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KILL THE HISS 

keep the music 
Until now tape hiss and other irritating noises 
prevented true high fidelity reproduction, so 
JVC invented ANRS (automatic noise 
reduction system) and incorporated this 
exclusive feature in the 1667U stereo cassette 
deck. 

ANRS (automatic noise reduction system) as 
the name implies, ensures absence of tape 
hiss without sacrificing fidelity and musical 
reproduction and is claimed to be the world's 
best system by independent authorities. 

Additionally the 1667U features the 'cronios 
heads' developed by JVC, that have a life 

ter times longer than ordinary heads. 
Na:urally CrO, /Ncrmal tape selector switch, 
electrically governed DC motor, automatic 
stop mechanism and tape counter are all 
inc uded. 

For maximum recording ease the 1667U 
fea-.ures two large VU meters, separate sliding 
volume controls and convenient push buttons. 
All this ielps the 1667U boast of a frequency 
response of 30-16000Hz (±3dB) and a low 
wow ard flutter of 0.15% RMS. 

A 'must' for any serious stereo enthusiast, the 
1667U stereo cassette deck, from JVC. 

JIM 
IF YOU'RE SERIOUS 
ABOUT SOUND 

dANRS 
Automatic Noise Reduction System 
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Circuits indicate which of two switches is first depressed. 

electronics 
TODAY 
INTERNATIONAL 

FEBRUARY, 1975  Vol 5, No 2. 

main features 
INHAT'S ON IN '75  12 
A calendar of the year's main conferences and events. 

ELECTRONICS IN ART  16 
Proving Raphael changed his mind - hundreds of years later! 

IMAGE INTENSIFIERS  28 
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DOUBLE QUAD  46 
Not the cheapest approach - hut what superb sound! 

SQUARE WAVE GENERATOR  64 
Fast rise and fall waveforms produced by these unusual circuits. 
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FIRST GEOSTATIONARY SCIENTIFIC SATELLITE FOR EUROPE 

Work goes ahead on the Geostationary 
Orbital Satellite (GEOS) development 
'model' at the Electronic and Space 
Systems Group of the British Aircraft 
Corporation in Bristol, south-west 
England. GEOS is being developed by 
the Satellites for Technology 
Application and Research (STAR) 
consortium of companies for the 
European Space Research Organisation 
under the prime contractorship of 
BAC. 
The development model brings together 
for the first time the many sub-systems 
from the STAR consortium, 
together with the on-board experiment 
apparatus from the nine scientific 
groups in this multi-national programme. 
Its purpose is to resolve problems of 
functioning and electronic 
compatibility in advance of building 
the satellite flight model. GEOS is due 

for launch in the autumn of 1976 and 
will probe the nature of the electric, 
magnetic and particle fields in the 
Earth's magnetosphere. 
In operation, data from the 
satellite's attitude in orbit is derived 
from on-board sensors and 
transmitted to the ground control 
station. Computed instructions sent 
to the satellite command its attitude 
and orbit control sub-system to 
release controlled bursts of hydrazine 
through small jet thrusters, the 
reaction from which is used to 
manoeuvre the satellite in attitude and 
position. To meet the needs of the 
scientists whose apparatus is carried 
by GEOS, it will be moved between 
positions of 150W and 400E while 
maintaining a constant geostationary 
orbit 35 900 km above Earth. 

ELECTRONIC GUIDE FOR THE 
BLIND 
Germany's Ernst Leinz GmbH are 
currently developing a lightweight 
optical device to enable blind 

people to detect obstacles in front of 
them. 
The prototype units is about the 
size and shape of a torch. It converts 
optical signals into electrical signals 

the strength and frequency of which 
'describe' the obstacle encountered. 
At present the unit is in prototype 
form, but Leitz hope to have the 
devices in production by 1976. 
Price, it is hoped will not exceed A$300 
or so. 

US COLOUR TV SALES DROP 
US sales of colour TV receivers fell 
drastically in November. Final 
sales were 30.6% down compared 
with the same month in 1973. The 
decline for the first eleven months 
of 1974 was approx. 14%. 

ALUMINIUM PLATING 
Unlike most other metals, aluminium 
protects itself against many forms of 
corrosion — by forming a self-healing 
layer of aluminium oxide on its surface. 
Because of this, researchers have for 
many years tried to find ways of 
using aluminium to plate other 
types of metals — especially steel. 
Few attempts were totally success-
ful, normal electroplating methods 
cannot be used. (The so-called Brenner 
method works, but the process is 
costly and potentially dangerous.) 
Now, however, a breakthrough 
appears to have made been by 
scientists at Israel's Tel Aviv 
University. Professor Eliezer Gileadi 
and Dr. Emanuel Peled have evolved 
a successful technique based on a 
potassium bromide and aluminium 
bromide solution in a mixture of 
aromatic hydrocarbons. 
The technique has proven remark-
ably successful. The coating is said 
to be smooth, homogeneous, fine-
grained and surprisingly ductile. 
"Coated parts", claim the scientists, 
"can be bent at right angles repeatedly 
without breaking or peeling off the 
aluminium coating." 
So far all tests have shown that the 
new process should eventually 
cost no more than cadmium plating 
— the plating process is not complex. 
If this proves to be so, aluminium 
plating will challenge many existing 
forms of plating as well as intro-
ducing the possibility of new 
commercial manufacturing techniques. 
Aluminium plated steel screws, for 
example, could be used to join 
aluminium sections without 
the previous problem of inter-metal 
corrosion. A further area of possible 
innovation is in high temperature 
applications, for the melting point of 
aluminium is about 660°C compared 
with only 3200C for cadmium. 

MICRO-LASER 
A microscopic laser designed for 
powering optical communication 
systems has been built by scientists 
from California Institute of 
Technology and Japan's Hitachi Ltd. 
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The laser — 1/60 inch long and 
1/250 inch thick — incorporates an 
artificial periodic corrugation built 
into the crystalline substance, 
providing for oscillation and 
eliminating the need for 
conventional end-mirrors. The laser 
is constructed by growing five 
alternate layers of gallium arsenide 
and gallium aluminium arsenide, with 
the process interrupted after growth 
of the third, central layer to produce 
the corrugations. 

CORDLESS HEADPHONES 
Cordless headphones may soon by a 
reality. Siemens have just released details 
of a system in which headphones receive 
programme material via invisible 
infrared light 'flooding' the listening 
area. 
The heart of the system is a new photo-
diode with an active area some 9 mm2. 
This is installed in the headphones and 
picks up the frequency modulated 
infra-red radiation. A filter ensures 
that the diode picks up only infra-red. 
The infrared transmitter consists of 
four LEDs type LD241. Their combined 
power output of 60 mW is adequate for 
even for quite large rooms. 
Frequency response of the system is 
said to be excellent and the range 
extends right up to 100 kHz. Neither 
dark nor rough areas affect the 
received signal nor do the headphones 
have to pointed in any specific 
or general direction. 
A working model of the system was 
exhibited at the recent electronica 
'74. 

r' 
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A BOOST FOR SODIUM-SULPHUR BATTERY RESEARCH 

A contract for improvement of 
sodium-sulphur storage batteries has 
been awarded by the Edison Electric 
Institute (EEI) to the Research and 
Development Center. 
The Edison Electric Institute funds 
will help support an extensive GE 
research program, begun several years 
ago, aimed at developing this 
relatively new type of battery for 
applications in bulk energy storage. 
Conceived several years ago, sodium-
sulphur batteries employ liquid 
reactants (liquid sodium and liquid 
sulphur) separated by a solid electrol-
yte (a ceramic compound of sodium, 
aluminium, and oxygen called beta 
alumina). To maintain peak efficiency 
and to keep the reactants in liquid 
form, the batteries must be operated 
at temperatures of 300° — 350 ° C. 
To date, the development of sodium-
sulphur batteries has been beset by a 
number of problems, notably 
deterioration of the ceramic separator 
between the liquid sodium and the 
liquid sulphur. 
Work under the new EEI contract, 

Cell from a sodium-
sulphur battery is 
inspected by Dr. S. 

. P. Mitoff. In back-
ground, a flame issues 
from the mouth of a 
furnace used in pre-
paring the battery's 
ceramic electrolyte. 

initially proposed by GE's Dr. Fritz 
G. Will and Dr. Stephan P. Mitoff, 
involves the modification and improve-
ment of the ceramic electrolyte, the 
evaluation of factors affecting the life 
of sodium-sulphur cells, and the design 
and testing of new cells having improved 
cell configuration and seals. 

Sodium-sulphur batteries may some 
day find application in certain types 
of electric vehicles. The widespread use 
of such vehicles within urban areas 
would eliminate the emissions now 
released to the atmosphere by internal 
combustion engines, thus reducing 
air pollution. Theoretically, an 
electric car equipped with sodium-
sulphur batteries could travel as far 
on a single charge as a gasoline-powered 
automobile on a tank of fuel. 
Through the Edison Electric Institute 
and the recently formed Electric 
Power Research Institute, the investor-
owned electric utility companies in the 
United States are playing an increasingly 
active role in sponsoring research and 
development in the electric power field. 

THIRTY DOLLAR DOLBY 
RADIOS SOON? 
Even the cheapest of domestic 
radio receivers may soon have Dolby 
circuitry inbuilt according to Alan 
Gregory of the Signetics Corporation, 
manufacturers of the NE545 Dolby 
IC chip. 
Gregory beiieves that the inclusion 
of the chip (which will be sold to manu-
facturers for less than a dollar (US) will 
increase the price of domestic receivers 
by two or three dollars at the most. 

NAKAMICHI TO MAKE 
CASSETTE TAPES 
Japan's Nakamichi Research are 
about to market their own line of 
high-precision cassettes specially 
designed for use with their top 

ELECTRONICS TODAY 

quality Model 550, 700 and 1000 
cassette recorders. 
Both ferro oxide and chrome 
tapes will be produced. The ferro 
tapes are based on an extra-pure ferro-
crystal formulation, whilst the chrome 
tapes use a special formulation 
claimed to provide better signal/noise 
ratio, frequency response and top 
end output. 
Both types of tape will be used in 
what Nakamich call a 'micro-precision' 
housing. These will be guaranteed to 
'resist jamming and other tape foul-uos'. 
The new tapes will be available 
shortly in both C60 and C90 form. 
Although specially made for 
Nakamichi's own cassette recorders, 
the tapes can of course be used in all 
other high quality recorders. 

(Continued on page 11) 
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HUGE NATION•WIDE 
BULK BUYING OFFERS 
SPECIAL LOW PRICES 

DOUGLAS 
Here era oil li'rlAwel oftuhr*ne l.y.lnley 

LINEAR DESIGN 169 HI-FI SYSTEM 
Garrard automatic turntable Shure 
cartridge. dia mond stylus. connection 

recording/playback. 20 walls RMS power 
cone a. speakers in acoustically 

1169 complete, with 2 year warren 

LINEAR DESIGN 2500 SYSTEM • GST 
transcription turntable with Shure 55E c 

ydraulic 1111. magnetic anti skate, gimbal be 
dynamic balance • Amplifier has 50 we 

power output. complete range Inputs and 
tits. taps dubbing facilities • 12 bass s 
3'1 tweeters Douglas HI-Fl pnce $459 c 

Al MODEL GXC 46-13 THE GREA 
HI-Fl CASSETTE STEREO T 
AY' Famous Dolby system. c 
glass crystal ferrite head. 

reduction system DOUGLAS HI 
MONTHS W 

NSEN SPEAKERS MODEL IS The I 
system Jensen has ever mode 15 
Syntox 6 ceramic magnet structure, 
dnver 5 rear damped tweeter. Iwo 1 
a Sonodorne ultra-tweeters 100 watt 

rating Spacial Douglas HI Fl prima 

JENSEN MODEL 6, features 15 woofer 
ing no-strain bass 8 and 5 Flake., dnve 

crisp clean rrad-ranga Sposuil Douglas HI Fl prlun 

Al 400005 PROFESSIONAL 3-HEAD TAPE DE 
xclusive One-Micron Gap Head extends freq., 
ports. flat to 23 000 Hz auto-stop for editing. I 
selector switch. sound mixing. 4 track stereo 
mono operation with up to 7 spool 1219 

months w 

UNEAR DE 
power. • 

monitors A 
mixing, plugs 

LI NEAR DESIGN 1611B AMPLIFIER 
power, both channels driven at 0 
'NAN/auxiliary Inputs, stereo he 

bass/treble controls. loudness f 
monitor cIrcult 

UNEAR DESIGN 2500 AMPL IFIER 50 
power 0 7% distortion, complete range in . 

circtals, rumble scr•Ich and 
filters, twin tape monitors switching for 2 

speakers $14 

ALL LINEAR DESIGN UNITS ARE COVERED BY 
EXCLUSIVE NO FUSS 2 YEAFI WARRANT 

LINEAR DESIGN 2500 SYSTEM 

AKAI GXC 46-D STEREO 
CASSETTE RECORDER. 

W.f.) 

..,—+_liclat.1111111rAt 

DOUGLAS SELLS SOUND FOR LESS! .DoLiglas.hifi 
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AUSTRALI M 
ORGANISATION NOW. 

SYDNEY AND 
All the great 

o r  01111 

•  • 0 811111 

LINEAR 
DESIGN 279 Hi-Fl 
System Douglas Price $279 complete 

1 

DOUGLAS HII F 

Melbourne 
185-191 Bourke St., City, 
Melbourne, 3000. Phone 63 9321. 
Crive-In Service Centre, 
202 Pelham St., Carlton. 
Phone 347 8412. 

Call in now and see the gear and 
vices that make us Australia's 
14-Fl sales leaders. 
D3uglas Hi-Fi is the only 
showroom in Melbourne where you 
can see more than 30 of the world's 
leading brands together. 
And compare any combination of 
twntable. tape deck, amplifier and 
speaker instantaneously —in 
Australia's most sophisticated 
demonstration rooms. 
If iou want expert advice, you can 
trust our consultants, they are all 
Hi•Fi enthusiasts— not just 
esmen. 
Lge nation wide bulk buying 
er enables Douglas to bring 
all these top brands at 

PECIAL LOW PRICES. 
glas sells sound for less! 

lasshifi 



LARGEST Hifi 
IN MELBOURNE, 
PERTH Douglas.hz 
brands together 

DOUGLAS  SELLS SOUND  FQR 

D04915141;1 

Ben Douglas Chairman of 
Douglas Trading Pty Ltd 

DOUGLAS HI-Fl 

SYDNEY 
65 Parramatta Rd., zive Dock, 

2046. Phone 798 4177 

Trade Enquiries: BJD Electronics 
P/L., Phone 799 3156. 

Great news for N.S.W. Douglas 
Hi-Fl have opened erciting new 
showrooms in Sydney, Here you 
can see all the worli's leading 
gear —at Special low prices. 

We're the biggest Hi-Fl 
organisation in Australia, so we 
buy at better prices than anyone 

else. We do our own 
importing —in bulk. Cften by the 
container load. And we pass the 

savings on to you. 
See, hear and compare all the 

great brands together. in a single 
showroom. More than 30 top 
brands, from 4 continents. 

Hundreds of different models, the 
most comprehensrve range in 

Australia. 
All fully guaranteed, and backed 

by Australia's fastest, best 
equipped drive-in service centre. 

Douglas sells soLnd for less! 

MELBOURNE: 191 Bourke St., City. 
Ph. 63-9321. 
SYDNEY: 65 Parrarhatta Rd., Five 
Dock. Ph. 798.4177 
PERTH: 883 Wellington St., Phone 
22-5177. 

Douglas Hi-Fi 

have the 

complete range 

of the fabulous 

JENSEN 

Speakers from 

$99 to 

$1199 pair. 



Douglasmhifi 
MELBOURNE: 191 Bourke St , City. Ph. 63-9321. 
SYDNEY: 65 Parramatta Rd., ;hie Dock. Ph. 798-4177 
PERTH: 883 Wellington St., Phone 22-5177. 

BUY FOR CASH, LAY-BY OR EASY TERMS ARRANGED! 

DOUGLAS HI-Fl 

PERTH 
383 Wellington St.. Perth. W.A. 
6000. (Opposite the markets.) 
Phone 22 5177. 

If you're not impresed by 
Australia's biggest Hi-Fi 
showrcoms. you'll certainly be 
impressed by the range and quality 
of our equipment—and our low 
prices. 
More than 30 top brands. from 4 
continents. displayed in a single 
showroom. There are hundreds of 
different models to choose from. 
And to make it easy for you to 
make tfe right selection. 
custom-built electronic 
comparators enable you to 
compare any combination of 
record player. tape deck, amplifier 
aid speakers instantaneously. 
Because we buy bigger than 
anyone else, we buy cheaper. And 
we pass the savings on to you. 
Call in and prove for yourself that 
Douglas sells sound for less! 
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TALKING CONTROLS COMPUTERS 

A series of general-purpose computer 
systems which are controlled verify 
by the human voice has been introduced 
by the EMI group. These revolutionary 
systems, the first of their type com-
mercially available in the world, can 
recognise words spoken in any language, 
irrespective of vocabulary, accent or 
dialect, and even against the back-
ground sounds of an operational 
environment. 
The ability to identify spoken 
words and convert them into digital 
signals overcomes the limitations of 
conventional methods of computer 
communication, eliminating the 
intermediate paperwork associated 
with data preparation. It is particularly 
suitable for increasing job efficiency 
in situations where manually-operated 
computer communication techniques 

(Continued from page 6) 

cannot be applied because an operator's 
hands, and perhaps eyes, are already 
fully occupied. 
The desk-top equipment will be 
marketed by EMI Threshold, of Hayes, 
Middlesex, a company formed jointly 
on a 60-40 basis by Britain's EMI 
Limited and Threshold Technology 
Inc., USA. 
Apart from wiJe business usage, 
EMI Threshold systems can broaden 
the horizons of the physically 
handicapped. They can provide the 
means to be independent: controlling 
by voice many day to day functions 
such as room lighting, heating, tele-
phone, radio and television, typing 
letters or making simple calculations. 
The first system to be announced 
is the Voice Information Processor 
(VIP) 100, capaole of accepting a 

vocabulary of up to 150 words or 
short phrases including digits. The 
equipment comprises a speech pre-
processor unit, mini-computer, alpha-
numeric display, microphone headset 
and standard teletypewriter. The 
system is quickly programmed to 
accept instructions from up to 16 
operators in sequence. The voice data 
of each person can be stored either 
in the system's memory,or on orthodox 
punched paper tape or magnetic disc. 
Programming the system is easily 
done. Initially, the selected vocabulary 
of up to 150 words or phrases is 
inserted by teletypewriter into a 
mini-computer together with any 
programme of operations which the 
system will be carrying out later, from 
spoken instructions. Users of the 
system then 'train' the equipment to 
understand their individual pronun-
ciation of the vocabulary by repeating 
each word either five or 10 times into 
a noise-cancelling microphone. The 
repetition of each word enables the 
VIP 100 system to obtain an average 
voice pattern from the slight variations 
which occur each time the speaker 
pronounces the word. The speaker's 
pattern for each word is then stored 
in the memory against the relevant 
vocabulary data inserted by teletype-
writer. The system is now prepared for 
operation. 
To use the system, each operator 
calls up his own voice pattern, identi-
fied by a reference number set on a 
control unit for speaker selection and 
word training. Each vocabulary word 
also has a reference number enabling 
the operator to call up any given word, 
at any time during use, from the com-
puter for retraining should the 
operator's speech be affected by a 
cold or other causes since initially 
training the system. 
As each word is spoken, it appears 
on a VDU providing the user to solely 
at a glance, that the computer has 
correctly understood the communication. 
If, when checking the data on the 
visual display unit, the operator 
discovers he has made an error, this 
can be deleted simply by using a 
control word such as 'erase' or 
'mistake'. The offending words are 
then cancelled allowing correct data 
to be inserted. 
The VIP 100 costs around £stgl 2,500 
in its basic form. An interesting 
optional extra is an audio response unit 
which will verify spoken information 
it has accepted by repeating it in 
electronically-generated speech. 
In the United States two leading 
international airlines are now using 
these systems in conjunction with 
automatic handling equipment to 
improve the efficiency of passenger 
baggage sorting at airport terminals. 

(Continued on page 13) 

ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 
11 



Apoll, A _ Ji Centre 
283 Victoria Road, Marrickville, N.S.W. 

Telephone: 560-9019 

OPEN THURSDAY NIGHT AND ALL DAY SATURDAY 

Come and visit us in our modern showrooms for your 
best price on your choice of Hi-Fl equipment. 

Cash — Terms — or Lay By arrangements. 
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BASF 'chrome' 
puts the polish on 
cassette sound 
(Some say you can almost hear your face in it!) 

Newcastle: W. I. Redman Agencies, 11 Hall Street, N.S.W. 2300. 
Canberra: Sonney Cohen & Sons, 20 lsa Street, A.C.T. 2600. Melbourne: 
Maurice Chapman & Co. Pty. Ltd., 146-150 Burwood Road, Hawthorn, 
Vic. 3122. Brisbane: Maurice Chapman & Co. Pty. Ltd., 123 Abbotsford 
Road, Mayne, Old. 4006. Adelaide: Neil Muller Pty. Ltd., 8 Arthur 
Street, Unley, S.A. 5061. Perth: M. J. Bateman Pty. Ltd., 359 Scar-
borough Beach Road, Osborne Park, W.A. 6017. Launceston: P. E. M. 
Distributors, 87a Brisbane Street, Tas. 7250. Darwin: Pfitzners Music 
House, Smith Street, +LT. 5790.  BA 3227 

If BASF "Chrome" (Chromium Dioxide—CrO2) really was 
chrome like a Mercedes grille, you'd have a beautifully visible 
demonstration of what CrO, cassette tape can do for cassette 
sound. 

No shadowy sound images confined to middle range 
frequencies. But clear, bright sound faithfully mirrored along 
with the highest harmonics to add that pin sharp sparkle 
of realism. 

Check out Chromium Dioxide's superior high-range 
capabilities on the chart below. Or, better still, take a closer 
look with your own ears! 

BASF "Chrome" cassettes give a polished performance 
every time. With Special Mechanics to smooth away wow and 
flutter, and the fine surface finish to minimise headwear. 
Cr0,—SM Cassettes—Available from your Hi-Fi dealer in C60, 
C90 and C120. 

Sole Australian Distributors 

Maurice 
Chapman 

& COMPANY PTY. LTD. 

Head Office 
276 Castlereagh Street, Sydney 2000 

t BASF Aktiengesellschaft. 6700 Ludwigshafen/Rhein, Federal Republic of Germany. 
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Colour -nicrophotograph of cross-section of a pinhead size of paint 
removel from the green background of -Pope Julius II- (see 
pge 23). 
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BY 1978, Australians will be using a 
new National Gallery that contains 
many  of  the  valuable  treasures 
currently  in the news. Whilst  in 
London, our correspondent, Dr. Peter 
Sydenham of the University of New 
England, Armidale, N.S.W., visited the 
National Gallery to see how the most 
advanced gallery scientific group are 
using science to assist art. 
Collections  of  antiquaria  usually 

AN IMAGE LOCKED IN MARBLE 
Michelangelo's definition of sculpture 
was "to free the image hidden in the 
block." This he did in his majestic La 
Pieta, a statue of dense Carrara marble 
that remained unmoved from St. Peter's 
Basilica in Rome until it was displayed 
in the Vatican Pavilion at the 1964 
World's Fair in New York. Prior to 
moving the priceless sculpture, however, 
the Vatican Pavilion Committee asked 
Eastman Kodak to conduct an exhaustive 
x-ray examination to determine the 
extent of damage and repair which La 
Pieta was known to have incurred. The 
results were unexpectedly beautiful, as 
in the ghost of a face that appears above. 
Radiography also revealed much about 
the physical condition of Michelangelo's 
creation. They showed that (above) 
metal pins had been used to rejoin the 
broken fingers on the hand of the Virgin, 
and that at one time a "pious vandal" 
(to use one ecclesiastic's phrase) had 
drilled shallow holes (seen above) in the 
top of the Virgin's head for the purpose 
of affixing a halo, later removed This 
and other information assured the 
custodians of La Pieta that the voyage 
to America would not be dangerous, and 
has proven useful in subsequent mainten-
ance and repair of the sculpture. 

grow from the personal interest of one 
or more people who are interested in 
some  intrinsic  quality  of  the 
collection. It may be so that they can 
view the items on demand, or research 
the growth of a discipline. Others 
collect items just for the sake of 
collecting — or assemble a collection 
so as to make money. But regardless of 
the original intention, seldom are the 
collectors expert at maintenance or 

Fig.2. The museum 
scientist is rarely involved 
in detecting forgeries 
— the main role is to 
provide information 
that assists restoration 
and conservation. 
(Cartoon drawn by 
Marcus Rees-Roberts 
for a National Gallery 
publication). 

A 
Fig. 1. London's National Gallery was built 
in 1837 — Nelson's column had not yet 
been erected. 

• 

preservation. And all too often there 
are too  little funds for adequate 
conservation anyway. So at some stage 
the collection is broken up by sale or 
moved as a whole into the car3 of a 
larger Institution where, we might 
naively imagine, things are then done 
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Fig.3. Block diagram of arrangement used to clean and 
correct humidity and temperature of air. 

properly with the right priorities being 
allocated. 
Large Institutions, although better 
endowed financially in the absolute 
sense, often face even more difficult 
problems in the setting of priorities; 
they must always make decisions in 
the light of current circumstances. 
Take,  for  example,  the  National 
Gallery in London where Britain stores 
a large proportion of its art treasures. 
Its history typifies what has often 
happened to valuable collections of 

old works. 
In 1777, a member of Parliament, 
one John Wilkes proposed the erection 
of a modest "Noble Gallery" to house 
a certain collection of pictures then 
put up for sale. Wilkes' idea fell on 
sterile ground (at that time) it was not 
until the early nineteenth century that 
the idea was actually realised. 

dir 

0XhbitiOn 
I MOMS 

Then,  John  Angerstein,  a rich 
merchant-collector, had built up a 
superb collection which was housed in 
a house in Pall Mall. On his death in 
1823,  various  public-spirited 
noblemen, successfully lobbied the 
Government to buy the collection and 
its premises as the "foundation of a 
National  Gallery".  Sir  George 
Beaumont and Rev. Howell Carr also 
donated their works to the cause. 
So, in 1824 a new tradition began. 
The rooms in Pall Mall soon became 
overcrowded  with  the  continually 
arriving  new acquisitions and  the 
Trustees  began  a search  for  a 
better home. By 1838 a new building 
(the one used today and which was 
designed by William Wilkins) had been 
built and brought into use as the 
National Gallery. This was not the end 
of  the  accommodation  difficulty 

because the new building, shown in 
Fig.1., was originally shared with the 
Royal Academy. The lack of space and 
unenlightened public habits of the 
times rapidly turned the still-cramped 
rooms into feotid, miserable places 
wherein  damage  to  the  artworks 
became rampant — dust "an inch thick 
accumulated on the frames". The need 
for conservation was realised slowly 
and  gradually various moves were 
taken in the right direction. In 1869, 
the  Royal  Academy  moved  to 
Burlington House overlooking the Mall 
— leaving the Wilkins designed building 
to cater solely for art. 
Until 1855 the Trustees had little 
technical knowledge in their midst so 
truly  scientific approaches to the 
problems of conservation were scant 
indeed.  In that  year,  Sir Charles 
Eastlake became the first Director 

(rather than just the "Keeper") and 
this  brought,  because  of  his 
experience,  some  semblance  of 
scientific approach into the Gallery's 
control. Eastlake, as a visionary buyer, 
provided the Gallery with 137 new 
priceless pictures at a time when costs 
were reasonable — the Director must 
play both art selector and conservator 
roles. 
Some  sound  and  potentially 
far-reaching  advice  on  scientific 
matters had often been forthcoming 
before Eastlake's new appointment 
but usually to no avail. Faraday, for 
instance, in 1850, wrote of the dangers 
of the air pollution sources existing 
around Trafalgar Square — they used 
urine in those times to wash clothes 
and raw materials! The same report 
suggested  air  conditioning  (which 
included humidification as well as 
temperature  control)  should  be 
adopted; it had already been in use in 
the Houses of Parliament for 20 years 
but the Committee, in its wisdom, 
decided to merely cover a few of the 

Fig.4. Laser end of the Ziess (Jena) LMAI, laser microspectral 
analyser. Emission produced at the central pointed spark electrode 
is viewed by a spectrophotometer that provides a spectrum photograph 
like that shown here. 
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Fig.5. This Pye gas-chrornatograph is used to provide chemical analyses of painters' mediums. Its chart output for egg tempera is 
given here (as recorded for an analysis of 'The Crucifixion" by the Master of Ruglos). 

works  in glass  as  the  improved 
preservation measures. 
Science  did  eventually  become 
recognised in the National Gallery for, 
in 1934, F. Rawlins was appointed as 
its  first  Scientific  Adviser. 
Recommendations were again made 
for climate control but storage of the 
works in slate-mines during the Second 
World War did more to prove the point 
about  climatory  conditions  than 
learned advice, and climate control 
gradually was introduced into the 
Gallery.  Today, climate control is 
nearly total in the National Gallery — 
few collections anywhere else enjoy 
proper climate control. 
The National Gallery now has a 
specific Scientific Department wherein 
three trained scientists devote their 
entire time to providing scientific 
assistance  for  the  many  kind  of 
problems that arise in the Gallery. 
From the scientist's point of view 
there is need for more staff but the 
Trustees  see  that  other priorities 
should use any spare funds. No doubt, 
with time, the ratio of scientific effort 
to total maintenance and acquisition 
costs will increase. How much effort 
should be expended for a collection 
with 2550 pictures of which many are 
purchased at over two million dollars 
each is the leading question. 
Looking back on this account it is 
easy to suggest that unimaginative 
people  were  in  control.  Current 
opinion must, however, be tempered 
by the recognition that science, as we 
know it today (especially the electrical 
branch) was then in a stage of a 
gradual  development  running 
concurrently  with  the  National 
Gallery's  maturity.  Modern 
measuremert and control, adequate to 
handle many of the problems involved 
were not even close to reality until the 
turn of this century. 
Compounding  the  problem  of 
blending science and art is the fact 

that scientists and artists/art lovers 
often lie at the extreme ends of the 
physical  knowledge  and  attitude 
scales. It was not surprising to hear in 
the  past  (and  the  situation still 
continues) such statements as "the 
pictures must breathe" and that "they 
will not stand the shock if climate 
control should break-down putting the 
picture  back  in the uncontrolled 
environment  to  which  it  is 
unaccustomed". Even now it is held 
by critics that 'daylight' is essential for 
viewing — scientists certainly could 
not agree as to what 'daylight' the 
artists are implying so how can there 
be a basis for such an argument. 
For all of this, science is now allowed 
to  play  an  important  role  in 
conservation,  not only in the art 
gallery but in any kind of museum. 
Today,  plenty of science can be 
brought to bear on art problems that 
the Trustees of the National Gallery 
have inherited from the past. For 
instance, the building looks fine as a 
monument but what was adequate 
in 1836 does not entirely suit today's 
overall  requirements.  The  new 
Australian Gallery is starting from 
scratch giving someone else a new start 
where  science  can  be  effectively 
brought to bear. 
Although there is clearly need for 
improved  scientific  effort  at  the 
National Gallery it still enjoys the 
distinction of being one of the most 
advanced galleries in the World in this 
respect. Much of the work of the 
modest scientific group is setting the 
pace for other galleries to follow. 

Where can science help? 
An  art  gallery,  or  any  similar 
treasure-house, has to perform several 
simultaneous functions. It must house 
the collection in a suitable fashion, 
ideally with climate control; it must 
provide a secure environment not only 
against obvious theft but also against 

natural  disaster  and  man-made 
destruction; it must provide experts 
and  facilities  for  conservation, 
restoration, original research and, less 
commonly, for the identification of 
and the discovery of new finds. 
As science is the systematic approach 
to gaining new information about a 
subject, virtually every aspect of an art 
gallery programme could benefit from 
the application of scientific effort. 
This fact is being recognised more and 
more with time. 

On the use of the building, science 
can provide measurements such as 
climate variation and pollutant level 
but having figures is only part of the 
story, for the cost of control may not 
be acceptable — it is hard to imagine 
visitors being clad in sterile garments, 
entering via air locks to view works 
hanging in clean-air rooms like those 
used  in  the  manufacture  of 
semiconductors. 

Similarly,  so  with  security,  the 
collection must be safe-guarded against 
theft and damage yet not appear to be 
over  safe.  Over-zealous  security 
measures can detract from the visitors' 
ex perience.  Theoretically  the 
collection  should  also  be  in an 
atomic-bomb proof type shelter for we 
are the custodians of treasures which 
are also the right of the future 
generations. 

Anyone who has been into the 
Pergamon Museum (The Eastern-blocs' 
equivalent to the British Museum) in 
East Berlin will know how a concrete 
block house structure spoils the overall 
experience of visiting works of art. 
Matters of security and the building, 
therefore, tend to lie more in the 
hands of government bodies rather 
than the museums' scientific staff. At 
the National Gallery, the latter are 
only able to advise and suggest what is 
needed — the rest is left to the 
Department  of  the  Environment. 
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When  it comes  to  assisting  the 
professional art work of the gallery the 
scientist's role becomes vital. 
The scientists' main work  is in 
providing  infor -nation  about 
restoration and conservation processes 
to the highly skilled restorers. Rarely 
is there need to play judge (as depicted 
by the cartoon given in Fig. 2) in cases 
of forgery.  Fakes usually fail to 
convince on points that are picked up 
by the art expert — scientific methods 
(those  using  instruments)  are 
secondary  in  ma-cing  decisions. 
Occasionally, but not often, as we 
shall see at the end of this feature, 
science can act detective and point to 
more discovery. 
The restorer is greatly assisted in his 
or her task — which can take up to 
several  years  to  complete  — by 
knowledge of pigment composition, of 
corrosion removal methods and of 
material structure. Tnese points are, 
and have been, accepted for many 
decades now by nearly everyone as the 
vital  requirements of the restorer. 
There is little glamour in this work and 
gradually improved chemical analytical 
methods which require little actual 
microchemistry procedure are finding 
application. 

The core substance of gallery work is 
cleaning, restoring and conserving the 
pieces as they arrive into safe keeping. 
Cleaning involves remowal of dirt and 
oxidised varnish. Research findings on 
solvents  and  electro-chemical 
corrosion reduction are applied here. 
Restoration involves ensuring that the 
medipm is secure on -ts support; if 
not, remedying the faul:s and then the 
rebuilding of missing areas in as an 
exactly similar manner as first existed. 
The  golden  rule  of  all  antique 
restoration  is that  no  repair  or 
alteration is carried out in a manner 
that is not reversible  It must be 
possible to entirely rerrove the repair 
at a later date. The restorer should, 
ideally,  add  no  permanent 
interpretation of his own. 
Although much research has already 
been  expended  on  corrosion 
mechanism,  chemical  analysis  and 
strength  of  materials,  the 
conservation/restoration scientist finds 

that many of the antiquarian problems 
in  these  fields  have  not  been 
researched. Corrosion of metals over 

short periods is the main emphasis in 
engineering — not the slow decay of 
articles such as plaster, paper, wood 

and fabrics over centuries of time. For 
this reason alone, more research must 
be carried out as and when the 
demand occurs. Most forms of art 
deterioration occur so slowly that they 
often cannot be sensed in one man's 
lifetime. Surprisingly few groups are 
studying ways to detect deterioration 
more quickly. For example, only the 
National Gallery has equipment — and 
that is still in a prototype form — that 
can measure in an absolute way the 
changing colour of a painting. It seems 
the point that detection is the first 
stage to proper prevention has still not 
been taken by many museum trustees. 

How science is applied. 

Just as a compromise must be made 
between scientific staff and arts staff, 
then so also must one be made about 
the amount of on the spot equipment 
made  available  for  the  resident 
scientists to use. 

The National Gallery has quite a 
range, as we shall see, but their 
demands often run to requiring the use 
of other instruments. In such cases the 
instrument is moved to the art work or 
the art work to another laboratory, 
such as the more extensive British 
Museum Research Laboratory. The 
instrument  range of the National 
Gallery reflects the proven needs and, 
to a lesser extent, the special interests 

Holographic interferometry can now be used to detect incipient damage in oil oainengs. The technique has been devised by Italian 
scientists S. Amadesi et al 3nd is fully reported in Applied Optics 13, 2009; 1974. 
The painting to be checked is warmed slightly. Any detached areas disperse heat less than sound areas — thus their thermal 
expansion is greater. The aamaged areas can easily be seen by comparing two I. olograms made five minutes apart. 
Our example shows the technique used on Piere Francesco Florentine's 'Santa Caterina — a 15th century panel painting. The 'kinks 

in the second picture are tee damaged areas. 
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of the staff. Garry Thomson, who 
heads the Scientific Department, has 
been largely responsible for setting up 
objective  colour  fading  practices. 
Joyce Plesters, (whose husband is a 
restorer at the Victoria and Albert 
Museum), is the expert on pigment 
analysis. 
In use, measurements and tests are 
made as needed and all data recorded 
in a dossier held on each art-piece. 
These files contain the information 
built up about the picture — where 
and when it was found; the history, 
where known; the work that has been 
carried out over the ages and the 
measurements made. Some dossiers are 
centuries-old. At present it is the 
dossier information that largely shows 
if the work is safely conserved — not 
objective measurements. The more 
that is known about the picture, both 
from static and dynamic viewpoints, 
the better the restoration. 

Environmental control 
Since the National Gallery was first 
conceived it has been obvious to those 
more skilled in science that a constant 
environment  having  the  right 
temperature (about 20°C, but not 
vital) and relative humidity (55 per 
cent RH held to within 3%) would 
best preserve the total fabric of the 
artworks. Probably the greatest single 
cause of damage is repeated stressing 
of  the  art  surface  by  repeated 
humidity changes. It is also important 
to control the noxious gases content 
of the air — especially SO2 which 
forms  sulphuric  acid  with 

condensation.  Figure  3 shows the 
block diagram of the air conditioning 
system used. By using washed air 
methods, particulates and many gases 
are filtered out: it also enables the 
relative humidity to be controlled. 
Climate  control,  because  it uses 
relatively straightforward technology, 
is  left  to  the  Department  of 
Environment's  responsibility.  In 
certain cases the painting is given its 
own specially controlled environment 
— for example, hermetically sealed 
packing modules are being researched 
at present as a way to overcome 
transport problems. 
Another aspect of  environmental 
control is that the lighting intensity 
and quality must be up to standards 
laid down by art experts yet not be 
such that it accelerates colour changes 
because  of  harmful  ultra-violet 
content. To this end natural daylight is 
made available in all rooms, entering 
via U.V. filter panels. To maintain a 
constant  level  many  rooms  have 
automatically moving venetian blinds 
that are controlled by photo electric 
cells monitoring the light level. For 
dull days natural light is supplemented 
by  voltage  controlled  fluorescent 

Fig.6. Infrared and ultraviolet radiation studies are made 
using these Perkin-Elmer spectrophotometers. 

lighting, having dimming capability of 
6:1. The ideal illumination level is 150 
Lux and (between you and I) much of 
the time the so-called "natural light" is 
in fact very much artificial! 

CHEMICAL ANALYSIS 
A major part of the work-load of the 
Scientific  Department  is chemical 
analysis of materials of paintings — 
wood panels, canvases, paint pigments, 
varnishes. The restorer desires as much 
information about the work that is in 
repair as is possible. 
Literally pin-head sizes of paint are 
removed from the repair area. The 
flake is then moulded into a small 
plastic block that is then polished 
across the flake so as to reveal its cross 
section. 
Using  a variety  of  microscope 
techniques  cross-sectional  colour 
photographs are produced that clearly 
show the various layers used by the 
artist.  Such  information  does 
occasionally  aid  verification  and 
identification of the artist or his 
school but not often. Study of the 
layers used mainly assists the restorer 
to rebuild the paint as the artist built 
it originally. In this way the same 
visual effect is repeated — the final 
appearance depends much  on the 
underpaintings and composition of 
paints. In some cases, it is also possible 
to trace the history of a work, the 
penetration of one colour into cracks 

is a valuable pointer as to historical 
sequence of layer application. The 
microscope  work  needs  little 
explanation. 
Microchemistry is also used to assist 
identification of pigments but the 
move is toward analytic instrument 
usage. The newest tool purchased at 
the  National  Gallery  is a laser 
micro-spectrochemical analyser, a new 
use to which the laser has been put. 
In this instrument a small pulsed 
laser source  is focussed onto the 
specimen of material to be analysed. A 
shot is fired producing a minute crater. 
This vaporizes the extremely small 
area  of  surface  (selected  by  a 
simultaneous visual viewing magnifier) 
liberating various chemicals as gases. It 
is not easy to make a direct analysis of 
these gases but the task is made much 
easier if they are produced against a 
background of an electrical spark. The 
resultant combined radiation spectrum 
is  recorded  using  photographic 
recording  of  the  dispersed 
wavelengths. The emission production 
unit is shown in Fig. 4 along with a 
typical "fingerprint" spectrum. In use 
a spectrum recorded for a specimen is 
compared against a library of standard 
records. The extremely fine pit of the 
laser shot, about 10-100µm across 
depending upon what is desired, gives 
the analyst extreme detail of pigment 
composition enabling measurements to 
be made within the thinnest of paint 
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layers. At present the Gallery possesses 
some  three  thousand  odd 
plastic-mounted flakes to be analysed 
this way! 
Knowing about the pigment used is 
but one part of the need, for pigments 
must be secured with a medium that 
turns to a firm permanent binder with 
time.  Artists used all  manner of 
mediums  and  drying  oils  — egg 
tempera (yes, literally egg!); walnut, 
linseed, poppyseed oils. Whereas the 
pigments remain reasonably inert with 
time these latter do not and the gallery 
staff need to know what happens in 
order  to  identify  the  medium 
originally used. This, they do, using 
gas chromatography. 
In the equipment used (and shown in 
Fig. 5) a sample is injected into the 
end of a long tube that is heated and 
packed  with a suitable absorbent 
powder. The partitioning chemical 
process in the tube acts to separate the 
various chemical constituents so that 
they arrive at the other end at 
differing  times.  With the use of 

appropriate electronic detectors the 
various arrival times can be recorded. 
A trace, such as that given in Fig. 5, 
provides another type of "fingerprint" 
that tells the composition. 
The laboratory also has proprietary 
spectrophotometers that enable the 
transmission/reflection characteristics 
of filters, paint surfaces and the like to 
be recorded. The two instruments are 
shown in Fig. 6. The sample is placed 
in the appropriate machine — one 
covers the radiation wavelengths in the 
ultra-violet  (190 nm-800 nm 
wavelength) — where monochromatic 
light is radiated (or reflected) through 
the  specimen  and  the  intensity 
recorded  This  is repeated  as a 
continuous scan with a range of 
wavelengths to produce an intensity 
versus  wavelength  plot.  These 
instruments find use for checking U.V. 
and I.R. filter materials. 

