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(that's how you’ll respond to our amplifiers)

Here is the amplifier to set new standards.
The superlative SONY TA-1130 is a ver-
satile combination of stereo pre-amplifier
and power amplifier which can, if required,
be used separately. Its smooth, rich sound
must be heard to be believed. All the
power you'll ever need—75 watts RMS
per channel. Only 0.1% distortion. The
TA-1130 features SONY low noise FET's
differential amplification circuit, direct
coupling circuit and special high quality
transistors. Accommodates every desired
programme source.
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For further information please fill in the Reader
Information Service coupon in this issue.

Maybe you didn’'t know Sony built a unit
that performs like the TA-1010 for such a
low, low price.

Low harmonic distortion, too—less than
0.5% at rated output. 15 actively working
watts RMS pei channel. All-silicon tran-
sistor circuit, excellent S/N ratio, stylish
cabinet with modern controls and input/
output facilities for every need you might
dream up. Here is the ideal heart of a
really fine sound system you can build
with Sony components or any others of
comparable quality.

Why wait any longer?

JACOBY

KEMPTHORNE

BRISBANE: 444488, PERTH:
28 5725. LAUNCESTON: 25322.
Agents: CANBERRA: 479010.
MEWCASTLE: 614991, FAIRY
MEADOW: 84 8022.

SYDNEY: 26 2651. MELBOURNE:
3296866. ADELAIDE: 932388/9.
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Douglas Trading
does it again!

SAVE $223
ON SONY 3 SPEED,
3 HEAD, STEREQ
TAPE RECORDERS

Youcould have paid $622
Douglas Trading

double-discount price

FEATURES: Versatility — functions independently as recorder, amp-

lifier or tape deck. Multiple inputs for microphone, magnetic player,
tuner and auxiliary. 4C-watt total dynamic power output (20 watts per
channel). Solid state circuitry. Bass and treble controls. Echo effect

BRAND NEW. IN SEALED CARTONS recording, sound-on-sound recording, 3 heads, 3 speeds. Easy-read VU
} meters, noise suppressor, digital tape counter with reset button,

SONY 12 MONTHS WARRANTY sliding-type volume control, recording button for each channel. Easy
threading, auto shut-off, self release instant stop. Two microphones

Postyour cheque and order today. included in our price!

A special at Douglas Trading — SONY
TC-352D 3-head, 3-speed Stereo Tape Decks.
No, that's not a misprint. $199 is all we are

asking — and look at all you get!

v 3-head, 3-speed stereo system.

v Retractable pinch roller for gquick and easy
tape threading.

w Tape selector for best performance on either
normal or special Hi-Fi tape.

v Sound on sound recording.

w Automatic shut-off for foolproof operation.

% Low-noise preamplifier with all silicon transis-
tor, vibration proof motor.

¥ 4-digit push-to-reset tape counter, easy-to-read
dual level meter.

ONLY 5199

D) w

185-191 BOURKE ST., MELBOURNE
Phone 63 9321
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FOUR-
CHANNEL
SOUND

an artificial ‘need’?

created by the manufacturing side of the hi-fi industry.

And providing this ‘need’ can be sustained, the benefits to
the manufacturing industry are huge, for with the exception of
simple matrix devices, the electronic equipment required for
four-channel reproduction is complex and costly.

But the benefits are by no means one-sided, for few people who
have listened to good four-channel sound — in the right acoustic
surroundings — question its superiority compared with
conventional two-channel systems.

Until very recently however, the multiplicity of rival (and
non-compatible) four-channel systems discouraged the recording
industry from producing suitable programme material. Hence
serious evaluation of four-channel systems on any but a purely
theoretical basis would have been of little point.

But now it is fairly clear, that apart from the mainly compatible
reel-to-reel and cartridge tape systems, the big marketing battle
must be between JVC Nivico/RCA discrete four-channel records
and the various matrix record systems of which the CBS Sony SQ
appears to be current market leader.

The major recording companies have aligned themselves with one
system or the other and now a surprisingly large quantity of
four-channel programme material is commercially available,

And so in this special issue of Electronics Today International,
we have included independent evaluations of the two major
competing systems — as well as tests of two other types of
four-channel gear — plus our own evaluation of the total
four-channel scene as we see it at present.

T o a large extent, four-channel sound is a ‘need’ artificially
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UNDERWATER EXPLOSIONS
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It is of vital importance for warship
designers to know exactly what happens
to a ship under attack. This must include
knowledge of the various stresses and
strains encountered by the hull and
superstructure.

Currently the Naval Construction
Research Establishment at Rosyth in
Scotland are researching the effects of
underwater explosions to surface craft,
as they have found that near misses
tend to have a far greater effect than
was previously supposed.

To carry out this research the NCRE
is using an ex-naval warship extensively
fitted out with transducers of their
own design. The old-timer is then fired
at and the readings from the transducers
passed to a monitoring vessel via hard-
wired cables.

It is from the monitoring vessel — a
converted wartime torpedo recovery
vessel — that the whole experiment is
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controlled. Here four Bell and Howell
VR3300 tape recorders simultaneously
store 56 channels of information coming
in from the target vessel. The data is
conditioned by an array of amplifiers
before being recorded.

When the results of the test have
been recorded all the tapes are replayed
on a shore based tape-deck, the exact
time correlation being preserved by use
of a 1 kHz reference signal on each of
the five ship borne tape recorders. The
data is then fed channel by channel into
an uv oscillograph for visual analysis
before being digitised and fed into a
computer.

Although the efforts of the NCRE
are primarily aimed at the defence
effort, a vast amount of spin off is
available to the civilian ship builder,
especially in the design of super tankers
— which tend to be a law unto
themselves.

1

PIEZO PUMP

Britain’s C.A.V. company have
signed a joint development contract
with Physics International of California
to develop piezo crystals for us in
diesel fuel injection systems.

The fact that crystals exhibit an
almost instantaneous shape change
when a voltage is applied could well
lead to injection pumps more responsive
than those in current use.

LIQUID CRYSTAL WATCH

NEW YORK — A major Swiss
manufacturer of watch movements and
components, Ebauches S.A. last week
introduced a line of quartz electronic
watches, including one unit with a
liquid crystal digital time display.

The digital watch utilizes a quartz
resonator and liquid crystal display
developed in co-operation with Texas
Instruments, Dallas, U.S.A.

Dr. Kurt Hubner, vice-president of
Ebauches Electroniques S.A., said that
the liquid crystal would last in ““in
excess of five years,” but after that
“no-one really knows'’ how long the
crystal will retain its qualities or how
it will show its age.

The new watch uses two bipolar
chips measuring 6mm square and a
small power cell claimed to last more
than a year.

IBM MONOPOLY?

Speaking at the recent Infotech
State of the Art Lecture ‘1980, Dr.
Herbert Grosch of the US Bureau of
Standards said that ‘by 1980 most big
names will have disappeared or with-
drawn . . . from the computer field . . .
90 percent of the world computer
market will be in the hands of one
firm — I1BM.

‘The remainder,’ said Dr. Grosch,
‘'will consist of small specialised
companies outside IBM’s sphere of
influence.’

Dr. Grosch made a number of
specific predictions. He forecast that
Telefunken will retire from the market
before the end of this year; Philips in
1973, Siemens in 1974, ICL perhaps
in 1977. Nixdorf, he says may survive
— but only if they keep in the ‘visible
records market.’

These assertions, says Dr. Grosch,
are based on the fact that only |BM
can continue to afford the enormous
costs of developing new computing
systems. Even at present |BM are known
to spend over $400,000,000 a year on
research and development alone.

Pessimistic though they may be,

Dr. Grosch's remarks are being taken

{Turn to page 11)
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“The MAGNAVOX SPEAKERS ARE BETTER
than any speaker system that we have tested
costing twice as much and comparable to

all imported units costing three times the price”’
. ... Electronics Today.

S

MAGNAVOX (AUSTRALIA) PTY. LTD,

6-12 O'RIORDAN ST., ALEXANDRIA,
N.S.W. 2015. 69 4508




THE BRILLIANT NEW

THE BRILLIANT NEW
WHARFEDALE RANGE

From the very birth of the term "'high
fidelity”, British manufacturers have set
world standards for the design and
fabrication of the most outstanding high
fidelity sound reproduction equipment.
Famous Wharfedale loudspeakers have
outsold every other make of high fidelity
loudspeaker manufactured in the United
Kingdom. The long experience and the
technical “know-how" of the Wharfedale
organization combined with recent
“state of the art” developments have
been applied to the design of several
completely new Wharfedale products . ..
a complete range of fully compatible
audio equipment which produces most
effective and completely natural
dimensional stereo sound reproduction.

Let's look at the new era Wharfedale
range:—

THE NEW ERA WHARFEDALE “LINTON"
STEREO AMPLIFIER

The new era Wharfedale “Linton” stereo
amplifier is attractively styled, power output
is 15 watts R.M.S. per channel into 8 ohm
speaker loads, and frequency is 30-20,000
Hz. = 1 dB. at full rated output.

Sensitivity of the new era "Linton"
amplifier suits magnetic stereo cartridges at
3.5 mV. and T.H.D. does not exceed 0.1%
at 1 kHz. into 8 ohm speaker systems at
full output.

Tone controls for bass and treble response

offer unusual flexibility . . . piano-key
switches are provided for mode, treble
filter, tape monitor, tape input, phono input
and tuner. Ask for a no-obligation
demonstration at any Simon Gray dealer!

s Aa.

THE NEW ERA WHARFEDALE "LINTON"
TURNTABLE

Designed to take records of 77, 10” and
12’ diameter, the new era *_inton” turn-
table also features four speeds — 16%,

334, 45 and 78 r.p.m.

You may adjust the “Linton’ turntable for
eitver Manual or Automatic operation,

sw tch-off and return are automatic, stylus
tracking pressure is fully adjustable, a bias
compensator is incorporated and the arm
lowering device is hydraulically damped to
prctect your records.

The magnetic stereo cartridge fitted is the
we | known Shure M44-7, complete with
diamond stylus.

THE NEW ERA WHARFEDALE “LINTON 2"
COVIPACT SPEAKER SYSTEM

Featuring an entirely new 8” speaker with
an oversize magnet which produces
exceptional performance, the new era
‘Livton 2" is both attractive and compact.
Frequency response is 55-17 000 Hz. -

3 d3. and power handling casacity is 20
watts DIN. Size Is only 19” » 10" x 9%’
ang finishes available include oiled teak and
pol shed walnut. A new 2” tweeter unit
covers all frequencies from 1,200 Hz.

THE NEW ERA WHARFEDALE “LINTON 3"
COMPACT 3-WAY SPEAKER SYSTEM

Identical in cabinet design and size to the
2-way “Linton 2", the addition of a 4” mid-

range speaker to the speaker complement
brings smocther ovarall frequency response
and added * presence’ to stereophonic
playback.

Frequency rasponse is 55-17,000 Hz. =

3 dB., and power handling capacity is 25
wats DIN. Ske is 1€” x 10" x 9%2”.

THE NEW ERA WHARFEDALE MODEL DC9
CASSETTE TAPE RECORDER

With the Do by System*!

The release of the new era precision buiit
Wharfedalz Jodel DC9 Cassette Tape
Recorder heralds a major breakthrough for
cassette recarding.

Precision tape transport mechanism is used
in the new era Wharfadale DC9.

Frequency response 30-12,000 Hz. = 2 dB,,
wow and fluer less than 0.18%, signal-to-
noise ratio better than 50 dB.

NEW ERA STEREO HEADPHONES FROM
WHARFEDALE!

For personal listening Wharfedale's new
era stereo headset Model DD-1, is quite




WHARFEDALE RANGE!

unbeatable. Each 'phone is virtually a
two-way speaker system in its own right.
impedance is 8-16 ohms and frequency
response is 16-22,000 Hz. Distortion is less
than 1%, an extraordinary ficure for a
stereo headset.

THE COMPACT NEW ERA WHARFEDALE
"DENTON 2" AND “DENTON 3"

Although they measure only 14” x 93" x
8%"”, both models of the “Denton’” sound
like much larger systems.

The “‘Denton 2" uses an 8” long throw
voice coil bass reproducer aid a 2" tweeter,
with an electrical crossover at 1,400 Hz.
Bass and mid-range performance is qQuite
remarkable for an enclosure of these
physical dimensions. Frequency response is
60-16,000 Hz. + 3 dB. and power rating is
20 watts DIN.

In the “Denton 3" a 4” mid range speaker
Is added. Frequency response is

65-17,000 Hz *+ 3 dB. and power handling
capacity is 25 watts DIN, Crassover
frequencies are 1,100 Hz. ard 4,000 Hz.
respectively.

TWO NEW MEDIUM SIZE, MEDIUM PRICE,
HIGH PERFORMANCE SPEAKER SYSTEMS
FROM WHARFEDALE . .. NEW ERA
"“MELTON 2" AND THE ""DOVEDALE 3"!

The Wharfedale ' Melton 2" is a 2-way
speaker system which sounds as if is costs
much more. Measuring only

21" x 14%” x 10" it incorporates a

12" wide spectrum bass reproducer and a
specially designed 2” C.A.B. tweeter,
power handling capacity is 25 watts DIN.
Frequency respoase is 45-17,000 Hz

+ 3 dB. Impedance is nominally 6 ohms
and finishes available are oiled teak and
polished walnut.

With the release of the new “DOVEDALE 3"
Whartedale have produced the

smoothest overa’l frequency response

ever available in a Wharfedale enclosure.
With a 12” bass reproducer, a 5” mid-range
speaker and a 1” tweeter, frequency
response of the “Dovedale 3" is 45-20,000
Hz *+ 3 dB. and power handling capacity

is 50 watts DIN. Crossover frequencies

are 600 Hz. and 5,000 Hz. Size of the
“Dovedale 3" is 24” x 14" x 12",

THE NEW ERA WHARFEDALE “TRITON 3!

In the new era “Triton 3" an 8” bass unit
is complemented by a 5” mid-range
speaker and an effective 1” tweeter. The
combination offers restraint-free bass
response, smooth middle frequencies with
remarkable “presence’ and outstanding
high frequency performance.

