show AUDIO OR DEVICE 5‘{*5?"0"8’#,'8{\{

whether 50-Hz or 100-Hz hum voltage OSCILLATOR UNDER TEST METER o 06
may be present. v

CONCLUSION Fig. 15. Harmonic distortion test setup for analysing distortion products.

Although the harmonic-distortion
meter is the basic instrument for
measurement of audio distortion, the
oscilloscope is a useful supplementary
instrument. When an  harmonic
distortion meter is not available, a
scope can be used for qualitative and
even for rough quantitative analysis of
distortion. The most useful approach
is to display in input-output Lissajous
pattern. To obtain meaningful results,
both the vertical and the horizontal
amplifiers of the scope should have
low distortion. A scope is also useful
for checking harmonicdistortion
products in audio circuits when used
with an harmonicdistortion meter. @

Reprinted by arrangement with Radio Fig. 16. These two distortion waveforms are alike except for
Electronics, February 1972, relative phase relations.
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HE silicon controlled rectifier

I for SCR as it is commonly

called) is a rectifying device in

as much that it can be caused to have a

low resistance in the forward

direction, but a/ways has a high
resistance in the reverse direction.

The device is called a silicon
controlled rectifier since it can be
switched from a very high forward
resistance (its ‘offstate’) to a low
forward resistance (its ‘on-state’). And
although silicon controlled rectifiers
can cope with both high voltage and
high current, they can be switched
from the ‘offstate’ to the ‘on-state’
with very low levels of gate voltage,
current and power.

Silicon controlled rectifiers are
readily available in a wide variety of
shapes, sizes and power handling

capabilities. They may be encapsulated
in plastic, encased in metal, and either
ar or water cooled. Voltage
capabilities range from 12 volts to
many thousands of volts, and current
ratings from a few milliamps to several
thousand amps. SCRs are surprisingly
cheap, for example GE‘'s C 106 (4
amps) can be bought in quantity for
less than fifty cents.

They are, in many respects, a
solid-state equivalent of the gas-filled
thyratron, and like the thyratron, once
triggered into the ‘on-state’, SCRs can
only be switched off again by breaking
{or reversing) the flow of current
through them.

The circuit symbol and schematic
diagram of the silicon controlled
rectifier is shown in Fig. 1.
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THE SCR IN AC CIRCUITS

In ac circuits, the polarity of the
voltage across the SCR is reversed on
alternate half-cycles, and the resultant
reverse voltage will cause the device to
revert to the ‘off-state’, switching on
again during the next positive
half-cycle only if a triggering voltage
exists at the gate. When used in thit
fashion, conduction may be initiated
at the beginning of any positive
half-cycle, thus providing a simple
on-off control. Or conduction may be

CATHODE GATE

CATHOOE
GATE
JUNCTION n
JUNCTION
ANCOE I
ANODE

Fig. 1. Cross Section, Block
Diagram, and Electrical Symbol
of Silicon Controlled Rectifier,

CATHODE

l ; GATE
ANODE
Fig. 2. This graph shows the

triggering characteristics of the low-
current type C106 SCR.
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A PRACTICAL
GUIDE
TO SCR*

Used in applications as diverse as switching 240
volts in a photographic timer to forming a major
element in a 50,000 hp motor speed control system
— the SCR is a simple device with a myriad of uses.
Here, Collyn Rivers explains, simply and clearly,
how to use this versatile circuit component.

__~BRAIDED CABLE

~OATE REFERENCE
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WELDED TuBE
SEAL

"CERAMIC

HARD SOLDERED
TUNGSTEN TO
COPPER JOINTS

initiated at some later time in the
positive half-cycle, thus varying the
voltage impressed upon the load. This
process is known as ‘phase-control’.
Silicon controlled rectifiers may be

used

to control ac power by

connecting them in inverse parallel so
that one SCR conducts load current in
one direction, while a second conducts
in the opposite direction. The gate
firing signal may be used to switch on
the flow of current, and by using

phase control, the average

power

applied to the load may be varied.
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Fig. 3. Relationship between trigger pulse
width and pulse magnitude (C106 SCR).
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Fig. 4. A 1k bias resistor is connected
between gate and cathode to provide
operational stability.

THE SCR IN DC CIRCUITS

In dc circuits, where the voltage
across the SCR does not reverse, the
gate may be used to initiate current
flow, but some specific means must be
used to turn the SCR off again. This
may take the form of a mechanical
switch that interrupts the load current,
or a more complex circuit in which
firing a second SCR causes a
break in load current or a momentary
flow of reverse current through the
first controlled rectifier, causing it to
turn off. This latter process is called
commutation and is the basis of
operation of the SCR inverter.

TRIGGERING THE SCR

A silicon controlled rectifier s
triggered into conduction by a positive
pulse (or continuous dc voltage)
applied to its gate terminal.

The level of voltage required varies
from one type of SCR to another —
and between individual SCRs of the
same type. It is also affected by
ambient temperature ({voltage and
current firing requirements decrease as
temperature increases).
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Fig. 5. Where dc triggering is used, a capacitor

may be used in place of a bias resistor.

LOAD

+12v

SCR

Fig. 6. Basic SCR switching circuit.

typical graph — showing firing
requirements of the C106 series is
shown in Fig. 2,

Manufacturers of SCRs publish
specification sheets showing firing
requirements in graphical form. A

The graph also shows the maximum
gate voltage that will not trigger a
C106. This knowledge is invaluable in
applications where a small constant
voltage may be impressed on the gate.

The graph shown in Fig. 2, and its
counterparts for other SCRs, applies
only when the SCR is being triggered
from a dc gate source, or from a pulse
source where the pulses are of
relatively long duration. But if the
width of the trigger pulse is reduced

10

8.0

0.2+

HOLDING CURRENT-MILLIAMPERES

o—rt

Fig. 7. Relationship between
bias and holding current L_“_—!;O
(C106).

i 4 A -l | i
200 500 1000 2000 3000 '0.00020

below about 20 micro-seconds, it is
necessary to increase the magnitude of
the triggering pulse above that shown
for constant voltage triggering (in Fig.
2 etc.). The relationship between
trigger pulse width and magnitude for
the C106 is shown in Fig. 3.

BIASING

Many low-current SCRs are so
sensitive that they require only a few
micro-amps of gate current for reliable
triggering. In fact, at high temperature,
or with high voltage applied, the SCR’s
internal leakage may be sufficient to
cause self-triggering. Similarly, in high
frequency ac applications, or in dc
circuits where anode voltage is
suddenly applied, sufficient capacitive
current may flow to trigger the SCR.
In all applications where low-current
SCRs are used, the possibility of
spurious triggering must be eliminated
by the provision of sufficient
stabilizing gate bias.

In most applications the necessary
gate bias can be readily obtained by
connecting a resistor {of about 1k)
between the gate and the cathode — as
shown in Fig. 4. A bias resistor — as
such is not always required, for in dc
coupled gate circuits the output
resistance of the trigger source (pulse
transformer — or UJT base one
resistor) will serve the same purpose.
Again in many circuits where dc
triggering is used, a capacitor may be
used in place of the bias resistor (the
optimum size will be somewhere
between 0.1uf and 0.5uF.) Fig. 6
refers.

Generally it can be said that the
stability of SCR circuits increases
almost in proportion with decreasing
.bias resistance and that the maximum
amount of bias {minimum resistance)
should be used commensurate with the
available triggering source. The lower
limit of bias resistance is reached when
the trigger source can only just supply
sufficient current for the parallel
combination of SCR gate and bias
resistance.