Many calculations are needed with 
the various analytical instruments. To 
reduce the effort  a programmable 
desk calculator with coupled tape 

BEFORE CLEANING AFTER CLEANING 

Fig.?. X-radiographic examination of "St. Michael" by Piero della Francesca revealed an 
anomolous area under the final painting — bottom right hand corner. 

interfacing is available for use where 
needed. A one hundred channel data 
logger system is also used in various 
kinds of research tests. Many other 
methods of analysis exist — if the 
above methods do not suffice the staff 
make use of instruments in other 
institutions. 

Non-visible imaging 
In 1895 Röntgen discovered the 
existence of X-rays and the principle 
of  X-radiography  rocketed  into 
immediate use. 
It is common knowledge that X-rays 
enable photographs to be made where 
high-mass contrast exists, metals in 
non-metal bodies, for instance. This 
makes the technique useful for viewing 
the  hidden  shape  of  massively 
corroded articles — it was used by the 
British Museum to restore the Bull 
Cup from Cyprus. It can also be useful 
in art-work studies, for the X-ray shot 
can reveal variations in the underlayers 
densities that are not visible to the 
eye, especially before the work is 
cleaned. The painting "St. Michael" by 
Piero della Francesca was shown in 
this way to be one part of a five panel 
altar piece for the Church of St. 
Agostinq in the mid-1400's. In this 
case, X-rays provided the clinching 
evidence by revealing (see Fig. 7) a 
piece of drapery in one corner. All but 
one panel have now been located. 
Anoth er  non-visible  imagery 
technique is to image the picture in 
the infra-red radiation region. The 
gallery staff use a television system 
based on the "Resistron" camera tube 
which is sensitive around 1.75µm. I.R. 
methods can penetrate the paint layers 
to reveal the original artist's sk3tch 
made with charcoal or the like before 
painting was commenced. Such a 
sketch is a valuable clue to the actual 
artist, the school and the date. In this 
time, when remote-sensing is currently 
of  interest  for  world  resource 
mapping, one might be inclined to 
suggest that false-colour photography 
might be useful in art work but this is 
not so. 

COLOUR CHANGE 
I have already touched on the need 
to be able to detect deterioration with 
utmost speed — a century of subjective 
observation is not good enough. 
Various  tests  can  be  made on 
substitute materials — they can be 
subjected  to  accelerated  fading 
conditions of light and pollutants: the 
real test, however, is what is actually 
happening to the painting in question. 
Remarkably, no other gallery appears 
to have made attempts to find out 
how  to  make  reliable  objective 
measurements. 
Working with Professor W.D. Wright 
(formerly  of  Imperial  College, 
London) the National Gallery have 
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just completed a specially constructed 
prototype spectrophotometer. In use 
the painting is placed in front of its 
input viewing area, as shown in Fig. 
8. The spot on the painting that is to 
be measured is brought into the 
correct place using a coincident optical 
viewer and past photographs. To ease 
this operation a fibre-optic bundle 
cord 'connects' the painting to the 
more  massive  spectrophotometer. 
Once set up, a monochromator, built 
into ,the unit, provides pure colour 
illumination that reflects from the 
picture  to  be  registered  in the 
photo-electric pick up sensor — a 
photo multiplier. 
In this manner the reflection from an 
area of picture about 2 mm across is 
recorded for radiation ranging from 
380 to 760 nm. Both reflectance and 
wavelength are automatically recorded 
thereby providing a 'fingerprint' of the 
chosen spot. 
This equipment has been carefully 
designed  to  maintain  long-term 
accuracy. As the components of the 
spectrophotometer undoubtedly alter 
with  time,  the  equipment  is 
periodically calibrated using standard 
colour  ceramic  tiles  that  are 
standardised with respect to national 
colour Standards). It is hoped that the 
method will prove to be so satisfactory 
that art experts in a century from now 
will be able to rely on today's results. 
The spectrophotometer has not been 
in use long enough yet to provide 
deterioration data but without doubt 
it will provide vitally needed data 
much quicker than the traditional 
visual methods. 

THE FASCINATION 
OF IDENTIFICATION 
As I have said already the museum 

Fig.8. This special 
spectrophotometer 
has been developed 
to monitor changes 
in colour over long 
periods. 

scientist is occasionally called upon to 
verify authenticity of a work. In the 
same vein, but more common, is the 
occasional chance find that occurs as 
the work is being studied to aid 
restoration and cleaning. For example, 
Prussian  blue  (based  on  ferric 
ferrocyanide)  was  accidentally 
discovered in 1704 and the fact was 
recorded in history. Hence, any use of 
it on works accredited before that date 
must be as additional, repainted areas, 
or the work must be a later copy. By 

Fig.9. "Pope Julius II", 
now known to be the 
original, was painted 
by Raphael around 
1500. The original 
background — cross keys 
can be seen now that 
the work has been 
cleaned. 

knowing miriads of facts like this, 
scientists  can  provide  valuable 
assistance. 
To illustrate the remarks given here I 
shall outline the procedures of a recent 
instance. The National Gallery has a 
painting "Portrait of Pope Julius II" 
that was thought to be one of a few 
copies made of an original by Raphael 
(1483-1520). (Such copies would not 
be fraudulent paintings but merely 
copies intended for distribution to 
places where a Papal picture was 
relevant.) The Deputy Keeper, Cecil 
Gould, claimed that the Gallery's 
version was not a copy, but the 
original.  He  based  his  claim  on 
X-radiographs  and  an  ancient 
inventory number. Figure 9 shows 
the painting in question. 

X-rays of the uncleaned version had 
revealed a more formal pattern — of 
cross-keys and papal tiaras — lying 
under the green background curtain. It 
appeared that Raphael had changed his 
mind after its original completion and 
had overpainted the background to 
provide less formality. 

The  painting  was  subsequently 
further examined  — X-rays could 
detect differing layers but did not 
confirm relative dates at which they 
were laid down, nor the colours of the 
original background. A minute piece 
of paint was observed in cross section 
under the microscope — see page 16 — 
and  a 100  by  120 mm  colour 
transparency made of the paint layers. 

ELECTRONICS TODAY INTERNATIO 23 NAL — FEBRUARY 1975 



SCIENCE IN ART 
In total the paint is about 250prn 
thick with some layers being only 
25pm; they are easily seen in the 
original photograph. The bottom layer 
is calcium sulphate (commonly called 
gesso). On this are clearly seen white 
and yellow layers covered by two 
green layers. The white and yellow 
layers  are  the  hidden  original 
background which was over-painted 

Just as we close for press, we 
have been advised of a grant of 
£14,000 to Prof W.D. Wright, 
emeritus professor of applied 
optics, Imperial College of 
Science and Technology, 
London, for the construction 
of a mobile spectrophotometer 
for use in art conservation 
(comprising a monochromator 
with optical link to separate 
measuring head and associated 
electronics for spectral reflection 
measurements to determine the 
effects of age on the colouring 
of works of art, and designed for 
incorporation in suitable trans-
port to form a mobile unit). 

with green. As there is no dirt or 
varnish layer between the yellow and 
green, and as the paint filling vertical 
cracks had dried simultaneously with 
the bulk of the paint, it is concluded 
that all layers were put down together 
indicating a change of heart as it was 
painted. 
Using  gas-chromatography,  other 
tests were made to verify that the 
drying oil  medium for the green 
verdigris pigment was indeed in use in 
that period. It is now recognised that 
the  National  Gallery's painting is, 
indeed, the original - a fact that can 
largely be attributed to the use of 
sophisticated science. 

THE PART SCIENCE CAN 
PLAY IN THE FUTURE 

Scientific  instruments  and 
procedures provide information about 
a subject  so  as  the  cost  of 
measurement methods reduces and 
their usefulness increases and is better 
recognised we should see a continual 
increase in the scientific effort devoted 
to  the  discipline.  Newly  created 
museums and galleries will have an 
opportunity given them that  their 

predecessors were denied. Let us hope 
those making these decisions make the 
most of their circumstance for their 
efforts will surely be questioned by 
later generations. 

Electronics Today International  is 
especially grateful to Garry Thompson 
and Joyce Plesters of the Scientific 
Department of the National Gallery 
for providing a most informative visit 
for the author. 

Further Reading: 
"The  Working  of  the  National 
Gallery",  Trustees  of  Nat.  Gal. 
London, 1974 (published on occasion 
of 50th anniversary). 
"Annual reports of National Gallery", 
especially 1969-70. 
"The  National  Gallery",  Michael 
Levey 1.972, Pitkin Pictorials. 
"Planning the preservation of our 
cultural  heritage",  G.  Thomson, 
Museum, Unesco, Vol. XXV, p.15-25, 
1973. 
"Is science serving art", New Scientist, 
May 13, p.448-450, 1965. 
"The  conservation  of  Antiquities: 
Developments  in  planning",  G. 
Thomson, JnI of World History, Vol. 
XIV, p.24-47, 1972. 
"Laser  micro  spectrochemical 
analysis", M. and L. Moenke, Adam 
Hilger, 1973, London.  • 
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IMAGE INTENSIFIERS 
-the electronic owls 
Amplifying light images — where the wavelength is less than 0.0005 mm, Ian Sinclair reports. 

WE USE TERMS like 'amplifier' and 
'amplification' often without thinking 
too much about their meaning. 

Certainly, 'amplify'  means 'make 
larger', and this is what an amplifier 
appears to do to the amplitude of a 
signal. It is not what actually happens, 
though, and our use of words blinds us 
to what is actually happening, which is 
the creation of a new signal of greater 
amplitude under the control of the old 
signal. This is what actually takes place 
in a transistor or valve; the input 
modulates a current, and a new signal 
is obtained by passing the modulated 
current through a load resistor. 

True amplification is achieved only 
in a resonant circuit at the resonant 
frequency; for even a transformer 

A 

depends on an intermediate conversion 
to a magnetic field. 
If is important to realise exactly 
what we mean by amplification when 
we speak of image amplifiers, devices 
which are of great importance in 
optical  astronomy,  military 
night-sights, and in low-light television. 
The 'amplifiers' to which we are 
accustomed work reasonably well at 
low frequencies, but, when the time of 
one  cycle  of  signal  becomes 
comparable to the time which the 
charge carriers in the 'amplifier' take 
to cross the space between electrodes, 
the  amplifying  action  fails.  For 
example, if the time of one cycle of 
signal is comparable to the time taken 
for electrons to cross from the emitter 
to the base of a NPN transistor, signals 
of  that  frequency  will  not  be 

t t t 
A 

I 
A 

Fig. 1. Most electronic amplifiers depend on electrons (or holes) moving from some part (A) to 
another part (B). If (B) is positive, electrons move towards it, but if the signal at (B) is reversed 
before the electrons reach it electron movement will cease or be reversed. 

amplified, for the control action fails. 
It is impossible to control anything 
which has changed in the interval of 
control; this is probably most clearly 
illustrated by the action of a triode 
valve at high frequency. A signal 
makes the grid more positive so that 
electrons  are  attracted  from  the 
cathode, but, by the time the electrons 
have actually reached the cathode, the 
signal is negative, and the electrons are 
repelled again. This is shown in Fig. 1. 
Another way of looking at this is to 
compare the wavelength of the signal 
with  the  dimensions  within  the 
amplifying device. If the wavelength is 
anywhere near the distance between 
electrodes,  then  amplification  is 
unlikely to work. How, then, do we 
amplify  light  images,  where  the 
wavelength is around 0.005 mm? This 
is very much less than any spacing we 
can make between electrodes with 
existing technology. Yet light waves, 
which are identical in every respect 
(apart  from  wavelength  and 
frequency) to radio waves, carry a 
large amount of energy, and ought to 
be capable of some sort of controlling 
action.  The  answer  lies  in the 
interaction between light and atoms. 

How galactic matter is studied 

The spectra of galaxies Abell 262 No. 36 (top) and Abell 262 No. 32 have been reproduced using the telescope of 
the Royal Greenwich Observatory and a three-stage image intensifier. 
The emission lines above and below the galactic spectrum are from a copper-argon arc comparison source. 
(Photograph by courtesy of the Royal Greenwich Observatory.) 
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LIGHT AND MATTER 
Atoms consist of protons, neutrons 
and  electrons.  The  protons  and 
neutrons make up most of the mass of 
the atoms,  and  the  protons are 
positively charged. The electrons are 
of much lower mass, about 1/2000 of 
the mass of the proton or neutron, but 
have a negative charge equal in site 
(but not sign) to the charge on the 
proton. The number of protons in the 
normal  atom  always  equals  the 
number of electrons. 
One of the early visualisations of the 
atom, long superseded but still useful, 
is of a hard core of protons and 
neutrons with the electrons spinning 
round  like satellites,  so  that the 
diameter cf the atom, which is the 
diameter of the electron orbit is about 
a thousand times greater than the 
diameter of the core or nucleus. The 
diameter of the electron orbit can be 
increased by feeding in the correct 
amount of energy, in the form of 
raised  temperature  or  as 
electromagnetic  radiation  of  the 
correct frequency. This same amount 
of energy will be given off when the 
electron returns to its own orbit — as 
it always does when conditions permit. 
If sufficient energy is applied to the 
atom, the outermost electrons can be 
torn  away  from  their orbits and 
removed completely from the atom to 
which they belong. This is shown in 
Fig. 2. 
This last effect, when it is caused by 
light,  is the photoelectric  effect, 
investigated by Lenard in the 1880's, 
and explained later by Einstein (work 
which earned him his 1921 Nobel 
Prize). 
Einstein's  theory  explains  the 
observed fact, that electrons are torn 
away only by light whose frequency is 
greater than  a critical  value, the 
'thresholo' frequency. Brighter light of 
a lower frequency has no effect, it is 
the frequency which decides whether 
or not the electrons will be removed; 
though the numbers  removed per 
second  are  dependent  on  the 
brightness  of  the  light.  Einstein's 
explanation  was  that  the  energy 
carried by any electromagnetic wave, 
radio  or  light,  is decided by its 
frequency, and that the energy itself 
was contained in units, one unit being 
called a quantum. Brighter light means 

Fig. 2. LEFT: One way of 
visualising the atomic structure 
(see main text). The core 
consists of protons (-0-) and 
neutrons (Al) with negative 
electrons/moving round it. 
RIGHT: If energy can be 
transferred to the electron, its 
orbit moves out. If it returns, 
the energy difference is 
released. 

more units arriving per second, but the 
energy of a unit decides whether or 
not an electron will be liberated. This 
led to the very satisfactory picture of a 
unit of light liberating a unit of atom, 
and  accounted  totally  for  the 
measured effects. 
The photoelectric effect is most 
noticeable  with  light  and  the 
frequencies close about it, such as 
infra-red and ultra-violet. Radio waves 
have too little energy per unit to have 
any effect on electrons in materials, 
which is why we have to liberate 
electrons by valve or transistor action 
to enable radio waves to affect them. 
Very short wave radiation, such as 
X-rays, has a wavelength of about the 
same dimensions as the atom itself, 
and  so  has  very  little  electron 
liberating  effect  despite  its  great 
amount of energy per unit. 
By using a natural substance whose 
electron energy levels are matched to 
the light frequency which we wish to 
amplify, we have solved part of the 
problem of amplifying light images. 

PHOTOCATHODES 
Not many materials are suitable for 
this purpose, and most depend on the 
metal caesium. Caesium is a metal of 

Image intensifier system (EMI type 2001) 

PHOTOCATHODE METAL 
ANODE 

Fig 3. Construction of a simple photocell 
showing photocathode and anode. 

low density (about 1.8 times as dense 
as water), low melting point (it is 
usually liquid on a hot day), and very 
great chemical activity, so that it 
cannot be kept in air, nor allowed to 
come into contact with water. It can 
be stored and used only in a vacuum 
or in an atmosphere of gas with which 
it does not react. The same properties 
which make it an easy emitter of 
electrons  also  confer  this  high 
reactivity, so that this is a problem we 
must learn to live with. 
The usual way in which it is used is 
in the photocathode, in which the 
sensitive  materials,  antimony  and 
caesium  are  formed  in  a thin 
transparent layer over a glass plate in a 
vacuum.  Figure  3 shows  how a 
connection is made to the film, which 
is an  electrical  conductor,  and a 
separate electrode acts as an anode. 
With a positive potential of a few 
hundred volts on the anode, current in 
the  form  of  electrons  will  flow 
whenever  the  photocathode  is 
illuminated. 
The problem of keeping the materials 
away from air is neatly solved by 
evacuating  the  apparatus  and 
generating the caesium from a mixture 
of chemicals in a nickel tube (caesium 
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IMAGE INTENSIFIERS 
-the electronic owls 
chromate plus silicon powder) when 
the caesium  is wanted. Since the 
mixture is not sensitive to air, it can be 
stored until needed, and the caesium 
released  in the  tube  by  heating 
electrically. 

This solves part of the problem — 
converting  a light  signal  into an 
electron signal with the number of 
electrons flowing being proportional 
to the strength of the light signal at 
any point on the photocathode. The 
other part of the problem is that of 
getting a light signal out which is of 
greater power than that of the input; 
the problem is made greater by the 
losses in the photocathode, which 
converts only a fraction of the light 
energy into electron energy. 

PHOSPHORS 

Once again, we have to make use of 
the behaviour of atoms in specially 
selected materials, in this case the 
group of materials termed phosphors. 
Phosphors (not to be confused with 
the element phosphorus) are materials 
which  emit light when struck by 
energy of other types, and a great 
variety of substances of this type are 
known. Some emit light on heating, 
some when struck by ultra-violet, most 
when hit by electrons. 
The  last  group  contains  the 
phosphors  which  are  of  greatest 
interest to us for this purpose. These 
perform exactly the opposite of the 
photocathode function, but they are 
completely dissimilar materials, being 

mainly suphides of metals such as zinc 
and cadmium. The action is that the 
energy of incoming electrons raises the 
energy levels of a large number of the 
orbiting electrons within the phosphor 
atoms.  After  this  excitation,  the 
electrons return to their normal energy 
levels, giving off light to release the 
surplus energy. The amount of light 
given off depends on the number of 
electrons hitting the phosphor and also 
on the speed of the electrons hitting 
the  phosphor.  Once  again,  the 
efficiency is low, so that the energy of 
light given out is much less than the 
energy of the electrons striking the 
phosphor, the remaining energy being 
dissipated as heat. 
What happens if we assemble the 
photocathode and the phosphor in one 
glass bulb and apply a few volts 
potential  difference?  Nothing 
worthwhile,  unfortunately!  The 
electrons released by the light hitting 
the  photocathode  have  less total 
energy than the light. They then hit 
the phospor — with more loss of 
energy and release the output light, 
which has less total energy than the 
electron stream. The net result is a loss 
of light energy rather than a gain, but 
one important principle is proved: the 
image of the outgoing light is much 
the same as the image pattern at the 
input, proving that the conversion 
does at least work. 

IMAGE INTENSIFIERS 
To obtain a gain in light intensity 
from such a system of photocathode 

and phosphor, we have somehow to 
step up the energy of electrons which 
are the controlling factor. 
There are two ways in which this can 
be done. One is to increase the energy 
of each electron by accelerating it to,a 
much higher speed by means of a large 
potential difference applied between 
the photocathode and the phosphor. 
The other method is to increase the 
total number of electrons reaching the 
phosphor by making each electron 
from the cathode release a greater 
number  of  electrons  from  an 
intermediate stage. This latter method 
is called electron multiplication, and is 
similar  to  the  method  used  .in 
photomultipliers. 
The problem in an image intensifier 
is made more difficult by the fact that 
we do not simply wish to increase the 
strength of a light signal, but also to 
preserve the shape of an image. Any 
process which we carry out on the 
electrons must therefore preserve their 
relative positions so that the electrons 
hitting the phosphor must be arranged 
in the same pattern as the electrons 
leaving the photocathode. 
The two different types of image 
intensifiers  using  these  different 
methods  are  the  phosphor/ 
photocathode type and the secondary 
emitting film type. 

PHOSPHOR-PHOTOCATHODE 
INTENSIFIERS 
This type of intensifier has quite a 
long history, originating in World-War 
II as the infra-red night-sights. These 
were  rudimentary  phosphor-
photocathode  cells  with  a 
photocathode  whose  sensitivity 
extended slightly into the infra-red (a 
difficult task, as the low frequency of 
the infra-red compared to visible light 
means  that  infra-red  carries  less 
energy) 
Figure  4  shows  a  typical 
photocathode/phosphor cell. With 20 
kV  between  phosphor  and 
photocathode, the output is a visible 
light image for an invisible infra-red 
input, with a small gain in power. The 
war-time applications were gun aiming 
and night driving (in convoys, with 
infra-red headlamps on the leading 
vehicle, and the rest following the 
infra-red tail "lights”). 
This  type  of  night-sight,  vastly 
improved by better photocathode and 
phosphor  materials  and  recent 

Ultra-high-speed recording of a streak record of plasma formed 
in nitrogen by carbon dioxide TEA laser. 
Picture was taken via a John Had/and IMACON 600 camera 
and EMI multi-stage image intensifier tube. (Radiation focussed 
by 150 mm 81 germanium lens — modulation of forward going 
filament at 60 nanosecond intervals caused by partial mode-
locking.) 
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Fig. 4. Photocathode/phosphor cell. 

improvements  in  materials  and 

construction, is still in production and 
in use. From it, multiple cell units 
have developed, using the principle 
that  a greater  voltage  between 
photocathode and phosphor will cause 
the losses to be overcome and establish 
some overall gain in energy. 
The multiple cell units consist of 
several photocathode-phosphor units 
coupled together, as one might cascade 
stages in a conventional amplifier. 
With a high accelerating voltage across 
each portion, the total light gain can 
be very large, approaching 100 000 in 
some examples; this enables the user 
to view, as if fully lit, scenes in 
conditions where the only light source 
is the stars. 
The problems of construction are, 
however,  im mense.  Each 
photocathode  has to be made in 
position, and the caesium vapour used 
for the . processing of the cathode will 
ruin the properties of the phosphor if 
allowed to land on the phosphor 
surface. Since the phosphor surface is 
always in the same vacuum space as 
the  photocathode,  contamination 
would seem to be difficult to avoid. 
The usual technique is to keep the 
phosphor  end  hot  and  the 
photocathode end cool, so that the 
caesium vapour condenses on the cool 
photocathode surface,  where it is 
wanted, and avoids the hot phosphor 
surface.  Overheating the phbsphor, 
however, destroys its properties, so 
that a very fine balance has to be 
struck. The easiest approach has been 
to make individual cells with fibre 
optic end windows and to stack them 
together, 'rather than to attempt to 
form  several  phosphors  and 
photocathodes on surfaces within one 

tube. 

SECONDARY EMITTING 
MULTIPLIERS 
The other approach to amplification 
involves multiplying the number of 
electrons landing on the phosphor, and 
this  is most  easily  achieved  by 
secondary emission. When electrons 
accelerated by any voltage between 
about 100 V and 5 kV land on a 
material, their energy is sufficient to 

SECONDARY 
ELECTRONS 

PRIMARY 
ELECTRON 

(a) 

SECONDARY ELECTRONS 
PRIMARY ELECTRON 

(b) 

Fig. 5. Secondary emission of electrons by reflection (a); secondary emission by transmission (13). 

knock off, on average, more electrons 
than have landed. With some types of 
material,  among which caesium is 
again prominent, the ratio of electrons 
released to electrons landing can be 
quite high (8 to 10), so that several 
stages of multiplication of this type 
can raise very considerably the number 
of electrons in a beam. For example, if 
the secondary emission ratio is 8, and 
four stages of multiplication are used, 
the total gain in terms of electron 
numbers will be 84, which is 4096; 
four  thousand  times  in  round 
numbers. 
Most secondary electron multipliers 
use reflected electrons, however, and 
have no need to keep the electrons in 
any  image  pattern.  For  image 
intensifier use, reflection is undesirable 
since the direction of the secondary 
electrons cannot be well controlled (as 
shown in Fig. 5a) and it is greatly 
preferable to increase the electron 
numbers  with  no  change  in the 
direction of the beam. This is achieved 
by 'through-multiplication', using the 
second-emitting material in the form 
of a thin film, bombarding it with 
electrons from one side and obtaining, 
if all goes well, an enhanced stream of 
electrons from the other side. This 

method is shown in Fig. 5b. 
For such a film we need material 
which can be produced in thin-film 
form, conducts electricity so that we 

WELDED 
FLANGE 

METAL 
SUPPORT 
RINGS 

ASS 

can apply voltage to it and replaCe the 
electrons it loses, has a good secondary 
emitting ratio, and is strong enough to 
be self-supporting. This last point is 
important. Any material could be used 
supported on a metal mesh, but each 
mesh would cut down the electron 
flow (due to the number of electrons 
which would land on the metal of the 
mesh), and the combination of several 
meshes, would cause a coarse pattern, 
(a Moire pattern), to be visible at the 
output.  It is much better if the 
material chosen can be attached to a 
metal ring at its edges with no other 
support. 
Not surprisingly, no single material is 
suitable, and the films have to be made 
of several layers. 
They start off as aluminium foil, very 
similar to the foil used in cooking, 
stretched over metal rings. Some of 
the thickness of the aluminium is then 
converted  to aluminium oxide by 
treatment in sulphuric acid (passing a 
current between the aluminium and 
another electrode). 
The oxide surface is then coated with 
a thin layer of potassium chloride. 
This is done by placing the aluminium 
film in a vacuum jar and heating the 
potassium  chloride,  placed  in  a 
molybdenum tray, to a temperature at 
which it evaporates, and the vapour 
lands on the aluminium oxide. The 
resulting  layers  have  then  the 

-lin  --.JL. 

I 

i 
1 

PHOTOCATHODE  SECONDARY SECONDARY 
EMITTING 
FILMS 

Fig. 6. Secondary emission intensifier. 

PHOSPHOR 

END 
WINDOW 
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IMAGE INTENSIFIERS 
-the electronic owls 
properties which are needed, and can 
be mounted in the intensifier. 
The complete secondary emission 
intensifier consists of a photocathode, 
several secondary emitting films, and a 
phosphor arranged in sequence in a 
tube of uniform diameter, as shown in 
Fig. 6. The films are produced outside 
the tube, as described, and the only 
processing which has to be carried out 
within the tube, during pumping, is 
the formation of the photocathode. 
Since this is carried out at the end of 
the tube opposite the phosphor, it is 
fairly easy to arrange that the caesium 
vapour from the photocathode has 
little or no effect on the phosphor; it 
seems to have little effect either way 
on the secondary-emitting films. 
Using such a system, gains in light 
image intensity of several hundred 
thousand are possible. 

USING IMAGE INTENSIFIERS 
In each type of image intensifier, a 

magnetic field must be used to keep 
the electrons in the correct relative 
position.  This  focusing  field  is 
provided by a long coil (solenoid) 
completely surrounding the intensifier. 
In addition, accelerating voltages of 
several kV per stage must be applied to 
each  type of intensifier, and this 
requires good insulation, since the 
overall voltage may be 50 kV or more. 
The phosphors used to have to be 
aluminised. One reason for this is that 
it improves the efficiency of the 
phosphor  by reflecting more light 
forward, another is that it helps to 
make the phosphor more resistant to 
caesium. An even more important 
reason in image intensifiers is that it 
prevents light from being fed back to 
earlier stages. This is not quite so 
important in phosphor-photocathode 
cells, as the gain per cell is not so very 
high, but in the secondary emitting 
tube type, it would be possible for the 
light from the phosphor to feed back 

to the input photocathode (since the 
secondary emitting films are partly 
transparent) causing full light output 
for no input. Similar precautions must 
be taken with the optical system to 
prevent feedback. 

In  astronomy,  multi-stage  image 
amplifiers have enabled us to achieve 
spectacular advanees-ifs the sighting of 
very  distant  or  dim  stars;  the 
observatory  at  Kitt  Peak  has  in 
particular specialised in the use of 
image amplifiers in astronomy. For 
night surveillance, whether for the 
study of nocturnal animals in the 
biological sense or for the detection of 
the less welcome nocturnal burglar, 
image amplifiers of the simpler type 

have been most useful. Their military 

applications  are  obvious;  their 

non-military  applications  are 

continually expanding, enabling us to 
leave the owl far behind in our ability 
to see in the 'dark'.  • 

NOISE? 
get the 
measure 
of cmwE 

. H  • 
phone ,.-
and hum 
Measi.rei:; 

24dB to 140dB 
0 Compact and portabiv- - 
23:41b. 
Filters available for ev, • . pur-

pose — Dawe typeF, 1-1/ • • 
1463. 1464  1465. 

TECNICO ELECTRONICS 

Premier Street. Marrickville, N.S.W. 2204. Tel. 55 0411 
2 High Street, Northcote, Vic. 3070. Tel. 489 9322 

Adelaide: 267 2246. Perth: 25 5722. 

"GS" PORTALAC BATTERIES 

GS 
Noah!, 

-  Gs  
GS hillitlaGua-s 

WOMAN  

.rt 
1 

APPLICATIONS: 
Portable  electrical  equipment,  fire  alarm 
burglar alarm, stand by service. 

FEATURES: 

Gelled electrolyte, rechargeable, high impact 
ABS case, use in any position, long lasting, 
maintenance free, long shelf life, absolutely 
safe. 

For further information contact:— 
Mr. A. Keshany 
c/- OKURA TRADING CO. 
(AUSTRALIA) PTY. LTD. 
291 GEORGE STREET, SYDNEY, N.S.W., 2000 
TELEPHONE: 29-4391 (3 lines) 

TELEX: 20299. CABLE ADDRESS: "OKURA SYDNEY" 
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So we thought you ought to know... 

The new S. A.E. M ark III C M 
will not oscillate 

under any load conditions 
regardless of phase angle 

that's what it won't do. 

Here's what it will do. .  • T.H.D.: 
• RMS Power Output:  8 ohms - Less than .1% 20 Hz-20 KHz at full power. 
4 ohms --greater than 300 wichan.  4 ohms  Less than .2% 20 Hz-20 KHz at full power. 

8 ohms—greater than 200 wichan.  • I.M.: 
• Frequency response at 8 ohms:  8 ohms- Less than .05% at full power. 
.25 dB. 20 Hz to 20 KHz at full power.  4 ohms -Less than .1% at full power. 
' ldB 1 Hz to 100 KHz at 1 watt.  • Signal to Noise Level: 

Better than 100 db below 200 watts RMS. 
• Full 5-year parts and labour warranty. 

You mightn't be able to get one but at 
least you know now which amplifier 

won't oscillate. 

Sole Australian Distributors 

41 IlLEROYA INDUSTRIESE7g Head Office: 266 Hay St., Subiaco, Western Australia. 6008. Phone 81 2930 
N.S.W. Branch: 100 Walker St., North Sydney, 2060. Phone 922 4037. 
Victoria Branch: 103 Pelham St., Carlton, 3053. Phone 347 7620. 

\ I ke,  LER 0,. 
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Flessev knife and fork connectors are part of 
the wide range of multi circuit connectors 
marketed by Plessey Australia. Components 
Division. They are available in stardard 20. 
40 and 80 way sizes 

This Mini Base station is ideal for a wide 
vanety of two-way radio systems and is part 
of a compete range of mobile 
communications equipment available from 
Plessey Australia. Electronics Systems 
located at Richmond. Vic 

Designed and manufactured locally. Plessey 
hydraulic cylinders and presses are available 
for a variety of industnal and mobile 
applications The cylinder illustrated is lust 
one of the wide range available from Plessey 
Australia. Telecommunications DIVIS/011. 
Meadowbank. NSW 

Internationally recognised 'RACINE' 
hydraulic purnps and valves are sold and 
serviced throughout Australia by Plessey 
Australia. Telecommunications Division. 
Meadowbank. NSW 

These NEC solid tantaltim capacitors are 
designed for decoupling by  blocking 
and filtering applications in both professional 
and domestic electronic equipment They are 
but one of the extensive range of 
professional components available from 
Plessey Australia. Components Division. 

--J A M  F I 

0 00  a 

Marketed by Plessey Communication 
Systems. the Facsimile Remote Copier is a 
desk top copier capable of transmitting and 
receiving over public or pnvate telepzione 
lines, printed, written or graphic material 
within minutes 

Marketed by Plessey Australia. Components 
Division the 'Magispark. is a compact 
electronic gas lighter providing a continuous 
spark suitable for use in kitchens on boats. 
caravans and for outdoor stoves and gas 
barbecues 

5— 

This cigarette pack size radio paging receiver . 
Uses the most advanced electronic equipment 
to maximise efficiency In the location of staff 
This inductive loop system is available from 
Plessey Communication Systems 

Number of plants 

Employees 4.00(1 

• 

Piessey. 
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Direct-drive cuts the clatter 
between the motor and the music. 

lettORIPA 

PL-71 

1 , 11 1 ,1  I II 

GO N O M. 
yea rn mime ••••• 7.  

From cover to cabinet, Pioneer's 
new PL-71 iirect-drive stereo 
turntable was created to eliminate 
unwanted noise by getting you 
closer to tt-e original sound. 
The turntable platter is directly 
connected to the servo-controlled 
motor. No ..extra moving parts to 
shake, ratt e and roll. No muddi-
ness. No irritating distortion. As 
a result, wow and flutter is less 
than 0.05% (WRMS) and the S/N 
ratio is better than 60dB. 
Next, there's the super-sensitive 
static-balance S-shaped tonearm. 
An anti-skating control, cueing 
device, direct-readout stylus 
pressure scale, plus many other 
professional features offer the 
maximum in precision perfor-
mance and silent operation. 

tdr-- .--
• , 

meLa 
mffrus 
IRM O 

11,i),.  GO •••G OGONG14.• 

•G =GO.:. ...... 2.• 

With thE PL-71, one changes 
speeds easily and electronically 
by the push of a button on the 
user-oriented control panel. 
Annoying vibration is avoided due 
to the unique design of the solid 
double-construction cabinet. 
Equipped with large insulators, 
this distinctive cabinet acts to 
prevent external resonance, as 
well as howling. 
The PL-71 stereo turntable. 
Another example of technical 
know-how and constant research 
applied to meet the listener's 
needs. After all, isn't that what 
you've came to expect from 
Pioneer audio equipment. 
At Pioneer, we uphold that trust 
with almost 40 years of exclusive 
commitment to audio excellence 

And from our vast resources as 
one of the world's leading audio 
specialists, we are privileged to 
offer the PL-71 as the best in 
an entire line of outstanding 
stereo turntables. (Other Pioneer 
turntables: PL-51A, PL-A45D, 
PL-15R, PL-12R). 
Stop by and see them for a 
demonstration. They're quietly 
waiting at your local dealer. 

Pioneer Electronics Australia Pty. Ltd. 
256-8 City Road, South Melbourne, 
Victoria 3205 Phone. 69-6605, Sydney 
93-0246, Brisbane 52-8213. Adelaide 
267-1795, Perth 76-7776 

PIONEER* 
High fidelity stereo. That's how perfection sounds. 
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QUAD 
ELECTROSTATIC 
LOUDSPEAKERS 

AT  THE  TIME  of  the  Quad's 
development,  electrostatic  speakers 
were well known, but their major 
usage was restricted to tweeters where 
their  transient  response  and 
exceptional  performance  at  high 
frequencies  resulted  in  their 
consideration  for  many  speaker 
systems. Their limitations were equally 
pronounced  —  highly  directional 
performance,  constant  breakdowns, 
and in some units non-linear distortion 
— often nullifying all their attributes. 
The designers of the Quad system 
looked at these problems one by one 
and sought ways and means of solving 
them. The first and probably the most 
significant was that associated with the 
generation of non-linear distortion. 
This  occurs  in  a conventional 
electrostatic speaker as a result of the 
non-linear force on the diaphragm 
which is proportional to the square of 
the distance that the diaphragm is 
away from the charge potential. 
In the Quad this non-linearity is 

overcome by deriving the polarising 

36 

Twenty years have passed since Peter 
Walker first demonstrated his then new 
Quad ESL speakers at London's Waldorf 
hotel. 
In the intervening twenty years, far more 
has been learned about loudspeaker design 
and evaluation — and the performance of 
ancillary equipment has improved almost 
beyond recognition. 
When we first heard the ESL's we knew 
they were ahead of their time — but just 
how far ahead we are only now beginning 
fully to appreciate. 
Louis Challis & Associates report. 

Recommended retail price: Approx $400 each. 

voltage from a very high impedance 
voltage quadrupler. Once the required 
potential has been achieved there is 
apparently no further flow of current 
and  the speaker acts as a large 
capacitor.  Because  of  the  high 
impedance of the charging circuit a 
constant charge is maintained and the 
diaphragm  experiences  a  force 
proportional  to the applied signal 
voltage. 
Through  this  means,  say  the 
manufacturers, non-linear distortion is 
substantially  reduced,  and  the 
acoustical output signal is a linear 
function of the applied signal. 
A  second  problem  is  that 
electrostatic speakers tend to present 
an essentially capacitive load to the 
amplifier — a situation that many 
amplifiers  resent  —  sometimes 
expensively. The literature supplied by 
the  Acoustical  Manufacturing 
Company glosses over this problem, 
simply  stating  that  it has  been 
overcome through using a series of 
segmental  strip  radiators  which 

progressively  increase  the  blade 
spacing and the area from the centre 
line of the speaker, together with 
suitable crossover networks. This is 
obviously an oversimplification and it 
is most probably in this region and in 
the design technology which resulted 
in their solution which put the Quad 
electrostatic speaker ahead of its major 
competitors. 
In simple terms, the centre strip of 
the Quad electrostatic speaker takes 
the form of what could be called their 
main tweeter. The strips which lie on 
either  side,  with  progressively 
increasing width, form mid-range and 
low frequency units. 
Another problem which had to be 
solved was that of the poor vertical 
dispersion  characteristic  of  strip 
radiators. Quad tackled this by using a 
curved front surface (see illustration). 
In theory this overcomes the major 
limitation  of  the  very  narrow 
dispersion angle, however in practice 
there are still limitations which not 
even Quad have completely obviated 
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Tone burst 8 kHz - .94 dB peak sound 
pressure level. 

(but see article on page 46 of this 
issue). 

MECHANICAL CONSTRUCTION 
The  Quad  electrostatic  speaker 
vaguely resembles an outsize electric 
radiator The curved expanded alloy 
mesh front panel is finished in gold (or 
black) and the whole assembly is 
mounted on three wooden feet. 
A power supply is located at the rear 
of the unit. This is enclosed in an 
expanded-mesh  box  with  mains 
socket, red bezel, and voltage selector 
facing the rear on the right side, and a 
pair of banana plug sockets for the 
speaker leads on the left hand side. 
The main frame of the units appear 
to be of wooden construction and ci 
layer of damping material is placed 
between the rear steel mesh and the 
internal  diaphragms.  The  units 
provided to us for evaluation were 
black instead of the more conventional 
gold anodised face and gained nothing, 
in our opinion, with this choice of 
colour. 
Personally we don't particularly like 
the Quad's appearance but this may 
well be a minority opinion. (Actually I 
rather like them! — Ed.) 

HOW GOOD ARE THEY? 
At the time of their introduction, the 
Quad speakers were undoubtedly the 
finest monctor loud speakers produced 
anywhere in the world. Their major 
attribute was colouration one or two 
orders less than virtually any other 
competing speakers. Added to this 
they had a transient response which 
was at that time described as superb. 
The aim of our investigation was to 
determine  just  how  well  this 
twenty-year-old system compares with 
the legion of new breeds of systems 
and  speakers  which  have  been 
developed since. 
Our first series of tests were to place 
the Quad electrostatic speakers in an 
anechoic  environment  above  a 

The warning is needed — there's 5000 volts 
behind the mesh panel. 

THE QUAD ELECTROSTATIC LOUDSPEAKER SYSTEM 
SERIAL NO: 34948 

Frequency Response: 

Total Harmonic Distortion: 
(90 dB at 2 metres on axis) 

Electro-Acoustic Efficiency: 
(90 dB at 2 metres on axis) 

Measured Impedance: 

Dimensions: 

Weight: 

± 5 dB 50 Hz  18 kHz 

100 Hz 
1 kHz 
6.3 kHz 

4 watts 

100 Hz 
1 kHz 
6.3 kHz 

height 
depth 
width 

18 kg 

0.5% 
0.4% 
0.4% 

28E2 
1212 
10E2 

790mm 
265mm 
880mm 

reflecting plane to plot out the polar 
patterns of each speaker at frequencies 
of  125 Hz,  1 kHz, 2 kHz, 4 kHz, 
8 kHz  and  16 kHz,  in  both  the 
horizontal and vertical planes. We used 
for this a 1/2" Pressure Microphone, 
Bruel  &  Kjaer  type  4134S; 
Preamplifier, Bruel & Kjaer type 2619; 
and a Turntable, Bruel & Kjaer type 
3922, coupled to our normal spectral 
analysis system. 

