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WHATEVER YOU PAY,
YOUR EARS
WON'T BE DISAPPOINTED

The true audiophile needn’t look any further than the
range illustrated to discover the exact speaker system he
or she requires for superb sound.

Each system is the result of JVC’s own intensive
research programme.

The compact bookshelf type have power and
performance out of all proportion to their size — the ideal
union of efficiency and economy.

The 5313 is JVC’s enthralling omni-directional system.
Wherever it is placed in a room it fills every corner with
magnificent, natural sound.

SK12 and SK15 represent our most impressive
systems. 6 speaker 4 way systems housed in handsome,
crafted cabinets, that richly produces the entire audio
spectrum.

Put them through their paces at your JVC dealer.
They have to be heard. VICTOR COMPANY OF JAPAN LIMITED

For further information please write to— JVC Advisory Service P.O. Box 49 Kensington, N.S.W. 2033
Guaranteed and serviced throughout Australia and Pacific Islands by Hagemeyer {(Australasia) B.V. Branches in all states.
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For optimum performance, we recommend BASF tapes.
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Ifyou can't make it with our gear, you're never going to make it.
At least you know it’s not the equipment’s  and a pair of SW 156 Speakers. This means 12 months full parts and labour
fault if you don’t have to beat them off with  Recommended retail prices are $480.00, warranty, 12 months free insurance and a
sticks. Models illustrated are the AA930 $294.00, $1037.00, $435.00, $29.00 and $366.00 lifetime guarantee on all GX recording heads.

AM/FM Tuner Amplifier, AP004 Turntable, respectively. All AKAl Hi-Fi Equipment, So make sure the Complete Protection Plan
GX600DB Dolby mpedeck, GX510D Vertical ~ distributed by AKAl Australia Pty. Lid.,is  warranty card is with your equipment. See
cassette deck, ASE22 stereo headphones covered by the Complete Protection Plan*  your nearest AKAI Hi-Fi Professional now.

The AKAI Hi-Fi Professiomals are: NEW SOUTH WALES: Albury: Haberechts Radic & TV Pty Lid 610 Dean St Bega: Eascdowns Pty Ltd 187-191 Cargo St Bowral: Fred Hayes Pty Ltd

293 Bong Bong St Broken Bill: Pec Jay Sound Centre 364 Argent St Burwood: Electronic Enterprises Pty Lud 11 Burwood Rd Concord: Sonarra Music Service 24 Cabarita Rd Chatswood:

Autel Systams Pry Lid 639 Paafic Highway Cremwrne: Photo Art and Sound 287 Milizary Rd Crows Nest: Allied Hi-Fi & Records 330 Pacific Highway Dee Why: Mastertone Electronics

824 Pittwater Rd Five Docl: Douglas Hi-Fi 65 Parramatta Rd Gosford: Gosford Hi-Fi 163 Mann St Griffith: The Record Centre 222 Banna Ave Hurstville: Hi-Fi House 127 Forest Rd

Lismore: Norman Ross Discounts 69-73 Magellan St Marrickville: Apollo Hi-Fi 283 Victoria Rd Miranda Fair: Miranda Sierco & Hi-Fi Centre Pty Ltd Shop 67 Top Level Mona Vale:

Warringah Hi-Fi Shop 5 Mona Vale Court Bungen 5t Newcastle: Eastern Hi-Fi 519 Hunter St Newcastie: Ron Chapman Hi-Fi 880 Hunter St Nowra: G P Walker & Son Pty Ltd 96 Kinghorn

St Parramatta: Magnactic Sound Industries 20 Macquarie St Parramatta: Sclsound Hi-Fi Pty Ltd 27 Darcy St Roselands: Roselands Hi-Fi Pty Ltd Gallery Level South Hurstville:

Sclsound Hi-Fi Pty Ltd 803 Kirg Georges Rd Summer Hill: Fidela Sound Centre 93B Liverpool Rd Sutherland: Sutherland Hi-Fi 5 Boyle St Sydney: Jack Stein Audio Pry Ltd 275 Clarence

St Sydney: Magnetic Sounc Industrics 32 York St Sydney: Duty Free Travellers Supplies 400 Kent St Sydney: Opta Hi-Fi Pty Ltd 187 Clarence St Taree: Taree Photographics Graphic

House 105 Victoria St Wagga Wagga: Habereckts Radio & TV Pry Litd Baylis St Wollongong: Hi-Fi House 118 Keira St Wollongong: Sclsound Hi-Fi Pty Ltd 2-6 Crown Lane

AUSTRALIAN CAPITAL TERRITORY: Canberra City: Allied Hi-Fi & Records 122 Bunda St Civic Fyshwick: Douglas Hi-Fi 53 Wollongong St Phillip: Ailied Hi-Fi& Records Cnr

Townsend & Botany Strs VICTORIA: Melbourne: Douglas Hi-Fi 191 Bourke St Melbourne: Pantiles Hi-Fi Cor Flinders Lane & Elizabeth St Warrnambool: A G Smith Pty Lid 159

Liebig St QUEENSLAND: Booval: Woolworths (Qld) Ltd Brisbane Station Rd Brisbanc: Chandlers Pty Ltd 112 Edward St Brisbane: Tel Air Electronic

George St Fortitude Valley: Packard-Bell Pty Ltd 302 Wickham St Mackay: David Jones Py Ltd Sydney St MtlIsa: The Sound Centre West St Newstead:

Hendrix Pty Ltd 107 Breakfa .t Creek Rd Southport: Trevor Stokes Scarborough St Toowoomba: Catchpoles Cassctte Centre T & G Arcade Ruthven St

Toowoomba: Humphreys Hi-Fi Centre Ruthven $1 Townsville: Woolworths (Qld) Ltd 245 Flinders St SOUTH AUSTRALIA: Adelaide: Ernsmiths 48-50

King William St Adelaide: Flinders Trading Co 55 Flinders St Adelaide: Sound Centre 2001 115 Gouger St Glenside: Metrovision TV Rentals Ptv Lid

Conygham St WESTERN AUSTRALIA: Perth: Douglas Hi-Fi 883 Wellington St TASMANIA: Burnie: James Loughran & Sons Pty Ltd 29-3]1 Wilmot St don’t h
Hobart: Quantum Electronics Pty Ltd 181 Collins St Launceston: Tasmans Acoustics Pty Ltd 62 Tamor St Launceston: Wills & Co (1954) Pty Ltd 7-11 The name you don’t have to
Quadrant Ulverstone: Gillasds Music Centre 57A Reiby St NORTHERN TERRITORY : Darwin: Pfitzners Music House Smith St justify to your fricnds.

7059 *The AKA1 Contplete Protection Plan warranty does #os cover equipment purchased outside Australia
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PLESSEY INTROOUCES
LITHIUM BATTERY RANGE

The Professional Components Div-
ision of Plessey Australia has recently
introduced the Eternacell range of
lithium batteries.

Manufactured by Power Conversion
Inc. (USA), the lithium primary
battery is claimed to be the most sig-
nificant improvement in battery
technology for more than 25 years.
Based on lithium, a metallic element
of the alkaline group and an organic
electrolyte, the batteries are markedly
superior to any other dc power source
of comparable size, say Plessey.

A torch powered by a set of Eter-
nacell batteries will provide about 32
hours of constant illumination. Life-
span (i.e. before corrosion sets in etc)
is five to ten years.

These batteries were originally de-
veloped for critical outer-space and
military applications and were used to
power equipment in the Skylab Orbit-
ing Laboratory Project.

The Eternacell battery has a wide
range of applications in medical and
scientific electronics, transmission of
weather and underwater data, security
equipment, time control apparatus,
transistorised devices and transportable
battery powered equipment as used by
police, fire and ambulance brigades, post
office and defence services.

Further details can be obtained from
Components Division, Plessey Aus-
tralia Pty Ltd, Christina Road, Villa-
wood, NSW 2163.

LITHIUM/METAL SULPHIDE
BATTERIES

Commercial development of lithium/
metal sulphide batteries gets under
way as Argonne National Laboratory
(USA) awards contracts to three firms
for making cells and electrodes. The
high-performance batteries have about
five times the energy density of lead-
acid batteries. First test cells are due
by October; full-sized prototypes for
electric vehicle tests may be available
by 1981, Argonne says,

OCEAN TEMPERATURES MAY
FUEL ELECTRICAL GENERATORS

Electrical generating platforms that
float beneath the ocean surface, sim-
ilar to icebergs, may operate in the
warm coastal waters before the end of
this century. The pollution-free fuel
used to spin the turbine-generators
will come from the sun's energy stored
in the ocean surface.

Ocean Thermal Energy Conversion
(OTEC), using temperature extremes
of 40 degrees F., is a feasible way to
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produce electricity, according to a
nine-month study conducted by
Lockheed engineers under a National
Science Foundation contract. OTEC
could supplement the amount of
electrical energy produced by existing
plants to meet future increased
demands.

The floating plants can be built from
existing components, modified to
meet OTEC requirements. They can
produce electricity at a cost com-
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petitive with fossil-fuel plants, A .
demonstrator plant could be delivering
electricity by 1985,

The OTEC closed-eycle concept in-
volves heating a liquid until it becomes
a gas which, under pressure, drives a
turbine hooked to a generator. Lock-
heed proposes to use ammonia as the
working fluid. After passing through
the turbine, the gas 1s cooled by water
from the ocean depths until it becomes
liquid and begins the cycle again.