NOTES (1) CURVES SHOWN ARE FOR VARIOUS
JUNCTION TEMPERATURES
__|@) ANODE SUPPLY VOLTAGE + 50 VDC MIN

P AT -65°C
MAXIMUM AT 25°C
MAXIMUM AT 25°C|

- MINIMUM AT -65°C

i
1 T 1

- MINIMUM AT 28°C

MINIMUM AT 125°C

30000
000 100000
GATE TO CATHMODE RESISTANCE -OMMS

33



A PRACTICAL
GUIDE
TO SCR’s

LOAO0 jp———p

SCR

0.'uF
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Fig. 8. Resistor/capacitor combination
connected across the SCR provides
av/dt suppression {see main text).

BELL
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SCR

TOEXTERNAL
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-
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é

Fig. 9. This basic alarm circuit is in
common use, but is prone to false
triggering — see main text.

LATCHING

A basic SCR switching circuit is
shown in Fig. 6. In this circuit the
SCR is in series with the load. The
SCR is normally non-conducting (i.e.
no power is applied to the load), but if
a positive potential is applied to its
gate — for example by closing SW1 —
the SCR will be switched on and the
load energized. The SCR will then
remain switched on, even if SW1 is
subsequently reopened. This action is
called ‘latching’.

A certain minimum current must
pass through the SCR for the device to
switch to the ‘on’ state and to remain
in the ‘on’ state (latched) after the
cessation of a gate triggering pulse. But
once latched, a somewhat lower level
of current will suffice to prevent the
SCR reverting to the ‘off’ state. This
latter current level is called the
‘holding’ current.

The level of latching and holding
currents vary from one type of SCR to
another — and indeed between
different SCRs of the same type. The
current levels are also dependent upon
ambient temperature and the value of
the gate bias resistor. {Typical figures
for the C106 range, at 25°C, are —
holding current, 3.0 mA; latching
current, 4.0 mA.)

The use of resistive bias also affects
the level of latching and holding
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current required. The greater the
amount of bias the higher the current
required for reliable holding. Figure 7
shows the relationship between bias
and holding current for a typical 4
amp SCR.

(Some difficulty may be experienced
in obtaining reliable latching in circuits
where the load is primarily inductive,
as for example with relay coils, even
though the steady state current
exceeds the latching requirements.
Here the remedy is to connect an
appropriate  resistor  across  the
inductive load. The resistor should be
selected to ensure that it alone can

pass enough current to effect
latching.)
FALSE TRIGGERING

In some SCR circuits the SCR will
tend to ‘switch on’ the moment the dc
supply voltage is applied, at the SCR’s
gate. This is because the SCR is
sensitive to the rate at which the
supply voltage is applied, and if this
rate of rise exceeds a certain level,
switch-on will occur. The effect may
be eliminated by connecting a series
resistor/capacitor combination across
the SCR. This is known as dv/dt
suppression and its effect is to slow
down the rate of voltage rise. A diode,
connected in the same effective
polarity as the SCR, may be paralleled
across the resistor for maximum
effectiveness. In most applications the
values shown in Fig. 8 will prove
effective.

False triggering can also be caused by
transients induced into the gate
circuits. This is a very common
problem with a number of burglar
alarms — even commercially made
ones from manufacturers who should
know better.

The most commonly used SCR
burglar alarm circuit is basically that
shown in Fig. 9. In this configuration,
the gate of the SCR is connected to
the positive rail via a 10k resistor, but
an external loop interconnecting a
number of normally closed trip
switches, effectively clamps the gate at
zero potential. However if any switch
is opened, or if the external loop is
cut, the SCR will immediately be
triggered  into  conduction, thus
energizing a series connected bell.

The problem with this circuit is that
although the gate of the SCR appears
to be held very firmly at zero potent:al
by the external loop, transient energy
induced into the external loop by
electro-magnetic phenomena (caused
by lightning, arc welders, fluorescent
lighting starters etc) can reach quite
high voltage levels at the ‘open’ SCR
end of the loop. And these levels are
more than sufficient to trigger a
sensitive SCR.

In some instances this type of false
triggering can be overcome by
connecting a 1.0uF capacitor between
the SCR’s gate and cathode but
generally speaking it is bad practise to
connect long ‘aerials’ directly to the
gate circuit of an SCR,

A better solution is to use a UJT as a
‘buffer stage’ — as shown in Fig. 10.
This will ensure that the gate circuit is
totally immune from false triggering
no matter how long the external
circuit, (UJT and other triggering
circuits will be described in greater
detail in the second article in this
series).

False triggering may also be caused
by switching transients if long external
leads are used in the anode or cathode
circuit of the SCR. This sometimes
occurs with burglar alarms and other
control and warning systems if a bell
{or other load) is located some
distance away from the SCR.

This problem can almost invariably
be overcome by using dv/dt
suppression (as shown in Fig. 8). In
extreme cases it may be necessary to
use a S5uF capacitor and a 5k series
resistor, but values of 1uf and 1k will
generally suffice.

STATIC SWITCHING CIRCUITS

As may be seen from the examples
shown so far, the SCR in a dc circuit is
analogous to a static latching switch,
making it an ideal replacement for
relays,  contactors, and  other
electromechanical  devices. Where
latching action is undesirable, latching
may be eliminated by driving the SCR
from an ac supply. In either case the
SCR doubles as a power switch with
all the advantages of a solid state
component — small size, high speed,
ruggedness and long life — and as a
high gain amplifier.

The second part of this series — to be
published next month — shows how
SCRs are used in logic systems, and
describes how phase control systems
operate. Many practical circuits will be
included. ®

—0
+12v
R4 10002
106
TO EXTERNAL
LOOP
0.1uF
)
oO— . < b ————O0

Fig. 10. This is a greatly improved version
of the circuit shown in Fig. 8. The addition
of the 2N2646 UJT effectively isolates

the gate of the SCR from signal transients,
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From simple to sophisticated,
they have one thingin common.

They all count.
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Counters are our business. From counters that
simply countto countersthataremini computers.
So we can match every application with the
perfect instrument. State-of-the-art microcir-
cuitry and large scale integration technology
allow Hewlett-Packard to offer at amazingly low
cost, performance that notlong ago was unavail-
able at any price.

For example:

HP 5300 Measurement System —our newest and
smallest—offers low cost,high performance,versatility
and a revolutionary design. Select what you need —
10, 50, or 500 MHz. Available in a frequency counter
or universal counter/timer configuration.

The unique ‘'snap together’ package conceptincludes
battery operation and solid state-light-emitting-diode
display. Truly a counter of the future.

HP 5326/5327 Universal Counter Series = another big
step forward. Again select frequency range you need,
50 or 550 MHz, and choose between versatility and
cost: Sub-nanosecond time interval measurements
with averaging technique. Unique combination of
timer/counter and digital voltmeter (integrator) -
RF burst or CW frequency measurement capability
up to 550 MHz. We aim to provide the best possible

price/ performance ratio. These instruments prove
we succeed.

HP 5245/5248 Electronic Counter Series - the most
successful series of counters ever built. Still offer the
same high value and quality. Plug-in frequency
extenders to 18 GHz, high stability, versatility and
reliability. Unmatched in the world of high perform-
ance counters.

HP 5360A Computing Counter System —in many ways
more computer than counter. Provides unequalled
precision and flexibility. Also available plug-in fre-
quency extenders to 18 GHz and a systems pro-
grammer (HP 5376A) for repetitive programmed
measurements. The 5360A system provides solutions
to a wide variety of problems. For example, hydro-
phone testing, crystal inductance measurements,
doppler range rate errors.

Other counters in our range include normalizing
reciprocal, preset and reversible instruments. In fact,
it it has to count, HP probably makes it.

Let us help you select the right instrument for
your own particular application. Just write or
telephone Hewlett-Packard Australia Pty. Ltd..
22-26 Weir Street, Glen Iris, Vic. 3146. Tel.:
20 1371.

Branches in Adelaide, Brisbane, Canberra,
Perth, Sydney. Also Auckland and Wellington

== (N.Z.).
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Fig. 1. Typical T.V. detector and audio amplifier showing recommended take off point.

transmit high fidelity sound.

