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DIRECT DRIVE

SL 120 BASIC

e Add tonearm of your choice.

o Direct-drive brushless DC motor.

o Wow & flutter: less than 0.03% WRMS.

e Rumble: better than —50 dB [DIN A}, —70 dB [DIN B}.

o Fast build-up time (within ¥z rotation at 33%a rpm).

« 33 cm aluminium diecast turntable platter, dynamically
balanced.

o Stroboscope speed indication on tapered rim for easier
checking.

e Variable pitch controls (+5%).

o Aluminium diecast base.

e Audio-insulated legs.

o Removable dust cover

SL 1200 SL 1200 STANDARD

o Direct-drive brushless DC motor.

e Wow & flutter: less than 0.03% WRMS.

o Rumble: better than —50 dB [DIN A}, —70 dB (DIN B).

o Fast build-up time (within ¥z rotation at 33% rpm).

o 33 cm aluminium diecast turntable platter, dynamically
balanced.

o Stroboscope speed indication on tapered rim for easier
checking.

e Variable pitch controls (+5%).

e Precision-engineered tonearm with lateral
balance and direct read-out of tracking force.

¢ Anti-skating device.

o Adaptable for discrete 4-channel (CD-4) records.

o Aluminium diecast base.

e Audio-insulated legs.

e Removable dust cover stays open at any angle.

SL 1300 AUTOMATIC

o Automatic start, stop and return.

o Memo-repeat mechanism — plays same recordup to 5
times.

¢ Direct-drive brushless DC motor utilising the platter as part
of the motor.

o Wow and flutter less than 0.03% WRMS.

o Rumble: better than —50 dB [DIN A] —70 dB [DIN B}).

o Pitch control range 10%. .

e 33 cm dynamically balanced platter.

o Stroboscope speed indication on tapered rim for easier
checking.

o Precision engineered tonearm with gimbal suspension,
“S”-shaped tubular, universal 4 pin connector,
direct read out stylus pressure.

e Anti-skating control.

o Adaptable for CD4 records.

¢ Audio insulated legs.

o Removable dust cover stays open at any angle.
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ougy rccommend BASF tapes.

For optimum performance,

emoreplay,the moreyou’llappmciateawellstackeddeck.

With taped music, as in five card stud, you'll always get the results And, like all AKAI Hi-Fi equipment distributed by AKAI Australia
you want when you play with a deck that always delivers what you want. Pty. Ltd. it’s covered by our Complete Protection Plan.*

Take this deck, one of the three new cassette decks from AKAL Which simply means, 12 months’ full parts and labour warranty, 12
The GXC325D. It comes stacked wit months’ free insurance, and a lifetime guarantee on all GX recording

h features to make your music sound

clearer. And ricker. It has a three head function, with separate recording heads. Make sure the Complete Protection Plan Warranty Card is with
and playback heads for wider frequency response. It comes with a closed your AKAI equipment. Sound good?

loop double capstan, which maintains proper back tension, and perfect At a recommended retail price of $535.00 we think the GXC325D
tape and head contact. is quite a deal. Care to call our bluff?

The AKAI Hi-Fi Professionals arc: NEW SOUTH WALES: Albury: Haberechts Radio & TV Pty Ltd 610 Dean St Bega: Easedowns Pty Ltd 187-191 Cargo St Bowral: Fred Hayes Pty Ltd
293 Bong Bong St Broken Hill: Pee Jay Sound Centre 364 Argent St Burwood: Electronic Enterprises Pty Ltd 11 Burwood Rd Concord: Sonarta Music Service 24 Cabarita Rd Chatswood:
Autel Systems Pty Ltd 639 Pacific Highway Cremorne: Photo Art and Sound 287 Military Rd Crows Nest: Allied Hi-Fi & Records 330 Pacific Highway Deec Why: Mastertone Electronics
824 Piuwater Rd Five Dock: 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: Apotlo Hi-Fi 283 Victoria Rd Miranda Fair: Miranda Stereo & Hi-Fi Centre Pty Ltd Shop 67 Top Level Mona Vale:
Warringah Hi-Fi Shop 5 Mona Vale Court Bungen St Newcastle: Eastern Hi-Fi 519 Hunter St Newcastle: Ron Chapman Hi-Fi 880 Hunter St Nowra: G P Walker & Son gty Ltd 96 Kinghorn
St Parramatta: Magnetic Sound Industries 20 Macquarie St Parramatta: Selsound Hi-Fi Pry Ltd 27 Darcy St Roselands: Roselands Hi-Fi Pty Ltd Gallery Level South Hurstville:
Selsound Hi-Fi Pty Lid 803 King Georges Rd Summer Hill: Fidela Sound Centre 93B Liverpool Rd Sutherland: Sutherland Hi-Fi 5 Boyle St Sydney city: Jack Stein Audio Pty Lid 275
Clarence St Sydney city: Magnetic Sound Industries 32 York St Sydney city: Duty Free Travellers Supplics 400 Kent St Sydney clty: Opta Hi-Fi Pty Lid 187 Clarence St Taree: Taree
Photographics Graphic House 105 Victoria St Wagga Wagga: Haberechts Radio & TV Pty Ltd Baylis St Wollongong: Hi-Fi House 118 Keira St Wollongong: Seisound 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 VICTORIA: Melbourne:
Douglas Hi-Fi 191 Bourke St Melbourne: Pantiles Hi-Fi Cnr Flinders Lane & Elizabeth St Warrnambool: A G Smith Pty Lid 159 Liebig St QUEENSLAND: Beoval: Woolworths (Qd)
Lid Brisbane Station Rd Brisbane: Chandlers Pty Lid 112 Edward St Brisbane: Tel Air Electronics George St Fortitude Valley: Packard-Bell
Pty Lid 302 Wickham St Mackay: David Jones Pty Ltd Sydney St Mt Isa: The Sound Centre West St Newstead:

Creek Rd Southport: Trevor Stokes.Scarborough

Hendrix Pty Ltd 107 Breakfast
St Toowoomba: Catchpoles Cassette Centre T & G Arcade Ruthven St Toowoomba: Hum; hreys Hi-Fi
Centre Ruthven St Townsville: Woolworths (QId) Ltd 345 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 Pty Ltd Conygham St WESTERN

AUSTRALIA: Perth: Douglas Hi-Fi 883 Wellington St TA!

SMANIA: Burnie: James Loughran & Sons Pty Ltd 29-31 Wilmot St Hobart: Quantum The name you don’t have to
Electronics Pty Ltd 181 Collins St Launceston: Tasmans Acoustics Pty Ltd 62 Tamor St Launceston: Wills & Co (1954) Pty Ltd 7-11 Quadrant justify to your friends.
Ulverstone: Gillards Music Centre 57A Reiby St NORTHERN TERRITORY: Darwin: Pfitzners Music House Smith St.
*The AKAI Complete Protection Plan does not cover equipment purchased outside Australia.
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news digest

NEW CONCEPT IN PORTABLE INSTRUMENTS

The new TM 515 Traveller/Main-
frame by Tektronix looks and feels
like quality flight luggage! Unsnap the
end caps and you discover full operat-
ing provisions for five TM 500 plug-in,
modular test and measurement instru-
ments.

Although the TM 515 may be used
as a power module mainframe for any
of the 29 or so TEKTRONIX TM 500
plug-in instruments, Tektronix suggests
"building” a portable instrument pack-
age by starting with the new SC 502
Plug-in Oscilloscope that takes two
compartments, and then adding up to
three additional instruments that offer
optimum facilities for the intended
applications.

Outside, the TEKTRONIX TM 515
is a tough plastic travelling case. Inside,
it's a mainframe for five TM 500 plug-
in instruments, an interface circuit-
board allowing the instruments to
‘talk’ to one another, and a shared
power supply with forced-air ventil-
ation. A factory-installed option
{Option 5) allows TM 515 users to

interconnect the plug-in instruments
via the rear interface circuitboard
without making soldered junctions . . .
an advantage when the service tech-
nician may select a different group of
instruments for separate trips into the
field. A single line cord connects the
TM 515 to primary power.

The power transformer of the TM
515 accommodates 100, 110, 120,

200, 220, and 240 Vac and 48 through
440 Hz. However, the range of line
frequencies is limited to 48-60 Hz when
the factory-standard ventilating fan is
installed. An optional 48-100 Hz fan is
accomplished with quick-change line
selector blocks.

Details from Tektronix Australia Pty
Limited, 80 Waterloo Road, North
Ryde 2113.

publications.

( EDITOR’S NOTICE )

The contents of Electronics Today International and associated
publications is fully protected by international copyright under the
terms of the Commonwealth Copyright Act {1968).

Copyright extends to all written material, photographs, drawings,
circuit diagrams and printed circuit boards reproduced in our various

Although any form of reproduction is technically a breach of copy-
right, in practice we are not concerned about private individuals
constructing one or more projects for their own private use, nor by
pop groups {for example) constructing one or more items for use in
connection with their performances.

Commercial organisations should note however that no project or
part project described in Electronics Today International or associated
publications may be offered for sale, or sold, in substantially or fully
assembled form, unless a licence has been specifically obtained so to do
\_ from the publishers, Modern Magazines {Holdings) Ltd.
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news diges

CORDLESS SOLDERING TOOLS

The ‘ISO-TIP’ battery-electric
soldering tool manufactured by the
WAMHL corporation is now
distributed in Australia by Royston
Electronics.

This 170g (60z) unit is completely
self contained, operating from long
life nickel cadmium batteries. The
manufacturers claim that 20 to 150
or more soldered joints can be made
between battery recharges. Actual
figures quoted are 20 terminations
comprising 12 gauge, 3 twist wire
joints, and 160 terminations
comprising 22 gauge, 3 twist wire
joints.

Two tip sizes are available — 1.8 mm
dia. for printed circuits, and 4 mm

dia. for general purpose soldering.
A neat push-button controls the
operation, switching on an indicator
lamp, an inbuilt lamp to light the
work area, and the heater circuit. The
tip heats in five seconds. The
‘ISO-TIP' (isolated tip) construction,
and the low operating voltage,
eliminates electrical leakage risk.
Recharging from ac mains is
achieved automatically, simply by
placing the tool in the recharging
stand. It cannot overcharge. The
charging power supply has been
engineered by Royston Electronics,
and Australian approval has been
obtained from the Electrical Approval
Authority of Victoria, under
Approval No. v/74394/7578. The
unit is also available for recharging
from a 12 volt dc source, and an
attachment to fit automotive cigar

MINIATURE CHARGER

A new trickle charger from Melbourne- and car batteries. A thermal overload

based A&R-Soanar is built into a double

insulated moulded case that plugs
straight into a three-pin mains outlet.

switch safeguards the charger from
overload which may occur if a totally
fiat battery is being charged.

lighters makes it a convenient unit
for outside servicement.

NOTHING NEW. ..

It has recently been suggested that
an electronic system be installed in
Australia’s Parliament House to record
the votes of our legislators.

A basically similar system was
suggested almost exactly 100 years
ago!

NEW MICROWAVE DEVICE

A new solid-state microwave device,
which it is claimed will make possible
power amplifiers that operate at
frequencies as high as 20 GHz, has
been developed at General Electric’s
Research and Development Centre.
The device is a marriage of transistor
and Impatt diode designs.

GE’s device, to be called the Con-
trolled Avalanche Transit Time
(CATT) triode, can be used in
circuits without the need for freq-
uency multiplication required by
conventional microwave transistors,
or other circuit arrangements such
as those needed by Impatt diodes.

In addition, at lawer frequencies,
the CATT triode should be capable of
higher pulsed (intermittent) power
than available transistors.

The GE development should make
possible the design of simplified solid-
state equipment for higher-frequency
radar and microwave communications,
both space and terrestrial, according
to the company. Microwave power
transistors have been commercially
available at frequencies up to about
3 GHz.

Initial steps toward the development
of the device were carried out making
extensive use of computer simulation.
Later developmental confirmation
of the concept was with devices designed
for 1- and 2-GHz operation. Some
phases of the work were supported by
the US Army Electronics Command.

The devices have been operated
recently at 2 to 3 GHz with 12-W
output power. 13 —dB gain, and 30
per cent collector efficiency.

Outputis 12 volts dc at one amp —
ideal for trickle charging motorcycle

Details from A&R-Soanar Electronics,
30 Lexton Rd., Box Hill, Victoria 3128.

{continued page 11)
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Philips totally automatic,
2098 electronic turntable.

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

Philips 209S is one of the most outstanding examples
of contemporary hi-fi engineering available. [t not only
performsevery function automatically. but with a
quality of precision that is equal to the best in the world.
Assoon as you place vour record on the platter. the 209S
automatically determines the record diameter and
selects 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 professional Hi-Fi magazines to
accurately test stereo equipment. The 209S features a
sub-chassis to eliminate rumble, and of course, it is
4-channel compatible.

And whilst Philips 209S is totally automatic. it also
features manual over-ride of all functions with
electronic speed controls.

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

We know you'll be impressed.

(Subject to modification without notice)
(according to DIN 45 538/39 and 45 500)

33 and 45 r.p.m,

3%
Exact. using tacho generator
less than 0.08%
better than 43dB (DIN A)
(NAB)
better than 65dB (DIN By
(ARLL)
0.75-3¢
adjustable

less than 10 mg

less than 07 10 /cm
120/240 v

50 H/

1w

435 x 325 x 166 mm
approx. 8 kg

Record diameter
and automatic speed j
sensor control. /

7 AN
TN
11100

Manual over-ride
controls.

Electronic
touch control,
for arm-lift.




THE WAVE OF THE FUTURE
5/ -
v

SO TECHNICALLYADVANCED IT SHOULD HAVE BEEN INVENTED TOMORROW




The reviewers of Hi Fi Newsletter had this to
say about the Infinity 2000A:
“. .. The Infinity people have demonstrated

The drive mechanism of the tweeter is a voice coil
1n a very (ntense magnetic field. This drive mechanism
was selected for its simplicity and inherent reliability,

SPECIFICATIONS

Frequency Response:
301021 KHz 35db

Crossover Frequency:
500 Hz, 5000 Hz

Nominal impedance:
8 chms

Maximum Amplifier Power:

200 watts/channel program

Minimum Amplifier Power:
20 watts. RMS/channel

Dimensions:

27%" high, 207" wide, 14" deep

with the 2000A that they know their way
in the problernatic and highly controversial
speaker world. Their representative, then,
deserves our highest rating, and until
something better comes along it remains
our standard in its price category.”

Infinity is proud to announce that something
better has come along — the 2000AXT. It is
better because it is smoother in frequency response
has much better dispersion and has about 5 db
added efficiency.

It is smoother in frequency response because
we use three new drivers, each developed for its
smoothness of frequency response and low
distortion. It has better dispersion principally
due to our patented wave transmission line
tweeter. Finally, it has higher efficiency due to
the application of our original research into the
physics of transducers as applied to speaker
systems.

The Infinity 2000AXT has the advantage of
being used with various medium priced receivers
as well as the super-power amplifiers of today.

THE TWEETER SECTION

The wave transmission line tweeter is probably
Infinity’s most stunning achievement. It's neither
4 cone nor a piston drive, not an electrostatic,
not a ribbon and not an ionic device. In fact, it
really doesn’t appear in any textbooks on acoustics.

This Walsh tweeter, acting as a vertical,
pulsating cylinder, is a purely coherent source
of sound radiation — directly analogous to the
light emitted by a laser beam. Therefore, it is
transient perfect — a feat which no other speaker
has achieved.

The intinity tine family é? speakers available from

- INSTROL — CNR PITT & KING STREETS, SYDNEY: 91a YORK STREET,

SHOP 67 MIRANDA FAIR, 525-780
HOBABT e TRUSCOTTS — ADELAIDE

»

SYDNEY; 375 LONSDALE STREET, MELBOURNE e MIRANDA HI-FI —

although any drive system could be used inasmuch
as the cone is only plucked at the base.

Sound velocities much higher than the speed of
sound in air are propagated up the metallic cone.
Sound is emitted on various parts of the cone
corresponding to the temporal and spatial scheme
of Figure 1. Thus, each bit of audio information
fed into the device is emitted intact at the same
instant of time. This is true around the entire device
so that 360° coherent radiation is a reahity.

THE MIDRANGE SECTION

Thie midrange speaker is a very high efficiency
4.5" cone utilizing a large Alnico V magnet, the
cone of which is treated for five times the stiffness
to mass ratio of conventional speakers. The sound
quahty of this device is big and open with
excellent transient response due to its low time
delay distortion.

THE BASS SECTION

The bass driver i1s a 12" woofer with 4 full
orne inch movement capability. Its cone is treated
twice — once to increase the stiffness to mass ratio
by a factor of three, while the second treatment
ensures proper cone damping to complement the
added stiffness. The woofer is loaded into the
“Infinity transmission line’”’ enclosure for superb
bass transients. It accurately reproduces the 7:1%
lowest fundamental bass frequencies with excellent
transient response and very low harmonic distortion.

O ¢ QUANTUM ELECTRONICS —
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CHECKING DEVICE FOR
PRINTED CIRCUITS

“A scanning system to check printed
circuit boards by both magnified and
microscopic viewing has been perfected
by Plessey UK and is available through
Plessey Australia,

Known as VISTA (visual inspection
systematic traversing apparatus), the
ingenious equipment projects ten-fold
magnification of PCBs on a large screen,

Theboardsareshownin natural colour
and in stereo to enable easy identifica-
tion of flaws or errors. Holes plated
through can be checked and track di-
mensions measured direct on the screen.
Microscopic viewing is also available
for clearer definition.

VISTA enables faulty areas to be re-
worked without the board being re-
moved. Once corrected, the operator
can return the PCB to its original posi-
tion and continue the checking process,
The magnification capability and
natural color of VISTA could also be
used to check artwork and film.

The machine leads to considerable
reduction in the scrap-rate of PCBs and
Plessey UK reports orders from the

British Post Office and several leading
UK manufacturers.

Details from Professional Components,
Plessey Australia Pty. Ltd., Christina
Road, Villawood, NSW 2163,

OLYMPIC FLAME ‘ELECTRIFIED’

The Olympic Flame for the 1976
Olympic Games will be transported to
Canada from Greece via satellite as
modern technology and Games tra-
dition become one.

The process will start traditionally at
11 a.m. (local time) July 13, 1976, when
the flame will be lit by sun rays at the
Temple of Hera at Olympia, Greece,

Runners will carry it to Athens,
arriving there July 15, and a.Canadian
athlete will light the flame at
Panathenian Stadium. The torch will
then be carried to another urn, where,
through the use of an electronic sensor,
the particles will be transformed into
electric impulses which will be trans-
mitted by satellite to Ottawa, Canada.

A laser beam at the receiving end will
convert the impulses back to the
flame’s original form and Canadian
runners will carry the torch to Montreal
where, at 4.30 p.m, July 17, it will
enter Olympic Stadium.

news digest

AIRBORNE OMEGA

The US government are now making
positive plans to phase out the now
ageing Loran A radio guidance system
next year,

As a result avionics firms and world
airlines are now speeding up their

tests of airborne Omega receivers to
ensure that the system is an acceptable
alternative.

Omega is a very low frequency global
radio transmitting system in which as
few as six stations around the world can
provide position location with better
than 1.4 kra accuracy.

DESOLDERING DIP’S

The frustration involved in desoldering
and removing dual-in-line packages
from printed circuit boards can now
be overcome by a ‘double-sided’
approach suggested by Royston
Electronics.

On one side, the solder is melted —
all pins simultaneously — by a special
Adcola capiltary-action tip which
fits either their desoldering or
soldering tool (5 mm shank). This

ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975

draws most of the solder from the
joints. On the other side, a
singularly useful device called a
Pul-n-Sertic grips the IC for

safe, easy removal. It also acts as a
heat sink, giving double protection
to the component.

Details from Royston Electronics
Pty. Ltd., 22 Firth Street,
Doncaster, Vic., 3108,
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DRILL FOR PC BOARD

The minidrill, recently introduced
by Dick Smith Electronics, will prove
popular with constructors making
their own printed circuit boards. It
is battery powered by four penlight
cells which fit inside the torch-like
case. A socket is also provided for
running the drill from a 6 Vdc supply.

Running at 2500 rpm, the drill is
capable of making holes up to 0.060""
in diameter. Current consumption is
600 mA under load. It is supplied
with a dril! bit suitable for most
circuit board applications and a
marking out punch.

Further information from Dick
Smith Electronics Centre, 162
Pacific Highway, Gore Hill 2065

FIBRE OPTIC COMMUNICATIONS
MAY USE INFRA-RED

The high attenuation characteristic
of fibre optic cables may be overcome
by using them at infra-red rather than
visible light frequencies.

Workers at the Plessey Allen Clarke
Research Centre have recently con-
ducted a series of successful experi-
ments using laboratory models of
gallium indium arsenide light emitting
diodes operating at 1.06 um,whilst

12

Siemens have developed optical fibres
having an attenuation of a mere 1.36
dB/km at 1.06 um.

The Siemens fibres are made by
depositing synthetic quartz and a two-
component glass inside a quartz-tube.

The tube is then heated to a high temp-

erature which causes it to collapse. The
fibre is then withdrawn.

If an equally satisfactory IR detector
can be developed it seems that short
range {up *o 10 km) fibre optic com-
munication may soon be with us.

RADIO ‘PIRATE’ FINED

Craig Wilfred Krapkat of Mt Larcom,
Queensland was fine a total of $500
earlier this month for illegally trans-
mitting radio messages without
authorisation, and for using equip-
ment to receive messages without
authorisation.

The Commonwealth Crown Pro-
secutor stated in court that Krapkat
was a member of the Citizen’s Band
Radio Movement a type of ‘under-
ground organisation’ lobbying for
citizen band radio.

For transmitting messages, Krapkat
was fined $400 or six months jail; for
receiving messages he was fined $100
or three months jail. He was given until
Oct 20 to pay the fines.

Later in the Magistrate's Court,
Krapkat was fined a further $40 plus
costs of using the call sign of another
station (9QLJ) last November when
not authorised to do so under the
Wireless Telegraphy Act.

DPM MEASURES TRUE RMS
VALUE OF AC WAVEFORMS

A digital panel meter that measures
the true rms value of any ac waveform

TR TS

has been introduced by Parameters Pty
Ltd, Australian agents for Analog
Devices, Inc.

Most ac meters measure the rectified
average peak voitage divided by 1.414.
However, the AD2011 computes and
displays the total effective dc heating
value of its input, thus it does not
depend on sinewave inputs for
accuracy. With a total claimed error
of £ 0.1% (full scale range) £ 1 digit,
the AD2011 measures the true rms
value of SCR chopped waveforms used
in lighting, motor, and furnace control,
pulse trains, square waves, triangle
waveforms, and even noise.

The unit can thus be used in vibra-
tion and fluid flow measurements, in
the determination of transformer para-
meters, and for measuring any signal
containing high distortion.

By using a computing technique, the
AD2011 achieves a 170 ms response
time, ten times faster than thermal
conversion techniques and will measure
inputs in frequency ranges of 45 Hz to
300 kHz. The computing technique
offers the possibility of extending the
low frequency sensitivity by adding an
external capacitor. The computing
method is also more reliable than the
thermal one, say Parameters, which
uses heater-resistor thermocouples
that may burn out during signal over-
load conditions.

Details from Parameters, 68 Alexander
St, Crows Nest, 2065.

STABLE DISPLAYS WITH DIGITAL
DELAY ON ANY ‘SCOPE WITH
DIGITAL TRIGGER

Upon recognising a preset parallel
8-bit word in a stream of data, a new
Hewlett-Packard instrument, small
enough to be held in one’s hand, deli-

R
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vers a pulse suitable to trigger any
modern oscilloscope or logic analyser.

The HP Model 1230A Logic Trigger
operates at rates up to 15 MHz. Recog-
nition can be made to depend on a
synchronised clock pulse or it may be
independent, using a ninth-bit qualifier
for asynchronous operation. The trigger
can be delayed by a preset number of
clock pulses, from 1 to 9998, to move
the ‘window’ of observed events down-
stream from the recognition-word.
Because this delay depends on a count,
waveform displays remain jitter-free.

As an interface to make the analogue-
type oscilloscope useful for analysis
of digital circuitry, or as a pre-qualifier
to enhance the seek-and-show ability
of a modern logic analyser, the 1230A
is a low-cost, compact aid to design
and troubleshooting. Where micro-
processors are used, where telecom-
munications equipment is designed
or maintained, where digital circuitry
is involved in system control, wherever
ASCI1 signals are found, the 1230A
will find application.

Setting up the 1230A is a simple
matter: preset the recognition work on
8 switches, decide if trigger shall be on
the word or delayed (in which case
push buttons to preset the delay, shown
on an LED readout), and set for
positive-going or negative-going signals
of TTL to CMOS levels {up to 15 V).
Connection to the tested circuitry is
aided by inclusion of a cable set for
all inputs. Power required is 5 to 15 V
dc 300 milliamperes. A compact
accessory power supply is offered.
Details from Hewlett-Packard Australia
Pty. Ltd., 31-41 Joseph St., Blackburn,
Victoria 3130.

— or send 30c for informative catalogue.

charts, atlases. Weather equipment.

SYDNEY 11 Clarke Street,
Crows Nest, Phone 43-4360

CELESTRON

MULTI PURPOSE TELESCOPES

Visit our modern and fascinating showrooms.
See the greatest range of telescopes and astronomical equipment anywhere in the world

SCHMIDT-CASSEGRAIN

Telescopes for all purposes. Build-it-yourself kits. Binocufars. Microscopes. Books,

ASTRO OPTICAL SUPPLIES PTY. LTD.

MELBOURNE Mid City Arcade,
200 Bourke Street, Phone 663-2761

FOR SALE

LIGHT DIMMER KITS

Suitabie up to 400 watts at 240 VAC.
Mounted on PCB and includes pot.
Some fully assembled and soldered.
Price $2.50 ea. plus 30c post in
Australia. $10 for set of five plus 50c
post.

1 MEG LIN POTS 25c each minimum
ot five. 20c each for quantities above
ten.

M & M ELECTRONICS
Box 84, Kilsyth Vic. 3137.

= FERGUSON =

Manufacturers of: Electrical/
electronic equipment, wound
components ~ and  lighting
control equipment.

BRANCHES
IN ALL STATES

FERGUSON TRANSFORMERS
PTY.LTD.
HEAD OFFICE:
331 Hugh St., Chatswood. 2067
P.O. Box 301,
Chatswood, NSW, Australia 2067

Phone: 02-407-0261
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Japan's Leading
Manufacturer

SanKes

e Hybrid Circuits

e Power Transistors

o Rectifier Diodes

o H.V. Diodes

o Fast Recovery Diodes
e G.P. Diodes

AUTOTRONICS PTY LTD
P.O. Box 71, Engadine, 2233
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news digest

NEW LOW COST OSCILLOSCOPE automatic stabilised TTL trigger
circuit will lock to almost any wave-
form from 5 Hz to 15 MHz. X-Y
operation is from dc to 1 MHz and is
phase corrected to within 3° from d¢
to 50 kHz.

The display is 80 x 100 mm and the
detachable graticule is subdivided at
2 mm on the main axis and has 10
and 90% lines to facilitate rise time
measurements.

veramn
TME fCM

- vee

=* @) B
| “%E

To enable measurements to be made
with respect to voltage rails elevated
above earth, input ground may be
floated to + 400 V by removing a front
panel grounding link. The floating in-
put is also a useful safety feature,
particularly in educational use, by its
ability to minimise accidental shorting
out of a circuit if a live point is
touched by a ground probe.

INTENSITY

owin | oy
cn ’
g4 5
Bwl FLEL AOMMLY Al

At a time when costs of ailmost a moulded protective pack. m(r)nv?nl;?cli'ezs:(zzel(;sb1r§0 rzm hlgrhhx 209 ke
everything are escalating, B.W.D. Elec- Facilities provided include a band- of onlv 4.5 ka h ere eep.h_ € g’i‘g
tronics have developed an instrument width of dc to 6 MHz — 3dB. At k’|fulym' h 9 al P < atc 'Zvi) K .
which reverses the trend. Their new 10 Hz it is only — 6dB down, and has ZS; of necstatt\;é:a” s gn A :1 5
oscilloscope, the {(bwd 504} sells for a very useable sensitivity of 100 mv/ imor i taEda'C’a J vsiounf MRS
$178 (plus tax if applicable) ex cm at 25 MHz. Sensitivity range is pregna EoNERtNSOHIMES
Australian Capital City distributors. from 20 mV to 50 V/cm in 12 cali- Details from B.W.D. Electronics Pty
The price includes instruction manual, brated steps. Time base sweeps from Ltd, 331-333 Burke Road, Gardiner,
a x1 signal probe, a ground probe, and 0.5u/sec to 0.1 sec/cm and the fully Vic 3146.

NEW SIGNAL GENERATOR INCORPORATES MICROPROCESSOR John Fluke Mfg. Co. have introduced

a general purpose signal generator
which incorporates a small micro-
processor.

The 6010A unit features a keyboard
. “- . 3 control that allows free-form entry of
R - frequency in Hz, kHz, or MHz. Pro-
G0 15 stalefngdly SrcurL Gisinater grammed frequencies are read on a
‘ 7-digit LED display. The real “’secret”’
maeslq of the 6010A, however, is a sophis-

o ticated micro-processor that provides

the instrument with a high degree of
automation. Whenever an entry is
made, the unit automatically justifies
the number on the bright LED readout
to give the greatest possible resolution.
B The instrument covers the frequency

T - 2 range from 10 Hz to 11 MHz.

44 The instrument also protects the
device under test. Although the 6010A
has three ranges of added attenuation
— 20, 40, and 60 dB — the instrument
always starts out automatically with
the maximum value.