_news
digest

GENERAL SECRETARY OF
l.R.E.E.

Mr. Keith L. Finney has been ap-
pointed General Secretary of the
Institution of Radio and Electronics
Engineers Australia. Mr. Finney is well
known in the Australian broadcasting
and electronics industry having for 15
years occupied a number of executive
positions with AWA, He has been
actively associated with |.R.E.E. since
1961 and has been closely allied with
a number of the Institution’s
conventions. At present, Mr. Finney
is fully occupied with the organ-
isation of the Institution’s ’Inter-
national Electronics Convention ‘75"
to be held at the University of N.S.\W,,
Kensington, from August 25 to 29,

"Prior to joining AWA, Mr. Finney was
responsible for the formation of
Canberra Radio Society and for a con-
siderable time he has been associated
with the Wireless Institute of Australia,
of which he is a past President.

PORTABLE TELEVISION
CAMERA ON SHOW

A new camera that will significantly
contribute to colour television cover-
age in Australia has been launched by
Amalgamated Wireless (Australasia)
Limited, the major supplier of colour
television equipment.

The new camera fully provides the
flexibility of operation required by
the varying demands of drama inserts,
commercial location shots, news gather-
ing and sports coverage. Yet it stil!
maintains the quality of picture in
areas of low light operation plus
matching picture colorimetry to
cameras from different manufacturers.

6

Matsushita Electric Company of
Japan have released for world dis-
tribution a unique time-piece using
liquid crystal displays and which can
show the date and time in 100 major
cities and world time zones.

The large liquid-crystal display unit
is 150 mm wide, 90 mm high, and 7 mm
thick, and indicates the hour and
minute by using the 12-hour system
and an'AM or PM indication, as welil
as the date. Special switches can be
used to display summer {daylight-
savings) time if apprcpriate for either
local time or the selected time zone.
Moreover, the display unit auto-
matically indicates the difference in
the date, if any, between local time and
the time zone selected. All of this in-
formation is clearly displayed instantly,
day or night, on the large display unit.

This electronic clocx has pins repre-
senting 100 cities in 30 different time
zones on a map of the world, and
simply touching a pin causes LED
lamps of the selected city as well as
all other cities in the same time zone
to instantly illuminate simultaneously.
The date and time information for the
selected time zone remains on the dis-
play unit for about eight seconds,
after which the display again indicates
the date and time for the time zone in
which the unit is used.

Haco, the Australian distributors for
the device, tell us that a unit is at
present on display in the National
Showroom, Cnr. Clarence and Market
Street, Sydney.

NEW SOLAR CELL

A new gallium-arsenide thin-film
solar cell has recently been announced

by NASA. The cells are said to have
longer lifetimes than conventional
cells, to have higher efficiencies and
potentially, much lower fabrication
costs than the silicon cells now
commonly used.

Sampile cells have shown efficiencies
of up to 15% in sunlight (compared
to 8 to 9% for silicon) plus 30% less
radiation damage for a longer lifetime.
The Jet Propulsion Laboratory team
(who developed the device) predict
that within three to four months they
will have cells suitable for production
which have an efficiency of 19%.

The new cells called AMOS for
antireflection, coated metal-oxide
semiconductor, are economically
promising because the gallium arsenide
layer is only 5 microns thick. This
allows the use of less material than in
any other competing technology.

NEW COLOUR TUBE SOLVES
CONVERGENCE PROBLEMS

For manufacturers of 110° colour
television receivers with screen sizes
of 26 inches and smaller, 20AX offers
a significant advance in simplicity and
economy.

In the picture tube, the electron guns
are arranged in a horizontal line instead
of a delta, and the phosphors are de-
posited on the screen in continuous
vertical stripes, colour selection being
effected by means of a vertically
slotted shadow-mask. Adherence to
the standard 36.5 mm neck diameter
has made it possible to space the elec-
tron guns for optimum colour selec-
tion. Incorporation of quick-vision

{Continued on page 11)
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Philips totally automatic,
209 S electronic turntable.

The only thing itdoesr’t do is to take the record out of it’s sleeve.

Philips 2098 s one of the most outstanding examples
of contemporary hi-fiengineering available. It not only
perferms every fur ction automatically, but with a
quality of precisian that is equal to the best in the world.
As saon as ycu place your record on the platter, the 2098
automatizally determines the record diameter and
selec:s the correct speed. It uses 3 separate motors for
drive, arm-lift and arm-return.

The cartridge is Philips famous GP 412, which is
used by several prc fessional Hi-Fi magazines to
accu-ately test stereo equipment. The 209S features a
sub-chassis taeliminate rumble, and of course, it is
4-channel ccmpatible.

And whilst Philips 2098 is totally automatic, it also
features mar val over-ride of all functions with
electronic speed controls.

Check the specifications, then ask
your Philips dealer to give you a demonstration.

«/‘>7
|
(Subject to maodification without notice)
(acerrding to DIN 45 538 39 and 45 500)
| 33 cand 45 r.p.m.
3%
Exact. using tacho generator
less than 0 08%
better than 43dB(DIN A)
(NAB)
better than 65dB (DIN B)
(ARIL)
075 3¢
adjustable

less than 10 mg

less than 0 107/cm
[R{V2TURY

S0 Hy

10W

435 x 325 < 166 mm

approx. 8 kg

We know you'll be impressed. - e /

Manual over-rixde

W,
A i1y, controls.

Record diametes P S
and automatic speec
sensor control.

Electronic
touch control,
for arm-lift.

3 N
%, WY
I

PRILIPS
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Air Force Apprenticeships. Something to write home about.

Free! full colour poster & book

An apprenticeship in the Airforce. Is
it really something to write home about?
Find out for yourself. Send us the coupon
and we'll send you a free poster and
a book that gives you the lowdown on our
trades and our way of life - good and bad.
So, if you've reached the age of 15 and
are not over 17 on | January, send off the
coupon. Or contact your nearest Airforce

Careers Officer before 6 October 1975.
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Introducing

Ferric Oxide’s
finest
hour...

...hour and a half, and two hours

New BASF LH Super Cassettes with finer, more highly refined ferric oxide particles to give
a 50% increase in volume without distortion.

Low Noise characteristics are even
lower than standard Low Noise tape.

Introducing a new standard of
recording for all cassette recorders and
decks without a CrO, bias switch. BASF
LH Super cassette tape represents the
ultimate in ferric oxide tape technology.
Utilising a pure Meghemite oxide as well
as a totally new binder system, LH Super
features higher magnetic density and
improved particle orientation.

This means more magnetic energy
from the same tape surface area. The
result:

50% increase in volume without
distortion, across the full frequency
range. An added 4 dB of low frequency,
distortion-free dynamic output. A higher

level of high reproduction is attainable + Pae? 8 e vt 1 1 S
flat to 20 kHz with a lower compression TR W0 500 e 5 @
Noise/dB ——=Frequency|

factor.

Performance specifications of tha higher
quality cassette decks are exceeded,

the reproduction of any recorder is
improved.

No special bias switch is required.
BASF LH Super provides professional
results with standard bias settings found
on all cassette recorders and decks.

the best in
N // cassette sound

(® BASF Aktiengeselischaft, 6700 Ludwigshafen/Rheln
Federal Republic of Germany.

Sole Australlan Distributors: MAURICE CHAPMAN & COMPANY PTY. LTD. Sydney: 276 Castlereagh Street, Sydney 2000. Melbourne: 146-150 Burwood Road,
Hawthorn, Vic. 3122. Brisbane: 123 Abbotsford Road, Mayne, QId. 4006, Agents:—Newcastle: W. L. Redman & Co. Pty. Ltd.; Canberra: Sonney Cohen & Sons.
State Distributors:—Adelaide: Neil Muller Pty. Ltd.; Perth: M. J. Bateman Pty. Ltd; Launceston: P. & M. Distributors; Darwin: Pfitzners Music House. R
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cathodes enables the tube to display a
picture 5 seconds after switch-on.

Parastigmatic deflection by means of
sectionally wound saddle coils makes
it possible to dispense with the usual
dynamic convergence units. Instead of
15, rather intricate, dynamic conver-
gence adjustments as typically required
in previous systems, only 7, refatively
simple, tolerance compensating cor-
rections need be made. As an incidental
benefit of doing away with dynamic
convergence, it has been possible to
shorten the picture tube by 20 mm,
enabling it to be housed in an even
shallower cabinet than is customary
for 110° sets.

The advantages of 20AX are realized
without any novel departures in cir-
cuit technology. Apart from substantial
simplification, both in design and
setting-up procedure, the recommen-
ded circuits are essentially similar to
those already in general use.

RADIO STATION SET UP IN
2 WEEKS

A special radio station has been set
up in Sydney (in less than two weeks)
by Amalgamated Wireless (Australasia)
Limited following a request from the
Australian Government. The station
has been established at Ashfield to
broadcast to ethnic communities with-
in a 16 km radius.

It is Australia’s first special ethnic
radio station and is a project of the
office of Community Relations headed
by Mr. A. J. Grassby, the Govern-
ment’s Special Advisor on Community
Relations.

The station is operating over an ex-
perimental period of 12 weeks broad-
casting in seven languages six hours
each day.

The station, which comprises a low
power transmitter with a limited
transmitting aerial situated on the
front lawn of AWA'’s Ashfield factory,
was erected and commissioned in less
than two weeks from receiving the
order.