The  manufacturer's  I iterature 
includes  polar  curves,  which  we 
presume show the horizontal plane as 
no  commentary  or description  is 
provided. We could not reproduce the 
front to back discrimination that their 
curves showed at the high frequency 
end of the spectrum, but did achieve 
bandwidths between the 3 dB points 
that were comparable and if anything, 
superior. 
Measurements in the vertical plane, 
however, were far more interesting. In 
particular  they  highlighted  the 
problems of vertical dispersion which 
are a limitation of this system. Thus, 

at 16 kHz, the response is 10 dB down 
at ± 100 vertical angle, and is 20 dB 
down  at  ± 300 at frequencies of 
4 kHz, 8 kHz and 16 kHz. This, we 
should point out, is still no mean 
effort but not really what one would 
expect or desire from a system which 
is intended for use as a monitor 
speaker. Out of fairness to the Quad, 
however, we must point out that there 
are virtually no other electrostatic 
speakers which have totally overcome 
this  problem,  other  superlative 
speakers such as the B & W DM70's 
and  the  ESS  amt-1's  using  the 
(non-electrostatic) Heil driver suffer 
from  the same problem to some 
extent. This limitation should not 
necessarily deter people from using 
any of these fine speakers for home 
listening where the narrow vertical 
angle is unlikely to be noticed. 
The frequency response of the Quads 
is exceptional and most probably still 
among the best yet achieved. Right 
through to 20 kHz it is every bit as 
good as the manufacturers claim — if 
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anything  it is slightly better. We 
performed this measurement above a 
single reflecting plane rather than in 
truly anechoic conditions and found 
that the  frequency response from 
50 Hz right through to 17 kHz has a 

tone burst response evaluation using 
the E.T.I. tone burst generator. The 
performance here, and the results 
achieved,  were  to  say  the  least 
exemplary. The only speaker which 
has offered a superior performance at 
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deviation of less than ± 5 dB. It would 
be regarded as being flat by most 
purists. Obviously, off-axis in either 
the vertical and to a much lesser 
extent in the horizontal plane, the 
frequency  response  drops  with 
increasing frequency but this is true of 
most other speaker systems as well. 
Our next test, which we regard as 
being of critical importance, was the 

—  - 

higher drive levels is the ESS amt-1 
which  can  'produce  peak  sound 
pressure levels in excess of 110 dB at 
two  metres  on  axis.  The 
manufacturer's  literature  and 
guarantees for the Quad electrostatic 
speaker specifically state that the 
maximum output of the Quad should 
be limited to 93 dB at two metres on 
axis, in fact Quad's 303 amplifier 

provided for the test was unable to 
produce such high levels. 

Notwithstanding,  within  the 
manufacturer's  rating  limits,  the 
response was as clean as we have ever 
encountered and certainly equal to the 
best that we have ever measured. 

The impedance of the speaker is well 
controlled over the major portion of 
the frequency spectrum. This is most 
probably one of the greatest attributes 
of the Quad speaker for most other 
electrostatic speaker systems that we 
have measured have a response which 
rises at the top end of the spectrum. 

Distort ion  characteristics  are 
exemplary and certainly every bit as 
good as the pest conventional systems 
available on the market. 

Our final series of tests consisted of a 
subjective  evaluation  between  the 
Quad  and  other  state-of-the-art 
speaker systems, including ESS, Fisher 
and A-R. At sound pressure levels 
below 93 dB (at two metres on axis) 
the Quad still exhibits the cleanest and 
most uncoloured sound imagineable. 

The bass response cannot really cope 
with modern day rock but it must be 
remembered that this speaker was 
designed in another generation, years 
before "rock" had even been thought 
of, but for the classical purist we know 
of no other speaker which is superior 
in terms of colouration. 

During our recent visit to Moscow to 
attend the I.E.C. Meeting of TC.29, we 
asked a number of design engineers, 
whose responsibility it is to develop 
new speaker systems for some of the 
top  European manufacturers, what 
speaker they use as a yardstick. All but 
one said that despite all its known 
limitations  the  Quad  electrostatic 
speaker still fulfills this role in their 
laboratories.  • 
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Vertical pattern at two metres (input, one-third octave 
filtered pink noise). 1125 Hz — — — —1, 11 kHz   
[ 4 kHz — . — . — . —1,[ 8 kHz —  — . . — . . — 
1 16 kHz — o — o — o 2 

I. 
Horizontal pattern at two metres (input, one-third octave 
filtered pink noise). 
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95-97 REGENT ST., REDFERN N.S.W. 2016 
P.O. Box 156 REDFERN  69-5922 

8" SPEAKER SYSTEM KIT 8SA-1 
35W, 3-way 3-speaker system in kit form includes all 
terminals, wire, screws, coral emblem for front of box. 

The features as asse mbled in a designed cabinet are as follows: 

Features (85A-1) 
Type of cabinet   Closed type 
Type of speaker   3-way 3-speaker 
Input impedance  8 Oh ms 
Crossover frequency 
Frequency response 
Sensitivity 
Capacity 

SPEAKER SYSTEMS 
CORAL  

speakers, crossovers, 

4  000 : 9,000 Hz 
 70 a- 20,000 Hz 

  93 dB 
 35 W 

a 

830  et 
PAIR  p  

sale 

10" SPEAKER SYSTEM KIT 10SA-1 
50W, 3-way, 3-speaker system in kit form includes all speakers, 
crossovers, terminals, wire, screws, coral emblem for front of box. 
The features as asse mbled in a designed cabinet are as follo ws: 
Features (10SA-1) 
Type of cabinet   Closed type 
Type of speaker   3-way 3-speaker 
Input impedance  8 Oh ms 
Crossover frequency  2  000 : 6,000 Hz 
Frequency response   40 -- 20,000 Hz 
Sensitivity  93 dBI 
Capacity   50 W 

Price 

$50 
pair 

12" SPEAKER SYSTEM KIT 12SA-1 
60W, 3-way, 4-speaker system in kit form includes all speakers, 
crossovers, terminals, wire, screws, coral emblem for front of box. 
The features as asse mbled in a designed cabinet are as follo ws: 
Features (12SA-1) 
Type of cabinet   Closed type 
Type of speaker   3-way 4-speaker 
Input impedance  8 Oh ms 
Crossover frequency  1  000 : 10,000 Hz 
Frequency response   30 a- 20,000 Hz 
Sensitivity   95 dB 
Capacity   60 W 

P&PALL 
CORAL KITS 
S2.00 

Price 

$70 
pair 

M.S.C. SPEAKER ENCLOSURE KITS FOR 
PHILIPS HIGH-FIDELITY SPEAKERS 

• easy to build • easy on the eye • easy on the pocket 
• no complicated cutting, drilling or shaping • few 
tools required • no need to be a carpenter to complete 

these easy to make enclosures. Comes complete with prepared and 
veneered ready assembled cabinet, front grille frame, edging and 
facing veneer, screws, etc. 

Speaker system 2A — for 7" woofer & 1" tweeter  $11.50 
Power Handling Capacity 20W rms. 

Speaker syste m 3A — for 8" woofer & 1" tweeter  $13.50 
Power Handling Capacity 20W rms. 

Speaker system 4A — for 8" Woofer + 5" mid range + 1" tweeter $16.50 
Power Handling Capacity 20W rms. 

Speaker system 5A — for 8" woofer + 5" mid range + 1" tweeter S24.00 
Po wer Handling Capacity 10W rms: Column Type. 

Speaker system 7A — for 12" woofer + 5" mid range + 1" tweeter S29.00 
Power Handling Capacity 40W rms. 

All enclosure syste ms are specially packed to ensure safe arrival to custo mer per Co met 
Overnight Transport. As freight rates fluctuate with size of carton, weight & distance, these 
will be dispatched freight forward and insured. 

• 

5A 

GRILLE  CLOTH  $5 
yd.  INNERBON D $2 
yd.  (Only  supplied 
wi t h  ab o v e 
enclosures). 

7 TRANSISTOR  + 2 
DI O DE  RA DI O 
MANUFACTURED  BY 
BENDIX. COMPLETELY 
READY  WIRED  WITH 

VOLUME CONTROL AND SWITCH. LARGE 
TUNING DIAL AND COMPLETE WITH 3'/2" 8 
OHMS  .6  WATT  SPEAKER.  BATTERY 
CONTAINER INCLUDED. (BATTER IES NOT 
INCLUDED) — READY TO GO!! 

M.S.C.'s CRAZY PRICE!! ONLY 00 .85 EACH PLUS P & P 85c 

PHILIPS SPEAKERS 
One of the best on the market today 

AD 0160/T8  AD 12100/W8 

ALL PHILIPS SPEAKERS 
NOW EX-STOCK. ALL 8 OHMS 
AD 12100/W8 12" 40W $36.50 

P 8. P $2.75 

AD 1265/W8 12" 30W $19.95 
P & P $2.50 

AD 10100/W8 10" 40W $33.50 
P & P $2.25 

AD 8066/W8 8" 40W $14.00 
P & P $2.00 

AD 7065/W8 7" 20W $12.00 
P & P $1.50 

AD 5060/5Q8 5" 40W $12.95 
P & P $1.00 

AD 0160/T8 1" 20W $8.50 
P & P $1.00 

CROSS-OVER NETWORKS TO SUIT 
PHILIPS SPEAKERS 

TYPE ADF 500/4500/8 (3 way) $11.50 
P & P 50c 

TYPE ADF 1600/8 (2 way) $7.00 
P & P 50c 



FUNCTION 
GENERATOR IC 
How to use Signetics' NE566V integrated circuit. 

• E 
D 
E 
E 

1 GROUND 

2 N.C. 

3 SQUARE WAVE OUTPUT 

4 TRIANGLE WAVE OUTPUT 

5 MODULATION INPUT 

6 R1 

7 Cl 

8+V 

THE NE566V function generator is an 
economical integrated circuit manu-
factured by the Signetics Company. It 
can be used to generate a number of 
waveforms (such as triangular waves 
and square waves) up to a maximum 
frequency of about  1 MHz. The 
minimum frequency is determined only 
by the largest value of capacitor which 
can conveniently be used. A frequency 
of 0.001 Hz is easily obtainable. 
The triangular wave output from the 
NE566V is very suitable for the testing 
of audio amplifiers for cross-over 
distortion and can often be used 
instead of a sine wave. The square 
wave output is suitable for testing the 
transient and frequency response of 
audio amplifiers. The triangular wave 
output may be converted into sine 
waves if necessary. 

ENCAPSULATION 
The NE566V is an eight pin device in 
a dual-in-line  encapsulation.  The 

Fig. 1. Connections of the NE566V. 

connections are shown  in Fig 1. 
Electrically equivalent devices are also 
available  in  a  circular  TO-99 
encapsulation,  but  the dual-in-line 
device is slightly cheaper and very 
convenient to use. 

BLOCK DIAGRAM 
The block diagram of Fig 2 may be 
used to show the way in which the 
device functions. It is essentially an 
oscillator whose frequency can be 
controlled  by the current flowing 
through R1 or by the control voltage 
V,. 
The voltage V, programmes a current 
through RI, (voltage at pin 5 always 
equals voltage at pin 6) and this 
current charges C1. As the current is 
constant (assuming a constant Vc) C1 
will charge linearly with time. 
When the voltage at pin 7 reaches a 
certain value, however, the Schmitt 
trigger circuit is switched. This trigger 
circuit now causes a constant current 
to be taken from C1, this discharging 

Fig. 2. Basic circuit of the NE566V in block form. 

current being equal in value to the 
charging  current  which  previously 
passed to C1. Thus the potential across 
C1 falls linearly with time until its 
value becomes low enough for the 
Schmitt trigger to switch back to its 
original state. C1 then charges again. 
The  triangular  voltage  produced 
across C1 is fed to a buffer stage, the 
output of which can be used as a 
source of triangular waves. If this 
buffer stage were not included, any 
current taken from the capacitor C1 to 
drive another circuit would affect the 
linearity  and  frequency  of  the 
waveform. 
The Sthmitt trigger circuit produces 
a square wave output. This is fed 
through 'a buffer amplifier to the 
output pin 3. The trigger circuit is of 
the non-saturating type which provides 
short rise and fall times. 
Both the triangular and square wave 
outputs have a 50 ohm impedance, so 
they can provide enough current to 
drive most circuits. 

FREQUENCY 
The transistors in the current source 
produce a voltage at pin 6 which is 
equal to that at pin 5. The current 
passing to or from the capacitor is 
therefore  proportional  to  (V+  — 
V,)/13 1. The  frequency  is also 
proportional to this quantity. An 
approximate  expression  for  the 
frequency is approximately equal to 
2(V+ — V)/R iCIV+. 
The variation of frequency with the 
value of C1 is shown graphically in Fig 
3 for the case where V+ = 12 V, V, = 
10.5 V and  R1 = 4k ohm. The 
frequency of oscillation can also be 
varied by changing the value of R1, 
but this resistor should always be 
within the limits of 2 k to 20 k ohm. 
This variation is shown in Fig 4 for the 
case where V+ = 12 V, V, = 10 V and 
the frequency is 'normalised'; this is, it 
is shown  as a multiple  of  the 
frequency when R1 = 10 k ohm. As 
R1 changes from 2 k to 20 k ohm, the 
frequency changes over a 10:1 range. 
Larger changes in frequency can be 
made by altering the value of the 
capacitor C1. 

VOLTAGE CONTROL 
The value of the control voltage, Vc, 
should be between 3/4 V+ and V. In 
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NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (R1) 

FREQUENCY AS A FUNCTION 
OF CAPACITANCE (C1) 
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NORMALIZED FREQUENCY 

this range the frequency of oscillation 
is proportional  to  the difference 
between the voltage at pins 5 and 8. 
When Vc becomes very close to V+, 
however, oscillation ceases. 

BASIC CIRCUIT 
The  basic  circuit  in which the 
NE566V may be used is shown in Fig 
5. It is recommended that a 1000 pF 
capacitor, C2, be connected between 
pins 5 and 6 to prevent the possibility 

Vc 

10 

Fig. 3. How oscillating 
frequency changes as Cl 
as varied. 

Fig. 4. Relationship 
between the frequency of 
oscillation and the value 
of R1. 

Fig. 5. Basic circuit for using 
the NE566V. 
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of oscillation in the precision current 
source. 
If an oscillator with a single fixed 
frequency is required, the value of C1 
may be selected from Fig 3 with R1 = 
3.9 k  ohm  and  R 2 and  R3 
proportioned to produce 10.5 volts at 
pin 5 when V+ is 12 V. Typical values 
for R2  and R3  are 1.5 k and 10 k 
ohm. 
If an oscillator which provides a wide 
range of frequencies is required, the 
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1000 F 
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NE566V 
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R4 
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R5 
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D1 
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01 
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2N3638 
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Fig. 6. Falling ramp generator. 
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capacitor C1 should be switched to 
provide a number of ranges. A value of 
100 pF will allow a frequency of 
1 MHz to be reached if R1 is near the 
minimum of its permitted range. The 
values of C1 may be increased by 
factors of ten; for example, 0.1µF may 
be used to obtain an output at about 
1 kHz and  10µF may be used to 
obtain a frequency of 10 Hz or less. 
The writer has used  a 10 000µF 
capacitor to obtain a frequency of less 
than 0.001 Hz. 
If a continuous variation of the 
frequency is required in addition to 
the switched  ranges,  R2  may be 
replaced by a variable resistor. When 
R2 is a maximum, the frequency will 
also be the maximum of the range. 
Alternatively R1 may be replaced by a 
variable resistor (of value 2 k — 20 k 
ohm), in which case the maximum 
value of R1 will result in the minimum 
frequency of the range. If R2 is made 
variable, R1 may consist of a trimmer 
in series with a fixed resistor so that 
the maximum frequency of the range 
can be set to the desired value. 
The frequency of oscillation varies 
somewhat with temperature and with 
the supply voltage, V+. The variation 
with temperature is typically 200 parts 
per million per 0C and with the supply 
voltage about 2% per volt. 

POWER SUPPLY 
The  NE566V  can operate from 
power supplies in the range 10 V to 
24 V,  the  absolute  maximum 
permissible voltage being 26 V. The 
current taken from the power supply 
by a typical NE566V is 7 mA. 
The triangular wave output from a 
typical NE566V operated from a 12 V 
supply has an amplitude of about 
2.4 V peak-to-peak, whilst the square 
wave output has an amplitude of 
about 5.4 V peak-to-peak. Both of 
these waveforms are imposed on a 
steady positive voltage. If they are to k 
be fed into the input of an audio r 
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Vc 

amplifier, a series capacitor should 
normally be used and some form of 
attenuator will also be required in 
most cases. 

RAMP WAVEFORMS 
It is easy to add a few components to 

the basic NE566V circuit so that it 
produces a ramp waveform instead of 
triangular  waves  and  short  pulses 
instead of a square wave. 
The circuit of Fig 6 can be used to 
produce a falling ramp waveform in 
which the voltage falls linearly with 
time and then rapidly rises to its 
maximum value before falling linearly 
again. In this case short negative going 
pulses will be produced at pin 3. 
The capacitor C1 discharges in the 
normal way, as in the circuit of Fig 5, 

01 
2N697 or 
2N3643 

Fig. 8. A method of switching the 
oscillator on and off. 

Fig 7. Rising ramp waveform 
generator. 

since the pnp transistor Q1 is held 
non-conducting  due  to  the 
base-emitter  function  not  being 
forward  biased. When the Schmitt 
trigger  circuit  inside  the  NE566V 
switches,  however, pin  3 becomes 
more negative and this forward biases 
the base of 01  via DI. Qi therefore 
conducts and rapidly charges C1 from 
the V+ line. The Schmitt trigger circuit 
thus switches back to its original state 
after a very short time so that short 
negative pulses are produced at pin 3. 
The rapid rise of the voltage at pin 4 
produces the falling ramp waveform 
shown. 

RISING RAMP 
A rising ramp waveform may be 
generated by the circuit of Fig 7. The 

+18V 
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C2 
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 0 

RF 
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 0 

Ov  

Fig. 9. A radio frequency f.m. 
generator. 

01 
2N697 or  .-
2N3643 

capacitor C1 charges through R1 in 
the normal way, as in the basic circuit 
of Fig 5. During this charging time the 
output at pin 3 is in its low voltage 
state, so the zener diode ZD i is 
non-conducting and the transistor 01 
receives no bias. 
When  the Schmitt trigger circuit 
switches, however, the voltage at pin 3 
rises so that the zener diode ZD I 
conducts and a positive bias is applied 
to  Ql. This  transistor  therefore 
conducts and discharges the capacitor 
C1 rapidly. The Schmitt trigger circuit 
then returns to its former state. 
When either of the ramp generators 
of Figs 6 or 7 are used, one half of the 
triangular  waveform  for  the basic 
circuit occurs in a very short time. The 
frequency of operation of the ramp 
circuits is therefore double that of the 
circuit  of  Fig  5 when the same 
component values are employed. Both 
of the ramp waveform generators can 
be used at very low frequencies. 
The  linear  ramps  generated  by 
circuits of this type could doubtless be 
used as the basis of an oscilloscope 
time base, although the writer has not 
tried to use them for this application. 
They can also be used for the checking 
of  audio  amplifiers  for  crossover 
distortion. 

TONE GENERATOR 
The NE566V can be used to generate 
a signal which can be amplified and 
fed to a loudspeaker as a warning to 
people in the area. The circuit of Fig 5 
may be employed, the power supply 
voltage being connected to the device 
when the warning tone is required. 
Alternatively the circuit of Fig 8 may 
be used; in this circuit the warning 
tone will sound when Si is open, for 
when Si is closed, the transistor 01 
conducts and C1 is held discharged. 

F.M. GENERATOR 
The circuit in Fig 9 shows how the 
NE566V may be used to generate a 
wavetorm which is used to modulate 
the radio frequency signal produced 
by a NE560B phase locked loop. 
The frequency of the NE566V is 
determined by the value of C1 and by 
the fine frequency control, RV I. The 
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T 

C3 
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RV1 
10k 

R4 
20012 

Fig. 10. A circuit for converting triangular 
waves to sine waves. The only active devices 
required are a Signetics NE566V and a 
Signetics NE511B. 

triangular  wave  output from this 
integrated circuit is fed to RV2 which 
acts as an attenuator and thus controls 
the frequency deviation of the output 
from the NE560B. 
The NE560B  phase locked loop 
contains an oscillator, the frequency 
of which can be controlled by the 
voltage fed to pin 15. The capacitor 
VC i is the fine tuning capacitor of this 
oscillator and determines the output 
carrier frequency. 
Although the NE560B cannot be 
used,to generate frequencies as high as 
the normal frequency modulated radio 
signals (around 90 MHz), all NE560B 
devices will operate at up to at least 
15 MHz  (typical  devices  up  to 
30 MHz) and therefore the fm output 
can  be  used  as an  intermediate 
frequency  signal  for  receiver 
alignment. If one uses the output from 
pin 4 of the NE566V to deflect the 
spot of an oscilloscope, one has the 
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1 R171 
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16 
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basis of a 'wobbulator' which displays 
the response of an fm receiver on an 
oscilloscope screen. 

SINE CONVERTER 
The circuit shown in Fig 10 can be 
employed to convert the triangular 
wave output from a NE566V device 
into a sine wave. It employs the 
non-linear emitter-base junction of a 
Signetics NE511B device for shaping 
the waveform of the signal. 
The NE511B is a dual high frequency 
differential  amplifier  which 
incorporates the associated constant 
current source transistors and a biasing 

R13 R14  
10k  10k  

15 

+12V 

 0 
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 0 
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10  NE511B 

R15 
lk 

-12V 
 0 

diode in a single 16 pin dual-in-line 
encapsulation. All of the components 
shown within the dashed lines in Fig 
10 are present in a single NE511B 
device. 
The amplitude of the signal fed to 
the NE511B device is very critical if a 
good sine wave with a low harmonic 
content is to be obtained at the 
output. The variable resistors shown in 
Fig 10 must be adjusted carefully for 
minimum distortion at the output. 
This sine wave converter cannot be 
used at very low frequencies, since the 
signal from the NE566V is capacitively 
coupled to the input of the converter.. 

All brands of equipment stocked and demonstration arranged by appointment. 

• Videotape Duplication  • Video Equipment Sales 

The Video & Hi-Fi Centre 
COMMERCIAL CONCEPTS 

Phone 389-2376  1 Edgecliff Rd, Bondi Junction — A.H. 451-7876. 



Slowly but surely, sales of Electronic Today 
International are increasing. 
Of course we are delighted — but an ever 
more serious world shortage of paper means 
that we must reduce wastage as much as 
possible. 
In some areas, the magazine is already in short 
supply, and the situation may become worse. 
There are two ways to ensure that you receive 
a regular copy: place a regular order with your 
newsagent, or take out a subscription which 
will cost you a bit more for postage, but will 
guarantee you your copy. 

Subscription Dept., 
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Rushcutter's Bay, NSW. 
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APAN IIFIV121 BELIE I RIVEN 
AUTOMATIC TURNTABLE 
THE ANSWER TO THE PROBLEMS OF 
ENTHUSIASTS WHO umnT MORE 
THAN THE BASICS, BUT DOW! 

umnT TO PAY THE 
HIGHER PRICE 

The Apan BFU-121 fully automatic CD4 ready turntable is a must for those who want the ease of 
automatic listening pleasure. It employs the following features — 4 pole synchronous motor — wow and 
flutter less than 0.16% W.R.M.S. — Signal to noise ratio better than 52 dB, — 12" diecast aluminium 
platter, weight 1.3kg — Static balance "S" type tone arm with anti skate device. Independent hydraulic lift. 

It comes complete with cartridge. Freq. 20-20,000 Hz. 

See your Hi-fl showroom for a demonstration of the APAN BFU-121 turntable. 

RALMAR 
agencies pty. ltd. 
71 Chandos St., Leonards 2065 Tel: 439-4352 

AGENTS: 
OLD: Tallerman & Co. Pty. Ltd., Robertson St., Valley, Brisbane 
VIC: K. J. Kaires & Co. Pty. Ltd., 4 Hill Court, Macleod 
S.A: K. D. Fisher & Co., 72-74 McLaren St., Adelaide 
ACT: George Brown & Co. Pty. Ltd., 23 Whyalla St., Fishwick 
NZ: Avalon Radio Corp. Ltd., 131-139 Hobson St., Auckland 

STATE DISTRIBUTORS: 
WA: G. K. Cameron & Co. Pty. Ltd., 246 Churchill Ave., Subiaco 
TAS: W. & G. Genders Pty. Ltd., Launceston, Burnie, Hobart 
N.T.: N. T. Musical & Electrical Wholesale Pty. Ltd., 54 Cavenagh St., Darwin 



DOUBLE QUAD 
— a step closer to ultimate sound, by Dr. T. Farrimond 

ONE HAS ONLY to listen to music 
through  a pair  of  good  quality 
electrostatic headphones to realise that 
the auditory performance of most 
loudspeakers leaves a lot to be desired. 
Good  quality  headphones are,  of 
course, easier to build. Low  mass 
distortion-free units can be built at 
moderate cost since the physical size 
of the moving parts is relatively small. 
The  close  coupling  between  the 
earpiece and ear enables adequate 
sound-energy to be made available, 
hence realistic levels of loudness may 
be achieved without the need for large 
diaphragm displacements. 
Full-range electrostatic loudspeakers 
are particularly difficult to build — in 
fact very few are available. The British 
Quad is probably the most familiar 
example of this type of speaker since 
it has been in existence for many 
years,  but other  brands are now 
appearing which tackle the problems 
in different ways and by so doing, 
generate a new range of subsidiary 
complications. 
The Quad is a push-pull system in 
which a lightweight diaphragm is free 
to  move  in an  air-gap  between 
perforated static plates — so producing 
sound. 
A limitation of such a speaker is that 
low frequencies (below 50 Hertz) may 
be restricted, since the large excursions 
of  the  diaphragm  required  for 
significant acoustic output may not be 
physically achievable. 
In the United States, the Dayton 

Wright  full-range  electrostatic 
loudspeaker uses a system in which the 
charged  plates  are  sealed  in  an 
atmosphere of sulphur hexafluoride. 
This confers two advantages over an 
air-spaced system: it gives a higher 
loading to the moving membrane — 
because of the density of sulphur 
hexafluoride relative to air; it also 
enables the voltages of the static plates 
to be increased because of the better 
electrical insulation properties of the 
gas. This in turn enables the spacing 
between plates to be increased, so 
allowing the diaphragm to be driven 
harder  when  reproducing  low 
frequencies. 
In general, a full-range electrostatic 
loudspeaker has certain merits relative 
to the majority of moving coil designs. 
It has low colouration since it is of 
doublet design and has no cabinet 
resonances.  It has  a lightweight 
diaphragm which is driven uniformly 
across the whole of its surface rather 
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STEP BY STEP INSTRUCTIONS 

DIN Itilog. /./  
and Socket 

Signal 
retaining bolts 

DIN Signal Socket 
Mounted on wooden base inside the 
transformer cover 

How the internal 
wiring is arranged. 

Pilot 
Lamp 

Signal input 
socket 

Polarity observed in connecting the wires 
to the input sockets 

Three pin socket 
connected to mains supply 
observing correct polarity 

Mains Transformer 

Sulu.° mains input socket 

Note The plug for this socket 
has a locking collar so that it 
cannot fall out 

SIGNAL INPUT: 

(a)  Remove rear wire mesh cover of lower 
spea ker. 

(b)  Loosen the four retaining bolts on the signal 
input transformer and displace slightly to 
one side so that the wooden speaker base is 
exposed. 

(c)  Cut hole in exposed speaker base to take 
DIN socket. 

Id)  Wire DIN'socket to shanks of transformer 
signal input sockets, observing polarity. 

le)  Replace transformer. 
(f)  Staple signal leads carrying a DIN plug 

to speaker framework to carry signal to 
uppermost speaker. 

MAINS INPUT: 

(a)  Cut hole in wooden speaker base near the 
mains input transformer to take three pin 
socket with locking collar. 

lb)  Connect three wires between the pins of the 
socket and the Bulgin socket mounted in 
the mains transformer corner (or to other 
appropriate wiring points which may be 
more easily reached and which preserve the 
correct polarity). 

Ic)  Replace lower speaker rear mesh. 
(d)  Staple mains cable to edge of wooden 

framework. 
(e)  Terminate mains cable with Bulgin plug 

to energise uppermost speaker. 

than  from  one small area, which 
minimises  unwanted  diaphragm 
flexing. 

SPEAKERS IN PARALLEL 
The  advantages  of  driving  two 
moving-coil speakers in parallel has 
been often stressed, for example by 
Gilbert  Briggs,  (' Loudspeakers', 
Wharfedale Wireless Works Ltd) but 
little has been written concerning the 
possible advantages of driving two 
full-range  electrostatic  speakers  in 
parallel. One advantage, in the case of 
the Quad electrostatic, would be to 
double the amount of air acted upon. 
Also if the speakers were mOunted 
vertically one above the other, high 
frequency  dispersion  would  be 
improved. Because of the shape of the 
high frequency transducer of the Quad 
(which  is a long  narrow vertical 
element) the horizontal dispersion is 
approximately  700. However  the 
vertical dispersion is only 150 and this 
produces  a beaming effect which 
results in changes in loudness of high 
frequencies when the listener moves 
his head. Such effects can be tiring and 
this  is one  of  the  reasons why 
"reflected sound" loudspeakers are 
preferred by many audiophiles. The 
construction  of  the double Quad 
system was undertaken with the aim 
of bringing about these improvements. 

HOW THEY WERE MADE 

Constructing double Quad speakers is 
quite straightforward. The wooden 
side  pieces  are removed and two 

extended wooden arcs screwed in their 
place. The arcs are constructed to 
continue the line of curvature of the 
front of the speaker grille. The angle 
of tilt of the complete assembly is 
then adjusted so that the uppermost 
speaker  retains  the same angle of 
inclination as a single unit mounted on 
the floor. The three feet of the Quad 
speaker are replaced by two parallel 
wooden extensions projected fore and 
aft from the speaker assembly. Four 
castors enable the unit to be moved 
quite easily and since the centre of 
gravity is well within the base, it is 
completely stable. 
The  complete  double  speaker 
construction  is much  more easily 
moved than the single Quad with its 
rather unstable tripod leg arrangement. 
This feature of the standard Quad is 
something which the manufacturers 
could well improve since even an 
obstreperous  cat  has  on  occasion 
tipped ours over! 
A danger  to  be  avoided when 
loudspeakers are run in parallel results 
from the excessively low impedance 
which  may  be created;  this may 
produce undesirable effects upon the 
amplifier.  Modern  direct-coupled 
amplifiers can supply large amounts of 
subsonic energy and therefore may 
damage a speaker if its impedance is 
very  low.  The  Acoustical  Quad 
amplifier has a capacitor output which 
blocks  direct  current  and 
low-frequency signals and it is for this 
reason that the manufacturers of other 
amplifiers (for example Amcron, who 

produce  the  D-60  amplifier), 
recommended  that a capacitor,  in 
parallel with a four ohm resistor, be 
inserted between the amplifier and an 
electrostatic loudspeaker load when 
the direct current resistance of the 
input transformer of the loudspeaker 
is less than three ohms, (which it is in 
the case of the Quad speakers). 
When  driving  Quad  electrostatic 
speakers in parallel, the impedance of 
the double unit falls to three ohms at 
frequencies above 8 kHz, but this is 
not too bad compared with some 
electrostatic  systems  in  which 
impedances may fall even lower than 
this. 
It may perhaps be asked why one 

should go to all this trouble with 
electrostatic  speakers  when  the 
problems could be solved by using 
moving-coil units which in general do 
not have the limitations of full-range 
electrostatic  speakers.  However  in 
lengthy  listening sessions  involving 
moving-coil,  hybrid  and  full-range 
electrostatics, full-range electrostatics 
seemed  the  most  'transparent'. 
Although at the extremes of frequency 
response some roll-off occurs, the 
detailed  and  accurate  mid-range 
reproduction  combined  with  an 
absence of bass colouration makes 
them difficult to beat.  0 

A full review of the normal 
Quad speaker is published on 
page 36 of this issue. 

4 
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AUDIO TRADER is produced 
by the same team that brings 
you ELECTRONICS TODAY 
and HI-Fl REVIEW. 

It is obtainable only by 
subscription at $15 a year post 
free from Audio Trader, Modern 
Magazines Ltd, 15-19 Boundary 
St, Rushcutters Bay, NSW 2011. 

A free sample copy is yours 
on request. 
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A perfect 
arrangement 
of a few vital 
statistics 

Venus de Milo was 36.24.36. The 
Marantz 4070 is 14 x 5 x 11. Both are 
accepted as being unique in their 
own way. Venus spoke for herself, 
but a lot of people speak for the 
Marantz 4070 and there are some 
very good reasons why. Reasons like 
the Marantz reputation built up over 
twenty years to take its place among 
the world's best Hi-Fi equipment. 
Its four channel balance controls and 
the mode switch with five selections 
incorporating a van-matrix position 
enables you to listen to four chan-
nel sound from your existing stereo 
records. It also has the ability to 
adapt to any four channel program 
source such as SQ and CD4 or any 
other kind of four channel material 
that may become available. This 
ensures that it can never become 
obsolete. 
The 4070 has a remote control 
facility for armchair comfort and 
delivers 35 watts per channel for 
stereo and over 15 watts per channel 
for exciting four channel sound. 
Some package eh? 
Wrap it up with your nearest Maranti 
stockist. 
For a complete dealer list and bro-
chure, write to 
Auriema (A'asia) Pty Ltd, 
15 Orchard Road, Brookvale 
NSW 2100 
Phone: 9391900 

WICK 41Elllt• R11.1. 21E . 
a very sensitive sound 

'''''  • 
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AUTO-AMP 
Boost portable radio output in your car. 

PROJECT 
314 

R1 
10k 

RV1 
2k2 

INPUT 

0  

2 
6 

14 

* Id1 

R2  C1 
2.7 12 _ v v vv_ A  p F 

8 

1 
8 

1 
  8 

N SPEAKER 

14 

• IC2 
6 
2 

Fig. 1. Circuit diagram of the booster amplifier. 

MOST portable radios and cassette 
players have a power output which 
seldom exceeds 100 milliwatts. Whilst 
this is entirely adequate for normal 
listening, many people find that it is 
entirely  inadequate  when  such 
equipment is used in a car. There the 
extremely high noise level effectively 
drowns out such radios and one is left 
with the choice of buying a proper 
(and quite expensive) car radio, or, of 
forgetting about the whole deal. 
However  this  problem  can  be 
overcome  by  using  a  small 
booster-amplifier  to  provide  the 
additional power required. Such an 
amplifier should be powered from the 
12 volt car supply and should accept 
an  input  from  the earphone, or 
external speaker socket of the radio or 
cassette player. 
The ETI booster amplifier has been 
designed to suit such applications and 

•IC1, IC2 LM380, SL60745 

t PIN 3, 4,5,7,10,11,12 

uses  the  inexpensive  LM380  (or 
SL60745) ICs. Two ICs are connected 
in  a bridge  arrangement  which 
provides an output of around five 
watts RMS (12 volt supply and 8 ohm 
speaker). The amplifier may be used to 
drive  an  eight-ohm  speaker 
permanently mounted in a suitable 
position in the car. 

CONSTRUCTION 

The  components  should  all  be 
mounted on a small printed circuit 
board (or Veroboard etc) as shown in 
the component overlay diagram. If 
Veroboard construction is used it is 
preferable to mount the ICs, in line, 
such that a common heatsink may be 
attached to both ICs on each side. 
Each  heatsink should  be at least 
25x5Omm and be constructed from 
copper or tin plate. 

NI  Kesistor  10k Y2W 5% 
2.7 ohm 1/2W 5% 

* RV1  Potentiometer  2k2 Trim 
1M Trim 

Ci  Capacitor  0.1µF polyester 
25µF 25V electro 
0.033µF polyester 

IC1, IC2 Integrated Circuit LM380, SL60745 
PC Board ETI 314 

C2 
25 oF 
25V 

I  
C3 T0.033 µF  

0 +12V 

0 OV 

O r 2 

C 

r-) 

c, 

\ fte.... ....e g)  

E T I 31 4  
0  0 

0 

Fig. 2. Printed circuit board. 
Full size 50 x 65 mm. 

Two  preset  potentiometers  are 
provided for setting up the amplifier. 
The  preset-volume  potentiometer, 
RV1 should be adjusted to suit the 
output voltage available from the radio 
or cassette. Sensitivity of the booster 
is such that 5 watts output will be 
obtained  (with  RV1  at maximum 
sensitivity) with an input of 50 mV. 
This should be entirely adequate as 
most radios will provide in excess of 
200 millivolts. 
The balance potentiometer should be 
set for minimum dc through the 
speaker as detailed in the 'How It 
Works' section. 
The compactness and simplicity of 
the amplifier enable it to be mounted 
in any convenient position, eg, even on 
the rear of the speaker itself! However, 
care should be taken to position it 
such  that  mechanical  damage  is 
unlikely to occur, and that adequate 
ventilation of the heatsink is obtained. 
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HOW IT WORKS — ETI 314 
The  LM380  (SL60745)  is an 
integrated audio amplifier which, has 
a fixed gain of 50 (34 dB) and, can 
be connected in either inverting or 
non-inverting mode (ie output 'out of 
phase' or 'in phase' with the input 
respectively). 
Two of these ICs have been used in 
a bridge arrangement which allows a 
higher power output to be obtained 
with the low supply voltage (12 
volts) available from the car. To do 
this we drive both amplifiers with the 
same signal, but connect one for 
inverting,  and  the  other  for 
non-inverting mode. The speaker is 
now connected between them and 
thus receives twice the output voltage 
that would be available from a single 
IC. 
The input requirpd for full power 
output is about 50 millivolts. Hence 
we have provided an input attenuator 
to increase the input requirement to 
about one volt which will enable 
preset adjustment to suit most radios 
or cassettes. 
We used a trim potentiometer on 
the board to adjust sensitivity such 
that full volume is obtained with the 
volume control of the source about 
half way up. If desired, a separate 
potentiometer may be used in place 
of the preset as a volume control. 
Output voltage of the ICs is about 
half of the supply. However since the 
speaker is direct coupled, any slight 
differenee in amplifier outputs will 
result in a dc current flow through 
the  speaker.  Potentiometer  RV2 
should be adjusted, with the aid of a 
multimeter, for zero volts across the 
speaker (or minimum current from 
the  supply).  Alternatively,  if a 
multimeter is not available, make and 
break one speaker connection and 
adjust RV2 for minimum 'clicking' 
sound from the speaker. 

+12V 

POVVE R 
INPUT 

OV 

SIGNAL 
INPUT 

Fig. 3. Component overlay. 

31 

37 -

 44 

MATERIAL: 
TINPLATE OR 
THIN COPPER 

Fig. 4. Heats. ink (two required) to be 
attached to either side of both IC's as 
shown in main picture. 

We still have a small quantity of special uprated 
LM 380's (SL60745) left over from our special 
reader offer — page 39 December issue. 

Th?.se are priced at S3.50 for two ($7 for four). 
Just send a cheque or money order, together 
with a normal-sized stamped addressed envelope 
to:— 

'Special IC Offer', 
Electronics Today International, 
15-17 Boundary Street, 
Rushcutter's Bay, NSW 2011. 

SPEAKER IMPEDANCE 

FREQUENCY RESPONSE 
10 Hz — 100 kHz 

SENSITIVITY 
Maximum (no input attenuator) 
into 75 k ohm 
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THE WINNING ENTRY 

ECTRONICS TODAY/DICK SMITH ELECTRONICS 

DESIGN 
CONTEST 

•10 

• 

• 

t,•••••••' 
4. • 

1 

4. 

• 

0 

EXPERIENCE, according to someone 
we once worked for, is the ability to 
recognize a mistake when you make it 
for the third or fourth time! 
If that definition is at all true, then 
we at Electronics Today are certainly 
gaining experience — for once again we 
grossly underestimated the number of 
entries in a competition. 
This time it was the ETI/Dick Smith 
Design Contest (Oct. 1974). In this 
contest,  entrants  were  invited to 
design useful circuits using any or all 
components on a prescribed list plus 
one item chosen from Dick Smith's 
catalogue (which was included free of 
charge within the issue). 
Not only were there more entries 
than we'd expected, but the actual 
standard of many of the entries was of 
an extraordinarily high nature. 
We ended up with well over 50 
finalists and the ultimate choice of 
winner was difficult in the extreme. 
Our final choice was of a most 
ingenious  IC  tester/logic  trainer/ 
breadboard unit/digital trouble-shooter 
designed by Mr B. A. Goddard of 
Moree, NSW. Mr Goddard presented 
his entry in two forms — one which 
met the terms of the contest in every 
respect, and a second one which 
included four LED's to provide BCD 
read-out. 
The winning entry (with additional 
readout) is reproduced in this issue — 
substantially in the form in which it 
was received. 
Congratulations Mr Goddard! — you 
have won your choice of Dick Smith 
Electronics' stock to a value of $250. 
Another excellent entry was that for 
an NE 555 — based vehicle flashing 
turn indicator sent in by Mr John 
Hodson of Essendon, Vic. It sounds 
simple enough, but becomes less when 
one starts to design one. 
This  entry  too  is reproduced 
elsewhere in this issue. 
A particularly interesting entry was 
that from Messrs Renoa and Trigg. 
This described a low-battery warning 
device  specifically  intended  for 
medical instruments but adaptable for 
innumerable other applications as well. 
Yet another was a most ingenious 
entry from Mr A. T. Torrens outlining 
an electronic flash capable of being 
triggered from sound, light or indeed 
any source that could be translated 
into a voltage change. 
The latter entry will be published 
next month. 
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IC tester logic trainer/breadboard 
unit/digital trouble-shooter 

TP3 

TP2 

TTL super test 
Veroboard pattern for 
sub-board. Dimensions 
are 3.75" x 3.12" x 
0.1" pitch. Board is 
shown here as seen 
looking down onto 
copper side. Cut gaps 
in copper tracks with 
correct tool or a sharp 
drill. Ensure that track 
is completely broken. 