Here are abridged specifications: Size:
21%"” x 9% " x 9”. Frequency response:
55.20,000 Hz * 3 dB. Speakers: £” bass,
5" mid-range and 1” tweeter. Crossover:
750 and 5,000 Hz. Impedance: Nominally
6 ohms. Power rating: 25 watts DIN.
Finishes: Oiled teak or polished wainut.

THE NEW ERA WHARFEDALE ““ROSEDALE"

Built to the highest standards without
compromise, the new era Wharfedale
"‘Rosedale’’ offers a wide frequency
response of 35-20,000 Hz. without
coloration and a power handling capacity
of 45 watts DIN.

Few speaker systems can handle this
power, and only a handful do it ‘well.

The new era Wharfedale “Rosedale” leads
this select band.




GOODMANS SYSTEMS
and COMPONENT SPEAKERS

Available At All Leading Hi-Fi Retailers
SEE AND HEAR THE FABULOUS
DIMENSION 8 SPEAKER SYSTEM

THORN ELECTRICAL INDUSTRIES (AUST.) PTY. LTD.

Branches:

Victoria 123-131 Bamfield Road, South Australia 193 Angas Street, Adelaide,
West Heidelberg, 3081. S.A. Tel: 23 1488
Tel: 459 1688 Western Australia 9 Guildford Road,
Mt. Lawley, W.A.
New South Wales 176 Parramatta Road, Tel: 71 9866
Camperdown, N.S.W. 2050. Agent:

Tel: 51 1
e Tasmania Barrett & Maher Pty. Ltd.,

THDRN Queens land Hudson Road, Albion, 60565. 4 Lefroy Street, North Hobart,
Tel: 62 1888. Tasmania, 7000. Tel: 34 3609
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very seriously by the industry.
Formulator of the so-called Grosch’s
Law of Computing, Dr. Grosch
predicted 18 months beforehand — and
almost to the day — that RCA would
cease computer production in late 1971,
It is interesting that since RCA
pulled out of the computer business,
that company's last quarter earnings
increased by no less than 52.5%.

PHILIPS PROFESSIONAL DATA
CASSETTE

Philips are introducing a cassette for
digital application. The Professional
Cassette, LGH6003, has been specific-
ally developed for the collection and
retrieval of electronic data. Profiting
from Philips’ design and production
knowledge in the field of the compact
cassette, the Professional Cassette has
outstanding qualities which it is claimed ‘
give it a marked superiority over
punched paper tape and cards for
digital data storage.

The cassette uses a precision metal
frame with screwed-on side covers
ensuring the highest possible precision |
in tape guidance. The metal frame |
eliminates static charges by providing a
discharge path for any electro-static
build up on the tape.

The precision metal reference
surfaces are part of the frame and allow
for an exact head-to-tape positioning. |
Lengthy tests have proved the perfor-
mance and dimensional stability of the
data cassette over long periods of use —
more than 2,000 full passes and virtually |
unlimited storage.

Philips LGH6003 Cassettes contain
86 metres (approx. 300 feet) of high-
grade splice-free computer tape, tested
for signal amplitude. Each cassette is
individually (and over the full tape
length 'in cassette'’) certified at 64
flux changes per mm (1600 f.c.p. inch)
for drop-outs and drop-ins.

The tape is provided with a
beginning-of-tape (BOT) and end-of- I
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four on the floor

Come and see SYDNEY’'S WIDEST RANGE of four
channel systems — add-on amplifiers — tape decks —
cartridge recorders — speakers, etc.

We can demonstrate to you the full range of these
remarkable units at Sydney’s most

INCREDIBLE PRICES!

AUTEL SYSTEMS
PTY LTD,,

20 Pittwater Road,
Gladesville, N.S.W.
Telephone: 89 0663
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Plessey

12

When

uncompro

fidelity is essenta

Prpducts

are specified.

7 In the field of sound
reproduction,

Plessey has but one
aim: to produce the
best in high fidelity
equipment without the handicap of high costs.

Plessey professional recordingmachines have
become standard equipment in broadcasting
and sound studios throughout the world.

Manufacturers of high
quality radios and record
playing equipment
choose Plessey com-
ponents as a matter
of course.

Hi Fi enthusiasts have
learned that Plessey loudspeakers, kits and
enclosures meet their demands for
perfection without injuring their wallets.

Plessey has a long standing reputation for

PLESSEY D

P, '_J perfection to protect ... we cannot
compromise on quality
or fidelity in our products. ’

* The Plessey Pacific group
in Australia is part of the /

giant Plessey company >
based in the U.K. Their / 3

2 ’Q&
interests range over the &
broad fields of compon- ‘ . /
ents, equipment and \ez‘° Y
systems for the telecommunica- Q,°° /

tions, electronics, aerospace, /,;o" /
hydraulics

and related

industries. /
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tape (EOT) marker by means of a hole
for optical detection in the tape, which
is attached to the hubs via specially
strengthened non-magnetic transparent
leaders.

Previously recorded data can be
protected by removing the re-usable
write-enable-plugs, individually
recognised by an asymmetrical cut-out
at the rear of the cassette.

The tape and cassette characteristics
meet the requirements of the Inter-
national Standard ECMA 34 for Data
Interchange on Magnetic Tape Cassette.
Consequently, the Philips data cassette
is claimed to ensure trouble-free and
reliable operation as well as inter-
changeability between information
processing systems utilising the ASC11
7 bit code (American Standard Code for
Interchange of Information}.

We understand from Philips that
this cassette may not be available
outside the UK until later this year.)

MINIATURE TV CAMERA

Claimed by it's makers to be the
world’s smallest, this underwater tele-
vision camera, only 1% inches (44.45
mm) in diameter and 7 inches (177.8
mm) in length was exhibited on the
Seer TV Surveys stand at the recent
Oceanology International ‘72 confer-
ence and exhibition at Brighton. Called
the Falcon VE12 it is a specially
developed % inch (12.7 mm) vidicon
in a pressure proof stainless steel
housing that contains a remote focus
facility. The use of encapsulated
electronics in the camera head con-
tributes to its robustness, and printed
circuit modules of advanced electronic
techniqgues are employed in the camera
control unit for reliability. The camera
has unrivalled versatility due to its
small size and is currently being used

by BAC and Sud Aviation on the
Concorde project. Seer TV Survey
equipment is used in all parts of the
world in oil rigs, submarine pipelines
and cables, harbour defences, ship’s
hulls, boreholes and wells.

COMPUTERIZED SYSTEM GIVES
MARKSMAN MOVING TARGET
AND INSTANT REPORTS OF HITS

A new electronic shooting range
system permits marksmen to manoeuvre
targets from the firing point and
simultaneously to receive results of
their marksmanship. The system has
been developed by the computer and
electronics devision of Sweden’s Saab-
Scania group, Lindoping.

The wholly automatic system
features moving targets made of rubber
— usually in the form of an elk,
favourite quarry of Swedish hunters —
which incorporate a layer of electrically
conductive material.

The latter short-circuits each time
the target is hit and causes an electric
impulse to travel to a special
registration unit immediately beside
the marksman. Complete data on his
performance and scoring is registered
on this device and is also recorded with-
in, on a punched tape. A larger unit

A 4
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THE BEST
STEREO SYSTEM

UNDER
$389
FOR ONLY

$289
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MIRANDA HI-FI
SHOP 67, TOP LEVEL,
MIRANDA FAIR.

We Stock All Brands.
525 6745
525 3194 A.H.
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AUSTRALIA’'S GREATEST ELECTRONIC NUT SPEAKS:

“At last! The real |
wholesale price of
components revealed

in my first |

s ,

EXTRA PLUS
. INSIDE:
FREE 50 CENT

DICK SMITH " .cenich,o
ELECTRONICS | maLonoEr
CATALOGUE

‘-‘b_‘~l‘~

Hi-FI AMPS,
TURNTABLES,
TAPE DECKS,
CASSETTES,
CARTRIDGES, ETC.

MAIL ORDERS
ACTUAL SIZE
84 x 61"

100°’s OF
ILLUSTRATIONS

| 1000’s & 1000°s
| OF COMPONENTS,

| SEMICONDUCTORS,
| TRANSISTORS.

EVERYTHING
THE HOBBYIST

NEEDS: BOOK REVIEWS

EDUCATIONAL KITS, FORMULAE,
AMATEUR GEAR, CONVERSION
AERIALS, CHARTS, ETC.
CAPACITORS, |

TRANSCEIVERS.

You just won’t believe the
prices! How Dick makes a profit on some of the
lines we’ll never know. Naturally we daren’t quote
prices here (in fairness to other ‘wholesalers’), but when you
consider Dick’s super policies of bulk buying and direct im-
porting,theguaranteedlowerprices areeasiertounderstand.

FILL IN THIS COUPON NOW — AND STOP WASTING MONEY
N NN N BN BN BN N I EE .

Dear Dick — please rush me your incredible catalogue. | enclose 50 l

cents (astamp will do) towards the cost knowing thatI'm getting
afree 50 cent voucher as well.

Address ... .. ...

PO St C O e e T S e

Catalogue available at NO CHARGE to all organisations, radio

clubs, schoots etc., applying on official letterhead.

I N I N N I N S E .
DICK SMITH ELECTRONICS PTY. LTD.,

10 Atchison Street, St. Leonards. 2065 N.S.W. 439 5344

* FREE CAR PARK AT REAR
* PROMPT 2 HOUR MAIL ORDER SERVICE

* 100 YARDS FROM STATION
* OPEN SATURDAY A.M.
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beside the shooting range also performs
this function.

Since the marksman needs no
assistants to manoeuvre or adjust the
targets or check scores, the new system
— which also allows a shooting session
to be completed in only half the usual
time — is no more expensive than
conventional alternatives besides being
safer and more accurate, the
manufacturers say.

The targets used are said to be
highly durable and can be hit “'several
thousand times'' before needing to be
repaired or scrapped. They are mounted
on electrically powered wagons which
move backwards and forwards across
the range.

HEWLETT PACKARD
EXPANSION

Hewlett Packard Australia Pty. Ltd.,
have acquired just over 3 acres of land
in Joseph Street, Blackburn, Victoria,
part of the City of Nunawading.

In announcing the acquisition, John
Warmington, Managing Director of
Hewlett Packard stated that the land
would be used for the building of their
new headquarters in Australia.

A three-storey building is planned
which will be erected in stages,
commencing with not less than 25,000
square feet. This will house the current
sales and service operations and training
facilities. Ampie off-street parking will
be available.

It is expected that the new premises
will be ready for occupation within two
years.

NEW CONSULTING ENGINEER

Ron Crook, formally General
Manager of the Commercial and
Advanced Electronics Division of EMI
(Aust) Ltd. has entered into business
on his own behalf as a Consulting
Engineer in the fields of Industrial
electronics, Electronic instrumentation,
Automatic control systems and
Vibration.

As Castle Laboratories Pty. Ltd.
he will also supply Transducers,
Vibration measuring and monitoring
equipment and a Dynamic balancing
service to manufacturers.

Address is 25 The Bulwark,
Castlecrag. NSW 2068.
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All over the world,
leading hi-fi equipment
manufacturers and re-
cording companies have
committed themselves
to four-channel sound.
Collyn Rivers reports.

N her book ‘The Shadow of Man’,
IJane van Lawick-Goodall graphically

describes how primates establish
tribal supremacy by displays of
aggression — generally stopping short
of actual physical violence.

But these displays are nothing
compared with the atavistic behaviour
of the leading contenders for market
supremacy in the field of quadriphonic
sound.

For during the past twelve months
we have seen major companies
metaphorically beating their chests in
order to impress upon the public that
each manufacturer’'s particular (and
deliberately incompatible) system is
the system for all to follow.

And in a similar fashion as Ms
Lawick-Goodall’s primates, the general
public treated it all with a great big
yawn — until all the donner und
blitzen had died down and only the
finalists remained.

But now we have these finalists —
and very strong finalists they are.

Basically there are two approaches to
quadriphonic sound. These are known
as ‘discrete’ four-channel, and ‘matrix’
four-channel, and both systems use
speakers placed in front and behind
the listener — generally in each corner
of the room.

WHAT DOES IT DO?

Quadriphonic equipment and
programme material can create a
number of different effects. For the
listener to classical music -
four-channel sound can to some extent
re-create the ambience of the original
concert hall. (ambience, broadly
speaking is the reverberant character-
istics of a concert hall, studio, or
room) Contrary to general belief this is
particularly effective in small rooms
when, if correctly applied, the room
seems very much larger — one can
almost imagine one is in a large hall.
(Strangely, four-channel sound is less
effective in large buildings. In fact one
of the worst possible places to hear it
is in the average hifi dealer’s

SUUND ¢
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Phase 44 pick-up cartridge is specifically intended for playing ‘matrixed’ records.

showroom.) So if you think it sounds
impressive there — you will be
positively ecstatic when you hear it at
home.

For the ‘pop’ music enthusiast,
four-channe! sound can create a totally
new experience in the reproduction of
recorded sound. Many ‘pop’ fans have
described it in Mcluhanesque terms —
as a total involvement with the sound.
As a well-known American observer
puts it ‘the young use sound the way
their elders use alcohol’.

An unexpected bonus for
‘pop-haters’ is that people listening to
quadriphonically reproduced ‘pop’
music invariably select a sound level at
least 6dB below that which they
would use were the same sound to be
reproduced using normal two-channel
equipment.

For the jazz lover, four-channel
sound is probably a matter of
individual taste. Certainly it can

provide one with an experience of
being up on the stage as one of the
group — whether or not this is as it
should be is another matter.

DISCRETE FOUR-CHANNEL
SYSTEMS

Discrete four-channel sound is a
technique in which four quite separate
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channels are recorded onto individual
tracks on one magnetic tape, or by a
process of frequency multiplexing,
onto a gramophone record. During
replay, each channel is detected and
amplified individually so that each of
the four speakers in the system can
reproduce its associated programme
material, without unintended
interaction with or from any other
channel.

