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few of your friends you wish 
you could have takenwith you 

9" Model 1899 

You can. 

With Hitachi, Britain's best-selling black & 

white portable, they'll follow wherever you go. And 

for once you can see them all in their true 

perspective. 

Hitachi TV's are small enough to be genuinely 

portable but large enough to see without strain. 

- Your friends after all should be a sight for sore eyes. 

Hitachi are also the first to develop fully the latest 

in solid state circuitry. Whether you're operating 

the set from AC mains or 12 volt battery, you can 

be sure of a rock-steady picture and crystal clear 

reception. 

If you want to bring your friends into the 

open, there's an anti-glare panel especially for 

12" Model P 32 

outdoor viewing. And thanks to the instant sound 

& vision switch, there's no warming-up period. So 

no one's kept waiting. All controls, especially the 

ultrafine tuning knob, are effortless, but extremely 

effective. 

Sets come complete with mains/battery leads, 

personal earphone and loop aerial at no extra cost. 

All your problems have been anticipated - 

except the choice of set. Whether you go for the 

14", 12" or 9" tubed model, you know it's the 

perfect portable. That's why it's Britain's , 

best-selling portable. 

Pick one up and take your friends with you. 

Hitachi Sales (UK) Ltd. New CenturY House, 

Coronation Road, London NWio 

HITACHI The world at your fingertips 
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positive 
feedbock 

ALTHOUGH a magazine is a highly perishable commodity, 
with a life expectancy of only a month, once it has been 
published we hope that that is not the end of the matter. 

We get our copies just before they appear on the bookstands and 
we study them eagerly....certainly we have seen the individual pages 
several times before it is printed but there is nothing like seeing 
the finished issue. After our initial examination we get round to 
wondering what reaction you, the reader, will have. 
After a few days we begin to know when your letters start 

coming in. Cynics often believe that we sort these into two; the 
nice ones are set aside for Input Gate, the nasty ones being con-
signed to the wastepaper basket. In fact we take note of every 
comment; that is not to say that we automatically assume that one 
reaction is typical and that an individual letter will reshape our 
policy but, in conjunction with others, it may well do. We welcome 
criticism, especially if it is constructive, and about the only way 
for us to know what you like (or don't like) is if you tell us. If we 
receive no comment about a feature there could be two reasons: 
it might be so boring that no one has bothered to read it or it may 
be so informative and so complete that no queries arise from it. , 
Our readership survey which was published in last September's 

issue has provided us with plenty of useful information (thanks 
to all of you who filled it in) but we still need to know what you 
feel about individual features. 
Letters from the readers are the essential feedback that we need 

to keep ourselves on the right course so, do us a favour, keep 'em 
coming., H.W.M. • 
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EC958 
series of receivers 
101(Hz to 30M Hz 
In world-wide use 

Simplicity 

Reliability 

Economy 

Professional high-stability receiver series for a wide variety 
of applications. The standard version can be used as a 
self-contained F.S.K.terminal,orasa dual-diversityterminal 
with common oscillator control. Variants are available for 
Lincompex terminal use, for specialized network moni-
toring surveillance and for marine applications. 

Please send for an illustrated brochure to: 

Eddystone Radio Limited 
Alvechurch Road, Birmingham B31 3PP Telephone: 021-475 2231 Telex: 337081 

A member of Marconi Communication Systems Limited. 

LTDIED99 
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NIPPING THE NIPS! 

Pressure is growing in many European 
countries to curb the import of 
Japanese electronic goods. 
The Dutch have temporarily stopped 

issuing new import licences to Japan 
for goods including radios, TV sets, 
tape recorders and calculators. West 
German manufactuters have also 
expressed concern over the imports 
from the far east which have risen by 
leaps and bounds in the past two years. 
In Britain similar pressure is growing, 

for although the domestic electronics 
industry is riding on the crest of a 
wave with sales of virtually all elec-
tronic goods at record levels, the 
Japanese have gained a very large share 
of the market. They have a virtual 
monopoly of the small screen TV 
market, both colour and black and 
white and sales of radios cassette tape 
recorders and pocket calculators are 
also substantial. The recent revaluation 
of the Yen may do something to stem 
the flow, but only'temporarily. 
The Japanese themselves enjoy a 

highly protected domestic market and 
place massive tariffs on imports but 
this doesn't stop them fretting when 
other countries operate a bit of protec-
tionism. 
Most European countries are 

disturbed by the flow even while 
their economies are doing well; when 
a trade recession occurs (and judging 
by recent history it can't be long) this 
protest will rise to a scream. 
Jap equipment is usually good and 

very cheap but we must not assume 
that it will be available 'ad infinitum'. 

I.C. DESIGNED FOR ELECTRONIC 
IGNITION IN CARS 

Emihus Microcomponents have been 
investigating the use of MOS integ-
rated circuits in automobile equipment, 
and as a first result they have designed 
an electronic ignition system. 
One of the chief aims of this device 

is to reduce the pollution output from 
the engine by effecting closer control 
of the engine timing. It is also expec-
ted that the electronic ignition system 
will help reduce engine wear and will 
eliminate the need for current mainten-

6.00 
*ea. 
66.• 

ance such as points adjustments and 
lubrication of balance weights. 
The major feature is that it enables 

the timing function to be adjusted to 
a quarter of a degree of accuracy at 
engine speed increments as small as 
100 revs per minute, with the added 
advantage that the negative advance 
can be introduced at any point in the 
positivley advancing timing function. 
Another likely effect produced by 

this electronic ignition system is an 
improvement in fuel consumption. • 

GETTING READY FOR 
COMMERCIAL RADIO 

Commercial radio is o'n its way; 
anyone doubting this should tune 
around the medium wave band where 
tests transmissions are already being 
conducted. Contracts for the supply of 
the transmitters and the aerials have 
been placed with EMI, the value of the 
order is put at £160,000. 

The new stations will broadcast on 
both VHF and the medium waves. The 
former will use circular polarisation, 
as yet untried in the UK though 
widely used in the USA where it is 
claim-eel to give much better reception 
on simple transistor radios and in cars. 
A number of the BBC local stations 
have been using slant polarisation to 
overcome this same problem. 

ELECTRONICS YESTERDAY 

No, this is not an early version of the electric chair (despite the unhappy 
expression on the chap's face!) but one of the worlds first electrocardiographs. 
An instrument very similar to this is featured in an exhibition to celebrate the 
850th anniversary of London's St. Bartholomews Hospital (Bart's). This 
horrifying device was installed in the hospital at the turn of the century by the 
Cambridge Instrument Company who are still in the field and whose modern 
equipment is used in the hospital today. 
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news 
dilgest 
ELASTOMERIC KEYBOARDS 

A new concept in keyboard switches 
comes from Guest International with 
their range of 'Flex Key' flexible 
membrane switches. These are claimed 
to have a life of 100 million cycles. 
The membrane switch structure is a 

simple, three-level composition. In 
operation, a conductive silicon 
elastomer is deformed through an 
aperture in a Mylar insulating sheet 
and bridges two sets of gold-plated 
contact pads. This design, together 
with the inherent semiconducting 
properties of the carbon-silicon 
elastomer, reduces the possibility of 
contact bounce to a minimum and 
even removes the necessity for anti-
bounce circuitry. All 'Flex Key' 
keyboards are claimed to be impervious 
to dust, moisture, or even direct con-
tact with liquid. They are suitable for 
use in the most rugged of conditions 
and mechanical wear and contact 
degradation are almost non-existent. 
The elastomer-to-gold interface elim-
inates the inherent problems of 
mechanical switches and switch - 

Examples of the elastomeric 'Flex Key' 
keyboard switches from Guest International 

actuation is achieved by flexing the 
elastomer just 0.005in. 
The obvious use is in electronic calc-

ulators, but keyboards can be used in 
almost any application requiring 
sequential switching. 

PEKING EXHIBITION 

A small chink appeared in the bamboo 
curtain (forgive the pun) earlier this 
month when the British Industrial 
Technology Exhibition was staged in 
Peking. 347 British exhibitors took 
part and the electronic and electrical 
industries were well represented. 
British exports to red China run at 
about £30 million per year at present 

but it is hoped that this exhibition will 
boost these sales. 
Despite the thaw in diplomatic 

relations very little is know about the 
Chinese electronics industry but ETI 
are planning to bring you a special 
feature next month giving details of 
the state-of-the-art in China. 

METAL LOCATOR KIT 

Treasure hunting is one of the fastest 
growing hobbies in Britain with sales 
of metal locators running at 20,000 a 
year. To cater for those who wish to 
build their own, Minikits Electronics 
have just announced a complete metal 
locator kit for £8.90 plus 30p postage. 
This comes with a preconstructed 
search head which the makers say 
requires special engineering skills in 
manufacture and is not suitable for 
the home constructor. 
The Treasure Tracer Mk III, as the 

model is known, operates using the 
BFO principle but it incorporates a 
unique tuning principle which is claim-
ed to overcome the disadvantages of 
this system. The BFO principle makes 
use of two r.f. oscillators operating 
very close together in frequency 
(nominally 130kHz) and one of these 
uses a coil which is panned over the 
ground. When a metal object is brought 
into the vicinity of the coil the r.f. 
frequency changes very slightly altering 
the difference in frequency between 
the two r.f. oscillators. This difference 
appears as an a.f. note which is fed to 
a loudspeaker. 
Until now the problem with this 

design has been in obtaining a thor-
oughly stable circuit and this has been 
hindered by the use of a variable 

The Treasure Tracer Mk Ill metal locator 
from Minikits Electronics 

capacitor which contributes to 
instability. The Treasure Tracer Mk Ill 
however has varicap tuning, 
overcoming this problem. The kit 
comes absolutely complete, even down 
to solder and battery and uses a fibre-
glass p.c. board with the component 
siting printed on the reverse. 
A ready built version is also available 

for £12.50. MINIKITS ELECTRONICS 
35 Langley Drive, Wanstead, London 
Ell. 

NEW R AND D CONTROLLER 
FOR SINCLAIR 

Sinclair Radionics has appointed Mike 
Pye, 29 as Research and Development 
Controller. He takes responsibility for 
all new design projects including the 
development of a 2in screen, portable 
television set, a range of digital wrist-
watches and an expansion of the 
Sinclair calculator range. Original 
work is also taking place on computers 
and integrated circuit design. 
The company are placing increasing 

emphasis on research at their St. Ives, 
Hunts headquarters — in the next 12 
months the research team will be 
expanded by more than 30%. 

NEW TRANSISTORISED IGNITION 
SYSTEM FROM DOLPHIN DESIGNS 

Transistorised ignition systems offer 
considerable advantages when fitted 
to almost any car; starting is much 
easier, the performance improves 
noticeably and petrol consumption is 
reduced. The advantages are so marked 
that several car makers are planning to 
fit this system within a few years. 
The problems of electronic reliability 

which plagued earlier designs have now 
been solved and most of the units now 
available are electrically sound but, in 
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operation near the engine, troubles 
still occur due to 'skimping' on the 
housing and connections. 
A recently announced Transistorised 

Ignition System from DOLPHIN 
DESIGNS overcomes these problems; 
reliability and ruggedness, both 
electrically and mechanically, are 
claimed to be quite exceptional. The 
circuit (an improvement of the design 
by R.M. Marston) produces the 
performance expected from a high 
quality unit but in addition the 
mechanical design incorporates several 
attractive features. 

An indicator light, viewed through an 
epoxy seal, shows instantly when the 
unit is operating correctly. 
The circuit will work on all 12V cars, 

either positive or negative chassis. 
Although supplied for the system 
requested, changing from one to the 
other is a simple operation enabling the 
unit to be transferred from one car to 
another. 
A dash-mounted changeover switch, 

supplied as standard, will instantly 
revert the car to conventional ignition, 
whilst driving, either for comparison or 
in the unlikely event of failure (after 
all, even THAT car has a starting 
handle I) 
The Transistorised ignition is priced at 

£12.95 plus 30p postage and is 
available from DOLPHIN DESIGNS, 
59, Leighton Avenue, Leigh-on-Sea, 
Essex. 

NEW TV STATIONS 

The expansion of the UHF TV net-
work continues and the IBA have just 
begun transmissions from another four 
relay stations. As with many of the 
relay stations, the signals are vertically 
polarised, unlike the main stations 
which use horizontal polarisation; this 
reduces possible interference between 
stations on the same channel. 
The new stations are: Nottingham, 

Channel 24 carrying ATV programmes, 
Bacup, Lancs, Channel 43 carrying 
Granada programmes, Lethanhill, 
Ayrshire, Channel 60 with STV and 

Rhymney, South Wales, also on 
Channel 60 carrying HTV. In all these 
stations will improve the reception, 
or bring colour programmes for the 
first time to about 50,000 people. 

OPTO -ELECTRONICS FOR PETROL 
PUMPS 

Improvements to self-service petrol 
pumps (notably increased delivery 
rates) and in many instances the poor 
performance of the means of trans-
mitting quantity and price to the cash 
desk, has prompted the oil companies 
and petrol delivery equipment man-
ufacturers to look for more accurate 
and reliable ways of transmitting this 
information. The current method of 
relaying this data is by rotating electro-
mechanical devices opening and 
closing electrical contacts. Although 
accepted by the various authorities, 
these devices are prone to wear and are 
unreliable, causing inaccuracies and 
necessitating frequent servicing. There-
fore, the oil companies and pump 
manufacturers are faced with the 
problem of either improving the 
existing electro-mechanical devices or 
looking for a radically different tech-
nique. Ferranti Ltd claim to have the 
solution in their new type-24R low-
cost opto-electronic transmitter. 
Recently, when Ferranti were con-

ducting a European sales survey into 
low-cost optical shaft encoders, a well-
known Swedish manufacturer of self-
service petrol equipment was found 
looking into alternative ways of 
transmitting data from the pumps to 
the cash desk. On hearing of the new 
low-cost transmitter and after technical 
discussions, the manufacturer placed a 
pilot order for 250 units. Although 
marginally more expensive than 
existing electro-mechanical methods, 
the type-24R is more accurate — by 
some ten times — and is less prone to 
wear because of the non-frictional 
sensing element. Moreover, 
the intrinsic safety requirements 
demanded by the Petroleum Inspec-
torate are met because of the trans-
mitters's non-frictional sensing and 
solid-state light source. 
According to a NEDO report 

published in October 1970, only 
around 24% of the UK's retail petrol 
outlets have self-service pumps; yet 
these account for over half of the total 
petrol sales. Therefore, there is a 
sizeable market for new self-service 
installations and an even greater 
demand for replacing electro-mech-
anical transmitters with a more 
accurate and reliable device like 
the type-24R. Currently some self-
service equipment manufacturers are 
slowly replacing their pump's mech-
anical counters with electronic 

displays. Here Ferranti consider their 
optical transmitter the ideal solution: 
for it can be mounted onto the shaft 
of the flowmeter and is accurate 
enough to measure flow directly with-
out the need for reduction gearboxes 
and other interface equipment. 

COLOUR TV CAMERA 

Although it looks more like an 8mm 
movie camera, the photograph is 
actually of a complete colour TV 
camera made by Akai. At £1450 it 
may not seem all that cheap but this is 
only half the cost of comparable equip-
ment now available. 

The camera provides a signal output 
directly compatible with PAL standard 
video recorders and monitors irrespec-
tive of tape size and with an approp-
riate r.f. converter shows a colour 
image on a domestic colour TV set. 
The model, known as the CCS 150 

is fitted with a 6:1 ratio f2 zoom lens 
with a monochrome viewfinder. A 
highly directional microphone is built 
into the camera. 
The Akai CCS 150 is marketed in the 
UK by Rank Audio Visual, P.O. Box 
70, Brentford, Middlesex. 

CO, LADIES 

Electronics is often regarded as an ally 
male preserve and it must be admitted 
that we know of very few ladies in the 
field. 
The British Amateur Electronics 

Club have not a single female amongst 
their 250 members and Cyril Bogod, 
Chairman and Editor of their magazine 
wants to do something about it. He 
says, 'I hope you will agree that in 
these days of Women's Lib that this 
will not do; we would love to hear 
from any ladies interested in electron-
ics and if they wish we shall even 
address them as Ms!'. So, how about it 
girls, if you are interested write for 
details of the club to C. Bogod, 
'Dickens', 26 Forrest Road, Penarth, 
Glamorgan. Come to think of it, at 
ETI we are also keen on hearing from 
any lady readers. • 
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Rotel 
if you hear better value,tell us. 

Dear Rote!, 

Yours sincerely,  
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Meanwhile, 
lees tell you about Rotel. 

In the past couple of years, the name Rotel has corhe 
to mean the best value-for-money hi-fi equipment available. 

,And we intend to keep it that way. 
So we've made the range bigger and better than ever. 
There are two new amplifiers — the RA 810 (40W per 

, channel at 8 ohms) and the RA 1210 (60W per channel at 8 
ohms). Two new receivers—the RX 600A (30W per channel at 
8 ohms) and the RX 800 (40W per channel at 8 ohms). And,  
for the first time, a 4 channel FM/AM receiver, the RX-154A,  
that will perform any 4 channel activity. 

What's more, all the other models in the range have 
been brought right up to date. 

So now Rotel offer you an outstanding range of 
amplifiers, tuners, receivers and headphones to suit every 
hi-fi need. 

And every model is designed to give you the finest 
balance of quality and value. 

To show that we mean what we say about value, let's 
just tell you that a well-known hi-fi writer took us to task last « 
year about the value offered by one of our machines. We 
checked the facts. He was right. We improved our model. 

That's how serious we are about keeping our reputa-
tion for value. 

The whole of the Rotel range is spelled out in detail in 
a leaflet that's yours in return for this coupon. Send off for it 
now. And don't forget that you can hear Rotel right now at 
your Rotel dealer. 

To: Rotel, Rank Audio Products, P.O. Box 70, 

IGreat West Road, Brentford, Middlesex TW8 9HR. 

Name  

IAddress  

U kase send me the Rote! range leaflet. 

Rotel equipment is made in Japan and Taiwan by Roland Electronics Ltd., and is distributed and serviced in the UK exclusively by Rank AudioProducts, 
P.O. Box 70 Great West Road, Brentford, Middlesex TW89HR.Telephone: 01-568 9222 
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BEOGRAM 
4000 

TURNTABLE 
Fig. 1. Simplified drawing of 
Seogram 4000 shows how tone 
arm is free to pivot in hori-
zontal plane. Photocells detect 
angular displacement and servo 
mechanism then drives 
complete arm assembly longit-
udinally to maintain the arm 
tangentially to record groove. 
(For simplicity the sensing arm• 
and assembly guide rails have 
been deleted). 

Electronically controlled turn-
table from Bang and Olufsen 
combines ingenious engineering 
with elegant appearance. 

DEVELOPMENT of most audio 
equipment is done on a 'vertical' basis 
— each step being predicated on the 
rightness or otherwise of what went 
before. This is a very common 
engineering approach and leads to 
competent if sometimes dull results. 

It is rare for any organisation to 
take a 'horizontal' approach, starting 
as it were wi:h a fresh sheet of paper 
and not too many preconceived ideas 
of how things should be. 

But this is what Danish hi-fi 
manufacturers Bang and Olufsen have 

done, and their new Beogram 4000 
turntable is the result. 

The unit virtually bristles with new 
solutions to old problems — from the 
use• of a powered and tangentially 
moving arm — to an automatic system 
that senses record size and selects the 
correct playing speed. 

The most obvious difference 
between this and other turntables is 
the tangential arm which ensures that 
the pick-up cartridge moves in a 
straight line across the full playing 
width of the record. The purpose of 
this is to ensure that the cartridge 
tracks the record groove at the same 
angle as that of the original recording 
stylus. 

Th is does not happen with-
conventional turntables — and in 
theory at least — distortion is 
introduced due to the stylus tracking 
the groove at a continually changing 
angle. 

Manufacturers of conventional tone 
arms attempt to reduce this so-called 
tracking error by bending the arm at 
an angle. Although this reduces 
tracking errors, it does so at the 

This interior shot of the Seogram 4000 turn-
table shows the two guide rails and drive 
shaft of the sliding arm assembly. 
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expense of introducing a force which 
causes the stylus to be pressed against 
the inner face of the record groove. 

This force — commonly known as 
'skating' is counteracted in good 
quality turntables by some form of 
mechanical or magnetic compensation, 
although in practice it is virtually 
impossible to provide precisely the 
right amount of 'anti-skating' bias 
across the full width of the record. 

Bang and Olufsen's solution to the 
problem is ingenious and elegant. The 
tone arm, plus a second 'sensing' arm 
is cantilevered out from a rectangular 
slide which in turn is positively located 
— but free to move longitudinally — 
along a pair of 'rails'. The complete 
slide assembly is driven through worm 
gearing by a small servomotor. 

Apart from the 'sensing arm' the 
function of which will be described 
later, the tone arm also carries a 
sensing system the purpose of which is 
to provide the servomotor with 
positional information. 

The tone arm is pivoted in both 
vertical and horizontal planes, and the 
horizontal movement is monitored by 
a small lamp and shutter assembly in 
conjunction with a pair of photocells. 
These photocells sense any deviation 
of the arm away from a true tangential 
position, and by producing outputs 
proportional to the deviation, cause 

the servo motor driving the arm 
assembly to take up the 'correct' 
position. The system is remarkably 
sensitive — to the extent that tracking 
angle error is contained to within 
0.04°. 

The servo mechanism can cope with 
both eccentric and warped records. A 
very eccentric record may on occasion 
cause the servomotor to go into 
reverse — but the mechanism will 
ensure that tracking error is kept to a 
minimum. Warped records will simply 
cause the pick-up arm to rise and fall as 
with a conventional arm. 

Figure 1 shows a simplified version 
of the. system. A block schematic 
diagram of the servo-control system is 
shown in Fig. 2. 

Circuitry associated with the servo 
mechanism is used to sense when the 
stylus reaches the 'run-out' grooves at 
the end of the record. Figure 3 shows 
how this part of the circuit operates. 
As the stylus approaches the last 
grooves of the record, a mechanical 
contact (SW) is closed by the moving 
slide. This contact connects the 
servomotor to the base-emitter circuit 
of transistor 011. As soon as the 
stylus actually runs onto the run-out 
grooves, the increased lateral velocity 
the tone arm causes a sudden increase 
in voltage to the servomotor. This 
suddenly increased voltage is sensed 

and amplified by 011 which in turn 
causes 010 to conduct. Transistor Q10 
switching to conduction causes Q9 to 
conduct — and point A (which was 
previously at +6V) falls to virtually 
zero potential. This latter action is 
used to operate the 'tone-arm raise' 
mechanism and subsequently, to 
initiate a fast return and and 
switch-off sequence. 
A further logic system, operating 

via Q12, enables the user to override 
the automatic mechanism. 

The purpose of the main sensing 
arm briefly described at the beginning 
of this article, is to detect the presence 
or absence of a record on the turntable 
platter, and then to ensure that the 
stylus is lowered onto the edge of the 
record — no matter what size record is 
used. It also automatically switches 
the main drive from 33-1/3 rpm to 45 
rpm whenever a seven inch record is 
sensed. 

As with practically every part of 
this turntable, the mechanism and 
circuitry used for the sensing functions 
are ingenious in the extreme. 

The turntable platter has a 
reflective metal surface onto which are 
mounted a number of radial black 
plastic 'spokes'. 

A small limp and photocell housed 
in the tip of the sensing arm detect the 

ELECTRONICS TODAY INTERNATIONAL — MAY 1973 13 



• There's no such 
thing as the perfect 
Hi-fi system. 

Thats why we made the 810. 

There is no one Hi-fi system 
which is perfect for everybody. 

Rooms, like wallets, are 
different sizes. And musical 
reproduction requirementsvary. 

So we've made the ultra-
flexible, supremely compatible, 
highest quality turntable. 

The BSR McDonald 810. 
For the man who wants to choose 

separate amplifier and speakers to 
build up his own perfect Hi-fi system. 

It costs £44.25. It's a transcription 
unit weighing 164 lbs. The diecast 
turntable alone is 6*. lbs. — solid 
and dynamically balanced. 
A pitch control gives accurate 

turntable speed, using stroboscopic 
centré plate. 

The low mass aluminium pick-up 
arm is gimballed for virtually friction 
free movement in all planes. 

It has a slide-in cartridge holder, 
minimum tracking pressure of - 

-1 gramme and decoupled one piece 
counter-balance. 

Its 4-pole dynamically balanced 
synchronous motor compensates for 
any fluctuation in mains voltage or 
record load. . 

There's hydraulically actuated 
viscous cueing on manual and auto-
matic, and a unique anti-skate device. 

The 810 is a two-speed player, 45 
or 33i- — all that's needed on a modern 
turntable. 

It operates by featherweight push-
button for start/stop and selection of 
record size. 

A rigid smoke-tinted styrene 
dust cover and a polished wooden 

plinth are available as extras. 
For a preview just return 

the coupon, or ask to see 
and hear the deck at your 

local dealer. 
BSR Limited, McDonald 

Division, Monarch Works, 
Cradley Heath, Warley, Worcs. 
Tel Cradley Heath 69272. 

Ulease send me your illustrated 
brochures of the complete range of 
turntables. 

Name 

Address  

ETI3 

Lt's a sound start McDONALDi 
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BEOGRAM 
4000 

TURNTABLE 

SERVO 

SERVO-MOTOR 

Fig. 2. Block schematic 
drawing of servo systeM used 
to sense angular errors in 
tone arm. 

'presence or otherwise of a record on 
the revolving platter. 

If a record is on the platter the 
light reflected back to the photocell 
from the lamp will be fairly steady — 
hence a constant dc level indicates the 
presence of a record. But if the matter 
is uncovered, the reflected light from 
the polished metal turntable will be 
regularly interrupted by the radial 
black strips, and a chopped dc voltage 
will be produced by the photocell. 

When the turntable is switched on 
and the record playing sequence 
'initiated, the sensing arm and the tone 
arm move steadily along their track 
until the sensing arm detects the edge 
of a record. At this point the tracking 
servomotor is de-energized and the 
tone arm automatically lowered. • 

The sensing arm's photocell is 
sensitive to the strobe effect when the 
turntable is in motion. Hence if the 
sensing' arm reaches the point where 
the edge of a 12" record should be, 
and still de ects the signal from the 
moving ribs, it deduces that there is no 
12" record on the platter. Similarly if 
it passes the 10" point and still detects 
rib movement it knows that there is no 
10" record there either. It then 
continues inward seeking the possible 
presence of a 7" record. If it finds one, 
the turntable speed, which always 
starts off at 33-1/3 rpm, is 
automatically switched to 45 rpm. The 

Fig. 3. This logic circuit 
detects the voltage increase 
as the tone arm drive motor 
compensates for the increased 
lateral velocity of the stylus 
running onto the run-out 
grooves at the end of a record. 
This sudden increase in 
voltage is used to actuate the 
arm return and 'switch off' 
mechanism. 

frequency. No • provision has been 
made for operation at 78 rpm. 

pick-up is then lowered and the record 
played in the normal way. 

If there is no record on the platter 
at all, then the sensor detects the 
moving ribs until the centre of the 
record is reached. At that point the 
arm is returned •automatically to the 
rest position. 

Although manual overrriding 
controls are provided to enable the 
user to lower the tone arm onto any 
required part of a record, these manual 
controls are interlocked with the rib 
sensing circuitry — thus ensuring that 
the arm can only be lowered if a disc is 
on the turntable platter. 

Additional logic circuitry is used to 
monitor continuity of the lamp 
filament in the sensing system. If this 
lamp becomes open circuit, the 
control logic prevents the arm being 
lowered. 

ELECTRONIC SPEED CONTROL 

In common with an increasing 
number of high performance 
turntables, the main drive motor is 
powered by a stabilised oscillator and 
power amplifier. Thus turntable speed 
is virtually independent of mains 
supply voltage and frequency. Fine 
speed adjustment is provided — 
independently for both 33-1/3 rpm 
and 45 rpm — by varying oscillator 

NEW CARTRIDGE 
A totally new cartridge has been 

developed by Bang and Olufsen for the 
Beogram 4000 unit. Although 
basically conventional in design, the 
stylus fitted to the new SP 15 
cartridge is an integral part of the unit. 
The whole cartridge is manufactured 
as a sealed unit and is not repairable. 
In the event of damage Bang and 
Olufsen supply a new replacement 
cartridge for half the cost of the 
original. Recommended tracking 
weight is a mere 0.8 gram. 

Although the Beogram 4000 was first 
shown in this country at last October's 
Audio Fair, few of these units have 
found their way onto the market. 
At the time of going to press the price 

for the teak plinth version is £160.50, 
the rosewood version is £1 dearer. 
These prices will change shortly, the 
floating pound signals an increase but 
VAT will bring about a small reduction 
— with luck these should cancel each 
other out. 
Electronics Today International hope 

to run a complete review of this 
unusual unit in the near future, it is 
not an inexpensive turntable but the 
features may well herald a new app-
roach by all the manufacturers. • 
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-. 
Join the procession There's a new world of high Jidelity in a Teleton sound 

f-.. system, with the GA 202 amplifier at its heart bring you new 
ïee ,e. iri Aida. i,,-standards of purity, new heights of quality ,iethe, faithful 

em i•A` = - . reproduction of the world's greatest music 4 ,, 
Smell 1812 gunsmoke. The Teleton GA >202 combines all the latest' advances in 

,  

n Bare Mountain. ; 
Awaken to the - 

sound of Teleton. 

Shi hr-fi technology—calibrated slider controls for bass, treble 

e ik 

asleep. Price £50 recommended retail. 

Tél 

and channeLvolume, hi-cut filter, loudness contour, head: 
phone socket, tape and auxiliary inputs, to give you 16 watts 
per 'channel (RMS) "at under one per 'cent distortion, 30-
30,000 4-Iz -7- the soaring choruses and the whispers eif a 
cathedral inside ,an elegant walnut and brushed aluminium 
cabinet , k ît 

Listen to the Teleton GA 202—your ears have been 

Teleton Electro (U.K.) ,Co. Ltd., 
ill Teleton House, Waterhouse Lane, 

 y Chelmsford CM1 3DW. 
Sound SenseeTél : Chelmsford 62442. 

e 
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The 526 pS 
AMPLIFIER-Power ou 
each channel into 8 oh f 
response 20-20.000 Tote 
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WHAT'S A WATT ? 
1 must offer some criticism of the 

article entitled "How Many Watts?" 
(Electronics Today —April 1972 issue). 
It is directed at the section headed 

"What's a Watt?" The explanation 
given in the first two paragraphs of the 
section is quite misleading. The 
definition of the rms value of a 
sinewave is correct but only applies to 
voltage or curreht, and not to power. 
For test purposes an audio amplifier 

would be connected to a pure 
resistance as a load, so that voltage and 
current would be in phase. If they are 
sinusoidal and of frequency f Hz, then 
the power in the load also fluctuates 
sinusoidally at 2f Hz. The product of 
V and I (both rms values) gives the 
average or mean value of the power 
which is half of the peak power. • 
The rms value of the power 

waveform can be calculated but it has 
no significance. To any electrical 
engineer; or to an engineering student, 
the word "power" is always taken to 
mean the average. value. With 
non-sinusoidal waveforms, "peak 
power" and "average power" retain 
their significance and are useful 'terms, 
although the factor of one half 
mentioned above no longer applies. 
I realise that the term "rms power" is 

widely used nowadays to describe the 
output of an audio amplifier when, in 
fact, "average power" is intended. 
I cannot understand why this error in 

terminology has arisen. It is bad 
enough when used in manufacturers' 
advertisements and I feel that it has no 
place at all in an article which purports 
to be technical. 

Yours sincerely, 
T. Brownlee, C. Eng. 

Head of School of Engineering, 
Caulfield Institute of Technology. 

The above letter arrived on our desk 
some time ago — and for a short time 
it created quite a stir. 
Our correspondent is quite correct. 

His point is true by definition. The 
rms value of a power wave-form has 
no significance. 
As our correspondent points out, the 

only term that has any real validity is 
'average.' power. For those who are 
interested the relevant mathematics 
are set out in the accompanying panel. 
Technically we are in the wrong — 

but we are in very good company — 
for almost without exception, 
technical journals, testing consultants 
and audio equipment manufacturers 
the world over — also use this term. 
So why do we do it? 
We do it for the sake of clarity — as-

we feel sure do most other journals. 
Manufacturers do it for another 

reason, perhaps mistakenly, but 
nevertheless with good intentions. 
The reason is that there are many 

different ways of expressing the power 
output of an amplifier, and most of 
these ways have some validity. 
For example, the argument used to 

justify instantaneous or 'music' power 
ratings is that orchestral music has a 
very wide dynamic range. The average 
power may be quite low yet when 
there is an orchestral crescendo the 
instantaneous power requirement may 
be very high. 
Therefore, say the 'instantaneous' 

power protagonists, let us quote the 
output in terms of what the unit can 
produce for a short time, a 
measurement in fact • of the 
'instantaneous' power output. - 
This can be quite a large number. 

Just how large depends on how the 
measurement is taken. For 
'instantaneous' is not a very precise 
• term. 

Is the measurement taken for a few 
seconds, one second, or perhaps just a 
few milliseconds? 
And at what level of distortion? A 

realistic 1% to 2% — or is it taken at 
the current US figure of 5%. Or with 
the power transformer on fire? 
At the other extreme 'pop' music 

tends to be more uniform, and 
therefore the available average power 
is a more relevant quantity. ' 

NO RECOGNISED STANDARD 

There is no internationally 
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recognized standard for amplifier 
power ratings, and until a decade or 
two ago average power was the figure 
implied when power output was 
quoted. If a specification read 'Output 
Power — 20 Watts' you knew exactly 
what it meant. 
At least you did if you were in 

Europe or were looking at a European 
amplifier. 
The Americans on the other hand 

used a system that enabled a 10 Watt 
European stereo amplifier to be 
marketed in the US at 40 to 60 Watts. 
(Rolls Royce ran up against a similar 

problem with horse-power ratings of 
their cars. But rather than accept a 
phony measurement they described 
their power output as 'adequate'. Not 
that it did them much good.) 
The US rating is converted into the 

European rating as follows:-
(1) divide by two to obtain the 
output per channel. 
(2) divide by one and a half to 
obtain an approximate conversion 
from short duration signals in one 
channel to continuous signals in both 
channels. 
(3) divide by two to convert from 
peak to average power. 
In other words divide the quoted 

figure by between four and six and 
this will approximate the average 
power per channel. 

BUT WHY RMS? 
The argument is that the buying 

public must have some basis for 
comparison and that whilst an rms 
figure is technically incorrect, it has 
the implication of the method of 
measurement. This implication is not 
carried by average or continuous 
power. 
The term rms Watts is in fact a 

pseudonym for average power, or in 
another context, continuous power, 
and, technically correct or not, it has 
become a generally accepted 
expression. As we found out when we 
rang the design engineers at two of 
Britain's leading manufacturers, 
Their reaction was a surprised "what's' 
wrong with Watts rms?". 
Our correspondent is, as we have 

said, perfectly correct and we also 
deprecate terms that have precise 
meanings being used in such loose 
fashion. 
But does it really matter all that 

much? After all, there are no inter-
nationally accepted methods of either 
measuring or quoting amplifier power 
output. At least we all know what is 
implied by Watts RMS, even if the 
term is technically doubtful. Those 
who consider that it does matter must 
read this to mean average watts. " 
As Chaucer sayde — "Forgetting not 

uniforme and goodly laws of propre 
tonge, the ways of manne and his 
colloque shul shew doutles how it is to 
be sayde". 

VI = 
m m 

Fig. 1 — Relationship between voltage, current and power curves in a resistor. 

(a) for resistive loads and sinusoidal 
inputs. V and I as functions of 
time are:— 

V1 = V, cos 2 77 ft 

= 1m cos 2 n ft 

where V, is the max. instan-
taneous voltage 
and Im is the max. instan-
taneous current. 

The resistive load R, the applied 
voltage V, and the resulting current I. 

Then V and I as functions of 
time are respectively:— 

V1 = V, cos 2 nit 

I = I, cos 2 77 ft 

Where V, is the maximum 
instantaneous voltage and In, is the 
maximum instantaneous current. 

The instantaneous power is 
given by V x I = P. 
Thus power is given by:— 

P = Vm Im cos 22 ir ft. 

This quantity is plotted in Fig 1. 
As can be seen, the power varies 
between 0 and Vm rn in a sinusoidal 
manner and the average power is 
Vn, Im /2. Using Ohm's law this is 
equivalent to Vm 2 R/2 or Im 2R/2 
Thus we define the effective voltage 
and current so that the average power 
is given by P = VI, and the relations 
between the rms and peak value are 

V = Vm /N/2 and I lm /N/2. 

(b) A similar argument (although 
more complex) for non-sinusoidal 
signals produce the equivalent 
voltages and currents as 

V Vave (V 12) and I = N/ave (I 

hence the term 'root mean square' 
which is a way of expressing the 
operation of squaring the voltage (or 
current), taking the average or mean, 
and then taking the square root of 
the result. 

Whilst this may seem compli-
cated, the meters which we (and most 
other laboratories) use for measuring 
voltage or current perform this 
operation automatically. 

Thus as we see from the above, 
the rms voltage is defined through the 
average power and nowhere is rms 
power defined. 

Congratulations are due to Alex Mellon, Advertising Manager of ET!, and his navigator, 
Trevor Robertson, for coming second in the Press Section of the Mobil Economy Run. 
Alex is a veteran rally enthusiast with plenty of trophies on the shelf and he is at present 
testing for ETI a special project designed for the motorist. Plans must remain secret at the 
moment but we have a real winner under our belts and, all being well, we shall be making 
an announcement in the near future. 
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Wharfedale Hi Fi lsodynamic Headphones. 
(isodynamic, adj. Of or pertaining to equal(magnetic)force). 

Mission Accomplished 
electrostatic quality tor less than halt the price. 

r iir  

That was our mission. 
The same superb quality 

of performance as 
electrostatic 
headphones. 
But for less than 
half the price. 

And by 
going to the 
moon we've 
. accomplished it. 

Because one of 
thethings that took 
man to themoonwas 
auniquepolyimide 

film. Andwe'vetumed 
itinto a unique 

-t) *•. 
04; 

, 
Wharfedale Hi Fi. Pure and simple. 

diaphragm. Givingyou 
pure stereo sound 

at the revolutionary 
price of £19.957 

Plus. 
Lightweight 

comfort. And 
good looks. 

Complete with 
this elegant 
foam-lined 

container with 
transparent lid. 

Ied lookgood beside 
yourdeck. And let you 

storethephones 
neatlyand dustfree 

• 
• 

Unique Diaphragm 
In the NASA space capsules 
polyimidc film has to 
withstand great 
temperature 
fluctuations. 
As low as —269°C 
or high as 400°C. 
And it also has 
to withstand 
tremendous 
vibrations. 
So it has to be 
flexible. But without 
destroyingtheprinted 
circuitry. VVIiich is bonded 
into the polyimide film. 

Suel 
Plate 

Rubbe 
Magne 

Frame 

Unique 
Diaphragm 

Rubber Magnets 
Another Wharfedale Hi-Fi 
exclusive. Whichgiveyou 
an equal magneticforce 

004 
o ¡ion 

117113 
1010n 

soM 
foe' 

from lightweight 
magnets. And so 

avoid the heavy iron 
magnets used in 

more conventional 
headphones. 