Unlike AM, the modulation
bandwidth is not unduly restricted and
the fult 30Hz-15kHz audio range can
readily be transmitted; and as a
limiting amplifier is used just prior to
the detector, all spurious amplitude
modulation, whether from
atmospheric noise, hum or frame buzz,
is removed. The signal at this point, is
therefore, a clean, faithful
reproduction of the full dy namic range
of the original programme material.

But from here on the average
manufacturer of commercial TV
receivers does the audio signal
somewhat less than justice, and the
resultant sound from the loudspeaker
is a mere travesty of what it could
otherwise be.

The argument used to justify this
acoustic villainy is one of technical
and economic expediency.

To achieve volume sales, the selling
price of most TV sets has been held at
an unrealistically low level. In fact —
ignoring the very real decrease in the
value of money over the past few years
— the actual monetary price of TV sets
has fallen. Inevitably some
performance compromises have to be
made — and whilst today's TV receiver

INHERENTLY, FM is a good way to

is very good value for money — if its
selling price were to be 50% higher,
one would have a far, far better set.

From the hi-fi enthusiast’s point of
view the only really significant circuit
compromises are those affecting sound
reproduction. And it is in this part of
the receiver that a number of
compromises are made.

The most serious of these is lack of
really adequate filtering and
decoupling of the HT supply rail —
and as a consequence, hum and frame
buzz is introduced into the audio
amplifier.

To prevent this being reproduced by
the speaker, manufacturers limit the
low frequency response of the audio
amplifier to not much less than 100
Hz. Tonal balance is then regained by
tailoring the high frequency response;
decreasing below 3kHz or so (and
falling to some 10 or 12 dB down at
10 kHz). This droop also eliminates
any beat notes formed with the line
time base frequency.

So we are left with an amplifier
having an effective response of 100 Hz
to 3 or 4 kHz, a power output of
somewhere between 1 and 3 Watts and
a total harmonic distortion somewhere
between 1% and 6%. By now it is of
little consequence that the signal is
finally reproduced via a speaker that
may be less than 3"’ in diameter (rarely
larger than 6" x 9"') and of distinctly
mass-production quality.

But as 98% of the population listens
to ‘music’ through the 2'' speakers
normally fitted to small
transistor-radios, a typical TV receiver
sounds at least one order of magnitude
better anyway.

Some, but relatively few, de luxe TV
receivers have good quality

Fig. 3. Attenuator fitted at amplifier end of
connection cable.

FI1G. 2. This picture shows method of
incorporating divider at volume control.

amplifer/speaker combinations, but
even these seldom approach true high
fidelity standards.

But for those who care about decent
sound reproduction — there is a way
out.

This involves taking the television
sound signal directly from the detector
and feeding it to the ‘radio’ or
auxiliary input of a hi-fi system. In
this way the high quality programme
material can be reproduced at full hi-fi
standard.

One apparent drawback is that the
sound source may now be some
distance away from the TV screen.
This is not as serious an objection as it
might at first seem, for the mind
makes a spatial adjustment, and after a
few minutes one does not notice that
the sound and the vision sources are
really separated.

Technically, the modifications
required to extract the sound signal
are simple, but several very important
points must be borne in mind, for very
high voltages are used in TV sets (and
we like to keep our readers).

Firstly, although this may seem
absolutely elementary, not only switch
off the receiver, but also REMOVE
THE POWER PLUG from the wall
outlet, BEFORE removing the back of
the set.

Secondly, when the back of the
cabinet has been removed, spend some
time familiarising yourself with the
layout of the components before
touching anything.

The picture tube, by far the largest



avoided, but the TV sound must now

be controlled by the hi-fi amplifier’s

volume control. An additional,

although not serious problem is that

the level of audio signai at this point is

usually five volts or so, and this must

be attenuated to the 100mV to

200mV required by most amplifiers.

Despite these difficulties, this second

method of extracting the required
signal is the more satisfactory.

The required attenuator — consisting

of a 470k and a 22k resistor (both %

Watt 10% tolerance) may be either

wired across the existing volume
-control potentiometer as shown in Fig.

TV sound quality is
inherent. This simple
modification allows
you to obtain it.

Fig. 4. Rear view of typical
receiver chassis shows location
of major components

Y- PROJECT
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component, has the deflection yoke
mounted round the neck of the
electron gun assembly.

A connector at the end of the neck
brings filament and other electrode
voltages into the gun. The final anode
of the picture tube operates at 18 to
20kV and a single lead conducts this
voltage through the side of the picture
tube glass wall.

Treat this connection with the
greatest of respect. The final anode,
the glass wall of the picture tube and
the outer eathed coating form a
capacitor which charges to the full
20KV. This capacitor will remain
charged sometimes for several days
after power has been disconnected and
can deliver quite a nasty shock. It is
wise to earth the final anode {with a
well insulated lead) before trying to
disconnect the supply lead.

MODIFICATIONS REQUIRED

To perform the modification; access
must be gained to the volume control
which is usually located on the cabinet
front.

Most recent TV receivers have chassis
which either swing down or to one
side for service, and it would be
unlikely that these chassis would have
to be removed. However, some older
sets have pan type chassis which must
be withdrawn to gain access to the
volume control.

Should chassis withdrawal be
necessary, remove all the front panel
control knobs, chassis retaining screws
and make absolutely sure that all the

following leads are disconnected.
1) Antenna lead
2) Picture tube EHT lead (discharge
first as above).
3) Picture tube base connection
4) Yoke leads

5) Speaker leads

Failure to disconnect these leads
could result in damage either to the
connectors or to the picture tube.

The required audio signal can be
taken from either the slider, or the
top, of the volume control
potentiometer. If it is taken from the
slider, the overall volume can still be
controlled from the normal TV
receiver volume control, but the TV
audio amplifier will stitl introduce
distortion. If the signal is taken from
the top of the volume control
potentiometer  this distortion s

S D e

2, or incorporated within the
connection plug at the amplifier as
shown in Fig. 3.

A short fength of screened cable is
then taken from the signal take-off
point to a socket mounted on the rear
of the chassis {or cabinet). The
screened lead must be insulated. It
should be routed and tied in position
to ensure that it does not contact any
high voltage components. A further
external, screened fead must be used
to connect the TV receiver to the hi-fi
amplifier.

If the attenuator resistors are
mounted within the receiver, keep the
resistor leads and any unscreened wires
as short as possible, otherwise
inductive pick-up at line frequency
will introduce an unpleasant beat
effect.

IMPORTANT

Some imported receivers and a
few older receivers have no
power transformer.

In these sets, the valve
filaments are operated in a series
chain and one side of the mains
input is connected to the chassis.
I1f the mains input ‘active’ and
‘neutral’ are reversed, the chassis
will be live.

Because of this the
modifications suggested in this
article should not be attempted
unless an isolating transformer is
used.

Where dual volume/brightness
“controls are used, the correct
potentiometer section may be
determined in the following
manner.

The larger of the two knobs
always drives the outer shaft.
The outer shaft always drives the
potentiometer section closest to
the knobs, and the inner shaft
(small knob) always drives the
rear section. Thus inspection of
the assembly will quickly reveal
which is the correct
potentiometer. [

Fig. 5. Typical chassis showing
combined VOL/BRILL/ON-OFF
control.



This low cost solid-state
module detects motion
using microwave energy

OPPLER effect is the shift in
Dfrequency that occurs when

radiated energy bounces off a
moving object: the frequency difference
between the incident and reflected
signals provides a direct numerical
indication of the speed of the moving
object.

The principle is finding increasing use
in small radar systems. A typical
application with which motorists are
unhappily aware is the radar speed
trap. The Doppler principle is also
used as a movement or velocity
detector in intruder alarms, collision
avoidance systems for aircraft, boats
and railway stock, and in experimental
form as collision avoidance and
moving headway control systems for
automobiles and trucks.

