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For further information please fill in the Reader Information Service coupon in this issue.

All these stylish Sony
cassette-corders have one
especially convenient feature
incommon — automatic
shu*-off which shuts off trans-
port and power automatically
at the end of the tape in all
function modes (record, for-
ward, fast forward. and
rewind).

BEvenif you have to leave

any one of these units running
you need never worry about
stressing the motor when the
tap= ends. The set shuts off
automatically and function
buttons return to neutral.
Clockwise from the top
they're the compact TC-90A
with bu lt-in comdenser micro-
phone, the high performance
TC-140 with “swing balance”
mechanism to keep tape
speec constant even when
recording on the move; the
handsome 1.5 watt TC-NOB
with excellent tonal quality
and the beautifully.functional
TC-95A.

Your Sony dealer will gladly
show you the beautiful way
thay play — and stop.
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Douglas Trading seals the deal nobody else can match!

2,000 SONY STEREO TAPE RECORDERS _ AUSTRALIA'S BIGGEST ORDER, EVER!

When Douglas Trading ordered 2,000 SONY stereo tape recorders they
set two records. It was Australia’s biggest single order — and it brought
Australia’s biggest discounts, Take this SONY TC-252 model.
Unbeatable value at the price! All silicon transistor ITL/OTL circuits —
4 track stereo/mono, tape recording and playback system. Retractable
pinch roller for easy tape threading. Easy sound-on-sound recording —
either right channel on left or left channel on right. Speaker switch for
on/off and monitor-level control. Public address facility. High-fidelity
lid-integrated satellite speakers. 3 speeds: 7'’ reel capacity: dual VU
meters: automatic shut-off switch: instant stop control, 2 microphones
and tape included in our price. Easy terms!

Old price $622 Ourprice $399

SONY 3 SPEED, 3 HEAD STEREO
TAPE RECORDERS

Another deal nobody else can match. New shipment. Brand
new in sealed cartons and backed by SONY 12 months
warranty, Features multiple inputs for microphone, magnetic
player, tuner and auxiliary. Functions independently as
recorder, amplifier or tape deck. 40-watt total dynamic
power output (20 watts per channel). Solid state circuitry.
Bass and treble controls. Echo effect recording,
sound-on-sound recording, 3 heads, 3 speeds. Easy-read VU
meters, noise suppressor, digital tape counter with reset
button, sliding-type volume control, recording button for
each channel. Easy threading, auto shut-off, self release
instant stop. Two microphones included in our price!

Save $223

Post your cheque and order today!

SONY TC-352D

3 HEAD, 3 SPEED,
Douglas STEREQ TAPE DECK

DISCOUNT SPECIAL!
!rm:.u!um Write for free illustrated brochure.

185-191 BOURKE ST., ELBOURNE °ﬂ|y sm

Phone 63 9321
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A RIGHT

TO KNOW

ince way back, Australian governments have told as little as
possible to those who elected them. This often leads to ironic
situations, )

An extraordinary example of this.occurred recently when the
Anglo-French Concorde airliner visitéed this country.

As there is reason to doubt the noise performance figures
claimed by-the manufacturers of this aircraft the DCA and the
Commonwealth Acoustic Laboratory ‘ran independént checks.

Both of these government departments adamantly refused to
release the results to the media; in fact we were informed that
they had received specific instructions not to discuss their findings
in any way.

Fortunately we had anticipated this action and commissioned
our acoustical experts to take noise measurements on our behalf.
As we had expected, the results — published in bur August issue —
proved that the Concorde was indeed noisier than we had
previously been told.

Another example occurred last August, when we described the
R.A.N. submarine simulator which.was to be installed in Sydney.
No information at all, nor confirmation that the thing even
existed, could be obtained from any local official source.

Yet all the information that we needed was freely available in
England. It had been published as sales promotional material and
was being.given to anyone who asked for it — and we mean
anyone. ' . .

An alternative government may well be elected later this year. |f
they are, let us hope that the present arrogant policy of
all-encompassing official secrecy will finally be scrapped.

There are many things about which the general public have a
right to know — and it is the responsibility of the media to ensure
that they may.: ‘




MIRANDA HI-Fl B

PRESENTS TOP EQUIPMENT AT THE BEST PRICE

THE JORGEN SYSTEM . . . $379-00

PLUS
ADD A CASSETTE DECK TO MAKE THE ABOVE THE
COMPLETE HOME MUSIC SYSTEM

TC-127

SONY Cassette Stereo Tape Deck:

A new era of magnificent high fidelity tape cassette sound!
CASSETTE NORMALLY . .. $189.00

THE TWO UNITS COMBINED
PLUS 10 FREE CASSETTES

COMPLETE PRICE ONLY . .. $489'OO

FOR HONEST ADVICE AND PERSONAL ATTENTION
MIRANDA HI-FI — SHOP 67, TOP LEVEL, MIRANDA FAIR.

PH: 525 6745
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Here are some way-up-front amplifiers...
from PIONEER, naturally.
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_tra-sensitive click-stop type tone controls.

SA-500A. Continuous power output 10W
per channel (both channels driven at 8§2)
IHF power bandwidth 20-40,000Hz. Click-
stop bass and treble controls; mode switch,
loudness switch. Simultaneously drives
two turntables or two decks (open reel,
cassette, 8-track cartridge), two pairs of
speaker systems.

SA-600. Continuous power output 19W. IHF
power bandwidth10-50,000Hz.All features
of the SA-500A, plus: pre/main amp sepa-
rator switch for separate use of preamp and
main amp in multi-amp systems. Drives
mike in addition to other auxiliaries, AUX
input terminals for easy tape-to-tape dupli-
cating. Separate high and low noise filters.

SA-800. All the features of SA-600 with
continuous power output 34W; {HF power
bandwidth 5-50,000Hz. Extras include dual
tape output terminals, dual phono input
terminals; audio muting switch. New cir-
cuitry in the direct coupled power amp for
vastly improved performance: Protector
circuit prevents speaker damage.

SA-1000. Continuous power output 57W.
IHF power bandwidth5-50,000Hz. The SA-
1000 has every feature of SA-800; addi-
tionally handles two mikes. Two pairs of
tape deck jacks make two-way tape-to-tape
duplication possible. Active high and low
filters suppress all rumble, noise, hiss. Ex-

':“g&:&
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For information please return coupon to
the Head Office, South Melbourne.

Name

OCEANIA DISTRIBUTORS

B AUSTRALIA: ASTRONICS AUSTRALASIA PTY. LTD. HEAD OFFICE: 161-173 Sturt St
South Melbourne, Vic., 3205 Tel: 69-0300/ SYDNEY: 116 Clarence St., Sydney Tel 29-4451/
ADELAIDE: 81-97 Flinders St., Adelaide Tel: 23-4022 / BRISBANE: 596 Tarragindi Rd., Salisbury
North Tel: 472488/PERTH: 672 Murray St., Perth Tel: 21-4696 /HOBART: 199 Collins St
Hobart Tel: 23-2711 @ NEW ZEALAND: TEE VEE RADIO LTD. Teerad House, 13 Maidstone St.,
Grey Lynn, Auckland, 2, New Zealand Tel: 763-064 B NEW GUINEA: HAGEMEYER (AUST-
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A NEW
DIMENSION
IN SOUND

YAMAHA

/4

SOUND i

S\

ZAP RECORDS
PTY LTD

-’. »\
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CA700
60/60W

CA500
22/22W RMS

MC40

PRE XMAS SPECIAL! MC40 PLUS 2 YAMAHA NS410 SPEAKERS — ONLY $399.00

s iiiibt(?
"“.('(“

CR500
22/22W RMS

CR700
40/40W RMS

YP500

MS Sound Pty Ltd and kaZAP records have combined to bring to the St. George area, a revolution in sound. The
ultra-modern sound lounge caters for complete systems priced from $139.00 to the sky high limit of Quadraphonics.
Such famous names as Pioneer, Kenwood, Automatic Radio, Nivico and Teac are there for your listening pleasure as
well as an exhaustive range of 8-track cartridges, components, instruments, cassettes and records.

MS Sound are the exclusive N.S.W. Retailer for YAMAHA, modern modular audio systems designed to satisfy the
human ear. YAMAHA — components — amplifiers — receivers — turntables — loudspeakers — accessories.
FOR FURTHER INFORMATION please phone or write to:

M.S. SOUND

PTY. LTD.

331 PRINCES HIGHWAY, |
ST. PETERS. N.S.W.
51.7221 — 51.7071

KA ZAP RECORDS

PTY.LTD.

619—621a PRINCES
HIGHWAY,
BLAKEHURST — N.S.W.

546-7462
N
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As announced in our editorial last month, the French edition of Electronics
Today International is now on sale throughout France, Belgium and
Switzerland

The launch of this latest edition makes Electronics Today International the

fastest-growing and biggest electronics magazine in the world outside the USA.

It is now the world’s third biggest on a circulation basis.
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SUPERCONDUCTORS LOSING
THEIR CoOL

Practical application of superconduc-
tivity to power transmission lines,
electric motors and generators, electric
railways etc has been held back by the
very high cost of the refrigeration
required.

But now, scientists at RCA’s Princeton
Laboratories have produced superconr-
ductivity in niobium gallium conduc-
tors at 20.3 Kelvin. Not only does the
two-element material become super-
conducting at a relatively ‘high’
temperature, thus resulting a reduction
in cooling costs of at least 75% — but
it also can be superconducting in far
more intense magnetic fields than
existing superconductors.

HEAT PIPES

Heat pipes represent a revolutionary
approach to cooling techniques for
electronic components and equipment.
They are particularly suitable for
cooling devices in inaccessible places,
or where the use of a heatsink is
impracticable, since they can transfer
heat some 400 times more efficiently
than a solid copper bar of equivalent
dimensions.

In operation, the heat pipe (which
basically comprises an evacuated
drawn copper tube that contains a
special wick material and a small
amount of working fluid) is mounted
between the device to be cooled and
an external heat dissipator. Typically,
it will transfer heat from a 100 W
source over a distance of 3 feet with a
temperature drop of only 2.59C per
foot.

Units shown are manufactured in the
UK by Jermyn Manufacturing Ltd.

Turn to page 148
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1F ;‘ discriminating listehbr who énts;'genuine Monitor
1 it } 1. A selection of B & W Monitor speakers in the

| ? Q iss&,’r?s room at the Convoy Technocentre of Sound, Sydn
' ! 3

.y .
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1 |

{(LEFT AND ABOVE RIGHT) In white with. black remarkably small speaker of less than two cub

w 7 ctrostatic feet with a performance approaching the larger
1 tal vers al i DM70 electrostatic. Availabie in teak
). t f 11 Electrostati its walnut and white. (CENTRE BOTTOM) The
). t i( ass pist wit B & W DM 1 Monitor loudspeaker only a little o
[ e below 40 herts. Also able in Mayfa %2 a cubic foot. The most remarkable performance

ersion below, teak or walnut. (CENTRE ABOVE)
The entirely new B & W DM2 3-way monitor
speakers with folded tapered pipe loading and third
rder Butterworth crossover. White, teak and

inut. S rta vn, Th

of all the smaller speakers. It has a big base sound
with properly balanced high and mid range. (TAPE
DECK) The TEAC AS30/40 Symulsync 4-track
genuine quadraphonic tape deck.

MAYFAIR

SOLE AUSTRALIAN AGENTS AVAILABLE FROM

Convoy Imports  ConvoyTechnocentre

A Dwiraon of Convoy internatonat My L ta
A Dwision of il Cnvoy Internationat Pty Ltd

1 MACLEAN ST., WOOLLOOMOOLOO SYDNEY Cor. Plunkett & Maclean Sts., Woolloomooloo, Sydney.
’ “ Open Thursday nights & Saturday. — Ph: 367.2444

Areana Distributors P/L., 196 Adelaide Terrace, Adelaide.
Pacific Stereo, Style Arcade, Manuka, Canberra.
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| Available shortly from
| your local newsagent

|
3 $1:50

* recommended retail price only

or in case of difficulty
| direct from the publisher

Modern Magazines (holdings) Ltd.
21-23 Bathurst St., Sydney 2000.

Price $2.00 including postage and packing.
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AUTEL SYSTEMS PTY LTD

SYDNEY'S LITTLE GIANT HIFI CENTRE

o l— "
ADVENT, J.B.L.,, TEAC, MARANTZ, PHASE-LINEAR, ESS, AR, NIVICO, KEF,

WHARFEDALE, ELAC, DUAL, PIONEER, KENWOOD, SANSUI, CROWN, McINTOSH,
AKAI, SONY, PHILIPS.

20 PITTWATER ROAD, GLADESVILLE, N.SW. 2111 — TELEPHONE 89 0663
SYDNEY'S AUTHORISED TEAC SERVICE CENTRE

ELECTRONICS TODAY INTERNATIONAL —DECEMBER 1972




AUTEL SYSTEMS PTY LTD

SYDNEY'S GIANTS OF STEREO HI-FI SALES

THIS MONTH'S SPECIAL SYSTEMS ARE:-
TR

$299u =>4 B AAA&!
LA
imported base lid and

Cartridge
Dual 1214 Turntabie Nivico
VN300 Amplifier
J.V.C. Nivico VN 300
Amplifier 15 R.M.S. per
. channel, filter switch, high and
g low, plus all facilites.
= LR YIS | Autel Speakers Nivico 8"
roll surround base driver with

the hemispherical dome
tweeter

Peerless 20-2 Speakers. Perfect
$359 AS ABOVE BUT WITH e
Sm—

$599l o S .

WE ARE NOW N.SW. DISTRIBUTORS FOR:—
E°S

JORGEN
— SPEAKER

Service Agents for: SYSTEM
J.V.C. Nivico — Teac — Jorgen — Phase Linear.

Dual 1214 Hi-Fi  Series
Turntable complete with
imported base lid and
Cartridge

Choice of Sansui AU101 —
Pioneer SAS500A Kenwood
KA2002 Amplifiers

Autel Speakers Nivico 8"
rotl surround base driver with
the hemispherical dome
tweeter

Teac AG300 Tuner Amplifier
(36 R.M.S. at 852 per channel)

Dual 1214 Turntable

larger Advent Speakers

The perfect blend of natural
sound without colouration.

PHASE LINEAR

AUTEL SYSTEMS PTYLID — < uons vone

20 Pittwater Rd., Gladesville. PH: 89-0663.

OPEN THURSDAY NIGHT
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Mini-Sonalert is the latest
addition to the Mallory range of
electronic audible signalling
devices.

It is compact, lightweight
and highly versatile, consumes
less current than a normal
indicator light and can be used to
complement visual signals. The
Mini-Sonalert employs the same
solid state circuitry as the larger
SC628 and SC628P models, also
illustrated, to ensure maximum
efficiency, lowest current require-
ments and highest reliability.