REEL-TO-REEL TAPE

Reel-to-reel tape was the first
medium wused for discrete
quadriphonic sound. Technically, it is
still the best, for it can offer optimum
conditions for both channel separation
and sound reproduction. But against
its technical superiority is its cost, for
it is also the most costly of the
competing quadriphonic systems. This
is because it requires a tape deck with
four heads (or at least a head with four
gaps), four playback amplifiers and of
course the mandatory four speakers.

Some excellent four-channel tape
decks are currently available — these
include models from Akai, Teac, Sony,
Pioneer, Sansui, Kenwood, JVC etc.
Nevertheless despite the almost
unquestioned superiority of the
reel-to-reel four-channel approach, this
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Four-channel amplifier and decoder from Kenwood has
decoding circuitry for both SQ and non-SQ matrix systems.

superiority is largely academic, for
with the exception of a few tapes
made by Vanguard, JVC, Project 3,
and a few small US companies, there is
little pre-recorded programme material
available.

THE Q8 CARTRIDGE

From a commercial aspect a far more
promising tape format is RCA’s Q8
tape cartridge system. Like all tape
cartridges, this is basically a sealed
plastic case containing an endless loop
of tape wound on a single hub and
driven by a capstan shaft and wheel.

The Q8 system was originally known
as Quad 8 — the name was changed
following action taken by Britain's
Acoustical Manufacturing Company,
who feel quite strongly that the name
Quad belongs to them. The Q8 format
is in effect a logical extension of the
standard stereo eight-track cartridge.
The main difference between the Q8
and the standard cartridge is that
whilst the standard eight-track
cartridge has four pairs of twin-tracks
running side by side, the Q8 cartridge
has two pairs — each of four tracks,
again running side by side, Thus the
playing time of the Q8 cartridge is
necessarily shorter.

At present most Q8 four-charnel
systems are being manufactured
specifically for car installation -
where as our test report of the Clarion
unit shows — the format is
extraordinarily (and unexpectedly)
effective. Nevertheless Q8 cartridge
players intended for home use are
available from a number of leading
manufacturers and at least one
manufacturer (Akai) produces a deck
that accommodates both reel-to-reel
tapes and Q8 cartridges.

Many of these cartridge players can
provide performance, that whilst not
yet as good as can readily be obtained
from gramophone records, is
nevertheless at least as good as the
majority of better class cassette
machines.

The present performance limitation
is simply that few of the very many
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manufacturers producing pre-recorded
Q8 cartridges attempt to extend the
programme frequency response much
beyond 8 to 10kHz. But this may well
be merely a temporary limitation and
no doubt Dolbyized chromium
dioxide tapes will be produced.

Plenty of Q8 programme material is
readily available. Regretably most of it
is ineptly recorded and the benefits of
quadriphonic sound are not really
exploited. But this also was true of the
early days of stereo and after a brief
period of ping-pong type recordings
the current well-balanced material
became the norm.

Final contender in the tape format is
the cassette machine. In Japan the
JVC Nivico organisation claim that
they have successfully developed a
four-channel cassette system in which
four channels are recorded on one-half
width of the standard cassette tape.

As Philips hold world patents on the
cassette system — and they have yet to
make an official announcement on
four-channel cassette material — the
future of this system is currently
unknown, however it is understood
that JVC Nivico and Philips are jointly
studying JVC'’s proposed format.

THE JVC NIVICD CD4
SYSTEM

Technically, the most interesting and
ingenious ‘discrete’ technique comes
from JVC.

This is the CD-4 system in which
four channels are recorded onto a disc
using a multiplex process. In exactly
the same way as with stereo records,
each groove wall of the disc carries a
single channel. However in the CD-4
technique each of these channels
contains mixed front plus rear
information — in other words
left-front plus left-rear on one groove
wall, right-front plus right-rear on the
other. Apart from this each groove
wall carries a 30 kHz sub-carrier that is
frequency modulated by the left or
right front-minus-back difference
signal.

A decoder connected between the
record player and amplifier sorts out
the various signals and the resultant
channel separation is more or less the
same as between the two channels of a
normal two-channel stereo system.

As the CD-4 discs carry signals at
frequencies as high as 45 kHz (30 kHz
carrier plus 15 kHz modulation) a
special cartridge and stylus must be
used. But despite many (uninformed)
opinions to the contrary, the JVC
CD-4 cartridge and Shibata stylus
really does track signals of this high
frequency (a frequency response graph
of this unit is shown in our full review
of the CD-4 system elsewhere in this
issue). Apart from the special cartridge
and stylus the CD-4 discs can be
played on any otherwise conventional
turntable. In Japan the JVC CD-4
system has been adopted by the
Japanese Record Manufacturers

Association as an industry standard,
and RCA in America will be using
CD-4 as their standard four-channel
disc format.

The President of RCA Records,
Rocco Laginestra says that RCA CD-4
offered to the

records will be

Cartridge player from Pioneer accepts standard RCA Q8 cartridges.
ELECTRONICS TODAY INTERNATIONAL —JUNE 1972




Shibata stylus of JVC Nivico turntable successfully

tracks 45 kHz signal of CD-4 records.

consumer at the same prices as normal
stereo records — the company'’s
director of record operations, Bill
Dearborn says that ‘RCA have offered
a large quantity of a hard vinyl
material and will start pressing
quadriphonic albums at the end of
April {(on a mass production basis) for
engineering evaluation.

The ‘mothers’ are produced in New
York and shipped to the company’s
Indianapolis plant for pressing.

The RCA company have demanded
that the CD-4 disc must be playable at
least 100 times on a standard record
player equipped with a standard stereo
cartridge and stylus yet still
subsequently be capable of
reproducing high quality quadrighonic
sound when played through a JVC
system.

Apart from RCA, advertisements in
the Japanese press indicate that CD-4
records will shortly be available from
the Philips group i.e. Mercury,
Deutsche Grammaphon etc.

The CD-4 system — which includes a
wide range of decoders, amplifiers and
control units — is readily available in
many parts of the world — including
Australia.

One possible drawback of the CD-4
system is that because of its inherently
wide bandwidth requirement the signal
cannot be legally broadcast in
countries having stereo FM.

MATRIX SYSTEMS

‘Matrix’ systems encode four signals
into two channels by mixing them
together in various complex phase and
amplitude relationships. During replay
a decoder is used to direct sound
information to the ‘correct’ speaker.

All records using matrix systems may
be played on standard turntables.
Again a standard cartridge and stylus
may be used - but most
manufacturers say that best results are
obtained by using cartridges with
fairly high compliance.

Matrixed records played through
normal two-channel equipment sound
just like two-channel records.

The fundamental limitation of
matrix systems is that it is impossible
to record four channels of information
within the bandwidth used for two
such channels without losing a certain
amount of data. For this reason matrix
systems cannot reproduce unique
signals from any chosen speacxer,
indeed there is very considerable
cross-talk — especially between
diagonally opposed speakers — the
separation may barely exceed 3dB.
Despite this however, psychoacoustical
factors — not yet totally understocd —
cause the theoretically doubtful
matrix systems to be reasonably
effective on a wide range of
programme material.

A fairly large number of
manufacturers produce matrix systems
— and in theory nearly all are
incompatible with one another. But in
practice a record produced peculiarly
for one manufacturer’s system can be
replayed with fairly good results on
another. An exception to this,
unfortunately, is the CBS-Sony SQ

system, and if non-SQ discs are
replayed via an SQ decoder — or an SQ
disc is played via a non-SQ decoder —
there is considerable ‘directional
confusion’.

The major contenders in the field of
matrix equipment include
Electrovoice, Dynaco, Sansui, Pioneer,
Kenwood and CBS-Sony.

Whilst the issue is far from clear the
probable current market leaders are
Electrovoice and CBS-Sony. Of these
the CBS-Sony SQ - developed by
Benjamin Bauer at CBS Laboratories —
does seem to have a marketing lead
over competitive systems.

CBS-SONY Sa

In a standard stereo record groove,
modulations in the two groove walls
transmit signal voltages to left and
right channels through the pickup
stylus.

The SQ system retains the two basic
stereo groove modulations, (this is the
reason for the SQ system’s
compatibility with all two-channel
replaying equipment). But when the
SQ record is made, the four channels
of information from the quadriphonic
master tape are passed through an
encoder. This encoder preserves two of
these four signals in their original form
as signals for the two front speaker
channels.

For the two rear channels, the
encoder produces two additional
modulations in the form of helices
(spirals). As the record rotates and the
groove advances under the stylus, a
clockwise helix is produced for the left
back channel and an anti-clockwise
helix is produced for the right back
channel.

This picture shows the complexity of a four-channel

decoder — this s the JVC Nivico CD-4 unit.




COLUMBIA SQ RECORDS & CARTRIDGES CURRENTL Y AVAILABLE

JVC NIVICO CD-4 RECORDS CURRENTLY AVAILABLE

WONDERFUL CD-4 SOUND

NEW CREATIVE SDUNDS/THE DOCK OF THE BAY
THE APRIL FDOL/THE LATEST FILM THEMES

| DREAM OF NAOMI

LOVE STORY AND OTHER GREAT MOVIE THEMES

4 DIMENSIONS BY 4 SAXES

TOSHIKO AKIYOSHI/THE PERSONAL ASPECT INJAZZ
LATIN RHYTHM FESTIVAL

ROCK & DRUMS/ELEANOR RIGBY

ROCK & DRUMS/FREE -
CARMEN SVUITE (Bizet)

CONCERTOS BY MAKOTO MORO!1

DEUTSCHE BACHSOLISTEN

KHACHATURIAN : VIOLIN CONCERTOS in D Major
FAMOUS ORGAN WORKS BY J.S. BACH

sq Qs CD4B-5001E
Title CD4B-5002E
Disc Cartridge CDA4B-5003E
Johnny Cash at San Quentin CQ30961 CAQ30961  CO4o-2004%
Santana/Abraxas CQ 30130 CAQ 30130 o TR
Funny Girl/Original Soundtrack SQ 30992 SAQ 30992 T S
Ray Conniff/Love Story CQ 30498 CAQ 30498 i
Ray Stevens’ Greatest Hits ZQ 30770 ZAQ 30770 COAB 5000
Kris Kristofferson/The CD48.5012E
Silver Tongued Devil and I* ZQ 30679 No Tape CDAR.7S01E
Andy Williams/Love Story CQ 30497 CAQ 30497 CDAK.7502E
Janis Joplin/Pearl CQ 30322 CAQ 30322 COAK.7503E
The Raiders/Indian Reservation CQ 30768 CAQ 30768 CDAK.7508E
Lynn Anderson/Rose Garden CQ 30411 CAQ 30411 e
Ray Price/For the Good Times CQ 30106 CAQ 30106

Percy Faith/Romeo and Juliet CQ 31004 CAQ 31004

Jim Nabors/Help Me

Make It Through the Night CQ 30810 CAQ 30810

Barbra Streisand/Stoney End CQ 30378 CAQ 30378

Walter Carlos/Switched-On Bach MQ31018 MAQ31018

Simon and Garfunkel

Bridge Over Troubled Water* CQ 30995 CAQ 30995

Blood, Sweat and Tears* CQ 30994 CAQ 30994
Subotnick/Touch MQ31019 MAQ 31019

No, No, Nanette/

Original Cast SQ 30563 SAQ 30563

Leonard Bernstein/

Also Sprach Zarathustra MQ 30443 MAQ 30443
Poco/Deliverin’ EQ 30209 EAQ 30209

Bob Dylan/Nashville Skyline* CcQ 31007 CAQ 31007

Tammy Wynette/

We Sure Can Love Each Other EQ 30658 EAQ 30658

Sly & The Family Stone/

Greatest Hits EQ 30235 EAQ 30235

Kooper, Bloomfield, Stills/

Super Session CQ 30991 CAQ 30991

Leonard Bernstein/Verdi Requiem M2Q 30060 QMA 30060

Ten Years After/A Space in Time* CQ 30801 CAQ 30801

Johnny Mathis/

You've Got a Friend CQ 30740 CAQ 30740

Chase EQ 30472 EAQ 30472

Leonard Bernstein/Mass* M2Q 31008 QMA 31008

“Coming soon

The SQ disc, then, carries in its
grooves two different kinds of signals:
vectored modulations for the two
basic stereo or front speakers, and
helical modulations for the two back
speakers,

However, no special pickup is
needed. All stereo pickup cartridges
are capable of translating all of these
modulations.

To decipher these four signals and
recreate the quadriphonic sources, the
SQ decoder is needed. The decoder
senses the four basic modulations and
produces four signals containing
predominantly the sounds of the
corresponding original four
quadriphonic tape channels. These
signals are then directed to power
amplifiers and four loudspeakers
placed in the respective corners of the
listening area. {A complete technical
description is included elsewhere in
this issue).

A more complex decoder is also
available for SQ records and this
contains logic circuitry which by
sensing relative strength and phase
angle relationships can increase the
effective separation between individual
speakers,

Simple but effective. This ‘add-on’ four channel unit — the QSP 10
from Sansui — is supplied complete with in-built amplifier and two
bookshelf type speakers. Unit can decode ‘matrixed’ records and
can also synthesize four-channel sound from standard stereo discs.

At present SQ decoders are being
manufactured by Sony (Sony and CBS
have a joint operation in Japan for
distributing recordings). Licencing
arrangements to build SQ equipment
are currently being arranged by CBS
and a number of US manufacturers

including Lafayette, Radioshack,
Sherwood Electronics etc.
A major advantage that the

CBS-Sony SQ system has over many of
its competitors is the fairly ready
availability of programme material.
Already CBS have produced a quite
comprehensive range of SQ discs and
we found these readily available for
sale in the USA. In the UK, CBS has
licenced the giant EMI group to
produce SQ records and we hear that
these will also be on sale very soon in
Australia. The quality of the CBS SQ
discs is very high indeed and in most
instances the four-channel format is
intelligently handled.

Apart from the SQ matrix system, a
number of other less complex matrix
systems are marketed by companies
such as Pioneer, Sansui, Dynaco,
Electrovoice etc. Some of these are
specifically intended only to decode
the manufacturer's own brand of
records — others are more versatile.
The latest Dynaco and Electrovoice
units have circuitry to enable them to
decode nearly all ‘matrixed’ discs
including those using the CBS-Sony
SQ system.