Details from Elmeasco Instruments
Pty Ltd, PO Box 334, Brookvale,
NSW 2100.
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150 classy watts,
but no personality.

=

i —

CS-9t

When music enters a speaker Power handling ability: 150 watts new grille of acoustically
one way and comes out sounding (that's one-five-zero for our high transparent polyurethane foam.
different (coloured), it's because volume loving friends). And in Exhaustively tested (as only
design deficiencies that make up the 15-inch woofer, a trend Pioneer knows how), this
a speaker system's “personality” setting Pioneer innovation in material was proven to give ng
have remolded the original speaker design. Carbon-fiber attenuation at any frequency
sound. That’s going in direct blended cone paper. Lighter than over the full range.
competition with the artist. normal material, highly elastic, Pioneer’s new CS-911 speaker
And no speaker system with yet incredibly strong, this cone  system. Beautiful to listen to,
any class would pull a dirty trick material reduces internal loss but impossible to hear. Audition
I CRGE of power and eliminates audible it now. Rock, Classical, Jazz.
For those who demand a distortion. You name it, with class like this,
speaker that doesn't add any With efficiency Tike this, what  you can concentrate on the
interpretation of its own, Pioneer goes in sounding natural, comes music's personality and not
welcomes the privilege of out that way. Thus, you get more the speaker’s.
introducing the new "no WPD (Watts per Doliar) out of
personality” CS-911 speaker your speaker budget. In addition,

system. Six speakers, four ways. this speaker system features a I ioneer Electronics Australia Pty. Ltd.
et = EX. 178-184 Boundary Road, Braeside.

T __ seeakerunits(Type) | Victoria 3195, Phone: 90-9011, Sydney

nput powar | Enclosure lype | Woaler | MidTange | Twouler va?uotfv range 93-0246. Brisbane 52-8213. Adelaide

150w Bass reflax | 38 em cone ‘ 10cmcone 2 | 7.7 cm cone (3 ncn) | 30—22000H: | 433379, Perth 76-7776
bookshelt {15 inch) (4 inch) 5.7 em cone x 2 (24 inch) | |

R

Cs-911
{Supor tweoolar)

csan | 120w Bass retiex { 30cmcona | 10emconex2 | 7.7 cm cone (3 inch} | 32—22.000t12
tookshalt (12 inch) (4 inch) | 5.7 cm cone (24 inch)

| {Super tweetar) l »
CS-711 | 100w Bass roflax 30 cm cone | 12 em cone 6.6 cm cona (24 inch) 35=20.000Hz
| bookshett { (12inch) (44 inch) § |

cs511 | 70w Bass retl 25 7.7 em conm | 35—-20.000m .
| ‘ R R @Binen) | o leads the world in sound.
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OUR GALAXY contains upwards of
100 000 million stars and their
families of planets, and growing
evidence suggests that Earth may not
be the only life-bearing planet in this
galaxy.

Telescope studies have, for example,
shown that Earth’s basic chemicals are
distributed throughout the Universe —
and organic compounds — life's
building blocks — have been detected
in inter-stellar space.

But believing that life may exist
elsewhere is one thing — attempting to
prove it is another.

At our present state of technology
the most practical planet on which to
search for life is Mars. For if we find
that life exists or has existed in the
harsh climate of Mars, we will have
strong reasons to believe that planets
with comfortable climates do support
life and that other solar systems are
inhabited.

16
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At about the time that our readers
will receive this issue of Electronics
Today, two unmanned, automated
Viking spacecraft should have been
launched from Cape Canaveral to
begin a 700 million kilometre journey
to Mars.

Once there the two spacecraft will
seek evidence of whether life existed
on other planets, and obtain
information to improve out
understanding of how Earth developed
as a life-supporting planet and how we
can better protect its environment.

Viking is the most complex mission
to be flown by NASA, requiring four
highly complicated science stations —
two orbiters and two landers — to
carry out separate co-ordinated
operations simultaneously and over an
extended period of time.

The 2300 kg orbiter will stay in orbit
while the 1090 kg lander descends to
the surface, as did the command

4

Latest Viking space mission
specifically seeks for life on Mars

VIKING LANDER. This magnificent
painting by Charles O. Bennett shows the
mechanical scoop on the end of the
spring-steel arm collecting a sample.

Having grasped the material the scoop arm
ratracts to the spacecraft, swivels and
stops over a cylinder covered by a wire
grill. The lid of the scoop begins to vibrate
and dust and soil particles drop through into
a rotating conveyor in the spacecraft’s
interior which distributes measured
quantities to a number of test cells for
chemical analysis.

module and the lunar module during
the Apollo missions to the Moon. The
Viking lander will use a parachute and
retro-rockets to achieve soft landing. It
will begin its programme of
life-seeking biology experiments on
about the 10th day after landing.
Photos from orbiters and landers and
information from the science
experiments will be transmitted back
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to Earth by radio. Radio signals will
require more than 20 minutes to travel
the 320 million kilometres from Mars
to Earth. Spacecraft-tracking and
communications will involve the Deep
Space Network’s stations at
Goldstone, California, Madrid, Spain
and Canberra, Australia.

VIKING SCIENTIFIC
INVESTIGATIONS
The Viking spacecraft will make
basically three investigations during
their three-month observation of Mars
from orbit and from two sites on the
surface?
1.A photographic survey of Mars:
2.A search for forms of life; and
3.An analysis of the physical features
and makeup of the planet and its
atmosphere.

PHOTOGRAPHIC SURVEY

Each Viking spacecraft has an orbiter
and a lander. Each orbiter carries two
high-resolution television cameras, and
each lander a pair of facsimile cameras,

During the last 180 hours of
approach to Mars, each spacecraft will
obtain a series of photographs of the
globe from progressively closer range,
After entering orbit, the spacecraft
will remain above the designated
lander sites to photomap these regions
for a number of days before and after
the landers are released for descent to
the surface. Then the orbiters will
leave their fixed positions above the
lander sites to photomap almost the
entire surface of the planet,

Orbiter photomaps and thermal and
water vapour maps will be used to
direct the landers to sites where
conditions are more favourable to life
and where landing hazards are less
extreme. Lander cameras will take
high-resolution photos of the ground
immediately next to the landers,
360-degree panoramic views of the
terrain and distance features, and
long-range photos of Mars' satellites
and celestial objects.

The Orbiter cameras will be
rapid-sequence vidicon cameras using
475 mm telescopes. Taken from
low-point in orbit a photo shows 40
square kilometre area with resolution
of 50 metres. Consecutive photos from
one orbital pass show a 80 km by 500
km swath. Photos are stored on
magnetic tape for playback to Earth,

Identical facsimile cameras are
mounted one metre apart on top of the
lander for stereoscopic black and
white, colour, and infrared photos.
Cameras can view from the ground
beside the lander up to 40 degrees
above horizon. Each uses a nodding
mirror to scan a scene in tiny
increments, requiring 20 minutes for a
full scene. Light from the scene
increments is converted into digital

DEORBIT
= ~_, COAST

SEPARATE
—_—

PEAK DECELERATION

N (24,384- 30,480 METERS)
9\(80, 000- 100, 000 FT. )

DEPLOY PARACHUTE
JETTISON AEROSHELL
{About 6, 400 METERS)

{21,000FT,)

How the lander modules will touch down on
Mars” surface.

information bits which are radioed to
Earth and reconstructed into a
photograph.

SEARCH FOR LIFE

Life may exist on Mars in higher
forms, like moss or lichens, or in
microscopic forms like viruses or
bacteria. Or a rich variety of life may

have existed at one time but
disappeared later in the planet’s
history,

The two regions chosen for landings
are areas where conditions could be
conducive to Earth-like life forms.
They are relatively low,
temperate-zone sites in the northern
hemisphere where there are indications
of atmospheric moisture now, and of
surface moisture at least at some time
in the past.

Higher forms of life and fossils,
surface burrows or trails, and artifacts
could be identified in the lander
camera photos of the surface adjacent
to the landers. The search for
microscopic plant or animal life will be
made in Martian soil samples. The
samples will be scooped up by the 3
metre lander boom and fed into
automated biology test chambers
where they will be observed for signs
of photosynthesis and metabolism.
Chemistry of the organic compounds
in the soil will be analysed for
indication of whether they were
produced by animal or plant life, or
could evolve life,

Discovery of life on another planet
would have a more profound effect on
man’s thinking than any other
discovery in history.

TEST FOR PHOTOSYNTHESIS
Photosynthesis is the basic-life
sustaining process by which Earth
plant life uses light energy to combine
basic compounds like carbon dioxide,
water, and salts — forming
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carbohydrates. Steps in the Viking

photosynthesis test are:

(a) Inoculate three soil samples with
carbon monoxide and carbon
dioxide that bear radioactive
tracers.

(b) Inoculate soil and gases under a
lamp that simulates Martian
sunlight,

(c) Evacuate any remaining free gas,

(d) Heat samples to 590°C to
vapourize organic materials,

(e) Measure and analyse
vapourised materials.

Liberation of a substantial amount of
tracer gas from the samples will be
taken as strong evidence that plant-like
organisms in the soil consumed the
carbon monoxide and carbon dioxide
in photosynthesis.

TEST FOR METABOLIC ACTIVITY

From a science standpoint, the
Viking lander is the most complex
spacecraft ever built. The biology unit
will feed to three soil samples a
nutrient or organic compounds like
sugar which bear trace chemicals.
Instruments will monitor gases given
off by the samples over a period of
about two weeks.

Steady production of gases by soil
samples will be taken as evidence that
organisms in the soil consumed the
nutrient; steadily increasing
production of gases will be taken as
evidence of growth by the organisms.

the

TEST FOR RESPIRATION

Soil samples will be moistened with
nutrients and surrounded in the test
chamber with air from the outside,
principally carbon dioxide.
Constituents of the atmospheric
sample will be monitored over a period
of about two weeks. Changes in
composition of the atmospheric
sample will be taken as evidence of

17



Soil Sample
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Viking biolab schematic: respiration from metabolism of
Detector Detector Detector the three basic organisms in the soil.

experiments.
TEST OF STERILISED SAMPLES
Photosynthesis Metabolism Respiration In parallel, a soil sample will be
sterilised and subjected to the same
tests as further validation of any
MARS positive results in the tests.

wams BIOLOGY INSTRUMENT

INLET The complete range of experiments
wass planned for Viking, if conducted on
) SPECTROMETER Earth with today’s standard science
d] instruments, would require thousands

= .

Carbon . )
Dioxide Nutrient Nutrient
Light

Source

Soil

INLET & PYROLYSIS
OVENS

of pounds of equipment which would

@ L fill several ordinary size laboratory
GAS CHROMATOGRAPH rooms.

The lander biology unit, in 0.25
,. cubic metre of space, contains: three
’ ’ ’ . automated chemical labs, a computer,

tiny ovens, counters for radioactive

tracers, filters, sun lamp, gas

chromatograph to identify chemicals,
Mk- ﬂl'l“llh)h’lhl 40 thermostats, 22 000 transistors, 18
000 other electronic parts, and 43

GAS MASST Ten
CHROMATOGRAPH SPECTROMETE int
DATA DATA miniature valves,

il

ENGINEERING
DATA

THE PLANET AND ITS
Gas Chromatograph Mass Spectrometer. ATMOSPH ERE

Instruments of the orbiters and
landers will examine the physical
features and makeup of the planet and
its atmosphere in minute detail.
Comparison of the geology and
climate of Mars with those of the
much more complex Earth and the
primitive Moon is expected to resolve
many questions about the evolution of
Earth and our Solar System.

One landing site is in a valley at the
mouth of the giant surface rift, or
grand canyon, of Mars. Here, deposits
from exposure and erosion of
geological features around the chasm
are expected to be rich in information
about the history and development of
the planet.

We still lack a complete
understanding of Earth’s complex
environmental systems; for example,
what accounts for the patterns of

The three-legged lander ~ movement of water vapour and

carries life detection pollutants in our atmosphere. Clues
fr’,‘i’,’,‘:"i’;’f,’,’;‘,a‘;r‘ézf" should be found in study of the
environment can, or dynamics of Mars’ more rudimentary
7-’, fact does, support atmospheric system in the absence of
1ne.

civilised man,
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The Viking Lender. After landing, the
Lander’s cameras will take pictures of

the terrain — some in colour and some
employing both cameras to produce three-
dimensional stereo pairs. Other instru-
ments will collect atmospheric and
meteorological data, and a seismometer
will record Martian quakes and lsarn about
the planet’s interior. Surface geology will
be examined with the cameras, the soil
sampler, the inorganic enalysis of soil
samples to determine what elements are
present.

GEOLOGY

The orbiters and landers will conduct
experiments to study surface geology
and planet internal structure, and to
determine whether the planet is
geologically alive. Orbiter and lander
photographs will identify types of land
forms, stratification, folds, joints,
faults, rocks, erosion, sediments, and
soil, and will give indications of
mineral and chemical composition. If
there are Marsquakes in adequate
number, lander seismic readings can
determine whether the planet has a
molten core, a mantle, and a crust as
does Earth, and can allow comparison
of the mantles of Mars and Earth.

Lander instruments will identify
elements and minerals in the soil.
Thermal mapping by the orbiters will
allow search for ground frost and
evidence of planet internal heat, and
will aid in identifying surface
structural character from difference in
heat conductivity.

Viking radio and radar systems will
provide information to improve our
knowledge of the planet’'s size, mass,
gravitational field, surface density, and
electromagnetic properties, and
atmospheric density and turbulence,
and will allow study of the solar wind.

SCIENCE INSTRUMENTS

An infrared radiometer from the
orbiter measures heat radiating from
the planet's surface. It can record
temperatures in both the day and
night hemispheres and is accurate
within 20C,

An X-ray fluorescence spectrometer
identifies basic elements in soil by
measuring their fluorescence after
being exposed to radioactive Cadmium
109 and lron 55. It can detect
elements present in amounts as small
as 200 parts per million.

Viking completes a month-long series of
rigorous tests designed to qualify it for
operating on the surface of Mars in 1976.
The tests were conducted in a huge
vacuum chamber at the space facilities
centre of Martin Merietta Aerospace at
Denver, Colorado. )
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A gas chromatograph-mass
spectrometer identifies gases in the
atmosphere and organic compounds in
the soil.

A seismometer will detect volcanic
activity, planet internal structure
shifts, and impacts of meteorites on
planet’s surface. It will be used to
determine whether landers are
functioning properly by measuring
their vibrations.

A soil boom scoop will be used to
study characteristics of the soil:
cohesiveness, porosity, hardness,
particle size. Magnets mounted on
sampler will determine whether soil
contains magnetic materials.

METEOROLOGY

Requirements for the Viking lander
are space flight’s most demanding: two
days of sterilisation baking before
taunch: ascent gravity and vibration
forces atop a 1.4 million pound
rocket; 11 months’ exposure to harsh
space conditions; buffeting from Mars
atmospheric entry, parachute opening
and retrorocket firing; impact on
surface of Mars at a speed of 1.20
metres/sec. Then it must function as a
finely tuned, self-sufficient laboratory
and data transmission complex for 90

days.
Landers, as they enter Mars’
atmosphere, will analyse the

jonosphere to determine the effect of
the solar wind on the planet’s
atmosphere. As they descend they will
record the temperature, pressure, and
chemical content of the atmosphere at
different altitudes.

The Orbiters will observe the
formation and movement of clouds
and record their temperatures for
analysis of their composition. The
lander mass spectrometer will analyse
the amounts of carbon dioxide,
oxygen, nitrogen, and other gases in
the atmosphere at the surface during
the first three days, before starting
analysis of the soil.

Lander instruments will measure
pressure, temperature, windspeed and
direction periodically to log daily and
season all variations in weather and
will record the movement of weather
fronts, thermals, and dust devils past
the landing sites. Seismometers will
record background noise from winds
and temperature and pressure changes.
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How pictures taken by the television system aboard the Viking Lander will be processed,

transmitted and reconstructed on Earth.

In the meteorology unit transducers
will measure temperature and pressure;
an anemometer measures windspeed
by its cooling effect on a heated wire.
Accelerometers and radar altimeter are
used to determine atmospheric density
and pressure from their drag on the
descending lander.

An infrared spectrometer will detect
and measure moisture in the
atmosphere from the changes in solar
radiation, as it reflects from Martian
surface through the atmosphere to the
orbiter. 1t can detect water in amounts
down to one micron.

A retarding potential analyser will
measure the concentration and charge
of ions and electrons in the ionosphere
as they flow across the analyser’s
charged grid in lander capsule.

An upper atmosphere mass
spectrometer will identify chemical
content and concentrations in upper
fringe of atmosphere.

Radio and radar systems consist of
S-band Earth-Mars microwave link for
commands and data relay; UHF
lander-orbiter links; X-band
orbiter-Earth link for science use.

COMMUNICATING WITH VIKING

The Viking Lander Communications
subsystem consists of a relay link
between the orbiter and lander and a
direct link connecting the lander and
Earth. UHF radio is employed to relay
scientific data to the orbiter, and an
S-band transmitter on the lander sends
data directly to Earth.

The relay link is the primary means
of communicating during descent and
landing until a direct link between the
tander and Earth can be established on

the surface of Mars. The UHF circuits
use compartmentalised, shielded
discrete-element wired circuits.

When the lander separates from the
orbiter and descends into the Martian
atmosphere, UHF radio will begin
transmitting real-time data at 4 000
bps and at a frequency of 381 MHz to
the orbiter. This information will
consist of entry science data, such as
the pressure and temperature of the
Martian ionosphere and atmosphere,
and engineering information related to
the lander’s operating performance.

The subsystem utilises split-phase
pulse code modulation and frequency
shift keying. A fixed, crossed-dipole
antenna radiates signals to the orbiter.
Any one of three power modes may be
selected.

Prior to separation from the orbiter,
the lander will under-go a series of
system checks in the lower power
mode (1 watt). During descent, the 10
watt mode will be used. After
touch-down, the transmitter will be
switched to 30 watts power to handle
a data stream rate of 16 000 bits per
second. With successful completion of
the soft-landing on Mars, the lander
will continue to broadcast for about
three days via the UHF system before
switching over to the direct S-band
link. Imagery showing the area
surrounding the landing site as well as
data received from the meteorological
and biological sensors contained on
the lander can then be transmitted to
the orbiter for relay to Earth.

The orbiter will be able to receive
this data from the lander an average of
20 minutes each pass. It will be
orbiting Mars once every 24.6 hours.
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S-BAND DIRECT LINK

The lander S-band link directly
transmits high-volume scientific and
imaging data, Doppler tracking
planetary ranging and command
reception. The subsystem operates at
2.2 GHz and is coherently locked to
Earth frequency references.

Engineering data is transmitted at a
rate of 8 1/3 bits per second and
scientific information may be sent at
selectable rates of 250 500 and 1,000
bits per second. Coded (32/S), phase
shift keying-pulse code modulating
information is received at 4 bits per
second.

A 760 mm parabolic
high-gain antenna will be used to
transmit information from Mars
directly to Earth. The high-gain
antenna is steerable and utilises a
two-axis gimbal. The mast for this
antenna is deployed and locked into
position immediately upon landing on

reflector

Mars. Powered by a d-¢ driven motor,
the antenna is stepped to follow the
Earth by an open-loop command and
control system. A fixed, crossed dipole
S-band low-gain antenna will receive
the commands from Earth.

Redundant modulator-exciters and a
20 watt travelling wave tube amplifier
transmits the telemetry and imaging
data at a frequency of 2295 MHz for
approximately two hours each day.

Two S-band receivers operate on the

. same frequency and use the same

receiver selector. The receiver selector
furnishes signals to the modulator-
exciters and the command detectors.
One of the receivers is connected
to the low-gain antenna and is the
primary command receiver. The

other receiver is linked to the high-gain
antenna to detect the ranging signal.
This receiver also serves as a backup
command receiver when the high-gain
antenna is pointed toward Earth.

§

SRR

Kathy Daniels of Honeywell’s aerospace Division exemines part of a speciel-
purpose computer which will control experiments in the Viking Lander.
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VIKING ANTENNA

The RCA Viking antennas are
specially designed and built to operate
in the hostile Martian environment.
They must withstand harsh surface
winds, sand and dust storms, low
pressure, and a temperature range
from +111°C to —126°C.

The UHF low gain antenna is 450
mm high and is located on the Viking
Lander Capsule {(VLC). It provides for
the rapid, high volume transmission of
data from the VLC to the Viking
Orbiter for relay to Earth. The
antenna will operate during both the
descent of the VLC to the Martian
surface and at programmed times
during the mission after touch-down,

An insulating foam designed to
minimise power disruptions during
transmission in the low pressure
Martian atmosphere is enclosed in
cylindrical containers on the ends of
the antenna elements.

UHF LOW GAIN ANTENNA

Specifications:

Use: Communications to
Earth via orbiter relay.

Operation: During Martian entry
and from surface

Type: Crossed dipoles,
circularly polarized.

Frequency: 400 MHz.

Power: 60 Watts,

Weight: 1.3 kg.

The S-Band Low Gain Antenna is 150
mm. high and is also located on the
VLC. It will receive signals from Earth
and will operate according to the
mission programme after the VLC
lands on the planet’s surface.

S-Band LOW GAIN ANTENNA
Specifications:

Use: Receive commands
from Earth.

Operation: Martian Surface.

Type: Broad pattern, circularly
polarized.

Frequency: 2100 mHz.

Weight: 0.11 kg.

The S-Band High Gain Antenna has a
760 mm. parabolic dish of traditional
appearance. It will be used to transmit
and receive radio signals between the
VLC and Earth and will operate after
touchdown according to the mission
programme. Since Mars, like Earth,
rotates on its axis, it is necessary for
the S-Band High Gain Antenna to be
facing toward Earth for maximum
effective transmission. Once the VLC
has landed safely on Mars, an on-board
computer will calculate the necessary
alignment (both azimuth and
elevation) for the antenna. The Viking
Command and Control, or controller,
will transform this information into
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commands to motors which will then
reposition the antenna relative to
Earth. Continuous adjustments will be
computed during each transmission. It
will take approximately 20 minutes
for signals to travel the more than 362
million kilometres between the Viking
spacecraft and its home planet.

S-Band High Gain Antenna
Specifications:

Use: Transmit data
Mars-to-Earth.
Operation: Martian surface.
Dish: 760 mm diameter.
Frequency: 2100-2300 mHz;
Power: 40 Watts.
Pedestal: Elevation over azimuth
Controller Specifications:
Use: Pedestal drive and
encoder processor.
Operation: Martian surface.
Input: Commands from
on-board computer.
Output: Drives pulses to two

stepper motors sine/
cosine from two

resolvers.
Weight: 0.22 kg.
Size, Max:  100mm x 140mm x
178mm Another view of the spectacular ‘photo globe’ of Mars — the first ever made of any body in

the Solar System. It was prepared by the Jet Propulsion Laboratory of California Institute of

Configuration: Two 2-sided four-layer Technology which managed the Mariner project for NASA.

printed circuit boards

Electronics today would like to thank the British Interplanetary Society and the Martin Marienatta Corporation for their
assistance with the preparation of this article.
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RAMBLER

Starts you off on the right track.

The BDP-100 Turntable and the SA-8200 amplifier
are two fine examples from the Rambler Range of
Hi-fidelity audio equipment.

The BDP-100 2-speed turntable is quality engineering throughout,
featuring a diecast platter, belt driven from a synchronous motor.
An “S'"-shaped, low
tracking error arm with
adjustable anti-skate and €
lateral balance. Auto cut
and return arm with indep- i1
endent dampened arm lifter.

Magnetic cartridge with

diamond elliptical stylus.

Spring loaded detachable lid. L
Shock absorbing felt based feet.
Sprung, heavy gauge metal motor
board-and wired ready for CD-4.

Channel it through our SA-8200
multi-purpose, stereo amplifier 4
with its 55 watts RMS per
channel output. Harmonic
distortion of less than
0.2% at 45 watts RMS .
per channel. Inputs:— Sl
2 phono, 2 AUX,

2 tape, tuner and mic.
Separate base and
treble controls on each
channel. High and low filter glh:
switches and loudness control.
Provision for 2 pairs of
speakers. These are just
some of the many value
packed features in these
two superb pieces of
Rambler Hi-Fi equipment.

“Rambler — The Best Thing That Has Happened to Music.”

See and hear the Rambler range of sound equipment at your Rambler dealer
now and compare the outstanding performance and value.

\

Distributed and serviced throughout Australia by Sun Electric Co. Pty. Ltd.
Melbourne, Sydney, Brisbane, Perth, Adelaide, Hobart and Canberra.
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- 1097 DANDENONG ROAD, EAST MALVERN.
'n Ion“' s TELEPHONE: 211-8122
GR

562 SPENCER STREET, NORTH MELBOURNE.
OUP TELEPHONE: 329-7888

FREE PARKING

LARGEST RANGE OF EQUIPMENT AND ACCESSORIES
EXPERIENCED ADVISORS

NEW ELECTRONIC SPEAKER/AMPLIFIER COMPARITORS
LARGE DEMONSTRATION AREAS

PUBLIC ADDRESS AND GUITAR AMPLIFIERS

1097 Dandenong Road. 562 Spencer Street.

: 1097 DANDENONG ROAD, EAST MALVERN.
'ﬂdl“““'ls TELEPHONE: 211-8122
562 SPENCER STREET, NORTH MELBOURNE.
GROUP  TE) EPHONE: 329-7888
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GENTRES-FOR EXPERT ASSISTANCE !

Dominion
atereo Amplifiers

A superb Stereo Amplifier designed
and built to compete in the highly
sophisticated American market.
The ST—500 is now available in
Australia for the first time. It has a
precision engineered cabinet and
circuitry of the latest design, incor-
porating such luxury features as:—
e Brushed *’Dull Silver” non mark : ! e Sl
facia panel,
e A, Bspeaker selector. S 25 Watts RMS
Straight bar switches for high &
low filters, loudness and tape

monitor. 38 e Minimized distortion and high
* 25 watts per channel. $ : damping due to its OTL circuitry.
* Total harmonic distortion less including tax ® Designed for use with magnetic,

than .5%. ceramic and crystal cartridge.

¢ Independent "SLIDE" tone con-
trol devices, “TREBLE’ and
""BASS".

® Rumble (Bass) filter and loudness
control.

e Furnished with tape recorder
output terminal.

e 15 watts RMS per channel.

$100.73

including tax

R 0ny 15 Watts RMS
e Designed for use with magnetic,
ceramic and crystal cartridge.
e |Independent “SLIDE’’ tone contro! D
devices, “TREBLE" and ""BASS”’
e Convenient AB speaker selector.
Two pairs of speakers can be driven
simultaneously or independently.
e Furnishied with tape recorder
output terminal.
e 25 watts per channel.

KTX4000V o5 watts RMS

$11 -‘8§d‘ . e Twin Microphone mixing Panel
including tax

combining dialogue, or musical
instrument output on tape with
other source material.

® Large Scale Vu Meters for moni-
toring output signal.

e A,B Selector Switch for 4 speaker
systems.

e 25 watts RMS per channel out-
put at less than .2% Distortion.

$ 24 -églding tax
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ALT EC FOR THOSE WHO ARE
SE mous ABOUT SOUND

ALTEC. AT THE OPERA HOUSE

For years now on the
international scene the most
discriminating sound engineers
have specified ALTEC quality
monitors. Look around the
leading television, radio and
recording studios — anywhere in
the world — and you’ll find
ALTEC monitors.

Sales in the U.S. have reached
new peaks — and in the highly
competitive and selective
European market demand for
ALTEC systems has never been
greater.

In Australia ALTEC enjoys an
ever increasing proportion of the
professional market.

Ask any of the sound engineers
who specify and enthuse over
ALTEC quality monitors. Once
you've heard and enjoyed
ALTEC sound, you’ll never be
satisfied with anything else.

NEW DOMESTIC SPEAKERS
*Altec891A. In just a year, this
model has become a best seller.
It features a 12 inch woofer and
: - a high-frequency radiator tweeter
e ———_ ik e TN and comes in an enclosure

A A measuring 25-1/2 x 14-1/2 x
12-1/2 inches with a
charcoal-colored sculptured foam
grille. ALTEC have said it was
designed for ‘‘younger people
who want good sound but want
to pay less.”” Our tests revealed it
to produce an open, realistic
sound and a crisp high end. It
delivers this sound with only 12
watts of amplifier power.

-\.J-
- - Sy

2

prple |
EP& ww- Nﬂ "“!ﬂhllﬁﬂ"‘j ‘m‘l‘“l x g9y

o
o’

*Quoted from Consumer Guide Maga-
zines, USA 1974. Publishers Lawrence
Teeman.

412 KENT STREET, SYDNEY Ph. 29-6973
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OPERATIONAL
AMPLIFIERS

In this down-to-earth three-part series, J.T. Neil explains the basic

OPERATIONAL AMPLIFIERS are
small in size, provide very high, stable
voltage gains, and are readily available
at well under a dollar each.

Unfortunately  these  immensely
practicable -devices tend to be
described by their manufacturers and
countless technical writers in terms
that are virtually meaningless to the
home constructor.

The purpose of this short series of
three articles then, is to show, with the
minimum of theory and mathematics,
how to extract the essential
information from data sheets and how
to apply it to practical designs.

The units to be described, each using
a single operational amplifier, are a

compact sine-wave audio-signal
generator, a high-impedance audio
amplifier (with various switched

frequency-responses available) and a
dc amplifier to increase the effective
sensitivity of an ordinary 1 mA meter
to 10 uA fsd.

Each of these units can be run from
batteries or any other suitable source;
however, since operational amplifiers
usually require dual supplies (which
could become expensive if batteries
were used for long) the first actual
constructional project will be a power
supply unit giving * 12 Vv fully
stabilised and short-circuit protected.
This latter feature is rather important,
for the operational amplifiers to be
used have their lead out wires only 2.5
mm apart which, in experimental
setups, will, sooner or later, lead to
short circuits of the supply rails by
solder blobs, touching wires etc.