Instant, positive and
penetrating audible warnings are

P rres

&

N

=—————————
=——r

emitted, making this miniature
device ideally suited for use in
fault alarms for computers, fire
signals, instruments, medical
electronics, aopliances,
communicaticns, telephone
signals and protection equipment.

Five Mini-Sonalert models
are available in operating
voltages ranging from 1 to 30 VDC
whilst corresponding current
requirements range from 4 to
16 mA. i

Sound output is from 60 to
70 db @ 25°C at a frequency of
3,500 Hz -~ 500 Hz (depending on
model and applied voltage).

" INTRODUCING
MINI-SONALERT

All models are available ex stock.
Literature is available on

request to the Professional

Components Division.

PLESSEY
Ducon

Plessey Ducon Pty. Limited
Box 2, P.O., Villawood, N.S.W. 2163
Telephone 72 0133. Telex 20384
Melb.: Zephyr Products Pty. Ltd. 56 7231
Adel.: General Equipments Pty. Ltd. 63 4844
Bris.: Douglas Electronics Pty. Ltd. 97 8222
Perth: H. J. McQuillan Pty. Ltd. 21 4821
Everett Agency Pty. Ltd. 8 4137
Henderson (N.Z.): 64 189

ADS7
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ACOUSTIC RESEARCH
DEMONSTRATION RECORD

The Sound of Musical Instruments

AR’s philosophy has been to design equipment capable of
reproducing music with the greatest possible accuracy, so
that the work of the composer, performers, and recording
engineers is presented to the listener with the highest de-
gree of precision possible. AR rejects the idea that high
fidelity equipment should sound ‘“good’”; we believe it
should have no sound of its own. Ilts purpose is to
reproduce as closely as possible the sound of the original
performance.

In its own laboratories, AR uses the most advanced scien-
tific measuring techniques to evaluate the performance of
a loud-speaker system. Obviously these are not available

Stravinsky: "Marche Royale'

The transparency of the recording permits the listener to observe the
characteristic timbre of each instrument. The trumpet, bassoon, and
percussion are particularly prominent.

Sarasate: Zapateado

The sound of the violin has been recorded with a minimum of room
reverberation. Under such conditions any coloration in the playback
equipment will be much more noticeable.

Mozart: Quartet in D for Flute and Strings

To the audiophile, the flute often seems like a musical audio oscillator.
While it does produce a very pure tone, it nevertheless has many over-
tones which a good music system should capture without alteration.

Albeniz: “Corpus Christi en Sevilla"

The piano should almost appear to be in the room with the listener. The
simulation of the bells, in particular, stresses the percussive possibilities
of the piano (and wlll also test the trackability of a cartridge).

Stravinsky: Three Pieces for Clarinet (11)

A clarinet can sound like a saxophone. It can also have a peculiar nasal
quality. Practiced hi-fi enthusiasts will surely want to point out how their
equipment makes it possible to hear the artist breathing.

Britten (b.1913): Simple Symphony for Strings

Britten’s lively work is performed here by twenty-two stringed instru-
ments. The English Chamber Orchestra is considered by many critics
to be the finest string orchestra performing today.

SPECIAL
OFFER
$9.95

Available from AR dealers everywhere

to the music lover in his home or in a hi-fi studio. In determ-
ining the accuracy of a loudspeaker system, the listener
must depend on his ears and his memory. Under these con-
ditions, a great deal depends on the quality of the recorded
material used for the demonstration.

AR has developed this record as a useful listening aid in
determining the accuracy of a loudspeaker. The highest
level of recording skill has been used to capture the sound
of familiar musical instruments. Most listeners have heard
live a piano or a trumpet or a violin. If the sound of these
instruments as heard through a loudspeaker resembles the
memory of the live sound, then, chances are, it is an accur-
ate loudspeaker.

Bach: Toccata in D Minor

This particular recording has been a long-time favourite at high fidelity
shows whenever anyone wanted to reproduce very low organ tones. You
can now try to break your woofer or you neighbour’s eardrums.

Kodaly (1882-1967): Sonata for Cello

A cello is a particularly apt instrument for disclosing resonances in the
middle to lower frequency range of a speaker system. Often loud-
speakers have pronounced peaks ‘in this range creating a boomy or
“barrel-chested” sound with either male speaking voices or double-
bass.

Goykovich: Ten to Two Blues

Anyone in a jazz club is likely to be sitting on top of the musicians and
will hear the mechanical buzz of the strings of the double-bass, the
shimmer of the cymbals, and the almost piercing impact of the trumpet.
All of these should be audible and accurately reproduced Iin this
selection.

De Vaqueiras: Kelenda maya

Who should deny that the human voice is the most expressive of all
musical instruments? Surely not when listening to this plaintive trouba-
dour ballad from the middle ages, sung without accompaniment.
Manitas de Plata, guitar

The steely brilliance of the flamenco guitar as played by one of its most
eminent practitioners, is an excellent test of a music system's ability to
reproduce transients. The cascading and rapid-fire procession of notes
must not blur. Each tone should be sharp and distinct.

Please send me my collector’'s copy of Acoustic Research
demonstration record, ‘The sound of Musical Instruments’.

| enclose cheque/postal note for $5.95 including postage.
Name:
Address:

Postcode:
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HI-Fi

" an initiate’s guide

Specifically for the newcomer to hi-fi, this feature article by Collyn Rivers tells how to spend your money

to the best advantage.

nothing about hi-fi, buying

equipment can be a traumatic
experience — for he is faced with
spending anything between .$300 and
$3000 without knowledge or prior
experience of that which he seeks.

He will be overwhelmed with
conflicting advice from his friends, and
a barrage of pseudo-technicalities from
that (fortunately) small segment of the
hi-fi retail trade who appear totally to
have lost sight of what they are selling.

Fortunately the more determined
purchasers eventually find their way to
responsible hi-fi retailers — or one of
the growing number of manufacturers’
hi-fi demonstration centres — and
receive expert advice and guidance on
their proposed expenditure.

Even so a surprisingly large number
seek advice from magazines such as
ours — often as many as thirty or forty
a week. But all we can do is to offer
general advice. Only in very
exceptional cases can we suggest
specific makes of equipment.

The purpose of this article is to
provide guidelines for such people. It
is specifically intended for those who
know little or nothing about hi-fi
except that they want to listen to
well-reproduced sound.

WHAT IS HI-FI?

In essence, hi-fi is a term used to
describe equipment capable of
reproducing pre-recorded sounds with
as much faithfulness to the original
sounds as the current level of
technology generally permits.

The only generally recognised hi-fi
standard is the German DIN 45,500.
Used throughout Europe — but rarely
outside it — DIN 45,500 defines the

FOR the person knowing little or

minimum level of performance
considered acceptable for hi-fi
equipment.

This standard covers a wide range of
parameters, including power output
and distortion, and is administered on
a go, no-go basis. Equipment either
meets it or not. If it does, then it is
described as meeting the requirements
of DIN 45,500 and this fact will be
prominently featured in the

manufacturers’ sales literature.

A substantial segment of the audio
industry considers the minimum level
of performance laid down by DIN
45,500 to be too low, but for many
purchasers seeking to spend as little as
possible, this standard provides at least
some protection.

DIN 45,500 is not officially
recognised in Australia — nor are there
any alternatives — nevertheless if one
is considering purchasing low-priced
hi-fi gear of European origin it is
worth while checking whether or not
it meets this standard.

HOW MANY CHANNELS

The earliest audio equipment was
monophonic. A single microphone
picked up the original sound, which
was then recorded and subsequently
replayed via a single loudspeaker. Even
when Headphones were used, identical
sound was reproduced by each
earpiece.

No matter how good the equipment,
monophonic sound always seems
‘dead’ by comparison with an original
performance. This is because at an
original performance there are
loudness and time interval differences
between the sounds arriving at each
ear, and the brain, by analysing these
differences, provides spatial
information about the hall, the
orchestra and the audience. It is this
mechanism that enables us to pinpoint
positions of various members of the
orchestra — even with one's eyes
closed.

This spatial information is totally
lacking with monophonic
reproduction.

Two-channel reproduction (stereo)
uses two microphones and two
independent reccrding and
reproduction systems in an attempt to
preserve the loudness and time interval
differences that the listener would
experience were he to be at the
original performance. In this way an
impression of the width of the original
sound stage, and of the positioning of
the various members of the orchestra
will to some extent be recreated in the
home.
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Another, and to many people an
unexpected advantage of stereo sound,
is that it partially recreates the
‘ambience’ (acoustical atmosphere) of
the concert hall.

The latest arrival on the hi-fi scene is
four-channel — or quadraphonic —
equipment. Here, four separate
recording and reproducing systems are
used, and the resultant sound is heard
through loudspeakers which are placed
in each of the four corners of the
listening area. '

The result is similar to stereo, only
more so.

Four-channel gear will be described
in greater detail later in this article.

COMPLETE SYSTEMS

A stereo system is in effect two
virtually independent monophonic
systems, but with most components
assembled within common housings.

The first stage is either a stereo
record player or stereo tape deck.
Whichever is used, the output from the
device consists of two independent
sound signal channels — corresponding
to the sounds that each ear would have
separately heard at the original
performance.

As the energy levels of the two signal
channels are too weak to drive
loudspeakers directly, an amplifier is
used to increase their power level.

Two loudspeakers are wused —
generally placed along one wall of the
listening room — each is driven by the
appropriate amplifier channel.

RECOROS OR TAPE

For many vyears the traditional
method of recording and reproducing
programme material has been the
gramophone record, and until quite
recently would have been the almost
automatic choice of most hi-fi
enthusiasts.

It is of course true that the tape
recorder has been with us for a long
time, but, in non-cassette form it is an
unwieldy format for those whose main
interest is to listen to material rather
than to record it.

The cassette tape recorder has
changed all that, and in its latest form
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it is a serious rival to the traditional
record player — with the added
capability of being able to record
programme material. |

The tape cassette works on the same

principle as the original reel-to-reel
tape recorder — i.e. the tape is wound
from one bobbin to another — but
now it is fully enclosed within a small
rectangular package that plugs into the
cassette recorder in a quick and simple
way. .
Cassettes are classified by numbers
related to their running time in
minutes. Thus a C60 cassette runs for
60 minutes {30 minutes each side), a
C90 for 90 minutes (45 minutes,each
side) etc.

At present the maximum tape length
generally available is C180 — providing
a total of three hours playing time.

The quality of reproduction
obtainable from a cassette recorder is
closely related to its price. At present
for any given level of reproduction it is
a more expensive sound reproducer
than the disc record player. The gap
closes as price increases and the very
best cassette recorders offer
performance very close (but not yet
quite equal) to the best record playing
systems. When comparing prices of
record players and cassette decks one
must bear in rmind that a cassette deck
can (generally) aiso be used to make
recordings as well as reproduce them.

A problem common to all cassette
players is random noise. This is
generated by the tape at all times and
can be annoying during quiet passages
in the programme material.

One method devised to overcome
this, is the Dolby Noise Reduction
System. The Dolby system involves a
special recording technique in which
quiet passages are'automatically raised
in volume. Special Dolby -circuitry
incorporated within the cassette
recorder then restores these passages

to their original level — the overall
effect heing a substantial reduction in
tape hoise.

Conventional tape cassettes use an
iron oxide based tape and these are
useable in all types of cassette
recorders.

Chromium dioxide based tapes are
also available. Generally, these
chromium dioxide tapes (often
abbreviated to Cr02) are capable of
better performance than the iron
oxide variety but should only be used
in cassette recorders specifically
designed for their use. (There are also
some highly specialised iron oxide
based tapes claimed to have equal
performance).

Some cassette recorders are built as
self-contained units and do not require
a separate amplifier. However these
inbuilt amplifiers have a very low
power, output, and are rarely capable
of driving loudspeakers at the sound
levels desirable for true hi-fi
reproduction.

A few cassette tape decks without
recording facilities are currently
available. They are suitable for playing
pre-recorded cassettes only. But
the majority of cassette units can be
used for recording material directly
from radios, record players, micro-
phones, etc.

A headphone jack socket is usually
provided to enable the user to monitor
the material being recorded.

For top quality hi-fi reproduction
one must use a machine with inbuilt
Dolby (or similar) noise reduction
system, and designed to be used with a
high performance iron oxide or
chromium dioxide tape. At the time of
writing, machines of this sort cost
from around $200 upwards.

Quite satisfactory hi-fi performance
may also be obtained from machines
without the Dolby system, but do not
expect a great deal from machines
costing much less than $150. Table |
shows typical performance figures for
three cassette players.

RECORD PLAYERS

Despite the challenge now being
offered by the cassette player, the long
playing record and record player are
far from dead, and at present a top
quality record playing system is still
marginally superior to a top quality
cassette tape system.

Record players can be divided into
two main groupings: manual or
automatic. Manual units can
accommodate only one record at a
time, and will probably — but not

automatic mechanism to stop the
turntable and raise the needie at the
end of the record, .

Automatic players on the other
hand, accommodate a stack of records,
and these are changed automatically in
sequence.

At one time, automatic record
players were unpopular with hi-fi
enthusiasts, as the lowering mechanism

- was liable to cause record damage.

This is no longer a problem with any
good quality unit, though some of the
cheaper mass-produced record players
are still suspect in this regard.

The turntable may be driven from
the motor either by a rubber wheel
pressing against the turntable rim, or
by a belt. Both mechanisms have their
good and bad points — the important
thing is to choose a well engineered
device — regardless of the design
approach taken by its maker."

Some record players use very heavy
turntables — to reduce short term
speed fluctuations, others use light
turntables and inherently smooth
running motors to obtain the same
result,

As with the drive mechanisms, both
approaches have good and bad points.
A heavy turntable will reduce
fluctuations, but the increased load on
the bearings tends to introduce a low
pitched ‘rumble’ which may be
reproduced through the loudspeakers.
The lighter table will be less likely to

‘rumble’ but may have minor speed
fluctuations unless the drive motor is
speed controlled. But of the two best
record players that we have ever used
— one had a very heavy turntable —
the other had a very light one!

The minimum price for a reasonably
good quality record player is around
$100. Really good ones cost $150
upwards and truly excellent ones
around $250.

A record player is a fairly
straightforward piece of engineering
and whilst some are obviously better
value for money than others, one
would be very unfortunate to choose a
bad example if one keeps ‘above our
suggested minimum price.