These non-SQ type encoders operate
by taking the four input information
channels and combining them in a
combination of in-phase and
out-of-phase conditions. The decoders
then take the two pairs of stereo
signals and using a technique which is
in effect the inverse of the encoding
process, extract four separate signals.
A resultant front-left plus front-right
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DYNACO QUADAPTOR utilizes ambience
information existing on many standard
stereo records to produce a ‘synthesized’
fourchannel effect. No other equipment is
needed except of course two more speakers.
Price? About $48.

signal appears half-way between the
two front speakers and an out-of-phase
left minus right appears between the
two rear speakers. The resultant
apparent sound source can then be
made to ‘appear’ somewhere between
the front and rear speakers.

Generally speaking the apparent
separation is not as good as with the
CBS-Sony SQ technique but that
system is far more complex and
naturally more expensive.

SYNTHESIZED FOUR-CHANNEL
SOUND

All matrix decoders have the ability
to synthesize four-channel sound from
two-channel records. This ability is
limited to recreating the ambience of
the hall in which the recording was
originally made and varies very
considerably from record to record.
The technique works because complex
phase and amplitude relationships on
standard two-channel stereo records
contains this data in otherwise
‘hidden’ form. It is there — but by
accident. Some records — notably
those produced by Dynaco — are

The records listed below are those we have found particularly effective in demonstrating the
extra information-retrieval capabitities of the Dynaquad (and similar) simple matrix circuits.
All these records will produce added ambience, those preceded by (*) exhibit substantial

directional effects as well,

* Beach Boys: “*Sunflower'’ (Reprise S 6382) In Cool, Cool Water the back speaker seems

to get wet.
Beatles: *'Let It Be' (Apple 34001

)
Beriioz: **Requlem’’ (Philips 6700.019) The acoustics of Westminster Cathedral are

Clearly evident.

Bizet/Shchedrin: *Carmen Ballet'' (Melodiya/Angel S 900%,)
In Spinnin, eel in

* Blood, Sweat and Tears (Columbia CS 9720?
are decidedly in front, with unexpected in
Boston Pops Orchestra: ‘“‘An Evening At The

Irish Night At The Pops" (RCA Red Seal L.

|g Fartlcular the soloists
strumental effects in the rear.
Pogs" (RCA Red Seal LSC 2827) and

C 2946) Both discs were recorded live.

* Britten: “*‘Noye’s Fludde'' (London OS 25331) Deleted, though according to London,
current pressings on Argo ZNF 1 are presumably made from the same masters.

Eileen Farrell: "'I've Got A RI?
* Fiddler On The Roof (Original Cast; RC

ht To Sing The Blues' (Columbia CS 8256) Deleted.
Victor LSO 1093)

*  The Last Night Of The Proms (Philips 6502.001'4 Stunning audience involvement,

particularly in Pomp and Circum
*  Pink Floyd: "Ummagumma’
Species of gma// P—urry Animals
are particularly delightful.
Shakespeare: Macbeth (Caedmon SRS S 231)
Of Jimmy Smith'* (Verve 68721
* Stereo Checkout — Demonstration

athered

has extreme four directional ef
then mixed down to two channels,

s{ance and
* Lee Michaels (A & M 4199) e./:?hty ﬁl is recorded |ive, and the audience sings glong.
(Harvest STBB 388) §e

ule Brittania.

rantchester Meadows and Several
Together in a Cave Grooving With a Pict

Act 1, Scene 1 Jimmy Smith: " The Best

1 ecord (Westminster WSS 1) Deleted.
* Stockhausen: "Electronic Music* SDeutsche Grammophon SPL.
ects. It was originally recorded on 4-channel tape,

138811) Kontakte

*  Simon and Garfunkel: “Bridge Over Troubled Water"” (Columbia KCS 9914) Cecilia

and Bve Bve Love especially.

*  Stockhausen: **Kurzwellen'” (Deutsche Gr mm%plhon 2707045)

*  Wagner: “‘Siegfried’’ (London OSA 1508) Side

ALSO

n particular

any disc recorded in the Electro-Voice 4-D matrix format (marketed in Australia as Quad-

Spectrum Sound by Astor.)

especially recorded to enhance this
effect.

A sub-group of matrix systems are
designed solely to exploit this
‘accidental’ matrixing data described
above. These are available from as
little as $10, and are produced by
many companies including Dynaco,
Lafayette, Koyo, Palm, EV, etc. The
technique, which requires no other

components except of course two
loudspeakers — has been described
as a constructional project in the

August ‘71 issue. The technique is
simple but very effective on many
recordings. (It can also be used with
stereo tape recorders).

The whole matrix technique has (as
we reported last month) been
considerably snarled up by the recent
award of US Patent No. 3,632,886 to
Peter Scheiber covering encoding and
decoding matrix techniques for
four-channel recording and
broadcasting.

This patent is said to be basic and
‘will cover all present and future
matrixing systems’. Peter Scheiber is
now associated with the Electro-voice
organisation. Howard Durbin,
technical director of Electro-voice says

that ‘Our basic interest is in
establishing the four-channel concept
as an industry with playback
equipment in all price classes’.

ISIT ALL WORTHWHILE

A year ago we would have said ‘no’.
At that time most demonstrations of
the new media were unconvincing —

mainly because the programme
material was so awful that it was
practically impossible to judge

whether the system was worth the
trouble and expense.

Today the situation is rather
different — a number of quite
excellent four-channel recordings are
commercially available and we state
quite unequivocally that given the
right surroundings (and programme

material) four channel sound -—
discrete or matrix — adds very
considerably indeed to one's

enjoyment of music. Sometimes the
difference is practically as marked as
that between mono and stereo.

But this statement must be qualified
by repeating that the room in which
the gear is heard must be suitable for
four-channel sound. The main
requirements seem to be that the room

Three low-priced four-channel ‘synthesizers’, Unit (far right) is specifically intended for converting a car two-channel cartridge player to
‘four-channel’, Like the Dynaco unit the only other bits required are two more speakers. Prices start at around $10.

Low
FRONT

GUADBONIC 4-CHANNEL ADAPTER.

acs




FOUR-CHANNEL SOUND

should not be overiy large and
acoustically should be fairly dead. The
average domestic living room with
normal soft furnishings, carpeted floor
and curtained windows is just fine.

As this article has explained, there
are various four-channel media — from
reel-to-reel tape to gramophone
records. Of these the best system
technically must be reel-to-reel tape,
for despite the cost of equipment this
technique provides superb channel
separation and excellent sound
quality.

The reel-to-reel enthusiast has no
problems if he can make his own
material — if not his choice of ready
made programme material is very
limited indeed — although at the time
of writing (April 28) there are rumours
that a major US recording company
may be entering this field.

The cartridge system will appeal to
the car owner especially if he also has
a domestic four-channel cartridge
player in his home. At present few
cartridge  players can provide the
sound quality of the other four-
channel systems — but most of them
provide at least ‘medium-fi’! However
as our review of the Akai 1800S
combined open-reel and cartridge
recorder {pages 56-59 of this issue)
show — true hi-fi sound can be
obtained  from cartridges if good
quality tape (and associated electro-
nics) is used,

It is also quite probable that

JVC Nivico four-channel amplifier.

EXPERT COMMENT

In the early days of stereo, it was
customary to sit fairly well back
from the loudspeakers so the angle
subtended by the s kers to the
fistener was less than 909.

with the introduction of
four-channel, most of the
manufacturers have suggested a
square arrangement for the speakers.
But this tends to produce a ‘hole in
the middle’ and is possibly one
reason why a few reviewers have
commented that while four-channel
sound great— it does not sound quite
like the real thing.

If the speakers are arranged in a
curve, the length of which is about
1200 to 1800, the stereo image is
vastly enhanced but the feeli of
sound surrounding the listener is lost.

Another possibility, primarily when
the rear speakers contain primarily
reverberant information, is to point
the speaker at the side or rear wall to
provide a greater degree of diffusion
by increasing the number of
refiections.

1 think that there Is still a long way
to go before we will really be able to
telt how good four-channel will be.

Murray Wood, B.E, BSc. M.E.
Louis Challis & Associates.

cartridge systems will be available with
circuitry suitable for chromium
dioxide tapes — and inbuilt Dolby
system.

The four-channel cassette is very
much an unknown quantity at the
time of writing — however
developments in this new field are
taking place so quickly that there may
well be a four-channel cassette format

in the reasonably near future. It all
depends on the Philips group. They
hold all the patents!

It is extremely probable that both
cartridge and cassette tapes will soon
be produced in matrix form — if this
transpires they will be reproducible
through the same encoders that are
now produced for gramophone record
use.

For the record enthusiast the big
question must be whether to go for
the JVC Nivico/RCA system of
discrete four channel sound - or
rather to choose the CBS-Sony SQ or
other matrix systems. The two systems
are currently quite incompatible -
their records and decoders can only be
used with the system for which they
were made.

Massive investments have been made
by manufacturers backing both the
JVC and SQ record systems and it is
unlikely in the extreme that either
system will become obsolete in the
near future.

At present only JVC decoding
equipment can be used to decode JVC

"CD-4 records and theoretically at least,

an SQ decoder should be used for the
SQ records. But if licencing
arrangements permit, it is logical for
companies to produce decoders that
can be used for either type of record —
it would not be too difficult for such
decoders automatically to detect the
ultrasonic carrier in the JVC disc and
switch accordingly.

One problem, that whilst not yet too
serious — may become more so in the
near future, is the difficulty of
broadcasting the JVC signal over
stereo FM. This signal just cannot be
accommodated within the existing
frequency bandwidth allocations.
Legal changes must be made if it is to
be used. Apart from the legalities, FM
broadcasting stations may well oppose
transmitting the signal, for it would
mean expense in modifying equipment
to relccate the 38kHz stereo FM
subcarrier etc. The SQ signal, on the
other hand, can be transmitted with-
out any changes at all, and in the USA,
Layfayette’s new model LR-440 stereo
FM receiver has an SQ decoder inbuilt.

As far as record players are
concerned the special JVC CD-4

QUAD-WRANGLE

Japan’s JVC Nivico organization are
reported to be seeking a way to use
the term ‘Quad’ on its four-channel
systems and RCA are also strongly
considering the use of this name on
their products — although a firm
decision has not yet been reached.
The problem is that the name ‘Quad’
is a registered trade name of a British
manufacturer producing hi-fi*
amplifiers, tuners etc.
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For those countries that have it — stereo FM broadcasts can be synthesized into
‘four-channel’ sound by units such as this Pioneer QX 8000 receiver.

cartridge and Shibata stylus may be
fitted to any record player — and of
course can be used to play SQ records.

Currently some decoders have
amplifiers in-built for the two rear
channels — others rely on the user
supplying a separate amplifier, or
buying a special four-channel
amplifier. Certainly if one is seriously
considering present or even future
investment in four-channel equipment
one could consider purchasing a
four-channel amplifier.

By far the cheapest way to try
(rudimentary) four-channel sound is
either to make or buy one of the
simple quadriphonic synthesizers.
These are obtainable from ten dollars
upwards and unlike the more complex
four-channel eauipment, these
synthesizers do not require a second
amplifier. They connect directly to a
second pair of speakers. This type of
system has some major limitations but

at least it does provide a good idea of
the possibilities of true four-channel
sound, and /f later one decides to go
into fourchannel sound ‘totus porcus’
one will still require the speakers
anyway. The speakers should be of
good quality, but unless one is
definitely p'anning eventually to buy
full ‘discrete’ equipment the speakers
need not necessarily be of as high a
quality as the front units.

This approach to four-channel sound
will not for one moment provide the
quality of a true four-channel
installation but it does give some idea
as to what is possible without spending
a lot of money.

Having for the past month used
practically every item of four-channel
equipment currently available — one
thing is clearly apparent. This is that
with the exception of the simpler
‘synthesizers’, most of the hardware is
far too complex to use. In some cases
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it is necessary to switch on as many as
four separate units and adjust a
multiplicity of controls. Many of these
set-ups are an ergonomist’s nightmare.

Four-channel sound really can do a
great deal of what its protagonists
claim for it. It cannot yet — and
possibly never will — recreate the total
ambience of a concert hall, for one
cannot create a new ambience without
first removing the old one. But it
certainly does create a feeling of
spaciousness that we have never
obtained before from any two-channel
equipment, no matter how costly.

Four-channel sound has too many
positive advantages for it merely to be
dismissed as yet another industry
gimmick — although with little doubt
it is a ‘manufactured need’ that people
had not previously been aware that
they required.

But like electricity it is probably here
to stay. o

FOUR-CHANNEL EQUIPMENT
MENTIONED OR DESCRIBED
IN THIS ISSUE IS MARKETED
BY THE FOLLOWING |
COMPANIES.

AKAIl AKAI Australia Pty. Ltd., 276
Castlereagh St., Sydney, NSW,
2000

CLARION United Car Radios, 152

Commerciat Rd, Prahran,
Victoria, 3181

DYNACO Danish Hi-Fi Pty. Ltd.,
698 Burke Rd., Camberwell,
Melbourne, Vic. 3124

HARMON KARDON Recorded
Music Salon, 23 Coliins St,,

Meibourne, Vic. 3000

JVC valco Hagemeyer (Australasia)
59, Anzac Parade,
Kensnngton NSW. 2033

KENWOOD Jacoby Kempthorne Pty.
Ltd., North Rocks Road, North
Parramatta, 2151

KOYO Radio Parts Pty. Ltd., 562
gperacev St., Melbourne, Vic.
00

LAFAYETTE Electron Tube
Distributors Pty. Ltd., 94 High
St., St. Kilda, Vic. 3182

PALM Radio Parts Pty. Ltd.,, 562
Spencer St., Melbourne, Vic,
3000

PHASE 44 Radilo Parts Pty. Ltd., 562
Spencer St., Melbourne, Vic.