Accordingly, a protected power
supply, specifically designed for use
with op. amps. and which
automatically reverts to correct
operation on removal of an unwanted
short-circuit is essential,

WHAT IS AN OPERATIONAL
AMPLIFIER?

Originally, the term was used to
describe an amplifier suitable for
performing mathematical operations in
analogue computers. It has since come
to include almost any high-gain dc

theory and practical applications of op amps.

amplifier capable of having its actual
performance, in terms of gain,
frequency response and  input
impedance, determined by external
components arranged to provide
feedback (usually negative feedback).

An ideal op. amp. has the following
characteristics:—

1., Infinite gain
2. Infinite bandwidth
3. Infinite input impedance
4. Zero output impedance
5. Constant phase shift between
input and output.

Obviously, such a device is
impossible in the real world, but it is
possible to manufacture amplifiers
that have gains etc. so large, and
output impedances so low that any
departures from the ideal have little
effect in practical circuits.

For example, if a working gain of
100 is required and the op. amp. to be
used has a gain (without feedback) of
50 000 then 50 000 + 100 (500) is
such a large margin that we can say
that, for practical purposes, the
reserves of gain available are so large
that the gain is infinite, Similar
reasoning applies to the other
parameters whose ideal values were
mentioned earlier.

FEEOBACK

Operational amplifiers are most often
arranged to function with negative
feedback applied, although there are
cases where either no feedback, or
indeed positive feedback, is employed.
The op. amps. we shall be considering
have, in fact, two input terminals, and
feedback is considered to be either
negative or positive according to which
of these inputs it is connected.

The two input terminals are arranged
in the following manner. Consider that
one input terminal is earthed; then if
the application of a positive going
signal to the other input results in a
positive going output signal, then that
latter input terminal is termed the "+
ve” input terminal. Conversely, again
with one input earthed, if the
application of a positive going signal to
the other input results in a negative
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going output signal, then that latter
input terminal is termed the *—ve”
input terminal. Sometimes the +ve
input is called the “non phase
inverting’’ input and the —ve input is
called the ""phase inverting’’ input.

By convention, the op. amp. itself is
shown as a triangle, with the output
being taken from the righthand apex;
the two inputs are on the left, one
input being the —ve and the other the
+ve.

The arrangement of Fig. 1a will
result in a phase reversal -of the signal,

while that of Fig. 1c will not.
——MA—
| R, 12
1 .
(O SaAVAVAV. -
Ry ———O

Fig. 1b. Inverting amplifier (high gain).

Fig. 1c. Non-inverting amplifier,
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Accordingly, the first configuration is
called an “‘inverting amplifier” and the
second a “non-inverting amplifier”.
Each configuration has its own
properties, which we shall now
consider,

INVERTING AMPLIFIERS

Referring to Fig. 1c, consider an
input, V; at, say 1 kHz. Imagine that
the input resistance of the op. amp.
itself is so large compared to the values
of R; and R, that it can be said to be
infinite. This will be the case if R; is,
say, 1 k, for the input resistance of a
typical op. amp. is 1 M. Imagine also
that the gain of the op. amp. is very
much larger than the final gain of the
whole circuit. Once again this will be
so, for the gain of a typical op. amp. is
50 000 and the overall gain of the
whole circuit will be very much less
than this extremely high value, as will
be shown.

This latter assumption is very
important, for it means that the actual
level of signals at the —ve input
terminal will be so close to nothing
that we can consider it to be zero. By
Ohm’s Law

Vi Vo
|1 = me— |2 [Eypem—

R, R»
where

V, is voltage across R,

V, is voltage across R2
But with zero signal at the —ve input
V; =Vjand V, =V,
so that the gain, A, is
Vo V2 R

A Tm—m m— = —

vV, Vi R,

which is independent of the actual
gain of the op. amp., provided that the
latter is very much larger than the
value of A — very likely in practice.

It will be instructive at this point to
consider the level of signal actually
present at the —ve input of the op.
amp. With an input signal of 1 volt and
a circuit gain of x2, there will be an

VOLTAGE GAIN1
dB

100 1.

CLOSED LOOP GAIN 20 dB

20{--==-- -

output of 2 volts. If the op. amp. gain
is 50 000, then the level at the —ve
input must be

2
50 000

quite close to the zero level assumed.

Note that when the amplifier output
is fed back to the —ve input, the
output voltage adjusts itself to such a
value that the actual voltage between
the two inputs becomes so close to
zero that the difference can be
neglected. The greater the gain of the
op. amp. itself, i.e. the better it
approximates to the ideal of infinite
gain, the less the voltage at the —ve
input becomes.

Since the —ve input has such a low
level signal present, it is virtually at
earth potential, and consequently the
input resistance of the whole circuit is
equal to R,. Such an arrangement as
illustrated in Fig. 1a is sometimes
called a “‘virtual earth amplifier”.

If a very high value of gain is
required, complications can arise if a
high input impedance is called for at
the same time, for if R,/R; is large,
either R, will need to be such a high
value that it is impracticable or R; will
be too low for the required input
impedance.

In that case, the configuration of Fig.
1b can be used. An analysis of this
circuit gives, for the voltage gain

a=fz Ryt Ra) el
R1 Rg

A =40V,

provided that R, is large compared to
R;.

Now R; can be kept at a reasonably
high value {to . raise the input
impedance) with R3 and R; making
up the gain to the required level).

NON-INVERTING AMPLIFIERS
Now consider the non-inverting
amplifier of Fig. 1c. As before,
imagine that, due to the high gain of
the op. amp., there is virtually zero
signal between the two inputs and that

OPEN LOOP GAIN
(SLOPE 20 d8 DECADE)

60
40 9
Fig. 2. Open loop gain of type 741
op amp and response with closed 0
loop gain of 20 dB. A
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the input resistance of the amplifier is
very much greater than either ‘Ry or
R,.

Then V, = V; where V, is the
voltage across R,

R2
ButV, = Rt Rz).,\/0
NV i el
LV, R Ve

so that gain A is

a=Yo_ (R +Ra) Vo _(Ri+Rp)
Vi R2 Vz R2

which again is independent of the
actual gain of the op. amp. itself.

The input  resistance of a
non-inverting amplifier is very high,
being determined largely by the
impedance from the two input
terminals to earth. Typically, it is of
the order of 200 — 400 M at low and
medium gain levels. It is this extremely
high value of resistance that makes the
non-inverting amplifier so useful,
although, of course, there are
disadvantages. For example, it might
appear that a non-inverting amplifier
would be ideal to accept the output
from a high resistance source, but in
that case the resistance seen by the op.
amp. +ve input would be that source
resistance, while the resistance seen by
the —ve input will be R, and Ry in
parallel {Fig. 1c). The input bias
currents (see later) at each input
would then give rise to a voltage
difference across the inputs and hence,
of course, unwanted voltage offset at
the output.

These two circuit configurations,
namely, the inverting and the
non-inverting, form the basis of all op.
amp. circuitry and are well worth
remembering. In a number of uses, the
simple resistors used in the examples
quoted are replaced by complex
impedances of one kind or another in
order to modify the frequency
response in some way. By such means
it is possible to make op. amps.
respond as frequency selective
amplifiers, integrators etc.

Examples of this tailoring of
frequency responses will arise in the
case of the audio amplifier to be
described in part 3.

At this stage it would be as well to
introduce and explain a number of
terms that are frequently used in
dealing with op. amps. and which
could otherwise cause confusion.
Many of these terms are necessary
because actual op. amps. do not have
the ideal characteristics noted earlier;
for example:—

Open loop gain is the voltage gain of
the amplifier at low frequencies with
no feedback applied, ie with the
feedback loop open. The value of
50 000 used as an example earlier is
the open loop gain of the amplifier
discussed.



Fig. 3. Open loop frequency response of
type 709 op amp for various compensation
component values.

Closed loop gain is the voltage gain of
the amplifier when negative feedback
is applied, ie with the feedback loop
completed. It is thus the gain of the
whole circuit and is analogous to the
stage gain of valve and
discrete-transistor circuits. The value
of x2 we used earlier is the closed loop
gain in that case.

Input bias current is that current that
must be fed into the input terminals in
order to make the output voltage zero.
This current is necessary since the
input transistors of the op. amp.
require some base current, however
small, in order for them to conduct
and so amplify.

-Input Offset Voltage is that voltage
that must be applied across the input
terminals to make the output voltage,
zero. It is not usually as important as
input bias current in the type of
application that we shall be
considering.

Common Mode Rejection is a measure
of how good the amplifier is in
rejecting signals applied to both inputs
together. Once again, we will not need
to pay great attention to this
characteristic in our applications.

Frequency Response is usually quoted
by stating the frequency at which the
voltage gain falls to unity; it is then
normally assumed that, as the
frequency is reduced, the gain rises at
a rcte of 20 dB per decade (i.e. the
voltage gain rises by a factor of 10 for
a ten-fold change in frequency) until it
reaches the open loop value. It is then
possible, with a knowledge of the open
loop gain, to sketch the frequency
response, see Fig. 2. Operational
amplifiers have a response down to
zero frequency, that is, they are dc
amplifiers. .

Towards the top end of the
frequency range, slewing rate becomes
important.

Slewing rate is the fastest rate of
change of output voltage that the op.
amp. can generate. Provided that the
output voltage swing is small, say 1 V
peak-to-peak, the slewing rate
limitation is unlikely to be a problem,
even at a frequency close to the op.
amp’s maximum. However, if a large
output voltage swing is called for, say
20 V peak-to-peak at the same
frequency, then slewing rate limitation
can give rise to distortion; for clearly,
at the zero crossing a large-amplitude
signal will be changing its voltage at a
faster rate than a signal of smaller
amplitude.

For example the popular 741 IC may
have a bandwidth of 100 kHz to a
small signal but the maximum slew

VOLTAGE GAIN,

Cq R Co

dB 1 5000p | 1.5K | 200p
100 ¢ 2 500p { 1.6K| 20p
N 3| 100p [ 18k 3p
4 10p 0 3p
80
60 9
40 9
20 9
PIN NO.s IN D.I.L. PACKAGE
0 - v —

1 10 100 1K 10K

rate of 1 volt/microsecond will limit
bandwidth to 10 kHz, if an output
swing of 20 volts peak-to-peak or more
is required, or to 40 kHz at four volts
peak-to-peak.

Slew rate thus limits the ultimate
output swing available at high
frequencies and is also a source of
high-frequency distortion at high
output levels.

The use of negative feedback will not
cure the distortion for it is inherent in
the op. amp. itself.

FREQUENCY COMPENSATION

Figure 2 shows the frequency res-
ponse of a type 741 op. amp. it can be
seen that the open loop gain starts to
fall at frequencies above about 10 Hz.
This is not to say that at higher freq-
uencies useful gain cannot be obtained
— it most certainly can. At 100 kHz for
example, a closed loop gain of 20 dB is
possible. However, the response of the
741 can be a limitation in some
applications and then the 709 type
amplifier is possibly preferred. The
709 is never used without some form
of frequency compensation — it
readily oscillates at around 10 MHz if
none is employed — but does have the
advantage that the values of the
components used can be varied to
provide various bandwidths, (Fig. 3).
In  practice, the values of the
frequency compensation components
are chosen to give just sufficient
bandwidth for the application being
considered. There is no real objection
to employing values to give a greater
bandwidth, but instability probems
may then arise, and the noise level is
liable to be greater.

As a point of historical interest, the
709 came before the 741 (it was itself
preceeded by other op. amps. of
reduced performance) and the need
for the provisior of external
components proved irksome. Advances
in technology enabled manufacturers
to incorporate capacitors on the
integrated circuit chip itself and so
provide an op. amp. that was stable

100K
FREQUENCY Hz.

™ 10M

without the need for large external
components — thus the 741,

At the same time, the designers were
able to provide protection at the input
terminals, so that should either input
have either supply rail connected to it
(by a wiring error for example) no
damage would ‘be caused. The 709 in

such  circumstances, would have
burned out its input transistors.
Further improvements were

incorporated in the 748 op. amp.
which is in some respects between the
709 and the 741, in that it requires
one small external capacitor but
provides a greater gain-bandwidth
product than the 741.

With so many external connections —
two supply rails, two inputs, one
output and perhaps terminals for
frequency compensation components
— a special form of packaging was
required and in fact there are two in
common use. One, the T099, is similar
to the common TO5 transistor
encapsulation in size of can but has
eight lead-out wires. The other is the
dual-in-line (DIL) package and it is
recommended that the constructor
uses this style, together with the
appropriate holders. This will make it
possible to check, to some extent, the
dc conditions of the circuit when first
wired up. This is done before the op.
amp. itself is inserted thus perhaps
preventing catastrophic failure of the
device due to a wiring fault. Further,
in those cases where a 709 is called
for, it is possible to use a 741 for
initial testing (although of course full
performance in respect of frequency
response might not then be obtained).
Should an important wiring error have
been made, damage is less likely to be
caused to a 741 due to the built-in
overload protection at its input
terminals.

This for the average experimenter is
all the theory that need be covered at
the moment. Hence next month a start
will be made on practical circuits, with
details of the power supply and of the
compact sine wave audio oscillator. @



PHILIPS

500Hz 5,000Hz

500-5,000Hz and it’s almost
flat. How’s that forabout $50 worth!

It's the performance curve of this performance is now
Philips new mid range - available for about
speakers. That curve the $50 mark. Not
issoflatitgivesa £ . bad for a 50 Watt
variation of as little L dome squawker
as + 1 dBoverthe | speaker. For
same frequency further information
spread. And even S I please contact
beyond those levels the J ELcoMA & Matorial
drop is gradual on either Box 50, P.O. Lae Cove, NSW 2066
side. And to think JUST $50

P’ ortelephone 421261 or 420361
— give or take Branches in all States.
some smali change.
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QUALITY 15 PARTOF OUR NAME

ADVANCED — wud  SCIENTIFIC
SCIENTIFIC ' | SLIDE RULE
1419 1445

@ 14 digit display for normal @ Dual keyboard capable of
mode. 28 functions.

® 10 digit mantissa plus 2 Radian-degree switch.
digit exponent. Algebraic Operation.

® 1 memory. 8 digit display, intermix

® Algebraic operation, and repeat operations, full

® Advanced Scientific memory bank, interchange
functions, interchange of of X and Y, register, sine,
X and Y register, sine, cos, cos, tan, arc, sine, arc tan,
tan, exponential function, exponential function,
natural and common log, = natural and common log,
reciprocal power function, i reciprocal power function,
PI-R constant. [ o o= k. PI-R constant.

® Positive click keyboard. 4 3 Positive click keyboard.

e - (ST

SENIOR ~- O faom =~ BUSINESS
fg%nnnc T | SLIDE RULE

@ Senior Scientific and

©® 8 digit display —
Statisticians Calculator.
o 14 digit display (1 man-

seiie  cwhw  wmeie WS

e e 4 11 functions: Add, sub-
i e i tract, multiply, divide,

©® Qualitron’s most complete

unit — Trig, Combi- i a & h i ' : sign exchange key, full
potondt amma; Lovr | e | = rpael
Trig &Alnv'erse-trig. . T s W ! . ; floating decimal point with
nga':(ai'ils‘::‘i:‘u'!?::hons. | ! - ’ . ’ | i o ;‘I);gg;:l':: operation.
functions. i b k ® Positive click keyboard.

Gamma functions.

3 . 3 b *
Group operations. i FEE R E ]
Logarithms and anti-iog. = R -~
Group controls. ‘ | ¥ NN
Convenience functions.
® Positive click keyboard.
® L.E.D. Display.

auto-constant, reverse

=
]

tissa plus 2 exponential). |: "- "'ET R R percentage, square root,
T

R\
N2
‘\V\e\,

™ et

P
. / *®
‘ // [ ]

\_ 12MONTH FACTORY GUARANTEE ON PARTS AH;J!; LABOUR ENDORSED BY PHOTIMPORT

PHOTIMPORT PHOTIMPORT L. H. MARCUS PTY. LTD. NAME
VIC. QLD. S.A

69 NICHOLSON ST., 244 ST. PAUL'S TERRACE, 242 PIRIE ST., COMPANY
EAST BRUNSWICK. 3057. FORTITUDE VALLEY, 4006, ADELAIDE. 5000.

EHSO‘IIMPORT L. GUNZBERG PTY. LTD. OCCUPATION/POSITION
S.W. WA
17 ALBERTA ST, 339 CHARLES ST., ADDRESS
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Scientific calculators have a bewildering complexity
of functions and capabilities — In this special
ETI feature, Technical Editor Brian Chapman
explains how to choose the best

Canon Palmtronic F-7

SINCE our first' calculator. survey
published two years ago in the July
1973 issue of Electronics Today there
has been an astonishing change in
prices and capabilities of electronic
calculators. At that time the cheapest
four-function calculator in the survey
was $67 with the average being around
$120. Now, the cheapest four-function
machine sells for $10! And the average
price is around $30 for machines that
include a memory.

The market is so large and the
competition so fierce that many
companies have dropped out of the
calculator scene and it now seems to
be that companies having their own
integrated circuit  manufacturing
capabilities are dominating the market.
This is exemplified by the entry of
National Semiconductor into the field
with their very competitively priced
“Novus”’ range that extends from the
cheapest four-function machine to
several 100 step programme machines.

The price war seems to be largely
over in the four-function category and
has shifted to the scientific models.

32

Prices are continuing to drop on these
models and new models with ever
greater capabilities are released almost
continually. It seems that soon the
price of machines having HP35
capability will fall to around $30, and
fully programmable types (eg HPG5)
to around $150.

~The size of the market may be
gauged from the sales of the Sharp
Corporation. In the 1974 financial
year Sharp manufactured 14.9 miilion
calculators for a claimed 40% share of
the world market.

All in all the scientific calculator
field is an interesting and exciting one.
It has one disturbing aspect however.
If you have bought a calculator 12
months ago it is not nice to know that
the same calculator is now selling for
from half to one quarter of what you
paid for it.

SELECTING A CALCULATOR

To select a -scientific calculator
requires some careful thought. One
must first decide what kind of
problems must be handled and how

model for you.

much capability is really required.
Fully programmable calculators are
very nice indeed but cost a lot of
money — do you really need the
programme capability?

As an aid to selection the following
sections describe the salient features of
scientific calculators, and the survey
chart provides details of most of the
makes and models at present available
on the Australian market.

ENTRY MODES

Algebraic:

Most people would be familiar with
the algebraic-entry mode used on the
"majority of simple four-function
calculators and on many scientific
calculators. This problem entry
method closely follows the manner in
which equations are written. That is,
the key sequence for multiplying two
by three would be:— '

[2] [x] [3] [=]
An alternative entry mode is used on
an occasional simple calculator and on
many scientific machines. This entry

ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975




mode is known as ‘“Reverse Polish”’.

The key sequence for the above
problem is:—

[2] [ent] [3] [x]
The ENTER key causes the

previously entered number to be
transferred from the working register
to a temporary storage register and
instructs the calculator to treat the
next digits keyed in as a new number
entry, and not as additional digits of
the first number. The command for
the desired operation is then keyed in
to complete the calculation.

At first sight it would appear that
there is no advantage in using this
latter procedure as, in the example
given, there are exactly the same
number of key presses required to
solve the problem. Further it is an
unfamiliar procedure to which one
must become accustomed.

But suppose we had a slightly more
difficult problem such as:

{3+7)x{9-3)

To solve this problem we must
perform the calculations within the
brackets first. We therefore need to
store the result of one bracketed
calculation whilst we perform the
other. The key sequence would
therefore be:

(3] [x] (7] [=] (M+] [9) [~] {3 [X] [RM] [=]

Notice that we need a memory and a
total of 11 key presses to solve the
problem.

More advanced algebraic machines
incorporate facilities to key in the

r

n 2yt

(7 | 8]

cost
X

PMT PV

TREND SELL READ

i ENT

DP  MARGIN X READ

= B3

TL

==}

This machine from Adler will perform most
common business calculations,
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parenthesis brackets. With such a
machine ‘the key sequence would be:

(31 [+] (71 [X) [ (9] (-] [3] )] [=)

An improvement as we now need
-only 10 keystrokes and do not need to
use our memory.

Reverse Polish:

With  machines that have Reverse
Polish entry a three or four deep stack
of registers is used to perform the
working calculations. For example in
the Hewlett Packard calculators there
are four registers labelled X, Y, Z and
T with the X register being the one
that contains the displayed number.
These working registers or “stack’ as
it is called are completely independent
of the normal memory registers.

The key sequence for our problem
when done on these machines would
be:—

Lo S 506 o7 810
[3T(ENTI (7] [+][9] [ENT] [3] [-] [X]

Note that now there are only nine
key presses required and that the
registers automatically shift contents
up and down as the problem proceeds.
The stack contents for the above key
sequence would be as shown in the
table.

10 2583 0 a gy 56 a7 S 18k 9

10 10
33 10 9 910
33710 9 9 3 6 60

Reverse Polish notation is thus very
economical in terms of key presses
required, especially as problem

T
z
Y
X

The SC60 from Eicon incorporates a selection
of statistical functions and has the ability

to overflow the normal 10 -99 to 10 +99
range by a further 100 decades at each end.
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The Sharp EL 1100 has some unusual features.
The exponent is displayed in a separate

2-digit display. The key with the unusual
\notation immediately to the right of the F
key converts decimal degrees to degrees,
minutes and seconds and vice versa,

difficulty increases. A four-high stack
allows very complex problems, with
several nested brackets, to be solved
without the need to store data in the
main memory. To solve a complex
problem with a  Reverse-Polish
organised machine we start from the
middle of the problem and work
outwards.

This is not a real disadvantage as it is
tess confusing than to write the
equation out with all the brackets
required for a direct algebraic solution.
Additionally in algebraic machines the
single-key function commands (logs,
trig functions, square root etc) follow
the entered number just the same as in
Reverse Polish machines,
eg [3] [0] [sin] so algebraic entry
mode is in fact inconsistent.

Reverse-Polish  machines usually
incorporate roll-down and possibly a
roli-up key so that the contents of the
stack may be reviewed at any time. We
therefore recommend Reverse-Polish
machines because the method
facilitates the solving of complex
problems with less chance of keying
errors. Algebraic machines however,
especially those with two levels of
parenthesis, are just as powerful and
may be preferred by some people.

NOTATION

There are three methods of number
notation used in calculators, standard
ixed or floating point, scientific and
ngineering.
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scientific calculators

Standard Notation.

In standard notation the number is
represented by an integer and decimal
with a number of digits up to the
maximum provided in the machine.
The minimum number of digits
required for useful calculations is 8
but some machines have 14 or more.
Fixed point operation is very useful
for financial calculations and is
therefore essential on machines which
incorporate business functions. With
floating point operation the decimal
point is automatically positioned such
that maximum use is obtained from
the available display digits. With both
floating and fixed point operation the
maximum range without overflow is
from 1 x 107 to 9.9° x 107 a total of
15 decades. The lower limit is
sometimes extended to 1 x 108 by
eliminating the zero in front of the
decimal point and the upper range
may be extended by displaying the
result of a computation that exceeds
0.9° x 107 with the decimal point
shifted eight places to the left of its
true position. When overflow occurs
the machine is locked out and an
overflow symbol generated.
Calculation is therefore usually not
possible on a result which has put the
machine into the overflow condition.

The Logitech 1233.S is an attractive
looking machine that has far more power
than is suggested by its price.

34

Scientific Notation.

For most engineering and scientific
applications an eight digit display is
inadequate, for such machines are
limited to the multiplication of two
four-digit numbers. Whereas many
constants and measured quantities
require representation by more than
eight digits. For example how do you
enter Boltzmann’s constant (1.38 x
1023  joule) into an eight-digit
machine? Scientific notation is a
method of representing the number by
means of a mantissa and a, typically,
two-digit exponent. Thus Boltzmann’s
constant would be displayed as 1.38
—23 where the —23 represents the
power of 10 by which the mantissa
must be multiplied. All calculators
having scientific notation are capable
of automatically switching from
standard to scientific notation when
the number exceeds the standard
capacity (or vice versa). Such machines
have a key marked EE or EXP which
allows numbers to be entered in
scientific form. The number of digits
in the mantissa varies from 5 to 12
digits depending on the machine.

Scientific notation can extend the
range of a calculator from 15 to 200
decades — an enormous increase.

sinh X

The Panasonic 5001 from National in-
corporates angular measure in grads,
3\& and sum of the squares.

Engineering Notation.

The scientific method of notation is
not ideal for practical engineering
problems because physical units in the
S1 system are represented in a
modified scientific notation where the
exponents of 10 are always a multiple
of three. For example a calculated
capacitance value may appear in
scientific notation as 1.28 —05 Farads,
this needs interpretation as 12.8
microfarads. This is automatically
done in engineering notation, the
result would be expressed as 12.8
—06 thus expressing the quantity in
the needed units.

Only one of the calculators surveyed
has this feature, the Hewlett Packard
HP25. We venture to predict that this
feature will be incorporated into most
future designs.

PREPROGRAMMED FUNCTIONS

The number of pre-programmed
functions incorporated into a machine
depends firstly on the price of the
machine and secondly on the primary
applications for which it is designed.

The first additions to the basic four
functions are usually 1/x, v/x and 7
for scientific applications and 1/x and
% for business applications. It is also at
this level that a memory is added.
Such machines as these, although more
advanced than basic four-function
machines are not covered in this
survey.

Machines of greater capability than

iz e 0% S sk e W X1
[ 1. 1380 ek

%]

]

Y
¥ §

DEG. RAD GRAQ

The Qualitron 1419 is unusual in
incorporating hyperbolic functions
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the above become even more
dedicated to specific applications. The
categories which seem to be most
catered for are general purpose
scientific, statistics, business and
metric conversion.

In general-purpose scientific
machines the functions that are
generally added to those discussed
above are trigonometric functions and
their inverse, logarithmic functions
both common and natural, eX and
sometimes 10X and xY. Additionally a
switch is incorporated which allows
operation in either degrees or radians.

Other functions that are added in
more expensive machines are
rectangular — to — polar conversion,
decimal degress to degrees, minutes
and seconds conversion and vice versa,
extra memory registers, factorial X
and, on a few machines,
hyperbolic-trig functions and their
inverse.

Statistical Machines.

There are a number of machines
which have many standard statistical
functions built into them. They may
also incorporate a number of basic
scientific functions.

Typical statistical functions are
summation of x and y values, mean
and standard deviation, sum of
squares, square root of sum of squares
and linear correlation of regression.
Some advanced scientific models will
also incorporate a few of these
functions such as summation, mean
and standard deviation.

Business Machines.

Those machines which are dedicated
to business applications appear to have
relatively few functions, when
compared to other machines, but the
relatively few keys can be used to
solve dozens of different problems —
everything from discounts and markup
to interest rates, remaining principal
on a mortgage, the future value of an
annuity, or depreciation.

More advanced machines may also
solve problems associated with
statistics, bond prices and vyields and,
because these functions are based on
calendar intervals, a calendar may be
built into the machine. For example
the HP80 incorporates a 200 vyear
calendar (1900 to 2099) such that you
can find the number of calendar days
between two dates; the day of a week
a date falls on; a future or past date
given the number of days from a
known date.

Metric Converters.

Whether machines devoted to metric
conversions can be classified as
scientific calculators is debatable but
we thought they were worthy of
inclusion because of their dedicated

nature. Some general purpose
scientific calculators have a number of
metric conversions built in. There are a
few machines available which can,
convert any metric quantity to US or
imperial and vice versa. It seems a pity
that some calculators convert to US
standards only and not to imperial, a
serious drawback in non-US standard
countries.

Perhaps the most outstanding
conversion calculator is the Sharp
EL8300 which has several unusual
features. Apart from its 29 standard
conversions from metric to and from
imperial or US it has three registers
available for storing other conversion
factors and is capable of adding
numbers expressed in integer and
fraction form, eg, 1 7/8 may be added
to 4 2/3 without first converting the
fractions to decimals.

Advanced Scientific.

Calculators of an advanced scientific
nature may have, in addition to the
standard scientific functions, the most
important functions from some of the
other categories. For example the
HP45 has, as well as standard
functions, three metric conversions,
three statistical functions and nine
addressable memories. Further,
programmable calculators can be
organised to solve almost any specific
problem.

Advanced calculators usually have to
organise the keys to perform dual or

ﬁ“%‘é’g:—%-:s/

Top the Hanimex range, the ESR MASTER
has an excellent selection of functions and a
very flexible memory.

even triple functions. This is done by
incorporating function change keys.
For example, the HP45 provides 48
functions and 9 memories with just 40
keys.

The Novus Mathemat:c:an PR has a 100 step programme and Reverse-Polish notation,
although very sophisticated the internal view shows the constructional simplicity.
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scientific calculators

HEWLETT-PACKARD

PROGRAMMING

With the aid of an advanced scientific
calculator one can solve just about any
problem that one might encounter.
But, say you wanted to plot the
response of a filter network versus
frequency. The individual data points
must all be calculated using the same
basic formula — a laborious process
even with an advanced calculator.

If a calculator incorporates a
programme capability the problem
need only be entered once. The

The new HP25 from Hewlett
Packard has a 49 step prog-
ramme with editing and
conditional branching. As
with all Hewlett Packard
calculators very comprehen-
sive owner’s and applications
.manuals are provided with
the machine,

problem may then be repetitively
solved simply by inserting the data for
each point and pressing the start key —
the calculator does the rest.

Of course, as with everything, the
power of the programmes fitted to
scientific calculators varies
considerably. The first thing that one
notices is the number of programme
steps available. On the calculators
reviewed this varies from 49 to 300.
However the effectiveness of the
number of steps depends greatly on

THE PROGRAMME SPECIFICATION OF THE HP65

other programme features and on the
available number of storage registers.

