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DIRECT DRIVE 
SL 120  BASIC 
• Add tonearm of your choice. 
• Direct-drive brushless DC motor. 
• Wow & flutter: less than 0.03% WRMS. 
• Rumble: better than -50 dB [DIN Al, -70 dB [DIN BI• 
• Fast build-up time (within 1/2 rotation at 331/3 rpm). 
• 33 cm aluminium diecast turntable platter, dynamically 
balanced. 
• Stroboscope speed indication on tapered rim for easier 
checking. 
• Variable pitch controls (-± 5%). 
• Aluminium diecast base. 
• Audio-insulated legs. 
• Removable dust cover 

SL 1200  STANDARD 

• Direct-drive brushless DC motor. 
• Wow & flutter: less than 0.03% WRMS. 
• Rumble: better than -50 dB [DIN Al, -70 dB [DIN BI. 
• Fast build-up time (within 1/2 rotation at 331/3 rpm). 
• 33 cm aluminium diecast turntable platter, dynamically 
balanced. 
• Stroboscope speed indication on tapered rim for easier 
checking. 
• Variable pitch controls (-± 5%). 
• Precision-engineered tonearm with lateral 
balance and direct read-out of tracking force. 
• Anti-skating device. 
• Adaptable for discrete 4-channel (CD-4) records. 
• Aluminium diecast base. 
• Audio-insulated legs. 
• Removable dust cover stays open at any angle. 

SL 1300  AUTOMATIC 
• Automatic start, stop and return. 
• Memo-repeat mechanism — plays same record up to 5 

• tDimireecst.-drive brushless DC motor utilising the platter as part 

of the motor. 
• Wow and flutter less than 0.03% WRMS. 
• Rumble: better than -50 dB [DIN Al -70 dB [DIN Bl. 
• Pitch control range 10%. 
• 33 cm dynamically balanced platter. 
• Stroboscope speed indication on tapered rim for easier 
checking. 
• Precision engineered tonearm with gimbal suspension, 
"S"-shaped tubular, universal 4 pin connector, 
direct read out stylus pressure. 
• Anti-skating control. 
• Adaptable for CD4 records. 
• Audio insulated legs. 
• Removable dust cover stays open at any angle. 
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DYNAMIC NOISE FILTER  16 
Flexible low cost filter virtually eliminates record surface noise. 

200 WATT BRIDGE AMPLIFIER  26 
Economical way to interconnect two ET1 413 amplifiers for 200 watts. 

ACTIVE CROSSOVER NETWORKS  39 
Optimize multi-may speaker systems with this electronic approach to crossovers. 

LOGIC PROBE  46 
Build this essential tool for logic circuitry. 

LOGIC PULSER  49 
Companion to the ET1 logic probe. 

FREQUENCY METER  71 
Inexpensive unit works to 1 MHz in three switchable ranges. 

SPECIAL IREE EXHIBITION GUIDE  55 

INNOVATIONS IN ANTENNAS  84 
by Roger Harrison VK2ZTB 

ELECTRONICS IT'S EASY! 
Introducing the algebra of logic. 

94 

UNDERSTANDING COLOUR TV  104 
Final part  the grey scale and decoder adjustments 

IDEAS FOR EXPERIMENTERS  110 
A potpourri of circuits, ideas, hints and tips. 

AUDIO FACTS  116 
Regular new monthly feature — latest news on audio developments. 

DUAL DIRECT DRIVE TURNTABLE MODEL 701 
Hall-effect feedback control ensures almost perfect speed accuracy. 

 32 

NEWS DIGEST 5; ERRATA AND ADDENDA 126; ADVERTISING 
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COVER: Active electronic crossover networks may take over from our 
present passive compromise systems. Our picture shows the ETI active 
crossover described in full on pages 39-44 this issue. 

NM MONTH 
SCIENTIFIC 
CALCULATORS 
— which one is for you? 

OPERATIONAL 
AMPLIFIERS 
— practical three-part series. 

Projects include: 
* Active-crossover 

amplifier. 

Add-on amplifier boosts 
output of low power 
amps to 50 watts/channel. 

Simple switching unit 
provides tape to tape 
recording. 

* Logic IC tester. 

The feature articles listed above are 
included amongst those currently 
scheduled for our October issue. 
However unforeseeable circumstances, 
such as highly topical news or develop-
ments may affect the final issue content. 
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We plan to stay on top, AKAI model illustrated  broadcasts.  So make sure the AK Al Complete 
A5990. Recommended retail price $925.00. It  All AK AI equipment is covered by the  Protection Plan warranty card is with your 
delivers all known forms of reproduction.  Complete Protection Plan. This means 12  equipment. 
Mono, stereo, 4channel:—Matrix—sq—Discrete months full parts and labour warranty, 12  See your nearest AKAI Hi-Fi Professional now. 
—cD4, plus a highly sensitive AM 'FM tuner  months free insurance and a lifetime guarantee 
which even includes facility for 4 channel FM  on all Gx recording heads. 

The AK AI Hi-Fi Professionals are: NEW SOUTH WALES: Albury: Haberechts Radio & TV Pty Ltd 610 Dean St Brea: Easedowns Pty Ltd 187-191 Cargo St Bowral: Fred Hayes Pte Ltd 293 Bong 
Bong Si Broken Ht11: Pee Jay Sound Centre 364 Argent St Bu,-wood: Electronic Enterprises Pty Ltd 11 Bunvood Rd Concord: Sonarta Music Services 24 Cabarita Rd Canberra City: Allied Hi Fi & 
Records 122 Bunda St Civic Clatswood: Auk! Systems Pty Ltd 619 Pacific Highway Cr OnOrIll: Photo Art & Sound 287 Military Rd Crates Nest: Allied Hi Fi & Records 310 Pacific Highway Dee Why: 
Mastertone Electronics 824 Pittwater Rd Five Dock: Douglas Hi Fi 65 Parramatta Rd Fyshwick, ACT: Douglas Hi Fi 53 Wollongong Si Gorton!: Gosford Hi Fi 163 Mann St Griffith: The Record 
Centre 222 Banns Ave Hurstrille: Hi Fi House 127 Forest Rd Ltfiriore: Norman Ross Discounts 69-73 Magellan Si MarrickrtIle: Apollo Hi Fi 283 Victoria Rd Miranda Fair: Miranda Stereo & Hi Ft 
Centre Ply Ltd Shop 67 Top Level Mona Vale: Warringah Hi Fi Shop 5 Mona Vale Court Bungen St iVetecuitle: Eastern Hi Fi 519 Hunter St Newcastle: Ron Chapman Hi Fi 880 Hunter St Miura: 
G P Walker & Son Pty Ltd 96 Kinghorn St Parrantarta: Magnetic Sound Industries 20 Macquarie St Parrainatta: Selsound Hi Ft Pty Ltd 27 Darcy St Phi/lip, ACT: Allied Hi Fi & Records Cnr 
Townsehd & Botany Sirs Roseland, Roselands Hi Fi Pty Ltd Gallery Level Sweat Hurstville: Selsound Hi Fi Pty Ltd 803 King Georges Rd St. Peter, Allied Hi Fi & Records 331 P inces Highway 
Sumner  FidelaSound Centre 938 Liverpool Rd Sutherland: Sutherland Hi Fi 5 Boyle St Sydney: Jack Stein Audio Pty Ltd 275 Clarence St Sydney: Magnetic Sound Industries 32 York St Sydney: 
Ditty Free Travellers Suppliers Ltd 400 Kent St Wagga Wagga: Haberechts Radio & TV Pty Ltd Baylis St Wollongong: Hi Ft House 118 Keira St Wollongong: Selsound Hi Fi Pty Ltd 2-6 Crown Lane. 
VICTORIA: Melbourne: Douglas Hi Fi 191 Bourke St Melbourne: Pantiles Hi Fi Cnr Flinders Lane & Elizabeth St Warrnarnbool: AG Smith Pty Ltd 159 Liebig St QUEENSLAND: Boort& 
Woolworths (Qld) Ltd Brisbane Station Rd Brisbane: Chandlers Pty Ltd 112 Edward St Brisbane: Tel Air Electronics George St Fortitude Valky: Packard — Bell PR Ltd 102 WIL Our, St 
David Jones Pty Ltd Sydney Si Mt ha: The Sound Centre West St Netestead: Hendrix Pty Ltd 107 Breakfast Creek Rd Southport.. Trevor Stokes 

St Gknuide Metrovision TV Rentals Pty Ltd 16 Con ygham  St Adelaide: Soun d Centre  2001 115 Gouger  St WESTERN AUSTRALIA Pert h: Doug las 
Woolworths 1Q14) Ltd 345 Flinders St SOUTH AUSTRALIA: Adelaide: Ernsmiths 48-50 King William  St Adelaide: Flinders Trading Co 55 Flinders  KAI Scarborough St Toovfinfinba: Catchpoles Cassette Centre T & G Arcade Ruthven St Tootroornba: Humphreys Hi Fi Centre Ruthven St Torentrille: Hi Fi 83.3 Wellington St TASMANIA: Burnie: James Loughran & Sons Pty Ltd 29-31 Wilmot St Hobart: Quantum Electronics Pty Ltd 181 Collins St 

Launceston: Tasmans Acoustics Pty Ltd 62 Tamor St Launceston: Wills & Co. (1954) Pty Ltd 7-11 Quadrant Ufeerstohe: Gillards Music Centre 57A 
Reiby St NORTHERN TERRITORY: Darwin: Pfitzners Music House Smith St. 
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BELL LABS RECEIVES PATENT 

FOR NEW SOLID STATE 
DEVICES 

Two Bell Laboratories scientists 
have received a U.S. patent for a new 
class of semiconductor devices that 
has already stimulated extensive 
research and development efforts 
world-wide. 

Known as the charge-coupled 
device (CCD), the invention performs 
solid-state functions simply and 
inexpensively for a wide range of 
applications both within and 
outside the telecommunications 
business. 

For their 1969 invention of the 
CCD, Bell Labs researchers Willard 
S. Boyle and George E. Smith have 
won wide acclaim in research and 
development circles, including major 
awards from the Franklin Institute 
(the 1973 Stuart Ballantine Medal) 
and the Institute of Electrical and 
Electronics Engineers (the 1974 
Morris N. Leibmann Award). 

Charge-coupled devices are 
currently being considered for many 
possible uses ranging from a small 
colour TV camera for future 
videotelephone systems, through 
time-delay and filtering circuits for 
telephone transmission, to memory 
devices for use in electronic switching 
systems. 

The basic CCD described in the Bell 
Labs patent comprises three layers: 
one layer of metallic electrodes, one 
layer of silicon crystal, and a layer of 
silicon dioxide sandwiched between 
the other two that prohibits 
electrical flow between them. As the 
patent notes, however, other materials 
may be used. 

As do many other miniaturized 
solid-state devices, the CCD employs 
a phenomenon found in certain 
crystals: their ability to permit 
negatively charged electrons (or 
positively charged "holes") to move 
about inside the crystal. Most other 
devices use this phenomenon simply 
to change the electrical current that 
flows through them — to amplify or 
switch it, for example. The CCD, 
however, uses the phenomenon to 

store and transfer information in the 
form of discrete charge packets — 
collections of electrons, in effect — 
rather than flowing currents. 

To move the packets about in the 
CCD, the voltages on the electrodes 
are used to form "potential wells" — 
regions within the semiconductor 
into which the charge packets can be 
placed for temporary storage. The 
packets are then sequentially passed 
from one well to another under the 
influence of voltages placed on the 
electrodes. 

The packets of charge that represent 
information may be introduced into 
the potential wel s by other electronic 
devices, directly by light interacting 
with the silicon crystal, or by other 
means. Once arranged to store the 
desired information, the charge 
packets may be easily and quickly 
moved within OK device, with each 
packet typically consisting of up to 
10 000 electrons and contained in a 
thin layer about 0.25 mm on a side. 

Since the invention of the CCD, 
Bell Labs researchers have made a 
number of device;. These include 
shift registers in which the packets 
may be stored and moved in precise 
patterns, in two dimensions, and can 
be detected and measured at some 
location. The bas c shift register may 

be used to construct a recirculating 
memory, say for a telephone switching 
system, or it can be used to build a 
variety of filters for transmission 
systems. In another mode of 
operation, information can be read 
in at one rate and read out at 
another, thereby compressing or 
expanding the information in time. 
This feature can be used, for example, 
to put more than one phone 
conversation on a single line. Used as 
a memory, the CCD can replace such 
magnetic means of storing information 
as tapes, disks and drums. As a filter, 
the CCD might replace much more 
expensive and cumbersome electronic 
apparatus. 

Another use is in imaging devices. 
One example a solid-state camera — may 
be made by shining a light image on a 
surface of the crystal, creating a 
pattern of electrical charges. The 
electrical charges representing the 
optical pattern can then be read out 
in sequence, transmitted, and 
displayed on a conventional TV 
tube. Thus the CCD could be used 
one day to replace the much larger 
and more expensive vacuum camera 
tube. 

Already, imaging devices have been 
constructed which are 10mm on a 
side and have 56 000 picture elements. 
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TEXAS RELEASE 
DIGITAL WATCH 
Texas Instruments has now released 
its long-awaited digital watch — at the 
recent Consumer Electronics Show in 
Chicago. 
The watch, which sells for under 
USS100, was Texas Instrument's 
timing and control chip. A light emitting 
diode (LED) display is used — indicating 
seconds, minutes, tours, days and months. 

FACSIMILE TRANSMISSION 
NOW TOTALLY PORTABLE 
Recent approval by the PMG's 

department for the use of acoustic 
coupling to facsimile transceivers has 
opened the way for the marketing of 
truly portable units. 
Plessey Communications Systems 

have been quick off the mark with the 
release of the model KD211N facsimile 
transmitter/receiver. The compact 
(500 mm x 350 mm x 127 mm) unit 
weighing only 8.16 kg can be taken 
anywhere for ready transmission of 
vital information using a standard 
telephone instrument. 
The portable remote copier can be 

used with mains electricity, or be 
completely independent using power 
from a 12 volt battery. 
Detailed information in printed, 

typed, handwritten or drawn form 
can be sent over any distance. The 
same phone call can be used to per-
sonally discuss other topics of concern. 
Acoustic coupling eliminates the 

need for any wiring between the 
equipment and the communication 
line. The handset of a standard tele-
phone is simply inserted into the 
acoustic coupler on the unit. It can 
even be used in a public telephone if 
necessary. 
The KD211N, a development by 
Plessey of their larger desk mounted 
KD111 unit, produces dry electro-
sensitive copies for permanent 
reference. 
The new portable transceiver can 

transmit a full A4 size with 64 lines / 
inch in only three minutes or a maxi-
mum of six minutes with 96 lines / 
inch. 
The transmission system is an in-

built line coupler. There is an op-
tional phasing and line verification 
module to ensure correct reception. 
The Plessey model KD211N acousti-

cally coupled portable facsimile 
transmitter/receiver has already 

created interest among newspaper 
publishers with interstate offices and 
organisations with branch offices 
where salesmen can send and receive 
information considered vital in 
finalising a sale. 

SHORT WAVE LISTENING GROUP 
A short-wave listening group has 
been formed in Sydney 'to foster the 
hobby of DX listening and amateur 
DX contacts'. The group offers 
assistance and advise to beginners. 
Interested readers should contact 
the group directly — President is Neil 
Stollznow, 90 Bandabah Avenue, 
St. Ives, NSW 2075 — Tel. 44-6030. 

IMPLANTING GLUCOSE 
MONITOR FOR DIABETICS 
The Space Sciences Division of the 
US Whittaker Corporation manu-
facture and distribute implantable 
glucose sensor-monitor-alarm systems 
for use by diabetics. 
The glucose sensor system is an 
implantable bio-electronic device. 
With this device diabetics will be able 
to better control their insulin dosage 

and food intake so as to minimize the 
adverse consequences of diabetes. 
The glucose sensor, invented by 
scientists and engineers at Whittaker 
Corporation's Space Sciences 
Division in Waltham, Massachusetts, 
is in the final development stage of a 
joint development programme 
between the Whittaker Corporation 
and a diabetes research laboratory 
who are jointly seeking companies to 
license and manufacture the device. 
The remaining tasks consist of 
optimizing the various alternative 
modes of implementation followed 
by more extensive long-term animal 
implant tests in preparation for 
clinical validation tests in humans. 
It is expected that the final glucose 
monitor system will be about half 
the size of a heart pacemaker and will 
be implanted subscutaneously by a 
simple surgical procedure. Worn 
externally by the diabetic will be a 
miniature receiver plus micro-
computer and alarm system to 
signal when the body sugar (glucose) 
level is too high or too low. It will 
indicate which corrective action the 
diabetic should take. 

(Continued on page 11) 
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Philips Motional Feed-back 
Speaker systems. 

The cleanest west, most distortion-free 
sound üll ever believe possible • 

Philips Motional Feedback Speakers (MFBs) are totally unlike any other speakers 
you've ever experienced. Philips MFBs create their big, powerful sound by 
having 2 amplifiers built into the back of the enclosure-a 40W unit for the 
lower frequencies, a 20W unit for the middle and high frequencies, a total 
output of 60W RMS from each enclosure. 
And having their own amplifiers built-in, 
MFBs can be run off either a 
power or pre-amplifier. 
But the real story is Motional 
Feedback, the process that 
totally eliminates distortion. 
It works like this. A PxE 
crystal built into the MFB 
woofer picks up the motion of 
the cone and converts it into an 
electrical signal. This signal is 
fed back into a comparator to be 
converted to a signal that is 
complimentary to the original 

signal. This signal is then fed 
back through the MFB cone, cancelling any 

distortion that has developed because of the normal limitations of 
speaker boxes and speaker cones. 
The resulting power and clarity of sound is equal, if not better than 
the sound you ',/e heard from quality speakers 20 times their size. But the only way you're really going to believe how 
good they are is to ask your Philips dealer for a 
demonstration. Well, what are you waiting for? 

Original Signal 

Feed Back 

PHILIPS 

10  10  04  a  101  IN  ON  INS  a  Mt0 

Y3 octave plotted average room characteristic 
ROD 

Px 
Crysta 

IN N 

TECHnICAL DATA  
General: Semiconductors: 
25 transistors and 16 diodes 
Lamps: 1 pilot lamp 
Power Supply: 
120/240V Aft, 50 Hz 
Cabinet: 
Timber veneered, with 
perforated metal front. 
Dimensions: 
wxhxd = 283 x 378 x 212 mm 
Volume: 
15 litres, 9 litres acoustic. 
Total power of Amplifiers: 
60 Watt, cont. sine wave power. 
Frequency response: 
30-20,000 Hz 
loudspeakers: 
AD 8065/W4 MFB woofer 8" 
AD 5060/Sq8, 5 "squawker 
AD 0160/T8, 1" dome tweeter. 
Amplifiers: 
Amplifier for woofer: 
Output power: 
40W corn. sine wave power 
Harmonic distortion: 
D less than 0.1% at 30W 
Power bandwidth: 10-3,000 Hz 
Frequency range: 
5-2.000 Hz I +  d131 

Amplifier for squawker 
and tweeter: 
Output power: 
20W cont. sine wave power 
Harmonic distortion: 
D less than 0.1% at I5W 
Power bandwidth: 
100-50,000 Hz 
Frequency range: 
500-60,000 Hz ( + 0.5.-3 dB) 
Cross-over Frequencies: 
Electronic cross-over at 500 Hz 
Passive cross-over at 3,500 Hz 
Connections. 
Sockets for mains in/out 
DIN sockets (5-pole, 180°) 
for signal in/out 
Input sensitivity: 
IV at 3 kOhm, for connection 
of pre-amplifiers 3V at 35 Ohm. 
for connection of low power 
amplifiers. 7.5V at 25 Ohm, for 
connection of' high power 
amplifiers. 
Electronic On Off switch: 
Relay rise time less than I sec. 
at input signal greater than 
I.5mV: fall-off time greater 
than 2 mm. 

3670486 
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Free! full colour poster & book 
An apprenticeship in the Airforce. Is 

it really something to write home about! 
Find out for yourself. Send us the coupon 
and we'll send you a free poster and 
a book that gives you the lowdown on our 
trades and our way of life - good and bad. 
So, if you've reached the age of 15 and 

are not over 17 on I January, send off the 
coupon. Or contact your nearest Airforce 
Careers Officer before 6 October 1975. 

Air Force Apprenticeships. Something to write home about. 

fib 
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...hour and a half, and two hours 

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

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

This means more magnetic energy 
from the same tape surface area. The 
result: 
50% increase in volume without 
distortion, across the full frequency 
range. An added 4 dB of low frequency, 
distortion-free dynamic output. A higher 
level of high reproduction is attainable 
flat to 20 kHz with a lower compression 
factor. 

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

1 5  — 

0 

4 

Super Dynamic 
•  

-55   
Set  50 

None/011 
150  500 qtr 5  15 

—.frequency 

Performance specifications of the higher 
quality cassette decks are exceeded, 
the reproduction of any recorder is 
improved. 

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

BASF 

C O ) 

BASF 
the best in 
cassette sound 

® BASF Aktiengesellschaft. 6700 Ludwigshafen/Rhein, 
Federal Republic of Germany. 

Sole Australian Distributors: MAURICE CHAPMAN & COMPANY PTY. LTD. Sydney: 276 Castlereagh S reet, Sydney 2000. Melbourne: 146-150 Burwood Road, 
Hawthorn, Vic. 3122. Brisbane: 123 Abnotsford Road, Mayne, Old. 4006. Agents: —Newcastle: W. L. Redman & Co. Pty. Ltd.; Canberra: Sonney Cohen & Sons. 
State Distributors:—Adelalde: Neil Muler Pty. Ltd.; Perth: M. J. Bateman Pty. Ltd: Launceston: P. & M. Distributors; Darwin: Ptitzners Music House. 

BA4472 
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(Cont,6110d from p,ig). 

SIGNAL PROCESSING 
SEMINARS 
Don Munroe and Jon Noonan, 
senior sales engineers from Princeton 
Applied Research Corporation of the 
U.S.A., are to give one-day seminars 
on "low level signal determination", 
in Sydney and Melbourne in 
September. Each seminar will cover, 
lock-in-amplifiers, photon counting, 
light measurement techniques and 
boxcar integrators. 
The Sydney seminar will be held on 
Friday, 12th September at the 
Travelodge Motel, Camperdown, and 
the Melbourne seminar will be at 
the Travelodge Motel, St. Kilda Rd., 
on Tuesday, September 16th. 
Reservations for these should be 
made through: Tecnico Electronics, 
Premier St., Marrickville, 2204. NSW. 
Tecnico Electronics, 2 High St., 
Northcote, 3070, Vic. 

NON-CONTACT DEVICE 
MEASURES 10 MILLIONTHS OF 
AN INCH 
Radionics of New York have an-
nounced their RAD-9000 Series of 
non-contacting dial indicators. These 
instruments accurately measure short-
range mechanical motion without con-
tacting the surface being monitored. 
They enable measurements not 
possible by conventional dial indica-
tors, such as applications in which the 
work is moving fast or is either too 
rough or too delicate for common 
methods of measurement. 
Applications include the measure-
ment of shaft alignment, gear reduc-
tion alignment, fan-blade vibrations, 
multiple belt alignment, and lathe 
work in motion. It is also an excellent 
sensor for automatic and adaptive 
equipment used in manufacture of 
paper, plastics, glass and metal parts. 
In principle, the non-contacting dial 
indicator is a voltage reflection co-
efficient measurement apparatus 
especially adapted to physical motion 
or distance measurement. The various 
probes essentially constitute non-
radiating antennas which have been 
matched to the characteristic im-
pedance of the coaxial cable by means 
of a precision impedance matching 
network. As the probe approaches 
the work, the antenna detunes, and 
an impedance mismatch is established 
on the coaxial cable. This impedance 

mismatch is proportional to the 
distance of the probe to the surface 
being measured. The length of cable 
to probe is non-c-itical so that ex-
tensions of arbitrary length may be 
inserted without affecting calibration. 
A digital read-oJt indicates displace-
ment and a BCD computer-compatible 
output is also provided. For further 
information, contact Gollin Data 
Systems, 54 Lexton Road, Box Hill, 
312E1, 

COMPUTER GAMES 
A new and bricht computer games 
book is announced by joint publishers 
Hewlett-Packard Company and the 
People's Compu:er Company. Titled 
"What To Do After You Hit Return", 
the book illustrates the educational 
as well as entertaining value of some 
60 BASIC games distributed by the 
HP Contributed Library. 
The games range from simple 

routines for first graders (number 
guessing games) to the more sophis-
ticated social science simulations and 
space travel adventures (civil war 
simulation, Star Trek and Star 
Trader). 

The book is fresh, light and fun 
while subtly teaching the user valuable 
details about Cartesian co-ordinates, 
logics of game strategy and BASIC 
programming skills. 

All of the games illustrated in the 
book are written in BASIC and will 
run on the Hewlett-Packard TSB/ 
2000F Timeshare System, or can 
easily be converted to run on any 
BASIC timesharing system. 
"What To Do After You Hit Return" 
(HP 36000-91005) is priced at $6.95. 
A brochure with further details and 
ordering information is available with-
out cost from Marcom Department, 
Hewlett-Packard Australia Pty Ltd, 
31-41 Joseph St, Blackburn, Vic. 
3130. 
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PLANNING FOR 
NOISE CONFERENCE 
The Australian Acoustical Society 
will hold its 1975 Conference 
"Planning for Noise" at the 
Hydro-Majestic Hotel, Medlow 
Bath on the 19th to 21st 
September, 1975. The emphasis of 
the Conference is on planning, 
not only for today's noise 
problems, but looking to 
effective answers for the future. 
This Conference is a working 
conference designed to achieve 
maximum participation between 
delegates. The Conference employs 
an unusual format where each 11/2 
hour session is organised by a 
convenor who will lead a panel of 
experts to present their particular 
point of view. Each panel will 
examine solutions to their session in 
terms of:— 
(a)  Legislation 
(b)  Planning 
(c)  Noise Control 
(d)  Incentives 
(e)  The cost implication of these 

aspects. 
The conference will examine noise 
in industry; transportation noise; 

noise in and around the home; 
noise in offices; sports and recreation 
noise; and the noise of demolition and 
construction. 
These sessions are structured to 
allow the panel and delegates to put 
their views forward and emphasis has 
been placed on participation by 
experts outside the normal field of 
acoustics. Information about the 
Conference can be obtained from the 
Conference Registrar, Mr. D. Pickwell. 
02-428-3009 or P.O. Box 80, 
Crows Nest 2065. 

COMPUTER TELEPHONE SYSTEMS 
The Australian Post Office recently 
issued a tender for a stored programme 
controlled analogue local switching 
system — that is computer controlled 
telephone exchanges. 
Already in use in many countries, 

computer controlled telephone ex-
changes have many inherent benefits 
for both the telephone and tele-
communication authorities. 

The tender issued by the Australian 
Post Office is one of the most im-
portant ever offered to the Australian 
telecommunications industry and 
will involve the manufacture, supply 

and installation of hundreds of 
millions of dollars worth of equip-
ment over a ten year period. 
The APO is calling for a total network 

solution embodying remote controlled 
administration and maintenance which 
will enable the Department to take 
full advantage of the facilities of 
computerised systems. 
Philips Industries Limited, through 
its subsidiary company, Philips Tele-
communications Manufacturing 
Company Limited (Philips-TMC) is 
preparing a tender for the APO to 
supply its Philips PRX (Processor 
controlled Reed eXchange) equip-
ment, the bulk of which would be 
manufactured in Australia. Philips 
throughout the world has had a great 
deal of experience in the development 
and manufacture of computer 
controlled telephone exchanges and 
at present is supplying the Indonesian 
telecommunication authorities with 
more than $160 million dollars worth 
of PR Xs. 

PRX, the new Philips semi-electronic 
stored-program controlled telephone 
system is the result of long 
experience gained in telephone switching 
and in the application of electronics 

LIGHT BURST 
BURGLAR ALARM 
The major cost of most professionally 
installed burglar alarms is inter-unit 
wiring. 
A new system which overcomes this 
cost has been developed by a US 
company called Flashguard. The 
Flashguard system uses self-powered 
pyrotechnic flash 'cubes' to guard 
windows and doors. If an intrusion 
is attempted, the pyrotechnic sensors 
trigger and direct an intense flash of 
light to alarm control sensors. 
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and computers in communication 
technology. The system is designed for 
widely varying applications in public 
telephone networks — ranging for 
simple local terminal exchanges to main 
transit centres. 
The introduction of the 'stored-
program control' principle is certainly 
one of the most important milestones 
in telephone switching development. 
According to this principle all logical 
control functions and data are con-
centrated in the central processor, 
allowing a flexibility and variety in the 
switching facilities which could be 
achieved in electromechanical systems 
only at great expense — if at all. 
Having the logic in the software per-
mits easy accessibility and changing of 
functions and data via both internal 
and external data channels. 
As a result, centralized supervision 
and maintenance can be realized in an 
economic way. Functions such as 
blocking and unblocking subscribers, 
changing routing patterns, reading out 
metering data and other even more 
complicated functions can be initiated 
simply by commands transmitted over 
data links. 
A national and even international 
telephone network could be divided 
into a number of maintenance areas, 
each equipped with a processor con-
trolling, through data links, the 
several stored-program exchanges in 
these areas. In this way it would also 
be practicable to supervise traffic 
volume and the grade of service from 
a central point. This could provide the 
author ities with valuable data enabling 
future maintenance and expansion 
strategies to be planned and scheduled. 
The introduction of a well-organized, 

high-capacity control system such as a 
computer provides a number of new 
facilities which enable trunk net-
works to be used more efficiently. 
Because of their cost, conventional 
systems can incorporate only a limited 
number of these facilities. 
The introduction of computer tech-
niques and common-channel type 
signalling in the PR X system philos-
ophy could give rise to a data com-
munication facility which is not only 
of interest for data transport associ-
ated with the basic telephone functions 
but also offers a number of data ser-
vices of a quite different nature, such 
as inquiry from central data banks and 
other man-machine or even machine-
to-machine communication. 

STEREO 
PLAYERS 

w hich to buy! 
The Australian Consumers' Association has 
tested 16 modular stereo record players priced 
between $180 and $300. The full findings, com-
paring quality of reproduction and prices, are 
published in the July issue of CHOICE. You 
will receive this ... 

FREE 
... if you subscribe to CHOICE on this coupon. 
Your full year's subscription will begin with 
the August issue, which has tests on 21 
VACUUM CLEANERS plus reports on SOLAR 
HEATING and ELECTRICITY CHARGES. 
The September issue features the findings of 
tests on 13 FOOD MIXERS. 
ACA is a wholly independent, non-political, 
non-profit organisation. Subscription of $10 per 
year brings you CHOICE each month and the 
right to purchase back copies at a nominal 
charge. Also binders to hold 12 copies are 
available at $3 each. 

• (HOKE 
ACA, 28-30 Queen Street, Chippendale, N.S.W. 2008. 
Phone 69-5447 (Sydney). 
I enclose $10 to join ACA and receive CHOICE for a 
year starting with the August issue. I understand the 
July issue will be sent to me free. 

NAME   

ADDRESS   

• 
POSTCODE   

W00116ETI 
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NEW MANAGING DIRECTOR FOR 
TEKTRONIX 
Tektronix Australia Pty. Limited have 

announced the appointment of Mr 
Graham Williams as Managing Director, 
effective June 27, 1975. Mr Willia.ns 
joined Tektronix in 1972 as a Sales 
Engineer, and has subsequently held 
positions as Manager of Tektronix 
Operations in Adelaide and National 
Sales Manager. 
Tektronix Australia's Managing 
Director for the past three years, Peter 
Strong, will be returning to the U.S.A. 
Parent Organisation in a Division 
General Management position. 

INDUSTRIAL COMMUNICATION 
SYSTEM 

Selective communication between 
individual stations as well as 'ring' 
communication without a large central 
amplifier is a feature of a modular 
industrial loudspeaker communication 
system whis:h can be installed quickly 
and altered easily to meet changing 
conditions. The system has been de-
veloped by GEC-Elliot Process Auto-
mation (UK). 

Direct access to the system — the 
Clearcall 300 — is by switch instead of 
dialling. Each station can be fed from 

NEW FLUKE DMM FOR PEAKING 
AND DIPPING MEASUREMENTS 
A new version of the Fluke 8000A 
31/2 digit DMM designed to perform 
analogue peaking and dipping 
measurements as well as the regular 
digital functions of the unit has been 
introduced by the John Fluke Mfg. 
Co., Inc., Seattle based manufacturer 
of precision electronic instruments 
and systems. 

Designated the Model 8000A/MTR, 
it carries all the features of the standard 
8000A plus an analogue panel meter. 
The panel meter can be used not only 
for peaking and dipping measurements 
but also indicates battery status of 

the optional self-contained rechargeable 
battery pack. 
The Fluke 8000A/MTR measures 
voltages from 100 microvolts to 1200 
volts, ac-dc currents from 100 nano-
amps to 20 amps and resistance from 
100 milliohms to 20 megohms. 
Options include rechargeable 

battery pack, digital printer output 
and high current and low ohms 
measurement capability. Accessories 
available include RF, HV and ac 
current probes, rack mount kits, test 
lead kits, dust covers and carrying 
cases. 
Details from Elmeasco Instruments 

Pty. Ltd. P.O. Box 334, Brookvale, 
NSW 2100. 

the nearest power point so that cabling 
costs are kept low. 
The system is claimed to provide 
efficient speech communication even 
in noisy environments. 
A basic 'ring' system comprises 
several speech transmitter/receiver or 
'talk back' stations, linked by one pair 
of signal wires and with the power for 
each station supplied by a 'ring' main 
taken from the nearest supply point. 
Up to 100 stations may be linked 
and any one of them can initiate com-
munication by merely calling the re-
quired station by name. All other 
stations on the 'ring' hear the message 
— a useful feature in continuous-
process industries where different 
operators and departments must know 
of local (or station) conditions that 
may affect production flow. 
The standard 'talk back' station is a 
self-contained unit, either wall-mounted 
or free-standing, with built-in micro-
pnone, small loudspeaker, pushbutton 
switches for 'speak' and 'call', pre-
amplifier and drive amplifier. If re-
quired, the unit may be panel-mounted. 
Additional horn speakers can be 
provided. 
If selector and/or exchange stations 
are linked into the system, communica-
tion between individual 'talk back' 
stations can be selective. A selector 
station incorporates the normal 
transmitting/receiving facilities as well 
as a selector/switching unit with each 
switch allocated to one station. 
An exchange station is, in effect, a 
master control providing selection of 
up to 36 out-stations for selective 
communication. By choosing the ap-
propriate switches, its operator can 
create temporary multi-station 'ring' 
systems without affecting inter-
communication facilities between 
exchange and other out-stations. There 
is also a facility for hailing all stations 
simultaneously. 
System flexibility is further increased 
by temporary plug-in 'talk back' 
stations, hailing stations and facilities 
for mounting equipment on travelling 
cranes and other movable in-plant 
machinery. 
Details from GEC Measurement & 
Control Division, P 0 Box 170, 
Artarmon, NSW 2064. 

(Continued on page 123) 
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C&K Switch 
Selector 

The switch is to C & K 
because switches from 
C & K Components, Inc. 
(USA) are superior in 
every design aspect 
through engineering 
know-how and 
experience. Quality, 
craftsmanship and care 
make each of these 
switches a precision 
component. 
The types illustrated 
are simply a basic cross 
section of the range 
available. The range 
embraces the widest 
possible variety of 
switch combinations to 
meet every requirement 
. . . Toggles, Rockers, 
Illuminated Rockers, 
Paddle Handle, 
Pushbutton. 

Miniature, 
subminiature and 
microminiature sizes in 
many circuit/position 
configurations are 
available in one, two, 
three and four pole 
models. All switches 
feature rigged. 
construction and simple 
mounting . . . long-term, 
trouble free operation is 
ensured. 

Toggle switch 
contacts are rated 2 
amps @ 240 VAC and 
5 amps @ 28 VDC 
resistive load. 

A catalogue 
containing full 
specifications, options, 
mounting information, 
panel layouts, etc., is 
available on request. 

PLESSEY 
Plessey Australia Ply Limited 
Components Division 

Box 2 PO Villawood NSW 2163 
Telephone 72 0133 Telex 20384 

MELB.: Zephyr Products 
Ply. Ltd. 56 7231. ADEL.: 
K. D. Fisher & Co. 223 6294. 
PERTH: H. J. McQuillan Pty. 
Ltd. 68 7111. N.Z.: 
Henderson (N Z) 6 4189. 

Subminiature 
momentary 
pushbutton 

J60 Snap-in 
Paddle/handle 

J10 Rocker 

approx. 45 5 ze 

X Locking lesie , 

Right angle 
mounting / Flatted 
toggle 

Subminiature 
single throw 
pushbutton 

NIL 

"i‘645 .41 

a 1 

Standard 
subminiature 
toggle 

Snap-in 
illuminated 
rocker 

approx. 14. size 

J4 Paddle 
handle 

approx. 2/3 size 

Subminiature 
momentary 
pushbutton 

Right angle 
mounting / Short 
toggle 

Microminiature 
single throw 
pushbutton 

C  K 55 

ii 

T Large toggle 
large bushing 

approx. 341 size 

J Snap-in 
pushbutton 

J2 Paddle 
handle 

approx. 2/5 size 

Right angle 
PC mounting 
pushbutton 

Right angle 
mounting/Standard 
toggle 

J1 Rocker 
Wire wrap 
terminals 

approx. 65 size 



DYNAMIC 
NOISE 

Flexible low-cost noise filter virtually eliminates record surface noise. 

DESPITE denials from many record 
manufacturers,  many  present  day 
recordings  have  excessively  loud 
surface noise — and this cannot be 
reduced  using  conventional  tone 
controls  without  also  losing  a 
substantial amount of the programme 
content. 

Serious collectors of older recordings 
have an even more serious problem. 
Most of these records are quite noisy 
— even by today's standards. For 
example, 78 rpm commercial discs, 
even though in mint condition, will 
have a typical signal-to-noise ratio of 
only 30 to 35 dB due to the abrasive 
nature of the record material. 

Many  collectors  dub  their  best 
records onto tape. This way they may 
be played as often as desired — and 
conveniently  shared  with  other 
col lectors  —  while  the  often 
irreplaceable  originals  are  safely 
preserved. Also, the sound can often 
be improved considerably during the 
copying process through equalization 
and filtering. 
This  article describes a flexible, 
low-cost  noise  filter designed  for 
taping  records  with  a maximum 
"fidelity-to-noise" ratio.  It can be 
duplicated by the serious electronics 
hobbyist for about $80, or slightly less 
if certain features or ranges won't be 

Fig. 1. Interior of prototype unit. 
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needed. Although not recommended 
as  a  beginner's  project,  the 
experimenter  with  some  circuit 
experience should have no difficulty. 
Minimum equipment requirements are 
an oscilloscope, sine wave generator, 
and multimeter. 
The heart of this circuit is a dynamic 
noise  suppressor  with  frequency 
characteristics  and  convenience 
features which are optimized for its 
intended use. The concept of dynamic 
noise suppression has existed for many 
years. Workable circuits were designed 
by H.H. Scott in 1946, and their 
performance was improved by Scott 
and others in 1947 and 1948. Then 
with  the  advent  of  the  vinyl 
microgroove record and the rapidly 
increasing use of tape, both of which 
offered  a  considerable  noise 
improvement over the 78 rpm system, 
the dynamic noise suppressor was 
almost forgotten. Recently, R. Burwen 
has revived this principle and applied it 
primarily to tape playback. Taking full 
advantage  of  modern  integrated 
circuits, Burwen has designed highly 
sophisticated and flexible systems with 
impressive  specifications.  These, 
however, are too expensive for many 
hobbyists and do not have frequency 
characteristics optimized specifically 
for  old,  intrinsically  band-limited 
material. 

THEORY 
Dynamic noise suppression is simple 
in concept. Record surface noise varies 
in spectral content, but the higher 
frequencies  (above  1 or  2 kHz) 
predominate.  Low-pass  filtering  is 
commonly used to limit noise. But 
unless used sparingly, this type of 
filtering band-limits the programme 
material, making it sound muffled and 
lifeless. The dynamic filter, however, 
provides a method by which a signal 
can be effectively extracted from the 
noise  (at  least subjectively)  when 
signal and noise occupy overlapping 
frequency ranges. 
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Operation  of the dynamic noise 
suppressor  depends  upon  a 
characteristic of the human auditory 
apparatus. If two signals occupying 
well-separated frequency ranges are 
present  simultaneously,  they  are 
clearly perceived as individual entities. 
(This effect is often used to advantage 
in public address systems for noisy 
environments.  If  considerable 
high-frequency boost is used, voice 
announcements  will  seem  to  cut 
through  ambient  noise  of 
predominately  lower  frequency 
without having to be excessively loud.) 
This is the case, at least for a large 
portion of the time, for a typical 
recorded signal with attendant surface 
noise; hence, the annoyance of the 
noise. However, if two simultaneous 
signals occupy substantially the same 
frequency ranges, the ear will tend to 
hear only the louder signal and ignore 
the weaker one. A level difference of 
only a few dB is sufficient for one 
signal to effectively override, or mask, 
the other. Operation of the dynamic 
noise suppressor depends upon this 
masking effect. 

The dynamic filter has a fairly steep 
low-pass characteristic which, in the 
absence of signal, starts cutting off at 
about 1 kHz. This very effectively 
rejects the noise spectrum. When a 
signal  having  high-frequency 
components at sufficient amplitude 
comes along, the filter is made to 
"open  up";  that  is,  its  cutoff 
frequency is quickly raised. As the 
high-frequency  programme  content 
drops in frequency and/or amplitude, 
bandwidth contracts. The idea is that 
when  high-frequency  signal 
components are present, they will tend 
to mask  the accompanying noise. 
When highs are not present, the wide 
bandwidth is not needed. Admittedly, 
the recovered signal is not as faithful 
as a noise-free original would be. For 
example, high-frequency content in 
low-level passages may be lost. Of 
some help here is the fact that many 
musical instruments tend to have less 
harmonic content at low acoustic 
levels. In spite of this compromise, the 
processed signal is usually far more 
pleasing to the ear than the noisy 
input signal. 

The bandwidth  control signal  is 
derived  by  separating  the 
high-frequency  programme 
components from the signal-plus-noise. 
Unless the signal level is consistently 
higher than the noise to begin with, 
this becomes impossible. Thus, there is 
a minimum signal-to-noise requirement 
below  which  no  improvement  is 
possible. As the original S/N improves, 
the dynamic suppressor's performance 
improves also. 
Ideally, the signal frequency range to 
which bandwidth is most sensitive 

240VAC 

4-15 VDC TO -I5VDC TO 
PIN 7, ALL  PIN 4, ALL 
OP AMPS  OP AMPS 
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Fig.2. Block diagram of system. 
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should correspond to the frequency 
range  of  maximum  noise.  The 
optimum  filter  characteristic  for 
separating  the  bandwidth-control 
signal from the noisy input thus varies 
widely with the characteristics of the 
noise with which we are dealing. 
Bandwidth control sensitivity (or gain) 
must be set properly for the incoming 
signal  level  and  noise  properties. 
Bandwidth should respond rapidly to 
signal  changes  to  avoid  loss  of 
transients  and to  prevent audible 
"swishing"  sounds  which  can  be 
produced  by  delayed  bandwidth 
contraction. 

DESIGN APPROACH 
I have tried to implement the basic 
requirements  outlined  above  as 
completely  as  possible  in  an 
easy-to-use, low-cost unit. A dynamic 
high-pass filter stage was considered 
but later drop3ed, as high-frequency 
noise predominates on most older 
records.  Low-frequency  noise  can 
usually be handled adequately with a 
simple manually-set rumble filter. 
Figure 2 sh3ws an overall block 
diagram of the loise filter. Operational 
amplifier  Al  is connected  as  a 
non-inverting amplifier with a voltage 
gain of 3.2 (10 dB), enabling the 
system to be driven to 0 VU with an 
input level of 0.25 volt. This amplifier 
also serves as a buffer, providing an 
input impedance of 100 kilohms for 
compatibility with virtually any signal 
source. 
Amplifier Al drives the rumble filter, 

which could be omitted if one is 
available in the associated external 
equipment.  Following  this  is the 
pre-filter, which is simply a low-pass 
filter with a manually set cutoff. This 
filter is important for several reasons. 
First, it removes noise which is above 

INPUT 
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cpa-° —)  
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ON aa' @---

COMPARE 

DM SUPPR  

. 1  VOLTAGE 
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L-P FILTER 

10 K 
(AUDIO TAPER) 
SUPPR GAIN 

H-P FILTER I SET 

AND 
PRECISION  BASS 
DETECTOR FRE() 

SET  SET 

f co  T.C. 

the frequency range of the recorded 
signal. Many recordings have no signal 
content above 4 or 5 kHz (even lower 
for  acoustic  records),  and  no 
programme content is lost by cutting 
off the upper range. Thus, the total 
noise  voltage  is  lowered,  often 
appreciably, permitting the use of 
higher suppression gain settings as will 
be seen later. Another reason for this 
filter is that the dynamic filter can do 
nothing to reduce the annoyance of 
high-frequency  distortion. 
Further more,  since  a 
limited-bandwidth  signal  cannot 
effectively  mask  higher-frequency 
noise, removal of the latter helps to 
eliminate audible evidence of the 
continually changing bandwidth. 
From the pre-filter output the signal 
passes  to  the  voltage-controlled 
low-pass filter and, via the suppression 
gain  control,  to  the  high-pass 
filter/precision  detector  whose 
function is to derive the bandwidth 
control signal. This point additionally 
goes to a switch which permits the 
dynamic filter to be by-passed at will 
so that its effect with various control 
settings may be easily judged. Another 
switch  permits the output to be 
compared with the "raw" input signal. 
All of the filters used in this system, 
including the voltage-controlled filter, 
are of the 2-pole active type, giving a 
12  dB/octave  rolloff  slope.  The 
damping factor is chosen (with one 
exception) for a Butterworth response, 
which produces the steepest possible 
slope beyond cutoff with no peaking 
in the passband. (High-pass filters with 
3 dB peaking were tried, but these 
produced a slightly rough, "grainy" 
sound compared to the flat-passband 
version.) The design approaches are 
widely published and need no further 
discussion  here.  The rumble filter 
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DYNAMIC NOISE FILTER 

100 
7Q0  0150 

(NC)  F --43 Fco(Hz) 
OF 

Fig.3. Optional high-pass rumble filter schematic. 

Fig.4. Schematic of the low-pass pre-filter. 

(Fig. 3) and the pre-filter (Fig.4) are of 
this type; their response curves are 
shown in Fig.5. The rumble filter is not 
essential  to  proper  suppressor 
operation, but is convenient in case an 
effective low-cut filter is not included 
with the associated preamplifier in the 
copying setup. The design shown here 
has  rather  high  settings  intended 
primarily for acoustic records. 
The  bandwidth  control  signal  is 
derived with the circuit of Fig. 6, 
which consists of a high-pass filter 
followed by a precision detector. The 
filter damping factor is made low in 
order to produce a pronounced peak 
and more rapid low-frequency rolloff 
(Fig.  7).  Three selectable  cutoffs 
produce peaks at 3.5, 5, and 7.5 kHz; 
these were empirically determined to 
best accommodate a wide range of 

OU
T
P
U
T 
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V
E
L 
— 
de 
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noise  characteristics  and  recorded 
bandwidths. 
The knowledgeable enthusiast could 
readily modify the cut-off points to 
suit his own particular application. 
The filter output is coupled to the 
detector via a small capacitor to make 
the low-frequency rolloff even steeper 
below 1.6 kHz. The precision full-wave 
detector uses diodes in the feedback 
circuit of an op-amp to effectively 
produce  ideal  rectification 
characteristics down to the millivolt 
region. The output amplifier doubles 
as a post-detection filter. Resistor R 
determines the gain, and capacitor C 
makes  this  stage  behave  as  an 
operational  integrator  with  time 
constant RC. A switch is provided for 
increasing  the  time  constant  by 
paralleling capacitor Cl; this is helpful 

Fig. 5. Frequency 
characteristics of the 
manually-set rumble filter 
and pre-filter. 

with sources having sharp impulse 
noise.  The  output  of  the 
detector/filter  circuit  controls  the 
bandwidth of the dynamic suppression 
filter according to the curve of Fig. 9. 
Early experiments showed that it is 
undesirable to  make the no-signal 
cutoff lower than absolutely necessary 
to substantially reduce noise with a 
particular signal source. When the 
cutoff is made lower than actually 
needed, weak signals are unnecessarily 
band-limited and the dynamic filter 
produces  such  a level-dependent 
bandwidth contrast that its action is 
much more likely to be audible. Hence 
a BASE  CUTOFF  (not  "BASS 
CUTOFF") control was found to be 
desirable. This control is simply a pot 
which offsets the detector output at 
zero signal level by applying a variable 
reference voltage to  the op amp 
non-inverting  inputs.  This voltage, 
variable from about —1 volt to —6 
volts, establishes a "starting point" or 
base cutoff frequency which can be set 
just low enough to virtually eliminate 
no-signal noise. 

The variable-cutoff filter, Fig. 8, is 
the very heart of the system. Since 
there  is some part selection and 
adjustment  necessary,  it must be 
checked  out separately. The basic 
configuration is similar to that of the 
pre-filter,  except  the  latter's 
switch-selected  resistors have been 
replaced  by  field-effect transistors 
IF ETs). FET channel resistance Re's 
changes as a function of gate voltage 
VG s as shown in Fig. 11, thus varying 
cutoff frequency. A resistor across 
each F ET establishes a solid lower 
cutoff limit and smooths the control 
characteristic as the FETs approach 
their "off" state. The gate circuit 
network, consisting of diode D1 and 
resistors R1 through R5, is used to 
empirically shape the control curve 
(Fig. 9) for best audible results. Diode 
D1 prevents excessive positive gate 
drive, maintaining isolation between 
the gate and signal circuits. 

An input attenuator (R10 and R11) 
limits the signal amplitude presented 
to the FETs to about 0.1 volt p-p at 0 
VU to ensure low distortion. Output 
amplifier A7 makes up exactly for this 
loss.  An op amp having external 
frequency compensation was used here 
so that this relatively high-gain stage 
could be tailored for flat response to 
15 kHz (a ma741 could be used, but 
would roll off slightly above 10 kHz). 
Resistors R16 and R17 attenuate the 
output signal by an amount equal to 
the gain, so that this amplifier doubles 
as the unity-gain buffer required for 
filter operation. The highest cutoff 
frequency is dictated by minimum 
F ET resistance and capacitors Cl and 
C2. The latter should have values in a 
ratio of about 3:1 to produce the 
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1000pF  1000pF 
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Fig. 6. Bandwidth control signal separation 
filter and precision rectifier. IC A6 circuitry  5 5 
may be modified, as shown in separate  PEAK REj 
detail, for shorter attack with respect to  F Q 
decay time - note that R1 and R2 also  (kHz) 
affect rectifier gain so time constant 
changes are not completely independant 
of 'suppression' gain. 
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fl  ITT.T. 

1 
- 42  1' 

' 
100  1K  10K 

desired Butterworth response. Figure 
10 shows the measured response of the 
complete filter for four values of 
control voltage. 
Unfortunately, FETs vary widely in 
characteristics, even between units of 
the same type, so these devices must 
be selected. The two FETS must be 
reasonably well matched over at 15:1 

s range for a 15:1 range in cutoff 
frequency (15 kHz to 1 kHz). (Dual 
matched FETs are available, but are 
more expensive and not necessarily 
matched for the parameter of interest 
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Fig.?. Frequency 
characteristics of the 
filter used to derive the 
bandwidth control 

here.) A transistor curve tracer is most 
convenient  for  this  purpose  and 
permits selection for best linearity as 
well as matching. I used N-channel 
2N4220s on h3nd ($1.50 each) and 
selected the best matched pair out of a 
group of six units. Figure 11 shows the 
VI characteristcs of one of these. 
There are many other inexpensive 
FETs which shculd work as well, such 
as the 2N5484, 2N5716, and 2N5717. 
In  fact,  any  general-purpose, 
depletion-type FET with fairly low 
zero-bias current (loss ) and pinch-off 
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voltage  (Vp)  should  be  usable. 

P-channel  units  would  require 

reversing diodes D1 and 02 and the 

polarity of the control voltage. 

If a curve tracer is not available, the 

setup  of  Fig.  12  can  be  used.  A 

transistor  socket  will  facilitate 

changing FETs. A good procedure is to 
first measure Fips at VGs = 0. Then 
increase  VG s  (negatively  for 

N-channel FETs) until 130s is about 
three times the zero-bias value; this 
corresponds to a mid-range  cutoff 
frequency where matching is the most 
critical. With  this  VGS setting  try 
different FETs until a 10 percent or 
better match is found. If Ros  values 
seem to cluster higher or lower, try 
another unit as a reference and try 
matching to it. When matched units 
are  found,  check  the  match  at 
minimum Ros  (V05  = + 0.5V) and at 
10 times this value of Flos. A 20 
percent mismatch can be tolerated at 

f  

-0  -  -4  -5  - 4  - 3  -2  -1  0 

Vc - VOLTS 
•  •2  .5  .4  .5 

Fig.8. Voltage-controlled filter schematic. FETs 01 and 02 
are critical and must be selected (see text). 
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Fig.9. Variable-bandwidth filter cutoff 
frequency vs. control voltage. 
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DYNAMIC NOISE FILTER 
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Fig. 10. Variable-bandwidth filter characteristics for several control 

voltage values. 

these extremes. My 2N4220s measure 
610 ohms at zero bias, 360 ohms at 
VG S + 0.5V., and about 8 kilohms 
at VG s = -0.7 V. R11 and R12 are 
chosen for a cutoff of between 800 Hz 
and 1 kHz with the cootrol voltage at 
its maximum negative value of about 
-6 volts. Circuit cutoff at zero FET 
bias should be roughly 12 kHz (see 
Fig. 9). A slight forward bias, limited 
to about +0.5 volt at the FET gates by 
diode D2, then boosts the cutoff to at 
least 15 kHz with maximum positive 
output from the precision detector. 
Resistors R6, R7, R18, R19, and 
R20  reduce  harmonic  distortion 
significantly. R6 and R7 feed some 
signal to the FET gate circuit so that 
signal voltage does not appear between 
source and gate, which would make 
Aps  vary slightly with instantaneous 
low-frequency signal amplitude and 
polarity. R18, R19, and R20 feed 
back some output signal to the gates 
to further reduce distortion (this is a 
cancellation effect, not true negative 
feedback). 
Distortion settings are best made in 
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the vicinity of cutoff, where FET 
linearity is the most critical. Connect a 
variable-voltage d.c. source (the slider 
of a 5 k pot temporarily connected 
between - 15 V and ground will 
suffice)  to  the bandwidth control 
input and set it for a cutoff frequency 
of  2 kHz.  Then, with a 2 kHz 
sinusoidal input at about 0 VU (2.2 V 
p-p), set trimpots R7 and R18 for 
lowest  harmonic distortion at the 
output.  It should  be  possible to 
sharply  null  the  total  harmonic 
content, which consists primarily of 
the 2nd and 3rd harmonics, to at least 
60 dB below 0 VU. Then vary the 
cutoff  frequency  and  make  sure 
distortion is low for all settings. Of 
course, the filter itself will reduce 
harmonic distortion appreciably at its 
lower  cutoff  values.  Lacking  a 
distortion meter or wave analyzer, 
these adjustments can be made quite 
well by driving the ir•nut at 7 volts p-p 
(10 dB above 0 VU)  ac:centuate the 
distortion and setting very carefully 
for a symmetrical output waveform as 
monitored by a 'scope. Fixed resistors, 

RESISTOR 
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I SET DESIRED VGs 

2 SET R FOR VDs  0 050 V 

3 RDS  (APPROX) 

CASE 
MEASURE  (N C) 

VDS 

Fig. 12. Set-up for selecting FETs by static measurements 
(see text). Small 15 V batteries or the power supply of 
Fig. 13 may be used. 
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Fig. 11. Variable-resistance characteristics 
of a junction field-effect transistor 
with low values of drain-to-source voltrage. 

determined by two decade boxes (the 
settings  interact somewhat),  could 
replace the pots. These adjustments, 
once made, are permanent unless the 
FETs are changed. 
Figure 13 shows the distortion of the 
complete noise filter measured at two 
fixed values of bandwidth control 
voltage. At normal levels, distortion is 
so low that it is largely a measurement 
of the harmonic distortion of the test 
oscillator. The large margin above 0 
VU  passes the highest programme 
peaks ever likely to be encountered 
without clipping. 
The simple power supply of Fig. 14 
easily supplies the power requirement 
of  15 volts at about 10 mA. 

CONSTRUCTION 
The entire filter can be duplicated 
for about $80 with new parts. Very 
few components are critical and sub-
stitutes can be used in most cases. 
Quarter-watt, 5 percent composition 
resistors are suitable. Layout is not 
critical, since signal levels are high and 
impedances  are  relatively  low.  I 
strongly recommend that each of the 
functional blocks of Fig.2 be built and 
checked for reasonable conformance 
with the curves before integration into 
the system. This makes troubleshooting 
for  errors  and  occasional  bad 
components much easier, practically 
ensuring success. My unit (Fig. 1 and 
lead photo) is a "breadboard in a 
box." The circuit is still undergoing 
occasional changes, even though it is a 
third-generation  model.  Parts  are 
mounted on terminal boards which 
were on hand. A neater approach 
would  be  to  use  the 
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commercially-available  matrix-board 
with snap-in terminals. 

OPERATION 
After checking the wiring, apply 
power to the unit and check for 
proper power supply voltages. Positive 
and negative supplies should both be 
between 14 and 16 volts with respect 
to ground. Much lower values would 
indicate a short circuit or bad op amp. 
Current drain should be on the order 
of 10 mA. 
The noise filter can be conveniently 
connected to your audio system by 
means of the Tape In and Tape Out 
jacks included on most preamplifiers. 
An advantage to this connection is 
that  the  processed  signal  passes 
through the pre-amp tone controls, 
which can be set for the most pleasing 
final balance. For taping, the recorder 
input is paralleled with the output 
which drives the power amplifier. 
For intial set-up experience, a record 
having a good frequency range and 
moderate,  steady  surface  hiss  is 
desirable. (A slightly noisy FM station 
can also be used, but results will not 
be quite as good because of the latter's 
flatter noise spectrum.) Initial control 
settings should be: 
Pre-Filter: Off 
Rumble Filter: Off 
Time Const: Off 
Peak Rej. Freq.: 5 kHz 
Base Cutoff. CCW 
Suppr. Gain: CCW 
Dyn. Suppr: Off 
Sig. Compare: Input 
The signal should now pass through 
the unit unaffected, except the Level 
Set control will vary the gain from 
zero to 3.2 (10 dB). Set the level for 0 
VU on signal peaks as you would set's 
recording level. Whenever the source is 
changed, the signal level should be 
reset as necessary. 