PHONO-CARTRIDGES

Generally a phono-cartridge will be
supplied with. the record player —

necessarily — be fitted with an however with top quality record
- players one may be offered a choice of
Cassette Tape Recorders Table 1 cartridges.
Parameter $130 $175 $300 Comments There are two main types of
Frequency cartridges. These are classified by their
‘| Response 50Hz-9kHz  30Hz-11kHz ‘30Hz-14kHz Wider the better operating principle. Cheapest are the
édeB)—d " . . ceramic types in which the moving
ow an Less than o Lessthan Less than stylus applies varying pressure to a
Flutter 0.5% 0.2% 0.1% 9 LR, ceramic material. When squeezed, this
Distortion Lesg“}ohan Les;ozhan Les;ojohan ;:&;?wer the material_ gerl'uerates;1 a vollfage roughly
. ) proportional to the applied pressure.
?al%r;al/Nmse + 40dB + 45dB + 50dB Higher the better A top quality cera?nic f:,artridge
g produces quite acceptable sound — in
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fact they are used by the million in
low and ‘medium quality record
players. But at the present time this
type of cartridge cannot compete with
the higher quality magnetic cartridges.
Nor does it pretend to.

Magnetic cartridges operate by
causing the- moving stylus to generate
small electrical signals in coils placed
near a small magnet attached to the
moving stylus. Other magnetic
cartridges utilize a magnet located
close to the stylus and this causes
magnetic energy to be coupled to the
stylus and thence to the coils.

The weight imposed by the cartridge
stylus upon ‘the ‘record is called the
tracking weight. For good quality

. stylii this will be between half a gram
and three or four grams. Within reason
the lower the tracking weight the
better,” but if the weight is less than
two or three grams, further decreases
in tracking weight have little
advantage. In fact a record .is more
likely to be damaged by the stylus
jumping around due to underloading
than by excess loading.

Cartridges vary considerably in price,
but as with riearly all hi-fi gear, quality
is closely related to price.

Ceramic carttidges range from $3 or
so, up to $20; magnetic - cartridges
from a low of $8 to really superb units
costing around $100. As a rough guide
a cartridge should cost around a third
of the price of the record player with

- which it is used.

Table Il shows typical specifications

for three different turntables.

L
RADID TUNERS
Until the government's recent
announcement of FM radio, this

section would have been very short
and simple. It no longer is.

The exustlng system of radio
broadcasting in Australia uses a
technique known as AM (amplitude
modulation), which, whilst subject to
interference from man-made and
natural sources, is otherwise capable of
adequate performance. The generally
poor quality of sound from domestic
radio receivers is due more to design
.compromises than the basic limitations
of the AM system.

Any existing AM radio can be
modified to enable it to be connected
to an amplifier. The sound quality will
not be hi-fi but will be better than
most people suspect.

Very high quallty AM radio tuners
are available on the Australian market

— and'where there is adequate, signal -
provide

stréngth —" " these ' tuners
outstanding sound quality. But before
buying one of these units, check with
‘your locat dealer that : reception
conditions are adequate.

The forthcoming FM broadcasting

system is inherently less prone to

TURNTABLES

Parameter $120 $175 $250 Comments

Wow and Less than Less than Less than Lower the better

Flutter (rms) 0.2% 0.1% 0.05% but not significant
below 0.05%

ngna/Noise 4+ 4048 +50dB + 58dB Higher the better -

“Table 1

Shape of things to come? Metrosound's latest Model ST60 amplifier.

interference, and because there is more
room in the available FM broadcasting
bands, it can be used to transmit a
wider audio frequency range than is
currently permissible- with AM.
Because of this, improved sound
quality is potentially available from
FM systems,

FM systems are widely used overseas,
but probably due to the Australian
government’s wish to promote the
local electronics industry,  our FM
system will operate at a much higher
frequency than anyone else’s and
hence our FM tuners must be specially
built.

Thousands of hi-fi enthusiasts
already own 'conventional FM tuners
and — whilst these tuners cannot be
directly used for the new system — we
will in due course be publishing an
article describing the construction of a
cheap and fairly simple adaptor
enabling them to operate on the higher
frequency signals.

Initially, the Australian FM system
will be capable only of transmitting a
monophonic (single channel) signal,
But the system is inherently capable of-
stereo operation‘and no doubt in time
we will also have this facility. (FM
stereo is regularly transmitted in
several overseas countries). '

All hi-fi amplifiers have provision for
connecting a radio tuner. A switch

mounted on the amplifier front panel

then enables ome to- select record
player-and/or tape deck — or radio
tuner, as required.

High quality AM tuners 'are.
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commercially available for around

$100. .
AMPLIFIERS , .

An amplifier is used to increase the
power level of the relatively weak
signal from the record player or
cassette player — to a level adequate to
drive a pair of loudspeakers. It will
also have controls enabling one,
selectively, to increasé or decrease
treble and bass frequency response.

In recent years a second class of
amplifier has become increasingly
popular, This is the tuner-amplifier,
and, as its name implies, is a
combination of power amplifier and
radio tuner. Radio tuners will be
discussed in greater detail later in this
article. .

The selling price of an amplifier is
determined by its power output, its
ability to amplify signals without
introducing distortion, the level of
noise that it develops internally, its
suitability for use with other
equipment such as microphones, tape
recorders, extra turntables etc, and of
course its quality of manufacture and
after-sales service.

Table 11! shows typical specifications
for three amplifiers in different price
brackets. Note that for distortion,
below 1% is good, below 0.5% is
excellent, Anything below 0.1% is
gilding the lily.

Amplifier noise may be checked in
the dealer’'s showroom by turning the
volume control fully up with the
record player switched off, or
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preferably, disconnected. With a good
amplifier only a very faint hiss should
be heard with one’s ear close to the
speakers,

HOW MUCH POWER

Perhaps the biggest problem facing
the inexperienced hi-fi buyer is
determining how powerful an
amplifier he needs. Power output is
measured in watts — often abbreviated
to ‘W. It seems simple enough but
isn‘t, for the hi-fi industry has an
incredible practice of determining, and
quoting, this output in at least six
widely different ways. As a result, one
and the same amplifier may be
described as having an output from
10W to 60W depending entirely upon
which measurement system has been
used.

Output may be quoted in watts
(rms), watts (continuous power), watts
(peak), watts (peak-to-peak), watts
(music power), watts (IHF), etc.

Only two ratings are meaningful for
comparing one amplifier with another.
These are watts (rms), and watts
{continuous power). The former
expression is technically dubious but
has gained understanding and
acceptance by common usage. Both
terms are effectively interchangeable.
Thus 10W rms is much the same as
10W continuous power. (From here on
in this article, when we use the word
watt, the rms {or continuous power)
rating method is applied.

As we stated above, the price of an
amplifier is closely related to its power
output, and will usually be somewhere
between $5 and $8 per watt. If the
price is much less than this, it is a safe
bet that the power output is not being
quoted in watts (rms). If the price is
substantially higher than $10 a watt, it
is either a unit of superlative quality —
or it is overpriced.

Just how many watts you require
from the amplifier depends on a
number of factors, these include room
size, loudspeaker efficiency, and just
how loud you like your music.

Rather than introduce a mass of
complicated mathematics we have
prepared a simple graph — Fig. 1
which shows average power
requirements for rooms of various
sizes and for two different types of
speaker. (The differing power
requirements of speakers are explained
later in this article).

As our graph shows, most listening
requirements will be satisfied by
amplifiers rated between 20W and
100W — and thus costing between
$100 and $1000. If in doubt err on the
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AMPLIFIERS TABLE Il
Parameter $120 $200
Power

Output 18w 30w
Total

Harmonic Less than Less than
Distortion 0.75% 0.5%
(at 1kHz)

Frequency

Response 13dB t1dB
(20Hz-20kHz)

Hum & Noise

(with respect + 50dB + 60dB

to rated power)

$350 Comments
Price should be
60w between $5 and
$10/Watt.
Less than Insignificant below
0.25% 0.1
Generally adequate
ALl with moderneq
amplifiers
Higher the number
o YLl the better.

side of too much power, because bass
response will be lacking if there is too
little. It is important also to realize
that, due to the ear's logarithmic
response to sound levels, doubling
amplifier power will not result in twice
the apparent loudness. In fact it wili
only just be noticeable. To double
apparent loudness one must increase
power by no less than ten times.
Hence minor differences in amplifier
power are quite insignificant as far as
loudness is concerned — over the
mid-range part of the audio frequency
spectrum at least.

Amplifiers have now been developed
to the point where they are closer to
the ultimate attainable performance
than any other item in the hi-fi chain.
As a result — and providing power

output is adequate — there is little
audible difference between amplifiers
of broadly similar specifications. These
are probably the easiest items of hi-fi
equipment to choose, for within the
price range quoted previously, we have
yet to see any bad onesl

LOUDSPEAKERS

Speakers are individualistic animals,
and there are clearly audible
differences between speakers of similar
specifications and prices.

Contrary to general belief, there is no
relationship between the number of
speaker drive units in any given
enclosure and the resultant sound
quality. One of the best units
currently available uses nine drive
units, one of the worst uses eight. It is

Approximate amplifier power requirements for various size rooms.
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significant, that with rare exceptions,
most really good speakers have only
two or three drivers. (The term
‘two-way’ is often used to describe
speaker enclosures using two drive
units; ‘three-way’ for those with three
— etc.)

A figure sometimes quoted by
speaker manufacturers and salesmen is
that for overall efficiency. This is
quoted as a ratio of the electrical
power input to the speaker (from the
amplifier) and the acoustical power
output from the speaker. The resuit is
quoted as a percentage. Thus a speaker
requiring 50W input for 1W output is
2% efficient.

These are enormous differences in
efficiencies, from as low as 0.1% to a
high as 50% — depending almost
entirely upon the physical size of the
speaker and the design approach used
by the manufacturer.

Two types of speakers are commonly
used. One, the infinite baffle type,
consists of an enclosure that is totally
sealed except for the speaker drive
units. Bookshelf speakers are usually
made like. this. They have very low
efficiency — from 0.2% to 1% or so.
Most of them have a very good bass
response if driven by an amplifier of
adequate size, at least 20W is required
— many need even more. 0

The second commonly used type of
speaker is the bass-reflex cabinet.
Generally larger than the infinite
baffle speaker, they can easily be
recognised (if the speaker grille is
removed) as they have a circular or
rectangular cut-out usually, but not
necessarily in the front panel —
venting to atmosphere. They are more
efficient than the infinite baffle type
of enclosure — 2% to 5% is typical.
Because of this they 'do not require
such a large amount of power to drive
them,

Do remember when choosing
speakers that the efficiency provides
no indication whatever of that
speaker’s quality, merely of the power
required to drive it.

Magazines such as Electronics Today
International publish tests of various
makes and types of loudspeakers.
Apart from publishing actual
measurements of the speakers’
performance, most journals also
attempt to describe the quality and
type of sound produced. An indication
of relative value for money is included
— at least in our magazine it is!

But no matter how much one reads
about speakers, one can only make a
final choice by listening to, them.

Visit a reputable hi-fi dealer and ask
him to demonstrate speakers in the
price range that you have in mind.
Don't try to compare more than three
speakers in one day and always listen
to the speakers at about the same
sound level because the louder of any

Latest amplifier from Marantz has 120 watts output per channel.

Omni-directional speakers rrom JBL.

two speakers will nearly always appear
to have the better response.

.Some hi-fi demonstration rooms have
very odd acoustic characteristits, and
speakers may not necessarily sound
the same in your home as they do in
the showroom. |f at all possible try to
arrange for a demonstration of your

final choice of speakers at home —

many dealers will oblige if 'you are a
genuine buyer,

As we stressed throughout this article
there is a positive correlation between
the price and the s§tandard of
performance of most hi-fi equipment,.

This is true also of speakers — but .

possibly to a lesser extent than the
remainder of the equipment, and it is
well worth while listening to a number
of different types and makes before
making a final decision.
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In general the more expensive
speakers — i.e. $150 upwards — have
greater power handling capability,
better bass response and less
colouration than cheaper units.
(Colouration sounds like speaking
through cupped hands).

But good speakers demand an
equally high standard of performance
from the associated amplifier, .record

. player and stylus, and if these items

are not up to standard, the high
quality speakers will merely highlight
deficiencies elsewhere. A later section
of this article explains how to balance
the equipment so that this does not
happen.

FOUR CHANNEL EQUIPMENT

There are several, currently
non-compatible, systems for
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“Takmg it all together — performance, features, styling —
the BSR 810 moves into rankmg place among the best automatics
we know of. And at its price, the others may well be in
for a real contest. ’ Hi-Fidelity Magazine, May 1972.
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12 UYNAMI»ALLY BALANCED
DIECAST TURNTABLE

—@ STYLUS WHISKING BRUSH

At $149 for the kit ,the brilliant
BSR/810 transcrlptlon turntable

Is hardly cheap.But yourears
will tell you it’s a bargain.

BSR, manufacturers of most of the world’s
turntables, have now turned the tables on
expensive units.

And here are the features that make the 810
such an attractive proposition: the unit
weighs 17 Ibs — the diecast turntable alone
is a solid, dynamically balanced 7} lbs. A
4-pole beautifully balanced synchronous
motor automatically compensates for any
fluctuation in voltage input, or for any
record load. A pitch control gives absolute
accuracy of speed, utilising a stroboscopic
centre plate.

The low mass pick-up arm gyroscopically
pivots in a concentric gimbal mount
producing virtually friction free movement
in both horizontal and vertical planes. It
also has a slide-in cartridge carrier,
decoupled one piece counterbalance for a
minimum tracking pressure of § gramme
with suitable cartridge. And the arm
length is over 8} inches to reduce tracking
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error to less than 0.5 per inch.

Viscous cueing is also standard on
automatic as well as manual operation, and
a unique anti-skate device is also featured
for elliptical and standard styli. Speeds
are 33} rpm and 45 rpm. (Which are all
you need today.)

Single to automatic play conversion is
achieved with the interchangeable umbrella
centre spindle.

Start-stop, record size control and auto
repeat and manual conversion are actuated
by push button controls set in a handsome
brushed aluminium panel.

Of course there is much more you'll want
to know about the BSR 810. Write to BSR
and we’ll send you a colour brochure.

BSR (A’asia) Pty. Ltd. Southern Section
Industrial Estate St. Marys New South Wales
Telephone 623.0375 and 623.0376

* Manufacturers recommended retail price

Wholesale Distributors

Goldring Engineering (A'asia) Pty. Ltd.
New South Wales: 26 Ricketty Street,
Mascot 2020 Telephone 669 6088
Victoria: 162 Pelham Street Carlton 3053
Telephone 347 5177

Queensland: 35 Balaclava Street,
Woollongabba 4102 Telephone 914 972
Western Australia: 32 Northwood Street,
Leederville 6007 Telephone 84 988
South Australia: 207 Flinders Street,
Adelaide S000 Telephone 23 3488

S8 McDONALD

BSR:117
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reproducing four-channel sound. Some
use four-track tape recordings (and a
special tape recorder), others use
specially produced ‘four-track’
records, whilst yet another class of
systems synthesize four-channel sound
from normal two-channel recordings.