PIONEER Astronics Australasia Pty.
Ltd.,, 161-173 Sturt St., South
Melbourne, Vic. 3205

SANSUI Simon Gray Pty. Ltd., 28
g(l)lgabeth St., Melbourne, Vic.
0

SHIBATA Hagameyer (Australasia)
NV. 59 Anzac Parade,
Kensington, NSW, 2033

SONY Jacoby Kempthorne Pty. L.td.,
469-475 Kent St., Sydney, 2000

TEAC Austratian Musical tndustries
Pty. Ltd., 155 Gladstone St.,
South Melboume Vic. 3205
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ALL ABDUT £;~CHANNEL SOUND

by Benjamin B. Bauer,
CBS Laboratories.
Stamford.

USA.

A full review of the CBS-Sony
SQ system in included in this
issue (pages 50-55).

record groove is a two-channel

medium. It is possible to record

on it only two "‘orthogonal”,
or independent channels. But the
orthogonality can be chosen in various
ways for example, with 45°/-45° or
lateral-vertical stylus motions, and, as
we have discovered during our matrix
studies, with clockwise and
counter-clockwise circles.

The two channels of any other
orthogonal set one may choose will be
independent of each other, but not
from another set — some information
will be transferred from one set into
the other. This in essence, is the
problem of placing four channels on a
disc — how to minimize the effect of
information transfer, and thus to
portray a credible four-channel sound
display.

STEREOQ COMPATIBILITY

Before describing the SQ record, let
us consider briefly the philosophy that
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must be adopted to produce a truly
compatible stereo-quadraphonic
system. We take it for granted that
such a record must exhibit full
frequency response, output level, and
freedom from distortion and noise,
which characterize the present high

- fidelity stereo disc and we believe

precludes the use of carrier systems
since they wear so rapidly and take up
so much 'modulation space.’’

For the moment let us return to our
initial premise — that the SQ record in
the quad mode should produce a
sound which for all intents and
purposes is the same as that of the
original four-channel master tape. But
what about the listener who hears the
same record on a two-channel
stereophonic system? What should be
hear?

This question is an extremely
important one if we are to attain full
compatibility. Suppose a room s
equipped with quadraphonic

loudspeakers in the corners and you
are standing in the centre facing in the
forward direction. The performance of
a symphony orchestra spans the space
between the front loudspeakers. The
reverberant energy of the hall is
reproduced by the whole system
including the rear loudspeakers, Or
perhaps the performance is a rock
quartet with the artists placed in the
corners. The general arrangement is
shown in Fig. 1. How should we
""fold”, or transform, this performance
from four loudspeakers to two with
maximum listener satisfaction?

Before we answer this question we
call to the attention of the reader that
the sounds from the front
loudspeakers in Fig. 1 are shown to
follow straight-line arrows, while those
from the rear loudspeakers appear to
follow a bent path! This is not a
physical perturbation, but rather a
physiological one which we discovered
during our psychoacoustic studies
related to quadraphonic reproduction.
The- fact is that the width of a sound
image in the back of us appears to be
greatly contracted compared with that
which we sense from the front with an
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identical array of sources.

If you have a stereophonic
components system you can prove this
to yourself with very little difficulty.
Stand in the centre facing the stereo
loudspeakers while a record with good
channel separation is playing and make
a mental note of the image width;
next, turn around rapidly and you will
sense the image to collapse to perhaps
1/3 of ‘its original width! The
discovery of this phenomenon, which |
call "back image contraction’”’ has
played an important role in
determining the most propitious way
of transforming a quadraphonic
performance into one which is fully
satisfying artistically in the
stereophonic mode.

Keeping in mind the above-described
experiments, only one method
provides a satisfactory quad-to-stereo
transformation: the orchestral stage
must remain undiminished, i.e. the
front channels should stay where they
originally had been — in front,

spanning the full interspeaker space.
Any discrete back channel sounds have
to be transferred into the front
channels in such a manner that a
symmetrically located listener
perceives a minimum change in the
aspect of sound as a result of the
transfer. This latter objective s
realized if the sounds originally
coming from the rear loudspeakers
remain at full strength but are
positioned in front as if they had been
reflected from the front wall bouncing
back toward the listener (as illustrated
in Fig. 2). This latter aspect causes
them to arrive at the same included
angle from the front that they
appeared to sustain when they
originated from the rear loudspeakers.
Any front centre signal, CF in the
quad presentation should, of course,
remain at the centre of the stereo
display. And if the “reflected”” sounds
carry with them a feeling of being
more distant, a depth illusion s
created which helps to provide a

RECORD

-how it works
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Fig. 1. Typical four-channel sound. For
classical music the main sound appears from
front speakers — rear speakers mainly supply
reverberant sound. A ‘pop’ quartet however
may well be recorded such that each
performer is placed in a separate corner.

Fig. 2. How a quadriphonic record may be
satisfactorily reproduced on a two-channel
system, The two rear channels Lgand Rg
have been transferred to the front channels
and appear as a ‘reflected sound’ from an
imaginary front wall.
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quadraphonic identification to the
stereo display.

With the quad-to-stereo
transformation described above, a
symmetrically placed centre observer
notices the least change when the
system is switched from quadraphonic
to stereo, and this in itself is proof
that a satisfactory “fold’’ has been
achieved. As a matter of fact, the best
place from which to observe the
impact of quadraphonic sound is not
at the centre of symmetry. One of the
virtues of quadraphony is that it frees
the listener from the
centre-of-the-room spot. Its impact is
widely distributed over the listening
area.

COMPATIBILITY REQUIREMENTS

We can set forth some of the
requirements to be expected from a
compatible stereo-quadraphonic
record and from the playback system
on which it is to be reproduced.

1. In the compatible stereo mode
the record should exhibit full
front-channel separation. This is in
accord with the above-described
experiments.

2. Since with the quadraphonic
capability at hand the producer is able
to place the performers everywhere
and to “pan’ the signals anywhere
around a 360° circle, the system
should possess omnidirectional stereo
fidelity; which means that if a
constant signal is panned around the
encoder, the total sound power
delivered to the stereophonic
loudspeakers should remain constant
regardless of the angle of pan.

3. Upon decoding into
four-channels, at least the front pairs
of channels should exhibit as complete
a channel separation as possible.
(Additionally, the greater the channel
separation between the other adjacent
pairs of channels, the better the
quadraphonic illusion.)

4. For the same reason as in (2),
above, the system should display
omnidirectional quadraphonic fidelity,
i.e. with a signal panned into the
encoder around a 360° angle, the total
encoded energy applied to the four
loudspeakers should remain constant.

5. Since the signals recorded on the

disc will be used to produce an
unambiguous quadraphonic
performance, there should be no

ambiguity in the encoded signal as to
direction with a signal panrmed around
the encoder input over a 360° angle;
or to put it in reference to the
decoder, there should be no ambiguity
in the set of decoded signals over the
full circle of sound arrival.

6. In principle, the system should
be able to handle at least single
discrete channel sounds discretely
through the corresponding
loudspeakers. This, we will show,
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THE SQ RECORD

Fig. 3. §Q record modulations.

requires the use of a suitable electronic
logic added to the matrix system. The
logic is a rather expensive refinement
which has proven to be unnecessary in
the majority of home-type
reproduction equipments. However,
the matrix system should preferably
be such that a suitable logic can be
used with it.

7. When the matrixed signal is
broadcast through an AM station or is
played on a monophonic phonograph,
all four channels should be transmitted
without loss in level. In the case of the
rock group it would not do for the
back performers to drop in level
significantly relative to the front ones,
thus depriving the listeners of the full
measure of performance.

THE SQ RECORD

We can now proceed to describe the
SQ record system. Since we have
decided to leave the front channel

Photomicrograph shows the CBS SQ groove with signals in (A) left
front only, (B) right front only, (C) left rear only, and (D) right rear
only. (Note that the groove is made visible by light reflected from
its walls; black areas are the “land’’ between the grooves.) Grooves
embodying the front channels show modulation only on the
appropriate groove wall; each rear channel, however, employs both INPUT
groove walls, one wall or the other “’leading”’ depending on whether

right or left rear is recorded.
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sounds unaltered when changing from
quad to stereo, we cause our LF and
RF channels to become the Left and
Right stereo channels, respectively.
This also means that any centre-front
sound, Cr ,becomes equal to the centre
sound of conventional stereo resulting
in lateral modulation.

Next, we have to accommodate the
Ls and Re channels. During our
investigations, we have discovered that
two circular stylus motions, namely
clockwise and counterclockwise, also
form an orthogonal-set. It turns out to
be favourable to assign to the LB
channel the clockwise motion and to
the Re channel the counterclockwise
motion. The two motions, in
combination with the longitudinal
motion of the groove create a double
helix, which then carries our back
channel sounds. When a centre-back
channel is recorded the two oppositely
directed helixes combine into a
vertical modulation. The
above-described six cardinal
modulations of the SQ record in
vector form are shown in Fig. 3, and a
microphotograph of a portion of the
groove exhibiting the four principal
modulations is shown in Fig. 4.

The method of encoding an SQ
record is shown in Fig. 5. After the
recording director has approved the
edited version of the master tape
which appears on four loudspeakers in
the editing room, the corresponding
channels, namely LF RF Ls, and Rs,
of the master tape are connected to
the SQ encoder, resulting in-a pair of
encoded signals defined by the phasor
groups LT and RT. Itis noted that LF
and RF are precisely in-phase at the
output terminals and are completely
isolated from each other: that is, there
is no LF present in RT, and no RF in
LT. Thus, the front-channel separation

remains infinite, meeting our first
condition for a properly performing
stereo-quadraphonic system. The back
channels, Ls and Rs, are n
quadrature with the 0.707Lg term at
LT leading the equivalent term at RT,
and the 0.707Re term at Rt leading
the equivalent term at L7v. This
quadrature relationship is what
provides the circular stylus motion
described previously. This quadrature
relationship produces an unexpected
benefit: introduced into the stereo
loudspeaker they result in an image
which is somewhat spread (suggesting
distance) and predominantly placed to
the left and right respectively, for Ls
and Rs chanrels. This is precisely the
format for quadraphonic identification
in a compatible stereo-quadraphonic
display, as prescribed from our
previously-mentioned psychoacoustic
studies.

At first glance the two phasor groups
in Fig. 5, (L7 and RT) appear to
exhibit an assymetrical  phasor
orientation. However, a bit of analysis
shows at once that in practice this is
not the case. in fact, since the signals
of the four channels are all different or
“incoherent,” it is not in the best of
orthodox trad:tion to display them all
on the same phasor diagram. We can
draw proper conclusions only with
respect to phasor relationship between
the equally named phasors. The
grouping that we use is of principal
value in performing mathematical
analyses with respect to the SQ
system. For example, if a signal is
panned around the four channel
positions in such manner that its
power delivered to the encoder
remains constant, we are readily able
to calculate the relative voltages and
phase positions at the output terminals
of the encoder. This operation is best
performed on a digital computer, and
the readout corresponding to this
condition is shown in Table 1. It is
seen that as the signal is panned
around 360° the total stereo power
remains precisely constant at a 0 dB
level. Thus, our encoding system also
meets the second condition prescribed

for a satisfactory compatible
stereo-quadraphonic record.
L
.707 O—
LT
l b=
c 707 S
7 Y sa
ENCODER
Rpe
707 O
| S
(g B q RT
—
L_707 o—
707RB
.707¢C
!.B
PANNE D O—
707L g “F0C

PAN

POTENTIOMETER

Fig. 5. How the SQ record is encoded.
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AMP PHASE AMP PHASE POWER (0€G)  (gm)
(DEGREES) (VOLT) gose) (VOLT) (DEG) (dB) 0 a0 D
.0 .707 60.0 .707 60.0 —.00 B8 a0 s
22.5 .383 360.0 .924 360.0 —.00 o0 90 ‘oo
45.0 .000 360.0 1.000 360.0 .00 s ’
67.5 271 360.0 963 16.3  —.00 e A
90.0 .500 360.0 866 35.2 —.00 200 30 200
112.5 653 360.0 757 59.5 —.00 tzs 30 653
135.0 .707 360.0 707 89.9 —.00 BE0 - 80 XD
157.5 .707 337.5 707 112.4 —.00 1 80 o
180.0 .707 315.1 707 134.9 —.00 e OO0 2o%
202.5 .707 292.6 707 157.5 —.00 GHD 80 Y
225.0 .707 270.1 707 180.0 —.00 2250 3.0 -707
247.5 757 300.4 653 180.0 —.00 2475 3.0 757
270.0 .866 324.8 500 180.0 —.00 2700 J.0 -866
292.5 .963 343.7 271 180.0 —.00 225 20 963
315.0 1.000 360.0 000 360.0 .00 350 3.0 1.000
337.5 .924 360.0 383 360. —.00 3315 30 924
360.0 707 360.0 707 360.0 —.00 3600 30 707
Table 1 — Relative amplitudes and phases of output signals
from SQ encoder, and total stereo power level as a function
of the bearing angle of ‘‘panned’ signal. angle of ‘‘panned’’ signai.

(VOLT) (DEG)

360.0
360.0
360.0
360.0
360.0
360.0
360.0
3376
315.1
292.6
2702
300.5
J24.8
3437
360.0
360.0
360.0

207
707
707
654
-500
2an

1351
157.5
180.0
179.9
180.0
180.0
1800
0
0
.0
4
16.4
353
59.7
90.1
112.6
135.1

(VvOLT) (DEG)

707

.707

360.0
360.0
360.0

16.3

3s5.2

59.5

29.8
1123
1349
157.4
180.0
180.0
180.0
180.0
360.0
360.0
360.0

LFAMP LFPHA LBAMP LEPHA RFAMP RFPHA RBAMP REBPHA
(VOLT) (DEG)

(VvOLT) (pEG)

707
707
707
757
866
962
1.000
924
.707
.383
.00}
271
-500
653
207
107
.707

315.1
2926
2701

Table 2 — Total power level, relative amplitudes and phases of
output signals of SQ decoder as a function of the bearing

OECOODING THE SQ RECDRD
To decode the SQ record into four
signals which correspond to the

original four input channels into the
encoder, a decoding matrix can be
used, Each input signal is modified by
two psi networks, which are all-pass
networks shifting the phase of the
signal as a function of frequency
without in any way altering its
frequency response or output level.
The networks in each pair are similar,
except that one of the pair provides a
basic phase-shift ¢ + 90°) (f).
basic phase-shift Y (f), while the other
provides a phase shift (¢ + 900) (f).
Networks of this type are commonly
used in broadcasting practice to
improve the modulation capabilities of
radio transmitter. The outputs of the
psi networks are combined linearly
with two summing junctions and
presented through four isolating
amplifiers to the output terminals L'F,
L‘'s, R’F, and R'B, respectively.