A typical Doppler system {using
electro-magnetic radiation) is shown in
Figure 1. Radio energy is produced by
the RF generator. An antenna beams
the RF signal toward the moving
object. A small part of this radio
energy is picked off before it reaches
the antenna and sent to a mixer. This
is the Doppler reference signal and will
be compared with the signal returning
from the moving object: the moving

target reflects a portion of the
transmitted signal back toward the
receive antenna. The returning signal
passes to the mixer. The mixer
combines the reference signal from the

RF generator with the shifted return

signal from the moving target.

Its output is a signal whose
frequency is the difference between
the reference signal and the signal
reflected from the moving target. This

signal will have a frequency in the

audio portion of the spectrum from
perhaps 10 Hz to 2 or 3 kHz,
depending on the speed of the moving
object. The output of the mixer is fed
to an audio amplifier to boost the
signal to a level that makes it

Transmit Antenna

RF
Generator RF to Target

Receive Antenna

RF trom Target

Mixer
Detector

Sugnal Processing l
and Readout

Audio
Dutput

Fig. 1. Typical Doppler System. Fig. 2. Block Diagram of Hewlett-Packard'’s Doppler Radar Module.
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Fig. 3. Block Diagram of Doppler Ranging Radar.

convenient for processing and readout.

The specific nature of the signal
processing and readout circuitry will,
of course, depend upon the task for
which the Doppler radar system is
being used. In their simplest form,
these circuits merely provide a dc
voltage to drive a meter.

Hewlett Packard have recently
introduced a range of solid state
X-band (9.35 to 10.6 GHz) doppler
radar modules of small physical size.
An adaptor enables these modules to
be mounted direct on a standard
X-band wave guide or antenna.

A block diagram of the module is
shown in figure 2, and as can be seen,
all of the typical system elements up
to the mixer are included.

The RF generator, in this case, is a
Gunn diode driving a resonant cavity.
Gunn diodes are solid-state
replacements for microwave vacuum
tubes. They operate on low voltage
(12 volts or less), have extremely good
life, and are less expensive than their
vacuum tube counterparts.

The Doppler system shown in Figure
1 uses separate transmit and receive
antennae, Hewlett Packard’s module
eliminates the need for separate
antennae by including a circulator at
the output of the transmitter loop and
the input of the receiver loop. The
circulator isolates the outgoing and
incoming RF signals from each other,
even though they pass in and out
through a common port and use a
common antenna. The circulator thus
cuts antenna costs in hatf. Circulators
built into a thin film circuit add far
less to the cost of the Doppler system
than do circulators built from discrete
components. Thus, the antenna savings
that are achieved by using a circulator
are true savings.

The circulator also serves to isolate
the Gunn device from being unduly
influenced by excessive reflections
from targets that are very close to the
antenna. Such reflections, if
unchecked, lead to frequency
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_— X-Band Waveguide
and Flange

“ Lo Pass Filters

“pulling”’ (a shift in frequency) that
can interfere with system
performance.

As in the discrete system, a mixer is
used to compare outgoing and
incoming signals. Its output is then fed
to an external low noise audio
amplifier and additional processing
and readout circuits as required.

The Doppler radar modules operate
at frequencies around 10 GHz. At this
frequency, each mile per hour of
target velocity will produce a signal at
the mixer output of about 31 Hz, The
exact expression for the Doppler shift
is given by: f - vt

4" ¢

where f, = Doppler shift frequency in
hertz

v = target velocity in meters/sec

¢ = speed of light = 3 x 108
meters/sec

t,¢ = frequency of RF outputin
hertz

For example assume that a target is
moving with a velocity of 10 metres
per second (approx. 22 mile/hr), and
that the radar is operating at 10GHz.

v = 10 metres/sec
¢ = 3 x 108 metres/sec

f.¢ = 109 Hz
fd = 2.10.10'° _ 2000 _
3x108 =T3 -6echz

Thus a Doppler frequency range of
300 Hz to 3kHz will cover target
velocities of from approximately 10 to
100 miles per hour.

RANGE CALCULATIONS

A Doppler system is, of course,
simply a transmitter and a receiver in
one package. The effective range of
such a system depends on how much
energy gets back to the receiver from
the target and how strong that signal
must be to make the receiver work
properly.

As in any receiver, for a given signal
processing scheme, a certain level of

Fig. 4.

General Purpose Antenna,

input signal relative to the noise of the
receiver (signal-to-noise level) will be
required. This figure must be added to
the noise power of the receiver to
determine what input signal level is
necessary to get successful detection.

In the Doppler module, receiver
noise power is a function of the noise
generated by the Gunn diode local
oscillator and the conversion loss of
the mixer.

Conversion loss is an inverse function
of total detector current; i.e., the sum
of the RF induced component and any
externally applied dc component. The
noise power contribution of the local
oscillator {the Gunn device) goes up as
a function of the RF induced mixer
current,

To minimize receiver noise power,
the oscillator is therefore isolated from
the mixer to keep its noise
contribution down and a dc mixer bias
from an external supply is used to
keep the conversion loss from being
too high.

Provided the optimum bias is applied
and assuming:

1) Antenna gain of 20dB (easily
attainable at X-band)

2) doppler bandwidth of 30Hz to
3kHz

3) signal 10dB above noise is
required.

The following range figures would be
obtained.

Target Range

10’ diameter sphere 900 feet
car 800 feet
man 600 feet

DOPPLER RANGING

The Doppler module can be adapted
to give range information as well as
velocity. One successful method for
accomplishing this task is to use a
diplex phase comparison technique as
shown in figure 3. The output from
the Doppler module can Dbe
“switched’’ or diplexed between two
closely  spaced frequencies by
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modulating the Gunn oscillator bias
with a square wave. A comparison of
the phase difference between the
subsequently received signals from the
target gives a direct measure of range.
It can be shown that range is given
by:
c .
R Toor (91 — ¢2)
where R = range
¢ = speed of light
w, = frequency difference of
the two RF signals
(@, — ¢,) = phase shift of one Doppler
wave with respect to the other

This  system gives unambiguous
readings of both range and direction
so long as the range is less than
c.
2w,
value, ambiguity can occur, Frequency
differences between the two trans-
mitted signals of 500 kHz give good
range reading out to 500 feet,

The diplexing or switching rate must
be chosen such that the time delay of

As the range goes beyond the

the return signal is much less than the
period of transmission at any one
frequency. A 100 kHz switching rate is
adequate for ranges of about 500 feet,
but is still fast enough to give a
sufficient “sampling rate’’ to provide
good resolution if the range is
changing rapidly with time.

A block diagram of a typical system
is shown in Figure 3.

OUTPUT SIGNAL

The output signal from the mixer is
typically 1-50 microvolts, depending
on target distance and size. To drive
most processing equipment a low noise
amplifier with at least 60dB of gain is
therefore required. A further
requirement of this amplifier is that
low and high frequency cut-offs
should be pre-settable as the module
noise power contribution increases
with doppler bandwidth thus reducing
maximum range.

ANTENNAE

The type of antenna to be used with
the Doppler module depends, in large

F _~——.030 Dia Pin (2 Places)
(0.76}

_—— SMA (3mm) Jack

|
-
=1

-——2.40—
61.00

measure, on the particutar end use to
which the module will be put.

Figure 4 shows a design for a simple,
general-purpose antenna that could be
used in many applications. Such an
antenna can be fabricated from
standard X-band waveguide and sheet
metal. To obtain a good match, care
should be taken to see that all joints
are true and smooth.

The advent of these solid state
doppler modules will significantly ease
the price of commercial radar
equipment. Interface is relatively easy
and only a single +9 to +12 Volt
supply is necessary. Perhaps every
police car will soon have a portable
doppler speed trap as standard
equipment!