Four-channel sound usually sounds
quite awful in a dealer's showroom —
but can be very effective in the home.
it seems to need ‘dead’ surroundings
to be truly effective.

At present the market is in a state of
confusion, four-channel equipment of
several different types is commercially
available but there is as yet no
internationally recognised standard
defining even basic formats. As a
result, programme material recorded
for any one system is not necessarily
playable on any of the others.

The cheapest way to obtain a rough
idea of what four-channel sounds like
is to use the system described in
Electronics Today, August 1971, This
requires just a few feet of wire and
two extra speakers and synthesizes
four-channel from standard stereo
material.

WHAT IT COSTS

In December 1971 we suggested that
one can relate the price one pays for
hifi gear against motor cars. This
comment is still valid.

We suggested that a basic Torana or
Mini is the motoring equivalent of
about $300 spent on hi-fi. Good value

CATACOUSTICS?

Catacoustics (ketikau'stiks). 1683. [mod.
f. CaTa- in sense £ + AcousTics, Cf. Cat-
opTRICS.] The science of reflected sounds.

Audiosound’s latest bookshelf speakers.
Despite our caption, the sound does come
through the grille!

for money if one accepts some
limitations of performance.

Four to five hurdred dollars buys the
hi-fi equivalent of a basic Holden or
Falcon — sufficient power for most

situations — some performance
limitations but reasonably good
quality.

Six fifty to a thousand dollars puts
you in the Volvo 144, Peugot 504,
Rover 2000 class — and this
expenditure probably provides the
optimum in terms of value for money.

There are still substantial
improvements to be found up to the
$1500 mark and you are now in the
Mercedes 250 range.

Above $1500 to $2000, increments
in performance are there, but less
obviously. This is the realm of the
Mercedes 600, and is for the
connoisseur or the very rich,

v 1 s oo
Y .#"
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Well-known and respected in Britain, Leak
equipment is now also manufactured in

Australia. Photograph shows Leak 250
loudspeaker.

HOW TO APPORTION THE
MONEY

It is essential to apportion the money
so that all items are of roughly equal
quality. This is where many people go
wrong and end up with a brilliant pair
of speakers and an inadequately
powered amplifier, or an excellent
turntable and a lousy cartridge.

There is one practically infallible way
of ensuring that everything is well
balanced. This is to decide how much
you can allocate, and then apportion
somewhere between 40% and 60% for
the two speakers, and split the
remainder more or less equally
between the amplifier and record
player.

Bear in mind that speaker efficiency
will affect the exact amount spent on
the amplifier. The higher the speaker

{Continued on page 120)

Hi-fi speakers do not have to be heavy as
these 15 watt Denton units from
Wharfedale prove,

Typical of the new generation cassette recorders is this unit from Pioneer. Machines such
as this have performance very close to top quality record playing systems. (A review of

this machine will be published in ETI very soon.)
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BUY STATE OF THE ART SOLID
STATE COMPONENTS -
Direct from the United States!

All listed prices are in Australian dollars,

International Postal Money Orders (please send PO receipt with order for immediate

shipment). Banque Chasiers check (preferably in US funds) and rated company cheques (with foreign exchange stamp approval affixed)
will be accepted. Due to recent Australian government restrictions we are not able to clear personal checks ... All goods are new
unused surplus and are fully guaranteed. Orders witl be shipped within two workdays of receipt of same. All customs forms will be
attached. Minimum order amount is $5.00, do not add postage — we pay postage. Surface mail for orders under $10.00 ahd Air Mail

for orders over this amount.

DATA SHEETS ARE PROVIDED FOR EACH ITEM PURCHASED

DIGITAL INTEGRATED CIRCUITS
(dual i line package)

Signetic TTL (5 volt operation)
8440 Dual 2/2 and or invert gate .. $0.40
8455 Dual 4 input buffer ........... 0.40
8480 Quad 2 input NAND gate ..... 0.40
8H16 Dual 4 input NAND (high

E =171 ) J RSN + X (4
8H70 Triple 3 input NAND (HS) .. 0.40
8HB0 Suad 2 input NAND (HS) ... 0.40
8H90 ex inverter (HS) ... 0.40
8H21 Dual JK flip flop (HS 60MC) .. 1.25
8290 Decade counter (HS 60 MC) .. 3.50
8292 Decade counter (low power) .. 1.40
8251 BCD to decimal decoder 1.75
7480 Gated full adder ... 0.80
7413 Dual 4 input NAND Schmidt

triggers .o e 1,78
74181 Anithmetic logic unit 5.00
260 Arithmetic logic unit 3.50
8261 Fast carry for above 1.40

Send for free brochure listing hundreds of
bargsins.

Signetic DTL (5 volt eperation) dual in line

P629 Flip fOP ..o
P659 Dual 4 input buffer
SP670 Triple 3 input NAND §ato
SP680 Suad 2 input NAND gate ... O.
SP690 ex inverter ..., 0.38

Signetic “Utilegic”

This family of logic offers medium speed
combined with a greater noise margin than
is available from either DTL or L logic.
Power requirements are the same as L/
DTL (single 5 voit supply).

“Utilogic” dual in line package

LU300 Dual 3 input e?ander . $0.35
LU301 guad 2 input diode expander 833

LU305 input NAND ... . 0.
LU306 Dual 3 input NAND . " 0.35
LU314 7 input NOR ... 0.35

LU317 Dual 4 input expandabia NOR 0.35
LU333 Dual 3 input expandable OR .. 0.35
LU334 z:ﬂl; input expandable

R 0.35

LU356 Dual 4 input expandable
driver ... . 0.35
LU370 Triple 3 input NOR .. . 0.35
LU377 Triple 3 input NAND . . 0.35
LU387 Quad 2 input NAND 0.35

LINEAR INTEGRATED CIRCUITS

Fairchild and Signetic devices (no choice).
Some of this line is not marked but it is
fully tested and sold on a money-back guar-
antee. State first choice on package (10.5.
8-pin dual in line, or 14-pin DIP—we will
not ship flat packs).
NES526 High speed comparator $
NES65 Phase lock loop .. .
NES566 Function generator
NES67 Tone decoder .
709 Popular operational amplifier
5558 Dual 741 op amp (compen-
sated) ... SRR

T PR
g &NNNS
owm owan

Dual 741 op amp ...

Babylon Electronics Inc.

LED DISPLAY

The MANI is a seven segment diffused planar
GaAsP light emittin? diode array. It is
mounted on a dual in line 14-pin substrate
and then encapsulated in clear epoxy fot
protection. It is capable of displaying all
digits and nine distinct letters.
FEATURES:

High brightness,
350ft.-L @ 20ma.
Single plane, wide angle
viewing, 150°.
Uncbstructed emitting sur-
face.

Standard 14-pin dual in line
package.

Long operating life, solid
state.

Operates with (C voltage re.
quirements.

ONLY $4.25

typically

“UTILOGIC*” SPECIAL
Ten (10) pieces of LU321 dual JK flip
flops and four pages of application in.
formation describins ripple counters (3 to
10) and divide by 12 up/down binary and
decade counters, shift registers and self.
correcting ring counters.

Complete package only $4.00

LINEAR SPECIAL

Ten (10) 741 fully compensated opera-
tional amplifiers with data sheet and
two (2) pages of application notes cover-
ing the basic circuits for op-amps.
EACH $0.65 PACKAGE $6.00
Please specihf‘y first and second choice of:
TO-5, 8-pin MINI DIP, 14.pin DIP.

LM309K—5 veit regulater

o\ This TO-3 device is a complete
Y regulator on a chip. The 309 is
- virtually blowout proof, it is
N designed to shut itself off with

%6 overload of current drain or
over temperature operation.
Input voitage (DC) can range from 10 to
30 volts and the output will be five volts
(tolerance is worst case TTL requirement)
at current of up to one ampere.

EACH $2.50
FIVE for $10.00

LSI—CALCULATOR ON A CHIP

This 40 pin DIP device contains a com-
glete 12 (twelve) digit calculator, Add,
ubtract, Multiply, and Divide. Outputs
are multiplexed 7 segment MOS levels.
Input is BCD MOS levels, External clock

is required. Complete data is provided
with chif (includes schematic for a com-
plete calc

ulator).
Complete with data, $14.95

Data
only

TY LTI A v a0 !

$1.00

COUNTER DISPLAY KIT—CD-2

This kit provides a highly sophisticated
display section module for clocks, counter
or other numerical display needs.

The RCA DR-2010 Numitron display tube
supplied with this kit is an incandescent
seven segment display tube. The .6” high
number can be read at a distance of thirty
feet. RCA specs. provide a minimum life
for this tube of 100,000 hours (about 11
years of normal use).

A 7490 decade counter IC is used to give
typical count rates of up to thirty MHz. A
7475 is used to store the BCD information
during the counting period to ensure a non-.
blinking display. Stored BCD data from the
7475 is decoded using a 7447 seven seg-
ment decoder driver. The 7447 accomplishes
blanking of leading edge zeroes, and has a
lamp test input which causes ail seven seg-
ments of the display tube to light.

Kit includes a two sided (with plated
through holes) fibreglass printed circuit
board, three IC's, DR.2010 (with decimal
point) display tube, and enough Molex socket
pins for the IC's.

Circuit board is .8” wide and 4}~ long. A
single 5 volt power source powers both the
iC’'s and the display tube.

CD-2 kit complete only $10.95 /(,
J

\

Assembled and tested .. $13.00
Board only ‘2'5,0,/»\

RCA DR2010 Numitron diri-
tal display tube. This In.
candescent five volt seven
se}ment device provides a
.6” high numeral which can
be seen at a distance of 30
feet. The tube has a stand-
ard nine pin base (solder-
able) and a left-hand deci-
mal point. Each $5.00

SPECIAL 5 for $20

UNIVERSAL COUNTER DISPLAY KIT CD-3

This kit is similar to the CD-2 except for the

following:

a. Does not include the 7475 quad latch
storage feature.

b. Board is the same width but is 1” shorter.

c. Five additional passive components are
provided, which permit the user to pro-
gram the count to any number from two
to ten. Two kits ma{ebe interconnected
to count to any number 2.99, three kits
2-999, etc.

d. Complete instructions are provided to
pre-set the modulus for your application.

CD-3 board onl
$2.2
IC's 7490, 7447
2.75
RCA DR2010
— tube 5.00
Complete kit includes all of the above plus

5 programming parts, instructions and Molex
pins for 1C's. Only $9.25

256 BIT BIPOLAR FIELD PROGRAMMABLE
READ ONLY MEMORY

This Signetic No. 8223 IC operates at 5
volts and contains 32 x 8 bit wide ROM
which can be field programmed.

. . Each $10.00

We can provide these devices programmed
to your specifications $5.00 for the first
one and $2.00 each additional one. Please
allow one week for programmed units.

Post Office Box J, Carmichael, California. 95 608 U.S.A.



= Answers to all the questions
- you've ever asked about
tape recorders-in one book!

Whether you've just built your own hi fi system, or
whether you're just thinking about vour first
cassette recorder, “Tape Questions—Tape
Answers” will be a mine of valuable information.
Written by noted German authority, Heinz Ritter
and published in conjunction with BASF, world
leader in tape, this book covers all aspects of
recording on magnetic tape. Here's just a few
examples taken from the 18 Chapter headings:—
“Selecting the right tape’’; “Which Sound Mixing
for what Purpose?” “Which microphone for what
purpose?’ “Editing and splicing of Magnetic
Tape.” “Tape recorder maintenance.” “Compact
Cassettes or Spool Tape Recorders?” ‘“How to
add sound to 8mm Fitm.”

All the technical data for experts, clear
explanations and illustrations for the
experts-to-be. Over 120 pages with 100
illustrations and diagrams.

Get more satisfaction by using your equipment
more effectively. Save money by selecting the
right gear. Maybe settle a few arguments!

At just $1.25 you can't afford to be without this
valuable reference book.

Buy “Tape Questions—Tape Answers’ at your
BASF dealer NOW!

recommended retail price. VAAMN

Buy Tape Questions-Tape Answers’ R
at your BASF dealer NOW! 7
OR send this coupon 7

To: Maurice Chapman and Company 7
Pty. Ltd., Box 882, G.P.O., Sydney ’ ’
2001.

Please send me my copy of “Tape P ’ 0‘0
Questions, Tape Answers.” En- A QO
closed is my Cheque/Postal 7 S
Order/Money Order for $1.45, P e < ?g,%
which covers postage and ’ ?,\“ 00
handling. 7 »

\
—— e e e\

/——————-———————————
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FREQUENCY MODULATION

How it works and why it is used.

someone a few hundred yards away.

This is because sound is attenuated
very rapidly in its passage through the
air. Not so with radio waves. They do
not require air, or any other physical
transmission medium. They can be
used to transmit signals over, literally,
astronomical distances.

To use radio waves as a transmission
medium, we must somehow impress
the information we wish to transmit
onto the radio wave. The process of
impressing information onto the radio
wave is called modulation, and the
radio wave so modulated is called the
carrier.

The carrier wave (assuming it is a
pure sine wave) has two Dbasic
characteristics that are exploited in
radio broadcasting systems. They
are:—

(1) Amplitude; In Fig. 1a, the waves
represented by the dotted and solid
lines are the same in every respect
except amplitude.

lt is difficuit to shout a message to

poa——— One cycle —ad

-— —time —— — -

Fig. 1a. Two sine waves of same frequency
but different amplitude.

time

Fig. 1b. Sine wave having same amplitude as
A in 1a but at twice the frequency.

(2) Frequency; In Fig. 1b, the wave
has the same frequency as A in 1a but
twice as many complete cycles occur
in a given time.

To modulate the radio wave, we may
modify  either of these two
characteristics linearly. Such modu-
lation is broadly termed continuous
modulation. Or we may chop up the

26

wave in accordance with a coded signal
{e.g. Morse code transmission) and
such modulation is broadly termed
pulse modulation. We shall concern
ourselves here only with continuous
modulation,

CONTINUOUS MODULATION

Only two methods of continuous
modulation are in general use for radio
broadcasting. These are amplitude
modulation (AM), and frequency
modulation (FM).

The differences between the two
techniques may readily be understood
by referring to Fig. 2a and 2b,

Amplitude modulation is depicted in
Fig. 2a. Here, an audio waveform

|
AM, Carner

llI'UHI|I||||1||fl(||4|||“l| l,!la;ll!u'olUHlUH!
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Fig. 2a. The amplitude modulation process
{a)l The unmodulated carrier

{b) The audiotone

{c) The modulated carrier
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Fig. 2b. The FM modulation process
{a) The unmodulated carrier.