Weightless Capsule 
Oralmost Forthewholelot 
weighs a merel3ozs of sheer 

lightweight strength. So you can 
wear the phones foras longas you 

like. And if you'd likethe full inside 
story then fill in the coupon. 

*Manufactures recommended retail price at time of printing. 
UK and Foreign Patents exist. Further Patents applied for. 
UK Registered Design No. 956537. Other Design Registrations Pending. 
Made in England. 

Wharfedale Hi Fi, Idle, Bradford, Yorkshire 
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Fig. 1. Electro-
mechanical system of 
aperture control. 
Meter controls 
diaphragm setting by 
means oía mechani-
cal linkage. 

Fig. 2. The Yashica 
Electro 8 LD6 cine 
camera has servo 
motors for aperture 
control and zooming 
functions. The zoom 
motor can be seen at 
bottom-left of camera 
body. 

AUTOMATIC 
CAMERAS 

¡II 

Latest cameras 
incorporate electronic 
systems to provide 
previously unmatched 
operational features — 
Brian Chapman reports. 

Fig. 3. Typical electronic control system for Compur type 
shutter uses electromagnet and transistor timing circuit to 
programme the shutter. 



AROUND 10 years ago the first 
cameras incorporating electronic 
systems were introduced to the market 
by companies such as Minolta and 
Yashica. Unfortunately the use of such 
terms as "Electronic Brain" and 
"Computerized Shutter" did not go 
down well with the public. The buyer 
felt that all these electronic additions 
were of dubious value and liable to be 
expensive to repair. In fact Minolta 
was forced to withdraw its first 
electronic model because of sales 
resistance. When they did re-enter the 
market, it was with a changed 
advertising image which played down 
the electronic features and 
concentrated on the functional 
advantages of the new cameras. 
Nowadays there is a proliferation of 

cameras in the $50 to $150 bracket 
which. feature electronic control of 
shutter, diaphragm or both. 
Fully automatic exposure control has 

been incorporated on cheaper cameras 
allowing 'point and shoot' 
photography, but until recently, 
although cameras in the medium to 
high price brackets have been fitted 
with electronic shutters and TTL 
(through the lens) metering,they have 
retained semi-automatic 'operation. 
This again has been because of buyer 
resistance amongst advanced amateurs 
and professionals who, quite rightly, 
insist on having over-riding control. 
Now the last vestiges of such buyer 

resistance seem to be crumbling and, 
in the top price bracket, fully 
automatic cameras with overriding 
manual control are coming onto the 
market. Typical amongst these are the 
Pentax ES and the Yashica Electro 
AX. 

PRACTICAL SYSTEMS 
The age of automation in cameras 

really began when light meters were 
first built into camera bodies. From 
this first step it was only logical to 
develop a method of controlling 
aperture directly by means of the 
internal metering system. This method 
of automation was in fact the subject 
. of patent applications as early as 1902 " 
but a practical system was not 
developed until the advent of the 
photo-voltaic cell in 1930, and another 
30 years were to elapse before the 
technique became commercially 
feasible. 
One of the earliest 
e I ectro-mechanical systems is 
illustrated in Fig. 1. Here the 
film-speed setting dial adjusts the 
position of a stop ratchet and the 
photocell produces a meter needle 
deflection which is indicated on a scale 
visible in the viewfinder. When the 
shutter release is pressed a stirrup bar 
closes down until a scanner, driven by 
the closing diaphragm, hits the meter 
needle thus stopping the diaphragm 

from closing further. This action 
automatically determines the correct 
aperture to be used for the exposure. 
Automatic control of the diaphragm 

is performed in conjunction with 
selected film speed and shutter speeds. 
The shutter speed setting is usually 
coupled to a potentiometer in series 
with the photocell circuit, or, to a 
mechanical means of varying the light 
entering the photocell, alternatively, 
the sensitivity of the meter may be 
varied by a magnetic shunt. 
The electromechanical systems as 

described above, although quite 
reliable under normal circumstances, 
are mechanically complex and 
delicate. One of the most common 
causes of trouble in such cameras has 
been failure of the metering system. 
Unless the camera has manual override 
such fa ilure makes the camera 
unusable. Additionally repairs of such 
systems are invariably quite expensive. 
With photo-conductive cells more 

versatile systems may be used. The cell 
may be placed in a bridge circuit and, 
when the bridge is unbalanced, a 
servo-motor is used to open or close 
the lens aperture until bridge balance 
is achieved. Such systems as this are 
seldom used in still cameras, but are 
very popular in electronically con-
trolled cine-cameras. The Yashica 
Electro 8 LD6 is typical of such 
better quality cine-cameras and 
includes .servo-motors for aperture 
control and zoom functions (see Fig. 
2). 

ELECTRONIC SHUTTERS 
Aperture control was the easiest to 

implement in the past but now most 
new cameras are using electronically 
controlled shutters to provide 
automatic exposure. The beauty of 
using an electronic shutter is that the 
whole of the a perture setting 
mechanism is eliminated as well as the 
light meter of earlier control systems. 
A typical electronic shutter control is 

as shown in Fig. 3. and an actual 
shutter mechanism from a Yashica 
Electro 35 is shown in Fig. 4. This 
Compur type shutter is exactly the 
same as that used in a manual camera 
except that the escarpment controlling 
the exposure time is replaced by an 
electromagnet. The shutter is held 
open for a period determined by the 
associated electronic circuit in the 
following manner. 
When the shutter release is pressed 

Si closes and transistor 02 conducts 
energizing the solenoid. The armature 
is attracted to the solenoid, the shutter 
blades open (one only shown for 
convenience) and are held open as .the 
pawl, linked to the armature, blocks 
the movement of the rotating member 
N. This situation persists as long as the 
solenoid is energized. Initially 

Fig. 4. Shutter assembly of the 
Yashica Electro 35. The electro-
magnet can be clearly seen bottom 
left. 

transistor Q1 is not conducting and 
capacitor C charges via R. The resistor 
R is usually a photo cell whose 
resistance is high with low light levels 
(hence longer charging time for C) and 
low for high light levels. When C has 
charged sufficiently, Q1 conducts 
shorting out the base/emitter of Q2 
which turns off, de-energizing the 
solenoid and closing the shutter. 
A further advantage of shutter 

control over aperture control is that 
shutter times may be extended to 30 
seconds or more electronically, 
providing excellent low-light level 
performance, whereas reliable 
mechanical shutters with exposure 
times longer than about 2 seconds 
cannot be made. Hence low light level 
performance with aperture control is 
limited by the maximum aperture 
available. 
The first widely accepted camera to 

use electronic shutter control was 
introduced by Polaroid in 1963. The 
shutter was designed for them by 
Yashica and is elegantly simple 
mechanically. Basically the same 
electronic control circuit as for 
Compur type shutters is used, a typical 
configuration being as shown in Fig. 
6a and 6b. The mechanical 
construction of the shutter is shown in 
Fig. 7a and 7b. 
Operation of the circuit is as follows. 

When the shutter release is pressed 
TR2 conducts and the solenoid is 
energized. Both the opening and 
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closing blades are mechanically 
released but the closing blade is 
restrained by the solenoid. .Light 
passes from the lens through the 
aperture wheel and the hole in the 
opening blade to the negative. At the 
end of the timing period (as explained 
before) TRI conducts, TR2 cuts off, 
the solenoid releases the closing blade 
which snaps over, thus terminating the 
exposure. 

In order to control shutter speed 
over the full range there are several 
different timing capacitors selected by 
a switch on the aperture wheel. 
Shortly after the release of Polaroid's 

camera, Yashica introduced their own 
electronic camera with 
between-the-lens shutter as shown in 
Fig. 4. Shutter speeds available are 
from 1/500sec to a full 30 seconds 
making photography possible under 
the most adverse lighting conditions. 
Unique warning arrows are visible in 
the finder, 'Yellow' signals a slow 
shutter speed, and 'Red' warns against 
over-exposure. The aperture. is 
adjusted until both arrows are 
extinguished. 

ELECTRONIC FOCAL PLANE 
SHUTTERS 
Electronic control may be applied to 

focal plane shutters as well as 
between-the-lens shutters and a typical 
example of this is the Yashica TL 
Electro-X. 
A diagram of the shutter control 

system is shown in Fig. 8 from which 
the control circuitry can be seen to be 
the same as that discussed previously. 
Adjusting the speed dial varies 
capacitor charging time as does 
illumination changes on the cadmium 
sulphide (CdS) photocell. Thus the 

metal focal plane is electronically 
controlled for speeds from 1/1000 sec 
to 2 seconds. One can preselect either 
aperture or speed and then vary the 
other to obtain correct exposure 
indication by the viewfinder arrows. 

The above semi-automatic operation 
has proved to be very popular and 
there are many camerai in the 
middle-price bracket which feature 
this system. The Canon range has been 
particularly successful with the QL 
series. Now that public acceptance of 
electronic control has increased, 
several manufacturers are introducing 
(or already have) fully automatic 
control on the higher priced cameras 
in their range. Cameras typical of this 
trend are, as mentioned before, Pentax 
ES and the Yashica Electro AX. These 
cameras have the essential feature of 
automatic or manual shutter selection 
which is demanded by serious 
amateurs and professionals. The 
Pentax has an interesting feature in a 
special dial to compensate for problem 
lighting conditions. It allows preset 
modification of exposure from half to 
four times normal whilst still retaining 
the automatic action. 

Both the Pentax ES and the Yashica 
AX offer an automatic shutter speed 
range of 8 seconds to 1/1000 seconds, 
a valuable range previously 
unobtainable with mechanical systems. 

It seems that this is the way all better 
quality cameras will go. The automatic 
shutter offers speeds unobtainable by 
conventional methods and the 
incorporation of electronics allows -a 
host of other features to be built in at 
relatively small cost. Facilities such as 
automatic flash, when fitted, make 
these cameras ideal for universal, 
calculation-free, photography. The 

Fig. 5. Topping the line of the new 
"300 series" of Polaroid Colour Pack 
Cameras, the Model 350 Land Camera 
features a transistorised electronic 
shutter and an electronic development 
timer. 
The electronic timer is built into the 
back of the camera. After loading a film 
pack into the camera, the user simply 
dials the recommended development 
time (60 seconds for colour, 15 seconds 
for black-and-white) into the timer, 
which then becomes fully automatic. As 
the user pulls an exposed film pack 
from the camera, the timer lights up 
and begins a silent "countdown". When 
the picture is fully developed, the timer 
light goes out and a distinct "beep" 
signals that the picture is ready. 

Minolta Hi-matic F is a typical 
medium priced camera that features 
automatic flash exposure control in 
addition to normal automatic 
operation. Fig. 10. 

INSTANT PHOTOGRAPHY 

Ever since the days when they 
struggled with massive cameras and 
took shots in broad daylight with the 
aid of one second exposures and half a 
pound of magnesium powder, 
photographers have dreamed of a fully 
automatic camera where one merely 
had to press a button and a fully 
developed perfectly exposed colour 
photograph emerges from the camera. 
Now Polaroid have done just that — 

they have introduced a new camera, 
the SX70, which automatically ejects a 
self developing colour print 1.3 
seconds after the exposure button is 
pressed. 

As a young student at Harvard 
University Edwin H. Land became 
extremely interested in experiments 
on polarizing light. He became so 
involved in these experiments that he 
abandoned his degree course in order 
to devote his full time to them. In -
1928 at the age of 18 he succeeded in 
polarizing light with acetate sheet and 
certain forms of iodine. After a further 
9 years spent developing the polarizing 
process he founded the Polaroid Land 
company which during the second 
world war made considerable profit 
from the sale of anti-glare goggles to 
the armed forces, and subsequently, 
polaroid sunglasses to the general 
public. 
Then in 1943 Land conceived the 

"Instant photography" prcicess and 
subsequently introduced the first 
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BATTERY SW. 

ELECTRO-
MAGNET 

Fig. 6b. The Polaroid land shutter after release. The opening blade now 
allows light to reach the film via the lens and aperture wheel. At the end 
of the timing period the closing blade will be released by the electromagnet 
and terminate the exposure. 

-4—SHUTTER RELEASE 

OPENING 
BLADE 

Fig. 6e. The Polaroid Land shutter Just prior to release. The 
opening blade prevents light from reaching the film. 

Fig. 7a. The Polaroid Land shutter from the front. The transistor 
timer is on the right. 

Polaroid-Land model 95 camera in 
1947. In this camera the negative is 
first exposed, and then' brought into 
contact with a positive. Both sheets 
are drawn through a pair of rollers 
which rupture a pod attached to the 
positive and squeeze the jelly-like 
substance from it across the sheet. 
After 10 seconds development, the 
sheets are separated, the negative 
discarded, and the fully developed 
print treated with a fixing chemical. 
Although many improvements have 

been made to both camera and film in 
the ensuing years, the basic process 
remains the same for all cameras in the 
range till now. Polaroid has marketed 
some 26 million cameras and it is 
claimed that they sell more cameras in 
the $50 and over class than all other 
companies in the world combined. 

THE SX70 CAMERA 
And now another breakthrough — a 

revolutionary new camera and film 
have been introduced by Polaroid. The 
new system produces a developing 
picture, hard, dry and sheathed in 
unscratchable plastic, just 1.3 seconds 
after the user touches the red electric 
shutter button. The pictures develop 
outside the camera even in the 
brightest sunlight. They are of much 

BATTERY 
Swl 

ELECTRO-
MAGNET 

• 
TIMING 
CAR 

2"BATTERY • 

NEGATIVE 
CLOSING 
BLADE 

OPENING 
BLADE 

  APERTURE 
WHEEL 

Tei 
Fig. lb. Rear view of the Polaroid shutter. The electromagnet can 
be seen at middle right. 

Fig. 8. The metal focal-plane shutter and electronic control of the Yashica TL Electro X. 
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Fig. 9. The Yashica Electro AX is a fully automatic SLR with manual 
override. The camera has a flexible printed circuit wiring harness which can 
be seen at top. • 

• Fig. 11. The Polaroid SX 70 camera in use showing how the film is automatically ejected ' 
from the camera. 

24 

Fig. 10. The Minolta Hi-Ma tic Pisa 
medium priced automatic with electronic 
flash control. 

better quality than offered by the 
older Polacolor film, have better 
colour saturation and no perceptible 
grain structure. 
The camera retails for $US180 and is 
a unique folding single lens reflex 
which when closed, measures 7 x 4 x 1 
inches. It weighs only 24 ounces, less 
than the lens alone on many 
conventional 35mm single lens reflex 
cameras. It is opened to its operating 
position by simply pulling the 
viewfinder housing upward (Fig. 12). 
When opened, the camera's profile is 
roughly triangular, with the viewfinder 
a smaller triangle above. 
The film pack, costing about 

SUS6.90 for 10 colour shots, is 
inserted from the front of the camera 
(Fig. 14). When the pack is inserted 
the camera automatically ejects the 
top dark-slide cover of the film pack 
which is then ready for the first 
exposure. 
The lens of the SX70 camera is 

capable of an extremely broad range 
of focus. It will in fact focus down to 
10.2 inches to give a 1:2 
magnification. This is achieved by 
moving only the front element of the 
lens, which travels less than 
one-quarter of an inch. The lens is 
therefore so compact that even with 
the front element fully extended for 
close ups, the camera may be folded 
shut. 
The reflex view system employs a 

mirror-folded light path through the 
camera, rather than the bulky 
penta-prism of a conventional single 
lens reflex. For many years the 
usefulness of folding the light path 
between lens and film has been 
recognised but not considered 
practical. 
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Folding 
Magnifying  viewfinder 

eyepiece cap 

Fresnel mirror 

:Taking mirror 
raised for exposure 

Picture counter 
(not visible) 

12 000 rpm 
motor 

Fig, 13. 

10-exposure 
film pack , 

Precision 
gear train 

Printed 
circuit 

6.volt 
battery Electronic 

micro-circuitry 
chips Processing 

rollers 

Aspheric mirror 

FlashBar socket 

L/D control 

Silicon photocell 

4 element lens 

Shutter 
blades 

Electric 
shutter 
button 

Exposed film 
unit already 
starting to develop 

A mirror permits a longer focal Fig. 12. The Polaroid SX 70 camera shown here in both open and closed positions, snaps 
length lens for a given film size, and a open when the viewfinder housing is lifted. 

more compact camera. There are two V 
principle objections to using such à 
mirror. Firstly it provides a reversed 
image, and secondly, using 
conventional lens, shutter and control 
mechanisms a compact camera could 
not be built. The first of theso 
objections was invalidated by the 
requirement of the new film pack for a 
reversed image. The second objection 
was overcome by designing special 
I ens, shutter diaphragm, control 
mechanism and solid-state electronic 
control for the new camera. 

Fig. 13. Cutaway drawing shows location 
of principle components of the Polaroid 
SX 70 land camera. 

Fig. 14. The camera is loaded by inserting 
the film pack from the front. Film-pack 
dark slide is automatically ejected. 

Fig. 15. The solid state module and the 
printed circuit card shown in the relative 
positions they occupy in the camera. 
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CAMERA OPERATION 
Light enters the camera through a 

four-element glass lens (refer to Fig. 
16a) at (A) strikes a permanent 
viewing mirror of aluminized glass (B) 
and reflects down onto a special, 
plastic, 200 groove per inch Fresnell 

- mirror (C), the surface of which is 
roughened to provide a ground glass 
screen effect. The mirror gathers all 
light, incident on it, into an off-centre 
beam and projects it out of the camera 
through a one-tenth inch diameter 
exit-hole. The emergent light beam 
strikes a concave, aluminized, aspheric 
(not spherical) mirror (E). As the light 
rays strike this mirror from below its 
centre line, a special shape is required 
to correct image distortion. The actual 
shape is a section of an ellipsoid and 
its design is said to have consumed a 
full 2Y2 years of computer time. The 
aerial image formed by this mirror at 
(G) is viewed by means of a 
magnifying aspheric eyepiece at (F) 
and comes to focus again just behind 
the pupil of the viewer's eye. The 
scene is presented right side up and 
correctly positioned left to right. 
Focus is easily achieved as the image is 
very bright despite the maximum 
aperture available of f8. 
To make an exposure, the 

photographer simply touches a red 
electric shutter button whence the 
following sequence is initiated (refer 
Fig. 16b). The shutter closes and an 
electric motor drives the Fresnel 
mirror (C) up against the back of the 
camera bringing a trapezoidal 'taking' 
mirror on its under surface into the 
light path. 
This mirror reverses the image into 

the correct left-to-right orientation as 
it reflects it down onto the now 
uncovered negative (I) in the film 

Fig. 16b. 

F4 16e. 

Fig. 16e. Camera in the 
viewing mode. 
Fig. 16b. Arrangement 
at instant of film 
exposure. 
Fig. 16c. Operation 
after exposure. 

Fig. 16c. 

pack. A small rubber flap (J), attached 
to the pivoting carrier which holds the 
Fresnel mirror and 'taking' mirror, 
seals the exit hole at the top of the 
camera to prevent a light leak during 
exposure. The required exposure is 
determined by a sensitive silicon photo 
cell the output of which controls, by 
means of logic circuitry, the 
combination of shutter speed and 
aperture to be used. The aperture is 
variable from F8 to F90 and the 
shutter from 1/100th of a second to 
about 20 seconds. A total of five 
integrated circuits containing 260 
transistor functions are used to control 
exposure and the sequential camera 
operations. 
Operation of the SX70 shutter is 

basically similar to that of earlier 
models. The same blade type shutter 
blades are mounted between the 3rd 
and 4th elements of the lens. The new 
shutter incorporates wider speed range 
than previous models and integrated, 
rather than discrete, control circuitry. 
After exposure the film unit (I, Fig. 

16c), is automatically driven through 
two small rollers (K) which rupture a 

pod of reagent and spread it between 
the film unit's positive and negative 
sheets to begin the developing process. 
Simultaneously, the pivoting Fresnel 
and 'taking' mirror assembly swings 
down to cover the film pack and the 
camera returns to the viewing mode 
for the next picture. 

It takes a mere 1.3 seconds from 
pressing the red electric button till the 
emergence of the turquoise-green 
exposed film from the front of the 
camera. Power for the camera logic 
circuits and drive motor is derived 
from a battery built into the film 
pack. Thus the photographer need 
never be concerned about flat - 
batteries, the battery is renewed each 
time a new film pack is inserted and 
has sufficient reserve power to handle 
150 shots even though there are only 
10 per pack. 

THE FILM 
Although the camera itself is 

remarkable and revolutionary, the film 
is even more so and represents a daring 
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and costly gamble on the part of Dr. 
Land — for the film and camera were 
seven years and 250 million dollars in 
the making. Pollution conscious Land 
was determined to reduce the garbage 
and sticky fixing chemicals associated 
with previous film and the only way 
around the problem seemed to be to 
have the film self-developing outside 
the camera in ordinary lighting. 
Land is never one to think small and 

he merely ordered his chemists to 
come up with an opacifier which 
would block out light rays until the 
development process was complete. A 
team of 25 chemists worked for 4 
years before a successful opacifier was 
developed. 
Well now how does this chemical 

marvel operate? The film card contains 
no less than 17 chemical layers. The 
negative, a mere three-hundredth of an 
inch thick, contains eight such layers, 
some of them are only as thick as a 
red-light wavelength, i.e. one 
fifty-thousandth of an inch. These 
layers are covered •by a tough 
transparent-mylar film on front and an 
opaque, acetate backing-card. 
After exposure the film card is fed 

automatically to processing rollers 
which rupture a pod containing three 
separate chemicals which are spread 
between the positive and negative 
layers as the film card is ejected from 
the camera. Most of the chemical 
contained in the pod is titanium 
dioxide (about 50%), an intensely 
white pigment, which forms a 
background for the colour dyes which 
would otherwise form a transparency 
under the clear mylar film. 
The characteristically turquoise 

colour of the freshly ejected print is 
due to the presence of an alkaline 
opacifier which together with the 
titanium dioxide, shields the 
development process now under way. 
It in fact shields the negative from 
light millions of times brighter than 
that required to expose it. The third 
constituent of the pod is a developing 
agent which oxidizes light-exposed dye 
layers. Unoxidized dyes diffuse 
upward towards the positive film layer 
and the colour image starts forming 
almost immediately. Development is 
complete in about 10 minutes, but a 
useful image is visible after only one or 
two minutes. 

Whilst development and dye 
migration is in progress the alkaline 
opacifier gradually dissolves a plastic 
layer between itself and another acidic 
layer. When the two encounter, the 
opacifier immediately becomes 

Fig. 17. A print from the SX 70 as it appears 
during the development phase which takes 
10 minutes. 

transparent and the full colour image 
is revealed. At this stage development 
is also complete and we now have a 
very colour-stable print which requires 
no further treatment and is impervious 
to rough handling — even during the 
development process. Film speed is 
approximately 100 ASA and the 
resolution approximately 40 lines. 
There is in fact no perceptible grain 
structure. 

FLASH PHOTOS 
General Electric in co-operation with 

Polaroid, have developed a special 
plug-in flash bulb unit for the SX70. 
The unit is called the Flashbar 10 and 
has 10 bulbs in all, five on each side. 
Flashbar operation is controlled by 
part of the camera logic circuitry 
which selects the next good bulb and 
skips over bad or previously exposed 
bulbs. Operation is also inhibited when 

the camera is empty or being loaded. 
The Flashbar 10 clips into the top of 

the camera's shutter mechanism and 
automatically engages the follow-focus 
mechanism, thus there is no need to 
calculate enposure with distance. 
The new SX70 provides far better 

colour prints than the old Polaroid 
system but they are more expensive 
than those produced by conventional 
colour photography. It is still difficult 
to duplicate prints and to make 
enlargements, and further, the new 
Polaroid film does not have the 
exposure latitude of Kodacolor. 
However, no-one can deny that the 
new camera/film technology goes a 
long way towards answering 
photographers dreams. 
One sad note — the camera is as yet 

on limited sale in the US and will not 
be available in this country in any 
quantities for sometime. • 

The Polaroid SX70 is not yet available in Britain but when it arrives we guess it will be a 
real winner. 
On the left is shown a second before triggering; on the right a second after with the film 

already appearing. 
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ETI MASTER 
MIXER 

Part 2 of the series gives constructional details and circuit 
descriptions of the preamplifiers and mixer/equalizer boards. 

IN OUR introductory article to this 
project last month the design 
philosophy and overall circuit 
description of the 8-channel 
master-mixer were provided. This 
month we commence construction of 
the preamplifiers and the 
mixer/equalizer boards. 
There are four preamplifier boards 

each having two channels. Assemble 
the components to each board in 
accordance with the circuit diagram 
and component overlay provided. 
Take care not to damage the ICs with 
excessive heat (use a lightweight iron, 
and solder quickly) and pay particular 
attention to the orientation of the 
TAG tantalum capacitors. 

Printed circuit boards will be 
available from kitset suppliers. 
However for those who prefer to etch 
their own boards, a full size pattern is 
provided. Details of the connections 
between the preamplifier boards and 
their associated controls are given in 
Fig 1. It is suggested that leads of 
adequate length are connected to the 
boards first. The boards may then be 
fixed in position and the leads routed 
to their respective controls. 

After the preamplifier boards are 
assembled, we can assemble the main 
mixer — equalizer boards of which 
there are two. The winding data for 
the inductors associated with this 
section is given in Table 1. 

The coils must be layer wound with 
care. Jumble winding will almost 
certainly prevent the full number of 
turns fitting on the bobbin. 

The only remaining printed circuit 
board accommodates the power 
supply — echo mixer, overload and 
meter circuitry, The construction of 
this board will be covered next month, 
together with full details of the wood 
and metalwork required. 

HOW IT WORKS MAIN MIXERS — EQUALIZERS 

As indicated last month, there are 
nine inputs to each main mixer'IC. 
This IC is connected in an inverting 
amplifier configuration, with the gain 
controlled by varying the negative 
feedback. This gives a control range 
from zero output to about 30dB 
gain. 
The output from the main mixer is 

direct coupled to the input of the 
equalizer stage. This stage is a little 
unusual, since the equalizing 
networks are arranged to vary the 
negative feedback. If we consider one 
section with the others disconnected, 
at the resonant frequency of the 
series LCR combination the 
impedance of the entire network will 
be equal to 680 ohms. Either side of 
• resonance the impedance of the 
network will increase (with a slope 
dependent on the Q of the network), 
due to uncancelled inductive 
reactance above resonance and 
uncancelled capacitive reactance 
below resonance. We can therefore 
represent the equalizer stage with 
equivalent circuits as reproduced 
below. These circuits consider only 
one network is in circuit, the input 
signal frequency is the resonant 
frequency of the network, and the 
resistance of the inductor is 
negligible. 
With the slider of the potentiometer 

at the top end (Fig. 2a) we have 680 
ohms to the zero volt line from pin 2 
of IC2, and a lk ohm between pin 3 
and pin 2. The IC will act due to the 
feedback to keep the potential 
between pins 2 and 3 virtually zero, 
thus there is zero current through 

1313 
a3k 

RV2 
lk 

1114 
6800 

Fig. 2a — Equivalent circuit of the 
equalizer with potentiometer set 
for maximum boost at the reson-
ant frequency of the network. 

RV2. The voltage on pin 3 (IC2) is 
therefore equal to the output of the 
mixer since there is virtually no 
current through and no voltage drop 
across R13. 
The output of IC2 in this case is 

approximately the input signal times 
(R15 + 680)/680 ohms, indicating a 

FI13 
3.3k 

RV2 
lk 

R14 
8800 

Fig 2b — Equivalent circuit of the 
equalizer with the potentiometer 
set for maximum cut at the 
resonant frequency of the network. 

gain of about 15dB. If the slider is at 
the other end of the potentiometer 
(Fig 2b) the signal appearing at pin 3 
and thus also at pin 2 is about 0.2 of 
the output of the previous stage due 
to the voltage division of R13 and 
the 6802. There is still zero current 
through RV2 and also zero current 
through R15 since there is no path. 
The output voltage is therefore the 
same as that at pin 2, which happens 
to be about 0.2 times the output of 
the previous stage. The gain is 
therefore 0.2 or —13dB. 
With all networks in circuit, the 
maximum boost and cut will be 

1113 
3.3k 

RV2 
lk 

R14 
68011 

Fig 2c — Equivalent circuit of the 
equalizer with the potentiometer 
set for unity gain regardless of 
frequency. 

reduced, but a range of -±10dB is still 
available. With the wiper of the 
potentiometers set midway — Fig 2c, 
- the gain will be unity regardless of 
frequency, due to the symmetry of 
the entire network. 
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C3 
1pF 

L2 • 
L3 
.L4 
L5 , 

TO THE OUTPUTS 
OF THE 8 PRE-
AMPS FOR ONE 
CHANNEL. 

TO ECHO INPUT 
(REAR PANEL) 

2 

Al 100k 

R2 100k 

R3 100k 

134 100 

R5 100k 

116 100 

7 R7 100k 

R8 100k 

119 33k 

8 
R10 
100k 

RV1 
500k 
LOG. 

21 VOLUME 

022 
AVVV  
All 
1M0 

NOTES. 

PIN 7 (Cl AND IC2 IS micc 
PIN 4 IC1 AND 1C2 IS OV 

  C4 
4.7pF 

OV 

The circuit diagram of the main mixer and equalizer boards. 

THIS LIST CONTAINS ALL THE PARTS FOR 
ONE MIXER-EQUALIZER. 
(TWO SETS REQUIRED) 

Fit, resistor 100 k 
100k' 

R3 
R4 5 
R5 • 
R6 
R7 
R8 
R9 
R10 
RI 1 
R12 
R13 
R14 
R15 
• R16 
R17 - 
R18 
• R19 
• R20 
R21, 

Cl . 
C2, 

100 k 
100 k 
100 k 
100 k 
100 k 
100 k 
33 k 
100 k 
1 M 

100 k 
' 3.3 k 
680 ohm 
3.3 k 
680 ohm 

, 680 oh, 
680 ohm 
680 ohm 
3.3 k 
1 k • • 

capacitor , 
" 4.7µF • 

4.74F 
6.84F 

0.2212F 

• 0.047µF 
' 0.022/IF 

35V TAG tantalum 
35V 
35V 
35V 
25V 
35V r 
polyester 
35V TAG tantalum 
polyester • 
polyester . 

L1• audio choke 1H (see winding data table 1) 
" 350 mH , 
' .100 mH 

40 mH 

IC1 integrated circuit uA741.LM307 (metal can ' 
„ or mini dip only) 
uA741,LM307 (metal can 

or mini dip only) 
_ . • • • 

•RV1 pcitentiometer 500 k ohm LOG dual. 
•-• 1 k LIN 
• '1 k LIN .. 
1 k LIN 
1 k LIN 
1 k LIN 

10 k LIN 

RV2 
RV3 
RV4 
RV5 
RV6 ' 
"RV7 

'ONE ONLY REQUIRED FOR COMPLETE 
UNIT .> • 
PC Board ETI 4148 
5 knobs 
4 1" spacers 

1114 1116 
6Bon Bean 

R17 1118 
6800 men 

1113 
3,3k 

VSc 

10 
120 

PIN 1 IS TO LEFT OF TAG, NUMBERS 
INCREASING ANTICLOCKWISE 

a 

1115 
3.3k 

 011 

FROM 
PRE-AMPS 

- 1 

- 2 

- 3 

- 5 

-6 

-8 
ECHO 9 
INPUT RV2 6 12 

RV2-6. 13 

A TAG CAPACITOR 
SHOWING POLARITY 

C8 
4.7pF 

RV2 RV3 
1k 1k 
LIN. LIN. 

C6 

Te" T 1pF 
601.1z 240Hz 

RV4 
1k 
LIN. 

R20 
3.3k 

1121 
1k 

1 BALANCE 

RV5 
1 
LIN. 

RV7 
10k 
LIN. TO OTHER 

V CHANNEL 

RV6 
1K 
LIN. 

L5 
10mH 

R19 
6800 

C7 C9 C10 
I 0.22pF 

1 kHz TO.047pF 

IDkH, 

T O.022,µF 

OV 

Component overlay for main mixer and 
equalizer. 

o -Wee 

1 - OV 
9 - R V7 

4 RV2 

20 • OUTPUT 

This diagram shows the connections 
to the potentiometers associated 
with the equalizers. The numbers 
correspond one-to-one, to those on 
the main mixer — equalizer circuit 
and overlay diagrams. 

2 
OUTPUT TO 
MAIN AMPLIFIER 
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ETI MASTER 
MIXER . 

The main mixer and equaliser 
printed circuit board pattern — 
shown full size. 

TABLE,1:— WINDING DETAILS EQUALIZER COILS 

L1 1003 Turns 34 SWG enamelled copper wire.Core Siemens 26 x 16 mm. 

Type number B 65671 - L 0003 - R 030 

Former Type B 65672 - A 0303 - mom 
L2 650 Turns 34 SWG. Core and Former as for L1 

L3 300 Turns 34 SWG. Core Sierrens 18 x 14 rrm. 

Type number 65561 - A 0000 - R 0.33 

Fortner Type B 65562 - A 0000 M 001 

L4 205 Turns 34 SWG. Core and Former as for 13 

L5 100 Turns 34 SWG. Core and Former as for L3 

The Siemens Cores mentioned above and the integrated circuits LM ar and LM 381 
are available from ELECTROKIT, 12 LAUDERDALE ROAD, LONDON W9. 

The LM 337 is 4.9p and the LM 381 is £2.46 • 

09 « < 
fr 

Preamplifier component overlay 

0.1 
C 0 
Z 

-DO 

to 

HOW IT WORKS — PREAMPLIFIERS 

Considering channel 1 of the board 
only, ICI is wired as an inverting 
amplifier. The gain of this amplifier is 
varied by RV1 — the volume control, 
and set at high, medium or low by 
SWI — the sensitivity switch. These 
• controls vary the gain of the 
amplifier by adjusting the negative 
feedback. More feedback, less gain , 
and vice-versa. 
SW1 changes the range of RV1 for 

maximum gains of 20dB, 40dB and 
55dB when the low impedance input 
is employed. With the sensitivity 
switch at low the minimum output of 
this stage is virtually zero, while a 
minimum gain of 6dB is realised 
when the sensitivity is set at either 
medium or high. Gains when the high 
impedance input is employed are all 

20dB lower than those given above. 
The input impedance to the IC is 

virtually zero, when used as an 
inverting amplifier. Therefore the 
input impedance to the preamplifier 
is determined by R3 for the high 
impedance input, and by RI in 
parallel with R4 for the low 
impedance input. R9 and R7 set the 
bias of the IC. The tone control stage 
is a conventional feedback type. 

Note that where different input 
impedances from those specified are 
required, the values of R1 (or R2) 
required may be calculated by the 
following formula 

R = (4700 x Zin)/(4700 — Zin) 
where Zin is the desired input 
impedance. 
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la 

A TAG CAPACITOR 
I.C. VIEWED SHOWING POLARITY 
FROM ABOVE 

HIGH 
IMPEDANCE 
INPUT 

- LOW 
IMPEDANCE 
INPUT 

HIGH 
IMPEDANCE 
INPUT 

LOW 
IMPEDANCE 
INPUT 

93 
47k 

94 
2 4.7k 

• SEE TEXT 5 

R5 
47k 

R6 
4 4.7k 

C3 
1pF 

C4 
1pF 

PIN 1 IN TO LEFT OF TAG. NUMBERS 
INCA MING ANTICLOCKWISE 

R7 LOW 

390k 

VOLUME 

RVI 
50k 
LOG, 

14 

ICU2 

13 

C5 C.7 
4.7µF 4.7pF 

HIGH 

SENSITIVITY 
SWITCH 

SW 1 

RE LOW 
92• 390k 

VOLUME 

RV2 
50k 
LOG. 

C6 
4.79F 

12 

SENSITIVITY 
SWITCH 

SW2 

911 R18 
10k 15k 

919 

CB 
4.7µF 

914 920 
10k 15k 

915 
lk 

C9 
0.0047µF 

010 
0.0047pF 

13 TREBLE 15 

RV3 
25k 

14e LIN 

0.0IpF 0.01pF 

9V5 
25k 

20e LIN 

0.01µF 0.01stF 

RV6 
100k 
LIN 

BASS 

0.0047pF 

0.0047µF 

CI8 
2 4.7pF 

926 RV8 
10k 
LOG. 

26 

RV7 
10k 
LOG. 

+ vcc 2 

R31 
100k 

ECHO SEND 

NOTES. 

ECHO SEND 

BALANCE 

RV9 
5 Ok 
LIN 

= C20 
4.7pF 

30 

BALANC 

POWER SUPPLIES OF 
I.C.s ARE NOT SHOWN 
PIN 9 ICl IS sVcc 
PIN 4 ICI IS OV 

R16 PIN 7 102 AND IC3 IS Vcc 
10092 The circuit diagram of one of four identical preamplifier PIN 4 IC2 AND 103 IS OV 

boards. I.C. 1/1 and I.C. 1/2 are in the same package. 

RV1 0 
50k 
LIN 

 o 

THIS LIST CONTAINS ALL PARTS- EXCEPT 
METAL WORK, FOR A COMPLETE PREAMP-
LIFIER AND TONE CONTROLS. FOR ANS 
CHANNEL MIXER FOUR SETS OF COMPONENTS 
ARE REQUIRED 

PARTS LIST (PREAMP) 

R1* 
R2* 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
All 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 

RESISTOR 200 ohm 5% 
200 ohm " 
47k 
4.7k " 
47k 
4.7k 
390k 
390k 
4.7M 
4.7M 
10k 
1 k 
100ohm " 
10k 
1k 
100ohm " 
2.2k " 
15k 
2.2k 
15k 
47k 
47k 
2.2k 
15k 
2.2k 
15k 
10k 
10k 
10k 
10k 
100k 
100k 
10k 
10k 

IC3 

PC board ETI 4I4A 
8 knobs for rotary potentiometers 
2 knobs for slide potentiometers 
2 3P-3T slide switches 
3 1" spacers 
4 6,5 mm phone sockets 

Cl CAPACITOR lbtF 
C2 " lie 
C:3 I, lbtF 
C4 II 1/IF 
C5 " 4.7µF 
C6 ,, 4.7µF 
C7 ., 4.71.1F 
C8 ,, 4.712F 
C9 " 0.0047µF 
Cl 0 " 0.0047mF 
C11 JI 0.01/IF 
C12 II 0.0111F 
C13 II 0.011./F 
C14 ,. 0.01µF 
C15 " 0.0047µF 
C16 " 0.0047µF 
C17 4.7µF 
C18 ,, 4.7µF 
C19 ,. 4.71/F 
C20 .. 4.7µF 

RV1 potentiometer 50 k LOG 
RV2 " 50 k LOG 
R 3 " 25k LIN 
RV4 
RV5 
RV6 
RV7 
RV8 
RV9 
RV10 

100 k LIN 
25 k LIN 
100 k LIN 
10 k LOG 
10 k LOG 
50 k LIN 
50 k LIN 

35V TAG tant. 
35V 
35V 
35V 
35V 
35V 
35V 
35V 
35V polyester 

/7 

35V TAG tantalum 
35V " " 
35V " 
35V " 

slider pot 

IC1 integrated circuit LM381 
IC2 " " uA741, LM307 (metal can or 

. mini dip only) 
uA741, LM307 (metal can or 

mini dip only) 

* see text. 
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ETI MASTER 
MIXER 

• 

rn 

erà  
MUM 

• 

ee 04) ri § 09, cvs:icet, 
81cho Or Ce: 000 • 00 ao 

8-8 
•optioe Le I •• •• 
§ 008 cre•—"ak.;% 

88 

8 00 
00 

• 

00 
00 

The printed circuit board pattern for the pre-
amplifier sections — shown full size. 