The simplest kind of programme
capability is where the programme
simply remembers the key stroke
sequence used to solve the problem.
Such a programme is fitted to the
Sharp PC-1001. It is not possible to
modify the programme in any way or
to review the contents of the
programme memory.

A step up from this is the programme
as fitted to the Novus 4515. This is
basically the same as that used in the
Sharp except that a SKIP key has been
provided which allows several small
programmes to be stored within the
100 step programme memory. The
Novus however has the disadvantage
that it has only one storage register.
Thus if more than one constant is
required in a programme it must be
written into the programme each time
it is used (an eight digit constant will
consume eight programme steps). The
Sharp calculator on the other hand has
eight storage registers thus the
contents of any memory can be
recalled with one or two programme
steps.

The next stage of programme
development is to incorporate
programme editing. In the HP

programmables, for example, when the
machines are switched to programme
mode, the display shows the line
number and the key code for the
programme step. Single-step, back step
and delete keys allow the programme
to be debugged without rewriting the
whole thing. Pressing a further key

These keyboard controls
give you full

AEO@E T, e

Thess User Definable keys are just what

The condition of the flags can be tested

To edit your program ...
PRGM

programmability in
a pocket calculator . ...

These keys take the HP-86 out of the
realm of the calculator and into the

histl d world of puter tech-
nology. They permit you to write,
record, save and read back your pro-
grams. They also set In motion the
HP-85's other powerful programming
functions.

To write or run your program . ..

W/PRGM il RUN

Set this switch to ‘"WRITE PROGRAM*’ to
enter or change any steps in the program
memory and for recording programs,
without altering any data stored in the
four-ragister automatic memory of the
addressable registers.

Sot to “’RUN’’ for slf other operations.

To structure your program ...

This ““LABEL" key enables you
to Indicate and identify a series

of steps within your program.

Up to 15 labels are available by
ressing this key and any digit (0-9) or
etter (A-E) key.

This *“60 T0’* key, In canjunction
with a digit key, sets off a search

in the program memory for the

|abel with the same digit. {t can

be usad from the keyboard when editing,
or as part of a program.

their name implies. Thay are letter labels
for parts of your program which can be
axecuted directly from the keyboard. Or,
they can ba used to call 8 sub-routine
when used within a program.

When this “"RETURN'’ key Is

pressed, it snables you to start
at the beginning of Yyour

sutomatically at nng point in your pragram
by using these ““TEST FLAG 1” and *TEST
F{AG 2" keys to include an appropriate test
flag instruction. Your pragram will either
advance sequentiatly or skip over the next
steps, depending on the condition of the
tested flag.

again. If this key is used as
part of your stored program, it stops
sxecution of your program and returns
control 10 the keyboard for manual oper-
ation. When used as part of a letter sub-
routine, it returns control to the calling
program.

‘INhI":i(:I! "nuu/srn:" key is
ncluded in your stored program,
it will halt execution of the

program and return control to
the keyboard for manual operation. When
used from ths keyboard, it can stop 2
running program or start a stoppad program
at the next step.

To include conditional functions
in your program ...

SF1 SF2
f 1 1

Like a computer, tha HP-65 can take alternate
computational paths based on the condition
of the two flags. With the *SET FLAG 1™
and “*SET FLAG 2°' keys, the flags can be

set or cleared manually from the keyboard or
automatically by an appropriate program
step.

l[x#tyj l[xsyJl lx=y| |x>y|

Thase keys allow you to compars the values
in the X and Y registers. If the test condi-
tlon Is not mat, the program skips over the
next twe steps. If the test conditien Is met,
the profnn continues with the next step.
This allows the HP-86 to perform cenditional
branches based on the results of the test.

{ggnicnmhsur ANO S‘KIP' ON
* key subtracts a **1"" from
| DSZ I the integer nnviouslx n;:od in

N ¢ , then
advances your program dt'pcndinr on the
value remaining in the register. If the value
in register 8 iz not squal to zero, the pro-
gram advances to the naxt step. |f it dess
equal zero, it skips the next two steps.
D82’ allows you to foop through a portion
olf your program 8 predetermined number of
times.

It this “NO OPERATION'’ key is
Included in your stored program,
m it will advance the program to

the folluwln*snp. t is often
used in conjunction wit] ditional-skip
instructions.

Use this “PROGRAM’’ key to clear the entire
100-step program memory, 30 you cen begin
keying in a new or revised program you

have devsloped.

This ““DELETE’’ key erases a

single program step and aste-
matically moves the remaining

steps up one place in the pro-

ram memory to fill the resuiting gep. To

nsert the corrected step, just key it in and
the fellowing steps will move down
sutomatically.

When the HP-85 is in the ““WRITE
PROGRAM’ meds, this *SINGLE

STEP* key lots yeu step threugh

sach program instruction in the
pregram memory, as the display shows a
aumber for each step. This number repre-
sonts the location (row and column) of the
key corresponding to that particuler instrec-
tion. For sxampls, “*34°° refers to the key
in row 3, column 4—""RCL.” (Exception:
digit RIJS are represented by the numbers
00 te 08.)

If the “*SST* kay is used with the
HP-86 in the “RUN’’ mode, you can executs
& program one step at a tima.
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called "GO TO”(GTO) followed by a
programme step number allows you to
get to any particular step in the
programme.

-An  important addition to the
repertoire of programmable calculators
is the ability to to make logical
decisions. Such capability makes them
-akin to computers in that alternative
paths can be taken within the
programme conditional upon the
results of a test. Other additions such
as “‘decrement and skip if zero’’ and
user - definable keys can make the
calculator extremely powerful even
with a limited number of available
programme steps. :

STORED PROGRAMMES

The ultimate in programmable
calculators is one which has the ability
to permanently store programmes for
future use. There are three methods in
use with portable scientific calculators.
The HP65 stores its programmes on
tiny magnetic cards, the card reader
being built into the calculator.
Pre-programmed cards are available for
a variety of applications. Each card
can store 100 programme steps.

The Compucorp 326 has a cassette
recorder for programme storage and
again pre-recorded cassettes are
available for a variety of applications.
Each cassette is capable of storing 14
blocks of data. Each block may
contain the data for 12 data registers
or 160 programme steps. The
calculator has manual or
programmable controls for writing or
reading data registers or programmes
onto or from the tape cassette.

Both the Compucorp and the HP65
are extremely well backed up with
comprehensive operating instructions,
sample problems and data on the
pre-recorded programmes for each
pack of programme cards or cassette.

The third method of programme
storage is that used by Sharp in its
PC1002. This calculator has
interchangeable, programmable
read-only memories, each being
programmed for different applications.
There are PROMs available
programmed for statistics, business
etc, or Sharp will programme the
PROM to the customer’s specification.
When the PROM is interchanged the
functions of the keys are changed, the
new functions being indicated by a
keyboard overlay card.

The Sharp system does not aliow the
user to store his own programmes and
thus is less flexible. But it does extend
the capabilities of an inexpensive
programmable calculator considerabty-
Each pre-programmed PROM s
available, we understand, for .around

$45.

This calculator although of
limited capability was the
smallest in our survey and
is Inexpensive.

Many other machines are available
with ever greater capability but these
are desk-top models costing up to
$3000° or more. They include
machines with print-out, graph
plotters and even machines with
interactive programmes, using BASIC
computer language, that tell you what
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to do next and advise you of any entry
errors by means of an alphanumeric
display. Such machines are beyond the
scope of this_articlg, but who knows
how many of the sophisticated
features of “these machines will
eventually appear in pocket and
portable machines.

Comparison chart — pages 40-41.
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The machine from Compuad, although not
having scientific notation, is quite powerful
for the price.

1
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" TAX-FREE
CALCULATORS

|worked these prices
out on one, so theyd

) <Ll
fm‘?@;"ff ge/hg%/’et'
2.0 PeP,

With so many calculators on the market, how do you
know which is best? Easy, ask Dick. He's checked
‘em all and chosen eleven that are top value. So there’]
na need to spend hours comparing: we’ve done it all
for you!

And to add to the value, we can supply TAX-FREE
to approved purchasers. Does anyone else offer such
service? Even if you can’t complete the Tax Declarat-
ion, you won’t beat our prices because we've bought
large quantities. So check which one you fancy. NOW.
SATISFACTION GUARANTEED. y
Try any of these calculators at our expense. Simp-

ly send your remittance and if not satisfied return

the calculator within 7 days. We will refund your
money less cost of P. & P.

FORD'’S SCIENTIFIC
ICALCULATOR BREAKTHROUGH

You just won't believe it's possible to praduce a calculator
with al the extra functions for under $40.00 (plus sales tax if
applicable). {denticat functions to E.A. special offer—8 digits,
Memary. Fult 4 function plus Trig, Log. Exponential, xY far
any root. Squares, reci is, roots, chain

Leading zero suppression. Floating decimal. Operates fram 4
cheap pencells or pay $6.50 extra for mains adaptar.
Complete with batteries &case for

Including Tax
$39.75

How To Claim Tax
Exemption

Simply get the whole of this declaration typed out & comple-
ted, attach to the coupon and forward with your remittance.
Or if applicable quote your tax number. \We will despatch
INSURED by post for §2.00.

Fift in the refevant words or signature where brackets are used
below.

I hereby certify that the (Make,
Model) calculator purchased by
me from Dick Smith Wholesale
Pty Ltd on (date) is for use in
(school, university or organisation
etc.) in or directly and essentially
in connection with the production
of facts by means of observing,
measuring, testing or otherwise
experimenting with material
phenomena or the purpose of
proving or illustrating natural
principles and laws or in the study
of pure and mixed mathematics.
Exemption is accordingly claimed
under Item 63,1 in the Ist

section of the Sales Tax exemp-
tion and classification act,
Signature of officer of school,
university or organisation: (sign
and name in capitals).
Designation: (job title) Name of
school, university or organisation
{name) Signature of student:
{your signature) Name and
address of student: (yours in
capitals) Date: [date).

VES!

A REAL SCIENTIFIC

NOVUS

Statistician

6030 Statistician features single key summation of x,x2,
and n* single key calc of mean and standard deviation®
single key sum of x and y values for linear correlation and
regression® single key calc of linear correlation coef. and

| siope n&curve * single key calc of y-axis intercept of any
paint on y-axis® Mean and standerd devistions *

*separate key for remaving incorrect x or y* square, square
roat and change sign ® 8 diglt LED display * Auto repeat
add ar subtract * Full accum memory ® sutd constant

* live percent key * single kay clears statistical summatians.

INCLUDING
TAX $85.95

INTERNATIONAL
CONVERSION
COMPUTER

Tax Free

Complete canversion calculator ta convert metric to metric,
imperial to imperial, metric to tmperiai, imperiai to matric,
tor volume, area, temperature and weight and squarg root,

i I, P1, auto constent, percent and full lati

NOVUS

826

826 has single storage memory percent,constant and display

recall.8 digit floating decimal  $19.95 (S1 8.20)

Tax Free
18.20

INCLUDING
TAX $19.95

824R fuli accumulating memory plus manual keyed
memory line percent key,constants.change sign,exchange
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I 850(u|| 4 function,toating decimal,b digit LEO,

memory, 8 digit. floating decimal four function. 12 month
guaraniee, 9 V battery. 1deal for builders.

~Matchbox

650 features 4 function operation,fixed 2 place decimal
point,6 digit LEQ readout Measures 5 x 2% x 1in.

repeat add/  chaining 8 digit floating decimal

Rechargeable cells plus charger 5 x 2% & lin $48.95 ($44.50)

INCLUDING
TAX $48.95

Programmable
Financier

6025 Programmable Financier features 100 step key-board
programming facility * 8 digit * Fuli accumulating memory
plus and equals keys * Live % key * Separate memory
registers for storing gmount,interest * Singie key calculations
of complex tinancial problems of {oans,repayments savings
etc.* Single key calc.of profit and margin * Powers,roots
and change sign stc $135.95 ($123.95)

TAX FREE
$123.95

INCLUDING TAX
$135.95

Tax Free

$11.40

INCLUDING
TAX $12.95

displayrecall 9V operated 5x2%x1 in.
Tax Free

$14.50

INCLUDING
TAX $15.95

DC910 Adaotor for mains operation

Tax Free $9.00

INCLUDING TAX $9.95

4510
MATHEMATICAL,
CALCULATOR

Features Reverse Polish
Notation. 3 level stack

hus separate sccumulating
memory display. 8 digit
memory, 8 digit dulay,
Logs, antilogs, sine, cos.

1an etc.,3quare FOOL, squares
squares. i, recprocalt.

We can't do it justice here.
1o cat n & see one 0
theck page 59 of our new
Caralogue

NEW LOWER PRICE

NOVUS

£

SPECIAL TAX FREE PRICE
454,00

(P & P $2.00}

{ Simitar to above)

NEW LOWER PRICE INCLUDES NI-CAD BATTERIES &
RECN"ARGER’ "GP & P 52.00) A DROP OF $46.00

TAX FREE PRICE 15968)89m9& PS2.00

—_—
4516 PROGRAMABLE

at well below Illec

h

M9I1ED ELLIPTICAL STYLUS DELUXE
CARTRIDGE

Optimized design parameters in the stylus ass
assembly give this new Deluxe cartridge superb
high frequency trackability, and overall
performance second oniy to the incomparable
V-15 Type 111

Specifications: Tracking Force: % to 1% grams
Frequency Response: From 20 to 20,000 Hz.
REC RETAIL: $38.00 OUR PRICE: $28.00
M75-6S

Spherical Stylus Hi-Track Cartridge.
SPECIFICATIONS: 2 grams tracking force:
Frequency Response: from 20 to 20,000 Hz.

Rec. Retail: $19.00 OUR PRICE: §13.50

MSSE
A popular cartridge that gives professional
performance within a moderate budget.
incorporates Bi Radial elliptical stylus.
SPECIFICATIONS: Tracking Force: % to 2
grams. Frequency Response: From 20 to
20,000 Haz.

Rec. Retail: $21.00 OUR PRICE: $14.99




A DOLBY CASSETTE DECK OFFER
YOU SHOULD NOT MISS!

SAVE on Hi-Fi

NATIONAL TAPE DECK

Qon't piss this Incredible NATIONAL DOLBY DECK
RS269US Check the features then see the price!
Elegtronic speed control

Suver permalloy head for record playback

Ferite enase head

Fieq Resv. CrO7 30— 13kHz Normat 30—12kH2

$ Noise Dotby 57db @ 10kHz, Normal 49db

see s

me cantrals Tape Dollyy selectors, 3 digit counter
3554% \ T16H « 244D mmi 240V ac.
Output 0 32V @ 50k headphone 45mV @ 8ohm
Alic n 0 3ImV @ 6000hm to 20k or Line 30mV @ 220k
cnth only save $30 at our bottom ok the-barrel
ce of only

&o nmaugm}?,

Head phone Jack, Pause. Dual YU meters, Rotary {no dusti

LATEST NEWS :

Extra duty on head-

phones, buy now &
SAVE!

DEITRON DSH — STEREO HEADPHONES
De-luxe headphones featuring adjustable head
band plus soft-padding for the ears and for
the top of the head.

Individual volume controls + stereo mono
switch Impedance 8ohm,
Curl-cord extends to a full 9’ with standard
stereo jack fitted. - 3

METROSOUND
AvdioCare Products

METROCARE HI FI KIT 4:
Comprising balanced arm bug + ionizer +
tiquid. SAVE $3.95 on this item.

DICK'S PRICE $9.95

p&p $1.00

METROCARE DISCMASTER:

SPEAKER SYSTEMS

CONCORD 15 ... A NEW SPEAKER
SYSTEM FROM EXPO

A system using an 8" woofer and 2 tweeter
in a box measuring 530mm {H) x 330mm (W}
x200mm (D). Power handling rated at
15Wrms at 8ohm.

These units have a real beaut mou!ded black
front. The cabinets have a Walnut finish.
Come along to DICK SMITHS and listen to
this new system.

SPECIAL PRICE $75 pair

p8ip Freight on.

Duat purpose Wet & Dry cleaning arms
SAVE $2,25

DICK'S PRICE $9.00 p&p $1.00

MODEL SM220'STEREQ HEADFHONES
An 8ohm headphone at a realistic price.
Cushioned pads on these phones let you drift
into another world. Expanding headband
suits egotists and diet watchers. {
Enter the world of stereo with the SM220
Complete with lead and stereo jack.

Dick’s price (before the increase in duty)

is an astounding $6.95

DYNACO SPEAKER SYSTEMS

A10 1550 watts RMS 8%"'x 15" x8" (deep}
8ohms. A bookshelf system with a
superb sound.

A25 2060 watts RMS 11%""x20"'x 10" deep
8Bohms. A slightly better bass than the
A10.

A35 2060 watts RMS 12%"'x22%""x 10"

deep 8ohms.

METROSOUND JUNIOR GROOVEMASTER
Clean your records the easy way.

All three speaker systems use the Aperiodic

System. This essentially means a non resonant
sound. i.e: very good sound.

All units freight on.

DICK'S PRICE $3.95 p&p $1.00

METROSOUND DOLBY TEST CASSETTE/
SAVE $1.35 d

DICK'S PRICE $6.75

p&p 50c

DON'T SUFFER TENSIONS
Dick has the answer with the
‘Cassette Tension Wi

Use them to take up

slack or for easy

editing and repairs.

DICK'S PRICE .75¢

CUBE SPEAKER SENSATION !
Now everyone can have Quadraphonic Sound
with these fantastic little extension speakers.
Check these features:

Scuff resistant vinyl exterior

Modern colours

Rugged 4'" 8ohm speaker 50-20,000Hz 4watts
Screw rear terminals

Black fascia

Measures a compact 128(w)x128(h)
x123(d)mm

Get these handy extension speakers now for
only $7.50 each. +75d p&p

Ideal as Transistor Radio extension speaker.

YT R

METROSOUND IONISER MKit
tmproved model of humid, soft velvet
comntaining a special anti static agent.

DICK'S PRICE $2.49 p&p .50¢

ner
.»M .!xf

A EEoMONY
Kistic F

““Very gaod vaiue indeed”’ Neville
Wittiams, Etectrorcs Austraba, Feb. 75

Don't take our word for i, see the review in keo. E.A
The Echosound Tuner is incredible value for money.
Has separate AM and FM front ends. 10 transistors
and 14 diodes, Covers FM 88 o 108 MHz AFC,
60db SN, 35db sepn. 600mV output AM 635 10
1605kHz, ferrite rod antenna Features multiplex
adaptor complete with built-in stereo indicalor.
240V operation. Complete in Watnut case.
Guaranteed for 12 months.

A10 PER PAIR

B

All Dynaco speakers
de;@?zued tr vertical ov
horizontal operation!

DICK SMITH

ELEC

Head Office & Mail Orders
P&P 50c min

S

. hop
Mon-Fri 9-5.30 Sat 9-12.30

RONICS CENTRE 162 Pacific Highway Gore Hill
N.SW 2065 tel:439 53l

hours: te‘ex: AA20036

cables:DIKSMIT Sydney

CASSETTE
SPECiaLs)

o6 0C cony
s mue Xy

2.75
% o

239
310

M
GPECIAL
- es Price
‘51'6'%: ot $1.50
Dick W

is item- 1t
:‘:V‘ & AT LEAST 52.40 e 5\%05
p&p 11808 g5 20 tapes .
% 1apes -

ooN'Y SLIN

Dick offers an ¥ r-dash cassette holder

Holds te® ca es and cases ¢
olds

This unit saves the inconver en
r your e casseT®

fo

CAR ANTENNA SPECIAL

Electric antenna that goes up and down at the
flick of a switch. 39" extension in 5 sections.
Beat the vandals . . . .

AND BEAT THE PRICE RISE . .. .

Duty on these units will put price up at least
40%. BUbNOW AND SAVE.

This months
Bla SAVERS

No. Product List  Our Price
20  Expo TA3100 Stereo Amp $95.00 $80.00
30 Expo CR50 Tuner Amp $119.00 $99.00
3 Monarch SABOO Stereo Amp  $249.00 $210.00
3 Ploneer SAG200 Stérec Amp  $239.00 $199.00
t Crown TV + Radio $199.00 $179.00
€  AWA Stereo Cassette Decks  $125.00 $99.00 i

The following items were available at time of going to
peess and are subject to not being sold at time of publication

Aisoat CITY 125 York St

tel: 291126
(NrTown Hall)

@
e Ne
we'co)

(Nr Chapel Rd)

and BANKSTOWN
361 Hume Hwy
tel:709 6600
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RRREEHEER CHARHE HE R e B8 |.ls
HEEHHEERFEIE LR - FHEHEHEE A RREREHHEHE HENH I
MANUFACTURER Mlm 5|3 m i 3 3 m.x £ N = |8|82].|5]| 2l & m w. MM 2B ' glEls), s 5[Z(2 & 2[S] | Prices 1o mserest doftar asterisk
wmemwe |wooee | #{2(3 2202 E 20 £\ 58 A allelo| glallelololeFle EEEEE 2120 5 | BEE2E (B (¢ | 2 E\B|EF|E1E] & | e et v .
gl |2 | & |wlw|e |2 « | c|a] &4 = %UuJJ .m.lnﬂixn,.uTHRD.uvmuAN Blulelow B0 (&) clElale5|22 & AR — price available on request.
HEWLETT HP2N . 10 8 ]2 2004 1 | @)@ L] oo ojle(e|e ° ole ofe oo 19*
EACKARD HP25 ° 10 8| 2(e|200 |4| 8 | o @) 49 elejo|o sle|e|e [} ole olojofe 4 o|lo|o|8 3 oo 179*
HP35 DISCONTINUED REPUACED BY HP21
HP45 ° 10 E.N 200 14| 9| o|e® ol o|o|efe olo|o|o|o|eo|ojo|e eo|lojoe| 3|3 LI 225*
HP46 ° 10 |w |2 200 |4] 9 | o|e ol o|e|o|e o|le|e|o|e|o|o|e|e ojeole/ o] 3|3 ° ® | 630"
HP55 ° 10 |10 {2 200 |4|20 | ®|®| 49 o|lo|o|o|s o|le|o|e olifefe ole|lo/o| 7| 5| 10| o @02 . . 1K) 360*
HPB5S ° 10 |10 |2 200 |4) 9 { o]® (100 ojlelo|e olo(o|eo|o|e ole o|le|e| e 5| 17| o|e|eja|2|e|e|5]|0]15 LI 760* | program cards available for meost probk
HPTO o 10 10| 2 200 (4| 2 | @ L4 ole 6 oo 152*
HP80 ° 7 || 2 200 [4] 1 | @ L4 el oo 4| 10 ole 268"
HP81 . 7 {102 200 (4|20 | ® 3 ole| o oo 6119 [ ® |950*
NOVUS 4510 ) 8 16 |5] 1 M elo|ofe| ele]|e ° ole ° 1 eole A 60
.m_”.uh...:_-_ 4515 L4 8 16 |3 1 100 W ole(ole ole|e ° ole ° 1 oleo|e - oleo|o 100
conductor}  [4520 ° 8 8|2 200 18] 1 | @ W O . IR ° ole .n.m olele 80
4525 L] 8 8|2 200 |4 1 | @ 100 m ° [] ele|e|e ° e|e Mo ele m ool 150
6010 s |o]¢ 16 1 Z ofe] o o 20 .w. ! m o|o |a| | 60 |us/metric converter
6020 m ofs 16 2 m ° oo ole n= = ole| |A 80 r..:e:twﬂ;1
6025 = [o]s 16 2 | o oo oo 1nGefele[ [ e olefe 136 |
6030 m ® |3 16 1 e |e]e 9 « o ole| A 86
6035 o L] 16 1 100 a e el ] ejeje ofeofe 136
HANIMEX VP8SR e |8 1 ° ° ° ole ° ° ° ° A 40
ESR100 ® |8 1 [} ° ®|xY| e|o|e o oo [ . A 60
ESR1010SN e (8 8|2 1 . ° . ole ° ° ° e A 70
ESR Master els |82 1 . of |oje| olo|o]ofofe| [o]e] |e \ o |A 90 | 0° —»R%, R® —»0°. 2 levels of parenthesis.
PANASONIC |JES001L LR 15 1 ° . °le oleje|e [} elo|e ele 1 t ° 70 [DMS — —» DMS, /u\-.:-:.oec._e.
{Haco)
QUALITRON 1438 e 8 2 24 oA AR | Universal converter, land nautical, Imperial, US to metric
:“.-”“3. 1439 *|8 4 L ° ° 14 oA AR | item counter incorporated
1445 ® |8 1 ° . o(x¥| e|e|e ° ole ° ! oA AR
1408 e |8 1 . ° 12 oA AR | Imperial to metric converter
1448 o (R 512 1 . . ° ole . ° ° oA AR
1419 e 14 |10 |2 1 ] ° o|x¥| eole|e ° eole|e (3 oA AR
1420 e 14 J10 |2 200 1 . ole|o[x¥| o|e|e 10 0 . 14 oA AR | 1 level of parenthesis.
KINGSPOINT
ELCON SC33 e |8 8|2 200 1 ole|o|x¥]| o|o|e]e ° olele 42* | Two levels of parenthesis on 40, 44 and 60
(EMAIL) SCa0 e |10 |10 |2 200 1 elo|e|xV¥ eolo(e|e ° 0 ° ejo|e 70*
(EMONA) SC44 e |8 8|2 200 1 elojo|xY| o|e|e|o|ele]| |o]e ™ 1 ole|e 65 | | ever-flow and underflow possible
Cé 10} K104 2)[ . Rod: 2 [ ° (o]epefefo{e . Te 9 - 1T ) ofle 115"t 10199, argument limits permitting.
CAS10 FX11 o |38 e[| eofe|e ° ° i o o |A o inverse trig.
(Poacack Bros) fo e o8 |6 [2] a0 1 ofofofxr| olofe o o o [a]]es gesimal to decimal, j
COMPUCORP |BETA en3 (10 |2 200 12 e |160 | o. ojlofefax| eolojofefefe]’ o |ejolojalis|5 olefe|7 ‘o eol13 o o 067 | Resting of parenthesis to four levels. Cassette recorder for
{Datanamics) |326 > b I G O program storage included in price. Pre-prog. casssttes avail.
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g2 | B |a& 2 |22 23| 8)|= %VﬂVxVxlnhﬂmngnx.nHRDGWMNN ald|e|SlS|a |85 |3 clE|e|=|5| 2] &
HORNET SR30 e 8 1 ° [} ®iax | oo |0 ° el [} ° A 39
{Kitsets)
SHARP €L1100 e 10 | 10 | % 200 1 L] ole|ole oo e ° L4 L4 3 ° A 100 Decimal to DMS conversion
EL8104 o |8 1 ° ° (oo [ [ L4 o A 70 3 conversion factor ies, fractional calcul
EL830C e |8 ° 29 ° A 80 M: fland US/IMPERIAL to metric converter
PC1001 e |10 0 |2 200 8 64} @ ele oo o ° °je L] ® {295 interchangeable PROMs available for b
PC1002 0 |02 200 8 300 ® ole ele e . ele| |o O Qo |l ® |395 M etc. also prog ble to specification.
PC1802 o |8 1 m . . oo |e e [} ° . A 70
FORDS SC85M L] 1 e 5 . o|xy | oo o [ ole ° ° A 39*
{Dick Smith) m v
LLeyYo's 999 e | 8 1 ° 2 . o(xy | oo o]0 L4 L} L M L A 63 Key for m # x2
(WHK) 333 M e | 8 512 200 1 ° W . . oo . . . W M ®A[A 47
_n%b;kcocmm F4146R m e [10 |10 |2 200 2 M oo . ole S M .m oA n full range of financial computations x+/y
SR414 W e 10 |0 |2 200 2 M olejo]|e olejo|e . ole . 2 Mnn Mnn oA n Parenthesis keys.
SR8I200 | X [o |8 8 |2 200 2 m ole oloe|o| |o . . & — el1]|A a7
snon2o0 S o[8[ 8 [2 (200 2 T |o]leje|e [ o|ofefe] Jo| [o]e . 2 g ] of Ja] [ 53 ] Parenthesis keys. xvy 4
RICOH 1623 e |16 2 ° L 33 ® | 265
(J. Renwick)
SANYD czomm ® /8 M 2 200 1 olejeoje o|oje|e [} ] oo 1 L] A 79° | orads, decimal degrees to OMS, radians grads to degrees.
m.mo W./ﬂm,r.w\g 200 \@ olefei® oYefelef®ie] foje T e N ol .[A 99 m 2 levels of parenthesis.
Cz17 o0 |10 |2 [200 1 e olele | o|eefo| [o] (oie] |o] ) oA 79% | 2 levals of parenthisis, nicad battaries
23109 e (8 2 [ [ L] [ A 62* | fimencial calculations, ions and ges, sall, cost
28125 ola | 5 ]2 Jaoo 1 of Jo oo o o . o| [al [ sge] morgintrend
COMPUAD ESR ez 1 ° . ] oo e ° ole e L] A 49 rod to deg, deg to rad.
ADLER 84F e |2 4 ° L4 20 oo 80 standard financial calculations
88T e |z 1 ° [ ° oo |o ° oo ° eoje 80
1087 e |2 2.2 200 1 ° ° oo elo|ejo|eo]e 3 ° ole 18
FARAD 310 oz 4 L] ] ° 2] - ole 65 Standard financial cdlculations.
330 e |z 3 2 1 ° [ 2 eixy | ®|® ° eolo e ® oo 70*
808 e |3 1 ° L] oxy | eletle ° 3 ° ole 55¢ | Rad to deg, deg to rad.
1233 S e |8 2 2 1 ® [ ole olo|ofoje|e ] o ole 75+
M»N“wa ® |8 5 2 1 ® [ e le ° ° ° ') 40*
{FARAD)
CANON F2 e |8 8 (2 200 olojo|e eolefofe [ A1 ] AR No inverse trig functions
F5 e |8 || ole® olojo|e ole oo ° [} [} ole AR F6,F7 decdeg — DMS, grads. 8 deep parenthesis. £5,6,7
F6 e |8 8 |2 200 b3 e/oje|e ele|o|o|o|e olofe oo AR interchangeable nicads or dry cell cassettes and charger
F71 ® |8 8 2 200 ? eo|ele]|e ele|e|o]|ele o lele|* ole AR supplied. F7 full range of metric conversions, fractionat
arith,




CAN'THANDLEIT?
Canon CAN

PALMTRONIC’
CALCULATORS

LE-84 FEATURES:—

% 8 DIGIT CAPACITY

%k PERFECT PORTABILITY

*k MORE THAN 50 HOURS BATTERY
* 12 MONTHS WARRANTY

*k SUPER DISCOUNT PRICE

...BIGORSMALL CAnNnONHAS
THEANSWERTOTHEMALL...