Now switch the Sig. Compare switch 
to "output". The signal is now passing 
through the rumble filter (if used) and 
pre-filter, but bypassing to dynamic 
filter. Lowering the Pre-Filter cutoff 
setting should progressively cut off the 
highs. At the lower settings, which are 
primarily for acoustic records, the 
signal will sound severely band-limited. 
The best setting is the lowest cutoff 
which does not significantly affect the 
recorded bandwidth. I have found that 
with  vocal  music,  the  unfiltered 
sibilant sounds provide a means of 
judging bandwidth.  If sibilants are 
quite strong and natural, a 7 kHz or 
higher cutoff is indicated. If they are 
weak or have a slight "whistling" 
sound, the upper limit is about 5 kHz. 
If sibilants are lacking, a 4 kHz or 
lower setting is best. Of course, the 
presence of high-frequency distortion 
may dictate a compromise setting a 
notch or two lower than indicated 
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Fig. 13. Overall har-
monic distortion of 
the noise filter for 
two constant values 
of bandwidth-
control voltage. 
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above.  The filtered and unfiltered 
sounds may be compared at any time 
by means of the Sig. Compare switch. 

The optional rumble filter is used for 
the occasional records which have 
warpage or bumps or low-frequency 
noise in the recording. For acoustic 
records it can be routinely left at 150 
Hz, as nothing is recorded below about 
200 Hz. 

Next flip the Dyn Suppr switch to 
"on", putting the dynamic suppressor 
in the circuit.  The sound should 
become very dull and lifeless, as the 
high-frequency cutoff is now 1 kHz or 
less. Increase the Base Cutoff setting 
until record noise just begins to be 
audible. The signal will probably still 
be quite lacking in high-frequency 
content (if it is not, only the pre-filter 
may be needed for this particular 
source). Now turn up the Suppr Gain 
slowly.  This  should  "magically" 
restore the highs without increasing 
the noise level. The highest possible 
setting which does not noticeably 
increase the noise is normally best. 

At this point it is edifying to monitor 
the bandwidth control input signal to 
the variable-bandwidth filter with a 
d .c.-cou pled  oscilloscope.  The 
instantaneous voltage here is a measure 
of  high-frequency  programme 
amplitude  and  dynamic  filter 

240 V 

1/4 AMP 

SEE 
FIG 2 

C• 250µF, 25V 

R • 300 OHM, 1/2 W (ADJUST IF 
NECESSARY FOR 15 ± I V 
UNDER LOAD) 

(SEE PARTS LIST FOR T& B) 

-20  -  +10  +20 

OUTPUT LEVEL — VU 

+30 

bandwidth (see Fig. 9).  It should 
follow transients rapidly and may 
reach saturation (about + 14 volts) on 
musical passages having high harmonic 
content and on strong voice sibilants. 
The Peak Rej. Freq. switch selects 
the frequency of peak rejection by 
choosing the appropriate filter curve 
(Fig.  7)  for  separating  the 
bandwidth-control voltage from the 
input signal. The 5 kHz position is 
used  for  most electrical  78 rpm 
records. For acoustic records or very 
noisy electrical 78s where the pre-filter 
is set for 4 kHz or less, the 3.5 kHz 
position gives better results. Here the 
Time Const switch can be set for 15 
mS. The longer time constant also 
helps to attenuate sharp clicks and 
pops occuring in quiet passages, as it 
prevents  the  bandwidth  from 
increasing rapidly enough to follow 
their steep wavefronts. The 7.5 kHz 
position  is  used  for  wideband 
recordings and tape. 
With a little practice, you will be able 
to  set  the  controls  quickly  for 
optimum performance. It is often best 
to set the Base Cutoff for a significant 
improvement, rather than to try to 
eliminate the noise completely. This 
will minimize low-level band limiting, 
and the suppressor will be less likely to 
betray  its  presence  with  obvious 
bandwidth changes. 

Fig. 14. Power supply. A two-channel suppressor may easily be powered 
by reducing R slight.y 
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DYNAMIC NOISE FILTER 
PERFORMANCE 
Figures  5 and  10  indicate the 
bandwidth  ranges  available.  The 
pre-filter and dynamic filter (slope is 
24 dB/octave above both cutoffs) can 
together provide well over 60 dB of 
noise attenuation at 10 kHz and over 
40  dB  at  5 kHz.  The  overall 
improvement in signal-to-noise ratio is 
strongly determined by the character 
and spectrum of the noise, which 
varies greatly with records. With the 
steady hiss typical of new electrical 
recordings  on  shellac,  an  average 
improvement of 8 dB (unweighted) is 
realized from the dynamic filter alone. 
Including the effects of the rumble 
filter and pre-filter on band-limited 
material, S/N improvement can be 
more than  12  dB.  The apparent 
improvement is even greater, since the 
ear  heavily  weights  the  higher 
frequencies  where record  noise  is 
concentrated. 
The effect of the noise filter is 
surprisingly great on records which 
were originally thought to be quiet 
without filtering. It is a little weird at 
first to hear a familiar old record with 
realistic strings and brass and clear 
voice  sibilants,  but  with  the 
background suddenly rendered deadly 
quiet.  I have  spent  many  hours 
listening to the records and tapes in 
my  collection  and  enjoying them 
anew. 
The noise filter works very well on 
tape noise, providing at least 8 dB 
total  S/N  improvement.  A stereo 
version built for tape only could be 
simplified considerably, as only the 
Level Set, Base Cutoff, Suppr. Gain, 
and Sig. Compare controls would be 
needed. The power supply as shown 
can easily handle two channels. 
The noise level of the filter itself 
depends mostly on output amplifier 
A7. Of several units I tried, the noise 
level ranged from 62 to 68 dB below 0 
vu. 
A few tips on the mechanical aspects 
of copying records are in order here. 
The  importance of good  tracking 
cannot be overemphasized. More can 
be gained here than with any amount 
of  electronic  processing.  Groove 
radius, depth, and angle were not 
standardized  on  early  discs,  and 
experimentation with tracking force 
and stylus size, if possible, may yield a 
considerable  improvement  in both 
nose and distortion. The playback 
stylus should, of course, ride on the 
sides of the groove. If it is too small it 
may ride the bottom of the groove and 
skate from side to side in a partially 
uncontrolled manner, creating severe 
distortion. If too large, it will ride high 

in the groove where it is more sensitive 
to surface blemishes. Also, larger styli 
cannot  foll ow  high-frequency 
modulation as well, especially on the 
inner record grooves. Elliptical styli 
are helpful on relatively wide-range 
78s  if the latter  have  not been 
damaged by previous playings. 
Acoustic records (1925 and earlier) 
tend to have a larger groove, since with 
acoustic  playback  the 
mechanically-imparted stylus motion 
had to supply all the sound power. For 
these, a stylus of 4-mil (.004") radius 
may produce better results than the 
standard 3-mil size. Custom-made styli 
with  a "truncated"  tip  (really a 
smooth transition from a 2- or 3-mil 
radius to about a 4-mil radius at the 
very tip) have been used to track the 
groove sides of 78s properly while 
avoiding contact with the bottom. 
(Truncated and other special styli are 
available  from  the  International 
Observatory  Instruments,  5401 
Wakefield  Drive,  Nashville,  Tenn. 
37220). Although not a cure-all, these 
can give dramatic results on selected 
discs. A 2.5 mil stylus is best for most 
post-1946 transcriptions. Obviously, 
the  pickup should  have adequate 
lateral compliance and should produce 
no  output  for  vertical  motion. 
Incidentally,  electrical  recordings 
made before the mid-1940s are mostly 
recorded flat, that is, they have no 
high-frequency  pre-emphasis,  while 
later records have pre-emphasis of as 
much as 16 dB at 10 kHz. 
Edison cylinders (160 rpm) and discs 
(80 rpm), some Pathe discs, and some 
early wax transcriptions are vertically 
modulated. Here the stylus does ride 
on the groove bottom, and the pickup 
should have only vertical response. 
This  can  be  obtained  (as  can 
lateral-only  response)  from  a 
suitably-phased stereo cartridge. Stylus 
radii of 4 to 10 mils are typical here; 
as always, experimentation is in order. 
An article, outlining a number of 
techniques for obtaining good quality 
sound  from  early  recordings  was 
published in the May 1975 issue of our 
associated  journal  'Hi-Fi  Review'. 
Some back copies are still available 
from our subscription department for 
81.00 each, including postage and 
packing. 

FUTURE DEVELOPMENT 
The experimenter may want to try to 
improve the performance of the circuit 
described. Of course, additional types 
of processing can be added, such as 
more effective click suppression at the 
filter  input  or  multi-channel 
equalization  at the output. These 

would be electrically independent of 
the noise filter, and beyond the scope 
of this article. However, there are 
some possibilities for improving the 
noise filter itself.  Many of these, 
unfortunately,  would  require  an 
incongruous increase in complexity 
and cost. 
Sharper filter cutoffs give a marginal 
improvement on very noisy material, 
but setup adjustments become more 
critical. Dynamic high-pass (low-cut) 
filtering using a simple 6 dB/octave 
slope might be a reasonable addition. 
Since the noise-rejection frequency 
band of the low-pass dynamic filter 
should  complement  the  noise 
spectrum of the signal, a statistical 
study of record and tape noise spectra 
might lead to a better shape for the 
bandwidth-control-signal  separation 
filter of Fig. 7. The separation filter 
selector could be ganged with the 
pre-filter cutoff switch to eliminate 
one control knob. Perhaps a noticeable 
improvement could be realized by 
experimenting with the shape of the 
bandwidth control characteristic, Fig. 
9. The attack time constant could be 
shortened by using a more elaborate 
filter at the precision detector output; 
this would improve the response to 
occasionally encountered wide-band 
transients. 
An obviously desirable change would 
be  to  replace  the  F ET 
bandwidth-control filter with one of 
the  voltage-controlled  state-variable 
types. This would eliminate the need 
for FET selection, but would increase 
the  cost  severalfold.  It therefore 
appears that the original goal of high 
performance  per  dollar  has  been 
achieved, yielding a practical design 
which is within reach of the hobbyist. 
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It's as important as your 
loudspeaker design... 
If you have ever spent time auditioning speakers 
under controlled circumstances, you know that coi-
secutively produced speakers of the same model 
sometimes can sound very different. The difference 
can be as great as that found between speakers of di-
verse price ranges -- a situation that challenges the 
validity of listening to a demonstration speaker and 
then purchasing another unit of the same model. 

This problem resides in the measurements rather 
than in the speaker construction. It can occur 
whether the speakers are individually handmade or 
whether they are run on an assembly line. 

In a university research programme started by Dr. Bose 
in 1956 and in continuing research at BOSE Corpora-
tion, it has been found that some of the most com-
monly made measurements on speakers are not ade-
quately correlated to the perception of sound. Ex-
tensive research has been performed to develop a 
set of measurements that correlate sufficiently to 
perception to provide a means of precise control of 
production speakers. 

The result was a set of measurements that was not 
practical to implement with existing instruments. 
At this point (1970), the BOSE research department 
launched a program to design a special purpose com-
puter, programmed to test for audible differences 
and to interpret these differences in a manner that 
would allow production engineering to detect and 
correct the assembly problems. 

The SYNCOM " II speaker testing computer is the 
long awaited result of this extensive research program. 

It is now installed and it is controlling all production 
on the BOSE 901 and 501 speakers. The technical 
details of this computer are, of course, a closely 
guarded proprietary secret, as is any technology that 
enables one company to produce better products in 
a competitive market. While we cannot share this 
information with you, we are confident that you will 
share in the results of the SYNCOM II computer op-
eration through the enjoyment of more natural music 
reproduction in your home. Only speakers from 
BOSE passing this computer test bear the SYNCOM 
trademark. 

Australian Distributors 

W.C. WEDDERSPOON PTY. LTD. 
3 Ford Street Greenacre (P.O. Box 21) 642-2595 642-3993 



The uncommon cartridge from ADC 

That's the difference in desian 
that gives ADC cartridges tffeir high 
degree of tracking accuracy. 

The cartridge - or as it is 
sometimes called the "pick up" - is the 
least expensive, but one of the 
most critical components in any hi-fl 
system. It is the component that 
converts the mechanical information 
in the record groove to an electrical 
signal. If the cartridge is inadequate, 
no matter how great your other 
components may be, the sound that 
ultimately comes out of the speakers 
will be less than perfect. 

Low mass 
weater accuracy. 

Audio engineers agree that the 
way for a cartridge to achieve the 
most accurate pickup from the record 
groove is by lowering the effective 
mass of the moving parts of the stylus. 
This allows the stylus tip to accelerate 
and decelerate faster to more 
accurately follow the complex 
modulations of the record groove. 

II• 

BSR 130 

ADC's patented 
"Induced Magnet • • 
prina 

Since the magnet in a moving 
magnet cartridge contributes a great 
deal to the mass of the stylus, ADC 
engineers created and patented (U.S. 
Patent No. 3294404) an "induced 
magnet" principle. This radically 
lowered the mass in the cartridge's 
moving system and resulted in lower 
distortion and superior tracking 
capability. This feature, combined with 
the elliptical diamond tip, produces a 
pickup that traces the grooves with a 
high degree of accuracy. The 
"induced magnet" principle is used in 
all ADC cartridges. 

7? 
You can actually 
hear the difference•  

In many instances, replacing an 
inferior cartridge with an ADC low 
mass cartridge is often the least 
expensive way to upgrade the sound 
of your entire music system. You can 
actually hear the difference. 

CA. DC 'NZ° 
CORPORATION 
A BSR Company 

BSR (A'asia) Pty. Limited, 
Anne Street, St. Marys 2760. 
Telegrams "BSR" St. Marys 2760. 
Telephone 623 0375. Telex: 23159. 

Distributors 
AURIEMA (A'asia) P/L, P.O. Box 604, 
Brookvale NSW 2100 
Telephone 939 1833 



COMPLETE YOUR 
TEST BENCH 

WITH • Dual FEY for Molt-
Fr.. Accuracy! 

• I% Precision 

lesittors. 
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• 5 PAirror•d Stole , 

• battery Char1r 

Switch! 

The accuracy and high input impedance of a VTVtidt now in a portable FET VOM 
Ultra-sensitive 40uA meter has Double Overload Protection to guard aga nst Ournout 
Mirrored scales eliminate error-causing parallax for exact readings on ALL 'anges Also 
features a polarity reverse switch. Zero adjust. single-knob range selector DC Volts 
0-3-30-1C0-300-1000 at 10M ohms volt  AC Volts 0-3-30-100-300-1000 at 10K 
ohms volt DC Current 0-100 uA. 3-30-300 mA Resistance. Rol, Rx10. Rx1000 
Pal OK Fix1M (10 center scale) Decibels -20 to • 62 in 5 ranges Accuracy • 3°0 DC 
• 4°. DC 7 x 5'1 x 3' X With leads, batteries. instructions 22-206 

1000 Ohms/Yoe AC DC Pocket Tester — S Ranges. klandy for 
home and workshop features an easy to read 2' meter. a 2 color 
scale there, mirrored to prevent parallax a thumb Set P.m edlust 
men,. and pin lacks for all ranges AC and DC Ranges 015 150 
1000 DC Current 0 150 mA Resistance 4,11000 (100.000 ohms 
full waif) Accuracy rs.3 % on DC ranges and .4 % on AC Uses 
1% peecnann resistors throughout Ultra compact black bakelite 
case is only 3.4.•26011 W deep Complete with leads, battery 
,nstruchons 22927 

,14I LArigiV7-44 

EQUIPMENT 

w.oao Otens/Valt — 27 Ranges. A super sensitive VON for 
high accuracy measurements Color coded 4 meter. lour banana 
lacks inClUdini output lack, polanty reverie switch. thurnbwhew 
zero adpust. combined carry handle stand  Ranges  DC Volts. 
0 0 3 1 3 10 30100 300 :000 et 30.000 ohms volt,  AC Volts. 
0 10 30 100 300 1000 at 10.000 ohrns/vort: DC Current. 0 100 
i64. 330 300 rnA.  10 amps. Resistance. Rai, Ralf), RalOCO. 
R•10.000 (10 center scale). Decibels.  10 to • 62 in 5 ranges 
Accurecy, .3 % AC. -4 % DC Size, filfliet 1/2 .1 % - with nods. 
battery. InstruCtiOns  22 203 

4.95 
20.000 Ohms/Volt — 23 Ranges A senedne. full range YON 

0th single knob range selector. big 4' meter with mirrored and 
color coded scales Was 6 pm lack connectrons including an output 
rack  Ranges  DC Volts, 006 3 15 60 300 600 1200 at 20.000 
ohms/volt, AC Volts. 0 15 60 150 600 1700 at 10000 ohms volt. 
DC Current. 060 •A. 3 30 300 mA. Resistance Rel, Rx10, Reif*. 
R.1000 (24 center scale) Decibels  20 to • 63 in 5 ranges 
Accuracy is .3 % DC and .4 % AC Site. 5,613.6•1 1/1 With 
leads  battery. instructions  22202 

20,000 Ohms/Yoe — le Ramps. A low priced VOW with -ite 
penszve" forums Single knob rang* selector wth sepant• "off' 
position, 3' meter with easy to read coloo coded scales, four pin 
rack connections oncluding an output rack  Ranges  DC Volts. 
0525 125 500 1000 at 20,000 ohnnivolf. AC Vohs, 0 10 50 750 
1000 at 10.000 ohms von.. DC Cunene 050 AA, 0 250 mA. Re 
ustance. Rel. 11.10. Rx1000 (74 center scale), Decibels, --20 to 
• 62 in four ranges Accurecy is .3 % on DC ranges and -1,1% 
on AC ranges Large thurnbwheel for easy zero wiluvf Sr.. 51 64 
W etly.," Wet. leads, battery. instructions 22201 

106000 Ohms/Volt — 27 Ranges. D. 'ei.n , nil 
•neter, mirrored scale.   poWrity switch. overload pro 
rert meter Carry hand* hit stand DC Volts 0 0 5 2 5 10 250 
•• at 1006 ohms volt AC Volts 0 5 10 50 250 1000 at 108 
• volt DC Cucrent 0 10 wt. 500 •A. 5 50 500 rnA. 10 A Re 
•.inte  Rd. Rx10. Rx1000. R•10 000  Re100.000 (2 center 

de  20 to • 62 in 5 ranges Accurocy o 3% DC. .4 % 
8%.511.•3 16'  With leads, batteries, instructions 

.• 2 705 

OVER 60 STORES IN 
SYDNEY, ADELAIDE, BRISBANE, CANBERRA, COFFS HARBOUR, DUBBO, 

GOULBURN. MELBOURNE. NEWCASTLE. ORANGE. TAREE. 
TAMWORTH, WAGGA 

ANDY 
ELECTRONICS 

IRE WORLD WIDE SUPER M or 501/110 {OR 57 YtieS 

50,000 Oftms/VoR — 43 Ranges. Current and voltage -Range 
Doubler  - greet for low voltage work, 414' motored scale. 
single knob function switch with "Oft- overload protected meter 
DC Volts 0 250 me, 7 5 10 50 250 1000 at 50 lc ohms volt 0 125 
mV. 1 25 5 25 125 500 at 256 ohms volt AC eons, 0 10 50 750 
1000 at 106 ohms volt. 0 5 75 125 500 at 5000 ohms'volt DC 
Current 0 50 •A. 5 50 500 mA 10 A at 50k ohms•volt 0 25 ciA, 
2 5 25 250 rnA. 5 A at 256 ohms volt  Resistance Ral, R•10. 
Rx100. R.1000, Re10.000 (10 center scale) dB  20 to • 62 in 
tt ranges Accuracy  .3 % DC. .4 % AC 65,x4 ,6•2 16" With 
leads. Oattenes instructions 22 204 
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DUPROJECT413x2 2 0 0 W BRIDGE 
AMPLIFIER 

NO MATTER how big an amplifier 
you design — someone always wants a 
bigger one! We have certainly found 
this to be true, for hundreds of our 
ETI 413 Guitar Amplifiers have been 
built, and the only complaint that 
some builders have is that they would 
like even more power — especially into 
eight ohms. 
Whilst a 200 watt amplifier can 

quite  readily  be designed,  special 
high-voltage,  high-power  output 
transistors and a large and expensive 
power transformer are required. Fewer 
people require such power and hence, 
for commercial amplifiers, this means 
even  higher  cost  in  terms  of 
dollars-per-watt  of  output  power. 
About the cheapest 200 watt amplifier 
available commercially costs $1.50 per 
watt, that is — over $300 dollars per 
channel! 
Here is a way to couple two ETI 413 
amplifiers together to obtain 200 
watts into 8 ohms for around $150. 
The ETI 413 was first described in 
December of 1972. That issue of ETI 
is long out of print as is also Project 
Book 2, where it was subsequently 
reprinted.  However, due to its 

An economical way to interconnect two ETI 413 100 watt amplifiers. 

enormous and continuing popularity it 
was also included in Audio Projects 
Volume 1 — which is still available 
from newsagents, or directly from our 
subscriptions department. 
Normally the ETI 413 provides 100 
watts into 4 ohms or 65 watts into 8 
ohms.  By  connecting  the  two 
amplifiers in a bridge configuration 
each amplifier effectively sees an 8 
ohm load as 4 ohms. Their combined 
output will therefore be 200 watts. 
The  only  additional  components 
required,  apart  from  the  two 
amplifiers are four resistors and three 
capacitors. 

CONSTRUCTION 
Construction of the individual 100 
watt amplifiers is detailed in any of 
the  sources  given  above.  If two 
existing  amplifiers  are  to  be 
interconnected  they  should  be 
mounted end-to-end on a common 
base  such  that  the  connections 
between the two printed circuit boards 
are as short as possible. Of course, if 

CO 
47. F 
'As  I+ 

U 75, 

25.. 

•40V 

the amplifiers are being specially built 
for the purpose, it is preferable to 
mount them in a common box. 
For 200 watts into eight ohms two 
complete power supplies will need to 
be  constructed and  their outputs 
commoned.  This  is cheaper than 
buying a larger transformer to supply 
both amplifiers. A larger transformer 
will certainly cost more than two 
individual transformers but, if one is 
available, it may be used together with 
a single  rectifier  bridge.  If the 
amplifier is to be used to supply 100 
watts to a speaker load of 16 ohms 
minimum, one single supply (as for the 
normal amplifier) will be sufficient. 

Before modifying the amplifiers for 
bridge connection set up and test each 
of them separately. 

To modify the amplifiers add the 
series 0.1 microfarad and 4.7 ohm 
network across the output of each 
amplifier and add the series 0.01 
microfarad and 10 ohm network from 
the base of transistor 06, in the 
second amplifier, to ground. Using 

+ CI I 
C9  .4..  •—=_-= 4000,, F 
0 1,,F 

75V 

rit  
4  6' 
517flA1 ER CIO 

0 1F 

40V 

14110  c 

• C12 
4705000 .F 

Fig. 1. Circuit diagram of the ETI 413 amplifier. Full constructional details of this unit were published in ETI, December 1972 and Top 
Projects from ETI Vol. 2 — The latter is still to be found in some newsagents. However the full project has subsequently been published 
in our Audio Projects book — this is still available from most newsagents — or directly from our subscriptions department ($2.50 including 
postage). 
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23/0076 wire (or heavier) link each of 
the +40 V. 0 V and —40 V. of one 
amplifier, to the corresponding rails of 
the other amplifier. The 4.7 k ohm 
resistor may now be installed between 
the output of the first amplifier and 
the base of transistor 02 in the second 
amplifier.  Use insulated wire and 
spaghetti to extend and insulate the 
resistor leads. The input of the second 
amplifier should be shorted out to 
prevent noise pickup. The speakers 
may now be connected (with a fuse in 

INPUT 

SHORT 
INPUT 

a.*  

Ti 1 

OUT 1 

series) between the outputs of the two 
amplifiers. 
Note that if it is possible to use two 
separate amplifiers, each delivering 
100 watts into separate four ohm 
loads, this is preferable to a bridge 
amplifier supplying 200 watts into an 
eight ohm load. In a bridge amplifier if 
one of the amplifiers fails then all 
output is lost. Thus from a reliability 
point of view the bridge amplifier 
should only be used where the eight 
ohm load cannot be separated.  • 

TO BASE 
OF 06 

Fig2 Method of interconnecting 
two 413s to obtain 200 watts 
into eight ohms. Additional 
components required are shown 
within the tone blocks 

Fig.3. How the rwo 413 power supplies 
are interconnected for bridge amplifier 
operation. 

SPECIFICATION 

OUTPUT POWER 
8 Ohms 
15 Ohms 

200 watts 
120 watts • 

Loads less than 8 ohms not 
recommended. 

INPUT IMPEDANCE  3.9 k 

INPUT SENSITIVITY 1 volt 

•A single transformer may be used for 
15 ohm loads in which case the power 
output will be 100 watts. 

HOW IT WORKS — ETI 413x2 

One of the amplifiers is driven 
normally such that the output signal 
is in phase with the input. The 
second amplifier is driven from the 
output of the first and is connected 
as a unity-gain inverting amplifier. 
The second amplifier is changed to an 
inverting amplifier by injecting the 
signal, via a 4.7 k resistor, into the 
base of transistor Q2. The differential 
pair, 01 and Q2, always tries to 
balance the voltages at the bases of 
the transistors by means of a change 
in output voltage. In the unmodified 
amplifier  if the  input  voltage 
increases, the output voltage must 
also  increase  by  the  ratio  of 
(R9+R7)/R7  (gain  determining 
components). In the inverting mode 
the voltage on 01 is constant and 
therefore, to keep the voltage at the 
base of Q2 constant, the current in 
the new 4.7 k resistor (from the 
output of amplifier  1) must be 
balanced by an equal current through 
R9 in amplifier 2. Therefore the 
output of amplifier 2 is identical to 
that of amplifier 1 except that it is 
out of phase by 180 degrees. The 
speaker, being connected between 
the two amplifiers, receives twice the 
output  voltage  that  could  be 
delivered by one amplifier alone. 

Some  additional  stabilizing 
networks are needed when working 
in this mode and these consist of a 
4.7  ohm  resistor  and  an  0.1 
microfarad capacitor in series across 
each output. Also required is a 10 
ohm resistor and an 0.01 microfarad 
capacitor in series from the base of 
06 to ground on the second amplifier 
only. The power rails (+40 V, 0 V 
and —40 V) should also be linked 
between the two amplifiers. 
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One year from now 
you'll be able to read this 
circuit as easily as the back 
of a cornflakes packet. 

You don't need to be an 
Albert Einstein to learn about 
electronics. 

All you need is youth, 
enthusiasm, and someone who'll 
give you the chance to learn at 
the right speed. 

That's what an electronics 
apprenticeship in the army will 
give you. 

A year from now you'll be 
able to read this circuit standing 
on your head. And you'll be well 
on the way to gaining qualifica-
tions that will make you valuable 
to employers everywhere. 

So if you're between 15 and 
17 in January and you want to 
get into electronics, this is prob-
ably the best opportunity you'll 
ever get. 

Fill out the coupon and we'll 
send you more details. Or pick 
up the nearest phone and call the 
Army Careers Adviser in your 
city. (Closing date 13th August.) 

Townsville 71 6784, 
Brisbane 31 1031, 
Newcastle 2 5476, 
Sydney 212 1011, 
Wollongong 28 6492, 
Canberra 47 6530, 

r E n I = M I =II N M 
o Army Careers Adviser 
G.P.O. Box XYZ in your 
nearest State Capital City. 
Please send me information 
about Apprenticeships in 
the Army. 

Name 

Address 

Melbourne 61 3731, II 
Launceston 31 1005,  Date of Birth 
Hobart 34 7077, 
Adelaide 223 2891, 
Perth 22 4355, 
Darwin 890911. 

Authorised by the Director•General of Recruiting. Dept. of Defence and by the Dept. of the Media. 

Post Code 

I  a  n n Y 

MN 

rr a grecrt 

L  M N E MI N M IMO 
AAP4 FP 45 



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 quali-y engineering throughout, 
featuring a diecast platter, belt driven from a synchronous motor. 

An -S"-shaped, low 
tracking error arm with 
acjustable anti-skate and 
lateral balance. Auto cut 
and return arm with indep-

endent dampened arm lifter. 
Magnetic cartricge with 

diamond elliptical stylus. 
Spring loaded detachable lid. 

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 
with its 55 watts RMS per 
channel output. Harmonic 
distortion of less than 
0.2% at 45 watts RMS 
pe- channel. Inputs:-
2 phono, 2 AUX, 
2 tape, tuner and mic. 
Separate base and 
treble controls on each 
channel. High ard low filter 
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. 

\  RAJIII 'II  ..r. .. do. ..... 

t O  1, i, 
SA8200 

"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 perfor -nance and value. 

Distributed and serviced throughout Australia by Sun Electric Co. Pty. Ltd. 
Melbourne, Sydney, Brisbane, Perth, A Jelaide, Hobart and Canberra. 

MR 160 



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. 

• Training will be provided. 

• Colour work only 

• Best salaries in industry 

• Immediate life cover and superannuation after 
qualifying period. 

• Successful  applicants  will  be  brought  to 
Sydney for training. 

• 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) 

television 
trident colout 



150 classy watts, 
but no personality. 

-44444e. 

; 

WI-en alLsic enters a speaker 
cne way and comes out sounding 
differe-1 (coloured), ifs because 
design ceficiencies that make up 
a spea<er system's "personality" 
have renolded the original 
sourci That's going in direct 
2.ompeltion with the artist. 

• And n: speaker system with 
any dims would pull a dirty trick 
ike 

I
or tiose who demand a 

'spea<e- :hat doesn't add any 
interpre-.3tion of its own, Pioneer 
'welcorres the privilege of 
introdu:ing the new "ro 
persora rty' CS-911 speaker 

Power handl nj b lity: 150 watts 
(:hat's one-five-zero for our high 
\.olume loving 7r ends). And in 
tie 15-inch woofer a trend 
setting PionEe - i-novation in 
speaker design. :ad:Ion-fiber 
Plended cone pa.:-.4er. Lighter thar 
normal materia , highly elastic. 
ret incredibly strong, this cone 
material rechIcEs rrernal loss 
of power and e irnirates audible 
d storticn 
With efficiency ke this, what 
goes in soundirg natural, comes 
o.rt that way. Thui. you get more 
WPD (Watts per Do lar) out of 
your speaker buoget. In addition. 

- systerr. Six speakers, -our ways. ths speaker EyEtern features a 

Illealesuas 
Enclosure type  Woofer 

CS 911  111.1910  Bess (ono s  MI cm cone  10 cm-cone,. 2  77 ern cone V loah)  30-22 000Hr  43237,9. Perth 76-7776 
bookshelf  .15 !nen)  , (4.ncI)  5 7 cm col. sr 2 C I • Ich) 

W eer he 'el m) 
•  (9.111  IS  Bess rellea  30 cm cone  10 erns. .. 2  7.7 cm cols. , 5 lech) 

bookshelf  112 Inch)  le Me l  Slum coo* s t  
(Super tweeter) 

C13-711  11.92  Bass me w  SO ern cone  12 cre'cone  5 6 cm come 5.-',. vete 
bookshelf  (12 nch)  441, Mehl   

.  CS-511 I *oaf  Bass relies  25 cm cone  7.7 cm cone 
bookshelf  (to nch  ) (5 MO*I   

n.D.A, grille of acoustically 
tr1-.-r-sparent polyurethane foam. 
Exhaustively tested (as only 
P oneer knows how), this 
rrt-erial was proven to give no 
attwivation at any frequency 
ove.- the ful range. 
Roneer's new CS-911 speaker 
sys n Beariful to listen to, 
bu- rrpossible to hear. Audition 
it -c w Rock, Classical. Jazz. 
Ycu name it with class like this, 
ycu can concentrate on the 
mtE p's personality and not 
the speaker's. 

Pioneer Electronics Australia Pty. Lt 
17E-1.14 Boundary Road. Braeside. 

Spo.i .r smile M ae) Vic-oria 3195. Phone. 90-9011. Sydney 
ki aF,Der  1•01•10, 

F" "•  ""'"" 93- M-46 Brisbane 52-8213. Adelaide 

32-22.000Hr 

35-20.000Hr 

35-20.000Hz 
leads the world in sound. 
PIONEER* 



Recommended reatil price: 
$680 (including Shure V15 
MK 3). 
Importer: Fred Falk Pty Ltd, 
28 King St, Rockdale, NSW 
Tel: 597-1111 

DUAL 701 
Direct Drive 
Turntable 
Hall-effect feedback control ensures almost perfect speed accuracy 

THE  THREE  major factors which 

characterise a superior record player 

are: reduced wow and flutter (the 
speed stability of the turntable); the 

quality  of  the  tone-arm  and,  in 

particular,  the  minimisation  of 

tone-arm resonance; and the quality of 

the cartridge which should have the 
highest possible frequency linearity 

together  with  the  best  possible 
trackability. 
All  other  factors,  whilst  very 
important, tend to be secondary when 
separating the sheep from the lambs. 
Dual — a West German company — 
have long had a well-earned reputation 
for producing superior machines — 
their latest Dual Model 701 is their 
finest yet. And, like an increasing 
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number of the latest top quality 
turntables, it has direct drive. 
The unit came to us well packed, 
complete with a very cleverly designed 
plastic plinth, with a simulated wood 
finish, and a detachable acrylic top. 
The plinth is one of the best examples 
of precision moulding that we have 
seen and provides an insight into the 
skills that the German manufacturers 
have developed in the past few years in 
using plastics to replace less readily 
obtainable natural materials. 
The turntable is spring-mounted on 
this plinth and uses a pressed metal 
base to support the precision diecast 
motor  drive  assembly  (type EDS 
1000) and the heavy diecast turntable 
(with a mass of 2.9 kg). The turntable 
is carefully machined and dynamically 
balanced. It incorporated an integral 
strobe wheel on the under face. This 
strobe wheel overlies a mirror system 
and strobe light, the position of which 
is adjustable from a simple knurled 
lens system on the front left-hand side 
of the base. By rotating the lens, it is 
possible to focus on either the 33 or 
45 rpm strobes and thereby check 
turntable speed. The strobe wheel is 
adjustable for 50 Hz and 60 Hz mains 
frequencies and, unlike the motor 
drive, has to be set for the operational 
frequency by resetting the position of 
the strobe light and mirror system. 
In an ordinary synchronous motor if 
the frequency of the mains varies, so 
too does the speed of the turntable. 
Such  variations  in frequency  are 
common  in  an  interconnected 
electrical  system,  but  using  a 
conventional synchronous motor and 
an  integral strobe, such variations 
would not be readily detected. With 
the Dual 701, it is possible to detect 
variations on the strobe wheel even 
though  the motor itself is quite 
constant in its speed. Under conditions 
of  fluctuating  mains frequency a 

MEASURED PERFORMANCE 
DUAL 701 TURNTABLE FITTED WITH 

SHURE V15-111 CARTRIDGE 
SERIAL NO: 061469 

Frequency Response: 

Channel Separat;on at 1 kHz: 

Trackabilitv at 1 kHz: 

Channel DFference: 

Sensitivity re 1 kHz at 50mm/sec: 

Speed Accuracy: 

Speed Stability for 10% change in 
Mains Vol:age: 

Range of Speed Adjustment: 

Hum and R Jmble: 

Wow and Flutter: 

Tone-Arm Resonance: 

Dimensions 

20 Hz to 20 kHz +1 dB 

29 dB 

300 mm/second peak 

0.2 dB 

1.75 mV 

>3 x 104 

± 0.05% 

± 5% 

—70 dB (A) 

0.03% rms 

6.5 Hz 

420 x 147 x 365 mm. 

situation could occur where the user 
could be attempting to adjust the 
motor speed to compensate for the 
fluctuations of the external mains. 
This may however be just a theoretical 
objection — certainly we experienced 
no difficulty daring our tests. 
On  the  richt-hand  side  of  the 
turntable are two control levers, the 
left-hand one actuating the start/stop 
mechanism, whilst the right-hand one 
selects the turntable speed of 33 or 45 
rpm. On the spindles of each of these 
controls levers are located two vernier 

knobs which provide fine control for 
the 45 and 33 1/3 rpm feedback 
control  loops.  When  used  in 
conjunction with the inbuilt strobe, 
speed settings can be achieved with an 
accuracy as high as one part in 104. 
The only other control provided at 
the front of the turntable is the cueing 
lever which is hydraulically actuated 
and extremely smooth in its operation. 
The cueing lever is not instantaneous 
in its operation, it has a small time lag 
which, whilst at first disconcerting, we 
were soon able to adjust to. 
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DUAL 701 
Direct Drive 
Turntable 

TONE ARM 
The tone-arm  is conventional in 
appearance, made of tubular bright 
aluminium with a removable head shell 
fabricated from black plastic. The 
designers have protected the tone-arm 
against dropping onto the base of the 
record  player  by  extending  the 
tone-arm rest as a cantilevered arm 
finishing adjacent to the edge of the 
platter. 
At the other end of the tone-arm, 
Dual have designed a very impressive 
looking  pivoting  structure.  This 
incorporates jewelled bearings, a wheel 
for adjusting the tracking weight, and 
an unusual balance weight. On the 
right-hand  side  of  the  turntable, 
adjacent to the tone-arm support, is 
the anti-skating compensation control 
which has three separate scales for 
setting adjustments — for conical 15 
micron styli, bi-radial eliptical styli, 
and Shibata styli for CD4 records. The 
handbook provides the correct settings 
for styli with tip diameters in the 
range 11-19 microns if one is of a 
mind  to  use  non-standard  styli. 
However, as most people will purchase 
this record player with the cartridge 

The low-speed brushless dc motor used by Dual in the 701 turntable. 

supplied, much of this information is 
only of academic interest. 

Whilst  relatively  similar  in 
appearance to previous Dual units, the 
tone-arm  balancing mass utilises a 
number of novel design features. All 
manufactLrers aim for a maximum 
rigidity  with  the minimisation of 
tone-arm mass, but this is not easy to 
achieve. When combined with this 
requirement is the need for minimising 

The tonearm is 
mounted in a four-
point gyroscopic 
gimbal and pivots 
in both planes on 
hardened, precision-
polished steel 
points. The tonearm 
pivots vertically 
around the axis of 
the inner ring. 
The tonearm and 
the inner ring 
pivot horizontally 
within the outer 
U-shaped ring. 

bearing friction, the designer has a 
particularly  difficult  task.  Dual 
believed that by specially designing the 
tone-arm counter balance weight, they 
could increase the trackability within 
the range of tone-arm resonance and 
chassis resonance.  For this reason, 
they designed the inner section of the 
counter balance to be tuned to the 
tone-arm  resonance,  to  have  an 
anti-resonance effect, whilst the outer 
part of the counter balance is designed 
as  an  anti-resonator  at  higher 
frequencies  to  prevent  the 
transmission of chassis resonances to 
the tone-arm. 
The claims that Dual make for this 
reduction in tone-arm resonance seem 
a little excessive. They claim what 
would appear to be a breakthrough in 
the control tone-arm resonance. As 
will  be shown  below, there is a 
significant reduction in resonance, but 
the results are not as conclusive as the 
literature suggests. 
The concept of providing resonant or 
anti-resonant responses in resonant 
systems is not new and, whilst the 
claims made here are not supported by 
our  measurements,  the  system 
resonance  characteristics  are 
nevertheless acceptable. 

THE DRIVE MOTOR 
The heart of the Dual 701 Automatic 
Record Player is the motor drive (type 
EDS 1000) which Dual state was 
developed specially for this player. 
The  system uses a slow running 
brushless  dc supply  motor which 
derives its power from a regulated 
supply.  In lieu of the mechanical 
switch  commutator  common  in 
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cheaper dc motors, the EDS 1000 
motor utilises two Hall generators for 
electronic switching. These generators 
regulate four switching transistors in 
sequence, to control the four windings 
of the motor. This cyclical switching 
of the field windings produces the 
rotational  field  to  produce  the 
rotational motion of the motor. The 
rotary field coils in their turn produce 
a voltage which  is measured and 
compared against a reference voltage. 
The differential voltage is fed back to 
regulate the flow of current for the 
four switching transistors. Dual claim 
that this system of control reduces 
speed errors to less than 0.025%. 

The motor field coils are non-ferrous 
and are mounted in the air gaps 
between the eight-pole ring magnet of 
the motor. As there are no grooves in 
the  motor  and  because  of  the 
minimisation of hysteresis and eddy 
currents, there is a minimisation of the 
disturbing groove frequencies which 
are a function of cheaper motors. Dual 
claim that this gives a completely 
vibration-free and particularly steady 
drive force for the turntable, and these 
claims as we will show below are fully 
substantiated. 
We subjected the record player to an 
extremely  thorough  check  of 
performance  characteristics  very 
thoroughly and in all areas, bar two, 
the manufacturers' specifications were 
achieved  with  typical  German 
precision. 
The only faults we could pick with 
the  unit  were,  firstly,  that  the 
tone-arm resonance characteristics did 
not display the sort of characteristic 
that  the  handbook  shows.  The 
response was steeper and sharper than 
indicated by Dual which indicated that 
the  claimed  performance  of  the 
anti-resonant balance weight was not 
achieved. 

Secondly, trackability was not quite 
as good as we had expected, at least 
the  Shure  V15  MK3  cartridge, 
supplied with the unit, would not 
track (at 350 mm/sec peak velocity) as 
well as we have come to expect from 
other V15 M3's. Results using our own 
reference  V15  M3  were virtually 
identical. As we already know the 
performance  of  our  reference 
cartridge, we believe that the slight 
degradation  in  performance  was 
caused by the tone-arm rather than the 
cartridge. This, of course, highlights 
the problem that all purists face when 
trying to optimise the trackability of 
their cartridge. 
It is important  to  achieve  an 
acceptable compromise between the 
anti-friction  characteristics  of  the 
bearings and their internal damping if 
maximum  trackability  is to  be 
extracted from  the system.  It is 
apparent to us that the Dual 701 

Why Direct Drive P 
- the Editor comments 

The ideal turntable rotates at absolutely constant speed and is 
not subject to variations with applied loads or time. 
It should not generate any noise of its own (such as rumble) nor 
should it generate any extraneous electromagnetic field that 
could be picked up by the phono-cartridge. 
In practice turntables fall somewhat short of this theoretical 
ideal. Most turntables are driven either by a rubber wheel pressing 
against the inner periphery of the turntable platter — or via a 
pulley and rubber belt system. Both systems can be made to work 
very well indeed, but are each prone to individual limitations 
that, ultimately degrade performance. 
Rim drive systems are limited by the difficulty in maintaining 
totally even drive wheel/turntable contact. An even slightly 
out-of-balance motor, for example, will cause cyclic variation in 
contact pressure, and hence cyclic variations in platter speed. 
The rubber idler wheel tends to wear unevenly and in some 
cases to vary in resilience from one part to another — thus 
introducing further speed variations. 
Belt drive machines are possibly less prone to long-term 
degradation, but unless the belt is very carefully made, variations 
in elasticity will appear — causing quite horrendous wow and 
flutter. (From time to time readers complain to us about the cost 
of replacement  belts — and several  have suggested that 
engineering '0' rings make a satisfactory replacement. Don't be so 
tempted — '0' rings are certainly a fraction of the cost of the 
correct belts — but generate enormous amounts of wow.) 
Rumble is a fault common to both types of drive mechanisms — 
for rumble is generated partly by the centre bearing holding the 
revolving platter — and partly by the drive motor — especially if 
the latter is not adequately isolated from the platter assembly. 
And that is particularly difficult to do if the drive is to be 
transmitted to the platter via a rim drive wheel. 
But despite their theoretical failings, in practice both belt and 
rim drive systems, at least when new, perform very well indeed. 
We have, for instance, recorded wow and flutter as low as 0.07% 
on the very low-priced Connoisseur BD1. Nevertheless both rim 
drive and belt drive turntables are a bit like the hi-fi cassette 
recorder in that they are essentially triumphs of development 
over design. 
Hence the direct drive turntable. In these devices the turntable 
is coupled directly to the shaft of a necessarily slow-running 
motor. 
Direct drive turntables are inherently complex for elaborate 
speed sensing and correction circuitry must be provided. The 
Dual 701 machine, for example, uses two Hall generators which 
regulate four switching transistors which in turn control four 
motor windings. (A cyclic switching action causes a rotational 
electric field.) The rotary field coils produce a voltage which is 
measured and compared against a voltage standard. Any resultant 
different voltage is then used to regulate the flow of current in 
the four switching transistors. 
Other  machines use dc motors within a tacho-generator 
feedback loop; there are also various oscillator controlled 
synchronous motor designs. 
The performance of most direct drive machines is truly 
excellent, wow and flutter is generally very low indeed and 
rumble is virtually imperceptible. 
Nevertheless, direct drive turntables are currently very expensive 
animals indeed and, unless the remainder of your hi-fi system is 
of really top quality, a conventional turntable will provide 
adequate performance — that is, it will not be the weak link in 
the hi-fi chain. 
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COLOUR 
BAR 

GENERATOR 
PUSH BUTTON MODEL 
COLROSE — PBC 111 

• Provides  the  THREE 
CO L O U R  BA R 
STANDARDS as used in 
Aust. (100% Amp. 100% 
Sat.,  100%  Amp.  95% 
Sat., & 75% Amp. 100% 
Sat.) 

• Provides THREE 8 STEP 
G R E Y S C A L E 
PATTERNS 

•Accurately  centred 
CROSSHATCH  pattern 
for precise adjustment of 
picture height, width and 
linearity. 

Other  features  include: 
• DOTS  • VERTICAL 
LI NES  • HORIZONTAL 
LINES • VERTICAL BARS 
• RED SCREEN • WHITE 
SCREEN  • PAL/NTSC 
CO L O U R  BA R S 
• PAL/NTSC  RED 
G R E Y SC A L E S 
• VARIABLE  BURST 
AMPLITUDE  • VAR-
IABLE VIDEO OUTPUT — 
pos. or neg. polarity o VHF 
OUTPUT  —  turntable 
• SOUND  CARRIER  — 
modulated  (1  kHz)  or 
unmodulated • CANCEL Y 
(Luminance) U (B-Y) and V 
( R -Y)  switches  • SYNC 
OUTPUT  for  triggering 
C.R.O. •ALL PATTERNS 
ACCURATELY CENTRED 

Introductory Price: 

ONLY $350.00 +15% Si-
COLROSE ELECTRONICS 

13 FREDA STREET, NETLEY, 
S.A. 5037 Phone 293-5617 

DUAL 701 
Direct Drive 
Turntable 

tone-arm, whilst well-designed, is still 
not perfect in this respect and the 
result  is a slight  impairment  in 
cartridge tracking performance at the 
highest tracking levels experienced in 
modern records. 
The unit comes with a 36-page full 
colour instruction book in German, 
English,  French  and  Dutch.  The 
instruction book is, without a doubt, 
one  of  the  most  beautiful  and 
comprehensively  produced that we 
have yet seen. Not only does the 
handbook give an excellent rundown 
on  the  operation and  unpacking, 
electrical  connections  and  normal 
operation, but it also goes to great 
lengths to explain how to adjust the 
record  player  to  optimise  its 
performance. 

The performance achieved in the area 
of speed stability and minimisation of 
wow and flutter is by all accounts 
exceptional, for here we found the 
lowest level of wow and flutter that 
we have ever measured on any record 
player, either professional or consumer 
products orientated. The figures we 
achieved were so low that at first we 
disbelieved them ourselves, but very 
careful  checking showed  that the 
manufacturer's  claims  were  fully 
substantiated and that the level of 
speed  stability  and  higher  order 
components introduced by the EDS 
100  motor  drive were absolutely 
minimal. 
We are at a loss to know why the 
resonant characteristics of the tone 
arm fall so far short of what should be 
expected. There may be some factor 
of which  we are not aware but 
nevertheless  the  performance 
characteristics  indicated  in  the 
handbook could not be obtained on 
the unit tested. 
In summary, the Dual 701 is an 
unusual unit — the drive mechanism is 
quite superb — to the point that it is a 
real technical breakthrough — if the 
tone arm can be improved to the same 
relative extent this will be a truly great 
unit.  • 
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IRH COMPONENTS 
Established 40 Years and here to stay. 

Metal Glaze Resistors 
Diamond SP'' ,  

9a Fe ere ment 

Cera mic substrate 

Plated on copper 

end cap 

High t• mperaturf 

SOkleted 

Pirr monatron 

Miniature body 
.250 a 090 

25 thous. alloy plated 
copper leads 

Acrylic lacquer 

colour bands 

Non fla m mable mica filled 

pher olic ia ker 

1/2 watt @ 70 C .250 " x .090" 
Miniature Body Size 

ns! Lower Temperature rise (40 C) 
fres! Thick Film Reliability 
fres! Generous Power Safety Factor 
fres! Fully Insulated Non-flammable 

Mica Filled Phenolic Jacket 
e_sutt! THE SAFE ONE 

Wire Wound Resistors  
11:1!.1 .4„" 1   

S. Stals•trs 
S• Aal erre 

Inorganic rireproof 
Rectangular Ceramic Construction 

or...Precision Wound Non-flammable 
Resin coated Tubular Styles 

Rheostats and Trimmers 

Wire Wound Rheostats and Trimmers 

ALSO AVAILABLE: 

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

Standard & miniature carbon potentiometers. 

IR H C O M P O N E NT S 
DIVISION OF NATRONICS PTY. LI MITED 

The Crescent, Kingsgrove, N.S. W. 2208. Tel. 50 0111 
74 Raglan Street  Preston, Vic  3072  Tel  44 5021 

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

1••••••••••••••••••••1116111111111•1•111111•111•111011111111•11111  sm••• 
▪ Ail these components are available through most electronic suppliers 
• !,,,t for detailed technical information complete the coupon and post to-day 
j METAL GLAZE  WIRE WOUND  RHEOSTATS  FILTERS  POTS. 
CAPACITORS  SWITCHES  RELAYS  REED SWITCHES  INDICATORS 

\JAME   

ADDRESS   

  POSTCODE   

G/675 
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500 Hz 5,000Hz 

0 0 011111111•11211111111.„  

500-5,000Hz and it's almost 
flat. How's that for about $50 worth! 

It's the performance curve of 
Philips new mid range 
speakers. That curve 
is so flat it gives a 
variation of as little 
as ± 1 dB over the 
same frequency 
spread. And even 
beyond those levels the 
drop is gradual on either 
side. And to think  JUST 550 

— give or take 
some smal change. 

ELCOMA 

this performance is now 
available for about 
the $50 mark. Not 
bad for a 50 Watt 
dome squawker 
speaker. For 
further information 
please contact 
ELCOMA 
Electronic Components & Materials, 
Box 50. P.O. Lane Cove, NSW 2066 
or telephone 421261 or 420361. 

Branches in all States. 

153 0108 

38  ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1975 



I PROJECTS 433A,433B 

ACTIVE CROSSOVER 
Optimize your multi-way system with 
approach to crossover design. 

NO  SINGLE  loudspeaker  can 
adequately handle the whole range of 
audio  frequencies  in  high-fidelity 
reproduction. Thus to obtain the best 
possible fidelity we must resort to 
multiple speaker systems where each 
driver is designed to cover one portion 
only of the audio spectrum. 
This means that some method must 

be used to divide the audio spectrum, 
from  the  amplifier,  so  that  an 
individual driver only receives the 
band of frequencies for which it was 
designed. This is especially important 
for midrange and tweeter drivers for 
they are seldom capable of handling 
frequencies lower than a specified 
limit without being damaged. 

PASSIVE CROSSOVERS 
In simple systems a single capacitor 
may be used to block low frequencies 
and pass only highs to a tweeter. But 
unfortunately such a capacitor only 
provides 6 dB per octave attenuation. 
With some tweeters this attenuation is 
not sufficient to suppress the resonant 
frequency of the tweeter. The driver 
could thus be damaged when operated 
at high power levels. Additionally, the 
presence of frequencies other than 
those in the desired pass — band leads 
to  high  levels of  intermodulation 
distortion and a general 'muddiness' of 
reproduction. 
Hence all good multi-way systems 
use networks which provide at least 12 
dB per octave attenuation, in the stop 
band,  to control  the audio band 
presented to each drive unit. A typical 
network for a three-way system is 
given in Fig.l. To keep power losses 
down in such networks the coils must 
have dc resistances of less than one 
ohm. This means that heavy gauge 
wire must be used, making the coils 
large and expensive. Additionally the 
high value of capacitance required 
would normally call for the use of 
non-polarized electrolytics, however, 
there are several disadvantages with 
these,  Firstly,  the  tolerance  on 
non-polarized electros is plus or minus 
50%! This means that a crossover using 
them could quite easily give a system 
which had peaks and/or deep holes in 
the  response.  Additionally  such 
capacitors have disadvantages such as 

this electronic 

Cl 
2.8, F Li 

0.35mH 

INPUT 

Fig. 1. A convenlional three-way 
crossover system using capacitors 
and air-cored indictors is a bulky 
and very expensive unit. Our 
drawing shows a rypical unit. 

limited  life,  fairly  low  working 
voltages and problems due to leakage. 
Thus all good crossovers use polyester 
capacitors which, again, are rather 
expensive. 
This all leads to the fact that, for a 
multi-way  high-fidelity system, the 
crossover can and should be quite 
expensive. In fact it can cost almost as 
much as the bass driver' 

L2 
0.35mH 

C2 

C3 
28.:F 

2.8µF_ [ 

L4 
3.5mH 

000 

0 L3 
3.5mH 

1  

R1 
101:2 

4.7 F 

C5 T 28L.F R2 

C6 

T 47 F 

SPEAKER 

SPEAKER 

SPEAKER 

Many people try to save money by 
trimming crossover cost — they use 
lighter wire and electros — and then 
wonder why an otherwise expensive 
system does not sound right. The 
crossover design is one of the most 
important  features  of  the  whole 
system — it is better to compromise on 
a less  expensive  woofer than  to 
compromise on the crossover. 

(Main text continued page 42) 

SPECIFICATION 

Cutoff Slope  (High pass) 
(Low pass) 

Maximum Output 

Distortion (at 2 V out) 

Noise (Below 2 V) 

Cutoff Frequency 

Input Impedance 

OutpLt Impedance (Buffered) 

Minirr um Load (Buffered) 

Frequency Response (Sum of all ouputs) 
20 Az to 20 kHz 

12 dB / octave 
6 dB / octave 

2 V rms. 

< 0.05% 

86 dB 

As required 

47 k 

< 10 ohm 

500 Ohm 

± 1 dB 
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ACTIVE CROSSOVER 

INPUT 

A C-1  R1 
F  47k 

SW2 

A0 -0 

INPUT 
240V 
ac 

NO -0 
Ti 
240 V/18VCT 

E 

TCA 220 
AMP. 1&2 

INPUT 1 - 7 Ti rb -ye SUPPLY 
INPUT 1 • z  7 COMP 1 

BIAS G  ne OUT 1 
INPUT 2.  7 OUT 2 
INPUT 2-  COMP 2 

.Ve SUPPLY  7, OUT 3 
INPUT 3 c  COMP 3 
!O UT 3 - a 8 9 -Ve SUPPLY 

AMP 3 ONLY 

• SEE TABLE 1 

SW1 

R2 
220k  R18 

10k 

R6 
33k 

-7.5V 

R12  BASS 
10k  OUTPUT 

560 1  RV 1 
10k 

C6 

Cl 

PR EAMP 
C3  OUTPUT 
330p 

-7.5V 

R14 
33k 

MID + HIGH 
OUTPUT(3 WAY) 

-7.5V 

01 
BD135 

Fig. 2. Circuit diagram of the basic two-way 
electronic crossover and its power supply. 

C14 
10p F 
25V 

C12 
F R20 

25V+  1k 

C10 
560c 1 

4ICH 
OUTPUT F  33k 
(2 WAY) 

Cu 
1p F 

INPUT 
FROM 
RV1  R21 

33k 

RV2 
10k 

r  

BD 135 
BD 136 

— 44 — 

DIODES 

H25 

R26 
33k 

R32 
33k 

8 _11 ii  
C21  C22 
•  • 

'SEE TABLE 1 
R33 
33k 

+7.5V 

R22 
33k 

1 

IC2/1 

2 

R28 
33k 

BASS 
OUTPUT 
BUFFERED 

-7.5V 

R31 
10k  MID 

OUTPUT 

C25 
0.047 

INPUT 
FROM 
RV2 

-7.5V 

R36 
10k 

10 

R34 R35 
390  1 1(  

R10Vk3  C0.2°74  7 

•  R40 
33k 

C28 j_ 330p 7  
HIGH 
OUTPUT 

C23  T 24 560p 

330p  -7.5V   

+7.5V TO PIN 6 
0  4 C31  IC2,1C3 

25p F 
25V 

0  si ov 
OV 

T  C32 
25p F TO PINS 9,16 T  -7.5V  25V IC2,1C3 

0 

RV4 C29  
10k  0.047 

Fig. 3. Circuit diagram of the mid/high crossover 
board which provides four output buffer ampli-
fiers. 

MID + HIGH 
OUTPUT 
BUFFERED 

-7.5V 

V 

MID 
OUTPUT 
BUFFERED 

-7.5V 



HOW IT W ORKS — ETI 433 

The input signal is initially amplified 

by IC1/1. Switch SW1 together with 

R3 and C2 provide a maximum of 10 

dB of boost below 50 Hz at a rate of 

6 dB per octave. The frequency at 

which the boost comes in may be 

altered by selecting a value of C2 

such that its reactance is 220k at the 

frequency  where  the  woofer  is 

normally 3 dB down. Thus if the 

turnover frequency is required to be 

100 Hz the value of C2 should be 

halved. 

If the boost facility is not required 

R3, C2 and SW1 should be deleted 

and a link installed between points B 

and C. The mid frequency gain is set 

by R2/R1 to about 13 dB and the 

input impedance is equal to the value 

of RI, that is, 47 k. 

The first high-pass filter consists of 

ICl/3 where R13, R14, Cl and C8 

set the cut-off frequency. The values 

of C7 and C8 required may be found 

from Table 1 This output is the high 

range in a two way syste m, or the 

mid plus high of a three-way syste m. 

This signal, when subtracted from the 

input signal by IC1/2 gives the bass 

range  output  A second high-pass 

filter, where C21, C22, R32 and R33 

for m  the  frequency  deter mining 

network, gives the output for the 

tweeter in a three-way system. This 

when  subtracted  fro m  the 

mid-plus-high signal leaves the mid 

only as required. 

Each of these outputs goes to a 

level set potentio meter and then is 

buffered  by  amplifiers IC2/1  and 

IC3/1,2,3. These  outputs are now 

capable of driving loads in excess of 

500 oh ms. If the crossover is to be 

used to drive a constant and known 

load (that is, it is to be used on only 

one  type of amplifier) the buffer 

amplifiers may be omitted and the 

outputs  taken  directly  from  the 

potentiometers. 

The  full-wave  power  supply 

provides plus or minus 13 volts which 

is regulated down to plus or minus 

7.5 volts, by series regulators Q1 and 

Q2,  where  zeners  ZD1  and ZD2 

provide the necessary reference. If 

the unit is to be powered from the 

power amplifier Cl!, 12, and DI to 

D4 should be deleted. Resistors R19 

and R20 are altered to suit as shown 

in Table 2. The collector of Q1 now 

goes to the positive supply rail of the 

amplifier and the collector of Q2 to 

the  negative  supply  rail.  If  the 

amplifier supply rail is above plus and 

minus 20 volts, or if both printed 

circuit board are being used, (that is 

it is a buffered three way syste m) a 

heatsink must be added to Q1 and 

Q2. 