Fig. 1. This diagram shows connections to 
the potentiometers and sensitivity switches 
associated with the preamplifier boards. The 
numbers corresponds to those on the pre-
amplifier circuit and overlay diagrams. 

THIS FEATURE WILL CONTINUE NEXT MONTH 

THE FREE HEATHKIT 
CATALOGUE 
features 

• ;.• NEW 1214 SERIES STEREO HI-FI 
Ideal for use for quadraphonic sound. 

the HOW AND WHY OF 
KIT BUILDING 
Electronics is fun the HEATHKIT way. 

BUILD YOURSELF A PAIR 
OF SPEAKERS 
in an evening -enjoy Stereo sound. 

GET THE BEST IN HI-FI 
Enjoy worthwhile kit savings. 

SOMETHING FOR ALL 
THE FAMILY 
even a battery charger for dad. 

LOW COST STEREO RECORD 
PLAYER 
amazing sound value. 

NEW MULTI-SPEAKER KIT 
Features Four KEF Hi-fi Drive Units. Offers 
monitor quality at lowest cost. 

NEW AM/FM STEREO 
RECEIVER KIT 
Solid State FM IF Circuitry, two IC's, two 
ceramic filters. 'Slack magie lighting. 

NEW PORTABLE ENGINE 
ANALYSER KIT 
Versatile automotive testing and trouble-
shooting. 

LOW-PRICED TESTERS AND 
INSTRUMENTS 
for the hobbyist and technician. 

PLUS 
all the models you have read about in 
international publications. 

17Iease send me the FREE Heathkit catalogue 
I Name  

Address  • 

IHeath (Gloucester) Limited 
ETI/.5/73: 

Post the coupon NOW for a FREE copy l Gloucester GL2 6EE 
I Telephone 0452 29451  _1 Heath (Gloucester) Limited, Gloucester GL2 6EE.L_. ..._ 

HEATH 

Schlumberger 
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SANSUI 
AMPLIFIER 
•A0505 

At first appearances the AU 505 is 
nearly identical to the AU 101 
that we reviewed in the 1971 

May issue. However' power output of 
this new unit (at rated input level), is 
23 watts whilst that of the AU 101 is 
15 watts. 
The only external difference is the 

addition of three level-switches and 
the changing of the rotary power "ON 
OFF" switch to a combined 
power/speaker selection switch. 
The external appearance is 

traditionally Sansui, with a black front 

panel framed at each end by a 
chromed strip, and veneered timber 
side panels. 
The top row of controls consists of 

four small chromed knobs and two 
large chromed knobs. These knobs 
provide the following facilities, from 
left to right:— 

a) Mains "ON OFF" speaker select 
switch with five positions — mains 
OFF, speaker system A, speaker 
system B, speaker system A & B 
and speakers OFF. 

b) Continuously variable bass control, 

electronics 
TODAY 

INTERNATIONAL 

product test 

A medium-priced 
amplifier from Sansui 

producing 23W per channel 

with marked 2dB steps from -10dB 
to +10dB. 

c) Continuously variable treble 
control, with marked 2dB steps 
from -10db to +10dB. 

d) Balance control. 
e) Volume control continuously 

variable, and marked from 0 to 10. 
f) Source selection control with three . 

positions: microphone, phono and 
auxiliary. 

This arrangement of controls follows 
the general trend of some of the better 
quality amplifier manufacturers in that 
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the two most used switches, the power 
"ON OFF" speaker selection switch, 
and the source select switch, are 
located in the top left hand and right 
hand corners respectively. The 
amplifier therefore was very easy to 
adapt to and operation was straight 
forward. 
The bottom row of controls are as 

follows from left to right: 

a) Ring tip and sleeve socket for 
headphones. 

b) Black aluminium lever switch for 
low frequency cut off. 

c) Black aluminium lever switch for 
high frequency cut off. 

d) Small mains ON bezel. 

e) Black aluminium lever switch for 
loudness control. 

f) Black aluminium lever switch for 
stereo or mono mode selection. 

g) Black aluminium lever switch for 
tape monitoring — source of 
playback. 

h) Five pin DIN socket for 
combination tape-recorder, record 
playback DIN patch cord. 

j) Tip and sleeve socket for 
microphone input to right channel 
only. 

k) Black aluminium lever switch for 
tuner input select. 

All other input and output facilities 
are located on the rear panel and 
consist of the following: 

SANSUI AMPLIFIER AU505 
MODEL AU 505 SERIAL NO. 022051203 

Power Output 
(For rated input of 200 mV into 8 ohms) 

Both channels driven 
One channel driven 

Frequency Response 

Channel Separation 

Auxiliary input 
Phono input 

Hum and Noise 
(Unweighted with respect to rated power of 23W) 

Auxiliary 
Phono 

Input Sensitiyities 
(For rated power — 23W) 

Phono input 
Auxiliary input 
Tuner 

Total Harmonic Distortion 
(At rated output — 23W) 

Tone Controls 
Bass 

Treble 

Loudness Control 

Filters 
High 
Low 

Dimensions 

Weight 

20W 
25W 

20Hz to 20kHz ± 1dB 

100Hz 1kHz 
50dB 45dB 
47dB 45dB 

84dB 
64dB 

2.9 mV 
205 mV 
205 mV 

100Hz -0.39% 
1kHz -0.55% 
6.3kHz -1.2% 

12db Boost at 50Hz 
15dB Cut at 50Hz 
10dB Boost at 10kHz 
12dB Cut at 10kHz 

8dB Boost at 50Hz 
7dB Boost at 10kHz 

9dB Cut at 10kHz 
10dB Cut at 50Hz 

115mm x 407mm x 278mm 

8.0kg. 
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SANSUI 
AMPLIFIER 
AU 505 Brüel & Kjcer 

rwrienhogen 

searing Obj.: 
ERE I UENCY 

SE 
OF SANSUI  3 
AU 

B s AND  

FBOOST AND  
CUT  

decibel 

OP 1120 

i•:.1(111711.11-11r:   

Potentiometer Range 50 Rectifier__RMR Lower Lint Freq.: 20 Hz 1 5._nuestec _dB _ Wr. Soaed: _3 Paper Speed:_i_mm/ 
_. - - 

---t 

11___,I1 II ___j• W __W 
I 

1 1 

-- I / 

__1-1 _I 
I 

_ 1 

-. 

4 - 
' .- 

-r-- 

- 

• 

t ...1_ 
4--L--L -

iEE.iiiij -- 
' a L 1-LL 

20 Hz 50 100 200 500 1000 2000 5000 10000 20000 40000 DA BC 

Muftis, y Frequency Scale b Zero Level: (1612/21121 A B C Lin 

 -SAIL IL ii_  

Brüel & Kjcer Potentiometer Range: SO dB Rectifier- MS Lower Lim Freq - 20 Hz Wr. Soso& 31S Paper Speed:_3___mrrds mm/sec 
•5 • . Copenhagen 44 .f__ 

I — l _1 • r 
1 

_ 
_  r 

-Ør d 
I--- 

_ 

40, 

=-- 
417 -11 L 

_ 
' ' ' Measuring Obi, '  

I 1I r 1 

i r- 1-1-1-

SILL_ , _ , 

____ _WITH  
LOUDNESS 

_ 

CONTROL ON 
_ 

- - 
2 

1 decibel __, I- ! I per -- - 
diviçien 

1 • 

4 I I 

i Rec. No, 

',me:4.9.1972 h- i 1-
g , ' 

Five pairs of RCA sockets for — 

a) Phono input. 
b) Auxiliary input. 
c) Tuner input. 
d) Tape recorder output. 
el Tape recorder monitor input. 

Spring loaded terminals are used for 
the speaker outputs. Other features 
included on the back panel are one 
switched and one unswitched two-pin 
mains output sockets for powering 
auxiliary equipment, and a large 
ground terminal. 
Three fuse holders are also located 

on the back. A 1.5A fuse is wired into 
the mains input and 2.5A quick acting 
fuses are inserted in each supply rail to 
the power amplifier stages. 
A five pin DIN socket located on the 

front panel is a very practical 

arrangement. So often one needs to 
connect someone else's tape-recorder 
into one's own system and as a result 
has quite a problem making all the 
necessary interconnections. The 
difficulty is often compounded by the 
amplifier being located in. a dark 
confined space. 
Sansui's use of a front-mounted DIN 

socket is therefore very worthwhile. 
Had it been possible to switch select 
inputs from either the front DIN 
socket and the rear DCA sockets the 
arrangement would be of even greater 
value. 
The internal layout is extremely neat 

and uncluttered and provides easy 
access to all components. The printed 
circuit boards are clearly marked with 
component numbers and eyelets 
labelled emitter, base and collector for 

each transistor. The power transformer 
is fully shielded and at the opposite 
end to the inputs and preamplifiers. 

MEASURED PERFORMANCE 
The measured performance was very 

good with most parameters meeting 
the manufacturer's specification. Hum 
and noise was unusually low — being 
-64dB on the Phono input and -84dB 
on the Auxiliary input. 
The loudness control becomes 

effective below approximately tWo 
watts output. This is an ideal setting 
for the average domestic speaker/room 
combination. It is however rather 
abrupt in operation — going from a 
flat response to full treble and bass 
boost within 7dB. 
Although within the manufacturer's 

specification, harmonic distortion was 

(Turn to page 41) 
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The largest selection 
BRAND NEW FULLY GUARANTEED DEVICES 

40107 020 AD102 088 130148 0-10 B0137 
AC113 0•20 A0161 2 BC149 0-12 B0138 
10123 0•23 10162 (MP) 00150 018 B0139 
A.0117E O-20 055 BC101 020 20140 
ACI22 0-12 ADTI40 050 ECM 0•17 130155 
1012.5 017 AP114 024 00153 028 BD175 
AC126 ee AF115 0•24 130154 0.80 00176 
10127 017 15116 0.24 00107 0-18 20177 
AC128 017 AF117 0.24 BCI58 0.12 130178 
de132 014 AP118 085 BC159 0-12 BD179 
AC134 0-14 AF124 0-$00 130160 045 B0180 
10237 014 AP123 025 110161 0-50 BD185 
AC141 0-14 AP116 0-28 BC167 012 BD186 
ACI41 K 0-17 AP127 0-28 BC168 0-12 BD187 
40142 014 AF139 0.30 130169 002 BD188 
AC142K 017 AF178 0•50 00170 012 00180 
AC151 015 AP179 0-50 BC171 0-14 130190 
AC154 0-20 AP180 050 00172 0-14 110195 
10125 0•20 AP181 0-46 80173 0-14 110196 
AC136 0•20 AF186 0-46 26C174 0-14 B1097 
AC157 0-24 erma 0-87 BC175 0.22 00198 
Acme 0.29 AL102 085 110177 0-19 130199 
10188 0-20 AL103 065 130178 01.9 00200 
.40167 020 A8436 025 130179 0-19 B/3205 
AC168 024 18437 030 110180 024 BD206 
AC169 0.14 ABY28 25 BC181 0-24 111)207 
10176 oeo 35429 025 BC182 0-10 130208 
40177 0-9A A13430 0.25 1301821. 0-10 0D420 
10178 022 A84.51 025 BC189 010 BP115 
AC173 0.28 A8431 0-25 BC1831. 0-10 11E117 
10180 0.17 18454 025 )30104 0.12 BF118 
ACISOK 020 18455 025 801840. 012 BP119 
AC1131 017 A.8456 0.25 ECM 028 BP121 
10161K 0.20 A0457 025 20187 023 13E123 
10187 0.28 A0458 025 00207 0-11 /3012.1 
AC187K 020 ASZ21 040 BC208 011 111027 
40188 0-22 BC107 059 BC209 0-12 3310.52 
10158H 0.20 130108 0.09 BC212L 0-11 BF153 
ACY17 526 00109 0-10 BC213L 0-11 130154 
ACY18 0-20 000113 0-10 BC214L 0-14 20155 
210419 0-20 00114 0-15 130223 025 111,136 
A0420 0-20 13C115 015 80224 035 BP157 
10421 0-20 130116 eia B0480 024 2E158 
ACY22 016 110117 0•15 110411 0-28 2E159 
ACY27 0.18 110118 000 B0432 0.30 100160 
ACY28 019 130119 080 110433 0-22 80162 
ACT» 035 130120 0-20 110434 0-25 111083 
A0430 022 110125 0•12 BCY70 0.14 BF164 
A0131 0-28 riC126 0-18 BCY71 0.18 BPIF. 
1043.1 021 BC132 0-12 130472 0-14 00167 
ACYS5 021 BCI34 0-18 110210 0-23 80173 
10430 0.28 Bel 85 Olt HCZ11 025 8E176 
ACY40 0-17 80126 0-15 130212 025 BE177 
ACY41 0-18 B0137 0-15 00121 0.60 B0178 
40141 035 130139 0-40 DUI 23 0-85 11E179 
AD130 0-38 130140 0.30 110124 060 135160 
11/140 058 .130151 030 110131 050 BF101 
10142 048 110141 580 130132 080 180182 
11/143 0•38 B0143 0-80 01/153 0.65 8E153 
10149 050 130145 0.45 110135 040 smeo 
.40161 038 80147 0.10 BDISII 040 110183 

0-45 
0•60 
ens 
0-60 
0-80 
0.80 
0-80 
055 
ea 
0-70 
0.70 
0-65 
o-ea 
0-70 
0•70 
0-75 
0-76 
0-85 
0-85 
0-90 
060 
0-95 
0-95 
0-80 
0-80 
095 
0-25 
POO 
0.24 
0-45 
0-70 
070 
0.45 
050 
0-45 
050 
055 
0•45 
0-45 
570 
0-48 
056 
0-55 
0-60 
0-40 
0-40 
0.40 
0-40 
0-40 
o-e 
0-22 
0-85 
0-85 
0-30 
0-80 
0-30 
0-30 
0-40 
050 
0.25 
0.30 

051813 0-40 0019 tr•35 
BP014 0-12 0020 063 
BE195 002 0022 0.88 
05198 0-14 0023 0-42 
05197 0-14 0024 0.66 
05200 0-45 OCRS 0-28 
/15222 055 0026 025 
00257 0•45 0028 0-50 
00258 0-60 OCRS 0-60 
BP259 0-85 0033 0-42 
BF262 0-66 0036 0-60 
8E363 0-55 0041 0-20 
8E270 o-as 00.42 0-64 
BF271 030 0044 0.15 
135270 0.80 0045 012 
05273 0-85 0070 0-10 
135174 035 0071 0-10 
BFW10 050 0071 014 
135X29 0-27 0074 0-14 
B0X114 0-22 0075 0-15 
BEAM 0-$00 0076 015 
BEX86 022 0077 0*26 
BFX87 024 OCIS1 0.15 
IIPX88 0•22 00810 015 
131,150 0-20 0082 516 
110451 0-20 008213 0.15 
215152 020 0083 0-20 
BEY53 017 0084 0-20 
BPX25 0-85 00139 0-20 
118X19 2-15 00140 0.20 
138X20 0-15 00169 Ole 
02423 0.15 00170 0-25 
/38126 0-15 00171 0.25 
11.2127 0-15 00200 0-26 
B2128 012 00201 0-28 
B2429 0-15 00202 0.28 
B8438 0-18 00203 0-25 
130139 0113 00204 0-25 
138140 023 00205 0•35 
B21141 0.28 00200 0.40 
88495 0-12 P3461 0-23 
B84951 0-12 P397 0-42 
80100 00571 0-48 
0111E 050 0E012 0-4$ 
C400 0-30 02080 050 
0407 0•25 0111.61 0-40 
0-124 0-20 83140 0-12 
C-12.5 0.50 ST141 0-17 
0426 0-35 11843 0•30 
0428 0.20 UTO 0-R7 
0441 0-80 20901 0•00 
0442 0-30 20302 0-19 
0444 585 20303 0-19 
0450 0•22 20304 0-24 
MAT100 0-19 20306 0-40 
MATIOI 0-20 20308 0-35 
MAT120 0.19 20309 035 
SIAT121 0-10 10339 0-20 
MPF102 0.42 103391 0-113 
MPE104 0-87 20344 0-18 
2008105 0-37 20345 0.16 

20371 006 
2/337111 012 
20373 0-17 
20374 0-17 
20:177 530 
20378 516 
20381 0-18 
20382 016 
20401 030 
20414 030 
20417 ezé 
2E388 0.33 
2N388A 0-65 
2E404 0-20 
2,524041 0-23 
252524 042 
257527 049 
24598 0-42 
252599 0-45 
28696 002 
2E697 0-11 
2:4698 0-24 
2E699 0-35 
2E706 0.08 
2517061 0•09. 
2E708 012 
29711 0•30 
011717 0•35 
2E716 0•24 
2147181 0-50 
2E726 0-28 
2E727 0-28 
252743 0-20 
21,744 0-20 
2N914 0-14 
2E918 0-30 
252925 0-21 
211930 521 
2E1131 0-20 
2E1132 0-28 
2571302 0•14 
2521303 0-14 
1511304 5.17 
2E1305 0-17 
2E1306 0-21 
5E1307 0.21 
2E1308 0-23 
2E1309 0.28 
2E1613 0-20 
2E1711 0-20 
2E1889 0•32 
301890 0-45 
2141893 0-37 
2E2147 0-73 
2E1148 567 
193160 060 
292192 0-35 
2522193 0-35 
2E2194 0.25 
2707217 0.92 
2E2218 0•20 

2E2219 0-20 
2E3220 0-22 
2E2221 0-20 
2E2212 0.20 
2522388 0-17 
2E2369 0-14 
2E23691 0-14 
2512411 0-24 
1E2411 524 
2E3646 0-47 
2142711 0.21 
2E2712 0-21 
2/42714 0-21 
9142904 0.17 
322904A 0•21 
202905 0-21 
2N2905A 0.21 
2E2906 015 
25229081 0-18 
2E21107 020 
2142907.4 0-22 
2E1923 0-14 
2E1924 0-14 • 
2122925 0-14 
2E2926 (C) 

0.12 
2E2926 (4) 

0-11 
1E2916 (0) 

0-10 
2523928 (R) 

0.10 
292926 (10 

510 
292010 0-70 
2123011 0-14 
293053 017 

2E2054 
2E3055 
2E8391 
2933911 
2E3292 
2113393 
1E1395 
2E3595 
2112402 
2E3401 
2E3404 
2E3405 
2E3414 
2E3415 
123416 
2E3417 
2N3525 
2E3648 
2E3702 
1513703 
2E3704 
2E3705 
2153706 
2E3707 
2E3702 
292709 
2E3710 
2143711 
2E3819 
2E3820 
2E0821 
2513823 
2143903 
2E3904 
2129905 
2E3908 
2E4058 

066 
0-60 
0-14 
0-10 
0-14 
11-14 
0-14 
0-17 
0.21 
0.21 
0-28 
068 
0.15 
0-15 
0-2B 
O.28 
0.75 
0-09 
0-10 
010 
001 
0-10 
0-09 
0.11 
057 
0-09 
0-09 
059 
0-251 
0-50 
055 
023 
0-2/3 
0-80 
028 
527 
0-12 

2E4059 
2514060 
2E4081 
2514062 
2514284 
3E4180 
1E4286 
2E4287 
2E4288 
2114280 
2E4290 
2124291 
2124212 
29'4293 
2525171 
2125457 
2123458 
2N54511 
98301 
283021 
28302 
22303 
mho 
onma 
213106 
28307 
28321 
28322 
281391 
213323 
28324 
28925 
28326 
28927 
28701 
40341 
40362 

0-10 
0-12 
062 
012 
017 
0-17 
0-17 
0-17 
0-17 
0-17 
0-17 
011 
0-17 
0-17 
0-12 
038 
0E8 
0-40 
0-50 
0.42 
0-48 
0-55 
0-70 
0.84 
0-84 
0-84 
0-56 
042 
0-42 
0-56 
0.70 
0-76 
0-70 
0-70 
0-42 
0-40 
0-43 

DIODES AND RECT1111311 

A1119 008 BY133 021 0A10 085 
A1120 2-08 134164 060 03.47 007 
21.129 0-00 BYX38/30 0170 007 
AAY20 009 042 0179 007 
AA213 010 BYZIO 035 0/81 007 
BAUM 010 BYZII 030 0181 009 
BA116 021 BYZ12 030 OAK( 006 
01128 022 B11313 025 0191 006 
BAI48 014 BYZ16 040 OAPS 007 
BA154 012 24217 035 01300 008 
21185 014 BYZ18 085 01202 007 
BA156 013 BYZ19 028 ODIO 005 
111100 015 0002 0019 055 
BY101 012 (Eel 0191 1E34 007 
BY105 017 06 151341 0/ 
BYI14 012 00631 1E914 008 
134126 014 (En) 0170. INS1113 008 
134127 015 0179 008 044140 006 
BY128 015 015 035 18021 010 
BYI30 016 OA3SL 021 18951 006 

FULL RAIEIE OP 
WEE DIODES 
VOLTAGE RA= 
8-28V. 400m1, (1)0-7 
Case) 185 ea. 15W (TOP-
Rat) 1130 ea.10117 030-10 
Stud/ Up es. All 'any 
tested 5% tol. and 
marked. State voltage 
reed/ed. 

10 amp POTTED 
BRIDGE RECTIFIER 

on hat sink. 

100PIV. 90p each 

NEW LINE 
Phatie Eneamulated 
11 Amp. U..=3 RUTS. 
no. RES 825 melt 
100v RMS 379 
400v RNA 480 ., 
Size 19 mm x 6 mm. 

VILY173017011 
17246. Hoyt. 2E2848. 
F.qvt. 11243. 13223000 
27, each. 2249 2115 
100 145 305. 

CADMIUM CELLS 
08018 485 

011060,08E61 405 each 

GENERAL PURPOSE 
NPN SILICON SWITCH. 
ING TRANS. TO-18 
SIX. TO 237066. WY-
Win:05X £1.1 nimble 

device. no 080X0 or circuits: 03100VA1130 AVAIL. 

ABLE in PEP 81m. to 
2E2906, 80470. When 
ordering Pleme Mee 
preference NPN or PEP 

fir 
20 For 0-60 
50 For 150 
100 For 1.75 
500 For 7-60 
1000 For 18.00 

SIL. 0.10. DIODES Sp 
300mW 30..0-50 
40PIVIMIn.1 100..150 
Sub-M10. 500..500 
Pull Teated 1,000. 900 
Ideal for Organ D°08412.-

KING OF THE PAKS Unequalled Value and Quality 

SUPER PARS NEW BI-PAK UNTESTED SEMICONDUCTORS 
SaUsfactIon GUARANTEED in Every Pak, or money back. 

Pak No. Description Erie. 
U 1 120 Olesse Sub-Mln. General Purpose Germanium Diodes 0•50 

U 2 60 Mixed Germanium Tranandors AF/RF . 050 .  

U 3 75 Ornmnium Gold Bonded Sut-Min. like 015, 0447 .... 0-50 
▪ 4 40 Cormattlum Transistors like 0031. AC1.28  0-50 

U 5 60 300011 Bub-Man. Silicon Diodes   0.50 

U 6 30 Sil. Planar Tray. NEE like 1014954. 29706 -------000 
7 16 9.11. Reetlflera TOP-1111 750mA VLTG. RANGO. up to 1000 0-50 

1.1 8 50 Ill. Planar Diodes DO-7 Glees 2 On, Ida 01200/20 . 053 
U 9 20 Mixed Voltages, 1 Watt Zoner Diode. '  0-50 

1/10 20 BAY50 charge storage Dinfi@M DO-7 Olass  0-50 

Ull 23 PEP MI. Planar Tram. TO-3 like 2521132. 21,2904  050 
1.112 12 Silicon Rectifier( Epoxy 501/mA up (0 000 P1V.  050 
1113 (11) PNP-NPN SIL Translators 00200 a 12104  050 

U14 150 Mined Silicon and Germanium Diodes 0-50 
013 25 NON till. Planar /ran. 105 like 8E451. 2E697  0-50 

15113 10 3 Amp Silicon Rectilien. Stud Type np to 1000P14 .  0.50 

U17 30 Oermanium PEP AP Transistor. TO-5 like ACY 17-22 0-50 

1118 8 6 Amp Milks. Rectifiers 131213 Type up to 600 P14  0-50 
019 13 Sllicon NON Translators like 110108 ---------0-00 
020 12 1-5 Al, Silicon Rectiters Top Hat up to 1000 P14  0-50 

1)(21 30 AP. Germanium Alloy Transistors 20300 Penes et 0071  0-50 
023 30 MADT'a like MHz Bert., PEP Transistors --------000 

1724 20 Germanium 1 Amp Rectifier. 0.1M Series up to 300 P1V 0-50 
O25 25 300 al liz NPN Silicon Transistors 3E708, 118427 . . 0-50 

1136 30 Fast Switching Silicon Dirwlen like 1E914 Micro•Min. 0-50 
037 12 NON Ocomnium AF Transistors TO-1 like AC127  0-50 

6129 10 1 Amp OCIO. TO-5 mn, up to 600 PIV CR81/15.600 1.00 
' 1/30 15 Plante silicon Planar trono. NPN 2E2928  0-30 

031 20 Silicon PlenmPlastic NEE Tram 1,01V Nffi. Amp 2N2707 0.20 
1.133 25 Zoner Mates 400mW 00.7 ease 3-10 volts mixed . 0•50 

1133 IS Plastic Cale I Amp 0111,0,0 Rectifiers 1h4000 Scrim  0-50 
1534 30 Silicon PEP Alloy Tram. 10-5 fiCI.26 26302/4 . . . 0-00 

U35 27 Silicon Planar Transistor. PEP TO.11l 292908  520 
036 55 Silicon Planar N PN Transistors Tf./..5 351508182 0-30 

1137 30 Silicon Alloy Transistors 80.1 PEP 00200, 26222  0-50 
Cut( 20 Past Switching Silicon Tram. NPN Mar 2E3011  0-50 

1139 30 it.P. tienn. PEP Transistora 2E13035 305 ---------050 
1-40 10 Dus) Transistors 6 lead TO-5 2N21:16,1  0-50 

1141 25 RP Germanium Transistors 103 0045 NKT72 0-50 
042 
U43 
U44 

U45 

lo VHF 1.ermaniurn POP Tramostor TO-1 9 laTn6e. AFIle 0.30 

3.5 SU. Tntne. Plastie 10-18 AK 80113(114 --------0-50 
20 MI. Innis. Plastic TO5 110113(NPN  •  050 

7 31 nee. 1001 up to 6o0 ply   1-00 

Code No.s mentioned above ere given as a guide to the type of device in 
the oak. The devices themselves are normally unmarked. 

A LARGE RANGE OF TECHNICAL 
AND DATA BOOKS ARE NOW 

AVAILABLE EX. STOCE. 

SEND FOR FREE LIST-

QUALITY TZSTED 1114111CONDUCTORS 

Pak No. PG« 
SP 

QI 20 Red 07(01 tranaleton PEP  0-50 
Q2 16 White spot R.P. trsusistors ENE   0.50 

93 4 OC 77 type tranalstors  050 
94 6 Matehed tronsietons 0044/483847110  050 
Q3 4 OC 75 transistors  060 
90 3 OC 72 translstors-  0-50 
97 4 AC 128 tranalstors PEP high ran   0-50 
Q8 4 AC 120 transistors PEP  0-60 
Q9 7 OC 81 type tranalatons  050 
Q10 7 OC 71 type...misters  0-60 
911 2 AC 127/128 Complementary Van reeNPN 050 
912 3 AF 116 type transistors   060 
913 3 AP 117 type tramletors   050 
911 3 OG 171 11.F. type transistor.   0.50 
915 7 242926 80. Epoxy translators mixed colour  0-50 
916 2 0E/880 low no1m Germanium transistors  0-50 
Q17 5 NEE 2 x 81.141. 2 3 x 81.140   0.50 
918 4 MADT'S 2 X MAT 100 k 2 X fdAT 120  050 
Q19 3 MADTB 2 X MAT 101 1 1 It MAT 121  0-50 
920 4 OC 44 Gerrainium translators A.F.   O-50 
921 4 AC 127 NPN Germanium translators  050 
922 20 NET transistors A.P. R.F. coded   0-50 
923 10 OA 202 Silicon diodes( eub.mln.   0-50 

0-60 
0-50 

Q24 0 OA 81 dloclea  
925 15 1E915 Silicon diode. 75 PIV 75mA  
926 8 OAPS Germanium diodes sub-min 1E69 .... 050 
927 2 10A PI" Silicon rectIllera 1643311   050 
1228 2 Silicon power rectiders BYZ 13  050 
Q29 4 Silicon translators 2 X 24696. I 5( 29697, 

1 X 3E698  0-50 
930 7 Silicon switch transistors 270700 NEE  0-50 
Q31 4 Silicon switch trandstors 214708 NPN  050 
982 3 PEP Silicon transistors 2 x 2E1131, 1 X 

2N 1132   0-50 
Q32 3 Silicon NEE transistors 1521711   0-50 
914 7 Silicon NEE trans/atom 2112261, 50051.110 

(code P397)   0.50 
935 3 8ilicon PEP 108. 2 x 2522904 di I x 

2N2905   0-130 

936 7 21.4301.6 10.01 plastic 300 MHz NEE  0-50 
937 3 2143053 NPN Silken translatora   0-50 
Q313 7 NEE transistor, 4 x 2E2703, 3 x 2E3702  0-50 

ELECTRONIC amma-am.E 

The MK Slide Rule, designed to odmplify Electronic cal. 
eulatIone features the following acales:-. Conversion of 
Freouency and Wavelength. Calculation of L, C and to 
of Tuned Circuits. Reactance and Self-Inductance. Area ot 
arcle. Volume of Cylinders. ReidsUince of Conductons. 
Weight of Conductor,. Decibel Calculations. Angle Pam. 
01 os X Meal Logs and e Function. Multiplication and 
Divlaion. Squaring. Cubing and 8qtisna Roots. Conversion 
of 1414 and Hp. A most for every electronic engineer and 
enthusian. Size: 0 ern. x 4 can. Complete with eme and 
Inatructiom. Price each: 68-85 

NEW LOW PRICE TESTED S.C.R.'s 
P14 IA 31 51 51 71 10A 163. 30A 

105 TOM 1066 TOM 1048 1018 3048 1048 
50 0-23 0-25 0-85 0-35 0-47 0-50 0-33. 1-15 
100 0-25 0-38 0.47 0-47 050 0-58 0-63 1•40 
200 0-35 037 059 0-49 057 031 0-75 150 

400 600 S:45.1 813 :12 g:11 ::(71 Tr, 110 
800 0-63 0-70 0.80 0-80 0-90 1-20 150 4.00 

SIL. SECTS. TESTED 
PIV 300mA 7511ntA IA 

0-04 0-05 5-06 
0-04 0-06 206 • 
0-05 0-09 0-06 

400 0-06 0-18 0-07 
SOO 0-07 0-16 0-10 
800 0.10 0-17 0-11 
000 0-11 0-25 0.14 
1200 

00 
100 
200 

1-ne m 
em em 
em em 
em em 
oh 027 
018 034 
025 027 
030 0-44 
058 047 

304 
0.11 
0-23 
0•24 
0-87 
0-45 
0-55 
0-63 
0-76 

30/ 
0•60 
0-75 
1.00 
1-25 
1-86 
2-00 
eéo 

POWER TRANS BONANEAI 
GENERAL PURPOSE GERM, PEP 

Coded 0E100. BRAND NEW TO.3 CASE. POSSIBLE 
REPLACE(-0025-28-39-30-35-38. NET 401-403-404-
405-406-430-451-452-453. T13027-3023, 2N250A 214456.1-
457.1.-4581, 252311 A es B. 10220-222. ETC. VCB0 80V 
VCE0 50V IC 10A FT. $0 werrs Hie 30-170. 
PRICE 1-24 22.99 100 rip 

439 each 409 each litip each 

SILICON High Voltage 250V APE 
TO-3 twee. OE. Switching .4 AnnollAm 
APPIleationa. Brand new Coded R 2400 
VCRO 250/ICE0 100/1C 61/30 Watts. 
HOE type oonx 5MHZ. 
OUR mum EACH: 
1 100 up 64 25-99 
50y  4.5p 405 

2N3055 
115 WATT 611 
POWER NPE 
60P EACH. 

SILICON 60 WATTS MATCHED ITPN614P 
HIP 19 14PN 10-8 Phonic. BIE 20 PEP; Brand new. 
VCB0 100/VCE0 50(10 10A. EFE type 200/It 3m112. 
OUR PRICE PER PAIR, 
1-24 pre. 603 25-99 yrs. 553 100 pre. 501 

AD161/162 PEP 
3111° COMP GERM TRANS. 
OUR LOWEST PRICE OP 

850 PER PAIR - 

SILICON PHOTO TRANSMT014. 
T13.18 Lens end NON film. to 
BP x 85 and 021. BRAND 
NEW. Full data ava/lahlt. 
Fully guaranteed. 
Qty. 1-24 25.99 100 up 
Onto 45 463 35p 

F.E.T.'S 
2E2819 35P 2E3'139 Boe 
2E3820 602 295459 458 
os(2521 359 BFW10 405 
202323 605 51E1(105 409 

BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT 

COMPETITIVE PRICES-

¡01130 COMPONENT 

PAU 

MIXED 
ELECTRONIC 

COX PONB.V TB 

EeerptialtaRy rood yam 

Resistors, caPaelton, 

POta. electrolYllm and 
etas plus nmny other 

useful Item. APPinsh 
mately 31ba M. weight. 

Price incl. P. 2 P. 21.50 

only. 

MACS 
VB014 2A OA 101 

TO-I 10.66 1038 
55 09 23 

100 30 60 76 
200 60 00 90 
400 70 75 1.10 

MACS 
FOR USE WITH 
TRIAC8 . 
Blum (D3)) 313 mob l 

FREE • 
00. 008 Pak of you 
own eholoe laso with 1 
artless valued 24 or ova. I 

BRAND NEW TEXAS 
GIRL TRANSISTORS 
code ani guaranteed 
Pak 21 . EQVT 
.12 203713 0071 

D1374 0075 
TO 01216 0081D 
14 202811 0081 
TI 2.02811 0082 
Ti 2034413 0044 
T7 203158 0043 
18 2(2370 0075 
TO 20999.1 2E1902 
110 20417 AF117 

All 60, <se Pan-

1112080 153 Mi. DUAL 
TRAWL CODE 01699 
TEXAS. Our pria. 230 I 
«eh. 

1E0 VCR REM DRIVER 
TRA/WISTOR. Slm. 
1313121 4 0407. 15211303 
FULLY TESTED AND i 
CODED ND 120. 1-24 
170 each. 10.5 NPN 
25 nn 165 each. 

611, trans. meltable for 
P.E. Organ. Metal TO-18 

ZTX300 Sp each. 
137 9(7. 

NEW EDITION 
1971 

!RABBIS= EQUIVA-
LENTS 800E. A onow 
Plete cross reference and 
equivalentl book for 
EUTOpele, Arlerileal and 
Japanese 'Penile-tom 
Exclusive to BI-PAIC 
905 

IS BALDOCK STREET (A10), WARE, HERTS. 

TEL. (STD 0920) 61593. 

OPEN MON.-SAT. 0.15 a.m. to 9 p.m.. FRIDAY DIAL 9 5.m. 
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the lowest prices! 
74 Series T.T.L. I.C'S 

01-PAM BULL LOWEST II PRICE PULL SPECIFICATION 

OIIARAITZED. ALL PA110118 NANIIPAOTOREE8 

8147400 
8147421 
81.17403 
8147403 
8147404 
0147405 
8117408 
6N7407 
8N7408 
8E7409 
8247410 
8N7411 
8147412 
111.47413 
8N7410 
fiN7417 
0247420 
81:7-122 
FIN7423 
8147425 
8147427 
8147423 
$747410 
8147432 
8247433 
8147437 
8741433 
8/47440 
8,47441 
8147443 
8N7443 
8147444 
8247443 
8147446 
8247447 
82:7448 

3-
0-35 
0.116 
0.15 
0.15 
015 
015 
096 
0115 
018 
016 
0-15 
0.24 
0.84 
0-26 
0-48 
0-43 
0-15 
0-50 
0-50 
0-60 
0-46 
0-70 
0-15 
0-46 
0.80 
0-64 
0-64 
015 
0-07 
0-67 

11-30 
1190 
1-80 
097 
1190 
21.00 

26 100+ 
0-14 012 
0.14 0-12 
0-14 012 
0.14 0-12 
014 0-12 
014 0-18 
0-81 0.243 
091 0-23 
0.17 0.10 
017 0.18 
0-14 0-12 
0.24 0-23 
0-81 0-22 
0-28 0-24 
0-40 0-83 
0-40 0-83 
0-14 0-12 
0.48 0.43 
0-48 095 
0-48 0-45 
0.42 090 
0-66 0-60 
0-14 0-12 
0.42 0.40 
0-76 070 
0-62 0-00 
0.62 010 
0.14 0-12 
0-64 0-U 
0-64 053 
1126 11.20 
£.25 11 .20 
11-77 11 .75 
0.94 0.88 
097 0.96 
0.97 096 

8N7450 
8/47451 
9N7453 
8247454 
8N7460 
8247470 
8147472 
0117473 
8N7474 
131:7475 
8747476 
81.77490 
8N7481 
8747483 
8147483 
8147484 
02:2433 
14N74811 
91147409 
8147490 
tiN7491 
0N7402 
8247463 
16/47494 
0247495 
8/47496 
81474100 
01474104 
61474105 
8/474107 
SN74110 
81474111 
81,74116 
EIN74119 
0N74121 
82474122 

1 
015 
015 
0-15 
0-15 
0.15 
0-29 
0.26 
037 
037 
0-45 
0-40 
0-67 

01.20 
087 

11-10 
81.00 
85-60 
0.82 

55150 
0-67 

81.00 
0.67 
067 
0-77 
0-77 
1)-87 
1/-85 
0-97 
0'97 
050 
0-65 

11-24 
81-00 
£1.85 
0-40 

11.40 

26 
0.14 
014 
014 
0-14 
014 
0-18 
0-24 
0.34 
0-35 
0.42 
039 
0.64 

81.15 
0.88 

21-05 
0-95 

03.60 
0.81 

115-24 
0-64 
0-96 
0-64 
0-64 
0-74 
0-74 
0-84 
01-60 
0.94 
0-14 
0.88 
0458 
21.15 
095 

11.25 
017 

11-80 

100+ 
0-12 
0-12 
012 
0-12 
012 
0-24 
0.24 
0-22 
0-52 
092 
05* 
0-58 

11-10 
0.86 
096 
0-90 

88.40 
0.80 
0400 
0.38 
0110 
0-48 
0-59 
0.66 
098 
0.78 

/1.55 
0-88 
0-88 
0.36 
090 
//-10 

'Mg .44 
1110 

8N74 l23 
8/474141 
1314 74145 
85174150 
81474151 
11N74153 
81474154 
81474155 
82474156 
SN74157 
8N74160 
82474101 
8:474162 
85774163 
19N74164 
8N74165 
82474166 
8/474174 
8N74175 
8N74170 
82474177 
8/474180 
EiN74181 
SN74132 
8N74184 
81474190 
8N74191 
8/474192 
82.'74193 
31474194 
81174195 
81474196 
82474197 
SN74108 
81074199 

1 
82-80 
0-67 
n.so 
es.co 
1190 
1190 
in») 
1190 
1190 
111-80 
8190 
111-80 
/600 
14-00 
aeo 
82-
U-00 
1-80 
11.60 
U.50 
22-50 
82-00 
56-50 
U.00 
13450 
11.96 
21.90 
41.95 
12-00 
1270 
12.06 
11-80 
11.110 
55-50 
85-50 

U 100+ 
12-70 U-80 
0-64 0-65 
n..to n•so 
12.70 42-60 
0-95 OSO 

/1-10 0'95 
£190 £1.60 
01.80 11-20 
1480 11.20 
Me Me 
11.70 81.40 
4170 111.00 
13-75 43-50 
1.75 18.50 
22.15 0210 
88.28 82-16 
13.25 08.00 
1E-20 12-10 
3190 1190 
12,40 u.so 
geo nlo 
m.60 n.o 
82.00 
no, n.o 
045 u-oo 
ne ne 
me ne 
ne ue 
ne ne 
ne ne 
ne ne 
ne ne 
ne ne 
woo £4.50 
1.5-00 14.50 

îhe AL50 HI-FI AUDIO AMPL 
50W pk 25w (RMS) 
01% DISTORTION! HI-FI AUDIO AMPLIFIER 

• Frequency Response 1511. to 1(10,000-1dIt. 