N F-7*
THE WIZARD

FEATURES:—
sk 12 DIGIT CAPACITY STORAGE AND
ACCUMULATION MEMORY
sk CONVERTS U.S. AND
IMPERIAL MEASUREMENTS
TO METRIC
sk FULL SCIENTIFIC AND
TECHNICAL CAPABILITY
INCLUDING RADIAN
AND GRADIAN VALUE
sk FRACTION AND
PARENTHESIS KEY
% REALLY F-7s
, CALCULATIONS ARE TOO
FEATURES:— FEATURES:— NUMEROUS TO

% 8 DIGIT CAPACITY s 8 DIGIT CAPACITY FEATURE HERE...

s PERFECT PORTABILITY s COMPACT DESK TOP

sk PERCENTAGE AND DISCOUNT CALCULATION ALSO AVAILABLE
CALCULATION s PERCENTAGE FUNCTION LD80.......... $34.75

sk CONVENIENT ROOT KEY % 12 MONTHS WARRANTY *LEBIM ........ $54.38

% 12 MONTHS WARRANTY s SUPER DISCOUNT PRICE *FC-80........ $108.75

*k SUPER DISCOUNT PRICE MAINS UNIT FOR ALL MODELS — $10.20

*ACCEPT NICKEL CADMIUM BATTERY PACKS

Canon International

327 CHURCH STREET, PARRAMATTA NSW 2150. (STD 02) 635 3588

Please rush by (JAIR Omai (ORAl Enclosed is $.......... being for L] FULL PRICE
[J PLEASE SEND C.0.D. U TERMS DEPOSIT
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FREQUENCY RESPONSE "The CBS STR-100 test
record showed less than + 1.5dB variation up to
20,000Hz". Stereo Review.

“...response is within ~ 2dB over the entire range . Audio
“Frequency response is exceptionally flat”. High Fidelity
TRACKING “This is the only cartridge we have seen that
is really capable of tracking aimost all stereo discs at

0.4 grams’. Stereo Review

‘The XLM went through the usual torture test at 0.4
grams (some top models require more than a gram)'.
High Fidelity

‘The XLM is capable of reproducing anything found on a
phonograph record’. Audio

DISTORTION "Distortion readings...are almost without
exception better than those for any other model we've

tested". High Fidelity

The XLM has remarkably low distortion in comparison
with others". Audio

‘At 0.6 grams the distortion was low (under 1.5 per cent) .
Stereo Review.

HUM AND NOISE ‘The XLM could be instrumental in
lowering the input noise from the first stage of a modern
transistor amplifier”. Audio

The cartridge had very good shielding against induced
hum’. Stereo Review

PRICE “This would be a very hard cartridge to surpass at
any price’. Stereo Review

“We found it impossible to attribute superior sound to
costlier competing models”. High Fidelity

“Priced as it is, it is @ real bargain in cartridges’. Audio

That's the way Stereo Review described our ADC-XLM.

High Fidelity headlined their review, “superb new pickup from ADC”
and went on to say, "...must be counted among the state of the art

contenders.”

Audio echoed them with, “The ADC-XLM appears to be state of the art.”

With the critics so lavish in their praise of the XLM, there's hardly any
necessity to add anything. Far better to let experts continue to speak

for us.

=

AUDIO DYNAMICS CORPORATION

Distributed by Auriema (A’asia) Pty Ltd
15 Orchard Road, Brookvale 2100. Phone: 9391900

11104




Publishers Announcement

B & W LOUDSPEAKERS

We regret that due to an error, the incorrect prices were shown in an
advertisement for B&W loudspeakers published on page 117 of our
September, 1975 issue.

The correct prices should have been as follows:-

D5 — $249 pair
DM4 — $399 pair
DM2 — $599 pair
DM70 — $1299 pair

All the above are recommended retail prices (including tax). We regret
any inconvenience that may have been caused.

THE AUDITEC FM TUNER

AUDITEC MODULES ARE AVAILABLE FROM:

ALAN OLIVER ELECTRONICS PTY. LTD. 188
Pacific Hwy., St. Leonards, NSW 2065. PH:
43-5305

DELSOUND PTY. LTD., 35 Logan Rd., Woolloongabba,
Qld. 4102. PH: 91-7048

BUNDABERG HI-Fi, 244 George St., Bundaberg, Qid.
4670. PH: 71-3176

CUSTOM AMPLIFIERS, 64 Talbragar St., Dubbo, NSW
2830. PH: 82-3793

ALLTHIS HI-FI GALLERY, 186 Bridge St., Tamworth, NSW
@ Mounts easily against front'panel 2340. PH: 65-7788
@ Stereo/mono switching facility AND FROM: AUDITEC AUSTRALIA

@ R.F. sensitivity contro!

® Low distortion {0.2% Typ.)

® Wide response {(—3dB 15Hz — 15kHz)
@ High pilot tone suppression (43dB)
@ High O/P (1 volt)

® Tuning range 88-108 MHz

@ Interstation muting, with control
@ Stereo indicator lamp

® Edge-lit dial scale

® Tuning meter output

@ High stereo separation

|
@ Varicap diode tuning
® D.C. supply 30 volts s69.95 = AdAress ....viiiiii it ettt ittt

AUDITEC AUSTRALIA
P.O. Box 228, Hornsby, NSW 2077. Phone: 47-4166

Please send details of the 030 F.M. stereo tuner,
and other modules to:
For only

to 50 volts + 27v%:%
@ Fully Australian designed sales tax et Postcode ..........
and manufactured (recommended) g ET 10/75
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- *$55

tax exempted

$61.79

tax included

FEATURES:

@ Large green 10 digit display 8 for
mantissa and 2 for exponent.

® Wide viewing angle.

@ Tilted display.

@ Tilted click keyboard.

® Auto power-on clearing.

® Full floating decimal point or
scientific notation entry or result.

® Trig, inverse trig (inc arc and

hyperbolic), logs, antilogs,

exponential, power, reciprocal,

square root and = functions.

Degree/radians/grads mode.

Nesting of scientific with arithmetic

functions.

Arithmetic, mixed chain and repeat

chain calculations.

Auto constant on all four

arithmetic operations.

Negative number, negative

exponent, positive and negative

overflow, low battery and

erroneous operation indications.

® Full access memory including
algebraic calculation and
accumulation.

® Memory overflow protection.

@ Several working registers {not
directly accessible) to handle
calculations.

Adaptor/charger and nicads $10 plus
sales tax 65c if applicable.

scientific
electronic
slide rule

*$45-00

Tor fuempted

“$50-48

Tou Incietrd

12 MONTHS GUARANTEE
See page 45 for details

FEATURES:

Large green 8 digit display.

Wide viewing angle.

Tilted display.

Tilted soft-touch keyboard.

Auto power-on clearing.

Full floating decimal point.

Trig, inverse trig, logs, anti-logs,

exponential, power, reciprocal,

square root and 7 functions.

Degree or radian mode.

Arithmetic, mixed chain and repeat

chain calculations.

Auto constant on all four arithmetic

operations.

Negative number, positive and

negative overflow, function, low

battery and erroneous

operation indications.

® Full access memory including
algebraic calculation and
accumulation.

@ Memory overflow protection.

Adaptor/charger and nicads $10 plus
sales tax 65c¢ if applicable.

Head Office: FARAD SALES PTY LTD
212 Balaclava Road, Caulfield, Victoria, 3101
Telephones: 509-7085, 509-1321

N.S.W. Distributor: ALAN FARAD TRADING COMPANY
17 Burwood Road, Burwood N.S.W. 2135
Telephone: 74-0251

XTI -

Compute brackets the
easy way
with the
FARAD
1233

*$62-00

tax exempted

*$68:66

tax included

12 MONTHS GUARANTEE
See page 45 for details

FEATURES:

o Large green 10-digit display 8 for
mantissa and 2 for exponent. @ Wide
viewing angle. e Tilted disptay. e Tilted
soft-touch keyboard. e Auto power-on
clearing. @ Full floating decimal point or
scientific notation entry or result. @ Full
Trig. function (inc. arc), logs, antilogs
exponential, power,. reciprocal, square
root and  functions.
o Degrees/radians/mode. e Degrees to
radians keys. ® Nesting of scientific with
arithmetic functions. e Arithmetic,
mixed chain and repeat chain
calculations. @ Auto constant on all four
arithmetic operations. e Negative
number, negative exponent, positive and
negative overflow, low battery,
erroneous operation, memory overflow
indications. e Full access memory
inciuding algebraic calculation,
accumulation, with Memory
Multiplication and Division. e Several
working registers (not directly
accessible) to handle calculations.
@ Brackets Registers: Use algebraically as
they appear in equations. @ Factorial X,
up to 69 = x complete log and Antilog
keys for both natural and common logs.

Adaptor/charger and nicads $13 plus
sales tax 82c if applicable.

ORDER TO APPROPRIATE COMPANY SALES TAX (EXEMPT|ONS AND

VviC,, 8.A.,, W.A,, and TAS. N.S.W., QUEENSLAND and A.C.T.
FARAD SALES. nPfYA. LTD. ALLAN FIE\RAD TRI.\HDIﬁé COMPANY CLASSIFICATIONS) ACT

P.O. Box 21, Malvern, Vic. 3144 P.O. Box 30, Concord East, NSW 2137 | To : -—— THE COMMISSIONER OF TAXATION AND
Please send by return ...........ccccovvvieiiiiiinsiiiieeenneennn, {quantity) Farad THE COMMONWEALTH OF AUSTRALIA.

1 hereby certify that the (Goods Description}

........................................................ Model Electronic Calculators. | purchased by me from (Supplier)
on . (date} is for use in .
I have enclosed cheque/money order for $.........ccceeovvvevvereeverennes (Name of University or School) in or directly and essentially in connection

with, the production of facts, by means of observing, measuring, testing or
otherwise experimenting with material phenomena, for the purpose of provin

or illustrating natural principles or laws or in the study of pure or mixe

mathematics. Exemption is accordingly claimed under item 63{1) in the First
Schedule to the Sales Tax (Exemptions and Classifications) Act.

Including $1.50 each for packaging and delivery

NBMB. ..ottt e e e s et eteeseeseeeesseeesesessessmnreeseseees
(Block tetters) Signature of official of University or SChool..........ccoeeevevrivviiiniiiniinnnns
(8 T E e [T 14T o Ut

AArOSS.....ccuiiiiiiiiieieiiiieiiiiiiicie e errer et seessesesessssssssbassraessstaeaessesserses
Name of University or SChool..........c.c.covvvii i,
.......................................................................................................... Date..........ccc.eeee eeeee......Signature of Student............cooeeeiviviieeeninnn.l
Address of StUAENt..... ..ccooiiiiiieiiiii e e s r e s

(Postcode)
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RECORD 1&2 PLAY
1 REC.2

2 REC.1

e TAPE
ONTROL UNIT

Use two tape recorders in any combination with this simple control unit.

QUITE often the situation arises reel-to-reel to cassette or vice versa. Or do this one usually has to reconnect

where

it is required to transfer alternatively to copy material the system so that such a transfer may

material recorded on one tape format previously recorded on cassette by a be made.

to

46

of another format, eg, friend to a cassette of your own. To This simple little control box may be
permanently installed in your system
such that reconfiguration of leads is
not necessary. It will greatly simplify

LEFT: Internal view of the control unit.

BELOW: Rear panel of the completed unit.

TAPE 2
REC MON REC MON

i

TAPE1

1

AMP
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ORGANISATION OF AMPLIFIER

AUX EUNER (ONE CHANNEL ONLY)
SW1.- T%gE
A
P& miaa swz sw3
ol POWER
voL | AMP
Fig. 1. Typical setup of an amp- REC MON
lifier that incorporates facilities TAPE =
for one tape recorder only.
SW1 FUNCTION SWITCH
SW2 SOURCE/MONITOR SWITCH PRE MAIN
SW3 PRE/MAIN ISOLATING SWITCH ouT N
TAPE/AMP INTERCONNECTION
the task of copying taped material and i
will also allow the simultaneous REC
recording of the source onto two tape R
recorders. L TAPE
Most amplifiers have facilities for a r ] MON
single tape recorder and have switching

typically organised as shown in Fig.1.
The function switch, SW1, selects the

desired input source and makes it
available at the RECORD output
socket for recording by the tape

recorder. Switch SW2 selects this same
output to the main amplifier and the
speakers or, the MONITOR output
from the tape recorder. Monitor
switch SW2 thus allows you to listen
to the source itself, eg the record
player, or to the monitor of the tape
recorder. A further switch, SW3, is
sometimes incorporated to allow the
preamplifier to be disconnected from
the main amplifier.

Such an amplifier would be

interconnected to the tape recorder as
shown in Fig. 1. Left and right
RECORD on the amplifier go to left
and right RECORD on the tape
recorder. The monitors are similarly
interconnected one to one. If two tape
recorders are to be interconnected for
copying however, the RECORD socket
of one must be connected to the
MONITOR socket of the other as
shown in Fig.2. This poses a problem
where DIN leads are normally used as
a crossover of connections is required
that makes the normal DIN lead (as
used between amplifier and tape
recorder) useless. A special DIN lead is
therefore required or, RCA sockets
~must be used. Once configured this
way the recorders are completely
disconnected from the amplifier. Thus
the leads must be changed over again
to restore normal system operation.

There are other lead configurations
possible, with an amplifier and two
tape recorders, but all methods suffer
from various restrictions on flexibility
and all require frequent changing of
the leads. All these problems may be
overcome by the use of a tape control
box.

The interconnections of one channel
only on our unit are shown in Fig.4.
Switch SW1 is a six-pole, four-function
rotary switch {three poles per wafer)

Fig. 2. How the amplifier of Fig. 1 is connected to the tape recorder.

TAPE COPYING

grven B

AMP

MON

Fig. 4. Circuit diagram of the
control unit — one channel only
shown.

where one three-pole wafer is used for
each channel.

In positions one and two the source,
as selected on the amplifier, may be
recorded onto both recorders with the
tape monitored being selectable. The
amplifier monitor switch will of course
still select tape or source for the power
amplifier and speakers.

In position three of SW1
recorder one

tape
is monitored by the

ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975
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1
2 SWia
.;__o
REC
30
4 TAPE 1
[——MON
1
2 SW1b
_o L pr—
3 »—)—— REC
| 40 TAPE 2
p —{MON
1 ]
ot >
O
ot—

amplifier and is also fed to the input
of tape recorder two. In position four
tape recorder two is monitored and
may be recorded onto tape recorder
one.

In positions three and four the
amplifier source/monitor switch can
override the tape monitor and thus
records etc, may be played whilst tape
copying is being carried out
completely independently.
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RECORD 1&2

PLAY TAPE

MON. 1
MON. 2

TAPE CONTROL eti 434

1recz | CONTROLUNIT

2 (Hdcl CONSTRUCTION

The smallest box that can readily be
used is 135 x 58 x 105 mm. This size
box is high enough to accommodate
the twin RCA sockets ({(mounted
vertically on the rear panel)} and wide
enough to accommodate three pairs of
them without undue crowding.

The switch as supplied will probably
have two wafers each of which has

Fig. 5. Front panel artwork. Full size 134 x 58 mm.

three poles. Two of the poles will be
on the top side of the wafer and the
other pole will be on the underside.

TAPE 1

REC MON

OO OQ wen
OO OO wr

TAPE 2
REC  MON

Each of these wafers should be wired
AMP in accordance with Fig.4. To reduce
confusion we found it best to use the

REC MON two top poles for SW1a and SW1b and

the underneath pole for SW1c. Prewire
the switch leaving leads long enough
for later connection to the sockets and

then mount the switch in position on
the front panel.

Mount the dual RCA sockets to the
rear panel, link all the earth lugs with
tinned copper wire and earth them to
the metal case by means of a solder-lug

under one of the screws.
Finally connect the switch wires to
the sockets. ®

Fig. 6. Rear panel artwork. Full size 134 x 58 mm.

A

§ EMONA

enierprises
SC-60 Scientific Statistic $115.00

Number entry and display in range of £ 1 x
10-3‘5’ to §9.9999999 X 1033. Number
entry in either full floating decimal point or
in scientific notation. Answer in ten
significant mantissa and two exponent
digits, Problem entry in true aigebraic
notation mode. Seven-operating registers.
Full transcendental statistic ~ functions.
Group variable accumulating memorles.
Fixed memory for 10-digit precision 7 and
e. Two sub-memory registers for automatic
bracketing and parenthesizing. Extra
memory register. Radian-degree indicator.
Automatic busy/charge indicator.
Automatic error indication. Automatic
resutt overflow indication. Automatic
display shut-off and indication. Automatic
Lo-battery indicator. Dual-sectioned
keyboard for arithmetic and scientific
functions. 14-digit LED display. Built-in
computer-controlled energy saving circuit.
Built-in automatic charge control circuit.
Built-in fast recharge type battery and
charger (Type 616). Carryins case.

SC-33 Scientific Specifications
$42.00

Number eq‘_try and display in range of ¥ 1 x
10-99 to $9.9999999 x 1099. Answer in
eight significant mantissa and two exponent
digits. Problem entry in true algebraic mode
notation. Convenient functions — X2, \/ X,
1/X, eX X¥, 10X Log X, In X. Fixed
memory for six-digit precision value of e (=
2.71828). Accumulative memory register.
Automatic error indication. Automatic
display shut-off. Automatic Lo-battery
indication. 12-digit LED display. Built-in
fast-recharge type battery and charger (Type
616). Low power consumption. Carrying
case.

MALIL ORDERS: P&P by reg. air mail to alt states — $6.00

except NSW — $3.50.

Distributors of ELCON Calculators

21 Judge St.,
Randwick, NSW, 2031.
Phone: 339-9061.

SC-44 Scientific Advanced $64.50

Number entry and displgy in range of ¥ 1 x 10-99
to £9.9999999 x 10 99. Number entry in either
full floating decimal point or in scientific notation.
Answer in eight significant mantissa and two
exponent digits. Problem entry in true algebraic
notation. Five operating registers. Full
transcendental scientific functions. Fixed memory
for 10-digit precision T and e. Two sub-memory
registers for automatic bracketing and
parenthesizing. Extra memory register.
Radian-degree indicator. Inverse trigonometric
indicator. Automatic_error indication. Automatic
resuit overflow indication. Automatic display
shut-off and indication. Automatic Lo-battery
indicator. 12-digits LED dispiay. Built-in computer
controlled energy saving circuit. Built-in fast
recharge type battery and charger (Type 616).
G Carrying case.

Other models available:

SC-40, Scientific $69.95. KP-460, Slide Rule $26.00. KP-450,
Super Memory $25.00. 8413M, Algebraic $19.00. M-80HX, Mini
Desk $33.50. AC adaptors (for modeis KP-460, KP-450 and
M-80HXx) $7.00.

NEW EMONA E2, ALL
ELECTRONIC AM/FM DIGITAL
CLOCK RADIO

This 24-hour Digital Clock Radio
is completely electronic — no
moving parts — 100% solid state.
You can listen to FM or AM,
wake up to music or alarm, or
present the radio program. It can
be used as an accurate stopwatch.
And there is even an indicator
that blinks whenever there has
been an AC power interruption.

(Incl. S.T.)
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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

e 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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Making the right choice is easy
when you have listened to the new

HOTEL stereo amplifiers!

ROTEL stereo amplifiers enjoy international acciaim
for several reasons — they’re designed well, they look
well, they perform well and, above all ROTEL stereo
amplifiers have always been extraordinary value for
money. ROTEL's new range is no exception, We want
you to make the SUPER A-B ROTEL TEST. Make
direct comparisons — performance, value, looks,
features — with any other amplifier in a similar price
range. Or even up to 50% more costly. Your choice
will swing to ROTEL!

RA 312

ROTEL MODEL RA-312. 18 watts RMS
per channel into 8 ohm systems. (Both
channels driven) 15-60,000 Hz. = 3 dB at 1
watt per channel.

ROTEL MODEL RA-412. 25 watts RMS
per channel info 8 ohm speaker syste_s:ns.
(Both channels driven) 15-90,000 Hz. T 3
dB at 1 watt per channel.

RA 412

ROTEL MODEL RA-612. 35 watts RMS per channel
into 8 ohm systems. (Both channels driven) 5-95,000
Hz. ¥ 3 dB. at 1 watt per channel.

3 -.__?Q“P.L
ROTEL MODEL RA-812. 45 watts per channel into 8 ’) S R
ohm speaker, systems. (Both channel driven) [} &N\
5-150,000 Hz. * 3 dB at 1 watt per channel. ) q 5 a1
p " g
£ > 4 -
Complete specifications are available on request. Write | E

to Interdyn now — or call at your nearest Rotel
distributor. Make the Rotel AB test!

ROTEL RA 612

lw - r
D \. d ’! \\ INTERNATIONAL DYNAMICS
| 5 \ (AGENCIES) PTY LTD
LIRS e Gty 7 S 23 Elma Rd. North Cheitenham
,_‘lL _] Melbourne. Victoria 3192

Available trom

A.C T : Duratone Hi F. Cnr Botany St & Altree Cri. Phillip 2606 Te'ephone 821388

NSW. . M& G Hoskins Pty Ltd 400 Kent St Sydney 2000 Telephone 53€ 1464 517-1093

QLD : Stereo Supples. 95 Turbot St Brisbane 4000 Telephone 21 3623 S A Challenge Hi Fi
Stereo. 96 Pine St Adelaide 5009 Telephone 223-3599 TAS Audio Services 35 Wifson St
Burnie 7320 Telephone 31-2390 VIC : Encel Electronics Pty Ltd 331 Bridge Rd. Richmond 3121
Tetephone 42-3762 W A Arena Distributors, 282 Hay St. Perth 6000 Telephone 25-2699
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Increase the output from your existing amplifier to 50 watts per
channel.

MEASURED PERFORMANCE OF THE PROTOTYPE

POWER OUTPUT
Both channels driven

into 8 ohm load 50 watts RMS
FREQUENCY RESPONSE.

20 Hz — 20 kHz +0.5dB
CHANNEL SEPARATION

at rated output and 1 kHz 80 dB

HUM AND NOISE
With respect to rated output 100 dB

SENSITIVITY
For 50 watts output 500 mV
DISTORTION 100 Hz 1 kHz 6.3 kHz
1 watt 0.14% 0.11% 0.12%
5 watts 0.17% 0.13% - 0.15%
10 watts 0.16% 0.11% 0.13%
50 watts 0.27% 0.38% 0.60%
DAMPING FACTOR >170

BOOSTER AMPLIFIER

The booster amplifier (cover
removed).

Fe

5]
b 4

ey
-

£ *

~-7  PROJECT 422B

AFTER many years of faithful service
you have finally decided to update
your old Hi-Fi system with a new pair
of speakers. Upon evaluation however,
you find that the modern speakers you
have chosen are much less efficient
than those you presently have. This
means that not only do you have to
get new speakers, but you also have to
replace an otherwise perfectly good
amplifier because its five-to-fifteen
watts output is no longer anywhere
near enough. A pity, because there
may be nothing wrong with the
preamplifier and you may have to pay
out $200 or more just to get that
additional power.

An obvious solution is to retain your
existing amplifier, which has all the
facilities that you require, and obtain
the extra power required by means of
a booster amplifier. Unfortunately
commercial booster amplifiers are very
rare, if available at all. The ETI 422B
is designed to fulfill this need and thus
save the person updating his system a
considerable number of dollars that
need not be spent in replacing the
preamplifier.

The ETI 422B is designed to be used
as a main amplifier, driven from the
existing preamplifier, or as a booster
amplifier driven directly from the
speaker output of the existing power
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INPUTS
FROM
EXISTING
AMPLIFIER

*SEE TEXT
**SEE TABLE1

SPEAKER QUTPUT
SOCKETS

330

O
com

@

)
o o
2 x RCA SOCKETS

INPUT SOCKETS IF BUILT
AS A MAIN AMPLIFIER

$4 R 28 GREEN
. BLACK
E < L)
POWER AMPLIFIER BOARD |w

RW 32 o7 e

,__ﬂ;\/ 11 MAINS

Tj SWITCH
/ / 27V CT 27V c18
SECONDRY @

b | TRANSFORMER

PRIMARY
o4 240V

Fig. 1. Interconnections of the booster amplifier (heatsink not shown).

amplifier. It provides an output of up
to 50 watts into 8 ohm speakers with a
distortion that is typically around
0.2%.

1t must be noted however that the
distortion and noise cannot be less
than that available from the existing
amplifier and you must ensure that
this amplifier is of good quality if this
add-on technique is to be successful.

HOW IT WORKS

The amplifier is constructed around
the power module from the ETI 422
first described in the May 1974 issue
of ETI. The details of its construction
and of how it works are reproduced
elsewhere in this issue. The only
additional circuitry required is that for
the input attenuator or for a direct
input depending on whether a booster
or main amplifier approach is being
used. We have used 33 ohm resistors in
the earthy side of each input to
prevent the damage which may occur
to some amplifiers if the leads to the
booster amplifier are’ inadvertantly
connected the wrong way around,

CONSTRUCTION

Assemble the main amplifier
printed-circuit board and the heatsink
assemblies in accordance with the
component overlays and drawings for
the 422.

We mounted our prototype into the
same size box, undrilled, as was used
for the ETI 440 amplifier {July 1975).
However any conveniently sized box
would be suitable. To minimize hum
pickup the transformer was mounted
centrally to keep it as far away from
the input circuits as possible. If a

larger box is used put the transformer
as far away as is possible from both TABLE 1

inputs. Chassis mounting fuses were AMPLIFIER VALUE OF

used as they are less expensive than POWER (8 ohms) SERIES RESISTOR
the rear-panel mounting types, and

only need to be changed on the very

rare occasions when the speakers leads 2w

2.
are accidently shorted. 5W 4.

The heatsinks used are the Mullard :gw g
1

35D type which are smaller than those 20W
originally used in the 422 amplifier.
For domestic applications the larger
heatsinks have been found to be
unnecessary,

A power outlet socket was fitted to
the amplifier so that the existing
amplifier may be powered from it if
required. The individual constructor
may include or omit this socket as
required. The interwiring details
(except for the heatsinks) are given in
Fig. 1. For the values of resistors
required in the divider networks
reference should be made to Table 1 as
these will vary depending on the
power output of the existing amplifier.
If required these may be made
adjustable by substituting a
potentiometer (10 k) for the series
resistor.

Most modern amplifiers can work
into a high impedance without
trouble. However some older types,
especially those with an output
transformer need to be terminated PARTS LIST ETI 4228
into the correct load. The resistors All components as per 422 parts
shown across the inputs are for this tist (page 58).

" Chassis and cover as required.
purpose and should be made equal in 4 input terminals

5 2 speaker sockets
value to the nominal output gower outlet socket (if required)
i -] L ower switch (2 pole)
impedance of the existing amplifier. Neon indicator (if required)
The rating of these resistors should be Nuts, bolts, spacers etc.

about two watts. °
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Today’s electronic equipment varies widely in its
sophistication, and in the demands it makes . . . on
soldering equipment, and the man who uses it.

B involved with COMPLEX OR SENSITIVE CIRCUITRY?
Sophisticated solid state components, multi-layer
and high density circuitry as found in colour TV, 6
industrial instrumentation etc. need the controlled 3
temperature, slim profile and high power of the «
mains voltage THERMATIC.

THERMATIC

in-handle temperature control 2 ‘
and selection. 4 °c 8
weight, less cord, 40g (T30) ,F

B Handle GENERAL ELECTRONIC EQUIPMENT?

Radio, stereo, black and white TV service, and
general commerciel slectronics work require fast
heat-up and maximum versatility. The DUOTEMP
idles at soldering temperature, end doubles its
power for heavy or sequence soldering.

DUOTEMP

Push button control
doubles thermat power
weight, less cord, 40g (D30)

B Keen on HOBBIES & HANDYMAN JOBS?

For broken toys, appliances, automotive wiring,
door chimes, jewsllery, end @ hundred jobs eround
the home, a soldering tool is a must. The
inexpensive, single-temperature STANDARD tool
handles these jobs with ease.

STANDARD

weight, less cord, 36g (S30)

Which man are you?

| Responsible for HHIGH RELIABILITY EQUIPMENT?
Life support, communication, aero-space, weapons
etc. make critical demands on solder joints.
ECT SOLDERING STATIONS provide extremely
accurate temperature from direct reading control:
low voitage for safety: zero tip potential.
Elements, about 4 times normal power, give fast
heat up and recovery. The ultimate in accuracy,
speed, thermal capacity and component protection.

ECT 6724

SOLDERING STATION
CT7 tool: weight less cord 50g
CT6 tool: weight less cord 23g

Whichever man you are, Adcola equips
you better for faster, easler, more
reliable soldering . . . and there’s an
Adcola consultant in each capital city
to lend a professional hand.