C-MOS WAR

Texas Instruments’ recently cut the
price of all their plastic-pack CMOS
by up to 50% to bring the prices of
their product below those of its
competitors RCA, National and
Motorola. At the same time Tl also
announced cuts in the prices of their
standard TTL range.

Reaction to this move was swift —
RCA announced that “‘We intend to
remain the industry leader’’ and that
they intended to meet competitive

pricing from any source.

Motorola also announced that they
were in a position to meet any bona fide
competition. Things are getting hot!

EDGE ELECTRIC ON THE MOVE

Well known in Sydney’s western
districts as a wholesale retail supplier
of component parts Edge Electrix
has moved to larger modern premises
close to their earlier location.

The new premises, at 31 Burwood
Road, Burwood, cover some 2 000
square feet of showroom and storage
space with a display frontage of
nearly 40 feet.

TV GAMES LSI CHIP AVAILABLE
SOON

Rumours have been abounding for
about a year now that an LSI chip for
television games was being developed.

We now have definite news that
Logic Leisure, a British Company, have
produced a chip which will produce
four TV games, with two variations
on each, giving eight permutations.
There is score and sound facility. Type
number is not yet known but the
chip is suitable for both 625-line, 50 Hz
and 525-line, 60 Hz.

It is hoped that the chip will be on
sale in October.

(So far we are not aware of an
Australian agent — British agents are
— Television Sports Co. Ltd., 6
Halfmoon St., Mayfair, London,

WIY 7RA).

TRANSDUCERS IN MEASUREMENT
AND CONTROL

A series of articles dealing with all
aspects of transducers was published
in Electronics Today during 1972
and 1973, The series were written by
ETI's special contributor Dr Peter
Sydenham M.E., Ph.D., F.1.1.C.A.,

M. Inst. M.C.

Continued requests from tertiary

institution teachers, both in Australia
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and in Britain have resulted in the
series being reprinted as an inexpensive
reference and teaching text. Research
workers, hardware system designers,
students in engineering and the
sciences, scientific instrument
manufacturers and their agents, and
managerial level technical executives
should find this extensive cover of
value.

Profusely illustrated with several
hundred diagrams and photographs, it
explains how the commonly encount-
ered measurement variables are
converted into electrical signals in
order to make records or achieve
control. Each chapter contains a
reading list: an index has been added.

Transducers in measurement and
control is now available at $4-50 post
paid (in Australia) from Electronics
Today International, 15-19 Boundary
St, Rushcutters Bay, NSW.

CONSTANT FREQUENCY
GENERATOR

A totally electronic means for pro-
viding constant frequency output
from an electric power generator oper-
ating at random speeds has been in-
troduced by the (US) Bendix Cor-
poration’s Electric and Fluid Power
Division.

Primarily designed for use aboard
aircraft, the new constant frequency
generator {CFG) electronically con-
verts mechanical power from a variable
speed input shaft to constant 400
Hertz electric power. The mechanical
constant speed drive, an integral part
of high performance aircraft AC
power generating systems for years,
has been eliminated.

The Bendix CFG has successfully
undergone flight tests aboard U.S.
Navy aircraft in addition to approx-
imately 10 000 hours of laboratory
testing. To date, Bendix has produced
and tested 12.5 kvA and 20 kvA rated
CFGs. Higher rated units are currently
in the design stage.

1"
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RO E= L RECEIVERS

The Rotel range of Receivers will give you the best of both worlds — superb AM-FM tuner reception,
and magnificent reproduction from your favourite records or tapes, at a price that is true value for
money.

RX 402

RX402: Excerpt from laboratory measurements conducted by Stereo Review: ‘“With both channels
driven into 8 ohm loads to rated 25 watts per channel output the total harmonic distortion was about
0.1% ... At half power or less THD was well under 0.07% from 20 to 20,000 Hz ... FM tuner
section . . . Phase locked-loop for the multiplex demodulator.

COMMENT: Not only are the published specifications of the Rotel RX-402 very complete and
generally better than one would expect for a receiver in its price range, but the tested receiver equaled
or bettered almost all of its ratings, sometimes by a comfortable margin. The FM tuner section is
especially noteworthy for its low stereo distortion and excellent channel separation. Specifications
aside, the RX-402's handling and listening qualities left little to be desired. Tuning was smooth and
quite noncritical, muting was positive and thump-free, there were no switching transients, and it
sounded fine. All in all, this receiver represents an excellent audio value."’

RX602: The American magazine, Hi Fi Stereo Buyers Guide, said: “The frequency response at 30
watts/8 ohms measured + 0.2 dB from 20 to 20,000 Hz at a distortion no higher than 0.07% THD at
any frequency . .. Overall sound quality of this amplifier is notably good, much better than implied
by the price.”

RX802: A high powered receiver with exceptional output characteristics — 50 + 50 watts RMS, both
channels driven into 8 ohms. Overall frequency response is a wide 5 Hz — 50,000 Hz. The FM tuner
section complements the quality of the power amplifier with 1.5W sensitivity and selectivity of 80 dB.

RX202: Contains everything you would normally find in a much higher price range: 15 + 15 watts
RMS, with response from 20 to 70,000 Hz. Harmonic distortion is below 0.2%. The high performance
FM tuner section uses FET's in the front end for high sensitivity and low distortion.

A complete range of pre-main amplifiers and matching AM/FM tuners is also available.

i tional INTERNATIONAL DYNAMICS
Distributors: P.0.Box 205,Cheltenham,Vic. 3192,

Available from:
A.C.T.: Duratone Hi Fi, Cnr Botany St & Altree Crt, Phillip 2605. Telephone: 82-1388.

N.S.W.: M & G Hoskins Pty Ltd, 400 Kent St, Sydney 2000. Telephone: 546-1464, 547-1093.

QLD.: Stereo Supplies, 95 Turbot St, Brisbane 4000. Telephone: 21-3623. S.A.: Challenge Hi Fi
Stereo, 96 Pine St, Adelaide 5000. Telephone: 223-3599. TAS.: Audio Services, 44 Wilson St,
Burnie 7320. Telephone: 31-2390. VIC.: Encel Electronics Pty l.id, 431 Bridge Rd, Richmond 3121,
Teléphone: 42-3762. W.A.: Arena Distributors, 282 Hay St. Perth 6000. Telephone: 25-2699.
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Extensive testing has shown that the
Bendix electronic converter provides
a more accurate frequency output and
is as much as an order of magnitude
more reliable than its earlier mechan-
ical counterpart.

The Bendix CFG consists of a
brushless generator, a static dc-link
converter and logic and control
circuitry. The generator is mounted
directly on to the engine and is driven
at varyirg speeds, limited only by the
speed range of the engine.

The generator used in the CFG is a
salient pole, synchronous machine
with a brushless ac exciter. A three-
phase, full-wave rectifier provides dc
to the salient pole field. Six diodes
and protective resistors are used in a
rotating rectifier arrangement. The
resistors reduce voltage spikes to pro-
tect the diodes against self-induced
voltages.

The dc-link converter, as the name
implies, converts random ac power to
dc and back to ac. The initial con-
version is accomplished by a full wave
rectifier. The dc is then chopped into
square-wave voltages by a series of
three-phase silicon-controlled rectifier
bridges and summed in a transformer
to produce a high quality sine wave
output.

In addition to high performance air-

craft applications, the CFG concept
can be tailored to any number of re-
quirements calling for the conversion
of variable frequency to precise,
single frequency ac.

The Bendix Electric and Fluid Power
Division is located at Eatontown, New
Jersey 07724, USA.

NEXT FROM SINCLAIR:
PROGRAMMABLE CALCULATOR
It is expected that Sinclair will be
announcing another addition to
their catculator range at about the
time this issue goes on sale: a fully
programmable calculator. No details
are known other than the fact that
the price will be “‘well under UK £50°,
according to a spokesman for Sinclair.

ONE-HOUR TV CASSETTE

Japan’s Sony Corporation have
introduced a new video tape recorder
and playback system using % inch
width tapes with playing times of 30
minutes to one hour.

The tape deck called Betamex, sells
in Japan for the equivalent of $600.
The system complete with receiver is
about $1200, cassettes cost about $7
and $12 each.

ELECTRONICS TODAY INTERNATIONAL — AUGUST 1975

ELECTRONICS IT’'S EASY!
—~ NOW IN BOOK FORM

Very many readers have asked us
to published our popular Electronics
It's Easy! series in book form.

This we have done and the first
volume — containing parts 1 through
12 — is now available. The contents
have been revised and updated where
necessary.

Electronics it's Easy Vol 1 costs
$3.00 and is currently on sale at all
main newsagents. In the event of
difficulty it may be bought directly
from ourselves post free. Address
to Electronics Today International,
15-19 Boundary St, Rushcutters
Bay, NSW.

WORLD INTEREST IN
ELECTRONICS CONVENTION

Scientists and engineers from at
least 10 overseas countries will
participate in the “’International
Electronics Convention ‘75" organised
by the Institution of Radio and
Electronics Engineers Australia in
Sydney from August 25 to 29.

The Convention, to be held at the
University of New South Wales, is
expected to attract 1500 delegates
and 20 000 visitors. In addition to a
number of Australian speakers,
addresses will be given by scientists
and engineers from U.K_, US.A,,
Finland, Japan, India, New Zealand,
Germany, Israel, Czechoslovakia and
Singapore.