• lead-3. 4.8 or 18 ohms. • Supply voltaire 1046 Voile. 

• DIrtortion-bettor than 01% at 11,11, 

• Signal to noble ratio 80dB. 

• Overall rise 63 mm x 105 mm X 13 mm. 

Taller made to the most stringent speak-Mime using top quality 
components and incorporating the latest solid state cimatry conceived 
to 811 the need for all your A.F. amplOcatIon needs. 
PI7LLY BUILT-TESTED--GUARANTEED. 

BRITISH MADE. only £3.25 each 

STABILISED POWER 
MODULE SPM80 £2.95 
A280 la especially designed to power 2 of the ALSO Amplisler., up to 10 watt 
tr.m..) per channel simultaneously. Thin module embodies the latest corn-
ponente and circuit technique. Incomoraring complete abort dreult protection. 
With the addition of the Mal. Tranalormer MTRO, the unit will provide 
outputs of up to ampo at 95 valta. Slaw 63 ram x 105 num x 20mm. Theee 
units enable you to build Audio Systems of the highest quality at • hitherto 
unobtainable price. Also ideal for many other elMileations inclodIng,-Diseo 
Systems, Public Addrees, Intercom Unite, etc. Handbook evallable, 10p. 

TRANSFORMER BMT80 £1.95 p. Et p. 25p 

NOBEL 01386 mule 3015F 
Minitron 

Anode voltage (Oda) 170min 1725010 5 

Cathode Current (mA) 2-3 14 fl All Ind 

13 9 
  0.9 + E 

Point. A 
0.9 + E 
Point. A Numerical Height (mm) 16 

Tube Height (mm) 47 32 22 
viewg. 
da "  ta a 
1.71 ay 

Tube Diameter (mm) 19 13 12 wide' o .n reqn, 

LC. Driver Rec. BP41/14 BP41 or BP47 
141 141 

PRICE EACH 81.70 111.56 1190 

Icatore 
eelm..l 
11 aide 
Pill 

Is. all 
lable 

at, 

1347430BATED CIRCUIT PARA 
Manufacturers "Fall Outs" which Inclue Functional sad Part-Punctional runa. These ere classed as 'mite,. 
spot' from the maker's very rigid epecifleations. but are Ideal for learning about I.e. and merimentel work. 
Pak No. Contents Price Pak No, Contents Prim 

MC00=1217400 
ITIC01.12 x 7401 
U1002-12 x 7403 
1.1CO3= 11E 7403 
111004=12> 7404 
1111105 -12 x 7405 
1,1000 o. 8 X 7100 
1,71C07= 8 x 7407 
UIC11).. 12 X 7410 
MC13=807413 
UIC20= 12 st 7420 
010311= 12 )4 7430 
TIM -12 X 7^.40 
T1C-11-5 x7441 
01042=5 x7442 
01043=50 7443 
V1C44...5 x 7444 
01C43=5 x 7446 
Packs cannot te split but 25 assorted pieces (our udz) le available au FAX InC Xl. 

0-60 
0-60 
0.60 
090 
0-50 
0-60 
0-50 
0.60 
0-50 
0-50 
0.60 
0-50 
0-50 
090 
0-50 
0-50 
PM) 
0-50 

111C48-5 x 7446 
UIC47=5 x 7447 
1/1048=5 07448 
VIC50.13 X 7450 
U13.51-12 x 7451 
VIC53.12x 7453 
1J1054 =12 x 7454 
0106P-12 X 7460 
U1070= x 7470 
U1072 w x 7472 
U1073-837473 
1.11C74 =8 x 7474 
01C75 807172 
1110711=8 07476 
1/1080 -3 X 7480 
1/081=3 747481 
01003 -o3 X7403 
U10.83-5 x 7493 

0-60 
0.40 
0.50 
0-50 
0-60 
050 
0-50 
0-50 
0-00 
0.50 
0.50 
0.50 
0.50 
0'50 
0.50 
0.50 
0.50 
0.60 

Pak Xe. Content. Price 

Clegg -3 X 7486 
1.11C90 - x7490 
MC91=5,47491 
171092=5 x 7402 
111093-5 X7493 
171024=5 x 7494 
111095 =5 X7495 
171096w 5 x7496 
0)10100-0 x 74100 
U10121=5%74121 
010141=5 x 74141 
1.110151 =5 >74151 
070124-0 074154 
U10193=5 x74193 
ITIC109=5 x 74199 

0.50 
0-60 
0-60 
0-60 
0.50 
050 
090 
0.60 
0511 
090 
0-50 
050 
010 
0-60 
0-60 

IIICX1.25 ...sorted 74W 150 

STEREO PRE:U-1-1311MR TYPE PA100 
Built to a speciflœUon and NOT • price, and yet still the greatest value on the market, 
the 0191800 stereo pre-amplifier baa been conceived from the latest circuit technique. 
Designed for use with the ALSO power amplifier eyetem, this, quality made unit Incorporates 
a, Ian ttnn eight silicon planar transistors, two of theee are specially selected low noise 
NPN devices/Or...1n the Input rime. 
farm switched stereo Input.. and rumble end scratch alters are features of the P6100, 
which also him a STEREO/110E0 WW1, volume, balsas< and continuously variable 
bare and treble control. 

SPECIFICATION: 

Frequency response 20111-130kHz ±1413 
Harmonie distortion better than 0.1% 
Input.: 1. Tape head 1-2.5mV into 50KM 

2. Radio. Tuner 25MY into 501121 
3. Magnetic P.U. 15m\' Into oxn 

Au Input voltages are for en output of 250mV. Input overload 
Tape and P.U. Input,. equalised to RISA curve 800011, 
within ±1dB from 20Hz to 20kHz. Dimensions 

SPECIAL COMPLETE KIT COMPRISING 2 AL50's, 
1 SPM130, 1 BMT130 & 1 PAI00 ONLY £3.00 FREE p.&p 

Bass control 
' Treble control 
Filters: Rumble Ongh peas) 

Scratch (low pater) 
Signal/noise ratio 

*15,113 et 20111 
±15‘16 at 2051.1. 
100 Hz 
06165 
better than +133411 
+26dB 
+35 volte at 20mA 
39.2 N0hx21e,,m 

only £11 .95 

The STEREO 20 
ne Stereo 20' arapIller Is mounted, reedy wired and teats d 
on • one.pleoe easels meaeuring 20 an X 14 cm X 5.5 cm 
'role compact unit man complete with on!ort twitch, volume 
control, balance, boas and treble controls.AttractIvely printed 
front panel and retching control knob. The 'Stereo 20 . has 
been designed to fit into most turntable plinths without 
interfering with the. mechanism or, alternatively, Into s 
arate cabinet. 
Output power 20w peak Input 1 (Cen) 300mV into 151 
Prtm. res. 2.311..25kHz Input 2 (Aux.) 4mV into 30K 
Harmonic distortion Base control ±12413 at 60H. 
typically 0-25% at 1 watt Treble con. ±14413 st 14kIls 

£12.25 free p. Er p. 
NEW COMPONENT PAK BARGAINS 
Pack 
1. Qty. Description 
C 1 ISO Resistors mixed values epproz. count by weight .. 
C 2 200 Capacitors mixed values approx. «oint by weight 
C 3 50 Precnion Resistor, 1%. ridged value. 
C 4 75 1th %V Eastoeo mined preferred value. 
C 3 5 Pieces assorted Ferrite PAM, 
C 6 2 Tuning Clangs, MW/LW/VHF „ 
C 7 1 Peck Wire 511 metree assorted colours „. 
C 8 10 Reed Switchee 
C 9 3 Micro Switches 
CIO 15 
C11 5 Jack &eke. 9.5‘ 39mm 2 x Standard Switch Types 
012 40 Paper Condensers preferred type« mixed vales 
0313 30 
Cll 1 Pack matuted Mardwere-Nute/Bolte. Grommete etc. .. 
015 4 Halm Toggle Switches, 2 Amp De 
016 20 Mooned Tag Strips A Panel. 
017 10 Aneorted Control Knobs „ -• 
014 4 Rotary Wave Change Switches 
dO 3 10,1.706-21V Operating -------------- --0-62 
029 4 Sheets Copper Laminate approx. Ir x 7 • • • . • • - oe 
Please add 10p post and pocking on all component packs. pluu a further 101, on peck Noe. Cl. 
Cl. C19, 020. 

Price 

ea 

icimmueSMCLUMTs 

raft. oath 
1-24 25-99 101 

Ken TO-5 mee uL900 
Buffer &U. 83P 610 

51814 Dual 21/p Prio Olp 539 279 
51,915 filp.flop 60p 419 454 

Beta and Circuit. Booklet for IC's Price 71/. 

DUAL-1N-LINE IC,.. TWO Ranger 
PROFESSIONAL a 1SEW LOW 008T. 
psor. TYPE No. 1-24 25-99 100 op. 
TSC, 14 pin type U P nvlop 
THO 16 860 82p 309 

LOW COST No. 
BPS 14 14 lOp Ills 
BPS 16 169 145 129 

LINEAR I.C.'.-FULL SPEC. 
Pries 

11'1'1 2011" -6L2010 841» Up 45p 
1-24 65-99 100 up 

BP 7010-13I7010 62: 609 45p 
BP 7020-13L7020 84 60» 429 
BP 703-72702 511 4211 403 
BP 709-72709 116, 849 80p 
BP 709P-134709C 86p 84p 30p 
BP 710-72710 443 42P 409 
BP 711-usnit 45p Up 400 
BP 741-72741 76p (101, 50, 
st.4703C-µA709C 28, 229 14» 
TRA 268- 703, 1304 660 
TAR 293- 90p 755 70p 
TAS eco 1709 168» 3-50P 
90,33. E.61000 12.63 

ROCK BOTTOM PRICES 
LOGIC DTL 930 Serles IC'. 
1.1 0 Prim 

1-24 25-99 100 op 
BP930 124 • 119 1011 
111.932 189 lap 11» 
BP933 189 126 114 
BP936 13p 125 lip 
B2936 

11; lnd 111,' 
BBP94P"54 25» 21 229 
BP046 12p 11p 100 
BP948 259 24p 229 
37931 654 603, 56P 
19  123 11, 10P 
BP0093 40p 831, 250 
828084 404 Up a5P 
BP11097 409 Up 859 
BP9099 403 88» 351, 
Device* mey be mixed to quality hri 
quantity price. Larger quantity plises 
on application MIT OSO Pelee only). 

SYSTEM 12 
STEREO 

Each Kit contains two 
Amplifier Modules, 3 
watts R MS, two loud-
speakers, 15 ohms, the 
pre-amplifier, transformer, power supply 
module, front panel and other accessories, 

as well as an illustrated stage-by-stage instruc-
tion booklet designed ONLY 
for the beginner. 
Further details avail- £16-95 
able on request. FREE p. & p. 

All prieto Quoted in new peace Ciro No. 388-7006 
Please send en sedera direct to warehouse and despatch departneet 

111-PAK 
P.O. BOX 5, WARE- HERTS 

Postage and Packing add JO, peerless add e.t.a for s,rmad , 
heppenwn 50p. Cash aria or der please. 

Guaranteed Satisfaction or Money Back 
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THE NEW HP-80 Calculator, 
weighing only nine ounces, has a 
solid-state memory similar to that used 
in computers. Thus, its capability 
extends far beyond simple addition, 
substraction, multiplication and 
division. 
With the HP-80, virtually all financial 

calculations involving the relationship 
between money and time can be done 
quickly and easily, according to John 
A. Warmington, of Hewlett-Packard. 
For example, in less than a minute, 

the user can determine the bond yield 
between any two dates. There is no 
need to consult cumbersome financial 
tables, since the necessary data, 
including a 200-year calendar, are 
already stored in the calculator's 
memory. 
Similar problem-solving capability is 

provided in such areas as compound 
interest, sinking fund, loan repayment, 
depreciation and amortisation, 
truth-in-lending calculations and 
investment analysis. 
For most problems, the actual time 

of calculation by the user is less than 
10 seconds. In more complex 
calculations, such as determining 
discomted cash flow, the HP-80 can 
save the user as much as 10 minutes. 
Although its calculating speed rivals 
that of a computer, the user need 
know nothing about computers to 
operate the machine effectively. A 
handy reference guide enables him 
quickly to put the machine to work. 
The new calculator, with its 10-digit 

display, is accurate to within a cent in 
a million dollar transaction. Like 
larger, more expensive machines, it 
also has the capability to handle 
numbers as large as a 1 followed by 99 
zeroes. 
Although Hewlett-Packard is known 

widely as a manufacturer of electronic 
'test equipment, in recent years the 

Computer in 
your pocket? 

An electronic calculator, small enough to fit into 
a shirt pocket, yet capable of performing the most 
complex business and financial calculations, has been 
introduced by Hewlett Packard. 

company has diversified into the 
computer and calculator fields. 
Just a year ago, the company 

introduced its first pocket-sized 
calculator. Known as the HP-35, it is a 
machine designed for engineers and 
scientists. 
While the HP-35 was designed to 

solve equations commonly used by 
engineers and scientists, the new 
HP-80 is aimed at providing the same 
problem-solving service for the 
financial community. It is an entirely 
new approach to handling financial 
calculations. 
Among the unique features of the 

HP-80 is the 200-year calendar stored 
in the machine's memory. This is 
particularly valuable in projecting cost, 
interest, future value and other 
financial data. By pressing appropriate 
keys, the user can determine quickly 
the number of days between any two 
dates from January 1st, 1900 to 
December 31st, 2099. Or, given a date 
and a. number of days, he can 
determine a past or future date. 

HOW IT WORKS 
The HP-80 is a pocket-sized business 

calculator. It differs from the HP-35 
(Hewlett-Packard's original pocket-size 
scientific calculator) in its built-in 
programming. The HP-35 solves 
functions with a single keystroke: The 
HP-80 solves equations with a single 
keystroke. Typical of the functions 
solved by the HP-35 with one 
keystroke are: Log, Ln, SIN, COS, 
TAN and XY. Some of these functions 
are hard-wired into the HP-80 as 
subroutines within the single 
keystroke programs. In other' words, 
the HP-35 has one level of 
programming, while the HP-80 has two 
levels. The most important equations 
used in banking, finance, accounting 

and real estate have been programmed 
into the HP-80. Data is entered, then a 
key is pressed for the unknown. The 
HP-80 executes the appropriate 
program, calling upon all the required 
functions, each of which is wired into 
the calculator as a subroutine. Thus, 
the HP-80 executes the entire program 
needed to solve an equation, including 
the necessary subroutines, all with one 
keystroke. 
In a way, the operation of the HP-80 

can be compared to that of a 
computer. A computer program stored 
on magnetic tape, discs, etc., is called 
by the operator when it is to be 
executed. But in the HP-80 each 
program is part of the hardware built 
into the calculator and called with one 
key press. 
Four temporary memory registers 

used in the HP-80 are arranged in a 
stack, in the same way as in the HP-35 
scientific calculator. Like the HP-35, 
the HP-80 also uses reverse Polish 
notation as the most efficient way 
known to computer science for 
evaluating mathematical expressions. 
This scheme helps achieve the goal of 
packing a great deal of calculator 
power into a very small space. 
The operational stack consists of 

four registers, X, Y, Z and t. The stack 
stores intermediate results and the 
calculator automatically recalls them 
from the stack when required for 
further processing. This eliminates the 
need for manual intermediate notes or 
re-entry of intermediate answers. Only 
the contents of the X register is 
displayed on the solid-state display. 
Numbers are entered into the stack 

from the bottom on a first in, last out 
basis. When a number is keyed in, it 
goes into the X register and is 
displayed. When "SAVE" is pressed, 
the number is repeated in the Y 
register. At the same time, any number 
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in Y moves up to Z, any number in Z 
moves up to t, and t is lost. When an 
operation is performed on data in the 
X and Y registers, the answer 
automatically appears on the display, 
and the entire stack drops. 

Both the HP-80 and the HP-35 use 
specially-designed MOS/LSI circuits 
using a low-power, high performance 
ION-implantation process. The HP-80 
uses seven read-only-memories versus 
three for the HP-35. The four 
additional ROMS handle logic needed 
to solve these complex equations. 
Answers appear on a 15-character 

solid-state display. Each digit of the 
light-emitting diode (LED) display is 
of passivated, monolithic construction 
made up of seven segments. The 
inherent ruggedness and long life of 
these monolithic solid-state devices 
contribute to the reliability of the 
HP-80. Use of one digit for the 
decimal point results in excellent 
legibility. 
An unusual feature of the calculator 

is the "golden key". This key, 
immediately above the exchange X 
and Y key, operates like the shift key 
of a typewriter and allows eleven of 
the keys to perform a dual function. 
For example, pressing it before 
pressing the "%" key allows instant 
computation of the percentage 
difference between two numbers. 

rCOMPLETE LIST OF,THE HP-80'S CAPABILITIES 
Ameieernel.e.M.,  

Beyond the basic four functions (+ — 
X ÷), the HP-80 is pre-programmed 
with 36 separate financial 
capabilities. 
Constant storage 
Selective round-off 
Percentage calculation 
Percent difference 
Square root 
Powers (exponentiation) 
Running total (summation) 
Mean (arithmetic average) 
Standard deviation 
Number of days between two dates 
Future date given number of days 
Future value of an amount 
compounded 
Present value of an amount 
compounded 
Effective rate of return for 
compounded amounts 
Number of periods for an amount 
compounded 
Future value of an annuity 
Present value of an annuity 
Effective rate of a sinking fund 
Effective rate of a mortgage 
Installment of an annuity given 
future value 

Each key has a touch similar to the 
action of an electric typewriter. A 
vapour barrier used between the keys 
and their contacts reduces 
environmental effects on the machine. 
Rechargeable nickel-cadmium 

batteries with about five hours of 
operating time and an ac 
adapter-recharger are provided. 

Installment of an annuity gneeil 
present value 
Number of periods for a sinking fund 
Number of periods for a mortgage 
Add-on to effective annual rate 
conversion 
True equivalent annual rate 
Linear regression (trend line) analysis 
Sum-of-the-years'-digits depreciation 
amortization 
Rule of 78's finance charge 
amortization 
Discounted cash flow analysis 
Accumulated mortgage interest 
calculation 
Remaining principal on a mortgage 
Accrued interest (360 and 365-day 
year) 
Discounted notes (360 and 365-day 
year) 
Discounted note yields (360 and 
365-day year) 
Bond price* 
Yield-to-maturity of a bond* 

A 

*Corresponds exactly to standard 
bond-yield tables used in investment 
industry. 

We were extremely impressed with 
the HP-35 when it came out 12 
months ago and at that time thought 
that it was just about the ultimate in 
pocket calculators. We were wrong 
it seems that with ingenuity such as 
that used in the design of this 
calculator, we soon will be ablp to 
carry a computer in our pocket. 

SANSUI 
AMPLIFIER 

AU 505 
Brüel & Kicer 

Copenhagen 

Measuring Obj.: 
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higher than expected — exceeding 1% 
at 6.3kHz at rated output (23W with 
both channels driven). 
As with all Sansui equipment, a large 

plasticized operations card was 
supplied. Details of all the front panel 
control functions are shown on one 
side of the card and the other side 
shows how all the rear panel 
connections should be made, including 
making up patch cords with the 
R.C.A. plugs supplied with the 

amplifier. Also included with the card 
is a ten page "Operating Instructions 
and Service Manual", a Warranty card 
and a cloth for polishing the timber 
cabinet. The manual devotes most of 
its pages to wiring diagrams and 
component layouts on the printed 
circuit boards. Photographs in the 
manual are used to show the location 
of all the major components on the 

'amplifier chassis. 
The AU 505 amplifier is another 

example of the ability of the Sansui 
Electric Co. Ltd. of Japan to produce 
á top quality amplifier at a sensible 
price for the domestic market. It 
combines a pleasing external 
appearance which would match most 
decors with an adequate set of 
functions for various sources and 
mode § of operation. • 

Recommended Retail Price 
£31.42 + VAT 
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STANTON 681T 
PHONO 
CARTRIDGE 
Calibration-series cartridge has exceptionally linear response. 

SINCE Stanton Magnetics Inc. 
started manufacturing cartridges 
in 1965, their products have been 

primarily designed for the professional 
market and in particular for recording 
and broadcast studios. 
The company has placed especial 

emphasis on linearity of frequency 
response. This is particularly so with 
the 681 range, in fact Stanton Classify 

them as their Calibration Standard 
Series. 
Stanton also produce a 500 series 

which is intended for use in 
broadcasting studios. 
This latter series is particularly 

interesting because of its unusual 
stylus bar shape which allows the 
cartridge to be backcued - without 
damage or jumping of tracks. 

The 681T reviewed in this article is 
a 681 cartridge available with either a 
spherical stylus (as type 681A) or an 
elliptical stylus (as type 681 EE); the 
stylus type numbers incidentally are 
6807A and 6800EE respectively. 
The cartridge is supplied with a 

calibration chart (as are all Stanton 
cartridges) which gives the following 
performance data:— 
A. Frequency response. 
B. Sensitivity. 
C. Channel- separation at 1,000 H.z. 
D. Dc resistance 
E. Inductance. 
The external appearance of the 

Stanton 681T is similar to many other 
moving magnet type cartridges — with 
the exception of the small hair brush 
fitted to the stylus assembly. This 
brush tracks some two grooves ahead 
of the stylus. 
Because of the pivoting arrangement 

of this brush a .1 gram force is 
necessary to compensate for the 
upward lift produced by it. This has a 
number of advantages and 
disadvantages. 
The advantages are that: It very 

effectively removes lint and dust from 
the record grooves. (This is 
particularly evident by the amount of 
built up on the end of the bristles). 
Apart from this it appears 

(subjectively) to very marginally 
improve the trackability of the 
cartridge on truly flat records. This is 
partly due to the anti-skating forces 
produced by the bristles. 
Against this, the brush causes 

mistracking on slightly warped records 
due to the brush lifting the stylus out 
of the groove. Clearly it is unfair to 
fault a cartridge for a record 
manufacturer's problems, but 
regrettably, warped records are 
becoming ever more common. 
Another minor problem is that on 

automatic. record players with slow lift 
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product test 

and rise movements, the brush causes 
the stylus to traverse across the record 
possibly causing damage. However this 
is also a rather unfair criticism since 
the 681T is designed for a tracking 
force of 3/4 grams to 1'A grams and 
most automatic changers are only 
suitable for cartridges with tracking 
forces in excess of grams. 

LISTENING TESTS 
The subjective assessment of a 

cartridge is necessary to determine its 
overall performance. Laboratory 
measurements of its frequency 
response, channel separation, etc. do 
not indicate its performance on 'real' 
record material, neither do 
measurements of static and dynamic 
compliance and stylus mass give an 
accurate indication of trackability. 
(However measurements of 
trackability reveal a lot more 
information than do distortion 
measurements at selected frequencies 
and fixed velocities). 
For the trackability test we used the 

40-
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second side of the first record in "The 
Tchaikovsky Ballet Album number 
32 B R 220302. Some sl ight 
mistracking occurred at the highest 
tracking velocities with bells, cymbols, 
triangles and piccolo, and resulted in a 
slight loss of the sharp attack 
characteristic of these instruments. 
This was particularly noticable in the 
climax in the Dance of the Mirlitons. 
The xylophone in the. Dance of the 

MEASURED PERFORMANCE OF STANTON CARTRIDGE 

681T SERIAL NO: 0399X 

Frequency Fasponse 

.iSensitivity re kHz 

." at 5cinjsec 
Channel Separation at 1kHz 

Cartrideyeight  
Recommended Selling Price 

Elliptical Stylus 20Hz to 20k1-îz ±-2dB 
Spherical Stylus 20Hz to 20kHz ldE) 

3.3mV 
Elliptical Stylus 27d B. 
Spheric& Stylus 21dB 
6.37 Grams 

— 681—T £5-..30 
681EE £41.35 

5000 10000 20000 40210 0 ASCU 

11642/2112/ A 13 C Lin. 

Sugar Plum Fairy was extremely good 
— in fact it was possible to hear a 
squeak in the pedal mechanism! The 
bass drum, particularly at the end of 
the Dance of the Sugar Plum Fairy, 
and during the Final Waltz and 
Apotheosis from Act II, sounded 
rather blurred indicating same slight 
mistracking. On the other hand the 
kettle drums which are particularly 
predominant towards the end of the 
"Pas de Deux" were extremely good. 
As expected the mistrackings 

observed with the elliptical stylus, 
were slightly more pronounced with 
the spherical stylus, particularly on the 
inner track. 
The measured performance of the 

Stanton cartridge was very good. The 
frequency response is the flattest we 
have ever measured and agreed exactly 
with the calibrated performance. 
Channel separation was the only 

parameter which did not agree with 
the calibration data supplied. It was 
8dB less than the figure quoted. 
The Stanton 681T cartridge is one of 

the best cartridges we have ever tested. 
Although a number of isolated 
mistrackings were heard they were .of 
quite minor importance, and for the 
major part of the listening period was 
exemplary. • 
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AUDIO 
COMPETITION 

YOUR SECOND CHANCE TO WIN AUDIO EQUIPMENT WITH A TOTAL VALUE OF OVER £250 

o reader can afford to miss this competition. We not 
only offer a first prize of a Linton system but also 
have three runner-up prizes: a pair of speakers, an 

audio amplifier and Cr02 cassette tapes. 
All you have to do is to place, in a descending order of 

preference, the characteristics of a hi-fi speaker, tell us in a 
few words why you placed them in your chosen order — and 
fill in the entry coupon. There are no entry fees. More 
information about your entry form is given below. 

THE PRIZES 

The main prize winner will receive a Linton audio system, 
donated by Rank Radio International and worth around 
£150. It consists of a Linton turntable, a Linton amplifier 
and a pair of 'Linton 2' loudspeakers. The plint-mounted 
turntable is fitted with a Shure M44-7 cartridge. The 
amplifier is equipped with switchable radio input facilities 
and two unswitched power outlets, one for energising the 
turntable and the other for a tuner if required. The speakers 
each have an 8" bass unit and a 2" treble unit, with infinite 
baffle bass loading and a maximum continuous power 
rating of 25W (20W nominal according to DIN 45-500). 
The four items are not only pleasing looking and excellent 
performers in their own right but, as a total system, they 
are beautifully matched in appearance as well as perfor-
mance. 
The first runner-up wins a pair of the new Keletron 

KS20 speaker systems donated by K & K Electronics Ltd. 
Each item (R RP £35.80) is a three-speaker system built on 
the infinite baffle principle, fully padded to damp out any 
panel resonance and housed in handsome slim-line cabinets, 
ideal for shelf or wall mounting; power handling rating is 
20W rms. 

The second runner-up wins a Teleton GA202 amplifier 
(RRP: £50) featuring push-button and slider controls and 
rated to deliver 2 x 16W rms. The stereo amplifier, finished 
in a smart wood cabinet, has four inputs (magnetic and 
crystal pickups, tape and an auxiliary input), high-cut, loud-
ness and mono controls, tape output, and phone sockets. 
The third and last runner-up wins £15 worth (retail value) 

of Cr02 tape cassettes donated by BASF (UK) Ltd. The 
cassettes, known for their increased dynamic range, lower 
background noise, reduced head wear and longer tape life, 
come in three sizes, C60, C90 and C120 — all fitted with 
BASF's 'Special Mechanics' (SM) for anti-tangle and slip-
free operation. The winner can mix his cassettes from the 
range or take all cassettes of the same type. 

YOUR ENTRY 
Choosing a loudspeaker is never an easy task as so many 

considerations have to be taken into account. It is to some 
extent a matter of individual taste as to what is required 
from a loudspeaker and what is believed to be the salient 
points of any one speaker system. 

There are certain characteristics which every speaker 
system must possess. But the decision as to whether the 
point of prime importance is the appearance, the size or the 
frequency response is often a matter of the individual 
buyer's personal requirements. 
The purpose of this competition is to find a sequence of 

priorities to act as a guide when buying a speaker system. 
We would like you to mark down the features we have 
listed in order of preference and then to write in thirty 
words or less why you have placed them in that order. 

Wharfedale Linton system 
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Contest Conditions 
All entries must be accompanied by the coupon from 
Electronics Today International. There is no entrance 
fee, but any entry not accompanied by a coupon will be 
deemed invalid by the judges. 

The winners will be decided by a panel of judges 
appointed by the Editor of Electronics Today 
International. The judges' decision will be final and no 
correspondence will be entered into concerning the 
outcome of the contest. 

All entries should be addressed to: Audio Competition, 

Electronics Today International, Whitehall Press Ltd., 
Wrotham Place, Wrotham, Sevenoaks, Kent. 

Ensure that your name and address is printed clearly on 
your entry coupon. 

Closing date for.the competition is May 31st, 1973. 

Keletron KS20 system 

Teleton GA202 Amplifier 

BASF Cassettes 

11••••• All,...«•••1•111•4•11.1.1.111. 

Mark your order of preference in the boxes, i.e. 

1 for first choice, 2 for second choice, etc. 

• High•efficiency 

D Low distortion 
D Wide frequency response 
D Smooth frequency response 
• Wide polar response 
D Attractive appearance 
• Reasonable size 
O High power handling capacity 
• Parts and labour warranty 
O Moderate price 
D Superior transient response 

Explain in thirty words or less the reasons for 

your order of preference. 

ENTRY COUPON — 2 

ELECTRONICS TODAY INTERNATIONAL 
AUDIO COMPETITION 

Herewith, please, find my entry for your Audio 
Competition. I have read the rules of the contest and agree to 
abide by the judges' decision. 

SIGNED  DATE  

NAME (block letters)   

ADDRESS   

A separate coupon must accompany each entry. 
Closing date for the Audio Competition is May 31st; 1973. 
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Vortexion 
50/70 WATT ALL SILICON AMPLIFIER 
WITH BUILT-iN 5-WAY MIXER USING F.E.T.s 

THIS is a high fidelity amplifier with bass cut controls on 
each of the three low impedance balanced line microphone 
stages and a high impedance (1.5 meg.) gram stage with 
bass and treble controls, plus the usual line or tape input. 
All the input stages are protected against overload by back 
to back low self capacity diodes and all use F.E.T.s for low 
noise, low intermodulation distortion and freedom from 
radio breakthrough. 

A voltage stabilised supply is used for the pre-amplifiers 

making it independent of mains supply fluctuations and 
another stabilised supply for the driver stages is arranged to 
cut off when the output is overloaded or over temperature. 
The output is 75% efficient and 100V balanced line or 
8-16 ohms output are selected by means of a rear panel 
switch which has a locking plate indicating the output 

impedance selected. The mixer section has an additional 
emitter follower output for driving a slave amplifier, phones 

or tape recorder, output .3V out on 600 ohms upwards. 

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT-
IN 4-WAY MIXER 

(0.3 % intermodulation distortion) using the circuit of our 100% 
reliable 100 Watt Amplifier with its elaborate protection against 
short and overload, etc. To this is allied our latest development 
of F.E.T. Mixer Amplifier, again fully protected against over-
load and completely free from radio breakthrough. The mixer is 
arranged for 2-30/60n balanced line microphones, 1-HiZ gram 
input and 1-auxiliary input followed by bass and treble controls. 
100 volt balanced line output or 5/isn and 100 volt line. 

100 WATT ALL SILICON AMPLIFIER 

A high quality amplifier with 8 ohms-15 ohms or 100 volt line 
output for A.C. Mains. Protection is given for short and open 
circuit output over driving and over temperature. Input 0.4V 
on 100K ohms. . 

THE 100 WATT MIXER AMPLIFIER 

with specification as above is here combined with a 4-channel 
F.E.T. mixer, 2-30/60(1 balanced microphone inputs, 1-HiZ 
gram input and 1-auxiliary input with tone controls and mounted 
in a standard robust stove enamelled steel case. A stabilised 
voltage supply feeds the tone controls and pre amps, compen-
sating for a mains voltage drop of over 25% and the output 
transistor biasing compensates for a wide range of voltage and 
temperature. Also available in rackpanel form. 

20/30 WATT MIXER AMPLIFIER 

High fidelity all silicon model with F.E.T. input stages to reduce 
intermodulation distortion to a fraction of normal transistor 
input circuits. The response is level 20 to 20,000 cps within 2dB 
and over 30 times damping factor. At 20 watts output there is 
less than 0.2% intermodulation even over the microphone stage 
at full gain with the treble and bass controls set level. Standard 
model 1-low mic. balanced input and HiZ gram. Outputs 
available 8/15 ohms OR 100 volt line. 

CP50 AMPLIFIER 

An all silicon transistor 50 watt amplifier for mains and 12 volt 
battery operation, charging its own battery and automatically 
going to battery if mains fail. Protected inputs, and overload and 
short circuit protected outputs for 8 ohms-15 ohms and- 100 
volt line. Bass and treble controls fitted. Models available with 
1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 
4 low mic. inputs. 

200 WATT AMPLIFIER 

Can deliver its full audio power at any frequency in the range of 
30 c/s — 20 Kc/s ± I dB. Less than 0.2% distortion at 1 Kc/s. 
Can be used to drive mechanical devices for which power is over 
120 watt on continuous sine wave. Input I mW 600 ohms. Output 
100-120V or 200-240V. Additional matching transformers for 
other impedances are available. 

F.E.T. MIXERS AND PPMs 

Various types of mixers available. 3, 4, 6 and 8 channel with 
Peak Programme Meter. 4, 6, 8 and 10 Way Mixers. Twin 
3, 4 and 5 channel Stereo, also twin 4 and 5 channel Stereo with 
2 PPM's. 

VORTEXION LIMITED 257-263 The Broadway, Wimbledon, SW19 1SF 

Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: "Vortexion, London SW19" 
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TERMS Retail mail order subject to £.1-00 minimum order. 
Cash with order only. Trade and educational establishments 
NI/AC on application (minimum £5.00). •e 

Postage 10p inland, 25p, Europe. 

GUARANTEE: All goods carry full manufacturer's 
warranty. Get in touch today for a complete 
run-down of devices available from SCS (include SAE). 

device of the month ZN414 
5,60- 0,25 0 

4,75 0,15 0 
I 
4,83 
0,51 

— 1-

0,76 
MAX 

0,4830 

12,7 
MIN 

The Ferranti ZN414 is a complete a.m. 
radio circuit which operates 
from 1.1 to 1.8 volts and requires 
only battery, earphones and antenna 
plus a tuning capacitor and two 
decoupling capacitors. The ZN414 
features: medium and long waveband, 
good stability on assembly, no 
setting up of IF coils, plus 
much more. 

o complete a.m radio circuit for just 

SCS COMPONENTS, P.O. Box 26, 
Wembley, Middlesex HAO 1YY 

The 'Professional' Amateur Supplier 

compatible device 
M FC4000 
The Motorola 
4--Watt Audio 
Amplifier is 
designed for the 
output stage of 
battery powered 
portable radios. 

*250 mW o Audio Output Power 
*Low Standby Current— 3.5 mA typical 
*Low Harmonic Distortion 
*Reduces Component Count in 
Portable Radios by Two Transformers 
and Two Transistors 

*Eliminates Costly Component 
Matching Requirements 

motorola 1/4 watt 
audio amplifier 
M FC 4000 

Lgrampianj 
enes 

odular Sound System 

GRAMPIAN REPRODUV-11% LTD 
HANWORTH TRADING ESTA, 

FELTHAM, MIDDLES:X. 
TELEPHONE:01-894 .J141. 
GRAMS: REAMP FELTHAM 

s#A,6 

ELECTRONICS TODAY INTERNATIONAL — MAY 1973 47 



THE PHONOGRAPH  

Edison's first sketch of the Phonograph, recently discovered. Another "first 
sketch" incorrectly dated "August 1877" has since been found to be a copy, 
drawn from memory by Edison in 1894. 

Edison listening to his wax-cylinder phonograph after a marathon effort to 
improve its mechanism. 