{b) The audiotone

fc) The modulated carrier

causes corresponding changes in
amplitude of the sine-wave carrier.
When the audio waveform swings

positive, the carrier amplitude is
increased, and when the audio
waveform swings negative the carrier
amplitude is decreased. The amount of
increase or decrease depends on the
amplitude of the audio tone. If the
audio tone amplitude is sufficient to
just reduce the carrier amplitude to
zero — the carrier is said to be 100%
modulated.

Frequency modulation is shown in
Fig. 2b. In this case when the audio
tone swings positive — the carrier
increases frequency, and when the
audio tone swings negative — the
carrier frequency decreases. The
carrier amplitude always remains the
same. So in effect, the carrier
fluctuates in frequency around its
nominal value at a rate determined by
the modulating audio tone.

It should be particularly noted that
frequency swing of the carrier is related
to the amplitude of the modulation -
signal, not its frequency. The amount
that the carrier swings in frequency is
known as the deviation.

It may be thought that in
comparison with the AM system,
100% modulation would now
correspond to a reduction of the
carrier frequency to zero. But
assuming this were possible, one FM
channel would occupy an enormous
bandwidth (more than twice the
carrier frequency) and this is obviously
impractical. Again it may be thought
that bandwidth could be limited to a
few cycles whilst still retaining the
capability of transmitting the entire
audio spectrum. This would be
wonderful if it were possible, but in
fact the modulation products occupy a
wide bandwidth in a very complex
manner.

In practical systems the deviation is
limited by licencing authorities to
75kHz above and below the carrier
frequency, and as this implies a
bandwidth of the order of 200kHz,
operation in the VHF (very high
frequency) or UHF (ultra high
frequency) bands is necessary in order
to provide room for a reasonable
number of stations.

The internationally agreed band for
FM radio transmission, as used in most
countries, is in the VHF region from
88 to 108 MHz and were it not for a
political decision, this is the frequency
band that we would have used in
Australia.

To understand the deviation process
better, let us return to the AM system
again. The modulation process is
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WILL
ITSELF?

Will Australia use FM as fully
as it deserves? Or will the errors
committed in UK and USA be
repeated?

The UK has had FM since the
early '60s and the USA since the
early ‘50s. In neither of these
countries have the advantages FM
has over AM reception been
fully utilised, in fact the only
advantage of FM that is really
exploited is the absence of
static, image and
adjacent-channel interference.

High quality audio, with
bandwidths up to 15kHz or so,
is a feature inherently available
with FM systems — but is rarely

HISTORY REPEAT

exploited in most receivers.
Neither is economic use of
transmitter power — another

advantage which FM has over
low-frequency AM. It is
interesting to recall how this
situation came about.

Until the mid '60s,
miniaturisation of components
and associated receiver design
had not really got under way,
and FM receivers were designed
and destined for a connoisseur
market able and willing to pay

the price for quality receivers
with ‘near hi-fi’ audio stages and
various refinements such as
automatic frequency control etc.
With the then prevalent discrete
design, these receivers were
expensive, and the market was
limited.

The advent of miniaturised
design in the mid ‘60s also
coincided with the booming in
the then affluent ‘teen-age’
market which devoured as many
portable small receivers (mainly
for AM) as could be locally
manufactured and augmented by
importers.

Market economics dictated a
cheap and competitive price tag
to such receivers. And, since it is
more expensive to design and
manufacture the front end (up
to the discriminator/detector) of
a cheap portable FM receiver
than that of a comparable AM
receiver, manufacturers
economised on the audio stages
where hi-fi design would have
been out of place anyway due to
the limitations of loudspeaker
size alone. The continuing high
sales potential of the portable
set market since then has
virtually put an end to high
quality audio reception from FM

broadcasts in such receivers.
Admittedly, full justice to the
high quality audio available with
FM is being given in table and
console model receivers and
radiograms but these account for
less than 5% of the market,
ignoring the specialist hi-fi field
which is adequately catered for
by an expanding market of FM
and AM/FM tuners.

Portable FM receivers have also
exposed another weakness of
FM reception in practice. The
telescopic and other forms of
integral receiving aerials which
could be (and were) cheaply
provided with such sets are
inadequate outside a small radius
of the transmitter. Hence, since
such receivers are mostly
designed to receive AM
broadcasts also, they tend to be
used almost exclusively for AM
where  complementary AM
transmission is available.

Such is also the situation in
certain reception areas which are
‘dark’ for FM due to man-made
or natural obstacles in the
line-of-sight signal propogation
paths.

How Australia proposes to
tackle this market should be
fascinating to observe.

essentially a multiplication process
which results in a transmitted signal
consisting of a carrier frequency and
what are known as sidebands. These
sidebands, of which there are two, are
spaced above and below the carrier
and are separated from it in frequency
by an amount equal to the modulation
frequency. Thus a 5MHz carrier,
amplitude modulated by a 10kHz

A M. wavetorm

Wl W

I, s

(a)

catrier
lower upper
sideband sideband
4990k Hz 5000kHz 5010 kHz

Fig. 3. An AM modulated wave may be
considered as a carrier plus two sidebands
above and below separated from the carrier
by the audio frequency.

{a) The modulated carrier (amplitude versus
time)

{b) The spectrum of the modulated carrier
{amplitude versus frequency)

signal, would have a spectra as shown
in Fig. 3.

These sidebands shift in and out as
the modulating frequency varies.

Obviously if the audio modulation is
limited to 15kHz, the total bandwidth
would be limited to 5 MHz + 15kHz,
i.e. 30kHz.

But with FM modulation, sidebands
are produced spaced in frequency at
multiples of the modulating signal
frequency. For frequency modulation

——~—
o

amplitude

by a tone of 10kHz the spectra will
look something like Fig. 4. There is
actually an infinite number of
sidebands above and below the carrier

F M. waveform

TR

I |
”"'»’ M!IAM !1'””'

ume ————o

carrier

A

100 -80 -60 -40 -20

0 +20 +40 +60 +80 +100

kHz frequency

Fig. 4. (a) An FM modulated carrier (amplitude versus time). (b) the amplitude versus
frequency spectrum of an FM signal with 10 kHz tone modulation produces pairs of
sidebands separated from the carrier by integral multiples of the modulation frequency.

ELECTRONICS TODAY INTERNATIONAL — DECEMBER 19/2

27



v ]

New Memorex Cassette Tape
can shatter glass because it re-
cords and plays back with exact-
ing precision, Memorex Cassette
Tape records every note, every
pitch, every harmonic, every nuance

— 1Y i
of music, then plays them back the \«/ ——
same way they sounded live. \ ,J 3
J -

Quite a claim.

Quite a tape.

We found a singer who could maintain
the exact pitch necessary to shatter glass and
projected his voice with'enough volume to
vibrate a glass to its shatter point. At the same
time, we recorded that pitch on Memorex
Cassette Tape.

Then we played our tape back.

Bam! Shattered glass.

Because we can capture and play back a
voice with such exacting precision, you can
record and play back your favorite music
with the same exacting precision.

You'll hear.

M EMOR EX Recording Tape

Sole Australian distributors—LEROYA INDUSTRIES PTY. LTD., 266 Hay St., Subiaco, Western Australia 6008.
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FREQUENCY
MODULATION

From page 27

frequency but a 200kHz bandwidth
will include all those sidebands with
amplitudes of consequence.

The degree of modulation is
dependent on the amplitude of the
audio tone, and as the major sidebands
must be kept within * 75kHz
deviation, we need some factor by
which we can compare relative
modulations. This factor is known as
the modulation index and is the ratio
of the carrier deviation to the
modulating frequency
Mod index M

_ carrier deviation frequency
~ modulation frequency

Thus with a 15kHz modulation and a
maximum deviation allowable of
75kHz — the modulation index is
equal to:—

M= E— 5
15=5

In this case as long as the modulation
index of five is not exceeded,
modulating frequencies 15kHz and
below the FM sidebands will not cause
interference with adjacent channels,

ADVANTAGES OF FM

From what has been said before, it is

obvious that FM transmission has no
advantage in terms of bandwidth over
an AM system. In fact it requires so
much bandwidth that operation in the
VHF (or UHF) band is essential. So
what is the point?

Well, first of all let us consider the
problem of noise. In AM transmission,
noise disturbances are ‘superimposed
upon the carrier wave in the form of
sharp spikes. (Fig. 5)

These spikes have exactly the same
format as the AM modulation and are

interference and

Wm it : &'LM

Fig. 5. Noise in an AM modulated signal
produces spikes which pass through the
receiver and appear in the output

hence amplified and detected in the
normal manner thus giving rise to very
unpleasant static and noise which is
reproduced through the loudspeaker.
Widening the AM bandwidth, to
obtain better fidelity, also increases
the susceptability to noise.

Now let us consider FM. Here, noise
again produces amplitude variations in
the carrier, but in this case the
information is not carried by

amplitude variations, but by frequency
variations and hence is of an entirely
different form.

If now we pass the signal through a
clipping stage the signal will have the
noise components clipped off but will
still  retain the full modulation
information.

Another advantage of FM is its
capability to reject unwanted signals
within the passband. This is far greater
than that attainable with AM. For
example an unwanted signal which has
half the amplitude of the required
signal will not cause interference. In
AM, the wanted signal has to be 25
times greater than the unwanted signal
to achieve the same rejection.

To summarise, FM offers the
capability of transmitting the entire
audio spectra of a programme with
much better noise performance and
unwanted signal rejection than AM. It
does not, however, offer saving on
bandwidth requirements.

A further advantage of FM is the
possibility of transmitting stereo music
on the one carrier, and this process
known as stereo muitiplexing is a well
established practice overseas. No
doubt we wil also see this in Australia
at some time in the future.

In future articles we will discuss the
circuitry required to transmit and
receive the FM broadcasts. [

ZEPHYR RECOMMENDS THESE
ELECTRET CONDENSOR MICROPHONES _

* ATTRACTIVE APPEARANCE * OUTSTANDING PERFORMANCE
* EXCELLENT SIGNAL-TO-NOISE RATIO

EM-507
NON-DIRECTIONAL

600 OHMS
—70db (0.315MV)
1 2.5db

50-15000 HZ
1.5.V (UM-3)

impedance
Sensitivity

Freq. response
Battery

MARKETED IN AUSTRALIA BY

Sensitivity

CMU-506
UNI-DIRECTIONAL

600 OHMS balanced
—72db % 2db 1K HZ
{0db = 1V/U BAR)
50-15000 HZ 3db
H-7D/AS8.1V

1mpedance

Freq. response
Battery

EM-4000
Y LAVALIER

Impedance i IK
Freq. response 100-10K HZ
Battery 1.5 VOLTS

ZEPHYR PRODUCTS PTY LTD

70 BATESFORD ROAD, CHADSTONE 3148, VICTORIA — PHONE: 56-7231
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Searching for the
Antiworid

URING the 17th century,
DGottfrled Leibniz contended that

this is the best of ail possible
worlds because God chose it out of an
infinity of possible worlds for that
very -reason. Avant garde twentieth
century physicists find such
cosmological chauvinism as untenable
as Voltaire did, for rather different
reasons: they believe that existence
could be at least as desirable in many
of the infinite number of possible
worlds — and perhaps is.

Within our world, cosmologists have
not abandoned Leibniz’ philosophical
system: he proposed harmonious
hierarchical structure, in which even

the smallest unit reflected the whole in
microcosm. QOver 200 vyears later,
physicists seek an understanding of the
Universe-at-large in the submicroscopic
physical world. -Current issues of
interpretation in particle physics lead
to very different cosmologies;
cosmological theory may be firmly
established only after clarification of
these issues and an advanced
understanding of elementary particles.

OFFSPRING OF
THEORETICAL MARRIAGE

Paul Dirac accomplished one of the
major feats of modern theoretical

physics in 1928 by demonstrating that

An investigation of alternatives
for half the universe

by Mort La Brecque

Einstein’s special relativity could be
combined with guantum mechanics to
describe particles. As might be
expected, the consequences were
profound For every kind of particle,
Dirac predicted the existence of an
antiparticle, with equal mass but
opposite electromagnetic and quantum
properties.

Thus, for the negatively charged
electron, there s~ the positively
charged positron. In 1932, astronomer
C.D. Anderson detected positrons in
cloud chamber photographs of cosmic
rays, confirming Dirac’s prediction.
Subsequent laboratory energy
acceleration experiments have verified



the existence of antiparticles for all
known particles except those, like the
photon and the neutral pion, which
are their own antiparticles.

AVERY SHORT LIFE

Following conventional logic,
physical objects should be composed
of equal parts matter and antimatter,
but this is not the case. Very little
antimatter exists, at least within our
solar system. Astrophysical
observations indicate that, like Earth,
the Sun and planets are composed
only of matter: although antiparticles
are created when high-energy light
photons interact with matter, they
have an extremely short life of
picoseconds.

Dirac also predicted that if a particle
collides with its antiparticle — a
certainty in the crowded, fast-moving
world of the very small — .they
annihilate each other, simply popping
out of existence with either a trail of
energy or of less massive particles left
behind.

Laboratory confirmation of this

prediction indicates a mechanism for
the disposal of antimatter, and carries

another implication: matter and
antimatter cannot coexist at very close
spatial  proximity  without fatal
radioactive consequences for physical
objects. A homogenous mixture of
particles and antiparticles would result
in a universe full of the energy of
annihilation, but without any life.

THE BEAUTY OF
SYMMETRY

While they accept this notion, some
theoreticians believe that it raises
troubling questions; their feelings are
based on intuitive aesthetics as much
as on careful observations. The
scientific philosophers of antiquity
proceeded from the assumption that
natural principles are both simple and
beautiful; heavenly bodies, for
example, were perfect spheres moving
in- perfect circles. Although modern
science has shown that such
assumptions are simply naive, and that
nature tolerates violent discordance as
easily as sweet harmony, symmetry
principles remain very attractive. Why
should nature favor plus over minus,
matter ovér antimatter?

During the last twenty years, it has
been demonstrated that the symmetry
laws of physics are violated — but only

. under special circumstances and very,

then: nature
dictum of

very weakly even
ordinarily obeys .the
symmetty. Thus, a number of
physicists feel justified in asking
whether matter and antimatter exist in
equal quantities, if not in our solar
system, then in the Universe.

Because matter and antimatter
appear to obey symmetry principles in
accelerator experiments, the crucial

issue is whether the Universe began -

with equal amounts of matter and
antimatter. Theoreticians proposing a
charge-symmetric Universe all assume
charge-symmetric initial conditions.
Their theories differ in explaining the
presumed matter-antimatter
separation. In one theory, matter and
antimatter are eventually grouped in
different solar systems within each
galaxy; in a second, they are contained
inside or expelled outside galactic
cores. And a third theory suggests a
less homogenous but not less
symmetric arrangement of
separate-but-equal antimatter
galaxies.” '

A SYMMETRICAL
COSMOLOGY

In 1963, Hannes Alfven, Royal
Institute of Technology, Stockholm,
proposed with O. Klein a cosmological
theory explicitly based on the concept
of symmetry.