Contributed by top ranging
electronics authorities from overseas
and in Australia more than 250
technical papers will be presented.
Each day six of the University’s
lecture theatres will be occupied by
speakers delivering these papers.

Described by 1.R.E.E. General
Secretary, Mr Keith Finney as “the
shop window for the electronics industry
in Australia’’, a comprehensive display
of equipment will cover 30 000 sq ft.
of space. Major Australian manufacturers
and suppliers and a number of British
companies will be represented.

The keynote address at the Conven-
tion will be given by Mr David R.
Israel, Chairman of A.E.R.O.S.A.T.
Council of the Federal Aviation
Administration, Washington, U.S.A.

Other overseas speakers include:

Prof. Brook, University of Birmingham,
U.K.

Prof. J.Ashley, University of Colorado,
U.S.A.

Prof. Matti Otala, Technical Research
Centre, Finaldn.

Dr. Yasuo Komaniya, Electrotechnical
Laboratory, Japan.
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digest

Dr S.R. Jawalekar, Indian Institute of
Technology, Bombay.

J.D. McCormick, Institute of Nuclear
Science, New Zealand.

Dr R. Hertz, Siemens A.G., Germany.
Prof. P.B. Fellgett, Dept. of Engineering
& Cybernetics, England.

Dr A. Cohen, Ben Gurion University,
Israel.

W.J. Williams, University of Michigan,
U.S.A.

Bohumil Lojek, Czech, Technical
University, Czechoslovakia.

Prof. D.O. Pederson, University of
California, U.S.A.

Dr P.S. Kooi, University of Singapore,
Singapore.

Dr T.T. Tjhung, University of Singapore,
Singapore.

Dr H. Singh, University of Singapore,
Singapore.

Prof. B. Mc A Sayers, Imperial College
London, U.K.

Dr Y. Miyazaki, Nagoya University,
Japan.

Dr L. Rhode, Rhode & Schwarz, Munich
Germany.

More than 250 technical papers, con-
tributed by many of Australia’s most
notable engineers and from top ranking
scientists and engineers in the United
Kingdom, Europe, Asia and the Americas
will be presented. The papers specially
selected for their importance, covering
a wide range of electronic subjects,
will be delivered to large numbers of
delegates each day using six lecture
theatres daily.

BUSHTV

If you want to go bush and still
watch TV — or if you just appreciate
being able to shift your viewing pos-
ition from room to room or into the
garden and back again — the ideal
companion is a National TR-505DU
5-inch screen black-and-white portable.
It is rugged, reliable, has an excellent
electronic track record and offers a
three-way power choice — dry bat-
teries, house power or car-boat power.
Screen size is 5 inches {127 mm),

ERRATA AND ADDENDA

SPEAKER SYSTEM ETI 400
JUNE 1975

The chokes used in the cross-over may
if desired be wound with 0.8mm (20 B&S)
wire rather than the 1.0mm (18 B&S)
specified.

Both chokes will be electrically similar
but the 0.8mm wire is cheaper and will
fit onto the specified bobbins more easily.

SIMPLE 256 WATT AMPLIFIER
ET! 440
JULY 1975
Component overlay page 68, The
capacitor across the primary of
transformer T1 should be labelied C35
not C42. The capacitor C41 (centre of
PC board) is shown with reversed
polarity (circuit diagram is correct).
Page 70 — measured performance is
to —0.5 dB between 15 Hz — 30 kHz
{the figure 15 Hz was accidentlly
omitted.

3600 SYNTHESIZER
MAY 1975
VOLTAGE CONTROLLED FILTER

'page 63.

The printed-circuit board artwork
supplied to some kitset suppliers differs
slightly from the one published.

On these boards provision has been
made to obtain gain from IC4 and ICS5.
This consists of resistors between pin
6 and pin 2, and from pin 2 to +7 volts
on each IC. This gain is not now required
and a link should be installed between
pins 2 and 6 on each of the relevant 1Cs.

50 WATT STEREO AMPLIFIER
ET! 422
MAY 1974
POWER SWITCH
Several people have experienced
failure of the power-switch specified
for this amplifier. Another switch by
ISOSTAT is available, but its use
requires shifting the power transformer.
A recommended replacement is the
SCHADOW type NE15 No 4 chassis-
mounting switch distributed by IRH
Industries. This can be fitted without
moving the tranformer,

79
&

COLOUR MONITORS

Based on the technically advanced Rank Arena colour
receiver. Do you want to record TV programmes off-air?

These monitors will also enable you to record with a
colour or black and white video camera.

The Video & Hi~Fi Centre

Commercial Concepts
Phone 312-555 — 445 Oxford St., Paddington, NSW. A.H.451.7876

J
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If the reproduction of music to you is too important to
settle for anything less than totally realistic sound, you
need Amcron audio components. Amcron’s experience in
producing professional studio equipment, where absolute
faithfullness to the original performance is a demand, has
assured that each Amcron component is designed to
reproduce the purest, most realistic, 100% honest live
sound that is as accurate as the most advanced engineering
can make it.

Your Amcron audio specialist will help you select the
models that will best fit your needs and price range.

AUSTRALIAN DISTRIBUTORS:

Whichever you choose, you can be sure they are all
superbly matched pieces for a totally compatible system.
And all are professional quality components built with
painstaking craftsmanship. Anything less just wouldn’t be
Amcron. Write for full descrigtive literature and reviews.

AMCron

Crown Internationsal U.S.A

Made only in America

v 202 Pelham St., Carlton, 3053 Vic. Ph, 347-8255
Electronics Pty. Ltd. g5 Parramatta Rd., Five Dock 2046 NSW, Ph. 799-3156
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ELECTRONICS

IN MEDICINE

by Dr. Peter Sydenham University of New England, NSW
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!

|

|
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The subject of this second part on measurement methods used in
clinical pathology is nuclear medicine. We return to the Institute
of Medical and Veterinary Science, Adelaide to study the range and
extent of diagnostic aids that make use of nuclear techniques.

RADIOACTIVE ISOTOPES are trace
elements that liberate a continuous
stream of fast particles that can be
detected with suitable instruments.

The quantity and type of emitted
particles depends upon the isotope.

The strength of this process diminishes
with time, reducing to half intensity in
a time that is known as the half-life
(denoted Ty). Some radioactive
substances have half-lives of seconds,
others tens of thousands of years.

An incredibly large number of radio
isotopes can be made, and since 1896,
when  Becquerel first discovered
radioactivity, they have found
innumerable applications. Medicine is
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credited as being the first science to
employ them for a useful purpose.

Isotopes are largely created by
irradiating substances in the many
forms of nuclear reactors like that
shown in Fig. 1 for instance.

Their dominant use is as a tracer or
marking substance. A suitable radio
pharmaceutical (the isotope combined
with  other chemicals) is first
introduced into the body itself or into
a body specimen. Its flow path, or the
accumulated strength at a particular
spot, is monitored with detectors
thereby providing information about
the processes of the system under
study.

PART 2

Fig.1. Isotopes for medical use are created
in atomic reactors — this is the world’s first
full-scale atomic power station, Calder Hall
in Britain,

This concept is well illustrated by an
amusing yet profound use of an
isotope which was probably the first
ever application for detection. History
has it that around 1910 Georg von
Hevesy, a pupil of Rutherford, was
having domestic problems with his
landlady. He suspected she was using
the scraps left in their plates to make
the meat pies of subsequent days. One
Sunday — the roast day — Hevesy
seeded his meat left-overs with
radioactive lead. On the following days
he sampled the meals and tested them
to find, indeed, the existence of
radioactive lead. Hevesy, later in life,
won a Nobel Prize for his work on
radioactive indication.
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In diagnostic aspects of nuclear
medicine the radio isotope of interest
can be introduced into the live person
— (called “in vivo") for a patient
study. Alternatively, the radio isotope
may be introduced into sampled
biological material — called "'in vitro’’
testing. The patient (or sample) is then
subjected to tests that measure
parameters such as concentration,
take-up rate and distribution in the
organ or area of interest. The size of a
radioactive dose given today is minute;
public fear of nuclear medicine is quite
unjustified for there is no danger in
the processes used.

A table of uses has been compiled for
this feature by IMVS staff — see Fig.
2. In each case the underlying
principle is initially the introduction
of a suitable isotope — by injection,

inhalation, via food or by direct
placement. The isotope may be
conveyed away by physiological

processes providing a marker as the
isotope disperses. Alternatively, it can
flow continuously coming to more or
less permanent rest in different
locations — cancerous (carcinoma)
growths, for example, having a higher
metabolism, take up more isotope
than surrounding areas. In another
type of use - respiratory
investigations — the patient inhales
isotope atomised into the breathing air
intake. Where the individual lung cells
accept air, isotope is deposited.
Unhealthy lung tissue receives none.
Detectors are then used to map the
intensity of the static or dynamic
distribution of the isotope — thus
providing the diagnostic output
required by the physician.

What happens to the radioactivity
given in such dosing? The answer is
simple. The isotopes used have
comparatively short lives, for example,
one Techetium isotope used, 29m Tg,
has a half life of just six hours. This
means that six hours after initial
preparation its radioactivity has fallen
to half, twelve hours later to a quarter
and so on. It is, therefore, only a
comparatively short time before its
energy is negligible, much less than the
naturally existing background
radio-activity in fact. All that remains
is the original trace element which is
removed by normal body processes.