We observe the following facts: The
principal decoded signals, LF Le Rs
and Rf at the output terminals are
precisely equal and in phase. This
assures that high-fidelity capability is
inherent in the decoded signal. We
note further, that not only in the front
channels, L‘'r, and R’'rF, are the
original signals LFr and RF completely
isolated from each other, but also that
in the back channels, L'r and R's, the
signals Le and Re are completely
isolated from each other. This is
because the two components of the
double helical ~modulations are
orthogonal and become completely
isolated after SQ decoding. Thus, in
the SQ matrix, both the front and the
back channels exhibit total channel
separation. This clearly meets the
requirements of our condition 3 for
stereo-quadraphonic performance.

We can further programme our
computer to show what happens to
the signals of any one decoded channel
as well as to calculate the total power
in all four channels as a signal is
panned around the encoder. The result
appears in Table |1, demonstrating that
the power remains strictly constant
during the panning process —
therefore, complete omnidirectional

quadraphonic fidelity exists, fulfilling
condition 4 for high-fidelity
stereo-quadraphonic performance.
With respect to unambiguity of
directional response, we refer back to
Table | and observe that in no sense
are the pairs of output signals of the
set identical or proportional in their
amplitudes and phase angles,
demonstrating that condition 5 s
applicable. For each position of the
panning potentiometer there is a
unique set of phasors which
characterizes the direction of the
output signal from the encoder.

REPRDOUCING DISCRETE
SIGNALS

While there is total channel
separation between the front and the
back signal pairs, there is transference
of signals between the front and back
channels. For example, the presence of
a front left signal, Lr in its proper
channel, also results in two transferred
signals of identical amplitude, 0.707
LF, but in a quadrature position in the
back channels. This means that in this
signal condition there is also infinite
separation between the left RF and
the Re channels, but only a 3dB
separation between the Lf and Ls
channels. Similar signal relationship
can be shown to exist for all the four
individual channels.

The front-back channel isolation can
be greatly improved by adding an
electronic "logic’’ to the matrix. Such
a logic can be described within the
scope of this article only in general
terms. Thus, if we provide a logic
circuit which can detect the presence
of equal inquadrature signals in the
front and back channel pairs and equip
the decoder outputs with gain control
amplifiers, we can cause the circuit to
diminish the gain of the channel pairs
in which the transferred signals are
found and correspondingly to raise the
gain of opposite channels so that
overall power remains unchanged; and
this will leave the primary signal with
the correct total power and at its
proper loudspeaker only. The action is
made rapid enough as to be inaudible

and is applicable equally to all four
channels. The effect is precisely the
same as if there existed four separate
lines between the master tape and the
loudspeakers.

In practice, however, quadraphonic
signals seldom appear in isolation.
Instead, there virtually is a constant
interplay between the channels. As the
sounds from various channels overlap
in rapid sequence the action of the
logic is less significant because ithe
hearing mechanism becomes too
confused assuredly to tell the direction
from which a particular sound
originates. With simultaneous and
complex sound patterns the difference
between the master tape and the
reproduced matrix sounds becomes
imperceptible even with diminution of
logic action. Under all the conditions
usually encountered, i.e., whether
there are isolated discrete sounds or a
constant interplay between the
channels, the listener almost invariably
is unable to differentiate between the

master tape and the reproduced
record.
Thus, condition 6 for

stereo-quadraphonic reproduction of
decoded sound has been met in the SQ
record system.

MATRIX DECODER
PERFORMANCE

While there is little doubt that the
addition of a logic to the matrix
produces superior performance,
especially with discrete channel
sounds, it is also true that with the
majority of quadraphonic selections
the four channels are operating more
or less continuously, thereby justifying
the possibility of omitting the logic
circuit from quadraphonic reproducers
in the moderate price categories. Many
engineers and artists who have listened
to the SQ system with and without the
logic mode have indicated that the
latter would be perfectly satisfactory
in the majority of applications, even if
discrete channels are not reproduced
without a measure of dilution. With

{Continued on page 123}
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Fig. 2. Amplitudes of common harmonics
FIG.1 DAILY LOAD CURVES TIME OF DAY normally found on supply mains.

THE total electric power usage
throughout the world is increas-
ing steadily at an annual rate of
3%, and according to some researchers
the total power used in about 200
years time at this present rate of
increase will equal that received by the
earth from the sun. Such power usage
if unchecked could seriously affect the
thermal balance of the earth and give
rise to ecological problems.

The control of power usage in the
future is a problem that requires
serious attention. Problems of power
usage control, however, belong not
only to the future, but to the present.

Fig. 1 shows the curves of peak load
versus time of day for a typical
electricity distribution system. The
top curve shows the loading for a
typical high load winter’s day, while
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the lower curve shows the loading for
a summer Sunday. Taking the
maximum peak load as 100%, it can be
seen that the average summer daylight
load is about 40% of peak and that the
average winter daylight load is about
70% of peak. Hence neglecting the
hourly variations it can be seen that
for a large part of the year, the
generating plant is only operating at a
low proportion of its total capacity.
As can be seen from the graph, the
major factor affecting efficiency is the
daily peak occurring about 6pm to
9pm. If extra plant were provided for
the top 40% of the peak load, it would
only produce about 3% of the total
energy required throughout the year.
This inefficiency must naturally be
passed on to the consumer in the form
of increased charges, an obviously

unpopular course of action.

There are, however, methods of
minimising the peak demands, and one
of these is Ripple Control — the
subject of this article.

RIPPLE CONTROL

Ripple Control (Audio-frequency
Injection Control) was introduced in
Australia almost 20 vyears ago.
Basically the system switches off
certain apparatus in the consumer’s
premises which has some storage
capability, a typical example being the
domestic water heater which may be
switched off for several hours
providing it has sufficient storage
capacity. Another major use of ripple
control is in the automatic switching
of street lighting.

The switching is performed by fitting
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Fig. 3. Typical ripple control pulse sequence.

control relays to the subscriber’s
switch board, or in the case of street
lighting, the local substation, which
are actuated by coded audio-frequency
tone bursts injected into the mains
reticulation system. Subscribers
subject to such switching, which
effectively denies them water heating
power during peak periods, are offered
reduced rates. The net effect of such
switching is to distribute the load
more evenly over the day and thus
obviate to some extent the necessity
for peak capability plant. The
installation of ripple control
equipment and the reduced power
rates naturally cost money, but it has
been found that such cost is usually
much less than half that required to
instal and maintain plant with full
capability.

The injected tone burst has a
frequency that is carefully chosen with
relation to several factors. Firstly, the
tone must not have the same
frequency as any of the supply mains
harmonics which have amplitudes as
shown in Fig. 2. This is why common

frequencies used are 175Hz, 200Hz,
300Hz, 500Hz, 750Hz and 1050Hz. A
list of frequencies used by NSW
Supply Authorities is given in Table 1.

Secondly the frequency must be
chosen so that a sufficiently high level
of tone voltage appears at each
consumer relay in the network. Lastly
the leakage of tone signals into the
high voltage network must be limited

in order to prevent mutual
interference between neighbouring
installations.

Generally the signal frequency is
chosen such that the longest feeder in
the network is less than a quarter
wavelength at this frequency. That is,
shorter than 40 miles for 1050Hz and
shorter than 80 miles for 500Hz.
Another consideration is that the
higher frequencies require less injected
power for satisfactory relay operation.

LEVEL OF INJECTION

Although injection could take place
anywhere in the system, the most
practical point in urban areas is into
the 11kV level which -provides a

Frequency (Hz) *Maximum Signal Voltage

TABLE 1
AUDIO FREQUENCY INJECTION FREQUENCIES USED
BY N.SW.SUPPLY AUTHORITIES
Supply Authority
Brisbane Water C.C. 1,050
Central West C.C. 492
Hartley C.C. 400
Illawarra C.C. 750
Mackellar C.C. 1,050
Macleay River C.C. 1,440
Macquarie C,C. 492
Murrumbidgee C.C. 300
Namoi Valley C.C. 390
Nepean River C.C. 1,050
Northern Rivers C.C. 291
Ophir C.C. 283
Peel-Cunningham C.C. 317
Prospect C.C. 1,050
St. George C.C. 492
Shortland C.C. 1,050
Sydney C.C. 750
Upper Hunter C.C. 500
Blue Mountains City C. 1,050
Broken Hill City C. 500
Mullumbimby M.C. 485
*Calculated from 10,000/f or 20 volts maximum and relative
to 240 volts.
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conveniently sized group of controlled
subscribers. In country areas the 33kV
or 66kV levels may be more practical.

The control relay requires
approximately two volts of ripple
voltage for reliable operation and a 5-6
volt minimum is therefore chosen in
order to provide adequate safety
margin. The maximum levels are
specified as 20 volts for injection
frequencies below 500Hz, and m?om

volts where the frequency is above
500Hz. These limits for various bodies
in NSW are also shown in Table 1.

INJECTION SYSTEMS

There are many possible methods of
coding ripple control signals. There are
two systems in use in Australia which
use very similar coding systems. These
are the Zellweger system and the
Landis and Gyr system. The Zellweger
system commonly known as the
Impulse Interval system will be
described first.

THE ZELLWEGER SYSTEM

This system uses simple encoders at
the transmitter and decoders at the
receiver, all of which are driven
together by synchronous motors.
Initially (Refer to Fig. 3) a start pulse
‘S’ is transmitted and this starts the
motors of EVERY decoder in the field
and these step through a 22 channel
switching sequence. Each relay can be
set to operate on any one of the
specified channels. The encoder selects
the channels required to be switched
on by transmitting a block of tone

@G&&rb
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Fig. 5(a) Equivalent circuit of parallel
injection system,

during the period that the encoder and
all decoders are stepping through that
particular channel. Synchronous
motors operating on the common
mains frequency ensure that encoder
and decoders remain in step. When a
block of tone corresponds to a
receiving relay’s preselected channel a
relay is energized, switching on the
subscriber’s circuit. If it is required to
switch off a subscriber’s circuit, the
tone is not transmitted during that
channel and the relay drops out.
Figure 3 shows a typical impulse
diagram for a 22 channel system. Each
channel has a duration of 7.5 seconds
giving a total cycle time of 3 minutes.
The encoder/programmer unit (Fig.
4) resembles in many ways a
mechanical music-box. It has a large
programme drum with 22 segments
(one segment per channel). Each
segment has adjustable pins to
programme the ON/OFF timing. The
whole drum rotates one revolution per
24 hours. Command sequences may be
generated automatically or manually
and individual channel segments can
be overridden by manual switching.

TRANSMITTER

There are two basic methods of
injecting tone bursts into the network
— parallel (Fig. 5a) and series (Fig. 5b).

In these diagrams the impedance of
the H.V. grid and the substation
transformer is represented by Zam and
impedance of the controlled network
by Zav.

In Australia all installations at
present use the parallel method of
injection, a typical set-up being as
shown in Figures 6 and 7. The
transmitter itself is a three phase
motor generator set — the motor being
a low slip (less than 1% at full load)
squirrel cage induction motor. The
generator has windings only on the
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Fig. 5(b). Equivalent circuit of series
injection system.

stator, the rotor being of toothed
lamination construction. This simple
construction ensures low maintenance
and excellent reliability.

The power required depends on a
number of system variables, but with
for example a 20MVA capacity
network, roughly 30kVA of ripple
frequency power is required.

The output of the generator is
switched by a contactor actuated by
the encoder pulse train. The
subsequent train of audio frequency
tone bursts is then passed via an
isolating transformer (to provide a
galvanic break between the generator
and the high voitage coupling
equipment) which has a range of
tappings to allow injection level
adjustment.

The transmitter system is connected
to the system busbars by a three-phase
tuned circuit.

This circuit presents a high
impedance to 50Hz thus preventing
supply mains feedback into the
transmitter. The circuit is tuned to
series resonance at the injection
frequency, and hence offers a low
impedance to this frequency.

RIPPLE RECEIVERS

The ripple receiver is a most
important component of the system.
It must be reliable, simple, must not
react to transients, must interpret all
code signals correctly and must be
capable of controliing loads of at least
5kW.

Fig. 8 shows the circuit arrangement
of a Zellweger receiver which has its
input connected direct to the 240 volt
supply on which the coded signals are
impressed. A double bandpass filter
separates the tone signals from the
50Hz and at the same time provides
step-up of the signal voltage. The tone
signals are then rectified and charge a
capacitor. As the control signal

duration is 7.5 seconds the capacitor
will charge sufficiently to cause a neon
to strike and hence discharge the
capacitor through the coil of a relay —
causing it to actuate. Because of the
integrating effect of this circuit,
transient voltages, which have a short
duration and hence low energy
content, will not actuate the relay.

When the start pulse is received and
the relay closes for the first time, a
contact starts a small synchronous
motor which drives a timer
mechanism. A numbered dial (Fig. 9b)
allows the timer to be set for any one
of 22 channels and should a further
tone pulse be received when the timer
reaches this channel, the relay operates
again actuating a deflection
mechanism which in turn actuates the
load switch. If the motor is started
again and passes through the selected
channel without the receipt of a
command pulse, the deflection
mechanism will turn the load switch
off.

50 kV.

DISTRIBUTION

COUPLING NETWORK
CAPACITORS
TUNING
COlILS
ISOLATING
TRANSFORMER
IMPULSE
CONTACTOR
(W |
CONTROL
- PANEL
GENERATOR

Fig. 6. Typical Zellweger system showing
method of injection into 11kV system.
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Fig. 7. Injection plant. Molor~generalor can be seen at lower front.