Potential users should be warned that
in Australia, PMG rules governing the
use of radio transmitters apply to this
module. The user is cautioned to
check these rules before using the
module in his particular application. In
almost all cases it would be necessary
to obtain a license to operate the unit.@
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Fig. 5. Dimensions
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WR 90 Waveguide (0.400 x 0.900) (10.16 x 22.86)

£ i
1.650

Gunn Diode Bias —— =1 (16.5) r=

ELECTRONICS TODAY — MARCH 1972



TEAC AC-7
AUTO-CASSETTE

TEAC's AC-7 car cassette player provides excellent
sound quality — Rob Giumelli reports.. ..

ESPITE recent advances in car

adio design, the quality of radio

reception is still very poor in
country areas. Even were it otherwise,
many listeners are somewhat less than
enthusiastic about the choice of
programme material.

Hence the ever-growing acceptance
of cartridge and cassette players
designed specifically for vehicle use.

The first car tape system was
introduced by Californian 'Madman’
Earl Muntz — this was a four-track
continuous-loop  cartridge  player.
Muntz’unit was soon challenged by the
Lear Jet Corporation’s 8-track player.
Recently several manufacturers have
marketed 4-track cassette players.

Initially  the cartridge player
dominated the market. Its protagonists
could truthfully claim that the
format's higher operating speed (3%
ips) provided better frequency
response and signal/noise ratio than
could then be obtained from cassettes,
but recent developments in both tapes
and cassette recorders have negated
these advantages and the cassette
player now has a substantial share of
the market.

Nevertheless the cartridge people are
not exactly turning the other cheek,
and several manufacturers including
Motorola, Automatic Radio and Toyo

ELECTRONICS TODAY — MARCH 1972

have introduced quadrisonic cartridge
systems.

So far there has been no equivalent
four-channel format in cassette form —
mainly because Philips (inventors of
the cassette system) require licencees
to use track widths so rarrow that
signal/noise  ratio and  channel
separation become major problems.

ELECTRONICS TODAY's recent
test of TEAC's AC-7 ‘Auto-Cassette’
dramatically demonstrated the
advances that have been made in the
cassette format in the past year or
two.

The stereo cassette unit is delivered
in two study cardboard boxes, one
containing the player itself, the other
containing the two speaker assemblies.
Comprehensive, well-illustrated fitting
instructions are included.

The player unit may be installed
either vertically or horizontally. It is
located by a simple bracket that in
turn is bolted to the vehicle by two
expansion bolts. The angle of
attachment may be adjusted by using
alternative slots in the mounting
bracket.

A most useful feature is a locking
device to protect-the unit from theft.

The speakers, mounted on the rear
parcel shelf, may be either flush
mounted or left protuding. For flush

mounting, it is only necessary to
remove the front grill from the speaker
enclosure, sink the speaker into the
parcel shelf and replace the grill. With
the hardware supplied it should be
quite feasible even to mount the
speakers in the front doors.

Wiring could not be simpler. A cable
harness, consisting of six cables, comes
pre-cut to length and fitted with
connectors. With this arrangement it is
inconceivable that any mistake could
be made. However, a trouble shooting
chart is supplied. Complete installation
of this unit should take a maximum of
thirty minutes.

As car stereo systems have to
compete with wind, engine and road
noise — apart from the racket of other
traffic — their frequency response is
deliberately limited to less . than
10kHz, and conventional objective
testing methods have little meaning
Ease of installation, reasonable power
output (12 Watts ‘music power’ in the
case of the TEAC), freedom from
movement-caused wow and flutter and
safe, pleasant styling are more
important than absolute flatness of
response.

In all these areas the TEAC scored
well, and subjectively at least, its
sound quality was far better than quite
a few so-called hi-fi units sold for
domestic use.

Apart from providing excellent
performance in cars, the TEAC AC-7
‘Auto-Cassette’ is particularly well
suited to commercial vehicles and
beach buggies (and other rough terrain
vehicles) as no wow or flutter could be
heard, even on the roughest roads. @

- ]

TEAC AC-7
'Auto-Cassette’
(manufacturer’s specification)

Track: 4 track 2 channel, stereophonic
Tape speed: 1-7/8 ips
Wow and flutter: 0.25%
Output: 12W (6W x 2) - 1.H.F.
Frequency response: 40-10,000 Hz
Power requirement:

dc 12V negative ground
Power consumption: 0.5A
Dimensions:

9" (W) x 7% (D) x 2%" (H)
Weight: 3 kg (6.6 Ibs)
Price:

$198 (recommended max retail price

- -
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PHOTOGRAPHIC
TIMER

2

Fig. 1. The completed photographic timer,

HOW IT WORKS

The 240V ac mains is rectified by
D1-D4. Resistor R1 drops this
voltage down to about 20V and
capacitor C1 provides smoothing

The main control device SCRI
(C106D1) and the load connected in
series with its anode are connected
across the rectified mains. The SCR
being a two state device — is either
non-conducting, or conducting. If the
SCR is turned on by a pulse or a dc
potential on its gate it will remain on
as long as there is a dc potential at
the gate or current is flowing in the
anode circuit. The anode current will
drop to zero every half cycle as the
mains voltage passes through zero
(resistive load). With this circuit a dc
potential is applied to the gate for a
preset time interval. The SCR will be
on for this time plus the time
remaining in the half cycle during
which the control signal is removed.
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Transistors Q2 and Q3 form a flip
flop having two stable states. These
are — Q2 on and Q3 off, or Q2 off
and Q3 on. If Q3 is on, the voltage at
its emitter will be high and the SCR
will also be on. Pressing PBI applies a
“turn on” pulse to the base of Q3
The consequent drop at Q3 collector
is passed to the base of Q2 turning
Q2 off.

When Q2 turns off, capacitors
C2-C6 begin to charge via RV1 and
R7. These capacitors are across the
emitter of the unijunction transistor
QI. The emitter appears as an open
circuit until the capacitors reach
about 60% of the supply voltage.
When this point is reached the
emitter-B1 junction of the
unjunction becomes a  very low
resistance  and the capacitors are
discharged through R4. The resulting
pulse across R4 is coupled to the base
of Q2 by R2 turning Q2 on and Q3
off thus ending the timing cycle.

PROJECT
ia 012

This unit provides reliable and
accurate timing of photographic
processes.

CCURATE, dependable timing

of photographic  printing

processes is essential to avoid
costly wastage of paper.

ELECTRONICS TODAY's process
timer provides just this.

The unit ensures precise and
repeatable timing from less than one
second to over 300 seconds.

The wide timing range of the
instrument allows it to be used as an
enlargement exposure or development
timer. This dual application makes the
unit superior to all but the most
expensive commercial timers that are
usually only suitable for one or the
other of the above tasks.

CONSTRUCTION

By far the easiest method of
construction is by the use of a printed
circuit board, and this is the method
we used in our prototype. However,
layout is not critical and any other
construction  methods, such as
veroboard, may be used if desired.

It must be firmly kept in mind that
the unit is connected directly to the
mains power and the circuitry is
"above earth”. Therefore, good
workmanship  is ' essential  with
particular attention being given to
such points as clearances and
insulation.

Our unit was constructed in a diecast
aluminium box which although a little
expensive, is convenient and results in
a very professional appearance.

Full drilling details for this box are
given in Fig. 4. If a different box is
used it may be necessary to vary the
layout somewhat.

Assemble the components to the
board in accordance with the
component overlay Fig. 5. Make sure
that all components are mounted the
right way round as shown in the
overlay,

Leads should now be soldered to the
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SW1  FUSE
1 AMP

Fig. 2. Complete circuit diagram of

photographic timer.
240VAC

RV1 R7
1 MEG 22x

s
Tes
10uF

20v

100

ﬂL'CG
cs
F
20V
e =a *C6 SELECTED
ON TEST

board for later connection to the
switches and other components
mounted directly on the box.
Assemble the completed board into
the bottom of the box using half inch
spacers, making absolutely certain that
all wiring and components are clear of
the case.