Radio pharmaceuticals or radio
nuclides are selected and
manufactured in accordance with the
sensing sensitivity available, the
physiological  characteristics  that
decide where the trace elements end
up or pass through and the
acceptability of the body to the trace
chemicals. A second table, given in
Fig. 3, lists some of those used in
organ studies. Others based on
chromium, cobalt and molybdenum

SUMMARY USES OF NUCLEAR MEDICINE TECHNIQUES
IN CLINICAL DIAGNOSIS

NERVOUS SYSTEM —

A. BRAIN SCAN — NEOPLASTIC DISEASE — NON-NEOPLASTIC

DISEASE

B. DYNAMIC STUDIES — CEREBROVASCULAR DISEASE
C. C.S.F. STUDIES - C.S.F. RHINORRHEA — SHUNTS

THYROID GLAND -

A. UPTAKES — THYROTOXICOSIS — EUTHYROID — HYPOTHYROID

B. IN VITRO STUDIES

C. SCANNING — “COLD” NODULES — NEOPLASTIC

“HOT"” NODULES

— NON-NEOPLASTIC

METASTATIC LESIONS
PARATHYROID — PARATHYROID ADENOMAS — “HOT” NODULES

RESPIRATORY SYSTEM —

A. PARTICLES — PERFUSION — PULMONARY EMBOLISM —
OBSTRUCTIVE AIRWAYS DISEASE — CARCINOMA

B. GASES VENTILATION
BLOOD -

A. BONE MARROW — RED CELL PRECURSORS

— RETICULOENDOTHELIAL

. IRON METABOLISM — ABSORPTION — TRANSPORT — UTILIZATION

. VITAMIN B12 METABOLISM

. BLOOD VOLUME

. RED CELL SURVIVAL

. SPLEEN SCANNING
PLATELET

CIRCULATION — BLOOD POOLS — HEART, e.g. PERICARDIAL EFFUSIONS
— PLACENTA, e.g. PLACENTA PRAEVIA

SKELETON —

A. BONE SCANNING — NEOPLASTIC — NON-NEOPLASTIC

B. BONE VIABILITY STUDIES
GASTROINTESTINAL -

A. ABSORPTION — SUGARS — LIPIDS — VITAMIN Bq2

B. LOSSES — BLOOD — PROTEIN

LIVER —

A. LIVER SCAN — NEOPLASTIC — PRIMARY

— SECONDARIES

— NON-NEOPLASTIC — ABSCESS, TRAUMA, CYSTS
— DIFFUSE DISEASE — CIRRHOSIS

B. LIVER BLOOD FLOW STUDIES

PANCREAS — PANCREATIC SCAN — NEOPLASTIC
— NON-NEOPLASTIC

KIDNEY —

A. RENAL SCAN — NEOPLASTIC — PRIMARY

SECONDARY

— NON-NEOPLASTIC — TRAUMA — ABSCESS —
RENAL ARTERY STENOSIS — CONGENITAL
ABNORMALITIES

B. FUNCTIONAL STUDIES

— RENOGRAPHY — R.A.S.

— OBSTRUCTIVE UROPATHIES

— BLOOD FLOW STUDIES

Fig. 2. Table summarizing
the uses of nuclear techni-
ques in clinical diagnosis.

are used in other tests. To give some
idea of the dose, a patient needing a
brain study is given 10 millicuries of
99mTc, this liberating a radioactive
dose of roughly 0.14 rads. This is
similar to that received during a
routine chest X-ray. The choice of
chemical, isotope and technique is a
skilled task requiring highly specialised
personnel.

RADIATION PRODUCTS
EMANATING FROM ISOTOPES

Radiation products occur as three
types of energy: alpha particles, beta
particles and gammy rays, denoted by
a’'f,and .
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- R.AS.
- CYST OR TUMOU

Alpha particles are protons (atoms
stripped of electrons}. Being relatively
large and possessing comparatively low
kinetic energy, these are unable to
penetrate much more than a thin sheet
of paper.

Beta particles are electrons but,
although only 1/1850th of the mass of
the alpha particle, possess much higher
kinetic energy by virtue of their far
greater velocity. These can penetrate
further than alpha particles but still
only a little distance — a 0.5 mm thick
piece of aluminium reduces their
intensity by half.

Gamma particles are more
adequately identified with
17



Imaging Technique

Radlonucllde or Radlopharmaceutlcal

Organ

Gamma Camera

mTc (Sodium pertechnetate) . . D I
ectilinear Scanner

$31.HSA (Human Serum Albumm)

Brain
Ventricular System
Spinal Cord. o
Thyroid Retilinear Scanner
Gamma Camera
Retilinear Scanner
Rectilinear Scanner or
Gamma Camera
Gamma Camera

131 or' wa

¥mTc (sodlum pertcchnetate) e
BI.MAA (Macroaggregated Albumm), or
3mn.Fe (OH); .. .. 3

Lung

»mTc,S,-S (Technetium-sulphur-colloid)

Liver and Spleen. .
Kidney

(4) Scan* Rectilinear Scanner
Gamma Camera
Gamma Camera

Gamma Camera

197Hg-chlormerodrin, or
»wmTc-Fe ascorbate
BBll.Hippuran

(b) Renogram* o
»®mTc-(Sodium pertcchnetate)

(¢) Blood Flow*. .
* Generally performed as a
combincd study at one
“sitting”’
Mediastinal Blood Pool
Pancreas >

Rectilinear Scanner
Gamma Camera and
1600 Channel Multi-
parameter Analyser
Rectilinear Scanner
Rectilinear Scanner
Gamma Camera

1 .HSA
75Se-methionine

75Se-methionine
BILHSA; or

Parathyroids
Placental site

METAL CYLINDER
(OUTSIDE ELECTRODE)
FILLEDWITH
INERT GAS

CENTRE ELECTRODE
N

Bone or Skeletal Survey

"mTc HSA or """ln-gelatm
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ELECTRONICS IN MEDICINE

electromagnetic EM radiation because
they exhibit characteristics of X-rays
of very short wavelength. These pass
through most materials, the best
common absorbing material being
lead — a 13 mm thick shield provides
50 per cent loss. It is this radiation
product that finds greatest use in
nuclear medicine, for the former two
have insufficient penetration for most
applications — doses deposited in the
interior of the body would not be easy
to monitor externally due to the
severe attenuation.

WINDOW TO ADMIT
BETA PARTICLES

N

N T/ A

-4

~INSULATOR
Fig. 4. Basic arrangement of ionisation kinds

of radioactivity sensors — the G-M tube,
ionisation and proportional detectors.
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BASIC RADIATION OETECTION

Radioactivity was discovered by
Antoine Henri Becquerel in 1895
when he observed its effect on
photographic plate; it also causes
fluorescence in certain substances
(re-radiation at visible radiation
wavelengths) and can also ionise gases.
Direct photographic methods play
little part in nuclear medicine as they
require extreme exposure times for
realistic safe dose levels.

The next simplest method of
detection makes use of the ionising
effect of radiation. The so-called
Geiger counter uses a Geiger-Muller
(G-M) tube which comprises an
insulated wire anode placed inside an
inert gas filled metal case Which acts as
the cathode — see Fig. 4. At one end is
a ""window’’ of beryllium, mica, nylon
or other material that is adequately
transparent to f and vy nuclear
radiation products; a particles cannot
pass into the chamber. These cells are
particularly sensitive to [ particles
which ionise the normally conducting
gas allowing a momentary current to
pass through the cell. Gamma rays can
be detected with the G-M tube but via
a secondary effect in which they
liberate electrons that start an ionising
action. lonisation  detection s
enhanced by the apolication of a
steady dc potential of mm 500 to
3000 V (positive to zhe wire): this
puts the gas closer to an ionisation
state. lonisation chambers and
proportional counters are similar in
structure to G-M tubes, the differences

Positron Camera

Fig. 3. List of organ studies and the isotope
preparation used.

being in the magnitude of ionising
potential applied in each case.

The output of each of these three
alternatives is similar — as a series of
puises of different amplitude and
frequency of occurrence with time.
The actual characteristics depend on
the mode used — the G-M tube is the
most sensitive but lacks response time
and all pulses have the same energy.
Pulses produced in these detectors are
counted over a chosen timing interval
to provide a measure of radiation

intensity — a faster count rate
indicates higher intensity.
The  practical difficulties and

relatively insensitive characteristics of
these detectors largely excludes them
from nuclear medicine however, the
dominant detector being the
scintillation counter.

SCINTILLATION DETECTORS

The difficulty with ionisation style
detectors is that the inherent energy of
the radiation products is not used
efficiently  thereby reducing the
available sensitivity. As well as this
shortcoming is the practical problem
of amplifying small signal levels of a

signal having random noise
characteristics: the amplifier will also
amplify noise — not being able to

distinguish between the two.

The scintillation counter makes use
of the photo-multiplier detector which
can provide excellent low-noise
amplification of light energy (photons)
— gains of 1000000 are used with
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negligible degradation  of  the
signal/noise ratio.

Radiation products, however, are at a
higher energy level than photons so a
conversion process is used to
transform the high frequency energy
down to optical wavelengths. This is
done in a scintillating crystal.

In these crystals, ionising radiation
gives up its energy which is reliberated
as scintillations at optical wavelengths.