TP9 

TPI 

TP10 
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CLOCK 

0  SWITCH 

UNIPULSER 
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111811111111111111 
6666 

TTL 
SUPERTEST 

OUT 

•  •  •  •  •  •  •  • 
1 2 3 4 5 6 7 8 

IN 

LOGIC 
0 IND. PROBE 

ORIGINALLY conceived as a tester 
for checking out disposals dual-in-line 
T.T.L. integrated circuits, this device 
has also proven effective in the roles of 
logic trainer, breadboarding unit and 
digital trouble-shooter. 
Two SN7400 quad NAND integrated 
circuits, together with an NPN bipolar 
transistor,  have  been  adapted  to 
perform the functions of multivibrator 
clock-generator, unipulser and pulse 
lengthener/detector,  each  function 
being located on a sub-board and 
brought out to banana sockets on the 
front panel. 
Three EZ hook probes with banana 
plug terminations are provided. The 
use of banana sockets for probe entry 
frees the probes for use in conjunction 
with other equipment. 
Logical  'I' and  '0' detection is 
available. Logic indication is by a red 
LED — alight for TRUE. 
A 16 pin dual-in-line socket with 
base  connections  fanned  to  well 
spaced binding posts (Fig. 3B) is used 
for the testing of both 14 and 16 pin 

(Continued overleaf) 

BCD OPTION 
A useful addition to the Supertest 
project is a BCD readout facility 
consisting of four LEDs brought out 
through current limiting resistors to 
binding posts on the front panel. 
The LED's, positioned in line and 
close together for easy interpolation, 
are fitted in the positions indicated on 
the layout diagram, using the islands 
provided  on the front panel for 
mounting the associated resistors and 
binding posts. The posts should be 
clearly labelled ABCD and the LED's 
defined by their binary weightings of 
1, 2, 4, 8. 
For  those  enthusiasts  who find 
continuous operation of the clocking 
multivibrator objectionable, the clock 
may be inhibited by isolating pin 1 of 
gate B1 and connecting this point via a 
toggle switch to ground. When the 
ground is removed the clock will 
operate normally. This switch can be 
located conveniently inboard of the 
unipulser  switch.  With  the  clock 
inhibited the clock output at TP1 will 
be a 'low'. 

Front panel layout of unit (with optional 
BCD readout). Use printed circuit board as 
guide for marking out hole centres etc. 
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12  1 11 

C2 ° 
4704F 

TP2 
LOGIC PROBE IN TO B3 

R3 
33k 

Tp9  9 
0   

INVERTER 

01 
BC183 
(ETC) 

IN TO B5  10 

TP3 
LED DISPLAY 
FRONT PANEL 

8  TP10 
83 

INVERTER 
OUT TO B4 

Circuit diagram of complete unit. 

TTL super test 
D.I.L. integrated circuits and also for 
breadboarding and training purposes. 
The front panel is clearly labelled 
with carefully applied Electraset — 
lacquered to increase durability — and 
housed on a small black plastic utility 
box to give the completed unit a 
professional appearance. 
Thirteen short leads — approximately 
230 mm  long  — twelve terminated 
with small insulated alligator clips and 
one with banana plugs, complete the 
test kit. 
The unit is intended to operate from 
an external power source of 5 V and 
this is normally provided by the digital 
equipment under test. But for casual 
purposes  a 6 V  lantern  battery, 
connected  via two  forward  biased 
silicon diodes, is a satisfactory and 
economical  power  source.  Current 
drain is about 30 mA. 

7 FRONT PANEL 
TP1 
CLOCK OUT 
TO B1 

(TO N.O. CONTACT SW1) 

TP4 
UNIPULSER OUT 
TO B2 

+5V 
(TO NC CONTACT SW1) 

C4 
.22uF 

OV 

MULTIVIBRATOR CLOCK 
The  clock  consists  of  a 
multivibrator formed by gates A4 
and BI and associated RC networks. 
The period of oscillation is about 0.8 
seconds and the output is buffered 
by gate B4 to reduce loading effects. 
The clock rate may be varied, if 
required, by altering the value of 
both capacitors. It is inadvisable to 
increase the value of the resistors 
beyond 2k as this may result in 
unstable operation. 

UNIPULSER 
The purpose of the unipulser is to 
provide a single, bounce-free pulse, at 
each depression of SW!, for use in 
testing counters etc. 
The two gates A3 and B2 are 
interconnected to form a switched 
bistable (RS flip-flop). Normally pin 
4 of B2 is grounded via SW1 and the 
resulting high at pin 6 is coupled 
directly to pin 9 of A3. As pin 3 of 
A3 is not connected, A3 sees both 
inputs as 'high' and its output will be 
'low'. 
When SI is depressed pin 10 is 
earthed and pin 4 goes high. A3 
output goes 'high' and this appears at 
pin 5 of B2. As both inputs of 82 are 

HOW IT WORKS 
now high its output will transfer a 
low' to pin 9 of A3 causing its 
output to be locked into the high 
state  regardless  of  any  further 
bouncing of the switch contacts 
which  would  otherwise  provide 
spurious input pulses to the counter 
under test. 
Releasing SW1 causes the flip-flop 
to revert to the state where A3 
output is low. 

PULSE EXTENDER 
This simple circuit stretches very 
short  pulses  to  about  100 
milliseconds duration thus allowing 
them to be detected easily. 
The two NAND gates Al and A2, 
together with C3 and R6, form a 
monostable. Initially both inputs of 
A2 are held low' due to R6, its 
output is therefore 'high'. All inputs 
of Al are thus 'high' and its output is 

If the input of Al is driven 'low', 
by a short duration pulse, the output 
of Al will go 'high' transferring a 
high via C3 to the input gates of A2. 
Output of A2, and Al input, will go 
low' holding  Al  output 'high'. 
Hence the LED indicator will be 
alight. 
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B1 
BANANA 
SOCKET 

SW1 

B2 
BANANA --... 
SOCKET 

IC LOCATING  vV1 16 PIN 
DOT  IC SOCKET 

16  15  14 
•  S  • 
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4 
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4 
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9 

10  9 
•  •  +SV 
8 

LOGIC 

IND. 

TTL 
SUPERTEST 

CONSTRUCTION 

Prepare  the  sub-board  from 
Veroboard by cutting the tracks as 
shown on page 53 and then commence 
wiring by fitting the resistors and 
links. Sleeve any  long links with 
'spaghetti'. Next mount the ICs taking 
particular care to orientate the notch 
(or dot) as shown in the overlay. 
Mount the capacitors and Vero-pin 
terminal posts taking care to insulate 
the capacitor leads with spaghetti. As 
Cl and C2 are physically large, they 
should be laid on their sides and 

Capacitor C3 now discharges via R6 
and  after  approximately  100 
milliseconds the input to A2 will 
revert to low' and hence A2 output 
and Al input will go 'high'. If both 
inputs of Al are now 'high' (pulse 
not present) Al output will go low' 
and  the  LED  will  extinguish. 
However if a pulse is present Al 
output will remain 'high' and the 
LED lit. 
As a low' is required to gate Al, an 
inverter is required for logical '1' 
detection. This is performed by Q1. 
01 also acts as a current amplifier 
allowing the logic probe to be of 
reasonably high impedance. Resistor 
R3 provides a light load, for the 
disconnected outputs of operating 
ICs, thus allowing logic levels to be 
observed. Resistors R3 and R4 also 
form a potential divider such that Ql 
does not draw excessive current at 
normal logical '0' levels. 

INVERTER 
The spare NAND gate, B3, is wired 
as an inverter. This allows inversion 
of the clock or unipulser outputs or 
low' logic detection using the logic 
probe. 

• 
7  8 

• 

LOGIC 

PROBE 

OV 

LED INDICATOR 

TB1 
V TERMINAL 

sa 
BANANA SOCKET 

B3 
BANANA SOCKET 

— B5 
BANANA SOCKET 

bound to the board with a length of 
spaghetti-sleeved wire. 
After checking the board for errors, 
poor solder joints etc, it may be tested 
by  temporarily  wiring  the  LED 
between TP3 and TP7 — the lead 
closest to the flat on the LED being 
connected to the grounded terminal, 
TP7. The unit is then powered by 
applying +5 volts to TP8 (zero volts to 
TP7). The LED should flash briefly on 
application  of  power  and  then 
extinguish. 
Connect TP2 to TP8 — the LED 

PARTS 
LIST 

TERMINAL 

Front panel layout of 
basic unit — the associated 
printed circuit board is 
shown page 5. Scale 
approx 70% — use pc 
board as guide for mark-
ing out hole centres etc. 

should light and then extinguish when 
the connection is broken. Observe that 
there is a pulse stretching action by 
flicking TP2 against TP8. 
Connect TP2 to TP1. The LED 
should  flash  regularly  at 
approximately  1 Hz.  Now connect 
TP5 to TP7 and TP2 to TP4 in that 
order — the LED will be extinguished. 
Disconnect TP5 and connect TP6 to 
TP7 — the LED will light. Note that 
repeated disconnections of TP6 will 
have no effect on LED indication. 
Disconnect TP6 and reconnect TP5 

ICA, ICB Integrated circuit SN7400 
Q1, BC 108, BC183L etc. 
Cl, C2 Capacitor electrolytic RB 470pF 16V 
C3 Capacitor electrolytic RB 100pF 16V 
C4•Capacitor 0.22pF 100V Greencap 
RI, R2, R6 resistor 820 ohm 1/4 W 10% 
R5 resistor 1k 1/4 W 10% 
R3, R4 resistor 33k I/4 10% 
TBI, TB2 terminals type D7/C 
WI D.I.L. 1/C socket 16 pin 
Veroboard .1" pitch 3.75" x 3.12" 
PC board fibreglass H.D. 6" x 3" 
Veropins TP2142 (.1" pitch) (39) (or similar) 
SW1 switch DPDT pushbutton momentary action 
LED light emitting diode large c/w mount 
E.Z. hooks type X-100W (3 off) 
Banana sockets 0107 (5 off) 
Banana plugs 0147 (5 off) 
Alligator clips miniature plastic covered (24 off) 
Solder, hook up wire, cambric sleeving, epoxy 
& insulation posts. 
Zippy box size UB1 150 x 90 x 50 mm (or similar) 

JR. 

IF YOU'RE BUYING HI-Fl EQUIPMENT 

YOU NEED HI-Fl EXPLAINED — 

THE EXPERT BOOK FOR NON-EXPERTS 

HI-FI EXPLAINED 
AVAILABLE MOST NEWSAGENTS NOW! 
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to TP7 — the LED will extinguish. 
Note that repeated interuptions of 
TP5 connection will have no effect on 
LED indication. 
Connect TP9 to TP7 and TP2 to 
TP10  —  the  LED  wilt  be  lit. 
Disconnect TP9 from TP7 — the LED 
will go out. Now connect TP9 to TP8 
— the LED should still be out. 
That  completes  testing  of  the 
sJb-board. The banana sockets, IC 
spcket, power terminals and unipulser 
sNitch should now be fitted to the 
font panel. Note that the common 

Printed circuit layout for modified (BCD) unit (shown full-size). Note resistors. These should 
be about 470 ohms (330 — lk will do) and connect the LED's to the appropriate binding 
posts. 

lead on SW1 is earthed to the panel 
ground-plane adjacent to the switch 
body. 
Mount the LED using the plastic 
mounting clip provided, and solder the 
lead near the flat side of the LED to 
the ground plane. Take care, when 
bending the leads from the LED, to 
hold the wire near the base of LED 
with long nose pliers. Unless the strain 
is relieved as above, the leads are prone 
to break off at the base. 
Mount four, half-inch insulated posts 
to the sub-board with screws and then, 

Printed circuit layout for 

asic unit. (shown full-size) 

DRILL 'A' HOLES 
8.0 mm DIA DRILL 
'B' HOLES 6.4 mm 
DIA DRILL 'C' 
HOLES 3.2 mm DIA 
DRILL 'D' HOLES 
FOR IC SOCKET 
ALL UNMARKED 
HOLES DRILL 
PRESSFIT FOR 
BINDING POSTS 

using 5 mintite epoxy, cement the 
other end of the pillars to the front 
panel. When the glue is set unscrew the 
sub-board so that final wiring may be 
performed as follows. 
Connect TP1 to Bl; TP2 to B3; TP3 
to LED; TP4 to 82; TP5 to NC SW1; 
TP6 to NO SW1; TP7 to GND; TP8 to 
+5 V; TP9 to 135; TP10 to B4. 
When all these connections have been 
made,  the  sub-board  may  be 
reinstalled on the front panel and the 
whole assembly mounted in the utility 
box.  • 

DRILL 'A' 
HOLES 8.0 mm 
DIA DRILL 
'B' HOLES 
6.4 mm DIA 
DRILL 'C' 
HOLES 3.2 mm 
DIA DRIL 'D' 
HOLES FOR 
IC SOCKET 
ALL 
UNMARKED 
HOLES DRILL 
PRESSFIT FOR 
BINDING POST 
POSTS 

56 ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 



UNITS OVER $300: 
Yamaha TB-700, BASF 8200, 'ioneer CT 5151, 
Sansui  SC  737,  K.nwooc  10(  710,  Sony 
TC-137SD, Pioneer CT 7171, BSC, 200, Harman 
Kardon HK1000, Aka! GXC  )D, TEAC A-360, 

Technics 676. 

23 CASSETTE RECORDERS 
REVIEWED 

UNITS UNDER $300 • 
Sony TC 121, TEAC A-130, JVC CD 1655, Philips 
N2509, Pioneer CT 3131A, Technics RS 263LS, 
Philips N2510, Pioneer CT 4141A, TEAC A-1E0, 

Sony TC-1345SD. 

BUY 
GUI 
CA 
RE 

ALL ARE PUBLISHED IN THE FEBRUARY ISSUE OF 

J 
REVIEW 

OUT NOW 
ALL NEWSAGENTS 
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1. 

W O OS 

audi7o6 i pntorems oaft i on 
"Hearing is Believing" -48 page booklet: an analysis of human hearing — 
the inherent problems of reproducing sound —masking distortion —attempted 
solutions —speaker development —the four axioms of a superior speaker. 
"Loudspeaker Evaluation" leaflet. 
ESS Heil Air Motion Transformer loudspeaker systems —technical and sales 
literature —three review reprints on this revolutionary new speaker. 
Phase Linear amplifiers and autocorrelation preamplifier specifications. 
"Why High Power?" leaflet. 
"How Sheffield Makes Records for Perfectionists" leaflet. 

Simply complete coupon and post this advertisement to: 
MEGASOUND PTY. LTD., 220 WEST STREET, CROWS NEST. N.S.W. 2065. 

Phone 922 3423 

NAME   

ADDRESS   

 POSTCODE 

I already own a high-fidelity sound system.  YES 0 NO 0 

My preferred hi-fl dealer is (name)   
(This is for our information only & your name will not be passed on to any dealer you might specify) 

My present speakers are   

My present power amplifier is 

My present cartridge is 

I am considering upgrading my speakers.  YES 0 NO 0 

I am considering upgrading my power amplifier.  YES 0 NO 0 

COMMENTS/QUERIES 

Model No. 
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Receiver attached 
to lid with Araldite 

Transistor mounted 
on mica washer 
and covered with 
insulating cap 

2N3055 

Telephone receiver 

Die-cast box 

1  

\ Mounting holes 

Suggested method of construction. 

Two-wire 
terminal 
block 

Components 
mounted 
on Veroboard 

Earth is obtained 
through the screw 

Solid-state 
flasher for cars 
FLASHING  TURN  INDICATOR 
lamps on cars are invariably controlled 
by a thermal relay unit. Many of these 
units are fragile and unreliable. A 
further  disadvantage  is that  the 
flashing rate is affected by the load 
current. Thus, connecting up a trailer 
or caravan may vary the flash rate 
beyond the legal limit. 
The unit described has the inherent 
reliability of solid state components 
and is not affected by load current. Its 
flashing rate is independent of supply 

BOTTOM VIEW 

• SEE TEXT  •56u 

100f21V: 

,JF 

OF  'Tr 

L TERM 

2N 3055 

voltage, and should cost little more 
than a commercial thermal relay unit. 

The flash rate and duty cycle can be 
varied (providing they remain within 
the legal limit — which is between 60 
and 120 flashes per minute). It can be 
used in either a 6 V or 12 V system. 

Details are shown for both +ve and -ye 
earth systems. A switch can be added 
to give an "all lamp flashing" mode as 
a warning signal at the scene of an 
accident. 

TT800 
TT801 

56V 12V 

TERM I 
.VE  I Ei GXNI STIswH GAA WNN DIRE FLI TSOE 

CHASSIS 
(Dm cast box) 

NEGATIVE EARTH SYSTEM 

EMERGENCY 
FLASHE_R_SIAL 

I APO 
RECEIVER 

________EXISTING WIRE TO 
TRAFFICATOR SW. 

• Li I 
3 
7 
3 s 

NE555 
TOP VIEW 

This inherently reliable flash 
unit is not affected by voltage 
or load changes. 

CIRCUIT DESCRIPTION 
The solid state flasher unit consists 
of two sections, the adjustable timing 
circuit and the high current switching 
circuit. 
The heart of the timing circuit is 
Signetics' versatile integrated timer — 
NE555. It is used here in an "astable" 
or "free running" mode. Its frequency 
and pulse duty factor are determined 
by three external components RA, 
RB, and C. 
A flash rate and duty cycle of 1/2 sec 
on — 1/2 sec off is achieved using the 
values shown in the parts lists and Fig. 
1, however for those who might wish 
to vary this the necessary calculations 
are shown elsewhere in this article. 
The NE555 is decoupled from the 
supply rail by a 562 resistor and a 
0.01pF capacitor in parallel with a 
68pF tantalum. For 6 V auto systems, 
the 562 resistor is not really essential 
as the chip will operate from a Vcc of 
between  4V  and  16 V and still 
produce the same accurate timing. 
Decoupling capacitors are required 
across the supply to eliminate voltage 
spikes on the supply rail. The 68pF 
capacitor smooths out most of these 
spikes but it is just not quick enough 
(it has too much  inductance) to 
ground the very sharp, short spikes 
that may damage the NE555, hence 
the 0.01pF capacitor which must be 

This entry was received from 
Mr. J. Hodson of Essendon, 
Vic. 

CHASSIS r  

POSITIVE EARTH SYSTEM L  R 
4, -o  • 0 -4 

TRAFFICATOR 
SWITCH 
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placed as close to the chip as possible. 
The output (pin 3) controls a direct 
coupled Darlington transistor output 
stage that switches the current through 
the lamps, the 100S2 resistor limits the 
current from the chip. The circuit is 
energized  continuously  when  the 
ignition is switched on but the power 
consumed is negligible. Only when the 
trafficator control switch is moved 
right or left, does heavy current flow 
through the 2N3055. The driver of the 
2N3055 is not a critical type but 
seeing that this unit was designed to 
switch 10 amps comfortably a medium 
power  transistor  with a collector 
current of 1 amp was chosen. 
The law requires that an audible 
indication be given to indicate that the 
trafficators  are  operating.  This  is 
achieved by connecting a telephone 
receiver earpiece across the 2N3055, 
thus producing the audible clicks. 
Most cars have two pilot lamps on 
the dashboard to indicate right or left 
hand indicator operation. If, however, 
there is only one pilot lamp, it can be 
connected between the two sides of 
the trafficator lever, providing that the 
lamp can be completely insulated from 
the dash. Thus when one set of lamps 
is energised, the pilot lamp operates in 
series with the un-energised lamps, 
which, being of high wattage and with 
cold filaments, do not light. 
It is also a good idea to provide an 
"emergency  flash"  mode to warn 
other drivers of a road accident, etc. A 
double-pole switch capable of handling 
the current (shown on the -ye earth 

VARYING THE FLASH RATE 
AND DUTY CYCLE 

The charge time (the high or + ve output) is given by:-

ti = 0.685 (RA + RB) C 

and the discharge time (the low or - ve output) by:-

t2 = 0.685 (RB ) C 

Thus the total period is given by:-

T = ti + t2 = 0.685 (RA + 2RB) C 

The frequency of oscillation is then:- 

f 
1  1.46   

- 
(RA + 2RB)C 

The duty cycle is given by:- 

- RB 
D   

RA +2 % 

circuit) will provide this. The extra 
load will not affect the flash rate or 
ratio, but one should check the fuse/s 
used in conjunction with the flasher 
unit to see if it will handle twice the 
normal current. 

CONSTRUCTION DETAILS 
The  most convenient method of 
building this flasher unit is to mount 
the components on to the lid of a 
die-cast box. The main part of the box 
should be bolted firmly to the car 

chassis, thus providing the necessary 
earth. The receiver can be attached to 
the lid, using epoxy resin. The 2N3055 
can be mounted on the outside of the 
lid, thus providing the transistor with a 
ready-made heatsink. This transistor 
must be completely insulated from the 
metal lid and a transistor cover must 
be used. The remaining components 
can easily be mounted on a small piece 
of Veroboard which in turn can be 
secured to the lid via the screw used 
for the terminal block.  • 

Electronic Windicator 
Circuit indicates which of two switches is first depressed. 

THIS CIRCUIT was thought up by Mr 
T. Tuck of Salisbury, South Australia. 
It's purpose is to indicate which of 
two switches is first depressed. 
The circuit was originally designed 
for use in a game in which two players 
on command each try to press their 
respective switch before the other. 
The first to do so causes 'his' globe 
to light, and providing he keeps his 
button depressed his opponent cannot 
cause his own globe to light until the 
circuit  is  reset  by  momentarily 
breaking the power input or by the 
winner releasing his button. 
With minor modifications, the circuit 
may be used in quiz games and/or the 
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lights replaced by buzzers (in the latter 
case diodes should be wired across the 
buzzers to protect the transistors from 
voltage spikes generated by the back 
emf). 
Operating principle is simple. Assume 
switches SW1 and SW2 are open, both 
transistors 01 and 02 have their bases 
'floating'  — neither is turned on. 
Neither globe is alight. 
Now assume SW1 is closed. The 
voltage at the collector of 02 (which is 
high) will flow via R1 to 031's base. 
Transistor 01 will now be switched on 
thus lighting L1. Although SW2 may 
now be depressed the voltage at 01's 
collector is too low to bias on 02. So 
L2 cannot be energized. 
One disadvantage of the circuit is 
that it is not self-latching. The winner 
must keep his button depressed until 
his opponent has conceded defeat. 

SELF-LATCHING 
The  modification  shown  here 

OV 

overcomes this disadvantage — at the 
cost of a slight increase in price. 
Basically all that is required is to 
replace the two BC 108 transistors by 
two small SCR's. Almost any low 
current devices will do — C106's for 

The circuit is self-latching if 
the transistors are replaced by 
SCR's. 

instance.  SCR's  are  self-latching 
devices so the first globe to be 
illuminated will stay that way — even 
though the winner's button is released 
— until the main power is momentarily 
broken.  • 

Low-battery warning 
Flashing light indicator warns of low battery voltage 

THIS CIRCUIT designed by Peter 
Renou  and  Peter  Trigg, of  East 
Melbourne, provides an eye catching 
warning of impending battery failure. 
The prototype device will be used in 
a hospital  operating  theatre  in 
conjunction with  battery operated 
medical equipment (powered by four 
'pen-light' cells). 
A moving coil voltmeter was not 
appropriate  as,  in  the  designers' 
experience,  medical  staff  have 
difficulty in interpreting a voltmeter — 
and sometimes find themselves half 
way  through  an  operation  with 
exhausted batteries. Therefore, the 
requirements for the indicator were 
that: 
1) the display be eye catching, easily 
understandable and provide a sense of 
urgency as the battery approaches 
exhaustion; 
2)  provide adequate warning of 
battery failure (at least 1 hour); 

Vmon+ 

3)  current  consumption  of  the 
indicator be low in relation to the 
main equipment; 
4) preferably, be more rugged and 
cheaper than a moving coil meter. 
The  design  was  based  on  a 
programmable unijunction transistor 
(PUT),  because  its  threshold 
characteristics can be well defined, 
arranged to flash a light emitting diode 
(L.E.D.) indicator. 
The circuit is shown in Fig. 1. The 
PUT (01) is used in a relaxation 
oscillator circuit. As the voltage being 
monitored (Vn., on ) falls, the voltage 
on the gate (V9) falls whilst the anode 
voltage  (Va) remains  essentially 
constant. Oscillation commences when 
Vg falls below Va by 0.6 volts. 
As Vmon  falls further, V9 falls and 
the PUT triggers at lower values of Va. 
Thus the cycle time shortens and the 
frequency of flashing increases giving a 
sense  of  urgency  as the battery 

approached exhaustion. Transistor 01 
and C2 act as a pulse stretcher and 
amplifier to drive the L.E.D. display. 
In the prototype the trigger point 
can be adjusted from 4.5-5.5 volts and 
the current drain when Vr,., on  is 6 
volts is 1 mA (controlled primarily by 
R1). This is considered acceptable as 
the device being monitored draws 
17 mA. All the requirements have 
been  met.  The  components  are 
mounted on the printed circuit board 
of the main device.  • 

FERGUSON 

Manufacturers ooff::  Electrical/ 

electronic equipment, wound 
components  and  lighting 

control equipment. 

BRANCHES 
IN ALL STATES 

FERGUSON TRANSFORMERS 
PTY. LTD. 

HEAD OFFICE: 
331 High St., Chatswood. 2067 

P.O. Box 301, 
Chatswood, NSW, Australia 2067 

Phone: 02-407-0261 

61 



HAM RADIO SUPPLIES 
MAIL ORDER SPECIALISTS 

67-7329  323 Elizabeth Str eet, Melbourne (2 doors from Little Lonsdale Strtet) 

SOLID STATE 
19 TRANSISTOR MULTI-
BAND RADIO — 9 RANGES 

-  $79 

AM, SW, FM, 
VHF, AIR, PB 
BATTERY/OPERATED 
COLOUR CODED 9 BAND DIAL 
1. AM 535 to 1600 kHz, 2. Marine 1-5 
to 4 MHz, 3 & 4. combined SW 4 to 12 
MHz, 5. 30 to 50 MHz, 6. 88 to 108 
MHz, 7, 8 & 9 combined VHF Aircraft 
145  MHz-174  MHz  incorporating 
weather band. 
Slider controls, Dial light, Fine tuning 
control,  Flip-up  Ti me  Zone  map, 
Telescope  antennas  complete  with 
batteries  879.00 P.P. 51.40 

SPECIAL NOTICE TO PURCHASERS OF 
RADIO RECEIVING AND TRANSMITT-
ING EQUIPMENT. 
The words "PMG approved type" in our 
advertisements  do  not  mean  that  this 
equip ment is covered by a PMG licence. But 
the equip ment is of a type approved for 
licence application. Individual purchases of 
radio receiving and transmitting equip ment 
must obtain a licence to operate from the 
PMG radio branch in their particular state. 
Some equip ment  sold  by  us cannot  be 
licensed and therefore can only be operated 
by licenced amateurs.  K.J. MILLBOURN 

SCOOP PURCHASE! 
Latest  military  design 
multi-band radio,  30 
transistors and diodes. 
With  exclusive  (LED) 
light  emitting  diode 
tuning  indicator  for 
positive  station 
selection. 
Battery  and  electric 
covers all popular AM 
and FM bands.  $59 

SPECIAL 
INTRODUCTORY PRICE 
SPECIFICATIONS 
CIRCUIT:  16  transistors,  15  diodes,  1 
varistor  and  2 rectifiers.  FREQUENCY 
RANGE:  AM  535-1605 KHz,  FM 
88-108 MHz,  TV1  56-108 MHz,  TV2 
174-217 MHz, Al R/PB2 110-174 MHz and 
WB 162.5 MHz. PO WER SOURCE: DC 6 
Volts.  PO WER  OUTPUT:  350 m W 
(Maxi mu m)  250 m W  .(Undistorted). 
DI MENSION:  9 3/8"  x  3 3/4"  x 8". 
WEIGHT: 4 1/4 Lbs. (approx). SUPPLIED 
ACCESSORIES: Earphone, Batteries (4 size 
D). 

• 

67-4286 

HIS MONTHS SPECIAL 
Magnavox 8-30 speakers. $14.95 

PROJECT KITS 
Popular Gakken and 5cienceland Electronic 
Kits, ideal for beginners, Completely safe, 
no soldering, learn electronics with each 
project. 
Crystal Set Kit   $5.50 
10 Project Kit   $10.90 
15 Project Kit   $11.50 
50 Project Kit      $23.50 
100 Project Kit   $27.95 
150 Project Kit   $35.00 

P & P extra 

AM/FM/Al R-PB-WB 
SOLID STATE 

VHF MONITOR 
battery operated. 

SPECIFICATIONS 

Transistor:  12 Transistor, & 9 Diode. 
Frequency:  FM  88-108  MHz,  AM 
540-1600  kHz,  AIR-PB108-174  MHz; 
Power  Output:  Maximum  500 m W, 
Undistorted  280  m W; Speaker:  3" 8 
ohms;  Earphdne:  Magnetic  8 ohms; 
Power Source: DC 6V UM-2 x 4 pcs. or 
AC 230 Volt; Antenna: Ferrite bar for 
AM, Rod antenna for FM/AIR-Pa-WS; 
Controls:  Volume  (w/on-off  switch); 
Selector  (A M/F M/AI R-PB- WB); 
Accessories:  Earphone  &  batteries; 
Dimensions:  3 3/8"  x 634"  x WA"; 
Weight: Approx. 3 lb. 

$39.00 

MODEL NC-310 DE LUXE 
1 W ATT 3 CHANNEL 
C.B. TRANSCEIVER 
• WITH CALL SYSTEM 
• EXTERNAL AERIAL 
CONNECTION 

SPECIFICATIONS, NC-310 
Transistors: 13 
Channel  Nu mber:  3,  27.24  OMHz 
Citz. Band 
Transmitter  Frequency  Tolerance: 
--E0.005% 
RF Input Power: 1 Watt 
Tone Call Frequency: 2000 Hz 
Receiver type: Superheterodyne 

Receiver Sensitivity: 0.7AV at 10 dB 
S/N 
Selectivity: 45 dB at ±10 kHz 
IF Frequency: 455 kHz 
Audio Output: 500 m W to External 
Speaker Jack 
Power  Supply:  8  UM-3  (penlite 
battery) 
Current  Drain:  Trans mitter: 
120-220mA 
Receiver: 20-130mA. 

Ilb:rice $49.50 per unit or $99.00 pair 

KENWOOD/TRIO TS 520 
5 BAND SSB TRANSCEIVER 

\MI 

SP520 — TS520 — VF0520 
Specifications 
Frequency Range: 80 meter band — 3.50 
to 4.00 MHz; 40 meter band — 7.00 to 
7.30 MHz; 20 meter band — 14.00 to 
14.35 MHz; 15 meter band — 21.00 to 
21.45 MHz; 10 meter band — 28.00 to 
28.50 MHz, 28.50 to 29.10 MHz, 29.10 
to 29.70 MHz; W WV — 10.00 MHz. 
Mode (Receive only) USB, LSB, CW. 

Input Power: 160 watts on 80 to 15 
meter  band,  140  watts on 10 meter 
band. 

Antenna Impedance: 50 to 75 oh ms, 
unbalanced. 

Carrier Suppression: 40 dB. 

Unwanted Sideband Suppression: 40 dB. 
Harmonic Radiation — 40 dB. 

AF Response: 400 to 2,600 Hz (-6 dB). 
AudipsInput Sensitivity: High Impedance 
(50k1Z) 0.5 pv for 10 dB (S+N)/N on 80 
to 15 meter band. 1.0 ACV for 10 dB 
(S+N)/N on 10 meter band. 
Selectivity: SSB: 2.4 kHz (-6 dB), 4.4 
kHz (-60 dB), CW: 0.5 kHz (-6 dB), 
1.5 kHz (-60 dB), (with optional CW 
filter). 

Frequency Stability:  100  Hz per  30 
min utes after warm-up. 

Image Ratio: 50 dB. 
IF Rejection: 50 dB. 

AF Output Power: 1 watt (with 8 oh ms 
load and 10% H.D.) 

AF Output Impedance: 4 to 16 oh ms 
(Speaker or Headphone). 
Tube and Semiconductor Complement: 
3 tubes (2 x 52001, 12BY7A), 1 IC, 18 
FET's, 44 transistors, 84 Diodes. 

Power  Requirements:  120/220VAC, 
50/60 Hz; Transmit: 280 watts; Receive: 
26 watts (with heater-off) or 13.8 VDC; 
Transmit: 15 A mp; Receive: 0.6 A mp. 
Di mensions:  333 (13.11) wide x 150 
(5.91)  high  x 335 (13.19) deep m m 
(inch). 

Weight: 16 kg (35.2 lbs). 

Nett. amateur prices 

TS 520 $550.00, VFO 520 
$95.00, SP 520 $25.00. 
Also available 

Trio  Q R 666  general  coverage 
com munications receiver solid state 550 
kHz — 30 MHz 6 bands. 

Price $330 
Trio  T R 72009  144  MHz  band  car 
transceiver  12volt. P.O.A. Please send 
S.A.E. for information on above items. 

1 watt 2 channel transceiver with call 
system. 27.240 MHz. 12 transistor. 
PMG approved type. 
SPECIFICATIONS:  Transmitter 
Crystal  Controlled:  1 Watt  input 
power  to  RF  stage.  Receiver 

Crystal-controlled 
superheterodyne circuit with 
455  Kc  IF.  Antenna  — 
Built-in 60" telescopic whip 
antenna.  Audio  Output — 
0.8 Watt maximu m. Power 
supply required — 12 volts 
DC  (Eight  1.5  volt  DC 
battery  cells).  Loudspeaker 
—  21/4 " PM type (built-in) 
function as microphone on 
transmit. 

$39.95 each 

PLEASE NOTE 
A large new branch is now open 
for your convenience at 390 Bridge 
Road, Richmond, Victoria. 3121. 
Phone 42-8136. 

MODEL 0 L-64D/P 
MULTIMETER $21.95 
20,000 ohms per volt. 
DC volts: 0.025, 1, 10, 
50, 250, 500, 1000 (at 
20K o.p.v.), 5000 (at 
10K o.p.v.). AV volts: 
0-10, 50, 250, 1000 (at 
8K o.p.v.). DC current: 
50uA,  lmA,  50 • mA, 
500  mA,  10  amps. 
ResistanEe:  0-4 K, 

400K, 4M, 40 meqoh ms. DB scale — 20 to 
plus 36 dB. Capacitance: 250pF to 0.02uF. 
Inductance: 0-5000 H. Size: 51/4  x 4-1/6 x 
13/4  in. 

A-10/P $55 p.p. $1 
Giant 61/2" Meter, inbuilt 
signal injector. Overload 
Protected.  AC/V: 2.5V, 
b y, 50V  250V., 500V, 
1000v, (16,000&Z/v). 
DC/V: 0.5V, 2.5V, 10V, 
50V,  250V,  5A0V, 
1000V  at  (30,00014/V) 
5000V (10,00014/V). 
DC/A: 501.1A,  lmA, 50 mA, 250mA, 1A, 
10A. 
OHMS: 101 42, 1001<S-21 W-2 100M Q 
db: —20 to +62dB 
Signal Injector: Blocking oscillator circuit 
with a 2SA102 transistor. 
Approx. size: 6-2/5" x 7-1/5" x 3-3/5". 

200-H.  $13.50, p.p. 75c 
90 0 quadrant  meter. 
Pocket size. 
AC/V:  b y,  50V, 100V, 
5 0 0 ys ,  1 0 0 0 V 
(10,00011/V). 
DC/V:  5V,  25V  50V 
250 V, ,..,500V,  2500 V 
(20,00011/V). 

DC/A: 50  2.5pqA, 250mA 
OHM: 60k14 6M1/ 
Capacitance: 100pF to .01-/1F, .001/1F to 

db: -20db to + 22dB. 
Audio Output* b y, 50V, 120V, 1000V Ac. 
Approx. size: 41/2" x 31/4" x 1-1/8" 
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A comprehensive 
Non-Technical 

REVIEW magazine for the 
HI-Fl enthusiast. 

From Modern Magazine (Holdings) 

Limited, the publishers of 

Electronics Today International  • 

ON SALE NOW 

CHAPMAN'S 
MIDGET 4 

RATCHET KITS' 
LOCAL SUPPLIES AND 

CATALOGUES AVAILABLE FROM 

Local supplies 

and catalogues 

available from 

°I.  IV AT *  

SUMO 
461 PACIFIC HIGHWAY, ARTARMON, 

Telephone. 42 4214 

SPECIALISTS IN PRECISION FASTENING TOOLS 

MORRO W 
ELECTRONICS 
The Pop Group Specialists 

• Public Address Systems 

• Guitar Amplifiers 

• Speaker Enclosures 

• Echo Units 

• Accessories Built to your 
Specifications 

• Complete quotes supplied anywhere in Australia 

Contact: 
62 Myall Avenue, ERINDALE. 5066 
Phone (08) 317574 

S.   

Save 
on costly 
dry batteries 

Multivoltage battery 
eliminators provide unlimited 
operation from 240V AC mains 

at negligible cost. 
Suitable for radios, cassette recorders, tape recorders, electronic 
calculators and test equipment. 

PS8:'A 
filly it es. 

Ada, 

• •-••• 1:1.•  tee 
• p., 

11111 

Model PS82A has 4IV, 6V, 71V or 9V output at .1 amp. 
Double Insulated. 

PS164 

Model PS164 has LIIV 6V, 7IV or 9V regulated output at .3 amp 
Double Insulated 

Approved by Electricity Authorities.   

SOLID STATE CAR CONVERTER 

Enioy unlimited use of portable radios and cassette recorders by 
running them from the car battery. 6, 7.5, 9, volts at 300 mA. Plugs 
into cigarette lighter socket in most current model cars. 
Invaluable when motoring, camping, caravaning, boating, etc. 

Technical Leaflets Available. 

A+R —Soanar Electronics Group ring 
30-32 Lexton Rd.,  Sales Offices Phones: 
Box Hill, Vic. 3128  VIC: 89 0238, NSW: 78 0281, 
Australia  SA: 51 6981, OLD: 52 5421, 
Telex: 32286  WA: 81 5500. 

I I 
SOANAR 
GROUP 

ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 63 



SQUARE WAVE 
GENERATORS 

Unusual multivibrator circuits produce fast rise and fall waveforms — by Laurie Cachia, B.Sc., C.Eng., 
M.I.E.E., M.I.E.R.E., M.I.E. Aust. 

R1 
470k 

T 51 

01 
7NY15 

10pF 

02 

R4 
680k 

7N915 

85 
39k 

.-10V 

C3  

—L. •=. 

C4 

.5V 

TZERO 
VOLTS 

Fig. 1. This circuit supplies well-shaped 

square-waves. 

CONVENTIONAL  multivibrators 
generate an output waveform which is 
produced by a transistor switching out 
of conduction; apart from this both 
leading and trailing edges are slowed 
down by the loading effect of the 
feedback/timing capacitors. 
Here are two unusual multivibrator 
circuits which do not suffer from the 
above limitations. 
Both circuits produce square waves 
in which both leading and trailing 
edges are formed by a transistor 
switching into conduction — rise and 
fall time is typically 80 ns. 
A further unusual feature is that, in 
both circuits, the output is derived 
across a low impedance point and is 
not capacitively loaded. 
Consider 01 to be on the onset of 

 0 

 0 conduction. As Icl increases, Q1 c falls 
in potential and, because of the 
coupling capacitor Cl, Q2b drops also. 
Therefore Ic2 decreases, Q1 c rises in 
potential and the coupling capacitor 
C2 causes Ql b to rise and hence 1,1 to 
increase still further. 
The effect is cumulative and ends 
with 01 conducting heavily and 02 
cut off. 
Capacitor Cl charges up and Q2b 
rises towards the +10V line until 02 is 
again forward biased and starts to 
conduct again. As Ic2 increases Q2c 
potential falls and causes Q1 b to fall 
with it. Therefore, 1,1 decreases and 
Q1, potential rises causing Q2b to rise 
and Ic2 to increase still further. The 
effect is again cumulative and ends 
with 02 conducting and 01 cut off. 
Capacitor Cl charges up and Q1 b 
rises towards the +10V line until 01 is 
again forward biased lc1 starts to 
increase. The cycle of operation then 
repeats itself. 
The frequency and the mark to space 
ratio for the square wave can be 
altered by altering the values of R1, 
R4, Cl and C2. 
In general, the turn on time for 
transistors is shorter than the turn off 
time by about an order of magnitude. 
In the circuit of Fig. 1 the leading edge 
of the square wave (going positive) is 
produced  by  02  coming  into 
conduction and the rear edge of the 
square wave is produced by 01 coming 
into conduction. The rise time and fall 
time of the edges of the square wave 
are thus of the same order (80 ns) 

Fig. 2. Well-shaped 

variable frequency 
square-waves (5 kHz 

50 kHz) are supplied by 
this circuit, which is also 
capable of high frequency 
Operation. 

VARIABLE FREQUENCY SQUARE 
WAVE GENERATOR 
A variation of the circuit of Fig. 1 is 
shown  in  Fig.  '2.  Here  the 
feedback/timing capacitors Cl and C2 
are charged up by the constant current 
generators 03 and 04. The magnitude 
of the charging current is governed by 
the voltage of Q3b and 04b and by 
the value of the resistance in the 
emitter circuit of 03 and 04. Thus Cl 
and C2 charge up linearly at a rate 
determined by the setting of RV1 
which therefore acts as a variable 
frequency control.  • 

(  NOTICE TO ADVERTISERS  4)1 

S50,000 PENALTY 
The Trade Practices Act, 1974, came 
into force on October 1, 1974. There are 
important new provisions in this Federal 
Act of Parliament which contain strict 
regulations on advertising. 
All advertisers and advertising agents 

are advised to study those provisions 
very carefully  as heavy  penalties are 
imposed. 
It can be an offence for anyone to 

engage,  in  trade  or  commerce,  in 
conduct "misleading or deceptive." In 
particular  Section  53  contains 
prohibitions  from  doing  any  of  the 
following in connection with the supply 
of goods or services or in connection 
with the promotion, by any means, of 
the supply or use of goods or services. 
FALSELY  represent  that goods are 

services are  of a particular standard, 
quality or grade, or that goods are of a 
particular style or model. 
FALSELY represents that goods are 

new. 
REPRESENT  that goods or services 

have sponsorship, approval, performance 
characteristics,  accessories,  uses  or 
benefits they do not have. 
REPRESENT  that  he  or  it has  a 

sponsorship, approval or affiliation he or 
it does not have. 
MAKE false or misleading statements 

concerning the existence of, or amounts 
of, price reductions. 
MAKE false or misleading statements 
concerning  the  need  for any goods, 
services, replacements or repairs. 
MAKE false or m: :eading statements 

concerning the existence or effect of any 
warranty or guarantee. 
Penalty for an individual is $10,000, or 

6  months  imprison ment;  for  a 
corporation, $50,000. 
It is not possible for this company to 

ensure  that advertisements which  are 
published in this paper comply with the 
Act  and  the  responsibility  must 
therefore be on the person, company or 
advertising  agency  submitting  the 
advertisement for publication. 
In cases of doubt, consult your lawyer. 