PARTS LIST — ETI 433A 

2-WAY SYSTEM 
R4,10,16 Resistor  390 
R5,11,17  "  1k  NW  5% 
R19,20  "  1k  NW  5% 
1  10k  NW  5% 

R6,1,8,9  33k*  li4W  2% 

R13,14,15 
RI 
R2 
R3 
*These may be any value between 15k 
and 82k provided they are all the same 
value and preferably 2%. 
RV1,2 Potentiometer 10k In. 

.• 

imvy  5% 

33k  NW  5% 
47k  NW  5% 
220k  NW  5% 
470k  NW  5% 

C3,5,9  Capacitor 
C6,10 
C2 
C1,4 

C13,14 
C15,16 

99 

330 pF ceramic 
560 pF ceramic 
0.015 1./F polyester 
/IF Tag tantalum 

101./F 25V Electro 
25 /.1F 25V Electro 

C11,12  Capacitor  470 LIF 25V Electro 
C7,8  99  See Table 1. 

D1-04 Diode EM401, IN4005 or similar 
ZD1,2 Zener Diode 8.2 volt 400 m W 

QI Transistor BE 135 or similar 
Q2 Transistor B0136 or similar 
ICI Integrated Circuit TCA220 
Ti Transformer 240V/18V CT 150 mA 
SWI toggle or slide switch SPOT 
SW2 Toggle switch DPDT 240V rated 
PC Board ETI 433A 

PARTS LIST — ETI 433B 
3-WAY WITHOUT BUFFERS 
All 2-way system PLUS 
R29,34  Res stor  390  NW  5% 
R30,35  1k  NW  5% 
R31,36  BO  10k  JAW  5% 

R25,26,27,28 Resistor 33k*  NW  2% 
R22,32,33  33k  NW  5% 
* These may be any value between 15k and 
82 k provided all are the sa me value and 
preferably of 2% tolerance 
RV3,4  Potentiometer 10k Lin 
C19,23  Capacitor  330 pF ceramic 
C20,24  560 pF ceramic 
C21,22 See Table 1. 
IC2 Integrated Circuit TCA220 

PC board ETI 433B 

3-WAY SYSTEM WITH BUFFERS 
ADD 
R24,39,43,46 Resistor 220  NW  5% 
R23.38,42,45  "  390  JAW  5% 
R21,37  33k  NW  5% 
R40,41,44  33k  NW  5% 
C18,26,28,30 Caeacitor  330 pF ceramic 
C25,27,29  0.047 I1F polyester 
C17  1 µF TAG Tantalum 
C31,32  2511F 25V electro 
iC3 Integrated Circuit TCA220 

MID IN 
BUFFER 

R21 33k 
R22 33k 
R23 390 
R24 220 
R25 2% • 
R26 2% • 
R27 2% • 
R28 2% • 
R29 390 
R30 1k 
R31 10k 
R32 33k 
R33 33k 
R34 390 
R35 1k 
R36 10k 
R37 33k 
R38 390 
R39 220 
R40 33k 
R41 33k 
R42 390 
R43 220 
R44 33k 
R45 390 
R46 220 
C17 1  C25 0.047 
C18 330p C26 330p 
C19 330p C27 0.047 
C20 560p C28 330p 
C21 •  C29 0.047 
C22 •  C30 330p 
C23 330p C31 25 
C24 560p C32 25 

i C24 
D 

(-1 

.timmip • 
C21 

iiC23 

C19 

C18 

0. 

0 
0 

2 
MID+HIGH OUT 
BUFFERED 

0 
w 

D ix 
Ow 

Co. 
D 

al 03 

CIO 

R18 ItC 1 

1{R13  
R7   C7 

FCC93 

C6 -e=p-

0 

4 
cc 

<10C4 

TO TRANSFORMER 
SECONDARY 

,̀O 
>1 > 

0 iC13 

C16 
A  A+ 
Y+ YC15 

TO SW1 

R1 47k 
R2 220k 
R3 470k 
R4 390 
R5 1k 
R6 2% • 
R7 2% • 
R8 2% • 
R9 2% • 
R10 390 
P11 1k 
R12 10k 
R13 33k 
R14 33k 
R15 33k 
R16 390 
R17 1k 
R18 10k 
R19 1k 
R20 1k 
Cl 1 
C2 0.015 
C3 330p 
C4 1 
C5 330p 
C6 560p 
C7 • 
C8 • 
C9 330p 
C10 560p 
C11 470 
C12 470 
C13 10 
C14 10 
C15 25 
C16 25 

Fig.4. Component overlay for complete three-way system capacitance values are in micro farads except where 

otherwise noted. 
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Response curves of the active filters. 

ACTIVE CROSSOVER 

r; 

Fig. 5. Printed-circuit layout for the two-way board. Full 
size 77 x 90 mm. 

ETI 433A  01  

ACTIVE APPROACH 
Having now established that effective 
conventional crossovers cost money, 
we may now wonder if that money 
could be spent in a better way by 
using a completely different approach. 
There  is a better way, but until 
recently  it has  been  much  too 
expensive to be generally used. The 

10 50 100 500 1000 5k 10k 

MIDRANGE 

TWEETER  , 
4 kHz cyToFfi 

20k 

Fig. 6. Printed-circuit layout for the add-on three-way 
board. Full size 77 x 90 mm. 

method  is to  use  an  electronic 
crossover,  after  the  preamplifier, 
followed by separate power amplifiers 
for each driver. This is feasible because 
a power amplifier can now be built at 
a cost which is about the same as that 
of the passive crossover. Indeed quite a 
few manufacturers are bringing out 
systems based on this principle. 

TABLE 1 

CROSS OVER VALUE OF 
FREQUENCY C7,8 or C21, 
IN HERTZ 22 in ;IF 

100 0.082 
130 0.068 
150 0.056 
200 0.047 
230 0.039 
270 0.033 
330 0.027 
400 0.022 
500 0.018 
600 0.015 
750 0.012 
900 0.0082 
1300 0.0068 
1500 0.0056 
2000 0.0047 
2300 0.0039 
2700 0.0033 
3300 0.0027 
4000 0.0022 
5000 0.0018 
6000 0.0015 
7500 0.0012 
9000 0.001 

Even well-designed crossovers have 
several serious disadvantages. As we 
have already said they are expensive, 
they  waste  power,  they  reduce 
damping  factor  (in  the crossover 
region damping factor may drop to 
less than unity) and they only perform 
correctly  into their designed load 
impedance. Practical drivers exhibit 
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The basic two-way electronic crossover. 

their nominal impedance only over a 
very small portion of their passband, 
and impedance may well increase to 
several times the nominal value at the 
high end of the range. It is possible to 
compensate for this, to some extent, 
by using extra networks across the 
driver (the series RC networks in Fig. 
1) — but this adds even more expense. 
Further, it is very difficult to alter the 
crossover frequency and also difficult 
to trim the crossover for best results. 
However, if we were to use an 
electronic  crossover  incorporating 
active filters, we overcome most of the 
problems mentioned in a single stroke. 
The bulky and expensive inductors 
and the large and expensive capacitors 
are eliminated.  Damping  factor is 
restored (due to seperate amplifiers 
being used  to drive each speaker 
directly) and it is quite easy to change 
or trim the. crossover frequency as 
desired. 
Further, as electronic crossovers may 
have gain, it is quite a simple matter to 
match  the various drivers of the 
system for sensitivity. This can be only 
achieved,  in  passive  designs,  by 
attenuating the more sensitive units 
down to the level of the least sensitive 
unit. A process which can be quite 
wasteful of amplifier power. 
Of course with active crossovers, as 
with anything, there are disadvantages. 
In active filters we generally use 
operational amplifiers to implement 
the filters and therefore, bandwidth 
and  noise  become  considerations. 
Further, as said before, a separate 
amplifier is required for each driver or 
group of drivers — and this can be 
expensive. 
Nevertheless the technique is now 
quite  feasible  and  is certainly 
worthwhile.  Consequently we have 
developed  a minimum  — expense 
method of building a very fine system 
based on active filter techniques. This 

This board provides three-way crossover plus output buffers if 
required. 

month we describe a basic two or 
three way active filter system which 
may be incorporated into existing 
amplifiers. To follow next month will 
be  an  active  filter/amplifier 
combination  based  on  the  422 
amplifier and later still we will be 
describing how a complete system, 
including a three-way speaker system, 
may be built. 
For those interested in the design of 
active filters a full article on this 
subject will also be published in the 
near future. 

DESIGN FEATURES 
There  are  several  different 
approaches which may be used in the 
design of active filters. The first and 
most commonly used method, is to 
use separate filters for the bass, mid 
and high range speakers. This method 
is  capable  of  compensating  for 
amplitude,  if the  components are 
chosen correctly, but not for phase. In 
fact there has to be a phase change of 
1800 between filters to eliminate the 
hole that would otherwise occur at the 
crossover point. This is the reason for 
the tweeter being reversed in phase 
when a conventional crossover is used 
in a two-way system. 
Another design approach, and the 
one that we have elected to use, is to 
use  an  acthe  high-pass  filter to 
generate the signal for the tweeter, and 
to subtract this signal from the input 
signal in a aifferential amplifier in 
order to generate the bass output. This 
substraction  process  generates  the 
required crossover characteristic with 
both amplitude and phase taken in to 
account. 
Initially we viere worried because the 
bass output had a slight peak before 
the cutoff point but the peak is 
necessary to maintain that response 
when phase  s taken into account. 
When the output of all channels are 

summed the combined response is 
within plus or minus one quarter of a 
dB of being flat over the whole range. 

With this type of active filter the 
initial slope can be varied by adjusting 
the feedback resistor (R13, R32) to 
give a slow rolloff ( Bessel filter) or to 
give a slight peak and fast cutoff 
(Chebishev). The sharper the initial 
cutoff the greater the apparent peak in 
the bass response. 
As several operational amplifiers are 
required to implement this design we 
elected to use the TCA 220 triple 
operational amplifier. This IC, as well 
as containing three op-amps in the 
same package, is cheaper than using 
three separate op-amps of the 741 
type or similar. Unlike the 741 type of 
op-amp,  the  TCA 220 requires a 
pull-down resistor on each output and 
a compensation  network.  An 
additional resistor is required to bias 
eaeb complete IC. The use of the TCA 
220  simplifies  and  cheapens  the 
construction  of  the  filter system 
considerably. 
With active filter crossovers it is a 
relatively simple matter to alter the 
gain-versus-frequency characteristic of 
the filter, within its pass-band, in order 
to compensate for non-linearities in 
the associated driver. An example of 
this  kind of compensation is our 
inclusion  of  low  frequency 
equalisation  for  the woofer.  Most 
woofers begin to drop off in the 50 to 
100  hertz  region.  This  may  be 
corrected to some extent by adding 
boost below this turnover frequency. 
In our design we have provided 6 dB 
of boost which may be switched in 
when desired and which is limited to a 
maximum of 10 dB. The 10 dB limit is 
necessary to prevent the amplifier 
being over driven at low frequencies 
even at fairly low average listening 
levels. 
The turnover frequency  may be 
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ACTIVE CROSSOVER 
selected  by  means  of  a simple 
component change to suit the driver in 
use. This equalisation technique can 
effectively extend the low frequency 
response by another octave, eg, from 
50 hertz down to 25 hertz. 

CONSTRUCTION 
The configuratiog of the electronic 
crossover used will depend very much 
on the system into which it is to be 
built. The prospective builder should 
therefore  carefully  determine  his 
individual  requirements  before 
commencing to build a system. 
If a fixed load is to be driven (ie, 
numbers of amplifiers) as would be the 
normal case, the buffer amplifiers are 
not required, and the output may be 
taken  directly  from  the 
potentiometers. 
It must also be decided whether you 
want a two-way or a three-way system. 
Rather  than  use  three  separate 
amplifiers to drive the woofer, mid 
and tweeter drivers separately, it may 
be  better  to  use a conventional 
crossover for the mid/high crossover 

and a two-way electronic crossover for 
the bass/mid. 
Mono or stereo? If a stereo unit is to 
be built only one power supply is 
required and the bass-boost switch and 
the level potentiometers can all be 
dual units. 
If the amplifier has a dual power 
supply with voltages exceeding ± 10 
volts it may be used to power the 
crossover. This course of action will 
save one transformer, four power 
diodes and the filter capacitors. 
Mechanical layout is not given as the 
unit  will  most probably best be 
mounted within the amplifier case. 

Keep it well clear of the power 
transformer  and  mount  it using 
insulated spacers. This is necessary to 
avoid the possibility of earth loops 
which will cause a high hum level. 
Full component overlays are given 
for  all  alternatives but only the 
circuitry  required  should  be 
assembled.  In a three-way system 
without buffers one section of IC2 is 
not used. In this case just leave out the 
components  associated  with  the 

unused section in order to reduce 
power consumption. 
If the unit is being powered from the 
main amplifier, or a three-way system 
with buffers is being used, a heatsink is 
required. The heatsink recommended 
is a piece of aluminium 60 x 85 mm 
bent into a 'U' shape and mounted 
vertically on the end of the board. The 
transistors should be insulated from 
the heatsink. 
For a stereo system delete the power 
supply components on one of the 
boards (up to C15 and C16) and just 
link the two boards together.  • 

TABLE 2 

MAIN AMPLIFIER VALUE OF 
SUPPLY VOLTAGE  R19,R20 

± 10-15 V 
± 15-20 V 
± 20-25 V 
± 25-30 V 
± 30-40 V 
± 40-50 V 

1 k 
1.8 k 
2.7 k 
3.9 k 
5.6 k 
8.2 k 

The sound that comes ouf ot those beauties is the sound 
that's on the cassette. No better, no worse. And if you're using 
discount cassettes, chances are you're hearing discount sound, 

delivered with breathtaking clarity. 
A classic case of pcnnywise and sound foolish. 

Drop a TDK cassette in there next time and hear the difference. 
Vibrant sound, rich in colour and detail, with the depth and 

harmonics that were there when the music happened. 
One TDK cassette. One time. One listen. That may be the first 
time you'll really hear your speakers. And all for as little as a 
few extra cents. A few extra cents more than the cassette 

you're probably using now. 
Wait till you hear what you've been missing. 

D K  For the sounds you feel as well 
as hear. Available at all good 
hi-fi dealers and record shops. 

sole Australian agents Convoy International Pty. Ltd. 
4 Dowling St., Woolloomooloo 2011 
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PHOTIMPORT 

QUALITRON 
QUALITY 15 PART OF OUR NAME 

• la digit display for normal 
mode. 

•10 digit mantissa plus 
2 digit exponent. 

•1 memory. 
•Algebraic operation 
•Advanced Scientific 
functions, 
interchange of X and I' 
register, sine, cos, tan, 
exponential function, 
natural and 
common log, reciprocal 
power function. PI-11 
constant. 

•Xefer to keyboard for full 
functional capabilities. 

- 

•MI ALIf m 001 

ADVANCED 
SCIENTIFIC 1419  (MODELS 

FROM AS 

BUSINESS SLIDE 
RULE 1444 

08 digit display 
11 functions: 
Add, subtract, multiply. 
divide, percentage, square 
root, auto-constant, reverse 
sign exchange key, full 
memory with plus and 
minus feature. 
•Algebraic operation. 
fAdvanced business Slide 
rule calculator. used and 
floating decimal point with 
round-up repeat add, 
subtract, automatic 
percentage, add-on, 
discount operations — 
refer to keyboard. 

Cr77-11 

• The Scientific slide rule. 
• Dual keyboard capable 
of 28 functions. 

•Scientific and commercial 
calculations.. 

fRadian-degree switch. 
•Algebraic Operation. 
08 digit display, intermix 
and repeal operations, 
lull memory bank, 
interchange of X and 
register, sine, cos, tan, arc 
sine, arc Ian, exponential 
function, natural and 
common log, reciprocal 
power function, 11-R 
constant. 

fRefer to keyboard for lull 
functional capabilities. 

ELECTRONIC SUDE 
RULE 1445 

GENERAL MODEL 
1437 

,fior5 

Ct.l. "•74 004 

•Algehraic operation. 
•Six Functions' 
Add, subtract, multiply. 
divide, percentage key and 
constant key. 
•fully automatic plus or 
minus percentage 
I unc lions, add-on and 
discount operation. 

•Eight digits with negative 
indication. 

•Constani and chain 
operation.  • 

•floating decimal point, 
overflow, easy to read 
display. 

•Refer to keyboard for lull 
functional capabilities. 

'backed by our 12 month factory guarantee 
on parts and labour endorsed by PHOTIMPORT 

QUEENSLAND 
244 ST. PAUL'S TERRACE, 
FORTITUDE VALLEY 4006 
VIC. 
69 NICHOLSON STREET, 
EAST BRUNS WICK. 3057. 
N.S. W. 
17 ALBERTA STREET, 
SYDNEY. 2000. 

L. H. MARCUS PTY. LTD 
S.A. 
242 PIRIE ST., 
ADELAIDE. 5000. 

L. GUNZBERG PTY. LTD. 
W.A. 
339 CHARLES ST., 
NTH. PERTH. 6006. 
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LOGIC PROBE 
A basic tool for digital servicing. 

THE  SERVICING  of  digital 
equipment is greatly simplified by the 
use of a logic pulser and logic probe, 
for these two instruments enable one 
to follow circuit operation stage by 
stage. 

THE PROBE 
The  probe  must  be  capable  of 
detecting  pulses  as  short  as  50 
nanoseconds (for TTL operation) and 

make them visible. It was found that 
readily available linear ICs were not 
suitable as they are too slow and 
required dual supply voltages. Neither 
could CMOS be used as it also is too 
slow, for testing TTL gates, and its 
threshold voltages are not consistent. 
Further, TTL could not be used as it 
cannot withstand the voltages used 
with CMOS logic. This virtually means 
that the only devices that are suitable 
are discrete transistors. 

The logic probe seen 
from the rear. 

PROJECT 120 

HOW IT WORKS 
The  probe  consists  of  two 
independent voltage level detectors 
which,  via  pulse  stretching 
in on ostables,  drive  light-emitting 
diodes to give a visual indication of 
the logic state being monitored. 
Transistors Q1 and Q4 form the low 
level or '0' detector, transistors Q5 
and Q6 the high level or '1' detector 
whilst the remaining components 
form  the  pulse  stretching 
monostables and visual indicators. 
The high level detector works as 
follows. If the input level is below 
about 2.5 volts (1.3 volts above the 
level set on R17 by transistor Q5) 
transistor Q6 will be cut-off. When 
the input level rises above 2.5 volts, 
transistor Q6 will turn on, as will Q7, 
causing LED 2 to light — indicating a 
'I'. The transition at the collector of 
Q7 will, at the same time, be passed 
to Q8 turning it off. The current 
which was flowing through Q8 will 
now flow via R22 in to the base of 
Q7 holding it on even though Q6 
may  by  now  have  stopped 
conducting. After fifty milliseconds 
the charge on C2 will leak away via 
R19, 20 allowing Q8 to conduct. 
When  Q8 conducts it robs the 
current  from  the  base  of Q7 
turning it and the LED off. However 
should the voltage at the tip of the 
probe still be present Q6 will still be 
turned on holding on in turn (17 and 
the LED. 
Resistors R11, 12, 13 and 14 set 
the operating conditions of Q5 such 
that  the  threshold  voltage  is 
optimized for either TTL or CMOS. 
As CMOS logic works on supply 
voltages ranging from five to fifteen 
volts, transistor Q5 has been arranged 
to track the supply so that the 
correct threshold is maintained at all 
times. 
The low level detector works in 
exactly the same fashion except that 
it is inverted in order to detect pulses 
which approach within 0.45 volts of 
the negative line (TTL only). Each 
PNP  transistor  and  each  NPN 
transistor have been replaced with 
their complements. In this case Q4 
sets the thresholds and the circuit 
operates exactly as stated for the 
high detector. Note that the diodes 
have also been reversed. 

46 ELECTRONICS TODAY INTERNATIONAL —SEPTEMBER 1975 



Fig. 3. Co mponent overlays for the two comparators showing 

interconnection wiring. 

TO THE 

PROBE TIP 
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PARTS LIST — ETI 120 
R3,18  Resistor  680  lit ,W, 5% 
R4,15,19  1 k 
R10,13  "  1k8 
R1,9,12,17  2 k7 
R5,14,22  3 k3 

R2,16 
R7,21 
R8,11 
R6,20 

C1,2 
C3 

D1,2 

Q1,7,8 
Q2,3,6 
Q4 
Q5 

Capacitor 

Diode 

Transistor 

10.0 

8 k2 
10 k 
27 I< 
100 k 

0.47 a 25 V tantalu m 
25 V 

IN914 or similar 

2N3638, 2N3638A 
2N3643 
BC 179, BC559 
BC109, BC549 

SW1  Switch  Two pole, two position 
miniature toggle 

PC boards 2 off ETI 120 
Probe case (see text) 
LED 1, 2 Light emitting diodes 5082 - 4484 or similar 
2 Alligator clips or Ezy-hooks 

CHARACTERISTICS 

PULSER — ETI 121 

• Will source, or sink, up to 500 mA. 
• Operates on supply voltages from 5 to 15. 
• Suitable for both TTL and CMOS. 
• Power supply drain less than 15 mA under worst case 
conditions. 

• Press for '1' release for '0'. High impedance at other 
times (> 1 M). 

• Will drive capacitive loads up to 1000 pF. 
• Protected against accidental reversal of supply leacs. 
• Duration of pulse 500 nanoseconds. 

PROBE — Ell 120 

• Pulses as narrow as 50 nanoseconds will be detected. 
• Stretches narrow pulses to 50 milliseconds for ease of 
detection. 

• Operates on supply of 5 to 15 volts. 
• Suitable for TTL or CMOS. 
• True '1' and '0' level detectors. Neither LED is all Pt if 
the circuit is faulty or the probe is not making contact. 

• Current drawn from the circuit is less than 20 microamps. 
• Current drawn from power supply (one LED alight) 12 
mA on 5 volts, 35 mA on 15 volts. 
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Fig. 1. Circuit diagram of the logic probe 
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LOGIC PROBE 

BRILLZ..,,,e N*1 
As both high and low logic states 
must be detected, a discrete transistor 
voltage-comparator  circuit  was 
designed  to  detect  each  state 
separately. These comparators must 
not load the circuit under test as 
CMOS is sensitive .to current and 
capacitive loading. In our prototype 
the current drawn was a maximum of 
19.7 microamps for a high, and 10 
microamps for a low. 
In both comparators the transistors 
associated with the pulse detector are 
turned on by an input level that 
exceeds the comparator threshold. 
As transistor turn-on time is much 
faster than turn-off time, using the 
transistors in this way ensures the 
highest possible speed of operation for 
the particular types of transistors used. 
Additionally, the delay in turning off 
assists by lengthening the pulse, thus 
ensuring more reliable triggering of the 
monostable on very short pulses. 
The input transistors 01 and 06 are 
protected against breakdown, due to 
excessive  base-emitter  voltage,  by 
diodes D1 and D2. The diodes are also 
required to ensure that Q1 and 06 
remain  conducting even when the 
probe tip is taken to the supply 
voltage. 
Transistors 03  and 08 are also 
protected against reverse base-emitter 
voltages by R4 and R19 respectively. 
In operation the probe will light LED 
1 if a low level is detected, LED 2 for 
a high, neither LED if the point being 
monitored is at ground potential or a 
poor contact is made with the tip, and 
both LEDs will light if there is a pulse 
train present. 
A  single  pulse  input  will  be 
lengthened, by the monostables, to 
50  milliseconds  with  the  pulse 
polarity being indicated by the LED 
which is illuminated. Thus even single 

Fig. 2. Printed circuit board for 
the logic probe (2 required). 
Full size 23 x 66 mm. 

pulses as short as 50 nanoseconds may 
readily be detected. 

CONSTRUCTION 
We built our probe onto two small 
printed circuit boards and assembled ii 
into a small, commercially-available 
probe case. The two printed-circuit 
boards are identical and care should be 
taken to use the correct overlay for 
each board as different transistors are 
used  and  some  components  are 
reversed on the two boards. Note 
particularly diodes D1 and D2 and 
capacitors Cl and C2. Also note how 
the two boards are linked together and 
that the supply rails are reversed. No 
difficulty should be experienced if the 
printed-circuit  boards  and  the 
component overlay as specified are 
used. 
The probe case used in our prototype 
was one manufactured by Jabel. The 
case has a length of 102 mm and an 
internal diameter of 23 mm. The 
probe tip, as fitted, is rather large and 
awkward. We therefore replaced the 
tip, with a darning needle, as shown in 
Fig. 6. The fine point of this tip is 
much easier to use on micro circuitry 
and, as it is very sharp, it will 
penetrate varnish etc to make reliable 
contact. A needle is a little brittle and 
for this reason it is recommended that 
a maximum unsupported length of 12 
mm be left protruding. Resistor R15 is 
mounted within the tip and soldered 
directly to the needle. The other end 
of the probe is fitted with a plastic 
stopper which is used to support SW1 
and both LEDs. SW1 is also used to 

PLASTIC 
END METAL 

PLATE 

LEDS 

HOLE FOR 
LEADS 

• 

Fig. 4. Linking required between the two 
boards. 

hold a small name-plate in position as 
shown in  Fig. 6.  Two LEDs are 
mounted into the end plate, together 
with SW1, and after soldering leads to 
the  LEDs they should be passed 
through the holes in the plate, and the 
plastic  end-piece,  and  secured  in 
position with a drop of epoxy cement. 
Another hole is drilled in the stopper 
through  which  is passed the two 
supply-voltage leads. 
Connect the leads from the stopper 
assembly to the previously assembled 
boards. Position the boards together, 
copper side to copper side, with a 
piece of insulating material between 
them.  Make sure that the board 
assembly will  fit  in to the tube 
without fouling the sides. Cut a piece 
of cardboard or plastic 75 x 85 mm, 
roll it into a tube and fit in the probe 
body. Now fit the board assembly into 
the tube — it may be necessary to 
dress the sides of the boards with a file 
to obtain a neat fit. 
The tip may now be connected and 
both  ends  screwed  into  position. 
Finally,  alligator  or,  better  still, 
Ezy-hooks clips should be fitted to the 
supply leads. 

EPDXY RESIN 

DARNING 
NEEDLE 

EXTENDING 
OUT 12mm 

HOOK UP WIRE 

PLASTIC END 

Fig. 5. Artwork for the nameplate on the 
probe. 

48 

Fig. 6. How the probe ends are constructed. 
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11 PROJECT 
121  LOGIC PULSER 

Companion iistrument to the logic probe. 

ALTHOUGH the  logic probe used 
alone is a very valuable piece of digital 
test equipment, it is limited by the 
fact that it can only observe the logic 
states that occur naturally within the 
piece of digital equipment under test. 
The logic pulser is a further valuable 
tool that is used in conjunction with 
the logic probe. It's function is to 
override the naturally occurring state 
at the particular circuit node under 
test. That is, if the circuit node is 
normally at the '1' state, the pulser 
will drive that node to a '0' for a very 
short period when the microswitch is 
pressed. If the circuit node is normally 
at a '0', the probe will drive it to a '1' 
for a very short period when the 
microswitch is released. Thus it puts a 
short  pulse  into the circuit node 
regardless of it's normal state when 
SW1 is pressed and released. 
A fairly powerful pulse is required to 
override the normal logic state of a 
circuit node and care must be taken to 
ensure that the devices either driving, 
or being driven from that node are not 
damaged. This is achieved by making 
the pulse of very short duration. In 
our probe the pulse width is 500 
nanoseconds. Thus although the pulse 
is of high current the energy released is 
insufficient to damage normal logic 
devices. 
The  probe must be suitable for 
driving either TTL or CMOS that is, it 
must operate from a supply ranging 
from 5 to 15 volts, it must be capable 
of operating  into  loads  having a 
capacitance as high as 1000 picofarads 
and must supply a current pulse of 
around  half  an  amp.  All  these 
conditions are fulfilled in the Eli 121 
Pulser and the prototype has been 
tested by causing it to generate several 
hundred thousand half amp pulses 
without any problems. The probe is 
quite capable  of  pulling two  (in 
parallel) high-power TTL 'zeros' to a 
'1' level and this is the most severe 
condition it has to meet. 
At the same time as providing high 
level pulses, the pulser should not 
draw too much supply current as some 
CMOS supplies may not have much 
additional capability. Under worst-case 
conditions the  ETI  Pulser drew a 
maximum of 10 mA. 
The probe is capable of overriding a 
normal logic state but is not capable of 
overriding a point that is connected to 
ground or to a supply rail. Thus by 
pulsing a node and at the same time 
looking at that point with the logic 

A basic tool for digital servicing. 

probe it is poss'ble to tell if that point 
is shorted to eitler rail. 
The logic pulser combined with the 
logic  probe  is thus  capable  of 
performing stirr ulus — and — response 
testing of both TTL and CMOS logic 
and of determir ing the exact nature of 
a fault at a particular circuit node. 

CONSTRUCTICN 
Construction is greatly simplified if 
the printed circuit board of Fig. 2, is 
used.  This  should  have  the 
components  assembled  to  it in 
accordance  with  the  component 
overlay. Note particularly the polarity 
of Cl, and the connections of the 
microswitch  such  that  the 
normally-closed terminal of the switch 
is connected to the base of transistor 
01. Also make sure that a red lead is 
connected to the positive rail of the 
board, and a black lead to the negative 
rail, to facilitate later connection. 
We used the same probe case for the 
pulser as for the logic probe. The 
probe tip is again replaced by a 
darning needle and the microswitch 

Internal construction of the pulser. 

SW1  is  mounted  into  the 
plastic-section of the tip as follows. 
First check the switch to determine 
what  the  contact arrangement  is. 
Attach colour coded wires to the 
switch, to aid later identification, and 
tape the microswitch into position. 
Epoxy cement may then be used to fix 
the switch into place permanently. 
Now cut a slot into the probe case so 
that  the  switch  and  plastic  tip 
assembly can be inserted into the 
casing. 

Connect  the  probe  tip  and 
microswitch leads to the board and, 
after insulating the inside of the case 
with cardboard or plastic as previously 
described, insert the board into the 
case. Pass the supply leads through the 
plastic end piece and then fit both end 
pieces and secure them in position. 
Lastly attach Ezy-hooks or alligator 
clips to the supply leads. 

Keep the supply leads as short as is 
reasonably possible as excessively long 
leads will degrade the performance of 
the pulser. 
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TO POSITIVE 
POWER CLIP 

01 
2N3643 

TO NEGATIVE 
POWER CLIP 

.41   

R3 
6k8 

SW' 

N/C  N/O 

COM 

2N3643 
2N3638 

Fig. 1. Circuit diagram of the pulsar. 

C2 
82pF 

C3 
82pF 

- I I 

Fig. 2. Printed circuit board 
for the pulsar. Full size 
23 x 65 mm. 

HOW IT WORKS 

The pulser is activated whenever 
microswitch SW1 is pressed. This 
switch controls the state of a flip-flop 
formed by transistors Q1 and Q2. 
The flip-flop is necessary to prevent 
contact bounce of the microswitch 
from having effect. 
The output transistors of the probe, 
Q5 and Q6, which in turn are 
controlled by Q3 and Q4 are both 
normally off. However when the 
microswitch is pressed Q2 turns off 
and the rising cottage on its collector 
is coupled, via C3, to the base of Q4 
turning it on. This in turn, turns on 
Q5 pulling the output to the positive 
rail. This generates a '1' pulse if the 
point under test was at a '0' level. 
Resistor R12 provides a current limit 
of around 500 milliamps. Due to the 
small value of C3 the pulse output is 
only about 500 nanoseconds long, 
short  enough  so  that  there is 
insufficient energy to damage the 
device under test. 
When the switch is released 02 
turns on and the negative-going edge 
is coupled to 03 by C2 turning it on. 
This turns on Q6 causing the output 
to be pulled to the negative rail. This 
gives a '0' pulse which, like the '1' 
pulse, is only 500 nanoseconds long. 
The output from the probe is taken 
via the paralleled combination of 
R13 and C4 where C4 carries the 
current  and  R13  discharges C4 
between  pulses.  This  network 
protects  the  probe  against  the 
condition  where  the  probe  is 
inadvertently connected to a voltage 
which is above or below the logic 
supply rails. 
Resistor  R5  isolates  the  high 
current pulse from the power supply, 
capacitor Cl providing the actual 
current needed. 

03 
2N3638 

R7 
6k8 

04 
2N3643 

C4 
0.33pF 

R12 
4.712 

R13 
22k 

TO PROBE 
TIP 

  s  
TO PROBE TIP 

SW1 

lc)-cgD-•  F 
4 7 7 1 -

TO • VF POV.ER 
CLIP 

-ca} 
2)- (s;) 4= 1-C3 

Cr)4Rili-iR /0 1- c YLT)6 (11)1 
C4  

TO -VE POWER 
CLIP 

Fig. 4. Construction of the 
tip for the pulsar probe. 

SPECIFICATION 
See page 47.' 

DARNING 
NEEDLE 
EXTENDING 
OUT 12mm 

EPDXY 
RESIN 

PLASTIC 
END 

N/C 

N/O 

COM 

SW  Fig. 3. Component overlay 
for the pulsar. 

MICRO 
SWITCH 

N/C 
N/O 
COM 

CONNECTION 
TO PROBE TIP 

PARTS LIST 

R12  Resistor  4.7 ohm  '4W  5% 
R,8,9,10,11  120 ohm  '4W  5% 
R4  "  1k2  Y.W  5% 
R5  2k7  Y.,W  5% 
Al  3k3  Y.W  5% 

R2,3,6,7  ..  6k8  '4W  5% 
R13  ./  22 k  Y4W  5% 

C2,3  Capacitor  82 pF  ceramic 
C5 0.01 biF  polyester 
C4  „  0.33 µF  polyester 
Cl  „  10 µF  25 V tantalum 

01,2,4,6  Transistor  2N3643 or similar 
03,5  If 2N3638, 2N3638A or similar 

1 micro switch miniature McMurdo type 2LM 
2 alligator clips or Ezy-hooks 
PC board ETI 121 
probe case (see text). 



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. 

mo 

Dual CS 601—DualIs first medium priced belt driven turntable 

Dual 
For the 
finest 
in sound: 
Dual 

With the CS 601, Dual introduces its second fully auto 
matic single-play turntable. The CS 601 drive system 
consists of an 3-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. 

FRED A. FALK (sales) PTY, LTD. 
28 KING STREET, 
ROCKDALE, NSW 2216 Phone 5971111 
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if)(ELECTRONICS) PTY. LTO. 
95-97 REGENT ST., REDFERN N.S.W. 2016 

P.O. Box 156 REDFERN  69-5522 

THE GREAT NAME FOR ELECTRONIC 

SPECI AL  OFFER ... THIS 
MONTH ONLY. 1 10k.S-2 Linear 
Slider potentiometer 45mm PLUS 
1 500 2 Linear Tab Potentiometer 
with 2W' insulated spindle. ONLY 
75c or 10 pairs for $6.00 P&P 12c 
or 50e. 

COMPONENTS IN AUSTRALIA 

SPECIAL OFFER OF BELL & GOSSET1 
(I.T.T. U.S.A.) OIL-LESS AIR COMPRESSORS 

ALL BRAND NEW AND IN THEIR ORIGINAL PACKINGS AT LESS THAN 
HALF  NORMAL  PRICE.  SPECIAL  CLEARANCE  OFFER.  LIMITED 
QUANTITIES AVAILABLE. Suitable for Air Dryers - Air Pumps - Aquariums - 
Barber shops - Oil burners - Business machines - Computers - Hospital equipment 
- Instrumentation - Laboratory equipment - TV tape recorder - Spraying - etc. 
etc. All are fitted with 240V single phase 50 cycle Motors, equipped with automatic 
overload protection. ALL PRICES SHOWN INCLUDE SALES TAX. 

MODEL NO: SYCO-1. Displacement CFM at 
1725 rpm 2.7 35Ibs. Single stage. Y. H.P. 
motor. PRICE $105.00. 
MODEL NO: SYC010-1. Displacement CFM 
at 1725 rpm 1 9 175Ibs two stage unit. 1/3 
H.P. motor. PRICE $140.00. 
MODEL NO: SYC011-1. Displacement CFM 
at 1725 rpm 2.7 1751bs two stage unit. 'A H.P. 
motor. PRICE $165.00. 

MODEL NO: SYC012-1. Displacement CFM at 1725 rpm 3.29. 175Ibs two stage unit. 

% H.P. motor. PRICE $194.00. 

PLEASE NOTE. ALL THE ABOVE COMPRESSORS ARE 
LESS AIR TANKS. Model NO's SYCO-1 to SYCO 12-1 have 
automatic pressure switch. 
FREIGHT: NSW and Interstate by 'COMET' Carriage Forward. 

r   
r-r------  et, _  ‘' 

UNIIPONENT/ 4 

A & R PLUG PACK. S.E.C. approved - V-

PROVI DES 6VDC  (No minal). 300 mA (Max) 
will plug directly into any Mains Power Socket. 
Ready  fitted with  Coaxial  connecting plug. 
Double Insulated for safety. Eliminates costly 
dry  batteries.  Powers  ELECT R ONIC 
CALCULATORS - TRANSISTOR RADIOS - 
ELECTRONIC  FLASHGUNS  etc.  Full  12 
months guarantee on every 
unit. 

ONLY  $7. 50  each. 

100 m A model with similar 
features  $6.50 each  P&P 
75c. 

A & R 'CHARGETTE' 
The PLUG-IN BATTERY CHARGER. S.E.C. 
Approved.  12  volt  1  amp  DOUBLE 
INSULATED. A really compact Battery charger 
for  maintaining  lead-acid  batteries  in  peak 
condition. For CARS - M OTORCYCLES - 
BOATS  -  CARAVANS 
et a c.  Co mplete  with  lead 
n 
c 
d 2 heavy duty crocodile 
lips.  Full  12  months 
guarantee. 

,   

SOMETHING FOR NOTHING!! 
NE W MARKET  Ger maniu m  PNP 
st u d  m ou nting  PO W E R 
TRANSISTORS.  Type  V30/20P. 
D e si g n e d  for 
med i um-high-gain-high 
current-general  AF 
A mplifier,  oscillator 
and  switching  service. 
R at i ngsi  30V  10W. 
ALL NE W & UNUSED' 
TO  CLEAR  10  for 
i5.00 P&P 50c. 

MS 
1 

MODEL NO: SYC10-1. Displacement 
CFM at 1725 rpm. 1.9 up to 75 PSIG 
continuous operating pressure -- 90 
PSIG intermittent.  % H.P. motor. 
PRICE $92.00. 

elk i esp ":• 

4 14  

MODEL  NO:  BLC  Displacement 
CFM at 1725 rpm 1.43 single stage. 
Operating pressure to 90 PSIG to 110 
PSIG intermittent. 1/6th H.P. motor 
PRICE $69.00. 

25 Assorted NPN & PNP SILICON 
TRANSISTORS.  All  marked  and 
unused  Not  rejects.  Very  useful 
assortment. $2.00 P&P 25c. 

EXCLUSIVE  TO m.s.c. 
P&P $1.00 $12.99 

NEWMARKET  Regulated 
POWER  SUPPLY  UNIT. 
PRI MARY  -  210  - 
250VAC. OUTPUT - 12V 
- 500 mA. DC. 

OUR PRICE $9.95 
P&P 50c •  

2 SB 33 7  (ASZ 16 ) 
GERMANIUM PNP POWER 
TRANSISTOR. 
Sim. to 0C28.  Co mplete  with 
mounting  kit.  Now  only  from 
M.S.C.  $1.10  or  10  for  $10. 

piliwP&P 1  to 5 30c 10 up 48c. 

114 

MS 
2 

GOLDRING DC-DC Car converter. 
High current at 800mA. Output 6V 
- 7.5V - 9V. Complete with 4 way 
output plug. Only $4.95 P&P 50c. 

MS 
3 

SILICON DIODES. Type IS94. 500V 
at 500mA. Wire ended type. 10 for 
$1.00 P&P 20c. 

RELI ANCE  CONTR OLS 
MULTI-TURN  WIRE-WOUND 
TR IMPOTS. 
Extremely small size coupled with 
precision engineering make these 
Trimpots a worthwhile purchase. 
ONLY OBTAINABLE FROM US. 
All 20 turn, and in the following 
values: 15S2, - 20S-2 - 25E2 - 
100E2 - 20012 - 250S2 - 300E2 
- 500E2 - 1K1-2 - 2.5K 2 - 
25K 2 - 501( 0 - 100K 2. All 
above at 95c each P & P 30c (up 

ALto 10). 

MS 
4 

4  DIGIT  ELECTRO-MAGNETIC 
HIGH-SPEED  COUNTERS.  Will 
operate from 18-36V. Non resettable. 
40c each or 10 for $3 P&P 20c or 
75c. 

MS 
5 

PAPER  BLOCK  CAPACITORS in 
alu minium  Can.  2  mfd  200V. 
Suitable for X-Over's 10 for $1.50 
P&P $1.00. 

MS 
6 

200 ASSORTED '4 -  - 1 & 2 watt 
resistors. 10 & 20%. 200 for $2.00 

P&P 50c. 

MS 
7 

PHI LI PS  PO L Y E S T E R 
CAPACITORS. 50 different values in 
160 400 & 600V $3.00 P&P 50c. 

MS 
8 

MINIATURE TRANSISTOR I.F.T. 
COILS. 455 MHz. A selection of 4 
types including OSC coils. 10 for $2 
Astounding value. P&P 50c. 
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[INSC01111PONENT/ (ELECTRONICS) PTY. LTD. 
95-97 REGENT ST., REDFERN N.S. W. 2016 

P.O. Box 156 REDFE RN  69-5922 

THE GREAT NAME FOR ELECTRONIC 

7 TRANSISTOR 
+ 2 DIODE RADIO BY BENDIX 
Completely  ready  wired  with 

volume control and switch. Large 

tuning dial and complete with 31/2" 

8 ohms. .6 watt speaker. Battery 

container included. (Batteries not 

included) - READY TO GO'! 

83.85 EACH 
PLUS P & P 85c 

IANOTHER GREAT 
IDEA FROM 
THE STATES 
The W AHL 'Iso-Tip' CORDLESS QUICK 
CH AR GE  INDUSTRIAL  SOLDERING 
KIT.  Model  7700.  Consists  of  Cordless 
'Quick  Charge'  Soldering  Iron;  Separate 
Recharging Stand; One No: 7545 Fine Tip; 
One  No:  7546  Heavy  Duty  Tip;  One 
Instruction  booklet.  Special  features 
incipde: Complete Portability - Solders up 
to 125 Electronic Joints Per Charge: No AC 
leakage  -  No  Grounding  necessary: 
Soldering  Heat  in  5  Seconds:  NE W 
SPECIAL PRE MIU M QUALITY Long-Life 
Nickel Cad miu m Batteries (Outlast Standard 
Batteries)  GUARANTEED  FOR  ONE 
YEAR.  NOT TO BE CONFUSED WITH SI MILAR 
AND CHEAPER IMITATIONS ON THE M ARKET. 

M.S.C.'s 
CRAZY 
PRICE!! 

They are really 
getting smaller 
and smaller. 3 
types available. 
T Y P E  'A' 
Approx.  sq. 
In  ,4 oosi 

1K1L 
5K1Z..  95c 

ea.  TYPE 'Er. 
In  Tp..5  Case, 
1 OK1Z,  only 
85c  each. 
T Y P E  C' 
Approx. 3/4" x 

x 3/16". 
20 KIG  only. 
90c. P&P each 
single  ite m 

15c. 

PHILIPS 
401 series miniature 
carbon trimpots 

15 assorted 
valves 
for 
$2.00 

HOURS OF TRADING: 
M ON-TUES- WE D  &  FRI: 
Pa m- 5.3 Op m.  T H U RS: 
Sa m-7p m.  SAT:  fa m-lpm. 
SU N  10am-1p m.  C.O.D.'s: 
Please add $1.20 to posting fee. 
NO  ORDERS  UNDER  $3.00 
accepted. For replies please send 
S.A.E.  Post  &  Packing  $0c 
where  not  Included  In  pica. 
PLE ASE ... PLEASE  PRINT 
YOUR NA ME & ADDRESS ON 
A L L  O R D E R S & 
CORRESPONDENCE. 

O NLY 

FR O M 

US A T 

$39.95 each 
P&P $1.00 

PHILIPS 
SPEAKERS & 
ACCESSOR I ES 
AD0160/78  $9.95 
AD5060/W8  $9.95 
AD5060/SQ8  $19.95 
AD7061/M8  $11.00 
AD7066/W8  $13.00 
AD8066/W8  $15.50 
AD10100/W8  $33.00 
A01265/W8  $19.95 
AD12100/W8  $40.00 
3 WAY CROSS-
OVER  $12.00 
2 WAY CROSS-
OVER ADF 1600$7.50 
2 WAY CROSS-
OVER AD F 3000$9.00 

Post  &  Packing  - 
Speakers  $1.50; 

X-Overs S0.75. 

LOOK 

AT THIS OAK MINIATURE ROTARY SWITCHES 

Precision engineered for precision work. ONCE IN A 
LIFE-TI ME OFFER . . . compare M.S.C.'s Prices 

with  our  nearest  cheapest  competitor  and  save 

yourself a BO MB. ALL NE W . .. ALL PERFECT. 

Standard Y." shaft. 2 Section. 8 Pole 2 Position or 6 

Pole 4 Position. $1.75 each or 2 for $3.00. P&P 40c. 

DON'T FORGET 
WE ARE NOW 
OPEN SUNDAYS 
FROM 10AM-1PM 

COMPONENTS IN AUSTRALIA 

NEVER AGAIN 
AT THIS PRICE!! 

2N3055 
N P N  P O W E R 
TRANSISTOR Co mplete 
with Mounting Kit. ALL 
N E W  . . . A L L 
M A R K E D . . . A LL 
GUARANTEED. 

10 for $7.75 P&P 50c 

STUPENDOUS 
OFFER Genuine  S.T.C. 

E M  SE RI E S 
ON 1 ampdi odes ... 20  of 

the  following.. 4 
SILICON   EM401 (100V); 4 
DIODES each  of  EM402. 

404,406, 2,')f 408 
( 2 0 0 V , 
400V, 600V, 

/  8 0 0 V )  2 
E M  4 1 0 
(1 KV)  20 in 

- all  for  only 
S2.75  post 
free. (Special 
prices can be 
given  for 

' Quantities  of 
.1 0 0 0  8,, 
over). 

UNBELIEVABLE VALUE!! SCOOP PURCHASE 
SI N C L AI R  PO WE R 

T R A N S F O R M E R S. 

Originally used for the P18 

PO WER  SUPPLY.  Very 

sturdily  constructed  and 

manufactured to stringent 

specifications.  RATINGS: 

Pri mary  2  x  120VAC 
Windings  (240V AC): 

Secondary 40V 2 amps. 

• ALL NEW • ALL PACKED 
• ALL GUARANTEED 

ONLY S5.50 each P&P $1.50. 
Originally selling at $26.40 each. 

by MALLORY 
NE W  CERAMIC  CONSTRUCTION,  VITREOUS  ENA MEL 
EMBEDDED WINDING, HEAVY DUTY BRUSH ASSE MBLY, 
CONTINUOUSLY RATED, 25 watt type: 

in tne following values ... 2S2 -4  1o1/- nit- 250 - 
500E2 - 2,5 Z $5.00 each Post & Packing 75. 50 wait type: In 

the following values 4E2 - 6E2 - 22E2 - 50E2 - 125E2 - 150 2 

- 300E2 - 2.51 42 and 8kSL $6.00 each. Pi t & Packing 85c. 
75 watt type: In the following value . . 1k1Z only. $7.00 Post 

j...1.00. 100 watt type. In the following values ... 
11:. and 25 2 $8. P&P $1.00 (Li mited quantity). 300 watt 
type: 50E2 only $24.00 P&P $2.00 (Li mited quantity). 500 watt 

type: 5001G only. $28.50 P&P $2.00 (Li mited Quantity). Please 
note: With the exception of the 75 watt Rheostat. ALL hay 
Fluted knobs and Calibrated Dials. 

OF DIGITAL  
CLOCK  41111 
MECHANISM'S 
All  new  and  unused ... fully  imported. 
Co mplete with Ti me-setting control, denoting 
HOURS,  MINUTES  &  SECONDS.  Clearly 
visible figures of 5/16" Ht. Also incorporated 
is  two  re mote  micro-switches  for  setting 
Alar ms, Radio's or Television etc. With 240V 
50Hz Motor. 
A M AZI NG V AL UE AT $10.25 each 

P&P $1.00. 

r---4. 1 °6,1461 -11 

SUPERIOR QUALITY 
PRECISION MADE NEW 
POWER RHEOSTATS  < 4 

SPECIAL 
OFFER OF 
'DARLINGTON' 
PAIR 
TRANSISTORS 
(S uita ble  for 
A U DI O  APPLI-
C A TI O N S)  1 
F AI R C HI L D 
AX8141 B  (T066 
Case);  1  FAIRC 
HI L D  A X6183 
(T018  Case);  Min. 
Gain of pair - 525 
$1.10 the pair 
Post free. 

) bonlicarc.1 

welcome here 



Plessey presents the latest in profes-
sional components and equipment 
at the 1.R.E.E. International Elec-
tronics  Convention.  Unisearch 
House (New College), University 
of N.S.W. 

Look for our display on stand 
Nos. 81-84. 

APP 77 
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International 
Electronics Convention '75 

At the UNIVERSITY OF NEW SOUTH WALES, Kensington, Sydney, Australia. 

FROM: 
Monday, 25th August to Friday, 29th August, 1975 

The theme: "ELECTRONICS AND THE FUTURE" 

SCIENTISTS and engineers from at 
least  10  overseas  countries  will 
participate  in  the  "International 
Electronics Convention '75" organised 
by the  Institution  of  Radio and 
Electronics  Engineers  AJstralia  in 
Sydney from August 25 to 29. 
The Convention, to be held at the 
University of New South Wales, is 
expected to attract 1500 delegates and 
20 000 visitors. 
In  addition  to  a number  of 
Australian speakers, addresses will be 
given by scientists and engineers from 
the  U.K.,  U.S.A.,  Finland, Japan, 

India, New Zealand, Germany, Israel, 
Czechoslovakia and Singapore. 
Contribut?cl  by  top  ranking 
electronics aJthorities from overseas 
and  in Australia  more than  250 
technical papers will be presented. 
Each day six  of  the University's 
lecture theatres will be occupied by 
speakers delivering these papers. (An 
In ternaticnal  Symposium  on 
loudspeakers has been arranged for 
Aug 20-22 — see our Audio News 
pages for det3ils.) 
A  comprehensive  display  of 
equipment will cover 30 000 sq. ft of 

"ELECTRONICS AND THE FUTURE" 

I REE  Conventions are the recognised regular forums for 
management  executives, scientists,  engineers and  technical 
officers engaged in every field of electronics, both in Australia 
and  overseas. Traditionally, they bring together the most 
significant  contemporary  knowledge  on  research,  design, 
development, and manufacturing and offer widespread benefits to 
those taking part. They provide unparalleled opportunities for 
formal and informal discussions, for the exchange of information 
and ideas, and for viewing and examining the latest equipment 
and components. 

THE I REE was founded as a national organi>ation in 1924 and 
incorporated by Royal Charter in 1967. 
The objects and purposes for which the institition is constituted 
are"... to promote the science and prac-ice of electronics 
engineering in all its branches and the usefulness and efficiency of 
persons engaged therein and to facilitate the exchange of 
information and ideas in relation thereto." 
If you have a university degree, professional diploma, technical 
certificate or similar qualification you may be eligible for 
membership — full details of the various grades of membership 
can be obtained from the I REE, 157 Gloucester St. Sydney 2000. 

space. Major Australian manufacturers 
and suppliers and a number of British 
companies will be represented. 
A list of exhibitors is included within 
this  IREE Convention supplement, 
together with a floor plan of the two 
main exhibition halls. 
The convention will be officially 
opened by Myles Wright, Chairman of 
the Broadcasting Control Board on 
August 25th at 7.30 pm. 
Keynote address will be given by Mr. 
David  R.  Israel, Deputy Associate 
Administrator  for  Engineering and 
Development for the Federal Aviation 
Administration,  Washington,  U.S.A. 
Mr. Israel is coming to Australia at the 
invitation of I REE President, Mr. F.R. 
Lackey. 
Currently, Mr. Israel is responsible 
for  directing  the  Administration's 
research and development programme 
for air traffic control systems. He will 
address delegates on "Electronics in 
the future of air traffic control".  • 

Organised by: The Institution of Radio 
and Electronics Engineers Australia, 
Science House, 157 Gloucester Street, 
Sydney, N.S.W. 2000, telephone 
27-1039. 
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IFREE International Electronics Convention '75 

MAIN EXHIBITION AREAS UNIVERSITY OF 
NSW, KENSINGTON. 

1. UNISEARCH HOUSE 

2. NEW COLLEGE — Common Room (RCA) 

3. ROUNDHOUSE 

4. GOLDSTEIN  COLLEGE  —Wheen  Room 
(Siemens & Philips) Undercraft Room. 

5. CENTRAL  LECTURE BLOCK  (Convention 
control centre, registration, and information). 

Electronics Today will be there too — call in and see 
us on Stand 61 Unisearch House. 

1 2 3 

ENTRANCE 
SOUTH DOOR 

COFFEE BAR 

CAFETERIA 

ROUNDHOUSE-GROUND FLOOR PLAN 

18 19 20 21 22 23 24 25 26 27 28 

29 30 31 32 33 34 35 36 37 38 39 40 41 42 

43 44 45 46 47 48 49 50 51 52 53 54 55 56 

57 58 59 60 61 62 63 64 65 66 67 68 69 70 

71 72 73 74 75 76 77 78 79 80 81 82 83 84 

87 88 89 

100 101 102 

90 91 92 93 94 95 96 97 98 

103 104 105 106 107 108 109 110 111 

UNISEARCH HOUSE 

  FLOOR 
PLAN 

56  ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1975 



Ad  I ELECTRONICS - Stand 73/74 
Unisearch House. 

DYNAPAR  CORP  -  production 
control  and monitoring, linear and 
rotary  transducers,  counters, 
indicators, alarms, data loggers and 
special digital systems. 

EMERSON INDUSTRIAL CONTROL 
- solid-state high power Accupower 
u ninterruptible  power  systems, 
'Accuspede' adjustable speed ac drives. 

ICS - low power solid•state standby 
power  systems,  inverters,  process 
controls and medical instruments. 

B  &  R  SYSTEMS  electronic 
weighing  systems  for  large 
bulk-weight,  electronic  readouts 
weighbridges and process peripherals. 

TELEDYNE  ISOTOPES  - 
hydrogen/oxygen gas generators for 
turbine  applications  and  related 
requirements. 

FRIESEKE  & HOEPFNER  -- dust 
emission measuring and monitoring. 

Ad  I -  control  and  supervisory 
systems, communications equipment, 
military and government systems. 

ACME ENGINEERING Stand 27/28. 
Unisearch House 

ACME coaxial connectors, audio and 
telephone  type  connectors, 
Acme-designed BNC push-on patching 
system  now  widely  used  in  TV 
industry, comprehensive range of RF 
coaxial  connectors,  coaxial  cables, 
patching and switching systems etc. 
from  overseas  manufacturers 
represented by Acme. 

AIR PROGRAMS INTERNATIONAL, 
Stands 28-31 Round House. 

RECORTEC - video tape evaluator 

0-TV - video prompter system. 

PORTA PATTERN - television test 
charts, test slides and transparencies. 

MTE - audio wow and flutter meter, 

WRIGHT AUDIO - precision MF/AM 
broadcast  monitor receiver, crossed 
ferrite "anti fading" MF/HF broadcast 
monitor receiver. 

CMC - video discs and quadruplex 
video head refurbishing. 

AMALG A MATED  WIRELESS 
(AUSTRALASIA),  Stands  16-19 
Round House. 

DIAL ADJUSTMENT SET - modern 
version  of conventional speed-ratio 
tester for telephone dial adjustment 

DIALSCAN  - telephone  dial 
individual pulse duration measurment 

SPECTRUM ANALYSER - features 
flicker free display, dual image storage, 
integral  counter,  tracking  signal 
generator,  adjustable  electronic 

graticule, electronic cursor and wide 
dynamic range. 

DISTORTION AND NOISE METER 
-  I R EE  Convention  first  release 
features  fully  automatic frequency 
nulling,  time  taken  for  distortion 
measurement, to -90 dB is cut to 
seconds. 

AMPLITUDE  MODULATION 
MONITOR - solid-state instrument 
covering the MF band. 

QUARTZ  CRYSTALS  -  discrete 
frequency-determining  crystals  a ld 
monolithic crystal filters. 

SURFACE  ACOUSTIC  WAVE 
DEVICES  -  frequency  filters, 
oscillators, delay lines and matched 
filters, surface wave devices on display. 

MICROELECTRONICS - design and 
manufacture,  standard  and custcm 
built  applications,  IC  cardiac 
pacemaker, digital telephone, digVal 
compass,  test  instruments,  f re 
protection, military equipment. 

AKG  -  microphones,  pick up 
cartridges,  headphones  and 
reverberation units. 

REVOX 
amplifiers 

-  tape  recorders  and 

AWA  -  automated  broadcast 
equipment 

PSI - computerised system for billing, 
trafficking, and accounting for radio 
and TV stations. 

CONRAC - and Electrohome video 
monitors. 

ANDREW  ANTENNAS  Stand  E4 
Untsearch House. 

GR IDPAK - collapsible grid parabol c 
antenna. 

ANDREW HELIAX - solid copper 
corrugated outer conductor co-axis' 
cable for laboratory or high power T 
or sound broadcasting use. 

RADIAX  - slotted coaxial cab's, 
radiates controlled amount of signs' 
along entire length  - acting as a 
distributed antenna. 

ANDREW  HYBRID  - directivity 
reference  instrument  for  precise 
measurement  of  waveguidle 

components 

AU DI O  BR O A DC ASTI NG 
SERVICES,  Stand  51/52  Round 
House. 

SCHAFER -- automated broadcasting 
station model 903. 

A U S T R A LI A N  VI D E O 
ENGINEERING, Stand 11/14 Round 
House 

GRASS VALLEY GROUP - GVG 
1600 series vision switching system;. 

INTE R N ATI ONAL  VIDEO 
CORPORATION  electronic news 

ADDENDA 
The following organisations are also exhibiting — 
however at the time of closing for press no exhibition 
details could be obtained. 

UNISEARCH HOUSE 

Consolidated Electronics, Stand 45/46 

EMI (Aust), Stand 75 

Depts of Army, Navy, Airforce, Transport (Air Group, 
Stands 47-50 

Sydney City Council, Stand 33 

McMurdo (Aust), Stand 18/9 

Tektronix Aust, Stand 24-26 

Studio Electronics, Stand 29. 