ViC.: 848 3777

I " ‘ ’ N.SW.: 7095293
L S.A. 42 2583

QLD.: 52 3166

MA 752 WA 81 5500
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PROJECT 422

S0 WATT
POWER MODULE

Details of the basic amplifier used in the Booster and Crossover
amplifier.

+40V
Fig. 1. Circuit diagram of

the 50 watt module.

R43

0.5"

*SEE TEXT
25

Qig
27
| outePuT
—0
c9 R13
100pF 1.2k
c
7k o PN 2L
ek a2
e
2 9
RS cs R23 R31
5.6k 3300pF 470 47 nas
T n 23 “SFE TEXT
& oo0—%—
3
2a
400
- NOTES
ey Q1 2N5485
Q3,5,7 BC557,BC177
&0 09,!7 BD140
2500, F = Q11,18 BD139
AO— ’ Q13 PN3643
Q19 MJ2955
240V Q21 2N3055
I
euT RIGHT CHANNEL ONLY SHOWN
LEFT CHANNEL IS IDENTICAL
N O———o0 +2 EXCEPT COMPONENT NUMBERS

ARE THE EVEN NUMBERS

T ie, R16 IS THE SAME AS R15
£ I 34

COMPONENTS D1,2Q1,2

R47,48,49, C23,24 ARE

ARE FOR THE DETHUMP CIRCUITRY
AND MAY NOT BE REQUIRED

BOTH LED 1, R60 AND ZD3 ARE
s CIEELIRS USED ONLY IF THE 422
an PREAMPLIFIER IS USED
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BOTH the add-on power-booster and
crossover amplifiers described
elsewhere in this issue use the power
amplifier module out of the
International 422 amplifier —
described in the May 1974 issue of
Electronics Today. As it is some time

since this was published we are
presenting details of this module
again.

Most of the electronics is mounted

HOW IT WORKS —
MAIN AMPLIFIER

The input signal is fed via C1 and
R1 to the base of Q3 which, with Q7,
forms a differential pair. Transistor
QS5 is a constant current source where
the current is [5.6 V (ZD1) — 0.6
(Q5)]/2700 (R7) — that is about 2
mA. This current is shared by Q3 and
Q7. Transistor Q9 is also a constant
current source supplying about 10
mA which, if no input signal exists,
flows through Q13 and Ql1. The
differential pair controls Q11 and
thus the voltage at its collector.

The resistors R19 and R21,
together with potentiometer RV1,
control the voltage across Q13 and
maintain it at about 1.9 volts. But as
Q13 is mounted on the heatsink, this
voltage will vary with heatsink
temperature. Assuming that the
voltage at points 5 and 9 is equally

Fig.3. Component overlay.

on either the printed circuit-board
or on the heatsinks. The board may be
assembled in accordance with the
component overlay diagram given.
Note that capacitors C25, 26, 27 and
28 do not have holes provided for
them and they are therefore mounted
directly across resistors R33, 34, 41
and 42 respectively.

The heatsink should be assembled as
shown in the photograph and the

spaced about zero volts (ie * 0.95
volts), the current will be set at about
12 mA through Q15 and Q17. The
voltage drop across the 47 ohm
resistors (R25 and R31) will be
enough to bias the output transistors,
Q19 and Q20, on slightly to give
about 10 mA quiescent current. This
quiescent current is adjustable by
means of potentiometer RV1.

Local feedback is applied to the
output stage by the network R33,
R35, R39 and R41, giving the output
stage a voltage gain of about four.
The overall feedback resistor, R1S5,
gives the required gain control.

Protection to the amplifier, against
shorted output leads, is provided by
fuses in the positive and negative
supply rails to both amplifiers.

Temperature stability is obtained
by mounting Q13 on the heatsink.
Q13 will thus automatically adjust
the bias voltage. Frequency stability

drawing. The transistors Q13 and 14
should each be epoxied into a hole in
one of the heatsinks to ensure good
thermal contact. Also secure all leads
to the heatsink with epoxy. The
interconnections between the printed
circuit board and the heatsink should
be carried out in accordance with the
wire numbering on the diagrams. Final
wiring details are given in the
respective separate projects.

is ensured by C9/R13, C5, C7, C11,
C25 and C27.

Although the power amplifier itself
does not produce a thump in the
loudspeakers on switch on, the
preamplifier used may. To reduce
any thump to an acceptable level, Q1
is used to short the input for about
two seconds on switch-on and
immediately after switch-off.

The power supply is a conventional
full-wave bridge with centre tap,
providing + 40 volts and —40 volts.
Diode D1 is used to rectify a second
negative supply which is used to
control the FETs. Due to the
resistance in series with the diode,
the charge of C24 is slow. In
addition, during the charge period,
C23 is also being charged increasing
the delay. On switch off, however,
C23 cannot assist the voltage on C24
and the off-timing is much shorter
than the on-timing.
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Fig. 4. Printed circuit layout for the amplifier. Full size 255 x 97 mm.

S50 WATT
POWER
MODULE

PARTS LIST
ETI 422 MAIN AMPLIFIER

R43,44,45,46 Resnstor 0.5 ohm 2WH
R37, 10 IWS%
R27,28,29,30 ” 33

R25,26,31,32 " 47 " W

1112 " 220 " ”»
R33,34,35,36 " 220 ” w "
R39, 40 41 ‘a2 oo 220 * ” "
R17:18,2324 " 470 " pw
Rzl 2 " 560 L1 ”» ”
R13)14,19,20 " 1k2 3 02
R1,2 i =125 ' v
R7,8 gAY 7 v L3
R9,10 =398 % 5
RS5.6 " 5 k6 K o
R3,4,15,16 " 10k w w

*{f difficuit to obtain, these resistors
may be fabricated from a short length
of electric Jug efement — about 90 mm
is sufficient for each. Wind securely
around a 1 watt resistor (100 ohms or
higher) and solder into place.

RV1,2 Potentiometer 470 ohm Trim
Cl1.12 Capag!tor 27 pF ceramic

C9,10 100 pF ceramic
Cc7,8 o 330 pF ceramic
C5,6 L. 0.0033 UF polyester
C13 14,15,16" 0.1 UF &
C25,26,27,28 " 0.1 uF Y
cls ¥ 0.1 {F 250 Vac
Cl,2 4 4.7 lF 10V Electro
c3,4 . 100 UF 10V 4
C19,20,21,22 * 2500UF SOV "
Q3,4,5,6,7,8 Transistor BC177,2N3645
Q9,10,17,18 = 8D140
Q11,12,15,16 " 8D139

Q13,14 b PN3643
Q19,20 . MJ2955*
Q21,22 '% 2N3055*

*with mounting hardware
ZD1,2 Zener diode 5.6V 400mwW
-DB1 Diode bridge PA40

PC Board ETI-422

F1-F4 Chassis mountlng Fuse holders
and 2 Amp. Fuses.

T1 Transformer ssv CT PF3577 or
similar

Heatsinks 2o0ff 75mm of 35D (Philips)

If the dethump circuitry is required add
the foltowing components.

R47 Resistor220 k

R47 Resistor 220 k Y2W 5%
R48 tH a7k 0]
R49 3 100k ' W
D1,2 Diode 1N914

Q1,2 Transistor 2N5485

C23 Capacitor 10, 25V electro
c24 - 1UF 25V 2
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2N3055 — MJ2955. MICA WASHER

BD 139/140 HEAT SINK

MICA WASHER

INSULATION INSULATION

Fig. 2. How the heatsinks are assembled,

Q19, Q21, ARE
MOUNTED FROM THE
OTHERSIDE OF THE
HEATSINK

How the completed heatsink assembly appears.

TO 3INSULATORS USED
ON BOTH SIDES OF
HEATSINK

exists, or occurs, with the above
method the meter as well as the
output transistors may be damaged.
To obviate this we recommend a
different approach as follows. Take
out the fuses and temporarily connect
a 220 ohm half-watt resistor across the
fuse holder. Adjust RV1 to obtain
about four volts across these resistors.
If a major fault exists these resistors
will get hot and possibly burn out.
However no other damage will occur
to the amplifier as the resistors limit
the maximum current that can flow.
After bias adjustment these resistors

WIRES 5,7,9,17,19
SHOULD BE ANCHORED
WITH EPOXY GLUE TO
PREVENT MOVEMENT

SETTING UP

The only adjustment required is that
of the bias current. This is normally
done with an ammeter in the
power-supply lead to the output stage
and, with the speaker disconnected
and no signal, RV1 is adjusted to
obtain a current of about 20
milliamps. However if a major fault

are removed and the fuses replaced.

It may be found that the voltage
across the resistor in the positive lead
is slightly different from that across the
resistor in the negative lead. This is
due to a slight offset in the output
voltage but as long as the average is
about tour volts it witl be satistactory.@

ctronics

SWIMMING POOL ALARM

% FIVE VOLT 15 AMP
SWITCHING REGULATOR SUPPLY

SPEGIAL FEATURES—

% HOW TO IMPROVE TV RECEPTION * VERY LOW PRICE HI-FiI SPEAKER

ol o * LOUDSPEAKER FOR ACTIVE CROSS—

OVER PROJECT.

DESIGN YOUR OWN HIGH QUALITY
FM RECEIVERS — /t’s easier than you
might think!

The feature articles listed above are included amongst
those currently scheduled for our November issue. How-
ever, unforeseeable circumstances, such as highly topical
news or developments may affect the final issue content.
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PHlllps SPEAKER KITS

s ‘ Components for 15
OR ADS080/W

! i '+‘ models in stock and on
1\ display. Hear the 7B KIT

| e (required 2 cubic feet box)
Suits Amps 15 — 40 Watts
Rms.
Comprises:

Plans, Screws, Circuit
etc. with each Kit.
2 x Dome Tweeters (1"')
——— | 2 x Sealed Mid Range (5”")
2 x Bass Drivers {12")
2 x GHE/Philips Badges
2 x Sets C/O Comps.
$ 229 3 x Yards Tontine
40 x Feet Cable 4X Plugs
and sockets

SPEAKER CABINETS TO SUIT ALL KITS

From 1 cubic ft, to 3 cubic ft. Rawboard
complete enclosures for 7B $59 Pair. Finished
Cabinets 78 $96 Pair.

PHILIPS
14 WATT/CHAN ,,v e

Al facilities : EW

AM/FM mﬁmfoﬁl 7T o

. 22998 & o]

$199.00 |
PHILIPS Complete

BELT DRIVE i wssh

SEM' AUTO Cartridge

Made in Holland

$117.00

v B
N\ TANNOY /}

. . -
Two way dual concentric monitor /. =

speakers 12'" and 15" \ ';
HEAR THE ULTIMATE U

IN HI FI SPEAKERS

Qur interest in your equipment |[SERVICE FACIL!TIES FOR
does not cease when you take |ALL HI-F1 GEA

delivery of it,

it's hour amfbltlon that every

?r%':‘ aé%ror:e A’;\L'thg?#'spr?::ﬁ Our qualified technicians have
continue to be more than |the sKilt and the equipment to
satisfied. service and repair all makes,

We stock: Hitachi, Technics, J.V.C., Shure, Memorex,
Sherwood, Nikko, Voxon, Pioneer, Sonab, S.A.E.,
Maxell, Stanton.

WE HAVE A GOOD RANGE OF GEAR IN STOCK
ET! 400 CROSSOVERS IN STOCK $12.98

"W | 966.968 High St, Armadale 3143
G = H : E B | P.0. Box 122, Armadale 3143
Phone: 500-0374, 509-9725

GEORGE HAWTHORN ELECTRONICS

FLEGTROLUBE

® Electrical Contact Treatments
® Maintenance Chemicals ® Spec-
ialised Lubricants ® Contact Lubri-
cants ® Contact Cleaning Strips
® Preclene ® Freezer Spray @
Printed Circuit Lacquer.

IE Information on ALL Electrolube
Products js available from Australian Agents:

RICHARD FOOT (AUSTRALIA) PTY. LTD.

63 HUME STREET, CROWS NEST,
N.S.W. 2065. Telephone: 43-0326.

1233

Compute brackets the
easy way
with the
FARAD
1233

*$62-00

. tax exempted

*$68:66
tax included

12 MONTHS GUARANTEE
See page 45 for details
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Y B s , =W 7T e
e TR @}{ T ST

PLUS
POSTAGE &
$ 1 0 PACKING $ 1

R e T

e et s — = ==
An effident and moderrn method of cleaning your records. A precsely adpsted
nozzle system n the cleaning brush discharges jusl the righit dmount

of lencocleann lLquid from thhe brush orto the record. The stulus sldes
into a refreshing lencoclean bath . Wear and tear of records as wellas

the stylus are reduced to a mnimum, Lencoclean 15 extremely thovrough,
removing the smallest spec o€ divt Crom the record rooves.,

CORAL
SPEAKER KITS

INCLUDES LOUD SPEAKERS AND CROSSOVERS FOR
TWO BOXES

8 SAT -1 30
10SA1 -1 50
12S5A1 -1 £ 70

CORAL SPEAKER IN COMPLETE FINISHED CABINETS
Price Per Each - SYSTEMS8 $40, SYSTEM 10 $65, SYSTEM124$80

PHILIPS
Sl L O e . |

AD 0160/T8 $13 EACH SYSTEM 4A $106 ~

FINISHED CABINETS \
POLISHED READY TO USE

AD 5060/S08 $26 - SYSTEM 5A $114 .«
AD B066/W8 $20 SYSTEM 6A $114
AD 10100/ w8 50 = SYSTEM 7A §150 =
AD 12100/w8 $52 =« /
FULL RANGE OF PHILIPS SPEAKERS AND CROSSOVERS
Coll in, or forward stamp addressed envelope For

DETAILS

ETI 400 spPEAKER SYSTEM COMPLETE READY
i

(WILDWOOD 9 o USE H 70
FURNITURE £ ELECTRONICS I PR | M ok I ke
20 KOLORA RD. WEST HEIDELBERG, ||Frewint or our freiohit, Ploaseiite for -
PHONE 459-3636 indtvidual quotation.

open TMON §Am TO 4-30 P STOP PRESS : ETI ACTIVE CROSSOVER
AR BAH T9 9igoien J PROJECT $ETI 440 25 WATT AMPLIFIER,
i SUNDAY _ iPrl To 5-00 P11 L FORWARD STAMPADDRESSED ENVELOPEfrDetails
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62

A Small
Segment of the
SoanarRange

Gt SERIES 1 AMP GLASS
PASSIVATED RECTIFIER

WO SERIES SUB MINIATURE
SILICON BRIDGE RECTIFIERS

SB SERIES MINIATURE
SILICON BRIDGE RECTIFIERS

SEL SERIES SELENiUM
BRIDGE RECTIFIERS

EB SERIES SILICON
BRIDGE RECTIFIERS

TV EHT STICK RECTIFIERS

Silicon & Selenium
Diodes,Bridges,Rectifiers.

SOANAR ELECTRONICS PTY. LTD. maintain
volume stocks of Silicon and Selenium
Rectifiers in a wide range of sizes for all
applications in the Electronic/Electrical
Industry. Top quality is assured as all
products are subjected to rigorous quality
control and guaranteed for 2 years. They are
realistically priced and represent best value
for money in Australia today.

Of course, Diodes and Rectifiers form only
a small segment of the total range of com-
ponents marketed by Soanar.

Over 2000 items available immediately from
stock include: —
CAPACITORS — Electrolytic, Ceramic, Poly-
ester, Polystyrene & Tantalum.
POTENTIOMETERS — Rotary Stide & Trim
RESISTORS — High Stability carbon film.
SUPPRESSORS — Automotive capacitive and
resistive types.

ELECTRONIC PARTS & ACCESSORIES —
Bezels, Fuseholders, Jack Plugs & Sockets,
Control Knobs, Neon Indicators, all types of
Plugs, Terminals; Connectors & Switches.

Technical literature available onrequest.

SOANARELECTRONICS PTY.LTD. A.D
A MEMBER OF THE A & R-SOANAR ELECTRONICS GROUP

30-32 Lexton Rd.. Sales Offices Phones:

Box Hill, Vic. 3128 VIC: 89 0661, NSW: 78 0281,

Australia SA: 51 6981, QL D: 52 5421,

Telex: 32286 WA: 81 5500

scientific
electronic
slide rule

"2 3454

*$45-00

Tax Exempted

*$50-68

Tax Included

12 MONTHS GUARANTEE
See page 45 for details

iT'S
A CAR CASSETTE PLAYER

For only

SES

e

-95
q

i e 2 e et 25 Dig
You can tit it 1n minutes — attach under dash — plug
into any car radio — slip in cassette and you have
music — that’s magic!
xr r r s ¥ r 77 7 r r ry 3 7 2 3 £ 3 R 1 B J N
* Special Price
To: EDGE ELECTRIX,
31 Burwood Rd., Burwood, NSW 2134. Tel: 747-2931
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PROJECT 435

LAST month we published the details
of active-crossover boards for use with

high-fidelity speaker systems. This
month we give details of a typical
complete system. The system

described is not intended to be
considered as the only possible way,
merely as an example of the way in
~hich a system may be built.

The system described uses two 422
power-amplifier modules, but any
other amplifier could equally well be
used eg, the 440 amplifier. A two-way
system is described, that is, one
amplifier is used for the high
frequencies and one amplifier is used
for the low frequencies for each
speaker system. Thus only two
two-way crossover boards are used
together with the two amplifier boards
and the power supply to make the
complete system.

CONSTRUCTION

We build our prototype into two
pieces of channel aluminium as may be
seen in the photographs. The
aluminium channe! wused had
dimensions of five inches by two
inches and we used a piece 380 mm
long for each side. Unfortunately this
particular extrusion seems to have
fallen a victim to metrication, the only
section that seems to be available now

CROSSOVER

AMPLIFIER

One approach to an electronic crossover system.

is 100 x 50 mm which unfortunately is
too small. However an equivalent can
readily be made from 1.6 mm
aluminium bent up as required. We
suggest that you make your chassis
about 430 mm long as we found ours
to be a little cramped.

The heatsinks used were the Mullard
36D x 75 mm and these were
assembled as detailed in the 422
amplifier section. The printed circuit
boards were also assembled as detailed
in that section. Printed-circuit pins
should be used for all connections to
the board as this ‘makes
interconnection of the unit much
easier.

The location of the individual
modules and components can be seen

from the internal photograph of the .

unit. If construction similar to ours is
used, with the transformer close to
one end of the printed circuit boards,
some trouble with hum may be
encountered in the main amplifiers
closest to the transformer. We
overcame this problem by using these
amplifiers for the high channels and by
reducing their bass response by
changing C4 from 100 microfarad to
2.2 microfarad. With this modification
the response of the amplifier will drop
off below 300 Hertz, thus reducing
hum, but will still be adequate for high

ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975

channe! use. If the high channel
response is required to be lower than
300 Hertz then the transformer must
be mounted further away from the
amplifier modules.

Some care must be taken to prevent
earth loops causing problems. The
wiring of the power cables is as shown
in Fig. 1, the most important being the
zero volt line. The zero volt lines of
both boards are linked by a heavy
cable and the common side of the
transformer is joined to the centre of
this link. The common for the
speakers is also joined to this same
point. Make sure that this junction is
insulated so that a short does not
occur when the unit is closed up. The
plus and minus 40 volts are taken to
the crossover board which has the
regulator on it, and the plus and minus
7.5 volts is linked between the two
boards. The zero volt line for the
crossover boards is taken via the signal
output leads to the appropriate
amplifier board.

Due to the power dissipation in the
regulator for the crossover, a heatsink
must be used. We simply bolted the
crossover boards onto the end panel
by means of a piece of angle
aluminium, and bolted the transistors
onto the end panel using insulating
washers. We used a piece of cardboard
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CROSSOVER AMPLIFIER

o 4 WAY
P SPEAKER
28 27 SOCKETS

422 AMPLIFIER BOARD

MAINS BB 1
SWITCH . 7 3] —
A L N
N / — =
E ci8
*25V  NOTE OV FOR
CROSSOVER BOARDS
_75V 1S SUPPLIED VIA
- / / SIGNAL EARTH
> > E E E / I
S« o o I
~3 2 |26 28 27 l
- w
x 2 |° 422 AMPLIFIER
af = |BR BOARD / ~
34 T
32 % P i N N7V (N
Ry =~ = °]
\ B i
S oo,

TO R20/C12

Fig. 1. Power wiring of the crossover amplifier. TO R19/C11

input  between the two boards to prevent
SOCKET any shorts occuring between the two
422 AMPLIFIER BOARD L boards. We also installed cardbc_)qrd
under each of the power amplifier
7~ boards similarly to protect them.
Coaxial cable was used to connect
the inputs from the potentiometers to
the main amplifiers but only twisted
pairs from the crossover boards to the
O ..p = potentiometers. Coaxial cable could
= have been used here but was found to
g\N/E KHS%%ELA%%LJU%L%VRING G \TW|STED be not necessary as these leads are a
-T= c PAIRS long way from the power transformer.
W o —77 Finally, a word about the power
-sm / transformer. We have only used a
E A single power transformer, as used in
CROSSOVER BOARD the 422 amplifier, to power the two
Fig. 2. Signal wiring of the crossover ET1433A complete 422 amplifier boards. But
amplifier. remember that the frequency
spectrum is split up between the high
and low channels and hence each
amplifier, although called upon to
provide the same peak power, only has
to handle half the average power. The
transformer is thus quite capable of
handling the total load as the system is
still nominally 50 watts per channel.
PARTS LIST - are not required for either, and C13,
CROSSOVER AMPLIFIER Cl4, R19, R20, Q1, Q2, ZD! and 432 1 32
Two complete sets of components  ZD2 are not required on the second 5 4 IN
as detailed for the 422 power oard. The value of R19 and R20 on 5
amplifier module except that only the first board should be 8.2 k. O 0 Q 0
one transformer and rectifier bridge Switch SW1, if required, should be
is required for domestic use - a double pole switch and RV1 and ouT
especially if the crossover is above 2 RV2 should be dual gang linear 10 10
kHz. potentiometers. 20 20
Two ETI 433A boards with the Chassis. BASS TREBLE BASS
following exceptions. The Input and output sockets as CcuT dB CUT dB EQ.

transformers, D1 to D4, Ci1 and C12

required.

Fig. 3. Artwork for the level control panel. Full
size 73 x 50 mm.
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This internal view of
the unit shows
positioning of major
components and boards.
When joined together
the two channel assem-
blies are locked by the

heatsinks.
KENWOOO
@ QR-666
807
the ALL-band

COMMUNICATIONS RECEIVER

. . AII-&ndlall -mode reception on frequencies 170 kHz to
N Hz covered by 6 bands. Receives broadcasts in any

] unior that gives mode AM, SSB, CW or FM—with the optional accessory
QR6-FM Suw sensmvny from dual 8:!0 MOS types FET's,
. you the world dovble signat selectivity and AGC characteristics. IF

e ect ro n IC d FM t':'irchunl vlmlh‘ mechamc:l aud' celvatrm'c filters d'osion;u"tov
igh selectivity, resistance to interference; single button

ana an selection of wide band (5 kHz/6dB) or narrow band 2.5

H kHz/6dB). Altogether a high performance compact, smartly
SI ' d e OP fIOI'l ' fOO. styied unit of ::va:t!.ed dsgsion at a suggested pToday price

of $332.20.

* W“ ton electronics company

Radio Communication Systems

* . i.' ‘
$29-00| | AEF § JE |

Tax Exempted b‘\}‘ ~‘ .~ -
*$32-69 w._..,‘ ; g

Tax Included — —Mail coupon NOW|— — — g
| ;N?;:" E»f'&"%" wa‘dcor'q" b Rocks, N.S.W. 2151 Phone 630-7400 :
4 - ri 0 W, b
12 MONTHS GUARANTEE | 18 Rorth Recks °mﬁsnw_ff* _________________ '
l Please send details oC ADDRESS. I

I the Kenwood QR-46
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THE NEW "TUWIB

BY ANY MEAELRE OF PERFOAMANAE .. .THE BARTR:DGE
SEROND ONLY TO THE SfEI=TeI=I=2° U-15 TYPE Ill

NEW!

M95ED Deluxe High
' Trackability Cartridge

Second only to one! The Shure M95ED
combines several of the high-perform-
ance design features of the Shure V-15
Type Il to deliver exceptional track-
ability (at 3 to 1'%z gram forces). A
radically new internal electromagnetic
structure insures a level of total per-
formance surpassed only by the Type
1il, The M95ED incorporates a new,
thinner, uninterrupted pole piece de-
veloped by Shure design engineers to
optimize electromagnetic characteris-
tics—especially at higher frequencies.
As a result, magnetic losses have been
minimized, and frequency response re-
mains essentially flat across the entire
frequency range.

With its nude-mounted, biradial el-
liptical stylus tip, the MOSED has a very
low effective stylus tip mass. This re-
sults in higher trackability to maintain
perfect groove contact through the
“hottest,” most heavily modulated pas-
sages encountered on modern record-
ings—all at extremely light trackmg
forces that reduce record wear and in-
crease stylus tip life. And, as a “plus,”
its exceptional trackab:hty makes the
M95ED an outstanding choice for use
in four-channel encoded (matrix)
systems.

AE095/FP

PEAK RECORDED VELOCITY —CM PER SECOND
3 &

M9SED SPECIFICATIONS

Trackability at 1 gram tracking force us-
ing a Shure/SME Arm:

24 CM/SEC at 400 Hz

33 CM/SEC at 1,000 Hz'

28 CM/SEC at 5,000 Hz

19 CM/SEC at 10,000 Hz
Tracking Force: % to 1Yz grams
Frequency Response: 20 to 20,000 Hz

TRACKABILITY CHART
' {at1 Gram)

| A § i

Py

47,000 ohms resistance in ‘parallel with
400 to 500 picofarads total capacitance

per channel. (Load resistance can be as
high as 100,000 ohms and total capaci-
tance can be as low as 100 Picofarads
with only minor audible change.) Total

capacitance includes the capacitances
of the tone arm wiring, phono cables,
and the amplifier input circuit.

1,000 Hz at 5 CM/SEC peak velocity

Output Voltage: 4.7 mV per channel at

Channel Separatmn Minimum 25 dB at
1,000 Hz

Channel Balance: Output from each )
channel within 2 dB

Stylus: N95ED Biradial elliptical with
nude diamond tip
17.8 microns (.0007 inch) frontal
radius

sadmacrons (0002 inch) side contact
1"

* 25 microns (.001 mch) wlde between-
record contact points

78 rpm Stylus: N95-3 Sphencal-63
microns (.0025 inch)

lnductance 650 maliibenriesv

mountmg centers

FOR HEAVIER TRACKING
‘TURNTABLES AND T( :

. Shure designed the ;
hugh trackability cartridge. lt u&es the

same newly develope
the M9SED and deli

- tracking
] features biradial

New Recommended Retail Prles M95ED $52 — M95E] $33

AUDIO ENGINEERS P/L AUDIO ENGINEERS (Vic.) RON JONES PTY. LTD. ATHOL M. HILL P/L

' i = 342 Kent Street,
H S — = SYDNEY 2000 N.S.W.

66

2A Hill Street,
THORNBURY 3071 Vic.

57 Castlemaine Street,
MILTON 4064 Qld.

1000 Hay Street,
PERTH 6000 W.A.
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r EmiRADIO SUPPLIERS \
DISPOSALS BRANCH:
104 HIGHETY ST.-

RICHMOND 428136
323 ELIZABETH ST., MELBOURNE 677329
390 BRIDGE ROAD, RICHMOND 423174

Please allow for postage & packing
> when ordering by mail. <

THIS MONTHS SPECIAL

Latest military design
multi-band radio, 30
transistors and diodes.
With exclusive (LED)
light emitting diode
tuning indicator for

positive station

sejection. Battery and

electric covers atl

popular AM and FM -
bands.Frequency Range: AM 535-1605
KHz. FM 88-108 MHz. TV1 56-108
MHz. TV2 174-217 MHz. AIR-PB2
110-174 MHz and WB 162.5 MHz.
Power Source: IDC 6 Volts AC 240
Volts Power Output: 350 mw
Maximum 250mW _ (Undistorted).

imension: 9 3/8 x 3 3/4 x 8 Weight:

41/4 Ibs. (approx.) Supplied Accessories:
rphone. Batteries (4 size D).
uced to $49.50. P.P, $2.50.

E TI

The new standard in
professional sound

SYNTHESISER
ETI 4600 MUSIC SYNTHESISER
KIT PRICE $869 Build and tested
$1590. ETI 3600 PRICE
AVAILABLE SHORTLY.

SCOOP PURCHASE!

TRANSISTOR RADIO CIRCUIT
OAR S

D EAL FOR HOME
CONSTRUCTORS
Due to Tariff cuts on transistor radios,
we can offer the items below at this
price. Most are in working order but no
guarantees at these prices.

THOUSANDS AVAILABLE

AM 8 TRANSISTOR CIRCUIT
BOARDS AIll new parts. |IFs,
capacutors. resistors, etc. $1.50 each or

M/EN UCIRCUIT BOARDS 10
transistors. all new. Ideal for use as FM
funer. 88°108 MHz. $2.75 o 3 for

ALSO LARGE QUANTITY OF
RADIOS. In various stages of
manufacture. Some AC/DC models
AM/FM etc. Speakers, cabinets, etc.
Personal shoppers only. From $3 each.

RAND NEW 4-TRACK STEREO
CARTRIDGE PLAYERS
2-5 Watts per channel at 8 ohms, 12V
DC operation. In sealed boxes. $15
each P.P. $2.50.