ELECTRONICS TODAY 
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PREPAligskOtni SAV IS $ electronics.-- $  
• A  , 

e t 

IMinfi aS 

‘') 

, 

C OI SYSTEM 

1011LY $ 39.9 5 

ETI-312 
• Regulated invertor 

• Auto rev limiter 
• Points bounce suppression 

• Inbuilt tacho circuit 

• Changeover to standard 

ignition  • 

post & 
packing yiL 

CDI  ignition will save you money and improve the 
performance of your vehicle. THIS CDI will also provide a 
rev, limiting facility and optional tacho circuit; all at 
moderate cost. This promises to be the best and most 
reliable CDI ever presented - try one for yourself and gain 
valuable experience in electronics. 

INTEGRATED CIRCUIT 

mini -amp 
with  TBA-810 
As featured in the 

January  edition  of 
"E A", this latest solid 

state  IC  amplifier  is 

available ex stock at special 

introductory prices. 

6.5W in 4l at 16V 
5.5W in 4S2at 14.4V 
2.3W in 4S-tat 9V 
1W in 4E2 at 6V 

M ONO KIT $6.20 
IC only $5.50 
pack/post. 50c 

Stereo kit co mplete 
with mag input and 

bass/treble, incl. 
chassis, transfor mer, 
slider controls etc. 

$29.00 P/P $2 

Latest CMOS design - 

BURGLAR ALARM 
KIT ET  

I project 528 

Ultra low battery drain (1mA) 
Entry.- exit time delay system 
This simple but highly effective alar m 

= Icing $1 $ 1 4 5 0  control module is suitable for ho me, 
office or factory and may also be used 

as a fire, smoke or gas alar m or other emergency syste m. A 30 second 
time delay is allowed for exit or re-entry after which the alar m is 
"ar med". Operates fro m 12V, relay output to switch on bell etc. 

LATEST CASSETTE and CART. 

CAR STEREO'S P & 
CASSETTE  $45  si 
Dual 4iW output, fully gtd  without speakers 
C ASSETTE/R A DI O  $84  P & p 

SI 
As above, inbuilt A M radio without speakers 

8 TRACK CARTRIDGE $39  V‘ P 
Dual 3.5 W output  without speakers 

SPEAKERS - ega, ,„ P & P 
suit above. PR for O U. DU si 

11111;11. 

SCOOP PURCHASE 

HIRE 
Including:  • Dual  Trace Oscilloscopes  • Pulse 
Generators • Distortion Analyser • Wide Range 
Oscillators • Digital Multi meters • High Voltage 
D.C.  Supply  • Voltage  Standard • Ti me-Mark 
Generator  • R.F.  Milli-volt meter  • RMS 

TEST  Differential Volt meter • Digital Counter -ri mer 
• Function Generators • RF Signal Generators 

EQUIPMENT • Impedance (RCL) Br idge • Transistor Analyser 
• Nanovolt  Source  • Microvolt  Meter  • XY 
Plotter  • Progra m mable  Power Supply  • UHF 
Milli-volt meter  • Closed  Circuit  T.V.  • Video 
Tape Recorder • Decade Resistance Boxes. 

- 
WE WANT TO BUY 

.  your used (but not 

abused) test equip ment for 
resale. Antiques not required 

-please send full details. 

TELEPHONE 797-6144 

I MO. , 

INTERNATIONAL RECTIFIER 

Lamp Hits 
Starter Kit - OP8070 $18.06 
Complete easy-to-follow details on fibre optic handling, 
bundling, cutting and terminations as well as project 
suggestions and applications included in "why-how-where 
of fibre optics". 

"CAPRI" OR "TOWER" LAMP KIT - $12.50 
Assemble either of these beautiful spray kits from OP2020 
kit; also includes base, lamp and lamp assembly, mains lead 

etc. 
"FAN" SPRAY LAMP KIT - $14.95 
With more free-flowing 20 mil fibres, this kit provides a 
"fan" of shimmering light from OP2050 kit and including 
base, lamp and lamp assembly, mains lead etc. 

"CAPRI"  "TOWER"  "FAN" 

OUR BEST 
IN BARGAIN 
PAK 1 
too Asst. 
Short Lead 
Resistors 

$1.00 

VALUE EVER 
- PRICED 

PAK 51 
50  Hi S"b 
resistors 
0.5% teleran. 
',wan •Il 
n.ff went values 

S3.50 

PARTS 

PAK 28 
25 Asst. 
1uF to 500uF, 
3VW to 12VW 
Electros 

$2.00 

SUPER-PAKS 
PAK 8 
10 NPN 
unmarked, 
tested TG5 
Transistors 

$1.50 

PAK 14 
33 Asst. 
Standard Size 
Tagstrips 

81.00 

, 

PAK 3 
100 Asst. 
Popular V:VV 
Resistors 

$1.75 

PAK 46 
50 Asst. 
Mini 60 YW 
Polyester 
capacitors 

$3.50 

PAK 30 
25 Asst. 10uF 
- 500uF. 
12VW - 80VW 
Electros 

$3.50 

PAK 45 
10 NPN 
BC107-8-9 
Unmarked 
Transistors 

$1.75 

PAK 43 
3W Amp, 5 
Transistors plus 
circuit, incl. 
A Y6108-6109 

$2.25 

PAK 24 
100 Asst. 
1W and 2W 
Resistors 

$2.00 

PAK 39 
100 Asst. 
400V 
Polyester 
Capacitors 

$3.50 

PAK 31 
15 Asst. 
500 - 3000uF, 
12VW 
Electros 

$3.50 

PAK 52 
15 AasOneiti 
Val. Sockets 
nanny for 
r•pairs 
$1.75 

PAK 47 
1 P.C.B. 
Etching Kit 
incl. P.C. 

$2.50 

PAK 49 
20 Asst. 
Useful Pots 

$2.50 

PAK 40 
100 Asst. 
630V Poly 
Capacitors 

$4.25 

PAK 26 
100 Asst. 
Low Voltage 
Ceramics 

$2.00 

PAK 44 
6 Zener + 6 
Silicon Diodes 
to 10W Rating 

$2.00 

PAK 48 
Transistor Radio 
Repair Kit • - 
IF. Caps. 
Gang, V.C. etc. 

$4.89 

PAK 32 
25 Asst. 
Radio and Inst 
Knobs 

$2.00 
i 

PAK 42 
10 Asst. 
Modern pf 
Trimmers 

$1.75 

PAK 41 
100 Asst. 
500V - 5K V 
Ceramics 

$2.50 

POST & PACKING 
Send 30c per PAK. We 
will ship to an y part of 
Australia by best method. 

TEST EQUIPMENT SERVICES 
a division of Pre-Pak Electronics 

688 PARRAMATTA RD, CROYDON 2132 
m• mm  •  ••• .. •  •• • . =••• •• • ••• ,. •  •m mn•  ••• • •rm . 

( To:  TEST EQUIPMENT SERVICES 
P.O. BOX 43, CROYDON, NSW. 2132. 

I Please send further information (SAE enclosed) 

INa me:    

I Address:   

  Postcode:   

k Co mpany  Po on   

1 
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DA .9'*,'Sql 
4ssemble your own 
stereo system and 
save $$$ HOW 

APAN 
BELT-DRIVE 
TURNTABLES 

2 beaut 
models to 

choose from ... 

Quality at 
low prices. 
Order now 
while stocks 

last!  Post/Packing $4.00 each. 

Both models come complete with base, cover and 
magnetic cartridge AT NO EXTRA COST. 

Despite a 12% devaluation in late '74, we will be able to 
maintain these old prices until the end of February. Other 
dealers have probably increased prices immediately. Apan 
Turntables have been voted by HI-Fl sound buffs "the best 
value-for-money around", so, if you want to update or even start 
a new system, get in on the act now. A deposit of only $5.00 
will secure yours now before prices rise again. 

SEMI-AUTO 
BRU-121 

.$119 

8 INCH TWIN-CONE 
10 WATT SPEAKER 

Ideal for compact stereo systems, rear 
channel  or . extension  speakers. 
Attractively finished in walnut with 
colourful grille cloth. Houses full-range 
8" speaker with "whizzer" cone for 
extended high frequency response. 60 
HZ — 12 kHz, 8 ohms impedance. Size 
30 x 30 x 24 cms. 

FULLY AUTO 
BFU-121 

$139 

Post/Packing $2.00 each 

TOP VALUE  Jetsound 12. S42 

PRE-PAK 

SPEAKER 
SPECIALS 

PRE-PACK (SYDNEY) 
Head Office: 

718 Parramatta Road., 
Croydon, NSW 2132 

PH: 797-6144 
OPEN 7 DAYS 

12 inch deluxe 3-way, 4 speaker 
kit  with  L-C  network  for 
accurate crossover frequencies. 
The kit co mprises a 12" bass 
driver with acoustic suspension 
cone and massive ferrite magnet, 
6" sealed-back mid-range, and 
two  3" tweeters for super high 
frequency  response,  plus 
crossover,  wiring  diagra m and 
reco m mended  enclosure 
diagra m  to  build  your  own 
cabinets. Big 30 Hz — 20 kHz 
response, 8 oh ms imp, 30 watt 
power rating. 

Pack/Post $2.50 each. 

PRE-PAK (N'CASTLE) 
Shops 3-6, 

West End Arcade, 

810 Hunter St. West., 
Newcastle, 2300. 

Ph: 69-2103. 

Thu ND 
e  % 

8 inch 3 %toy lisystem kit 
Great Value 

$ 3 7 
% Post/packing $3.00 each 

NEW MODEL SP853 
20 Watts Power Rating 
Size only 53 x 29 x 22 cms. 

Ready-built cabinet. 
Simply mount speakers. 

Speakers specially chosen for this sytem 
comprise 8 inch "free edge" acoustic 
suspension  woofer  (bass),  5  inch 
squawker (mid-range) and 3 inch cone 
tweeter  for  super  "hi's".  Overall 
response is 35 Hz — 20 kHz, crossover 
frequencies  2  kHz,  7  kHz  with 
inductive/capacitive  network.  Power 
handling 20 watts. To save time, we have 
had the cabinets already made for you to 
mount and wire-in the speakers and 
crossover. Cabinets are walnut-finished 
with black grille cloth.  I 

A New Era of Sound Performance — 

EXPO MODEL DX-3030 
IIIII 1 • 38W per channel (8 ohms ) 

4 • 2 tape monitor sockets 
....,„ '.  ̂.., • • • Loudness/Scratch filter 
,, „ • t '  • A-B Speaker switching 

• Fully guaranteed 

AVAILABLE AT THESE 
PRICES ONLY UNTIL 
ENO OF MARCH 

EXPO — 
the sound of 
excitement! 

$169 

Highly recommended by 
music lovers. 

EXPO MODEL CR-7070 
AM-FM STEREO 
TUNER — AMPLIFIER 
• 20W per channel (8 ohms) 

• AM-FM — FM stereo 
• Loudness/Noise filter 
• Tape monitor 

Jetsound 8. S21 
If space is your problem, try this, 
our  most  popular  8"  3-way  3 
speaker system. A big sounding 8" 
acoustic  suspension  woofer,  6" 
sealed-back  mid-range  and  3" 
tweeter with the outstanding L-C 
crossover  network  is  a  great 
co mbination giving 40 Hz — 20 kHz 
response. Power ratirrg a sturdy 20 
watts, overall sensitivity excellent, 
impedance  8 oh ms.  Easy-to-read 
diagra ms will assist you to connect 
speakers and build recom mended 
cabinet design. 

Post/Packing $2.00 each 

$199 
You can 

reserve yours 
now on just 
$5 deposit 
supplies are 
very limited! 

Economy 12. S33 
When you're on a budget, you 
want  the  best  sound for the 
smallest money, and that's what 
we've got. A 12 inch acoustic 
suspension speaker and two 3" 
cone  tweeters  cover  the  full 
audio spectru m fro m 35 Hz — 
19  kHz  in  recom mended 
enclosure. 30 watt rating and 8 
oh m  impedance  suits  most 
amplifiers, crossover frequency 
5 kHz, sensitivity 100 dB. Build 
your own cabinets and save big 
money — we provide details. We 
know stocks won't last, so if 
you like, we'll lay-by your set 
today on $5.00 deposit. 

Pack/Postage $2.00 each 

WOLLONGONG, N.S.W. Ph: 84-9034. 
Hi-Tec Electronics, 265 Princes Highway, CORRI MAL. 2518. 

HUNTER VALLEY, N.S.W. Ph: 33-6664 
Hunter Valley Electronics, 478 High St., Maitland. 2320 

ADELAIDE. Ph: 255-2249 
A.E. Cooling, 6 Trim mer Road, Elizabeth South, 5112. 

MELBOURNE. Ph: 211-4788 
Flight Electronics, 1 Derby Road, Caulfield East. 3145. 

A 



S ID E017 
LO- COST 
10 WATT RMS 
STEREO KIT 
with Sanken S1010Y 

awl "vi 
a • • • % %  • - , 

$33 
P&P $3 

• Ceramic input. 
• Base and Treble controls. 
• Rumble and Scratch Filters. 
• Mains Power Supply. 

Our newest amplifier kit with full 10 watts 
rms per channel output, modern extruded 
aluminium front panel and 45 mm slider 
controls. Build your own cabinet to save 
extra expense or mount amp under record 
player. 
Any  turntable  will  give  satisfactory 
performance  (we  recommend  our 
Supraphon HC-12) while speakers should be 
8 ohms (see below). It is possible to use a 
magnetic cartridge with the addition of a 
magnetic  pre-amp,  however,  we  have 
obtained very good results with a ceramic 
cartridge. 
The quality sound of the SANKEN Hybrid 
Amplifier S1010Y will truly amaze you and 
this low price is possible only because of our 
10 store bulk-buying power. 

4 CHANNEL ADAPTOR 
Add  on  to  your 
stereo system for 4 
dimension sound. 

$ 15.5ea0. • s2witocrh 4 channel 

Post VI  • Self-powered. 
• Rear level speaker control. 
• Front "loud/soft" control. 

ACU 
•  • 

Recording and 
Playback 
Pre-Amp 
for VORTEX 
Cassette Deck ... 

$ 9 7 Complete Kit 

Playmaster 144 

Built your own Cassette Tape Deck for 
less than $100 co mplete. High quality 
recordings are now possible at a cost 
approxi mately  50%  cheaper  than 
comparative  com mercial  models.  As 
featured  in  the  August  and  October 
issues  of  this  magazine,  the  Kit  is 
co mplete with Metalwork, P.C. Boards, 
Cassette Deck, Transfor mer, Hardware, 
etc. 

STEREO CASSETTE 
TAPE RECORDER KIT 

Complete kit -- $97 P&P $3.00. Vortex 
deck only $29 P&P $1. Pre-A mp only 
(no  metalwork  or  Vortex  deck)  - 
$59.00 P&P $2.00. Metalwork only - 
$18.50 P&P $2. Send for itemised price 

% list NO W. 

LIMITED STOCKS AT THESE PRICES 

• Acta 

EXPO - sound of excitement 
STEREO HEADPHONES 

Latest  mod  styling  in 
colored transparent plastic 
with lightweight headband 
an d  co mf ortable 
ear-cushions. 

Padded  head-band  for 
EXTRA  co mfort  plus 
slider volu me controls and 
stereo-mono  switch.  Best 
value around town. 

For  smooth,  al most 
distortion-free  stereo,  try 
these very affordable hi-fi 
quality  headphones  with 
independent  volu me 
controls,  stereo-mono 
switch and curly cord. 

A mong the best money can 
buy  -  real  professional 
type  headphones  with  Model 
super  padded  headband, CIS-250V 
independentally adjustable $17.95 
volu me controls and curly 
cord plus specially shaped P & P $1 
earcups to seal out ambient 
roo m noise. 

Model 
CIS-50 

$12.95 
P & P $1 

Model 
CIS-160 

$15.50 
P & P El 

Model 
CIS-460 

$16.95 
P & P 51 

ELECTRET HEADPHONES 
.../.sl)  The   ulti mate  in 

pha , headphones  with  great 
'  improvement in phase and 

75.111 11111.1:11  Al Co.  $59  transient  characteristics 
resulting  in  clean  treble 

p & p s2and  po werful  bass 
responses.  Self-powered 
a daptor  connects  to 
speaker ter minals. 

HI-FI Quality 
TURNTABLE 

Direct 
Import 

Special 

only 

$29.95 
Pack and 
Post $2.00 
SPECIFICATIONS: 
3 speeds (16, 33, 45 r.p. m.), 4 pole 
induction motor, 240V, 50Hz operation, 
power consu mption 16VA, low ru mble 
content,  perfor mance  complies  with 
standards CSN36 7000, CSN36 8401. 

FEATURES: 
Includes  cera mic  cartridge  (180 mV 
output),  manual  operation  only, 
hydraulic  lowering  device  fitted, 
co mplete with mains and output leads. 

Available in base/cover, ready to connect 
to  amplifier  or  tape  recorder,  only 
$49.95. 

Supraphon Model HC 12 

CHOOSE FROM... 
3 GARRARD MODELS 
all complete with bases! 

(3200 CP A superb  auto  player,  3 
speed,  4  pole  motor, 
magnetic  cartridge.  Post 
$3.00.  $59.00 

6300  Great  value  in  an  auto 
changer  with  overarm,  3 
speed, 4 pole motor and 
magnetic  cartridge.  Post 
S3.00.  $64.00 

6400  A mechanical wonder, is this 
auto  changer with  pusher 
playform, 3 speed, 4 pole 
motor  and  magnetic 
cartridge. Post $3.00. $70.00 

Add extra 59 for perspex covers 

ECONOMY 8. S12. CORAL 8. S15 CORAL 10. S2b CORAL 12 S35 

Don't worry about the low price 
tag, this "little brother" 8" 2 way 
syste m rivals many larger speakers 
for  deep  bass  and  overall 
performance too! An 8" acoustic 
suspension  speaker  with 
"whizzer" cone covers the range 
45Hz  to  16KHz, while the 3" 
super tweeter goes up to 20KHz. 
Not  bad,  eh!  Even  5  watt 
amplifiers see m like 10 watters 
with this high efficiency 8 oh m 
syste m. Diagra ms are provided so 
you can build your own cabinets 
too. 

Pack/Postage $2.00 each. 

$12 

From  one  of  Japan's  leading 
makers, the model 8SA-1 Kit is an 
8 inch 3 way 3 speaker system 
with  capacitive  crossover  and 
capable  of  70Hz  to  20KHz 
response  in  reco m mended 
cabinets. Power rating 35 W peak, 
17.5 W average, sensitivity 93 dB, 
crossover  frequencies  4KHz, 
9KHz,  impedance  8  oh ms. 
Complete to the last detail with 
wire,  screws,  terminals,  cabinet 
instructions and badge. Speakers: 
8"  woofer, 4"  mid-range, 21/," 
tweeter.  Easily  asse mbled  and 
good value for money. 

Post/Package $2.00 each  $15 

A fine 10" 3 way speaker syste m 
from  Coral  Audio  Corporation 
(10SA-1), capable of 50 W peak, 
25 W  average  power,  and  wide 
40Hz  -  20KHz  frequency 
response.  The  capacitive  type 
crossover  network  operates  at 
2KHz, 6KHz for smooth response 
and distinctive performance from 
each  speaker  individually. 
Comprises 10" free-edge woofer, 
5" mid-range and 21/2" tweeter, 
plus  all  accessories. 
Co mprehensive  instructions  are 
provided. Impedance 8 oh ms. 

Post/Package $2.00 each.  $25  

The  Coral  12SA-1  3  Way  4 
Speaker system is rated at 70 W 
peak, 35 W average and includes 
the  high  perfor mance  L-C 
crossover. The 12" bass speaker, 
with free-edge, high co mpliance 
cone,  the  5"  heavy  duty 
mid-range  and  the  two  21/2" 
tweeters  are prefectly matched, 
and in the recom mended cabinet 
design, provide 30Hz-20KHz hi-fi 
response,  8  oh ms.  The 
"do-it-yourself" instruction book, 
plus all accessories, are included. 

Post/Package $2.50 each. 

$35 

BRISBANE. Ph: 97-2509. 
Delsound, 103 Cavendish Road, Coorparoo. 4151. 

NORTH QUEENSLAND. Ph: 78-855. 
Philtronics, Cnr. Grendon & Pal mer Sts., North Mackay. 4740. 

WEST AUSTRALIA. Ph: 41-3427. 
B.P. Electronics, 192 Stirling Terrace, Albany. 6330. 

CANBERRA. Ph: 47-6179. 
Electronics Shop, 2 Hackett Place. Hackett. 2602. 

Interstate customers, please order from your 
nearest store by mail or phone, or call 
personally.  We  are  always  AT  YOUR 

SERVICE. 



UNDERSTANDING 
COLOUR TV 
This month — the PAL colour signal. 
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A PAL COLOUR television signal is 
similar to a monochrome signal except 
that  it includes a high frequency 
subcarrier  on  which  the 
colour-difference  signals  are 
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Fig. 23. Placing subcarrier frequency at 283.75 (line 
frequency) gives optimum interleaving of luminance, 
U and V energy peaks. 

modulated  in  quadrature.  This 
subcarrier is known as the chroma 
signal. The frequency of the subcarrier 
is chosen with absolute precision to 
minimise the  interfering effect of 

SYNCHRONISING BURST (NOT NEEDED FOR MONOCHROME) 

0 
VIDEO INFORMATiOO 

Fig. 24. Waveform of one line of a colour picture. A short 'burst' of unmodulated 4.43 MHz 
subcarrier is transmitted in the back porch period for reference oscillator synchronisation. 

chroma on luminance. This involves 
the following factors: 
1. The subcarrier frequency should 

be as high as possible so that any 
interference  it  causes  on  a 
monochrome picture is invisible from 
a reasonable viewing distance. 
2.  Since  the  colour-difference 

signals are allowed a bandwidth of 
about 1 MHz, the sideband energy of 
the chroma signal extends 1 MHz 
above  and  below  the  subcarrier 
frequency.  The  bandwidth  of the 
composite television signal is limited 
to  5.5  MHz  so  the  subcarrier 
frequency must be below 4.5 MHz to 
avoid excessive attenuation of the 
upper chroma sideband. 
3.  In Part 2 it was shown that 
interference between luminance and 
chroma can be minimised by placing 
the subcarrier frequency between any 
two  harmonics  of  line frequency 
(15 625  Hz).  This  causes  the 
predominantly line-harmonic energy 
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Fig. 25. The phase lock loop by which the reference oscillator phase is controlled by the burst. 

ALTERNATE V DEMODULATOR PHASES 
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SWINGING 
BURST 

Fig. 26. Swinging burst phases. 

contents of luminance and chroma to 
'interleave'. So far, a reasonable choice 
of subcarrier frequency would seem to 
lie between the 283rd harmonic of line 
frequency (4.421875 MHz) and the 
284th harmonic (4.437500 MHz), i.e. 
at 283.5 x (line frequency). 
4.  Since  one  of  the 

colour-difference  signals  ('V')  is 
reversed  (or 'modulated'  by)  half 
line-frequency in the PAL system, the 
chroma energy peaks due to V alone 
are at steps of only half line-frequency 
either side of subcarrier frequency — 
see Fig. 23. To separate these peaks 
from the luminance peaks a better 
choice of subcarrier is 283.75 x (line 
frequency). 

CHROMA 

v 
LINE N 

LINE N.1 

5. Areas of saturated colour where 
the chroma signal  is large suffer 
slightly from a fine dot patterning 
caused by the subcarrier frequency 
appearing as luminance detail. While 
colour sets are designed to reject the 
subcarrier from the luminance signal, 
older monochrome sets with good 
resolution may show the effect. The 
pattern is minimised if the dots and 
the  spaces  between them are in 
relatively  staggered  positions  on 
adjacent lines. This is achieved by 
offsetting the subcarrier frequency by 
an amount equal to the rate at which 
each line of the picture is refreshed 
(frame frequency) i.e. 25 Hz. 
Thus the final choice of subcarrier 
frequency for the PAL signal is: 
(283.75 x 15,625) + 25 Hz 
= 4.43361875 MHz 
Broadcasters maintain this frequency 
accurate to a fraction of 1 Hz! 

 al ONELINE DELAY 

//)64)/ / 

Fig. 27. Method of separating U and V 
components of chroma signal using a one-
line glass delay. 
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SUBCARRIER BURST 
Colour receivers contain a reference 
oscillator which generates subcarrier 
frequency to drive the U and V 
demodulators. A quartz crystal is used 
to determine the frequency accurately 
but the oscillator can only be brought 
to exactly correct frequency and phase 
by  a special  synchronising  signal 
included in every picture line of the 
colour  signal.  This  is a short 
transmission  of  unmodulated 
subcarrier,  just  10  cycles  (2.25 
microseconds) long, known as the 
'burst'.  Fortunately  for 
monochrome/colour compatibility a 
monochrome signal contains a 'dead' 
period at the start of each scanning 
line, known as the back porch. The 
burst is inserted in this space — Fig. 
24. Its position on the line is carefully 
defined so that a simple gating circuit 
in the receiver can extract it for 
controlling the reference oscillator. 
This is achieved by applying the local 
oscillation and the burst to a phase 
comparator which detects any en or in 
the local oscillator phase and co.-rects 
it by means of a control voltage 
applied  to  the  oscillator.  The 
phase-lock loop so formed is shown in 
Fig. 25. The control voltage is usually 
applied to a varicap diode in the 
oscillator circuit; changing the control 
voltage causes the capacity of the 
diode to change and the change in load 
on the quartz crystal affects the 
oscillator phase. 
Since the burst is present for only 
31/2% of a line, an integrating capacitor 
is needed to store the control voltage 
between bursts. The integrator also 
makes the phase lock more resistant to 
interference. 

SWINGING BURST 
The U and V demodulators require 
different  phases  of  reference 
oscillation and these are obtained from 
the reference oscillator by simple 
phase shift networks. While the U 
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Fig. 28. 100% amplitude, 100% saturation co our bar pattern and waveform. Levels are 
shown relative to OV = black level. 

demodulator needs a fixed phase, the 
V demodulator needs different phase 
(± 900) on successive lines to match 
the PAL switching at the transmitter — 
see Fig. 26. Some receivers switch the 

LINE N IV POSITIVE) 

V  signal  itself  instead  of  the 
demodulation phase; this achieves the 
same thing and in either case an 
electronic reversing switch working at 
half  line-frequency  (7.8  kHz)  is 

LINE N+I IV NEGATIVE) 

Fig. 29. Chroma and burst vectors on successive lines for colour bar pattern. 

needed. The switch  phasing must 
match the transmitter for correct V 
demodulation. The burst is used to 
synchronise the V switch as follows. 

The bursts do not have uniform 
phase, instead they alternate ± 450 on 
successive lines. These swings are not, 
intended  to  be followed by the 
reference oscillator and to prevent this 
the integrator in Fig. 25 has a time 
constant much longer than one line. 
Therefore  the  reference  oscillator 
settles at the average phase of the 
bursts which is the —U axis. The 
purpose of the swinging burst is to 
produce. a small 7.8 kHz ripple in the 
error  voltage  from  the  phase 
comparator. This ripple is picked off 
by a tuned amplifier to give a 7.8 kHz 
signal known as the ident. The ident 
conveys the phase information needed 
by the V switch. Without it the V 
switch would only have a 50% chance 
of starting in the right phase every 
time the set is switched on. 

PAL-fl (Delay) 

Although under ideal conditions U 
and V can be separated from the 
chroma signal by correctly phased 
demodulation, the phase errors which 
occur in real situations cause Hanover 
blind colour errors. Although these are 
less  objectionable  than  the 
corresponding  hue  errors  in  the 
simpler NTSC system (since the eye 
tends to integrate the errors to see 
near-correct  colours)  most  PAL 
receivers use the PAL-0 refinement by 
which  Hanover blinds are entirely 
eliminated. This involves passing the 
chroma through a one-line delay unit. 
The  delay  consists of a ceramic 
transducer which converts the chroma 
into ultrasonic (4.43 MHz) vibrations 
which travel a carefully measured path 
through a glass block to a second 
transducer  which  converts  the 
vibrations back to an electrical signal. 
The block is ground to give a 64 
microsecond delay.  In Fig.27  the 
direct and one-line-delayed chroma 
signals are both fed to two stages: an 
adder where the alternate line phased 
V components cancel out leaving U 
alone, and a differencer where the U 
components,  being  similar  on 
successive lines, cancel out instead 
leaving alternating V. Thus U and V 
are separated before the demodulators. 
This is not essential but gives the 
advantage that phase errors (Fig. 22 
last month) are averaged out between 
adjacent lines electronically without 
Hanover blinds appearing. A minor 
consequence of PAL-D is that vertical 
colour resolution is slightly reduced 
but this is far preferable to Hanover 
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blinds. The delay line in Fig. 27 must 
be trimmed to one-line period to 
within a fraction of a subcarrier cycle 
or the circuit will cause permanent 
Hanover blinds! 
When PAL was introduced it was 
expected that slightly cheaper PAL-S 
(simple) receivers without a chroma 
delay line would be made. In practice 
the cost of the mass-produced glass 
delay line is so low that virtually all 
PAL receivers are PAL-D type. 

COLOUR BARS 
A standard pattern of colours is 
enormously  useful  for  checking 
receiver performance — the colour bars 
pattern  is shown in Fig.28. The 
sequence of colours is chosen to give 
descending luminance levels from left 
to right so that a monochrome receiver 
displays steps of grey from white to 
black. The separate red, green and blue 
signals which make up the bar pattern 
are  shown  in Fig.  28; they are 
generated electronically for accuracy. 
If the receiver decoder is working 
correctly the red, green and blue 
beams of the display tube will be 
controlled by these signals. This is 
readily checked by switching on each 
beam in turn and counting the number 
of bars of colour displayed. 
The  peak  excursions  of  the 
composite  luminance  chroma 
waveform are given in Fig. 28. The 
luminance levels are found from: 

Ey = .3E R + .59EG + .11E6 

The peak-to-peak chroma amplitudes 
are found by summing vectorially the 
U and V values for each colour found 
from the equations given in Part 3 i.e. 

U = .493 (EB — E y) where EB — E y 

=  .7 E R  —  .59 E G  —  .11 E B  and V = 
.877 (E R — Ey) where ER — E y  = 

.3 E R — .59 E G + .89EB 

The amplitudes of the resultants are 
the same for +V and —V lines, only 
the  chroma  phases  change.  The 
chroma phase for each colour is shown 
in Fig. 29. Note that black and white 
have no chroma signal. 
The colour bar pattern in Fig. 29 is 
the  most  basic  but  the  100% 
amplitude, 100% saturation colours do 
not often occur in real pictures. 
Therefore other versions of the pattern 
where  amplitude  or  saturation  is 
reduced are often used. This does not 
affect the vector angles in Fig. 29, 
only  the  luminance  or  chroma 
amplitude respectively. 

COMPLETE RECEIVER 
The delay line in Fig. 27 and the 
phase lock loop in Fig. 25 are the 
heart of a receiver colour decoder 
which will be described next month. • 

"LET YOUR FINGERS DO 
THE WALKING!" 

THE  WHAT,  WHERE,  WHO, 
HASSLES & HOW MUCH BOOK by 
Roger & Valrie Harrison 
• see revie w in May 74 E.T.I. 
• is a buyers guide for electronics and 
co m munications enthusiasts 

• everything fro m arclights & aardvarks 

for  ardent  amateurs  to  kits  & 
kaboodle for those who just doodle. 
20 categories! 

• we  aren't  perfect,  but  we're  way 
ahead  of second  place!  Listings on 
over 250 fir ms! 

$2.80 post paid (P/O's preferred) 
AMATEUR COMMUNICATIONS 

ADVANCEMENTS 
47 Ballast Point Rd., Birchgrove 2041. 

HITNCHI 
TAPES 

Mail Order Specials 
Each  12 of  36 of 

C 90  2.45  1.85ea. 1.75ea. 
C120  3.25  2.25"  2.10" 
UDC60  2.70  1.75"  1.60" 
UDC90  3.30  2.35"  2.20" 
UDC120 4.25  2.70"  2.50" 
Postage 
NSW: 70c plus 10c per doz. 
VIC. OLD. S.A.: $1.05 plus 15c 

per doz. 
TAS. W.A.: $1.15 plus 25c per doz. 

Logan Brae Audio Sales 
P.O. Box 24, Carlton, 2218 NSW 

Telephone: 587-3475 

DISPOSAL 
SALE 

Of Surplus and Ex Government 
Electronic Gear 

STOCK MUST BE CLEARED 

NO REASONABLE OFFER REFUSED 

OPEN 9.30 AM — 5 PM Monday to Friday 
9 AM — 12 noon Saturday 

AVO  Model  7 &  0 Multi meters.  As  new 
condition from $35.00 
No. 15 Ix No. 62 Transceivers. Plenty of part 
wrecked units any reasonable otter writ buy. 
A. W.A. RC Audio oscillator, 20Hz to 200kHz 
in  4 bands  HIZ  &  600  oh m  240  Volt 
AC565.00 
COAX  CABLE  58  oh m  Ascand  15  PI/24. 
Brand new 1/8 - outside dia meter. 12c Por Yard. 
510 per 100 yard reel. 
LARGE QUANTITIES of hard to get valves, 
transfor mers. serni.conductors & components. durai tubing.  cables  multicore  &  coaxial. 
connecting leads Cannon type plugs multipin, 
relays ',NAG types & miniature, telephone parts, 
todeprrnter units, all types of panel meters new & used, test equipment.  multi meters, signal 
generators,  -oscilloscopes.  Power  supplies, 
standard racks and thousands of component 
parts,  potentiometers, capacitors oil hued & 
ialectrolytic,  high  &  low  wattage  resistors. 
I ransistor circuit boards, crystals. 

SPECIAL THIS MONTH ONLY 
Standard P.M.G. Bieck Telephones Dial I ype 
tested with Ericson Piug 67.95 few only. 

Ericaphon  Plastic  Telephone dial in base — 
latest ty Pe 519.75 As new few only. 
Ericson 800 Series TelephoneS dial type as new 
$17.50 t•w only , 
PMG  Type  Telephone  Plugs,  white  plastic 
standard type Ericson 95c a Pair 
4 Digit Counters. Post Office Type 40 Volt 50c 
each. 

HAM RADIO DISPOSALS 
104 Nielsen Street R.chrhond Vic . 3121 
INeer Lennox Sr...,, Phone 424136 

• 

jai PTY. LTD. 
Telephone 211-5077 

P.O. BOX K39, HAYMARKET 
N.S.W. AUSTRALIA 2000 
405 Sussex St. Sydney 

ENTRANCE OFF LITTLE HAY ST. 

ALL ETI KITS ON 
DISPLAY IN OUR 

new 
SOUND STUDIO 

AT LAST 
SEE THE SUPERB 

ETI 4600 
M USIC SY NTHESISE R DE MONSTRATED 

CO ME IN AND HEAR OUR RANGE OF 
HI Fl EQUIPMENT AND SYSTEMS. 
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ETI 3600 SYNTHESIZER 
MODULES NOW AVAILABLE 

TURNTABLES, AMPLIFIERS 
AM/FM TUNER AMPLIFIERS 
SPEAKER SYSTEMS-READY 
BUILT AND KITSETS. 
AUDIO ACCESSORIES 
AND COMPONENTS 

KITSETS NOVJ AVAILABLE 
ETI GRAPHIC EQUALISER 

Fft 
Co mes with all coils pre wound and a 
choice  of  either a ti mber cabinet  or 
attractive  marvi-plate  cover  making 
this  kit  ideal for professional P. A. or 
do mestic stereo use. 

Complete kit price $96 
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Complete kit price S218. 

ETI 413 100 Watt Amp  S75 
ETI 420 Amplifier  S129 
ETI 422 Amplifier  S118 
ETI 423 Decoder  S65 

POST & PACKAGE S3.00 
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Sole Australian distributors 

INTERNATIONAL DYNAMICS 
(AGENCIES) PTY. LTD., 
P.O Box 205. Cheltenham. Vic 3192 

Here's direct-drive performance 
at a belt-drive price! 

MICRO D D1 
Micro technology presents a direct drive 
turntable at a surprisingly accessible price! 
Generally considered as the optimum way 
to a smooth, stable and silent 
drive system, direct drive 
minimises moving parts 
because the centre spindle 
of the platter is also the 
centre shaft of the drive 
motor. 
The motor rotates slowly (331/3) 
so even quieter performance is 
assured. The pickup arm 
supplied is capable of tracking 
today's high-compliance 
cartridges with 
relative ease, 
making the 
Micro DD1 
a high per-
formance 
direct-drive at a 
belt-drive price. 
Hear it at any of the 
agents listed below! 

Available from: 

N.S.W. 

OLD. 

S.A. 

M & G Hoskins Pty Ltd, 37 Castle St, BlakehLrst 2221 
Telephone: 546 1464 
Stereo Supplies, 95 Turbot St, Brisbane 400C 
Telephone: 21 3623 
Challenge Hi-Fl Stereo, 96 Pine St, Adelaide 5000 
Telephone: 223 3599 

TAS. 

VIC. 

W.A. 

A.C.T. 

Also in the new MICRO range: 

The following new belt-drive 
models are also at your 

Interdyn agent: MR 122, 
MR 222, MR 322, 
MR 422, and direct 
drive models 
MR 622 and the 
top of the line 
MR 711. 

Audio Services, 44 Wilson St, Burnie 7320 
Telephone: 31 2390 
Encel Electronics Pty Ltd, 431 Bridge Rd, Richmond 3121 
Telephone: 42 3762 
Albert TV & Hi-Fl, 282 Hay St, Perth 6000 
Telephone: 21 5004 
Duratone Hi-Fl, Cnr Botany St & Altree Crt, Phillip 2606 
Telephone: 82 1388 
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ELECTRONICS  PANT 15 
easy! 

A 

UNREG 
SOURCE 

SWAMP 

Fig. 1. Regulation can be slightly improved by: 
(a). Voltage regulation — an additional shunt 
load. 
(13). Current regulation — an additional series 
load. 

WE HAVE SEEN how the regulation 
of a power supply is related to its 
effective internal resistance. A voltage 
source requires low internal resistance, 
whilst  a current  supply  requires 
maximum internal resistance for best 
operation. 

PASSIVE METHODS 
A simple  and  very  elementary 
method of improving the regulation is 
to impose a dummy load on the 
supply that is much greater than the 
normal  load.  Figure  la shows a 
swamping load of 10 amps in parallel 
with 1 amp. If the real load, (the 
smaller) varies by a value comparable 
with 1 amp, far less change occurs in 
the total load drawn from the supply 
— the  output  voltage,  therefore, 
changes less. 
This method improves regulation for 
load changes, but does nothing to 
guard against input supply changes. 
Furthermore, it is clearly inefficient. 
Note that RL is now connected to a 
lower source resistance — that of R9 in 
parallel with Rs. The reduction in 
resistance is, however, not great. 

UNREG 
SOURCE 

UNREG 
SOURCE 

(b) REGULATOR 
TUBE 

Ft/ 

LOAD 

UNREG 
SOURCE 

How regulated power supplies work. 

Rs (>>.  ) 

RL 

LOAD 

If a constant current through the 
load resistance is required a similarly 
crude method is to place the load in 
series with a resistor that is much 
greater than the load value — as shown 
in Fig. lb. It can be seen (from Ohms 
law) that I will now remain constant 
over a wider range of RL variation. 
Again there is a disadvantage, the 
input voltage must be raised to drive 
the same current through the increased 
resistance circuit. Furthermore, if this 
is done, Rs wastes considerably more 
power than is used in the load. As 
required, for better current regulation, 
RL now  sees  a higher  source 
resistance. 
Both circuits are used occasionally 
but their real relevance is that the 
same basic principle (modifying the 
impedance of the supply) is used in 
more sophisticated supplies. These 
supplies  use  special  non-linear 
components and active devices to 
provide much better regulation with 
considerably less loss of power. 

NON-LINEAR DEVICES 
Before  low  cost  semiconductors 
became widely available in the form of 
regulating  diodes  (Zeners)  and 
regulator integrated circuits, designers 
used the barretter current regulator 
and the gaseous-tube voltage regulator. 
These  are  still  found  in  older 

equipment but would mit normally be 
used in new designs. 
The  barretter  contains  an  iron 
filament in a hydrogen filled envelope 
and is used in series with the load. 
Over a reasonably wide range of 
voltage (100-200 V) the load current 
remains  constant  to  within  20% 
(typical value would be 300 mA). By 
today's design standards they waste 
power  and  run  extremely  hot. 
Regulation occurs because an increase 
in current through the filament (see 
Figure 2a) causes its resistance to 
increase thus tending to reduce the 
current to its previous level — Rs, in 
Fig.  lb,  increases with  increasing 
current. Note that the current itself 
provides a feedback effect (via heating 
of the filament) that controls the 
current. The use of feedback (but in a 
more effective way based upon active 
elements) is the secret of obtaining 
really good regulation, as we shall see 
later. 
The gaseous-tube voltage regulator is 
a gas-filled two-electrode valve which, 
once  the  gas  is  ionised  into 
conduction,  provides  a reasonably 
constant voltage drop between its 
electrodes with varying current values 
flowing through the ionised gas. Again 
these are seldom used today, being 
more suited to voltages much larger 
than those needed in semi-conductor 
work  (they strike and operate at 
around 100 V). 
In use, the regulator is wired in 
parallel with the load, the two being 
fed from the supply via a series 
resistor, as shown in Fig. 2b. If the 
input voltage increases (assuming a 
constant load) the total current must 
rise. But as the VA tube maintains 
constant voltage across itself, the load 
current remains steady and all the 
excess current flows through the VR 
tube. Thus the voltage drop across the 
series resistor increases so that the 
voltage applied to the load remains the 
same. 

