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HIGHLIGHTS FROM THE CONTEMPORARY SCENE 
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Life Saver 

Anew British machine, a medical linear accelerator 
designed and manufactured by The M.E.L. Equipment 

Company, for the x-ray treatment of cancer is being 

installed for the Rotterdam Radiotherapy Institute at the 

Daniel den Hoed Hospital in Holland. 

The accelerator and x-ray head extend from an annular 
drum and rotate in a complete circle about the treatment 

table. 
Earlier machines, which were of different construction, 

were restricted to 220 degrees rotation. Now, the x-ray 
beam can be directed from any angle, so enabling the 

patient to be treated while lying in one position. 

The new machine has an x-ray beam energy of 6McV (6 

million electron volts). A "super" version is also made 
with an energy of 8 McV. These energies are considerably 

higher than the 4-3MeV of earlier models, and give 

increased percentage doses to deep seated malignancies. 

In consequence, the entrance dose given to healthy tissue 

is reduced and at the same time the exit dose is still sufli- 
ciently small to avoid the skin reaction induced by higher 

x-ray energies. The maximum electron energies are 8 and 
lOMcV for the standard and "Super" models respectively. 

The electron beam is magnetically deflected through 90 

degrees to strike a transmission type gold target. The 

resulting x-ray output after collimation and flattening is 

400 radians per minute at one metre in air. The wave- 

guide system is virtually scaled off and a high degree of 

vacuum is maintained by ion pumps. 
The picture shows the radiotherapist setting up the 

machine prior to treatment. 
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Scientists working at Downey, Cali- 

fornia, arc trying to find out the effects 

of severe drops and jolts on airborne 
astronauts. To aid this research, special 

dummies called ANDY have been created 

to simulate human beings. 
Sensitive electronic instruments inside the 

dummies record the tensions that space- 
men would be subjected to when flying 
through space. This project is part of 

the "Apollo" programme designed to 
place man on the moon. 
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Clean Air Zone 

Dry-reed relays and sealed relays have to be manu- 

factured in conditions of extreme cleanliness. In 
fact, if you were to be invited to the Relay Division of 

Elliott-Automation's Willesden factory you would have to 
wear special clothing to enter this inspection and assembly 

room where Clare-Elliott mercury-wetted contact capsules 

and relay assemblies are produced by the millions. 
The machine shown on the right produces three million 

dry-reed capsules a year also in stringent air conditions. 

Elliott's claim that these types will never be entirely super- 
seded by transistors. 

Zoom! 

Some of the largest independent television companies will be using a new 
type of camera developed by The Marconi Company. Silicon transistors 

have been used providing greater stability and reliability. This model (Mark 

V) incorporates a tilting viewfinder with greater luminance, integrated zoom 
lens with variable adjustment of focal length, 4Jin image orlhicon tube, and 

plug-in modular circuitry. 
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BEGINNERS stall here... 

An Instructional Series for the Newcomer to Electronics 
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Circuit symbols for inductors (L) and transformers (T), The three variations of each symbol indicate 
the type of core (if any). The basic symbol denotes no core or "air core", the second symbol 
denotes laminated iron, and the third an iron dust core. 

WE come now to a rather subtle point in this electro- 

magnetic induction business, which has quite a few 

consequences. This is the fact that induced currents 

made to flow by a changing field are set up in the same 

coil that produced the magnetic field in the first place, 

see Fig. 8.1. 

SELF-INDUCTION 

It is important to remember that induced currents 

always flow in a direction which opposes the changes 

in the main current. In other words, if a voltage is 

suddenly switched across a large coil, the current is 

sluggish in building up. But once the current is 

flowing, then at the switch-off it tends to carry on 

flowing. 

This effect is known as self-induction, and is the 

property used in inductance coils, chokes and so on. 

Components made especially to produce this effect 

are known as inductors. 

Some inductors are simply coils of wire, but others 

are wound on iron cores. The presence of an iron or 

ferrite core concentrates the magnetic effect and there- 

fore increases the self-inductance of the coil. 