KITSETS NOW AVAILABLE
ET! GRAPHIC EQUALISER

Stereo 9 adjustable frequengies per
channel at octave intervals giving
$10dB cut or boost. Distortion
typically less than 0.1%. Ideal for P.A.
Recording or Hi-Fi.

Complete kit price $96

MODEL NC-310 DE LUXE

1 WATT 3 CHANNEL

C.B. TRANSCEIVER

o WITH CALL SYSTEM

e EXTERNAL AERIAL
CONNECTION

SPECIFICATIONS, NC-310

Transistors: 13

Channel Number: 3, '27.24 OMHz
Citz. Band

Transmitter Frequency Tolerance:
+0.005%

RF Input Power: 1 Watt

Tone Call Frequency: 2000 Hz
Receiver type: Superheterodyne
$47.50 each or $89 a pair. P.P. $2.00.

COMMUNICATION RECEIVERS
AND TRANSCEIVERS
BARLOW WADLEY XCR30 Mk (1, all
band coverage, AM. SSB, CW
recep?tlon $279. Reg. P.P. $3.50.
KP202 hand heild 2 metre
Transceiver, 2 Watts output, fitted
with xtals for channels 40 and 50,
repeaters 1, 2, 3 and 4. $150. Reg. P.P..

$2.50.
KCP2 Battery Charger for KP202 with
10 rechargeable Ni-Cad batteries. $35.

STAGE MIXER

“5° .
293008830 &
223080090028 00000

16 to 8 channel microphone sub mixer,
cannon and 6-5mm Input sockets Vu
monitoring switchable on all master
channels, stage feldback facility can be
used as a separate mixer or used with
ETt 414 master mixer.

Complete kit price, $195

HOBIPAK

P.0. Box 224, South Carlton, Vic. 3053.
CARBON FILM RESISTORS

1/BWI10% .ovevennnnens .4cea,
Special — 100 for $3.40 — 25 for 92¢.
1/8WEI2Z5% ....cvnneve....5Cea.
V2WE245% oo ccevnnennnnenn 5¢c ea.
Special —~100'for $4.50
1WE125% ....covvennnannn 6¢ ea.

Special — 100 for $5.40
METAL FILM RESISTORS

MR 30 metal film — E24 2% ..... 10c ea.

SOLID STATE DEVICES

7489 ....%$4.85 8223 .... 29.00
7490 .... $1.65 MEL12 .. $1.90
TRANSISTORS
2N2926 . $1.00 ZTX108 ....99
2N3693 ... 41 ZT X109 . $1.15
2N4121 ... .40 ZTX114 . $2.00
2N5133 ....85 ZTX304 . $1.90
2N5134 - ZT X382 . $1.40
2N5137 . .86 ZTX501 . $1.18
2N5138 . ZTX502 . $1.25
2N5139 ZTX503 . $1.38
BFS61 .. $1.69 ZTX531 . $1.95
BFS98 .. $1.60 ZTX550 . $1.60
ZTX107 . %1.00 AAT7 ...... 94
SLIDE POTS AND CHROME KNOBS
Linear 5K to 100K ........... 93c ea.
Logarithmic 5K to 50K ....... 93c ea.
CAPACITORS

Tantalum 0.1-2.2 [IF 35V ...... 29c¢ ea.
Ceramic — .0001 ~.05..... ceenae 9C

Poli(ester (IOOVDCW .0047 — 16¢; .01
.0 15 — lac, 022 —
8c; b2y = 22c. 633 — 2261
Electrolytic P.C.B. Type

47/63V ..... 26¢c 25/25V .....l8¢c
470/50V ....88c 100/25V ....26¢c
470/25V ....59c 220/25V ....54c

Electrolytic Pigtail Type
/25V ...25¢c 100UF/25V ..32c

4 oV ...34c 470, 25V ..60c
/25V ..48¢c 470, 50V . .88c
250 /50V ..62¢ 200 /25V .92¢

POSTING & PACKING 30c per order.
92B/113 Swanston St., Melb. .

REVIEWnN kit s

at all newssgents

200-H. $13.50, p.p. $1.00-
quadrant meter.

50V, 100V,
1000V

DC/A: SOUA, 2.5mA, 250mA
OHM: 60

Capacitance: 100pF to .01-MF, .001MF
to .14F.

db:-20db to + 22dB.

Audio Output: 10V, 50V, 120V,

1000V Ac

\ APProx. size: 412" x 3%" x1-1/8” 4

414 MASTER MIXER

Kit price $225

ETI 413 100 Watt amp
Kit price $75

javcar

PTY.LTD.
Telephone 211-5077
P.0. BOX K39, HAYMARKET
N.S.W. AUSTRALIA 2000

405 Sussex St. Sydney
ENTRANCE OFF LITTLE HAY ST.
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HITACHI
TAPES

Mail Order Specials

Each 12of 36 of
c90 $2.95 1.85ea. 1.75ea.
C120 $3.65 2.26ea. 2.10ea.
UDC90 $295 2.35ea. 2.20ea.
UDC120 $4.95 2.70ea. 2.50ea.

BASF chromdioxide C90

10 for $27
POSTAGE FOR TAPES: N.S.W. $1.20
plus 10c per doz; Vic,, SA, Ql. :‘I .75
plus 25¢ per doz; WA. TAS. N.T. $1.90
plus 40c per doz.

*Add 20c for alrmail

POST FREE SPECIALS*

Watts dust bug $5.95
Decca record brush $12.95
Head demagnetizer Model 220 $5.75

Logan Brae Audio Sales

P.O. Box 24, Carlton, 2218. NSW
Telephone: 587-3475
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COMPUAD ESR
$49

SUGGESTED
RETAIL
PRICE

it¢ Probe

Patens no 50581 73

FIBRE OPTIC PROBE

Bends 1light to

illuminate objects a
torch beam can’t reach. For easy
inspection or identification of
component parts.

(a/29,8 TH_E A must for:
BENEFITS: @ Tool Kit

e 12 MTH. WARRANTY. o Glove Box

e EASY TO READ LARGE GREEN DISPLAY. TV Service Kit

e SPARE PARTS & SERVICE ALWAYS AV£\ILABLE. ® Home

e AC/DC ADAPTOR OPTIONAL EXTRA. ($7.00)

e VERY SPECIAL STUDENT DISCOUNTED PRICE {SEND ESALIN PTY. LTD.

STAMPED ADDRESSED ENVELOPE FOR SALES TAX
EXEMPTION FORM & YOUR LOW PRICE ORDER
FORM).

COMPUAD AUSTRALIA PTY. LTD.

REGISTERED OFFICE: 12 PINE RIDGE, DONVALE, VICTORIA 3111

4

Volums1 200

7 » AUDIO FR—OjECT—S 0 PROJECTS
'OXFORD TO BUILD  [acries

INSTR UMENT CASES o 50W Stereo amp ® Spring reverb unit
ENGRAVED & PRINTED PANELS

i i ey o 100W Mono amp e Clipping indicator
MINI BOXES" (Aluminium)

Speaker Cases ® 15W x 4 channel amp e Rumble filter

Rack & Panels (To Order) ® Graphic equaliser @ Plus lots more

Stainless Steel Work (To Order)  Eight input channel mixer

Wardrope and Carrcll All in Audio Projects from Electronics Today. On sale now — at
Fabrications Pty. Ltd. most newsagents. Or direct from:

Box 330 Caringbah 2229 SUBSCRIPTIONS DEPARTMENT, MODERN MAGAZINES,
Phone 525 5222 15 Boundary Street, Rushcutters Bay, NSW 2011

Price $2.50 (including postage & packing)

Eﬁmmm record brush

1,000,000 CONDUCTIVE BRISTLES

no anti-static fluids needed

LA PR ..,,,~",.,._
The new DECCA Record Brush consists of a million tiny fibre ‘bristles’. As

you brush the record surface. upward of a thousand ‘bristles” enter each

groove and remove more dust and grit than any other product available. In

additon. each ‘bristle’ is electrically conductive. Static on the record is

removed as you clean. without the aid of special fiuids

$12 50 at leading Hi-Fi stores & record bars.

Australian Agent: British Merchandising Pty. Ltd.. 49-51 York St, Sydney
Ph. 29-1671

* Recommended retail price
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The

FET I/P
OP AMP CA3130

Added to the RCA range

Our CA3130 gets many of its winning ways
from four very capable relatives. Four RCA op
amps that can fill special requirements you may
have. If you need programmable linear gain
control, check the CA3080. For high crossover
frequency plus high slew rate, there’s the
CA3100T. For high output current and easy
programmability, the CA3094E. For low power
supply drain, the CA3078T.

The CA3130 is the ideal choice when
you're looking for a good measure of all these
characteristics in one device. That’s what
makes the CA3130 so great. Its versatility comes

fromthe unique combination of MOS/FET,
bipolar and COS/MOS on the same chip.

Beyond the table, here’s more typical data
aboutthe CA3130:

Inputimpedance:1.5TQ (1.5x1072Q).

Input Current: 5 pA.

Input Offset Current: 0.5 pA.

Input Offset Voltage: 0.8 mV (CA3130B).

Settling Time: 1.2 psec.

An output voltage swing to within 10 mV
of either supply rail.

Strobing terminals.

Package: 10 lead T05.

CA3080E CA3100T CA3094E CA3078T CA3130
gaajt::g:‘et r|:’Ilus programmable > 60dB Gateable
o s v 0 15
Siew Rate, V/ usec 25 10
Output, mA{peak) 300 22
Power consumption, mW .0015 25
Single sply votage

For further information on the above and other
semi-conductor products, please contact:

Amalgamated Wireless Valve Company Pty. Ltd.
(Technical Information)

554 Parramatta Road, Ashfield, NSW 2131.

Telephone: (02) 797 5757. Telex: 24530.

Postal Address: PO Box 24, Ashfield, NSW 2131.
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[Advertisement]}

BECOME A
COLOR TV
TECHNICAN

AND EARN MONEY THAT
WILL MAKE YOUR FRIENDS
GREEN WITH ENVY

It's a chance for you to get in on the
ground floor, because there will be a
huge demand for new sets and
technicians specially trained in the
field of colour TV servicing. Through
ICS you'll get the necessary training to
break into the industry. However, if
you're already in the TV servicing
field, you’ll receive all the instruction
necessary to prepare you for this
coming revolution in home
entertainment. As an engineer,
technician or serviceman, there's a
whole profitable new future about to
open for you.

If you start learning now

With an ICS course you’ll get expert
tuition at home, in your own time.
Mail the coupon and we'll send you a
FREE ICS career program kit on this
or any of the courses below, Mail the
coupon TODAY.

Hotei Motel Management
TV Servicing — Colour
Accountancy
Bookkeeping, Costln?
Computer Programm ng
Electronics

Buiiding & Architecture
Quantity Surveyors,
Carpentr

Engineering

Mechanical & Civil
Chemical & Industrial
Electrical

Automotive
Mechanical Engineering
Panel Beating I.A.M.E,
Business Management
Small Business
Industrial/Personnel
Air Conditioning
Refrigeration & Heatlng
Sales & Marketing
Creative & Professmnal
Writing

Secretarial

Art

IGS Career Programs

international Correspondence Schools,
400 Pacific Hwy, Crows Nest.
N.S.W. 2065. Tel: 43-2121

| | am genuinely interested in starting
my new career as soon as possible.

ticked,

TV Servicing [J Air Conditioning &
Refrigeration (] Automotive [ Engi-
neering [J Drafting [J E|ectron|cs€b
Building & Architecture [IWriting [0
Art

| Please express Career Program Guide I

10.01.26VL

e e e CONFIDENTIAL e
70

HLEGTRONIG
DISPOSALS

297 Lt. Lonsdale St.,

Melbourne. 3000
Phone: 663-1785

GARRARD

S.L. 65B Automatic
Stereo Turntable

with laboratory balanced synchronous
motor. Adjustable balance — anti-skate'
— lift and heavy platter including
Shure magnetic cartridge. Less than %
price at only $47.50ea. P/P $3.00.
M.S.P. 250V A.C. 3 AMP D.P. Toggle
hes 50c¢ ea. P/P 25c.
BB 3 Watt Wire wound pots 75¢ ea.

7" Dla "Alum. Fans 240V A.C. $6 ea.

P/P $1.
Multiple Electrolytics. 20 F — 50
F — 25 |IF at 300V Plus 00 UF at
325V. V.M. $1 ea. P/P 30c.

LEVEL METERS 200 micro amp
sensitivity size 1" x 1" x 3/4" $1. 50
1" x 142" x %' $2 ea, P/P 20cC
SOLENOID?z — tape recorder type.
12v D. coils. 112" x 1%" x 3/4"
$2 ea. P/P 30c.

5 Push Button Permeability Tuners.
Complete with coils $3 ea. P/P 75c¢

TRANSISTOR RADIO. 5k miniature
switched pots. 30c ea. P/P 15c.
Miniature 2 gang variable capacitors

30c ea. P/P 15
mMsp. 8 x 4% 5{) heavy duty
?lkers $3.50 ea. P/P 50c. MS.P. 5"
dual cone tweeters $4 ea. P/P 50c.

Plessey 5" x 3' 15 $2 each. 4" 15
$1.50 each. MSP 3" 8 $1.25 each. P/P
on above 30c. each.

2 posntlon 3 pole rotary switches 50c¢
ea, P/P 2

Ferrite Loopstlcks 8 x 3/8" complete
with broadcast coil. 70c ea. P/P 30

Dual. Ganged Carbon Pots. 50KA —

50 K.C. — 2 meg and 1 meg. 60g ¢a.

P/P 20c. Single Carbon Pots. 500 1
-A. and 250K.A. 30c ea. P/P 20c

Valves — New in Carton, 5Y3GT —
5V4G — 6N7G — 6SF5GT and 807 $1
ea. P/P 25

Battery Leads 30" long. Complete with
5625 amp crocodiie clips 30c ea. P/P
c

SLIDE POTS. 50K.B — 200 K.B
500K.B — 1 Meg. 35¢ ea. P/P 20c.

3.5 m/m Sockets 10 for $1.25 P/P 20c.
R.C.A. Plugs 20 for $1.00 P/P 20c.
DUAL GANG slide pots. 50 K.A — 50
K.8 — 250 K.B 60c ea. P/P 20c.

T.V. Legs. 10" long. Teak wood. Ta er
square section. 80c set of four P/P

LARGE RANGE OF COMPONENTS
- GOVERNMENT AND
MANUFACTURERS DISPOSAL
EQUIPMENT, ALSO STEREO AND
HAM GEAR ALWAYS IN STOCK.

YOUR INSPECTION VERY WELCOME,

LAFAYETTE

“GUARDIAN 6600”
Direction Finder 6 Band Radio

Beacon — Broadcast — Marine
FM — Aircraft — VHF

$179-50

6 BANDS
(1) 160-390 kHz Beaccn (2) 550-1600
kHz Broadcast (3) 1.6-4.6 MHz Marine
(4) 88-108 MHz FM (5) 108-136 MHz
Aircraft (6) 147-174 MHz FM VHF

BATTERY OR 240V AC OPERATION
{with external adaptor — optional extra).

FEATURES

® Rotatable Antenna for Direction
finding and reception on beacon,
broadcast and marine bands.

o Telescopic Whip Antenna plus external
antenna jack for reception on FM,
Aircraft and VHF bands.

@ Signal strength, tuning/battery meter.

o Adjustable squelch control.

The ’'Guardian 6600'' is Lafayette’s
most advanced Portable Radio for top
reception plus Direction Finding. 19
Transistors, 15 Diodes and two
Thermistors. Individually tuned circuits
for best performance on each band.
Adjustable RF gain control varies
sensitivity and tuning meter for direction
finding purposes. Supplied complete
with comprehensive operating manual.

SIZE: 11‘/&".W x 10%"" H x 3%” D
Shipping weight 6lbs.

L AFAYETTE

ELECTRONICS

div. of Electron Tube Distributors P/L.
94 St. KILDA RD., ST. KILDA,
VIC. 3182 Phone 94-6036

Also available from
RADIO HOUSE PTY LTD,
306 Pitt Street, and 760 George Street,
Sydney, N.S.W.

DICK SMITH ELECTRONICS CENTRE,
160 Pacific Hwy, Gore Hill, N.S.W.
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Test CMOS and TTL with
this versatile instrument.

WARNING:

When using the tester, re-
member that manufacturers
recommend that CMOS ICs
should not be inserted or
removed from a circuit
without first switching off
the power supply.

EXPERIMENTERS often damage ICs
in the process of developing a new
circuit and often try a new IC in a
circuit that is not working to eliminate
that as a possible cause. The result of
this is that one usually finishes up with
a box full of ICs which are of dubious
value. To sort out these ICs one must
use a tester that is capable of testing
the wide range of differing ICs that are
available in the most commonly used
families.

Until recently the most commonly
used family has been TTL. But CMOS
is rapidly gaining widespread usage and
any tester, to be of value these days,
must be able to test both these
families. The ETI Logic Tester is
capable of testing both families, and is
also capable of being used to
breadboard and test simple circuits
based on single I1Cs.

An LED indicator is associated with
each pin of the IC under test and these
are arranged around the perimeter of a

box representing the IC under test.,

This allows a small card, which has the
schematic of the particular |IC drawn
on it, to be fitted to the front of the

tester as an aid to the interpretation of
the LED test indications.

We will publish drawings for these
cards covering the most commonly
used types in the future, about three
or four cards per month which can be
cut out and pasted to pieces of
cardboard for use on the tester.

CONSTRUCTION

The most expensive single
component in the tester, after the
transformer, is the case. For this
reason we decided to make a wooden
case and a plain aluminium front
panel. Some people may however wish
to mount the unit in a diecast box and
for this reason the printed circuit
board has been sized to fit in a
standard 222 x 146 x 51 mm die-cast
box. The following description is for a
wooden box specifically, but applies
equally well to the metal box.

The printed-circuit board is mounted
to the rear of the front panel, copper
side to the panel, such that the LEDs
and patch pins, mounted on the
printed-circuit board, project through
the front panel. This greatly simplifies
construction as it saves some 48 leads

ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975
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and solder joints. The switches are
secured to the front panel by first
glueing two pieces of printed-circuit
board to the rear of the board and
then soldering the switches to the

copper side of the board. This
procedure avoids the necessity of a
multitude of screws passing through
the front panel.

The printed-circuit board should be
assembled with the aid of the
component overlay by fitting all
components with the exception of
IC1, 5, 6 and 7, and LEDs 1 through
16, and the patch pins. Check that the
ICs are orientated correctly as are also
C2, 5,7, 9 and D1, 2 and 3. Now
solder these parts into position using
the least amount of heat necessary on
ICs 2, 3 and 4.

Position the LEDs and patch pins
onto the copper side of the board but
do not solder them in place as yet.
Now fit the board to the front panel
so that the pins and LEDs protrude
through the panel evenly. Secure the
pins and LEDs in position by using a
very small drop of five minute epoxy
for each, on the component side of the

{Text continued on page 73)
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HOW IT WORKS.

The tester consists of four basic
sections. The socket for the IC under
test, the output level-detect logic,
oscillators and switches for the
inputs, and the power supply.

The socket for the IC under test has
the pins in each row electrically
connected to each other. These rows
are the groups of five holes which are
perpendicular to the central groove
on the socket. Each row (ie, each pin
on the IC under test) is connected via
a 10 megohm resistor to ground to
prevent the build up of static charges.
The resistors also hold all
unconnected inputs at ground
potential thus preventing any damage
to the IC.

Each row is also connected to a pin

on the front panel. Test connections
are made to these pins by patchable
links from the oscillator and test
switches so that the correct test
conditions may be set up.

Resistors R19-26 and R43-R50
connect each row (ie pin) to a logic
level detector, ICs 5, 6, and 7. These
CMOS hex-inverters buffer each pin
and drive an LED to indicate the
logic state of the pin. When the logic
voltage on a pin is high the LED will
be alight. Resistors R19 to R26 and
R43 to 50 protect the internal diodes
of ICs 5, 6 and 7 against the
possibility of a pin being taken above
the positive supply voltage or below
ground potential. Resistors R11 to
R18 and R51 to RS58 in conjunction
with the five volt supply set the

operating currents for the LEDs.

A 555, 1C4, is used as an astable
oscillator which initially charges C8
via R9 and R10 until the 2/3 supply
threshold is reached. C8 is then
discharged via R9 and pin 7 of the
5SS to the lower threshold of 1/3
supply volts. Switch SW6, when
operated, puts a larger value of
capacitance into the circuit which
gives a frequency of about one hertz.
This is slow enough so that the eye
can follow each logic state transition.
The high speed operation is used for
checking very long counters and shift
registers and can also be used in
conjunction with an oscilloscope.
The square wave output of the
oscillator is made available at a

R9
470k

R13

560 LED3

AL L

QN

LED5 10M
‘_MASGOW@S PR S b < NV
R16 R24 PING g3y R40 "“;“

L

R10
100k

D3
o LED16 S0 iemo
AAAA f ¥ A AR >c | A
IC5/4
R3g PIN15 Ra4 RS2 e
10M 10M t Vi e 12 LEDI5 560 T
tC5/5 F =
PIN3 R29 R37, * R R45 RS3
oM 10M T 10k LED 14 560
R 1C5/6
PIN4  g3g rag PIN R46 RS54
10M s L0k LED 13 560
ANAN—Hice/4

R39 PIN 12

oM R

R47

10M Q

10k

560 LED6 10k
o—rvwx-}f—w
R17 R25

LED 12
10k "1 560
Ras ' N R56
LED 11
N 14.15 —" oS0
RS

R55

ﬂ R33 RO RA49 7
560 LED7 ;o 10k 10M oM 4, ok 10 LED10 560
4 it 4@ NMAA—ic7/4
R1& R26 PIN8 Ras Raz PIN9 R50 LEpg PO8
560 LED8 10k 10M 10M 10k 560
4 5 N 0 1 12
4 9 1Ic7/5
NOTES
POWER RAILS ON IC1, 5,6 AND 7 NOT SHOWN LED )
PIN 1ON IC5, 6 AND 7 IS + 5V
PIN 16 ON IC1,5, 6 AND 7 IS VDD C:?
PIN 8 ON ICT, 6, 6, AND 7 IS OV
PIN 30N IC7 IS OV o
PIN 14 ON ICT7 IS Voo OUTPUT
BOTTOM
O CoOMi e 3 VIEW
INPUT

Fig. 1. Circuit diagram of the logic tester.
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patch-pin on the front panel.

There are six further output pins on
the front panel three of which, D, E
and F, are set to negative or positive
supply by means of toggle switches.
As there is no debounce logic
associated with these pins they can
only be used to set up static
¢onditions and not for clocking
counters and shift registers. The
remaining three pins are also
programmed by switches but these
switches are connected to IC1 which
contains three RS flip-flops to
effectively remove any contact
bounce of the switches. This operates
as follows. If initially the input of IC
1/5 is earthed by SW2 its output will
be high and hence the output of IC

Fig. 2. How the components are mounted
on the pc board.

LED LED LE

m ﬂ%

DLE
1

Il.—

TERMINAL POSTS NEXT TO WIRES MARKED G-V
AND THE LED'S ARE MOUNTED ON COPPER SIDE
OF THE PC BOARD

{Text continued from page 71)

board. Do not glue the LEDS to the
front panel. Once the glue has set,
carefully remove the board from the
front panel and then solder the LEDs
and pins into position. Fit 260 mm
long leads to the board for later
connection to the switches and power
transformer and then, using a
minimum amount of heat, solder ICs
1,5, 6 and 7 into position.

lee

Bj

oo -J

1/6 will be low. When IC 1/6 SW2 is
operated again it earths the input of
IC 1/6 sending the output of IC 1/6
and input of IC 1/5 high and the
output of IC 1/5 low. Since the input
of IC 1/6 is connected to the output
of IC 1/5 it is held low even if the
contacts of SW2 bounce several times
when the switch is operated. Thus
the output at A is one single
transition from high to low (low to
high when next the switch is
operated). The output of the three
debounced switches are labelled on
the front panel as A, B,and C.

In the power supply diodes D1 and
D2 full-wave rectify the output from
the power transformer. The output
from the rectifier is smoothed by C2

and regulated to five volts by IC3.
The resulting five volt supply is used
to drive the LED indicators and to
power the TTL device under test.
Integrated circuit IC2, a type 723, is
a regulator the minimum output of
which is set to five volts by RVl and
the maximum of 15 volts by RV3.
Front panel control RV2 allows the
output voltage to be adjusted
between five and 15 volts. The
current limit on the output is set to
30 mA by means of R8. SWS selects
the high current five volt supply for
testing TTL or the low current
variable supply for CMOS. Terminal
J1 in the negative supply lead is
provided for checking the current
drawn by the IC under test. ®

LOGIC TESTER

SW2N/O

SW2N/C

Voo

TO TRANSFORMER
SECONDRY

If using the recommended test socket
prepare it by removing the paper from
the rear of the socket, cut the paper in
half and then remove about 12 mm
from each side. The paper is then
replaced on each side so that leads can
now be soldered to the metal forming
the pins of each row. The front panel
must also be cut out so that these
leads may be passed through. Now
affix the socket to the front panel and
install the printed circuit board.
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PARTS LIST — ETI 122

RS Resistor 2280 %W 5%
R11,18 2 560 g Ly
R51,58 e 560 LO -
R7 " ak7 "
R19,26 0 10 k D 24
R43,50 oy 10 k G o
R1,6 & 100k *e
R10 R 100k (%
RS - 470 k " =
R27,42 (Y 10M ¥ o
RV1 Potentiometer5 k Trimtype
RV3 ) i i
RV2 °% 10 k Llnear

100 pF Ceramic

(o2} Capacitor
cs8 3 03:"!—[.1F polyester
‘0

C1.3,6 2 1#

C5,7 @ 2lIF 25V electro
c9 [P F 10V
c2 U 470MF 35V "

2,3 Diode EMA401 or similar
DeB'T — LED 16 Light Emitting Diodes
RL4484 or similar

1€1,5,6,7 Integrated Circuit 4009
(CMOS

{oF4 o Circuit 723
(metal can case)

Ic3 . Circuit 7805
(TO-220 tase)

1Ca b Circuit 555

J1 Jack smali earplece type

sSwil toggie 240V rated

SW2-SW9 mlnlature siider switch 2 pole
2 position

PC BOARD ETi 122

IC Socket SK20 see text

Wooden case see text

Transformer 240 V primary 30V CT
secondary

or 2 x 15 V windings

PL30/20VA

25 patching Pin McMurdo type FT-1
feed throughs

front panel

3 core flex and plug

heatsink for IC3 (see Fig.6)

Mount the transformer into the base
of the box and interconnect the board
and switches etc.

The wooden box was constructed
from 12 mm thick pineboard such that
the outside dimensions were 225 x
148 x 70 mm. We finished our box
with coloured Estapol high-gloss
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15v

>
§ TRANSFORMER CT
HAY
J1 (SW3 Sw4
SW2
< ~VE
EARTH - f®) ()
@ : ‘
o E
]
D = e X\/:
' G : T [AF . ,
BOTTQM VIEW T
* OF IC : +
_SOCKET | o0% C— (
16 ‘ = )
—— B I
C n 1
8 O
y £ ¢D
o o Fig. 3. Wiring diagram
+VE of complete unit.
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enamel which resulted in a very

pleasing final appearance.

DESIGN FEATURES.

There are several design requirements
which must be met in a unit which is
designed to test both CMOS and TTL
devices. These may be summarized as
follows.

1) The unit must be capable of
correctly testing both types of logic.

2) Simple gate functions should be
tested by go no/go checks and
complex functions such as counters
and shift registers should also be
reliably checked.

3) There should be the least possible
chance of damaging the device during
testing.

4) CMOS ICs must be testable with a
variety of supply voltages.

5) A clock oscillator and a means of
setting up the input conditions must
be provided.

One of the major design difficulties
with a unit such as this is coping with
the many different pin configurations

h-—._i_somr'———p-

'4—20mm——|

20mm

MAT: 16 GAUGE ALUM

Fig.6. Heatsink for IC3. The IC is mounted
fby a screw) through a 3.2 mm hole in the
base of the heatsink (see photograph

of inside of unit).

o a o

TERMINAL POSTS

CX X ROXONONOXO!
00000000 VARt

LED'S

¢¢©é§"%i
P06 06

TERMINAL POSTS

104

®

Fig. 4. Positioning of LEDs and terminal posts on the copper side of the printed-circuit board.

2 STRIPS OF PC BOARD
MATERIAL 130mmx 8mm
GLUED TO BACK OF

FRONT PANEL

.

SLIDE SWITCHES
SOLDERED TO
PC BOARD STRIPS

COMPONENT SIDE PC BOARD

Fig. 5. How the front panel and printed-circuit board are assembled.

TN
\Weked Uil A1l 3

NPT

Fig.7. Printed circuit-
board artwork. Full size
142 x 104 mm.
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LOGIC TESTER

eti 122 ... DIGITAL IC TESTER
A ©
© 06 6 0o ©¢ © © o
B ©
° 10v
c o
osc
1 e ©
Sv 15v
O b TEST VOLTAGE
1 (CMOS)
SWITCH OFF POWER E o
BEFORE CHANGING IC. © 0 06 06 06 ©6 0 o
F o
POWER —Ve © FAST i
i i 1 t | 1
- ° Ao BE] ca DE] sEl FB OSCB E]
[o] (o] (o] (o] (o] [o]
ON IC CURRENT SLOW TTL

Fig.8. Front panel artwork (shown half-size — full size should be 223 mm x 148 mm).

BURGLAR
ALARIMS

Alarm Modules, Electronic Eyes,
Photo Sensitive Cells, Sonar,
Gas/Heat/Smoke Sensors, Sirens,
Bells, Pressure Mats, Door

Monitors, , Car/Caravan/Home/
Office hold-Up Factory Alarms,
Key Switches,
Relays,

Reed Switches,
Shock Recorders
Aluminium Tape. You Name It
We Have It.