Famous opera singer recording on a tin foil Phonograph, 1878, 

IN 1877, Thomas Edison was 
working on a telegraph repeater 
when the idea occurred to him that it 
might be feasible to record, not only 
dots and dashes of the Morse Code, 
but the actual sound of a human voice. 
During previous experiments with 

the telegraph headphones he had 
observed, that when in operation, the 
receiver diaphram vibrated with 
sufficient energy to be felt quite easily 
with the finger tips. He reasoned that 
if a sharp point was attached to the 
center of a voice actuated diaphram 
and allowed to emboss a moving 
surface it would create a varying 
pattern which would be, in fact, a 
record of the original sounds. 
The material eventually chosen for a 

recording surface was a sheet of tin 
foil. Edison had his chief mechanic 
make up a machine which consisted of 
a brass drum, 31/2 inches in diameter 
mounted on a threaded axle, with a 
hand crank to revolve it. Each turn of 
the crank caused the drum to revolve, 
and move laterally one tenth of an 
inch. A recorder, consisting of a 
diaphram mounted in a mouthpiece 
with a stylus attached to the center of 
the diaphram was on one side of the 
drum. Opposite was the playback 
reproducer, similar to the recorder but 
with a more flexible diaphram. 
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—a short history by Charles Slater 
The world's first sound recording was 

produced on Dec. 6th 1877 when 
Edison wrapped a sheet of tin foil 
around the drum of this strange little 
machine, turned the handle and 
recited 'Mary had a little lamb'. The 
playback reproducer was then 
substituted for the recording 
mouthpiece and the machine cranked 
again. To the amazement of everybody 
present — including Edison himself — a 
recognisable reproduction of his voice 
spluttered forth. 
The name Edison gave to this 

invention was 'The Phonograph'. 
(Those who know their Greek 
derivations will easily see why, the 
word means 'sound writer'.) 
The Phonograph caused a sensation 

wherever it was demonstrated. It is 
difficult for us today, living as we do 
in a world of television, piped music 
and quadraphonic sound to imagine 
the impact that a 'talking machine' 
had on 19th century ears. Many at 
first thought it some kind of 
ventriloquist trick or a device of the 
devil, but before long it was being 
unanimously acclaimed as the 'wonder 
of the age'. To hear a machine 
reproducing the human voice, even 
very poorly, seemed nothing short of a 
miracle. The device however, was 
rather imperfect and its primary role 
was that of an amusing novelty. 
Hundreds were manufactured for use 
by showmen who were able to make a 
good living out of them during the 
early months of 1878. 
As the novelty wore off, the crowds 

of spectators grew less and less and the 
tin foil phonograph gradually went 
into retirement eventually to become 
little but a scientific toy. In retrospect 
the reasons are obvious. Firstly, the 
quality was extremely poor, so much 
so that, unless one was present when a 
record was made, it was often 
impossible to recognise exactly what 
was being played back. Playing time 
was barely half a minute and each 
recording could only be played about 
five times before wearing out. Of what 
practical use could such an instrument 
be? Before long the phonograph went 
into eclipse, abandoned by all 
including its inventor, who by this 
time was busy perfecting the electric 
lamp. 
No further phonographic progress 

was made for almost a decade. Then, 
in 1889, a new talking machine was 
exhibited before the public. 

It was developed by two men, 
Chichester Bell — a cousin of the 
famous telephone pioneer — and an 
associate, Charles Tainter. Together 
they produced a machine which had 
far better performance than the 
Edison design. The new machine 
recorded on wax coated cardboard 
cylinders instead of tin foil, had an 
improved stylus arrangement, and 
could be operated by either electric 
motor or a foot treadle — instead of 
being hand cranked. Bell and Tainter 
named their instrument the 
Graphophone. 
Upon hearing of the success of Bell 

and Tainter's efforts, Edison decided it 
was time to have another look at what 
he later called his favourite invention. 
In typical fashion he immersed himself 
in the project until, after a five day 
stint, he was able to announce his 
'Improved Phonograph'. 
The new machine was indeed an 

improvement over the Graphophone, 
using solid wax cylinders which could 
be shaved for re-use; a precision 
battery powered motor plus a more 
efficient recorder and reproducer. 
At this stage a complex legal battle 

between the Graphophone and the 
Phonograph interests flared up over 
patent rights. Eventually the two 
factions decided to pool their patents 
and started to sell their products. 
Their initial idea was to install them in 
offices as dictating machines but it was 
soon discovered, that there was more 
profit in setting up the machines as 

coin-in-the-slot entertainment devices,' 
So it was that 1890 saw the birth of 

the first juke boxes. By inserting a 
nickel, and donning stethoscope type 
ear tubes, it was possible for people to 
hear a popular song, a brass band 
selection or a humourous anecdote 
reproduced from a beeswax cylinder 
which played a little over two minutes. 
But the demand for recorded 

entertainment became so persistent 
that it soon appeared obvious that the 
most viable role for the Phonograph 
was not at the office but in the home 
and so domestic machines were 
developed employing a cheap and 
reliable spring motor to eliminate the 
cumbersome and messy batteries used 
in the dictating machines. By 1886 
one could purchase either a 
Phonograph or Graphophone, suitable 
for home use, for about $50; still 
rather expensive but only a third of 
the price of the cheapest model of 
1893. By this time the Graphophone 
was owned by the Columbia 
Phonograph Co. whose genealogy can 
be traced to the modern CBS 
Corporation. The infant record 
industry began to boom, and as sales 
improved, prices became lower. Just 
when the Phonograph and the 
Graphophone looked like becoming 
firmly established as the number one 
household entertainer, a third 
competitor appeared which was 
destined to relegate the cylinder to 
obscurity; this was the Gramophone. 
Developed by Emile Berliner, a 

Edison original tinfoil phonograph, the f'irst recorder of sound. 
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THE PHONOGRAPH 

Earliest model "Gramaphone" manu-
factured for Emile Berliner as a rival to 
the cylinder Phonograph. This model . 
played children's nursery rhymes on five 
inch hard rubber discs. These were the 
first mass produced recordings. 

young inventor who had emigrated to 
the U.S.A. from Hanover, the 
Gramophone struck right at the 
Achilles heel of the Phonograph. This 
Was its inability to mass produce 
recordings cheaply, for at that time 
each Phonograph cylinder sold was an 
original! If an artist wanted to sell a 
thousand recordings of a song, he had 
to sing it that many times. Brass bands 
were slightly more fortunate as, due to 
their greater volume, a dozen or so 
cylinders could be cut at once, but it 
still made for a slow and costly 
recording procedure. 
Berliner's Gramophone utilised a flat 

disc instead of a cylinder, and a 
method was evolved whereby these 
discs could be stamped out in almost 
unlimited numbers. Although Berliner 
first began experiments in 1887 it was 
not until 1894 that he had sufficient 
knowhow and financial backing to 
produce a commercially viable 
product. 
The very first disc records appeared 

around November of that year pressed 
in hard rubber, they were seven inches 
in diameter and single-sided, with the 
title scratched in the centre (no paper 
label). They played for two minutes 
and were recorded at 70 r.p.m. 
Another major difference was the use 

of laterally modulated grooves, that is 
the stylus vibrated from side to side 
while playing, as opposed to the hill 
and dale (or vertical modulation) 
movement employed for cylinders. 
Another significant improvement was 
that whilst with the Phonograph a 
feedscrew was required to enable the 
reproducer to reliably traverse the 
shallower grooves of the cylinder the 
soundbox of the Gramophone was 
propelled across the disc solely by the 
grooves in the record. Hence a 
machine to play disc records could be 
made more simply and cheaply than 

Edison "Standard" Phonograph, one of the most popular 
record players of early times. This 1909 model featured a 
turnover stylus for playing either normal two minute or the 
finer grooved "Amberol" 4 minute cylinders. 

its cylinder counterpart. At this time 
most people could afford a 'talking 
machine', for the simplest 
Gramophone, admittedly hand 
cranked, sold for about $12. This was 
far lower than any cylinder machine, 
while records could be bought for 50 
cents. 
The Gramophone could not be used 

to make home recordings, (as was 
possible with the Phonograph) but this 
proved to be only a minor drawback as 
the public had already shown a 
preference for professionally 
'pre-recorded cylinders', rather than 
their own inconsistent efforts. 
More important was the fact that 

Gramophones.were hand cranked and 
this invariably produced erratic speed. 
This drawback prejudiced the progress 
of the disc player for a while until a 
mechanical engineer, Eldridge 
Johnston, was given the task of 
designing a suitable spring motor to 
drive it. 

Johnston not only succeeded with 
this project but soon found himself 
improving the fledgeling machine. 
By 1897 he developed the 'Improved 

Gramophone' with a stronger motor 
and a revised soundbox. This model 
was to become the most famous 
talking machine in history. It is the 
one being listened to by Nipper the 
ft.»: terrier in the well known 'His 
Masters Voice' trademark. It is 
interesting to note that the artist, an 
Englishman named Francis Barraud, 
originally painted a dog listening to 
'his masters voice' at the horn of an 
Edison cylinder machine. A few years 
later a visitor noticed the painting and 
suggested it might look better if he 
painted a gleaming brass horn as used 
with the latest machines. Barraud 
approached the manager of the 
recently formed Gramophone Co., 
William Owen, for a loan of such a 

horn as a model. Upon seeing the 
painting Owen offered to buy it if the 
original phonograph was painted out 
and an 'Improved Gramophone' 
substituted. This was agreed to and 
before long Nipper replaced the 'Angel 
with a quill' trademark hitherto 
employed. In America he appeared on 
records produced by the Victor Co. 
which was formed as a breakaway 
from the Berliner group by Eldridge 
Johnston in 1901. 
By now the disc record was providing 

healthy competition for the cylinder 
manufacturers who decided that 
something had to be done to improve 
their product. After much 
experimenting a method was evolved 
whereby cylinders could be mass 
moulded. A microscopic layer of gold 
was deposited on the master cylinder 
to make it electrically conductive. The 
record was next copper plated and 
then melted out, leaving a copper 
mould, the counterpart of the negative 
stamper used for disc pressings. Molten 
wax was then poured into the mould 
to create the copy which was kept 
hollow by means of a tapered 
cylindrical form inserted inside 'the 
mould. Upon cooling, the wax would 
harden and contract sufficiently to be 
withdrawn from the mould. It was 
then ready for use. The correct speed 
for cylinders was standardised at 160 
rpm (it was previously around 120 to 
144 rpm), thereby improving the 
sound quality — but limiting the 
playing time to a maximum of two 
minutes. The first of these improved 
'Gold Moulded' cylinders appeared in 
1901, but it was then already too late 
to win the battle against the disc 
manufacturers. 
By the following year (1902), Enrico 

Caruso had recorded ten discs for the 
Gramophone Co. of England and these 
created something of a sensation 
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The "Graphophone" cylinder 
player made by Columbia Co. 
around 1899. 

among music lovers the world over. 
The Columbia Co, seeing the writing 
on the wall, also began the 
manufacture of discs although the 
company continued to market 
cylinders until 1912. A further blow 
descended on the cylinder trade in 
1904 when somebody realized that a 
disc had two sides. It seems 
extraordinary that this had not 
occurred sooner, but until then all 
discs were recorded on one side only, 
the other being blank or inscribed with 
trademarks, patent dates etc. 
By 1908 most discs were double 

sided which implied that the average 
10" record could provide up to six 
minutes of program material, whilst a 
similarly priced cylinder was still 
limited to two minutes only; 
moreoever the cylinder was more 
fragile and harder to store. All these 
facts resulted in a swing by the 
record-buying public to the disc 
system. (If this hadn't occurred, 
instead of radio disc jockeys 'spinning' 
a record, we would have perhaps 
cylinder jockeys 'revolving' them. If 
nothing else this would have made a 
request 'to play the flip side' rather 
difficult). 

But despite this, Edison was still 
convinced , that the cylinder was 
technically superior and, up to a point, 
he was correct. When playing a disc, 
the circumference of the grooves 
becomes progressively smaller as the 
pickup moves toward the label and the 
effective surface speed decreases 
accordingly. This causes a restriction 
of the available treble response 
towards the end of a disc. 
Cylinder recordings do not have this 

limitation as the stylus ,tracks the 
groove at a speed that remains 
constant throughout the record. 
Cylinder records also had the 

advantage of being played with an 

accurately ground elliptical sapphire, 
which caused less wear and lower 
surface noise than the expendable steel 
needles used for discs. Moreover the 
'hill and dale', or vertical modulation 
method, referred to earlier, was in 
many ways more suitable for the 
acoustic recording methods then 
employed. 

It was with these facts in mind that 
Edison decided to have another try at 
converting the wayward record buyer 
back to his beloved cylinder. A new 
four minute wax cylinder was 
introduced in November 1908 which 
Edison called the Amberol. The extra 
playing time was achieved by doubling 
the groove pitch from 100 to 200 per 
inch — about the same as the average 
microgroove LP of today. 
A special phonograph called the 

Amberola was produced to play these 
new cylinders. It was equipped with a 
suitable feedscrew and finer stylus. 
The Amberola was the first Edison 
machine to be fitted with an internal 
horn, rather than the flamboyant 
external type . which had often 
predjuced its appearance in the well 
furnished home. 
To keep faith with past customers, 

ingenious conversion kits were 
supplied at low cost to owners of 
two-minute machines to allow them to 
play both standard and four-minute 
types. New machines were also 
supplied with a gear change to alter 
the feed screw speed to suit either 
type, and a turn-over stylus 
arrangement similar to that used 
nowadays for 78's and LP's, was 
featured. 
An unbreakable celluloid four 

minute cylinder was marketed in 
1912. This was known as the Blue 
Amberol but, although acoustically 
superior to its competitors, it failed to 
influence to any extent the buying 
habits of the average record collector. 
In the same year that the Blue 

Amberol was introduced, Edison 
conceded to public taste and 
marketed his first disc records. 
However both Edison's records, and 
the diamond disc machines produced 
to play them, were completely 
incompatible with the standard 
gramophone type discs. For Edison 
had retained the 'hill and dale' 
modulation and shallow groove 
concept as used with his cylinders. 
To overcome tracking problems, the 

players were fitted with a feedscrew 
device to guide the soundbox over the 
record, while the records themselves 
were made a quarter of an inch thick 
in order to minimise any warpage 
which might tend to throw the stylus 
out of the groove. These records were 
finely grooved — 150 to the inch — 
giving a playing time of up to four 
minutes per 10" side. The stylus itself 

was diamond tipped hence the 
designation 'Diamond Disc Records.' 
This was not the first attempt to 

produce a 'hill and dale' cut disc. Six 
years earlier the French Pathe Co. 
began marketing discs using vertical 
modulation with very broad grooves 
and meant to be played with a 
sapphire 'ball' stylus of some 13 mils 
radius. To minimise treble losses due 
to this large stylus, discs were recorded 
at about 95 rpm. These Pathe discs 
were manufactured up until 1932, 
while the production of Edison 
Diamond Discs and Blue Amberol 
cylinders ceased in 1929, two years 
before the inventor's death. 
Before leaving the Diamond Disc it is 

worth noting that in 1927 a long 
playing version of this system was 
marketed. The record played at the 
normal (80 rpm), but the groove 
density was increased to an amazing 
450 grooves per inch enabling a 12" 
record to play 20 minutes per side. 
Unfortunately the public were not yet 
ready for LP records and the venture 
was a commercial failure. 
Probably the greatest breakthrough 

in recording history came in 1925 
when a system of electrical recording, 
using microphones and valve amplifiers 
instead of tin horns, was perfected. 
Until then singers and musicians had 
to record 'double forte' in order to 
register on the insensitive diaphrams. 
There was no room for subtleties, and 
some voices and instruments would 
not record at all. 
Suddenly thanks to research at the 

Bell laboratories, a new sonic world 
was available to the record industry. 
Surprisingly enough the public was 
slow to appreciate the new electrical 
techniques — many disclaiming it 
openly — for by capturing a greater 
range of tones, they were hearing 
sounds to which they were 
unaccustomed. They were rather like 
someone who, having been short 
sighted all his life, tries wearing 
spectacles and claims that everything 
looks strange. 
Similar sentiments were later to be 

expressed by many upon the arrival of 
the microgroove LP, the stereo disc 
and more recently, quadraphonic 
sound. 
Nevertheless, eventually, most people 

began to appreciate the advantages of 
electrical recording and reproduction. 
By 1927 the system was being put to 

use by the movie industry. The 
soundtrack used for early talkies 
consisted of a 16" disc record 
revolving at 33-1/3 rpm and 
mechanically coupled to the film 
projector. However an attempt in 
1931 by RCA Victor to market a 12" 
33-1/3 rpm record failed, just as 
Edison's earlier LP venture had. The 
78 rpm record had become standard 
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THE PHONOGRAPH 
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ABOVE: A three-channel cylinder 
machine exhibited by Columbia in 1899. 

Above right: Quadraphonic sound, 1904 
style. 

RIGHT: Large, demonstration tin foil 
Phonograph built by British engineer 
William Preece in 1878. (From a 
contemporary newspaper account). 

and remained so until 1948 when 
Columbia first introduced its 
, microgroove system. RCA countered 
with the 7" 45 rpm disc and for a 

while the two systems battled it out 
for supremacy. Finally they settled 
down to a peaceful co-existence, and 
by 1955 the 78 rpm shellac record was 

extinct. 
In tracing the fortunes of Thomas 

Edisons brainchild it is interesting to 
note how many 'modern' innovations 
had distant ancestors. For example we 
have the elliptical stylus developed for 
cylinder machines and the LP fine 
groove records of the 20's. A three 
channel cylinder machine was 
exhibited by Columbia around 1900 
and although it wasn't labelled 
stereophonic its makers termed it the 
'Multiplex' Graphophone Grand. 
The straightline tracking arm was in 

commercial use in over 65 years ago, 
and eight years before this an alternate 
method of recording was being 
demonstrated, using reels of steel wire 
and electro-magnetic recording heads. 
The 'tape' recorder was first developed 
in 1900, although its inventor, a 
Danish telephone mechanic by the 
name of Vladmir Poulson, was 
hampered by the lack of a suitable 
amplifier to make his invention 
practicable. The first stereo disc using 
the same 45/45 modulation method 
employed today was produced in 1933 
by A.D. Blumlein, an engineer working 
for EMI in England. It was 24 years 
before its time. Perhaps a look back 
through the history of the 
gramophone record might enable us to 
foretell developments in the audio 
world that are still yet to come. • 

. Please write for technical literature 

CENTRONIC-OKI 
A powerful combination providing the best in 

photon emitting and detecting devices. Centronic, now 

sole U.K. Agents for OKI Electric Industry Co Ltd, of Japan, 
introduce a new and very competitive' range which includes 

Solid state numeric displays 

*lmm to 6.8mm character size 
*Numerals 0-9 and decimal point 
*Bright red displays 
*Low current consumption 
*Flat-pack mounting in sticks of 8 and 12 digits 
*Dual in-line pack 1 or 4 digits 
*Circuit board mounting option 

Light Emitting Diodes 

*Red, green arid I.R. emitters 
*100,000 hours life 
*Small lightweight and rugged construcpon 
*Low voltage and current operation, 

transistor and TTL compatible 
*High light output efficiency 
*Pulse operation facility giving 

greater apparent brightness. 

Write now for full details on these newcomers. 

You'll be impressed ! 

o: TWENTIETH CENTURY ELECTRONICS LTD King Henry's Drive, New Addington 
Croydon, England. Telephone Lodge Hill 2121. Telex 896474 
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AUDIO 
This useful audio attenuator 
piáject for the experimenter 
provides 0-59dB attenuation 
in one dB steps. 

ATTENUATOR 
SPECIFICATION 
Max attenuation 
Resolution 
Accuracy 
Frequency range 
Input impedance 

Output impedance 
Max input voltage 
Internal switched 
impedance loads. 

59dB 
1dB 
-10.3dB 
dc to 100kHz 
600 a nominal 
10k switched (+30dB attenuation) 
600 1 nominal 
15 volt 

termination resistor for use with high 

ACCURATE attenuators are required 
in a multitude of design, service, 
testing and measuring situations. These 
units are designed with varying degrees 
of accuracy and as many steps of 
attenuation as the designer feels 
necessary. They may be balanced or 
unbalanced and have whatever input 
and output or impedances the designer 
requires. 

BBO 

INPUT 

There are three common types of 
attenuator configuration, Pi, T or L. 
The latter is mainly employed where 
the output impedance is not required 
to be constant. 

THE CIRCUIT 
We have chosen Pi type sections for 

our unit. We could have connected the 

Fig 1. Circuit diagram of the attenuator. COMMON 

CHASSIS 
EARTH 

NOTE. 
FOR CLARITY THE TWO 
SECTIONS OF SW2 AND 
SIMILARLY SW3 ARE SHOWN 
WITH OPPOSITE ROTATIONS. 
TAKE CARE WHEN WIRING TO 
FOLLOW CONTACT NUMBERING 

PROJECT 112 
various sections in tandem to form a 
ladder attenuator, but this would have 
made more complex rotary switches 
necessary. Instead, we chose to 
employ a separate section for each 
step of attenuation, making only 
simple rotary switches necessary. 

DIP 

SW4 

 o 
OUTPUT 

RS' 
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Fig. 2. Drilling details for the die cast box. 

Fig. 3. Lettering and front 
panel artwork — full size. 

PARTS LIST,ETI 112 

1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 

R12 
R13 

• R14 
R15. 
R16 
R17 
R18 
R19 
R20 
R2I 
R22 
R23 
R24 
R25 
R26 
R27 
R28 • 
R29 

• R30 
R31 

• R33 
R34 
R35 
R36. 
R37 

• R38 
- R39 
R40 
: R41 
R42 
R43 

' R44 
R45 
R46 
R47 

, 
R49- 
R50 

:-• R51 . 

Resistor 10k,„ 
6201L 
682. 
tok 
2.2k 
150n 
5.6k_ 
220 2 
3.6k_ 
2702 

360S2., 

430JZ 
1.8k 
560P 
1.6k_ 

• '22k 
1.5k_ 
750à 
,1.3k 
10k 

3.6k, 
2.7k 
2.2k 
1.8k 
1.6k 
22k 
1.5k 
1.3k 
ezon 
I.1k 
3k 
750n 
20k 

620 
1.1k 
750n 
tk 
1.8k 
620 
620 
620 

SW I Single pole change over 
minature toggle switch 

,SW2 2 pole 11 position rotary switch, 
.SW3 2 pole 11 position rotary switch 

5in91e polechange over 
minature toggle switch 

Diecast box 43/4  x 33/4 x 2 
4 Terminals type 1_1568/1S or similar 
2 -Knobs 

I 

INPUT 
4i 5 

3\ 1 1 

2.1-- 0 

e 
• _ dB 

6u0n 
OdB 

o 

10k 
30dB 

o 
COMMON 

o 

ETI 
DECADE dB 

ATTENUATOR 

EARTH 

OUTPUT 

OUT 

As the photograph shows, the resistors are wired 
directly onto the wafers 

The input and output resistances of 
the unit remain relatively constant at 
600 ohms over the full attenuation 
range. The input impedance can be 
changed to 10k by SW1 but an 
additional 30dB of attenuation is 
added. The output can also be 
terminated internally by SW4 when 
using a high impedance load such as a 
meter. 
The maximum attenuation when the 

input and output resistances are set at 
600 ohms is 59dB. There are ten 1dB 
steps from OdB to 9dB, via a 10 
position rotary switch, and a further 
six 10dB steps from OdB to 50dB via 
a six position rotary switch, giving a 
total of 60 steps from OdB to 59dB. 
This range of attenuation is adequate 
for most purposes. Although further 
sections could be added, noise 

becomes a limiting factor in a simple 
attenuator such as this. 

CONSTRUCTION 
It is advisable to employ separate 

wafers for each switch pole. If the 
type of switch that has two poles on 
one wafer is employed, there may be 
problems at the high frequency end 
due to stray capacitance. This would 
be evident as spikes on the leading 
edges of high frequency square waves. 
The common rail for each switch is a 

length of 18 gauge tinned copper wire 
formed into a ring to allow 
termination of the shunt resistors (R4, 
R23, R7 and so on). The series 
resistors are connected directly 
between the relevant switch contacts. 
Layout of the unit may be seen by the 
accompanying photographs. • 
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BUILD insliN 
THE II 
20 -I- 20 WATT INTEGRATED 

I.C. STEREO AMPLIFIER 

* FREE TEAK CABINET elee-, 
FEATURES. New slim design velffl O - IC., IC 
Sockets, 10 silicon transieles, 4 rectifiers. 2 senors. 
Special Gardeners low field slim line transformer. 
Fibre glass PC panel. Complete chassis work. 

HIGH QUALITY & STABILITY ARE PREDOMINATE FEATURES 
—DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE, 
RELIABILITY AND EASE OF CONSTRUCTION, 
FACILITIES. On/off switch Indicator, headphone socket, 
separate treble, base, volume and balance controls, scratch and 
rumble niters, mono/stereo switch. Input selector; Mag. P.M 
Radio Tuner, Aux. Can be altered for /Mc. Tape, Tape-head, etc. 
(POW list Ref. 20 on request/. Constructional detalle (ref no 21)300. 

Your Complete 
Audio-Electronic Stores 

(As Featured In nPreltbel Wireless.' 
May to Attest 1972) 

SPECIAL 

KIT PRICE 
* SLIM 

45p Overall chassis else 

DESIGN WITH 
SILVER TRIM f28•50 P& P 

14r x 6 ar high 
COMPLETE WITH FREE TEAK CABINET 
Designee approved kits distribute by Henry's Radio Ltd. 

CATALOGUE 
IN ELECTRONICS? 
THIS IS A MUST! 

LATEST EDITION! 

Fully dula/led and 
Orated covering every 
aspect of Electronics— 
plus data, circuits and 
Information. 10.070 Stock 
lines at Special Low PrICe. 
and Fully Guaranteed. 

PRICE 55p Po 

(40p FOR CALLERS) 

PLUS! 
FIVE 10p 

VOUCHERS 
For ult. With purchases 

Send to this address—HENRY'S RADIO LTD. (Dept WW) 
3 ALBEMARLE WAY, LONDON. E.C.1.—for catalogue by 
pall only. All other mail to 'MY and callers to 454 wee below. 

INTEGRATED CIRCUITS 
Why buy alternatives when you can buy the genuine 
article from us at competitive prices from stock? 

TYPO 
12717400 
8777401 
807402 SW 16p 
/307403 209 18p lap 
807404 ED» 185 HIP 
807405 20p ltly 16p 
807400 30p 27; 25, 
007407 3011 27p ESP 
8767403 200 109 18p 
807400 45, 42, Sup 
807410 20, 16p lb 
807411 92p 229 209 
807412 42p 40, 219 
807413 30, 27p 259 
307410 309 27p 260 
13X7417 WV 270 2611 
507420 209 181 169 
1307422 48p 44g 40P 
807423 Up 44p 403 
807425 48, 4.7p 350 
807427 39p 350 
807428 bey 4ap 42p 
807430 20» lOp 113p 
807432 44 399 3511 
807433 70, 610 44p 
837437 83p 801/ 3011 
807438 8bp GOP 509 
807440 20, 18p 1112 
8074412.0 769 72; 700 

702 
807443 81-00 951 
807445 42-00 81-75 81-50 
807440 02-00 01.75 81E0 
807447 11-71$ 11-60 01-46 
807448 01-75 11-80 81-49 
807422 20) 181/ I4 
PRICES OF 7400 8E81E8 ARE CALCULATED 00 THE IC SOCKETS 
TOTAL NUMBER ORDERED REeARDLESS OF XIX. 18 lead IN 
LARGE!: QUANTITY PRICES PHONE 01.402 4891 14 livid 10, 
TEXAF HANDBOOK On, 21.0.700 PAGER DATA 60p. POST 20p, S lead lip 

BRANDED FROM TEXAS FAIRCHILD 
1/11 12/24 25/99 Type 
213, 18p 121p 807451 
20p 19g 16g 1507453 

807454 
807460 
807470 
807472 
80747d 
807474 
807475 
907476 
807480 
307481 
8:(740•S 
80740.1 
807494 

.1/11 19/24 25/99 Type 1/11 12/24 25199 
208 Hip 18p 
EN 185 18p 8074150 03'83 0285 12-15 
207 18p 180 $074151 1140 11151, 90p 
20p 18; 111p 8074133 61-35 0127 61-20 
30, 27, 2.6p 87174154 £2-00 0115 81-55 
300 27p 23p 8074105 EI-S5 41-47 11-83 
40p 117p bbp 8074158 L1-66 11-47 E1-35 
40p 3Tp 36g 8074157 21-80 £1-70 S1-60 
55p 52p Hp 8074150 sew 12.40 LE-23 
lOp 42, 30, 0074181 sees 1E40 12-06 
801, 729 87p 5074182 /3-40 PE-25 1E-70 

11-23 11-16 1.1.10 8074163 nt-40 0345 1E70 
87p 80p 70p 8074164 02-75 12-30 S2-10 

1100 9017 115, 8074105 04'00 13-60 03-00 
00, 85, 809 8074186 14-00 E1-50 63-00 
p 419 389 80741137 08-23 0.5110 4110 

807400 70, 70, 6571 2074170 1410 /13-55 13-05 
8074812.0 11-00 969 909 SN74174 t2-00 01.75 £l-30 
807402 760 71), 65p 0074176 11-85 41-27 11-15 
807493 76p 70p 55p 9074176 21-60 11-36 11-20 
80749-1 110, 729 70p 8074177 21-60 2126 111-20 
80741)5 50g 75 70p 8074180 11-53 1140 01-20 
8N7406 11-00 979 829 8074181 17-00 68-00 i5-50 
807407 26-23 E5/50 85.00 8074182 12-00 1180 WOO 
8074100 12-50 t2.30 01-00 8074184 1E-40 112-00 01-80 
8074104 1145 0143 file 8074106A L2-40 O1-00 41•80 
8074105 11-43 1116 11-20 8074100 11-98 11.83 61-75 
8074107 50p 45, 40, 0074191 11-05 1145 11-75 
8074110 80p 70, 600 8074192 12-00 11-90 01.80 
8074118 11-00 959 EN 8074199 use 1E90 111-80 
8074119 11-80 81-78 il-63 8074104 U-00 82-26 t1-90 
8074121 80p 635 150p 8074195 11-83 01-79 11-00 
8074122 81-33 M1-2.5 21-10 8074108 11-40 41-
8071103 12.70 12E5 02.47 FIX74157 11-50 41-40 61.90 
13074141 01-00 96, 90e 8074108 04E0 1370 01145 
8074145 01-50 1140 81-30 8074109 64-00 4210 1313 

BUILD THIS VHF FM TUNER 
5 TRANSISTORS MO licie BAND-
WIDTH, PRINTED CIRCUIT, HIGH 
FIDELITY REPRODUCTION. MONO 
AND STEREO 
A popular VHF FM Tuner for quality 
and reception of mono and stereo. 
There le no doubt about it—VHF FM 
gives the REAL sound. All parts sold 
separately. Free Leaflet No. 3 & 7. 
TOTAL MST, FP. 2013 D99999, KU Ell,. 
Tuning meter unit L1-71. 
Maine unit (optional) Model PS 900 82-47, Post 20p• 
Mains unit for Tuner and Decoder PS15112 13-25. Poet 209. 

PA-Disco-Lighting 
pa-oisco-Licanne *Crii ete6 
LIE'S Largest Range—Wrife CO d e 
phone or cell In. Details and 

SliiMiMMOBFASIMila demonetratione on request. 
0.1301. 3 Channel sound to light unit. 3kw. 82375, 
DJ4OL 3 Channel Ole. (Bollt-in) to light, Skve. 13175, 
DJ70S TO watt Disco amend* 
DISCOAMP 100 watt arnp./mIxer, 11150. 
17.71055 30 watt Disco eons/mixer. £32-75. 
Antl-Feedbeck Quality Mc., 501(ehm £1130. 
DJ500 60 well PA, f414-00. 
GROUP 307 150 watt rrns "Group" Valve Amplifier, Eli 00. 
FIBRE OPTICS LIGHTING. MICS. EFFECTS. PROJECTORS. 
SPOTS. DIMMERS—STANDS. MIXERS. SPEAKERS. 
Everything Sor PA—Disco—Lighting. 
FREE Stack List Ref. No. 
• PORTABLE DISCOS—DETAILS ON REQUEST. 
• CREDIT TERMS FOR CALLERS. 

TRIACS 
STUD WITH ACCESSORIES 

Type Volts Price 
P.I.V. 1.11 

3 AMP RANGE 
SC35A 100 TOP 
SC35B 200 739. 
SC350 is° Sip 
8 AMP RANGE (TOM 
SC40A 100 Up 
SC4013 KO pIp 
SCIOD 400 Et 48 
SCIOE 500 t 3 Amp 
II AMP RANGE (T041) 
SCAM 100 isa T048 
SC458 207 0140 
SC450 400 EI.25 
SCI5E 500 £1-45 
15 AMP RANGE ('rO4t) 
SC50A 100 8123 
SC508 200 El 35 
SC5OD 400 81-15 
SC50E 500 L1-35 
DIAC 032 73p 
TRIACS— 
Additional TYPO. 
4043s (1066) isAmp 
INN (Plastic/ E1-00 
40485 (TOS) sae 1048 

NEW BRIDGE RECTIFIERS 
SMALL SIZE AND LOW COST 
Type Volts Price 

P.I.V. 1-11 
HALF AMP 
005(05 50 20p 
805/10 100 25p 
ONE AMP. 10/11 
TUBULAR 
B1815 50 25p 
81/10 103 250 
B1/20 200 300 
131/60 600 IN 
ONE AMP (0.1.) 
TUBULAR 
Wa05 50 1N 
W01 100 35p 
WO2 200 bp 
WOO 600 45p 
TWO AMPS 
.144011.0* 
132/05 50 35p 
132/100 100 41p 
1321200 500 IN 
BMOC PCP 500 
B2/1000 1000 80p 
FOUR AMPS 
MFR./I-lc 
84100 100 IN 
841200 203 115p 
84/400 400 710 
848300 600 7Sp 
B4/800 BOO .C1-00 
SIX AMPS 
1_911X}I.X* 
co 100 100 
15121)0 200 g: 
BC 40) 403 ON 
B6 003 600 Li-60 

SINCLAIR PROJECT 60 MODULES 
—SAVE POUNDS!  • at. Ir. Ala  

Z30 13-S7; 250 f4-37 
STEREO 60 PZ5 E317 

E7-07; P2.5 E4.77 
P.Z6 £037: 

Transformer for PTA LEIS 
Active Filter Unit 1A4S 
Stereo FM Tuner A16-115 

IC12 Ll -le; 016's EIS pr. 
Post etc. 20p per item. 

ies»  
PACKAGE DEALS 

Post 25, 
2.2230, Stereo RI, PZ5 E1545 
2a30, Stereo 80, PIS £11-011 
21Z50, Stereo 60, PZ8 82325 
Transformer for 920 £885 
PROJECT 605 KIT £18115 

MINIATURE AMPLIFIER 
5 transistor. 3COrnW ofp. Fitted volume 
and aensitivIty control. 9 volt operated. 
£I5 each PIP 150 

TEST EQUIPMENT tUra.gt %pp 
SE250B Pocket Pencll Signal Injector EI-110 
5E500 Pocket Pencil Signal Tracer £1 le 
THL33D Robust 2K/Volt 

With case LAM 
TE15 Grid Dip Meter 440 KH.-200 niHz 

£17-45 
500 30 K/V MultImeter 

With leather case IlLY3 
MOH - 20 /QV Multimeter £4-28. 

With case UN 
APIOS so 12/V Multimeter LO-51. 

With case 41 SE 
U4341 AC/DC Melt/meter with translator 

tester. Steel case LIE SO 
TE2OD RF.Generator 120101a-500MHz E15-8S 

Carr. 35, 
TE22D Audio Generator 20Na-200KHE £1750 

Carr. 350 
C1-5 r Pulse Scope 10Hx-10mHz E31-08 

Carr. 50p 
TE65 Valve Voltmeter 28 ranges 417-51 

Carr. 4013 
ALL NOMBREX MODELS IN STOCK 

7 BEG & NIXIE TUBES 
(Post 15p perito 6) 

0143, XP/13, ONO 04 side view 
whit data, 05p. 
GNP-7, GNP-8 04 side view 
with decimal points and data, 
'sp. 
3015F 7 seg. ES each, AT per 4 
with data. 
12 and 24 hour clock circuits. 
Rel. No. 31 15p. 

ULTRASONIC 
TRANSDUCERS 

Operate et 4014s up to 100 
yds. Ideal remote switching 
and leIgnellIng. Complete with 
data and circuits. 
PRICE PER PAIR ES-SO, Post 
10p. 

..BANDSPREAD“ 
PO AAAAAA 

To build MW/LW Super. 
hut Radio wing Nullard 
RFIIF Module, 800mW 
o/p. Fibre glass cabinet. 
All part. E7W. P. .1 P. 
32p. (Battery 22p extra.) 

MW /LW 
TUNER 

ML3 —Superhet 
MW/LW radio 
Tuner to build 
5/31 Tuning, 
Mollard Module 
etc. 
ALL PARTS 
1.4.15, P. 5 P. 
15p. 

ALL PARTS SOLD SEPARATELY 

QUALITY SLIDER 
CONTROLS 

60mm stroke singles and 
ganged. Complete with knobs. 
51,41. 102.0. 25115, 10012) 
250k11, 500kO. 1 mn. Log and 
Lie. 409, each, 101n, 25k2/ 
501221, 10;823 25012t1, Log and 
Lin ganged. Up each. 

SILICON 
RECTIFIERS 
WIRE ENDED 
PLASTIC 

Type P.I.V. 1-11 
1 amp miniature 
1124001 50 if 
mums 103 7p 
1044020 207 Sp 
1944004 420 Sp 
11-81005 600 le, 
Imoos 1107 12p 
11440117 1C00 15p 

1.5 amp miniature 
PL4001 50 Sp 
PL4002 100 Sp 
PI.4003 200 lep 
PL4004 400 180 
PLI(105 KA 12p 
P1.4036 800 1513 
P1.4007 1000 1 Sp 

S L4030D PLESS EY 
3 WATT R.M.S. I.C. 

Complete with 8 page Data 
Booklet and CIrculle E1-50. 
(P.C. Board Stereo Hp; Heat 
Sink 1419), 

Also Sinclair IC12 Cl 
T22901312-20 watt Power Amp 
Module L4-57. 

THS014P-IC Preamp 
Data/Circuita Sor above 
Ng. 42 lOp. 
25414 Radia IC 11.21 

MARRIOT TAPE HEADS 
4 TRACK MONO 

or 2 TRACK STEREO 
"17" High Impedance &EN 
"18" Med. Impedance 12-00 
"38" Med.-Low Imp. £340 
Erase Heads for above 751, 
"53" 2 track mono—High 
Impedance £i.75 

"43" Erase Head for -above 
750. 

LINEAR 
(0/P AMPS) 
703C TOS lap 
709C 1089 35, 
709C DAL 359 
723C 7099 El 90 
723C D.I.L. sIp 
725C (7099) LEM 
741C 7099 559 
741C D.I.L. 55p 
747C 7099 £1-1O 
747C 0.1.1.. 4118 
72741P D.I.L. Ng 
72748P DAL IN 

FREE 
Stock 1.1.4 
Ref. No. 
38 Re-
vised 
Manua 
laxly 

9512011910172 

6 
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Project 
SANGUINE 
Submarine communications link will operate at 
45Hz! Collyn Rivers reports. 