The Universe begins as a thin gas
cloud diffusely filled with equal
numbers of protons, antiprotons,
electrons and positrons. As the cloud
contracts under its own gravitational

attraction, particle-antiparticle
annijhilation occurs; the resulting
radiation acts as a brake, reversing
collapse into the presently observed
expansion of the Universe.

A Leidenfrost effect — a process
similar to electrolysis — in the
primeval magnetic field, separates

. matter and antimatter, and limits

annihilation during galaxy formation.
Because the effect is on a very small
scale, matter and antimatter bundles
are not separated very far from each
other. Thus, each galaxy contains
equal amounts of matter and
antimatter,-distributed as discrete solar
systems; although our solar system is
made of matter, Alpha Centauri, our
nearest neighbor, could well be
composed of antimatter, according to
Alfven-Klein cosmology. :

HEART OF ANTIMATTER

Fred Hoyle, formerly of the Insitute
of Theoretical Astronomy, Cambridge
University, also suggests that matter
and antimatter may coexist within the
same galaxy, but in a much different
arrangement. Rather than solar
systems made . either of matter or
antimatter, Hoyle says “‘we could have
particles distributed in stars and
interstellar gas, and antiparticles
condensed as a compact fucleus at the
galactic- centre.”” (Nature, Nov. 1,
1969) Hoyle assumes that both
particles and antiparticles are created
in the condensed nucleus of our Milky
Way Galaxy, but particles are expelled
while antiparticles are retained; their
roles could be interchanged, however,
in other galaxies.

Hoyle acknowledges an obvious flaw
in his argument: gravitational masses
of galactic nuclei are usually at least an
order of magnitude less than the total
mass of surrounding stars, suggesting
that the model does not produce equal
amounts of matter and antimatter .in
each galaxy. He offers two ways out of
this difficulty. The nucleus might
fragment through explosions, the
fragments  showering  6ut into

*Physies is not the only discipline to raise
questions of symmetry: biologists have un
analogous  situation in  “left-und-right-
handed” amino  acids. Laboratory
preparation of uasymmetrical amino’ acids
always produces an equal amount of
levorotary crystalline compounds — which
rotate light rays to the left — and
dextrorotary ones. All known forms of life
are composed almost entirely of levorotary
amino acids; such a structure has been
considered a requirement for identification
of extraterrestrial life in meteorite studies.
But as physicists speculate about the
existence of cosmological antimatter.
biologists do not rule out the possibility of
carbon-based life, elsewhere in the Universe,
composed cntirely. of dextrorotary amino
acids.
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interglactic space, or the nucleus might
radiate part of its mass as gravity
waves.

But Hoyle has perhaps a more
difficult obstacle to overcome. His
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Proton-antiproton annihilation in a liguic hydrogen bubble charober.

model shares another similarity with
Alfven’s: it is consonant only with a
problematic cosmology, in this case
Hoyle’s own Steacy State theory,
which calls for the continuous creation
of matter and the infinite expansion of
the Universe. Most theoreticians find
that Big Bang cosmology — with a
creation time of picoseconds and a
finite expansion of the Universe — fits
astronomical obsarvations better.

AN ARTIFACT
OF CREATION?

A mode! of cosmological antimatter
compatible with — in fact, dependent
on — Big Bang is offered by R. Omnes,
Laboratoire de Physique Theorique et
Hautes Energies, Universite Paris-Sud.
Omnes agrees with most theoreticians
that the recent discovery of a 39K
background radiation suffusing the
Universe revealed an artifact of that
colossal explosion. Ten to twenty
billion years ago, time began,
according to Big Bang adherents; in
the first fraction of a second, the
known Universe extended just the
distance of a small solar system.
Omnes says it contained only thermal
radiation then, which must have
generated plentiful and equal amounts
of matter and antimatter.

He contends that at the
extraordinarily high initial
temperature — 3 x 10129K — particles
and antiparticles effectively repelled
each other, first avoiding annihilation
and then separating to form
proto-galaxies and antigalaxies; these
worlds in formation interacted only at
their boundaries, the annihilation
there generating fluid motions by
which matter and antimatter
separately coalesced in different
regions of space. As the Universe
continued to expand, the bubble-like
shapes contracted under their own
gravitational attraction, precluding any
radiation disaster through
galaxy-antigalaxy contact.

A CRITICAL TEMPERATURE

Omnes’ theory of distinct antimatter
galaxies rests largely on the critical
assumption  that particles and
antiparticles do not annihilate each
other at the very high initial
temperatures of a Big Bang. Since such
temperatures are unavailable in the
laboratory, Omnes relied on extension
of theoretical knowledge to formulate
his proposal. Dr. Gary Steigman of
Cambridge’s Institute of Theoretical
Astronomy says that Omnes’
conclusion “‘is in contradiction with
experiments on nucleon-antinucleon
scattering,”’ adding that ‘‘for the range
of applicability of this theory,
nucleons do not repel antinucleons,
they attract [and annihilate] them.”
{Nature, Nov. 1, 1969)

However, Omnes believes he has
reason to be confident. He states that
other theoreticians encourage his
research, particularly because
coalescence and boundary
annihilation relate two basic
cosmological questions: the observed
size of galaxies and the 39K
background radiation. At a recent
meeting of the American Physical

{Turn to page 35)
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TEAG'S new multi-track
tlecks are the fourmost.

TEAC was the first to introduce four-channel decks, long before

any others were around. Now we introduce the incomparable
A-3340: destined to be the fourmost.

A proven pro, this deck combines the best features of TEAC's
forerunners. At first glance, you're struck by its audio sophistication.
It's professional 10% " deck with 15 and 7% ips speeds, and it
delivers ""four-in-hand’’ versatility. TEAC’s Simul-Syrc system for

recording individual instruments separately at any time, all in ! I 'EA‘ :@, A SOUND IDEA
perfect sync. Added to its “one-man-band’’ recording ability, the \ e '
3340 records superb four-channel stereo, as well as regular b L U

Australian Musical Industries Pty L td
155 Gladstone St.,

South Melbourne Vic. 3205

Ph. 69-7281

619 Pacific High ay,

St. Leonards, NSW 2065, Ph. 439-5752

two-channel stereo and %-track mono.

With the optional AX-20
mixdown panel. Simul-Sync
recording can be dubbed

down to two-channel stereo
or mono demos

If you prefer slightly less
four-channel sophistication,
take a look at our new A-2340.
It’s like the A-3340 but with
1% and 3% ips speeds, and
takes 7-inch reels.

If you want the fourmost,
you owe yourself the best—
a TEAC A-2340 or A-3340.

If you'd like to know
more, write to us for
the TEAC Catalogue,
price list and
franchised
dealer
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/ :\* HALF THE STORY
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HERE'S THE OTHER HALF

Most cassette manufacturers te.l you how great their
tape is. What they forget to mention is that the
tape is only as good as the ‘’shel’’ it comes
in. Even the best tape can get mangled in

a poorly constructed shell.
That's why Maxell protects its
tape with a precisely constructec
shell, made of lasting heavy-duty
plastic.

Unlike other cassettes that use
fixed guide posts, Maxell uses ny'an
roller guides held with stainless steel
pins. These provide virtually frict on-
free tape movement and elminates a major
cause of skipping, jumping and umwinding.
The tape never comes loose from the hub
because it is anchored in two places — not one.
A tough teflon (not waxed paper) Hip sheet
keeps the tape-pack tight and flat. ~Jo more
bent or nicked tape to ruin your resording.
Maxell doesn’t use a welded seal but puts the
cassette together with precision screws.

As for the tape itself, it has been found to have an unparalleled
smoothness, excellent low and high frequency response, with near nil
noise and distortion figure.

Buy a Maxell (Ultra Dynamic or Lovs Noise) and get both halves of the cassette story —

"the sound and the shell.” maXE'I
Guaranteed across Australia by:— Hagemeygr (Australasia) N. V. ®

Sydney Melbourne Adelaide Brisbane Perth The answer to all vour tape needs.
!
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{Continued from page 32)

Society, Dr. Omnes said his theory
presents ‘‘rather good answers to
several basic questions,” although he
conceded that ““a decisive test of the
actual existence of antimatter is stiil to
be found.”

SIGNALLING THE
ANTIWORLD

The recent Conference on
Communication with Extraterrestrial
Intelligence urged that a serious
program be undertaken to make radio
contact with civilizations in nearby
galaxies. If such a program were
successful,  Earth-based physicists
inight be able to determine whether
these civilizations are anticivilizations
(from our point of view} simply
through a dialogue with possible
antiphysicists: comparing results of a
particular experiment conducted in
the respective high energy accelerators.
Charge-parity violation in KO meson
decay indicates a convention for signs
of nuclei charge — and whether the
civilization is predominantly matter or
antimatter.

Until the probably distant day of
interplanetary talk shows, we will have

to rely on more indirect methods of
testing the proposed theories; these
methods were discussed at
“Astronomy from a Space Platform,”
a symposium held at the annual AAAS
meeting and arranged by George W.
Morgenthaler, Martin Marietta
Corporation.

Noting the growing apathy with
which people regard research programs
of no apparent social relevance, Dr.
Morgenthaler contended that such
astronomical studies as the search for
antimatter are '‘an integral part of the
culture of mankind in the same
category as art, music and literature.
Astronomy . .. will help man
understand his solar system, his Earth
home and his evolutionary future.”

INTERSTELLAR MESSENGERS

The medium through which the
antimatter message will be transmitted
is interstellar. Cosmic rays, elementary
particles which may be accelerated by
stars in their last stages of life — during
supernova explosions, for example —
travel through interstellar space at near
light speeds; their energy levels reach
an incredible 107 billion electron volts
— and perhaps higher.

Dr. Andrew Buffington of the Space
Sciences Laboratory, University of
California at Berkeley, told the
Symposium that ‘“‘measurements of

Simultaneous creation of matter and antimatter: gamma ray decays into an electron

{e—) — positron (e*) pair.
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the isotope and momentum
distributions for charged cosmic rays
are of great interest in understanding
their source...We cannot directly
determine, using [optical astronomy],
whether even our nearést neighboring
star is made of the same kind of
matter as we and our solar system, or
if it is composed of the antimatter
observed in accelerator experiments.
The only practical way to find out
would be to analyze an actual sample
of material from the region near the
neighboring star to see if the material
has annihilation properties or reversed
electric charge convention.”’

Astronomers will acquire their
samples of material from outside the
solar system cosmic ray electrons,
positrons, stripped nuclei and protons

with the High Energy Astronomical
Observatory (HEAQ): a series of four
Earth-orbiting satellites designed to
carry large, heavy instruments for
interstellar X-ray, gamma ray and high
energy particle astronomy without an
interfering atmosphere. (Cosmic ray
particles interact with atmospheric
atoms to produce mesons and
secondary particles.)

First in the series of experiment
packages, HEAO-A is scheduled for
launch by NASA in 1975. This flight,
and other missions following in the
late 1970s, will develop a branch of
astrophysics begun during the last
decade: high energy particle
astronomy — a technical grouping of
experiments similar to those used at
large accelerators for investigating the
properties of elementary particles.
Because of advances in space satellite
technology, many techniques for
measuring accelerator particles can
now be applied to cosmic ray particle
measurement.

COOLING DOWN
COSMIC RAYS

For example, a. superconducting
magnetic spectrometer, conceived by
Dr. Luis Alvarez of the University of
California at Berkeley, will search for
antimatter on HEAQ-B; the
instrument is basically a |large,
super-cooled superconducting magnet,
which deflects cosmic rays, with two
precision spark chambers at each end
to measure their deflection. A
spectrometer capable of more critical
measurements is proposed by Dr.
Buffington for later missions; it uses
liquid Xenon proportional counters as
trigger, charge identifier and spatial
detector.

"The magnet coil is cooled with a
liquid helium refrigerator assembly,
which also maintains the liquid Xenon
in the proportional chamers. When an
incident particle with appropriate

{Concluded on page 111)
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DUAL

1229

TURNTABLE

“’One of the best rim and pulley drive turntables

we have seen to date.”

ual have -always manufactured

heir products in Germany. Their

factory, situated at Schwarzwald,
manufactures turntables, amplifiers,
tape recorders, speakers and, of all
things, electric shavers.

Locally they are well known for their
rim and pulley drive manual and
automatic turntables and, to a lesser
extent, for their amplifiers.

The unit reviewed in this article is
their top of the line model 1229
automatic turntable, It was supplied to

us already mounted on a well finished
oiled timber plinth approximately 3%
high. The only adornment on the base
was a %'’ wide silver strip across the
front face with a tiny DUAL label
engraved on it at one end.

The turntable layout is conventional,
but impressive with its contrasting
silver and black finish on the top panel
and on the controls.

A more detailed inspection revealed a
number of very interesting and
practical features.

electronics

TODAY

INTERNATIONAL

The cast turntable is 5/8"’ high and a
full 12 diameter. It is fitted with a
rubber mat with three raised
concentric rings, approximately 1/8"
wide, to support the records. An
inspection of the reverse side revealed
a well ribbed casting which would
eliminate possible warping and
distortion.

The main controls are grouped across
the front of the pressed metal
turntable base and consist of the
following, from left to right:—

36
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a)

Speed control lever with three
position, for 33-1/3 rpm, 45
rom and 78 rpm. Around the
lever pivot is a knurled knob for
speed adjustment. This knob

Aaries the position of the drive
pulley on a tapered motor shaft,
thereby changing the turntable

48 Rectiher RMS Lowss Lim Freq

speed by a small amount.

b) Strobe sight lens which can be
adjusted to vary the line of sight.

c) Start-stop lever,

d) Record size select lever with three
positions, for 7, 10" and 12"
records.

A cueing lever is located directly
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behind the record size select lever.
This is very well damped in the raising
mode and partially damped in the
lowering mode. Two further controls
are located at the base of the tone arm
pivot and consist of an antiskate
adjustment and a lever for raising the
gimbal joint to compensate for a
multiple stack of records.

The antiskate adjustment consists of
a knurled knob with two sets of
graduations on it. These graduations
consist of a red scale for spherical
styli, and a white scale for elliptical
styli. The red scale is applicable when
the knob is turned anticlockwise and
the white scale when the knob is
turned clockwise. These scales are
graduated from 0 to 3 grams.