Mount all external components on
the box and wire them in accordance
with Fig. 5. Note that where wires pass
through the metal case a rubber
grommet must be used Instal the
mains cable and secure it with a proper
ctamp. The practice of tying a knot in
the cable is highly dangerous, illegal,
and should not be used. The earth lead
of the cable should be firmly bolted to
the case. Check the unit thoroughly to
ensure that all wiring has been
properly performed before switching
on.

TEST AND CALIBRATION

Remember that this unit operates at | — : |
mains potential. Before attempting to
make any internal changes or
adjustments, switch off and remove
the power plug from the mains outlet.
Connect a lamp load not exceeding
240 watts. Plug the unit into the mains
outlet and switch on. A short flash
from the lamp may occur at initial
power switch-on and is quite normal. Fig. 3. Foil pattern for printed circuit board.
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AMPLIFIERS — PREAMPLIFIERS

TUNERS — CONTROL UNITS —

GUITAR UNITS — INSTRUMENTS — INVERTERS — CONVERTERS —

RECEIVERS

TRANSMITTERS

TRANSISTOR AND VALVE TYPES.

1970 - COMMUNICATIONS

RECEIVER - 240

SOLID STATE
FULL KIT OR INDIVIDUAL PARTS ONLY

MAJOR STOCKISTS OF ALL GENERAL RADIO & ELECTRONIC COMPONENT
PARTS -- YOU NAME IT-- WE WILL QUOTE

VALVES -

TRIACS — S.C.R'S. — I/C'S. SPEAKERS — MICROPHONES — COILS —
INST CASES — METALWORK. PLAYERS & CHANGERS — METERS —
RESISTORS — BEZELS — STYLIlI — CARTRIDGES —
MENTS —POTENTIOMETERS — CRYSTALS

CO-AXIAL PLUGS & SOCKETS —
COPPER WINDING WIRE — ETC. — ETC.

MULTI CONNECTORS

REGULATED POWER SUPPLY —

TRANSISTORS — ZENER & POWER DIODES — SEMI-CONDUCTORS — DIACS
IFT'S. TRANSFORMERS —
RELAYS — CONDENSERS —
RECORDING TAPE — PROBES — INSTRU-
— FERRITE BEADS — CORES — BALUNS — TERMINALS
PRINTED CIRCUIT BOARDS

POPULAR KITS - TOP QUALITY - LOWEST PRICES

INSTRUMENTS C.R.O.

Sin wide vanre
1963 3in ca

Eiectronic Sw.
W/band.

MULTIMETERS
and V.T.v.M.*

8. 20K ohm/von
g:otectea M/M,

obe for above.
Protected D.C. M/M,
Meteriess V'meter,
A.C. Millvoltmeter
A.C. solid State
Millivoitmeter.
Solid State A.F.
Millivoltmeter,
Noise Distortion
Millivoltmeter.

g

GES
Standard R/C.
1966. R/C
1968 R/C and
Signal Injector,
TV INST.’s
22 Sweep and marker
Generator
Dual sweep Gen,
Silicon diode.
sweep Gen,
Silicon diode
noise Gen
Pattern Gen
Trans. pattern Gen,
wild range
pulse Gen
AUDIO INST. s
29~ 1960 Audio Osc.
1962 High pert,
audio Gen,
Crystal locked std.
Eleclronic tuning
stand
1965, Solld State
audio osc.
Direct reading
F. meter.
Sq. wave Gen,
1967 transistor
audio Gen
Additive frequency
meler
38. tone burst gen.
38A, 1968 Solid State
A.F. Generator.
R.F. INST.'s
39 6-band service
oschllator,
39A. Trans, wave meter,
40, Q" meter.
40A. Crystal Callbrator

FOLD NG O & wWhROOL

NN i = b bt ot e

Digltal freq. meler
1969. DIp Osc
Solid sla(e
G.D.O. wide range,
G.D.O. adaptor.
Trans. service osc.
Simpie signaj
injector,
Transistorised signal
tracer.
Transistorised osc.
Basic test osc
Transistor test.
IF. Align Osc.
MISCELLANEOUS
INST , ETC., KITS
49, 1960. Trans, Tester.
50, 1968, Transistor
est set
S1. Valve and Transistor
tester,
Eleclronlc Stetho-
sC

v
N

Mo slure alarm,
Electronic Pistol
range.
Transistor Geiger
Counter,
Light beam alarm,
Burglar atarm,
Flasher unit,
Transistor alarm,
Electronic switch
Photo Timer.
Direct reading
impedance meter
Electronic
anemometer
S.W.R. Indicator
Simple proximity
alarm unit,
Metal Locator,
Electronic
metronome,
Bongo Drums,
Keyless organ,
Theremin
Laser unit
Color organ.
Stereo Headphone
Adaptor.
BATTERY CHARGERS
69. Unliversal unit,
70. 1 amp unit,
REGULATED POWER
SUPPLIES
71. Transistor, 9v
72, Transistor, fully
prolecled Supply.
73. 1966 H.T. unit
74. 1968 lab. lyne.
0-30v supply.
74A. Simple pwr, supply
VOLTAGE-CURRENT
CONTROL UNITS
7 Varl-watt unit.
Varl-tach. motor
speed control,
2KW auto-light

(4]
Rl

[ T T T T T TT ST T Y

dimmer,

78. 4KW auto, light
dimmier

79. M(idel lraln control

nit
79A. Varl Light Dimmer,
80. Model frain control
unit with simulated
inertia.
1 Above-hi-power.
2 No. 81 with

simulated Inertia.
ACHOMETER UNITS
3. 6 or 12v Std.

84 6 or 12v Mullard.

85, 6 or 12v with
dwell angle,

86. Tachometer and dwell
angle unit for service
stations

TRANSISTOR IGNITION

7 Ro-Fo. 6 or 12v,

88. Hi-Fire 6 or 12v
((rans1ormer)

88A. C.D.I. unit.
Electronic ignition,

POWER CONVERTERS

gg D.C. D C. 60w,

91,
92,
93.
94,
95.

NOROR o0
RO5OL
070%¥0%0%n00

20

HIGH-FIOELITY

AMPLIFIERS

MONO UNITS

96. Fi 3,

97. Mulla'd 3.3.

98. Mullard 5-10

90 Muhard 5-10
transistor.

100. Transistor 20w,

101. Transistor 60w.

STEREO UNITS

02. Mullard 2.2,

03. Mullard (v)

04. Mullard

06 Mullard l

00O
o

SOVONONEWN BB

Playmaster 2-2
Playmaster 3 plug 3.
Playmaster unit
Playmaster unit 4

——r— g

Playmaster .
Ptay master (t} 105,
Play master

Play master
Playmaster

NI bt bt bt bttt i bt

b s

Playmaster 10 plus 10,
101

P.A. UNITS
122, 10 watt std.
122A. Mullard 20w Solid
state.
. Mullard 40w, Solid
state,
25 watt std.
35 watt std.
30 watt (t).
100 watt std.
Stereo P.A,
GUITAR UNITS
12 10 watt std.
25 watt std.
130. 35 watt std.
50 watt std,
70 watt (t)
Playmaster 102,
Ptaymaster 103.
Play master 40w. 116,
Playmaster 60w 117
Guitar fuzz box.
Guitar Waa-Waa.
Reverb unit,
140, Guitar preamp,
140A, Gullav 50w Solid
State P/M 125
STEREOGRAMS
41. Playmaster 105.
142,  Piaymaster 106.
143.  Playmaster 107.
143A, Playmaster 124

CONTROL UNITS
144, Playmaster No. ¢
145.  Playmaster No.
146. Playmaster No.
147, Playmaster No.
148. Playmaster No.
Mullard 2v
Muitard 3v.
Pnullfs Minjwatt.