THE US Dept. of Navy is actively 
planning an ultra-low-frequency 
communications system for transmitt-
ing command and control messages to 
submerged submarines. 
Code-named 'Project Sanguine' the 

system will provide world-wide 
coverage from a single transmitting 
location in the United States. 
The system has been designed to 

operate at the ultra-low frequency of 
45 Hz (although an alternative 
frequency of 75 Hz is also under 
consideration). The reason for 
choosing such a low frequency is 
simply, that in sea water the 
attenuation of radio waves is related to 
the frequency used. For example at 2 
MHz the attenuation is 15 dB/ft, at 40 
kHz it has fallen to 2.2 dB/ft and at 10 
kHz it is a mere 1.1 dB/ft. Down at 75 
Hz the attentuation has fallen to less 
than 0.1 dB/ft. No figures are available 
for 45 Hz but it is certain that the 
attenuation will be even lower than at 
75 Hz. 
The choice of such a low frequency 

has complicated antenna design — for 
to achieve reasonable efficiency — the 
antenna used must be a small multiple 
of one wavelength. When one 
wavelength is over six and a half 
thousand kilometres (6666 km to be 
reasonably precise), clearly there are 
geographic limitations to the length of 
antenna used! 
Information about the actual length 

chosen is classified and cannot 
therefore be published, but unofficial 
reports say that a length of 22.5km 
will almost certainly be used. As a 
result, the antenna system will be 
extremely inefficient and nearly all the 
'energy input will be dissipated as heat 
into the surrounding earth. 
A very small portion will be radiated 

into the 'duct' between the earth's 
surface and the ionosphere, and, due 
to the wave 'tilt' of the propagated 
energy at the surface of the earth, 
some of this energy will penetrate 
beneath the earth's surface and be 
attenuated in accordance with the' 
normal exponential laws of decay. 

Unlike conventional radio 
transmission techniques, the Project 
Sanguine antenna cannot be regarded 
as radiating directly. At 45 Hz the 
distance between the earth's surface 
and the ionosphere is a mere 1/80th of 
the wavelength and because of this the 
ionosphere above the transmitter acts 
as a conductor that is coupled 
inductively to the antenna in the same 
way that the secondary winding of a 
transformer is coupled to the primary 
winding. 

A GIGANTIC TRANSFORMER 
In fact the whole Project Sanguine 

antenna and the space above it can be 
seen as a gigantic transformer in which 
the transformation ratio becomes an 
essential feature in coupling the 45 Hz 
power generator to the 
earth-ionosphere duct. In other words 
the antenna, together with the return 
circuit through the earth, is simply the 
primary winding of a matching 
transformer which induces current in 
the ionosphere above the antenna site, 
and it is this current that in effect 
launches the energy wave in the 
earth/ionosphere duct. 
Information concerning the level of 

power to be transmitted has not been 
released, but some indication can be 
obtained from experiments 
undertaken at the US Navy's Project 
Sanguine test facility sited in the 
Chequamegon National Forest in 
Northern Wisconsin. 
In this installation an antenna input 

power level of 600 kW is used to 
generate 'a current of 300 A into-an 
orth ogonal a ntènna (oriented 
North-South and East-West) mounted 
on poles 10 m above the ground. Each 
antenna arm is 22.5 km long and has 
extensive earthing arrangements at the 
ends. 
Received power measurements were 

taken from this transmitter at field 
sites at Utah, Hawaii and Alberta. 
These sites are approximately two 
Mm, 6.5 Mm and 1.5 Mm 
(respectively) from the transmitter 
location in Northern Wisconsin. 

Official reports state that the signal 
level received was extremely low and - 
from this it is reasonable to assume 
that very much higher power levels 
will be used. Figures as high as 30 MW 
are being spoken of — if one authority 
is correct it could be as high as 3000 
MW! 
There is some controversy as to 

whether burying the transmitting 
antenna will attenuate the signal to 
any marked degree — the concensus of 
informed opinion is that it will not. 
However, one well known authority, 
Dr. C. W. Harrison Jr. in his 'Note 
relating to Project Sanguine Antenna 
for Communication with Submarines 
at Operational Depth' questions this 
and suggests that the power input to a 
buried antenna might have to be 100 
times that of an above ground 
antenna. . 
At frequencies as low as those to be 

used, the dominant source of noise for 
a fixed antenna at surface level is 
atmospheric. Hence a receiver aboard a 
- submarine will receive the atmospheric 
noise as well as the Sanguine signal. 
The sea is a conducting medium and 

therefore has an attenuation for any 
given frequency that is exponential 
with the product of antenna depth and 
the square root of the frequency. Thus 
the sea above the antenna acts is a 
low-pass filter attenuating and linearly 
distorting both the Sanguine signal and 
the atmospheric noise. 
Apart from the selectively attenuated 

Sanguine signal plus atmospheric 
noise, there will also be noise 
associated with the flow of the sea 
water over the antenna electrodes plus 
a noise component caused by the 
variability of motion of the antenna 
through the earth's magnetic field. On 
top of all this there will be internal 
noise generated by the receiver itself. 
Thus the relative levels and 

characteristic's of the Project Sanguine 
signal and the inevitable noise will 
determine the quality of reception, 
and ultimately it will be the speed and 
depth of operation of the submarine 
(or at least the sunmarine's antenna) 
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that will determine whether a signal 
can or cannot be usefully received. 
From the facts currently available it 

is obvious that the received 
signal/noise ratio will be 
extraordinarily low — far less than 
unity — and because of this a very 
complex message coding and decoding 
technique will be employed. 

THE CODING TECHNIQUES 
The technique to be used requires 

that the receiver knows the exact 
phase of the transmitter at all times — 
whether a signal can be received or 
not. This will be done by using a stable 
crystal controlled oscillator (or 

possibly an atomic clock). Using such 
techniques, any limitations on timing 
are principally due to keeping track of 
the changing propagation delay due to 
day/night transition and of course 
changes in geographical position of the 
submarine. These delays are 
predictable from the navigation system 
of the submarine — or can be 
measured from the Sanguine 
transmissions, using very long 
integration times. 
Thus by using these methods it will 

be possible to 'lock' the receiver in 
phase with the transmitted signal even 
though the signal is deeply burned in 
noise or not receivable at all. To 

decrease the risk of an enemy 
decoding the signals it is probably that 
the phase of the signal will be changed 
at predetermined times). 
The transmitted 45 Hz carrier wave 

will be amplitude modulated, and at 
the receiving end, complex signal 
correlation techniques will be used to 
extract the signal from the 
accompanying noise. This recently 
developed coding/decoding technique 
enables the signal power needed to 
convey a message (with low 
probability of error) to be 
substantially reduced. 
Data to be transmitted by Project 

Sanguine will be of a digital (binary) 
nature. The delivery times will be very 
long by normal communications 
standards due to the need for very 
long integration times per bit. In fact 
estimates of the time required to 
transmit one bit of information vary 
from one bit per second (Ad Hoc 
Panel on Sanguine — National 
Research Council 1972) to 1000 
seconds per bit (McClintock et al, A 
Report on the Technical Feasibility of' 
Project Sanguine). 
Whilst these transmission times may 

seem very long it should be borne in 
mind that the messages will be in 
cipher form, hence complex messages 
can be sent using relatively few bits. 
Like any other communications 

system, Project Sanguine is designed to 
operate in a specified maximum noise 
level and may fail if natural noise, or 
accidental or deliberate 'interference, 
raises the noise level substantially. 
Consequently, the Sanguine system 
can be overpowered by brute force 
noise, and the design of an effective 
communication system to resist enemy 
countermeasures will be aimed at 
forcing the interfering power to be 
widely dispersed. In this way only a 
very small fraction of the total 
interfering power can be effective in 
disturbing the communications 
system. 
However the characteristics of the 

Sanguine system are such that for 
most forms of jamming to be effective, 
the radiated power of the jammer 
must be considerably more than ten 
times that of the radiated Sanguine 
signal in order to raise the effective 
noise level by a significant amount. 
Thus the effectiveness of the jamming 
transmitter depends largely on the 
resources devoted to it, and whilst 
practically any communications 
system can be jammed by a 
sufficiently determined enemy, the 
Project Sanguine system is not an easy 
mark. 
One big question remains — and this 

is worrying quite a lot of Americans:— 
What are the ecological effects of 
dissipating such enormous quantities 
of electromagnetic energy into the 
earth? • 
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PART 10 

TRANSDUCERS IN. 
MEASUREMENT 
AND CONTROL 
Dr. Sydenham of New England's University's Dept. of Geophysics 
describes various techniques used to measure flow. 

Fluids in motion range from low 
density gases, through liquids to 
slurries, pulps and particulate 

substances such as wheat or sand. And 
they often require to be monitored to 
provide information on the rate at 
which a volume of fluid is passing a 
given area, or the rate at which a 
volume of fluid is passing a given area, 
or the rate at which the mass of the 
fluid is moving, or to monitor the total 
amount that has passed in a given 
time-interval. Examples are: pulp flow 
in paper making, blood flow in 
medicine, power station cooling-water 
rate, air speeds in weather forecasting, 
the flow rate of highly reactive liquid 
sodium in nuclear reactors. Flow rate 
measurement is also often required for 

delivery of exactly metered quantities 
of a substance. 
As with all sensors, no universally 

applicable device or principle suffices 
for all the various needs. Many 
principles are invoked, in a variety of 
ways, in order to provide a satisfactory 
measurement from both performance 
and cost points of view. 

FLOW CHARACTERISTICS 
In general, most fluids needing 

measurement are conveyed in enclosed 
pipes, although in some instances open 
channels are used. It is, therefore, 
useful to know something about fluid 
transmission in pipes. Assuming the 
fluid is incompressible — water and oil 
come close to the ideal — then the 

flow rate is a measure of the volume 
(volumetric flow rate), or mass 
(gravimetric flow rate) passing a point 
in a given time, depending on which is 
of interest. The greater the velocity, 
the greater the volume (or mass) 
passing. However, a strict 
correspondence does not exist, and the 
relationship depends upon how the 
flow takes place in the conduit, which 
leads us to the two main types of flow 
that can exist in a pipe. 

If the particles of the fluid flow in a 
smooth streamline manner — imagine 
the flow as numerous ultra thin layers 
slipping over each other with greatest 
velocity in the centre — then this is 
laminar flow. Empirical observation 
plus dimensional analysis of the 
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relevant equations of fluid mechanics 
have yielded a very valuable 
characteristic number that depends 
upon the pipe diameter, fluid density 
and viscosity, and the flow rate. This 
Reynold's number' (after O. Reynolds, 
1883) will be around 2500 or less if 
the flow is laminar. We shall see later 
that correct flow measurement often 
requires that the flow through the 
transducer is laminar, so a section of 
pipe or straighteners are added to 
steady the flow before it enters the 
transducer. 

If the flow is laminar, the velocity of 
the fluid particles will vary across the 
pipe section, the layer being stationary 
near the pipe-wall and fastest at the 
centre of the pipe section. The 
velocity gradient depends on the fluid 
and the pipe, so the average flow rate 
could be quite different from that 
indicated by a flow meter. 
The other distinct flow type is called 

turbulent because the velocity at any 
point in the flow is random and no 
streamline flow exists. A Reynold's 
number greater than 4000 usually 
indicates turbulent flow. In between 
the two numbers, the flow depends 
upon the pipe-work system used. 
Obviously, rough edges, surfaces and 
steps in the pipe will cause turbulence 
for some distance down stream. Flow 
meters are therefore usually installed 
away from elbows, joints and valves. 
To add to the problems, flows are 

often pulsating due, perhaps, to the 
use of a gear or piston pump. In recent 
years considerable research effort has 
been devoted to the study of pulsating 
flows. If possible, the rule is to 
circumvent pulsation' problems by 
smoothing the flow with a storage 
tank, (which acts as an integrator), or 
by mounting the meter some distance 

away from the source of pulsation. 
Some flow meters operate without 
significant errors in pulsating 
conditions, but not all. 
Flow, therefore, is a challenging 

variable to measure. Extreme care is 
needed in the selection of the method, 
and its application. A good 
understanding of basic flu id mechanics 
is essential. 
Other factors that must be 

considered are that the components of 

Fig. 3. Solid-state mass flow and density 
computer for use with differential 
pressure devices. 

Fig. 2. Arrangements for producing 
differential pressure in closed pipes. 
(a) venturi (b) orifice plate (c) pivot 
tube (d) nozzle (e) elbow (f) smooth 
pipe. 

the transducer will not be corroded by 
errosive chemical or cavitation forces. 
They must also be able to withstand 
the temperatures involved. 
The majority of flow meters are 

designed to operate with a specified 
flow direction only, their principle will 
not work correctly the other way. 

CALIBRATION AND TESTING 
In theory, flow (being mass or 

volume passing a given area in a given 
time) can be defined in terms of the 
fundamental mass, length and time 
units. The only satisfactory basic 
standard procedure is to pass steady 
flow through the device, collecting the 
fluid in a suitable weighing or volume 
measuring enclosure and measuring the 
time of flow. Schematics of 
gravimetric and volumetric test setups 
are shown in Fig. 1. Flovvmeters so 
calibrated may then be used as 
substandards (the absolute methods 
are time consuming) to calibrate other 
flow meters in continuously flowing 
closed-circuits. An essential 
requirement with absolute methods is 
that the pressures to and from the 
transducer are maintained constant to 

ensure an even flow rate. 
Closed-circuit systems are used but 
pressure control is also needed, It is 
not always necessary to measure the 
entire flow in the pipe — shunts are 
often used to bypass a known 
percentage of the main flow through a 
parallel mounted, smaller, flow-meter 
circuit. 
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TRANSDUCERS IN 
MEASUREMENT 
AND CONTROL 

Having dealt with this background, 
we can now examine specific designs. 

DIFFERENTIAL PRESSURE (d.p.) 
SENSING OF FLOW 

In the middle 1700's, Bernoulll 
studied the ideal case for steay flow of 
an incompressible fluid in a frictionless 
pipe. He was able to relate the 
variables of a flow between two points 
— viz, pressure difference between the 
two points, velocity of flow and 
difference in pressure head — using a 
general energy-balance equation that 
now bears his name. If flow is 
restricted by narrowing down a short 
section of pipe, it can be shown from 
this equation, and from consideration 
of continuity ,of flow, (the mass 
leaving the restriction equals that 
entering it) that there will be a 
pressure difference between a point 
upstream and a point in the 
restriction. A crass-section of such a 
venturi device is shown in Fig. 2a. 
(Carburettors and spray guns use this 
principle to draw vapour into the air 
flow passing through the venturi). 
Flow rate, therefore, can be 
transduced into an intermediate 
secondary variable, pressure 
difference, which can be monitored 
with pressure transducers. Flow, 
however, is proportional to the square 
root of this pressure difference and 
linearization is needed. Pulsating flows 
are not indicated correctly, due to this 
non-linearity. 
A simple way to invoke the same 

situation is.to insert a plate, having a 
small hole in the centre, in the flow 
stream. These are called orifice plates 
(Fig. 2b). Again flow velocity is 
dependant (pressure difference) 1 /2, 

The actual relationship depends 
critically upon the hole diameter, its 
profile and the fluid constants of 
viscosity and density. Every 
combination has a slightly different 
discharge coefficient. Standards have 
been established to ensure accurately 
related flows with the measured 
pressure differences. Orifice plates are 
available commercially. Other devices 
using the same concept in different 
ways are the Pitot tube and nozzles 
(shown in Fig. 2c and 2c1). 
A pressure difference is also 

produced between the outside and 
inside of a bend in the pipe work, (Fig. 
2e), due to centrifugal force, and this 
is often used as a metering method. 
Again certain criteria must be adhered 
to, especially the use of a 'calming 
section' preceding the bend. Individual 
calibration is necessary. 
Yet another pressure difference 

device makes use of the pressure drop 

Fig. 4. Cross-section of a simple variable-area 
rotameter. 
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Fig. 5. Schematic of a drag-plate flow-meter 
having fast response, made at the National 
Engineering Laboratory. 

developed along an even-bore pipe by 
fluid friction effects (Fig. 2f). 
Although providing a smooth bore to 
flow, the resistance needed to develop 
enough pressure difference may be a 
disadvantage. To shorten the length 
whilst retaining smooth flow, one 
manufacturer offers a pipe filled with 
glass spheres for the same purpose. 
The basic low cost, reasonable 

reliability and installation ease, made 
d.p. methods popular. Many 
instrument companies offer equipment 
that linearizes the d.p. signal to 
indicate flow or mass on a linear scale. 
An electro-mechanical system was 
described in the July, 1972 issue of 
Electronics Today International. A 
solid-state equipment is shown in Fig. 
3. 
Pipe sizes from hair size to many 

metres in diameter can be 
instrumented this way. 
Obvious disadvantages of such 

methods are the need to maintain the 
restricted area free of debris and solid 
contaminants. The method is not used 
for highly viscous or particulate 
substances. 

DISPLACEMENT DEVICES 
An object placed in the fluid stream 

experiences a force attempting to 
move it along. Many devices make use 
of this fact to provide an intermediate 
stage by which a linear or rotary 
displacement sensor is actuated. 
The simplest meter uses a 

spring-loaded horizontal or vertically 
suspended object in à tube such that 
movement of the object alters the area 
through which the fluid is restricted. 
These variable area meters, in fact, 

produce a varying size orifice which 
maintains a constant pressure drop — 
in contrast to the constant area of the 
differential pressure methods. 
Inexpensive units visually indicate 
flow as the position of the float 
against an engraved scale (as shown in 
Fig. 4). By suitable design, the 
movement can be made linear with 
flow rate. They also cover a wider 
range of flows (10:1 is possible) than 
differential pressure methods. To 
obtain an electrical signal, the 
movement is measured with 
displacement transducers such as the 
inductive sensors or potentiometers. 
Another displacement type is the 

turbine meter. If accurate metering of 
valuable fluids is needed, the blades 
are designed with seals that slide to 
ensure minimum bYpass of fluid past 
the blades. (Often the pump is 
designed to act as the flow meter. The. 
disadvantage then is the need to 
provide energy to nove the rotor, and 
this resistance to flow may be 
intolerable). 
Where flow is established and 

reasonably steady, the blades need not 
be close fitting as some slip is allowed. 
The essential features of a turbine flow 
meter is a freely spinning turbine that 
couples closely to the flow, a flow 
straightener preceding it to avoid 
errors due to already rotating flows, 
and a non-contacting sensor to detect 
turbine rotation. Most flow meters use 
magnetic detection. A small magnet is 
inserted in the blade and the external 
sensing coil produces a pulse for each 
pole of the magnet passing it. Other 
sensors utilize capacitance/resistance 
changes; several designs also operate an 

1 
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TRANSDUCERS IN 
MEASUREMENT 
AND CONTROL 

Fig. 6. Principle components of a cross-
correlator thermal flow-meter. 

indicating meter with a mechanical 
link. 
Turbines can provide a linear output 

but because the indicated flow 
depends upon the (diameter)2 they are 
made as a complete unit calibrated for 
the bore used. The output is a 
frequency variable pulse signal. This 
aids reliability and ensures 
compatibility with digital equipment. 
Such devices have been developed to 
measure liquids and gases, covering a 
range of flows of 15:1. Using different 
size turbines, gas flows from 1m3/hr 
to 50,000m3/hr can be measured. 
In a good design, the mechanical 

(rotational) inertia is made small and 
the resistance to rotation (damping) 
negligible. This fact, associated with 
close coupling in most fluids, enables 
turbine meters to follow rapidly 
changing flows. Responses are of 
millisecond order so that transients 
and low frequency pulsating flows can 
be followed faithfully. 
In air speed measurement, the 

rotating-clip anemometer (this term is 
usually reserved for air flow meters) 
works on the same principle. Shaft 
rotation provides signals via magnetic 
sensing. A recent version uses a 
magneto-resistor to sense the 
movement, as this has greater 
sensitivity. It has already been stressed 
that flow is difficult to measure 
accurately and tests of anemometers 
and more advanced instruments 
indicate that the rapidly changing 
nature of wind can lead to 
considerable errors in the former. 
Drag-plate flow meters use a plate 

suspended in. the stream. This is 
constrained by springing, for example 
by means of a torsion hinge, cantilever 
or spring-loaded lever. Its movement is 
monitored by a displacement 
transducer. A recent unitmade in the 
National Engineering Laboratory in 
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Britain is shown in Fig. 5. If the spring 
system is stiff, movements will be 
small but response high. The unit 
shown moves only 100µm and can 
follow pulsating flows to 100 Hz. 
There are other ways to make use of 

the momentum of the fluid. One 
intriguing device uses it to alter the 
precession torque of a gyroscope. The 
liquid is piped through a loop made in 
a plane perpendicular to the axis of 
flow (that is, the fluid moves in a 
circle •where the flywheel would 
normally be). The flow through the 
loop acts as the flywheel, producing 
angular momentum in the same way as 
a flywheel. If the loop is rotated, the 
gyro torque output is a measure of 
flow rate so the developed instrument 
nods the loop about a mean position 
to develop the torque as an ac signal 
which is then converted to dc form. 
Another device uses two turbine 

blades of differing pitch that are 
joined together on common bearings 
by a torque spring coupling. They 
rotate in unison in the flow but as 
each experiences a different torque 
because of the blade pitches, they take 
up a relative angular position different 
to that at zero flow. Sensors at both 
blade positions deliver two trains of 
pulses. Their phase difference is a 
measure of mass flow. 

TIMING SYSTEMS 
When only a single measurement of 

fldw rate is needed, the simplest way is 
to drop an identifiable marker in the 
stream. A ship's log is used at sea in 
this way to measure relative speed. 
Similarly, in channels or pipes a tracer 
can be injected. Common salt is often 
used in clean rivers. In polluted waters 
lithium salts may work. The gulp 
method dumps the tracer into the 
flow. Downstream samples are 
collected at known time intervals and 

analysed for salt concentration. 
Plotting values against time shows 
when a maximum is reached and this 
plot is related to flow rate. Suitable 
tracers are chemicals, dyes or isotopes, 
the latter having limited use due to 
health hazards. 
When continuous measurement is 

needed, such tracers are usually 
impracticable, but the concept can still 
be used with heat or motion bursts 
that are generated in the fluid. 
Although the principle is simple, the 
signal levels are small and they exist in 
the presence of severe noise signals of 
the same form. The use of 
cross-correlation techniques has been 
proven capable of measuring the time 
delay for heat perturbations to pass 
between two .points despite poor 
signal/noise ratios. As an example of 
this very recent method, a thermal 
flow meter is now explained. 
Fig. 6 shows a schematic of a 

cross-correlator thermal flow-meter 
showing the major fluid and electronic 
components. At a convenient point in 
the flow is a small heater which is 
energized by a signal generator 
providing a pseudo-random noise 
signal. This imparts to the fluid 
relatively small quantities of heat in a 
time sequence resembling random 
heating. (In practice this generator is 
binary in nature providing only two 
levels of signal to the heater but in a 
continuing random time sequence — it 
is termed a pseudo-random binary 
sequence, P.R.B.S. generator). Down 
stream are two, fast-response, 
temperature sensors a metre or so 
apart, so that each receives the same 
thermal fluctuations but at different 
times. Merely examining the 
temperature sensor signals would 
reveal little more than a noise signal 
with no clear definition of the original 
input to the heater. Therefore a 

1 
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process of correlation is used to 
recover the buried signals. 
Correlation can be visualized by 

considering two identical complicated 
optical patterns formed on film 
transparencies. When the two are 
exactly overlaid, the maximum 
amount of light transmission occurs. If 
we now misalign the patterns, thE 
transmission attenuates rapidly as the 
degree of misalignment is increased. In 
the correlation of electrical signals the 
signals are time variables rather than 
space variables. In essence, the two 
signals are multiplied together and the 
multiplicand signal then averaged. This 
is repeated many times with different 
time delays. At a processing time-delay 
equal to that of the time taken for the 
fluctuations to travel from one probe 
to the next, the correlation output will 
peak quite sharply. In Fig. 6, m(t) and 
n(t) are the two temperature signals. 
The multiplier unit produces m(t- ) 
.n(t) which is integrated to produce 
the output signal. The time-delay unit 
provides delay increments. In 
continuous signal monitoring, the 
delay unit is tracked to keep the 
cross-correlation output maximized. 
Commercial correlators are available, 

but being general purpose instruments, 
they are. usually expensive. Less 
expensive units (such as that shown in 
Fig..7) can be made to suit specific 
cases such as this example. 
Any signal that can be. made to 

perturb the existing state of the fluid 
and then be detected may be used, the 
essential factor being that the 
pseudo-random signal marking the 
flow must retain its spatial form 
between the markers. In slurries and 
gaseous suspensions there is often no 
need to add a signal since the medium 
has inbuilt patterns due to voids or 
denser particles. In these cases, it is 
only necessary to sense the effect at 
two places using capacitive sensors for 
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OUTPUT ELECTRODES 
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Fig, 8. Principle of the electromagnetic 
' flow meter (an iron circuit is not always 

used). 

Fig. 7. Multipurpose correlator unit 
(Hewlett Packard 3720A). 

example. (Surface velocity is similar to 
flow measurement, surface 
irregularities providing the signal. For 
example, in aerial photography the 
aircraft ground speed is needed. One 
solution is to cross-correlate the 
appearance of the ground seen by two 
sensors viewing at different places 
along the flight path). A decade ago 
correlation methods were novel and in 
the experimental stages. Today they 
are used extensively as a routine 
procedure. 

ELECTROMAGNETIC FLOW 
METERS 
To understand the operation of 

electromagnetic, E.M. for short, flow 
meters, it is necessary to look at the 
findings of the 19th century scientist 
— Faraday. The Faraday principle 
states that an electrical conductor 
cutting a magnetic field experiences a 
force acting upon it that is 
proportional to the rate at which lines 
are cut. In E.M. flow transducers, use 
is made of the voltage generated when 
a field is cut by a current carrying 
conductor. Referring tb Fig. 8, the coil 
magnetizes the pole piece and the 
liquid (the conductor) moves through 
the field produced in the air gap of the 
iron. Some E.M. flow meters use two 
coils laid on the pipe walls. Electrodes 
are placed at the positions shown for 
that is where the generated voltage 
appears. Regardless of the state of the. 
flow, the method indicates accurately 
for it relies on the bulk electrical and 
magnetic properties of the fluid in a 
given volume. 
When electrolysis problems might 

occur, the field is excited with ac, 

either from mains excitation using a 
transformer, or from an inbuilt signal 
source as shown in the schematic of a 
flow meter in Fig. 8. 

E.M. meters have found use in the 
measurement of the flow of liquid 
sodium, saline solutions, seawater, 
blood, mercury, electrolytes such as 
plating solutions and, of course, water. 
A general guide is that the 
conductivity of the fluid must be 
greater than 10-7 mh o/cm3 for 
satisfactory signal generation. Tap 
water has a conductivity of about 2 
10-4mho/cm3 

The design of the coil and electrode 
shape is important. The field produced 
should be at least three pipe diameters 
in length so that the electrical shunting 
conductivity of the fluid just outside 
the field boundaries is made 
insignificant. The pipe of the meter 
must be non-magnetic — and have 
insulated readout electrcides (plastic is 
an obvious choice). If possible, the 
pipes either side of the meter should 
be non-magnetic and insulating for a 
short distance each way. In precision 
installations, the meter should be 
calibrated. Signal levels are small 
(order of millivolts) but the use of ac 
achieves good signal/noise ratios as the 
thermoelectric and electro-chemical 
potentials are not amplified in the 
detection equipment. 

E.M. flow meters have been 
commercially available since 1950. 
Ranges available cover 3mm to 
2000mm diameter pipes. The smooth 
bore design makes them suitable for 
slurries, pastes and liquids having 
solids in suspension. 
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ENERGY BALANCE 
DEVICES 
Hot wire or hot film anemometers 

consist of a fine resistance element 
suspended so as to make good contact 
with the gas flow. The element is 
heated and its resistance measured in a 
Wheatstone bridge circuit. Convective 
losses from the element, due to the gas 
flowing over it, depend on the velocity 
of the flow so the temperature of the 
element will stabilize at a value where 
. the energy lost to the flow equals that 
supplied to the sensor. 
Three basic forms are in use — 

Constant current through the element, 
constant temperature of the element 
or, less common, constant resistance 
ratio between two elements. In the 
first, a constant current is fed to the 
elements (see Fig: 9a), so the element 
temperature drops as the flow 
increases. Flow is measured indirectly 
as the resistance of the element which 
depends upon its temperature. The 
second method alters the current so as 
to maintain the element of a constant 
temperature (as shown schematically 
in Fig. 9b), and the current is a 
measure of the flow rate. 

If the flow does not have a steady 
temperature, but fluctuates, the above 
methods will not be accurate since 
energy loss depends on gas 
temperature. The constant 
resistance-ratio method is a way to 
reduce temperature errors. It has two 
elements, each fed with a different 
current. Their voltage ratio is 
maintained constant with a feedback 
system where voltage is taken as a 
measure of the flow rate. 
The elements must be small to obtain 

UPSTREAM RESISTANCE 
TFIERMOINETER MEASURES TEMP 
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CONTROL UNIT 
MAINTAINING 
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Fig. 10. Cross-section through a boundary-
layer flow meter. 

ELEMENT WITH 
CONSTANT CURRENT 

OUTPUT 

(SI) 

Fig. 9(4. Constant current hot-wire 
anemometer bridge. (b) Constant 
temperature operation requires feed-
back to hold the element temperature 
constant. 

a fast response; an example is tungsten 
wire, 40pm in diameter. Deposited 
films are also used. In turbulence 
studies, the system response needs to 
be as high as 50 kHz. Hot-wire 
anemometers have been developed 
that easily cover the need — having 
response times of 10,us. Obviously, 
such delicate probes can only be used 
where the flow is clear of particles and 
contaminants that may alter the 
convective film coefficient and it is 
necessary to calibrate these devices 
in-situ. 
The boundary-layer flow meter also 

makes use of heat transfer and energy 
balance but in a very robust way — no 
delicate probes are used but the gain is 
at the expense of response. A heating 
coil is wound around a thin heating 
pipe as shown in Fig. 10. This 
produces a temperature profile across 
the cross-section of fluid in the pipe. 
Fluid near the wall is the hottest 
because this, the boundary layer, is 

HEATER PROVIDES TEMP, DROP 
ACROSS BOUNDARY LAYER 
DOWNSTREAM 

DOWNSTREAM RESISTANCE 
THERMOMETER MEASURES TEMP 
AT THE BOUNDARY LAYER 

EEO-BACK 
CONTROL UNIT 

not moving. The temperature drop 
across the layer •is related to its 
thermal conductance which, in turn, 
depends upon the (mass flow rate) 0-8. 
One probe, therefore, measures the 
wall temperature, the other the fluid 
temperature on the other side of the 
layer. It is not necessary to place a 
probe in the stream for the centre 
temperature can be measured 
up-stream before the heater. In use, 
the heater is adjusted to keep the 
temperature drop constant. In this 
mode, heater power level is a 
reasonably linear measure of mass flow 
rate. 

DOPPLER FLOW METERS 
Energy radiated through a fluid in 

motion will reach a given point 
elsewhere at a later time depending 
upon the rate of energy propagation 
and the velocity of the fluid in the 
same direction. Another significant 
phenomena is that the frequency of 
the received signal will be altered from 
that of the sending source due to the 
doppler effect. This can provide 
greater resolution than straight 
transit-time measurement. Ultrasonic, 
radar and laser radiation are employed 
but the hardware differs in each 
system due to the different 
wavelengths. 

ULTRASONICS 
Piezo-electric crystals, one for 

transmission and one for reception, are 
positioned in the wall of the 
flow-meter aligned in direction of fluid 
flow. These provide radiation and 
detection of the acoustic pressure 
waves that are launched into the fluid 
(as shown in Fig. 11a). When the fluid 
is liquid, there is no problem in 
obtaining an efficient energy coupling, 
but for gases, it is a more formidable 
problem. 
In the simplest arrangement (Fig, 

11a), the upstream crystal transmits a 
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burst of high frequency (at typically 
10 MHz) that is received down-stream. 
The transit-time will vary in relation to 
fluid velocity but this measurement 
also depends upon the (acoustic 
velocity) 2 so variations in the speed of 
sound greatly affect the accuracy. 
Furthermore, the delay time can be 
very small, making it hard to obtain 
resolution. Usually a more complex 
arrangement is used which has two 
systems acting in opposite senses, as 
shown in Fig. 11b. Each loop 
resonates because the received signal is 
used to send the next pulse burst 
(called the sing-around technique). 
When the fluid is stationary, the 
frequencies will be the same but with 
flow movement one frequency goes 
down, the other up. The beat 
frequency formed by comparing one 
with the other is a direct measure of 
flow velocity. 
More recently developed methods 

make use of the frequency shift due to 
the doppler effect. Energy received 
elsewhere (or sent back) to the source 
will be of different frequency to the 
source, so frequency comparison 
similar to the above gives flow rate. A 
blood velocity , ultrasonic doppler 
meter is shown in Fig. 11c; note the 
gel used acoustically to couple the 
crystals to the artery wall. 
Before leaving ultrasonics, it is worth 

mentioning that ultrasonics can be 
used to detect leaks in pipes. Gas 
passing very small orifices tends to 
resonate in the range 30-40 kHz. 
Ultrasonic detectors will detect this, 
often at a considerable distance. 

RADAR 
The ;loopier principle has also been 

applied with radar sources in order to 
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Fig. 11(a). Simple ultrasonic transit-time 
variation method of determing flow rate. 
(b) Double resonant-loop method re-
duces errors. (c) Ultrasonic doppler used 
to monitor blood flow. 

provide a frequency variable signal 
related to flow. The availability of 
miniature self-contained C.W. radar 
sets (such as the Royal Radar 
Establishment unit which is camera 
size and runs from batteries) has made 
radar doppler a reality in industry. The 
unit is arranged to look at the flow at 
a slight angle (sand, water, films, 
granules, liquids with air bubbles 
water drop sprays and surfaces of 
sheet material have been measured). 
The same antenna acts as a radiator 
and receiver detecting back-scattered 
energy which is compared with the 
source frequency. The signal does not 
have constant amplitude nor does it 
exist continuously, hence reasonably 
sophisticated electronic equipment is 

AMPLIFIER 

needed to determine the frequency 
difference. Fig. 12 shows a schematic 
of the instrument in use — along with 
typical waveforms from various 
materials as published by the Institute 
of Measurement and Control. Filtering 
is used to improve the signal/noise 
ratio but it has been found that the 
best results are achieved by using a 
plastic zone plate (a disk having 
annular rings turned in it) between the 
instrument and the surface, rather 
than using electronic filters after the 
detector. 

LASER VELOCIMETERS 
One of the applications of laser 

sources is for measuring velocity with 
great accuracy and large dynamic 

(Turn to page 70) 
Fig. 12, Doppler radar unit compares reflected signal and source frequency to provide frequency variable signal related to flow rate. Waveforms 
from a number of materials are shown. 
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Just when you've 
spent a fortune 

on a two speaker hi4i, 
• guess what: 

It isn't planned obsolescence, it's 
progress. 

With four speaker hi-fi you get stereo 
wherever you sit in a room. 

Did we say "stereo"? The very word is 
out of date. So is the sound. 

The new word, and the new sound, is 
quadrasonic. 

Instead of giving you two channels of 
sound it gives you four channels. 

So you get the reflected and rever-
berated sound of a live performance through 
the two rear speakers. 

Unfortunately, you not only need four 

speakers, you need a four channel amplifier, 
as well. 

This is what you see in the picture. 
The National SA6800X. 

It comes with an FM/AM tuner and a 
little joystick that lets you balance the 
four speakers from your armchair. 

And its recommended retail price 
is £330. 

Wed be happy to send you a brochure 
with a full specification. Meanwhile, these 
few details may whet your appetite. 

Amplifier Section: 
IHF music Power: 
RMS Power 

Harmonic Distortion: 
(at 1 kHz and rated output): 
InputSensitivity and Impedance: 
Phono 
Aux 
Tape Monitor 1, 2, 3, 
Mic 
Frequency Response 
Residual Hum and Noise: 
Signal to Noise Ratio at 
rated output: 
Phono 
Aux 
FM Tuner Section 
Usable Sensitivity (IHF) 
AM Tuner Section: 
Usable Sensitivity (IHF) 
Image rejection@ 98 kHz 
IF rejection 
Capture ratio 

300 Watts at 4ohins 
200 Watts at 8ohms 
4 x 30 Watts into 4ohms 
4x25 Watts into 8ohms 
0.5% 

3 mV/50 kohms 
200 mV/50 kohms 
200 mV/50 kohms 
2 mV/50 kohms 
20-50,000 Hz-3dB. 
1.5 mV 

73 dB IHF 60 dB DIN 
85 dB IHF 80 dB DIN 

1.8 uV. 

1.8 uV. 
85 dB 
85 dB 
1.5 dB 

'Just slightly ahead of our time" 

NATIONAL PANASONIC 
NATIONAL AND PANASONIC ARE THE BRAND NAMES OF MATSUSHI IA ELECTRIC, JAPAN 

:177 

FULL SPECIFICATION AND DETAILS OF OUR RANGE OF PRODUCTS IS NAILABLE FROM NATIONAL PANASONIC (UK) LTD. DEPT U1/1.107.109 VA I IT BY ROAD, SLOUGH, BUCKS 1EL SLOUGH 34522. 
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How serious are you about Stereo? 

If you're serious at all, 
cut out this coupon and send ; 
it off to Akai. In return, 
we'll send you lots of 
information on how to enjoy 
all that's best in hi-fi 
stereo—without having 
to muzzle the dog to do it. 

Please send lots of information \ 
on Akai hi-fi stereo equipment. \ 

To: Akai, Rank Audio Products, •> 
P.O. Box 70, Great West Road, ; 
Brentford, Middlesex TW8 9HR. 

AKA.I 
Akai equipment is made in Japan by Akai Electric Co. Ltd., 
and is distributed and serviced in the 
UK exclusively by Rank Audio Products. 
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Fig 13. Laser ve/oc/meter. The laser beam is split to provide two coherent sources that 
interfere optically at point where velocity measurement is required. 

range. (In principle, it is possible to 
monitor a range of 107:1). Since the 
early 1960's, the technique has been 
improved and is now commercially 
available (E.T.I. August, 1972). The 
laser beam is split (see Fig. 13), to 
provide two coherent sources that 
interfere optically at the point where 
velocity is to be measured. (It is 
necessary to make an optical com-
parison since interference is not 
possible electronically, and we do not, 
as yet, have detectors for such high 
frequencies). A sensor viewing this 
point sees a small circular fringe 
pattern that varies in amplitude as 
scattering changes. If the medium is 
moving across the field of view, the 
sensor detects passing fringes and 
produces short bursts of signal. The 
period of the cycles in a burst is a 
measure of •the velocity. Extensive 
electronic processing is needed to 

produce accurate flow measurements 
on such vague signals. The main 
advantage of laser flow meters is that 
the velocity of a volume of fluid only 
10-3mm3 is viewed. The method is 
most useful in turbulence and profile 
studies. It is essential that some, but 
not many, scattering particles exist to 
provide a signal for the detector. Often 
air bubbles or a colloidal solid are 
injected to enhance the signal strength. 

MISCELLANEOUS METHODS 
In a cryogenic flow meter, the gas is 

made to flow through a thin flexible 
mesh held across the stream and 
parallel to an insulated electrode. As 
the mass flow velocity increases, the 
mesh is pushed closer to the electrode, 
changing the capacitance between the 
two. This is used to alter the 
frequency of an oscillator providing a 
frequency output form of signal. 