Thompson Publications, Stand 86 

ROUND HOUSE 

Ampex Australia, Stand 25-27 

Kanematsu Gosho, Stand 20-22 

Magnatectronics, Stand 44/45 

NEC Aust, Stands 46-49 

Transmission Products, Stands 37/38 

gathering system, IVC 7000 cameras 
including portable hand held camera, 

IVC digital timebase error corrector 
operating  from  IVC  range  of  1" 
Helical Scan recorders,  IVC ,,„EA51 
editing system for news off•line or 
on-line  IVC  201  1" helical scan 
cartridge recorder, 

BELL & HOWELL, Stand 23 Round 
House. 

BELL & HOWELL - 5-144, seven 
channel recording oscillograph, 4-800 
thin film pressure transducer, CR 3000 
portable battery-operated direct and 
FM  recorder  reproducer,  standard 
Philips  cassettes  to  record  and 
reproduce four channels FM and direct 
information, twelve and 18 channel 
recording  oscillographs,  CPR  4010 
portable  14  channel  I R.I.G. tape 
recorder, working demonstration of 
Bell & Howell Astro Science recorder 
designed  for  military  and  hostile 
environments. 

BELL  &  HOWELL'S  GERMAN 
SUBSIDARY  a PCM  (digital) 
translation  syste m  for  use  with 
analogue  tape  recorders,  and 
computer interfaces to allow Bell & 
Howell instrumentation tape recorders 
to be computer controlled. 

BRI TI S H  AI R C R A F T 
CORPORATION  (AUSTRALIA) 
Stands 57/58 Umsearch House. 

SYSTEM & ENGINEERING DESIGN 

- optical  tracking  equipment  for 
calibrating  I LS  and  MLS  systems 
equipment embraces TV optics, digital 
shaft encoders, precision gears and 
telemetry of digital data. 

STRAIN RANGE PAIR COUNTER - 
flight  load  monitor  for  fatigue 
assessment,  is airborne unit which 
processes outputs from strain gauges 
and records as running total of "Range 
Pairs" with associated mean values 

PROGRAMMED I.F. ATTENUATOR 
- for  reducing  clutter and angel 
effects in radars. 

BRI TI S H  AI R C R A F T 
CORPORATION (U.K.) - products of 
the Corporation's Precision Product 
Group,  including  gyroscopes  and 
gyro based  products,  special 
equipments  based  on  the  BAC 
electrical remote reading spirit level. 

BRITISH CONSULATE GENERAL, 
Stands 20/23, 34/37 Unisearch House. 

Six  British  companies'  exhibits 
mutually  arranged  by  Britain's 
Electronic  Engineering  Association 
and the Overseas Trade Board of the 
Dept of Trade 

ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1975 57 



1.0111 0.11 

, 1•011 •1 00. 

Albert Einstein had a hair problem. And a lot of 
mathematical problems. 

The hair he could have fixed with a good brush. 
And with a lot of his other problems, 'Eveready' Gold 
Alkaline batteries could have helped out. 

Just think what a man like Einstein could have 
done with a battery that out-performs all others in high 
drain electronic equipment. 

A battery that delivers full and consistent power, 
even after being left idle for long periods. 

A battery :hat isn't bothered by extreme changes 
in temperature. 

Albert, we only wish we'd been there to help. 

BATTERIES Products of iso 
Eveready' & Union Carbide' are registered Trade Marks. 

EVER EAU 
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Electronics Convention'75 

GEC  -  products  from  this  and 
associate companies including semi-
conductor  components  from  AEI, 
relays from Londex and Associated 
Automation, metrosyl resistors from 
Micanite Insulators; instruments and 
components  from  Salford  Electric• 
Sunvic relays arid energy regulators 

from Satchwell Controls - and the 
GE C  Clearcall  two- way 
communications system from GEC. 

IMHOF BEDCO - small instrument 

cases. 

LCR COMPONENTS - standard and 
specialized capacitors up to 20 kV 

MEDELEC - recording instruments 
for industry and research - including 
fibre optic techniques. 

MICAPLY - glass epoxy laminates to 
Nema and military specifications. 

MULTICORE SOLDERS - solders, 
solderability  tester,  soldering 
chemicals and,fluxes. 

BIND  E LECTRONICS.  Stand  60 
Unisearch House 

BWD  oscilloscopes and function 
generators  including  model  170 
'Wavemaker',  BWD  'mini lab', 
stabilized dc power supplies. 

CLOSED  CIRCUIT  TELEVISION, 
Stand 65 Unisearch House. 

MICHAEL COX ELECTRONICS - 6 
x 4 ABC and P/V vision mixers, with 
10 wipe SF X with chroma key facility, 
Downstream  Keyer, Coxbox colour 
synthesiser updated to include camera 
shading  controls,  Type  MCE  208 
caption colouriser, takes video plus 
BCD code to provide word by word 
colouring with five different colours 

AS T O N  EL E C T R O NI C 
DEVELOPMENTS - video character 
generator  and  external  multipage 
message store MMS2. Facilities include 
line protect function, crawl facilities 
and slow readout, full range of system 
video products including PAL Signal 
Generator, also range of waveform and 
vector monitoring instruments. 

GRAFIKON  ENGINEERS  the 
optical comparator. 

R. H.  CUNNINGHAM,  Stand  55 
Round House. 

W A T KI NS  JOH NS ON 
communications receiver systems 

DATA  GENERAL,  Stand  55/56 
Unisearch House 

DATA  GENERAL  ECLIPSE 
general purpose computer system 

DAT AMATIC,  Stand 66 Unisearch 
House. 

CALCOMP - disc storage systems, 
floppy disc drive, disc formatter. 

VERSAT EC  electrostatic printers 

and plotters using matrix electrovatic 
writing technique. 

DATUM  - model  4000  terminal 
adapter 

DICK SMITH ELECTRONICS, Stand 
89 Unisearch House. 

DICK  SMITH  SHOWBAG 
containing  wide  selection  of 
components and data sheets, tags, 
which contain many dollars worth of 
parts, will be sold for a nominal :um 
and profit donated to charity, 3150 
showing  a wide  selection  of 
semiconductors  and  imported 
transformers. 

LENK - cordless soldering iron 

SINCLAIR - digital multimeter. 

DIGITAL ELECTRONICS, Stand 53 
Unisearch House. 

DIGITAL  ELECTRONICS  - v-ide 
range of locally manufactured and 
imported  data acquisition systems, 
modular  conversion  products, cata 
transmission  devices and electrcnic 

training aids. 

ELMEASCO INSTRUMENTS, Stand 
102 Unisearch House. 

JOHN FLUKE - digital voltmetars, 
multimeters,  frequency  count!rs, 
thermometers,  printers,  signal 
generators, frequency synthesizers and 

calibration equipment 

FLUKE TRENDAR - digital logic test 
instruments and digital board testers 

BIOMAT ION  INTERNATIONAL 
analogue transient recorders, dig tal 
logic recorders and wide band AD/DA 
converters, for video digitising. 

NE WPORT  LABORATORIES 

digital panel meters and printers. 

TELEDYNE PHILBRICK - modclar 

operational amplifiers, power suppl es. 
AD/DA  converters  and  VF/:V 
converters 

ELECTRO NAVIGATI ON  - 

broadband RE power amplifiers 

LINEAR  INSTRUMENTS  - chart 
recorders. 

ITHACO INCORPORATED - lock in 
amplifiers,  filters  and  signal 
conditioning equipment 

KEPCO INCORPORATED - bipolar, 
general purpose and operational power 
supplies. 

L.  M.  ERICSSON.  Stand  67/58 
Unisearch House. 

L M ERICSSON - constant potential 
battery chargers. 

TR IMAX - programme line amplifier, 
ionisation  tester,  extended  rarge 
volume  indicator,  telephone  Ime 
isolating  transformers  ald 
transformers to 20 kV breakdown. 

NERA  -  precision  VSB  TV 
demodulator. 

ELM! - pulse train generator. 

ELMI - event recorder. 

ELECTRONIC  -  voice  switched 
intercom system using T.D.M. (Time 
Division Multiplex) technology. 

ERICALL  "CONTACTOR" - staff 
locator solid state receiver utilising 
digital coding. 

AEE  CAPACITORS  - metallized 
paper,  polyester,  polystyrene  or 
polypropelene dielectrics, high grade 
electrolytic capacitors with long life 
characteristics  specialised  C.R.  and 
R.C. units for contact arc suppression 
and  radio  frequency  interference 
suppressors. 

FIL M TRONICS,  Stand  30/31 
Unisearch House. 

BERKEY  COLORTRAN  - studio 
lighting  equipment  and  ancillaries, 
portable lighting kits for film and 
television. 

MITCHELL WILCAM - 16mm single 
and double system sound camera. 

MEOPTA - 16mm sound projector. 

DELNOCTA - lens set, for unique 
three stage image intensifier system for 
recording of events at low light levels 
without artificial lighting or infra red 
radiation 

SHOWCHRON  expandable editing 
consoie. 

STELLAVOX  -  portable  tape 
recorder. 

GE NE R AL  ELECTR O NIC 
SERVICES, Stand 69/70 Unisearch 

House 

E & L INSTRUMENTS  circuit 

design systems 

ANCOM  - modules  for  analogue 
applications 

AVANTEK - 4 to 8 GHz GAs F ET 
amplifiers,  light weight YIG tuned 
oscillators, arsenic emitter wave guide 
amplifiers, and MIC varactor tuned 
oscillators. 

FREQUENCY WEST  microwave 
phase-lock  oscillators,  synthesizers, 
amplifiers and pre-selectors, satellite 
ground station equipment, microwave 
landing systems and retrofitting of 
solid state communication equipment, 
phase locked  microwave  oscillators, 
680 MHz to 14.3 GHz. 

CAMBRIDGE THERMIONIC - high 
density wirewrap Cambi-Cards, card 
files,  power  planes,  and  interface 
systems, interface cards, logic cards, 
memory  cards  and  experimental 
breadboards,  patch  cord  kits, 
interfacing  hardware,  Euro-Cards 
(metric),  wirewrap  pins,  universal 
panels  and  integrated  socket high 
density  packaging,  terminals,  coil 
forms,  chokes,  connectors  and 
thermoelectric components. 

ROBINSON NUGENT - dual-in-line 
IC sockets both solder and wirewrao 
str ip  sockets,  test  sockets,  low 
insertion force sockets, TO pattern 
sockets for transistors and TO IC's 

flatpack  test  sockets,  terminals, 
breadboards, socket board systems. 
Allochiral socket board systems. 

EZ HOOK - micro hook, 86-1 heavy 
duty nail clip, scope meter probes. 

GENERAL LASER (AUST.), Stand 
59 Unisearch House. 

GENERAL LASER  - Helium Neon 
lasers  for  process  monitoring  and 
control,  metrology,  holographic 
testing,  education,  alignment,  data 
processing,  communications,  and 

environmental studies. 

GOL L IN,  Stands  1/2/3  Unisearch 
House 

COMTERM - locally designed micro 
computer  based  visual  display 
communications terminal. 

EDITSET - graphic arts production 
management system exhibited as a 
typical configuration  has hardware 
with Gollin produced visual display 
units,  software  and  systems 

integration. 

TELEPERF - "off line" paper tape 

preparation  machine  for  telex  or 
telegraphic transmission. 

VIDISCREEN 33 - "Glass Teletype" 

BARRY RESEARCH - time diversity 
modem for character error reduction. 

ELOGR APH ICS  -  digitiser  for 
conversion of graphic information to 
digital data 

GNT AUTOMATIC A/S - dataprinter 
data terminal operational speeds up to 
30  characters  per  second,  reader 
punches. 

KURZ KASCH -- logic probes Kurz 
Kasch. 

DI/AN  CONTROLS  -- diversified 
printers for tickets, tags, labels and 
airline tickets, fast teleprinters, strip 
printers and column printers. 

SINGER  INSTRUMENTATION  - 
quality  communications  test  and 
measuring apparatus, communications 
service  monitor,  noise  and  field 
intensity meters. 

TABOR  ELECTRONICS  - digital 
frequency counters, 3'/: digit digital 
multi meter, frequency counters. 

HARMAN AUSTRALIA, Stand 24, 
Round House. 

HARMAN KARDON - Citation series 
power amplifier Citation 16. 

RABCO - ST7 straight line tracking 
turntable 

JBL - studio monitor loudspeakers, 
some with bi-amplification. 

HEWLETT PACKARD AUSTRALIA 
Stands  90/98  inclusive,  Unisearch 
House. 

COMPUTATION  and  measurement 
instruments 

Nine booths, each booth dedicated to 
specific  product  groups,  including 
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ELECTRONICS PRICES 
SLASHED! 
* Top quality components from leading mantifactu.-ers 
Mail orders supplied immediately, ex-stock 
* Available from selected retail outlets (see below) 

TRANSISTORS 
Bulk Disc. 

Price 
SfBC207* 
STBC208* 
STBC209* 

STBC307* 
STBC308* 
STBC309* 

STBC pack 
i4 of each) 

STBD139 
STBD140 
STBD139/140 

$3.40 
3.40 
3.40 

Quantity 
in pack 
25 
25 
25 

3.40  25 
3.40  25 
3.40  25 

3.40  24 

6.50 
6.50 
6.50 

STNS0106 0  5.40 
STNSD206  5.40 
STNSD106/206 5.40 

STIP31A 
STIP32A 
STIP31 A/32A 

STP/fV1143/140 
136 packs 

STIP33A 
STIP34A 
STIP33A/34A 

5.40 
5.40 
5.40 

5.99 

5.45 
5.45 
5.45 

STIP2955  5.20 
STIP3055  4.40 
STIP2955/3055 5.00 

ST2N2955  5.95 
ST2N3055  $4.80 
ST 2N2955/30554.40 

10 
10 
5 pair 

6 
6 
3 pair 

6 
6 
3 pair 

2 sets 

4 
4 
2 pair 

4 
4 
2 pair 

2 
4 
1 pair 

 ̀Alternate nu mbers or transistor 
packaging may be supplied, but in 
all  cases  the  transistors  will  be 
electrically  equivalent  to  the 
f4 miliar BC 109 series. 
4cp The  NSD106  is  electrically 
equivalent  to  the  TT801.  Type 
NSD206 is electrically equivalent to 
the 11800. 

SEMICONDUCTORS 

IN914 Small signal 
diode 
EM404 400V., IA. 
EM410 1000V., 1A. 
Al5A 100V., 3A. 
NL5023 Red LED witn 
mounting 
MB4 400V., 1A. bridge 
ME310 1000V., 1A. bridge 
PA40 400V., 10A. bridge 
PB40 400V., 25A. bridge 
DL727 .3", 7 seg ment 
read-out 
DL747 .6", 7 seg ment 
read-out 
2N2646 Unijunct ion 
2N6027 Progra m mable 
Unijunction 
C106D1 400V., 4A. 
Thyrister 
C122D 400V., 8A. 
'Thyrister 
C122E 500V., 8A. 
Thyrister 
SC141 0 400v., 6A. 
Triac 
SC 1460 400V., 10A. 
Triac 
ST2 Diac 
ST4 Assymetrical Diac 

Bulk  Quantity 
Discount  in 
Price pack 

52.00 
53.25 
55.00 
56.00 

35.00 
34.60 
35.80 
45.60 
56.30 

52.30 

$2.90 
$5.60 

$4,40 

$5.60 

$7.80 

$4.80 

$5.20 

$4.40 
$3.60 
$4.00 

25 
25 
25 
10 

25 
4 
4 

1 
4 

4 

4 

4 

2 

4 

2 
5 
5 

Equivalents may be supplied but in all cases 
they  will  have  the  sa me specifications and 
similar style cases. 

LINEAR I.C.'s. 

SL M30IT 
SL M301D 
SL. M308 
SL M309 M 
SL M380 
SL M381 
SL M3900 
SL M709T 
SLM709 
SL M723T 
SL M723 
SL M74 IT 
SL M741 0 
SL M741 
SLZN414 
SLNE5550 

Bulk  Quantity 
Discount in 
Price pack 

$3.40 
$3.40 
$3.90 
$4.90 
$4.30 
$6.30 
$5.60 
$3.00 
53.00 
$3.90 
$3.90 
$3.00 
$3.00 
$3.00 
$3.90 
$3.96 

4 
4 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 

4 

= Metal TO5 case 
M = Metal TO3 case 
= Mini-dip case 

No letter = Standard 14 or 16 pin 
dual-in-line package 

"" ' 

RESISTORS 
Bulk 

25 Watt E12 values, in 
oh m-10 megoh m 
(Code RFH) 
1 Watt E12 values, 10 
oh m-10 megoh m 
(Code RFI) 
5 Watt wire-wound. .33, 
.47, .51. E6 values fro m 
1 oh m-4.7 Kohrn. 
(Code RFF) 

Discount 
price 

Quantity 
in 
pack 

$2.00  100 

$4.75  100 

$2.00  10 

'D D7400 
SD 7401 
5D7402 
SD7403 
SD 1404 
S07405 
SD7408 
SD7409 
SD7410 
SD7413 
SID7416 
SD7420 
SD7430 
SD7438 
SD7440 
507441 
507442 
SD7446 
SD7451 
SD7473 
507474 
SD7475 
SD7476 

DIGITAL 
Bulk 
Disc. 
price 

$3.40 
$3.40 
$3.40 
$3.40 
$3.40 
$3.40 
$3.40 
$3.40 
$3.40 
$4.90 
$4.90 
$3.40 
$3.40 
$3.40 
$3.40 
$3.70 
$3.40 
$2.75 
$3.40 
$5.90 
$5.90 
$4.00 
$3.00 

Qty. 
in 
pack 

IC. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
5 
5 
2 
10 
10 
10 
5 
5 

I.C.'s 

SD7483 
5D7489 
SD7490 
SD 7491 
SD 7492 
S07493 
SD 7495 
SD7496 
5074107 
SD74121 
5074123 
SD74141 
5074151 
SD74153 
SD74160 
SO74161 
SD74162 
SD74163 
SD 74164 
SD 74165 
SD74175 
SD74192 
SO74193 

Bulk. 
Disc. 
price 
$2.50 
$2.40 
$6.00 
$2.25 
$3.40 
$6.00 
$2.50 
$3.00 
$3.00 
$3.40 
$4.00 
$4.30 
$4.30 
$4.30 
$5.70 
$5.70 
$5.70 
$5.70 
$5.70 
$2.50 
$5.00 
$5.00 
$5.00 

Qty. 
in 
Pack 
2 
1 
10 
2 
5 
10 
2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
5 
5 
5 

KIT - AVAILABLE 
RIGHT NOW!! 
High performance 25 W. 
R. M.S. per channel 
Stereo A mplifier KT 
440 (code nu mber). Kit 

of Parts $85. Wired & 
Tested $115.  Add $4 
for Pack & Post. FOR 
INSTRUCTIONS  SEE 
THE JULY ISSUE OF 
E L E C T R O NI C S 
TODAY, 1975. 

ELECTROLVTICS 

CES25V series (Single 
ended board mounting 
types. 25V. rating) 
2.2, 3.3, 4.7, 10, 22, 33 
47 
100 
220 
330 
470 
1000 

CES63V series (Single 
ended board mounting 
types. 63V. rating) 
2.2, 3.3, 4.7, 10 
22 
33 (50V.) 
47 
100 
220 
330 
470 
1000 (35V.) 

CEO 25V series (Double 
ended pigtail types. 25V. 
rating) 
2.2, 3.3, 4.7, 10, 22, 33 
47 
100 
220 
330 
470 
1000 
2500 
4700 

CED 63V series (Double 
ended pigtail types. 63V. 
rating) 
2.2, 3.3, 4.7 
10 
22 
33 (100V.) 
47 
100 
220 
330 
470 
1000 
2500 

Bulk  Quantity 
Discount  In 
price  pack 

$5.00  50 
53.75  25 
$4.25  25 
$6.25  25 
$2.75  10 
$3.00  10 
$5.00  10 

$5.85  50 
$3.66  25 
53.66  25 
$4.47  25 
$6.25  25 
$3.60  10 
$4,05  10 
$5.00  10 
$5.00  10 

$6.55  50 
$4.25  25 
$5.40  25 
$3.15  10 
$3.40  10 
$3.60  10 
$5.80  10 
$3.80  5 
$5.80  4 

$7.50  50 
$3.90  25 
$4.25  25 
$2.80  10 
$6.25  25 
$3.70  10 
$4.20  10 
$4.90  10 
$4.00  5 
55.00  5 
$5.60  4 

POTENTIOMETERS 
Single gang log. (Code 
RRSC) 

Single gang linear (Code 
R RSA) 
10K, 22K, 47K, 220K, 
470K, 1M.  $4.50  10 

Double gang log. (Code 
RRDC) 
Double gang linear 
(Code RRDA) 
10K, 22K, 47K, 100K, 
220K, 470K, 1M.  $4.75 

Vertical tri m-pots 
(Code PTV) 
100, 220, 470, 1K, 2.2K, 
4.7K, 10K, 22K, 47K, 
100K, 220K, 470K, 1M.  $3.00  20 

HITEL HI-FI 
SHOP 4, SKIPTON'S ARCADE, 
PENRITH, 
(047) 21 0850 

PERSONAL SHOPPERS 
HITEL RECORD BA 1, 
SHOP C, NEPEAN ARCADE, 
PENRITH. 
(047) 21 0850 

S&P PHOTOGRAPHICS 
& ELECTRONICS 
26 QUEEN ST NAMBOUR, 4560 
PHONE (071) 41 1014 

MAIL ORDER 
Add 10% for pcst and packing. 
Mini mu m order $5 plus P&P. 

MOD-AMP 
P.O. Box 180, AVALON 2107 

RETAIL OUTLETS IN METROPOLITAN AND COUNTRY AREAS NOW BEING APPOINTED - ENQUIRIES WELCOME 

30 ELECTRONICS TODAY INTERNATIONAL - SEPTEMBER 1975 



[LiInternational 
IREE  Electronics Convention'75 

computers, measuring instruments and 
systems, components, calculators and 
a display  showing  capabilities  in 
service and calibration of products. 

I.R.T. ELECTRONICS, Stand 42/43 
Round House. 

TELEVISION  AUTOMATION 
SYSTEM - film cue detectors and 
video tape cue systems, video pulse 
and  audio  distribution  amplifiers, 
microphone,  compression  and 
talkback amplifiers, 8 x 1 vertical 
interval video switchers with vertical 
split features, vertical interval cue 
encoders  and  decoders, real  time 
blocks with slaves, and elapsed time 
clocks,  outside broadcast amplifier 
with inbuilt cue receiver, equipment 
racks and associated hardware. 

JACOBY MITCHELL, Stands 103/107 
Unisearch House. 

ROHDE & SCHWARZ - working and 
passive examples of Rohde & Schwarz 
V.H.F FM transmitters. 

VITS  AUTOMAT  - automatically 
measures distortions which can be 
indicated by the standard CC1 R lines 
17, 18, 330 and 331, raises alarm 
when  parameters  exceed  nominal 
tolerances. The new sound automat is 
incorporated  in  the  2MBSFM 
broadcast chain and can be seen 
operating on the stand as a part of the 
radio  relay  equipment.  Television 
demodulator  A.M.F.,  with  test 
modulator,  test  signal  sources, 
evaluation  instruments,  and  field 
strength  measuring  equipment  for 
broadcasting use. 

V ISICORDERS  - instrumentation 
package  incorporating  signal 
conditioning amplifiers for variety of 
different types of signal. Fibre optic 
CRT line scan recorder working with 
5600C tape recorder to demonstrate 
infrared mapping, analyzer readout 
and  thermography.  Standard 
galvanometer oscillographs. 

TAPE RECORDERS - portable 14 
channel  tape recorder with direct 
write,  FM  and digital  electronics, 
twenty  eight  channel  laboratory 
recorder with push button selectable 
speeds and 16 inch diameter reels. 

SIGNAL  ANALYSISERS  - 
correlators,  Fourier  transform 
analysers  and  real  time  spectrum 
analysers. 
MAGNASYNC/MOVIOLA - logging 
tape recording systems and digital 
clocks,  also time display and an 
Insta-call cassette recorder. 

K L A RION  ENTERPRISES,  Stand 
51/52 Unisearch House. 

OTAR I - multi track and professional 
tape  recorders,  tape  and  cassette 
duplication systems 

M.C.I. - multi-track and professional 
tape recorders, mixing desk consoles 
and modules. 

INOVONICS - audio limiters and 
compressors. 

PANDORA  audio limiters and 
-.compressors. 

ALSO  displaying  loudspea•cers, 
microphones,  recording  tape,  and 
allied  instruments from Australian, 
American, Japanese, UK and German 
manufacturers. 

KODAK A/SIA, Stand 35/36 Round 
House. 

KODAK  - Ektachrome  EF  film 
(tungsten) 7242 in silent and magnetic 
stripe sound super 8 cartridge 

JOHN BARRY GROUP Inc. BIRNS & 
SAWYER, Stand 64 Unisearch Hoene. 

LEMO  -  precision  self-latc-iing 
.connectors. 
IANIRO - H.M L. studio lighting. 
ACMADE - Pic-sync motorized film 
editor. 
CINEMA PRODUCTS  - CP sound 
camera. 

LEROYA INDUSTRIES, Stand 31/33 
Unisaarch House. 

FERROGRAPH  professional rape 
recording equipment etc. 

NATRONICS, Stands 71/72 Unisearch 
House. 

IRC  - metal glaze resistors, wire 
wound  resistors,  carbon 
potentiometers  and  presets,  wire 
wound rheostats, precision trimmers 
(single turn wire wound, metal glaze, 
round and rectalinear) - multi t...irn 
wirewound potentiometers. 

MURATA  filters and tuning foi ks, 
ceramic disc capacitors. 

TOWA - polyester capacitors. 

HITACHI - tantalum and electrolytic 
capacitors,  toggle,  push  button, 
see-saw,  miniature,  rotary, 
sub-miniature, lamp lighted, modular 
push  button  and  indicator  styles, 
Schadow, NKK, Mulon, Tschudin and 
Heid.  Scope  soldering  irons  and 
etching tools. 

HAMLIN  -  reed  switches 
(micro miniature  to  heavy  duty 
s t y les),  temperature  sensing  reed 
switches, coils, reed relays 

MAGNET IC DEVICES  complete 
range of relays and solenoids 

OMP  -  fluorescent,  neon  and 
incandescent indicators. 

SHINKO  - electronic temperature 
controllers, indicators and recorders. 

N.I.C.  INSTRUMENT  COMPANY, 
Stand 50 Round House. 

ATLANTIC  RESEARCH  - data 
communications,  test  equipment, 
data/audio quality control monitors, 

communications test boards, remcte 
alarm  acquisition  equipmert, 
co m munications  netwo -k 
management,  interface devices aid 
compact mobile data terminal. 

BEMCO - bench type temperature 
and  temperature/humidity  models 
environmental cabinets, floor standing 
temperature/humidity/altitude,  sand 
and dust, salt spray etc. 

CARL ZEISS - precision measuring 
instruments  and  microscopes  for 
production and quality control in the 
electronic  industry,  precision 
co ordinatograph for large areas 

CUSHMAN - VHF/UHF, AM and FM 
mobile radio monitors and telephone 
transmission test equipment. 

DAYTRONIC - modular instrument 
system  for  the  measurement and 
control  of  electro mechanical 
phenomena. 

LA F A Y E T T E  RA DI O 
ELECTRONICS - transceivers in 27 
MHz  band  for  use by surveyors, 
walking and yachting clubs and use 
within limited areas. 

L E BOW  ASSOCIATES  -  torque 
sensors, load cells, multi component 
transducers,  slip  rings and  motor 
testing dynamometers. 

NIPPON ELECTRONIC COMPANY, 
Stand 46/47/48/49 Round House. 

WI RE D  COM MUNICATION 
DEVICES  - electronic  switching 
exchanges, assorted telephones, video 
telephones,  conference  telephones, 
carrier transmission equipment IFDM 
and  PCM ),  submarine  cable 
transmission equipment, data modems. 

CATV -- crossbar switching exchanges, 
PBX and PAX equipment, facsimile 
equipment. 

RADIO - microwave communications 
equipment IFCM and PCM), satellite 
communications equipment,  mobile 
and  portable  radio  equipment 
including  paging  system, 
communications  supervisory  and 
control  equipment,  millimeter-wave 
communications  equipment,  laser 
communications  equipment,  radio 
navigation equipment, television and 
radio broadcasting equipment, VTR 
and  studio  equipment,  postal 
mechanization  equipment,  medical 
electronic  equipment,  numerical 
control  equipment,  educational 
electronic  equipment,  industrial 
telemetering  equipment,  pollution 
monitoring equipment. 

INFORMATION PROCESSING AND 
INDUSTRIAL  SYSTE MS  - 
general- purpose  and  control 
computers,  data  communications 
equipment, computer input - output 
peripherals and terminals. 

ELECTRON DEVICES - IC, LSI, 
transistors,  diodes,  electron  tubes, 
microwave  tubes,  elixtron  beam 
equipment, laser application devices, 
rectifiers, colour picture tubes, wire 
memory,  printed  circuit  tubes, 
condenser, capacitors. 

DOMESTIC  APPLIANCES  -  TV 
receivers,  TR  radio,  refrigerators, 
audio  equipment,  lighting  tubes, 
heating and cooling equipment 

OPTRO. Stand 60/61 Round House. 

OPTRO  professional sound mixing 
consoles, multitrack recorders, graphic 
equalisers, reverberation unit, studio 
processor 

IGM - automated radio system. 

MAGNATE - video and audio tape 
cleaners, evaluation systems. 

ADVENT  - videobeam colour TV 
projector. 

JBL - professional sound reproducers. 

TABE - bulk tape erasers. 

WARDBECK - mixing consoles. 

PARAMETERS,  Stands  43/44 
Unisearch House. 

MEGURO DEMPA  test equipment 
primar ily  for  the  broadcasting 
industry, stereo signal generator, F.M. 
output with monophonic or stereo 
modulation, general purpose bridge for 
L C R  measurements,  mini current 
ohmmeter  measures  very  low 
resistances at very low currents for 
checking relay and switch contacts, 
low distortion oscillator 100 to 10 000 
Hz distortion, wide band CR oscillator 
with sine arid square wave output, 
phase meter 10 Hz to 2 MHz phase 
range from 0 to +1800. 

TRIO  oscilloscopes, stereo signal 
generator 

PATON ELECTRICAL, Stand 32&34 
Round House. 

PATON  - electrical transducers, for 
measurement  of  ac  current  and 
voltage, watts, vars, frequency, and 
power  factor  fully  designed  and 
manufactured by Paton in Australia. 

VAISALA - fast reading humidity 
meter. 

LAB VOLT  - electro mechanical 
system,  and  practical  electronics 
demonstration  kit  for  technical 
education demonstrations. 

HALMAR  -  equipment  for 
high accuracy measurement of current 
from 0 to 200 kA including portable 
units. 

TSUDA  - fault  indication  and 
protection for dc supply and bus 
system. 

KUWANO  - analogue and digital 
instrumentation and test equipment, 
digital voltmeters and ohmeters, signal 
generators, etc 

FUSO - high accuracy laboratory 
bench meters for dc and ac current 
and voltage measurment 

WHIT TAKER  -  electro-medical 
equipment  for  pulse  and  blood 
pressure measurement. 

METRAWATT - galvanometric and 
Potentiometric  chart  recorders, 
portable  test  equipment  and 
temperature measuring instruments. 

ENTRELEG - mosaic tile display and 
control  systems,  switches, 
annunciators, and associated hardware. 
Also rail-mounted terminals. 

KNICK  portable and laboratory pH 
measuring instruments. 

HONE YWELL  -  temperature 
measurement and control instruments. 

ELTE X - measurement, monitoring, 
exploitation  bi-metals and thermal 
control elements. 
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Going to the IREE? Then see 
us & get your Showbag 

Over $20nominal 
value for Si aiXe% 

fiat On 
f•61.ED reado extfalv 
logY • 

Yes, why should the kids have all the fun? Dick says it isn't fair, so 
he's made up a special sample bag that's unequalled for value. 

With the help of his suppliers, he's made up just 1000 bags — that's 
200 per day. So get along to his stand early! 

Dick's grateful to the many suppliers for donating their products, 
including; AWA, G.E.S., Hartland Mfg., Heatshrink lAustl, McMurdo, 
Multicore Solder, EMI, N.S. Electronics, Philips Elcoma, A&R Soanar, 
Texas Inst., Utilux, Thomas & Betts, Statronics, Siemens and many more. 

Any profit from the sale of the bags will be donated to a 
recognised charity. 

Dick's Super Showbag will contain: Capacitors, (tantalum, Electro, Polyester), 
Resistors, Switch Pot, several Diodes and Transistors, Veroboard, Heatshrink 
tube, solder wire, cable tie, alligator clip, P.C. board pins, IC & valve 

sockets, etc , etc, (list subject to alteration). 

DICK SMITH 
(Wholesale)Pty. Ltd 
176 Pacific Hwy, Gore Hill, NSW 2065 
Te1:439 5311. Telex:AA20036 
Cables: DI KSMIT Sydney 

Also at City & Bankstown. 

FLUKE 
mates... 

Advanced L.S.I. 
multi meter 
26 ranges, 5 functions. 

•  31/2 digit Fluke quality DMM 
•  Combines analog and digital LS1 

• ac and dc volts, amps and ohms measurements 
IN 0.1% dc accuracy guaranteed for one full year 

III Optional battery operation, data output and High 
Current Ranges 

II Complete Range of Accessories available 
MI  Full 12-month guarantee 

EL MEASCO 
Instruments Ply. Ltd. 

Autoranging 
LSI 7 M OS 
multi-function 
counter 

•  Autoranging  in  both  frequency  and  period 
measurements 

•  5 Hz to 80 MHz, high sensitivity — 25 mV 
•  Event counting to 106 events, automatic overflow 
•  Six digit LED display with automatic annunciation 
•  Optional battery operation and data output 
•  Full 12-month guarantee 

P.O. Box 334, Brookvale, N.S.W. 2100 — 
939-7944 

Melbourne: 233-4044; Adelaide: 264-3296 
Brisbnae: 36-5061; Perth 25-3130, 
Wellington N.Z. 69-7566. 
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MENTOR  ,ind plastic knobs. 

PE NNY  &  G ILES  - precision 
potentiometers,  rectilinear 
potentiometers,  faders,  pressure 
transducers, specialised transducers for 
aviation. 

JEMCO -- high quality multitesters. 

H.H. PEASTON, Stand 59 Round 
House. 

HARNESS  assemblies for quanti-v 
production  of  domestic  and 
professional  equipment,  fabricated 
short lengths of multi core cables, 
insulated wire, cut to length, solder 
dipped or terminated, power cords, 
moulded plugs, moulded plug cord sets 
for  domestic  appliances,  ancillary 
harnesses  for cars,  battery cables, 
booster  kits,  HT  kits,  battery 
terminals. 

SMALL  POWER  MACHINES  - 
injection moulding equipment 

HEXCELL  - neoprene  moulding 
equipment. 

CAROL CABLE - all types of cable. 

PYLE NATIONAL - explosion proof 
connectors and lighting. 

CAMLOK - heavy duty connectors. 

PHILIPS  INDUSTRIES.  Separate 
buildings 

EL C O M 4  (ELECTR ONIC 
COMPONENTS & MATERIALS) - 
numerous  examples  of  custom 
designed devices include 41XCI image 
intensifier/plumhicon LLLTV camera 
tube, X101410 30mm light bias and 
X01423 2/3 inch plumbicon camera 
tubes, 20AX self converging colour TV 
picture tubes and deflection yokes. 
Doppler radar cavities and MR X25 
doppler radar units, 250SA/SR A4 
high speed, low noise mosaic printers. 
BPX47 solar cell array, Colour TV 
integrated circuits, diode split line 
output  t ransformer,  E -cores  for 
switched mode power supplies, one 
inch silicon vidicon camera tube, high 
quantum efficiency photomultiplier, 
transmitting  tubes,  cavities  and 
circulators, CATV transistors, Hybrid 
wideband  amplifiers,  100W  SSB 
transmitting transistor, reed switches, 
ferrite and ticonal magnets, barricade 
flasher and radiosonde custom ICs, 
stretched  7 segment  led  displays. 
photocou p lers,  numerical  display 
units,  connectors  and  mounting 
chassis,  stepper motors and drive 
modules,  mains  filter,  illuminated 
thumbwheel switches. 

PHILIPS  TELECOMMUNICATIONS 
TELEPHONE  DIVISION  - 12/24 
channel  multiplex  equipment 
displayed in conjunction with Radio 
Division  L300  microwave  bearer 
equipment,V.F.T.  speech  plus 
telegraph  system  equipment, 
SpheriCall  repertory  pushbutton 
dialler, 300 bit per second and 1200 
bps leased-line version data modems, 
"0 ialite"  indicator  switches, 
professional quality custom printed 
,circuit boards. 

PHILIPS  TELECOMMUNICATIONS 

(RADIO DIVISION) - VHF mobile 
local or remote control equipment, 
UHF mobile local or remote control. 
solid state 50 watt base station, 
selective  calling  console,  selective 
calling decoder, mobile remote control 
consoles, low capacity 1.5 GHz bearer 
equipment, range of VHF and UHF 
portable radio units. 

PHILIPS ELECTRONIC SYSTEMS - 
new grouping of five closely associated 
Philips Divisions resulting from rapid 
expansion of professional equipment 
range. The exhibition is the debut of 
Philips Electronic Systems, members 
of the group demonstrate extensive 
variety of new products. 

PHILIPS  VISION  &  SOUND  - 
products  for  the  professional 
broadcast industry and for educational 
or industrial application. LDK-5 studio 
colour camera with image intensifier 
accessory.  Two working broadcast 
colour recorders with 1" helical scan 
controlled by an EDS 200 tape editing 
system, production model of LDK-15 
hand held broadcast colour camera. 
Australian made  colour  and 
monochrome  TV  monitors  and 
precision  TV  receivers. 
Australian made low-cost high-quality 
audio mixing consoles in stereo and 
mono versions, for broadcast stations, 
imported  audio  mixing  consoles 
incorporating  ultra-thin  control 
modules, variety of professional audio 
amplifiers and speaker boxes. LDH20, 
LDK2 and LDk2A colour TV cameras. 
Five versions of N1500/1520 video 
cassette recorder and the new N1460 
playback-only  VCR.  LDH  8310 
ministudio 2 cameras, 2 monitors, 
audio and visual mixing etc. 

PHILIPS  SCIE NTIFIC  & 
INDUSTRIAL  EQUIPMENT  - 
oscilloscopes include true dual-beam 
storage  oscilloscope,  dual-trace 
dual timebase multiplier oscilloscope. 
Pulse generators covering 1 Hz - 250 
MHz with large output amplitude, high 
frequency and dual outputs. 

PLESSEY  PACIFIC.  Stands 81/84 
Unisearch House. 

PLESSEY - private automatic branch 
exchange, telegraph and data testing 
equipment,  including  telegraph 
distortion  measuring set,  telegraph 
signal generator and data and telegraph 
test set. 

PLESSEY - Computermatic timber 
grading machine control unit, shift 
register controls and a pulse generator 
used in Plessey mail handling systems 
and suitable for a wide variety of other 
sorting  and  materials  handling 
applications,  Portable data capture 
unit,  capable  of  entering  12,000 
individual orders on signal cassette for 
direct computer input. A light pen 
system for recording movement of 
various  items  such  as  classified 
document  registries  and  library 
circulation systems. 

TWO-WAY RADIO EQUIPMENT - 
UHF mobile radio and hand held 
portable two-way radios, MTR 40 
series  mobile  plus  associated 
selective-calling encoding and decoding 
units. 

COMPONENTS DIVISION - lithium 

and  nickel-cadmium  batteries, 
switches,  I amps  and  indicators, 
potentiometers, connectors, dry reed 
inserts and relays, optoelectronic and 
microelectronic  devices,  audible 
electronic signalling devices, capacitors 
and resistors etc. The division will also 
display  Garrard  turntables,  the 
products  and  facilities of  Plessey 
Semi-conductors  (UK)  and  latest 
development in local thick film hybrid 
production. 

PLESSEY  COMMUNICATION 
SYSTEMS - Remotecopier KD III 
facsimile transceiver and the Plessey 
Electrowriter. 

PRI NTE D  ELECTR ONIC 
COMPONENTS. Stand 87 Unisearch 
House. 

CO L V E RN  potentiometers 
including  cermet  trimming,  sealed 
tropical,  miniature,  helical  and 
precision  ca m-corrected 
potentiometers. 

KYORITSU  ELECTRONICAL 
INSTRUMENT  WORKS  - panel, 
edgewise and educational meters. 

OXLEY DEVELOPMENTS - range of 
printed  circuit  board  accessories, 
trimmer capacitors and solid state 
indicator lamps. 

SILICONIX  - FET,  MOS,  FET, 
technology,  FET  high  frequency 
amplifiers, low gate current devices, 
photosensitive circuits and analogue 
switching. 

THE  SUPERIOR  ELECTRIC 
COMPANY - AC synchronous/DC 
stepping  motors  with  associated 
controls,  variable transformers and 
voltage regulators. 

RACAL  ELECT RONICS,  Stands 
76/79 Unisearch House. 

RADIO  COMMUNICATIONS 
PRODUCTS - marine and land mobile 
radio-telephone equipment including 
synthesised, but free-tuned, receiver 
for ISB, AFC, FSK and dual diversity 
operation, wide range communication 
and ancillary equipment for use by 
industry and the Services. 

INSTRUMENTS & COMPONENTS - 
test  and  measuring  instruments, 
includes digital frequency meters up to 
3 GHz, universal counter/timers and 
specialised  communications  test 
equipment  for  calibration  and 
measurement  of  MF /VHF/UHF 
transmitters  and  receivers,  digital 
multimeters  and  panel  meter 
components intended for use in the 
telecommunications field. 

RANK  INDUSTRIES AUSTRALIA, 
Stands 1/10 Round House. 

CONTROL DESIGN CORPORATION 
-  automated  radio  broadcasting 
systems, type CD28AS is 80-event 
sequential system, CD28APM system 
with memory ranging from 2000 to 
8000 events and hire function codes. 
Both systems have keyboard entry, 
silent sensor alarm and switch selected 
audio fade. 

RCA, Common Room, New College. 

QUADRUPLEX  VIDEO  TAPE 
RECORDER  - includes computer 

wiring  techniques,  computer 
component  insertion  and  final 
computer testing, visitors welcome to 
operate it, also portable quadruples 
video tape recorder. 

PORTABLE COLOUR CAMERA - 
features the incorporation Mini-Pack 
CGU and Mini-Max Adaptor to adapt 
to regular large studio type zoom 
lenses 

TELECINE  EQUIPMENT - TK-28 
Telecine  Island  incorporates  two 
cameras, one with Pb0 tubes and 
other with vidicon tubes. One camera 
will  be  fully  operational,  has 
A.S.C.E.T. automatic system which 
inclues automatic differential gamma 
correction for mid-tone colour errors. 
Visitors are invited to bring along clips 
of poor film with any colour cast for 
demonstration of system's ability. 

SCALAR INDUSTRIES, Stands 110/ 
111, Unisearch House. 

SCALAR INDUSTRIES - VHF-UHF 
omnidirectional  base  station, 
VHF-UHF  mobile,  VHF-UHF 
directional, 1-.1.F. antennas - land & 
marine,  citizen  band  and  paging 
antennas, installation hardware and 
accessories,  radio  frequency 
interference suppression. 

HATFIELD  INSTRUMENTS  - 
at t enut at ors,  baluns  and 
instrumentation. 

GRANGER ASSOCIATES - baluns, 
transformers,  multicouplers  and 
complete capability of H.F. antenna 
systems. 

CLARK MASTS - Nato codified air 
operated telescopic masts. 

AL L TR ONICS  -  secure 
communication and signal-line filters, 
filter discharge units, RF filter and 
shielded circuit breaker panelboards, 
power line filters. 

PRODELIN  - microwave antennas 
and transmission line systems. 

DECIBEL PRODUCTS - bandpass 
and  band-reject  filters,  bandpass 
cavities, mobile duplexers. 

FILTRON - secure communication 
and  signal line filters, power line 
filters, etc. 

METEX - EMI shielding material, 
gaskets and components. 

KNITMESH - R.F.I. shields. 

CARPENTER  -  wire  stripping 
equipment. 

SCIENTIFIC DEVICES AUSTRALIA, 
Stand 41/42 Unisearch House. 

SYST RON DONNER  - microwave 
frequency counter measures to 18 
GHz with high FM tolerance to 3500 
MHz. 

NATIONAL - dual channel inkless 
recorder capable of printing in two 
different colours. 

BOONTON - phase locked 520 MHz 
signal generator. 

RFL - crystal impedance meter. 

ELECTRO  SCIENTIFIC  INDS 
digital IC tester linear IC tester. 
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A DC to 6MHz, CALIBRATED, 
TRIGGERED, OSCILLOSCOPE 
FOR UNDER $200 including Tax! 

6 Typical frequency response 

-3db 
DC -6MHz -3db 10mV to 50V/cm 

-6db 

Trigger range 

5MHz Trigger 

0 dii mm...m4 5  
DC 5Hz 

bwd 504 

MHz  1  2  3  4 5 6  8 10  15 

4.5kg of high performance with 12 months 
warranty. 

JUST LOOK AT THIS SPEC 
DC to 6MHz -3db 

10mV to 50V/cm 

5Hz to 15MHz 

0.5µSec to lsec/cm 

DC to 1MHz-3db 

8 x 10cm 

1.6KV 

±-400V DC isolation 

PLUS 

bandwidth 

sensitivity 

triggering 

time base 

X-Y operation 

CRT screen 

EHT 

input ground 

-404 • 
OSCILLOSCOPE MODEL 

COOM•••••"1.11.1.61°11.11111.1.1  

5% calibration including effects of a 10% line change. 

Completely automatic triggering of almost any waveform to 
15MHz 

Phase corrected X—Y operation to <3° from DC to 50k Hz. 

Usable frequency response to beyond 25MHz. 

AND LOOK INSIDE... 
there's an all silicon solid state circuit, an astatically wound 'C' core 
vertical amplifier with excellent pulse response, a fully protected 
compensated 12 step attenuator accurate to 2% at each step. Built in 
high stability components throughout. 

+04-14•14.44 0444+  Ittiltil 0.0004444+0 

0 . , 0 0C•  AAAAA 

FOCUS 

1111• 0 011 

T0a0 CM 

30  50 

10 

plus  tax  if applicable 

Price includes xl signal and ground probes 
plus moulded protective pack. 
Ex distributor, Aust. Capital City. 

transformer, a completely balanced 
FET input stage to ±-400V and a 
reliability with conservatively rated 

bwd 504 an AUSTRALIAN instrument for the INTERNATIONAL market. 

B. W.D. ELECTRONICS PTY. LTD. 
329-333 Burke Rd., Gardiner, Vic., 3146 
Telephones:  Melbourne 25 4425 

Sydney  929 7452 MB 7601 

INTERSTATE DISTRIBUTORS 

S.A.:  (08) 269 1244 
W.A.:  (092) 25 3130 
OLD.:  (072) 52 7255 
TAS.:  (002) 23 1843 
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International 
Electronics Convention'75 

SELECTRONIC  COMPONENTS, 
Stand 88 Unisearch House. 

SE LECTRONIC - aerial and oscillator 
coils. IF transformers, chokes. RF and 
TV,  chokes,  audio  equalising and 
filter, crossover networks, mains filter 
suppressors,  transformers,  custom 
wound components. 

CHANNELLOCK  - comprehensive 
range of tools designed specifically for 
the electronics industry. 

SIEMENS  INDUSTRIES,  Display 
Stand,  VVheen  Room,  Goldstein 
College. 

SIEMENS  INDUSTRIES  - broad 
spectrum  of  products,  automated 
electronic traffic signal controller. 

SIEMENS  CROSSPOINT  PABS 
SYSTEM - with ESK relays, topset 
executive secretary telephone system. 

ELECTRONIC  COMPONENTS  - 
comprehensive range of TV wound 
components  for  transistor  and 
thy ri stor  deflection  circuits, 
components for use in colour TV 
receivers,  semiconductors,  liquid 
crystal displays, red, green, yellow and 
orange discrete LED's, 7-segment LED 
displays, LD241 high power infra red 
LED,  photo  diode  suitable  for 
infra-red transmission of audio signals, 
stacked foil polycarbonate capacitors, 
ceramic capacitors, motor capacitors, 
large  value  etectrolytics,  R F 
interference suppression components 
and  filters,  gaseous  arrestors, 
connectors and cable relays. 

LONG  RANGE  TRANSMISSION 
SYSTEMS  -  carrier  multiplex 
equipment featuring channel, group 
and supergroup modems and a 12 MHz 
underground repeater  High capacity 
long haul 4 GHz radio relay equipment 
plus  medium  capacity  300  MHz 
equipment and associated multiplex. 

MEASURING  INSTRUMENTS  --
white noise measuring setup, level 
measurement and automated setups 
for programme lines etc. 

SYNTEC,  Stands 38/40  Unisearch 
House. 

POUL KIRK ELECTRONICS - "ON 
AIR" console 

OR B /PARASOUND  - parametric 
equaliser. 

MICMIX - reverberation chamber. 

ECONCO - transmitter tube re work 
service. 

AR ISTOCART  -  magnetic  tape 
cartridges 

SPARTA  CENTURY  -- cartridge 
machines,  professional  studio 
turntables. 

DESIGN TWO THOUSAND . limiting 
amplifier. 

TEAC - logging (low speed) recorder 
professional reel/reel recorder. 

PKE - pickup equalisers. 

SHURE - magnetic pickup cartridges 

BURWEN - dynamic noise filter 

KE F  - 
systems 

monitoring  loudspeaker 

WRIGHT  - audio amplifiers/phase 
shifter and mod monitor. 

SONY X EMPTRON, Stand 56, Found 
House. 

SONY  - cassette  recorders  with 
electronic editing facilities, porlable 
colour recorder and camera in PAL 
version  (N.T.S.C.  also  avai able), 
colour  studio  camera.  Subject  to 
arrangements  being  made,  Sony 
Projection TV system will be shown in 
audio  visual  caravan  adjacer t to 
Round House, equipment to faclitate 
multiple cameras and the assembly and 
editing of programmes. TV mcmitors 
for black white and colour. 

TECNICO,  Stands  39/41  Round 
House. 

B & K CORPORATION - colot r TV 
test  equipment  including  agnal 
generators, tube checkers, sweep and 
marker  generators,  also  low  cost 
3 digit digital multimeter. 

DAWE  INSTRUMENTS  - general 
purpose and precision sound level 
meters, also sound and vibration kit, 
octave band sound level metert and 
acoustic  calibrators,  strobos.:opes 
including unit capable of measuring up 
to 600 000 rpm 

LABGEAR LIMITED - colou, bar 
and  pattern  generators,  TV 
distribution and masthead ampbfiers, 
indoor  and outdoor splitters, and 
solderless co axial connectors. 

RUSTRAK  AND  GULT 30N 
RECORDERS - galvanometric and 
potentiometric types measure power, 
temperature, pressure, strain, events, 
etc.  Gulton  portable  multich snnel 
recorders  with  plug-in  s gnal 
conditioners and variable chart speeds. 

PRINCETON APPLIED RESEARCH 
CORPORATION - lock in ampl fiers, 
low  noise  preamplifiers,  tignal 
averagers and photon counters, optical 
multi channel  analyser  and 
magnetometers,  electrocherical 
systems, polarographic analysers and 
corrosion measurement systems 

BACH  SIMPSON  - analogue and 
digital multimeters. panel meters and 
temperature testers 

BELLING  &  LEE  LIMITED  - 
components for circuit protection and 
indication, RF connectors, terminals 
and terminal blocks and low freqcency 
connectors 

BOURNS  TRIMPOT  PRODUCTS 
AND  INSTRU MENTATION 
DI VISI ON  -  adjust ment 
potentiometers,  control/amiable 
resistors, precision potentiometers and 
resistor  networks.  Basic  elements 
include wirewound, conductive plastic, 
carbon and a Hybritron which is 
conductive  plastic  on  wirewound. 
Special potentiometers, industrial and 

aerospace transducers including linear, 
gauge, altitude, airspeed and absolute 
pressure devices. 

ELECTROSIL LIMITED  - • quality 
resistors  for  general  purpose 
applications, high power types and 
flame proof units. 

SIGNETICS  CORPORATION  - 
TTL/MS1, Bipoles, Memory, Linear, 
MOS/CMOS and a large range of 
interface element devices, devices for 
FM reception including gain blocks, 
stereo decoders and complete receiver 
subsystems. D MOS series monolithic 
arrays of silicon insulated gate field 
effect transistors using the N Channel 
enhancement mode process. 

ALPS ELECTRONICS - VHF/UHF 
tuners,  rotary  switches,  sliding 
resistors, adjustable resistors and push 
button switches 

BUSSMAN  MANUFACTURING  - 
range of fuses, fuseholders and fuse 
clips, etc. 

ELITE  ENGINEERING  -  U.K. 
component  preforming  equipment 
including pneumatic operated hand 
tools  for  bending  and  cropping 
applications. 

3M  COMPANY  ELECTRICAL 
PRODUCTS DIVISION - Scotchflex 
cable interconnecting systems. 

NEWMARKET  TRANSISTORS  --
germanium type products including 
thick film devices. 

PRESTINSERT  LIMITED  - 
mechanical  fastening  technique 
eliminating need for predrilling in 
insulated laminates or metal products. 

PYE  CONNECTORS  - PCB edge 
connectors  including  the  versatile 
modular type units. 

PYE  SWITCHES  LIMITED  --
miniature  and  sub-miniature 
microswitches. 

TRANSMISSION PRODUCTS, Stands 
37/38 Round House. 

SOLAR POWER - silicon cells and 
solar panels plus working exhibits and 
control systems. 

MICROWAVE  TRANSCEIVERS  - 
working demonstration of 1.5/2 GHz 
transceivers. 

ELECTRONIC  SWITCHING  --
working demonstration model of fully 
solid state electronic PABX. Although 
not yet approved by the A.P.O. for 
operation in the national network, 
electronic PABX's will offer the end 
user a faster, more versatile means of 
communication, without the necessity 
for large floor space allocation, when 
approval is granted. 

DAT A  TRANSMISSION  - data 
modems together with high density 
installation  equipment,  private 
asynchronous computer exchange with 
256  inputs and  128 outputs and 
specialised test equipment. 

TELESCRIBER  -  working 
demonstration shows how handwritten 
message,  drawings,  calculations are 
received simultaneously  at one or 
more remote locations via a normal 
telephone  line,  facsimile  message 
transmission teleprinter incorporating 
facilities  for  operation  in  telex 
network,  cordless  telephone  with 
facilities of normal handset telephone 
can operate with complete secrecy, 
digital test equipment designed and 
built by Transmission Products pulse 
code modulation standard 300 channel 
P.C.M. system. 

UNION CARBIDE, Stands 108/109 
Unnearch House. 

ALFRED - the EVEREADY robot' 
has digital and alphabetical readout at 
end of each arm "shows" answers to 
mathematical  and other  problems. 
EVE READY  batteries  including 
carbon zinc,  alkaline manganese, 
mercuric oxide, silver oxide and sealed 
nickel cadmium rechargeable 

WARBURTON  FRANKI,  Stands 
57/58 Round House. 

ENGINEERING  electronic 
instruments, electronic components, 
electric motors, electrical control. 

MANUFACTURING - time switches, 
CT's, V.A.T's and special products. 

WATSON  VICTOR  NICHOLAS, 
Stand 80 Round House. 

ANRITSU  - electronic  measuring 
equipment including signal generators, 
pulse generators, field strength meters, 
filters, microwave test equipment. 

EDGCUMBE  - insulation  testers, 
electrical bridges. 

PEEBLES - industrial recorders for 
amps, volts, watts, var and frequency. 

M.F.E. - digital tape transports, X-Y 
recorders, strip chart recorders, digital 
printers, ticket printers, all available in 
OEM style, potentiometric recorders. 

MUIRHEAD  - document facsimile 
equipment, wire photo, weatherfax 
and pagefax systems. 

M U LT ITONE  - personal  pocket 
paging systems 

RADIOMETER  - modulation and 
distortion  meters,  megohmeters, 
R .0 .L.  bridges,  signal  generators, 
component linearity testers. 

SE LABS - UV recorders, electronic 
conditioning equipment, transducers 
instrumentation tape recorders. 
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FERROGRAPH STUDIO 8.... 

AUDIO PROJECTS 
TO BUILD 

• 50W Stereo amp 

a 100W Mono amp 

• 15W x 4 channel amp 

• Graphic equaliser 

• Eight input channel mixer 

• Spring reverb unit 

• Clipping indicator 

• Rumble filter 

• Plus lots more 

All in Audio Projects from Electronics Today. On sale now — at 
most newsagents. Or direct from: 

SUBSCRIPTIONS DEPARTMENT, MODERN MAGAZINES, 
15 Boundary Street, Rushcutters Bay, NSW 2011 

Price $2.50 (including postage & packing) 

PRECISION 
SELF-LATCHING 
ELECTRICAL 
CONNECTORS 

(JOHN BARRYGROUP) 

BIRNS & SAVVYER (AUST) 
PTY. LTD.. 
105 Reserve Road, 

Artarmon, N.S.W. 2064 

Telephone (02) 439 6955 

Outstanding Features of 
FERROGRAPH STUDIO 8 

• The tape transport mechanism is 
built  upon  a robust  aluminium 
casting machined to provide a single 
reference plane on which the three 
motors, head and tape guide sub-
assemblies are directly mounted. 
• The 'Studio 8' recorder will pass 
directly from high speed winding into 
the run mode with absolute safety 
and in the minimum possible time. 
The machine can be tripped in and 
out of the record mode directly from 
replay without passing through stop, 
making it possible to record new 
inserts into an existing recording. 
The electronic control of the spooling 
motors gives constant tape speed at 
controlled tension and consequent 
even tape winding throughout the 
whole reel. 
• Three methods of editing are 
possible. 
• 'Ferrograph Studio 8' recorder can 
readily be synchronised with other 
equipment such as a film transport or 
videotape  machine especially  so 
because of the exceptionally high 
speed of response of its servo 
control which is able to implement a 
speed change instruction of 2:1 in 
less than 4 seconds, both for increase 
or decrease in speed. 
• Parts needing routine servicing are 
immediately accessible. 
• Uses 1/4 in. tape; standard, long-
play, double play. Models for stereo, 
twin track, full or half-track mono, on 
1/4 in. tape. 
• Two weeds: 15/7 1/2 or 71/2/33/4 
in/s. 
Available as line in/line out, or with 
full metering/monitoring. 
• Digital real time indicator is direct 
reading at both speeds. 
• Provision for remote control and 
remote display panel. 
• Internal speakers, twin 10-wart 
amplifiers, phone outputs, optional, 
etc., etc., etc. 
• The "Ferrograph Studio 8" is 
priced from $4,600 (plus Tax if 
applicable). 

Sole Australian Distributors 

111 1. LER OYA IN D USTRIES  

Head Office: 156 Railway Pde, Leederville, 
Western Australia 6007 Phone 81 2930 

N.S.W. Office: 100 Walker St, North Sydney. 2060. 
Phone 922 4037. 