“AMP UNITS
Transistor
Transistor
Transistor
mono.
Translstor EIELT

-
S
o

O e
DLLG
CEUmN=O

Mono.
Stereo
Siticon

RTITre
o

Translstor dyn. mic.
o.

Above Stereo.
Playmaster 115
F.E.T. Stereo.
Playmaster 115 mag.
. Sound projector
IXER UNITS

62. Trans. 4 ch.

T e - e b
N0 v »n
"P oe

966).

163. rans — 4 ch,
(1967).

164. Valve — 4 ch.

TUNER UNITS

165. Playmaster u/style.
Playmaster No. 11,
Playmaster No. 114,
Playmaster No. 122
Playmaster No. 123
Pnllips Minlwan

(SALES)

TAPE UNITS

181. Trans, Preamp,
Playmasler 110 (M)
Playmaster 110 (S)
Power Unit 110.
Adaptor 110.
Playmaster 119,
Adaptor.
Transistor V.0.X,
Tape Actuated relay.
Mullard Trans Tape
Amp,

RECEIVERS

189. Fremodyne 4, 1970.

190. Fremodyne 4
R.F. Soct. only.

191. Synchrodyne.

192, Communications RX

193. Detalhet RX.

194. 3 Band Double
Change S/net RX,

195. Explorer VHF Tran-
sistor RX
Intercep(ov 5 Semi-

RX.

1967 All-Wave 2,
1967 All-wave 3.
1967 All-wave 5.
1967 All-wave 6.
1967.Al-Wave 7.
Transporta 7.
Transistor 8

3 Band.

3 Band 2V RX

3 Band 3V RX.

All wave 1970 1/C2.
Versatile Mantel Set,
All Wave Transistor 3,

B.C
210, 1968 F.E.T
210A.1/C TRF RX
ZlOB R.F. Preamp.
10C. Q" Muitiplier.
2100 1970 Communica-
tions Solid state,
TlRlANSMITTERS
2

144 MHz S S.8.
3 Band A.M,
Basic 3 Band.

NN
b 8 ot et st 4 ot Bt
LNV BWN

144 MH2z, 1970,
50 and 144 MMz
Crystal Locked.
1965 s/w

1965 S/W 2 Band
1966 3 Band
Basic S/w.

. UNITS

Remote Unit.
7.8 and 9 H.F. and
V.H.F,

Phone 63 3596

Phone 63 3596 E. D. & E. R o

232 FLINDERS LANE, MELBOURNE, VICTORIA. 3000
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Select the low range, minimum time
and press the start button. The light
should come on for less than one
second. Now turn to maximum time
and press the start button again. The
timer should now stay on for about 30
seconds. Perform the same procedure
again on the high range, the time range
should now be about ten times that
obtained on the low range.

The calibration of the timer may
vary widely from unit to unit due to
component tolerances and timing
capacitor leakage. Tantalum capacitors
have been recommended for this unit
because of their relatively low leakage.
These capacitors are expensive and
may be replaced by ordinary
electrolytics with some deterioration
in performance. Different scales would
then be required for each of the two
ranges due to the higher leakage of
these capacitors.

Calibration is performed by selecting
the value of C2 or C3 to obtain the
desired time range on “‘low’’ and C5 or
C6 for the desired time range on
“high”.

On the scale as shown in Fig. 7, the
calibration is from one to sixteen, the
graduations being  at half  stop
intervals. Capacitor values should be
trimmed to make the time range

POWER SOCKET
VIEWED FROM
REAR

Fig. 5. Component layout.
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PHOTOGRAPHIC

Fig.

6. Internal layout of the timer.

SPECIFICATION

maximum load
(low range)
(high range)

Power
Time

ON

Low

240w

LOAD

Fig. 7. front panel marking
reproduced half size.

correspond to the scale markings. This
is done by increasing capacitance to
extend the time interval, or reducing
capacitance to shorten the time
interval.

The same procedure should be used
if different time scales are required,

the same scale graduations but
different time figures are used.
1amp (240W). However it should be borne in mind
FlsechogS0jsecy that capacitor leakage may well

10 sec — 300 sec.
Time ranges simply selectable by change of capacitance values.

prevent the practical realisation of
time intervals much longer than 300
seconds. ®

Tape punch check list

If you are thinking about buying a tape punch, then ask yourself these ten guestions. . . .then compare !

[ FACITI|BRAND FACITIBRAND
4070 X 4070 X
—_
| 1. Does it operate at all speeds up to 75 characters per YES 6. Does it automatically indicate tape supply and tape YES
second asynchronously? running tow?
= Eoor:;;:‘h;::l::,m.m supelyjanditakeuplacivtiesiot YES | 7. Are versions available for TTS tape? YES
| I — —— —_— 1} -—
3. Does it have a low noise level? 0 dB when idling? YES ][ ::’m:inzagle‘.;o" EEROSRC GRiogjPeerconsu mation YES
4. Does it feature integral control circuitry, which . .
i gua'ran!e,es troublefree connections to different | YES 9. Does it feature automatic dc checking? YES
systems? -
" 10. Is a choice offered between stand mounting and
S. g:impel’:nag"::ne’ components facilitate service and| ygg desk top versions? 9 YES
| ?

F--------------

O about your FACIT 4070 tape punch l
O about all your peripheral data equipment
l OPiease get in touch with me

Please send me more
detailed information

i EAI-ELECTRONIC ASSOCIATES PTY. LTD.

48 ATCHISON STREET, ST. LEONARDS, NSW 2065 AUSTRALIA
I TEL. 439 7522 ¢ CABLE PACEAUS @ TELEX 21130 I

225 Park Street, South Melbourne, Victoria
3205 Australia e Telephone 69-6108 e Telex
21130 e Cables ‘‘Paceaus’ Sydney
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Get the measure of this meter—

it's got all the advantages of a
VIVM...with instant warm up

yoritsu
MODEL K-200

HIgVIBIER

A new standard of efficiency in voltage, current and resistance
measurement e Instant warm up made possible by use of the
newly developed field effect transistor which is even superior
to a vacuum tube in loading characteristics ® AC current ranges
e Minimum circuit loading ® 10 megohm input resistance on
DC and AC means you can measure voltages accurately with
minimum load e Mirror scale and Knife Edge Pointer ® Peak to
peak scales with freqg-response to 3MHz e Solid state
Battery operated for use anywhere, anytime ® Low current
drain on batteries, Built-in Battery Check.

PRICED AT A LOW

$71.50

Plus Sales Tax

SPECIFICATIONS:

DC VOLTS (8 ranges)

RANGES: 0 TO 0.3, 1, 3, 10, 30, 100,
300, AND 1000V FULL SCALE.
INPUT RESISTANCE: 10 MEGOHMS.

ACCURACY: * 3% FULL SCALE.

AC VOLTS (8 ranges)

RANGES (RMS): 0 TO 0.3, 1, 3, 10,
30, 100, 300, AND 1000V FULL
SCALE.

RANGES (PEAK TO PEAK): 0-0.84,
2.8, 8.4, 28, 84, 280, 840 and
2800 FULL SCALE, FREQUENCY
COMPENSATED.

INPUT RESISTANCE: 10 MEGOHMS

KYORITSU Model K-200  JACORY

...for a measure of value
the others can’t match

INPUT CAPACITANCE: APX. S0PF
IN 0.3V RANGE, APX. 35PF IN
OTHER RANGES.