L NEAR TRANDUCER MEASURING 
HEAD ABOVE PLATE 

• 

When large volumes of liquid move in 
open channels, flow can be monitored 
by lowering a flow meter into the 
stream, but there is a simpler way to 
permanent installations. Theoretical 
considerations of the shape of flow 
across plates or weirs leads to 
equations that relate flow rate to the 
shape of obstruction, fluid constants 
and height of water above the plate. 
This is the same concept as orifice 
plates, etc. but the obstruction is a 
continuous circle. The relationship is 
not linear (quantity depends on height 
3/2 ) and shape is vital. Standards are 
available so that channels built to 
specification (one is shown in Fig. 14), 
can be made that give a known 
calibration. A float is arranged to 
operate a linear or rotary displacement 
transducer. Plates and weirs can also 
provide differential pressures. 
The oscillating-fluid flow meter is the 

last to be discussed. If fluid passes 
through a cavity of the correct design, 
it will oscillate at a frequency related 
to velocity (and temperature — 
remember the fluidic temperature 
sensor). Oscillation is induced into the 
stream entering the flowmeter by 
passing the fluid through vanes 
arranged to impart a swirl inside the 
cavity. Oscillation frequency is 
detected by monitoring the fluid 
temperature at a point in one 
commercial unit. This method has a 
fast response — 1000 Hz is claimed 
and is linear to about 1% of chosen 
full-scale range. It operates both with 
gases and liquids providing they are 
homogenous and the cavity is designed 
to'suit the fluid to be,used. • 

FURTHER READING: 
"Handbook of transducers for 

electronic measuring systems", H. N. 
Norton, Prentice-Hall, 1969. 
"Measurement systems: application 

and design", E. O. • Doeblin, 
McGraw-Hill, 1966. 
"Symposium on the measurement of 

pulsating flows", April 1970, Institute 
of Measurement and Control, London. 
Extensive bibliography (to May, 

1972), of blood flow measurements 
available from Parks Electronics 
Laboratory, Beaverton, Oregon, 
U.S.A. 
"Fluid mechanics", V. L. Streeter, 

McGraw-Hill, 1958. (Background text 
for basics of fluid flow). 
"Symposium on measurement and 

process identification by correlation 
and special techniques" January 1973, 
Institute of Measurement and Control, 
London. 

Part II will deal with measurements 
of force, weight, pressures and torque. 

Fig 14. This technique may be used to measure large volume flow 
in open channels. 
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CONFUSED? 
Why not call into 

LEWISHAM STEREO 
and listen to some of the best HI-Fl equipment on the market today in the comfort of our new 

demonstration studio. 

Our qualified staff will help you to discuss and will demonstrate Hi-FI equlenent to meet YOUR 

particular Hi-FI requirements. 

NO SNATCH AND CARRY 

BUT KEEN COMPETITIVE PRICES 

WITH FULL SERVICE FACILITIES 

OUR NEW STUDIO GIVES US A UNIQUE 
OPPORTUNITY TO DEMONSTRATE SOME OF 
THE FINEST AND MOST RECENT STEREO AND 
HI-FI EQUIPMENT ON TODAY'S MARKET. 

INCLUDED IN OUR COMPREHENSIVE RANGE ARE 
SUCH NAMES AS: 

ACOUSTIC RESEARCH, CAMBRIDGE AUDIO, 
CELESTION, DYNACO, DESIGN WISE, GOODMANS, 
IMF Full range, JVC, KOSS, KEF Full range, LUX, 
NIKKO, PIONEER, QUAD (B/C), REVOX, ROGERS Full 
range inc. BBC MONITOR, SPENDOR BCI MONITOR, 
SONAB Full range, SANSUI, SME, SANYO, TANNOY 
I2in, 15In, IIIZ CHATSWORTH, THORENS, TRIO, 
TRANSCRIPTORS. 

PLUS OTHER POPULAR MAKES AND A WIDE 
RANGE OF ACCESSORIES. 

e AT LEWISHAM STEREO WE DO NOT BELIEVE IN 
HIGH-POWER 5ELL1Ne. 

• OUR TIME IS YOUR TIME IN SELECTING THE 
BEST EQUIPMENT TO SUIT YOUR BUDGET. 

• THE NEW DEMONSTRATION STUDIO ENABLES 
YOU TO EXPERIENCE TOP EQUIPMENT AT FULL 
PERFORMANCE. 

e EVENING DÉMONSTRATIONS ON REQUEST 

é CUSTOMERS ARE OFFERED COMPETITIVE PRICES, 
PERSONAL INSTALLATION AND AN EFFICIENT 
AFTER-SALES SERVICE. 

• WE WELCOME AUDIO ENTHUSIASTS TO CALL 
IN AND DISCUSS TECHNICAL PROBLEMS. 

H.P. AND -PERSONAL LOAN SCHEME (91% P.A.) 

NO DEPOSIT OVER LISO. 
..41\ 

Use Access here 
 • 

Opening Hours 9.45-6.15 Mon, Tue, Wed, Fri, Sat. Closed all day Thursday 

LEWISHAM STEREO 
52 and 57 LEE HIGH ROAD, LEWISHAM, ié13 

(Only 150 yds. from Lewisham Clock Tciwer — Parking, shopping) 

Telephone: 01-852 5487 01-852 1024 
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ELECTRONIC DESIGN 
DATA BOOK By Rudolf 
F. Graf. Published by Van 
Nostrand Reinhold Company 
Ltd 1971. Review copy supplied 
supplied by publisher. Hard 
cover, 312 pages 11" x 8%". 
Price £9.00 

In the world of electronic circuitry the amount of data, formulae 
and tables required by the practising designer is truly staggering. 
Indeed it is no longer a question of the designer knowing all the 
relevant data and formulae — but of his knowing where to find 
them. 

Mr. Graf, in his dual role as distinguished engineer and writer, has 
seen the need for a collation of available design data in the form of 
nomograms, tables etc and has produced this book as a result. 

Unquestionably the author's aim has been achieved and the work 
surpasses anything previously available for similar purposes. 
Naturally 'individuals will find things missing that should be 
included, and things included which in their opinion should be left 
out. But no-one could say that it is not an extremely useful book. 

To assist the reader find the data he seeks, the book has been 
divided into six functional sections which are organized and indexed 
in such a fashion that any specific information required is quickly 
located. The sections are:— 

. 1. Frequency data 
2. Communications 
3. Passive components and circuits 
4. Active components and circuits 
.5. Mathematical data, formulae, symbols 
6. Physical data. 

As an example of the treatment, the section on high pass filter 
design begins with a brief summary of factors affecting choice of 
type and methods of reading the nomograms. Diagrams of the 
various filter types are given together with their relevant design 
equations and four pages of nomograms cover all possible 
requirements. 

An essential purchase for designers whether amateur or 
professional. — B.C. 

TRANSISTOA 
AUDIO 
AND RADIO 
CIRCUITS 

TRANSISTOR AUDIO AND 
RADIO CIRCUITS — SECOND 
EDITION. Published by 
Mullard Limited 1972. 
Review copy supplied by the 
publisher. Hard covers, 285 
pages 8" x 53/4". 
Price £1.80 

The first edition of this book was very popular amongst amateur 
constructors and this new edition will certainly be no less so. 

It is a manual of established and practical circuits for a wide 

range of audio equipment and includes portable radios, fm tuners, 
audio amplifiers from one watt to 50 watts, loud speaker systems 
and test equipment plus a useful amount of theory, charts and 
nomograms. Many new circuits have been added for which full 
details and parts lists are supplied. No details are given of actual 
construction so the book would not be suitable in this respect for 
beginners wishing to obtain a source of projects. They would, 
however, definitely find the book a good source of knowledge about 
audio circuits. 

Excellent value for the home constructor. — B.C. 

HAM RADIO — A 
BEGINNER'S GUIDE. 
By R.H. Waring. Published 
by Luttenvorth Press 1972. 
Review copy supplied by 
publishers. Hard cover, 152 
pages 8" x 53/4 . 
Price £1.60 

Any book intended for beginners in electronics should be 
checked and proof read until it is certain that all errors, 
inconsistences and misleading phraseology have been eliminated as 
far as reasonably possible. This does not appear to have been applied 
at all in the production of this book — although Mr. Warring would 
certainly seem to know what he is talking about, he does not seem 
to have done much checking. 

For example we quote (in slightly paraphrased form):— "The 
primary requirements (for good Morse transmission) remain:-

1. Accuracy 
2. A steady and uniform rate of sending 
3. Even spacing 
4. Poor technique in use of codes 

Even the experienced operator can be guilty of one or more of 
these faults ...". Just what arc we talking about — faults or 
requirements? 

Again — "Thus sensitivity (of a radio receiver) can be expressed 
directly in terms of signal-to-noise ratio, the higher this ratio the 
better the selectivity possible." — Selectivity? 

Errors such as those above are coupled with numerous incidences 
of poor phraseology which could only lead a beginner into the 
utmost confusion. In addition there are errors such as that on page 
53, where in three separate instances we have the micro symbol, p. 
in place of the mega symbol, M. 

Thus we have this pearl: - 
"When used in conjunction with a general coverage receiver, 

al0OpHz crystal is usually adequate for checking frequencies up to 
4/..tHz." Some crystal — it would vibrate at one cycle every 12h rs 
and at a wavelength exceeding I 0 miles! Perhaps he means a 4MHz 
crystal can be used up to 100Milz 

One wonders whether we should review a book such as this at all, 
as any review, good or bad, seems to encourage sales. We can only 
hope that those seeking to learn amateur radio theory will choose 
some other source. — B.C. • 
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iconductor 
L CHART 

An invaluable coloured chart giving semi-
conductor parameters and base connections. 

S ecial features this monthooe 

Automatic 
Anchor Light 
Great for boat owners! This 
anchor light turns itself on at dusk 
and off at dawn—thus saving 
battery power. 

rkshop 
ponents &Tools 

An article describing a suggested stock of components 
and tools that will enable the constructor to set up 
a useful workshop. Useful testgear is also detailed. 

interc 
A simple, easily 
connected two way 
intercom. 

\May issue out ThursdayApril 19 
electronics 
evervtlavup 



EQUIPMENT NEWS 
PRINTER FOR COUNTERS 
AMF Veinier have just announced the 

introduction of Digital Printer Model 765, a 
low-cost unit which is fully compatible iii 
its standard form with Venner's '77' series 
electronic counters. Alternative versions are 
also available for use with outer counters or 
for specialized applications. 
Capable of printing up to eight characters 

per line in standard form, Model 765 has a 
maximum printing speed of 3 lines per sec-
ond. Its printout is on 3Yzin wide roll or fan-
fold paper with a line spacing of five lines 
per inch. The printing mechanism is based 
on a continuously-rotating character drum 
with on-the-fly actuators to ensure high 
standards of legibility arid reliability. Inking 
is via a readily available half-inch red/black 
typewriter ribbon. 
The standard model accepts the four-line 

serial BCD signals from the Venner '77' series 
counters equipped with 'Option Y' Data Out-
put. With counters so equipped, the numer-
ical data output is in 1-2-4-8 code on a single 
four-wire data highway, the digits being 
scanned sequentially, beginning with the 
least significant. Additional wires carry a 
sequence-start signal, a clock pulse signal, 
and a print-command signal respectively. 
The logic circuits in the printer for entering 

the serial coded signal into the printer's store 
are all carried on a single printed circuit 
board which can be interchanged at the 
factory with an alternative board carrying 
circuits which accept parallel BCD coded 
signals on four wires per digit. 

Venner, AMF International Ltd, Kingston 
By-Pass, New Malden, Surrey. 

NEW LF CHARGE AMPLIFIER 
B & K Laboratories Ltd. have announced a 
new low frequency Charge Amplifier for use 
with piezoelectric force and vibration trans-
ducers. Known as the Type 2628, it is part-
icularly suitable for handling very low fre-
quency and quasi-static signals, and depend-
ing on its gain setting, it has time constants 
of up to 100,000 seconds. This corresponds 
to a low frequency limit of 2,t/Hz, the 
upper frequency limit being 100 kHz. 
These frequency limits are adjustable by 

step controls of HP and LP filters, the 
active LP filter being incorporated so that 
unwanted higher frequency signals can be 
suppressed. 
A 3-digit variable sensitivity conditioner 

is provided in dial form and can be used to 
adjust the Charge Amplifier to the exact 
sensitivity of the transducer being used. The 

SOLID-STATE RECEIVER 

Details of the second in its 1770 series of 
advanced all solid-state receivers have just 
been announced by Racal Communications 
- Ltd. A new synthesized HF communications 
receiver for professional use in the low, 
medium and high frequency bands, the 
RA. 1772 features an unique Tree-tuning' 
synthesizer for frequency selection. This 
Racal development enables rapid tuning 
across each 1MHz band in 10Hz steps with 
allthe 'feel' and smoothness of a conven-
tional VFO yet retaining the accuracy and 
stability of the chosen frequency standard. 

Facilities are available to electronically 
select either of two tuning speeds or a 'lock'. 
position whilst the tuned frequency is dis-
played on a flicker-free digital readout. 

These features provide the RA. 1772, which 
is suited to all modes of reception, with 
unbroken search capability over the equip-
ment's wide frequency range of 15kHz — 
30MHz. A choice of high-stability frequency 
standards is available to user's requirements. 
The latest circuit techniques are employed 

throughout giving this new receiver what is 
said to be an unsurpassed signal path perfor-
mance, intermodulation products being typ-
ically better than 90dB. The RA. 1772 
includes provision for the ready incorp-
oration of such optional facilities as ISB, 
FSK and AFC and can also be supplied as 
free-standing units or for rack-mounting. 
Racal Communications, Western Road, 

Bracknell, Berks. 
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adjustment range is between 1 and 110 pC/ 
unit, and the position of the decimal point 
is automatically indicated by signal lights. 
This feature greatly simplifies the calibration 
and reading of a measuring system using 
transducers with varying sensitivities and the 
input of the 2628 itself automatically elim-
inates errors due to long connecting cables. 
Stage gain is step controlled and allows 

the signal output to be varied from 0.0001 
V/unit to 10 V/unit. 
Two signal indicators are provided. The 

first indicates overload at the input or out-
put stage and the second lights when the 
signal level is within 20dB of the full 
output, thus indicating the best output 
signal level for minimum noise. 
B & K Laboratories, Cross Lances Road, 

Hounslow, Middx. 

PPM 

The Peak Programme Meter (generally known 
as the PPM) was originally developed by the 
BBC for checking modulation depths, signal 
levels etc. and the modern derivative (which 
meets 1354297) is widely used in the fields 
of broadcasting and sound recording. The 
British Standard defines the attack and decay 
times and logarithmic scaling with positive 
and negative peak deflection. 
The PPM has distinct advantages over the 
VU meter in that it displays the relevant 
information quickly. The needle on the-
meter rises to signal a peak very quickly but 
the decay is slow. This makes it just as 
accurate but the effect is much more restful 
on the eye. 
Surrey Electronics have introduced a drive 

unit for such a PPM suitable for mating with 
a lmA left hand zero meter. It is available 
either as a kit or ready built and aligned. 
The prices are £8 and £12 respectively. 
Surrey Electronics, 24 The High Street, 

Merstham, Redhill, Surrey. 
Continued on page 77 
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Beware Tiers could have you in tears! 0 
Beware of imitations I Audio 1—inaugurated the three-tier price 
system for amplifiers and tuner-amplifiers. This has met with 
great success because our customers have been given a much 
wider choice in their purchasing. People have been enabled to 
decide for themselves if after sales service is required. 
For example, an electronics engineer would not require after 
sales service as he could probably repair an amplifier himself. 
We believe that he should therefore be able to effect a saving 
through this ability. Others would have a different set of priorities, 
with consequently, different requirements. 
We have noticed recently that other companies have begun 
operating selling policies similar to our three-tier purchase system. 
If you read our three-tier purchase system (on the right) carefully, 
you will notice that some amplifiers and tuner-amplifiers are sold 
only at Cash and Carry prices. This is because we do not wish to 
guarantee equipment in which we have no confidence, for obvious 
reasons. Discovering which items are in this category, we believe, 
should be your first priority before making your purchase. We 
should point out, at this stage, that a fair number of the amplifiers 
and tuner-amplifiers we sell are faulty when we receive them! 
You see, it is no good having a guarantee if you are constantly 
going to have to invoke it because this means that you are 
continually without your equipment whilst it is being repaired. 
When you purchase at Discount-Plus prices, we know and you 
know that the equipment is in good working order. It has been 
checked on our own test equipment and, what's more, a short 
report on it is issued by us. It is then, in the great majority of 
cases, unlikely to go wrong. And if it should develop a fault, our 
Service Department is at the ready I 

SATURDAYS 

On Saturdays we have in attendance a well known audio expert 
who will be waiting to discuss any problem with you. Also 
available for callers to inspect are copies of our own test reports 
so that you may check your equipment for consistency. 

NO PACKAGE SYSTEMS 

All systems suggested are for individual requirements which is 
why we ask you to tell us the size and shape of your listening 
room and how it is furnished 
If you want After-Sales-Service we are not the cheapest. However, 
if you're not worried about this, then we say, pay Cash-and-Carry 
AND COMPARE OUR PRICES I 

AUDIO 

DEPT. E, 190 WEST END LANE 

WEST HAMPSTEAD, LONDON NW6 1SC1. 

OPEN: TUESDAY TO SATURDAY 
TUESDAY and WEDNESDAY 10 a.m. to 6 p.m. 
THURSDAY and FRIDAY 10 a.m. to 8 p.m. 

SATURDAY 10 a.m. to 5 p.m. 
PHONE: 01-794 7848 

N.B. Monday collections only 

0 H.P. arranged with low deposits. 
Access and Barclay cards accepted by prior arrangement. 

LONDON AGENTS FOR:ADC, ARISTON, BRENELL, CAMBRIDGE AUDIO, CELESTION, CHILTON. CROWN INTERNATIONAL, DECCA, 
DYNACO, GARRARD, GOODMANS, IMF, KEF, LUX, McINTOSH, MARANTZ. ONKYO, ORTOFON. REVOX, ROGERS 

44:11VAW air Iffilli MI En UK IIKVIIVIIK. 

(Inc. BBC MONITOR). ROTEL, SPENDOR, STAX, TRANSCRIPTOR, TANNOY. TANDBERG to name but a,few. 

THREE-TIER PURCHASE SYSTEM 
Applying to amplifiers or tuner-
amplifiers only—we give you the 
following choice of three methods 
of paying:— 

(9 CASH & CARRY 

Rock bottom prices but they are so low that 
if you find a fault we expect you to take it up 
with the manufacturer yourself. You do, of 
course, get his guarantee. 
We should point out at this stage that certain 
items are not available at Cash & Carry prices, 
whereas others are only available at Cash & 
Carry prices. 

a DISCOUNT PLUS 

You get the manufacturers guarantee PLUS the 
Audio T guarantee of free labour for 12 months 
from date of purchase. If you have any trouble 
after this period, still bring it back to us and 
we'll get it repaired for you at a small charge. 
All amplifiers sold at Discount Plus prices 
have an individual test certificate on 
several important performance 
parameters, taken on our test equipment. 
As mentioned earlier, there are some 
makes which we will not supply under 
our Discount Plus scheme and only at a 
Cash & Carry price. These items will not 
normally be on demonstration. 

e SELECT SERVICE 

For those who buy at full retail prices 
amplifiers which we also sell under the 
Discount Plus arrangement, we offer 
two years FREE parts, labour and 
carriage charges incurred in the repairing 
of a unit which is faulty. The item must 
be returned to us in the original packing 
and must not have been obviously 
physically wrecked. After two years, 
after sales service reverts to the Discount 
Plus system. 

Example 1 
Goodmans 1-10 stereo 

tuner/amplifier 
Price VAT, rate i  

Cash & Carry only 
Discount Plus 
Select Service 

£88 £8.80 
£98 £9.80 
£119.46 £11.95 

Total  
£96.80  
£107.80 
£131.41 

Example 2 Pioneer SA 500A amplifier 
Price V.A.T. rate Total 

Cash & Carry only £32.50 £3.25 £35.75 
Discount Plus £37.50 £3.75 £41.25  

£52.91 Select Service £48.10 £4.81 
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Philips have used advanced technology to 
develop one of the world's finest integrated 
audio systems. 

It is based on the very sophisticated 
Philips RH720 tuner-amplifier, which offers 
a high power output of 2 x 30 watts sine wave, 
every facility for the precise control of sound, 
and beautifully clear reception on long, 
medium, short and VHF/FM wavebands, 
including FM stereo. 
You can select any of six preselected FM 

stations instantly by just laying a finger on 
any of six controls that are sensitive to the 
touch. They make ordinary pushbuttons • 
seem clumsy. There's a switch to silence 
inter-station noise when tuning on FM, and 
another for Automatic Frequency Control 

to ensure stable FM reception. Variable 
bandwidth on AM givesa wider range of 
tones where reception conditions allow, or 
increases even further the tuner's remarkable • 
ability to separate crowded stations. You can 
connect two pairs of loudspeaker enclosures, 
perhaps in separate rooms, selecting either 
pair for stereo, or all four in one room for 
Philips STEREO-4 surround-sound. • 
The GA2I2 'electronic' record deck sets 

new high standards in record reproduction, 
with touch-sensitive speed selectors, photo-
electronic switch-off, strobe for precise 
speed adjustment, electronic brain to keep 
speed constant during play, SUPER M 
magneto-dynamic cartridge, and many other 
top-quality features. 

- 
eW4er. 

The RH405 enclosures each have three 
loudspeakers... for low, middle and high 
notes independently.., giving beautiful full-
frequency reproduction. 

For a free 36-page Audio Guide, write to 
Philips Electrical Limited, Dept SP, Century 
House, Shaftesbury Avenue, 
London WC2H 8AS. 

PHILIPS 
We want you to have the best. 
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EQUIPMENT NEW Continued from page 74 
NEW PROCESS TIMER 

Further development work by Thorn Auto-
mation has resulted in a new low-cost process 
Omer — the Series PCT 5 — designed to meet 
the majority of industrial timer applications. 

The new PCT 5 unit comprises a CR Timer 
Circuit with relay. Initiation of the timing 
period may be made by mains supply conn-
ection, closure of external contacts or by 
application of a suitable input pulse. The 
output state of the internal or delay timing 
period is indicated by a lamp located on the 
front of the unit. 

Five standard ranges are available from 
0.1 to SOO seconds in spans of 10:1. For 
applications which require two internal re-
cycling time control, two PCT 5's can be 
connected together. Construction of the 
PCT 5 is simple yet rugged. The unit is 
designed for panel mounting and fits DIN 
standards 92 mm x 92 mm cut-out, panel 
depth is 210 mm. The panel arrangement 
provides for easy installation and maximum 
packing density. Flanged sliding panels allow 
easy access to the internal circuitry. Wiring 
is by 'fast on' connectors. 
Maximum contact-current rating for the 

output relay is 15A and the maximum 
contact voltage is 440V. Switching capacity 
of the relay is 3KW and relay is 1 million 
operations minimum. Repeat accuracy is 
± 1%. 
Thorn Automation Ltd, Rugeley, Staffs 

SOLID STATE TIMERS 
A nev range of Solid State Timers, the 'UT' 
Series, from Automation Techniques & Sys-
tems Ltd, is claimed to provide reliable 

timing and control, with excellent tolerance 
to wide variations in temperature and applied 
voltage. Standard timing ranges available 
between 20mSec and 12 minutes at prices 
from £4. Special timers are available up to 
120 hours. All timers are available with 
either solid state output, or 3 sets of chang-
eover contacts (in any combination of instan-
taneous and timed contacts). 
Automation Techniques .1 Systems Ltd, 

Pensnett Trading Estate, Brierley Hill, Staffa 

HAND HELD DECIBEL METER 
TYPE 1008 

A robust and versatile decibel meter with 
the added advantage of small size is the 
Hatfield Hand-Held Decibel Meter Type 
1008, a reliable and comprehensive test 
instrument for transmission and general 
level measurements. 

Using taut band meter, the 1008 provides 
a range of +21 to —60dBm and versatile 
input arrangements (75, 140, 600, 900 and 
1200 ohms bridging and terminated, bal-
anced and unbalanced) at a frequency mage 
of 20Hz to 150KHz. 
Power comes from two internal batteries 

providing a life in excess of 50 hours. 

Advanced circuit techniques, including an 
'active balance' input, have contributed in 
providing a wider range of measuring facil-
ities than larger, more costly models. 
Hatfield Instruments, Burrington Way, 

Plymouth. 

UNIVERSAL PC BOARD FOR OIL 
AND IC DEVICES 

New from OEC, and obtainable through 
UECL at Loudwater is a universal mounting 
board for DIL and IC devices. As illustrated 
the board comprises a series of ready-moun-
ted single-way connectors arranged to accept 
both 0.3" and 0.6" DIL devices of 0.1" 
contact pitch. 
A main distribution socket connects to 

the p.c. edge pads, and connections to and 
between devices are made via twin-plug 

feeders. This particular model comprises 
two-way distribution blocks and single-strip 
IC supports arranged in four sets, but other 
configurations are. available to order. IC's 
and DIL's can be mixed to form temporary 
circuits for system evaluation trials by 
simply slotting into the chamfered-entry 
sockets. For certain high-density boards the 
UECL system offers a ready means of device 
substitution replacing the somewhat costly 
alternatives available. 
UECL, Fassetts Road, Loudwater, Bucks. 
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Ell-PRE-PAK 
SUPPLIERS OF SEMICONDUCTORS TO THE WORLD 

COMPLETE TELEPHONES 
NORMAL HOUSEHOLD7YPE 

AS SUPPLIED TOTHE POSTOFFICE 
EX. G.P.O. 

ONLY 95p 
PEP35PEACH 

TELEPHONE DIALS 
Standard Post Office type 
Guaranteed in working order 

ONLY 25p 
p.5 P. 15p EACH 

TESTED AND GUARANTEED PAKS 
Ill IN4007 SII. Rec. diode., 

Ft 1,000 PIV lamp plastic 

Ul Reed Switch.. Rea 
I Li Relay 'needs 1+" long 

11111 Mixed Cepecifore. Approx. 
200 quantity, coUnted by weight 

N4 Mixed Rwistore. Approx. 
LOU Quantity. counted by weight 

147 WIrowound Resistors. Mixed 
4111U type. and values 

1440 BEY60/2, 2141396. 2N1613 
ZU NPN Silicon °flooded TO-5 

HI 

Him 

50p 

50p 

50p 

50p 

50p 

2 
10 

20 

OCP71 Light Sensitive 
Photo Transistor 
Integrated circuits. 8 Gotas 
BMC 852. 4 Flip Flops BMC 945 

1 Watt Zoner Diodes, 
Mixed Voltages 6.8-43V. 

50p 
50p 
50p 

"9 100 Miwd Diodes, Germ. Gold bonded etc. Marked and Unmarked. uuP 

111 0C200/1/2/3 PNP Silicon 
LU encoded TO Ei can 

1131 Sled load Transistor, 
.3U NPN Silicon Planar types. 

Hill 9 Complimentary Power Transis- nnn 
4- tors. B17131/130132 •44414 

50p 
50p 

UNMARKED UNTESTED PARS 

ING Germeniurn Diodes 
I DU Min. glass type 

11e3  200 Trans. manufacturers' rejects 
all types NPN. POW. Sil. and Germ. 50p 

sat4 
100 Silicon Diodes DO-7 glass 

equiv. to 0A200, OA202 

NG Ell. Diode, nub. Min. 
100 IN914 end 1N916 type. 

art Sil. Trans. NPN. Prep equiv. to 
OU 0C200/1 2N706A, BSY96A. etc. 00IP 

Germannm Transistor. 
PNP. AF. and RE, 

50p 

50p 

50p 

81 50 
50p 

RI 2150mW Zoner Diode. 
A&U 00-7 Min. Glees Type 

1134 y .y Power Transistors. PNP, Germ. NPN 
I g Silicon TO-3 Can. P & P 6p extra. UUP 

1117 2, 3 Amp. Silicon Stud 
Y Rectifiers. Mixed volts 

HIS ,A Top Hat Silicon Rectifiera. 
JU 750mA Mixed volts 

0416 Experimenter,' Pak of 
I 0 integrated Circuits. Data 520 supplied 50p 

40 2NNP3N7S0'7.-P1 rraarnTgreo. Low noise amp 50P 

50p 

50P 

50p 

.4)kyete' 1 The 'TACHO BLOCK'. Thle en-
Capeulated block will turn any 
0-1 rnA meter Into a linear and 
accurate rev, counter for any 
car with normal coil ignition 
eyetern. 

MAKE A REV COUNTER 
FOR YOUR CAR 

£1 each 

OVER 1,000.000 TRANSISTORS 
IN STOCK 

We hold a very large range of fully marked, 
tested and guaranteed Transistors, Power 
Transistors, Diodes and Rectifiers at very 
competitive prices. Please send for 
Free Catalogue. 

SILICON PLANAR PLASTIC 
TRANSISTORS. UNMARKED. Ull• 
TESTED, FACTORY CLEARANCE 

A RANDOM SABIrPLPIG SHOWED THESE TO RE OF REMARKABLY HIGH 
auAur. 
AUDIO PNP, similar to ZT)(500, 2N3702/3 

BCY70 etc. 
AUDIO NPN, similar to ZTX300, 2N3708/9 

BC107/13/9, BC168/9 etc. 
PLEASE STATE "AUDIO PNP" OR 

"AUDIO NPN" WH EN ORDERING 

ALL TYPES:— 500 for £3.00 
P&P 10p per 1,000 1,000 for £5.00 

10,000 for £40.00 
OUR VERY POPULAR 3p TRANSISTORS 

FULLY TESTED & GUARANTEED 

TYPE "e PNP Silicon eirOy. TO-5 can. ' 
TYPE "B" PNP Silicon, plastie encapsulation. 
TYPE "E" PNP Germanium AF or RF. 
TYPE "F" NPN Silicon plastic encapeulation. 
TYPE "G" NPN Silicon. similar ZTX300 range. 
TYPE "H- PNP Sihcon similar ZTX500 range  

VALUE 

ADDED 
To You 
Please read vary carefully: - 
We will give a discount to customers 
who send in an order for £4 or over. This 
discount will be equal to the VAT, rate 
current at this time. If your order does 
amount to £4 or over, all you need to 
send is the total cost of goods and postage 
as stated in this advenisernent. No 
addition for V.A.T. is needed. 

V.A.T. for orders under E4:-
If the total cost of goods plus postage and 
packing is less than £4. kindly add 10% 
(10p in the Cl to your remittance. Incor 
reel amounts will delay your order. 
51145PN Will be su Pia it not mom, nominee 

RELAYS FOR 

VARIOUS TYPES 
P. & P. 25p. 

On orders of£  
4 or over. 

See below: 

£1 

A CROSS HATCH 
GENERATOR FOR £3.50 

YES, a complete kit of parts including Printed 
Circuit Board. A four position switch gives X-hatch. 
Dots. Vertical or Horizontal lines. Integrated Circuit 
design for easy construction and reliability. This is 

a project in the September edition of Practical 
Television. 

This complete kit of parts 
costs £3.50, post paid. 

A MUST for Colour T.V. Alignment. 

Our famous 121 Pak is still 
leading in value for money. 

Full of Short Lead SeMiconductors & Electronic 
Components. approx. 170. We guarantee at least 

30 really high quality factory marked Transistors 
PNP & NPN, and a host of Diodes & Rectifiers 
mounted on Printed Circuit Panels. Identification 
Chart supplied to give aorne information on the 
Transistors. 

Please ask for Pak P.1. Only 50p . 
10p P & P on this Pak. 

FREE CATALOGUE 
for TRANSISTORS, 

RECTIFIERS, 
DIODES, 

INTEGRATED 
CIRCUITS AND 
FULL PRE-PAK 

LISTS 

100,000 Plastic Power 
Transistors in stock, more on way! 
NOW IN TWO RANGES 
These are 40W and 90W Silicon Plastic Power Transis-
tors of the very latest design, available in NPN or PNP 
at the most shatteringly low prices of all time. We have 
been selling these successfully in quantity to all parts of 
the world and we are proud to offer them under our Tested 
and Guaranteed terms. 

Range 1, VCE, Min 15. NEE. Min 15. 
1-12 13-25 26-50 

40 Watt 20p 18p 16p 
90 Watt 249 229 20p 

Range 2. WE Min 40 HFE. Min 40. 
1-12 13-25 26-50 

40 Watt 20p 28P 26p 
90 Watt 359 33p 30p 

Complementary pairs matched for gain at 3 amps 10o 
extra per pair. Please state NPN or PIMP on order. 

INIEGRATED CIRCUITS 
We stock a large range of I.Co al very competitive prices 
(from 10p each'. These ore all listed in our FREE Cata-
logue, see coupon below. 

METRICATION CHARTS now available. 
This fantastically detailed conversion calculator carries 
thousands of classified references between metric and 
British lend U.S.A.I measurements of length. area, 
volume. liquid measure, weights, etc. 
Pocket Size 15n, Wall Chart 18p. 

LOW COST DUAL IN LINE I.C. SOCKETS 
14 Pin type at 16p each 
16 pin type at 16p each f New new low profile type' 

BOOKS 
We have a large selection of Reference and Technical Books 
in stock. 
These are just two of our popular lines: 
B.P.1. Translators Equivalent. and Subetitute• 40p, this 
includes many thousands of British. U.S.A.. European and 
C.V. equivalents. 

Th. Iliffa Radio Valve and Transimor Crate Book, 9th 
Edition 75p. Post Si Packing 21p extra. 
Characteristics of 3.000 valves and tubes, 2i.500T.nsistors. 
Diodes. Rectifier. end Integrated Circuits. 
Send for liste of these English publications. 

BUMPER BUNDLES 
These Percel• comein ell Woes of surplus electronic corm 
ponente, printed panels, switches. potentiometers, transistors 
and diodes. etc. 

2 LBS IN WEIGHT FOR £1 
Post and packing 25p. 

-"Ming 

"' 1.1 111.111 OEM MUM% 

lease send reo the FREE Si-Pre-Pak Catalogue. 

III NAME   

1/1 ADDRESS 

1 
1 
1 

MINIMUM ORDER 50p CASH WITH ORDER PLEASE. 
Add 10p post and packing per order. OVERSEAS ADD 
EXTRA FOR POSTAGE. 

1.11.1.1.11 11111111111.1# 

BI-PRE-PAK LT DEPT. H, 222-224 WEST ROAD, WESTCLIFF-ON-SEA, 'ESSEX 
TELEPHONE: SOUTHEND (0702) 46344 
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COMPONENT NEWS 
NEW BRILLIANT LED DISPLAY 

The FND70 now available through Gothic 
Electronic Components is a Vain solid-state 
LED display. It comprises 8 chips of gallium-
arsenide phosphide mounted on a single 
metal base which arc covered by a light-
pipe assembly. The final package is red 
plastic on a 10-lead DIE The actual char-
acter is 7 x 4mm. 

The metal lead frame and die mounting 
platform gives precise alignment of the dice 
and acts as an effective heat sink. Each 
segment requires a recommended 12 to 
20mA operating current, so that any high-
current decode-driver can be used to drive 
FND70. Tests over better than 21/2 million 
device hours without failure indicate a 300-
year life reliability I 
The FND70 incorporates a contrast en-

hancing filter, giving a higher on/off visib-
ility ratio. The character style is pleasant for 
extended viewing, and devices are matched 
for intensity to obtain uniform brightness. 
Its package style enables closer stacking of 
digits — space saving to the manufacturer 
and easier interpretation for the reader. 
Further details from Gothic Electronic 

Components Ltd, Beacon House, Hampton 
Street, Birmingham 19. 

785 AMP THYRISTORS 

Two new 785 Ampere r.m.s. Hockey Puk 
Power Thyristors with high ratings and 

excellent surge capability have been announ-
ced by International Rectifier. 
Available in a ceramic housing as 500PA 

or in a plastic case as 501PA series, each has 
an T2t of 420,000A2s and peak single cycle 
surge current of 9160 Amperes. 
A voltage range from 50 to 600V VRRm/ 
VDRm is released making the product suit-
able for low and medium voltage d.e. motor 
control applications, metal treatment pro-
cesses, plating and d.c. welding operations. 
The devices are available as separate units 

or pre-assembled into air or water cooled 
heat exchanger or to form complete rect-
ifier assemblies. 

International Rectifier, Hurst Green, Oxted, 
Surrey. 

INSTRUMENT KNOBS 

Realising the existing limitations of choice 
of ready made instrument knobs, where 
both ergonomics and good looks are con-
'cerned, West Hyde Developments are now 
entering the knob market. The ranges to be 
marketed by them will cover most require-
ments and will all be under their existing 
trade name Contd. All will have good con-
temporary styling and will have a number 
of unique features. 

The smart new instrument knobs from 
West Hyde Developments 

Illustrated is the new range of Contil 
Insulated Aluminium Knobs. Styled with a 
glossy turned finish, they have carefully 
designed flutes for maximum grip and dia-
mond turned edges further enhancing the 
appearance. Insulation is by means of a bush 
between the body of the knob and the 
shaft, to comply with German VDE stan-
dards. 

West Hyde Developments Ltd, Northwood 
Hills, Northwood, Middx. 

, INTEGRATED FM DETECTOR AND 
LIMITER 

A unique method of FM detection by a new 
technique of linear gating is featured in the 
ULN2111 monolithic integrated circuit, 
which is now available in quantity from 
Signetics, according to Derek Bell, respon-
sible for the Company's linear and consumer 
product. This linear device comprises a three-
stage limiter and a balanced product detec-
tor. Applications for the ULN2111 device 
include TV sound channels, FM receivers, 
a.f.c. systems, and communication receivers. 
Other applications for the ULN2111 device 
are in the more sophisticated circuitry in 
telemetry receivers, automatic control sys-
tems, and servo amplifiers. 
Any outstanding feature of the ULN2111 

is that only one, simple, low-cost, single 
winding coil is required for tuning. Con-
sequently, only one screwdriver adjustment 
is required to tune a detector employing the 
ULN2111. The frequency range of the 
ULN2111 extends from 5kIlz to 50MHz. 
Outputs of 0.6V with a total distortion of 
less than 1% and a limiting threshold voltage 
of 400 microvolts are typical. Another feat-
ure is a high voltage gain of 60dB. 
Signe tics International Corporation, 63 

Croydon Road, London SE20. 

HIGH-RELIABILITY 
ELECTROLYTICS 
Collaboration between chemists at Advance 
Filmcap and Seco Novea of France has 
produced a new electrolyte. The result is a 
range of high reliability electrolytic capac-
itors which have a temperature range exten-
ding from —550C to +1000C. 
The range, Prosee 100C offers units with 

operating voltages from 10V to 63V. The 

A fistful of capacitance! 
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COMPONENT NEWS 

Prosec E 100C has the same 1000C capab-
ility but with an extended range of capacit-
ance values. Total coverage ranges from 
2,2001.iF to 220,00pF with specifications 
which include the ripple current ratings at 
1000C. The Prosec E 100C offers the same 
CV/volume as the Prosec E 85C which 
showed an increase up to 50% over the 
standard range. 
As an example of size of the new capaci-

tors, a 220,000µF unit, 10V working, meas-
ure's 73mm in diameter by 123mm high 
including terminals. 
Advance Filnicap Ltd, Rhosymedre, Wrex-

ham, Denbighshire. 