Victoria Office: 103 Pelham St, Carhon 3053 
Phone 347 7620. 
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FERROGRAPH STUDIO 8 ...FERROGRAPH STUDIO 8...FERROGRAPH STUDIO 8... FER 

44,  ;Eli *N.Akir 
What makes the 
Ferrograph Studio 8 
the ultimate choice 
of the professionals 

Is it because — 
... Terrograph' have applied today's 
technology in producing an instrument 
that is extraordinarily easy and con-
venient to use — over its whole range of 
operation. 

...'Ferrograph Studio 8' is a profess-
ional studio tape recorder with superb 
tape handling characteristics. 
'Ferrograph  Studio  8'  sets  new 

standards of versatility and reliability. 
(These qualities have been proved in 
24-hour-a-day operation in broadcasting 
studios). 

'Ferrograph Studio 8' is preferred by 
the  BBC.  ITV  and  Capital  Studios 
London (just to name a few). 

For other professional reasons 
see the "Outstanding Features" 
column on the opposite page. 

Why don't you find out Now!! 
from the Sole Australian Distributors 

01%,  Atha,. 111  LEROYA   
g̀lir  "  I INDUSTRIES  

1110  Head Office: 156 Railway Pde, Leederville, 
Western Australia 6007. Phone 81 2930. 

N.S.W. Office: 100 Walker St, North Sydney. 2060. 
Phone 922 4037. 

Victoria Office: 103 Pelham St, Carlton 3053. 
Phone 347 7620. 
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PRE•PAH 
electronics 
"SPACE-AGE" 

6 DIGIT CLOCK KIT 
—COMPLETE WITH MODERN STYLE CASE 

"Space-Age" techniques permit the simple construction of a 
modern electronic clock in an attractive, compact Case — AT 
VERY LOW COST 
Six large, bright green numerals indicate highly accurate time in 
12 or 24 hour format The kit includes P C board, IC and 
socket, transformer, case, etc — AN IDEAL BEGINNERS 
PROJECT $35 95 P&P $2 

6 DIGIT CALENDAR 
CLOCK KIT WITH ALARM 
Similar in appearance to the one above, this de-luxe version 
indicates AM or PM as well as the date, which automatically 
appears (briefly) approximately every 10 seconds and features 
a built-in electronic audible alarm with "snooze" facility — i e 
the alarm will operate every 10 minutes until switched off The 
kit is complete. as above, for only $47 95 P&P $2 

$47.95 

AM RADIO/STEREO CAR CASSETTE 
HUGE PRICE REDUCTION! 
Popular Expo model TC-601, 
Suggested retail — $89.90. 
Our price was — $84.90. 
NOW ONLY — $69.00. P&P $2.50 

Flush mounting chrome or black vinyl speakers or rear shelf 
speakers available at $10 50 extra (pair) P&P $1 50 Lock-
down lenal $3 50 P&P $1 Features — 
• 5 watts ich power rating 
• Fast forward lever 
• In dash or under dash mtg 
• Tone control 
• 18 trans, 6 diodes 
• Long distance AM reception 
Available for 12V -VE gnd only 

$69.00 

SYDNEY:  718  Perramatts  Road, 
CROYDON, N.S.W. 2132. P.O. Box 43, 
CROYDON, 2132. Phone: 797-8144. 

SYDNEY (CITY): 432 Kent  Street, 
Sydney. Phone: 29-7428, 

NEWCASTLE: Shops 3-8 West End 
Arcade. 810 Hunter Street., WEST 
NEWCASTLE, 2300. Phone: 89-2103. 

PLAYMASTER 145 KIT 

8 INPUT STEREO/MONO MIXER 

1  I 

'1'  .1. 
• 

Ideal for hobbyist or professional use $135 00 P&P $5 
This  new  multi-input  mixer  offers  automatic  muting, 
base treble controls headphone monitoring, signal metenng 
and plug-in pre-arnps for a wide variety of signal sources e g 
mics, phono. tape deck, etc 

ETI 440 25 WATT CHANNEL 

STEREO AMPLIFIER KIT 

$135.00 

Big performance at a low pnce $95 00 P&P $3 
Check the impressive performance figures on page 70, July 
ETI. and see for yourself Simplicity of construction makes this 
great new kit a practical beginner's protect. w th 9 pages of 
lostructions, etc . to make it easy for you 

$95.00 
1 HOUR TIMER 
$4 95 P&P 75c 
A great little gadget with a host of possible uses Easy-to-
mount and adiustable up to 1 hr with heavy duty 5 amp 
contacts 
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PRE •111111 
electronics 

PA EQUIPMENT 
We now offer a comprehensive range of PA  amps, 
mics, stands, horn speakers. etc . at down-to-earth prices 
20W amp 12V 4.8,16 ohms 2 inputs   $81 28 
30W amp AC/DC 4-16 ohms 4 inputs   $75 99 
40W amp AC /DC 4-16 ohms 25/70V line 4 inputs  $96 07 
80W amp AC 4-16 ohms 70 '100V line 4 inputs  $186 78 
5- 8 ohm 5W weatherproof horn speaker  $12 50 
6" 8 ohm 10W weatherproof horn speaker  $19 00 
8" x 5" 8 ohm 15W weatherproof horn speaker  $22 45 
8- 8 ohm 15W weatherproof horn speaker  $21 15 
12" 8 ohm 15W weatherproof horn speaker  $25 32 
Small desk stand  $3 50 
De-luxe adjustable desk stand  $14 90 
12" flexible goose-neck  $6 79 
Adjustable folding floor stand  $17 65 
De-luxe heavy duty floor stand  $29 00 
Boom extension for above  $13 00 
4 input mic mixer (battery)  $15 50 
Dynamic mics from  $9 50 
Condenser mics from  $15 95 

Please allow extra for freight 

VORTEX CASSETTE DECK 
As used in P M 144 stereo cassette recorder Brand new, 
110/240V AC. eject mechanism, counter. record "safety" 
lever, with rec play and erase heads. etc $29 00 P&P $2. 

$29.00 
SPARE PARTS 
We are spare parts distributors for Vortex mechanisms 
Drive belt    $1 50  Flywheel   $4 50 
Rec /Play head  $7 50  Clutch   $2 60 
Erase head   $3 50  Pinch roller   $1 50 
Counter    $5 60  Motor   $19 CO 
Supply or Take-up spools  $1 50 

NO W AVAILABLE  $1 35 P&P 20c 

LM 3909 FLASHING LED INDICATOR IC 

• WOLLONGONG, N.S.W  Ph  84-9034. HI-Tec Electronics, 285 
Princes Highway, CORRIMAL 2518 • HUNTER VALLEY, N.S.W. Ph: 
33-8884 Hunter Valley Electronics, 478 High St. Maitland 2320. 
• ADELAIDE. Ph' 255-2249 A. E Cooling, 6 Trimmer Road Elizabeth 
South, 5112 • MELBOURNE, Ph. 211-4788 Flight Electronics. 1 
Derby Road, Caulfied East  3145  • BRISBANE. Ph.  91-7048 
Delsound,  35  Logan  Road.  Woolloongabba.  4102.  • NORTH 
QUEENSLAND, Ph. 78-855 Philtronics, Cnr Grendon & Palmer Sts 
North Mackay  4740  • WEST AUSTRALIA. Ph: 41-3427  BP 
Electronics, 192 Stirling Terrace. Albany 8330. • CANBERRA. Ph. 47-
6179 Electronics Shop, 2 Hackett Place. Hackett 2802 

2 TRANSISTOR RADIO KIT 
$4 95 P&P 75c 
Here's a simple little beginners kit to build a high quality 
broadcast band radio with earphones Two transistors provide 
ample sensitivity and selectivity as well as true "hi-fi" sound 
performance (We used one as a "hi-fi" tuner with amazing 
results ) Operates from 9V battery(not supplied) Complete 
with diagrams, etc 

$4.95 

4 CHANNEL LEVEL INDICATOR 
$27 95 P&P $2 
One of the most fascinating gadgets we have seen Made 
specially for a well-known Jap  manufacturer of sound 
equipment. it has 4 light sources and 4 meters with moving 
vanes which allow light. proportional to the volume of each 
channel, to fall on the front panel screen, creating a most 
striking appearance — it's practical and innovative Limited 
quantity available 

STOP PRESS! 
Prices drop on NOVUS calculators UP TO 40% OFF NOW 
Model Digits  Features  Was  Now only 
850  8F  Personal calc  $19 95  $15 95 
822  8F  K. °/0. BS  $23 95  $18 95 
826  8F  K, %. MS, BS  $29 95  $19 95 
824T  8F  K. %, MC. etc  $39 95  $37 95 
824R  C 'W rechargeable batt charger  $49 95  $48 95 
6010  International Computer  $99 95  $59 95 
4510  The Mathematician  $79 95  $59 95 
4515  Programmable Mathematician  $143.95  $99 95 
4520  The Scientist  $99 95  $79 95 
4525  Programmable Scientist  $179 95  $149.95 
6020  The Financier  $99 95  $79 95 
6025  Programmable Financier  $149 95  $135 95 
Code  F—floating K—constant BS—battery save feature 

MS—Memory storage MC—accumulating memory 
Send 25c stamps for all brochures available 
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STUDIO MONITOR UBL, 
LOUDSPEAKER SYSTEMS 
There has never been a wider range 
From the sub-compact 4311 to the new 4315 four-way 
and up to the 4350 JBL has the monitor loudspeaker to 
suit your application. 

Hear the new 4315 and 4340 for yourself and 
you will understand why they have been 
on back order since their introduction late last year. 
Call Harman Australia now and we will arrange 
a demonstration of the 4315 in your studio 
or control room. 

See and hear the range on stand 24 at the 
I REE International Electronics Convention. 

H271 Harbord Road, Brookvale. Tel: 939-2922 
PO Box 6, Brookvale, NSW 2100 

harman australia pry ltd JBL Professional Products 
Division 
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PROJECT 118 

Inexpensive unit works to 1 MHz. 

WE CONTINUE our series of simple 
units, based on the ETI 533 Display 
Module,  by  describing  a simple 
frequency meter. The unit is easy to 
construct and quite inexpensive. 

DESIGN FEATURES 
We originally considered that this 
project would only take a short time 
to develop — but were we ever wrong! 
Just about everything that could have 
gone wrong did so, and we became 
convinced that Murphy, was not only 
alive and well but, was living in 
Rushcutters Bay. 

The first problem was to choose suit-
able timebase circuitry. As the project 
had to remain fairly economical to 
build, the use of a crystal timebase was 
ruled out. We eliminated a mains 
referenced timebase because it was 
considered  that the possibility of 
battery  powered  operation was a 
definite  advantage.  Especially  as 
control tones on the mains can cause 
problems. 
An NE555 timer was tried for the 10 
second timebase but it soon became 
apparent that the device just was not 
stable enough even when the power 
supply was regulated. The change in 
frequency due to supply changes was 
about 1.5%/volt. And even with a 
regulator the stability was not good 
enough to allow more than four digit 

Frequency Meter eti 118 

INPUT 

a 

RANGE 

1000k 

100k 

10k 

1000 

100 

mm.••••••• ••••....., 

.••••• =mu m•=••••••••)  

•••••••11..... .1•111111 MI NI' 

PO WER 
einv  „ 

SIMPLE 
FREQUENCY 
COUNTER 
readings. The error occurs because the 
NE555 output stage does not go 
exactly to the supply rails but only 0.6 
V away from them. The same applies 
to the discharge transistor which has a 
fixed saturation voltage. 
We  considered  many  oscillator 
designs in an effort to find one with a 

INPUT IMPEDANCE 

INPUT SENSITIVITY 
10 Hz to 10 kHz 

RANGES 

DISPLAY 

ACCURACY 

STABILITY 

OVERLOAD 
PROTECTION 

up to 100 kHz 
100 kHz to 1 MHz 

POWER 

SPECIFICATION 

470 k // 47 pF 

< 50 mV rising to 1 V at 1 MHz 

99.9 Hz to 999 kHz 

3 digits (no overload indication) 

as calibrated. 

0.01% can be expected but depends 
on resistor stabi'ity. 

50 Vac. 
dropping from 50 Vac to 10 Vac 
50 Vdc. 

240 Vac or 12 Vdc at 100 mA. 

ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1975 

stability of better than one part in 
10 000 and ultimately chose the one 
shown in the circuit diagram. This 
type of oscillator is well known but is 
not normally considered to have good 
accuracy and stability. This is because 
in a conventional op-amp IC there is 
normally a base-emitter junction at the 
output, as in the 555. However in the 
new CA 3130 device this problem has 
been eliminated as the output stage is 
CMOS and appears as a resistance 
(about 500 ohms) and not as a voltage 
drop. A further advantage of this IC is 
the extremely high input impedance 
which eliminates any inaccuracies due 
to loading effects. On the prototype 
the frequency change was less than 
one part in 10 000 with a supply 
voltage change of from 8 to 16 volts. 
The main source of error is now due to 
the temperature coefficient of R10. 
The expected error, using good quality 
metal-film resistors would be around 
0.01% per degree C. 
The CA3130 IC is also ideal for the 
input stage, because of its high input 
impedance, and also because it allows 
a 0 V reference to be used thus 
eliminating  the  centre-tap  point 
normally required for conventional 
operational amplifier circuits. 

(Main text continued page 75) 
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SIMPLE FREQUENCY COUNTER 
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PARTS LIST 
R3  Resistor  47 oh m  'MW  5% 
R11  560  WW  5% 
R4,5,13,1  "  10 k  I/4W  5% 

, R17  22 k  'MW  5% 
R12  9.  33 k  114W  5% 

R7,8  .,  47 k  1,14W  5% 
R6,16  "  100 k  1/4 W  5% 
R1,2  ,,  470 k  IkW  5% 
R10  560 k  li4W  2% 
R15  ,,  4M7  ikW  5% 
R9 (See table 1) 

C4  Capacitor 6.8 pF ceramic 
C2,3,6  "  47 pF cera mic 
C7,8,10  "  47 pf ceramic 
C1,5,9  "  0.1 p.F 100v poly-

ester 
C13  4711F 25 V electro 
C12  100 j.IF 25 V electro 
CII  1000 I.IF 25 V eiectro 

01 Diode IN914 or similar 
D2-D6 '  EM401, IN4005 or similar 

IC1,2 Integrated Circuit CA3130 
(AWV) 
IC3  P.  "  •4518 (CMOS) 
IC4  09  "  4001 (CMOS) 
IC5  "  "  7812 (plastic 
Pack), 

SW1 Rotary switch 6 pole 5 position 
SW2 toggle switch DPDT (miniature) 
Ti transformer 240 V/12.6 V 150 mA 

PC Board ETI 118 
Case type PCI  (A&R Soanar) or 
similar 

Shield as per Fig. 7. 
Front panel as per Fig. 5. 
3 plain spacers 6.4 m m long insulated 
3 plain spacers 19 m m long 
3 1/8 whit. spacers 25 m m long 
One 8 way tag strip 
3 core flex plug, grommet and clamp 

pc board pins 
3 25 m m long 1/8 whit. screws 
9 12 m m long 1/8 whit. screws 
6 1/8 nuts. 
Two input terminals (red-black) 

PARTS AVAILABILITY 
The CMOS ICs used in this project are 

distributed by CEMA and TOTAL. 
We have been informed that the CMOS 
counter type 14553 is at present out of 
stock but will be readily available by the 
end of August. 

HOW IT WORKS - ETI 118 
The frequency counter may be 
divided into several basic sections. 
a. Input amplifier - Schmitt trigger. 
b. 10 Hz oscillator. 
c. Two divide by 10 networks. 
d. Strobe and reset circuitry. 
e. Power supply. 
f. Display module (ETI 533). 
The input amplifier is a CA3130 
connected  as a Schmitt  trigger. 
Resistors R3 and R4 provide positive 
feeedback whilst resistor R2 provides 
protection for the input of the IC. 
The resistor R5 is used to increase 
the negative slew rate of the amplifier 
thus increasing the range of operation 
to one megahertz. 
The 10 Hz oscillator is another 
CA3130 where positive feedback is 
applied by R8 and negative feedback 
by RIO. When the output is high the 
voltage at pin 6 is about 6.8 volts. 
The capacitor C5 charges via R10, 
and when it reaches 6.8 volts the 
output goes low. The voltage now set 
at pin three is 2.2 volts and the 
output remains low until C5 has 
discharged to this point at which the 
output goes high again. Preset RV1 
varies the oscillator frequency by 
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C11 
1000µF 
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240V 
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POWER 
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R3 

C3 
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SECTION 
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INPUT 

GREEN 
if (GREEN-YELLOW) 

RED(BROWN) 

Fig. 4. How the power supply is mounted on the back panel and interconnected. 

BLACK (BLUE) 

REAR 
SECTION 

MIDDLE 
SECTION 

SW1 

VIEWED 
FROM 
REAR 

Fig. 3. Wiring of the range switch. 

about 4% and a parallel resistor, R9, 
is required to set it within the 
required adjustment range. A higher 
value preset could be used but it 
becomes difficult to adjust with 
accuracy. 
The divide by ten circuitry is simply 
a 14518 IC which contains two 
decade counters. It can be switched 
to divide the input frequency (100 k, 
1 M ranges) or the timebase (100 Hz, 
1 kHz ranges) by means of the range 
switch SW1. 
The timebase, be it ten seconds, one 
second or 0.1 seconds, is coupled by 
SW1/d to IC4/1 pin 13. When this 
voltage goes high the output of IC4/1 
goes low and Cl couples a short 
negative going pulse into the strobe 
terminal of the display module. After 
a short time, due to R12 and C7, the 
output of IC4/3 goes high and C10 
couples a short positive pulse into the 
reset terminal of the display module. 
When the output of IC4/1 goes low 
the output of IC4/4 goes high and 
the output of 1C4/1 remains low 
irrespective of what now occurs at 
pin 13. After about 350 milliseconds 
C9 recharges via R15 releasing IC4/1 
to the control of the timebase. This 

procedure removes three out of every 
four strobe poises when using the 10 
Hz timebase, making the display 
easier to read. 

The resistor R16 is used to raise the 
steady-state  voltage  at the reset 
terminal to about 1.8 volts, thus 
ensuring tha-. the reset pulse goes 
high  enough  to  give  reliable 
tirggering. The voltage at the strobe 
terminal sits at about 10.4 volts due 
to the 100 k input impedance of the 
display modu:e. 

The power supply is a full-wave 
rectifier and capacitor filter supply 
which is regulated down to 12 volts 
by a 7812 regulator IC. The control 
circuitry is isolated by a diode D6 
and capacitor C13 to prevent any 
ripple appearng on the 12 volts due 
to the current drawn by the display 
module. 

The display module contains a three 
decade  counter-store-decoder  and 
display as published in the July 75 
issue of ETI. 

To measure frequency all that is 
needed is to count the number of 
pulses occurring over a given period 
of time. If we count the number of 

input pulses over a one second period 
we can measure to the nearest one 
cycle, or one hertz. If a three digit 
display is used then the maximum 
reading will be 999 Hz. However if 
the frequency happens to be, say, 
156254 Hz the display will read 254 
and ignore the 156. To measure a 
higher frequency, either a shorter 
timebase must be used, or, the input 
frequency must be divided down. For 
the 10 kHz range we simply use an 
0.1 second timebase giving 10 Hz 
resolution. For the 100 kHz we 
divide the input by 10 and use an 0.1 
second timebase, whilst for the one 
megahertz range the input is divided 
by one hundred. For the 100 Hz 
range a ten second timebase and no 
division is used. 
If we use the one megahertz range 
to measure our  156254 Hz, we 
display 156. Switching to 100 kHz we 
get 563, on 10 kHz we get 625 and 
finally 254 on the 1000 Hz range, 
thus the frequency can be read to the 
nearest  hertz  but  the  accuracy 
depends on the accuracy of the initial 
setting  up  and  the  fact  that 
temperature variations cause an error 
of one part in 10 000 per degree C. 
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SIMPLE FREQUENCY COUNTER 
( 

Frequency Meter eti 118 

INPUT 

Initially the maximum frequency of 
operation was limited to 200 kHz due 
to the slow, negative slew-rate of the 
IC. Looking at the internal circuit of 
the IC it was decided to increase the 
bias current in the second stage by 
adding a resistor between the positive 
supply and pin 8. This allows the 
frequency response to be extended to 
beyond  one  megahertz.  A small 
compensating capacitor was found to 
be necessary to eliminate the effects of 
a small amount of coupling from the 
10 Hz oscillator. The resistor to pin 8 
also alters the offset voltage but this 
does not affect the operation of this 
circuit. 

Another problem that occurred was 
in the strobe and reset pulse network. 

Using an 0.1 second timebase the 
display changes too rapidly for ease of 
reading. Therefore IC4/4, which is 
connected  as  a 350  millisecond 
monostable, is used to eliminate three 
out of every four strobe pulses thus 
making the display more readable. 
However it was discovered that, when 

RANGE 

1000k 

100k 

10k 

1000 

100 

POWER 

using this delay, the timebase changed 
frequency by about four parts in 
10 000. Since the power supply to the 
control circuitry was isolated from the 
display module, the circuitry is mainly 
CMOS,  and  the  oscillator  rejects 
supply rail change, none of these 
factors could be suspected as a cause 
of the trouble. The problem was due 
to the fact that IC4/4 works in the 
linear mode and can draw 10 to 20 
mA. This modulates the power supply 
by up to 20 millivolts. The cure is to 
power 1C4 directly from the 12 volts. 
This explains the use of the link of the 
board. 
Some coupling between the display 
board oscillator and the input stage 
occurred and was cured by adding an 
aluminium shield between the two 
boards. 
To obtain all five ranges with only 
two divide-by-ten sections necessitates 
a more complex switch. This was 
considered to be justifiable as the 
alternative was to use a switch with 
one less wafer but add one more 
14518 IC. 

TABLE 1 

.1 Fig. 5. Front panel of the 
frequency meter. 

CONSTRUCTION 
The  display  module  should  be 
constructed as described in the July 
issue of ETI. The value of resistors R5 
to  R11  should be 560 ohms for 
operation of the 12 volt supply. 

The  control  board  should  be 
assembled  with  the  aid  of  the 
component overlay Fig. 2. Use printed 
circuit board pins for all outputs and 
for R9 as an aid to later assembly. 
Make sure that the link between +12 
volts and pin 14 of IC4 is installed. 

Wire switch SW1, in accordance with 
Fig. 3, and leave the leads long enough 
to reach the printed circuit board. 
Assemble the power supply onto the 
tag strip and the back panel of the box 
as detailed in Fig. 4. There is no need 
to insulate the tag of the regulator 
from the rear panel as it is the 
common terminal which should be 
earthed. The rear panel itself is earthed 
via the mains cable. 

The front panel has to be cut and 
drilled as shown in Fig. 5. It can be 
either silk screened with the required 

Frequency with 
RV1 at minimum 
50 Hz input 

Value of R9 to allow RV1 
to calibrate 

48.1 — 50 
49.8 — 51.8 
51.3 — 53.4 
52.7 — 55.0 
54.7 — 57.1 
56.7 — 59.3 
58.8 — 61.7 

15 Meg 
8.2 Meg 
5.6 Meg 
3.9 Meg 
3.0 Meg 
2.4 Meg 

Fig. 6. Printed circuit board for the counter. Full size 90 x 45 mm. 
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Fig. 7. Drilling details of the shield plate. 

range markings etc, or a Scotchcal 
panel can be used as in our prototype. 

Scotchcal panels for this project can 
be obtained for $2.00 (plus SAE) 
directly  from  Electronics  Today. 
A piece of polarized or red plastic can 
be used to protect the displays. If the 
A&R  box,  as  specified,  is used 
mounting holes will have to be drilled 
in the base of the box. These can be 
marked by temporarily installing the 
front panel, by fitting the three 25 
mm spacers to the control module (the 
left front  mounting hole on  the 
module is not used) and sitting the 
control module in position. It will be 
found that the right front spacer 
interferes with a rib in the base of the 
box. Cut this rib away with a chisel or 
similar tool such that the spacer can sit 
flush with the base. Mark the hole 
positions, remove the module and drill 
the holes. 
Fit the rear panel in to the box and 
then mount the input terminals to the 
front panel (the rear of the screws of 
the  terminals  may  have  to  be 
shortened to clear the display module 
mounting spacers). The rotary and 
toggle switches should also now be 
mounted :o the front panel. Connect a 
short length of coaxial cable to the 

25mm SCREWS 

II  CONTROL 
L.  BOARD   

LI 6mm SPACERS II] 
SHIELD 

12mm SPACERS 

25mm SPACERS 
(THREADED) 

DISPLAY BOARD 

BASE OF BOX 

12mm SCREWS  fi 

Fig. 8. Assembly of the counter display 
boards. 

input terminals (about 150 min) for 
later connection to the control board. 
Connect leacs to the positive volt, zero 
volt, strobe, reset and input clock 
inputs on the display module and 
assemble the display board, shield and 
control I:load as shown in Fig. 8.Make 
sure that the spacers do not touch the 
copper tracks on any of the boards, 
(except for the front spacer on the 
control board). If any of the spacers 
are too close to the tracks add a piece 
of  insulation  material  under  the 
spacer. The whole assembly can now 
be mounted in to the box. 
On the display module the power 
rails are taken direct to the power 
supply whilst the 'reset' and 'strobe' 
go to the control board and the 
'control' to the rotary switch. On the 
control board the power rails also go 
direct to the power supply whilst all 
other leads, with the exception of the 
coaxial cable, go to the rotary switch. 
Finally connect the power switch 
and insulate it with plastic tape to 

prevent accidental personal contact. 

CALIBRATION 
Apply about 6 volts ac at 50 Hz, 
from  the  secondary  of  a power 
transformer  to  the  input of the 
counter. Select the 100 Hz range and 
set.the trimpot, RV1, to its minimum 
resistance  position.  Wait  for  the 
reading to settle (there is about ten 
seconds between readings) and using 
this reading look up the corresponding 
value of R9 from Table 1. Instal this 
resistor and again check the reading, it 
should now be just under 50 Hz. The 
trimpot Rv1 can now be adjusted to 
give a reading of exactly 50.0 Hz. If a 
more accurate frequency source than 
the mains is available it can be used 
instead  of  the  50  Hz for final 
calibration.  Due to  the effect of 
soldering upon the value of resistors 
final calibration should be left until 
several hours after R9 is soldered into 
position  so that the resistor may 
stabilize.  • 

SPECIAL OFFER 
A stick-on Scotchcal panel (as shown on our prototype unit — 
page 71 — together with a cut-to-size polarised plastic sheet is 
obtainable for this project directly from Electronics Today. 
Price is $2.00 per set (plus a stamped addressed envelope at 
least 572" by 3"). 
Addr9ss orders to: 'Panel Offer', Electronics Today, 15 
Boundary Street, Rushcutters Bay, NSW 2011. 
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SEE WHAT COLOUR 
YOUR MUSIC IS 

NOT a kit These are the spectacular SECO 
colour organs. Connect to any speaker and the 
colour lamps flicker and glow with varying 
brightness in relation to volume, pitch, and 
rhythm. Why put up with colour TV? Works 
even with small transistor radios. Leaves fibre-
opt ic lamps for dead. V3050: Domestic unit. 
30 lamps, 3 channels, 5 colours. Diamond 
pattern. 18',/," x 11 '/2" x 7 3/8". 3.5kg. P&P 

$4.  $ 4 9 6 0 
4050X: F'rofessional monster. 32 lamps, 4 
channels, 4 colours, individual colour mixing 
controls and a host of other features. Ideal 
groups. About 30 1/2" x 151/2 " x 9 1/8" 

P&P  

/, 
4 

4.0 

COMPUTER 
Not lust an arith metical 
calculator but a proles 
sional scientific tool: 
You will be asked to pay 
$100 and inure for si milar 
instru ments 
The Hornet SR30 is an 

algebraic mode, 8 digit 
unit with the nor mal 
, X and  functions plus 

Me mory with 4 operations 
1M M R, X - M, C M/ and 
6 conirnand functions 1 

F, OR, X V. red/deg. 
CL I 
12 scientific functions 
These are 1/X, ex, in, log, 
sin 1, cos 1. tan 1, sin, 
cos, tan.11., and . v. Trig 
and tog functions are cal 
culated to 6 drat places. 
The unit co mes co mplete 
with batteries 14 pen 

light cells/ and handbook. A socket is I itted for 
external DC power 
Supply is limited, and orders will be filled in strict 
rotation Price includes registered post and pack dig 
cost 

Note . This unit has a blue fluorescent display. 

$39.50 P&P $2. 

STEINTRON AGAIN! 
Our direct import—back again at last 
Beautiful timber cabinets with 
louvred frolts. Absolutely superb 
pert or mance. 

V120: 12" woofer, 6%" middie; 1% 
do me tweeter, 2" super tweeter 
Crossover rolloff 12dB per octave. 
handles 45 W RMS, 20-22000Hz. Has 
tone control. 25%" x 15" x 11 'It". 
P&P each $5. Price each $119 

V100: 10" woofer; 5" middie; 1%" 
dome tweetar. Handles35 W RMS, 
20,20,000Hz. 22%" x 13" x 11 %" 
P&P each $5. Price each $89. 

DUE TO THE POPULARITY OF 
THESE  FINE QUALITY, HIGH 
PERFORMANCE SPEAKERS, WE 
HAVE EXPANDED THE RANGE. 

V150 15" woofer, 2 x 5" midrange, 
2 x 1%," dome tweeter and 2 x 2" 
super tweeter. Handles 55 Watt, / 
range frorr 20-22,000 Hz. Price 
each $169, ?&P S6 each. 

• 
• 
• 

leo/ 
gout! 

Pre assembled & pre veneered speaker hones 

ET1400  $22.50 per kit  $3 P&P 
1.6 c.f.  $22.50 per kit  $3 P&P 
2.5 c.f.  $26.50 per kit  $3 P&P 
2.7 c.f.  $32.00 per kit  $4 P&P 
Speakers Evailable for all these kits. 

V80 8" woofer, 1'4" tweeter and 
2" super tweeter. Handles 25 Wa x, 
30 to 22,000 Hz. Price each 

S59 
&P $3.00 

NEW 
ETI 440 KIT 

SAVE ON THE BSR P128 TURNTABLE 
In our opirion, this is the best value for money in its cla-is. 
Single play automatic, its square section pickup arm is 
fully counterbalanced, with calibrated stylus pressure co., 
trol for tracking accuracy. 4 speeds. Ru mble better than 
-35dB. Wow better than 0.2%. Flutter better than 0.06 %. 
Co mplete with  ase, tinted cover, slide-in magnetic 
cartridge. 

Price each $ 8 2P&P $4. 

• 

• 

ET1440.  Simple  25  Wart 
amplifier kit as featured in 
Electronics  Today,  July 
1975. 

25 Watt  R.M.S.  per  channel, 
distortion round 0.1%. 6 Hz to 80 
kHz., at —3 dB. A full list of 
specifications  and  building 
instructions are in the July issue 
of Electronics Today. This is a 
magnificent amplifier which is not 
hard to assemble. It will suit those 
people who want a good amplifier 
at an economical price. 

S95 
per kit of parts 

$4 P&P 



GLIDE-TONE 
GENERATOR 

Rod Torkington's 3rd prizewinner in the 

Kitsets Electronics Australia competition 

Si mple to build Checks loudspeaker 

response by logarithmic sweep down 

musical scale P&P Si 

MAIL 
OR DER 

KITSETS 
P.O. Box 176, 
Dee Why, Sydney. 

These offers only while stocks last, 
equivalents  may  be  supplied  and 
prices  may  be  changed  without 
notice. 

SYDNEY: 400 Kent St. Sydney, 29 1005. 657 Pittwater Rd., Dee Why. 982 9790.1  
ADELAIDE: 12 Peel St. Adelaide, 87 5505. BRISBANE: 
293 St. Paul's Tce. Fortitude Valley, 52 8391. MELBOURNE: 271 Bridge Rd. 

Richmond (Gallery Level, church St. entrancel 42 4651; 985 Whitehorse Rd., Box Hill, 
89 8371. PERTH: 557 Wellington St. Perth (Opp. new bus terminal) 21 3047. 

BUILD THE NEW ETI GRAPHIC 
EQUALISER: COMPLETE KIT-$109 
ETI 427 (October 1974). Nobody has a perfect roo m and so even 

the greatest Hi-F i syste m can sound a bit off. Usually, a unit like 
this would cost you a leg and a half, but no w you can get into the 

big league without getting poor. Broadly, your Graphic Equaliser 

will co mpensate for speaker and roo m deficiencies, and sho w you 

pretty dra matically that you don't have to put up with resonances 
and dips. The ETI 427 has nine filters spaced at octave intervals 
in each of two channels. Construction is relatively easy, but it 

you're a beginner, you'll need so meone to hold your hand. 

Co mplete kit includes pre wound coils, veneered cabinet, scre.vs, 
nuts, and so on. P&P: $3 . 

11' 

DON'T WARBLE 
DAUBLE: KIT 
9 tone door "chime' guaranteed to confuse 
the Avon lady .1 Pit tar's 2nd pi irewinner 
in the Kitsets-Electronics Australia come 
etition Peals a pre set number of time, 
then switches otl at end of Sequence Be 
first In your street with one 

$25 P&P S1.50. 

5STAGE 
LOGIC PROBE 

This is the 1st prize winner in the 
Kitsets-Electronics Australia co mpet 
ition. Designed by Ian Rotertson, it's 
an elegant unit, and easy to build, 
has 7 seg ment readout. If you're 
working with logic circuits., it's one 
kit you should 

$15  P&P S1 00. 

Orgies in colour 

• t to a party where 
r,d one of our Moocicolour 4 

_Inas hooked up to his Hi-Fi. 

Mick Jagger sings purple. 

Bo wie's orange. The Fugs are 
blue. That's all I care to 
re me mber. All you lechers will 

love this. 4ch, each with 

adjustable band width and lkVV 
load capability drive colour 
floodla mps. (You supply). 
Handles mono or stereo. Try it 
on your SF X albu m and blo w 
your mind. Even the cabinet 
looks sexy. Erotic. Exotic. A 
wonder it hasn't been banned. 
Easy construction provided 
your hands aren't still shaking. 

P & P $3. 

 • 
Everything .goes 

boinngg 

TI'S superb ne w spring reverb unit. 

Our kit gives you everything you 

need to build it. More sophisticated 
and versatile than the 19 72 version, 
in that it has its own mixing facilities 
and stereo operation. Use bet ween 
prea mp and main 
amp, or after disc pre 

amp, or high level in 

put and prea mp. Input $ 4 
100 mU 1U. P&P $2. 910 $9.751 ,„ .........  ........ 

Use this coupon for mad order. Please don't send cash. Re mit by Postal Order or crossed cheque, made 
payable to Kitsets (Aust) Pty. Ltd. Send to P. O. Box 176 Dee Why 2099. For PM G/C O D delivery, call 

982 7500 (Area coda 02) anyti me (24 hour service) and tell us what you want. Orders are despatched 
within 24 hours. Please fill out for m carefully and PRI NT all details NE ATLY. If your order co mes in 
looking like a second hand pakapoo ticket, we have tawhand on to it until you send us a furious letter. 
And that doesn't do either of us any good. 

SEND TO   

ADDRESS 

P code Phone   

A  a  r 

Ho w 
MANY 

NAME OF GOODS AND 
CODE NU MBER IF GIVEN 

PRICE 
EACH 

P & P 
EACH 

SUB 
TOTAL 

It YOu want your order sent fog tiered ladvisablel add 75c 

01 — :ITE M TOTAL  add colu mn A RE MITTANCE TOTAL; Add Colu mn E --I 
Copyright 1970 K,Isrets Aust Pty Ltd 

Al MB ON MO NM  NM  OM IM MO = N M  M N 1= In  M I =  MB MI MI.' MIN M O 
4. 



Vertical Deflocrion 
Functions 
Sensitivity 
Attenuator 

Bandwidth 

Pur Impedance 

Chopper F requency 

GO PROFESSIONAL! 
Go Otari MX-5050 

Otari's new MX-5050 is a compact professional 
recorder that's scaled down in size but not in perfor-
mance or features. Make no mistake. The Otari MX-5050 
is not another hi-fi recorder. Instead, it's a creative 
working tool for the professional recording engineer. 

The MX-5050 is designed to handle a wide 
spectrum of professional recording and production 
assignments: audiovisuals, broadcast programming, 
rock groups, high school and college bands, church 
and religious recording, drama classes, and local 
theater groups. 

Look at the professional recording features the 
Otari MX-5050 has to offer: two or four channels, front 
panel edit and cue, precision mounted splicing block on 
head cover, synchronous reproduce for over-dubbing, 
motion sense to prevent tape damage, XL connectors, 
600 ohm + 4dB output, balanced line transformers, 
built-in mic preamps, extra reproduce head (1/4 or 1/2 
track) on two channel version, plus much more. 

Go professional. Go Otari. 

Distributed in Australia by: 

Klarion Enterprises Pty. Ltd., 
63 King's Way, South Melbourne, 3205. 
Telephone: (03) 61-3801 

• Canbe,e 97 3579 

• Hobart 28-5997 
• Newcasrle 61.4321 
• Ar,rh 16 W 81-4477 

Analog Dainces and 
Others 81 2866 

• Oros Kernbla 74 0278 

4-mhe 
TRIO 
trio: 
Great 
'scope 
value. 

PARAMETERSUS 
Should coo need further 
Inforrneloon, your nearest 
• ,,,,, Wore would be 
pleased ,o help you 
• Sydney 439-3288 
• Melbourne 967444. 
• Adeaude 5 V67I8 
• 8,stane 18-5422 

Look!  Dual Trace CS1554  Triggered Sweep  Low Cost C01303A 
10MHz $359. CS155710MHz $295 . L5MHz $167 * 

CHI  'ERNATE. ADD ISirrn of CHI and CH7 

0 01 mV IlIlo 211 0  I 11 calibrated Slept with fine control 
DC DC to 10MHz at - 306 AC 701 to 10MHz at  3dB 
megonrn paralleled byte:N.0e 38 oF (Probe 10 megohms. 150F I 

140kHz 

0 ()IV oTI  200  I  1,ne comp°, 

DC DC - 10MHz 1•30111  AC 21-1, - 10MHz I 3481 
IMohm. 35PF 

I/I, 1,1(  I 100and(iND 

DC DC - 1 5 MHz 1-348) AC 21-lz - 1 5MHz 1.3481 
1 M ohm, 30 PF 

Horizontel Deflection: 
Sentol.voly  250mV cm  250mVicm  50OrriV/i'm 
Bandwidth  DC to 11VH r at - 306  DC - 1 MHz T3d131  DC - 253 kHz 
input Irdpedance  100 kilohms oaralleied by appro. 30pF  100 li ohms, 40 pF  1 M ohn- 40 pF 

Sweep Circuit' 
Method' 

Time Base 

Magnification 

Trigger sweep. Automatie sweep 

05 m•er0SeCOnd/Crei to 05 SeCOnd/crn in 19 calibrated tsp. with 
COer.nuOuSte vatrable cOntrO1 for  TV-•V, and E XT 

X 5 Magnifier 

Triggered or sell excited sweep 

05 p secrcni - 05 sec crn in 19 ranges. Obis TV -V and 
TV -H, with fine control of each range. or EXT 
X 5 magnifier 

10 Hz - 100 kHz 
in 4 rant( 

Synchronisation: 
Triggering 

Range 

Frequency 

Intern•l. CHI, external Or hoe, epther  - on all ,ipd. 

CHI More than 10 Vpp  I nternei  More than lOrnm on screen 
External More than 1 Vpp 

AC 30Hz to 10MHz  LF 511: to 10kHz  DC DC to 10•Hz 

Internal or external I•1 or I--) in each mcde. 

Internal. 20Ht - 10MHz tor lOrnm on screen 

External 2011, - 10MHz at W PC, 

Interne, 5-1 only 

'nu mbly Moduletion 
25 VPP 

\  : 

Weight: 

Calibration Voltage: 
Outp, INayeform 
Output Voltage 

Power Requirements 

1 OH, 15,0,0 wee*  05V pp 1kHz Square wave 

10 Vpp, I VPP 
AC 1001117'230V 50/60Hz 27W AC 100/117/230V 50/60Hz, 30W  117 ,230VAC 50.60Hz, 15W 

225 x 195 • 400mrn  190mm o 154mm •-.310mrn 
6 4kg  3 80g 

250mm0N) • 230mrn1H1 • 44OnsmIDI 
4kg 
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welcome here 

EDGE 
tvokt  

M OM 
New Premises at 
31 BURWOOD ROAD, BURWOOD, NSW 2134. 
PHONE: 747-2931 

, 

CORAL BX2000 
.. 

DENON PMA500 

Ili li -. I) ) 
• ,:r • 

-P .,4̀..0....A. 
--'.‘-  

40 watts RMS per channel professional 
quality 

$32o 

UNIVERSITY 

MVA 
Features: 
measurem ffts 
to 
D.C. 

sensitivity; 
probe 

sPwoliatrci 

battery 
4 m m 
sockets; 
handle 
stand; 
shock 
movement. 

CTN500-MP 
Features: 
per 
OFF 
switcpoh;sition 

arePc:sesaerda; 
kn obs; 
overload 

Case 

- 100CN 
Resistanc4 

0.1 
200M IL; A.C. 

Current „up 

25 
available; Diode 

protection; 
thy. r3pv ee rcs 

compartment;  
ter minal 

Unique 
forms  bench 
Spring loaded, 

resistant 

$40.25 

MULTIMETERS 

IL 
and 
to 

kV 

nag, 

Feat ures: 
Ranges; 
Current 
5 O K 
sensitivity; 
overload 
4 m m 
sockets; 
handle 
stan d; 
Resistant 
ment. 

st 
on 

Features: 
clear 
handle 
stand; 
voltage 
D.C. 
4 m m  

sockets; 
overload 
OFF 

IN 

Aw n, 

e ft 04  c V.. 
• / M A  ' '4, ' T 

_ 
1 a h W A NOMM overload 

1  0 0 0 0 0 0 1 
%,  0 0 0 0 0 0 JAWA ?hooves  

• . I # e 
.0 0 0 0 0 " 
.,lf 0 . 04 
% Set:  
•W O.  ; 

Vb. ' 
$350 PR • 

Mir  NM 

'1.7('''' 

APAN TURNTABLES 

M A N U A L 
$ 1  M I - 
AUTO  -  $130, 
FULLY AUTO - 
$150,  all  prices 
include  base and 
cover  and  Jelco 

m140  cartridge.  ,,.  • 

MVA-50 
46 

D.C. 
tuot to 10A; 
1L/ V olt 

Diode 
protection; 
ter minal 

Unique 
forms bench 

Shock 
Move-

$28.75 

• - 

• 

\' 

_ 

20K 
Volt sensitivity; 

Modern 

n Iterwit 2  
Diode 

protection. 

$1 7.70 
to suit $4.60 

, 

TRANSPARK CS401 V"!   

C.1131 A MOK 
_ 

I 

MIMI 
...i.<.. M OM 

MAGNAVOX 8-30 
$1395 i 

per channel 

speakers 

Car cassette 4 watts 

$65.00 + 

,.,.............. 

NI 
1:::.-  sC-:.1 
;: 

=...r 
I  , 

CORAL 
•  STEREO 

HEADPHONES 

'.  E-55 
'  - S12.90 

- 
E-77 

0  ' "  - S14.50 

/x 5 "   D ual 
1 mpedance  car 
radio speakers, 

$4.50 

5"  round  dual 
impedance  car 
radio speakers 

$3.95 

M770 
Very large 

scale;  Unique 
to form bench 
A.C. and D.C. 
up  to  5KV: 

Current to 10A; 
ter minal  

Diode 
protection; 

Switch position. 

 $44.70 

HITACHI REEL 

AL7 - 7" 1800' 
EL7L - 7" 1200' 
ED7 - 7" 2400' 

TO REEL TAPE 
(1)of  (5)of  (10)01 
$7.50 $7.00 $6.50 
$6.50 $6.00 $5.50 

..,, 

•  ,- • 
• 

. 

•  • 
.... ..... .. . 

$8.00 $7.50 $7.00 

TEST INSTRUMENTS 
LJC3 CRO -  $184.00 
MVA6.VTNI M -  $73.60 
r RIO CRO -   
V M150 FET VOM -  $188.00 

SEMICONDUCTORS 
CR OSS  HA T H 
GENERATOR ETI 

4011-1C  56c 
4001-1C  56c 
4017-1C  $4.20 

,1/4*  4013-1C  $1.60 

FROM THE 
C  D O T 

AUG '75 

- - 

$63.25 

VARLEY RELAYS 
CAB34 1250 Si VP2 $5.20.,CAB12 185 I-2 
VP2 $4.50. CAB12 430 IL VP2 $4.80. 
Bases VP2 $0.96c. Bases VP4 $1.10 

BF180 -  $1.20 
2N914 -  25c 
BZX79/c6V2 

50c 

CORAL SPEAKER KITS 
8SAI - $33. IOSAI - $55. 12SAI - $77. 
watch for 35A3, 10SA3 and 125A3 Kits. 
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HITNCHI 
TAPES 

Mail Order Specials 

Each  12 of  36 of 
C90  $2.95 1.85ea. 1.75ea. 
C120  $3.65 2.25ea. 2.10ea. 
UDC60  S2.95 1.75ea. 1.60ea. 
UDC90  $3.95 2.35ea. 2.20ea. 
UDC120 $4.95 2.70ea. 2.50ea. 

BASF chromdioxide C90 
10 for $33 30 for S90 

Postage for Tapes 
NSW 70c plus 10c per 10 or doz. 
Other states $1.05 plus 15c per 10 or 
doz. 
POST FREE SPECIALS• 

Watts dust bug  $5.95 
Decca record brush  $12.95 
Head demagnetizer Model 220  45.75 

Cassette microphone - low 

impedance (desk stand -- remote 
control switch)  S4'15 

Logan Brae Audio Sales 
P.O. Box 24, Carlton, 2218. NSW 

Telephone: 587-3475 

FERGUSON  

Manufacturers of: Electrical/ 
electronic equip ment, wound 
co mponents  and  lighting 

control equip ment. 

BRANCHES 
IN ALL STATES 
FE R G US ON TR ANSF OR ME RS 

PTY. LTD. 

HEAD OFFICE 

331 High St., Chatswood 2067 
P.O. Box 301, 

Chatswood. NS W. Australia 2067 

Phone. 02-407-0261 

BYMAIL SPECIALS 
New, branded, quality components at 

bedrock prices. 

NE555 Timer M.Dip. 
NE556 Dual Timer Dip. 
741C Op. Amp. M.Dip. 
1M3900 Quad Amp Dip. 

Prices include sales tax. 

89c 
S1.64 
63c 

S1.10 

To BYMAIL PRODUCT SERVICES 
P.O. Box 193, Ringwood, Vic. 3134 

Name   
Address   
 Postcode   

No. of  Component  $  c 

555 @ 89c ea. 
556 @ $1.64 ea. 
741 @ 63c ea. 
LM3900 at 
$1.10 ea. 

Postage & Pack.  .30 
Enclosed Cheque/M.O. for 

A record brush 
1,000,000 CONDUCTIVE BRISTLES 
no anti-static fluids needed 

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 

addition each 'bristle• is electrically conductive Static on the record is 
removed as you clean without the aid of special fluids 

•  512 50 at leading Hi Fi stores Et record bars. 

Australian Agent British Merchandising Pty Ltd 49.51 York Si Sydney 
Ph 29-1571 
' Recommended retail price 

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

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

The Video & Hi-Fi Centre 
Commercial Concepts 

Phone 312-555 — 445 Oxford St., Paddington, N.S.W. A.H. 451-7876 
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The best of three worlds  Partners in Perfection 

ES 0—I k J M ESE  

Series ll Pick-up Arm 
No wonder it has been cailed  the best pickup arm in the 
world." The Shure SME Series II Improved combines flaw-
less craftsmanship and unmatched precision with desicn im-
provements that reduce tone arm/cartridge system mass and 
friction to significantly lower levels. Ultra-low friction pivot 
points, with high-precision protected ball and knife edge 
bearings; arm deflects either vertically or horizontally with 
less than. 020 gram force applied at stylus tip. Precisely ac-
curate adjustments for every factor related to perfect :rack-
ing. including height. overhang. length. tracking force and 
bias (anti-skating). 

B  t. J 1=11 M  V15 Type III 

Super-Track Plus Cartridge 

The sound of the V-15 Type Ill, paradoxically. is due in no 
small part to an absence of a sound of its own. In no way 
does it interpose itself upon the music. Thus, the resultant 
sound  of the  Type  III  is not  -sweet,"  "mellow."  or 

is the sound of the recording itself! Its truly flat, 
unaccented frequency response and extended dynamic 
range mean a hearable difference in all your recordings. old 

and new. 

Technico SL120 
the turntable with a heart 
Unlike conventional turntables, the Technics SL120 has no 
mechanical speed reduction system such as fluttering idler 
wheels or vibrating belts which help cause annoying wow and 
flutter. Instead, the Technics SL120 turntable has a 'heart', a 
direct drive, 36 pole D.C. brushless motor rotating at exactly 
33-1/3 and 45 R.P.M., which guarantees a wow and flutter less 
than 0.03% WRMS and a rumble better than — 65 dB (DIN A) 
— 70 dB (DIN B). The Technics SL120 is a true professional 
high fidelity turntable using a 13" dynamically balanced 3.9 lb 
aluminium diecast platter set directly on to the motor (the 
heart) assuring glide smooth rotation. Variable pitch controls, 
built in stroboscope speed indicator, deluxe plexiglass dust 
cover, adjustable audio insulated legs supporting a cast alum-
inium base, are just some of the advanced features. Without a 
doubt this is the finest turntable available today. 

• • • 

Arrow Electronics are proud to be associated with the 
"BEST OF THREE WORLDS". Indeed they are the "PERFECT PARTNERS" 

and an unbeatable combination for precision record playback. 
All items may be purchased separately at "ARROW'S" usual keen prices, 
but do yourself a favour — purchase all three units and save even more. 

Don't delay. Call, phone or write to us NOW. 

Write now for details and your "Arrow Quote" 

ARROW ELECTRONICS PTY. LTD. 
342 Kent Street, SYDNEY —  Telephone 29.6731. 

AE094 
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MARINE CB, 
and 

NOVICE 27 MHz 
ANTENNAE 

• Base Station 5/8, 1/2 and 
1/4 Wave Ground Planes. 

• Marine Mobile Whips. 

• Yagi  Beams,  3 and  5 
Element. 

• Quad  Beams,  2 and 4 
E lement. 

• Mobile Whips, 1/4 Wave, 
Helical  and  Centre 
Loaded. 

Write for details to: - 
THE AUSTRALIAN AGENT 

BAIL ELECTRONIC 
SERVICES, 

60 Shannon Street, Box Hill North, 
Victoria, 3129. Ph: 89-2213. 

1V  

Japan's Leading 

Manufacturer 

• Hybrid Circuits 

• Power Transistors 

• Rectifier Diodes 

• H.V. Diodes 

• Fast Recovery Diodes 

• G.P. Diodes 

AUTOTRONICS PTY LTD 

P.O. Box 71, Engadine, 2233 

47 Anzac Ave., Engadine, 2233 

Ph. 520-9442. 

CELESTRO N SCHMIDT-CASSEGRAIN 

MULTI PURPOSE TELESCOPES 

ASTRONOMY — PHOTOGRAPHY — NATURE STUDY 

Visit our mod-3rn and fascinating showrooms. 
See the greatest range of telescopes and astronomical equipment anywhere in the world 
or send 30c for informative catalogue. 

Telescopes for all purposes. Build-it-yourself kits. Binoculars. Microscopes. Books, 
charts, atlases. Weather equipment. 

ASTRO OPTICAL SUPPLIES PTY. LTD. 
SYDNEY 11 Clarke Street,  MELBOURNE Mid City Arcade, 
Crows Nest, Phone 43-4360  200 Bourke Street, Phone 663-2761 

LAFAYETTE 
"GUARDIAN 6600" 

Direction Finder 6 Band Radio 

Beacon — Broadcast — Marine 
FM — Aircraft — VHF 

$179.50 
6 BANDS 

(1)  160-390 kHz Beacon (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. 

• Telescopic Whip Antenna plus external 
antenna jack for reception on FM, 
Aircraft and VHF hands. 

• Signal strength, tuning/battery meter. 
• Adjustable squelch control. 

The  "Guardian  6600"  is Lafayette's 
mpst 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: 1V;" W x 10%2" H x 3V' D. 
Shipping weight 6lbs. 

LAFAYETTE 
ELECTR O NI CS 

div. of Electron Tube Distributors P/L 

94 St. KILDA RD., ST. KILDA, 
VIC. 3182  Phone 94-6036 

Also avadablo 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.IN. 
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4 DOLBY W RITE BICH OMR 
YOU SNO W NOT MISS/ 
NATIONAL TAPE DECK 
Don t miss this incredible NATIONAL DOLBY DECK 
515269U5 Check the features the, we the pricer 
Electronic speed control 
Super pounalloy head for reeord,playback 
.d;te meta head 

Re .,  C102 30- 13k0r Normal 30 - 121.1 
, Noise Dolby 57db • 10k51: Normal 4900 
New phone awl, Pause Dual VU meters, Rotary Ice dust 
volume controls Tape Dolby selectors. 3 digit CO‘OnIer 

1355W. 11651. 2440 mrn I 2,10V a c 
• Output 0 420 0 5014 headphone 45mV 119 Bohm 
• Mic in 0 3m0  600ohrn to 20k or Line 30roV 0 220k 
This month only wag 630 at a, bottom ol the barrel 
price of only # 

p&p Roed height i3 

BOOKS 
COLOUR TELEVISION THEOR 
BY K AMM 
Over 300 ow of leo, ther ms & 
Pustratoons Home on Colour, in Mic 

hardback edition A MUST lor students 
enconeets & technicians mus m ch to 

'd/••  • d'd/ WP W' undentanthng of the 
PAL swam 

ow Me 00 74  4.1910 
A.,orK OR #16 514tiett rtiwertc° 

JUST IN 
LATEST NEW di ALAND 
AMATEUR RADIO "GOLDEN 
JUBILEE" CALLBOOK 
50 yeas of Moadcestmg 
136 pages tor unry$2.00 

For more books we our 
doubi• o we ad 

fit ememI, 0 
map. *en %Yid a 

5 Ai for oar Bookli   

KIT 

SPECIALS FOR NEW PROJEC TS 

LM 1808 I C Only $525 

A HBF 4001 AE I.C. only 65c 
LM 3909 LC. Only $1.50 
Same as CO40014E. MC400IAf. SC/ Etc 

SEMICONDUCTOR SPECIALS 

(THIS MONTH ONLY) 

555 TIMER Ice, E T Nov 74; O,,.,, ',maw f.cm 
n ou n  • Stable a  m ono Sl ade m odem M i..ci .• • • • . 

m  coco a/ or sink 200m4 Owes TTL G..• 
LUIS° AMP Ism E 7 Dec 14,  Offers 

,nuu , sònvt.. ,1• or 200mV end ditto, T.; ,r; 
a oi Is cNn, Sneaker.  Get LU380. for am, SI 
IN540111:1100ES Handle 3A at 10000 Ideal In 

hippies hOc each oi 10 for 53 50 
141211156/3065 HIA VISTORS •n 103 as •istiis  f 4?, 

EIN  •syyt, 

COMPARE OUR PRICES FOR TOP 
C JI KIT   QUALITY KITS!! ...< onty kit with a PRE 

',a m a ft., ol har d * orig . eq 
d or mer wind ws  T 

ntoii4 VAlue.it 
010511 Halt Power Sttobe IF 7 Aug 71/25 
Top Propos) Ideal tor  e• • 
'pale datthrig atecli  Uses la ne / 

"' Hhl O  e.a1IIO lo original •port  S  •  • 

Jr, . 1.IR  tonvorted lor 2 tube opera; 
conhise with (hen, fed Pow, 
only S22 50 'p&p SI 00; Stiobe Gap, 
ur 2500a  $3 SO eals 

KI T TS E 702 Redo Inbudes Awns 

110 env ii. the Dingge,s, 'h . 

•  •• 

I I 1lJ ll r• 51 • 

NEWLOWER PRICES 
FOR OUR DIGI TAL CLOCK 
KIT lover 1500 Sold' 

. et Aca • o i 

4 Digit Clock 619 95 
D,l its Fr k 024.95 

Over  150D sold! 

NE W attra,fix 
far oifr  cirefata. 

‘ eol 
,affic eAsfie rsoiler 

o/ Ye//cw* n Red   

•  2III *Ns 
CONINE Ilff 
(pee EA Gkeember 73) 

gem 20•4112 Counter has 4Y. digit L ED 
aatiout woth leading tett, suolVession Crystal 
mebese tot sell cali bration or ex, cal 194.501:d 
no., impedance and 5OrnV to 10V rms sensi 
,..ty There can't be a better, cheaper instrument 
',where 

2031414, Preseelet err vends the capability of the 
!S W 20•14, by • factor of ten Well worth 
ory2 the complete klt lot lust 

PAPj e7.00 

81 

$ 9 81114  Add an optic dimension to your hi fi Enjoy the molded effect 
a  COl Oured lights varying in inlentily and contrast m co ordin a.ga)  
anon with Ow frequency and beat of yOus music The unit  1 
which runs off 240V Middies the music into three broad free 
uency bands and there modulates three separate light channelsi 
,of up to tO0OW each By changing the sett ngs on each channel 

1frT. 'Wu can compose m any different light conxrdos using the 
same piece of runic Can be used with en" sound SO W . 

capable of running phOnes Works on yoic too Light UP 
waith RO W IPO PUf at radio announcer or co nmettial l 

- - -
NOTE. Ni iou , kill . 
where POsSible to the sp.  ; .• ;  , 

Ckcasionally w e are P aced to liubalrtute 

taternetne components becasse o• warlanl 
problems but these are checked cut with 
megatines concerned  

\it 

PROJECT 250 
25watt Stereo 
Amp 
a een.I.1  con So SO meta„ , 10 m e.. 

yau A men ana  A u • lit . . a. m. 

so M al PH peed nOan 

Poe Rave nwa• m a w ananea ments to 
M .O . a W ee nu mer of 1,11 

m aci Por me w .. YES 
Taft  • ••  ( 00.101. ,E. 
•  13., • R AIRTCP N OT A SI N GLE 

PART a mai n °  you no w to m  It 

Aire in Me four contra , toR mIKI • 

▪  OulloRlo a .  tuna 
RR . , PRO W ref 
flap. alp no N W . o wls. iCt  6n 

Mis amplifier  if ...ani ma, conventional 

Rs , 011. 10 00 0  fffff 
pas ,  ,,,,, RI R" are ,100•O IVIOes r.non 

...falarnIa. Ga . One re•Nlef • PO .. .D. 

I 4 hanosta n a M a m o m ho w AY ur 
wo w' no m a te m c a mic 

Co .. or moonef.‘ •,4A PriP• mir. 

Pare a fee  A m mar re. , on aac hu m 

•••• •R Y‘' . 'n  • •••' ^ w / 

• coalIONENTS vacuum woRE To Mil 

ASSE WILIE D A NaciFeE R 

• TULL Pe1 0,091 0er FO R V OL 

TRTICLF. B ASS ialia0 BAL A NCE 

• 1.1E •TSI NIt  FULL Y TI N NE D ACII 

10  R A N WST O RS 4 01 0 0E5. L O W 

ERST ORTI O N Oil CA SI O,. 