32 

•UU 1 
1 
t 

1 I 

80  100  12  140 200  22 
VOLTS ACROSS BARRETER 

Fig. 2 (a). The barretter tube 
regulates by the increase in 
resistance with temperature (and 
hence current) of an iron-wire 
filament. 
(b). The gaseous-tube voltage 
regulator operates by virtue of the 
constant voltage which appears 

0 across a gas discharge over a wide 
range of current. 
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The  effectiveness  of  the 
compensation depends upon the rate 
of  change  of  the  voltage-current 
characteristic  of  the  device.  The 
barretter  represented  in  Fig.  2a 
changes some 200µ A/V. A flatter 
curve would imply a current that 
changes less per volt and this is to be 
preferred. 
Neither of these two devices has a 
particularly low Vil ratio and neither, 
therefore, is able to provide close 
control over wide ranges of input 
change. 
Negative  tern perature  coefficient 
NTC resistors  - more commonly 
called thermistors or varistors - have a 
similar voltage-current characteristic 
but  the  slope  is in the reverse 
direction, that is, increase in current 
increases their temperature which, in 
turn, decreases their resistance. They 
are not suited to regulator design 
where constancy is desired but are 
useful in providing the reverse effect, 
for example, when wired in series with 
a load, that could be damaged by 
switch-on current surges. An NTC 
resistor suitable for such use might 
have a resistance of 3000 ohms cold 
reducing to 200 ohms when heated by 
100 mA passing through it. 

ZENER DIODES 
The  current-versus-voltage 
characteristics of both germanium and 
silicon diodes are illustrated in Fig. 3. 
In the  forward direction (positive 
voltage at anode  with respect to 
cathode)  the  devices  operate,  as 
shown, in the right-hand region of the 
graph. 
It can be seen that once the forward 
voltage  across  the diodes reaches 
650 mV for silicon (or 350 mV for 
germanium) it remains substantially 

V z 

+VF 

Fig. 3. Forward and reverse 
bias characteristics of 
germanium and silicon diodes. 

Fig. 4. In a zener diode the 
reverse-breakdown region is 
used to provide a constant 
voltage as current demand 
varies. 

Fig. 5. Zener diodes are 
manufactured in a wide 
variety of packages. The larger 
capacity (not shown here) 
units are usually mounted on 
heat sinks if run at their 
maximum rating. 

( I I I ) 
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constant over quite wide excursions of 
the  forward  current.  Thus 
forward-biased diodes could be used as 
constant-voltage  regulator  elements 
but  only  at  the  low  voltages 
mentioned above or at multiples of 
these voltages (using diodes in series). 
If a conventional diode is reverse 
biased its operating characteristic will 
be as shown on the left hand side of 
Fig. 3. Very little current (microamps) 
will flow until the reverse voltage 
reaches a comparatively large value 
when the current starts to increase 
much more rapidly. In a germanium 
device the voltage across the diode will 
still increase relatively slowly with 
increasing current, but in a silicon 
device the voltage across the diode 
now remains substantially constant 
regardless  of  further  increase  in 
current. This point is known as the 
Reverse Breakdown Point. 
In a normal diode the rapid increase 
in  reverse  current  causes  the 
semiconductor junction to overheat 
and  the  device  may  fail.  This 
breakdown effect occurs at voltages 
between two and a half volts and 
several thousand volts depending upon 
the material and construction of the 

0  0.5  1.0  1.5 

VF (VOLTS) 

semiconductor junction. However, this 
seeming disadvantage may be put to 
work in specially constructed devices 
known as Zener diodes. 
Zener diodes are invariably silicon 
devices which  have been specially 
designed  to  operate  within  the 
reverse-breakdown  region,  without 
damage,  provided  that  the 
maximum-specified power dissipation 
(Vxl ) is not exceeded. 

DYNAMIC RESISTANCE 
OF ZENER DIODES 
Ideally,  a Zener  diode  should 
maintain a constant voltage across 
itself with varying current through it. 
However,  practical  devices  don't 
behave quite like that. In Fig. 4 we 
see, from the typical characteristics of 
a 30 volt, 50 watt device, that if the 
current through the device changes by 
1.0 amp, the voltage across it will 
change by 2 volts. This may be 
expressed as a resistance as follows:- 

AV -_  By Ohm's Law —  R i.e.-2 = 2 ohms 
Ll  1 

As this resistance is the ratio of 
changes of voltage with respect to 
current it is a dynamic quantity, and is 
therefore  known  as the  Dynamic 

ELECTRONICS TODAY INTERNATIONAL - FEBRUARY 1975 75 



ELECTRONICS -it's easy! 

Tz 

fl 

102 

10 

1 

726170e 
i ii  I  I I ii LILL-
TYPICAL VALUES OF  - 
DYNAMIC RESISTANCE —  

iz - VERSUS ZENER CURRENT — 

' . \4 \  BZY88 
— / C3V3 

\ z C3v6 
/ \  C3V9 

C4V3 
C4V7 

L C9, 
fr1 C6V2 C5V1 

' C8V2 N. 
C5V6 — C7v5 

C6V8 

10 I z (mA) 

7.5 

sz 
(mv/°C) 

5 

2.5 

0 

10  -2.5 

Ri 

LOAD 

a 

72 617'0 

T I I I I 1 1  I  1  1 

TYPICAL VALUES OF 
TEMPERATURE COEFFICIENT — Sz 
VERSUS ZENER CURRENT — lz 

1 

BZY88 

C9V1 

I 1111111 C8V2 

C711111 Viiiiil 
C6V8 

i I 
C6V2 

H c5v6 

UUYA 
C5V1 
4V7 

j UU C4V3 

C3V6 U. 
UU k •UUS U C3V3 

10  20  Iz(mA) 30 

Fig. 6. (a) Typical Zener diode regulator. (b) dynamic resistance of BZY88 series Zeners. (c) temperature coefficients of BZY88 series diodes. 

Resistance of the Zener. It tells us how 
well the Zener will regulate the voltage 
with changes in load current. 
Thus a Zener having the desired 
reverse-breakdown  voltage  may  be 
used to replace the gas-regulator valve 
shown in Fig. 2b. Any load connected 
across the Zener will see a source 
impedance  which  is the  parallel 
combination of the dynamic resistance 
of  the  Zener,  and  the  internal 
impedance of the power supply. 

TEMPERATURE COEFFICIENT 

The reverse-voltage characteristic of 
the Zener is temperature dependent, 
the extent of this dependancy being 
determined by the designed .Zener 
voltage and power dissipation. For 
example in typical 400 mW devices the 
temperature coefficient ranges from 
-2.5 mV/C° for a 2.7 volt Zener to 
+26 mV/C° for a 30 volt Zener. Zero 
temperature coefficient is obtained 
with a device having a nominal voltage 
of 5.6. 
Where Zener regulators are required 
to  have  minimum  temperature 
coefficient and higher than 5.6 volt 
rating, several diodes with temperature 
coefficients which cancel may be used 

in series. For example, if 9.8 volts is 
required  with  zero  temperature 
coefficient, a 3.6 volt -2.0 mV/C° 
diode may be used together with a 6.2 
volt +2.0 mV/C° diode. 

REGULATOR DESIGN 
The circuit of Fig. 6 is that of a 
typical  Zener-diode regulator stage. 
The series resistor. R,, must be large 
enough  such  that when the load 
current is at its minimum (Zener 
current  at  maximum)  the  power 
dissipation rating of the diode is not 
exceeded, and small enough to ensure 
that  when  the  load  current  is 
maximum (Zener current at minimum) 
the voltage across the load does not 
fall  below  E,  (Zener  voltage). 
Additionally the Zener current should 
always be at least one tenth of the 
maximum load current. The opt;mum 
value of R, may be calculated from 

jEsi  Ez 
R, 

1.1 IL 

Power in R, = (1.1 1L1 )2 R, and 
maximum Zener dissipation may be 
calculated from 

_f  Es2  Ez 

where 
E51  

Es2 

11_2 

For example assume that we have a 
car battery supply that varies from 11  
to 14 volts and from this we wish to 
obtain a stabilized 6 volt supply at 
currents from 40 to 60 mA. 
The nearest available Zener voltage is 
6.2. 
Thus  E51 = 11  IL = 0.06 A 

E52 = 14  IL2  = 0.04 A 

Ez  = 6.2 

minimum supply voltage 
maximum supply voltage 

zener voltage. 
maximum load current. 
maximum load current. 

11 — 6.2  
-   - 72.7 
1.1 x 0.06 

use nearest preferred value 68 ohms. 
The power rating of this resistor must 
be 

(1.1 x 0.06) 2 x 68 

= 296 mW — a 1/2 watt resistor will do. 

68 

= 463 mW 

— 0.04 6.2 
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Hence a suitable device from the 
Philips range would be a BZY96C6V2 
which has a power rating of 1.25 watts 
and a nominal Zener voltage of 6.2. 
Where Zeners with power ratings 
greater than one watt are used a heat 
sink will usually be necessary. Note 
also that the supply voltage must 
always be greater than the Zener 
voltage  if  regulation  is  to  be 
maintained — at least 10% higher is a 
safe minimum value. 
The Zener voltage regulator is widely 
used throughout electronics. It may be. 
used as a basic regulator as in Fig. 6, 
or, it may be used to provide the 
reference voltage for more accurate 
and powerful regulators which make 
use of active devices as well. 
The aim of good voltage supply 
design is to achieve lowest practical 
effective internal resistance. The Zener 
does this reasonably well, for the load 
sees only the dynamic resistance of the 
Zener which is much lower than the 
source impedance. As a rough guide 
the  dynamic impedance Fiz of the 
Zener, varies (according to device) 
from 30 ohms per volt of the Zener, 
downward to fractional ohms per volt. 
If one Zener stage cannot provide 
enough stability it is quite practicable 
to join stages in cascade. Each stage 
thereby lowers the effective source 
resistance  (because  stages  are 
connected  in  parallel)  but,  more 
significant  is the  fact  that  input 
voltage variations are more adequately 
attenuated, each stage running from a 
progressively better stabilised source. 
Fig. 7a shows a typical dual stage 
supply.  Figure 7b is the preferred 
method,  of  providing  the  same 
illustrated 5.6 V. for in this alternative 
all  of the  diodes  have  optimum 
temperature stability. 

Zeners also have other uses — to clip 
and hold voltages at fixed levels and to 
convert  sine-wave  signals  to 
square-wave signals. 

MOTOR 

ADJUSTABLE 
TRANSFORMER 

VIN 
28V dc  10V 

56V 

5.6V 

ALL ZENERS HERE HAVE LOW 
THERMAL COEFFICIENT OF VOLTAGE 

OUTPUT  (a) NOT TEMPERATURE 
5.6V  STABLE 

OUTPUT  (b) IMPROVED TEMPERATURE 
5.6V  STABILITY 

Fig. 7. (a) Cascading Zener regulator stages improves voltage stability. 
(b) Selected Zeners are often joined in series to achieve the lowest 
temperature error. 

ACTIVE COMPENSATION 
Although the Zener can provide a 
relatively  low  dynamic  resistance 
value, it is possible to provide still 
lower  resistance  by  incorporating 
active amplifiers into the regulator 
circuitry. 
If the actual load voltage is compared 
with  a constant  reference-voltage 
source, it is possible to determine if 
the output is greater or smaller than 
required and by how much. Having 
made  such  a  comparison,  the 
difference, called the error signal, can 
be used to modify the incoming signal 
accordingly. This is the principle of 
feedback.  Figure  8 shows  how 
feedback  is  used  in  the 
electro-mechanical  type  of  supply 
regulator. These regulators are used 
where loads are high and the unwanted 
changes occur only relatively slowly. 
In operation the output of a basic 
rectifier is smoothed by a capacitor 
(C) to provide the required output 
voltage.  The  output  voltage  is 
compared with a reference voltage and 

AMPLIFIER 

Fig. 8. Superior regulation is obtained 
by using feedback — as demonstrated by 
this electromechanical form of regulator. 

REGULATED 
ADJUSTABLE 
D C OUTPUT 

the difference between them (that is 
the error) is amplified. The amplifier 
output drives a motor such that a 
tapping on  the ac transformer is 
changed — thus reducing the error. 

Thus, by using feedback, changes in 
output voltage are rapidly sensed and 
the input quickly compensated. The 
feedback  amplifier  and  control 
actuator (the motor in Fig. 8) need 
not be precision devices — they can be 
quite crude in fact — but the reference 
voltage must have better stability and 
accuracy than is required from the 
output. 
The reference voltage is quite often, 
and effectively, supplied by a Zener. 
As the Zener now only has to supply a 
reference voltage, and not operate over 
a wide range of current, its operation 
will be much more stable. That is, its 
dynamic impedance will not be a 
source of error.  Additionally, the 
Zener current may be set at a level 
which  gives  optimum  temperature 
stabil ity. 
Although  electro-mechanical 

UNREG 
D C 

SOURCE 

SERIES 
CONTROL 
ELEMENT 

ALTERNATIVE CONTROL 
PATH WITH SCR WORKING 

STABLE 
VOLTAGE 
REFERENCE 
SOURCE 

Fig. 9. Generalized diagram of 
active feedback type regulator. 

REGULATED 
OUTPUT 
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regulators have their uses, the majority 
of regulators for low-power electronic 
systems now use totally solid-state 
components to build systems such as 
that shown in Fig. 9. 
A wide range of control methods are 
used using such devices as transistors 
and  integrated  circuits,  silicon 
controlled  rectifiers  (SCRs)  and 
saturable reactors to achieve fast and 
accurate regulation. 
The  voltage  reference  is again 
generally  derived  from  a Zener 
network.  However,  precision  units 
may use a Weston standard cell or a 
special  high-stability  Zener 
arrangement.  Yet another kind of 
regulator may use an external varying 
voltage  as  the  reference  in  the 
feedback system. With such supplies 
the output is made to track the 
varying input voltage — these are 
called programmable supplies. 

SHUNT REGULATORS 
We have seen how the basic Zener 
arrangement may be used to provide a 
shunt  path  around the load thus 
stabilizing load voltage. By reducing 
the current range required of the 
Zener diode it is possible to improve 
the regulation and to reduce the power 
handling required of the Zener. Figure 
10 illustrates how a transistor is added 
to the basic Zener circuit to produce a 
more precise shunt regulator. 
Now the Zener regulator only has to 
supply  the  base  current  of  the 
transistor which in turn controls the 
much larger collector current. 
To see how the regulator works let us 
assume that the current demanded by 
the load falls. The voltage across the 
load would tend to rise (due less 
voltage drop across the series resistor 
R)  and  this  would  cause  the 
base-emitter voltage on the transistor 
to rise (as VR is held constant by the 
Zener).  Hence the transistor draws 

UNREG 
D.C. 

SOURCE 

more current to compensate for the 
current shed by the load. That is the 
current  drawn  through  the series 
resistor R is held constant, current not 
needed by the load being shunted by 
the transistor. 
As the transistor provides current 
gain ranging from tens to hundreds, 
the current variations demanded from 
the Zener are reduced by the same 
factor, with consequent improvement 
in  regulation.  Although  not 
immediately obvious, feedback is used 
in this circuit. Voltage changes across 
the load appear at the base of the 
transistor which acts to reduce the 
original change to zero. 
One vitally needed characteristic of a 
general-purpose power supply is that 
the output should be capable of being 
short-circuited without damaging any 
components. The shunt regulator does 
just this — a shorted output merely 
connects the emitter of the transistor 
to collector, thereby reducing the 
voltage applied to the device. The 
transistor  therefore  cannot  be 
damaged by a shorted output. Such a 
supply  is,  however,  inefficient, 
especially at light loads, for shunt 
regulators act always to dissipate the 
same maximum amount of power — 
either in the load, in the shunt element 
or in both. Hence, at zero load the 
unit wastes as much power as the 
maximum safe load would consume, 
and if ever the load is disconnected the 
transistor must be capable of passing 
the full load current. 

SERIES REGULATORS 
The Zener reference may be used to 
control a transistor in series with the 
load such that a constant voltage 
appears across the load. Figure 11 is 
the circuit of such a basic series 
regulator. 
The operation of a series regulator 
may most easily be understood by 

'LOAD 

Fig. 10. Basic shunt regulator uses transistor to 
maintain constant load current on the unregul-
ated dc source. 

UNREG 
D.C. 
SOURCE 

considering the transistor and load to 
be an emitter follower circuit. We 
know from our previous theory that 
an  emitter  follower  maintains  its 
emitter at Vbe  (0.6 volts for silicon) 
less than the voltage at its base, 
regardless of the value of the collector 
supply. Thus the transistor, because of 
the Zener reference voltage at its base, 
varies its impedance and hence the 
voltage dropped across itself, in order 
to maintain a constant voltage across 
the load, regardless of load current and 
supply-voltage variations. 
As  the  transistor  has  a large 
current-gain the Zener diode again 
only has to supply a small current 
range  and  regulation  is therefore 
improved.  However,  the transistor 
must be capable of withstanding the 
full load current and of dissipating 
fairly high power. The series regulator 
is more efficient on light loads than 
the shunt regulator but if the output is 
short-circuited the transistor in a series 
supply  will  be  destroyed  (unless 
protected in some way), as the full 
supply  voltage and  base drive  is 
applied to it. 

IMPROVING 
SERIES REGULATORS 
The simple series  regulator,  just 
described, is a great improvement on 
the simple Zener regulator but may 
still be improved further by additional 
circuit refinements. 
Figure  12  show  the  schematic 
diagram of a typical series regulator 
supply. The ac transformer has two 
secondaries the first of which provides 
dc to the regulator and hence the load 
via a bridge rectifier and smoothing 
capacitor.  The  second  winding 
provides a separate supply to a Zener 
regulator. As this winding does not 
have  to supply  the varying  load 
current  — only the steady Zener 
supply, regulation of the reference 

Fig. 11. The series regulator also relies on feed-
back to control voltage drop across a series-pass 
transistor. 

LOAD 
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BUY STATE OF THE ART SOLID 
STATE COMPONENTS-
Direct from the United States! 
All  listed  prices  are  in  Australian  dollars,  International  Postal  Money  Orders  Iplease  send  PO  receipt  with  order for immildkate 
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DATA SHEETS ARE PROVIDED FOR EACH ITEM PURCHASED 

7400 SERIES TTL 
7400  Quad 2-input NAND gate  $ .20 
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 

DIP 

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 0-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  toil)   01.00 EA. 

120 VAC (10.5 MA coil)   $1.00 EA. 

LINEARS 

NE540  70-Watt power driver amp  $1.00 
NE555  Precision timer   1.00 
NE560  Phase lock loop DIP   2.00 
NE561  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 
LM100  Positive DC regulator TO-5   .50 
LM105  Voltage regulator   1.00 
LM302  Op amp voltage follower  1.25 
LM311  Comparator DIP   1.00 
LM370  AGC amplifier   1.00 
1.81713  RF-IF amp epoxy TO-5   .25 

1.111595  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 ar e multiplexed 
7-segment MOS le vel s.  In pu t is BC D MOS 
le vel s.  External clock is required.  Com-
pl e t e data is provided with chip  (includes 
schematic for a complete calculator). 

Complete with data $7.00 
Data only $1.00 4„ 41  /,-,;(   

COUNTER DISPLAY KIT -CD-2 
This k it provides a highly sophisticated 

display section module for clocks, counter 
or other numerical display needs. 
The RC A DR-2010 Numitron di s pl a y tube 

supplied with thi s  kit is an incandescent 
se ven-segment display tube.  The .6" high 
number can be read at a distance of thirty 
feet.  RCA specs, provide a mi ni mu m life 
for this tube 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 st or e the BCD information 
during the counting period to ensure a non-
blinking display.  Stored BCD data from the 
7475  i s decoded using a 7447 seven-segment 
dec od er driver.  Th e 7447 accomplishes 
blanking of leading edge zeroes, and ha s a 
lamp test input which causes all seven seg-
ments of the display tube to light. 
Kit includes a two  (with plated 

through hol e s)  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 di git al 
display tube.  This incandes-
cent five-volt se v en-segment 
device provides a .6" high nu-
meral which can be  se enat a 
distance of 30 feet.  The tube 
has a standard nine-pi n base 
(solderable)  and a left- ha nd 
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 
88 1 1  Quad 2-input MOS interface 

gate 15V open collector DIP  .30 

FAIRCHILD "TRIMPOTS" 

rr 

Brand new 20 turn precision trimmers.  These 

FOLLOWING V ALUES IN STOCK: 
MO: Ey me irillit.)7: 

10 Ohm  1K  50K  dually  packed 
20 Ohm  2K  100K  in sealed enve-
50 Ohm  5K  200K  lopes. 
100 Ohm  10K  250K 
200 Ohm  20K  500K  Each Only 890 
500 Ohm  25K  1 Meg 

Ten for $7.50 
Please specify P or L (PCB or wire le ad s). 

Order NOW, these won't last: 

COUNTER DISPLAY KIT -CD-3 
This kit is similar to the CD-2 except for 
the following: 
a.  Does not inc l ud e the 7475 quad latch 

storage feature. 
b.  Boa rd is the sa me width but is 1" 

shorter. 
c.  Five additional passive components ar e 

provided, which permit the user to pro-

gram the cou nt 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 instructiqps 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 in cl ud e s  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 J, Carmichael, California. 95 608 U.S.A. 

This TO-3 device is a complete reg-
ulator on a chip.  The 309 is vir-
tually bl o wout proof.  It is de-
signed to shut itself off with over-
load of current drain or over temp-
erature operation.  In put voltage 
(DC) can range from 10 to 30 volts, 
and the output will be five vol t s 
(tolerance is wors e case TT L re-
quirement)  at current of up to one 
ampere. 

Each $1.50  5 for $7.00 



REFERENCE 
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VouT 
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'OUT 

---40.1 0VT 

Co 

RI-

L  V OUT 
LOAD   

Fig. 12. This schematic diagram of a Hewlett-Packard series — regulated constant voltage 
power-supply illustrates the design philosophy of precision supplies. 

Zener is considerably improved. In 
addition a temperature compensated 
Zener may be used which could have a 
temperature coefficient as good as 
0.01%/Co. 
This very-stable Zener reference is 
compared to the output voltage of the 
supply by a differential-operational 
amplifier. Thus the Zener does not 
have  to  supply  any  appreciable 

REFERENCE 
SUPPLY 

AC 
IN 

MAIN 
SUPPLY 

Fig. 13. Constant-current control 
is easily obtained as an extension 
of the constant-voltage supply. A 
series sensing resistor produces a 
voltage which, in conjunction with 
an error amplifier, controls the 
series pass transistor to maintain 
constant current. 

REF 
REG 

current. This resuits in still further 
improvement  in  regulation.  The 
operational  amolifier  provides  a 
change in base current to the series 
regulator in such a direction as to 
correct any error between the output 
voltage and the Zener reference. 

CONSTANT CURRENT 
In some applications — magnetic 

CONSTANT 
CURRENT 
COMPARISON 
AMPL. 

REFERENCE 
VOLTAGE 

— 0- I OUT 

SERIES 
REGULATOR 

CURRENT 
MONITORING 
RESISTOR AL 

VOu t 

V QUT 
LOAD 

'OUT 

144  111   vr 
D, 

FROM CONTROL 
AMPLIFIER 

circuits, focussing coils, semiconductor 
testing — the requirement is for 
constant output current regardless of 
load changes. Loads connected to such 
supplies are connected in series, rather 
than in parallel as is the case for 
voltage regulated supplies. 
Ohms Law tells us that a certain 
value of current is related to voltage 
via a fixed value of resistance. Hence 
constant current supplies can make use 
of a small series resistor to monitor the 
output current by virtue of the voltage 
developed across the resistor. This 
voltage is then compared with a 
reference (the actual value is a matter 
of design choice, the lower the series 
resistance the lower the voltages and 
losses involved) in much the same way 
as for a stabilised voltagr supply. The 
differences in circuitry needed can be 
seen by comparing Fig. 13 — that of a 
well-designed constant current unit — 
with Fig. 12. 
By combining these two concepts 
into one supply a combined constant 
voltage and constant current unit is 
formed (denoted CV/CC). This holds a 
constant  voltage  up  to  a preset 
maximum load current whereafter it 
provides constant current. 
Power supplies designed to provide 
variable  output  for  experimental 
purposes,  or  equipment  (or 
component) testing are often subject 
to severe or extended overloads. Units 
such as these are generally equipped 
with various protective devices that 
safeguard not only the power supplies 
themselves but also the loads that they 
are driving. These various protective 
circuits will be described in this series 
next month . 

Al:  _1:1 

ADJUSTABLE 
WITH Ra 

IOU 

Fig. 14. Automatic current limit-
ing is obtained with a series 
sensing resistor. This method of 
control is often used in series-pass 
voltage regulators. 
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MICROPROCESSORS 
IEU is making available for the first time anywhere an extremely versatile 16 bit microprocessor kit. The basic kit includes all necessary 
components to build a 16 bit microprocessor. Optional memory boards are available allowing possible expansion of the basic system to 
microcomputer or minicomputer proportions. 

Basic Kit Includes:  PRICE (basic kit)  $349.50 
A  printed circuit boards (co mpatible with 22. pin edge con-

nectors - not supplied) 

B  microprocessor chip set 

C  gates,  Interface  ele ments,  clock  drivers,  etc. 

transistors, diodes, capacitors 
E  75  page data  package  which includes an introduction  to 

microprocessors, all necessary data sheets and extensive data 
on the workings and applications of microprocessor chips. 

Available Options 
1  po wer supply co mponent pkg. 
2  me mory board #1 (e mploys 1101 ra ms) 

3  me mory board  #2 (employs 1101 ra ms and 5203 erasible 
PR O MS) 

Basic Data Package 
available separately 

refundable with purchase of basic kit   $5.00 

11 

TRANSISTORS 
DEVICE  F Deaf TiON 

PWR AMP AUDIO 
40411 
40636 
7193714 
2N3715 

RF PWR AMP 
2195320 
2195372 
2795321 
2795323 

PWR DRIVER 
2N5679 /Pi  Awl.° RI  53031  40 150 
2795681  4(1150 

AUDIO DRIVER 
00594  3024  53002  70 350 
40595 IFS  3025  53031  70 350 
7195781 !PI  20 100 
2795764  53002  20 100 
7795864 (Pi  RF ilt Audio  25 500 
40348  3044  243  30 125 
40504  3045  35 200 

CROSS REF • • 

SE  DIP 

3036 
3027 
3036 
3036 

704 
704 
704 

/WE 

35 100 
20 70 
25 90 
50 150 

3512  53002  30 130 
30 130 

3512  53010  40 750 
3513  40 250 

GEN PURP AMP 
7747895  R F P. Aud.is 
2799304  1 o Noise 
77927194  And. UHF Amp/SW 
2792846  High Speed Sw 

HF GEN PURP 
71,13933  VHF 'UHF Amp 
40890  VHF 'UHF SF Amp 
40895  VHF/UHF Mix. Osc 
40897  VHF/UHF IF Amp 
7795179  LoNoise. Amp 

Osc Mw. Conn 
219918  VHF/UHF Amp 

Mix CO.1V 
2N2905A(P1  DC. VHF Amp 

H. Sp Si 

3024 
3039 
3024 
3074 

3039 
3039 
3039 
3039 

00 120 
50  100 300 

53001  75 375 
30 120 

56  60 200 
50 250 
40 250 
70250 

SPECIFICATIONS 
VCE0  VC130  vEBO  ICIA, 

AMP 

80  90  50 0  
95.  95 . 70  31.  
80  100  70 
60  80  70 

75 
75 
50 
50 

100 
100 

95 , 
95. 
65 
65 
70 
40 
50' 

65 
60 
40 
30 

3,07 

12 
12 

3039  /09  75 250  17 

3039 709  20 Mir, 

100 
100 
75 
75 

100 
100 

80 
BO 
90 
60  70  15 
513*  50  07 

70 
70 
50 
50 

(̀1, 
2 
2 
2 
2 

M AT  TOT DES  FREO  CASE 
AMP  ;WATTS,  MHZ 

15  150  15  TO 3 
70  115  TO 3 
40  150  40  TO 3 
40  150  40  703 

10 
1 0 
1 0 
1 0 

10 
10 

1TOO  

50 
50 
50 
50 

TO 5 
TO 5 
TO 5 
TO 5 

40  10  05  10  30  705 
40  1 0  05  10  10  TO 5 

170 
60 
75 
60 

40 
20 
71) 

20 

40 
40 
50 
50 
50 

70 
60 
60 
50 

25 
25 
75 

25 

15  30  30 

20 
20 
35 
35 
15 

1 0 
0.3 

007 
05 
05 
OS 

05 

05 

1 
1 
1 
1 

05 

10 
10 
10 
10 
8 75 
8 75. 
70 

3 
3 
3 

3 

3 

3025  708  100 300  60  60  50  30 

• • Var,o, ti turf.,  Si,  RCA HER  M OT OR OL A, Suggested Gros, Reference  • E xternal Res IRBE/ . 100 OHMS 

TRANSISTORS ARE NEW, FIRST QUALITY, BRANDED DEVICES - ON HAND FOR IMMEDIATE SHIPMENT 

10 
1 o 
1 0 
10 
50 
16 
100 

120 
45 
300 
750 

750 
1200 
1700 
800 

TO 5 
TO 5 
TO 5 
TO 5 
TO 39 
TO 5 
TO 5 

TO 18 
TO 18 
TO 5 
705 

TO 71 
TO 72 
TO 72 
TO 72 

PRICE 

S3 75 
195 
259 
2 75 

1 65 
75 
1 65 
1 65 

70 
70 

45 
65 
75 
75 
35 
72 
79 

1 25 
95 
1 05 
1 55 

1 55 
• 1 10 
95 
90 

7000 

600 

290 

TO 72  1 10 

TO 72  95 

TO 5  1 15 

RESISTORS 
15  ohm  5%  1w Corning  Film  08 
15  ohm  5%  25w Ohrnite  YVW  75 
28 7  ohm  1%  1w Dale  Film  .25 
75  ohm  5%  8w Ohmite  WW  39 
102  ohm  1%  Yvw Corning  Film  .15 
200  ohm  5%  5w Intl Tect  WW  .30 
220  ohm  10%  '4w Stack pole  C Comp  07 
330  ohm  5%  1/2w Stackpole  C Comp  .10 
390  ohm  5%  2w Allen Bradley  C Comp  .25 
450  ohm  5%  5w Dale  WW  30 
500  ohm  5%  1w Allen Bradley  C Cornp  .19 
620  ohm  5%  'hw Stackpole  C Comp  .10 
681  ohm  1%  '4w Dale  Film  .20 
750  ohm  1%  % Dale  Film  .20 
1  Kohm  1%  .61.4 Corning  Film  .15 
1  Kohm  5%  lOw Dale  WW  .35 
1 7  Kohm  1%  1w Intl Red  t C Comp  .25 
1 6  Kohm  5%  "Ow Stack pole  C Comp  10 
2  Kohm  1%  %w Dale  Film  .20 
2  Kohrn  5%  5w Intl Rect  WW  .30 
2 15  Kohm  1%  1/2w Corning  Film  .15 
2 4  Kohm  1%  5w Intl Red  t WW  .50 
2 5  Kohn,  5%  25w Ohiwite  WW  75 
27  Kohm  5%  5w Dale  WW  30 
301  Kohm  1%  1/2w Electra  Film  15 
4  Kohm  5%  10w Dale  WW  35 
47  Kohm  1%  Yaw Corning  Film  15 
56  Kohm  5%  2w A13  C Cornp  25 
75  Kohn,  5%  "Ow Burroughs  C Comp  10 
8 25  Kohm  1%  'hw Electra  Film  15 
909  Kohm  1%  1/2w Corning  Film  15 
9 1  Kohm  5%  2w A 8  C Comp  .25 
10  Kohm  1%  '4w Corning  Film  15 
15  Kohm 10%  '//w Stackpole  C Comp  07 
17 4  Kohn,  1%  .}VII Corning  Film  15 
20  Kohm  5%  lw A13  C Comp  19 
23 7  Kohm  2%  '4w Corning  Film  15 
39  Kohm  1%  1/2w Corning  Film  15 
51  Kohm  5%  Siw Burroughs  C Comp  10 
75  Kohm  I%  ',1w Corning  Film  15 
100  Kohm  1%  Yvh Corning  Film  15 
120  Kohm  5%  '4w Burroughs  C Comp  10 
130  Kohm  5%  1/2w Stackpole  C Comp  1(1 

CAPACITORS 
.0033  mid  100V  5% Skottie mylar axial  S 10 
.0047  mid  100V  10% G.E. mylar axial  09 
0047  mid  100V  10% Gen Inst ntylar axial  .09 
01  mid  200V  20% Aerovox paper axial  .05 
02  mid  100V  1% Sprague mylar axial  .15 
1  mid  600V  3% Aerovox paper axial  20 
1  mid  400V  Aerovox paper axial  .20 
1  mid  200V  CDE paper axial  .15 
1  mid  200V  Aervox paper axial  .15 
5  mid  400V  10% Gen. !net mylar axial  .35 

1 0  mid  200V  Aerovox axial  .20 
2 0  mid  200V  20% Aerovox axial  .20 
4.0  mid  350V  Sprague Elec axial  .45 
5.0  mid  25V  Gen Inst. Elec axial  .15 
10  mid  150V  Sprague Elec axial  .30 
30  mid  300V  Mallory Elec axial  .35 
60  mid  350V  Mallory Elec axial  .75 

1,000  mid  100V  Sangamo Comp grd can 2.65 
1,000  mid  50V  CDE Elec axial  1.25 
2.000  mid  15V  Mallory Elec can  • .85 
6,000  mid  25V  Sangamo Comp grd can 3.75 
50  mid  285V  I C C oil imp bathtub  .60 

SWITCHES 
SP$T 
SPST 
DPST 
DPST 
4P3T 

1A Momentary Return PB AH &H 
15A Micto switch Flat leaf 
5A Micro switch Pin plunger 
10A Micro switch mini Pin plunger 
6A Slide Stackpole 

MISC. COMPONENTS 
1 ohm 25w 5A Memcor wire wound pot 
100 ohm  Bourns EZ trim WW 30 turn pot 
10 Kohrn  Bourns EZ trim WW 10 turn pot 
MDA 962 Motorola fullvvave bridge 10A 100V 
AE X 43 1 TEC selenium Rectifier 
IN 2990A Motorola 33V 1 w rene. diode 
LA 2751 Fenwell Thermister 550 100 
6113 Elwood Thermal 
Panel Light PT T red DPST SW IN Mount Tec 
Panel Light Ted Neon 40 NE 2 Bulb Snap Mount 
4 Terminal Chassis Count Terminal Strip 
Chassis Mount Cable Clamp  Nylon 

25 
.50 
75 
65 
.25 

1 95 
1 50 
1 50 
4 95 
05 
1 95 
75 
75 
95 
45 

10 25 
15 25 

molex 
C TERMINALS 

0.1" SPACING 
FOR STANDARD 
DIP SOCKETS. 

SUPPLIED IN STRIPS 
TRIM TO DESIRED 
LENGTH. 

2 - 50 TERMINAL 
STRIPS  $2.26 

THESE COMPONENTS ARE NEW, UNUSED, FIRST QUALITY DEVICES 
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10% OFF ON ORDERS OVER S25.00 

TTL 
Ea. 

Ea.  Ea.  74141 $1.23 
7400  $ .19  7447  $1.15  74145  1.15 
7401  .19  7444  I 15  74150  1.09 
7402  .19  7450  .24  74151  .89 
7403  .19  7451  .27  74153  1.29 
7404  .22  7453  .27  74154  1.59 
7405  .22  7454  .39  74155  1.19 
7406  .39  7460  .19  74156  1.29 
7407  .39  7464  .39  74157  1.29 
7408  .25  7465  .39  74161  1.39 
7409  .25  7472  .36  74163  1.59 
7410  .19  7473  .43  74164  1.89 
7411  .29  7474  .43  74165  1.89 
7413  .79  7475  .75  74166  1.65 
7415  .39  7476  .47  74173  1.65 
7416  .39  7483  1.11  74175  1.89 
7417  .39  7485  1.39  74176  165 
7420  .19  7486  .44  74177  .99 
7422  .29  7489  2.75  74180  1.09 
7423  .33  7490  .76  74181  3.65 
7425  .39  7491  1.29  74182  .89 
7426  .29  7492  .79  74184  2.69 
7427  .35  7493  .79  74185  2.11 
7430  .22  7494  .89  74190  1.59 
7432  .29  7495  .89  74191  1.59 
7437  .45  74 %  .89  74192  1.49 
7438  .39  74100  1.65  74193  1.39 
7440  19  74105  .49  74194  1.39 
7441  1 09  74107  .49  74195  .99 
7442  99  74121  .57  74196  1 55 
7443  99  74122  53  74197  1.15 
7444  1 10  74123  .99  74198  2.19 
7445  110  74125  .69  74199  2.19 
7446  1 15  74126  .79  74200  7.95 

LOW POWER TTL 
74100  33  74151  .33  74190  1.69 
74102  .33  74155  .33  74191  1.43 
74103  33  74171  31  74193  1.69 
74104  33  74172  49  74195  1.69 
74106  .33  74173  69  74198  2.79 
74110  .33  74174  .69  741164 2.79 
74120  .33  74178  .79  741165 2.79 
74130  .31  74185  1.25 
74142  1.69  74186  .69 

HIGH SPEED TTI. 
741400  .33  74E121  .33  741155  .39 
741401  .31  741122  31  74/160  .39 
74H04  '33  74H)0  33  741461  19 
741108  .33  741140  31  741462  39 
741410  .33  741150  31  741472  .49 
74H 11  .31  741452  34  741174  59 
741420  13  741453  39  741176  59 

8000 SERIES TTL 
8091  39  8214  1.69  8811  .69 
11092  59  8220  1.69  8812  1 10 
8095  1 39  8230  2 59  8822  2.59 
8121  .89  8520  I 29  8810  2.59 
8123  1.59  8551  1 65  8831  2.39 
8130  2.19  8552  2.49  8836  .49 
8200  2.59  8554  2 19  8880  1 33 
8210  3.49  8810  .79 

9000 SERIES TTL 
9002  19  9309  89  9601  99 
9101  1 14  9112  89  4602  .89 

Data sheets supplied on request 
Add S.50 ea. for ite ms less than S1.00 

CMOS 
74C00  .39  74C74  1.15  74C 162 3.25 
74CO2  .55  74C76  1.70  74C161 325 
74C04  .75  74C107 1.50  74C164 350 
74C08  .75  74C1S1 2.90  74C171 2.90 
74C10  .65  74C154 3.50  74C195 3.00 
74C20  .65  74C157 2.19  80C95  1.30 
74C42  2.15  74C160 3.23  80C97  1.30 
74C73  1 SS  74C161 3 25 

FEBRU ARY SPECIALS 
930  Dual 4 input gate w/exp 
936  Hex inverter 
937  Hex inverter 
311  Hi pert volt comp mDIP 
322  Prec timer. Operates on 

unreg supply 4.5-40v 
709  Op amp 
739  Dual hi pert op amp 
40411  Audio pwr amp 
40594  Audio driver 
40595  Audio driver 
2N2219A Audio-UHF amp/SW 
5001  12 dig calculator chip 
5312  4 dig clock chip 101„ 

$ .10  7404  Hex inverter  S .18 
.10  7410  Triple 3-input NAND gate  .16 
.10  7420  Dual 4-input NAND gate  .16 
.89  7437  Quad 2-input NAND buffer  .29 

7440  Dual 4-input buffer 
1.59  7445  BCD-dec dcdrdrvr 
.21  7489  64 Bit RAM 
.99  7490  Decade counter 
3.40  74154 4-6 line dcdr demux 
1.33  74181 Arttmetic logic unit 
1.49  74L00 Quad 2 input gate (I.p.) 
.89  74L74 Dual D flip flop (I.p.) 
3.39  MANI Red 7 seg LED 

5.25  MCT2 Opto iso trans 

.17 

.90 
2.35 
.69 
1.19 
2.95 
.27 
.49 
2.19 
59 

MEMORIES w/data 

1103 
5203 
5260 
7489 
9723 

256 bit RAM MOS 
1024 bit RAM MOS 
2048 bit erasable PROM 
1024 bit RAM Low Power 
64 hit RAM TTL 
Programmable ROM 

1.75 
4.95 
24.95 
3 95 
2 75 
4 95 

CALCULATOR & 
CLOCK CHIPS / w. data 
5001 
5002 
5005 
MM5725 
MM5736 
MM5738 
MM5739 
MM 5311 
MM 5312 
MM 5313 
MM 5314 
MM 5316 

12 DIG 4 lunct fix dec 
Same as 5001 exc btry pwr 
12 DIG 4 fund w/mem 
8 DIG 4 funct chain & dec 
18 pin 6 DIG 4 funct 
8 DIG 5 fund t K & Mem 
9 DIG 4 fund Ibtry sur) 
28 pin BCD 6 dig mux 
24 pin 1 pps BCD 4 dig mux 
28 pin 1 pps BCD 6 dig mux 
24 pin 6 dig mux 
40 pin alarm 6 dig 

3 95 
7.95 
8.45 
2.79 
4.95 
7.95 
6.95 
6.95 
6.95 
7.95 
8.95 
8.95 

LED & OPTO ISOLATORS 
MV1OB  Red TO 18  S 25 ea. 
MV50  Axial leads  20 
MV5020  Jumbo Vii. Red (Red Dome)  .33 

Jumbo Vis. Red (Clear Dome)  .33 
ME4  Infra red dill dome  .60 
MANI  Red 7 seg. .270"  2 50 
MAN?  Red alpha num .32"  4.95 
MAN3A  Red 7 seg. .127 - 79 
MAN3M  Red 7 seg. .127- claw  1.15 
MAN4  Red 7 seg 190- 2.15 
MAN5  Green 7 seg .270- 2.95 
MAN6  .6" high solid seg  6.95 
MAN7  Red 7 seg. 270"  1.35 
MANS  Yellow 7 seg. 270"  3.95 
MAN64  .4" high solid seg  4.50 
MAN66  .6" high spaced seg  4.65 
131707  Red 7 seg. .3- 2 15 
MCT2  Opto•iso transistor  .69 

'DTL 
930  S 17 Si 932  17 436  17 

937  S 17 
944  17 
946  17 

949 
962 
963 

4000 SERIES - 
RCA EQUIVALENT 
CD4001 
CD4009 
C04010 
CD4011 

_A L  c D4012 

LINEAR 
CIRCUITS 

300  Pos V Reg ;super 7231 
301  Hi Pert 
302  Volt follower 
304  Neg V Reg 
305  Pos V Reg 
307  Op AMP (super 741) 
308  Micro Pwr Op Amp 
309K  5V 1A regulator 
310  V Follo wer Op Amp 
311  Hi perf V Comp 
319  Hi Speed Dual Comp 
320  Nag Reg 5.2, 12, 15 
324  Quad Op Amp 
339  Quad Comparator 
340T  Pos Volt Reg 

I6V-8V.12V 15V•18V-24V) 
370  AGC/Squelch AMPL 
372  AF IF Strip-detector 
373  AM/FM/SSB Strip 
376  Pos. V Reg 
377  2w Stereo amp 
380  2w Audio Amp 
3808  6w Audio amp 
381  Lo Noise Dual preamp 
382  Lo Noise Dual preamp 
550  Prec V Reg 
555  Timer 
560  Phase Locked Loop 
562  Phase Locked Loop 
565  Phase Locked Loop 
566  Function Gen 
567  Tone Gen 
709  Operational AMPL 
710  Ho Speed Volt Comp 
711  Dual Difference Compar 
723  V Reg 
739  Dual Hi Pert Op Amp 
741  Comp Op AMP 
747  Dual 741 Op Amp 
748  Freg Adi 741 
1304  FM Mulpx Stereo Demod 
1307  FM Mulpx Stereo Demod 
1458  Dual Comp Op Amp 
1142111 Dual LM 211 V Comp 
3065  TV FM Sound System 
3075  FM Det-1-16TR & 

Audio preamp 
3900  Quad Amplifier 
3905  Precision Timer 
7524  Core Mem Sense AMPL 
7534  Core Mem Sense Amp 
8864  9 DIG Led Cath Drvr 
75451  Dual Peripheral Driver 
75452  Dual Peripheral Dreyer 
75453  (3511 Dual Periph Driver 
75491  Quad Seg Driver tor LED 
75492  Hex Digit Driver 

105 
mDIP TO-5 
TO-5 
10.5 
TO-5 
mDIP TO-5 
mDIP TO-5 
TO-3 
TO-5 mDIP 
mDIP TO-5 
DIP 
TO .3 
DIP 
DIP 

TO 220 
TO .5 or DIP 
DIP 
DIP 
mDIP 
DIP 
DIP 
mDIP 
DIP 
DIP 
DIP 
mDIP 
DIP 
DIP 
DIP TO 5 
mDIP TO 5 
mDIP 
TO 5 or DIP 
DIP 
DIP 
DIP 
DIP 
mDIP TO 5 
DIP or TO •5 
mDIP 
DIP 
DIP 
mDIP 
DIP 
DIP 

DIP 
DIP 
DIP 
DIP 
DIP 
DIP 
mDIP 
mDIP 
mDIP 
DIP 
DIP 

55  CD4013  1 20  CD4023  55 
85  C04016  I 25  CD4025  55 
85  CD4017  295  CD4027  1 35  Data sheets supplied on request 
55  CD4019  1 35  CD4030  95  Add S.50 for ite ms less than $1.00 
55  CD4022  275  CD4035  2 85_4 4 66.. 