The basic arrangement is shown in
Fig. 5. The larger the crystal the better
the ‘‘capture’ of energy. The choice of
crystal material  (usually sodium
iodide) and phosphor of the photo
multiplier decides what radiation level
the unit sees (the phosphor converts
photons to  electrons, another
transformation stage, in the
photo-multiplier).

The vast majority of the instruments
used in nuclear medicine are based
upon the scintillation counter which
possesses extreme sensitivity along
with the ability to allow analysis of
the energy levels of the radiation
pulses. As with the ionising tube style
of detector, these also provide a pulse
form of output. Pulses are formed
from successive transformation stages
— ionising radiation particles cause
optical scintillations as photons which,
in turn, produce electrons to form the
current pulse that is detected.

Scintillation counters have found
application in two distinct ways. First
as single detector units that provide

RADIATION PARTICLE
ENTERS CRYSTAL,

count levels at a chosen position or on
a chosen sample. Secondly, as imaging
arrays wherein as many as 37
scintillation detectors see the subject
simultaneously providing a graphical
two-dimensional picture of radiation
intensity emanating from an area.

COUNTING UNITS

These are used either to study
samples loaded into a machine or
alternatively the sensor is taken to the
patient and directed at the area of
interest.

Housed together in the Counting
Laboratory are several different kinds

of sample counting devices — two
automatic gamma counters, an
automatic liquid scintillation

spectrometer, a large-volume counter,
a proportional counter and a gas flow
detector.

This collection enables a wide variety
of tests to be carried out that estimate
the radioactivity liberated by
gamma-emitting substances and also
by weak and strong alpha and beta
emitters. The instruments enable
volumes ranging from 5 ml vials to
containers holding two litres to be
measured. The laboratory also has a
128-channel pulse height analyser for
use with various detector assemblies.

Automatic gamma counters
The Nuclear-Chicago system 4216,
pictured in Fig. 6, is designed

PRODUCING SCINTILLATIONS
A

\
/T_\
.}/1{. CRYSTAL
PHOTONS 74 11—
. PHOTONS STRIKE CATHODE
. PRODUCING ELECTRONS
“a
“a
/)
S K DYNODES
% "

PHOTO-MULTIPLIER

' TUBE \_) 1
= |

ELECTRONS | X

AT EACH IMPACT ONE
ELECTRON PRODUCED
2-3 MORE

108 ELECTRONS COLLECTED
FOR EACH ONE EMITTED

FROM CRYSTAL

Fig. 5. In the scintillation counter a crystal absorbs the radioactivity energy liberating
optical wavelength energy that is detected with a photo multiplier.
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Fig. 6. Automatic gamma counting system of
Nuclear-Chicago.

automatically to load, one by one, 100
preloaded vials into the measuring area
where a scintillation  detector
determines the gamma radiation level.
This is recorded on a printed output.
The cross-section, shown in Fig. 7,
shows the well-type detector of this
system. Effective shielding is vital, for
the sample under test must not be
contaminated by the others waiting
above. Note particularly the thickness
of steel, tungsten and lead that is used
to ensure that the 50 mm or 75 mm
diameter, thallium activated, sodium

i

=

SAMPLES —

14" STEEL 3

12" LEAD
STEEL &

TUNGSTEN

|
DETECTOR |
4" LEAD

Fig. 7. The use of shielding is vital to obtain
correct measurements in the gamma
counting system.
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DIFFERENCED
OUTPUT WITHOUT
COMMON MODE

SCINTILLATIONS
IN LIQUID

4 \

- PHOTO-
MULTIPLIER

SIGNALS
PHOTO-
MULTIPLER

Fig. 8. Differential detection provides common-mode signal rejection in the liquid

scintillation spectrometer.

iodide crystal sees only the sample
loaded into the well. It is impossible to
eliminate all stray radiation; the aim of
the shielding is to ensure that the
background count remains constant as
the vials and transport mechanism
change position. This relatively small
machine weighs around 500 kg!

Built into the console is a pulse
height analyser that can be set to
measure specific pulse energy levels,
This enables the diagnostician to
monitor specific isotopes, largely
ignoring other unwanted ones that
may be present in the sample. A
typical count run would take around a

minute, involving half a million
individual counts. It is also possible
automatically to  subtract the
background count.

A second counter, a Philips Model
PW4003, performs a s milar function
for a 50 sample loading.

As these scintillation counters have
pulse height analysis facilities, they
can be used to measure specific
wavelength gamma rays by much the
same concept as an optical
spectrometer which separates
wavelengths. For this reason these

systems are sometimes referred to as
gamma spectrophotometers.

Fig. 9. This liquid scintillation counter system accepts 200 samples cycling them cne by one

through the differential detector.
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Liquid Scintillation Spectrometer

The low energy of beta radiation from
isotopes such as 14¢ and 3y prevents
the particles passing through the
windows of normal detectors. Solid
scintillation crystals are not very
effective for this radiation for similar
reasons. To overcome this practical
defect, yet retaining the sensitivity of
the scintillation method, the sample to
be measured is mixed with a suitable
liquid the whole forming a liquid
scintillating medium which acts in a
similar manner as a solid crystal.

This much done, the necessary
detection process still requires special
techniques to reduce the effect of
thermal noise inherent in the photo
multipliers and to reduce the influence
of background count: beta radiation is
less energetic than gamma. By placing
the liquid in a differential detection
arrangement see Fig. 8,
common-mode background counts are
largely eliminated. To further aid
signal detection the detectors can be
cooled with refrigeration to around
-20°C to reduce their internal noise
levels,

The Counting Laboratory has an
automatic Tri-Carb Model 3375 unit,
shown in Fig. 9, which accepts 200
samples. The liquid scintillation
process varies in efficiency — this unit
has inbuilt automatic standardisation
of the measurement.

Gas flow detector:

Another method for detecting weaker
radiations is to place the
radio-activated sample inside the
ionisation chamber proper rather than
placing it outside. The chamber is set
up as a proportional counter. This
avoids the problems of signal
attenuation caused by a window but
adds a difficulty in that the chamber
has to be assembled each time and the
ionisation gas added. Figure 10 shows
a diagrammatic cross-section of a gas
flow detector. Gas flows continuously
to ensure the chamber is adequately
purged of previous gas and air.

Large-volume counter:

Some tests require the measurement of
the radio-activity of quite large
samples — a litre or more in capacity
as, for example, in investigation of
internal bleeding which is detected by
faeces collection over a period of time.
This poses different kinds of problems
for the difficulties of shielding such a
large volume can be expensive and
weighty. The method used by the AEI
designers concentrates on providing
detection that incorporates the already
mentioned common-mode rejection of
stray background by employing two
large scintillation crystals, 75 x 75 mm
each, one above and one below as can
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Fig. 10. In the gas flow detector gamma and
beta radiation is monitored without the
attenuation of windows.

be seen in Fig. 11. The sample bucket
is placed in through the side door.

So much for machines that count
radiation levels in samples. In another
part of the IMVs Nuclear Medicine
Division are screenable bays where
another form of scintillation counter is
used to count levels of radiation in
selected parts of the body.

Scintillation probes:
A scintillation counter assembly
(crystal plus photo multiplier) is

mounted on an adjustable framework
that enables the detector to be placed
adjacent to the area of interest, as
shown in Fig. 12. Once set, the probe

takes a count of the radio activity in
the region chosen — for example, a
test for thyroid gland iodine uptake.
These Philips surface counting systems
are fitted with 50 mm diameter
crystals.

Facilities exist that enable several
such probes to be monitored
simultaneously, enabling the observer
to study differential effects such as
renal uptake and clearance in a
patient. It also enables changes in
radioactivity to be monitored in the
liver and spleen after
radionuclide-labelled blood cells have
been injected.

IMAGING

Rectilinear scanning

If a single detector scintillation head,
such as that shown in Fig. 12, is made
to move over the still patient it is quite
feasible to build up a two dimensional
picture of radiation distribution
provided the radiation level in the
patient is satisfactorily static.

In the scanner shown in Fig. 13, the
patient lies on the table to provide the
image attitude required. The tubular
head, which contains the scintillation
detector, is moved across the bed by a
driven slide-way in the cross arm, the
whole arm moving along the bed.
Given enough time, for counting rates
are not fast, the whole body can be
imaged. This technique is known as
rectilinear scanning.

The output form for this machme
can be of two kinds. First, as a
Teledeltos paper picture in which dots
are made on special paper by passing

Fig. 11. The large volume
scintillation counter has
detectors above and below
the sample region.
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Fig. 12. The adjustable framework enables
a sensitive scintillation counter head to be
placed close to the area of interest.

high voltage through it on demand —
the more intense the radiation the
greater the dot density and the blacker
the area on the picture. Figure 14a
shows the system schematic for this.
The second method provides a
photograph which is exposed, using
Polaroid film, by a cathode ray tube
produced image formed from light
déts — see Fig. 14b. A direct copy of a
case study — that of cancer of the
prostrate — made with the latter
display is shown in Fig. 15.

The gamma camera

The rectilinear scanner sufiers from
the major disadvantage that
considerable time is needed to image
an organ or the body. If more
scintillation detectors were added,
working simultaneously, this would
reduce the time. This is the basis of
the technique originally proposed by
Dr. Anger which is now known as the
gamma camera. His idea, however, is
more profound, for the multiple
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Fig. 13. This rectilinear scanner moves the single scin tillation counter over the stationary
patient. A typical scan could take up to half an hour.

sensors are combined to yield a 2-D
display from a static array.