N.S.W. Agent for
NIDAC

Manufacturers of superior
and reliable equipment.

For Information or
tllustrated

Phone 9776433
send 50c¢ in stamps for
catalogue

PROTECTOR R.C. ALARM SYSTEMS CO.

119-121 Pittwater Rd., Maniy, N.S.W. 2095
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of the differing functional
requirements (eg a shift register versus
a two-input NAND gate) of devices
within the one family, as well as those
between different families. A
multi-way switch could be used for
each input pin but would greatly
increase the expense of the unit. A
good alternative is to use patchable
links, and this is the approach that we
have chosen to use in our unit. In
addition we have wused a small
breadboard socket as the test socket,
rather than a standard 16 pin
dual-in-line socket, as this allows us to
improvise special test circuits for the
more complex logic ICs, and the
means to breadboard simple circuits.

The need for a variable power supply
for CMOS testing presented two
additional problems. The first of these
was the danger of plugging a TTL IC
into the unit when it is set up for
CMOS and for some higher supply
voltage than the five volts required for
TTL. Secondly the LEDs used for
monitoring each pin would draw more
current as the supply voltage
increased. The current ratio could be
as high as four to one and a
corresponding variation of LED
intensity would occur. To overcome
this problem it was decided to provide
a second supply of five volts to
operate the LEDS which will also
provide the higher current required by
TTL for its operation. The other
supply is a variable one for testing
CMOS and is not capable of supplying
more than 30 mA. Thus a TTL gate
inadvertently connected to this supply
would not be damaged.

The regulator used for the five-volt
supply is a three terminal IC which has
built in current limiting and thermal
shutdown. It will not therefore be
damaged by a short circuit due to
testing a faulty IC. It is not possible to
construct a discrete design, as cheaply,
that has the same performance.

Next we need a device that will
detect the state of each pin on the
device under- test and drive an LED to
indicate that state. The device has to
be driven by TTL and CMOS outputs,
that is, by voltages anywhere between
5 and 15 volts. A suitable IC is the
CMOS 4009 IC which has six
inverters in one package. Each inverter
will monitor a pin without drawing
appreciable current. The 4009 is also
designed to translate logic levels. Thus
we may use it to monitor a 5 to 15
volt input level at its input but provide
a five volt signal only at its output.

Switches are provided which have
debounce logic associated with them.
This is necessary so that single bounce
free rise and fall transitions can be
generated for the testing of more
complex logic. The debounce logic
must be capable of operating on 5 to
15 volts and of sinking at least two
milliamps for TTL tests. The 4009 1C
with its high output current capability
was again considered to be most
suitable for this task.

We would also like to have used the
4009 as the oscillator, but RCA do not
recommend using CMOS that has a
high output capability in a linear mode
as the power dissipation of the device
may be exceeded. The oscillator must
provide pulses that swing between the
positive and negative supply rails (in
order to drive CMOS) and must be
capable of sinking the two milliamps
required by TTL. It must also be
capable of operating on supply
voltages of 5 to 15 volts. Since the
standard CMOS devices cannot provide
the current requirement it was decided
to use a 555 IC as the oscillator.

CMOS devices should not be
operated with inputs left floating as
some devices may drift into the linear
mode and be destroyed by excessive
power dissipation. For this reason a 10
megohm resistor is connected between
each pin, on the test socket, and
ground. These resistors also conduct
away any static charge that may build
up. {
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HI-FI LOUDSPEAKERS FROM ENGLAND

10” The model B101/10LR is a 10" Joudspeaker with a 2" voice
coil working within a 10,000 guass magnet structure, total flux
100,000 maxwelis, The free air-resonance of the loudspeaker is
25Hz thus making It suitable for a small sealed cabinet of
between 1% and 2 cu.ft.

Efficiency Is higher than might be expected from a 4 50
sealed cabinet and power handling is 20-25 watls B
r.m.s.

12” The model B122/10LR is a 12" bass speaker featuring a rubber
suspension which aliows a fundamental resonance of 17Hz In free air.
This low-resonance, combined with a 2’ voice coll working within a
carefully selected magnet structure makes the speaker ideal for a
sealed cabinet of about 2 cu.ft. capacity. Efficlency of the
B8122/10LR Iis surprisingly high for this type of loading and the
speaker Is ideal for amplifiers with an output of

20-25watts r.m.s. per channel at 8ohms. 39_50
12" The model B122/12LR, like the 8122/10LR described above, is
also suitable for sealed cabinets but because of its more powerful
magnet structure a volume of about 3 cu.ft. is required

to ensure the speaker gives its optimum performance. _$49_50
115” The Fane model B152/12LR is a 15" bass drlver with a
fundamental. resonance of 15Hz in free-air. Once again a sealed
cabinet provides ideal {oading for this unit and the volume can be
varied from 3 to 5 cu.ft. The performance in 5 cu.ft. is partlcularl]y
outstanding as the resonance Is kept In the region of 30Hz. This
results in firm, non-resonant bass without any of the $59

“boxiness’” often associated with conventlonal speakers.
Efficlency is reasonably high and power-handling is up to
1” The Fane 1" Dome Tweeter
DD1 jis a newly developed

30watts r.m.s, at 8ohms.
5" The Fane 505 «x
mid-range loudspeaker employs
soft-dome tweeter with a useful
frequency response
4 ,000H z to
$23.50

5

frequency range Is 400-4,000Hz

and sound quality $24.50

a special cone material which is
doped to remove any
irregularities in response. Useful
20,000H 2z,
Efficiency is
medium to high.

from

Specifications are as follows:

i WPy SIOEO

The Freeman FM Stereo tuner
transistors and 4 diodes. Sterec reception is automatic and
indicated by light emitting diode visible on the front panel. The
FT-3A measures 165mm (w) x 140mm (D) x 60mm (H).

FREEMAN FT-3A
STEREO TUNER

e E RN i

oan witgr 70

“eatures 2

IC'S, 1 FET,

2

Frequency range 88-108MHz, Sensitivity 54V, Output over 150
mV, Stereo separation 30 d8, The FT-3A FM TUNER.

TURNTABLE
BELT-DRIVE

$ 129

syncronous motor,

is very neutral.
FANE PUBLIC ADDRESS &
MUSICAL INSTRUMENT UNITS

12’ CRESCENDO 12A — Super High Efficiency, Wide Frequency
Response and 100 Watt r.m.s. power handling. This beautifully
finished loudspeaker is particularly suitable for lead guitar, organ
and public address work. VOICE COIL DIAMETER: 2", FLUX

DENSITY: 20,000 Guass, IMPEDANCE: 8 ohms. $79-00

15" CRESCENDO 15/100 BASS. Specially designed for high power,
high efficiency bass performance, This magnificent unit is rated at
100 watts r.m.s. and has a resonant frequency of 40Hz. VOICE

COIL DIAMETER: 3", FLUX DENSITY:
$99.00

15,000 Guass, IMPEDANCE: 8 ohms.

920 HORN UNIT. This unit has just been released on the Australian
market and features super high efficiency of 109 d8 and power
handling of 100 Watts r.m.s. above 600 Hz. VOICE COIL

DIAMETER: 2', FLUX DENSITY: 20,000 Guass,
$149.00

IMPEDANCE: 8 ohms,

12’ POP 50. A general purpose 50 watt r.m.s. loudspeaker of high
efficiency, but economically priced. VOICE COIL DIAMETER: 2"

FLUX DENSITY: 13,000 Guass, $39.50

IMPEDANCE: 8 ohms.

18" POP 100 An outstanding 18'' bass loudspeaker for musical
instruments, the POP 100 handles 100 watts r.m.s. at high
efficiency. Resonant frequency is 55 Hz. VOICE COIL

$79.00

DIAMETER: 3", FLUX DENSITY 14,000 Guass,
IMPEDANCE: 8 ohms.

HI-FI STEREO PTY LTD

ollen

An

unwanted tracks.

the cover onto the plinth.

SEMI-AUTOMATIC

FEATURES

Cast non-ferrous 12 platter belt-driven by a 4-pole

wow & flutter: less than 0.1% WRMS
rumble: — 50 dB weighted.

S-shaped tone arm with removable lightweight headshell
fitted with magnetic cartridge and diamond stylus, 0.7mil
conical. (Standard %" mounting).

Anti-skate mechanism and lateral balance weight are
incorporated in the tone arm.

Tone Arm return is automatic at the end of the record
and may be operated at any stage of the record by using
the reject lever located at the front right hand corner of
the CSP-1. This return mechanism is simple and effective
to ensure years of trouble-free service.
independent oil-damped cueing
incorporated into the CSP-1 and allows selection of the
required record tracks without having to activate the
auto-return mechanism, Very handy for safely “’skipping’’

lever

outstanpinG vaLue $49.50

NEW CHALLENGE

is also

Joinless polyurethane drive belt ensures long term
reliability and consistent performance.
Simulated Walnut finish plinth and moulded perspex
cover feature tension spring hinges to prevent free fall of

12 months guarantee covering faulty workmanship and
including free parts and labour.

SPEAKER GRILLE CLOTH

at very reasonable prices.
sample pieces

post anywhere in
together with our price list.
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An -attractive selection of speaker
grille cloths are available ex stock
Free
are available on
request and will be forwarded per
Australia

9 PIRIE ST.
ADELAIDE

STH. AUST. 5000

pHONE: 223 3599
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EDGE ELECTRIXK

YOUR ELECTRONIC WORLD

31 BURWOOD ROAD,
BURWOOD, N.S.W. 2134
TEL: 747-2931

7412 MXA $2.80
inatea | 7412 MXB $3.40
Sassicl 7412 mxc $2.80
7412 MXD $3.70
75 AO1 $2.70
75 EM6 $2.70
75 W3 $2.20
75 SD4 $2.70
76 FM5 $2.70
75 CD7 $2,70
75 FES $2.20

S e a al gift for the 75T19 $2.20

h y Ieep r. But at this pi for ETI 116 $2.70
everybody. ETI 117A8 $3.00
ETI 312 $3.20

ETI 314 $2.20
ETI 400 $2.20 $

WITH AN]
/o 5 70

IRDYS0

ETI 529A $4.70
ETI 529B $3.50
ETI1532 $2.40
ETL533AB $2.70
ET1702 $2.70

D300 Z

P o ETI 704 $2.70 75}'0 TV
-l:ag'obe'ﬂ u ar oo ra n. GORD ‘SW
Digi ! eautifu 2\

iadice s, ..}FJ)‘ bankcard

ﬂ.
75—<Lfﬂ w

WL‘O 7-0 sﬁl!l'zt e?t:/i'o:ti’n“r:)LASTIC
QUAD COVVERTER &

Z*MVA’AD/O $/7700

ENAMELLED L
| BICALEX wire bl it

WELCOME AT l

25 qramme (Jozreel)

’ 20 B&S 79¢
22 B&S 79c
24 B&S 79¢
26 B&S 79¢
28 B&S 79c

30 B&S 87c

32 B&S 87c
34 B&S 87c¢ t ' $ 10 w att Flush mount
y s pa
L 36 B&S 87¢ ertible Typ " 30z 8 watt fo
ooooooooooooooo
o unting . . . Pair $12.00

suit car or home stereos to
from speaker(s) to speaker(s)

78 ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975



— e -— - -— e —
— e — — —— —— — —— -
Y i — o —— . ——_— . —— — — e - 3 e X
- ® - - * =
s -

A optt—. o et
= - - - - - - Y -
. o e . o— A — s i ;G AP, oA e — . gy . et et . co—— . — | ——— S ,- - ﬁ -
o - T - ™ . - - - -
———

- -
AN poarmc=- i Y e, . R . R . A A AN . D, e SO e A _ e G -——'* e =
- - - - » -

- . -
o ,_,..——‘ ‘”-’_, ~—-— i it p— ’4A-"-‘7—\-A-/—_\. ,-:-..—.,—-\p D R nd =
- - - - - - - -
','—‘“f‘-‘*’_‘“ /Am—'ﬂ-\-.—’*-%\"b‘-/’“\"‘“‘”»“
/ - = -
_,‘, AR S »N —“— »—-\Q-

-

=
500b ies i §
c:ﬂ'erles inone. o
When an ‘Eveready’ Nickel Cadmium battery runs down, At
you don’t throw it away, you charge it up. And you can do that up /66‘\
to 500 times per battery. P
They're completely sealed so they won't leak throughout /\@
the incredibly long life of the battery. //v\'.\c’
‘Eveready’ makes a range of “Nicad” batteries in all //,0* &
shapes and sizes. / \\\05\‘)
If you have a power problem, chances are an 5 *OQ;«O b4
‘Eveready’ “Nicad” battery could be the answer. / C,OQ@ /
Post the coupon to Union Carbide Aust.Ltd.,P.0.Box ,7o® &~ ~
5322, Sydney, N.S.W. 2001, and we'll send you a / 6(0 ot <
brochure that will answer all your questions. ,/(Oé‘
/ QJ o , 60
mm BATTERIES Products of ,{2\@"’ s &Q'% (;)&O
‘Eveready’ & ‘Union Carbide’ are registered Trade Marks. // \Sb Y‘b Qo 085.P 422
7/
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PRODUCT

TEST

RABCO ST-
straight line tracking
turntable oo

-———

o

Recommended retail price $680 Agent: Harman Australia
{excluding cartridge) ' 271 Harbord Rd.,
Brookvale, NSW
Tel: 939-2922
L 80 . ELECTRONICS TODAY INTERNATIONAL — OCTOBER 1975
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OF ALL the media available in the
domestic high fidelity field, the record
player, and the best recorded material
available for it, still stands head and
shoulders over other types of input.
When this is coupled with the
convenience, cost and availability of
material for the record player, it is not
hard to understand why tape
recorders, cassette recorders and radio
inputs have been unable to usurp it.
Nevertheless, record players are still
far from perfect although there is a
slow but definite improvement and
perfection in the state of the art.
Cartridges have been getting steadily
better year by year-but tone arms have
tended to lag behind in quality and
performance. The reasons for this is

quite simple, for whilst the cutting -

lathe which initially produces the

record cuts in a straight line from the

outer edge to the inner, the majority
of tone arms have been of the pivoted
type thus introducing a tracking error
which is a function of the angular
position of the cartridge and the tone
arm. .

STRAIGHT LINE TRACKING

Ideally, the pick-up arm should track
the record on a radial line and the
stylus should be connected to the
cartridge by a bar at a 156° angle to the
plane of the record. If this were
achieved, the playback system would
duplicate the characteristics of the
original recording system. Even the
shape of the stylus with the elliptical
point is a (reasonable) compromise in
terms of its copying the original wedge
— shaped stylus used in the cutting
lathe.

The anomaly has long been realised,
and over the past 60 years, a number
of ingenious linear or parallel tracking
. arrangements have been produced.
While some of them have been simply
ingenious and moderately effective,
there has always been at least one
limitation in the system offered in
terms of either bearing friction and,
even in some cases, a turntable inferior
to the tone arm system itself.

We have previously shown that errors
in tracking angle introduce
second-harmonic distortion as given by
the equation:—

where V is the
velocity of the
v groove modulation
THD (2nd) = k¢ —v_ Vis the groove
velocity and ¢ is
the tracking error
in degrees.

This is modified by the anti-skating
characteristics of a conventional tone
arm. . . .
Whilst the best conventional tone
arms do provide a measure of

MEASURED PERFORMANCE OF RABCO ST-7
STRAIGHT LINE TRACKING SYSTEM
SERIAL NO. 1750011

TURNTABLE
Wow and Flutter

0.25% rms

Hum & Rumble Equalized but

unweighted re 1 kHz at 5 cm/sec

Speed Variation

Turntable Weight

CARTRIDGE
(Shure V15 Mkl11)
Tracking force

Frequency response

Channel separation at 1 kHz
Improvement in channel separation
Channel difference at 1 kHz
Outputre 1 kHz at 50 mm/sec
Channel separation difference
between right & left channel

DIMENSIONS
{incl. dust cover)
Height
Width
Depth

WEIGHT

improvement in this region, none of
them (that we have seen) approach the
perfection which a true straight-line
tracking system theoretically has to
offer.

The Rabco ST-7 turntable is an
ingenious and elegantly simple
straight-line-tracking unit. In
appearance it is simple but impressive:
satin brushed aluminium .plinth;
substantial rubber isolators at the four
corners; neat straight-line tracking
system at the rear.

At the front right-hand corner is a
touch bar control system for selecting
33 1/3 rpm or 45 rpm speeds and stop.
At the left-hand front corner there are
two control knobs for fine speed
adjustment (speed is monitored by a
strobe light visible through a window
between the two knobs). The cueing
lever is located in the normal position
on the right-hand of the unit.

A touch bar switch is used for
selecting the various operating modes.

Each mode is selected by
momentarily touching a pair of
contacts. When this is done, a light
behind each contact pair indicates the
mode that has been selected — red for
stop, green for 33 1/3 rpm and blue
for 45 rpm.

.The cueing lever operates with
virtually zero pressure, however, in the
unit tested at least, its operation was
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—47 dB8
+8.1%
—-2.3%

1.1 kg

1 gram
20t0 20 kHz *0aB

2
28 dB
3dB
1dB
1.75 mV

mn

less than 2 dB

too fast and harsh — furthermore it
was difficult to cue reliably onto a
specific record groove as the arm did
not always drop completely vertically.
Having become used to better viscous

damping systems, we feel that some,

slight redesign is warranted in this
area.

MECHANICAL SERVO

The mechanical servo system used to
ensure straight-line tracking could be
classified under that common heading
of “"Why didn’t somebody think of
this sooner,” for it is both neat and
yet elegantly simple.

Basically it is a mechanical feedback
system.

A smooth cylindrical shaft is located
at the rear of the turntable. This is belt
driven from the turntable motor. A
tracking wheel, directly connected to
the tone arm gimbals, rests on this
shaft. . .

The pick-up stylus will of course
always atternpt to follow the record
groove in a straight line. As the tone
arm attempts to pivot at the correct
angle to track the pitch variations, the
angle of the tracking wheel changes
relative to the tracking shaft. This
change in direction of the tracking
wheel varies the lateral motion of the
carriage relative to the pitch of the
record groove. Being a mechanical
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eatures a polarity reverse swilch, zero adjust, single-knob range setector. OC Volts.
0-3-30-100-300-1000 at 10M ohms:volt. AC Volts: 0-3-30- 1900 300-1000 at 10K

ohms.volt. DC Current: 0-100 uA, 3-30-300 mA. Resistance. Rx1, Rx10, Rx 1000,
Rx10K, Rx1M (10 center scale). Decibeis. —20 10 - 62 in 5 range: es. Accuracy: +3% DC;
+ 4% DC. 7 x 5%2 x 3%". With leads. batteries, mstrucllons 22-206
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1000 Ohms/Volt AC-DC mn Tester — 8 Ranges. Handy for 30,000 Ohms/Volt — 27 Ranges, A super-sensitive VOM for 20,000 Obms/Volt — 25 Ra . A sensitive, full-range VOM

home and Features 1{ ¢ 2" meter, a 2-color high-accuracy measurements. Color-coded 4™ meter, four banana with single-knob nngu selector, big 4" meter with mirrored and
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instructions. 22027 Accuracy, +3% AC. =4% DC. Size, 6 x44x13,". With leads, leads, battery, instructions. 22.202

battery, instructions. 22-203

25 Reu
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20,000 Ohms/Voit — 18 Ranges. A low-priced VOM with “‘ex- 100,000 omm/vw — 27 Rnnm Double jeweled D’Arsonval 50,000 Ohms/Volt — 43 Ranges. Current and voitage “Range
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SYDNEY, ADELAIDE, BRISBANE, CANBERRA, COFFS HARBOUR, DUBBO, — i =

GOULBURN, MELBOURNE. NEWCASTLE. ORANGE. TAREE. TANDY INTERNATIONAL
TAMWORTH, WAGGA ELECTRONICS PTY. LTD.
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RABCO ST-7
straight line tracking turntable

feedback system, the correction is
continuous and automatic (provided
the system is in good repair).

Compared to the other systems
available, which use optical or
electrical servos, we believe that the
Rabco technique has distinct
advantages. It is simpler, has greater
overall reliability and minimises the
‘dead zone’ (hysterisis) from which all
electrical servo systems suffer.

TONE ARM

The tone arm is elegantly simple yet
extremely practical. It is very short
and light. It provides a range of
tracking weight adjustments between
zero and three grams and overall
comes closer to the theoretical
requirements of perfection than
almost any other arm that we have
seen.

Because it does not require an
anti-skating adjustment, it requires less
adjustment than a conventional
pivoted arm and has a smaller number
of pivot points than found in the
conventional arm. The pivots are
so-called Rolamite bearings — a
radically new form of bearing claimed
to be frictionless. Certainly we found
vertical friction to be too low to
measure.

To facilitate correct positioning of
the pick-up cartridge a special location

gauge is provided which clips onto the
tone arm.

One drawback of the system is that it
is necessary manually to position the
one arm carriage system above the
record lead-in groove before lowering
the tone arm. Likewise, at the end of
the record, where although the tone
arm is automatically raised, it is
necessary to slide back the carriage
roller before removing the record. But
is a small price to pay for the other
advantages that the system offers.

We have not included our normal
measurements of horizontal and
vertical friction in our data table.

Vertical friction — if any existed —
was too low to measure. A figure of
{less than) 40 milligrams was obtained
for horizontal friction but this figure is
more correctly a measure of the
self-aligning torque of the tracking
wheel — it is not necessarily related to
friction — and is included here for
interest only.

IMPROVED CHANNEL
SEPARATION

Perhaps the most interesting and
certainly unexpected result of our
objective tests was that the
straight-line tracking arm considerably
improves channel separation -—
particularly at high frequencies. As our
level recording shows, the
improvement is about 3 dB with our

V15 Mk Ill. However, other cartridges
showed almost dramatic improvements
— an Empire 4000D 11l for instance
showed no less than 8 dB
improvement compared with the same
cartridge fitted to a conventional top
quality arm! .

As we said earlier in this review a
conventional tone-arm must introduce
second harmonic distortion as it
sweeps in a arc across a record.

Manufacturers of straight-line
tracking turntables emphasise this
point. Their products are so designed
to eliminate or substantially reduce
this form of distortion.

The big question of course is whether
or not second harmonic distortion
really matters. It is generally a fairly
unobjectionable low level phenomena
and unless the turntable mechanism is
otherwise impeccable the distortion
witll be masked by other audible
imperfections in the rest of the
system,

Our experience with the Rabco ST-7
is that there is a measurable and
audible reduction in second harmonic
distortion at tracking velocities of 100
mm/sec and over. Below this tracking
velocity, distortion is still of course

"reduced, but the inherently poorer

signal/noise ratio tends to mask the
improvement.

Tracking performance of the ST-7 is
marginally better (with the Shure V15

HOW THE STRAIGHT-LINE TRACKING ARM WORKS

Drive Motor

A

§ 7’
Drive Bett .

Tracking Shaft Pulley

Tracking
Angle

Tone Arm and
Tracking Roiler

/ Rotation Axis

Carriage Guide

Tracking Shaft
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RABCO ST-7
straight line tracking turntable

Mk 1l1) than turntables with
conventional arms at tracking
velocities of 300 mm/sec and beyond.
However other cartridges fitted to the
Rabco arm did not show any
significant improvement except in
terms of slightly reduced distortion in
the region of 50 to 200 mm/sec.

HALL-EFFECT MOTOR

In keeping with other leading
manufacturers, Rabco have made use
of a Hall-effect controlled dc motor.
The motor used is quite small but
develops considerable torque.

The drive from the motor to the
turntable platter is via a carefully
ground belt which of course
effectively prevents motor vibrations
being transmitted to the platter. As
the manufacturer points out, any
residual rumble in the system is
generated by the turntable bearings. In
the unit tested these bearing generated
vibrations in excess of the
manufacturer’s specifications.

In all other respects the drive system
was adequate. Turntable speed was
particularly constant, varying a mere
0.2% from start to finish of a 12 inch
LP.

Our evaluation showed that the
Rabco ST-7 offers very good
performance when used with a really
good cartridge (the choice of which is
sensibly left to the purchaser). Its
simplicity of operation combined with
attractive styling should ensure its
commercial success.

On the debit side the level of rumble
was higher than desirable and the
cueing lever operation is clumsy
especially when one is trying to locate

a particular track on the record. These makes this system most suitable for
points really should be improved. either the novice or the faddist.

Overalt though, the Rabco ST-7 We do not believe the Rabco ST-7 is
offers exceptional performance, the perfect, as evidenced by the rumble
audible and measurable distortion is  figures, but as a state of the art

low and trackability when used with a improvement, we consider nevertheless
good cartridge is enhanced. The that it is one of the finest turntablﬁ

reduction in number of user controls currently available.
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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 312-565 — 445 Oxford St., Paddington, N.SW. A.H.451-7876

DABC

A 8 € Lin




The Dual 701 automatic single-play
turntable with electronic direct-drive system

The Dual 701 is in every respect the
finest turntable ever made. Its

full measure of superiority

can be appreciated best by

the most serious of discerning
listeners who impose the

highest possible standards on

their high fidelity equipment.

The specifications for wow, flutter
and rumble are a triumph for

its totally new kind of motor
designed by Dual expressly

for the 701. It is an all-electronic,
low-speed, brushless, DC motor
with Hall-effect feedback control,
and energized by a regulated
power supply. Its gapless rotating
magnetic field eliminates the
magnetic surges typical of all

other motor designs.

There are no hysteresis or
eddy-current losses, and the
rotational drive is uniform and
vibration-free.

Further evidence of the 701's advanced technology can be seen in the tonearm counterbalance, where
two mechanical, anti-resonance filters absorb the resonant energy that would otherwise transfer
spurious signals to the stylus.

The 701's many technical features set new standards for high fidelity record playback equipment, and
form the nucleus of the highest quality component systems.

Dual CS601-Dual’s first medium priced belt driven turntable

With the CS 601, Dual introduces its second fully auto
matic single-play turntable. The CS 601 drive system
consists of an 8-pole synchronous motor, developed
especially for this new model, and a precision belt
running directly from the drive shaft to a flywheel
beneath the 305 mm dynamically-balanced platter.

For the FRED A.FALK (sales) PTY, LTD.

finest

insound: 28 KING STREET,
Dual ROCKDALE, NSW 2216 Phone 597111
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L5 HOBBY KITS

To-days Technology for Your Enjoyment

h e— .
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7 PACK 1  Fibreglass PC Board with

Screened Component Overlay $ 5.00
PACK 2  Set of all Resistors, Capacitors $ 8.00
PACK 3  Set of all Semi-conductors (including

all Transistors, IC’s, Led, Zeners,

Diodes) $18.50
PACK 4 Set of all Potentiometers, Mains

Switch, Relay, Rotary Switch $12,75
PACK 5  Transformer $13.25
PACK 6  Metal Work—Chassis, Pot Bracket

Heat Sink $15.00
PACK 7 Miscellaneous Parts Kit — Knobs,

Sockets, Spacers, Wire, 240 Plug

and 3 core Flex Bolts, Washersetc  $ 5.50
PACK 9  Top Quality Walnut Veneered

Cabinet $10.00
PACK 10 Detailed Step-by-step Assembly

Manual $ 3.00
Total Cost of Individual Purchased Packs $95.00

GENERATOR

This incredibly popular project now given

-==7 the HOBBY KIT treatment.

— Pre drilled/screened front panel.

— Fibreglass PC Board with screened
Component Overlay.

— Pre-wound coils,

— Sockets for all IC's.

Complete to last detail including solder

and hook up wire. Full warranty support

applies. (Doesn’t include battery.)

$21.50

Designed by the ETI| Team the International 440 is a
remarkable combination of high performance, easy con-
struction and low cost.

We offer our own exclusive step-by-step assembly manua,
the choice of buying individual packs or the full kit and
a really good looking Walnut Veneered Cabinet that
guarantees you a professional finished product anyone
would be proud to own.

With our full Technical support and Warranty Service
(see below) you just can’t fail to build this kit!

FREE WALNUT GASE
WITH FULL KITS $85.00

Delivered Free Anywhere in Australia.
$115 Assembled and Tested.

Based on one of the most popular CDI
projects in the world, this proven design
has been updated and re-engineered to
ensure that the kit can be readily ass-
embled by anyone from a novice to an
expert design engineer. The kit comes
complete in every detail including all com-
ponents and hardware; screened, etched
and drilled PC Board, machined and fin-
ished metal work, pre-wound and tested
transformer and a unique, easy to follow
assembly manual that converts the ass-
embly task to sheer pleasure.

If you have any problems before, during
or after assembly — just call on our ex-

\ clusive Technical support and Warranty

ey
'l‘ . . - Service.

o $28.50
= (Assembled and tested $36.00) ‘
—E——— ————

MR 25
SCORPIO
CD1

s, !

FULL TECHNICAL SUPPORT
AND WARRANTY SERVICE

All Applied Technology HOBBY KITS are covered by
our exclusive 90 days warranty against faulty
components and packaging (full details with each
kit).
Yet another exclusive is the full technical support
service. If you are unable to make your HOBBY KIT
operational, help is just a phone call or a letter away.
If you do have to return any KIT for factory
attention, it will be repaired for a nominal service fee.

All kits are on display at our Factory Showroom.
Personal callers welcome — weekdays by appointment,
or anytime Saturday Mornings. Phone 476 4758.
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APPLIEOC
TECHNOLOGY
PTY. LTD.

109-111 Hunter Street,
HORNSBY. N.S.W. 2077
Phone (02) 476-4758
Open Saturday morning

Delivered FREE anywhere in Australia

Enclosed is my Cheque/Postal Note/Money Order for $
made out to APPLIED TECHNOLOGY PTY. LTD.
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