II 

.79 

.32 

.79 

.89 

.95 

.35 
1.10 
1.65 
1.19 
1.05 
1.29 
1.35 
1.95 
1.69 

1.95 
1.15 
.79 
3.25 
.59 
2.69 
1.49 
1.25 
1.79 
1 79 
.79 
.99 
2.75 
2.75 
2.65 
2 75 
2.95 
.29 
.39 
.29 
.69 
1.19 
.35 
.79 
39 
1.19 
82 
.69 
1.95 
69 

.79 

.59 

.65 
1.89 
2.59 
2.50 
39 
.39 
.39 
.79 
.89 

ALL IC'S & LE D'S ARE NEVV, UN USE D, M ARKE D, SURPLUS PARTS, TESTE D FUNCTI ON AL. SATISF ACTI ON GU AR ANTEE D 

The prices as listed are in Australian dollars. Send bank cheque with order. If 
international postal money order is used send receipt with order. Shipment will be made 
via air mail - postage paid - within three days from receipt. Minimum order - S5.00. 

INTERNATIONAL ELECTRONICS UNLIMITED 
P.O. BOX 1708  MONTEREY, CA. 93940 USA 

PHONE (408) 659-4773  A 
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DATA PRINTER WITH DISPLAY 

Foss Electric have introduced a printer 
designed for use in data handling where 
print-out, manual entry and additional 
information,  automatic  numbering  and 
visual control of data are required. The 
printer  can  act  as  an  interface  for 
transference of data to storage. 
The print-out principle is a thermal system 
with resistor-heated bar printing on special 
thermo sensitive paper - 13 characters plus 
one special sign in 7-segment code. The glass 
thermo-printing head has super-imposed 
thin  film  resistors  with  max.  power 
requirements 7 x 1.2 W for 800 msec. 
Printing rate is 800 m/sec/line including 
line feed. 
Various input modules are available, from 
seven characters to ten characters plus three 
digit automatic numbering. Input code is 
parallel 4-line 84-2-1 BCD. 
Keyboard controls enable additional data 
or identification  to be entered, paper 
advance to be over-ridden etc. 
Further details: Foss Electric (Aust) Pty 
Ltd., 251 Condamine St., Manly Vale, 2093, 

DATA GATHERING 
Nlemodyne Corporation announces a new 
family of electro-mechanical and electronic 
components for remote data gathering and 
central data processing. 

Heart of the system is a standard Philips 
tape cassette. Data is recorded incrementally 
bit-by-bit on a low power, high density 
digital cassette recorder and read out at a 
central station in standardized computer 
forms including parallel word outputs, 9 
track  IBM  compatible  tapes  or 
Teletype/RS232 serial data. 
Several  options  are  available  at the 
recording sites, from simple transports to 
complete  front  panel  controlled 
instruments. The reading systems utilize a 
modular concept permitting the user to 
acquire only the necessary components for a 
serial digital output or a parallel 8 or 16 bit 
word output or a computer controlled 
output. Further outputs include Teletype, 
RS232C and a complete cassette to IBM 9 
track tape converter. 
The OEM versions are particularly suited 
for applications in computer terminals, key 
to tape systems, display systems, and 
mini-computer peripheral applications. 
Low power, high density units are suited 
for  remote  or  portable  data  logging 
requirements where battery power is a 
criteria. 
Versions are available as read only, write 
only, and read/write switch selectable with a 
variety of input/output  formats. These 
recorders operate over a temperature range 
of 0 to 600C at relative humidity levels of 0 

to  95  under  shock  and  vibration 
conditions in excess of 2.0 G; 
A short  form catalogue covering all 
Memodyne  incremental  digital  cassette 
recorders and instruments is available from 
Arlunya Pty. Ltd, PO Box 111, Balwyn, 
Viet. 3103. 

FREEZER ALARM 

Gearing & Watson (Electronics) Ltd of the 
United Kingdom, manufacturers of process 
control equipment have released a device 
which may be incorporated with freezers at 
point of manufacture or may be installed in 
freezers already in use, by the owner 
without the use of tools. 
If the  freezer has broken down, a 
slow but steady rise in the temperature will 
occur. When the temperature inside the 
cabinet is warmer than - 150C, the alarm 
will operate. A failure of this nature may be 
undetected for some time unless an alarm 
unit is fitted. 
Further detail: British Merchandising Pty. 
Limited, Box 3456 G.P.O., Sydney, N.S.W. 
2001. 

COMMON INTERFACE 
POINTS TOWARDS 
DO-IT-YOURSELF 
INSTRUMENT SYSTEMS 
Although the day has not yet arrived when 
anyone can simply plug together any desired 
combination of instruments and accessories 
to create a functioning instant system, a 
long step has been taken in that direction. 
Ten  bench-type  Hewlett-Packard 
instruments.  Ill accessories,  and  three 
different calculator/controllers, all available 
now, conform to a single interface standard, 
that of the Hewlett-Packard Interface Bus. 
This is the standard that was the model for 
the  draft  Recommendation released in 
Bucharest recently by Technical Committee 
66 of the International Electro-technical 
Commission for ballot among IEC member 
nations. 
The IIP Interface Bus makes it possible to 
interconnect a wide variety of devices, and 
with minimum added engineering to form 
complete systems. These may be as simple 
as a DVM and a data logger, or they may 
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combine as many as fifteen elements in a 
calculator-operated system. While several 
different  complete  calculator-controlled 
sys tems  have. been  offered  by 
Hewlett-Packard already this year, it is only 
at this time that the company has broken 
out  the  interconnecting  hardware, the 
accessories, the manuals, and the training 
programs with which users may create their 
own systems, tailoring them economically 
to solve their own individual measurement, 
test and control problems. 
Bench-type, bus-compatible signal source 
and stimulus instruments now available 
include the HP 3320A/B and 3330A/B 
Frequency Synthesizers (0.01 Hz to 13 
MHz), the 8660A/B Synthesizer Signal 
Generators (10 kHz to 1.3 MHz), and 
8016A Word Generator (9 x 32 bit memory, 
bit  rates from 0.5  Ilz to 50 MHz). 
Bus-compatible  measuring  instruments 
include  the 3490A  Digital Multimeter, 
5345A Electronic Counter, the 5340A and 
5341A Automatic Microwave Counters, and 
the  compact  530011  series  electronic 
counter/multimeters. Newly introduced, to 
capture and record results, to serve as a 
simple controller, even able to scan multiple 
digital-output devices via the HP-113: is the 
Model  5150A  Alphanumeric  Thermal 
Printer. 
Accessories for use with the Bus, with 
which a vast variety of purposes can be 
accomplished, include a 40-Channel Scanner 
(Model 3495A), an ASCII-to-Parallel Code 
Converter  (Model  59301A),  a 
Digital-to-Analog  Converter  (Model 
59303A),  a Numeric  Display  (Model 
59304A),  a Relay  Actuator  (Model 
59306A), a VHF Switch (Model 59307A), a 
Timing Generator  (59308A),  a Digital 
Calendar/Clock  (Model  59309A),  a 
Teleprinter/RS-232  Interface  (Model 
59400A) and a Common Carrier Interface 
(Model 59403A). There is a variety of 
interface cables. 
While control of a simple system may be 
by  scanning  with  the  Thermal 
Printer/Scanner, whole programmed systems 
including those capable of decision-making 
responses  may  now  be  formed  using 
Ilewlett-Packard  desktop  calculators  :is 
controllers. System Users' Guide Manuals 
describe how to assemble and program 
systems using the HP 9820A, 0821A, and 
(1830A  Programmable  Calculators  as 
controllers.  User-written  programs  for 
9820A-operated  systems are stored on 
magnetic  cards;  982IA  and  9830A 
Calculators have built-in cassette facilities 
on  which  user  programs  may  be 
accommodated. 
The HP Interface Bus concept is, of 
course, applicable to computer-controlled 
systems. Initial systems design efforts at IIP 
have,  however,  concentrated  on 
calculator-controlled systems, and it is 
expected that these will constitute the bulk 
of early applications. 
Early in 1975 Hewlett-Packard plans to 
begin customer courses on the application 
and use of the HP Interface Bus. These will 
concentrate heavily on programming, which 
in  large  measure  will  determine  the 
effectiveness of the new hardware. Included 
in the cost of these seminars are extended 
Users' Guide Manuals, which will also be 
separately available. 
A typical application of the interface bus 
system is described in our next item. 

BIG REWARDS 
WAIT FOR YOU 
IN COLOUR 
TELEVISION 
SERVICING 
-if you're trained for it! 
Colour TV is the exciting breakthrough for the electronics service 

industry. It offers a great future for the service man who's gained the 
knowledge necessary to do the job. 

Stott's introduce a brand new course designed to take you, step 
by step. all the way from basic electronic theory through to colour 
television receiver servicing techniques. 

If you're a beginner, it can teach you everything you need to know 
about television principles and receiver circuitry. 

If you are already working in the field or have already 
successfully completed some studies in electronics, you may be 
eligible to commence the course at an advanced stage. 

Divided into three sections, the Stott's course covers: 
Part 1 — Introduction to Electronics (theory and practice) 
Part 2 — Monochrome Television Receivers. 
Part 3 — Colour Television including fundamentals, colour processing 

circuitry. servicing techniques and faults. 
Like all Stott's courses. you will work with your own instructor, an 

expert in this exciting field, at your own pace, in your own home. 
Whether you intend to enter the television service industry, or whether 
you wish to gain a thorough understanding of television theory and 
servicing as an aid to sales experience, this is the course to help you 
make it. 

Other electronic courses offered by Stott's include: 
Radio for Amateurs  Amateur Operator's Certificate 

For full information mail this coupon today: 

me  II a • IN III • • IR ii a ail  
.., . • ,...s La. Melb . 3000 

aiser s Lolls  ....... g8 oeitiest,s6,,insebya.n2e0040000 
‘
411"  66 King William St. Kent Town 5067  1111 

TECHNICAL CORRESPONDENCE  89 St George s Ice Perth. 6000 • COLLEGE  P 0 Box 3396. Singapore 1 

The name to trust in correspondence education 
i i  Please send roe free, and without obligation tull details of the foll,wma 

courses 

Stott s undertake that no sales counsellor will call 
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Address 

Aer 

Pos• 

mET 2.75  •  

I l i  •  III 

STC761 

• 
a 
a 

•# 

ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 
85 



HI-FI BASS 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 11/2  and 2 cu.ft. 

Efficiency is higher than might be expected from a 
sealed cabinet and power handling Is 20-25 watts 
.r11 .5. 

12" The model B122/10LR is a 12" bass speaker featuring a rubber 
suspension which allows a funda mental 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 r.m.s. per channel at 8oh ms. 

$34.50 

$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 volu me of about 3 cu.ft. is required 
to ensure the speaker gives its opti mu m performance.  $49 ▪ 50 
15" The  Fane  model  B152/12LR  is a 15" bass driver with  a 
funda mental  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 perfor mance 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. $ 5 9 
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 $24 50 
is very neutral. 

1" The Fane 1" Dome Tweeter 
001  is  a  newly  developed 
soft-dome tweeter with a useful 
frequency  response  fro m 
4 ,0 0 0 H z  to 
2 0 , 0 0 0 H z. $  

Efficiency  is  23 50 mediu m to high. 

NEW CHALLENGE TURNTABLE 
SEMI-AUTOMATIC BELT-DRIVE 

SPECIAL INTRODUCTORY OFFER $99.50 
• The automatic  arm  return  is achieved by a very  simple and 
effective  mechanism  which  ensures  years  of  trouble  free 
operation. 

• Oil damped cueing lever permits instant selection of any record 
track without having to reject the tone arm. 

• Heavy cast platter, belt-driven by a syncronous motor, reduces 

ru mble, wow and flutter to negligable proportions. 

• Tone  arm  features anti-skate,  lateral  balance and  removeable 
headshell  fitted  with  magnetic  cartridge.  Fully  adjustable 

counter  balance  weight  with  independent  scale  allows  easy 
adjustment of stylus pressure. 

• All connecting cables and plugs are fitted to the turntable. 
• 12 month guarantee. 

• Walnut  ease and tinted perspex cover with adjustable tension 
spring hinges available as an optional extra $29.00. 

t h a t t e ll zi 

NEW 3-WAY SPEAKER SYSTEMS 
OF EXCEPTIONAL QUALITY 

Developed by exhaustive and thorough testing, these new  3-way 
speaker systems combine wide, flat frequency response with genuine 
high  power  capability.  (Available  in  Kit  form  or  completely 
asse mbled.) 

CHALLENGE SYSTEM 1 

4111)
CHALLENGE H-22 DO ME TWEETER The  development  of do me tweeters has been a major 
project of most loudspeaker manufacturers of recent years. 
The  H-22  dome  is one of the latest designs. The  1" 
diaphrag m  is  made  of  carefully  selected  metallized 
polyester material which is of very small mass to allovv 
maxi mu m efficiency. 

SPECIAL MID-RANGE SPEAKER 

An outstanding 5" mid-range loudspeaker developed 
by  one  of  Ger many's  leading  loudspeaker 
manufacturers.  It employs  carefully  selected cone 
material and a special cone termination to ensure flat 
response and high efficiency. A protective cover is 
fitted  to  the  rear  of  the loudspeaker to prevent 
interference  from  air  pressure  developed 
within the cabinet by the bass speaker. 

CHALLENGE 10L-24 W OOFER 

This robust 10" unit features a 4 layer wound 11/2 " 
voice coil which allows it to handle 30 watt r.m.s. 
co mfortably. The combination of extre mely rigid cone 
and low-funda mental resonance of 35 Hz in free-air 
ensures  deep,  positive  bass  when  used  in  the 
reco m mended enclosure sizes.. 

$8.50 

$15.90 

$16.90 
CHALLENGE  HP  1 HIGH-PO WER  CROSSOVER  NET WORK 
features 4 inductors including a high-efficiency air-wound 3.55 Mn 
choke in series with the bass speaker. 3 crossover capacitors are also 
used. Crossover points are 500 Hz and 4 000 Hz 
and the rate of roll off is 12dB/oct.  $14 50 
The CHALLENGE SYSTE M 1 can be purchased as  co m ponents  
only as above or co mpletely assembled and tested 
in 2 cu.ft. walnut veneered cabinets at  $179 pair 
FANE 15"  3-WAY SYSTEM 
HOKUTONE HT-60 1" DO ME TWEETER 

This  magnificent  unit  features a combination  of 
alu miniu m diaphragm and powerful magnet structure 
to produce an exceptionally clear non-resonant treble 
response. Efficiency is very high and dispersion is  
enhanced by the special acoustic diffuser surrounding ,411 I 
the diaphrag m. 

Special Mid Range Speaker 

Details as above  $15.90 
in syste m 1. 

FANE B152/12LR 15" W OOFER 

Details as per FANE  $59  
advertise ment on this 
page 

3.50 

CR OSSOVER NET WORK $14.50 
This system, based on the Fane 15" woofer, can be purchased as 
components only as above, or completely assembled and tested n 3 
cu.ft. walnut veneered cabinets for 

$300 pair 
CROSSOVER CAPACITORS 
Our  wide  range  includes  2.2 
mfd mylar fil m $1.20 each, 3.3 
mfd  mylar  fil m  $1.40 each, 5 
mfd NP Electrolytics 40c each, 
10  mfd  NP  Electrolytics  45c 
each,  16  mfd  NP  Electrolytics 
50c  each,  30  mfd  NP 
Electrolytics  60c  each  and  60 
mfd NP Electrolytics 90c each. 

CROSSOVER CHOKES 
A  comprehensive  range  is now  
available  of  high  po w er, hi gh  
efficiency  inductors  in  the 
follo wing  values, 0.25 M h,  
0.35 Mh,  0.5 Mn,  0.75 Mh , 
2.2 Mn  and  3.55 Mh . Prices  
range from $1.00 to $5.00 eac h. 

CROSSOVER NETWORKS 
A wide range of professionally designe d networks  are  now  available  
at very  reasonable prices. Recom men dations  and  quotes  can  be  
supplied, providing full details of loudspea kers  intend ing  to  be  used  
are provided. 

SPEAKER GRILLE CLOTH 
An attractive selection nf speaker 
grille cloths are available ex stock 
at  very  reasonable  prices.  Free 
sample  pieces  are available  on 
request and will be forwarded per 
post  anywhere  in  Australia 
together with our price list. 

PHONE: eHI-Fl STEREO PTY LTD 

96 PIRIE ST. 
ADELAIDE 
STH. AUST. 5000 

223 3599 



EQUIPMENT NEWS 
QUIET NEW THERMAL PRINTER 

A quiet new thermal printer, Model 5150A 
from Hewlett-Packard, accepts data from 
BCD (binary coded decimal) or ASCII 
sources and prints up to 20 columns of 
alphanumeric  information.  Modular  in 
construction,  it is available  in many 
different configurations including some in 
which it functions as an instrument-system 
controller. 
The 5150A prints 5 x 7 dot-matrix 
characters at faster than three lines per 
second on heat-sensitive paper, available in 
rolls or fan-folds. Reliability and light 
weight result from simplicity of design — 
the use of a thick-film thermal print head, 
no inking systems, print wheels or hammers; 
the paper advance mechanism has only two 
moving parts. 
• The printer's mainframe contains a power 
supply, control logic, and print mechanism. 
Input interfaces are provided by the use of 
plug-in circuit boards. Option 001 interfaces 
the printer to the HP Interface Bus or 
directly to most ASCII-coded data sources, 
such as minicomputer outputs, with a full 
20-column, 64-character readout. Option 
002  interfaces  BCD  ±8421  coded 
instruments through 10-column inputs; up 
to two such interfaces may be installed. 
There is a standard  16-character BCD 
alphanumeric  set,  and  various  special 
character and column formats are optional. 
With the Option 003 Scanner installed, the 
5150A Printer can scan the digital output of 
as many as 13 ASCII-coded instruments, via 
the Hewlett-Packard Interface Bus. The 
scanner  acts  as  a system  controller, 
providing automatic data acquisition ability. 
It also provides source indentifiers on the 
print-out for easy data interpretation. 
Available  for either  BCD or  ASCII 

measurement systems, the Option 004 
Clock provides times along with the data on 
the printout. The clock can also control the 
time interval between data samples. 
Further details: Hewlett-Packard Australia 
Pty Ltd, 31-41 Joseph Street, Blackburn, 
Vic. 3130. 

TEMPERATURE 
MEASUREMENT DATA 
The John Fluke Mfg Company of U.S.A. 
manufacturers of digital instrumentation 
have  recently  released  a "Guide  To 
Temperature Measurements" in the form of 
a wall chart. 
The chart lists the various types of 
temperature sensors available and their 
relative advantages and disadvantages. 
Copies of this wall chart are available 
from: 
Elmeasco Instruments Pty. Limited, PO 
Box 334, Brookvale, NSW, 2100. 

TWO NEW LOW-COST 
X-Y RECORDERS 
A new line of 81/2" x 11" X-Y recorders is 
announced  by  Hewlett-Packard.  Model 
7010A is introduced especially for OEM 
applications; Model 7015A is a laboratory 
model. 
The  model  7010A has,  as standard 
features, 100 mV/div sensitivity, mechanical 
pen  lift,  universal  pen  holder which 
accommodates most commercially available 
fibre pens, electrostatic paper holdown, and 
continuous duty dc servo motors. Slewing 
speed is 20"/sec with peak accleration of 
500"/sec in the X axis and 1000"! sec in the 
Y axis. Common mode rejection is 130 dB 

SEMICONDUCTORS 
SALE! 

SUPER  BARGAIN  SALE  AT 
MICRONICS. ORDER NO W!!! EM402 
- 10 for $1.20, 0A95 — 10 for $1.80. 
iN914 —  10 for $1.40. I.C.'s:  7400, 
7410,  7420,  7430,  7440 — 49 c ea. 
TRANSISTORS: BC179, BC157 — 6 for 
$2, AC126 — 5 for $2, AC127 — 4 for 
$2, AD161/162 Mtchd Pr — $2, 5E1010 
-- 5 for $2, DG14 — $1, 2N3730 — 
$1.25,  BC328,  AS147  —  6 for $2, 
2N1637  (AF181),  2N1638  (AF116), 
2N1639  (AF116),  2N218  (0C45), 
2N219 (0C44), 2N371 (AF115), 2N412 
(0C44),  2N591  (AC128),  2N410 
(0C45), 2N2613 (CV11011) — 10 of 
one type for $2.50, AS205 (BC107) — 
10 for $2. ZENER DIODES: 400 mv, 
4.3v, 4.7v, 5.6v, 20v — 10 for $1.80. 
AUDIO AMP IC.: incl. Cct diagra m — 
PA234 lw R.M.S. — $1 ea. (SELLOUT). 
T AA621  4w  R.M.S.  —  $3. 
ELECTROLYTICS: Top Quality Pigtails 
—  25j./f/450v,  50pf/300v,  6010/300v, 
1001.0/200v,  2000 I/25v — 3 for 52. 
161.1f/450v,  321.1 /300v,  2 70/70v, 
1000j.lf/18v  —  4 for •$2.  10 f/500v, 
501.1f/125v — 6 for $2. 10001.1f/.5v — 5 
for $2. 21-0/40v — 10 for $1, 1010/65v — 
10 for $1.50, 4010/70v — 10 for $2, 
21,0/300 — 10 for $3, 5001,0/25v — 10 
for $2.50. COPPER CLAD BOARDS: 6" 
x 9" — 4 for $2, 6" x 12" — 3 for $2. 
SUPER  BARGAIN  PACKS.  IDEAL 
FOR  SERVICEMAN  OR HOBBYIST. 
TRANSISTORS:  NEW,  BRANDED, 
POPULAR  pnp and  npn  Germaniu m 
types  (Mixed) —  10 for $2. PO WER 
RESISTORS:  3w-7w,  5%,  10070.  Top 
Qual.  (Mixed)  —  25  for  $2. 
RESISTORS:  Fresh  Stock  (Mixed) 
Mostly 5%, 10%, 1/2w, lw — 100 for 90c. 
POLYESTER CAPS: Top Qual. 160v, 
270v, 400v, 10% Tot. (Mixed) — 100 for 
$3.25. POTS: Dual, single, switch and 
Tab pots (No Rubbish) — 20 for $3.50. 
PRESET POTS: Mixed excel. quality — 
10  for  $1.  CERAMIC  DISC  CAPS: 
mixed — 50 for $1 (incl. high voltage). 
ELECTROLYTIC CAPS:  mixed — 25 
for $2. STYROSEAL CAPS: 25 asstd. 
for $1. TANTALUM CAPS: All mini, 
mixed — 20 for $2. (No junk). ZENER 
DIODES:  Mixed lw —  10 for $3.50, 
Mixed lOw — 10 for $6. TAG STRIPS: 
Mixed — 50 for $2. COILS: Miniature 
Coils Osc. I.F. mixed, un marked — 20 
for $1.50. POLYESTER GREENCAPS: 
10%, 110/200v — 10 for $2.50. Post and 
Pack  30c or extra for heavy parcels. 
MICRONICS:  P.O.  Box  175A, 
Randwick, N.S. W. 2031. 

EASY GUITAR BS 
Play big sound pop 
music,  party  hits. 
Learn at home from 
sensati onally 
simplified  Lesson 
Books.  Succeed 
quickly or no cost. 
Instru ment  also 
available. The FREE 
booklet  offered 
below  gives  all 
details. 

FREE BOOK COUPON 
MELODY MUSIC, STUDIO 482, 
405 SUSSEX ST. SYDNEY. 2000. 

Please send me FREE details of Easy 
Guitar Lessons 

Name    

Address   
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r FM TUNER 
-.... .......... 

. i . . ir 
P&P $2.00 

Heathkit AJ-1214 

A M/F M Stereo Tuner Kit $179.75 

250 WATTS R.M.S. INTO 8 OHMS 
The new 027 module from Auditec — 
Recommended  price S98.50  + 15% 
sales tax. 
Designed for guitar, public address and 
entertain ment  systems  where  high 
quality  with  high  reliability  are 
essential. 

AUDITEC MODULES 
0010 Power amplifier 32 watts R MS 
0.1 % T.H. D. $19.95. 
002  Co mprehensive  prea mplifier 
$15.25. 
005  I.C.  Wide-band  A.M.  Tuner 
$29.95. 
009 125 watt power amplifier $52.50. 
013, 014 Siren modules $9.55 
015  Guitar/Public  address/en-
tertain ment preamps $12.90. 
016 6-channel mixer module $7.95. 
018 60 watt power amplifier $31.95. 
019 12 volt 20 watt amplifier $37.91. 
020  Multi-channel  mixer  modules 
$6.70. 
021  Multi-channel  mixer  modules 
$7.60. 
022  Multi-channel  mixer  modules 
$7.95. 
023  Regulated power supply for all 
Auditec preamps $12.95. 
024  Variable  regulated  laboratory 
power supply $22.00. 
025  Stereo magnetic prea mplifier to 
professional specs $15.90. 
028 Stereo 20 watt power amplifier 
$32.25. 
Prices  of 001, 2, 5, 025, 028 plus 
27 1,% sates tax; all others plus 15 %. 

THE SOLDERING TOOL 
FOR ALL ELECTRONICS 

P&P 

$1.00. 
$13.75, 

AtDCOLA 
$8.95, $9.95, $12.90, 

$22.50 

$21.00 P & P $1.00. Stereo 

..t-..:,  Recording and 
4_  Playback 
.  Pre-Amp Kit ..... 

- ,  --,  for VORTEX 
Cassette Deck 

POP GROUP GEAR 
"SPECIAL" S12.50 

ELECTRET MICROPHONES 
Frequency  Response:  50-13,000Hz; 
Power  Supply:  1 Penlight  Battery; 
Amplifier: FET Impedance Convertpr; 
Output level: (1,000Hz) —68 dB 13 
dB; Polar Pattern:  Omni-directIonal; 
Dynamic Range:  Up to 90 dB SPL; 
Max. Sound Pressure:  120 dB SPL; 
Battery Life: 6,000 Hours Coninuois. 

FOLDI NG MICROPHONE STANDS 
$17.50 

MICROPH ONE BOO MS $9.50 
MICR OPH ONE CR ADLES $19.50 

TOP QU ALITY ELECTRET STU DI O 
N ICR OPH ONE $35.00 

EV ANS BAN D A MPLIFIERS, EC H O 
UNITS,  SPE AKER  COLU MNS  ARP 
SY NTHESISERS,  APA N  REC OR D 
PLA YERS, PHILIPS SPEA KERS. 

IC's  TTL's  fro m  40c;  741 s  85c; 
NE555's $1.50.  PRESS TO TALK  2 
W AY  HA M  RADI O MICR OPH ONES 
56.95. 6 watt AU DI O A MP $7.65 kit. 

ALAN OLIVER 

ELECTRONICS PTY LTD 

188-192 PACIFIC HIG H WAY 
ST LE ONAR DS. 2065. 

ihr Phone 43-5305 PO BOX 4 
i 

EQUIPMENT NEWS 

Model 7015A Laboratory X-Y Recorder. 

dc and 90 dB  under room ambient 
conditions. 
Options available include 10 mV/div or 1 
V/div sensitivity, electric pen lift, metric 
scaling, single range time base of 1 sec/div or 
10 sec/div, and a carrying case. 
The Model 7015A is an 81/2" x II" 
laboratory X-Y recorder for general purpose 
laboratory  use  in schools  and  small 
laboratories. It has three ranges 0.01 V/in, 
0.1 V/in, and 1.0 V/in (0.01 V/cm, 0.1 
V/cm, and 1.0V/cm), mechanical pen lift, 
universal pen holder, continuous duty dc 
servo system,  and electro-static  paper 
holddown. Slewing speed, acceleration and 
common mode rejection are the same as the 
Model 7010A. 
Options offered include electric pen lift, 
time base with six speeds (0.5, 1, 5, 10, 50, 
100 sec/in or 0.1, 0.5, 1, 5, 10, 50 sec/cm, 
metric calibration and a carrying case. 
Further details: Hewlett-Packard Australia 
Pty Ltd. 31-41 Joseph St.. Blackburn, Vic. 
3130 

TWENTY THOUSAND COUNT 
MULTIMETER ANNOUNCED 
BY FLUKE 
A new automatic digital multimeter, the 
Model  8600A,  using  the  latest  LSI 

technology has been announced by the John 
Fluke Mfg. Co., Inc, Seattle, Washington, 
manufacturer  of  precision  electronic 
instruments and automatic test systems. 
With a basic dc accuracy of 0.02%, the 
Fluke 8600A features five ranges of dc 
volts, five of ac volts, five of dc current, five 
of ac current and six of resistance. Autozero 
and autorange are standard. For minimum 
loading,  up  to  1000  megohms input 
resistance is offered. 
All dc ranges from 200 millivolts through 
1200 volts are continuously protected to 
± 1200 volts or 1700 volts peak ac. Ac 
bandwidth to 100 kHz offers 10 microvolt 
resolution.  From 200 ohms full scale 
through 200 megohms full scale, the 8600A 
takes a continuous 250 Vrms or dc. A front 
panel fuse protects all ac and dc current 
ranges from 200 microamperes full scale to 
2 amperes full scale. 
A rechargeable  built-in  battery  pack 
provides  up  to  eight  hours  off-line 
operation. TTL/DTL compatible isolated 
printer output is available. Two 8600A's 
may be mounted side by side in a standard 
EIA rack. Weight is 1.6 kg or 2.1 kg with 
batteries. 
Further details: Elmeasco Instruments Pty. 
Ltd., P. O. Box 334, Brookvale, NSW, 2100. 

88 ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 



DC~16 MHz Dual Trace 
• oscilloscope 
• e New BWD 539B 

With These Outstanding Features 

• Amplifiers: 
DC to 16MHz-3db 
20nSec Rise Time 
10mV to 50V/cm 
3Hz to 30kHz 
at <500AV/cm 

) Both 
) Channels 
) Single Channel 
) Cascaded 

• Time Base: 
100nSec to 2.5s/cm time range 
1Hz to >25MHz Auto Triggering 
TV line and frame trigger. 

• X Amplifier: 
Identical X-Y operation 
DC to 2MHz-3db 
100mV to 50V/cm 
10 Phase shift from DC to >100kHz. 

PLUS 
• 5% calibration Y,X & T.B. including 
a 10% line voltage change. 

• 1% fast rise time calibration wave, 
transition <20 of power line zero 
crossover. 

• 3.3KV EHT and an 8x10cm display. 
• Push button operation simplicity and 
AC-GND-DC amplifier switching. 

• 3cm of deflection at 30MHz and a 
time base that locks solidly to it. 

• Vertical amplifier and time base outputs. 
• 00 to 500C operating range. 

$ 414 
F.I.S. Australian Capital Cities 

Plus Tax if applicable 
12 months warranty. 

If your work involves Calculators, Office Equipment, Colour TV broadcasting or Servicing, 
Data Transmission, Process Controls, Communications or Education then 

DON'T DELAY — GET ALL THE DETAILS OF THIS FINE VALUE IN OSCILLOSCOPES TODAY. 

1955 TO 1975 — 20 YEARS OF AUSTRALIAN DESIGN INNOVATION 

WINNER OF A WARD 
FOR OUTSTANDING 
EXPORT ACHIEVEMENT 

THE MAJORITY OF OUR INSTRUMENTS CARRY A DEFENCE STOCK NO 

B.W.D. ELECTRONICS PTY. LTD. 
Designers and Manufacturers of the finest electronics instrumentation. 
329-333 Burke Road, Gardiner, Vic. 3146 PH: 25-4425 (3 lines) 
182-186 Blues Point Road, North Sydney N.S. W. 2060 PH: 929-7452 92-6756 
• S.A. & N.T. A.J. Ferguson Pty. Ltd. PH: 269-1244 
• W.A. Cairns Instru ment Services PH: 25-3130 
• QLD. Warburton Franki (Brisbane) Pty. Ltd. PH: 52-7255 
• TAS. Associated Agencies. PH: 23-1843 and from B.W.D. agents around the world. 
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P  RaRI  N igIAL 
s 

PLE 

Plessey provides the widest 
selection of Professional 
class carbon and wire-
wound resistive controls of 
both commercial and DEF 
Qualification standard. 

The range offers 
miniature potentiometers 
rated upwards from 50mW 
to power rheostats of 
500W, together with a 
choice of resistances, 
tapers, shafts, mounting 
arrangements, ganged and 
dual types and specials to 
suit customers' specifica-
tions. Ganged potentio-
meters with track matching 
to within 1.6db. are avail-
able for stereophonic 
equipment, test instru-
ments and other appli-
cations. 

Potentiometers 
employ a hot moulded 
carbon track construction 
giving extremely low elec-
trical noise throughout a 
long, trouble-free life. Life 
expectancy is in the order 
of 9 million cycles of 
rotation with a resistance 
change of no greater than 1% 

Plessey potentio-
meter tracks consist of a 
phenolic moulding loaded 
with carefully controlled 
proportions of conducting 
carbon filler providing 
superior power dissipation 
and temperature coefficient 
characteristics compared 
to carbon film types. 

A standardised 
range is available ex stock. 
Literature is available on 
request to the Professional 
Components Division. 

PLESSEY 
Plessey Australia l'ty Limited 
Components Division 
Box 2 PO Villawood NSW 2163 
Telephone 72 0133 Telex 20384 
MEE.13: Zephyr Products Pty Ltd 36 7231 
ADEL: K. D. Fisher & Co 223 6294 
PERTH: H. J. McQuillan Pty Ltd 68 7111 
N.Z.: Henderson (N.Z.) 6 4189 

90 
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Sole Australian distributors 

INTERNATIONAL DYNAMICS 
(AGENCIES) PTY. LTD., 
P.O. Box 205, Cheltenham, Vic. 3192. 

Do it yourself and save! 

(S E A S) 

Hi-fidelity speaker kits 
SEAS high-quality, value-for-money 
acoustic suspension speaker compon-
ents can be fitted to your own home-built 
cabinets with excellent results. Low-

resonance SEAS speakers 
require only sealed 
enclosures which 
anyone familiar 

with basic 
woodworking 

tools should be capable of constructing. 
SEAS speakers are uncoloured with 
excellent detail over the entire audible 
frequency range. They can be driven 
adequately with any good quality ampli-
fier, and maintain their qualities effort-
lessly at high volume. SEAS speakers 
have been one of Scandinavia's leading 
brands since 1930, and are world-
famous for their quality reproduction. 

TYPE 30 (illustrated): Two drive units, 10" woofer, 
11/2" dome tweeter. Recommended enclosure 
volume, 25-35 litres. Frequency 30-20, 000Hz. 
Power rating 70 W. 

TYPE 35: Three drive units. 2 x 81/2" woofers, 
11/2" dome tweeter. Recommended en-
closure volume 30-40 litres. Frequency 
range 30-20, 000Hz. Power rating 120 W. 

TYPE 60: Four drive units -2 x 10" woofers, 
6" mid-range, 11/2" dome tweeter. Recom-
mended enclosure volume 50-70 litres. 
Frequency range 25-20, 000Hz. Power 
rating 120 W. 

Kits are complete with all wiring, crossovers, full instructions. 

NIGH-FIDELITy Type 30 

. 
. . .....  . .... 

Available from: 

N.S.W. M & G Hoskins Pty Ltd, 37 Castle St, Blakehurst 2221 
Telephone: 546 1464 

OLD. Stereo Supplies, 95 Turbot St, Brisbane 4000 
Telephone: 21 3623 

S.A. Challenge Hi-Fi Stereo, 96 Pine St, Adelaide 5000 
Telephone: 223 3599 

TAS. 

VIC. 

W.A. 

A.C.T. 

a 111G 
11-Fib.. 

2 vsta lotAkft _  .1...ITy 

'r,  PE  

Audio Services, 44 Wilson St, Burnie 7320 
Telephone: 31 2390 
Encel Electronics Pty Ltd, 431 Bridge Rd, Richmond 3121 
Telephone: 42 3762 
Albert TV & Hi-Fi, 282 Hay St, Perth 6000 
Telephone: 21 5004 
Duratone Hi-Fi, Cnr Botany St & Altree Crt, Phillip 2606 
Telephone: 82 1388 
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THE 
ILM0901A11410904510 
NON-OPERATIONAL 
AMPLIFIER 
An ideal amplifier for many worthless applications. 
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Large Signal Frequency 
Response 

Vs 15V 

T,, 251 

\  

r2  0 
\  Cl 0 

Cl 

C2 
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_ • 

19  100  IS  106 

FRE 0111 610 (He • 

Open Loop Frequency 
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r 

Fis - 100K 

= 26 

CI = 39 pf 

C2 • 22 pF 

C1- 0 C2 - 0 

01  1 0 10 100 IS 106,100K 1M 10M 

CREOUENCY 111/1 

Female Follower Pulse 
Response 

V.  1SV I 

R, 26 

TA 75 C 

0  20  00  60 80 100 120 140 

TIME I..si 

THE LM0901A114109045IC  is a macropower,  low 
performance,  degraded  circuit  operational  amplifier 
designed to have a no load power dissipation of less than 
0.553 W at V, = ± 1 pV and less than 200 W at V, = ± 2 pV. 
Open loop gain is greater than 0.001 k and input bias 
current is typically 200 A. 

FEATURES 
•  Typical low upset voltage  10.13 V 
•  Typical low upset current  59 A 
•  Typical low noise  30 Vrms 
•  Simple frequency comprehension 
•  Marginal bandwidth and slewrate 
•  Output short circuit susceptible 

The LM0901A1411090451C may be substituted directly 
for paper weights and fish lures. High power consumption, 
low open loop gain, and excessive input characteristics 
make this Turkey an ideal amplifier for many worthless 
applications such as hamster powered instruments or noise 
amplifiers. 

DEFINITION OF TERMS 
Input Upset Voltage: That voltage which must be applied between 
the input terminals through unequal resistances to destroy the 
output voltage. 

Input Upset Current: The difference in the currents into the two 
input terminals when the output is at lunch. 

Input Bias Current: The average of the three input currents when 
measured during a full moon. 

Input Voltage Range: The range of voltages on the input terminals 
for which the amplifier operates within the city limits of Melbourne. 

Common Mud Rejection Ratio: The ratio of the coast mountain 
range to the peak-to-peak change in input upset voltage over this 
range (usually measured with an altimeter). 