• PRI eler,e0ha CONTROL NE T W ORK 

K M I' IN 

• as Auk " CO AX TOT AL PO M P 

112 Wir tOT AL W ASl INT O  0144A 

SFE ME RS 

From Only $14.95 
reicuacT 200A NIT  nii.in n  01•1 ond lasted omp1.1 .. 

r' r.R ., and wilia nti ro p0. .  Si mo n odp do , 
four port  3 • 101. Oval  oni t s SOk lina Ni.ne W  war ... Ro n 

sne • Rowe, W OO ,  •peros 24 30v • t• A M AZI N GL Y LO W 

Pelt, O NL Y 014 96 e e SI no, 

y 

• Pk/ M ANTIC ° N O PA RIS raiSSI N , 

• AL L I• RTS 00 0 0i LV A V flIL AOLI 

• PHILIPS C APS  RESIST ORS 

111 0T O R OL • TR •PaSIST O RS 

PROJECT MORI, row., .1 Th b. .nco o.. fon •n oy./.. 
l a/ /a ny P as Al , . need to add  oo m w ane ono 

m me vo w 'inks 11111.11BiP • • S1501 

PROJECT MC KIT ,Rt' KI M Me V ono lo on, to Y AW W o w 

W us • tun m a ne soa py I.. If 'roll I*. undo.  0.0.ar a . Sa me vo n 

onlog fp Ro mptoRe I. R .I.. ter Hole  • G O VPI A T( • ,ith, a 25 * 

828.4.1 

OTHER SUGGESTED ACCESSORIES FOR THE PROJECT 250 

SP620 8 Woofer & 
2 1' Neel., 411 Cabinet 
/24 50IP& P S3001 
SPE/5 6 Wi .ler & 

*erre, in CaOnet 
S16 50 IP & PS2 501 

8.5.R. Vkivirv5a OrKER IN 

E sombre looking 
timber turntable base 
- 0,11 take any APAN. 
EISR Of GARRARD 
Turntable as swo as 
amp IS Ro wer curi a)/ 

1111.501P&PSI 501 
$1100IP&PSI 501 

Me OMR rovirlOrk. 

pa w-AO APIA EA. 
, 4001.010 

 MUSICIANS CORNER sr: 4 ,14 
1A4A3 Stereo/mono Mixea fir Am 100W GUITAR AMP 

Z 

411*ICalitig MK II at01.0 ORGAN 

DICK SMITH 
ELECTRONICS CENTRE 

Head Office .1 Mod Orders 
NIP 50c min 
Shop hours: 

Mon-Fn 9-5.30 Sat 9-12.30 

176 Pacific Highway Gore Hill 
N.SW 2065 te1:439 5311 
telex: AA 20036 
cables:DIKSMIT Sydney 

4,3,11061e  

FANTASTIC LOW PRICE RHYTHM UNITS 
Ideal for groups etc, wanting TO and that Vitra rhyth m 

asy In no v ae with hide/ controls la 4 me  IdimenTion Simply plug into high impedance input of your 
nth . which can be indivoduelly macaw/ hom  Irplilier 
,;00 ohm to 505 Ai so has phono  ;no., 
iiI mpon w front 30 to 20 000 NJ Battery RO M A, 

• 2161 Use a 4 dunWd mono or 2 Men.. 
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adiustable - volume control and still, switch 15 traI11.41 0r 
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STATE OF THE ART 
By Roger Harrison — VK2ZTB 

FOR A NUMBER of years now, various 
workers have demonstrated that yagi 
arrays of loop elements • have distinct 
advantages, in size and gain, over the 
conventional yagi array of parasitic 
dipoles. For example, see the article 
by Ian Berwick VK3ALZ (references 1 
and 2). An article by John Lindsay 
WOHTH in WST, May 1968 (3) is also 
very instructive. (This article has been 
precised  in  the  AR R L 'Antenna 
Handbook'). 
Typically, the gain advantages of 
loop yagis over conventional yagis, of 

the same length, is about 2 dB. Not 
much when you look at it. But, for 
arrays longer than about a wavelength, 
a conventional yagi would have to he 
nearly twice as 'ong as a quad of 
equivalent gain' 
In  their  classic  article  on  yagi 
antenna  design,  Ehrenspeck  and 
Poehler in 1959 14) stated that the 
phase velocity of a surface wave 
travelling along the directors of the 
yagi array can be used as the design 
criterion for maximum gain, which 
seems to indicate that the shape of the 

elements should have little influence. 
A short paper by J. Appel-Hansen, in 
1972 (5), reported the results of an 
experiment  confirming  this; 
ad mittedly  under  limited 
circumstances. The paper described 
gain comp.irisons between antennae 
having identical numbers of elements, 
with  identical  spacings,  but with 
different element shapes (ie: rods and 
circular loops of flate plate and wire). 
Over the years since Ehrenspeck and 
Poehler's  original  article,  many 
improvements have been made in their 
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.476 X .452 X .436 X .430 X .434 X  .430 X 

.250x  • 

• 

REFLECTOR DIPOLE 

.289 X 

Fig. 1. Yagi after Chen and Cheng (61. 

DIRECTOR 1 

design  method  and  with practical 
techniques.  However,  in particular 
terms, loop yagis still take the lead. 
So, if Ehrenspeck and Poehler are 
correct (and nobody has really proved 
they  aren't),  why  the  observed 
difference between yagis and loop 
yagis? 
The answer probably lies in practical 
difficulties. It seems easier to fulfil the 
required conditions for optimum gain 
when  using  loop  elements  (see 
references 1 and 2). The controversy 
of loop yagis (usually the popular 
'quad') versus conventional yagis has 
raged for many years as the advantages 
and disadvantages of each are almost 
legion.  Usually,  something  very 
pragmatic  such  as  mechanical 
convenience,  aesthetic  appearance 
(spouse/neighbour appeal) or filthy 
lucre is the decisive influence in an 
individual's choice. At the risk of 
feeding the controversy, I draw to 
your attention two recent papers that 
detail design methods for optimum 
gain  arrays,  one  for  yagis  of 
conventional design and one for loop 
yagis. 
The  first  is entitled  "Optimum 
Element Lengths for Yagi-Uda Arrays" 
(by C. A. Chen and D. K. Cheng) and 
appeared in the January 1975 issue of 
the IEEE (USA) journal 'Transactions 
on Antennas and Propagation) (6). An 
analytical method is described which 
achieves maximum gain by shuffling 
the  element  lengths and spacings 

Footnote: The elements of a yagi 
can be of a variety of shapes. The most 
common shapes used to date are rods 
(i.e.: as in the conventional yagi) or 
square, circular or triangular (delta) 
loops.  The  popular  'quad'  or 
'quad-yagi'  having square elements 
about  one  wavelength  in 
circumference is the most familiar. 
More recently, circular loops and delta 
loops have come into prominence. I 
will refer to those antennas having 
loop elements, of whatever shape, as 
'loop-yagis'. 

.406 X .323 X 

DIRECTOR 2 

several times until the desired result is 
achieved  (length-spacing 
perturbation'). The mathematics of 
the method is too complex to go into 
here (not that I understand it!) but is 
amenable to 3olution using a computer 
program. I recommend the exercise to 
those of this perverse bent who have 
lots of midnight oil to burn and free 
access to a computer - you could do 
the amateur radio fraternity a service. 
May  I please have a printout of 
representative  designs?  The  whole 
thing is akin to better mousetrap 
design. Twisting the adage - "build a 
better yagi and the world will beat a 
path to your door". 
Chen  and  Cheng  computed  the 
parameters for an  optimum array 
starting from a simple six-element yagi 
consisting  of  the  common 
combination of a driven dipole, a 4% 

.422 X 

DIRECTOR 3 DIRECTOR 4 

longer reflector spaced a quarter-wave 
behind  the  dipole,  and  four, 
uniformly -spaced  directors  (0.31 
wavelength spacing) of equal length 
(0.43 wavelength). Gain of this initial 
array is 8.8 dB (gain in dB referred to 
a dipole), a typical sort of figure. Chen 
and  Cheng  then  adjusted  the 
parameters of this array for maximum 
gain,  using  their  perturbation 
procedures,  ending with an array 
having a gain of 11.25 dBd. In the 
process, the length increases from 1.49 
to 1.69 wavelengths. The gain increase 
is nearly 2.5 dB, which puts the array 
in the same ballpark as loop yagis of 
similar length, judging by references 1, 
2 and 3. 
This  six  element  yagi, and  the 
element  lengths  and  spacings,  is 
illustrated in Figure 1. Dimensions of 
element  lengths  and  spacings for 

TABLE I  ELEMENT DIMENSIONS 

FREQUENCIES (MHz) 

ELEMENT LENGTH 
IN 

28.5  52.1 

REFLECTOR  .476  4.852 m 

DIPOLE  .452  4.607 m 

DIRECTOR 1  .436  4.444 m 

DIRECTOR 2  .430  4.383 m 

DIRECTOR 2:  .434  4.424 m 

DIRECTOR  .430  4.383 m 

ELEMENT DIAMETERS  69 

2.654 m 

2.520 m 

2.431 m 

2.398 m 

2.420 m 

2.398 m 

38 

144.1  146.0  432.1  435 

960 

911 

879 

867 

875 

867 

14 

947 

899 

868 

856 

864 

856 

14 

320 

304 

293 

289 

292 

289 

5 

ALL DIMENSIONS IN MILLIMETERS UNLESS NOTED 

Element diameter is 0.006738 wavelengths 

318 

302 

291 

287 

290 

287 

5 

2 MBS-Fm 
92.1 

1.502 m 

1.426 m 

1.375 m 

1.356 m 

1.369 m 

1.356 m 

22 

TABLE 2  ELEMENT SPACINGS 

Ref. - dipole 

Dipole - D1 

DI - D2 

D2 - D3 

D3 - D4 

Array Length 

SPACING 
IN 

.250 

.289 

.406 

.323 

432 

FREQUENCIES (MHz) 

28.5  52.1 

2.548 m 

2.946 m 

4.138 

3.292 m 

4.302 m 

17.23 m 

1.394 m 

1.611 m 

2.264 m 

1.801 m 

2.353 m 

9.43 m 

144.1  146.0  432.1  435 2 MBS 
92.1 

504  498  168  167  789 

583  575  194  193  912 

819  808  273  272  1281 

651  643  217  216  1019 

851  840  284  283  1331 

3.41 rn 34 m  1.14 m 1.14 5.33 m 
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26 

24 

22 

20 

18 

co 16 

14 

12 

F.- - - d 

reflector driven 

element 

1 

various frequencies are given in Tables 
I and II. Dimensions for 28.5 MHz are 
included for the rich or ambitious! 
Note also dimensions for the Sydney 
FM station 2MBS-FM on 92.1 MHz for 
troglodytes  a nd  inhabitants  of 
Gosford, Wollongong, Blue Mountains, 
FM-DX freaks etc. 
The second article of interest is by L. 
C. Shen and G. W. Raffoul and is titled 
"Optimum Design of Yagi Array of 
Loops" (7). They describe quite a 
simple design procedure which, in 
essence, proceeds as follows. 
The general form of the array is 
shown in Figure 2. The first parameter 
chosen is usually gain or array size. 
The graph in Figure 3, after that given 
by Shen and Raffoul, gives bandwidth 
versus array size and gain (in dBd). 
From  this  you  can  select  an 
appropriate d/b ratio or an appropriate 
bandwidth,  for  the  array  length 
decided on. Table III (again, after that 
given by Shen and Raffoul) gives the 
bA ratio for the d/b ratio just 
selected. Knowing the wavelength, one 
can then find b, followed by 2a (loop 
thickness)  and  thus  the distance 
between the loops - d. The number of 
elements (including the reflector) can 
be found by dividing the approximate 
boom length by d. 
Note that bandwidth decreases with 
array size, (as one would expect) but 
even with a large array, the bandwidth 
is substantial. 

dTh=0.25 

d/b=0.5 

L̀. 

N 

gain(measured) 

9oin(colc.) 

1 
directors 

2a= Loop thickness 
15., Loop radius 
du loop spacing 

Just to get the hang of things, here is 
a worked example. 

Wavelength is calculated from 

2 90 500  

f (in MHz) 

let f = 433 MHz, thus A = 671 mm 
From Figure 3, choosing an array 
length of 3 A the bandwidth is 13% 
(56 MHz!) and the gain 15 dB. 
For a d/b ratio of 1.0, and d/b of 
0.01 (fixed parameter). 
From Table Ill bA = 0.142. 
thus, radius of loop 
= 0.142 x 671 = 95mm. 

circumference 
= 2 7T X radius = 600 mm. 

loop thickness 
= 2a = 0.02 x 95 = 2mm. 

loop spacing = 95 mm (as d/b = 1). 
Number of elements 

N = array length =•̀ 21 

thus, actual boom length  202 mm. 
In summary:-

Number of elements  21 
Array length  -  202 mm 
Loop diameter  -  190 mm 
Loop circumference  600 mm 
Loop thickness  -  2 mm 
Loop spacing  -  95 mm 
Bandwidth  -  56 MHz 
Gain  -  15 dBd 
Frequency  -  433 MHz 
Elements could be made from sheet 
metal, rod or tubing, just provided 

-15 

-10 

-5 

2  3  4 
ARRAY LENGTH  X 

Fig. 3. Bandwidth versus array size and gain (in dBc1) 
for optimum Loop- Yagi design procedure of Shen 
and Raffoul. 

in millimetres 

Fig. 2. Loop Yagi Antennas. 

that the loop thickness is correct. 
Horizontal polarization results if the 
driven element is fed at the top or 
bottom.  Making the reflector 5% 
longer could improve the front-to-back 
ratio. Vertical polarization is obtained 
by feeding the driven element on one 
side. The method of feed is not stated 
in the article. 

The elements can be supported by a 
metallic boom through the centre of 
the loops and using insulated arms. 

Alternatively, they can be supported 
at voltage nodes (current maxima) (ie: 
at the feedpoint or directly opposite) 
on each loop. An insulating boom of 
ABS or PVC conduit is a very good 
method and can attach to the loops at 
a convenient point, but preferably not 
a voltage maxima. This sort of boom 
allows the elements to be glued on. 

Etching the loops on fibreglass printed 
circuit board would be an ingenious 
method.  However,  the  effect  on 
resonant frequency and impedance 
would  have to be determined. If 
sufficient area of fibreglass is left 
around the outside of the loop, each 
element  could  be  fitted  into 
appropriate slots on a boom' As all the 
elements are the same, except the 
driven  element  and  perhaps  the 
reflector, and as spacings are all the 
same as well, one could make a 
portable antenna with plug-in elements 
that could  be put together quite 

TABLE III LOOP YAGI DESIGN PARAMETERS 

(a/b = 0.01)  L = array length 

d/b = 1.0 

LA  b/X 
0.73 - 0.87  0.146 

.7(  ().88 - 1.44  0.145 

1.45 - 2.55  0.143 

2.56 - 3.36  0.142 

3.37 - 4.03  0.140 

dPo = 0.5  d/b = 0.25 

L/X  b/X  L/X  b/X 
0.78 - 0.98  0.142  0.81 - 1.00  0.140 

0.99 - 1.45  0.140  1.01 - 1.40  0.138 

1.41 - 1.99  0.138  1.41 - 1.80  0.137 

2.00 - 2.51  0.137  1.81 - 2.18  0.135 

2.52 - 3.28  0.135  2.19 - 2.55  0.135 

3.29 - 3.92  0.134  2.56 - 3.17  0.132 

3.18 - 3.65  0.131 

3.66 - 3.84  0.129 
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TABLE IV  Some Loop Yagi Dimensions 

Dimension 

Loop radius 

Loop circumference 

Loop thickness 

Element spacing 

Number of elements 

Bandwidth 

Gain 

Array length 

Physical length 

20 metres 

3 m 

18.8 m 

60 

3 m 

6 

2.7 MHz 

>9 dBd 

0.8 X 

15 m 

6 metres 

795  797 

5 m  E.008 m 

16  16 

2 metres 

288  279 

7.810 m  1.79 m 

6  6 

795 mm  797  288  279 

7  12  12  29 

9 MHz  7.8 MHz 

> 10 dBd  > 11 dBd 

7 X  1.7 X  1.7 X  4 X 

5.565 m 

22 MHz  16 MHz 

> 11 dBd  15 dBd 

8.8 m  3.2 m 7.8 m 

All dimensions in millimetres except where noted 

70 centimetres 

96 

604 

2 

96 

12 

65 MHz 

> 11 dBd 

1.7 X  3 X 

95 

600 

2 

95 

21 

56 MHz 

14 dBd 

1056 mm  2013 mm 

rapidly! Just the thing for fox hunts, 
field days etc. 
Taking a look at Figure 3, a loop yagi 
1.7 wavelengths long has a gain of 
around 11-12 dBd which compares 
with the six element yagi by Chen and 
Cheng just described. But, note that 
the measured gain is higher than the 
calculated gain by about 1 dB. Perhaps 
loop yagis still have the edge? A loop 
yagi of this size designed using Shen 
and  Raffoul's  method,  has  12 
elements. The obvious disadvantag! 
here is more hardware, but the wid. 
bandwidth  is an  advantage  am' 
construction tolerances are relaxed. 
Now all we need is someone to adapt 
the  length-spacing  perturbation 
techniques of Chen and Cheng to the 
loop-yagi designs of Shen and Raffoul. 
It may not improve the gain, but the 
exercise would be interesting. 
A representative series of loop-yagi 
dimensions appears in Table IV for a 
variety of amateur bands. 
For further reading on loop yagis, see 
references 8 and 9. 

MICROSTRIP ANTENNAS 
These antennas have barely rated a 
mention in the amateur literature, 
although microstrip transmission lines 
and resonators have received quite 
some attention over the past few 
years, their use in UHF equipment 
now becoming widespread in both 
amateur homebrew and commercial 
equipment. 
Microstrip antennas are an extension 
of the microstripline concept and 
consist of a planar resonant element, 
or elements, parallel to a ground plane, 
and separated from it by a thin 
dielectric  substrate.  They  exhibit 
unique  characteristics  which  have 
definitive  advantages  in some 
situations, particularly in VHF/UHF 
work. 
(a) They are very thin (low profile) 
and, as a consequence, are naturally 
rugged. 

(b) Either  linear  or  circular 
polarization can be obtained from a 
single element. 

(c) Dual frequency antennas can be 
readily constructed. 

(d) Econom cal to build. 

(e) They  a-e easily mounted  on 
existing metallic structures. Just think, 
stick-on antennas! 

(f) They have obvious applications in 

'active' antennas. 
Design  information  is readily 
obtained from a very clear short paper 
published in the January 1975 issue of 
the IEEE 'Transactions on Antennas 
and Propagation' entitled "Microstrip 
Antennas" by John Q. Howell (10). 
Figure 4 shows three simple forms 
and the appropriate design formulae 
(after Howell). If the value of C 
(velocity  of  electromagnetic 

FUNDAMENTAL MODE 

d =   
2h/c, 

HIGHER ORDER MODE 
nC' 

d= 
2fn 

= 290500 
f = MHz 
d will be in mm 
er = dielectric constant 

AD = electrical wavelength taking 
dielect-ic into consideration. 

n = 1,2,3... 

SQUARE 

RECTANGULAR 
IA.: LENGTH = TWICE WIDTH 
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FUNDAMENTAL MODE 

1.841C' 

a = 27r f N/Er 

HIGHER ORDER MODE 
C' X"rnn 

a = 
2rr fmn  N./Er 

The lowest order mode is where 

X'11 = 1.841 (i.e.: fundamental) 

The next best mode is f31 

where X'31 = 4.215 

RADIATION 
PATERN 

DIRECTION OF 
RADIATION 

ANTENNA 

DIELECTRIC 

A = RADIUS 
D = DIAMETER 

OFF-CENTRE 
FEEDPOINT 

CIRCULAR 

Fig. 4. Microstrip Antennas. 
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PHILIPS SPEAKER KITS 

Components  for  1 5 

. 
models in stock and on 
display. Hear the 7B KIT 

- i 

L_  +- 

A .44 • 41 

--I-
1 , 

_._k - 

"  '  II  " 

t 

(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") 

  J 

$119 .00 

2 x Bass Drivers (12") 
2 x GHE/Philips Badges 
2 x Sets C/O Comps. 
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 7B $96 Pair. 

PHILIPS 
14 WATT/C AN 
TUNER AMP  alihlIllIIII 
All facilities  
AM/FM  0 _ • • e 

$199.00 

PHILIPS  Complete  , 
with 

BELT DRIVE  Shure M55E  ' _ 
SEMI AUTO Cartridge 

Made in Holland  ........ 

$117.00 , 
* 1' 4/ TANNO 

Made in  
England r 'N, 

Two way dual concentric monitor • - .. _ 
speakers 12" and 15" 

- 
HEAR THE ULTIMATE  ",:;:.- ., 

IN HI Fl SPEAKERS 
Our interest in your equipment SERVICE FACILITIES FOR 
does not cease when you take ALL HI-Fl GEAR. 
delivery of it. 
It's  our  ambition  that every Our qualified technicians have 
purchaser  of  hi-fl  equipment the skill and the equip ment to 
fro m George Hawthorn's shall service and repair all makes. 
continue  to  be  more  than 
satisfied. 

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

WE HAVE A GOOD RANGE OF GEAR IN STOCK 

ETI 400 CROSSOVERS IN STOCK $12.50. 

G .H.E . 
966-968 High St, Armadale 3143 
P.O. Box 122, Armadale 3143 
Phone: 509-0374, 509-9725 
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Optical isolation 
at 0.5 mA input! 

Now there is a new series of opto couplers from HP 
that will interface with most logic families  HP's 
5082-4370 series isolators can be driven directly 
from CMOS. MOS. LTTL or TTL 
The unique construction of the 5082-4370 series 
offers a TTL compatible output voltage with speeds 
50 t.mes greater than conventional photodarlington 
isolators Current transfer ratio of the 5082-4371 is 
typically 800% at 0 5mA .nput current and current 
transfer ratio of the 5082-4370 is typically 600% at 
1 6mA input current 
Select the 5082-4370 for IDgic and TTL applications. 
5082-4371 for CMOS. LTTL and other lower current 
uses 
Contact our distributors — 

HP 's DISTRIBUTORS: 

AMPHENOL—TYREE 
1 100 Toorak Road,  17 Botany Street, 
HARTVVELL, VIC.  WATERLOO, 
Phone 29-2338  N.S. W. 2017 

Phone 69-5264 
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CONNECT CENTRE 
TO GROUND PLANE 

ALTERNATE FEEDPOINT 
FED FROM BEHIND THROUGH 
HOLE IN GROUNDPLANE. 

Fig. 5. Method of feed for square section 
microstrip antenna. 

50 OHM 

propagation) in free space is used, the 
actual resonant frequencies are low by 
a few percent. I have given the value of 
C. to be used (290500), which takes 
this effect into account and gives quite 
acceptable results. 

Bandwidth, which depends mainly 
on the thickness of the dielectric and 
to some extent on the dielectric 
constant, is in the order of about 1% 
to 4% of the design frequency. 
The  direction  of  radiation  is 
perpendicular to the plane of the 
element  when  operating  in  the 
fundamental mode. 

Square antenna elements exhibit a 
high impedance at the edge, and when 
the feedpoint is located on the edge an 
impedance transformation is necessary 
to match to the usual 50 ohm or 75 
ohm feedlines. However, if the centre 
is grounded, the square can be fed 
from behind, through a hole in the 
ground plane, the feedpoint being 
located some distance towards the 
edge  from  the  centre.  Howell 
recommends that this be found by 
trial  and  error.  This  alternate 
feedpoint is illustrated in Figure 5. 

The  rectangular antenna element 
ixesents a good match to 50 ohms 
when fed from the centre of the long 
side. The rectangular element also 
exhibits a greater bandwidth than the 

SQUARE ELEMENT 
LEFT HAND POLARIZATION 

_GROUNDED 
CENTRE 

THIS DISTANCE 32% 
OF RADIUS FOR Er OF 2.6 

Fig. 6. Method of matching feedpoint for 
circular microstrip antenna. 

square  element  when  constructed 
under the same circumstances. Howell 
notes that this shape element is being 
used in phased arrays. Combined with 
microstrip transmission line feeders 
over a common ground  plane, a 
mu It i-el enent  phased  array 
constructed using double-sided printed 
circuit  board  is an  interesting 
possibility. Howell makes a further 
note that, when fed from adjacent 
sides, the rectangular element can be 
used as a dual frequency antenna. 
The impedance at the centre of the 
circular element is zero. At the outer 
edge it is hundreds of ohms. This 
antenna is probably best fed from 
behind, through a hole in the ground 
p!ane.  The  feedpoint  is located 
towards the edge of the disc, some 
way out from the centre. Howell 
found that, for a dielectric constant 
around 2.6, the feedpoint is located at 
a distance of about 32% of the disc 
radius from the centre. This is a 
convenient •ialue es the dielectric of 
Perspex and polyethylene is 2.7, while 
that of Teflon loaded fibreglass is 2.5. 
One could construct a circular antenna 
using any of these dielectrics, place the 
feedpoint 32% from the centre, and be 
reasonably confident of obtaining a 
good match to 50 ohms. This also 
applies to square elements and an 
illustration 's given in Figure 6. 

gEEDPOINT 

CIRCULAR ELEMENT 
RIGHT HAND CIRCULAR 

POLARIZATION 

Fig. 7. Methods of obtaining circular polarization with microstrip antennas. 

The gain of these antennas in the 
fundamental mode is about 4-7 dB 
over an isotropic radiator (2-5 dB over 
a dipole). When excited in a higher 
order mode, the antenna radiation 
pattern  divides  several  lobes, the 
polarization usually changing as well. 

CIRCULARLY POLARIZED 
MICROSTRIP ANTENNAS 
Microstrip  antennas  with  one 
feedpoint are linearly polarized, the 
plane  of  polarization  being 
perpendicular to the line joining the 
feedpoint  and the centre of the 
antenna. In Figure 4, for example, the 
square antenna would be vertically 
polarized and the rectangular antenna 
horizontally polarized, if we regard the 
bottom of the page as being parallel to 
the horizon. The circular antenna, 
likewise, would be vertically polarized. 
Circular polarization is obtained by 
feeding two feedpoints, located at 
right angles to one another, 90° out of 

phase. The direction of polarization is 
determined by which feedpoint leads 
in phase. This is illustrated in Figure 7. 

APPLICATIONS 
The microstrip antenna has obvious 
applications  for  satellite antennas, 
both terrestrial and satellite mounted. 
An antenna of this type would be 
particularly useful for mobile satellite 
communications, mounted on the roof 
or any upper surface of a vehicle. 
Note that, the square element has the 
smallest overall dimensions. Assuming 
same  frequency  and  dielectric, 
comparing the design equations for 
square and circular elements, we get 

C. 1.841C' 

2c1N/er 2ira N/er 

Now, 2a is the diameter (D) of the 
circle, its large dimension. 

1.841C  
Thus   

2d Ver irD Ver 

D   
Therefore d - 

2 x 1,841 

And thus, d = 0.85 D. 

However,  the  circular  element 
appears to have more gain, but this 
need not necessarily be a drawback. 
In  the  higher  order  modes, as 
mentioned  before,  the  radiation 
pattern splits into several lobes and 
changes polarization. By choosing the 
third mode, the radiation pattern, and 
polarization, produced by a square or 
circular antenna, oriented parallel to 
the  ground,  resembles that of a 
quarter-wave ground plane. Note that 
it is longer than the fundamental 
antenna. The lowest frequency that a 
third mode antenna is practicable for 
vehicle mounting is 144 MHz, being 
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ANTENNA 

DIELECTRIC (Er) 
, 
:• t 

GROUND PLANE 

nearly 1.5 m across, using a fibreglass 
substrate. If one could obtain some 
alumina  substrate,  which  has  a 
dielectric constant of about 10, the 
situation  is somewhat  improved. 
Naturally, it costs more. Somehow, I 
don't think it's going to catch on as a 
mobile antenna. 
Representative dimensions are given 
in Table V. 

CONSTRUCTION 
The shape of the substrate, and the 
ground plane, need not be similar. The 
substrate should extend beyond the 
element edges but Howell gives no 
figures as to how far. Going by some 
of  his  examples,  20%  seems  a 
seasonable  minimum.  The  ground 
plane, too, should be at least this size. 
Radiation patterns are better if it is 
larger. 
The element can be glued or bolted 
to the substrate and likewise the 
substrate  to  the  ground  plane, 
whichever  is practical  for  your 
situation. Remember, the greater the 
substrate thickness, the greater the 
bandwidth.  Printed  circuit  board 
seems perfectly suited, particularly 

TABLE V 

MICROSTRIP ANTENNA DIMENSIONS 

Fig. 8. The format of a microstrip antenna. 

fibreglass as the dielectric constant is 
quite high. However, this factor is a 
variable as some batches have a greater 
or lesser er than the 4.4 quoted. It can 
be as low as 4.2 or as high as 4.8. If 
possible, check with the manufacturer, 
or  measure  the antenna resonant 
frequency. Make a test dummy if 
possible. Another method would be to 
make a capacitor from a sample of 
printed circuit board and carefully 
measure  its  value.  Knowing  the 
dimensions, the dielectric constant can 
be calculated. Here is the formula:-

1.131dC 
er 

A 

Where A - area of one 
plate  (assuming  two 
equal parts) 
where C = capacitance 
in pF 
where d = thickness of 
dielectric 
t all dimensions in mm 

The  dielectric  constant  for 
polyethylene is quoted differently by 
various sources, usually in the range 
2.2 to 2.6. Similar comments apply to 
Teflon loaded fibreglass. A table of 
dielectric  constants  for  suitable 
substrate materials is given in Table VI. 

SUBSTRATE 
DIE LECTP.Ir. 

t r F 
(MHz) 

SQ. CIRCLE RECTANGLE 

side 
d a 

radius 

, 

diam. 
D 

width 
d 

length 
s 

FIBREGLASS 4.4 146 475 278 556 475 950 

PERSPEX or POLYETHYLENE 2.7 146 605 355 710 605 1210 

Teflon loaded FIBREGLASS 2.5 146 629 369 738 629 1258 

TEFLON sheet 2.1 146 704 412 824 704 1408 

FIBREGLASS 4.4 432 160 94 188 160 320 

PERSPEX or POLYETHYLENE 2.7 432 205 120 240 205 410 

Teflon loaded FIBREGLASS 2.5 432 213 125 250 213 426 

TEFLON sheet 2.1 432 238 139 278 238 476 

FIBREGLASS 4.4 438 158 93 186 158 316 

PERSPEX or POLYETHYLENE 2.7 438 202 118 236 202 404 

Teflon loaded FIBREGLASS 2.5 438 210 123 246 210 420 

TEFLON sheet 2.1 438 235 137 274 235 470 

FIBREGLASS 4.4 146 1425 834 1668 

FIBREGLASS 4.4 438 475 278 556 475 950 

" All dimensions in mm NOTE — Same as fundamental 
mode 146 MHz element 

LU 

0 0 
cr 0 
m 2 

TABLE VI 

MATERIAL Er 

FIBREGLASS LAMINATE 

FORMICA LAMINATE 

PERSPEX 

POLYETHYLENE 

PLATE GLASS 

PORCELAIN (RF ceramic) 

TEFLON 

TEFLON LOADED FIBRE-
GLASS 

4.2-4.8 

4.6-4.9 

2.6 

2.2-2.6 

6.8-9 

5.1-5.9 

2.1 

2.4 - 3 
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E L E C T R O N I C MAIL ORDER 
DISCOUNT 
HOUSE 

1117M 1117 
Trading Hours: 12.00 to 6.00 pm. Mon. Fn. 

Cr\18.(10rDto.,1 00 pin Sat  Minimum order value — $3. 
E: Add Postage rated 10% order value. 

s send $2.00 prepayment. 

115 117 Parrarilatta Rd. (Cnr. Lloyd George Ave.), CONCORD, N.S. W. 2137. Telephone: (02) 747 6472 

Your money 

cheerfully 
REFUNDED 
if not fully 

satisfied 
(less post/pack 

PLESSEY MINIATURE 
REED RELAYS 

These professional printed Circuit reed relays are now 
available to the hobbyist at LOW LOW PRICES One two or 
three single make reed inserts are housed within a coil and 
encapsulated in polyester with base pins mounted on 0 1 
centres The gold plated contacts will switch 150V AC or 
250V DC to 10VA resistive load life at full load 10. opera+ - 
minimum 2 5 m Secs operating time 

Type  Nom Coil Volts  Coil Ohms  Price 
1 Pole  48  95  $2 5u 
1 Pole  6  145  $2 50 
2 Pole  48  50  52 95 
2 Pole  6  75  52 95 
2 Pole  12  360  52 95 
2 Pole  24  1120  52 95 
3 Pole  6  62  53 50 
3 Pole  12  235  $3 50 
3 Pole  24  975  53 50 

L.̂ ,,, P1 quî ,,,•:.s.i. Vat,4-, 

MECHANICAL FILTERS FOR 
AM, FM, SSB 

$33 
Kokusai mechanical litters are renowned for their high quality 
and performance and each is suppled with actual test data 
Type MF455ZL24J specifies Centre frequency 455 KHz 
bandwidth at attenuation = 6 dB l4,1 3 —1 4) 60 d8 (+ 1 91 
input and output res4stances 20k A qu antity of 50 only 
available at $33 ea Send SAE for details of other types 
ay:111.161e 

ILLUMINATED 
PUSH-BUTTON 
SWITCHES 

High quality illuminated push •button switches We offer a 
limited quartay of the famous English LICON illuminated push-
button switches available with various lens covers and on 
different co ours 
They are designed for commercial and military electronics 
requiring  highly  reliable precision  switches with  inbuilt 
illuminated bezel Lamps not incl I are std miniature screw 
base (typically 6V or 12V) Switch contacts will handle io 10 
amps at 125 250V AC life to 20' mech anical cycles 750K 
electrical cycles 
Range available — 
Type  Price 
SPOT Spring Return 3 8 bush mtg  52 95 
DPDT Soong Return 3 8 bush mtg  53 50 
DPDT Push on-push off 3'8- bush mtg 

$$31 5$00Matching cbMcator lamp only. 3 8  - bush 
DPDT Push on-push off. snap-rn  53 75 

New 12 volt Rotary Solenoid Switch Motor by Plessey $8 90 
ea 
This electro mech anical rotary actuating mechanism will suit all 
OAK type F switches up to 12 positions Small in size they are 
robust easy to-mount and made to professional standards 
Only 50 available so be early 

MINIATURE 6V 200mA 
TRANSFORMERS 

$3.50 
As used in AC DC cassette recorders and radios these 
shielded transformers have 240V primary and 6V 0 6V 
secondary at aoprox 200 m A S.ze 38 a 38 a 33 mm with mtg 
centres at 48 inrti Complete with 2 core flea and plug 53 50 
ea 10 tor 530 

600V 25 AMP SILICON 
RECTIFIERS 

t,pe  • P1t ,.., 
These bargain-priced heavy duty rectifiers are available for 
printed circuit or direct wiring and are of small dimensions in a 
modem plastic package 

OTT. 
1.9 
10-24 
25 99 
100. 

EXTRA 
POWERFUL 
MINI-MAGNETS 

Ail 

PRICE 
75c ea 
65c ea 
60c ea 
55c ea 

Extra-powerful Min-Magnets Sze only 3 8 dram X 3 4 
long Intended primarily for burglar alarm installations since 
only a 3 8' dram hole need be drilled in door window these 
extra powerful magnets will find a host of useful applications 
for the hobbyist 'experimenter 

OTY 
1 9 
10 24 
25-99 
100. 

PRICE 
25c 
20c 
18c 
16c 

PA40 400V 8 AMP 
BRIDGE 
RECTIFIERS 

$5.50 
The popular EDI PA40 Mirubridge is easy to use and feature , 
stngle hole mounting to chassis etc Normal selling price r, 
around 56-57 Ow special price (while stocks last) is $5 50 ea 

4  f.., Snr rnr,rrr 

ROTARY SOLENOID 

LEVER  KEY-SWITCHES 

DPDT Centre-Off Silver plated contac I tor long lie These 
modern PMG type miniature keyswitcheS (as used in latest 
telephone switchboards) !pato ,. positive action  long life 
operation and easy mounting 

OTY  PRICE 
1 9 
10 24 
75 99 
' DO+ 

95c 
85c 
80r 
75, 

P.C.B. EDGE CONNECTORS 
NOW  Custom build your own PC B Edge Connector 
Featuring gold plated contacts and designed for single-sided 
boards  these top quality 12  long connectors hold 78 
contacts at 0 156 pitch Simply cut the length required and fit 
mounting clips (2 included extras Sc ea I $1 20 ea or 10 for 
$10 

EDGE CONNECTORS 

85e 
11 .!."'srted  F ! ii•  . i•, •  d dd 
contacts Can be used as 23 way single-sided connector. 
0 156  pitch with mounting holes at 4 centres At these 
Prices you can add thal "professional" touch to all home-bn, 
proiects 85; en 10 tor $750 

MULTI-PIN 
CONNECTORS 
Al i.iAH(aAIN I•HiLF  A,-..,.;, pcoulast. it these top wade 
connectors enables iis to sell below manufacturers cost 
prices Sortable for panel mounting or n•line applications these 
miniature connectors have low contact resistance and long 

Gold-Plated Polarised Connectors 
PLUG  SOCKET  COVER 

9 Pin  50c  50c  30c 
15 pin  70c  70c  50, 
50 pin  Sr  $1  b 

$8.90  MICRO-MINIATURE CON-
NECTORS 

When space is at a premium and quality and low cost 15 
important  try  these  amazing  hlicro-Miniature  Plessey 
Connectors. Socket suits panel mounting plug mates firmly 
with socket due to screw down action of plug and the cable is 
secured by a clamp Each set includes t plug 1 socket. 1 
cable E clamp 

OTY 1.4  OTY 5.24  OTY 25+ 
3 pin  85c  75c  65c 
7 pin  95c  85c  75c 
14 pin 520  $  51 00 
19 pin  0  Si1 1° 35 $  
37 pin  +1 8C, S11  ° $1 60  420 

BONANZA JACKPOT! 
$25 value for only $5 
For experimenters and constructors a large assortment of 
new  highest quality electronic components — samples 
specials end-of -line components including semiconductors 
etc This is real anti-inflationary VALUE FOR YOUR MONEY. 
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'ELECTRONIC 
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. 
TRANSFORMERS. 30V — lamp C.T. 
secondary 240V A.C. pri mary. $4 ea. 
P/P 75c. 

LEVEL  METERS  200  micro  amp 
sensitivity size 1" x 1" x 3/4" $1.50 

11/2 " x 11/2 " x 34" $2 ea, P/P 20c 

SOLENOIDS, — tape  recorder type. 
12V D.C. 51L coils. 11/2 " x 11/2 " x 3/4" 
$2 ea. P/P 30c. 

5 Push Button Permeability Tuners. 
Co mplete 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 15c. 

M.S.P.  8"  x 4"  15S1  heavy  duty 
speakers $3.50 ea. P/P 50c. M.S.P. 5" 
151L 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 position 3 pole rotary switches 50c 
ea. P/P 20c 

Ferrite Loopsticks 8" x 3/8" complete 
with broadcast coil. 70c ea. P/P 30c 

Dual Ganged Carbon Pots. 50K.A. --
50 K.C. — 2 meg and 1 meg. 60r...ea. 
P/P 20c. Single Carbon Pots. 5001/ I 
K.A. and 250K.A. 30e ea. P/P 20c 

Valves — New in Carton. 5Y3GT - 
5V4G — 6N7G — 6SF5GT and 807 $1 
ea. P/P 25c 

Battery Leads 30" long. Complete with 
2-25 amp crocodile clips 30c ea. P/P 
20c 

SLIDE  POTS.  50K.B  —  200  K.B 
500K.B — 1 Meg. 35e 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.B — 250 K.B 60e ea. P/P 20c. 

T.V. Legs. 10" long. Teak wood. Taper 
square section. 80c set of four P/P 50c 

LARGE RANGE OF COMPONENTS 
—  GO VE R N MENT  AND 
MANUFACTURERS  DISPOSAL 
EQUIPMENT, ALSO STEREO AND 
HAM GEAR ALWAYS IN STOCK. 

YOUR INSPECTION VERY WELCOM,5, 

Interested in Music 
Synthesisers? 
— then don't miss the August 
issue  of  our  companion 
magazine — HI-Fl REVIEW 

Contents include 
* The synthesiser and its 
role in music 

•Confronting  the 
synthesiser 

• The synthesiser and the 
composer 

• Synthesiser  record 
reviews 

REVIE W 
AUGUST 

ON SALE ALL NE WSAGENTS 

REVIEW 
A WT 197S alk* 

BOOKSHELF SHAPERS 
-THE END?. 

4P/it, 

OUT NO M 

"OXFORD 
RADIO CHASSIS 

INSTRUMENT CASES 
ENGRAVED & PRINTED PANELS 
"MINI BOXES" (Aluminium) 

Speaker Cases 

Rack & Panels (To Order) 
Stainless Steel Work (To Order) 

99 

Warrfrope  Carroll 

F  Pty. Ltd. 
Box 330 Caringhah 2229 

Phone 525 5222 

COLOUR TELEVISIONS 

Used colour T.Vs, workers 
and non-workers despatched 
to Australia from $A70. 
Full snares and service info. 
avai lable. 
Please send for details. 

T.E.S.T., 
P.O. Box 1, Kirkham, Preston, 
PR4 2RS., ENGLAND. 

FAST  DESOLDER1NG Q  1̀-
SAFE with Soder-Wick 
EASY 

>11)''11111.°1. 
Hold Soder-Wick on 
termination with hot 
soldering tip. Wicking 
action soaks up solder. 

2.   
Remove tip and braid. 
Termination is left 
clean and free of 
solder. 

Soder-Wick is a specially treated 
copper bud which soaks up 
molten solder like a sponge. 
Desolders a P.C. pad in a second 
or so: acts as a heat sink to 
protect circuits and components. 

ROYSTON 
ELECTRONICS  RE475 

In a range of sass from 

your wholesaler or  02-709 5293 
03-848 3777 
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bIltdff 

ca m/ 
ESTABLISHED FOR THE PAST 35 

YEARS FOR ALL YOUR 
*  REQUIREMENTS 

STILL ON TOP 

CRYSTAL FILTERS 

• 9 MHz side band with carrier 
crystals 4 & 8 pole type 

• Specialised  monolithic  filters, 
10-100 MHz 

• Front end filters to 190 MHz 

ELECTRONIC UNITS 

• Decade Counting units to .1 Hz 
• Wide band amplifier for your 
counter, 1 MV sensitivity, band 
width 1-250 MHz 

DEVOTED EXCLUSIVELY TO 
THE MANUFACTURE OF 

PIEZO ELECTRIC 
CRYSTALS 

Contractors to  Federal & Stati 
Government Departments 

-All Types of Mountings"' 

REPRESENTATIVES — 
S.A.  Rogers Electronics 

P.O. Box 3, 
Modbury Norti, S.A. 
Phone: 264-3296 

N.S.W.  Paris Radio Electronics, 
7A Burton Street, 
Darlinghurst, N.S.W. 
Phone: 31-3273 

OLD  Fred Hoe & Sons Pty Ltd, 
246 Evans Road, 
Salisbury North, Brisbane, 
Phone: 47-4311 

W.A.  W.J. Moncrieff Pty Ltd., 
176 Wittenoom Street, 
East Perth, 6000 
Phone: 25-5722 

TAS.  Dilmond Instruments, 
P.O. Box 219, 
Bellerive, Hobart, Tas. 
Phone: 479-077. 

Write for a free comprehensive 
price list or quote for your 

requirements. 

BRIGHT STAR CRYSTALS P/L. 
35 EILEEN ROAD, CLAYTON, 

VICTORIA, 546-5076 

EMONA 
I NEW range of 

t   
Electronic calculators 

SCIENTIFIC — 
STATISTIC 
ELCON SC-60 
at $115.00 

•-•-•  (Incl. rechg. battery & charger) 

SCIENTIFIC, ELCON SC-40,  $69.95 
(Incl. rechg. battery & charger) 
SCIENTIFIC, ELCON SC-44,  $64.50 
(inci. rechg. battery & charger) 
SCIENTIFIC, ELCON SC-33,  $42.00 
(Incl. rechg. b tttery & charger) 
METRIC CONVERTER, ELCON, 
KP-60  $40.00 
(Inc' fe ats. battery & charger) 
SUPER ME MORY, ELCON 
KP-450,  $25.00 
(AC adaptor optional) 
ALGEBRAIC, ELCON, 8413 M,  $19.00 
(AC adaptor optional) 
AC ADAPTOR,  $7.00 
(For Models KP-450 & 8413 M) 

To above pri:es add 15% sales tax if 
applicable. 
All models are guaranteed for a period of 
one year. Sery cad locally. 

MAIL ORDERS: P&P by reg. air mail to 
all states — $3.50, except NSW — $2.50. 

NEW 
EMONA  E 2,  ALL  ELECTRONIC 
AM/FM DIGITAL CLOCK RADIO 

S52.60 
unci. S.T.) 

This  24-hou•  Digital  Clock  Radio  is 
completely electronic — no moving parts 
- 100'. solid state. You can listen to FM 
or A M, wake up to music or alar m, (Di 
preset the radio progra m. It can be used 
as an accurate stopwatch. And there is 
even an incli:ator that blinks whenever 
there has bee.1 an AC power interruption. 
MAIL ORDERS: P&P to all states by reg 
air mail $4.50, except NS W — $2.50. 

For further information: Write, phone or 
call at 

EMONA 
ENTERPRISES, 
21 Judge St., Randwick, 

NSW 2031. Phone: 399-9061 

Bend light to illuminate 
objects a torch beam 
can't reach. For easy 
nspection or idenfication 
if component parts. 

A must for: 

• Tool Kit 
• Glove Box 

ONLY $3.50  

• TV Service Kit 
• Home 

ESALIN PTY LTD 
P.O. Box 268, Croydon.Vic.3136 

PANTEK 
INDUSTRIES 

PTY LTD 

494 King Georges Road, 
Beverly Hills. 

Telephone: 570-4166 

MANUFACTURERS OF 

CUSTOM BUILT 

LOUDSPEAKERS 

Hear a demonstration of the 
Philips AD8K/40 Kit. 

Full range of Philips Elcoma 
loudspeakers available. 

Suppliers  of  audio 
equipment and accessories. 

Fill in the coupon for your 
Philips loudspeakers. 

MI =  N M  IMMO 

Pantek Industries Pty. Ltd. 
P.O. Box 180, Riverwood 2210. 

Name   

Address   

 Postcode   

I am  enquiring  about  the 
kit/fully assembled loudspeaker 
(cross  out  which  is  not 
applicable). 
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ELECTRONICS 
it's easy! 

MATHEMATICS  is  a  kind  of 
shorthand language which enables us 
to  present a physical process, on 
paper, with symbols which may be 
manipulated in order to gain a better 
understanding of the process. It is thus 
a tool which aids understanding. 
The familiar kind of algebra which 

relates two variables, x and y, in 
combinations such as x+y, x—y, x.y, 

x/y, x" and others is a linear process 
because the two variables can hold any 
value. It is this kind of algebra that is 
performed by analogue operational 
amplifiers. 
However, if x and y can only have 

two possible states, such as a voltage 
which is there or not there, we can 
ignore the actual value of the voltage 
(or whatever) and regard the variables 
as behaving according to a two-state or 
binary number system. Just what the 
two states are is of no importance 
whatsoever — they can be high or low, 
positive or negative, there or not there 
and even true or false. 
A mathematical algebra has been 

developed to cope with such binary 
systems.  It is known as Boolean 
algebra — the algebra of logic, and it's 
rules are somewhat different to those 
of linear algebra. Before delving into 
the operation of Boolean algebra, it is 
worth tracing it's historical develop-
ment. 

HISTORY OF SWITCHING 
MATHEMATICS 

Philosophers,  those  people who 
apply  special  skills  to  resolving 
paradoxes by the use of logic, have 
existed since the earliest civilisations. 
The Ancient Greeks were so impressed 
with  logic that  they wrote plays 
around Aristotle's formally arranged 
rules of logical deduction. The rules 
for this process of reasoning were 
handed down, largely by word of 
mouth, through the Dark Ages, with 
little, if any, recognition of their value 
for logic in computation. It was not 
until the early 19th century that the 
use of logical rules in calculation was 
established. This work was very much 
the result of George Boole's 1954 work 
(see Fig. 1) entitled "An Investigation 
of the Laws of Thought on which are 
Founded the Mathematical Theories of 
Logic and Probabilities", Augustus de 
Morgan,  a  contemporary,  also 

The algebra of logic. 

contributed to the first systematic 
arrangement of Aristotle's logic. 
Boole took the concepts further 

than the Ancients by substituting 
mathematical symbols in place of the 
basic logical situations. This symbolic 
logic  became  known  as  Boolean 
algebra. 

Little was achieved with Boole's 
work for the next few decades. The 
first machine to utilize his algebra to 
solve logic problems, faster than by 
hand, was William Jevons'  logical 
piano of 1869. Boole's contribution, 
however, had to wait until the early 
20th  Century  to  find  extensive 
application. One by one, logicians 
advanced the techniques of logical 
algebra:  Pierce,  Venn,  Dodgson, 
Marquand,  Pastore,  Bollee.  The 
"Principia Mathematica" of Whitehead 
and  Russell  (1910-1913)  and  the 
Hilbert and Ackermann work "Math-
ematical Logic" (1928) were further 

Fig. 1. In 1854 George Boole, an English 
logician, showed how ordinary algebra 
could be applied to logic situations. 

PART 22 

milestones  in  digital  computer 
realisation. 
Shannon's 1938 paper "A Symbolic 

Analysis  of  Relay  and  Switching 
Circuits" was a paper of very practical 
relevance for it described how to put 
Boole's rather abstract logical albegra 
to work in engineering and computer 
design. But this was not the first 
recorded use of electrical logic circuits. 
In a letter Charles S. Peirce wrote to 
his former student, Marquand, around 
1890 he expressed, in the words and 
circuit diagrams shown in Fig. 2, that 
logical algebra could be performed 
with three switches in parallel or in 
series,  also  stating  that  he  felt 
electricity to be oil‘ of the best ways 
to implement logical equipment. 
Later  theoretical  studies  con-

centrated on ways to ensure that 
switching networks contained no more 
switch contacts than were absolutely 
necessary. Unnecessary contacts can 
easily be unwittingly designed into 
complex switching networks — the 
"spares"  are  called  redundant 
switches. Shannon, in his M.Sc. thesis 
(Fig.  3)  prepared  at the famous 
Massachusetts Institute of Technology, 
realised ways to systematically set 
about analysing a given switching 
networth  in order  to reduce the 
contact requirements to a minimum. 
Thus it was realized in the early 1940's 
that really powerful digital computers 
could be built using entirely electronic 
components. 
Later in the course we will be 

dealing  specifically with  computer 
systems. They are, however, but a part 
of the total use of digital electronic 
methods — digital electronics finds use 
in an  ever  increasing  number  of 
instruments and devices. 

BASIC LOGIC GATES 

A quite satisfactory way to begin to 
comprehend basic switching algebra is 
to think in terms of mechanical switch 
contacts arranged in various different 
configurations. That we draw them 
and  consider them  as mechanical 
contacts that are either open or closed, 
does not imply that the contacts 
necessarily need to be mechanical — 
they are, today, more often than not 
the solid-state switches we discussed in 
the last part. 
Groups  of  switches  combining 
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digital signal levels are known as gates. 
We begin by considering the simplest 
possibilities where there are just two 
contacts to build with. 
They can be placed in series or 
in parallel, as shown in Fig.4. In each 
case different conditions exist between 
the transmission made through them 
for the two positions of each of the 
switches. We denote the switch inputs 
as A and as B (and C,D, etc., if more 
are involved) and the transmission as 
Z, thus using mathematical symbols to 
represent a physical situation. Imagine 
that the switches are wired in series 
with a lamp: when a circuit is made 
the lamp lights. 
In the series case we need switch A 

and switch B to be made to obtain a 
transmission function Z. In the parallel 

SERIES 
Z SWITCHING 
Z - A.B. 

PARALLEL 
Z SWITCHING 
Z = A+B 

Fig.4. Two contacts wired in series or in 
parallel provide the basic logic functions 
of AND and OR. 

Fig.2. The first known 
description of electrical 
switching carrying out logic 
is in this letter of C.S. Peirce 
written around 1880. 

case either switch A or switch B will 
provide transmission. 
The AND and OR are basic logical 

functions. They need not necessarily 
be used only to describe electrical 
circuitry. They did, in fact, as we have 
seen,  arise  originally  from  phil-
osophical study of truths and falsities. 
Note  that  switch  contacts are 

always shown in their non-actuated 
condition and this brings us to another 
basic gate function which can be 
realised using only one switch. If, as 
shown in Fig. 5, the switch A is 
actuated, Z is NOT enabled. If A is not 
actuated Z is enabled. A single switch, 
therefore, can provide a NOT function 
if its contacts are closed in the 
non-actuated state. 
Attempts  • to  explain  switching 

circuit action in words, as above, only 
applies for the simplest of situations. 
The  descriptive  method  becomes 
prohibitive when, say, we have two 
switches in series, in series with two 
switches in parallel, as shown in Fig. 6. 
Describing the action of all possible 
switch combinations on the lamp Z 
using words, is an inadequate way with 

71  • 

INVERTED 
SWITCHING 

Z  — 
Z = A 

Fig.5. The NOT function is obtained by 
reversing the state of the switch operation. 

Fig.3. Claude Shannon published details 
of "modern" digital computing design in 
1937. 

which to communicate the idea. And 
few digital systems are that easy: 
many contain literally thousands of 
AND, OR and NOT gates. 
We designate an OR function by 

means of the '+' symbol. This does not 
mean  the  same  as  our  normal 
understanding  of  addition.  When 
applied to decimal numbers it means 
addition as we normally understand it. 
With binary numbers, however, it has a 
different meaning and still another 
meaning when designating an OR 
function. For example:. 
In decimal addition  1+1=2 
binary addition  1+1=10 
OR addition  1+1=1 

In Boolean algebra the OR meaning 
of addition is the one that applies. 
Thus A+B=Z means that A OR B 
switch  closed  will  produce  a 
transmission Z. 
We designate an AND function with 

a dot.  The  dot  means  logical 
multiplication  and  is not  to  be 
confused with normal multiplication. 
However the truth tables for AND 
multiplication  and  normal  multi-
plication are the same. Thus when we 
give the Boolean equation A.B=Z we 
mean that if switch A and switch B are 
both  closed  there  will  be  a 
transmission Z. 
The NOT function is designated as 

a line over the _switches algebraic 
symbol giving Z = A to mean Z is NOT 
transmitted when A is actuated. 
Each of these functions have a 

Z = A.B. (0+D) 
Fig.6. More complex switching functions 
are best described in terms of logic algebra 
than by words. 
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ELECTRONICS - it's easy! 

symbolic representation as black-boxes 
with inputs that act in certain ways to 
give the output. The shape of the box 
(or the designation within a square 
box) tells the viewer the function of 
the box. 
Unfortunately  there  still  exists 

more than one conventional way to 
draw these symbols. For this course 
we will use those given in Fig. 7, which 
are also those used in projects in 
Electronics Today. 
The NOT function bar can be 

applied to any function to signify that 
it is negated. For instance, an OR such 
as A+B=Z becomes A+B which is 
called a NOR function. Similarly so 
A.B is a NAND function. 
The OR, AND, NOR and NAND 

functions can each have more than 
two inputs, for example, A+B+C+D=Z. 
When  a function  is negated  its 
graphical symbol is also altered in 
some  way  to  signify  this.  The 
convention used is the convention of 
the addition of a small round circle. If 
the circle is at the output the output is 
negated; if at the input the inputs are 
negated. The inverter (that provides 

negation)  is basically an amplifier 
providing  180° phase shift so its 
symbol is that of an amplifier with the 
circle added. 

TRUTH TABLES 

Before we discuss more complex 
gate  networks  by  studying  their 
inter-connection, we need to under-
stand the concept of a truth table. 
This is a simply drawn table that lists 
the  output state  for  the various 
combinations of input states. 
Rather than write on and off, or 

high and low, true or false, it is simpler 
to express the two states merely as '0' 
and '1'. The positive logic convention 
considers a high-voltage level as a '1' 
and the low level as a '0'. Fortunately, 
today, just about all logic circuits used 
are now in integrated circuit form and 
they rz3rly all work between just two 
levels - which are the same for any 
devices from a particular logic family. 
This provides a compatible arrange-
ment whereby gates and other logic 
system boxes (that are yet to be 
introduced) can each be intercoupled 
without  having  to  worry  about 

matching  voltage  and  impedance 
levels.  However, when transferring 
logic signals between devices from 
different  logic  families  translator 
circuits will b needed to make voltage 
levels compatible. 
Occasionally, but not commonly, it 

is more convenient to reverse the levels 
calling a 1 the lower voltage and an 0 
the higher. This is denoted negative 
logic. Such a system is however seldom 
used in modern integrated-circuit logic 
families. 
Consider then the series contacts of 

Fig. 4. Assuming we use the positive 
logic convention where 0 represents an 
open  contact  and  1 a closed 
contact; it is easy to draw up columns 
as given in Fig. 8. 
When A and B are both 0 then so 
also is Z, for no contacts are made. 
Similarly, if either A or B are open. 
When both A and B are closed, that is 
a 1 each, then Z is made. This is called 
a truth table. 
Fig. 9 is the truth table for the 

parallel contacts of Fig. 4. In this case 
Z is 1 when A or B are 1. 
An interesting property of the AND 

and OR functions is their dual nature 
when negated. For example, if we 
negate the inputs of the OR gate the 
truth table becomes that of Fig. 10, 

INPUTS  OUTPUTS 

A B Z 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

AND 
Z = A.B 

A 

Fig.8. Truth table for A.B.=Z, the AND 
function. 

A B Z 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

Fig.9. Truth table for A+B=Z, the OR 
function. 

POSITIVE I NEGATIVE I NAND AND ON POSITIVE 
LOGIC  I LOGIC  LOGIC) 

A B A B z 7 

0 0 1 1 1 0 

o 1 1 0 1 0 

1 0 0 1 1 0 

1 1 o 0 0 1 

Fig. 10. Truth table showing that negative 
logic (or negated positive logic) input to an 
OR gate provides NAND output. 

96 ELECTRONICS TODAY INTERNATIONAL — SEPTEMBER 1975 



the output of which is the NAND 
function. Hence a negated input OR 
gate is a NAND gate. Also, by similar 
reasoning, a negated input AND is a 
NOR. Put another way, in negative 
logic an OR becomes an AND and vice 
versa. 