Balancing and tracking force
adjustments are effected by a main
counterweight on the end of the arm
and a graduated dial in the centre of
the gimbal joint. The counterweight is
fitted to a stub shaft which fits into
the back of the tone arm shaft. This
shaft can be moved in or out to
provide a rough balance and locked in
place by a screw. Fine balancing is
then achieved by screwing the
counterweight in or out,

The correct tracking force s
obtained by turning a graduated dial at
the centre of the gimbal joint to the
desired tracking weight, This dial
tensions a spring by the required
amount to produce the necessary
tracking force at the stylus. Due to the
design of the gimbal joint this arm can
be balanced in all planes and, in
theory, could play a record whilst
upside down, or at any other angle for
that matter. Screw adjustments are
also provided for adjusting the height
of the stylus tip over the record in the
raised position, and for varying the
lateral position in the automatic mode
so that the stylus drops onto the “‘run
in"’ groove,

A very practical feature is the tone
arm support bridge which extends
from the tone arm rest to the edge of
the turntable. The tone arm can be
rested on this bridge without operating
the automatic stop, thereby
simplifying the operations necessary
for manual usage.

Operation of the turntable is very
simple and only requires operation of
the stop-start switch once the record
size and speed selection is made.

The turntable was supplied with two
multi-record spindles, one for
conventional records with %'’ diameter
centre holes, and one for 45 rpm
records with large centres. Another
centre was also supplied for playing
single 45 rpm records.

To facilitate and simplify the fitting
of a cartridge, the cartridge mounting
plate can be released from the tone
arm headshell by moving a small lever.
A gauge is also supplied to assist in
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correct location of the cartridge in the
tone arm. This gauge is fitted with a
notch and when the stylus tip is
centrally located in the notch the
cartridge position is correct.

The construction of the turntable is

Today International. The slight
variation in performance is indicative
of good quality control. [t is
interesting to note Dual manufactured

their own crystal cartridge for some’

time, but now recommend the Shure
M91ED as the ideal unit to
complement the performance of the
Dual Model 1229 turntable.

Wow and flutter at 0.05% is the best
we have measured on any rim and
puiley type turntable, Hum and
rumble was also very good and one of
the lowest we have measured.

The Dual is undoubtedly one of the
best rim and pulley drive turntables we
have seen to date. |ts combination of
simple yet adequate controls, with due
emphasis on the more important
components, such as the gimbal joint,
gives the unit a wide market appeal.

The performance of this unit will
satisfy the needs of most hi-fi purists.

At a recommended retail price of

$304, the Dual model 1229 is
competitively priced with other top
quality turntables. °

very interesting, particularly as all the
levers in the lift and cueing mechanism
are pressed metal, however, to
eliminate any noise during operation,
plastic wheels and bushes are used
throughout.

The motor is rather large (3"
diameter by 2%"’) but otherwise of a

MEASURED PERFORMANCE OF DUAL TURNTABLE
MODEL 1229 SERIAL NO. 039721 AND SHURE MS1ED CARTRIDGE

Frequency Response 20 to 20kHz + f dB

. Cartridge Weight 5.8 grams
::onvedntuonalth O E D type, Channel Separation at 1TkHz 28dB
t?u?ft:o n: re(::l;\anz :g::et:ble PSS [ Channel Diffarence at 1TkHz Less than % dB
’ Output at TkHz re 5cm/sec 4.6mV
Wow and Flutter %rms 0.05%
MEASURED PERFORMANCE Fiam &R is Equiaised but
The meesured performance was very Unwaighted re 1kHz at Sem/sec 47d8
good — in fact the unit is one of the Speed Accuracy Adjustable on tapered drive shaft
best we have yet measured. The Turntable Weight 7 Ibs.
cartridge performance was interesting, Transverse Friction 30 mg

particularly when the results are
compared with the same model
cartridge which we reviewed in the with Shure M91ED Cartridge
August 1972 edition of Electronics

TOTAL TESTING
WITH TRIO ELECTRONICS

TRIO quality attains a significant new
achievement plateau with this distinctive
series of  popular electronic testing
instruments.  Completely  transistorized,
amateurs can fully rely on each device
because its development is based entirely on
time-honored electronics techniques. The
CO-1303 solid state 75mm high sensitivity
oscilloscope is handy and reliable for
assembly centers, classrooms and amateur
radio stations. The AG-202 is a solid state,
sine, square wave audio signal generator
perfect for high fidelity lab — or service
bench — analysis. The SG-402 solid state,
wideband RF signal generator is a “‘must”
for all electronic equipment production
centers. The VT-108 FET-type all
transistorized, high sensitivity electronic )
volt-ohm meter combines instant readings
with compact handling and top sensitivity.
Always test with TRIO for top resuits.

@TRIO

TRIO ELECTRONICS.INC
TOKYO JAPAN

Vertical Friction
Recommended Retail Price

Less than 5 mg

$304

PR
new ()'tgnno:

PARAMETERS

PTY.LTD.

SYDNEY 43 6677 ¢ MELBOURNE 90 7444 ¢ ADELAIDE 61 6718
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The turntable for people
who are very serious about their
record collection

Aty
!

i

Model 1229

You may not appreciate all
of Dual’s precision
But your records will

FRED A. FALH (SALES) PTY ITD

28 KING STREET, ROCKDALE, N.S.W. 2218. Phone: 599-3722
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product test

Costing less than $1000, these new concept units provide fully variable delays.

HE need to add echos to

| recorded material has existed
since audio recording became a
serious industry, for apart from the
gimmicky use of echo to produce
special effects, it is often necessary to
add "life’”” to music which has not
been recorded in natural surroundings.
An echo is a sound which is delayed
by some period of time from the
original sound. In an auditorium it is
produced by reflections from a flat
plane. Sound has a fairly slow
propagation velocity (about 1100
ft/sec), hence a path difference of 50ft
between the direct and reflected sound
will cause a noticeable echo 55 m sec
after the direct sound has been heard.
If two parallel planes have a sound

Decay response for 1kHz sine wave using
minimum time delay setting. Loop gain
approximately —1dB. Effective reverberation
time 3.6 seconds.
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source between them, then the sound
will be reflected from one plane to the
other, giving rise to a phenomena
known as flutter echo. The name arises
because the sound is heard in
repetitive bursts.

The most desirable form of echo, the
one which is striven for in acoustical
design, is reverberation. In this case,
the sound is composed of many
random reflections with random time
delays. The end result is sound
decaying smoothly after the original
source has stopped. Unfortunately, no
two types of music require the same
reverberation time, and the
characteristics for speech are again
different (hence the problems in the
Sydney Opera House acoustics).

The designer of auditoria tries to
make the auditorium excellent for one
type of use and satisfactory for others.
Recording studios on the other hand,
are designed to be completely
non-reverberant, and reverberation is
added artificially to recordings made
therein in order to obtain the desired
sound.

But there are major problems in
introducing reverberation artificially,
using either acoustical or electronic
techniques. The most obvious method
is to re-record the program material
using loudspeakers and microphones
within a chamber having the required
reverberation time. This method is
used, but is not really satisfactory
since it re-introduces the defects which
would have been present had the
music been initially recorded in that
chamber. Apart from this it adds
additional colouration due to the
introduction of another microphone
and speaker into the recording chain.

A second(acoustical) method is a
reverberation plate. This consists of a
metal plate which is vibrated by the
electrical signals. The resultant
vibrations are then detected. The plate
is capable of sustaining many modes of
resonance and, therefore, appears to
have a fairly flat frequency response
when excited by broadband signals
such as music and speech. But
reverberation plates are rather large

and very expensive, and, therefore, not
commonly used.

The most common method used a
three head tape recorder in which a
tape loop passes over an erase head,
the record head, and then the
playback head. The signal laid down
by the record head is picked up by the
playback head and mixed with the
signal being recorded. When the loop
gain approaches unity, that is, the
signal level being re-recorded by the
record head approaches the original
signal level, the output from the
system takes a long while to die away.
If the loop gain exceeds unity the
output signal increases, resulting in a
sound not unlike feedback resulting
from a microphone in a speaker sound
field. It is at this point that the
simulation of reverberation time
becomes difficult. If the time interval
between the echoes becomes too long,
the resulting sound has the
characteristics of a flutter echo. If the
time interval between successive
echoes is too short, the decay between
successive echoes becomes difficult to
adjust and the signal to noise ratio is
seriously impaired, since there is some
degradation every time the signal is
re-recorded.

DIGITAL TECHNOLOGY

Recently, advances in digital
technology combined with rapidly
decreasing component costs, have
made it possible to obtain the required
delay times at costs comparable to
tape delay units.

The advantage of digital processing is
that the only degradation is the
occasional loss of a "bit"” and there is
no significant degradation in signal to
noise ratio caused by a large number
of repetitions through the delay line.
Rather, problems associated with
digital delay lines are due mainly to
the analog to digital and digital to
analog converters which are, in effect,
the heart of the system.

The Trevmar digital delay system has
a simple delta modulator which uses a
signal resynthesised from the digital
output as feedback. In addition to
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this, it has a built-in digital
““compander’’ to improve the dynamic
range. The de-modulator following the
delay line is virtually identical to the
modulator. The audio signal which is
transferred along the delay line
consists of a series of voltages
representing logical 1's or logical O's.
(The actual voltages corresponding to
1 or 0 are predetermined by the
original components’ manufacturer).

The delay is achieved by controlling
the frequency of a clock which
determines the rate at which one "'bit"’
is transferred from one memory unit
to the next. The clock also controls
the sampling rate of the input and
output converters.

This is where the problems begin
with the digital delay line.

If the clock frequency is high, then
the analog to digital conversion will be
accurate, and the signal re-synthesised

at the output will be a faithful
reproduction of the input signal. The
delay corresponding to a given number
of delay stages will be relatively short.

If the clock frequency is low the
delay will be greater, but the accuracy
of the re-synthesised signal will be
poor.

It is a trade-off between cost and
effectiveness.

Trevmar produces two digital delay

lines, the first being simple in
operation and a reasonable
compromise between conversion

accuracy and delay time; the second,
at approximately double the price, has
double the clock frequency and similar
delay time (maximum 0.22 secs).
These two units, hope Trevmar, will
cover the entire potential market —
from domestic users and ‘pop’ groups,
to the broadcasting and recording
studios.

) S— | V-

Response of reverberation synthesizer to tone burst when two delayed signals are used
for feedback. This produces overshoot on initial attack. LEFT. 0.22 seconds delay.

RIGHT. 0.05 seconds delay.
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TESTING THE SYSTEM

Testing a digital delay line posed
some interesting problems.

The first of these was that distortion
introduced by the analog to digital
conversion process is not harmonic
{until quite severe overloading occurs),
but broadband noise. It cannot,
therefore, be assumed that the
summation of the first few harmonics
will result in an accurate estimation of
the distortion.

The second problem is that, since the
analog to digital conversion is velocity
sensitive, distortion generated is both
frequency and level dependent. (The
level meter on the Trevmar unit is
basically a signal velocity meter).

The next basic problem in testing
was that we anticipated that peculiar
effects could be expected when the
input frequency was a sub-multiple of
the clock frequency or simply related
to the delay time.

Both these effects were found to
exist, however in a normal situation
neither of them would be expected to
cause trouble, but in a test set-up
where pure tone signals are applied,
they can and did.

Since the digital delay circuiting
cannot introduce any distortion or
noise to the signal, our testing of
distortion was performed on a
m~dified unit which had the digital
delay components removed. This
enabled us to obtain accurate tracking
between our oscillator and the output
of the system under test. If this were
not done it would have taken
approximately 10 hours for each level
recording.

The first tests were performed using
the Trevmar units as a straightforward
delay line. The input level was set so
that, at the maximum input velocity
(at 20 kHz) the meter on the delay
line indicated the maximum reading.
This meant that at the minimum
frequency (20 Hz) the input was 60
dB below the allowable input. This
test is a little harsh since the spectral
content of music and speech is not
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uniform. However, it does illustrate
the problems that occur on listening
tests, particularly when the music has
significant high frequency content.

On the minimum delay setting (0.05
seconds) — corresponding to the
maximum clock frequency — the
distortion was less than 1% over the
entire frequency range. The distortion
was higher at the low frequency end of
the spectrum due to the analog to
digital converter peing under-driven
and higher at the high frequency end
of the spectrum (above 5 kHz) due to
inaccuracy in the analog to digital
conversion. In the mid-frequency
range, the distortion curve exhibited a
number of resonances, apparently
related to the clock frequency.

The maximum delay (0.22 seconds)
produced a distortion curve with the
effects of analog to digital conversion
error showing up at approximately
1650 Hz instead of approximately 5
kHz. With this delay the distortion was
considerably higher than at the
maximum clock frequency, (i.e.
minimum delay) with the distortion
exceeding 1% above 2 kHz and rising
to 50% at 20 kHz.

The subjective effect of the
distortion is difficult to describe, since
the distortion introduced is dissimilar
to other systems. It is like a variable
signal to noise ratio. When there is
high level high frequency information
present, the output sounds noisy —
rather like poor signal to noise ratio on

Underside of Trevmar digital reverberation synthesizer.

a tape recorder. When the input signal
contains low level high frequency
information, the quality improves. The
noise spectrum is dependent on the
input frequency and so changes
continually with differing program
content.

FREQUENCY RESPONSE

The frequency response is essentially
independent of the clock frequency,
and, although not flat, it is probably
adequate. In any event, the low
frequency roll-off is determined by the
input R — C circuit which could be
altered to provide a flat response down
to dc. The high frequency
performance is governed by
interaction of the input with the clock
oscillator, and by the small bumps
introduced by the low-pass-filter
which blocks any components
generated by the clock oscillator from
entering subsequent equipment.

The next problem was 10 simulate
echo using the reverberation
synthesiser mode. In this mode, a
switchable tap onto the delay line
enables a signal to be derived with
several discrete fractions of the total
delay and this signal can be added,
together with asignal derived from the
end of the delay line, to the incoming
signal. This provides a two step
approximation to the idealised
concept of reverberation time.

As with the tape recorder method of
obtaining reverberation, the best
settings for signal to noise ratio are
with minimum delay time and
maximum feedback level (consistent
with stability).

We found that it was possible —
although very difficult — to obtain a
reverberation time much greater than
two seconds using the minimum delay.
With maximum delay, reverberation

. CLOCK | DELAY
“OUTPUT 0SC. " CONTROL
LEVEL
CONTROL o3
k e DELTA 12,288 DELTA
Zin> 10k MIXER B en | MOD. & STAGES DYNAMIC DEMOD. &
INPUT COMPRESSOR| | SHIFT REGISTER EXPANDER | |
“RECIRCULATE"
CONTROL g%"fT
DTOA
TONE 25kHz
MODULE FILTER N OTES:
BASS 1. 25kHz FILTERS ACTIVE SECOND ORDER
10k TREBLE 10k CHEBYSCHEV 1dB RIPPLE  f 1dB=25kHz
CONTROLS
2. LEVEL METER REGISTERS CONTENTS
TONED FLAT :
SUTPUT OUTPUT OF THE COMPRESSOR STORE

Schematic of simpler delay unit.
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Reverberation synthesizer — schematic drawing.