The “camera’’ is very large in size
{close to a metre in diameter) and
heavy (ships at just less than a tonne)

— the IMVS use the Nuciear-Chicago
models — shown in Fig. 16. Inside the
40 mm heavy steel and lead housing is
one very large (300 mm x 12 mm)
scintillation crystal which is sensed by
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Fig. 14. The two methods used to produce an image from rectilinear scan data. (a) Dots
are made on paper. (b) Dots are formed on a CRT.
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as many photo-multipliers as can be
fitted into the circle. Earlier models
used 19 photo-multipliers, the latest
have 37. A cross-section, given in Fig.
17, shows the arrangement. Note the
collimator which, in the optical sense,
ensures that the sensors see only rays
emanating in a parallel direction from
the source. The collimator shown is a
lead disk machined with parallel holes
through it.

Each photo multiplier has its own
power supply and amplifier board
mounted in the camera housing. The
multiple channel information s
combined with a resistor matrix on the
basis that each sensor sees more than
just its immediate frontal area — values
are weighted for scintillations
occurring anywhere in the crystal on
the basis that their contribution falls
off with distance. The combined
“video’’ signal output leaves the
camera as four lines which convey
pulses and position information — not
as a continuous signal form. The pulses
are selected and sorted with the pulse
height analyser (PHA}, and other
ancillary equipment to provide
suitable drives for an oscilloscope
display — this is shown in a simplified
manner in Fig. 18. The output display
is built from individual dots.

Gamma-cameras produce an image
much faster than rectilinear scanners —
a liver image takes only a minute
compared with 30 minutes using the

Fig. 15. This photograph is copied from
the original made with the rectilinear

scanning system. The darker the colour

the greater the concentration of radio

isotope take-up.
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scanner. With these short times it is far
easier to exclude unwanted secondary
effects such as a patient breathing
which moves the organ relative to the
camera.

The gamma-camera photograph,
however, is still in the-ctlass of a fuzzy
X-ray plate and correct interpretation
is a matter of the clinician’s skill.
Providing the camera with improved
resolution would not improve matters
much for the organ is invariably
masked by overlying body tissue; the
radioactive emission process itself
lacks detail. A typical image is shown
in Fig. 19, This is from a study of the
lung which is diagnosed to be multiple
pulmonary emboli (blood flow
obstructions). The label substance in
this case was 1371, It is usual to
perform other tests to assist with the
final diagonostic decision.

Whole body imaging:

The latest developments are to
bodily move the patient past the
stationary gamma-camera building up
a whole body picture in the manner
shown in Fig. 20. Electronic circuitry
ensures that the scans are overlapped
correctly to produce a total picture.
Scanning is still, however, time
consuming. The image shown in Fig.
21 took 19 minutes a side. Fig. 21b is
of a person with metastatic
meningioma (a tumour transferred
from other parts of the body).

THE RADIO PHARMACY

Isotopes used as tracers in nuclear
medicine have a short half-life, by
necessity for the need to use only
short-lived radiation sources in a
patient’s body. Furthermore, it is
often the case that the isotope most
suited, because it is naturally
transported to the organ of interest,
has short half-life. For example,
Fluorine-18, one of the best for bone
scanning, has T% = 1.8 hours. As this
must be produced originally in a
reactor — the IMVS supplies mainly
come from the Lucas Heights reactor
near Sydney — the original dose loses
three half-lives before it arrives at the
IMVS — police escorts are used to
speed up deliveries! Some isotopes
come from as far as the U.S.A., UK.,
Germany, Holland and India. In cases
of short half-life a considerably
stronger original amount is required to
obtain the dose needed, when it
reaches the patient.

Regular shipments of isotope to the
IMVS include 51Cr-sodium chromate
for blood studies, 57 Co-vitamin By
for vitamin absorption studies,
1311-human serum albumin for blood
volume studies, 197 Hg-chlormerodrin
for renal scanning, 1371-Rose Bengal
for liver studies and 18F for tumour
detection in bones.

Fig. 16. Pho/Gamma I11 scintillation camera ready for use. These produce an image
without need for scanning.

Fig. 17. Gamma cameras con-
tain multiple photo multi-
pliers viewing a single large
diameter crystal. The outputs
are combined to provide image
data — see Fig. 18.

[FIG. 17
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Fig. 21. Gamma camera scanned image
{clinical case of metastatic meningioma).
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Fig. 19. Images pro-
duced with gamma
camera — front and
back view of labelled
lungs.

One particularly interesting shipment
is  99Molybdenum-99mTechnetium
(99M0-99™Tc). The more useful iso-
tope of the two is 99M T¢ but this has
half-life of only six hours — direct
shipment would be extremely costly.
99Mo, however, has a half-life of 67
hours and it produces as part of its
decay process the ‘“daughter’’ isotope
99mTc, Separation is achieved by
absorbing the parent 99Mo on to an
alumina column for which 99mTc has
low affinity. When a saline solution is
passed through the column it elutes
the 99mTc as a pertechnetate ion of
extreme purity. The column is called
the "‘cow’’ which is “milked’’ each day
to provide isotope for brain scanning.

Processes like the Techetium Cow are
housed in a special purpose laboratory
— a radio pharmacy. Another cow
used is 113Sn which has a half-life of
119 days. This yields 113m|n
chemicals which have only 1.7 hour
half-lives.

As well as being able to monitor
radioactivity level and produce
isotopes, the pharmacy must also be
able to perform rcutine chemical
analyses. For this purpose, it has an
atomic absorption spectrophotometer
and an ultra-violet spectrophotometer.
The radio pharmacy is also used for
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Fig. 20. The gamma camera is made to move
relative to the patient (the patient is moved
automatically) to expand the image size.

research into radio-
pharmaceuticals.

In this two part feature we have
looked at the internal workings of a
well equipped clinical pathology
centre.

We have not covered all of the
measurement devices involved in the
many thousands of tests made each
day but we have we hope shown
something of the great concentration
of measurement effort involved in
modern pathological medicine. ©

new

Electronics Today would like to
thank the directors and staff of the
Institute of Medical and Veterinary
Science, Adelaide, for the very kind
advice and assistance in the prepar-
ation and subsequent checking of
this article.
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Why you need 220 watts of power
to listen to soft music.

A . o rroNeen .
SA-9900
Stated simply, Pioneer's new SA-9900 input terminals on the right. Separated SA-9900 as the best in an entire line
stereo ampilifier was created to faithfully to eliminate any signal interference of outstanding stereo amplifiers. Stop
reproduce music at any volume you and convenient for easy access to by and see your focal dealer for a
desire. At 110 watts RMS per channel,  cord connections. complete demonstration.
it doesn't matter whether you're trying The SA-9900 stereo amplifier. Another  You'll get an earful of truly great music—
to liven up a party or just warm up your example of technical know-how and any way you like is—loudly or softly.
sweetheart. Through a precision constant research applied to meet the h ’ k
blending of Pionear's advanced listener's needs. After all, isn't that :’;g’:ge"BE'ecg’on::S ﬁu;trallthy, Ltd.
electronics, total harmonic distortion is  what you've come to expect from -184 Boundary Road, Braeside.
never more than 0.1%. As a result, you  Pioneer audio equipment. ;';_g’zriaesgiséb?;‘;":é%%'?g uagé‘,’::y
hear all the sounds of all the music you At Pioneer, we uphold that trust with 433379, Perth 76-7776 '
play—clearly—even the soft ones. almost 40 years of exclusive commit-
And while the SA-9900 is easy to ment to audio excellence. And from
listen to, it's also easy to use. A newly  our vast resources as one of the world’s @ pIONEEI"
designed chassis olaces all the output  leading audio specialists, we are A
terminals on the left side and all the privileged at this time to offer the leads the world in sound.
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Career
Opportunities for

COLOUR
TECHNICIANS

Large international marketing organisation with offices in all states
invites applications from experienced Television Technicians with
some knowledge of colour.

Company specialises in colour television only and is building a
large comprehensive national sales and service network.

Opportunities will exist in each capital city but immediate
requirement is for cities of Sydney, Melbourne and Brisbane.

For Sydney, workshop technicians will be required to work at area
service centres located at Pagewood, Rydalmere and Greenwich.

For Brisbane area location will be Albion, and Melbourne location,
Richmond.

Field Technicians will be required to operate from area service
centres and will be provided with suitable vehicles.

e Training will be provided.
e Colour work only

® Best salaries in industry.

[ ]

Immediate life cover and superannuation after
qualifying period.

e Successful applicants will be brought to
Sydney for training.

e Within reason candidates may choose location.
For interesting career opportunity apply:

Mr. ‘‘Berry’’ Beresford,

TRIDENT TELEVISION PTY. LTD.
152 Bunnerong Road,

Pagewood 2035. (Phone: 349-8888)

trident colour
television
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LﬁwWWm PE2217 —the NEWEST Preamp...

... the most controls ... the most flexibility ... the most functions ...
the most useability... a $1,000 worth of control for $512.00! X

l..,. m

for rqmal imdemenis

Sounderafi Pr

! 1
iy
- oymaline —y tnpe maniior  tape dubbing
lome i 4 2  J==3 I==)

—— Model PE221T

Audio engineers agree that the ultimate Preamp must have all
the CONTROL flexibility of a patch panel... our new PE2217
has pushbutton-patching, plus 22 more MUST features...