UNIVERSAL GATES 

Using the basic gates, AND, OR 
and NOT, we can build a logic circuit 
for any given Boolean expression. 
Where there is a plus sign (+) we use an 
OR gate, where there is a dot we use 
an AND gate and we use an NOT gate 
for those functions that are negated. 
However it is interesting that the 

NAND gate can be used to obtain any 
desired function. It can be used to 
build AND, OR or NOT gates. In other 
words it is a universal building block, 
as is the NOR gate also. 
Thus the majority of gates used in 

modern logic systems are NAND gates 
with the occasional use being made of 
NOR gates and inverters (NOT) to 
minimize complexity. The use of one 
major  form  of  gate  simplifies 
manufacture and reduces costs. 

FAN OUT 

There exists a finite number of 
circuits that can be safely connected 
to the input, or the output, of logic 
elements. This number is called the 
fan-in and fan-out respectively, and 
gives the number of standard loads 
that can be accommodated. Fanouts 
of 10 and 30 are typical load factors. 

EXCLUSIVE OR 

One other  important gate is a 
special class of the OR - the exclusive 
OR. The logic action of this gate is 
seen by studying its truth table which 

A B Z 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

EXCLUSIVE—OR 

Z = A.B  A.B 

= A B) 

Fig. 11. Truth table for two input exclusive 
- OR gate. 

A.71:1 

Fig. 13. (a) Logic network for function 
Z-(.4.13) + (C.D.E.) + (F.G.H.) + (Li) 
(6) same logic packaged in IC flatpack. 

Vcc J  I  H G  F  NC 

Fig. 13(b). 

is given in Fig. 11. In this variation of 
the basic OF gate the output is 1 for 
either A or E; but not.when both are 1 
simultaneously. Written in Boolean 
algebra symbols this gate performs 
A.B+A.B-Z. (Symbols written as AB 
imply that a dot exists between them; 
it is common practice to omit the 
AND dot). 

MORE COMPLEX LOGIC 

The exclusive OR gate is more 
complex than the other gates discussed 
above because it contains more than 
one basic gate - it is a small logic 
system in itself. Fig. 12 shows how 
two inverters, two AND gates and one 
OR gate can be interconnected to 
achieve the exclusive OR reqi.irernc;it. 
A second example is given by 

considering 3 function 

Z=IA.B +(C.D.E)+(F.G.H.)+(1.1) 

-  _ 
A.B + A.B = Z 

A.B Fig. 12. Logic network providing exclusive 
- OR funct .on. 

The problem might be to realise a 
logic  network  that  performs this 
logical  task  - imagine trying to 
describe it in words! Brackets are used 
to ensure that sub-connections are 
made in the correct way; as in linear 
algebra operations in brackets aie deidt 
with first as individual units. 
The first  step  in realising the 

network is to form the dot AND 
functions of Z. We need two two-input 
AND gates and two three-input AND 
gates. (It matters not if a gate has 
more inputs than needed - the unused 
terminal is ignored). The outputs of 
these four AND gates are then fed into 
the inputs of a four input OR gate so 
that the function under the negation 
bar is achieved. At this point we could 
select an OR gate followed by an 
INVERTER or make use of a NOR 
gate direct. 
When  drawn  as  a sytem  ot 

interconnected  schematic  blocks it 
appears as in Fig. 13a. Also given in 
Fig. 13b is how a 14 pin dual-in line 
IC would appear that performs this 
function. 
As a third example the exercise is 

to devise a logic network that will 
add (in binary system) two binary 
inputs  producing  the  binary  sum 
output  plus a carry output. This 
function called the half-adder, forms 
the basis of digital computation with 
binary numbers. 
Back in Part 5 the concept of the 

binary number system was introduced 
showing that the counting base is 2 
instead  of  the  more  commonly 
encountered 10 of the decimal system. 
At any digit position in the binary 
number, the value can be only 0 or 1 
so addition of two binary numbers 
gives a value at each digit position that 
alternates as 0 1 0 1, etc., as counting 
progresses. When 0 and 0 are added we 
obtain 0; when 0 and 1 are added we 
get 1. When 1 and 1 are added we 
cannot have 2 in a binary system so it 
returns to 0 with a carry of 1 going to 
the next higher digit position. Fig. 14 
illustrates this idea - try adding the 
two numbers! A half-adder does this 
operation for one digit position. The 
truth  table for  the half-adder is, 
therefore, as given in Fig. 15a. 

ELECTRONICS TODAY INTERNATIONAL -SEPTEMBER 1975 97 



ELECTRONICS -ifs easy! 

A 1 0 1 1 0 0 1 

0 1 0 1 1 1 0 
k It Wt k 

1 0 0 0 0 1 1 1 
# I 

MOST SIGNIFICANT 
DIGIT M.S.D 

INPUTS 

Fig. 14. Addition of two binary numbers proceeds 
with a carry as for decimal arithmetic but with only 
two states 0,1 in each digit. 

LEAST SIGNIFICANT 
DIGIT 

CARRY OF 1 
TO NEXT HIGHEST 
DIGIT 

OUTPUTS 

A B CARRY RECORD 

0 0 0 0 

0 1 0 1 

1 0 0 1 

1 1 1 0 

(a) TRUTH TABLE OF 
HALF-ADDER 

AND CONDITION  EXCLUSIVE-OR-CONDITION 

Fig. 15. (a) Truth table for half-adder logic. 

CARRY 

(b) IMPLEMENTATION OF 
HALF-ADDER 

RECORD 

Fig. 15 (b). One form of half-adder logic network. 

Fig. 15 (c). The half adder using NAND gates only. 

A:5+7,B 

The sum column shows we need an  between Boolean statements. There is  development — for that see the reading 
exclusive -OR to provide the sum value  little  point  in dwelling on  their  list. The following relationships are 
— hence its importance in computer  individual  proofs  and  historical  summarized to assist when needed: 
design. A carry is to occur when both 
A and B appear so an AND gate is  de Morgan's rule 1 : A + B = A.B 
needed. From these we can develop 

de Morgan's rule 2 : A.B.=A+B 
one form of the half-adder system — 
given in Fig.  15b. Note how the  Commutative laws: A +B = B+ A 
complexity is growing. Such a circuit  A.B = B.A 

requires around 30 or more passive  Associative laws : A.(B.C) = (A.B).0 = A.B.0 
and active components and hundreds  A+(B+C)=(A+B)+C= A+B+C 
of such circuits are needed in a digital 
computing circuit. A version of the  Distributive laws : A.(B + C) = A.B + A.0 
same circuit only constructed using  A.0 + A.D + B.0 + B.D — (A + B) . (D + DI 

NAND gates is given in Fig. 15c. Note  This is as for linear algebra but with 
that NAND gates 1 and 2 have both  extra cases:— 
inputs tied together, they therefore 

A + B.0 = (A + B) .(A+ C) perform the NOT function. Try your 
and (A + B) . (A + C) . (A + DI = A + B.C.D Booloan on this as follows — . 

SOME LAWS OF BOOLEAN 
ALGEBRA 

When devising systems of logic the 
situation soon arises which calls for 
knowledge  of  the  rules  for 
manipulating  Boolean  expressions. 
Possible reasons for this may be that a 
limited range of logic functions are 
available,  so  conversion  of  an 
expression is needed, or that a large 
expression may not be in its simplest 
state. Reduction to its non-redundant 
state means use of less elements. 
A number of axioms (truths based 

on experience) exist for relationships 

Absorption laws : A + (A.B) = A 
A. (A + B) = A 

Double negation : not A = A 
Universe class laws : A + 1 = 1 

A.1 = A 

Null class laws : A + 0 = A 
A.0 = 0 

Complementation laws: A + A = 1 
A.A=0 

Tautology laws : A + A = A 
A. A = A 

Expansion laws : (A + B) . (A + B) = A 
(A.B) + (A.B) = A 
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MINIMIZATION 

To save components the network 
first realised by inspection from a valid 
truth table may well not be in its 
simplest or so-called minimal form. In 
simpler cases, apolication of the above 
Boolean  algebra  laws by  a well 
practiced person can often come up 
with simplifications. 
Beware, however, of applying linear 

algebra rules of factoring. It is quite 
wrong to cancel or subtract equal 
terms in both sides of a Boolean 
equation. 
Unfortunately, no direct way is 

known with which to arrive at a 
minimal  network  by  a routinely 
declared simple procedure. The nearest 
we can get to this is by means of a 
Karnaugh mapping procedure which 
we do not discuss in this course as few 
readers will be required to be expert in 
this facet of digital electronics. 
An example will show how a simple 

system  can  be  minimized  by 
inspection. Consider the expression Z 
= (A + B) . (A + C) . (A + D). This is 
readily seen to be the logic network 
given  in  Fig.  16a.  From  the 
distributive laws given above this can 
be rewritten as Z = A + B.C.D which 
represents the logic configuration of 
Fig. 16b. This minimal form requires 
two less gates (provided a three input 
AND gate is available). 

THE VENN DIAGRAM 

In the early days of logical algebra 
development, John Venn developed a 
system of overlapping circle diagrams 
as an alternative way with which to 
express the concepts contained in the 
truth table. Venn's diagrams consist of 
overlapping  circles  contained  in a 
rectangular box. Each circle represents 
one  of  the  required  number  of 
independent input variables — A, B, C, 
etc. If the output variable Z is a 1 
(assuming  that  is the  convention 

= A + B.C.D 

(b) 

Fig. 76. Logic network realising Z =  + B 
+ C).  + 0) 

(b) Simplified network. 
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A.B. 

Z = A.B 

Z A.—I3 

Z = AOB 

Z = A— 

Fig.17. Venn diagrams represent logic states 
in topological form. Some people find these 
easier to use than truth-tables. 

chosen) the appropriate area of the 
circles is shaded. The rules are that 
inside a complete circle its variable is 
not negated, outside it is negated. 
Overlapping area of common circles 
represents their AND combination. 
The  examples  given  in  Fig.  17 
illustrate the use of Venn diagrams in 
various simple logic situations. The 
concept extends to as many circles, 
that is, inputs as are needed. 

LIMITS OF BOOLEAN 

There are a number of limits to the 
use of Boolean algebra. In the logic 
combination we have considered so 
far, there has been no mention of time 
or of any feedback around the circuit. 
In practical systems, time delays always 
occur and, further, other elements 
such as counters, multivibrators and 
memory devices are generally present 
whose state depends, not only on the 
logical inputs at any given time but, on 
what  has  happened  previously! 
Boolean algebra is unable to deal with 
such situations. 
In  addition,  if a function  is 

minimized by means of Boolean it 
does  not follow that the derived 
circuit is the cheapest possible. The 
minimized circuit may call for 3-input 
AND gates, say, but it could well be 
cheaper  to  use  the  more  readily 
available NAND gates — even if more 
gates are required to achieve the same 
function. 
Thus it can be seen that Boolean 

algebra is far from an infallible means 
of arriving at the cheapest possible 
solution. In fact it may not give any 
solution at all! Engineering skill and 
ingenuity are still the most important 
factors in efficient logic design. It is of 
value however, and does give a good 

FURTHER READING 

Most books on digital computer 
design include a chapter on Boolean 
algebra and binary arithmetic. 

"Electronic 
Simple", 
Basford, 
1967. 

Computers  —  Made 
H. Jacobowitz and  L. 
W.H.  Allen,  London, 

"Electronic  Instrumentation  Funda-
mentals" A.P. Malvino — McGraw-
Hill, 1967. 

"Numbers"  R.  F room,  Electronics 
Today International, July 1973, p. 
84-89 

For the historical development of 
computers and other data processing 
equipment see 

"A Computer Perspective" C and R 
Eames, Harvard University Press, 
Massachusetts, 1973. 

insight  into  the  function  of 
straightforward gate circuits. 
In the next part we will look at 

practical circuitry of logic gates and 
introduce several other basic digital 
circuit building blocks. We will then be 
ready to discuss digital systems in 
some degree of depth.  • 

electronics 
it's easy! 

is now being produced in 

book form. The first volume 
in the series  containing 
parts 1-12 is on sale now. 
You'll  find  it at  most 
newsagents — or you can buy 
it  directly  from  the 
publishers, 

Electronics Today, 
15-19 Boundary Street, 

Rushcutters Bay, 
NSW 2011 

Price is $3.00 
(including postage). 
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NO M 
NEW GENERATION 
CALCULATORS 

4111.111111.111.11.0 .1 0 

4510 4515 

4510 MATHEMATICIAN: An advanced scientific model, an 
"Electronic Slide Rule" which includes a full range of scientific 
functions. In addition this model is ahead of all others in its 
price range by the inclusion of a 3 level memory stack which 
considerably simplifies the solving of complex equations. 
• 8 digit, floating point 
• RPN (Reverse Polish Notation) with built in hierarchy for 
complex equations 

• 3 level memory stack plus separate accumulating memory 
• Trig and inverse Trig functions, powers, roots, reciprocals, 
natural and common logs, radians to degrees and vice 
versa, pi, Y to X etc. 

• Socket for optional mains adaptor 
• Uses readily obtainable 9V battery 

*$46.92 
Plus 15% SIT 

4515 PROGRAMMABLE MATHEMATICIAN: This model is 
a programmable version of the 4510 Mathematician. It 
includes all the features of that model plus the following:— 
• 100 step keyboard programming facility 
• Complete with rechargeable batteries and charger 
Operation of the scientific functions etc is exactly the same 
as the 4510. The programming facility allows complex 
equations which may be required a number of times to be 
programmed into the machine. This means that it is no 
longer necessary to manually go through each individual 
step of the problem one by one. The user merely enters 
the information and on pressing the start button the 
machine itself performs the calculation following each 
individual key stroke of the original problem.  *$78.23  
Sales Tax not applicable with 
Official Exemption Form.  Plus 15% SIT 

r a d i o p o r t s 
GROUP 

MELBOURNE'S WHOLESALE HOUSE 
562 Spencer St., West Melbourne, Vic., 3003. 

Phone 329 7888. Orders 328 2224. Telex: 32980 

Southern Depot: 1103 Dandenong Road 
East Malvern, Vic., 3145. Phone 211 8122 

OPEN 8 a.m. - 5.15 p.m.  Weekdays 
8 a.m. - 11.30 a.m. Saturday 

WRIGHT 
AUDIO DEVELOPMENTS 

(r) 

Public  address amplifiers, high fidelity 
audio  equipment,  broadcast  monitor 
amplifiers and receivers. 

Supplier to Australia's leading background 

music company, broadcast and television 

network  stations,  and  the  national 
broadcasting service. 

Custom equipment made to order using a 
wide range of standard modules. May we 
quote you? 

CALL — 11 Pattison Ave, Waitara. NS W. 

WRITE — P.O. Box 149, Hornsby, 2,177. 

PHONE— 02-487-2111 

rDick Smith now 
sells TAX FREE 
at special quantity prices 
ye,./finnyof our  are naw AvatioNe 
(op Mew 070 foe nitOrtunav quaeif 
11)  tiF1411  EILL:] " 

OKA "omi 
lift  14450 
0-1mA Panel Meters  $4.50 
240V to 12V 
transformers ...  $1.60 
Ultrasonic Transducers $4.00 
Condenser Mics  $9.70 
Intercoms ...  $6.00 
Regulated & Metered 
Power Supplies ..  $36.00 
Miniature DPDT 
toggleswitches  .70 
100k Multimeters .  $33.00 
Xenon flash tubes ...  $1.40 
Scientific Calculators ...$39.00 

Semiconductors fully guaranter, 
IN4002 Diodes..  .5c 
IN4004  " 
IN4007 
IN914A  " 
0A91  " 

BC 107/8/9 Transistors  .9c 
2N3055  "  .85( 
C122E 500V@8A SCR  $1 38 
C168D 800V@16A SCR $2 75 
TiL209 L.E D.  .15c 

IC's at incredible prices 
LM380N Audio amp  .80c 
NE555 Timer  .55, 
UA741 Op Amp  .34( 

6c 
.10( 
4( 
.4c 

All prices are for quantity purchases only. Details of minimum 
quantities given in our special Tax-Free price list. Send for your 
copy now and save a fortune. Send official company order or 
enquiry on cc, :•.iny letterhead. 

DickSmit 
176 Pacific Highway, 
Gore Hill 2065. 
Te1:439 5311 

/%1 tholesale)Pty Ltd TA eAl e2x00A3A62C0a0b31 
6es DI KSMIT 

Also at City & Bankstown  Sydney. 
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HI-FI LOUDSPEAKERS FROM ENGLAND 
10" The model B101/10LR is a 10" loudspeaker with a 2" voice 
coil working within a 10,000 guaSs magnet structure, total flux 
100,000  maxwells. The free air-resonance of the loudspeaker is 
25Hz  thus  making  it suitable  for  a small  sealed  cabinet  of 
between 1I/2 and 2 cu.ft. 

sealed cabinet and power handling is  watts  $34.50 Efficiency is higher than might be expected from a 

I .T.S. 

12" The model B122/10LR is a 12" bass speaker featuring a rubber 
suspension which allows a fundamental resonance of 17HZ in free air. 
This low-resonance, combined with a 2" voice coil working within a 
carefully selected magnet structure makes the speaker ideal for a 
sealed  cabinet  of  about  2 cu.ft.  capacity.  Efficiency  of  the 
B122/10LR is surprisingly high for this type of loading and the 
Speaker is ideal for amplifiers with an output of 
20-25watts  per channel at 8oh ms. $39.50 
12" The model B122/12LR, like the B122/10LR described above, is 
also suitable for sealed cabinets but because of its more powerful 
magnet structure a volume of about 3 cu.ft. Is required 
to ensure the speaker gives its optimu m performance.  .$ 4 9. 5 0 

.15" The  Fane  model  B152/12LR  is a 15" bass driver with a 
fundamental  resonance of 15Hz in free-air. Once again a sealed 
cabinet provides ideal loading for this unit and the volu me can be 
varied from 3 to 5 cu.ft. The performance in 5 cu.ft. Is particularly 
outstanding as the resonance is kept In the region of 30Hz. This 
results  in  firm,  non-resonant bass without any of the 
"boxIness" often associated with conventional speakers. 
Efficiency is reasonably high and power-handling is up to 
30watts r.m.s. at 8oh ms. 

5"  The  Fane  505  x  5" 
mid-range  loudspeaker  employs 
a special cone material which is 
doped  to  re move  any 
Irregularities in response. Useful 
frequency  range is 400-4.000Hz 
and  sound  quality 
is very neutral.  $24 50 

S59 
1" The Fane 1" Dome Tweeter 
001  is  a  newly  developed 
soft-dome tweeter with a useful 
frequency  response  fro m 
4 ,0 0 0H z  to 

Efficiency  is 
2 0 , 0 0 0 H z. $ 

23 50 medium to high. 

FREEMAN FT-3A 
STEREO TUNER 

1 1 1 1 1 1 1 1 111 ‘*  
0 51  „  In 0  r ilN  

• 

TP 
• 

' 

The Freeman FM Stereo tuner !eatures 2 IC'S, 1 FET, 2 
transistors and 4 diodes. Stereo reception is automatic and 
indicated by light emitting diode visible on the front panel. The 
FT-3A measures 165mm (w) x 140mm (0) x 60mm (H) 
Specifications are as follows: 
Frequency range 88-108MHz, Sensitivity 5µV, Output over 150 
mV, Stereo separation 30 dB, The FT-3A FM TUNER. 

OUTSTANDING VALUE S49.50 

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 oh ms. 

920 HORN UNIT. This unit has just been released on the Australian 
market and features super high efficiency of 109 dB and power 
handling  of  100  Watts  r.m.s.  above 600 Hz.  VOICE  COIL 
DIAMETER: 2", FLUX DENSITY: 20,000 Guess. 
IMPEDANCE: 8 oh ms.   $ 

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, 
IMPEDANCE: 8 ohms. 

149.00 

$39.50 
18" POP 100 An outstanding 18" bass loudspeaker for musical 
instru ments,  the  POP  100  handles  100 watts  r.m.s.  at  high 
efficiency.  Resonant  frequency  is  55  Hz.  VOICE  COIL 

S79 00 DIA METER: 3", FLUX DENSITY 14,000 Guess, 
IMPEDANCE: 8 oh ms.   

bd r,  HI-Fl STEREO PTY LTD 

NEW CHALLENGE 
TURNTABLE 
SEMI-AUTOMATIC 
BELT-DRIVE 

$ 129 
FEATURES 

Cast non-ferrous 12" platter belt-driven by a 4-pole 
syncronous motor, 

wow & flutter: less than 0.1% WR MS 
rumble: — 50 dB weighted. 

S-shaped tone arm with removable lightweight headshell 
fitted with magnetic cartridge and diamond stylus, 0.7mil 
conical. (Standard 1/2" 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. 
An  independent  oil-damped  cueing  lever  is also 
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" 
unwanted tracks. 
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 
the cover onto the plinth. 
12 months guarantee covering faulty workmanship and 
including free parts and labour. 

SPEAKER GRILLE CLOTH 
An attractive selection of speaker 
grille cloths are available ex stock 
at  very  reasonable  prices. Free 
sa mple  pieces  are available on 
request and will be forwarded per 
post  anywhere  in  Australia 
together with our price list. 

rrEnTATI , 
W WI 
%WO* 

96 PIRIE ST. 

e ADELAIDE 
STH. AUST. 5000 

PHONE:  223 3599 

S. 
• : 
- 
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BUY STATE OF THE ART SOUD 
STATE COMPONENTS-
Direct from the United States! 
All  hsted  prices are  in Australian  dollars,  International  Postal  Money  Orders  (please send  RO  receipt  voth order for immediate 
shipment)  Banque Chasiers check (preferably in US funds) and rated company cheques (with foreign exchange stamp approval affixed) 
will be accepted  Due to recent  Akustrahan government restrictions we are not able to clear personal checks. . .  Goods are new 
unused surplus and are fully guaranteed. Orders will be shipped within two workdays of receipt of same. All customs forms will be 
attached. Minimum order amount is $5.00. do not add postage - we pay postage. Surface mad for orders under $10.00 and Air Mad 
for orders over this amount 

DATA SHEETS ARE PROVIDED FOR EACH ITEM PURCHASED 

7400 SERIES TTL  DIP 
7400  Quad 2-input NAND gate  $ .27 
7401  Quad 2-input NAND gate   .20 
7402  Quad 2-input NOR gate   .22 
7404  Hex inverter   .22 
7405  Hex inverter.   .20 
7406  Hex inverter buffer/driver.   .35 
7408  Quad 2-input AND gate   .22 
7410  Triple 3-input NAND gate   .20 
7420  Dual 4-input NAND gate   .20 
7430  8-Input NAND gate   .20 
7440  Dual 4-input NAND buffer   .20 

7442  BCD-to-decimal decoder   
7447  BCD-to-7 segment decoder/driver  
7448  BCD-to-7 segment decoder/driver  
7450  Expandable dual 2-wide 2-input 

AND-OR-invert gate   
7451  Expandable dual 2-wide 2-input 

AND-OR-invert gate   
7472  J-K master-slave flip-flop   
7473  Dual J-K master-slave flip-flop  
7474  Dual D-type edge-triggered 

flip-flop   
7475  Quadruple bistable latch   
7476  Dual J-K master-slave flip-flop 

with preset and clear   
74L78  Dual J-K master-slave flip-flop  
7483  4-Bit binary full adder (look 

ahead carry)   
7489  64-Bit read-write memory (RAM)   
7490  Decade counter   
7492  Divide-by-12 counter (divide by 

2 and divide by 6)   

.80 
1.00 
.80 

.20 

.20 

.30 

.40 

.40 

.75 

.40 

.40 

.80 
3.00 
.90 

.60 

7495  4-Bit right-shift left-shift 
register   .75 

74193  Synchronous 4-bit binary up/down 
counter with preset inputs.... 1.00 

With open collector output 

POTTER & BRUMFIELD 

Type KHP Relay 4 PDT 3A 

Contacts 

24 VDC (650  coil)   $1.00 EA. 

120 VAC (10.5 MA coil)   $1.00 to. 

LINEARS 

0E540  70-Watt power driver amp  $1.00 
NE555  Precision timer   1.00 
NE560  Phase lock loop DIP   2.00 
14E561  Phase lock loop DIP   2.00 
NE565  Phase lock loop TO-5   2.00 
NE566  Function generator TO-5   2.00 
NE567  Tone decoder   2.50 
NE5558  Dual 741 op amp MINI DIP   .90 
710  Voltage comparator DIP   .60 
711  Dual comparator DIP   .25 
723  Precision voltage regulator DIP  1.00 
741  Op amp TO-5/MINI DIP   .55 
747  Dual 741 op amp DIP   1.00 
748  Op amp TO-5   1.00 
CA3018  2 Isolated transistors and a Dar-

lington-connected transistor pair .75 
CA3045  5 NPN transistor array   .75 
CA3026  Dual differential amp   .75 
131151  Positive DC regulator TO-5   .50 
LM105  Voltage regulator   1.00 
1.31302  Op amp voltage follower TO-5   1.25 
1.14311  Comparator DIP   1.00 
1.14370  AGC amplifier   1.00 
124703  RI-IF amp epoxy TO-5   .25 

1241595  4-Quadrant multiplier   1.00 

LSI CALCULATOR ON A CHIP 
This 40-pin DIP device contains a complete 

12-digit calculator.  Adds, subtracts, multi-
plies, and divides.  Outputs a re multiplexed 
7-segment MOS level s.  Input is BCD MOS 
levels.  External clock is required.  Com-
plete data is provided with chip  (includes 
schematic for a complete calculator). 

Complete with data $7.00 
Data only $1.00 

COUNTER DISPLAY KIT -CD-2 
This k i t provides a highly sophisticated 

display section module for clocks, counter 
or other numerical display needs. 
The RCA DR-2010 Numitron display tube 

supplied with this  kit is an incandescent 
seven-segment display tube.  The .6" high 
number c a n be read at a distance of thirty 
feet.  RCA specs. provide a minimum life 
for this =ube of 1 00 , 0 0 0 hours (about 11 
years of normal use). 
A 7490 decade counter  IC is used to give 

typical count rates of up to thirty MHz.  A 
7475 is used to store the BCD information 
during the counting period to ensure a non-
blinking display.  Stored BCD data from the 
7475  is decoded using a 7447 seven-segment 
decoder driver.  The 7447 accomplishes 
blanking of leading edge zeroes, and has a 
lamp test input which causes all seven seg-
ments of the display tube to light. 
Kit includes a two  (with plated 

through holes) fibreglass printed circuit 
board, three IC's, DR- 2 0 1 0 (with decimal 
point) display tube, and enough Molex socket 
pins for the IC's. 
Circuit board is .8" wide and 4 3/8" long. 

A single 5-volt power source powers both the 
IC's and the display tube. 

CD-2 Kit Complete Only $10.95 
Assembled and Tested  $13.00 

Board Only $2.50  

SLA - 1 OPCOA 

Pin compatible with MAN-1. 

Large .334" character. 

Mounts on .4" centers. 

Left-hand decimal point. 

$2.00 Each;  10 For $16.00 

RCA DR2010 NUMITRON 
RCA DR2010 Numitron digital 
display tube.  This incandes-
cent five-volt seven-segment 
device provides a .6" high nu-
meral which can be  seenat a 
distance of 30 feet.  The tube 
has a standard nine-pin base 
(solderable) and a left-hand 
decimal point.  Each $4.00 

SPECIAL 4 for $17.50 

8093-8094 Tr -state quad buffer DIP  $1.00 
8850-9601 One-shot multivibrator DIP  1.50 
R 8 11  Quad 2-input MOS interface 

gate 15V open collector DIP  .30 

FAIRCHILD "TRIMPOTS" 

Brand new 20 turn precision trimmers.  These 
are prime parts, 
mostly  indivi-

10 Ohm  1K  50K  dually  packed 
20 Ohm  28  100K  in sealed enve-
50 Ohm  5K  200K  lopes. 
100 Ohm  10K  250K 
200 Ohm  20K  500K  Each Only 891 
500 Ohm  25K  1 Meg 

Ten for $7.50 
Please specify P or L (PCB or wire leads). 

Order NOW, these won't last: 

FOLLOWING VALUES IN STOCK: 

COUNTER DISPLAY KIT -CD-3 
This kit is similar to the CD-2 except for 
the following: 
a.  Does not include the 7475 quad latch 

storage feature. 
b.  Board is the same width but is 1" 

shorter. 
c.  Five additional passive components are 

provided, which permit the user to pro-
gram the count to any number from two 
to ten.  Two kits may be interconnected 
to count to any number 2-99, three kits 
2-999, etc. 

d.  Complete instructi ve a re provided  to 
pre-set the modulus for your applica-
tion. 

CD-3 Board Only $2.25 
IC's, 7490, 7447 $2.75 
RCA DR2010 tube $5.00 

Complete kit includes  all of the above 
plus 5 programming parts, instructions, and 
Molex pins for IC's.  Only $9.25 

LM309K: 5-VOLT REGULATOR 

Babylon Electronics Inc. 
Post Office Box 1, Carmichael, California. 95 608 U.S.A. 

This TO-3 device is a complete reg-
ulator on a chip.  The 309 is vir-
tually blowout proof.  It is de-
signed to shut itself off with over-
load of current drain or over temp-
erature operation.  Input voltage 
(DC) can range from 10 to 30 volts, 
and the output will be five volts 
(tolerance is worse case TTL re-
quirement) at current of up to one 
ampere. 

Each $1.50  5 for $7.00 
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What's left to say 
about speaker systems? 

It's all very confusing. Speaker advertisements promise all 
sorts of wonderful things . . . better bass re3ponse, 
magnificent  transient  handling,  higher  power rating, 
unfailing reliability, superior treble performance . . . you 
name  it,  they've all  reached  the peak of al these 
parameters. 

Interdyn speaker systems are distinctive. There are four 
models, ranging from a 10 litre bookshelf system to a 
3-way, four drive unit enclosure with a capacity of E0 litres. 
They're fitted with proven Danish drive units which are 
well known for their natural musical reproduction, over a 
wide  frequency  range,  encompassing  the  response 
(including  the  harmonics)  of  all  known  musical 
instruments. Interdyn sound is fatigue-free and remarkably 
faithful. 
Above all, Interdyn speaker systems represent outstanding 
value for money .... in both performance and finish. Every 
cabinet is hand finished in selected walnut veneer and has 
been designed in the classical manner, so it won't be out of 
date this time next year. Listen to Interdyn systems — see 
how much more you get for your investment. Choose from 
four models:— 

INTERDYN MODEL 10-2. An effective 2-way 
system, with a 16.5 cm bass/mid-range speaker and 
a dome  tweeter,  crossing over at  1500  Hz. 
Frequency response is 45-20,000 Hz., power rating 
20 watts RMS. Size 36 x 23.5 x 23 cm. 
INTERDYN MODEL 30. Measuring 53.5 x 30.5 x 
26  cm,  the  Model  30  features  a 25  cm 
woofer/mid-range drive unit crossing over to a 
3.75cm dome tweeter at 1500 Hz. Frequency 
response is 30-20,000 Hz. and power rating is 35 
watts  RMS.  This  popular  lnterdyn  enclosure 
sounds like a much larger system. 
INTERDYN MODEL 35. Rated at 60 watts RMS, 
the Model 35 measures 59 x 34 x 26 cm. and has a 
frequency  response  of  30-20,000  Hz.  Low 
frequency  performance  is quite  outstanding, 
thanks to the use of two 21.3 cm bass reproducers 
with long throw voice coils, and a soft neoprene 
surround. Crossover frequency is 1500 Hz. 
INTERDYN MODEL 60. A 3-way system using 
four drive units, the lnterdyn Model 60 employs 
two 25 cm bass units, an oval mid-range speaker 
and  a 3.75cm  dome  tweeter.  Response  is 
25-20,000 Hz, and size is 67.5 x 46 x 29 cm. 
Crossover frequencies are 600 Hz. a.id 3000 Hz. 
Power handling capacity is 70 watts RMS. 

Listen  to  Interdyn  speaker  systems at  your 
specialist  hi-f,  stereo  store.  Listen  critically. 
Compare the value as well as the performance. 
You'll choose wisely when you select Interdyn! 

Interdyn speaker systems are made by:— 

Distributed in Australia by:  o  INTERNATIONAL DYNAMICS 
(AGENCIES) PTY LTD 
23 Elma Rd.. North Cheltenham. 
Melbourne. Victoria 3192 

Available Irons 
A C T Duratone H, Fr Cnr Botany Si 8 Altree Crl Phillip 2606 Te!ephone 82-1388 
NS W  NI 8 G Hosklns Ply Ltd 400 Kent St Sydney 2000 Telephone 546-1464. 547-1093 
OLD  Stereo SuPplres 95 Turbot S: Brisbane 4000 Telephone 21.3623 S A  Challenge HI Fl 
Stereo 96 Pone Si Adelalde 5000 Telephone 223-3599 TAS  Audio Servrces 44 Wilson SI 
Burme 7320 Telephone 31-2390 VIC . Encel Electronocs Ply Ltd 431 Brodge Rd. Richmond 3121 
Telephone 42-3762 W A.. Arena aosInbutors. 282 Hay St. Peith 6000. Telephone 25-2699 
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UNDERSTANDING 
COLOUR TV 
In this final part, Caleb Bradley describes grey scale and decoder 
adjustments. 

AT THE START of this series we 
showed that natural reproduction of 
each colour depends on three primary 
colours being combined in exactly 
correct ratio of strengths. Unfortun-
ately the shadowmask tube cannot 
be guaranteed to be equally efficient 
for  each  primary  colour;  the 
efficiencies of the screen phosphors 
are unequal (red is usually much less 
efficient than the other two) and the 
situation is made more unpredictable 
by manufacturing tolerances in the 
electron guns which cause variations of 
gain and cut-off voltage. The relative 
performance  of  each  gun  of  a 
particular tube might be as sketched in 
Fig. 56a. 

GREY SCALE 
The  'grey  scale'  adjustments are 
concerned with matching the three 
gun responses. Only when this is done 
can colours be correctly reproduced, 
in particular the fully desaturated 
'colours', i.e. shades of grey or white, 
will be reproduced as perfectly neutral 
shades without any colour bias caused 
by relative excess or shortage of a 
primary. 
To assess the grey scale quality of a 
colour receiver look at a monochrome 
programme and compare the picture 
colour with a neutral white source 
such as a typical overcast sky — not a 
tungsten lamp (too yellow) or a white 
object whose actual colour depends of 
course on its illumination. The cause 

Al VOLTAGES EQUAL 

GREEN 

VARYING CUTOFF 
VOLTAGES 

RED 

—50V 

of any overall tint can be found from 
Fig. 56b. 
To  confuse  this,  some receivers 
feature a rather spurious 'Tint' control 
which enables the viewer to upset the 
grey scale slightly to give a 'warm' or 
'cold' picture impression — leave this 
control at mid position. Another point 
to watch is that a few sets have a 
special  circuit associated with the 
decoder  colour  killer  to  give  a 
deliberate blue tint to monochrome 
pictures.  This  is to resemble the 
appearance of normal monochrome 
sets  since  a monochrome picture 
displayed on a colour set in truly 
netural grey seems somewhat 'warm' 
by comparison. 
Besides relating any grey scale error 
to Fig. 56b one must decide whether it 
affects the dark greys, the light greys 
(whites) or both. 

BACKGROUND AND HIGHLIGHT 
CONTROLS 
In Fig. 56a it is necessary to match 
the three gun characteristics for both 
cutoff voltage and slope (gain). The 
grey scale controls for this are simplest 
on a receiver using colour-difference 
drive — Fig. 57. 
When grey is being displayed the 
colour-difference voltages on the tube 
grids are equal; this was ensured by 
clamps in the decoder. To obtain 
neutral dark grey the cutoff voltages 
of the guns are equalized by the first 

BEAM CURRENT 

a) 

0 
GRID VOLTAGE 
RELATIVE TO CATHODE 

Fig. 56 (b) 

anode (Al) voltage controls which are 
often called the background controls. 
If  the  grey  scale  is  already 
approximately right it should only be 
necessary to trim one of these controls 
with reference to Fig. 56b, seeking 
neutrality exclusively in the dark greys 
and ignoring white. This is best done 
in a darkened room. 
With correctly neutral background 
setting,  the  highlights  may  need 
balancing. In the circuit in Fig. 57a 
this is achieved by two potentiometers 
which allow the luminance drive from 
the valve output to the blue and green 
cathodes to be varied so that the 
differing slopes in Fig. 56a can be 
matched. The red gun permanently 
receives full drive since this usually has 
lowest  overall  gain  due  to  the 
phosphor characteristic. 
The lower end of each potentiometer 
is returned to a dc level which is 
approximately equal to the luminance 
black level, conveniently in this circuit 
the decoupled screen grid supply. This 
is to minimise the effect of highlight 
adjustments  on  the  background 
settings. 

The procedure is to look for any 
pastel tinting of picture whites and 
from Fig. 56a decide which highlight 
control to trim to remove it. As a tube 
ages, the gun efficiencies change and at 
some stage it may prove necessary to 
back off the drive to the red gun; if so 
it is easy  to swap two cathode 
connections to put the full luminance 

GUN 
RESPONSE: 

GUN 

TOO STRONG CORRECT TOO INEAK 

RED 
red-brown 
tint 

NEUTRAL 
GREY 
OR 

WHITE 

blue-green 
tint 

GREEN 
green 
tint 

purple 
tint 

BLUE 
blue 
tint 

yellow 
tint 

Fig. 56 (a) Unequal responses of the primary colour guns need compensating 
by means of the grey scale controls for correct monochrome and colour 
pictures. (b) This diagram shows the effects on a desaturated (grey) picture 
area (e.g. any part of a monochrome picture) of incorrect gun response. 
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LUMINANCE 

HT 250V 

/— 

HIGHLIGHT 
CONTROLS 

I 

drive  to  another  gun.  Avoid 
excessively bright (defocussed) whites 
where  the  least  efficient  gun, 
particularly of an old tube, may be 
driven into forward grid current which 
ruins the whole grey scale. 

BEAM LIMITING 
Besides  ruining  the  picture, 
over-advancing the brightness control 
can in extreme cases cause damage by 
overheating  the shadowmask so it 
distorts,  or  overloads  an  eht 
multiplier. To avoid this possibility 
most receivers incorporate some form 
of  beam  limiting  device.  Three 
representative circuits are shown in 
Fig. 58. Circuit a is common on early 
sets which use the bulky but efficient 
valve rectifier plus stabiliser circuit for 
eht. As beam current through the 
overwind  and  VR  increases,  the 
stabiliser grid is driven negative. Beam 
limiting is accomplished by diode D 
which conducts if it becomes excessive 
and pulls down the brightness control 
voltage. A similar circuit but with the 

25kV TO TUBE 

Al (BACKGROUND) 
CONTROLS 

BOOST HT 1000V 

R—Y  B—Y 
G—Y 
V  V 

1 

HT 250 7 

B 

a) 

diode  connected  to  the  contrast 
control has alsc been used. 
Circuit b uses a low-value resistor to 
sense the emitter or cathode current in 
the line output stage — which increases 
with increasinc beam current due to 
the internal stabilisation feedback. If 
the current becomes excessive the 
transistor turns on and again pulls 
down the brightness control voltage to 
keep the beam current in hand. The 
'beam current' control should be set so 
this happens at a beam current of 
about 1 mA. The capacitors in this 
kind of circuit are important because 
they restrict the bandwidth of the 
control  loop;  they sometimes fail 
which causes symptoms of oscillating 
brightness and picture size. 

Circuit c is much simpler and is 
connected in series with the tube 
cathodes  (shown for one cathode 
only). Normally the diode is forward 
biased and provides a low impedance 
path  for  the  luminance  signal. 
However if the luminance drive goes 
too negative the diode blocks and the 

HT 

SHUNT 
STABILISER 

a) 

EHT 
RECTIFIER 

BRIGHTNESS 
CONTROL 

TO GRID OF 
LUMINANCE 
VALVE 

—20V 

BEAM 
CURRENT 

LINE 
OUTPUT 
STAGE 

+30V 

b) 

BACKGROUND 
HIGHLIGHT  CONTROLS 
CONTROLS 

WHITE  GREYS  BLACK 

b) 

Fig. 57 (a) Greyscale controls associated 
with tube in a set using colour-difference 
drive i.e.: luminance (1') fed to all three 
cathodes and colour-difference signals 
fed to grids. (13) Parts of grey scale affected 
by controls. This monochrome pattern is 
simply the common colour bars test 
transmission with the colour turned off. 

peak beam current is limited by VA. 
The capacitor prevents hf loss in the 
diode impedance. 

DECODER 
With correct grey scale established, 
the final step is to assess the decoder 
performance. As a colour transmission 
is tuned in, the picture should initially 
be  monochrome  and  the  colour 
suddenly pop in at the correct tuning 
point. This indicates correct action of 
the colour killer which enables the 
decoder only when adequate chroma is 
received.  Distant  (grainy)  colour 
programmes will therefore be received 
in monochrome only. 
Complete failure to receive colour 
calls for servicing action which we can 
only describe in a general way. The 
first step is to disable the colour killer 
so that demodulated chroma should be 
fed to the tube regardless of whether 
the reference oscillator is in lock. If 
doing this produces a perfect colour 
picture there is a simple fault in the 
killer stage itself. Another possibility is 

LUMINANCE 
DRIVE 

VA 

BRIGHTNESS 
CONTROL 

TO LUMINANCE 
AMPLIFIER c) 

BEAM 
CURRENT 

Fig. 58. Various arrangements for beam limiting. 
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UNDERSTANDING COLOUR TV 
that alternate picture lines will show 
different colours (like Hanover blinds 
but with more extreme differences). 
This means the PAL bistable has 
stopped working and should be easy to 
cure. 
A common fault is the reference 
oscillator failing to lock to the burst. 

BLUE 

BLUE 

BLUE 

BLUE 

GREEN 

GREEN 

GREEN 

GREEN 

An unlocked oscillator produces a 
cyclic variation of colours from top to 
bottom of the screen, caused by it 
passing in and out of correct phase, 
with a large number of cycles if its 
frequency is far removed from the 
burst. The cure may be found by 
adjusting  the  oscillator  frequency 

RED  WHITE 

RED  YELLOW 

RED 

RED 

ALL GUNS ON BLUE GUN ONLY  GREEN GUN ONLY  RED GUN ONLY 

Fig. 59. Correct appearance of standard colour bars test pattern. 

CYAN 

GREEN 

MAGENTA 

RED 

BLUE 

control to bring it into lock. Set it to 
the centre of the lock-in range which is 
best found by monitoring the varicap 
diode bias voltage. If lock cannot be 
obtained or is unstable the next thing 
to check is the timing of the pulse 
which gates the burst into the phase 
discriminator;  usually  this  is 
determined by an adjustable coil. At 
this stage an oscilloscope becomes 
necessary for fault finding. 
With a functioning PAL decoder it is 
child's  play to assess the colour 
performance  if  a  colour  bar 
transmission is available. Switch on the 
red gun alone. Set contrast and colour 
saturation so the red bars of the 
pattern  are  equally  bright.  Then 
change to the blue gun alone which 
should  also  be  producing equally 
bright bars. Likewise the green gun. 
The correct positions of the bars are 
shown in Fig. 59. Incorrect ident 
phase has the effect of reversing the 
red bars. If necessary trim the colour 
channel gains in the decoder to achieve 
equally bright bars across the screen 
from all three guns. 
Check the colours for freedom from 
Hanover  blinds  (chroma  delay 
amplitude and phase adjustments) and 
your PAL receiver is ready for action. 

• 

MODEL MAIL ORDER 

JB Electronics 5 Co. 
Australia's Model Centre, 115 Gauger St., Adelaide. S.A 5000 Phone (08) 87,3119 

RACING CARS 
1'8 scale. Capable with radio to control steering, speed and braking. 
Front suspension. 

three models mailable: 

PORSCHE 917 
VcLAREN ELVA 8D 

LOLA T 70 

SALE 

$95.00 

POP BUGGI 
1 8 scale 
radio  to  control 

steering,  speed  and 

braking. Front and rear 

suspension  Hand pull 

starter  for  engine 

built in. 

SALE 

$98.00 
Parr SS 00 

Order No 121 

CAPRI MOTOR BOAT 

•  - 

 - - 
SALE 

ARE  YOU THINKI NG OF TAKI NG UP MODEL BUILDI NG  • I- SO: YOU 
CAN'T GO W RONG IF YOU PHONE, W RITE OR CALL ON US NO W AND 
GET THE BENEFIT OF THIS SERVICE. 

• Make sure you buy the right equip ment • Make sure you are building your 
model correctly • Make sure you are installing your radio gear correctly • Supply 
you with mail order catalogue (send S.A.E.) cost 50.7 5 • Matte sure we stay 
friends • Any overpay ments on P&P will be credited im mediately. 

PILOT SIROCCO 20 

SALE 

$39,95 ovv 03, 

NEWPORT 
YACHT 

k 
neigh,  4 7 

1; 

Retail 564.00 

SALE 

$55.95 
0.° 0°.. 

F aMOUS  brand 
na me 2 channel 
radio  contro. 
P qui p ment 
,onsisting of 
t'r,, nsn,, t 

I ecerver.  2 
serv o's.  I 
battery pack. 2 
crystals 

Retail $139.00 

Our price 
While stock 
lasts 

$99.95 
P&p 53 00 

0,aer No 123 

HUMBROL  SPRAY  GUI,: 
complete wills power pa, ir 
plastic tube, glasi lar 2.111 
cap and instruction leaflet 
Refill power unit available 

Special price at 

$6.96 
OLD 1.2 00 

Order No 124 

CORDLESS 
POWER 
DRILL 
SET 

Drills plastic. 
0 pod.  'tent 
,noral. 
ari115.  001 
,snes. carve, 
debuts 

Special at 

$13.50 
04, 12 00 
Order No 12S 

FOX ENGINES 
SERIES '75 
mr's 

Crder No.118, 
P&P 51.50 

Si 

,tandard  A/C 
100.15 19.23  24.90 
I OX .19 20.90  31.45 
1 ok .25 20.90 
r OX .29 23.85  31.45 
100 .35 stunt  28.30 
c o• .36 23.85  36.70 
1 CO( .60 72.15  79.35 
10% 78 98.40  111.50 

FOX COMBA- SPECIAL 

$52.45 



ALTEC 
11.  

gra  •ir 

1.1"/ /16  

FOR THOSE WHO ARE 
SERIOUS ABOUT SOUND 
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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 mi -ket 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 
*Altec 891A. In just a year, this 
model has become a best seller. 
It features a 12 inch woofer and 
a high-frequency radiator tweeter 
and  comes  in an  enclosure 
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. 

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

SEE THE 891's AND FULL RANGE ALTEC PRODUCTS AT 

KENT HI-Fl 
412 KENT STREET, SYDNEY Ph. 29-6973 
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• FAST SERVICE - ALL ITEMS DESPATCHED AT TOP SPEED 

•ALL NEW ITEMS - UNUSED AND CARRY MANUFACTURER'S GUARANTEE 

• SATISFACTION OR MONEY BACK (IF GOODS RETURNED WITHIN 7 DAYS) 

• PRICES INCLUDE SALES TAX, CUSTOMS DUTY, POSTAGE & PACKING 

•10% DISCOUNT ON ORDERS OVER $25.00 
•DATA SHEETS AVAILABLE - 20c EXTRA 
•FIRST QUALITY BRANDED COMPONENTS FROM THE WORLD'S LEADING SEMICONDUCTOR 

HOUSES 

( SPECIALS OF THE MONTH 
741 OP AMP (MINI DIP)  5 for $3.00 

555 TIMER (MINI DIP)  3 for $2.50 
1N914 DIODES  20 for $1.50 
1N4004 DIODES  10 for $1.00 
IC SOCKETS - 8, 14 or 16 PIN Any 5 for $2.00 
DIGITAL EXPERIMENTER PACK TTL  S5.00 
CMOS EXPERIMENTERS PACK  $7..50 
MEMORY KIT (2102 RAM)  $8.95 

SPECIAL KIT OFFER!!! 
ETI CROSS HATCH/DOT GENERATOR, August, 1975. 
This easy to use service aid enables you to adjust the colour 
convergence on any TV set as well as checking horizontal/ 
vertical linearity on all colour or black and white sets. 

We supply complete kit  IC's, PCB, resistors, Box, etc.) 
ready to assemble.  To simplify construction we also 
include easy to follow step by stop assembly manual as 
well as sockets for the CMOS IC's.  627.50 

'LINEAR 
LM301A op Amp  mDIP 

LM309K 5V regulator  TO3 
LM340 (7800 Equivalent) 
(Specify voltage required 5, 6, 8, 12, 15, 18, 24) 

TO220 
LM380 2W Audio Amp  DIP 
LM382 Low Noise Dual pre 
amp  DIP 

NE540L Power Drive Amplifier TO18 
NE555 Timer 
NE556 Dual 555 Timer 
NE565 Phase Locked Loop 
NE566 Function Generator 
NE567 Tone Decoder 
LM723C Voltage Regulator 
LM741C Op Amp 
LM3900 Quad Amplifier 

mDIP 
DIP 
DIP 
mDIP 
mDIP 
DIP 
mDIP 
DIP 

.70 

2.50 

2.25 
1.75 

2.00 
2.95 
.95 
1.80 
2.50 
2.75 
3.50 
1.00 
.65 
1.10 

cOPTO 
5023 or equivalent red LED 
NSN71 IDL707 equivalent) 
C Anode 7 segment LED display 

NSN74 (DL704 equivalent) 
NSN61 (DL747 equivalent) 
C Anode 7 segment LED display 

\.NCT200 Photo transistor opto coupler 

Sc 

.30 

2.40 
2.40 

3.50 
1.50 ) 

'ETC 
1N4148 (1N914) Signal Diodes  10 
1N4006 1A Diodes  5 
2N3055 NPN Power Transistors TO3 (Metal) 
C122D 8A SCR 
IC Sockets 8 pin mDIP 

14 pin DIP 
16 pin DIP 

for  .80 
for  .50 

1.20 
2.25 
.45 
.55 
.55 

DIGITAL 
4000 Series CMOS 

4001 Quad 2 Input Nor Gate 
4002 Dual 4 Input Nor Gate 
4006 18 stage static shift register 
4009 Hex Buffer (inverting) 
4010 Hex Buffer (non inverting} 
4011 Quad 2 Input Nand Gate 
4012 Dual 4 Input Nand Gate 
4013 Dual D Flip/Flop 
4015 Dual 4 Stage Shift Register 
4016 Quad Bilateral Switch 
4017 Decade Counter/Divider 
4020 14 Stage Counter/Divider 
4023 Triple 3 Input Nand Gate 
4025 Triple 3 Input Nor Gate 
4027 Dual J-K Flip Flop 
4029 Presettable Up/Down Counter 
4049 HEX BUFFER/TTL DRIVER 
14511 BCD to 7 segment latch/cecoder/driver 

74 Series TTL  $ c 

7400 
7401 
7402 
7403 
7404 
7405 
7408 
7409 
7410 
7413 
7420 
7430 
7437 
7440 
7441 
7442 
7447 
7450 
7451 
7453 

‘... 7454 

.35  7460 

.35  747) 

.35  7472 

.35  7473 

.35  7473 

.35  7475 

.35  7475 

.35  748) 

.35  748? 

.85  748 3 
35  7486 
.35  7490 
.60  749 
.35  749: 
1.20  741:1 
1.00  741:3 
1.50  74154 
.35  74164 
.35  74165 
.35  741E2 
.35  741 , 3 

$ c 

.35 

.35 
$3.20 
1.00 
1.00 
.35 
.35 
1.30 
$3.20 
1.25 
2.95 
3.20 
.45 
.45 
1.40 
$3.20 
$1.30 
$4.55 

$ c 

.35 

.50 

.60 

.90 

.90 
1.00 
.80 
1.70 
1.80 
1.40 
.60 
.80 
1.20 
.80 
.60 
.8 5 
2 .60 
2.40 
2.40 
2.50 
2.50 

Send Cheque/Postal Orthr to 

THE 

ELECTRONIC 
MAILBOX * 
P. 0. BOX 355, 

HORNSBY N.S.W. 2077 

•MAI L ORDER DIVISION OF APPLIED TECHNOLOGY P/L. PHONE 476 3759 



A TELEDYNE courA.. 

THE AR 3a/ IMPROVED 
an evolutionary new 
SPEAKER SYSTEM 

The AR-3a/Improved is the best home 
speaker system we know how to make. It 
has been designed to reproduce music 
as accurately as present-day knowledge 
of acoustics and electronics permits. 

In addition to incorporating the 305mm 
(12in) bass driver with which AR 
introduced acoustic suspension to home 
listeners, the AR-3a/Improved also uses 
the two miniature hemispherical dome 
speakers developed for the AR-3a to 
offer an unprecedented degree of 
accuracy at middle and high frequencies. 

Concepts and techniques developed for 
the AR-LST and other AR speaker systems 
have now enabled AR engineers to 
improve the spectral energy 
characteristics of the AR-3a and further 
reduce its already small degree of 
coloration, while retaining all the virtues 
of the original design. These 
improvements have been accomplished 
by means of significant changes in the 
design of the crossover: all other 
components, including driver units and 
cabinet, are exactly the same as those 
of the AR-3a 

The AR-3a/Imprcved is capable of a more 
linear spectral energy output than was 
the AR-3a. A two-position switch makes it 
possible to tailor this characteristic for 
maximum realism under either 
reverberant or relatively damped listening 
conditions 

Acoustic power output 

Drive units: 305 mm (12 in) acoustic 
suspension woofer, 38 mm (11/2 in) 
midrange hem.spherical dome, 19 mm 
(3/4 in) high-frequency hemispherical 
dome 

Crossover: 573 Hz, 5000 Hz 
Impedance:4 3h ms nominal 

Controls: Midrange and high-frequency 
driver level controls 

Amplifier: Up to 100 watts per channel 
Size: 356 x 636 x 289 mm deep 
(14 x 25 x 113/8 in) 
Weight: 24 kg (53 lb) 
Woofer resonance: Free air 18 Hz, 
in enclosure 42 Hz 
Volume of enclosure: 48.2 litres (1.7 cu ft) 

the best speaker frequency response 
curve we have ever measured using our 
present test set-up ... virtually perfect 
dispersion at all frequencies ... AR 
speakers set new standards for low-
distortion, low-frequency reproduction, 
and in our view have never been 
surpassed in this respect'. Stereo Review 

'On any material we fed to them, our pair 
of AR-3a's responded neutrally, lending 
no coloration of their own to the sound... 
the speakers sounded magnificent, filling 
the place with a lot of clean, musical 
sound and an excellent stereo image.. 
Our tests of the AR-3a simply confirm the 
manufacturer's design aims and claims 
for this system'. High Fidelity 

'The harmonic distortion at bass 
frequencies was outstandingly low 
The high-frequency dispersion is the 
widest of any speaker we have tested ... 
a new high standard of performance at 
what must be considered a bargain price'. 
Audio 

'Acoustic Research have achieved what 
they set out to do - a first class 
loudspeaker by any standard'. Hi-Fi News 

'Finest bass performance I have heard or 
measured' E J Jordan, Wireless World 

The AR guarantee 
The workmanship and performance in 
normal use of AR speakers are 
guaranteed for 5 years from the date of 
purchase. This guarantee covers parts, 
repair labour, and freight costs to and 
from the factory or nearest authorized 
service station. New packaging if needed 
is also free. 

The acoustic research 3A improved is now on demonstration at these franchised dealers: 
Sydney 
Kent Hi Fi 
Mastertone 
Miranda HI Fi 
Apollo HI Fi 
Electronic Enterprises 
Hi Fl House 
Instrol 
Autel Systems 
Sydney HI Fi 
Perth 
Alberts TV &  Hi Fi Centre 

Victoria Park W.A. 
Alberts TV & Hi Fi Centre 
Newcastle 
Ron Chapman 6. Assoc 
Wollongong 
Hi Fi House 
Canberra 
Duratone 
Douglas Hi Fl 
Adelaide  Darwin 
Blackwood Sound Centre  Pfitzner's Music House 

Brisbane 
Stereo Supplies 
Reg Mills Stereo 

Melbourne 
Denman Audio 
Brash's 
Instrol Hi Fi 
Tom's Hi Fi 
Mordialloc Sound 

Geelong 
Sound Spectrum 

Hobart 
Quantu m 

Launceston 
Wills /SA Co. 

Australian Distributors 
W.C. Wedderspoon Pty Ltd., 
3 Ford St, Greenacre (P.O. Box 21) 
Phone 642-2595,642-3993 
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IDEAS FOR 
EXPERIMENTERS 
THERMISTORS 
SENSE LIQUID 
HEIGHT 

Voltage 
supply 

Constant 
current 
source 

Th 

Th 

Th, 

Th( 

Tank with vertical 
thermistor array 

Threshold 
circuit 

Th 7 Th, 

— T T  
Summin 
amplifier V 

Output signal 
v, 
V2 

Recorder 
or transmitter 

This level measurement system utilizes a vertical array of thermistors. The system 

was developed by the Royal Aircraft Establishment, Farnborough. 

Thermistors are used to monitor 
liquid levels in tanks in this sensing 
circuit  developed  by  the  Royal 
Aircraft Establishment in Farnborough 
(UK). 

The  thermistors  are  arranged 
vertically at the required spacing inside 

the tank. Each thermistor is energised 
by  a constant current source so 
adjusted  that  the thermistors are 
operating at the lower end of their 
temperature/resistance characteristics. 
When liquid covers a thermistor, 

the thermistor's temperature decreases 
(due  to  the  greater  thermal 

conductivity of liquids compared to 
air), thus the thermistor resistance 
rises. 
Thermistor resistance is monitored 

by  a series  of voltage threshold 
circuits, the outputs from which are 
added so as to produce a voltage 
proportional to liquid level. 

ELECTRONICS 
it' 
s easy; voltoo 

is rm. 
OW  being produced in book fo  The first volume in 

the series — containing  parts 1 to 12 is on  sale now.  
You'll find it at your local newsage nt — or you  can buy it 

direc tly  from  the  publishers  Electronics  Today 

International, 15-19 Bo undary  ushcutters 
Street, R 

Bay, 

NS\N• 
$3.00* ttnetuding postage) 



USEFUL WIDEBAND AMPLIFIER 

sat 

is 

2f 

DISC 
CERAMIC 

0.22pF 
DISC 
CERAMIC 

A wideband amplifier has many uses 
when working with R F. This amplifier 
will cover the HF range and the low 
VHF range, depending on the balun 
construction. The IC is an LM733, a 
wideband differential video amplifier. 
Switched-gain levels are available, see 

12V (16V MAX.) 

Ti AND T2 USE BALUN CORES 
PHILIPS 4322-020-3150 
NEOSID 1050-1-F14 

FOR 1-30MHz, USE THREE 
STRANDS OF 0.4mm 

ENAMEL TWISTED 
TOGETHER ABOUT 4 TURNS 
PER INCH AND PUT 3 TURNS 
AROUND CORE THROUGH 
THE TWO HOLES 

FOR 3-8MHz AS ABOVE 
BUT ONLY TWO TURNS 

manufacturers' applications literature. 
Although a single polarity supply is 
shown, a dual polarity supply can be 
used, simplifying things a little. 