'INDUCED'CURRENTS _± i MOVING^MAGNETIC 

/VC^V— 

CHANGING _ — 
CURRENT — —r-"/ A:-/   "X ^ 

f ig. 8.1. As the field moves, the induced currents tend to 
flow against the changing current, and thus tend to prevent 
the change. Self Inductors are often called "chokes" 
when arranged to do this Job 

THE UNIT OF INDUCTANCE 

Inductance, both mutual and self is measured in 

terms of a unit called the Henry—symbol L. 

A coil has a self-inductance of one henry if the 
applied voltage is one volt when the current is changing 

at the rate of one ampere per second. 

For many of the applications in electronics, the 
henry is inconveniently large, and inductance is usually 

given in submultiple units such as 

1 millihenry (mH) = one thousandth of a henry 
1 microhenry (jiW) = one millionth of a henry 

INDUCTANCE 
1 HENRY 

OF 

CURRENT CHARGING AT 
THE RATE OF 1 AMP. 
PER SECON 

VOLTMETER READS 
1 VOLT 

Fig. 8.2. An inductance of one Henry is a fairly large 
value. Notice that it Is the change In current which pro- 
duces the change In the field, which then induces the one 
volt e.m.f. across the coll 

Fortunately, it is easy to add up separate inductors 

in scries—it is the same as resistors—i.e. 

Lt *= Lx Li + La -j- . . . . 

Fig. 8.3. Inductors in series 
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and in parallel, 

I 

Lt 

COIL OF 2000 TURNS OF 20 S W.G 
LOR COTTON COVERED WIRE. 

Ly L2 

LI 

Lx 

0 0 0 

L2 

L3 

0 0 0 ^ 

Fig. 8.4. Inductors in parallel 

but note that the separate magnetic fields must not link 

together for these formulae to work with accuracy. 

Remember that capacitors add in the opposite way. 

PRACTICAL WORK 

For our experiments with elcctromagnetism and 

induction, a fairly large coil is required, together with 
an iron core. The core can be salvaged from a mains 

transformer, which can be obtained by a search in the 
local junk shops such as those stocking secondhand 

radio chassis or ex-government units. It should not 

cost more than a few shillings. There may be a suitable 

transformer lying in your electronic "odds and ends" 
box, or in the bits cupboard of the school science 

room. 

The iron laminations that make up the transformer 
core arc shaped cither "T"s with "U"s, or "E"s with 

"F's. Both types can be put to use in the experimental 
work here described. 

Ideally, the windings on the transformer can be put 
to immediate use, if you are lucky enough to obtain 

an old type in which the separate coils are wound in 

sections which can be slid off one at a time. Otherwise 

the coil from an old "mains energised" loudspeaker 

magnet could be put to use. 
Failing these methods, a coil can be wound on a 

home-made bobbin as shown in Fig. 8.5. Make the 

bobbin out of very stiff cardboard or "paxolin". 
The centre should tit comfortably (not lightly) over 

the laminations and its length should be about half the 

length of the centre limb of the core. The end checks 
can be glued onto the centre piece, and their size 

should be such as to allow the "E"s or "U"s to go over 

the coil. Fill up the bobbin with 2,000 turns of 28 s.w.g. 

enamelled or cotton covered wire and you have the 
main coil ready. 

ENAM 

END CHEEKS OF 
THICK CARD OR 
PAXOLIN FORMER 

SQUARE 

Fig. 8.5. The coil for induction experiments. It can be 
wound conveniently by using a hand drill brace held in a 
vice, with the former held in the chuck by means of a 
wooden block and screw 

EXPERIMENT NO. I 

Push a fairly strong magnet into your coil after you 
have connected it by long leads to the galvanometer 

described earlier in this series. If the magnet is strong 

enough and the coil has enough turns the galvanometer 
needle should show a deflection and therefore convince 

you that an electric current has been produced. 

If no deflection is observed, connect up a sensitive 

meter such as a 1mA moving coil type and try again. 

(Perhaps at the school science room ?). 

Further experiments with this coil will be described 
next month. In the meanwhile time is available for you 

to construct this simple apparatus. 