Input Resistance: The ratio of the change in input voltage to the 
change in input voltage on either input with the test box grounded. 

Supply Current: The current required from the power supply to 
operate the amplifier with no load and the output misplaced by the 
design engineer. 

Output Voltage Swing: The peak output voltage swing, referred to 
zero, that can be obtained without clipping (which should be 
avoided since it carries a 15 yard penalty). 

Large-Signal Voltage Gone: The ratio of the output voltage swing to 
the change in input voltage required to drive the output from zero 
to Wollongong. 

Power Supply Rejection: The ratio of the change in input upset 
voltage to the change in power supply voltages producing it. 

Transient Response: The closed-loop step-function response of the 
amplifier under vague signal conditions. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage  ±2 pV 
Power Dissipation (See Curve)  640 W 
Differential Input Voltage  ± 7 fV 
Input Voltage  ±V5 
Short Circuit Duration  11 femtoinches 
Long Circuit Duration  27 nanomiles 
Operating Temperature Range  220C to 350C 
Storage Temperature Range  —350K to —10°K 
Lead Temperature (Soldering, 10 seconds)  289°F 

ELECTRICAL CHARACTERISTICS (Note 1) 

CRUMMY PART CRUMMIER PART 
PARAMETERS CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Upset Voltage Rs <1k, TA = 25°C 10.1 12.5 22.0 25.0 V 
24.0 57.0 V 

Input Bias Current TA = 25°C 200 100 300 200 A 
300 300 A 

Input Upset Current TA = 25°C 59 201 207 360 A 
1004 1009 A 

Sloppy Current Vs = ±2 pV, TA = 25°C 80 425.6 80 425.3 µ A 
Vs = ±2 pV 450.3 450.6 nA 

Voltage Gone Vs = ±1 pV, Vo w - = 10V, 
RL = 109k, TA = 25°C 

25 60 25 60 nV/V 

VS = ± 1 pV, VouT  = 10V, 
RL = 183k 

10 30 10 nV/V 

Output Voltage Vs = ±1 pV, RL = 12k, 
TA = 25°C 

10 11.5 10 11.5 V 

Vs = ±1 pV, RL = 32k 9 9 V 

Common Mud Rejection 
Ratio 

Vs = ±-1 pV, VIN  = 1V, 
Rs = 1k 

70 90 70 90 lb/kton 

Power Supply Rejection 
Ratio 

Rs = 1k, Vs = ±-1 pV 
to -±2 pV 

0.1 0.2 0.05 0.1 dB 

Equivalent Input Noise Voltage Vs = ±-1 pV, Rs = 1k, 
TA = 25°C, f = 500 Hz 
to 500 Hz 

30 86.53 30 91.74 Vrms 

Average Temperature Coeffi- 
cient of Upset Voltage 

Rs = 310k 3.0 3.0 V/0C 

Average Temperature Coeffi- 
cient of Bias Current 

0.3 0.3 A/0C 

Rise Time Monday < TA < Friday 6:15 6:45 6:15 6:45 A.M. 

Note 1: The specifications apply for -±1 pV <Vs <±-2 pV, with +input compensation capacitor, Cl = 39 MF, —input compensation 
capacitor, C2 = 22 MF, 22°C to 35°C, except in January or Belgium. Testing is performed at Vs = ±1.7326 pV, except on Friday when 
we drink beer instead. 

We are indebted to National Semiconductor for permission to publish these extracts from their latest data sheet. 
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PHILIPS LOUDSPEAKERS 
AD 0160/T 

AD 0160/T8 1" Dome Tweeter   S8.00 @ 
AD 5060/Sq8 5" Squawker   S12.50 @ 
AD 8065/W8 8" Woofer 20W   S12.00 @ 
AD 10100/W8 10" Woofer 40W   S33.00 @ 
AD 1265/W8 12" 30watt Woofer   $24.00 @ 
AD 12100/W8 12" 40watt Woofer   S35.00 @ 
2 way Crossover   S7.95 @ 
3 way Crossover   S12.50 @ 

AD 8065/W8 
AD 5060/SQ8 

5" High Fidelity Mid Range 
8" High Fidelity Woofer 

PHILIPS KITS No. 1 
2-AD 8065/W8 
2-AD 5060/Sq8 
2-AD 0160/T8 
2-3 way Crossovers 
Total Price $82.00 

1" High Fidelity Dome Tweeter 

AD 10100/W8 

10" High Fidelity Woofer 

PHILIPS KIT No. 2  PHILIPS KIT No. 3 
2-AD 10100/W8  2-AD 1265/W8 
2-AD 5060/Sq8  2-AD 5060/Sq8 
2-AD 0160/T8  2-AD 0160/T8 
2-3 way Crossovers  2- 3 way Crossovers 
Total Price $122.00  Total Price $120.00 

CORAL 12" SPEAKER 
KIT 12SAI 
2 - 12" 30 watt RMS 
Woofers 
2 - 5" sealed back 
squawkers 
4 - 1" tweeters 
Crossovers etc. 
Full price $70.00 

BOXES FOR 12SA1 S35.00 each 
BOXES FOR 10SA1 and 8SA1 S30.00 each 

CORAL 10" SPEAKER 
KIT 10SA1 
2 - 10" 25 watt RMS 
woofers 
2 - 5" sealed back 
squawkers 
2 - 1" tweeters 
Crossovers etc. 
Full price $50.00 

AD 12100/W8 

12" High Fidelity Woofer 

PHILIPS KIT No.4 
2-AD 12100/W8 
2-AD 5060/Sq8 
2-AD 0160/T8 
2 --way Crossovers 
Total Price $120.00 

CORAL 8" SPEAKER 
KIT 8SA1 
2 - 8" 15 watt RMS 
woofers 
2 - 4" midrange 
speakers 
2 - 1" tweeters 
Crossovers etc. 
Full price $30.00 

WE ALSO STOCK INNER!. OND AT S1.80 PER SG YO 
SPEAKER CLOTH (for front of box) 60" by 36" ... S12.00 

rEDGE ELECTRIX 
34A Burwood Rd •, Burwood, NSW 2134. 

Phone: 747-2931 

COMPLETE MAIL ORDER SERVICE 
All goods available at competitive prices. Please write or 
ring for a quote... allow a sufficient amount to cover 
Freight when ordering. 

94 ELECTRONICS TODAY INTERNATIONAL — FEBRUARY 1975 



River ohm micro resistors 1/16w 
River Ohm micro resistors 
are eminently suitable for 
low power applications 
where long life, economy, 
microminiature size, high 
itability and close tolerance 
are required. The resistive 
element is of a CERMET 
construction encapsulated in 
a heat resistant insulating 
paint in standard 
international colour codes 
for ready identification 

Leads are of solder coated 
copper wire with a minimum 
15 mm length and 0.3 mm 
diameter. Excellent 
solderability is ensured when 
using either manual or dip 
soldering techniques. 

AC 1001141 

Characteristics 
Resistance value: 30 ohm to 
100 K ohm -1-  , E-24 grid 
Wattage rating: .!;6 W. 
Maximum operating voltage: 
100V/Maximum overload 
voltage: 100V/Temperature 
coefficient' • 700 p.p.m.L=C 

PLESSEY 
Plessey Australia Pty 1 United 
Components Division 
Box 2 PO Villawood NS W 2163 
Telephone 72 0133 Telex 20384 

MELB: Zephyr Products Ply I id 56 7231 
ADEL: K. D. Fisher & Co 223 6294 
PERTH: H. .1. McQuillan Ply Ltd 68 7111 
N I.: Henderson (N 7...1 6 4189 

• f • • I, 
•  •  • 

B & W 
he royal family 
of sounc 
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. 

•recommended retail price 

The best value DM2 A 
Monitor Acoustic Line 
For those who would like the crisp 
realism of the DM70 but in a smaller 
package, there is the DM2 Monitor, 
also less expensive It is worth your 
while to make the comparison between 
the superb DM70 and the DM2 
Monitor with its third order Butter , 
worth cross-over network and 8th wave 
acoustic wave line system in an internal 
folded tapered pipe. Three speakers 
with superb straight line frequency 
response across the whole spectrum 
In teak, white and walnut 
$475 per pair' 

—oxeweerreoperwro mor mor 

The best of the best! 
DM70 Monitor Electrostatic 
The B & W DM70 Monitor Electrostatic 
speaker is the most unusual speaker in 
the world, It combines a bass pump 
with a 30.5 cm piston with a free air 
resonance of 18 to 22 Hz in a baffle 
type chamber which produces high 
power, low frequency wave forms with 
exact fidelity below 400 Hz. On top is 
a free standing electrostatic semi-
circular array of 9 speaker units that 
have no moving parts. From 400 cycles 
up to well beyond human hearing 
levels, these exclusive B & W units 
reproduce sound lust as it is at the 
microphone. You must hear these 
speakers to credit their faithful 
reproduction In white and walnut 
$1100 per pair • 

The mighty atom 
DM4 Monitor 
So small in size, but 
enormous in sound 
reproduction from 
high to low frequency. 
This is the speaker that 
has just astounded 
critics all over the 
world They said this 
type of sound could 
not come from a 
speaker lust over one 
cubic foot. Walnut. 
$366 per pair' 

B & W D5 
Sound Value 
A small speaker but 
a wonderful 
performance and at 
an extraordinarily 
keen price for those 
who want B & W 
quality on a budget. 
This speaker is a 
remarkable invest-
ment in quality sound. 
Only a little above 
the budget priced 
speaker but its fidelity 
and real timbre has to 
be heard. Walnut. 
$199* 

B & W DISTRIBUTORS — VICTORIA: buy - rite Electronics, Geo. Havvtnorne, Southern Sound, Tools Hi Fi, Tivoli Hi Fl. SYDNEY: 
Technocentre, I nsound, Arrow, U.R.D., Milversons - Chatswood & Parrarnatta. SOUTH AUSTRALIA: Sound Spectrum. A.C.T.: Duratone. 
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KITS - 
KOLUMN 
I don't kno w what part of Oriental 

philosophy or pride it is that makes the m 

want to write and produce their own 

leaflets, instruction boOks and so on. but it 

sure provides us with torn* laughs fro m 

ti me to ', me 

For instance L& G  Fr gear 

Expense account poked his head around my 

door the other day (he's got that sort of 

headl and du mped so me leaflets and 

clippings onto my desk 

You kno w about L& G." he said blithely. 

"so we've decided that you can write the 
kolu mn about it next month " 

Well, of there's one thing I kno w about L&Li 

it's this - you can write about it until 

you're blue in the lace and any where else it 

might count, but it still won't tell you 

what you want to know It might with othei 

makes, but not with L&G 
& WY, you got t• a. it You gotta hear it 

I mean, are you really going to believe 

so meone who pro mises -listening pleasure 

for all ages, fro m innovative youth to 'lie 

discri minating fuddynclud "t Are your 

Then there's the lovely bit on the back page 

of the colour brochure 

"L& G colours and designs are ai med at a 

total onvolvernent in sensual experience, nor 

lust your ear " 
I think I kno w whet they mean But I'm 'du 

afraid that I know what they're getting at 

In all, the L& G colour brochure is priceless 

for its incredible English  It's a modure of 

the very worst avantgarde verbosity, with a 

sprinkling of colloquiallis ms, and so me 

desperate try•hard phrasing that doesn't lit 

any where If  yOu can get a copy, lay your 

hands on it fast It's a collector's piece 

NO W - having got that off my clothesline, 

let me reiterate With L&G, to kno w what 

it's ell about, you have to see it and hear it 

See it, because it's so terrifically different 

fro m anything else and Ide pending on 

yourselfl tre mendously exciting 

Hear it, because that's where it's all at 

That's what you're buying The mound 

Personally, I can't federate the beaut souno 

fro m the great colours Who ever decided 

that Hi-Fi equip ment should all be brown 

and black, any way , 

Naturally, we've got the whole USD range 

Speaker. FM/A M receivers; the superb 

model T1200 FM/A M stereo tuner, turn. 

tables, and stereo amps 

Ho w does it co mpare , A friend of mine 

described L&G thusly - 
-In its price Clan, it outperfor ms most of 

the others, in its perfor mance class, it 

undernriCeS most Of the others " 

Which is a neat a Way of putting it as I have 

yet heard L& G It's going to be the big 

na me in Ui'Fi this year Don't my I didn't 

tell you 

Got this lovely present through the post lit 

was ten cents short on postagel fro m my 

earnest ad mirer. Alfred E Neu man, of Gore 

Hill  I assu me it was fro m hi m any way, it 

was all written in pencil Anyho w, I've given 

POor Alf a pretty rough trot, what with 

not ans wering his phone messages, or 

reply,pard telegra ms, Or invitations written 

on matchbook cover,, SO I'd like to thank 

hi m for being so nice about it all, and 

sending me such it nice gift  It was one of 

those optical peephole devices for fitting in 

doors so you can see who's there Ho wever, 

Alf. your instructions weren't entirely 

accurate Firstly, the device should be 

mounted at eye level - not chest heel 

Secondly, the viewing end should be on the 

instde of the door, not the outside, I II 

leave a biscuit out for such a good try, 

any way Next month - a Wry special 

surprise fur you 

Apologies depart Ment: to the guys arthe 

APO who weren t mentioned last month 

when OTC was. end to the unsung electronic 

and Hi -F  heroes at so me of our larger 

high schools Don't rip your magazine so 

you can put our ad on your noticeboard --

let me kno w who you are and where you are, 

lwrite to me at Head Officer and I'll try 

and convince expenseiaccount to send you a 

free adaheet each month OK' 

Keep your iron hot. 

STElf4TRON WILL NEVER FORGIVE US: 
10' SPEAKER SYSTEM, NOW  $ 6 9 

V100. Not a kit. Advertised in our last catalogue at $79. Do wn 
$'0 for Februaryl only and while pre-budget stocks last. 10" 
woofer; 5" midrange; 1" do me tweeter. Handles 30 watts RMS, 
has response 20-2CkHz. Co mplete, ready to hook up to any 
decent amp. Ti mber enclosure  x 13" x 11% . Freight $10 
eac h. Two for $138, or price each for Feb. dated orders 
only -$69. 

U-BUILD STEREO AMP 
HUGE 50 WATT 
PER CHANNEL 
Hang on to your house when you build this beauty. Superb ET circuit 
gives genuine 50W RMS per channel with both channels driven into 
8 ohms at typically less than 2% distortion. Ideal for nerve-shattering 
jokes on your mother-in-law. If you can whack a crystal set together, this 
should be a snack for you. Complete With real teak cabinet. P&P $3. 

Multimeters &Test Equipment 
University Gr•ho m Mult. meters 
CT500. DC.6 AL., currant . 
resostanc•  4 Up to 5.0130V 

DC  Cue oh ms per volt DC  10K 
oh ms per von AC 0, ha ,. 
protected c h e st  $19.95  
Model M VA50 Milo meter 
SOK oh ns oer voit D C win. 5 
D C ranges, 5 current renges, 4 
res.stenc• ranges. 5 AC renges 
Can measure up to 1,000 wits 
and 10 amps Only $29.95  

. 6 r•ust•nce  4 Me w,es 10 
amps AC a. decibles 100K oh ms 
law von a ar a Sr SO $42.50  
Aii w.tn test 'was •nd Potteries 

Trio Test Equip ment, 
VT1011 FE T YO M 8 ranges 0 5 to 
1 Sky  11 Sa w 'no., • 3% 
accuracy Oh ms fro m 0 I to 1000 
Meg Meru> , future $79.  
AG202A Poo.° Generator covets 
200: to CC-Oft Hi 10V rrns output 
Sine and scuere wave  a ter nel 

$89. 

C01303A  20 mV 
crn sens .v.ty covers OC to 
I SkeHt 'flout R P C of 1 Meg and 

3.3°'  

56402 Cr Generator covers 
100k .r to 30 MH, in 6 ',noes 
Output 0 1 Vr ms High low 
atienuator Modulation at 
40002  $69.  
Riewster eel eaclueost ha O. 

Everything 
goes 
boinngg 

ETI'S superb new spring reverb unit. 
Our kit gives you everything you 
need to build it. More sophisticated 
and versatile than the 1972 version, 
in that it has its own mixing facilities 
and stereo operation. Use between 
prea mp and main 
amp, or after disc pre- $ 4  
am), or high level in-
put and preamp. Input 
10C mV-1 V. P&P $2. 

9-50 

RESISTORS 
Look at these ... %WV & Y2VV: $2.00 
per 100 of one type or $2.50 per 
100 mixed, or 3 cents each. 
1W: $4.00 per 100 of 1 type, or 
$5:00 per 100 mixed, or a miniscule 
6 cents each. P&P: under 100, 
add 50c. For each 100, add 80c. 

CAPACITORS: 
This is it. Any electrolitic capacitors we have in 
stock are reduced this month. Fro m the nor mal 
price, y ou cut 10% OFF. 

10ZOFF 

Low priced 
Valves 

Not lo w quality - lust lo w Otrc•. 6 
of the mottused T v receiver 
valves rot p ices th e mak". It 
worth stocking up big They're 
fkil•tsushite (" N•tional - 1 so you 
kno w they re good Don't fisli 

cheapiark rip•offs 0111•IS 

offer  These era Wadi ,/ top grade. 

We'll keep W OO/Virg then, es lone 
at our stocks hold out Mix typ es 
any twy you Irk• to get the lo w 
quantity prices Special quotas 
on orders over 100 Mini mu m 
order. 10 mixed valves, 

TYPE  LIST PRICE PRICE EACH FOR MIX OF 

RMAL PRICE 1 - 50 50 - 100 

1S2  $1.98  $1.20  $1.10 

6AL3  $2.00  $1.20  $1.10 

6BL8  $2.00  $1.20  $1.10 

6MB8 $2.10  $1.20  $1.10 
6CM5 $2.90  $1.90  $1.80 

12AV7 $1.92  $1.20  $1.10 
oack/oost 50c 



SYDNEY: 400 Kent St. Sydney, 29 1005. 657 Pittwater Rd., Dee Why. 982 9790. 
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. entrance) 42 4651. PERTH: 
557 Wellington St. Perth (Opp. new bus terminal), 21 3047. (

FM  ON L&G IS AOK Seriously though, folks, with transmission 
starting soon, it's about time you examined 
our great L&G stereo tuner amps. And if 
you don't know about L&G yet, you just 
haven't been shopping. 20 W RMS and 30 W 

RMS models. $299 & $349 and worth every 
last cent. 

f  1 

BUILD THE NEW ETI GRAPHIC 
EQUAL1SER:COMPLETE KIT- $94 
ETI 427 (October 1974). Nobody has a perfect roo m and so even 
the greatest Hi-Fi system can sound a bit off. Usually, a unit like 
this would cost you a leg and a half, but now you can get into the 
big league without getting poor. Broadly, your Graphic Equaliser 
will co mpensate for speaker and room deficiencies, and show 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 if 
you're a beginner, you'll need someone to hold your hand. (44 Complete kit includes prewound coils, veneered cabinet, screws, 
nuts, and so on. P&P: $3.50. 

FNAMOUS"TIMBRE"40WATT AMP OW COMES IN A KIT. 
lb 

We sell this sa me "Ti mbre" (pronounced tambra) 
A40 amplif ler all over Australia ready made for 
$220, and even then It's a good buy. 40 watts per 
channel RMS both channels driven into 8 ohms. 
20-20k Hz; :I. 1 dB, and better than 0.1 % distortion. 
Kit comes complete with wired and pre-tested 
circuit modules to make your lob easy and fast. 
P & P $3. 

• 
WEENIE WONDER 
WHOPPER SPEAKER 

Our incredible Cube 55. Cabinet only 6" 
x 6" x 6", yet the speaker handles 10 watts 
RMSI Response is 45 — 18kHz (equal to 
10" twin cone speaker) voice coil has 
phenomenal 1Ya" throw. Black, red or ivory. 
P&P $1.50. $14.95 . If you want the 5" 

full range speaker without the cube 
cabinet, it will cost you $7.50 plus $1 P&P 

SEN D TO 

ADDRESS 

A 

Use this coupon for mad order. Please don't send cash Re mit by Postal Order or crossed 
ch•que, made payable to Kitsetsl Aust) Pty Ltd Send to P 0 Box 176 Dee Why 2099 
For PMG/C OD delivery, call 982 7500 Area code 02/ anyti me 124 hour servtc•I and 
tell us what you want. Orders are despatched within 24 hours PI•ase fill out for m 

carefully and PRINT all details NE ATLY  If your order co mes in looking Ike • second' 
hand 081.4,00 ticket, we have to h•ng on to tt until you send us • furious letter. And 

that doesn't do either of us any good 

P'code Phone 

' HO W 
M ANY 

NA ME OF GOO DS AN D 
CO DE NU MBE R IF GIVE N 

PRICE 
EACH 

P & P 

EACH 

SUB 
TOT AL 

h  

H 

If yOu want your order sent rag stereo (advisable/ add 75c 

till-- ITE M TOTAL  add Colu mn A 1  RE MITTANCE TOT AL  Add Colu mn E  

Copyright 1974 Kitsets Aust Pry  Ltd 

M k N M 1=1 8 =  M a M E I = N M  = mo m  Ne m = Nei  imi 

JMOIOODPS 



The world's leading makes 
of light emitting diodes are all available 

from Plessey 
tear out or future reference 

Plessey offer an extensive selection of 
low-cost, long-life L.E.D.'s, LE D., numeric 
and alphanumeric displays and devices by 
Plessey, Okaya, OKI and NEC. 

Diodes of either Gap, GaAs or GaAsP are 
encapsulated in a variety of plastic or glass 
packages and are available in Red, Green, 
Yellow, Infrared, Clear or two colour (red 
green) light emitting styles. Panel mounting 
adaptors are available to suit all types 
together with a range of panel mounting 
indicator lamps employing built-in LED's. 

All LED's from Plessey are vibration and 
shock resistant and I.C. compatible. They are 
readily adaptable to a multitude of 
applications including opto-isolators, photo 
switches, photo choppers, photo detectors, 
solid state displays, etc. 

PLESSEY 41:0 
Plessey Australia Pty 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 J. McQuillan Pty Ltd 
68 7111. N.Z. Hendersc  (N.Z.) 6 4189. 

KE N W000 

Illustrations deuid typmal cross section of range only Colours should be ignored 

0 

a 

QR-666 
the ALL-band 

CO M MUNICATIONS RECEIVER 

that gives 
you the world 
and an FM 
option, too. 

All-band/all-mode reception on frequencies 170 kHz to 
30 mHz covered by 6 bands. Receives broadcasts in any 
mode AM, SSB. CW or FM—with the optional accessory 
CIRE-FM. Super sensitivity from dual gate MOS types FET's. 
double signal selectivity and AGC characteristics  IF 
circuit with mechanical and ceramic filters designed for 
high selectivity, resistance to interference; single button 
selection of wide band IS kHz/6d81 or narrow band 2 5 
kHz/6013). Altogether a high performance compact, smartly 
styled unit of advanced design at a suggested 'Today' price 
of 8332.20. 

•  W eston  electronics  co m p a ny 
R•ell •  Coo m m o nl e •el • n  SI al • Mil 

— Moil coupon NO W! — — — 
I Weston Electronics Company 
I 215 North Rocks Rd., North Rocks, N.S. W. 

I Please send details of 
the Kenwood QR-666 

NAME 

ADDRESS 

2151 Phone 630-7400 

POSTCODE 

4 

8 

DELUXE 
ACCURATE 
COIL 
WINDER 

$2395 
Post & Pack $1.5 0 

This  Easy-to-use machine winds honeycomb, spiderweb and 
solenoid  coils  of  various widths and dia meters —  equal in 
appearance to a factory job. Also suitable for winding chokes, 
transformers and filter inductors. Indicator counts nu mber of 
turns  on  coil.  The  COILMASTER  is  suitable  for  both 
experimental  and  practical  work.  Supplied  with accessories 
including  wood  spools, metal pegholders and extension for 
making long solenoid coils. Instructions included. 

SEND  REMITTANCE  WI TH  ORDER  FOR  IMMEDIATE 
DELIVERY ANYWHERE  TO THE SOLE AUSTRALIAN 
AGENTS. 

LAFAYETT E ELECTRONICS 941c  3HIG1 8H2,S T. ST KILDA, v Ptione 94-6036 
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IDEAS FOR 
EXPERIMENTERS 
TRAVELLER'S SHAVER 
ADAPTOR 

Cl I6pF 
350V. Wkg 

110-115V 
fit 60Hz 

LI I6A/F 
C2 350v wkg 

DI and 02 
BY 127 or similar 

TO 240V 
SHAVER 

Many overseas countries have 115 
volts mains supplies. This can be a 
problem if your electric shaver is 
designed for 220/240 volts only. 
This simple rectifier voltage doubler 
enables motor driven 240 volt shavers 
to be operated at full speed from a 
115 volt supply. 
As the output voltage is dc the 
circuit can only be used to drive small 
ac/dc motors. It cannot be used, for 
example,  to  operate  vibrator-type 
shavers, or radio sets unless the latter 
are ac/dc operated. 

SIMPLE MODEL TRAIN 
SPEED CONTROL 
Two  transistors, a diode and  a 
potentiometer can be used in place of 
the  large  and  expensive  rheostat 
usually  provided  in  model  train 
controllers. 
Virtually  any  npn  small  signal 
transistor may be used in place of the 
BC 108 shown, likewise any suitable 
npn power transistor can be used in 
place of the 2N 3055. 

As the name of this section implies, 
these pages are intended primarily as 
a source of ideas. As far as 
reasonably possible all material has 
been checked for feasibility, 
component availability etc, but the 
circuits have not necessarily been 
built and tested in our laboratory. 
Because of the nature of the in-
formation in this section we cannot 
enter into any correspondence about 
any of the circuits, nor can we provide 
constructional details. 
Electronics Today is always seeking 
material for these pages. All published 
material is paid for — generally at a 
rate of $5 to $7 per item. 

The  output  transistor  must  be 
mounted on a suitable heatsink. 
Short circuit protection  may be 
provided by wiring a 12 volt 12 watt 
globe in series with the output. This 
will glow in event of a short circuit 
and thus effectively current-limit the 
output,  it also  acts  as a visual 
short-circuit alarm. 

+12 .14V.dc 

FORWARD REVERSE  TO 
SWITCH  TRACKS 

IMPROVED SCR CROWBAR 
PROTECTION 
Conventional SCR crowbar power 
supply overvoltage protection circuits 
have some drawbacks. 
In the conventional circuit the SCR 
is connected directly across the output 
of the power supply.  For normal 
operation the negative gate bias on the 
SCR is such that it remains in the 
non-conducting condition. 
In the event of an overvoltage at the 
load  terminal  the sense amplifier 
applies a positive voltage to the gate, 
causing the SCR to conduct and 
effectively short circuit the output so 
protecting components in the load 
circuit. 
Provided that the series regulator has 
a current-limiting circuit and that it 
has  not  failed,  the  SCR  should 
maintain its protection until the mains 
input has been disconnected. In fact 
unless the overvoltage is caused by a 
fault in the power supply unit itself, 
interruption of the mains input is all 
that is necessary to reset the system. 
However, the protection should be 
fully effective even in the event of a 
failure in the power supply, as it is 
potentially the most hazardous in 
terms of damage to the load. 
Internal power supply faults must be 
considered because they are usually of 
a sustained nature. In addition to 
component failure, faults can arise 
from external causes such as the 
ingress of swarf or moisture when the 
equipment is unattended, so that the 
SCR in a conventional arrangement 

SMOOTHED d.c. 
LOW VOLTAGE 

may  have  to  carry  a significant 
overload for a fairly long period. 
It must also be remembered that a 
fault in a power supply may prevent 
the current-limit circuit functioning, 
but the current drawn may not be 
sufficient to blow the fuse. 
By transferring the SCR from the 
output to the input of the series 
regulator,  full  protection  against 
.power supply faults is obtained. In the 
event of an overvoltage the SCR will 
pass the full short-circuit unregulated 
current, so that the fuse will blow 
every time. 

In addition the heavy current is only 
passed momentarily so that complex 
heat sinking is not required. 
This arrangement also gives complete 
protection against damage due to 
mains voltage surges, not only to the 
load circuit but to the power supply as 
well.  However,  this  arrangement 
provides  only  minimal  protection 
against  incorrect connection of a 
separate high voltage source. 
Some protection is afforded when a 
momentary high voltage is applied via 
a fairly high source impedance because 
the series regulator emitter-follower 
would be subjected to a reverse voltage 
when the SCR went into conduction 
and would act as a moderately low 
impedance diode. 
Virtually no protection is provided 
against the application of sustained 
spurious voltage but even with the 
conventional  arrangement  little 
protection would be provided against a 
fault of this kind. 
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IDEAS FOR EXPERIMENTERS 
For instance, the load and the 
sensing amplifier are likely to be 
damaged before the SCR operates, or 
if it does operate and the incorrect 
voltage is not removed quickly it 
would probably be destroyed. 
In the  light  of  experience the 
engineers at Weir Electronics claim 
that  the  modified  configuration 

provides better protection than the 
conventional method. Some degree of 
compromise is inevitable, but the fact 
that a positive fuse replacement action 
is required to restore the supply every 
time with the second method is in 
itself a safety factor. 

Weir Electronics UK. 

CONTINUOUS WEIGHING SYSTEM 
This  ingenious  conveyor  belt 
weighing system uses a precision load 
cell made by Transducers (CEL). The 
system's purpose is to measure the 
weight of a 'wild' feed of solid pulpy 
material so that it can be exactly 
ratioed with a controlled liquid feed to 
produce  a mixture  of  precisely 
proportioned constituents. 
One unusual feature of the weighing 
system is that two separate signals are 
derived from the output of the load 

cell.  The  first  is a conventional 
4-20 mA current signal that at any 
given moment is proportional to the 
weight of solid pulp (in either layered 
sheet or 'crumb' form) being fed onto 
the constant-speed conveyor belt and 
then into the mixer. This signal is 
compared with the analogue current 
signal  derived  from  a flowmeter 
measuring the rate of liquid feed, so 
that the ratio of the two feed rates can 
be  computed  immediately.  Any 
difference  between  this computed 

Solt(' Feed  Mivture 
Rote Recorder  Ratio Recorder 

LOAD CELL 
ERIDGE CONDITIONER 
AND AMPLIFIER UNIT 

PS U 
Frequency  Curr nt 
Output  Out or 

Analogue Current 

Signal 

( Proport,onol o Sold 
  Fe ;e Rate) 

—100 

Six Digit Display 

(Electromechon.cal 
Counter) 

Counter Tore 
WetglItt 

SOLID 
FEED 

Conveyor Belt 

(Run ot Foiled Speed) 

To Procetung F'Iont 

100 

Load Cell 

Weiglung Sect,on 

of Belt 

'quid Feed 
Rote Recorder 

Analogue Current 

Sur& 

(ProportIonal to 

Logutd Feed Rate) 

MIXTURE RATIO 
COMPUTER 

AND 
CONTROL 

SYSTEM 

N411. 
Load Cell 

1.101,volt Signe. 

Counter Tore 

We.ghrt 

 13_ 

IQUID  C J—eer • , 
FEED  Pne_irr,r, 

Lrs 

Cogrer•e , 

Or   

FLOWME TER 

FLOW CONTROL 
VALVE 

ratio value and the desired pre-set 
value generates a corrective feedback 
signal, which is used to adjust a liquid 
flow control valve and thus restore the 
solid/liquid proportion to the correct 
value at all times. 
The second signal derived from the 
output of the load cell — a 0-25 lb 
type DC12T precision model — is a 
series of pulses, the total number of 
which is directly proportional to the 
weight of solid material that has been 
fed into the mixer. The system is 
calibrated  so  that  one  pulse  is 
equivalent to 1 kg of solid feed, and 
the sequence of pulses is fed to an 
electromechanical totaliser in order 
that the total weight of solid feed 
delivered can be displayed digitally. 
Signal conditioning and amplifier 
units are also used. These provide 
three levels of damping to filter out 
unwanted noise from the system and 
thus ensure accuracy. 

Transducers (CEL.) Ltd. 
Trafford Rd., Reading, UK 

A MEMORY THAT LEARNS 
There is currently a great deal of 
interest  in  Content  Addressable 
Memories (CAMs) and they are finding 
use in more and more applications. 
However, it is probably true to say 
that the novel characteristics of the 
CAM have not yet been fully realised. 
The CAM is simply a memory with 
the ability to make a comparison 
between data already stored and data 
which is presented to the input. When 
several CAMs are connected in an 
array it is possible to apply feedback 
in such a way as to make a word which 
has just been read from the memory 
the next address. Circuits such as these 
can be made to generate or recognise 
sequences of digital words. 
In  the  recognition  mode,  for 
instance, a CAM array with associated 
external  logic  could  recognise  a 
dangerous sequence of events in a 
process control system and could be 
made to take the appropriate action or 
altert staff to the impending danger. 
Here is a memory constructed from 
Signetics 8220 CAMs, which has the 
ability to reject or accept new data 
depending on what is already in the 
memory.  Once  the  memory  has 
learned a data word, it will not accept 
another identical word. In addition, 
the memory automatically decides at 
what address new acceptable data is to 
be  stored  and  ensures that new 
information  is not  written  into 
locations which are already occupied. 
Each 8220 is a CAM capable of 
storing four words of two-bits and the 
memory as a whole can store eight 
10-bit words. Although the storage 
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Data ,nput 

1????????? 
Clock 

6202 
17-bit buffer 

lo Ao 

to 

11220 

T-

8220 8220 8220 8220 8220 8220 8220 8220 8220 

Inc ,rrn 

Assoc ate 

EOrnpore •nput 

Sect ,on 
Select ',lout 

8162 

T 

snOt 

8162 

0 

Wr,te 
on.  

'13 8815 

Eno 

• 
L  - 

I 8881 

'128815 

7 

0 0 0 0 0 0 0 0 
8275 

Quad latch 

r-M 

capacity of the memory is 80-bits (8 x 
10), eleven CAMs are employed which 
together have a capacity of 88-bits (11 
x 2 x 4). The eleventh CAM has been 
called the tag CAM because it keeps 
track  of the locations within the 
memory which are occupied, and 
allocates a new address for acceptable 
information. 
The memory is sub-divided into the 
two sections of equal capacity and 
either of the two sections can be 
selected  using  the  "section  select 

Address 
latch 

824, 

input". Input data is presented to the 
10-bit buffer and the "compare input" 
is activated. This clocks the data into 
the buffer and initiates a comparison 
process in which each word already 
stored within the memory is compared 
with the data in the buffer. If a 
location within the memory is found 
to carry data identical to that within 
the buffer, one of the 8220's Y 
outputs will go 'high' and the write 
command will be inhibited. If no 
accurate match is found, the data in 

Open collector 

Memory 
0  full output 

the buffer is written into the address 
specified  by  the  'tag'  CAM. 
Exclusive-OR gates connected to the Y 
outputs of the tag CAM specify the 
next available address and ensure that 
memory  locations  are  fil led 
successively.  The  address  at  the 
outputs of the exclusive-OR gates is 
latched into the quadlatch before the 
'write' command is available to the 
CAM array. Thus the Y lines of 
unavailable  memory  locations  are 
forced to logic '0'. 

CURRENT LIMITING CIRCUIT 
Danger of accidental shock exists 
during the use of electrocardiographs 
and other electrical apparatus that are 
connected directly to the patient. As 
part of the Skylab program, a circuit 
was developed to prevent accidental 
shock through electrodes to the test 
subjects. 
The circuit allows undistorted signal 
voltage transfer, as long as the current 

D1 

ELECTRODE Al 
A 

D = DRAIN 
SUPPI 

remains low. If a high current begins 
to flow from the electrode terminal A 
toward apparatus terminal B, it will 
produce a potential difference across 
resistor R2 (left side of R2 will be at a 
higher potential than the right side). 
This  potential  biases  the  gate 
electrodes  of  the  field-effect 
transistors, 03 and 04, to produce an 
extremely high impedance. Similarly, a 
current flow in the opposite direction 

ELECTRICAL 
APPARATUS 

is cut off by a bias on the gates of 01 
and 02. 
This circuit effectively protects the 
patient from dangerous shock that 
could be caused by a failure in the 
electrical apparatus. When a 1000 Hz 
signal at 141 Vac (rms) is applied to 
the terminals of the network, the 
current is limited to approximately 
87pA. 
This circuit can also be used to 
protect sensitive electrical measuring 
instruments. 

Lyndon B. Johnson 
Space Centre 

SIMPLE DIGITAL VOLTMETER 
This meter, which was designed by 

Don  Aldridge  of  Motorola 
Semiconductors,  is a closed-loop 
system that uses a clocked binary 
counter feeding a digital-to-analogue 
converter to produce a staircase ramp. 
The  output  of  the  converter  is 

D2 
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compared  to  the unknown input 
signal,  and  the  clock  pulses are 
terminated when the input signal level 
and the staircase function level are 
equal. The number of clock pulses 
occurring  during  the  comparison 
process are therefore proportional to 
the voltage of the unknown input 
signal. 
Clock pulses are generated by two 
cross-coupled TTL NAND gates at a 
frequency of 330 kHz so that 256 
pulses can be counted in less than a 
millisecond. Such a high-speed clock 
has two main advantages: counting can 
be  done  without  causing  display 
flicker and the need to have latches to 
store the previous total count while 
the system is sampling is obviated. The 
clock pulses are applied to two sets of 
counters — a binary counter chain in 
the feedback loop that controls the 
converter, and a binary-coded-decimal 
counter chain that provides an easy 
interface  with  the  seven-segment 
digital readouts. 
The  D/A  (MC1408)  converter 
generates an outpqt sink current that 
is proportional to the value of the 
applied digital word. The maximum 
full-scale value of this current, which is 

8 417 DAC 
MC 1401 
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41144E11 
MC 1741 

81 NAM V [CUP. TER 

MC7493 

OE'...321 
74C 1490 

DECODER 

MC 1441 
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typically 2 mA, is set by a reference 
voltage and a reference resistor. The 
convertor's  output  current  is 
compared with the current from an 
input  buffer  amplifier  which,  in 
addition to giving the meter a high 
input impedance, supplies an output 
current of up to 2 mA for comparison 
with the output of the converter. 

A second amplifier acts as a high-gain 
comparator to stop the clock when the 
current  ramp  from the converter 
exceeds the current from the input 

buffer  amplifier.  A  unijunction-
transistor oscillator is used to reset both 
sets of counters so that the unknown 
voltage is resampled about every 0.5 
seconds,  and  BCD-to-seven-segment 
decoders convert the outputs of the 
BCD counters to the proper format for 
the seven-segment light-emitting-diode 
displays. 

For the components used here, the 
meter can measure up to 2.55 V (to 
within ± millivolts) in 10 mV steps. 
Different  full-scale  values  can be 
obtained  by  using  suitable  input 
voltage dividers or by providing the 
appropriate fixed-gain, rather than the 
unity-gain, input buffer shown.  • 
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The compliment we like best 
about the new Monarch Series 8: 

rr's, 

d I W s 11 
III! on ''Pritvor 

When people already think of one name as the best value for 
money, they naturally expect every new model to maintain the 

same high standards — or improve on them. So, Monarch's 
brilliant new Series 8 amplifiers will come as no great surprise. 

No suiprise — even though we've created a 
superb new amplifier, top-of-the-range Monarch 
8000 to bring you continuous RMS power of 55 
watts per channel at 8 ohms, with distortion of 

— less than 0.1%; even though we've included tape 
dubbing and turnover controls; even though we've 
produced a frequency response of 10 Hz to 60,000 
Hz; even though we're presenting three other new 
Monarch amplifiers —  the 80, 88 and 800, which 
feature dramatic improvements in power and ef-
ficiency. Iz's no great surprise —  because you 
expect Mcnarch to be the best... And it is, so all 

Monarch amplifiers remain "kings" on a power-to-
performance-to-cost rating. 
Try any of them. The prices are as undistorted 
as the sounds. All with the same beauty of design 
you expect of top performers. And all have the 
Monarch two-year guarantee on parts and labour. 
You know you're getting Monarch quality. With-
out paying more. 
Monarch 8000  110 watts RMS 
Monarch  800  80 watts RMS 
Monarch  88  48 watts RMS 
Monarch  80  24 watts RMS 

M O NA RC H 

AUSTRALIAN  DISTRIBUTORS 

WED 
W  C  VvEDDERSPOON  PTY  LID 

DERSPOON 
3 I- orLi Street, Greerracre. 2190 

Telephone: 642 3993 642 2595 
Showroom demonstration by appointment 

AVAILABLE FROM REPUTABLE DEALERS EVERYWHERE 



AcherlIsment 

Why Don Burrows 
recommends Instrol Hi R. 

"If  you  know  anything 
about hi-fl, you'll see at a glance 
that  Instrol  sell  all  the  best 
brands. The sort of gear you'd be 
proud to have at home. 

So do yourself a big favour. 
Before you decide to buy 

any gear, call into Instrol Hi-Fl 
and talk to them about what you 
think you need, and how much 
you think you should pay. 

You'll really be pleasantly 
surprised. At Instrol, you're made 
welcome, and given time to look 
around, time to hear a demo of 
anything you're interested in. 

If you  have  a question 
about hi-fl, ask it and you'll get an 
answer. You see, Instrol's staff are 
trained in the technicalities of 
hi-fl.  They're  not  just 
run-of-the-mill shop assistants like 
you find in some so-called hi-fl 
centres, so they don't get thei, 
backs up just because you have a 
question. 

And some more good news. 
When you come to ask the 

price of some gear, you'll be even 
more pleasantly surprised. 

Instrol  do  sell  better 
equipment at the right price. But 
there's still only one way to find 
out, and that's by dropping in for 
a look around. 

See you soon." 

AN/ 
Instrol 
Hi Fi 

SvDNEY:—  Cnr. King & Pitt St, 
Phone: 290-1399 

SYDNEY:—  91a York St 
(Between Market & 
King Sts.) 
Phone: 29-4258 

MELBOURNE:— 375 Lonsdale St, 
(near Elizabeth St) 
Phone: 67-5831 