TRANSFORMERLESS INVERTER 

03 

D1 
01 

+DC SUPPLY 

2 
D2 

R3 

 0 
INPUT 

YD4 
C T 

OUTPUT 
VOLTAGE 

D1 — Small signal diode  D2, 3.4 — Rectifier diodes 

01 — Small signal N.P.N. 02, 03 — Output transistors 

This transformerless inverter chops 
the dc supply voltage then rectifies the 
resulting  square  wave  using  a 
conventional voltage doubling circuit. 
The square wave source can be a 
simple IC multivibrator which is used 
to drive phase splitter Q1 through 
coupling  diode  D1.  Base bias is 
established  through  Al  and  the 
collector and emitter load resistors are 
R2 and R3 respectively. 
The output power transistors 02 and 
03 in conjunction, with diode D2, 
serve as a simple high level switch 
developing a square wave whose peak 

to peak amplitude is near that of the 
dc supply voltage. 
The output square-wave is coupled 
via Cl (which must be a suitably 
chosen high-value electrolytic) and fed 
into a voltage doubler circuit thus 
producing a dc output of reverse 
polarity. 
Capacitor C2 is the output ripple 
filter. 
Resistor values are dependent on the 
original supply voltage — the drive 
frequency is not critical but signals in 
the kilohertz region are preferred (2-6 
kHz). 

ETI. 
by i PTV LTar 
The new standard in 
professional sound 

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

KITSETS NOW AVAILABLE 
ETI GRAPHIC EQUALISER 

_— 
I  1 

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

Complete kit price $96 
- 

STAGE MIXER 

am  0 ' - • -, 
a $ $ * $ 03 3' 3  - 0  ' 

*1 ) 0 0 • • • • • • • • • • •,• 

• 

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

Complete kit price, $195 

414 MASTER MIXER 

iiiii-fi • • • • a • • • 
6/0 '6 • lb 6 • • • • III 
11 ,• • • • fit .... • • • • • • 

. _ .. 

Kit price $225 

ETI 413 100 Watt amp 
Kit price $75 

iPTY. LTD. 

Telephone 211-5077 
P.O. BOX K39, HAYMARKET 
N.S.W. AUSTRALIA 2000 
405 Sussex St. Sydney 

ENTRANCE OFF LITTLE HAY ST. 
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CCTV 
CLEARANCE SALE 

Ideal for Hams. Experimenters or 
Security. 
Concord  CCTV  camera with  5" 
inbuilt  electronic  viewfinder. 
Features ... 500 line resolution, RF 
or video output (svvitchable), takes 
standard  C mount lens, auto or 
rndnual light compensation, internal 
sync, generation, high level output 
signal. Retail $650.00 limited stock 
to clear at $425.00 inc. tax. 

HI-FI HOUSE 
118 Keira St., VVollongong, 

N.S.W. 28-6661 
127 Forest Rd., Hurstville, 579-4673 

RADIO CONTROL 
MODELLERS 

For expert advice in all phases of radio 
control modelling HELICOPTERS — 
AIRCRAFT  —  BOATS  — CARS — 
YACHTS — SAILPLANES. 
All  popular brands of radio control 
equipment stocked. SILVERTONE — 
FUT ABA  —  KRAFT  —  SPACE 
C O M M A N D E R  —  MI C R O 
ELECTRONICS 

Also a very large variety of accessories, 
motors, and general modelling ite ms. 
Guaranteed  one  week  service 
turn-around  on  Silverstone,  Space 
Com mander and Micro Electronics R/C 
gear. 
Manufacturers of the silverstone range 
of R/C equip ment, as used in al most 
every successful Australian R/C model 
aircraft record attempt during the past 
14 years. 

(Gregory's reference 31 D 15). 

SILVERTONE ELECTRONICS 
6/2 Schofield St., Rivenvood, N.S.W. 

Ph 553-3517 
FREE PRICE LIST 

9 x 4 SAE (12c) PLEASE 

IDEAS FOR EXPERIMENTERS 
MULTIPHASE CLOCK GENERATOR 

Whenever sequential logic operations 
are to be performed, a multiphase 
clock generator is often required. The 
circuit shown, which uses only two 
CMOS ICs, was designed by Michel 
Burn  i of  Motorola's  Geneva 
applications  laboratories.  It  will 
produce a pulse on each of the four 
output lines in turn. These pulses do 
not overlap one another. 
Operation  of  the  circuit  is 
self-evident from an examination of 

Clock 

Out 0 

0 

the  schematic;  however,  it  is 
interesting to note that the power 
supply of the MC14001 is derived 
from the clock input. The maximum 
operating speed of this circuit is about 
1 MHz. 

ZENER BOOSTS OUTPUT VOLT-
AGE OF REGULATOR 

V 11,11 
20V 

ZENER 
4V.5W. 

ZENER 
6V.10V. 

In this circuit the zener diode raises 
all voltages — with respect to earth — 
by the zener voltage, i.e. 
Vin (max)  voltage regulator Vin 

(max) + zener voltage 
Vin  (working  min) =s-- voltage 

regulator Vin (min) + zener voltage 
Vout = voltage regulator Vout + 

zener voltage 
As the voltage regulator dissipates 

all  excess  power while the zener 

merely  clamps the output voltage 
above its own voltage, a low wattage 
zener (250 mW) should be adequate — 
unless lower voltage taps are used, as 
in the second example in which the 
total output is one amp. 
For other value zeners, wattages 

can be worked out by the formula W 
= zener voltage X current. 

Andrew Hicks, Wootton, NSW 

DOORCHIMES DELAY 

Ever  get  tired  of  people who 
repeatedly press your doorbell? 

With values shown, this simple circuit 
will permit one operation every 10 
seconds or so. Capacitor Cl charges 
through  Al  when the  button  is 
released.  Making  R1  larger  will 
increase the delay. 

R1 
4.7k 

BELL  R3 
4.11. PUSH  470 

Cl 

f1000,,F 
R2 
720 

FRIEDLAND 
CHIMES 
16!1) 

01 
AC128 

.1.6V 
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If the reproduction of music to you is too important to 
settle for anything less than totally realistic sound, you 
need Amcron audio components. Amcron's experience in 
producing professional studio equipment, where absolute 
faithfullness to the original performance is a demand, has 
assured that each Amcron component is designed to 
reproduce the purest, most realistic, 100% honest live 
sound that is as accurate as the most advanced engineering 
can make it. 

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

AUSTRALIAN DISTRIBUTORS: 

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

Rmcron 
Crown Internstoonal U 5 A 

Made only in America 

N D Electronics  202 Pelham St.. Carlton. 3053 Vic. Ph. 347-8255 
Pty. Ltd. 66 Parramatta Rd., Five Dock 2046 NSW, Ph. 799-3156 
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One year from now 
you'll be able to read this 
circuit as easily as the back 
of a cornflakes packet. 

You don't need to be an 
Albert Einstein to learn about 
radio engineering. 

All you need is youth, 
enthusiasm, and someone who'll 
give you the chance to learn at 
the right speed. 

That's what a radio engi-
neering apprenticeship in the air 
force will give you. 

A year from now you'll be 
able to read this circuit standing 
on your head. And you'll be well 
on the way to gaining qualifica-
tions that will make you valuable 
to employers everywhere. 

So if you're between 15 and 

17 in January and you want to 
get into radio engineering, this is 
probably the best opportunity 
you'll ever get. 

Fill out the coupon and 
we'll send you more details. Or 
pick up the nearest phone and 
call the Air Force Apprenticeship 
Counsellor in your city or the 
nearest office of the Common-
wealth Employment Service. 
Closing date 6 October. 
Townsville 71 3191 Wagga  21 1100 
Brisbane  31 1031 Melbourne 61 3731 
Newcastle  2 5476 Hobart  34 7007 
Sydney  212 1011 Adelaide 223 2891 
Wollongong 28 6492 Perth  22 4355 
Canberra  47 6530 Darwin  89 9911 

Authorised by the Director-General of Recruiting, Dept. of Defence and by the Dept. of the Media. 

AIR FORCE 
APPRENTICESHIPS I 

To: Air Force Apprenticeship 
Counsellor, 
G.P.O. Box XYZ in your 
nearest State Capital City. 
Please send me information 
about Apprenticeships in the 
Air Force. 

Name 

Address 

Post Code 

Late of Birth 
INN  NINE 1.1. 

AFAP7TP.95 
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AWA 
announce 
arrangements 
to market the 
highly successful 
range of 

etone 
HIGH PERFORMANCE SPEAKERS 

1.1 

STOCKS AND COMPLETE 
DETAILS AVAILABLE FROM: 

10, 
BRANCHES: 
NEW SOUTH WALES Sydney: MSP DIVISION. 554 Parramatt 3 Road. Ashfield 2131. Phone 797 5757. Telex 24530. 

Newcastle: Cnr. King & Darby Streets, 2300. Phone 2 5166. Telegrams "Expanse". 
Canberra: Suite 3, TNT Building, 23 Barrier Street, Fyshwick 2609. Phone 95 3431. Telegrams "Expanse". 

VICTORIA Miles Street, Mulgrave 3170. Phone 560 4533. Telex 32095. 
QUEENSLAND Brisbane: 73-75 Jane Street, West End 4101. Phone 44 1631. Telex 40607. 

Townsville: 2B The Market, Keane Street, Currajong 4812. Phone 79 6155. Telex 77008. 
SOUTH AUSTRALIA 48 King William Road, Goodwood 5034. Phone 272 2366. Telex 82817. 
WESTERN AUSTRALIA 33 Railway Parade, Mt. Lawley 6050. Phone 71 0888. Telex 92121. 
TASMANIA 44-46 Garfield Street, Launceston 7250. Phone 4e. 5155. Telex 58652. 

AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED 

Ci  ntl'2 A 

OOD  LO1 
T  E YP 

min.Watts SUPPLY Printed Bd. 
numbers 40 80 volts 

TA3C 3 - 13.2 370105 
TA5B 8 5 25 339250 
TA10B 1 3 1 0 32 339250 
TA15B 1 8 1 5 38 339250 
TA20C 30 20 ±22 339771 
TA25C 35 25 ±24 339771 
Preamp - - - 339251 

6020333 
SYDNEY 

Semiconductor Division 

STC-CANNON CO MPONENTS 
PTY. LI MITED 

Moorebank ave.LiverpOol NS W 2170 

951566 
MELB 
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HEIL DRIVE UNIT NOW AVAILABLE 
AS SEPARATE UNIT 

Heil are now producing their very successful drive unit in 
separate form. 
The unit — known in this form as the 'Elite' can be added 
to almost any existing speaker system. Switch-selectable 
crossover frequencies at 1 kHz and 5 kHz cater for two way 
or three way systems (respectively). A very wide range level 
control enables the level of the Heil driver to be matched 
correctly. 
Recommended retail price is $399 pair — agent is 
Megasound 220 West Street, Crows Nest NSW. Tel 
922-3423. 

LUX MAKE 600 WATT AMP 
The hi-fi version of a Ferrari Boxer is now available from 
Lux. The plus $3000 amplifier (Luxman M-6000) produces 

no less than 300 watts per channel continuous power with 
both channels driven — at which level total harmonic 
distortion is claimed to be less than 0.05%. 
That Lux really are serious is shown by the mains 
transformer which is rated at 1 kW! Power consumption at 
full load is 1.3 kVA. 
Agent  is International  Dynamics  in Melbourne, a 
demonstration unit may also be seen at Gordon Hoskins 
new showroom at 400 Kent Street, Sydney. 

MODIFIED 8-30 SPEAKERS — WARNING 
A couple of years ago we published details of a revised 
version of our very successful Magnavox 8-30 speaker 
project. 
The basic modification was the replacement of the 
earlier-specified Magnavox tweeters by a single Philips 
tweeter and the incorporation of a sophisticated crossover 
unit. 
Subsequently we received several complaints from readers 
who made the change — only to burn out the Philips 
tweeter shortly after. Upon checking we invariably found 
that the enclosures concerned had been built from kits of 
parts,  sold  to  the  purchasers  as being  to  ET l's 
specifications, but in which the LC crossover network 
specified had been replaced by a single series capacitor. 
As specified in our project the modified Magnavox 
enclosure will provide excellent sound at moderate cost. 
However, much of the performance is due to the crossover 
network which we designed and specified. 
If that crossover has been omitted — and if you have been 
sold that kit as being to ETI's specifications — you have 
been cheated. Worse than that in fact. We would like to 
make it absolutely clear that part of the function of the 
crossover network specified is to reduce the power input to 
the Philips tweeter. Without it, that tweeter is drastically 
overloaded and will inevitably burn out at inputs exceeding 
seven watts. 

HIGH POWER AUDIO AMPLIFIER 
A 100 watt audio amplifier — TF010 — aimed at the high 
power audio market such as disco equipment, and 
entertainments kit manufacturers, has been introduced by a 
British company. (Redac Software, Newtown, Tewkesbury, 
Gloucestershire, UK). It is a hybrid thick film module 
containing most of the components of a high quality audio 
power amplifier. 
For use with high gain monolithic power transistors, 
mounted on a suitable heat sink, the unit combines high 
power output with good linearity and extremely small 
physical size. Dimensions are approximately 55 mm by 30 
mm by 9 mm. 
Selection of the power supply voltage range of plus or 
minus 10 V to 50 V can provide outputs up to 100 W rms 
(root mean square) with distortion at less than 0.2 per cent. 
Australian Agent is Racal Electronics P/L, 47 Talavera 
Road, North Ryde, NSW 2113. 

LOUDSPEAKER SYMPOSIUM 
AND AUDIO LECTURES 
An international symposium on Loudspeakers has been 
arranged by the Audio Group of the I REE for 20-22 
August 1975 at the School of Electrical Engineering, 
University of Sydney. 
The symposium is intended primarily for engineers with a 
professional or academic interest in loudspeaker system 
theory, design and measurement. It will feature local 
authorities in the field as well as interstate and overseas 
experts who are in Sydney for the I REE International 
Electronics Convention '75. 
Special guests of the symposium include Prof J Robert 
Ashley of the University of Colorado and Paul W Klipsch, 
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the designer of the world-famous Klipschorn. Both will take 
part in the symposium, and both will also present special 
evening lectures which will be open to the public. These 
lectures, which are also Audio Group meetings, are 
scheduled for 8 pm on Thursday and Friday, 21 and 22 
August. Both will be held at the University of Sydney in 
Lecture Theatre 1, Merewether Building, corner of City 
Road and Codrington Street, Darlington. Admission to the 
evening lectures is free — there is a charge however for 
delegates to the main symposium. 
Further details on the Loudspeaker symposium may te 
obtained from the Symposium Comittee Chairman, Dr J 

Big amplifiers seem to be 
becoming the norm. Latest 
model RA 1412 from Rotel 
delivers 110 watts per channel 
(min. continuous power with 
both channels driven) into 
8 ohms from 20-20 000 Hz 
with not more than 0.1% 
distortion. 

Ernest Benson, 4 Beaumont Ave, Denistone, NSW, 2114, 
Telephone (02) 85-2126. 

ELECTRONIC SYNTHESIZERS 
Several major feature articles covering the place of the 
electronic music synthesizer in music are published in the 
August issue of our companion magazine Hi Fi Review. 
Included within the section is a most interesting article by 
modern composer David Ahern and a very comprehensive 
discography — so if electronic music synthesizers are your 
thing — don't miss out. 

B & W 
the royal family 
of sotinc 
What makes B & W speakers different 
from every other speaker' It is the 
visual assurance that not only do they 
sound good, but they are, in fact, 
without unexpected peaks and valleys. 
Each B & W is checked in the factory 
on a special anechoic test section 
so that the handling performance of 
your speaker is plotted by B & K 
instruments from lowest to highest 
frequency. See the response of 
your speaker before you buy. 

• re, ofmnended ret,orl price 

,e 

Ono 

he best value DM2 A 
(minor Acoustic Line 
or those who would like the crisp 
ilisrn of the UM 10 out in a Smaller 

package, there is the Of1.12 Mond.. 
also less espenside It Is worth your 
while to make the comparison bet ween 
the superb Dfl.170 and the DM2 
Monitor vvrth its thud order Botrev• 
worth cr oss over network and 8th wave 
at otrstic wave line syste m in an in , Cr nil 

folded tapered pipe Three speakers 
with superb straight line frequency 
response across the whole spectrum 
fir teak, while and walnut 
5475 per parr • 

The best of the best , 
DM70 Monitor Electrostatic 
The B & W OF:170 Monitor F lectrostati 
speaker is the most unusual speaker in 
the world It combines a bass pump 
with a 30 5 cm piston with a free hr 

resonance of 18 to 22 Hz in a baffle 
type chamber which produces high 
power low frequency wave for ms with 
enact fidelity below 400 Hz On top is 
a free standing electrostatic semi 
circular array of 9 speaker units that 
have no m oving parts From 400 cycles 
up to well beyond human heaong 
levels, these esclusive B & W units 
reproduce sound lust as it is at thr. 
microphone You must hear these 
speakers to credit the. faithful 
repr oduction In w hite and Walnut 
51100 per pair • 

The mighty atomn 
DM4 Monitor 
So small in size, but 
enor mous in sound 
reproduction from 
high to low frequency 
r 5 is the speaker that 
has lost astounded 
critics all over the 
world They card this 
type of sound could 
not come from a 
speaker lust over one 
cubic foot Walnut 
5366 per pair • 

B & W D5 
Sound Value 
A small speaker hut 
a wonder ful 
per loirnance and ii 

an en traordinar sly 

keen price for those 
who want B & W 
qualrty on a budget 
This %peak , Is a 

ren,ar kahle invest 

ment in quallty sound 
Only a little above 
the budget prir ed 
speaker hut its fidelity 
and real timbre has to 
he heard Walnut 
$199' 

B & W DISTRIBUTORS — VICTORIA: buy _ rite Electronics, Geo. Haydnorne, Southern Sound, Toms Hi Fi, Tivoli Hi F i. SYDNEY: 
Technocentre, losound, Arrovv, U.R.D., Miiversons - Chatswoo1 & Parramatta SOUTH AUSTRALIA: Sound Spectrum. A.C.T.: Duratone. 
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5% OFF ON ORDERS OVER $50.00 
10 % OFF ON ORDERS OVER $1 00.00 
15 % OFF ON ORDERS OVER $250.00 

TTL 
7400  $ .14 

7401  .16 

7402  IS 

7403  .16 

7404  .19 

7405 

7406 

7407 

7408 

7409 

7410 

7411 

7413 

7416 

7417 

74/0 

7422 

7423 

7425 

74/6 

7427 

7410 

7432 

7437 

7438 

7440 

7441 

7442 

7443 

7444 

7445 

7446 

7447 

7448 

7450 

.19 

.35 

.35 

.18 

.19 

.16 

.25 

.55 

.3S 

.35 

.16 

.26 

.29 

.17 

.16 

.29 

.20 

.23 

.35 

.35 

.17 

.98 

.77 

.87 

.87 

.89 

.91 

.89 

1.04 

.17 

7451 

7453 

7454 

7460 

7464 

7465 

7470 

7472 

7473 

7474 

7475 

7476 

7483 

7485 

7486 

7489 

7490 

7491 

7492 

7493 

7494 

7495 

74 % 

7410(1 

74105 

74107 

74121 

74122 
74121 

74125 

74126 

74141 

74145 

74150 

74151 

74153 

LOW POWER TTL 
'MOO  S .26  741 51 

1101  .26  74156 

'4101  .25  74171 

'4104  .15  74172 

4106  .26  74171 

'41 10  .25  74 04 

-4120  II  74178 

'41 10  .11  74385 

74142  1.41  74014 

NIGH SPEED TTL 
741100  $ 2%  74H21  S .26 

'4101  25  "41122  25 

'41104  IS  741110  IS 

'41108  .15  741140  IS 

'41410  IS  741150  25 

741111  .16  74H52  26 

-awn  f  '411 0  25 

.17 

.17 

.17 

.17 

.35 

.35 

.30 

.3o 

.35 

.35 

.57 

.39 

.79 

1.10 

.ao 
2.48 

.59 

.97 

.71 

.60 

.94 

.79 

.79 

1.30 

.44 

.40 

.42 

.45 

.85 

.54 

.63 

1.04 

1.04 

.97 

.79 

.99 

S .29 

11 

.25 

19 

.49 

.79 

1.26 

.69 

8000 SERIES 
403,1  $  11214 

8092  .61  8110 

8095  1.16  8210 

0121  .80  8510 

81/1  1.41  8551 

8110  1.97  0662 

8200  2.11  8564 

4210  1'9  10114 

$3 .49 

1.49 

II" 

1.15 

1.14 

2.14 

1.14 

54 

74154 

74155 

74156 

74157 

74158 

74160 

74161 

74162 

74163 

74164 

74165 

74166 

74170 

74173 

74174 

74175 

74176 

74177 

74180 

74181 

74182 

74184 

74185 

74187 

74190 

74191 

74192 

74193 

74194 

74195 

74196 

74197 

74198 

74199 

74200 

76190 

74141 

74(91 

74195 

74198 

741164 

74(165 

741465 

741160 

741461 

741162 

741172 

741171 

713476 

8811 

8812 

8011 

88 )0 

11811 

8880 

8251 

425 7 

1.25 

1.07 

1.07 

.99 

1.79 

1.39 

1.25 

1.49 

1.39 

1.59 

1.59 

1.49 

2.30 

1.49 

1.62 

1.39 

.89 

.84 

.90 

2.98 
.79 

2.19 
1.29 
5.95 

135 

1.35 

1.25 

1.1'1 

1.25 

.89 

1.25 

.89 

1.71 

1.79 

5.90 

51.49 

1.46 

1.69 

199 

2.71 

2.79 

2.79 

S .15 

.2S 

.26 

.15 

.19 

.01 

.49 

4.69 

.84 

2.19 

119 

2.19 

.25 

1.14 

5.79 

I. i9 

9000 SERIES 
S '9  4501  $ .89 

1111  101  9112  71  sabot '41 

Data sheets on request 
With ruder add 5.10 for items less than $1.00 ea. 

C M O S  4011.4  Ur  10 505  69 

40004  S 1  10174  1.14  401•114  .89 

40011  2.  40204  1.19  401.84  .44 

40024  .15  40234  1.19  40694  .44 

40094  1.16  40224  1.10  40714  .26 

40074  .16  40214  .25  40724  .15 

40084  1.79  40244  .89  40714  .14 

40044  .67  40254  .2%  40754  .19 

40104  .54  40274  .59  40784  .19 

40114  19  40284  .98  40814  .25 

40124  26  40104  .44  4082.4  .1; 

10114  .4;  40154  1.27  46284  1.50 

4014  1.41  40424  1.47  4586.4  1.10 

40154  1.44  411454  .S9 

74(00  S 11  74(74  51.04  74( 161  52.91 

74( 02  2).  74( 76  1.14  74C 161  2.66 

74( 04  44  74( 07  1.11  74C 164  2.1.1. 

74(08  WI  74(161  2.61  74( 171  2.6) 

74(10  .15  74( 154  1.15  74( 195  2.66 

74( 20  .16  74(1.17  1.76  80(95  1.15 

74( 4/  1.61  74( MO  2.48  10(97  1.11 

'4(7)  1.04  74( 161  2.91 

SEPTEMBER 
SPECIALS 

SCHOOL TIME SPECIAL 
POCKET CALCULATOR KIT 
lo w lion plus constant - 
addressable memory with 
individual recall - 8 digit 
dnplay plus overflow - 
battery saver - uses standard 
of rechargeable batteries - all 
necessary parts in ready to 
assemble form - instructions 
included 

CALC KIT (WITH BATTERIES) 
ASSEMBLED (WITH BATTERIES) 
BATTERIES ONLY (DISPOSABLE) SET 

TTL 
7400 

7404 

7408 

7410 

$ .13 

.15 

.15 

.13 

CALCULATOR CHIPS 

CTS001 

0 5002 

CTSOOS 

101 Quality 
5.1.79 ea. 
2.49 ea. 
2.99 ea. 

Cosmetic Seconds 
S .99 
.99 
1.49 

54 545738  8 digit multiplexed - live function - 
chain operation 2 key memory - floating 
decimal - independent constanl - 
interlaces with led with only digit driver - 
9 V batt. oper. 24 pin  $3.95 

9 DIGIT LED DISPLAY - FNA37 

$13.95 
15.95 
2.50 

MEMORIES 
.0+15101 
sfmtt03 
54545203 
MA45261 
1.4645262 

$1.39 
1.49 

12.95 
1.95 
3.95 

On multiplexed substrate, comm. Ca-
thode  compatable with all 8 digit 
calculator chips, 7 segment right hand 
decimal, red with clear magnifying lens, 
.12" character, 1 to 4 MA. 1.84 typ 24" x 

'/'̀" high  $2.55 

LINEAR 
3401  SV TO-220 
NOT  154 TO-220 
301Psi MINI DIP 
307H TO-5 

51.25 
1.25 
.15 
.15 

MEMORIES 
1101  256 bil RA M M OS 

1101  1024 bit RA M M OS 

2101  1024 bit sten RA M 

5201  2340 bit 1,6 eras PR O M 

1260 

5261 

S261 

'18.. 

1024 bit RASA 

1024 bil RA M 

2048 bit RA M 

64 hit RO M III 

Porgtanowable RO M 

1% hot RA M Iri-  

1.50 

3.95 

5.55 

17.96 

1.49 

2.69 

5.95 

2.48 

1.69 

590 

O UR 10. DISCOUNT HAS BEEN DEDUCTED 
FR O M  ALL  PRICES  REGARDLESS  OF 
A M O U N1 OF ORDER. poil,„  

CALCULATOR & 
CLOCK CHIPS 
6041  12 DIG 4 tuns) In det  $3.45 

1002  la me as WO. rat Wry pro  1.95 

6005  II DIG 4 luntl w me.,,  4.96 

M A45715  8 DIG 4 font, the m A det  1.98 

M 446716  18 Fort 6 DIG 4 lunt 1  4.46 

44/646711  8 DIG 5 lunt i 1. 4 me..,  5.36 

/11146719  9 DIG 4 Writ 1 M t. or.)  6.35 

40146111  28 pin BC D 6 dig mu.  4.45 

MI646112  24 pin 1 pp, BC D 4 dog run  3.95 

110.45111  28 pin 1 pp. BC D 6 dig mu.  4.46 

M M5114  24 pin 6 dig mu.  4.45 

441645116  40 pin alar m 4 dig  5.0. 

LED's 
16461011  Red 10 111  5 .11 

545 50  Arial leads  34 

MS 50/0  lu mbo Ln. Red (Red Do me)  21 

1001b0 1,i, Red (Clear Dowel  .11 
1.114  Inlra red dill. do me  .64 

44/1151  Red 7 •eg..270- 2.19 

1.44112  Red alpha nunt.32- 4.19 

1.44144  Red 7 wry. .190"  1.95 

M ANS  Green 7 seg..270"  1.45 

M ANS  .6" high solid seq.  4./6 

M AN]  Ned 7 seq..270“  1 19 

1.4448  Yellow 7 son. .270- 1.46 

A4415165  .6" high war n! .eq.  1.7; 

M C12  Opin-ivo Iranvisior  1,1 

MULTIPLE DISPLAYS 
%S.. 11  1 dotal  12 - led led 12 pin 

lel, I( Ai 

HP5081  S disul .11 led rnagn lens 

• off, taih  3.49 

M A 17  9 digil 7 stir led 1111 Act 

mann. len.  4.95 

SP.426-09  9 dogit .26- neon dm.. I inter-

lar r 4611h 64 06 IS). IRO St)(  7 wig 1.79 

SHIFT REGISTERS 
54 546011  1014 IA at um dyna mo  m OIP  $1.75 

54 54 1016  .00 514 ho dyna mo  m DIP  1.69 

M A45058  1024 611 .14111  DIP  1.45 

S1.5.4026  Dual 64 bi. tlalit  DIP  1.19 

DTL 
918  5 

932  IS 

936  15 

917 

944 

946 

.16 

.16 

.15 

949 

962 

961 

.15 

.15 

.15 

LINEAR CIRCUITS 
.100  Co. V Reg (super  : i.  TO.5  S .71 

101  Hi Pert Op Amp  onDIP 40.5  .29 

302  lioll follower  00-5  33 

284  van V Keg  TO-S  JO 

31/5  004 9 Reg  TO-S  .71 

107  Op A MP (wipe, 741)  onDIP 10.5  .26 

108  Mitt° Plat Op Amp  m DIP 10-5  .89 

M k  51 IA regulalot  10.1  1.35 

110  6- follower Op Amp  TO-5 m DIP  107 

III  Hi pert le Comp  m DIP 10.5  .95 

119  Hi Speed Dual Comp  DIP  1.1) 

120  sreg Reg 5.2. 11. IS  10.1  1.04 

122  fqr4 mon Timer  DIP  1.70 

124  Quad Op Amp  DIP  1.52 

119  Quad Co mparalor  DIP  3.58 

14010,  Co. 6 me  g 161. 56. 86. 

125. liS. 1111. 2.151  10-1  1.69 

1401  P. V ten 05. 61. 81. 

125. 155. 186, 2491  10-220  1.49 

170  AGCrSquelth A MP(  10 4 or DIP  .71 

172  41•11 Slrip &Ie. lot  DIP  2.91 

171  A M I M 5511 Slop  DIP  .53 

176  Pm V Reg  roDIP  1.41 

177  ha Shorn amp  DIP  1.16 

180  215 Arsdies Amp  DIP  1.11 

180-4  .5. Audio Amp  niDIP  1.52 

181  lu 5rone Dual prea mp  DIP  1 51 

181  lo %II... Dual 14rear M1 DIP  71 
650  Pre. 1. Rep  DIP  .89 

556  lime.  inDIP  .89 

5554  Dual 565 Timer  DIP  1.44 

51.0  Ph ... U. Led loop  11IP  I.40 

;62  Ph.ru. los Led loop  DIP  1.48 

565  Ph••r 104 Led loop  DIP 10.6  1.18 

(IA  Fun( lion 4.,  m DIP TO-5  2.26 

567  Ione Orr oder  inD1P  LW. 

701 Opecalional A MP1  10•5 or DIP  .16 

710  Ho Speed Sob ( omp  DIP  .16 

'11  Dual DOI r I r ni r ( ompai  DIP  .z6 
-21  5 Reg  DIP  .61 

'14  Dual H. Peri Op Amp  DIP  1.07 

741  ( omp Op A MP  m DIP 10.6  .31 

747  Dual 741 Op Amp  DIP ot 10-5  it 

748  heti Adj 741  m DIP  .15 

1107  144 164u1p4 Stereo De mod  DIP  .74 

1458  Dual ( omp Op Amp  m DIP  .62 

1800  Stereo noilloplerio  DIP  2.40 

111211) Dual 111 211 6 Cri mp  DIP  1.70 

1400  Quad Amplifier  DIP  .0; 

7524  Coo Men, Senre A MP1  DIP  .71 

0864  1 DIG led Calh Dr,.  DIP  2.26 

7:150  Dual line Dose,  DIP  1.75 

75461  Dual Perepheral ° met  inDIP  .15 

75452  Dual Peripheral Driver  m D1P  .35 

75461  11;11 Dual Persph Diner  inDIP  .16 

71141  Quad Sep Dru m fro 11 0  DIP  .71 

75492  Hr. Dont driver  DIP  .ao 

The prices as listed are in Australian dollars. Send bank cheque with order. It 

international postal money order is used send receipt with order Shipment will be made 

24) marl  Postaq, Paid  within three days from receipt Minimum order -- SS 00 

INTERNATIONAL ELECTRONICS UNLIMITED 
P.O. BOX 1708/ MONTEREY, CA. 93940 USA 

v cki  PHONE (408) 659-3171 
ems 
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101. 
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SOY 
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Motor speed control 

Wallet these circuits 
sneak for themselves 

These circuits are typical of the varied 
applications of the Plessey SL 440 Power 
Control I.C. This versatile device is 
designed to provide variable-phase control 
of triacs and other power switching devices 
in a variety of domestic and industrial 
applications. 

The device contains the following — 
Conduction Control, Crossover Detector 

(zero crossing detector), Servo Amplifier, 
Internal Stabilised Supply (available for 

external circuitry), Total Power Shut-down 
Facility and A.G. Lcad Current Limitation. 

It may be applied to a manually 
controlled lamp dimmer, an automatic lamp 
fading circuit, for use in a motor speed 
control or symmetrical timing applications. 
The SL 440 is encapsulated in a 14 lead 
plastic D.I.L. package. 

Comprehensive technical literature is 
available on request to the Professional 
Components Division. 

PLESSEY • 
Plessey Australia Ply Limited 
Components Division Box 2 PO Villawood NSW 2163 
Telephone 72 0133 Telex 20384 

MELB. Zephyr Products Pty Ltd 56 7231. ADEL. 
K. D. Fisher & Co 223 6294. BRIS. L. E. Boughen 
& Co 70 8097. PERTH H. 1. McQuillan Pty Ltd 
68 7111. N.Z. Henderson (HZ.) 6 4189. 

ACI21 HOLT 
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( THE WAVE OF THE FUTURE 
lc  I N FI NI T Y 

SO TECHNICALLYADVANCED IT SHOULD HAVE BEEN INVENTED TOMORROW1 



SPECIFICATIONS 
Frequency Response: 

30 to 21 KHz  15 db 

Crossover Frequency: 

500 H7, 5000 Hz 

Nominal Impedance 
8 ohms 

Maximum Amplif Br Power: 
200 watts/channe program 

Minimum Amplifier Power: 
20 watts. RMS/chrannei 

Dimensions: 
27'." high, 20" wick, 14" deep 

77 

The reviewers of Hi Fi Newsletter had this to 
say about the Infinity 2000A: 

"... The Infinity people have demonstrated 
with the 2000A that they know their way 
in the problematic and highly controversial 
speaker world. Their representative, then, 
deserves our highest rating, and until 
something better comes aft ng 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 f-equency response, 
has much better dispersion and has about 5 db 
added efficiency. 
It is smoother in frequency reiponse 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 eViciency 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 riced 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 
a 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 textlooks 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 ;s 
transient perfect — a feat which io other speaker 
has achieved. 

-*OW  :./ Ẁ' 

I ;1i 

The infinity fine family of speakers available from 

The drive mechanism of the tweeter is a voice coil 
in a very intense magretic field. This drive mechanism 
was selected for its sinplicity and inherent reliability, 
although any drive system could be used inasmuch 
as the cone is only pli.cked at the base. 
Sound velocities much higher thar the speed of 

sound in air are propagated up the metallic cone. 
Sound is emitted on various parts of The cone 
corresponding to the -.emporal and spatial scheme 
of Figure 1. Thus, each bit of audio nformation 
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 reality. 

THE MIDRANGE SECTION 
The midrange speaker is a very hich 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 
quality of this device is big and open with 
excellent transient response due to its low time 
delay distortion. 

THE BASS SECTION 
The bass driver is a 12" woofer w th a full 

one 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 very 
lowest fundamental bass frequencies with excellent 
transient response and very low harmonic distortion. 

INSTROL  CNR PITT& KING STREETS, SYDNEY; 91a YORK STREET, 
SYDNEY; 375 LONSDALE STREET, MELBOURNE • MIRANDA HI-Fl — 
SHOP 67 MIRANDA FAIR, 525-7800 • QUANTUM ELECTRONICS — 
HOBART • TRUSCOTTS — ADELAIDE 



Jensen stomps their 
own grapes 
Some people make their own wine. Jensen starts from the 
ground up. too. We've been stomping around in the 
speaker field for 46 years. here. in America. Built into every 
Jensen speaker system is our Total Energy Response which 
provides distortion-free response over a wide performance 
range. Jensen's cabinet design is a refreshing treat 
finished in hand-rubbed walnut with removable, textured 
fabric grills. 
Our Models 4, 5. and 6 are only samples picked from 
Jensen's vintage line. Try a sip of any of our High 
Fidelity Speakers. Juicy. 

AUSTRALIAN B DISTRIBUTORS:  ID Electronics Pty. Ltd. 

202 Pelham St., Carlton, 3053 Vic. Ph. 347-8255 
65 Parramatta Rd., Five Dock 2046 NSW, Ph. 799-3156 
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(Continued from page 14) 

LOGGING TAPE RECORDERS 
Electrodata Associates Pty Ltd, 
18 Coward Street, Mascot, NSW, 
Australia, is pleased to announce a 
new range of communications tape 
recorders — System 8400 — for log-
ging voice communication channels 
over extended periods of time. 
Designed and built in Australia the 
System 8400 range comprises three 
basic dual deck models for recording 
8, 16 and 32 channels on %, 1/2 and 1 
inch tape respectively. In addition a 
range of lower priced, single deck 
recorders are available for applications 
where some interruption to recording 
every 24 hours may be tolerated in 
order to change tapes. 
The System 8400 recorders are de-
signed for a wide range of applications 
from single channel recording at tele-
vision and radio studios to multi-
channel recording at air, land and 
marine traffic control centres. The 
recorders are also ideally suited to 
improving efficiency in organisations 
using radio telephone communications. 
A wide range of optional facilities, 
coupled with modular construction, 
enables System 8400 recorders to be 
assembled to suit virtually any cus-
tomer requirement. Australian design 
and factory support ensures an after 
sales service standard previously un-  BATTERY CHARGERS 
available with this type of equioment 

A/D — D/A CONVERTORS 

Anderson Digital Electronics has 
recently taken cver the representation 
of Analogic products throughout 
Australia. 

Analogic is a company entirely in-
volved with the supply of analog to 
digital and digital to analog conversion 

equipment. Typical of this are the 
digital panel meters, adc's, dac's com-
puter data aquisition systems and the 
latest industrial digitizing systems, 
similar to the AN 5351 pictured. 
For further information contact: 
Anderson Digital Electronics, P.O. 
Box 322, Mt Waverley Vic. 3149. 
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A&R-Soanar Electronics Group 
have just added three new battery 
chargers to their comprehensive range 
of equipment. 

Known as the Formula series these 
new units are designed to charge six 
volt and 12 volt lead-acid batteries 
individually or in banks and are part-
icularly suited o industry, fleet owners, 
farmers and the automotive trades. 

Each charger in the series, is fitted 
with a large-scale ammeter and incor-
porates a fully automatic circuit 
breaker to protect the unit from 

damage in the event of an overload, 
short circuit, or reversed polarity 
when connections are made to a 
battery or bank of batteries. 
A high charge circuit delivers full 

output current from the charger and 
is used to boost charge single batteries 
or fast-charge a group of batteries 
connected in parallel. A low charge 
circuit provides 50% of the charger's 
maximum output current and is parti-
cularly useful when charging a bank 
of batteries as it facilitates achieve. 
ment of the optimum or trickle 
charging rates. 
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ANALYSERS REVEAL FUNCTIONAL 
RELATIONS IN AS MANY AS 32 
PARALLEL DATA CHANNELS 
WITH WORD-FORMAT DISPLAY 

Today, designers of microprocessor-
based or microprogrammed equip-
ment, as well as designers of more 
traditional computer, data commu-
nications, and numeric control logic 
circuitry must measure much more 
than the electrical dimensions of data 
signals. They must analyse the 
functional relations among the bits. To 
work thus in 'the data domain,' test 
equipment should present a functional 
picture in word format, triggered 
and indexed on digital words. Many 
users require 16 channels; 32 would 
not be a luxury. A way to 'map the 
territory' in the data domain would 
also help. Such equipment now exists. 

Two new Logic State Analysers 
from Hewlett-Packard, working to-
gether, can present in words formatted 
in 1's and O's, the sequential flow of 
data in 32 parallel channels. Model 
1607A alone will produce a 16-

channel word-format display on the 
screen of any modern lab oscillo-
scope. On its own CRT, Model 1600A 
can show a 16-channel sequence, or 32 
channels when working with the 1607A. 
The 1600A introduces a new 
technique, 'mapping' of logic 
operations, making characteristic per-
formance instantly recognisable by 
taking advantage of the ease with 
which humans can detect patterns 
and pattern changes. Mapping can 
contribute importantly to develop-
ment of efficient programmes. Both 
analysers work at clock speeds up to 
20 MHz and trigger on preset data 
words. 
Triggering is the key to the instru-

ment's ability to find out what goes 
on in a logic machine. To find out 
what sequence follows a unique word 
(established by trigger-word switches), 
the analyser is set to start display on 
that word, for example to confirm a 
turn-on sequence or to check response 
to a key-stroke. End display 
triggering makes it possible to capture 
'negative time', for example to find 

the sequence that preceded a 'crash'. 
If desired, the trigger word can be 
placed anywhere in the 16-word 
'window' to reveal what occurred 
both before and after the trigger word. 
The 'window' can be moved beyond the 
trigger word by any exact number of 
clock-pulses up to 99 999. That would 
be useful, for example, to get past 
loops or to measure the exact length 
of subroutines. With trigger Off the 
analyser runs freely; one use would be 
to discover why a machine may be 
stuck in a loop — capture a 16-word 
sequence arbitrarily anywhere in the 
loop, then use Word and Delay modes 
to page through until the cause is seen. 
The Bus trigger makes it possible to bus 
a 1600A and a 1607A together to 
form a trigger word up to 32 bits long. 
Model 1600A can show 16 successive 

32-channel sequences. If a 1607A is 
also used, the display may be of two 
independent but simultaneous 16-bit 
sequences side by side. In programme 
analysis, data words each as long as 16 
bits could be shown alongside corres-
ponding 16-bit addresses. 
The 1600A can 'memorise' sequences 

of 16-bit words, and show them on 
the right of the screen if desired; to 
speed comparisons with new sequences 
called up on the left, the right table can 
be set to display Exclusive-Or com-
parisons, showing any bit that differs 
as an intensified 1. To help catch inter-
mittents, the 1600A can be set to run 
freely until the two displays fail to 
match, then to halt automatically and 
store the anomalous sequence. 
The 1600A produces 'maps' of logic-

machine operation which graphically 
show each address or state as a dot on 
the screen; its brightness reveals its 
relative frequency of occurrence; lines 

between dots indicate the direction of 
state flow. The display is an arrange-
ment of 216  dots, each representing 
one possible combination of the 16-
bit parallel input lines, so every pos-
sible input word has a corresponding 
dot location. Such a map forms an 
instantly-recognisable pattern for each 
operation; departures are detected 
much faster than by comparing 
tabular presentations. Any dot of 
interest on the map can be identified 
with a cursor; spot it over the dot in 
map-expand mode, return to tabular 
display with a pushbutton, and the 
word at the cursor's position will be in 
the trigger position on the screen. 
Model 1607A can convert an oscillo-

scope into a word-format logic state 
analyser. Rear panel X, Y, and Z out-
puts will drive oscilloscopes with dc-
coupled inputs on all three channels, 
with frequency-response 500 kHz or 
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more, and deflection factor 1 vidiv 
or better. Both the 1600A and 1607A 
have trigger outputs for oscilloscopes, 
delivering a trigger pulse everytime the 
preset trigger word occurs, to synch-
ronise the word-format display with 
oscilloscope measurement of the 
digital signal's electrical characteristics. 

UNIVERSAL COUNTER FEATURES 
MODULAR DESIGN 

Modular design and choice of 
options give the user of 
Hewlett-Packard's Model 5328A 
Universal Counter the ability to 
fit the counter to his unique needs. 
The simplest version, with no 
options, makes frequency 
measurements to 100 MHz, and 
single-shot time interval 
measurements to 100 nanoseconds 
resolution. Time interval averaging 
increases resolution to 10 picoseconds 
for repetitive events. It also measures 
period, period average and frequency 
ratio, and will totalise and scale 
inputs. Frequency measurement 
sensitivity is 25 millivolts rms to 
40 MHz and 50 millivolts rms to 
100 MHz. 
Arming capability, previously 
available only in higher-priced 
instruments, gives precise control 
over the start of a measurement. 
When the counter is switched to the 
armed mode, an input on one 
channel determines when the counter 
starts a measurement on a second 
channel. Such control is essential 
for frequency profile measurements on 
swept signals. Arming also enables 
time interval measurements starting 
on a selected pulse in a bit stream. 
Six options are currently available 
to expand the capabilities of the 
Model 5328A. A high performance 
universal module, option 040, 
expands time interval capabilities 
and adds switchable input impedance 
of 1 megohm or 50 ohms. 
Frequency range can be increased 
from 100 MHz to 512 MHz with an 
optional Channel C input (Option 
030). Sensitivity at 512 MHz is 15 
millivolts rms. The ratio of an 
input frequency on Channel C to 
that on normal Channel A input can 
be measured. Also the events 
occurring on Channel C can be 
totalled between the time of 
occurrence of pulses on Channels A 
and B. The display is nine digits for 
all Channel C functions. 
Two DVM options are available 
which measure external dc as well as 
internal trigger level settings. Option 

• 
4- 4 

• 

020 is single ended; Option 021 has a 
floating input with resolution to 10 
microvolts, autoranging and an input 
filter that can be switched in to 
suppress normal-mode noise. 
Hewlett-Packard Interface Bus 
(HP-1B) Option 011 allows remote 
programming and digital output 

I  I  • 

I 

•  " Mail = 

through a single I/O connector for 
systems applications. 
A high-stability time base, Option 010, 
has an oven oscillator with an aging 
rate of less than 5 x 10-10  per day. 
For further information contact 
Hewlett-Packard Australia Pty Ltd., 
31-41 Joseph St. Blackburn, Vic. 3130. 

DUAL FUNCTION 'SCOPE PROBE 
A locking push-button switch 
provides instantaneous change from 
X10 to X1 modes with the passive 
probe kit now available from B.W.D. 
Electronics Pty. Ltd. 

Designated the DuoProbe P32, the 
single head, dual function probe is 
supplied in a protective wallet 
complete with 1.2 -n ultra-flexible 
lead, BNC input connector, detachable 
sprung hook and insulating sleeve. A 
trimming tool is also provided for 
input capacity trimming, and is readily 
accessible at the probe head. 

The push-button, incorporated 
within the head, provides instant 
transfer to the X1 mode when, for 
example, recalling a lost trace on the 
oscilloscope; with :he option of 
locking-on for con-.inuous use by 
turning the button through 900. 

Specifications include bandwidths of 
dc to 80 MHz (X10 mode) and dc to 
20 MHz (X1 mode). Rise time is less 

than 4nSec, and input resistance in the 
X10 mode is 10M ohms when used 
with oscilloscopes having 1M ohms 
input. 
Further details from: B.W.D. 
Electronics Pty. Ltd., P.O. Box 123 
Glen Iris, Vic. 3146. 

OPTO COUPLERS 
FROM NATIONAL 
National Semiconductor announces 
the addition of four JEDEC-registered 
opto-couplers to its line of 
optoelectronics products. The 4N25, 
4N26 and 4N28 — each consisting of 
a gallium arsenide LED optically 
coupled to a silicon phototransistor 
— find wide use in applications such 
as phase control, feedback controls, 
telephone line receivers, line to 
digital-logic isolation circuitry, solid 
state relays and so forth. 
All of the new opto couplers feature 
high electrical isolation, high 
current-transfer ratios, small size and 
low cost. 
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FREE OFFER!!! 
FREE OFFER  OF  10 OF 0A90 (15188) 
GER MANIUM  DIODES  WITH  EVERY 
PURCHASE OF $5 OR MORE, FOR THIS 
MONTH ONLY!!! TAKE ADVANTAGE OF 
THIS FREE OFFER NOW! DON'T DELAY! 
GUARANTEED  MONEY  BACK  IF NOT 
SATISFIED!  JUST  LOOK  AT  OUR 
PRICES!!! BC557 (BCI77, BCI57) BC558 
(BC178, BC158), BC559 (BC179, BC159), 
13C337,  BC338,  AS147,  AS148,  AS149, 
AS320, AS322, A5205 - All only 20c ea. 
EM410  (1000v,  1A)  -  20c  ea.  GLASS 
RECTIFIER 1135059 (EM402) 200v, IA - 
10c ea. GERMANIUM DIODE 15188 (0A90) 
-  8c  ea.  COPPER  CLAD  BOARD  at 
Incredible Prices 6" x 3" - 25c, 8" x 5" - 
35c, 12" x 9" - $1.75. Miniature Tuning 
gang  with  inbuilt  trimmers  -  50c. 

ELECTROLYTICS  AT  UNBEATABLE 
PRICES. ALL TOP QUALITY PIGTAILS. 
2uf/300v - 18c, 16uf/300v - 25c, 25uf/300v 
- 30c, 32uf1450v - 60c, 100uf/200v - 70c, 
200 0/659  -  60c,  1000uf/25v  -  50c, 
2 500uf/25v  -  80c.  INTEGRATED 
CIRCUITS  AT  GENUINELY  BARGAIN 
PRICES -  DIGITAL T.T.L.  7400,  7401, 
7402, 7410, 7420, 7430, 7440 - 35c ea., 
7404 - 45c, 7408 - 50c, 7413 - 80c, 7473, 
7474, 7475 - $1.05 ea., 7441, O7442 - 31.75 
ea., 7447 -  0.20. LINEAR  P AMPS 741 

- 8c,  NUDIO AMP PA234  tw 
R.M.S. (incl. Cet 0'.gram) - 05e ea. 

SUPER BARGAIN PACKS - POLVSSTER 
CAPS: All 10% Tol. in volt. of 16riv, 270v, 
400v (Mixe.0J) - 100 for $.1. 
Mostly 5%, 10%, I/2w, 1w (Mixed) - 100 for 
90c. TRANSISTORS, NEW BRANDED pnp 
and nem germanium types (Mixed) - 10 for 
$1.50.  ELECTROLYTIC  Top  quality 
Pigtails incl. low volt, and high volt. - 25 for 
$1.90. CERAMIC CAPS: Excellent quality 
low  and  high  volt.  types - 50 for $1. 
TANTALUMS: Miniature types at incredible 
price of 20 for $1.90. POTENTIOMETERS: 
Including dual, single, switch and preset pots 
-- 20 for $2.95. Post and Pack 45c or extra 
for  heavy parcels. 
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Tandy   25 
Test   92 
Trident TV  30 
Union Carbide  58 
Video Hi-Fl    BO 
Wardrope L Carroll    92 
Wedderspecin, W.0   23.109 
Wright Audio  100 

piessey Peo1015    

Pr k  Radio Parts GrOuP 
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THREE TERMINAL VOLTAGE 
REGULATORS 
Three new series of easy-to-use 
voltage regulators have been 
developed by National Semiconductor 
Called the LM341, LM342, and the 
LM78L, all of the new regulators are 
three terminal (in, out, and ground) 
devices available in several output 
voltages making them useful in a 
wide range of applications. 

The LM341 series is available in 
the popular plastic TO-202 tab 
package in voltages that include 
5, 6, 8, 12, 15, 18, and 24 volts. 
Output current for the LM341 
series is a hefty 500 milliamps with 
adequate heat sinking. 

The LM342 series also comes in 
the TO-202 package and is 
available in 5, 6, 8, 10, 12, 15, 18, and 
24 volt versions with a current 
rating of 200 milliamps. 

The LM78L series is available in 
either a three-lead TO-5 can or a 
TO-92 plastic package. It has 
output voltage ratings of 
5, 8, 12, 15, 18, and 24 volts 
and has a current rating of 100 
milliamps. 

All of the new regulators may be 
employed for on-card regulation, 
eliminating the distribution problems 
associated with single point regulation. 
And because of the wide range of 
available voltages, the devices may be 
used in logic systems, instrumentation, 
hi-fi, TV, and other solid state over, 
electronic equipment. Although 
designed primarily as fixed voltage 
regulators, all of the new circuits can 
be used with external components to 
obtain adjustable voltage and current 
operation. In addition, the LM78L 
series regulators may be used as a 
zener diode/resistor combination 
replacement in simple pass transistor 
regulators resulting in a significant 
improvement in output impedance and 
a lower quiescent current. The 
LM341 and LM342 may also be 
used in this configuration where 
higher currents are required. 

Current limiting in all of the new 
regulators is included on-chip to 
limit the peak output current to a 
safe level. If internal power 
dissipation becomes too high for the 
heat sinking provided, an internal 
thermal shutdown circuit takes 
preventing the IC from overheating. 

HYBRID CRYSTAL OSCILLATORS 
Sprague Electric Company has 
announced a range of hybrid 
quartz crystal oscillators. 
These completely self-contained 
units comprise the quartz crystal 
plus the necessary amplifying 
circuitry made by thick film 
techniques, all mounted in a 
hermetically sealed metal case. 
The frequency range of the units is 
from 300 kHz to 20 MHz. Outputs 
are TTL compatible and are 
available in normal, reverse or 
divided frequency modes. 
Frequency accuracy of the units 
is claimed to be plus/minus 0.003% 
and frequency stability over ti°C to 
+ 70°C plus/minus 0.008%. 
For further detail contact Namco 
Electronics, 239 Bay Street, North 
Brighton Victoria 3186. 

PAL RECEIVER CRYSTAL 
A low cost, quality quartz crystal 
resonating at 4433.619 kHz is 
offered for use in PAL Colour TV 
Receivers. 
This crystal is produced by a leading 
U.S. manufacturer, who has set-up 
special facilities for volume 
production and is a major exporter. 
The crystal is similar to the HC-33/U 
outline, adjusted to ±0.002% fo; 
20 pF load capacitance (25°C. 
Pulling sensitivity is better than 
-370 Hz to +525 Hz for ±-5 pF. 
Stability over temperature range 
0°C to 60°C is better than ±0.002%. 
Inquiries to Crystal Department, 
Amalgamated Wireless (Australasia) 
Limited, 422 Lane Cove Road, 
North Ryde, 2113. 

ERRATA & ADDENDA 
25 WATT AMPLIFIER, ETI 440 
JULY 1975 
Page 72, Fig. 10 

The dimensions marked 42 and 122 
for the position of the transistor 
mounting holes should be 47 and 127 
resp. 

DIGITAL VOLTMETER, ETI 117 
AUGUST 1975 
Page 30, parts list. 

C5 should be 68 pF. PC board should 
be ETI 117B not ETI 1178 as 
published. 
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M-6000 

THE STEREO 
AMPLIFIER FOR 
YOU WHEN 
YOU'VE WON THE 
OPERA HOUSE 
LOTTERY. 

-Distributed i• Australia by. [1° 

With a guaranteed minimum 
power output of 300 watts per 
channel . . . a continuous 
rating of 60C watts RMS . . . 
into 8 ohm speaker systems, and 
a THD of 0.C5% through a 
frequency response of 20 Hz. 
to 20.000 Hz , the LUXMAN 
M-6000 must be regarded as 
the ultimate stereo amplifier. 

It will satisfy the most 
demanding stereo enthusiast 
... particular y when combined 
with the tota flexibility of the 
LUXMAN C-1000 Pre-Amplifier 
Control Cent -e. 

But. naturally, the LUXMAN 
M-6000 is no: inexpensive. 

However, all is not lost. In the 
new LUXMAII series there are 
wide ranges cf power amplifiers, 
pre-amplifiers, integrated 
amplifiers. tuners and tuner/ 
amplifiers. 

II 

_ 

All have been designed with the 
same painstaking attention to 
detail — and the same 
manufacturing enthusiasm and 
precision — as the LUXMAN 
flagship, the magnificent 
M-6000. 

Choose the LUXMAN model 
which suits your stereo budget. 
Listen to it critically — and 
make your personal 
comparisons in terms of both 
design and performance. After 
all, when you choose LUXMAN, 
you'll be listening to it for a 
long time to come! 

INTERNATIONAL DYNAMICS 
(AGENCIES) PTY LTD 

23 Elma Rd North Cheltenham 
Melbourne Victoria 3192 

Available from 
AC T Duratone Hi Fo Co. Botany St 5 Alt.ee Crt Phillip 2606 Telephone 82.1388 
N.S W  M A G HoNkins Ply Ltd 400 Kent S  Sydney 2000 Te'ephone  i46-1464 547.1093 
OLD Steleo Supplies 95 Turbot St BrIsba•e 4000 Telephone  21 3627 S A  Challenge Hi FI 
Stereo 96 Pine St Adelaide 5000 Telephone 223 3599 TAS  Audio Services 44 Wilson St 
Burnie 7320 Telephone  31-2390 VIC  Encel Elertionics Ply Ltd 431 Bridge Rd Richmond 3121 
Telephone . 42.3762 W A  Arena DIStrIbeir is 2137 Hay St Perth 6000 Telephone 25 2699 ID  LA , 75 



mw „feeiperlentl! rillr:-Ir"" 
It 

•-••-••••••-••••• T 

apan s leading audio-only manufacturer, Sansui 
has always provided the vanguard in amplifier 
technology, design and development. 

Three new models — the AU-5500, AU-6600 and the 
AU-7700 — combine the latest deve opments in desig 
with electronic circuitry which produces an audio 
transparency — musicaity — impossible to write into 
technical specifications. This abstract quality must 
be heard. 

Power output of the three models range from 70 to 

110 watts RMS into 8 ohm speaker systems. Total 
harmonic distortion is less than 0.15% — the figu 
for the AU-7700 being lass than 0.1 %. Frequency 
sponse figures are eqially outstanding. 

ur hi-fi specialist will gladly tell you of all the 
hnical innovations in the new Sansul AU range. 
ten critically to these new Sansui amplifiers. Pleas 
quite analytical. We believe you will confident!y 
lect Sansui. 

re are abridged tech -noel specification 

NSUI — AU-5500. 
tput: 35 watts RMS pei channel into 8 oh 
stems. THD: Less than 0.15%. Frequency response: 
-35,000 Hz. +0.5, —1 d3 Sensitivity suits magnetic 
rtridges, tuners, tape decks, etc. Recommended list 
Ice: $419. 

I
rN SUI — AU-8000. 

tput: 45 watts RMS pe - channel into 8 ohm speaker 
stems. THD: Less than 0.15%. Frequency response: 
-40,000 Hz. +0,5, —1 d3. Sens•tivity suits magnetic 
rtridges, tuners, tape d3cks, etc. Recommended list 
ice: $469. 

NSUI —  AU-7700. 
tput: 55 watts RMS per channel in!, 8 ohm speaker 
sc'n1s THE:: Less than 0.1 %. Frequency response: 
0-50, 00 Hz.  —1 dB. Sens tivity suits magneti... 
tridges, tuners, tape decks, et: Recommended list 
cc.: $549. 

• TWO YEAR WARRANTY. All Sansui amplifiers carry a 
It 2 year warranty. Effective service 
ailable throughout Australia. 

R ANK IN DUSTRI 
A USTR ALI A 
PTY. LI MITED. 
Sydney Office: 12 Barcoo St. East Roseville, N 
Tel 4C6 5566. Melbourne °Nice: 68 Oueenst.r ,d,;e 
South M•lbourne. Vic  Tel. 62 7031. Canberra onic,r, 
25 Molor 410 Mall. FyshwIck, ACT  Tel 95 2,44' 
Adelaide Office: 2 Bowen  Kensington, S 5, 
Tel 332 4288. Brisbane Office, 14 0,08 St . F-ortItu• 
Valley, C Id Tel  32 7333  Pe ,th Orrice: 27 O rd 

W A  Tel  81 4983 INTERSTATE REPHF-
SENTAT NE: N T PhI:ner  Mtl•. ,C HOUSt.',  S rith  . 
Darwin -el. 3801 
W.A. Divributors tor Sansui: 
Atkins Culyle Limited. 1-9 Mill,gan St , Perth, M O 
Tel. 220191. 
Sansul equipment is manufactured by: 

Mac Co. Ltd., 14-1, 2-chorne. !rural. 
Tokyo, Japan. 
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