THE LANDIS AND GYR SYSTEM

The Landis and Gyr system although
very similar to the Zellweger system
has several marked differences. The
same impulse interval method is used
but there are 25 channels which are
scanned over a 30 second period. The
scan commences with a 460
milliseconds long start pulse and the
channel pulses are 100 milliseconds
long in contrast to the 7% second long
Zellweger pulses.

The transmitter utilises a static
inverter rather than a rotary converter
and Landis and Gyr maintain that this
allows the tone frequency to be
maintained much more precisely than
is possible with a device locked to the
supply mains. The advantages accruing
from this tighter tone frequency
control are: —

1) Receiver relay bandwidth may be
reduced with consequent increase in
sensitivity.

2) Increased relay sensitivity means
that lower levels are required and
hence lower injected power is
required.

3) Reduced relay bandwidth also
reduces sensitivity of relays to mains

borne interference, but this s
counteractec to some extent by the
use of a shorter pulse integrating time.

The Landis and Gyr system generally
operates at injection frequencies less
than 300Hz and usually injects at the
33kV or 66kV levels rather than
11kV.

INTERFERENCE

The value to the community of
ripple frequency control cannot really
be questioned, reducing as it does the

+
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ultimate cost of power to the
consumer. Unfortunately however,
there are some disadvantages. Prime
among these is interference with other
equipment. Many complaints have
been heard from Hi-Fi enthusiasts who
have tried in vain to reduce ripple tone
interference by improving amplifier dc
filtering. Phase controlled equipment
employing SCR’s and TRIACs is also
subject to interference.

Recently the patrons at an opera
performance were startled by seeing
the entire theatre and stage lighting
flashing up to full brilliance a few
times in the middle of a performance
— the cause — ripple tone interference
with phase controlled dimming
equipment,

As was pointed out previously the
normal injected level (at 1050H2z) is
about 6 volts in NSW and we are told
that in no case does it ever exceed 10
volts. This level is reasonable for
reliable control relay operation and is
claimed to be low enough not to cause
any interference to other properly
designed equipment. However, such
interference does occur and both
Zellweger and supply authorities claim
that this is invariably due to
inadequacies in the audio equipment
rather than the ripple control
equipment.

An International Committee was set
up in Europe to establish suitable
injection levels. The method of
evaluation was as quoted in
publication No. 1099 by Zellweger.

"“The acceptable ripple control levels
were arrived at by tests carried out on
a number of electro-acoustic
appliances of average standard. The
volume controls of these were set to a
position which, under normal
operating conditions, corresponds to
50mW output. A ripple control signal
of increasing voltage was then
superimposed onto the supplying
mains and the voltage of this signal
measured at the point when the
interference output of the appliance
reached 0.25uW. The acceptable ripple
control levels were then set somewhat
below the lowest values measured this

"

way.
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Fig. 8. Zeliweger ripple control receiver schematic circuit.
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Fig. 8. (a) The Zellweger

ripple control, receiving relay

as fitted to the consumer’s
switch board. (b) The same
relay with the main and terminal
terminal covers removed.

This corresponds to a level 53dB
down from maximum power output,
and at first sight would appear to be
reasonable. However, most modern
Hi-Fi amplifiers have hum *and. noise
specifications of 60-70 dB down.

in the light of these specifications
53dB down is hardly a comparable
noise level. In addition, an
examination of Fletcher-Munsen
curves of subjective loudness shows
that the ear at low power levels
requires 45dB less power at 1000Hz,
to produce the same subjective effect,
as it does at 50Hz. In the case of ripple
tones therefore a 1kHz tone at the
same power level as the amplifier hum
sounds very loud indeed and this
effect is further aggravated by the
pulsating nature of the tones.

We have therefore a conflict of
interests. On the one hand the
injection level cannot be lowered
much further without affecting the
reliability of the whole control system.
On the other hand we have shown that
the specification of maximum ripple
frequency interference level is hardly
adequate for modern Hi-Fi equipment.

The situation is rarely as bad as this
however, the majority of Hi-Fi
enthusiasts are not bothered by
interference at all, and a further
section are only bothered to a minor
extent. But there have been instances
of quite serious levels of interference
which have been very difficult to
reduce. Quite often, as mentioned

O— M, ——0

EE—
240 V. =tm TO AUDIO

71 mH

A.C. 4“F-l- APPLIANCE
O . O

Fig. 10. Filter suitable for reducing ripple
interference with audio equipment having
input power of 40-250 watts.
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before, attempts to decrease this
interference by improving power
supply filtering have had no effect.

INTERFERENCE MODES

Interference may arise by means of
magnetic coupling between adjacent
mains wiring and audio signal wiring,
electrostatic coupling, conductive
coupling (due to common earth paths)
and magnetic coupling between
transformer flux and low level wiring.
Interference is rarely due to
inadequate power supply filtering.

In the case of magnetic coupling
between adjacent cables, the only real
cure is to provide adequate separation
between them, which may entail
repositioning of the equipment.
Ordinary woven braid shielding has
little effect and can only reduce
magnetic coupling by about 1dB.

Electrostatic coupling is adequately
reduced by the simplest shielding of
cables and hence, the use of shielding
on low leve! cables should be used as a
matter of policy.

Conductive coupling is due to
interference signal currents passing
through the same earth sections as the
audio signals. Such coupling may be
reduced by returning all
audio-signal-earths to a common point
which is then attached to the main
earth.

Magnetic coupling due to the field of
the mains transformer will affect any
earth loops which are formed.
Therefore, as for conductive coupling,
common earth points should be used
as far as possible. The shields of low
level cables should be earthed at one
end only to avoid creating earth loops.
In addition the free end of the braid
should have all the individual
conductors bonded together (but not
earthed). Where wires are run in pairs,
twisting them will also reduce pickup.

If the transformer is mounted on a

steel chassis, a non-magnetic plate
should be fitted between the
transformer and the chassis.

Finally a filter may be used on the
input side of the mains transformer to
reduce the ripple current passed
through the transformer and hence
reduce the possibility of magnetic
coupling. A suitable circuit is as shown
in Fig. 10. This circuit is suitable for
equipment rated between 40 and 250
watts.

The 71mH choke should have a
current rating of 1.6 amps and be
wound on a 1.2 square inch core of
Francor or Armco |V laminations.
Wire gauge is 18 B & S and the
capacitor is 4uF at 250 volt ac
working.

To summarise, although the
International Committee which
established the injection levels was
convinced that interference would not
occur — in fact it does. The injection
levels cannot be lowered without
affecting ripple control systems
reliability. Ripple control is obviously
essential and in the future, perhaps
even more signals will be imposed on
the mains supply for various reasons.

It would seem, therefore, that audio
equipment manufacturers will have to
upgrade their equipment to provide
increased rejection of mains borne
interference and this must be accepted
as one of the facts of life.

The whole subject of interference is
being very seriously tackled by
Universities, The Electricity
Commission, PMG, ABC and the
Standards Association in conjunction
with similar bodies overseas. Ripple
control is only one small factor in a
large and ever growing probiem of
electro-magnetic pollution. The
constructive and co-operative efforts
of all involved are needed to ensure
that such pollution is minimised as far
as possible whilst still making the best
use of our advancing technology. )
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6 Into1 does go..

We've proved it. And proved it conclusively. Of course, we had
a little help from our friends, the sound fiends!

We built 6 loudspeakers into a hexagonally shaped speaker
enclosure, so that the sound travels in all directions, not
just one. Then we put it on the market: the acid test.
Result? Complete chaos. Crowded showrooms.

Small scale wars. Shattered staff.

And finally when we persuade our customers to leave,
they take two or maybe four. And they call
us later just to say ‘thank you.’

So, we're sorry to disillusion you, but 6 into 1 does go. And
if you don't believe us, come and have a listen.

But, please, don’t bring your friends.

AKAI NDS70 loudspeaker unit only $69.00* each (or $138"* a pair).

ALL AKAI EQUIPMENT IS BACKED BY A 6 MONTHS GUARANTEE
THE VERY REAL

SOUND EXPERIENCE
Manufactured by Akai Electric Co. Ltd.
and distributed in Australia by

AKAI AUSTRALIA PTY. LTD.

276 Castlereagh Street, Sydney, 2000.
Telephone: 61 9881.

* suggested retail price.

AK.12
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PART 3

TRANSDUCERS IN

MEASUREMENT
AND CONTROL

In this, the third article in this continuing series,
Peter Sydenham, M.E., Ph.D., M. Inst.M.C.,
describes automatic angle measurements.

O far in this series we have
Scovered how lengths, ranging

from microscopic to
macroscopic, can be transduced into
electronic signals using electrical,
mechanical and optical techniques. We
have discussed this parameter

thoroughly because length is a
fundamental parameter often leading
indirectly to the measurement of other
secondary variables. In fact it has been
said that some 85% of all
measurements involve length.

Another very common transducer

r———
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group includes devices that convert
rotation into the common electronic
language with which technical systems
are interconnected. Angle transducers
go under a variety of names — the
terms, resolvers, encoders, angle
transducers, rotary transducers,
digitisers, shaft position indicators and
synchros, all are used depending upon
the principle employed. Often the
names are applied synonomously —
and incorrectly.

Angle is dimensionless. It is defined
as subdivision of a circle, in a number
of ways. Gommonly used units are the
degree and the radian. There are 360
degrees in a circe (and 27 radians).
The latter comes about by defining
radian measure as the ratio of the arc
length to radius for a segment of a
circle. Radians are easily used when
small angles are involved for they
approximately express the deviation
per unit distance, for example, a
milliradian is a divergence of 1 part in
1000. There is another system, used
extensively in Europe, which has 400
divisions, called grades, in a full circle.
This gives a convenient 100 grades per
quadrant. Grades are subdivided into
centigrades and centi-centi-grades, i.e.,
subdivided in hundreds compared with
sixties in the degree-minute-second
system.

As angle is dimensionless, it is
defined completely by a mathematical
expression. No physical standards are
needed from a theoretical viewpoint.
(Compare this with length for
instance, which uses quite arbitary
units, chosen by man to suit his
convenience). However, it is- more
practicable to maintain  angular
standards in the form of divided
circles, angle gauges and
optically-worked multi-sided polygons
made of metal or glass. A commercial

Calibration of precision turntable
at Moore Special Tool Co, USA.
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Fig. 1. Test set up used by Data Technology. The resolver is mounted underneath the plate
holding the micrometer. On top is a standard angle polygon which enables the resolver to be
rotated in exactly known angular steps. The autocollimator or. the right is used to set the
rotation bv an optical lever action on the polished flats of the polygon.

test set is shown in Figure 1 where a
polygon is being used to check a
resolver system.

As angle is defined in terms of two
lengths, and it is clear that angle
transducers generally use devices that
measure displacements by fixing one
length and measuring the other as it
varies. There is, however, one
important  difference, for angular
transducers can use mechanical
components of rotation that can be
manufactured more precisely than
linear components for equal costs.
This enables closer tolerances to be
maintained between two measuring
surfaces. Also it enables the simple
incorporation of both spatial and time
averaging to improve the precision of
the device. These features will become
clearer later.

As with length measurement, there is
a distinct difference between the
technique that may be used to
measure small angles of less than say a
few degrees and those required to
cover greater angular excursions. A
broad assumption is that the smaller
the angle to be measured the higher
the precision that can be obtained. At
one end of the scale are devices
capable of measuring 10-10
radians over a range of 10-6 radians
(about an arc second). At the other are
devices capable of arc second
resolution with a continuous full circle
range.

So much for a general background to
angle measurements. Let us now
consider the techniques that have
proven practicable.

SMALL RANGE ANGLE
TRANSDUCERS

The most obvious means by which a
small angle can be monitored is to
measure the linear displacement of the
free end of a hinged arm of fixed
length using one of the length

transducers described earlier in this
series. This concept has been used in
the force-talance principle, see Figure
2, used mainly in process control and
weighing Lalances. In this a beam is
hinged in the centre. The force to be
measured is applied at one end of the
see-saw beam. At the other end is a
magnetic solenoid to which variable
current is applied in order to balance
the unknown force. The current in the
coil at balance is then a measure of the
applied force.

The beam is considered balanced
when it is at reference position. To
establish when balance is achieved, the
small rotations of the beam must be

Fig. 2. The principle of
the force balance.

transduced. Virtually all fine
displacement techniques have been
used to monitor the displacement of
the beam, ranging from simple on-off
contacts to devices providing a
proportional output.

In some applications, such as torsion
balance and galvanometer readouts, it
is not permissable to load the driving
force with a relatively massive lever
that would be needed to operate a
transducer. In  these cases the
optical-lever comes into its own.

The optical-lever is generally
attributed to Poggendorf who
described it in the literature in 1826.
No doubt it was used even before that.
In the days before electronics, that is
before this century, the optical-lever
was the only sensitive way to sense
small angular movements and
displacements. The principle is simple.
A source of light, collimated to a
near-parallel beam, is reflected from a
mirror surface mounted longitudinally
on the axis of rotation to be
monitored. In the purely mechanical
use of the lever the reflected beam
impinges on the rear of a transparent
graduated scale. The sensitivity of the
method derives from the optical
phenomena of angle-doubling at the
mirror and from the ability to place
the limited-resotution graduated scale
at a considerable distance from the
mirror.