UHF 500MHZ TYPE D FLIP-FLOP 
Motorola Semiconductors Ltd have added a 
500MHz type D flip-flop to their MECL-3 
family of integrated logic circuits. This is the 
fastest flip-flop ever produced by Motorola 
as a standard product. 
A. type D flip-flop is a single storage ele-

ment which has a wide variety of applic-
ations in digital control systems and instru-
mentation. As well as being used as a high-
speed storage latch, the MC1690 can be 
employed in prescalers, dividers, serial-to-
parallel and parallel-to-serial converters, syn-
chronous and ripple counters, shift register 
delay lines for radar systems, data compres-
sors and multiplexers, and high-speed samp-
lers. 
To ease logic system design problems and 

to reduce the package count, the MC1690 is 
provided with two gated D input lines and 
two gated clock input lines. 
Although 500MHz is the specified oper-

ating frequency, this is a minimum figure 
and typical devices can be expected to 
toggle at all clock frequencies up to 550MHz. 

The MC1690, which has identical power 
supply requirements and is directly com-
patible with other members of the MECL-3 
family, consumes 200mW. 
Over the guaranteed operating temperature 

range of 0 to 750C, the MC1690 has output 
rise and fall times of typically 1.3nsec and 
a set-up time of only 330psec. 
Motorola Semiconductors, Ltd Empire 

Way, Wembley, Middx. 

M-0 V PRODUCES AN HCN LASER 
The M-0 Valve Company Ltd, working in 

collaboration with the National Physical 
Laboratory, has introduced an IICN laser, 
type HCN2175, into its range of products. 
This type of laser is the most powerful source 
of coherent radiation in the 0.1-1.0mm 
wavelength region and is a valuable tool in 
physical research. It is particularly suitable 
for measurements on plasmas having an 
electron density of 10 19 —1021 —m-3,and 
can also be used for measurements of the 
transmission characteristics of power radiated 
at 337btm, eg through fog or through insulat-
ing materials. 
The HCN2175 consists of a discharge tube 

through which flows a methane-nitrogen gas 
mixturé. Two internally fitted mirrors, sep-
arated by an integral number of half wave-
lengths, constitute a Fabry Perot resonator. 
Radiation builds up inside the cavity until 
eventually the system oscillates and give out 
measurable power. The exact spacing is ob-
tained by the axial movement of one mirror 
which is mounted on a micrometer, and the 
radiation is emitted either through a hole 
in the other mirror or by partial reflection 
from a beam divider. 
Special attention has been paid to the 

problem of output power stability and silica 
spacers arc used to determine the mirror 

SMALLEST 20-AMP LATCHING 
RELAY 
The smallest 20A, 240V a.c. magnetic latch-
ing relays in the world has just been launched 
in Great Britain by B & R Relays. It has' 
been designed and manufactured by Siemens 
to meet a demand for simple, small relays 

[M1 

with one heavy-duty changeover contact. 
This is an extension to the company's 

V23003 range. In addition, the standard 
V23054 range has been extended to cover 
this contact arrangement. 
B & R Relays Limited, Temple Fields, 

Harlow, Essex. 

The 20A, 240V magnetic latching relays from B & R Relays 

separation. 
The laser, which is 2 metreslong by 75mm 

diameter, is enclosed in a cabinet to provide 
electrical safety and reduce thermal drift. 
The IICN2175 gives typically 1 niW of out-
put at a wavelength of 337btm. 
The M-0 Valve Co Ltd, Brook Green 

Works, London W6. 

HEAT SINKS 

Conventional high performance heat sinks 
are large and heavy. Flat plate heat pipes are 
one solution, but generally an expensive 
one. Where size and weight are of import-
ance, the Redline series provide an efficient, 
economical alternative. They comprise an 
assembly of twisted vane surfaces mounted 
on a tubular heat pipe thereby combining 
the advantages of both. The result is a small, 
lightweight heat sink capable of high perfor-
mance in any altitude. Attachments are 
available for a range of devices, including 
DIL IC's. 
Redpoint Associates Ltd, Cheney Manor, 

Swindon, Wilts. 

POWER TRANSISTOR CHIPS FOR 
HYBRID CIRCUITS 
A complete range of power transistor chips 

are now available from Motorola Semicon-
ductors for use in hybrid circuits. The chips 
are identical to the chips used in Motorola's 
standard range of packaged power transistors 
and meet the same electrical specifications. 
Parameters such as Safe Operating Area 

and Maximum Power Dissipation are not 
specified because they depend on the method 
employed by the user to mount the chips. 
However, special test methods arc used to 
ensure that all parameters which depend on 
the thermal characteristics of the mounting 
correspond with similar packaged units. 

(Continued on page 82) 
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To boost the violins, 
slide the fourth knob from the left upwards. 

To boost the bass trombones, slide the first 
knob upwards. 

To get Gigli or Sinatra to sing out,slide the third 
knob upwards. It gives the human voice more 
'presence'. 

We could go on, but by now you'll take the point. 
With the new Eagle AA6 amplifier, you have 

complete control over the sound you hear. 
Much more than you ever had with normal 

Bass and Treble controls. 
Why? 
Because the five slide controllers allow you to 

boost or cut five separate sectors across the whole 
frequency range, around 40, 200, 1,200, 6,000 
and 15,000 Hz. 

As opposed to ordinary Bass and Treble 
controls which simply give you 'blanket' cut or 
boost, generally around 100 and 10,000 Hz. 

The difference is amazing. 
With the AA6, you can literally pick and choose 

what you hear. 
You can create entirely new balance by`mixing.' 
Or you can compensate for poor room acoustics. 
Or poor recordings. 
Or quirks in your other hi-fi components, 
And when you're not listening so critically, you 

can revert to simple Bass and Treble controls 
merely by pushing a button. 
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Graph shows deg ee o control throughout frequency range 
with Sound Effect Controllers in maximum and minimum 
positions. 

Now there's something you must do.Visit your 
Eagle dealer and ask for a demonstration. 

More than any other amplifier, you need to have 
the Eagle AA6 demonstrated. 

To hear it. And to experiment with the cont-
rollers. 

Alternatively, you could send for our free 
instruction booklet. (For this or any other Eagle 
amplifier or tuner.) 

That way, you'll be able to see exactly what 
you're getting. 

Not what the salesman chooses to tell you 
you're getting. - 
Eagle International 

Eagle International Precision Centre Heather Park Drive 
Wembley HAO 1SU Telephone 01-903 0144 

Please send me instrüction books including 
full specification details on the models I 
have ticked.Plus your latest colour catalogue: 

El AA6 20 4- 20 watts amplifier — £69.00 
[1 M4 20 + 20 watts amplifier — £53.00 

AA2 10 + 10 watts amplifier — £38.00 
TSA 151 15 + 15 watts amp. — £43.00 
TSA 149 7 + 7 watts amp. — £31.00 

[I] AA8 Stereo Tuner — £50.00 
TST 152 Stereo Tuner — £36.30 

(All prices are exclusive of VAT) 

Name  

Address  -  

Eagle International Precision Centre Heather Park Drive 
Wembley HAO 1SU Telephone 01.903 0144 
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COMPONENT NEWS (Continued 
from page 80) 

The power chips, which can be both 
passivated and mesa types as well as power 
Darlingtons, are available in four basic styles. 
Many of the unmounted chips can be sup-

plied with a gold or chrome-silver coating 
on the mounting face for either eutectic or 
solder preform bonding. 
For users who do not have wire-to-chip 

bonding equipment the 'power pill' is avail-
able. This consists of a power transistor chip 
bonded to a molybdenum pad which is in 
turn brazed to a copper button. Wires from 
the chip are linked to two isolated areas on 
the copper button and may be connected to 
external circuitry using conventional 
soldering. 
The chips can also be supplied mounted 

on copper buttons without isolated connect-
ing areas or the naked chips can be obtained 
with aluminium connecting wires attached. 
All of the power chips undergo the same 

quality assurance procedure employed for 
the normal encapsulated power transistors 
supplied by Motorola. 
Motorola Semiconductors Limited, York 

House, Empire Way, Wembley, Middx. 

GENERAL PURPOSE OP AMP 
A high gain operational amplifier, type 
CA3741T, is now available, singly or in 
quantities, from Sasco. 
Housed in an 8-lead TO-5 package, the de-

vice is output short-circuit protected and 
offers latch-free operation. Wide common-
mode and differential-mode signal ranges 
plus low-offset nulling are other features of 
this general purpose device. 
The internal circuitry comprises a differ-

ential input amplifier driving a gain and level 
shifting stage. Output is via a complimentary 
emmitter-follower. The device has internal 
phase compensation. 
Maximum ratings are: d.c. supply voltage, 

44V; differential input voltage, ±30V; d.c. 
input voltage ±15V. There is no limit on out-
put short-circuit duration. 
Sasco Limited, P.O. Box 2000, Gatwick 
Road, Crawley, Sussex. 

SINGLE CIRCUIT DISPLAY DRIVER 
An MOS LSI microcircuit that incorporates 
in a single package all the counting, buffer 
storage and decoding functions needed to 
drive a four digit seven segment display has 
been developed by General Instrument Mic-
roelectronics. 
Using the new AY-5-4007A sub-system, 
a dozen bipolar MSI packages can be re-
placed by a single MOS microcircuit con-
suming one eighth the power and occupying 
one tenth the board area. Such is the reduc-
tion in power consumption that many mains 
powered instruments including frequency 
counters, digital voltmeters event counters, 

temperature meters and multimeters could 
be powered by internal batteries. This makes 
it possible to design a family of portable 
digital display instruments. 
For Nixie displays, requiring a higher 

driving voltage than can be provided by 
MOS microcircuits GIM have developed 
the AY-5-4057. This sub-system incorporates 
four decade counters together with four 
stores and can easily be interfaced with 
a bipolar one-out-of-ten decoder capable of 
driving a four' digit ten filament Nixie 
display directly. 
General Instrument Microelectronics, 57 

Mortimer Street, London WI. 

VIDEO DELAY LINES 
Matthey Printed Products announce a new 

range of equalised video delay lines, 'Silver 
Star Video Delay Lines — 10MHz Range', 
designed for use as 75M cable replacements 
in colour television broadcasting studio 
equipment. 
They are recommended for use where the 

ripple in the pass band must be within 0.3dB 
up to 4.2MHz, 0.4dB up to 8MHz, and less 
than ldB at 10MHz. Studio equipment is 
often designed so that signals pass several 
times through the delay lines. These '10MHz 
Range' modules are ideal for this application. 
There are five delay lines in the '10MHz 

Range' : 5Ons, 100ns, 200ns, 500ns and 
1,00Ons, and they can be cascaded to give 
intermediate delay times. They can be sup-
plied as modules for use on PCB's or in 
boxes with BNC connectors. 
Matthey Printed Products Limited, William 

Clowes St, Burslem, Stoke-on•Trent ST63AT. 

BYEIEDD 
Bywood Electronics, 181•Ebberns Road, Hemel Hempstead, 

Herts. 0442 62757 

LEDS 
TI L302 4 for £10 

6 for £14 
DL34 4 digits £15 
T1L360 6 digs £18 
TI L209 4 for £1 

50 for £10 

KITS (mncl IC sockets) 
Calculator £41 
Digitronic (6) £36 
Digitronic (4) £32 
Bywood clock kit £34 

ICs 

MM5311 Clock £12.50 
ZN414 Radio £1.10 

Sig555 Mono/astab £0.90 
CA3082 7-seg driv £2.10 

METERS 
Sinclair DM1 £49 

CALCULATORS 
Advance Mini £45 
Advance Exec 8 £45 
Advance Exec 16-1 £95 

Advance Exec 16-2 £110 

Post & Packing — 
ICs, LEDs :10p 
KITs, CALCs, Meter: 50p 

ACCESS — You may telephone your 
order and pay by ACCESS 

ANSAPHONE — 24 hour service. 

LATEST I NEW DIGITAL CLOCK ICs AVAILABLE 
. WITH ALARMS. , 
SAE FOR DETAILS 

BUILD THE TREASURE 
TRACER 
METAL Rine In 
LOCATOR • v •• 'a • 

• Incorporates varicap tuning for extra 
stability 

e Weighs only 22oz and has perfect 
balance 

e Loudspeaker or earphone operation 
(both included) 

e Handle knocks down to only 16in 
for transport 

e Ministry approved design 
• Excellent sensitivity and stability 

• Kit can be built using only soldering 
iron, screwdriver, pliers and wire snips 

• Drilled, tinned, fibreglass p.c. board 
with component siting printed on 

e Thoroughly professional finish 
Send for s.a.e. for leaflet 

Complete kit £8 90 
with pre-built • 
search coil Plus 30p Post 

Built, tested £12 50 
and 
Guaranteed Plus 30p Post 

MINIKITS ELECTRONICS, 35d Langley Drive, 
Wanstead, LONDON Ell 2LN (Mail order only) 
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SYNTHESISER QUALITY HI-FI FOR THE HOME CONSTRUCTOR 

THE 'GEMINI' STEREO AMPLIFIER 

t 

1 

Build your own using . . . 

DEWTRON Professional Modules: Voltage-control system, man-size 
patching facility, Discount offers on quantity. 

VOLTAGE-CONTROLLED OSCILLATOR. New VCO-2 gives SINE. 
SQUARE and TRIANGULAR symmetrical outputs simultaneously. 
Supplied singly or MATCHED and TRACKED! 1v/Octave. All modules 
obtainable separately, including VC filters, VC amps, Keyboards, con-
tacts, envelope shapers, sample/hold/envelope circuit, VC phase, white 
noise, etc. 

OTHER MANUFACTURERS USE DEWTRON Professional Modules in 
their equipment ... that's sound reasoning I Kits for waa-waa, fuzz, bass 
pedal units, etc. 

Write for catalogue NOW. 15p. 

D. E. W. LTD 

254 RINGWOOD ROAD, FERNDOWN, DORSET. 

• 

30 Watts (R.M.S.) per Channel into 8 ohms! 

Total Harmonic Distortion 0.02%1 

Frequency Response (-3 dB) 20Hz — 100Hz 

This high quality Stereo Amplifier for the Home Constructor is now re-
cognized as practically the ultimate in High Fidelity and, within its power 
rating,, is certainly equal to anything one can buy, no matter what the 
cost. It is well within the capabilities of the average home constructor 
and costs less than half of any eqiuvalent ready-made unit. An optional 
microphone input makes it ideally suitable for tape recording, PA. and 
Disco work. 

WE CAN NOW SUPPLY A BOOKLET CONTAINING FULL SPECIFICA-
TION, COMPLETE CONSTRUCTIONAL INFORMATION, CIRCUITS, 
WIRING DIAGRAMS, FAULT FINDING GUIDE, ETC., ETC., PRICE 55p, 
PLUS 4p POSTAGE. 

Our free Component Price List, supplied with every booklet, lists all parts 
separately, to enable you to obtain just what parts you require et any 
one time. 

ELECTRO SPARES 
21 BROOKSIDE BAR 
CHESTERFIELD 
DERBYSHIRE 

QUALITY • SERVICE • VALUE 

We are one of the largest trade stock 

holders of Semiconductors and if you 
haven't got one of our catalogues you 
are missing out. 

So send a stamped addressed envelope 
and we will send you a copy FREE. 

... i 
Semiconductor Supplies (Croydon)Ltd. 

55, Whitehor's'e'Road 
1.. 

Croydon, Surrey. CRÓ 2JG o 

Tel.. 01-689 0676;7 

THE PRINTED CIRCUIT BOARDS 
SHOWN IN THIS ISSUE OF ELEC-
TRONICS TODAY INTERNATIONAL 
ARE AVAILABLE NOW... 

Top quality fibre glass P.C.B.s drilled ready for 
assembly will be available month by month as the 
journal is published. P.C.B.s from all back issues 
continuously available. 
COST? 6p per square inch — just calculate the 
area and send P.O. or cheque. Telephone orders 
welcome. 24-hour telephone answering service. 

SCHOFIELD ELECTRONICS, 
GILMORTON, RUGBY, Warks. 
Tel LUTTERWORTH 3578 

FAST ECONOMICAL DEVELOPMENT OR 

PRODUCTION RUN QUANTITIES. 

PROTOTYPE ASSEMBLY. 

LIST 
PRICE 

OUR 
PRICE 

£6.25 

£4.84 

SAVE TIME AND MONEY 

Es et mst 
rsE5•Intel" 

tn. MI m 

mrs cram 
•mrarses 

r5 
'meaty: 
^eseesrehi-
esenle/ 

A. emptied by us to SCHOOL. TIDCHTICAL 
COLLZ61111, SHOPS, 07710:3 AID nrisrmir. 
Silver grey 'dove enamelled stnt =bran • nk 
4A transparent styrene drawen Steed wan 
moulded handle* and label elate. Divides mu la 
eupplled at an extra awn to enable 633.5 
to be eutedIvIded loto sh compartment.. Inge-
patent &wren allow nrIlt aelenclon of nu-
ponente at a glance and eliminates doplicallma 
of neck. A really fint clam time aanter matt., 
Bin of cabinets 51rs tir dr. fine at 
&wren er x 2r Ir. Otter elan asiabie. 
Callers wekome bton.-6at. C ..n.-1 pm 3 ran-
6 p.m. NEW se illustrated OVA 21.IC1 CIIT 
IN 64 plus 35p carriage on mien km t.••• et. 
Money britocmteu MID TOZ 71.72 
COLODI 

TRADE AIDS 
(DEPT. rn.e, Ill OHLTERN DRIVE, 
BERRYLANDS, SUIUSITON, SURIEY 

01-6113 4311.3 
100 War. Beenked. It•••••• &ono. 
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JEAN] 
,.tâñtàpènd 
. '4L 'PRICES 

c . SAVINGS.. „ 
cassette's 

iNCLUDE VAT, „ 
Brand New, Fully Guaranteed 

MAIL-ORDERS ONLY 

5" 900' Long Play 
5,y 1200' 
7" 1800' 
8+" 2400" 
101, 4200' 
5" 1200' Double Play 
5*" 1800' 
7" 2400' . 
5" 1800' Triple Play 
5;" 2400' 
7" 3600' 

and in manufacturers 

PHILIPS 
Low Noise 
f p 
0.94 
1-21 
1.69 

(*only 3600') 
4.11. 
1 •27 
1.87 
•59 
- 
- 
- 

pack. 

BASF 
Low Noise 

E p 
1.29 
1.45 
2.11 
- 
- 
1.45 
2.11 
2-61 
2-11 
2.61 
3-27 

Send cash with order 
SCOTCH 
Hl-Fi Dyna 

E p 
1-19 
1-42 
1-94 
2.56 
- 
1.54 
2-09 
2.69 
2.32 
2-75 
3.18 

AGFA 
Low Noise 

€ p 
1-06 
1.33 
1.89 • 
- 
4.15 
1.26 
1:86 
2.43 
1.94 
2-37 
3.16 

COMPACT 
CASSETTES 

C60 
C90 
C120 

POST & PACKING 

PHILIPS 
f p 
0.43 
0.63 
0.89 

-TAPES 

BASF 
£ p 
0.45 
0.64 
0.92 

15p 

BASF 
Cr05 
E p 
0-92 
1-19 
1.61 

per 

SCOTCH 
f p 
0.42 
0.54 
0-80 

order, 3 

TDK 
(S.D.) 
f p 
0.81 
1.09 
1-54 

or more 

TDK 
CrO, 
E p 
1.09 
1.54 
- 
POST 

AGFA 
f p 
0.39 
0.54 
0.65 . 

FREE-
CASSETTES 10p per orde , 6 or more POST FREE. 

'VALUE ' ' '-•P-i' BEST EVERSPEAKER 
NEWSOLENT83B SOLENT 138 • 

3-way system with 8"' A bulk purchase of this 
drive unit and 2 tweeters acclaimed bookshelf 
handling 20 watts. Re- s speaker. Size: 16"x10",< 
sponse: 35-20,000 Hz. 

, 
8". Power handling: 10 

Size 21"x10" x9" lap- 1. .ro watts Response: 40- 
pros.) Imp. 8 ohms. Teak 1 • 20,000 Hz. Imp..8 ohms. 
finish. .. Teak finish. 

only £ 12.50 each 
„.. 

only £8.50 each 
CARR. 50p each CARR. 50p each 

GUARANTEED 2 YEARS & SENT ON 7 DAYS PAID APPROVAL 

1;tHIFIS: ARGA1NS- BRAND NEW, WITH FULL GUARANTEE 
AMPLIFIERS (P & P 5.17 TURNTABLES TAPE-RECORDERS 
Cambridg-e .„ On app. Thorens 

(P & P 50p) 
1P & P 75pI 

Eagle AA2 £29.98 TD125 II . .. £56.95 Akai 
Eagle AA4 ... £39.95 TO125 AB II & C £91.95 C3350 •• £55.95 
Eagle AA6 ... £49.95 113160C ... £49.95 172IL ... ... £68.95 
Ferro F307/11 ... £49.95 Connoisseur X1 81 OD ... £159.95 
Metro ST2OE ... £26.50 B02/SAU2/P 8. C £29.95 GX1900D .... £166.95 
Metro ST60 ... £49.95 BD1 Kit . ... £9.95 4000DS ... £68.95 
Philips 111-1521 £88.95 • Garrard Modules GXC40 ... ... £77•95 ,. 
Ricers H'brook (TK) £55.95 AP /6/M76S . , £28.95 GXC4OD .. £66.95 
Rogers Dbourne ITKI £59.50 Zero 100S/M93E £44.95 o G5C4613 ... £96.95 
Rotul RA610 £63.95 SP25 Mk III/M76S £19.95 CR81 „ ... £75.95 ... 
Teleton SA020619 £24.95 Philips CRB1D ... ... £61.95 
Telston SA0307 £24.95 GA308/GP400 ... £35.95 CROIT .... £107.95 
Teluton GA202 ... £32.95 GA212/GP400 ... £49.95 5200050 ... £208.95 
Uher CV140 ... £99.95 

SPEAKER SYSTEMS 
(Price In Paire) II7 & P £1) Ferrograph 
Celestion 704/702... ... £165.00> 
County . ... £31.95 713 ... ... £152.00 

TUNERS (p & o 500 [Moon 12.0 o. £34.50 724/722 ... £189430 

Alpha FT150 £34.95 Dinon15 ... £45.95 704 Dolby ... £218.00' ... 
..  Eerie AA8 . £39.95 

Metro FMS20 .., £34.95 

Onion 44 

n 22 

... £76.90 724 Dolby ... £249.00 

Philips R H690 £32.95 
,D l,"„°., 
k'zi-- -- ... £149.00 Philips ... 

Philips RH621 £79.95 N4307 ... ... £32•50 ... 
Rogers Ftbrook (TK1 £34.95 Prices on application 114305 ... ... £38.50 

Rogers Rbourne UK) £45.95 2.:e, 
114414 ... ... £79.95 

Rotel 91620 ... £64.95 
... 

RH402 ... 
. £24.95 

... £30.95 
114416 ..: ... £95.50 
114418 ... £132.00 Tchston 01202 ... £32.95 RI.1405 ... ... £47.95 

... 
114450 ... ... £195.00 

RI-1407 ... ... £72.95 112506 ... ... £44.95 
Rogers 112510 ... .. £94.95 
Rthourne ... £46.95 

TUNER-AMPS IP & F. 50p) Wharfedale 
Good. Mod. 80 ... £59.95 Demon 2 ...£27.50 
Good. Mod. 90 ... £79.95 Linton 2... ... £34.95 HEADPHONES (P & P 30p1 
Good. One-Ten £139.95 Ref Chassis Speakers Aida ASE9S £5.25 
Mod. 80 Compact £109.95 T27 ... ... £4.50 Akai ASE20 ... £13.75 
One-Ten Compact £159.95 T15 ... ... £5.60 Akai ASE22 ... £7.98 
Philips RH702 ... £67.95 8110 ......£5.75 AIrQ K60 ... £10.95 
Philips1111720 ... £153.50 8139 ... ... £10.95 Pioneer SE30A ... £9.35 
Rotel RX160 ... £48•95 13200 , ... £6.75 Sansui SS2 . . . £7.65 
Rote! RX400 ... £74.95 KK21P & P 50p) £19.95 Sennheiser 110414 £10.45 
Rotel RX600 ... £103.95 KK31P & P 500) £30.25 Stas S143/5905... £42.95 

CARTRIDGES & REPLACEMENT D AMOND STYLUS 
Sent Post Free-Mail Order only Cartridge Cartridge Stylus 

List Price Our Price Our Price 
f p £ p £ p 

ADC XLM ... ... ... ... 31-24 24.95 14.50 
AUDIO TECHNICA AT66 I.JC 6-36 3.60 2.95 
GOLDRING 0850 ... 6-04 3.25 2.75 
GOLDRING G800 ... ...... 12-26 3.95 2.75 
GOLDRING G800H ... 9-90 4.20 2.75 
GOLDRING G800E ... 17.80 7.95 6.95 
ORBIT N M22 ... 4-80 2.85 1.75 
ORTOFON M15E SUPER 30.80 19.95 13.50 
PHILIPS GP400 ... ... 17-05 7.50 4.95 
SHURE M44-7 7.53 4.50 3.95 
SHURE M55-E 9.24 5.50 4-95 
SHURE M75-65 8-48 4.95 4.75 
SHURE M91-ED ... 17.50 8.98 7.60 
SHURE M75-EJ Type 2 14-20 8.50 5.50 
SHURE M75-ED ... 17-50 10.75 7•50 
SHURE V15 II 2 .50 10.95 

MA/1. ORDER C7/VLY 7 COLLECT/O/VS 8)1 ARRANGE/NEW 
Pete,CFROM -0(144? WATFORD WARE-11011SE 

HARROW AUDIO (Dept ET5 ), 

18.1-1IGHCLERE DRIVE. ,...., 
HEMEL HEIVIPSTEAD.HERTS..T- e" '1- ORD 3018 

electronics really 
mastered 

... practical ...visual ...exciting! 
no previous knowledge no unnecessary theory no "maths" 

BUILD, SEE AND LEARN 
step by step, we take you through all the fundamentals of 
electronics and show how easily the subject can be mastered. 
Write for the free brochure now which explains our system. 

1/ BUILD AN 
OSCILLOSCOPE 

You learn how to build 
an oscilloscope which 
remains your property. 
With it, you will become 
familiar with all the 
components used in 
electronics. 

2/ READ, DRAW 
AND UNDERSTAND 
CIRCUIT DIAGRAMS 

as used currently in the 
various fields of electronics. 

FREE 
POST NOW 

for 
BROCHURE 

• 3/ CARRY OUT 
OVER 
40 EXPERIMENTS 
ON BASIC ELECTRONIC 
CIRCUITS & SEE HOW 
THEY WORK, Including: 
valve experiments, transistor experiments 
amplifiers. oscillators. signal tracer, pho-
to electric circuit, computer circuit, basic 
radio receiver, electronic switch, simple 
transmitter. a c experiments. cl.c. taped-
ments, simple counter. time delay circuit. 
servicing procedures. 

This new style course will enable anyone to 
really understand electronics by a modem, 
practical and visual Method-no maths, and 
a minimum of theory-no previous knowledge 
required. It will also enable anyone to under-
stand how to test. service and maintain ill 
types of electronic equipment, radio and lY 
receivers. etC 

or write dray prefer not to cut page 

BRITISH NATIONAL RADIO Et ELECTRONICS SCHOOL,P.O.BOX 156 JERSEY 
CHANNEL ISLANDS we do net enWer rerresenuroves 

Please send your free brochure, without obligation, to: 

NAME 

ADDRESS 

BLOCK CAPS 

PLEASE ETL33 

;special free,giet 
olso to all. our students 
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I. 

Would you spend 
an hour a-day * 

to earn more money • 
in Eledroniarelévisiori-Radio? 

• 

Study at home, at your own pace, when you choose — for an hour 

or more a day — and we can turn your interest into the technical 

knowledge you need for success. Or if you're already in the industry, 

we'll help you get on! With ICS you get the guidance of the foremost 

tuition experts in the field. Take your first step to success now — send 
for your FREE Careers Guide today. 

ICS your key to the door of opportunity 

Tick or state subject of interest and post to: 
International Correspondence Schools, Dept. 255 H 
lntertext House, Stewarts Road, London SW8 4UJ. 

Subject of Interest: 
• Society of Engineers Graduateship 

(Electrical Engineering) 
• C & G Telecommunications 

Technicians Certificates 
O C & G Electrical Installation Work 
CIC& G Certificate in Technical 

Communication Techniques 
• MPT General Certificate in Radio 

Telegraphy 

CI Audio. Radio & TV Engineering 
& Servicing 

CI Electronic Engineering, 
Maintenance. Engineering systems, 
Instrumentation & Control systems. 

• Computer Engineering and 
Technology 

O Electrical Engineering, Installations, 
Contracting, Appliances 

• Self build radio courses 

Name__ 

Address 

Occupation____.   Ag" 

Accredited by the Council for the Accredltadon of Correspondence Colleges   

ELECTRICAL ENGINEERING DEPARTMENT 

M.Sc.Course in 
Electrical Engineering 

October 1973 
II Time-Sandwich. Block Release. Part Time Da 

The course leads to a Masters Degree in Electrical Engineering. 
One third of the lecture work will cover mathematics.computing and 
electrical engineering materials. The remaining time will be devoted 
to one specialist option selected from the following: 

Communication Systems; Control Systems; Electrical 
Machines; Measurement and Instrumentation; Power 
Systems; The Design of Pulse and Digital Circuits and 
Systems. 

The Science Research Council has accepted the course as 
suitable for tenure of its Advanced Course Studentships. The 
course is open to applicants who will have graduated in 
Science or Engineering, or who will hold equivalent 
professional qualifications. by October 1973. 

Research in 
Electrical Engineering 

Applications are also invited from similarly qualified persons 
who wish to pursue a course of research leading to the Degree 
of M.Sc. or Ph.D. in any of the above topics. 

Application forms and further particulars may be obtained from: 

. The Head of the Department of Electrical Engineering 
(Ref: M.Sc 8), The University of Aston in Birmingham, The 
Sumpner Building, 19 Coleshill Street, Birmingham B4 7PB. 

THE UNIVERSITY 
OF ASTON 
IN BIRMINGHAM 

tedm up with the 
new look et.i. 

IS YOUR BUSINESS SELLING ELECTRONIC EQUIPMENT? 

IS YOUR BUSINESS SELLING QUALITY AUDIO EQUIPMENT? 

ARE YOU LOOKING FOR EXPERIENCED STAFF? 

THEN 
TAKE ADVANTAGE OF OUR NEW CLASSIFIED SECTION 

FOR FULL DETAILS OF THE REALISTIC INTRODUCTORY RATES 

CONTACT 
ALEX G MELLON, ADVERTISEMENT MANAGER 
ON 01 - 730 2136/7/8/9 

OR WRITE TO: ELECTRONICS TODAY INTERNATIONAL 
36 EBURY STREET LONDON SW1W OLW 

ELECTRONICS TODAY INTERNATIONAL — MAY 1973 

`. nitr 1 1 .1 1 r- 'de' 1 1 1 11 1 11 Marl. kit 1 r .1 11 r. l'en 

85 

• V 4C 



INDEX TO ADVERTISERS 

AKAI    69 

Analogue Audio    71 

Audio T   75 

BASF   28, 29 

Bi-Pak   38, 39 

BIET  Çover iii 

Bi -Pre-Pak   78 

British National Radio School  84 

Bryan Amplifiers   84 

R    14 

Centronic Electro Optics  52 

Classified Ads   83, 84, 85 

Eagle   81 

Eddystone    6 

Grampion Audio  47 

Harrow Audio  82 

Heathkit   34 

Henry's Radio  55 

Hitachi   4 

I PC    73 

K& K Sales  63 

National Panasonic   68 

Onkyo   Cover, ii 

Philips Electrical   76 

Pioneer   58, 59 

Rotel  10, 11 

Sansui   Cover iv 

SCS  47 

Téleton   16 

Vortexion  46 

Wharfedale Hi-Fi  19 

NM MUM Ma Ma I 

NEWSAGENT:  

Please deliver ELECTRONICS TODAY 

INTERNATIONAL for 12 months, starting with 
the issue: 

NAME  

ADDRESS   

GIVE THIS COUPON TO YOUR LOCAL 

L 11113 Mal 11111111 Ma Mil OEM UM I 

NEWSAGENT 

costs 
no 

more 
delivered 
to your 

door... 
...by your local newsagent 

For only £2.40 a year (12 issues at 20p each) you 
ensure that every copy of ELECTRONICS 
TODAY INTERNATIONAL will arrive on your 
doorstep as soon as it is published — and that 
you'll never miss out on it if an issue happens to 
sell out. 

e ectronice) 
ley 
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Over ISO 
ways to 

engineer a 
better . future 

:%77;is ,cREE 76 

celrxes. 
the 'zed to sue/ f tbrotignasi,T'-,f; 

Your 
ncivj 

find out how 
in just 2 minutes 

That's how long it will take you to fill in the coupon. Mail 
it to B.I.E.T. and we'll send you full details and a free 
book. B.I.E.T. has successfully trained thousands of men at 
home - equipped them for higher pay and better, more inter-
esting jobs. We can do as much for YOU. A low-cost B.I.E.T. 
home study course gets results fast - makes learning easier 
and something to look forward to. There are no books to buy 
and you can pay-as-you-learn. 

Why not do the thing that really interests you? Without losing a 
day's pay, you could quietly turn yourself into something of an 
expert. Complete the coupon (or write if you prefer not to cut the 
page). No obligation and nobody will call on you ... but it could be 
the best thing you ever did. 

Others have done it, so can you 
"Yesterday I received a letter from the Institution informing that my 
application for Associate Membership had been approved. 1 can honestly 
say that this has been the best value for money I have ever obtained — a 
view echoed by two colleagues who recently commenced the course".— 
Student D.I.B., Yorks. 
"Completing your course, meant going from a job I detested to a job 
that 1 love, with unlimited prospects".—Student J.A.O. Dublin. 
"My training with B.I.E.T. quickly changed my earning capacity and, 
in the next few years, my earnings increased fourfold".—Student 
C.C.P., Bucks. 

RHO«? FOP>U/Re(LF 
These letters — and there are many more on file at Aldermaston Court 
— speak of the rewards that come to the man who has given himself 
the specialised know-how employers seek. There's no surer way of 
getting ahead or of opening up new opportunities for yourself. It 
will cost you a stamp to find out how we can help you. Write to 
B.I.E.T. Dept. BEI04 Aldermaston Court, Reading RG7 4PF. 

Practical-Radio Et Electronics 
Certificate course includes a 
learn while you build 
3 transistor radio kit. 
Everything you need to know 

about Radio & 
Electronics 
maintenance and 
repairs for a spare 

) time income and 
a career for a 
better future. 

MANAGEMENT & 
PRODUCTION 
Auto. Control 
Computer Frog. 
Electronic Data 
Processing 

Estimating 
Foremanship 
Inst. Cost &Man 
Accountants 

Inst. Marketing 
Management 
Metrication 
Motor Trade Man. 0 Management 
Network Plan. D 0 
Numerical cont. 0 Motor Vehicle 
Operational Mechanics 
Research 

Personnel Man. D CONSTRUCTIONAL 
Planning Eng. D A.M.S.E. (Civil) 0 
Production Eng. D Architecture E1 

Coaching for many major exams. 
including ONC, C & C, etc. 

maw am Oill' OUT THIS COUPONms iffle n 

Tick or state subject of interest. 
Post to address below. 

MECHANICAL Man. Prod.—cont. Constructional-cant. 
A.M.S.E. (Mech.) 0 Quality Control 0 Building O 
Boiler Inspect. Salesmanship 0 Building Drawing 0 
& Operation 17 Storekeeping 0 Build. Foreman D 

C & G Eng. Crafts 0 Work StudY D Carpentry &Join. D 
C & G Fabricat. O Works Civil & Municipal 
Diesel Eng. D Management D Engineering El 
Eng. Inspection 0 Constructional 
Eng. Metallurgy 0 DRAUGHTSMANSHIP Engineering 0 

Inst. Eng. &Tech. 0 A.M.I.E.D. Design _0 Surveyors D 
1,,l Inst.otor Ind. 0 Design of Elec. O 

Diti&acPrhinesess Tool _ Clerk of Works 
Mainten. Eng. I] U Institute 
Mechanical Eng. O 
Sheet Metal Work ID u Council 

ra Eng. Welding o Electrical Geologysman-

Health Eng. 
ELECTRICAL & ship 0 Heat & Vent. 
ELECTRONIC Gen. Draughts- _ Hydraulics 

U Inst. of Builders 
A.M.S.E. (Elec.) ID Jig & Tool Des. 0 Inst. Works & 
C & G Elec. Eng. D Tech. Drawing 0 Highway Sup. 
C & G Elec. Inst. 0 
C & G Elec. Tech. 0 RADIO & TEL& Painting &Dec. 
Computer Elect. 0 COMMUNICATIONS _ .Public Hygiene 

Road Engineer. E Elec. Maths O Colour TV  Structural Eng. 
Elec. Science 0 C & G Radio/TV/ Surveying - 
EE ll ee cc tt r, ioenai lc HE.7... 

O°  0 & G Telecomm. 
Electronics D 

& Measuring 
Instruments O Ra(wdli 

praco.tRhAmakdita.)Etel:. Agricultural Eng. 0 
s ci GENERAL 

D Council of Eng. 
Inst. 0 

Install. & Wiring D Tech. 
Meters 

Exam. E Farm Science O 
Radio Servicing General Educat. O 
&Repairs 0 Gen. Plastics 13 

o Radio & TV Eng. 0 Pract. Maths D 
D Trans. Course 0 Pract. Slide Rule E 
_L, A TV Main. Hog. ain.&Sery. 0 Pure & Applied 
...,0  AUTO & AERO Refrigeration 

Maths 

O Rubber Tech. 
D A.M.I.M.I. O Sales Engineers 
„ A.E.C. Cert. 0 Tech. Report 
...! Auto Engineer. 0 W riting 
ou CAuto R Aeuptti Ens. 0 iv r0 uTnimbeerrsiTtry Ent. 

D G 

D
O
C
I
D
E
C
C
I
 

o 
o E 

D 
o 
o 

o 

o 

G.C.E. 
58'0' & 'A' 
LEVELS SUBJECTS 
Over 10,000 
group passes 

To B.I.E.T., Dept. BEI04 QN 
Aldermaston Court, Reading RG7 4PF 

NAME 
Block Capitals Please 
ADDRESS. 

OTHER SUBJECTS 

Accredited 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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The entrancing world- - 
of SANSUys quadrasonic 4-channel stereo. 

The complete range of Sansui's sophisticated 
4-channel equipmentatyourdealers now! 

England: VERNITRONWKILTD. Thornhill Southampton S09 5C1F Tel : Southampton 44811 

-dea re .1 • 
A 4-CHANNEL STEREO 

SANSUI AUDIO EUROPE S.A. Diacem Bldg.. Vestingstraat 53-55, 2003 Antwerp, Belgium SANSUI ELECTRONICS CORPORATION 32-17 6Ist Street, Woodside, New York 11377, LYS.A. 
.SANSUI ELECTRIC CO., LTD. 14.1, 2-chome, rood. Suginaml-ku, Tokyo, Japan 
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