EQUALISER ONLY MODEL $318°

e ALL PUSHBUTTONS INTERLOCKED to prevent inadvertent program destruction e DISCRETE-OCTAVE
EQUALIZATION CONTROL of ten octaves on each channel, £ 12 dB each octave 8 FULL-SPECTRUM LEVEL CONTROL
for each channel @ AUTOMATIC CONTINUOUS MONITORING by light-emitting diodes for visual warning of overload in
output circuits @ VISUAL ZERO-GAIN EQUALIZATION BALANCING on music, white noise or pink noise « SELECTION
OF TEST LITES on or off. « TAPE DUBBING BETWEEN TWO MACHINES, with optional simultaneous equalizing and
monitoring ¢ DOUBLE-DUBBING into two recorders simultaneousli‘o SEPARATE SYSTEM-SELECTION enables full use
of all other functions during the tape dubbing operation e LINE OR TAPE equalization selector ¢ AUTOMATIC
EQUALIZER-DEFEAT when line or tape equalizer is not in usee FRONT PANEL TAPE input-output jacks for easy 2nd and
3rd tape recorder hookup access @ TAPE MONITORING of either tape at any time @ TWO stereo headphone jacks ¢ MONO
SELECTOR for left, right or both channels to both outputs ¢ REVERSE-STEREO mode e TWO low-level Ehono inputs @
FOUR independent phono preamps e SIX A/C outlets, 4 switched, 2 unswitched ¢ ELECTRO-PLATED FERROUS
CHASSIS — (eight sections) — provides optimum shielding to minimize magnetic field-coupling @ SINGLE-POINT system
ground connector minimizes ground-loops ¢ TWO REGULATED power supplies

SPECIFICATIONS

FREQUENCY RESPONSE — Hi-level inputs: * % dB, 5 Hz to 100 EQUALIZER LEVEL: Zero-gain controls for left and right

kHz

FREQUENCY RESPONSE — Phono inputs: £ % dB, 20 Hz to 20
kHz (Typ. £ % dB)

HARMONIC DISTORTION: less than .05% at 1 volt, (Typ. 01% at
1 volt)

IM DISTORTION: less than .05% at 1 volt, (Typ. .01% at 1 volt)
SIGNAL-TO-NOISE — Hi-level inputs: 1- dB below full output
SIGNAL-TO-NOISE — Phono inputs: 84 dB below a 10mv input
SIGNAL-TO-NOISE — Equalizer section: 90 dB below a volt input
GAIN — Phono: 57 dB

GAIN — Hi-Level: 15dB

INPUT IMPEDANCE — Phono: 47,000 ohms

INPUT IMPEDANCE — Hi-level: 50,000 ohms

OUTPUT IMPEDANCE: 600 ohms

MAXIMUM OUTPUT: 5 volts into hi impedance, 2.5 volts into 600
ohms

channels, continuously variable, for unity-gain compensation form
—12dB to + 6 dB.

EQUALIZER RANGE: 12 dB boost and 12 dB cut, each octave
centered at 30, 60, 120, 240, 480, 960, 1920, 3840, 7680 and
15,360 Hz.

MAXIMUM OUTPUT SIGNAL: Variable master volume control
allows adjustment of optimum output to match amplifier capability
up to 5 volts.

CIRCUIT BOARDS: Military grade G-10 glass epoxy

RESISTORS: Low-noise selected carbon-film

POWER SUPPLY: Separate supply for phono and equalizer
DIMENSIONS: Walnut-grained case 7%’ high x 20’ wide x 11%"
deep. Genuine oiled-walnut cabinet available, $49.00 extra. Front
panel size 5%" x 18"”. Rack-mount panel size 5%" x 19", $20.00
extra,

WARRANTY: 2 years parts and labor

SHIPPING WEIGHT: 28 Ibs

* Recommended Retail Price.

AUSTRALIAN DISTRIBUTOR: W.C. Wedderspoon Pty. Ltd., 3 Ford St., Greenacre (P.0. Box 21), 642-2595 — 642-3993
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IRH COMPONENTS

Established 40 Years and here to stay.
Metal GlazeResistors (&

Oiamond Ispnva"ed metal
glaze element
Ceramic substrate \‘ 1/2 watt @ 70 C .250N x .090//
Piated-on copper \ \:

S AV Miniature Body Size
LT ffys| Lower Temperature rise (40 C)
#ys! Thick Film Reliability
e Tls! Generous Power Safety Factor
coourbanss  fys! Fully Insulated Non-flammable

AR SR, Mica Filled Phenolic Jacket
phenolic jacket @SUU’ THE SAFE ONE

Wire Wound Resistors @

@ woa i, Inorganic ‘ﬁfep"oof

termination

Ministure body
.250 x .090

25 thous. slloy plated
copper_leads

Ve : Rectangular Ceramic Construction
: or...Precision Wound Non-flammable
i Resin coated Tubular Styles

Rheostats and Trimmers @

Wire Wound Rheostats and Trimmers

ALSO AVAILABLE:

Ceramic capacitors & filters. Toggle, micro & lamp lighted switches
Polyester capacitors. Reed switches & relays.
Tantalum & electrolytic capacitors. Indicator lamps.

Standard & miniature carbon potentiometers.

SN AN ESEEE AR NNEENNE NSRS EENS ONESENAEEANERERREER
All these compenents are available through most electronic suppliers
but for detailed technical information complete the coupon and post to-day
METAL GLAZE [0 WIRE WOUND ] RHEOSTATS _ FILTERS (] POTS.
CAPACITCRS ) SWITCHES [ RELAYS ) REED SWITCHES [ INDICATORS

IRH COMPONENTS
DIVISION OF NATRONICS PTY. LIMITED

THE CRESCENT. KINGSGROVE. N S.W. 2203

Wholly Australian owned, and the largest manufacturer
of resistive components in the Southern Hemisphere

28 ELECTRONIC DAY INTERNATIONAL — AUGUST 1975



DIGITALVOLTMETER

LAST MONTH we published details of a
simple, three-digit display module
which is readily adaptable to a wide
range of applications and s
inexpensive to build. This month we
provide details of the first of a series
of modules specifically designed to
interface with the ETI 533 display
module.

The first of these modules is a
simple, yet accurate, dc digital
voltmeter. Fundamentally we bhave
described it as a single range unit
which is economical enough to be
mounted within other equipment as a
panel meter. However an input switch
may be readily added to convert the
instrument for use on ranges from one
volt dc full scale to 1000 volts dc full
scale.

We have not described the
mounting of the unit in a cabinet or
box as individual requirements will
vary widely.

CONSTRUCTION

The display-counter module ETI
533 should be built first using the
instructions given last month.

Two additional boards are required
to complete the voltmeter and the
overlays and interconnections are
given in Fig. 3. Check that all
components, especially the metal case
ICs are orientated correctly.

The interconnection wires should
be long enough to allow the boards to
fold together as shown above. The
lower board ETI 533A has the
components uppermost, the middle
board ET! 117A has the components
downwards while the top board ETI
117B again has the components
uppermost. It may be necessary to
juggle the components slightly on the
lower two boards to allow them to fit
together closely enough. These two
boards are spaced apart with 12mm
long spacers while the upper two
boards are separated by 6mm insulated
spacers. A piece of insulation material
should be fitted between the top two
boards to prevent the solder joints
touching.

Power, 9-15 volts dc, is supplied to
the lower board while the input
connects to the upper board.

The unit can be either installed in a
suitable box or within a piece of
equipment. |f range switches are
required simply change the value of
R12 as per Table 1. A suitable box for

mounting the unit as a separate
instrument is the type PC1 marketed
by A & R.

CALIBRATION

Unfortunately to calibrate any
voltmeter a known voltage reference

Inexpensive unit uses dual-slope technique

or an accurate voltmeter is required
for comparison. Two adjustments are
provided, one for calibration and the
other to compensate for the offset in
the integrator IC. For input voltages of
10 V or more the offset potentiometer
is not required as the error is within
one digit.

This offset potentiometer should be
adjusted first by applying a voltage of
about one per cent (10 digits) of full
scale and adjusting RV2 to give the

correct reading. The calibration
potentiometer RV1 can now be
adjusted by applying an accurately
known voltage near full scale.

The meter has a large overrange and
voltages up to 250 per cent of full
scale can be measured except that the
first digit is lost and must be assumed,
ie, if you are measuring a car battery
on a 10 V range and it reads 3.52 V it
is obviously 13.52 V.

MEASURED PERFORMANCE OF PROTOTYPE

Number of digits
Overrange

Dual polarity
Ranges
Accuracy
Linearity

Power supply

Input impedance

Overrange Protection
1V range
10 V range
100 V range
100 V range

Reference

3
250% (no indication)

No

1,10, 100 and 1000 V dc

As adjusted

*1 digit

9-15 V dc at 120 mA isolated
100 k/V
100V

500 V
500 V

limited by power
dissipation and
voltage rating of

2500 V" R12

* input switch permitting

5.1 volt zener at constant current.



HOW IT WORKS

The method of analogue-to-digital
ccnversion used is the popular
dual-slope integration technique. A
general explanation of this method
was given last month in our
multimeter survey and reference
should be made to that article. We

DIGITAL VOLTMETER
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