TEST CORD-APX. BOPF

FREQUENCY RESPONSE:
25Hz~1MHz (0.3V RANGE)

* 0.5dB
20Hz~3MHz (OTHER RANGES)
+1 dB

ACCURACY: *= 4% FULL SCALE

OHMMETER (7 ranges)

RANGES: Rx1/x10/x100/x1K/

x10K/x100K/x1M

MID SCALE: 109 (AT SCALE OF

SYDNEY

MELBOURNE
ADELAIDE

Rx1)
ACCURACY: *3% SCALE LENGTH
DC CURRENT (8 ranges)
RANGES: 0 TO 30uA/300:A/1/3/10/
30/100/300mA
ACCURACY: * 3% FULL SCALE
AC CURRENT (8 ranges)
RANGES: 0 TO 30sA/300xA/1/3/
10/30/100/300mA
ACCURACY: * 4% FULL SCALE
GENERAL
METER: 80 MICROAMP =+ 29,
WEIGHT: 3.5 Ibs
DIMENSIONS: 5.1 x 7.7 x 4.4 inch

Distributed by:

MiTCHELL

630 7400 BRISBANE 21 0586

30 2491 PERTH 28 S7
93 6117 LAUNCESTON 2 53%;
JIM/58-70
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AMATEUR RADIO

basic requirement of every
radio-astronomer is some
means of recording the received

emissions. This should preferably be a
chart recorder or tape recorder.

CHART RECORDERS

Chart recorders come in a multitude
of shapes, sizes, chart speeds and
writing methods.

The writing method does not
particularly matter as long as a clear,
permanent record can be obtained.
Recorders that take a paper strip less
than about 4 inches wide, or those
that utilise a circular graph, are not
suitable as they cannot be scaled with
sufficient accuracy for this
application.

Chart recorders are fairly expensive
{$140 upwards), but if the project is
being undertaken within a group, a
new instrument can probably be
afforded.

Second-hand chart recorders can
occasionally be obtained — often at
bargain prices. If you are fortunate
enough to locate one, check that the
galvanometer section is in good
working order before buying. The
condition of the chart drive
mechanism is less critical and, if
necessary the mechanism can usually
be repaired or replaced.

Preferably, the chart recorder should
have two speeds. One speed should be
fairly slow, say %’ or 1" per hour; the
second speed should be faster, say 3"
to 6'' per hour.

It does not matter whether the chart

1000 pF
1k feed through

4.7k
L2
100 pF L3 J
1.5
0.01 .01
ur uF
[( L1l L

RADIO
ASTRONOMY
FOR

AMATEURS

a series- by Roger Harrison VK3ZRY

In this instalment Roger Harrison describes ways and means of
obtaining the necessary receiving and recording equipment.

is driven electrically or by
clockwork as long as the speed of the
paper is fairly constant, (preferably
better than 1 part in 10%) and related
to the graduations on the chart paper.
For really accurate recording a crystal
controlled chronometer can be
arranged to mark time indications
directly onto the chart paper.

1000 pF
feed through

TAPE RECORDERS

Practically any tape recorder can be
used for logging radio-astronomy
emissions. An expensive machine is
not necessary.

The recorder’s frequency response is
immaterial, but wow and flutter
should not be excessive. Most older

1000 pF
Feed through

»

2N3564

22k 56052 22k
L6
0.01uF -

0.01uF

U Tl
0.1uF

56002 ’; Vv

TO

122v
L8
-

| =
ALY | TO DETECTOR

p—
100 pF

%Y
“ 2N3564

33082
0.01 0.01
uf uF

Fig. 1. Complete circuit of 10 MHz transistorized IF strip.
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4.7k

0.01
uF

33082
0.01
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L1 =— 3 turns hookup wire
r_vgund around cold end of

L2,L4, L6, L8 — 16 turn
Aegis FRTS (remove 8 '
turns of Primary).

L3, LS, L7 — 6 turns
{remove 6 turns of
secondary) Aegis RFT-S.
L9 — 12 turns (full

dary of RFT-5).
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SPECIAL: RF POWER
TRANSISTORS

BLY89 25 watts out at 176 MHz with
13.6V supply balanced emitter $9.00
each,

2N3927 15 WATTS OUT
AT 175 MHz.

With 13.6 volts supply. $4.00 each.

SOLID STATE 2 METRE
AM TUNER KIT.

Double conversion with electronic
tuning, noise limiter, BFO, and audio
amplifier all on one fibreglass printed
circuit board. Uses 6 J.Fets, 3 Mosfets,
5 transistors, 5 diodes. SPECIFICAT
SPECIFICATIONS: Frequency 144 to
145 MHz. Sensitivity .3uV for 6dB
S/N. Audio Output 1 watt into 8
ohms. Supply Voltage 9-16 volts.

Price $48.

TRANSISTOR DC-DC
CONVERTOR TRANS-
FORMERS.

12 volt type. Output 220 volts. 150mA.
Ideal for C.D. ignition with connections
and circuit. Size 22"'x2%" " x1%"".

Priced at only $3.00 each.

PYE PUSH-TO-TALK
MICROPHONES.

Fitted with 2000 ohm. Rocking arma-
ture insert. New $6.00 each.

ELECTROLYTICS

100uF 500V $1.50

1000uF 100V $1.00
25,000uF 25V $3.00
40,000uF 10V $2.00
35,000uF 15V $2.00

2 WATT CARBON
RESISTORS.

Bag of 250 mixed. $1.50 to clear.

INTEGRATED CIRCUITS
AND TRANSISTORS

SN7490N  $2.60 BC107/108 $0.70
SN7441AN $2.85 BC108 $0.75
SN7475N  $2.45 2N3645 $1.20
SN7400N  $0.85 2N3642 $1.20
SN7410N  $0.85 2N3568 $1.20
SN7472N  $1.45 2N3055 $1.50
SN7473N  $2.20 2N3819 $0.80
T1588 $1.00 AD140 $1.00

Light Emitting Diodes $1.20 each.

WAYNE
COMMUNICATION
ELECTRONICS

757 GLENFERRIE RD.
HAWTHORN. 3122
TELEPHONE: 81-2818
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Fig. 2. Constructional layout of 10 MHz IF strip {only major components are shown).

tape recorders will do an excellent job;
even the more modern cassette
recorders are perfectly adequate for
observations of relatively short
duration.

The tape speed should be as slow as
possible. If you can use a tape recorder
that has a speed of 15/16 inches per
second, so much the better — it saves
tape. Unfortunately, few modern
recorders are designed to run at this
speed, in fact hardly any now include
even a speed of 1 7/8 inches per
second. Experimenters with adequate
workshop facilities may be able to
modify the drive mechanisms to
reduce tape speed, but one must be
careful not to degrade wow and flutter
performance.

Apart from slow running speed, the
larger the reels that can be
accommodated on the recorder the
better. This will enable long term
observations to be made without
interruption. A facility for putting time
“pips’’ on the tape is worth keeping in
mind, and will be discussed later.

Although not essential, a tape
recorder used together with a chart
recorder, enables a separate and
additional record of events to be
stored. For those who cannot afford a
chart recorder, a tape recorder is the
only other method available that will
enable observations to be permanently
stored. The tape recorded data can
always be transferred to a paper chart
later on.

THE BASIC RECEIVER SYSTEM

A good basic receiver is necessary.
This should be a multi-purpose unit
capable of being used either directly as
a radio telescope receiver, or as an |F
system for VHF or UHF conversion.
This provides versatility and flexibility
at minimum cost.

A receiver may be obtained from any
one of the following sources: —

(a) New commercial communications
receivers covering the range from 500
kHz to 30 MHz.

(b) Secondhand military or
commercial communications receivers
{fixed channel or tunable).

{c) Taxi, telemetry or radar receiver
IF strip (often obtainable through
surplus stores).

(d) Home built.

Commercial communications
receivers, although expensive, offer
good noise figure, high sensitivity, low
cross  modulation and flexibility.
Receivers of this type generally cover
the range 500 kHz to 30 MHz in
several bands. The most useful
frequency band for radio astronomy
purposes is 15 to 30 MHz.

Make sure the specifications are as
good or better than the following:—

Sensitivity — 1uV for 6dB S/N ratio
(AM 30% mod 5kHz BW); Noise
figure — 6dB; Stability — 1 in 105;
Image rejection — better than 30dB on
the highest range.

The above specifications are easily
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