In  most modern applications,
however, the aim is to provide an
electrical recording readout and keep
the size of the angle transducer down
to small dimensions. In 1920, Wilson

POSITION RESTORING

ELECTRO MAGNET
WEIGHING PAN
l;lOOOO 00 0 0 0 0
I CURRENT IS MEASURE OF
oo FORCE NEEDED TO

SRR

BALANCE LOAD

SHORT RANGE DISPLACEMENT
TRANSOUCER SENSING
POSITION OF BEAM

Fig. 3. Construction of the
Jones’ optical lever. Two
grids are used as bar-space
gratings to enhance the
sensitivity. The micrometer
rotates the optical parallel
plate to displace the beam
for fine adjustment.
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TRANSDUCERS IN
MEASUREMENT
AND CONTROL

Fig. 4. Inductive rotary transmitters. a. The
Synchro b. Reluctance resolver c. Vernier
resolver fexcitation windings are also on each
pole).

and Epps proposed that two
thermopiles be used to detect the
position of the light spot instead of
relying on the relatively poor
resolution of the eye. (Thermopiles are
a bank of thermoelectric elements
cascaded in series to form a sensitive
heat-sensing device). |f the two
thermopiles are connected in
opposition, the resultant current flow
would be a measure of the spot
position upon them. Such a system
was soon constructed and the first
ultra-sensitive angle sensor was
created. It was so sensitive, in fact,
that it could detect the Brownian
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movement of the mirror suspension.
Then came photo-electric cells which
were able to detect much smaller
quantities of light energy. A great
exponent and developer of the optical
lever is Professor Jones and his
colleagues of Scotland’s Aberdeen
University. They have built extremely
elegant lever systems that can detect
angular excursions of around 10—10
radians. One of these is shown in
Figure 3. With these, Professor Jones
has studied many interesting physical
phenomena, including measurement of
the radiation pressure of a liquid at
atmospheric pressure (this is much
harder than measuring it in a vacuum),
determination of the length changes of
an X-ray irradiated lithium-luoride
crystal, observation of an |-R energy
level of 10— 1tW, and verification that
a light beam is not slowed by a
magnetic field. The latter has been
done to an extraordinary degree of
precision. Most recently Professor
Jones has used the optical lever to
verify the Fresnel drag effect,
(predicted by Fresnel many years ago).

Not all applications need such
exacting stability and precision, so
most optical levers are no more than a
lamp, a collimating lens with spot
aperture built in, a mirror, and a dual
photo-cell position-sensitive detector.
This simple arrangement has been used
to provide electrical readout from a
bourdon-tube microbarograph, from
sensitive  galvanometers, recording
autocollimators (used in industry for
alignment — to be described in our

next article) and in sensitive
microbalances, in other words, in
applications where the angular

excursion is small and the driving force
cannot tolerate any load being
imposed upon it by the transducer.
The main disadvantage of the optical
lever is that the light-source generates
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Fig. 5. Section of metallic pattern photo
etched on glass supporting disk. The
coupler pattern runs close to, but not
touching the driver pattern, forming a
capacitive bridge network.

a considerable amount of heat and this
may cause error due to thermal
expansion effects. The ever-reducing
price of continuous wave laser sources
(now down to $180 for units suited to
this work) makes them attractive, for
the beam is as well collimated as
would normally be required. A
divergence of 1 mrad is typical.
Alignment devices for measuring
deviation from a straight line involve
the measurement of small angles. This
class of transducers, however, deserve
an article to themselves as they are
extensively developed. The reader is,
therefore, referred to the next article
for many details of small angle
measurement over long distances.

LARGE RANGES

It can be seen that the use of optical
lever (or microdisplacement
transducer) angle measurements
cannot cover more than a few degrees
of rotation unless mechanical angle
amplifiers  (gears, belts, friction
wheels) are used. Other methods,
therefore, have been devised to cope
with larger excursions.

Early this century, divided circular
scales could be made to a precision of
better than one arc second.
Geodeticgrade theodolites have glass
scales of 100 mm diameter. These can
be read to around 0.1 arc second (that
is, the circle is divisible into
12,960,000 parts!) using a reasonably
simple optical viewing system.

The majority of wide-range angle
transducers can be grouped into those
having mechanical movement no faster
than their input slewing rate, and
those in which continuous rotation at
a speed higher than the slewing rate
has been deliberately added. The reason
for the latter will become clearer as we
proceed. For simplicity these will be
referred to as static and active systems.
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Portrait of a man doing the impossible

Peter Mucini listening to stereo. Everyone of him. The only way to really appreciate the staggering
And everywhere he sits the stereo is great. It’s impos-  difference is to listen to it. At your local Sonab dealer.
sible. That’s right. Write to us for his name and address.

Because Peter Mucini is listening to Sonab. And
Sonab has done what everyone said was impossible.

Created by Stig Carlsson, Professor of Acoustics at
the University of Stockholm, the Sonab speaker systemn
is omnidirectional.

It’s the first that has really worked.

It fills a whole room with stereo sound. (Instead
of that one short static line you get from conventional
forward facing speaker systems.)

So wherever you're sitting, whatever you’re doing,
you’re surrounded, immersed, almost drowned in rich
true stereo sound.

No other system in the world will give you that.
But what’s the use of talking.

LT

]

N
| I
Sonab

Sonab of Sweden Pty. Ltd., 114 Walker Street, North Sydney, NSW 2060. Telephone : 929 4288/4554.
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| Technical Specifications of MP60:
| Capacity 7", 10", or 12" diameler records
| Speeds 78, 45, 33 and 16 rpm

Power Supply Units are litted with a 4 pole synchronous
[ motors to suit either 100-125 or 200-250 volt
50 cycles mains supply.
With a high compliance magnetic cartridge fitted, the unit
wilt track down to a8 minimum ot 1 gram.
Better than -35 dB
Better than 0.2% (Gaumont Kalee meter).

Cartridge

| Rumble
Wow
Finish
trim. Pickup arm and controls in black and brushed aluminium,

The quickest, easiest way to better listening! Because
now for the first time you can buy your McDonald turntable
unit professionally mounted on an attractive afrormosia

[ plinth, with the latest smoke-tinted styrene dust cover.

i The unit is ready wired for mains operation, complete with
| pickup leads and phono plugs. No wiring, no soldering, no
: waiting. Just plug into BSR perfection.

| There are three models in the range; The MP60 four speed
single play unit and the 610 and 510 four speed automatic/
manuat units.

Star of the range is the MP60 single player.
Single players are the enthusiasts’ first choice, because

Satin black mainplate with black turntable mat inlald with brushed aluminium

What’s in the BSR
total turntable package

they like to prepare and position their records one at a
time.

The MP60 has all the high quality controlled features
which would cost you many doliars more on any other
piece of equipment of the same standard.

Besides its immaculate styling, it has low mass, square
section pickup arm, slide in cartridge holder, bias
compensator, viscous cueing, die cast turntable, and a 4
pote synchronous motor.

Anyway, whichever you choose, you'll find and appreciate
the same high standards of craftsmanship, reproduction
quality and engineering quality that have made BSR the
undisputed world leader.

EQE McDONALD

BSR (A’Asia) Pty. Ltd. Southern Section
Industrial Estate St. Marys New South Wales

Wholesale Distributors Goldring Engineering (A'asia) Pty Ltd

Telephone 623.0375 and 623.0376

[0 New South Wales 26 Ricketty Street Mascot 2020 Telephone 67 €088 [] Victoria 162 Pelham Street Carlton 3053 Telephone 347 5177
Queensland 415 Adelaide Street Brisbane 4000 Telephone 2 3247 (] Western Australia 32 Northwood Street Leederville 6007 Telephone 84 968
[0 South Australia 207 Flinders Street Adelaide 5000 Telephone 51 5117 [] New Zealand G.P.O. Box 2630 Auckland

_ BSR:P114

0
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TRANSDUCERS IN
MEASUREMENT
AND CONTROL

Fig. 6. Cross sectional view
of optical shaft encoder.

RESISTANCE
POTENTIOMETERS

Large-range angle is very simply
measured with rotary potentiometers
provided the contact friction and wear
disadvantages can be tolerated. But it
is difficult to produce a full 360°,
continuously rotable unit, as the wiper
shorts the start and finish of the
resistance track unless a dead zone is
used. On top of this problem is the
very rapid change of signal level at the
end. Multiturn units are used if the
order of a few complete rotations is
needed but these cannot cater for
infinite rotation.

The problem can be overcome by
using a complete circle resistance track
in which the end is joined to the start.
If a supply is connected at
diametrically opposite points, the
track forms a bridge network. A single
wiper will produce a signal varying
from positive to negative without any
abrupt signal level change. It s
necessary, however, to add a system
that can recognize which half the
slider is on, for there are two positions
giving the same output.

INDUCTIVE AND CAPACITIVE
STATIC METHODS

A similar technique can be used with
a toroidal transformer but again
brushes are needed. Avoiding the need
for sliding contacts leads logically to
the inductive synchro (also known as a
magslip transmitter). Inductive
resolvers are in this class being only
slightly different in construction. The
synchro consists of an armature made
to be a simple rotating bar magnet
which is fed with ac alternating
current — via slip rings — see Figure
4a. The stator houses three, equally
phase-shifted identical windings,
similar to those found in a three phase
induction motor. The ac excitation in
the armature induces voltages in each
of the rotor windings which are phase
shifted with respect to each other. At
any given position the amplitudes of
the outputs from the stator are
unique. Position is thus defined in an
absolute sense. By feeding these signals

to a similar synchro receiver the
position can be reproduced remotely
(hence the name transmitter) This
method still uses brushes but these are
not in the measurement circuit. They
are there to provide high-level ac
energy to the system. Better quality
synchros can resolve around 1 minute
of arc — this is adequate for many
tasks. To obtain greater precision,
accurate gear trains may be used, and
the designer has to decide whether a
synchro combined with expensive
gears is a better economic choice than
the use of more sensitive direct
methods. If the object whose rotation
is to be measured is large, for instance
a steerable radio telescope, the
physical size of the transducer is of no
importance and gears or a large
diameter resolver can be employed. If
a small size is essential then tea-cup
size devices are needed. The need for
brushes is avoided if excitation is
provided by windings placed on the
stator pole-pieces using the rotor to
vary the reluctance and thus vary
induced voltages, (as shown in Figure
4b).

Before leaving the synchro it is worth
mentioning a development in 1956
which uses the variable reluctance
transmitter combined with the Vernier
principle. The latter effect (named
after Pierre Vernier who lived at the
turn of the 17th century) is a way to
subdivide the minor divisions of a scale
using a similar sized scale but having,
say, 10 divisions when the main scale
has 9. Whatever the position of the
Vernier scale there will be one line
upon it that is aligned with the main
scale division. The Vernier scale line in
coincidence gives the subdivision of
the scale interval. In the Vernier
resolver, shown diagrammatically in
Figure 4c, the ac-fed armature has one
less pole than there are stator poles.
Processing of stator outputs enables
the position within each electrical
cycle to be resolved more finely than
with a standard synchro. In units built
with 33 rotor teeth a repeatibility of
+3 arc seconds was obtained.

One feature that gives the Vernier
resolver high precision is that the
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output signals are formed as the
average of inductive coupling between
many iron circuits around the
multipole core. This is a powerful
measurement principle and is termed
spatial averaging. It also relaxes the
centering tolerances needed for a given
angular accuracy. Being an ac method,
a measurement is available with each
cycle of the driving frequency. In this
case the system uses 400Hz. if the
time response can be lengthened, the
output can be time-averaged to gain
further improvement again. A general
law of errors states that such averaging
processes (if they involve random
errors) improve the precision as the
square root of number of
measurements involved, so in this case
a hundred-fold improvement s
theoretically possible for a 1Hz
bandwidth and 30 odd poles.

Whereas  time-averaging can be
incorporated into linear transducer
systems, complete spatial averaging
over the whole measurement device
usually cannot. For this reason
angle-transducers can be quite small
for a given performance. But more of
this when active methods are
discussed.

It can be readily seen that the more
poles there are, the finer the
resolution, so in cases where space
permits, a circular form of the linear
inductosyn (mentioned last month)
can be used in which radial, rather
than linear, fixed plated windings are
inductively coupled with a rotating
pickup plate. Radial systems have the
distinctive advantage that they can be
manufactured cheaply by contact
photo-mechanical methods whereas
cylindrical devices must be

individually machined when high
resolution is needed.
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Fig. 7. The multiple slit optical
encoder system used by
Computer Control Company.
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TRANSDUCERS IN
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optical averaging with
transferred image.

Virtually all that has been said for
inductive systems can be applied to
capacitive coupling but, in the main,
only the pancake radial method has
been adopted for continuous rotation
measurement. Figure 5 shows the
construction of this.

STATIC METHOD - OPTICAL

Although the earliest angle measuring
machine was the divided scale, it was
not automated unti! the late 1950s. As
inductive synchros could not provide
arc second resolution at that time,
attempts were made to read ruled
scales automatically.

Mechanical contacts were far too
large so it was logical to use optical
sensing as this was the method by
which the then available scales were
read. At that time there was also a
growing need for digital computers.
One difficulty encountered with the
design of fine resolution optical
absolute-encoded binary disk systems
(similar to the absolute digital length
scale mentioned last month) is that the
apertures of the lower significant-digit
tracks are extremely fine, thus
restricting the amount of light
transmitted. A cross sectional view of
a low cost encoder is given in Figure 6.
Although expensive, absolute encoders
are now available with around one arc
second resolution. In these, discharge

D.C. SUPPLYQ

A.C. SIGNAL
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MOTOR DRIVEN
DUAL ROTORS

SITION
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3

EARTHED
ROTORS

Fig. 9. The capacitive dual generator angle
transducer (United Aircraft Corporation).

40

\/Sovmc STATOR

IOVING STATOR

flash lamps are used to illuminate
photo-diodes positioned on - the
opposite side in order to read the
code. One unit, shown in Figure 7,
uses multiple slits to ease the
illumination difficulty. tt is, however,
far easier to make a 21 bit encoder in
rotary form than it is to produce
satisfactorily in linear form as the disk
can be made to rotate with adequately
constant clearance more simply than
in the latter case.

It is also quite practicable to use the
linear moire-fringe principle, originally
devised as a length measuring method,
in a rotary form. Numerous
moire-fringe  shaft digitizers are
available commercially. The optical
gratings have radial lines produced
around a disk by photographic or
photomechanical methods. Full circle
radial gratings having over 30,000 lines
have been made, the main institutions
responsible for their development
being the National Physical
Laboratory (NPL) and the National
Engineering Laboratory (NEL) in
Britain. The absolute grating method,
using incremental gratings, is also
available in rotary form (see last

month’s issue for illustration).

In the moire fringe method, (Figure
8a), counting is necessary to determine
angular movement, and hybrid systems
using

have been marketed

phase-analogue subdivision of
relatively coarse gratings. The National
Electrical Manufacturers Association
of America (NEMA) has standardised
the name of these and other
incremented methods, as rotary
incremental digital