Economy version has fully variable delay from 20 msec to 200 msec.

(Concluded on page 46)
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The AR-6 speaker system from Acoustic Research.

The least expensive speaker sold by AR (the
AR-4x at $132) is also the most widely sold of all high-
fidelity speakers, because it has provided maximum
performance per dollar of cost. The new AR-6 offers
significantly better performance for $180. It adds
one-third octave of low distortion bass, and also
provides superior dispersion and more uniform energy
output at high frequencies. The seven inch depth of the
AR-6 adapts it ideally to shelf placement, or it may be
mounted directly on a wal! with the fittings supplied
with each speaker system.

Stereo Review says. ..

“Allin all, the AR-6 acquitted itself very well in our
tests. It was not quite the equal of the much more
expensive AR models, whose sound it nevertheless
resembles to an amazing degree, but on the other hand
it out-performed a number of considerably larger and
far more expensive systems we have tested in the same
way. Incidentally, the AR-6 shares the AR characteristic
of not delivering any bass output unless the programme
material calis for it. If at first hearing it seems to sound
“thin” (because it lacks false bass resonances), play
something with real bass content and convince
yourself otherwise. We don’t know of many speakers
with as good a balance in overall response, and nothing
in its size or price class has as good a bass end.”

High Fidelity says. ..

“Another great bookshelf speaker from AR ...a
really terrific performer. The AR-6 has a clean,
uncoloured, well-balanced response that delivers some
of the most natural musical sound yet heard from
anything in its size/ price class, and which indeed rivals
that heard from speakers costing significantly more. ..

The response curves taken at CBS Labs tell a
good part of the story. Note that across the largest
portion of the audio spectrum and especially through
the midrange the AR-6 responds almost like an
amplifier . ..

Directional effects through the treble region, as
evidenced by the average of 2dB that separates the
three response curves, are actually less pronounced
than we’ve seen in some costlier systems. Tests made of
the effect of the tweeter level control show that it can
vary the response from completely minus the tweeter to
a steady increase in tweeter output of about 2 dB across
its range. The design in this particular area is just
about perfect. .. Pulse tests indicate virtually no
ringing; in fact the AR-6 seems better than average in
this regard too.

...apair of AR-6s would be an excellent choice.”

The workmanship and performance in normal use
of AR products are guaranteed from the date of
purchase; 5 years for speaker systems, 3 years for
turntables, 2 years for electronics. These guarantees
cover parts, repair labour and freight costs to and from
the factory or nearest authorised service station. New
packaging, if needed, is also free.

The AR catalogue and complete technical data on
any AR product are available free upon request.

Acoustic Research Inc.

Massachusetts, US.A.

All AR audio equipment is on demonstration at the
AR Music Room in the Sydney showrooms of the
Australian Distributors.

Australian Distributors

W. C. Wedderspoon Pty. Ltd.

193 Clarence Street, Sydney. 29-6681

AR sound equipment may be purchased from the following Australian Deslers:

N.S.W.: Magnetic Sound, Sydney. 29-3371. Sydney Hi-Fi, Sydney. 29-1082, VIC.: Brasch's, Melbourne; Douglas Trading, Melbourne, 63-9321.
S.A.: Sound Spectrum, Adelaide. 23-2181. A.C.T.: Homecrafts, Canberra, 47-9624. W.A.: Leslie Leonard, Perth. 21-5067. Alberts T.V. & Hi-Fi

Centre, Perth. 21-5004. QLD.: Brisbane Agencies, Brisbane. 2-6931.
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Low noise
Screwed Cassettes
in hinged

plastic boxes

IMPORTED FROM U.K.

~ Until now
rich cassette sound
came at arich price..
Here's the first high quality
cassette at a moderate price!

3182 for 1 hour'splay § 262 for 1% hour's play
3382 for 2hour'splay  $VeS2 for head cleaner ez

TRY THEM
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times of 10 to 15 seconds were
possible, but the distortion and the
discrete steps in delay were very
noticeable.

In addition to the method we used
for testing, it is possible to set up the
two delays with differing frequency
responses using the independent tone
controls in each delayed channel. This
enables the reverberation time to vary

REVERBERATION-. 4 5 . J

1 |

¢ RMS  LowerLim Freq
S [Y'r?rv-rt'r‘rwr'r-vr*rTTTTTVﬁ T
-‘4——*__,'_

-

with frequency, thus duplicating room
conditions or producing special
effects.

While we have discussed at length
only the most expensive unit, the
cheaper wunit will duplicate the
performance of the more expensive
unit with approximately half the delay
time and with only one delay signal
in the reverberation mode.

Both units are produced in standard,
commercially available rack modules,
and have simple but neatly engraved
aluminium front panels. The
appearance is consistent with low®
production specialised equipment and,
therefore, rather less impressive than

20 H: Wr Spesd _B  _mwnisec Paper SpeedQ.0] mmisec
e

the average hi-fi enthusiast has come
to expect, particularly from American
and Japanese equipment
manufacturers.

The Trevmar digital delay lines offer
a new concept in the generation of
reverberation. The performance should
be compared with the units which the
manufacturer hopes they will
supercede; namely magnetic tape deldy
units. When compared with these, the
performance characteristics are
favourable and, in many cases, better.
For example, harmonic distortion
which is unavoidable using magnetic
tapes is eliminated.

Considering the unit has no moving
parts to wear or require maintenance it
is competitively priced, if considered
on a long term basis.

With the addition of a noise
reduction device a reduction of 10
decibels in noise is possible. Subjective
tests on a modified unit which arrived,
atter the laboratory tests were
performed confirmed this can in fact
be achieved. [ ]

TREVMAR COMMERCIAL UNIT

Price — approximately $450.
TREVMAR STUDIO UNIT

Price — approximately $1000.
Manufacturer — Trevmar Sound Services.
6 Arcowie Road,

Dernancourt,

S.A.5075.

The Ambassador No. 32 Record
Player is an attractively designed
and presented model featuring
four speeds (16, 33, 45 & 78
R.P.M.}, ceramic turn-over type
cartridge and automatic power
cut off. Most suitable for the
simpler stereo system. Compl- e
with anti-vibration mounting.
For 240V. 50 Hz.

o0 AR5

sole
australian
agents
H ROWE adelaide brisbane
a8 hobart melbourne
perth sydney

& CO. PTY. LTD.

available from
your nearest
hi-fi specialist
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At last. Stereo for fidgets.

’

P

Up till now, listening to stereo has been tough for
people who can’t sit still.

Because with conventional speakers the only place
to sit has been at the apex of the critical sound paths.
And two inches to the left won’t do.

But now there are Carlsson speakers.

They function quite differently.

They’re omni-directional. The very first that real-
ly work. The sound comes out of the top.

They were created by Stig Carlsson, formerly Pro-
fessor of Acoustics at the Royal Institute of Techno-
logy in Stockholm. After years of research into sound
reproduction.

What are Carlsson speakers really like?

They fill a whole room with stereo sound. Wher-
ever you sit, however much you move around, you’re

Sonab

N

surrounded with stereo sound. Immersed in it. No
other speaker anywhere in the world will give you that.
Carlsson speakers were introduced into Australia
barely a couple of months ago.
Write or phone us and we’ll send you the Sonab
literature and the name of your nearest dealer.

v

| ——

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

Solid-state TV cameras may become as small as a wrist-watch — Shaun Kannan reports.

Fig 1 — RCA’s experimental video camera in demonstration
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Fig 2 — Sample picture from a CCD camera
{Bell Labs)

XPERIMENTAL all-solid-state

video cameras as small as a

palm-held electric razor have
been developed — independently — by
RCA and Bell Laboratories.

Both cameras use the basic
charge-transfer technology described
in our May issue.

The image sensing devices used in
these cameras do not need the high
voltages, electron beam scanning or
vacuum envelopes wused in
conventional TV cameras.

And, since the cameras have the
associated electronics built into the
sensor integrated circuit, further
developments could result in cameras
with sensors and electronics much
smaller than the lens itself.

BUCKET BRIGADE DEVICE (BBD)

RCA’s camera has a 0.2"” sq image
sensor on a silicon integrated circuit.
The 1408 photo-sensitive elements are
arranged in a 32-row matrix with 44

elements in each row. The elements
are spaced 0.003"” apart. The device
can be visualised as rows of
isolated-gate FETs with sources and
drains connected and with the gates
coupled to the drains.

The electrical charges representing
bits of stored information are
transferred from one element to the
next by means of clock pulses that
raise the level of each element in the
correct sequence — in the same way as
a fire-fighting brigade passes a bucket
of water down the line.

On the same chip, the BBD has a
32-stage shift register also operating on
the bucket brigade principle. This is
used for the vertical scanning and
a-line-at-a-time read-out to give the
picture signal. Only nine connections
are enough to feed control signals to,
and take the video signal from, the
sensor.

Image resolution is not as good as a
conventional TV camera which has
nearly 400,000 picture elements but it
is sufficient to give a recognisable
picture of a foot-square object.

The device uses horizontal transfer
scanning. Stored charges from each
row are successively transferred into a
continously operating output register;
see Figs 3 and 4. Each row of sensors
is a BB register in which the sources
and drains of MOS transistors are
revrese-btased to act as photo-diodes.
In the in-between-scan 1/60 sec
period, the horizontal clock voltages
are disconnected from all rows,
allowing a charge pattern to be built
up on the sensor, corresponding to the
image being viewed. The horizontal
clock is then re-connected via
transmission gates, and the 32-stage
BB scan generator switches the gates
‘on’ sequentially. The charge pattern
in each line is transferred to the
output register which again is a similar
BB and delivers the charge patterns in
sequence to an output amplifier also
integrated on the same chip.

CHARGE-COUPLED DEVICE (CCD)

Bell’s camera has a 4.8x6mm sensor
with 13568 light-sensitive elements in
a matrix of 128 rows, Bit density is
0.0016"" square per element. The
operation is essentially as outlined in
our May issue but only one 64-row
area is used for imaging; the other
64-row area is used for storage and
read-out. The imaging charge
accumulation) period »f about 1/60
sec is followed by a frame transfer
sequence which shifts the charge
pattern from the imaging area into the
storage area in about 1m sec. While a
new frame is being integrated in the
imaging area, the image in the storage
area is shifted down, one line at a
time, so that lines of information enter
the horizontal serial register in
sequence. The horizontal register then
shifts each line of information to an
output diode to give the video signal in
a serial form.

The frame read-out is completed by
the time a new charge pattern is
formed in the imaging area, and the
storage area is then ready to have the
new frame transferred into it. The
cycle is repeated 60 times a second.

CHARACTERISTICS

At this admittedly experimental
stage, some tentative characteristics
for such systems can be formulated.

For example, there are two scanning
schemes: line-by-line horizontal
transfer (HTS) as used by RCA, and
vertical transfer with separate store
(VTS) as used by Bell. Also there are
two charge transfer techniques: the
bucket brigade technology used by
RCA, and charge coupling as used by
Bell. In principle, either VTS or HTS
can be used with either method of
charge transfer.

Both systems of scanning and both
systems of charge transfer are capable

‘ Fig 3 — Block diagram of a BBD charge-transfer sensor

Fig 4 — Circuit Diagram for the BBD sensor (To aid clarity, the two

VIDEC OUTPUT photo-diodes associated with each element are not shown)
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for the music loving
Perfectionist

The Empire Cartridge — The Empire 1000ZE/X

How It Works

pole \ , ] poles
v
» generating
Diamond—i___{ f element

Every Empire long playing cartridge is
fully shielded. Four poles, four coils,
and three magnets (more than any
other brand) produce better balance
and better hum rejection. There are
no foreign noises with the Empire
Cartridge.  Perfectly  magnetically
balanced, with a signal to noise ratio
of 80 dB, it features a moving
magnetic element and stylus lever
system .001 inch thick. The entire
cartridge weighs only 7 grams — the
ideal cartridge weight for modern
compliance requirements.

Stereo
Measurement
Standard

The measurement standard 1000ZE/X
stereo cartridge was designed to provide
professional users such as recording
studios, radio stations, scientific and
engineering laboratories as well as serious
audiophiles with the ideal standard for
record playback evaluation.

With the ability to track effectively at
stylus forces as low as .1 gram, the
1000ZE/X never subjects the disc
whether it is a vinyl pressing or a master
lacquer to any visible wear or groove
deformation.

The Empire 1000ZE/X Stereo
Measurement  standard at  $99.95
recommended for professional users or
serious audiophiles only.

For further information and price list please write

Sole Australian Importers and Distributors:

JERVIS AUSTRALIA PTY.LTD.

JERVIS AUSTRALIAPTY. LTD.
P.O. Box 6, Brookvale. N.S.W. 2100.
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TV CAMERAS
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Fig 5 — Frame transfer principle in Bell's CCD sensor

of roughly the same overall
performance although, comparing the
two experimental devices, the Bell
chip has nearly 10 times as many
elements as RCA's chip but its image
definition is only five times better

since half its elements are used for
transit storage.
The VTS requires three clock

supplies: vertical transfer from sensor
to storage, vertical transfer from store
to output register, and horizontal
transfer to read-out. The HTS requires
two clocks: vertical line-by-line and
horizontal ‘read’ each line.

Total chip area required is less with
the HTS. Total transfer operations are
also less with the HTS but the VTS
could use a lower frequency for the
vertical transfer.

For comparable picture quality,
permissible dark current in the VTS is
about half that for HTS. But a
standard vertically interlaced signal at
60/sec frame frequency is provided in
the HTS, with full 1/30 sec integration
time for each field.

An integrated vertical scan generator
is required for the HTS whereas the
VTS requires no scan generator.

FUTURE OEVELOPMENTS

In an internally scanned charge
transfer sensor of the RCA type,
transfer loss at the operating
frequency determines the maximum
number of picture elements that can
be wused. Current developments
indicate that, while a 150x150
element array scanned at 30 frames
per second does not represent a final
upper limit, this size is somewhat
smaller than sensors envisaged for the
chargecoupled variety.

The Bzll Lab device is basically an
analog shift register and Bell scientists
are confident that their CCD
technique can also be used to make
devices for diverse information storage
and processing applications such as:
computer memories, telephone
switching systems, echo suppression
and bandwidth reduction in
transmission lines, filter network
synthesis, and an audio or similar
delay requiring storage of a large
number of information bits. In this
last application, a 128x106 CCD array
could, for example, delay an analog
signal containing frequencies up to 13
kHz for a period of half asecond. @
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