As we have mentioned, inductive effects arc present 
all the time in any electrical circuit (as of course, are 

capacitive cflects) and it is very useful to develop an 

awareness of these "built in" stray components. The 
strays cannot be seen as such, and do not start to be 

noticed electrically until high frequency, or fast wave- 
form operation is being used. 

In future articles wc shall have a look at the con- 

struction ot common types of inductors and then go on 

to study the effects of alternating currents. 

n 

A. 

mm: ■ 

# - P 

Fig. 8.6.- Faraday's expert 
ment. Try both ends of th 
magnet, moving it slowly an* 
then faster. Quite a numbe 
of effects can be noticed. Th 
simple home-made galvano 
meter was described In th> 
third article of this serle 
(January issue) 
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Interest has recently developed in an application of 

electronics to the problem of teaching deaf children 

to speak intelligibly, by means of an instrument known 

as a voice display unit or "calligraphone". 

It will be appreciated that a profoundly deaf child 

cannot hear the sound he or she produces, and therefore 

has no aural means of monitoring these and modulating 

them as required to produce intelligible speech. The 

unit here described presents voice sounds as recog- 

nisable patterns on a cathode ray tube, enabling the 

child to experiment with voice modulation and pitch 

until the correct pattern is obtained for a given sound. 

In addition, the size of the pattern is related to the 

volume of the voice input, so that useful training in 

breath control can also be given. 

PRINCIPLE OF OPERATION 

The basis of operation is comparable with the genera- 
tion of Lissajou's figures in that an amplified audio 

signal is fed into a resistance-capacitive network which 

divides it into two attenuated components having a 

90 degree phase relationship (Fig. 1). A purely 

MICROPHONE 
PRE- 

AMPLIFIER 

•r 
DEFLECTION 
AMPLIFIER 

I**? 

DEFLECTION 
AMPLIFIER 

NETWORK 

POWER 
I I UNIT 

CHI 

AC. 240 

Fig. /. Block diagram of the voice display unit 

sinusoidal input, i.e. without harmonics, produces a 
circular trace provided the c.r.t. deflecting amplifier 

gains are adjusted to compensate for the difference in 

X and Y plate sensitivities and attenuation of the 
divided signals. The presence of harmonics, as in 

normal speech sounds, distort this basic circle into 
figures characteristic of each sound. 

The basic requirement is clearly that each figure 
should be simple, preferably a single trace, consistent 

and sufficiently stable to be easily recognisable by a 

child, when comparing it with the teacher's correct 

figure or some form of chart. For several speech 
sounds these requirements are met in practice and 

typical figures obtained are illustrated in Fig. 2a. 

USING CONVENTIONAL EQUIPMENT 

Quite useful results can be obtained using either a 
reasonable audio amplifier with microphone input 

facility, or microphone pre-amplificr with low output 

impedance, and an oscilloscope with fairly high input 
impedances. 

One such set-up used by the author comprised a con- 

ventional 10 watt push-pull amplifier with crystal 
microphone input and a 5in oscilloscope with input 

impedances 30 mcgohm/31pF and 2-9 mcgohm/21pF, 

and sensitivities 50mV/cm and lOmV/cm r.m.s., for X 

and Y respectively. The phase shift network arrived at 

was 350/iF/30 ohms, and it will be noted that this 

fulfils the following criteria: 

(a) The joint impedance is well below the input 
impedance of the c.r.o. 

(b) The crossover frequency is well below the voice 
frequency range. 

(c) The joint impedance approximately matches the 

output impedance of the amplifier. 
However, condition (c) docs not appear in practice 

to be particularly vital. 
Others have reported on results obtained, here and 

in the U.S.A., with equipment of a similar nature, or 

with adapted television sets, and references to some of 
the relevant papers are given at the end of this article. 

PURPOSE-MADE UNIT 

In building a completely self-contained unit sim- 

plicity, suitability for day-to-day use in schools and 

low cost are prime requirements as is the necessity for 
adequate protection where children arc concerned. 
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An experimental unit was built with results compar- 

able to those obtained with the conventional equipment 

previously referred to (see heading photograph). 
The front controls were limited to brilliance, focus, 

gain (pre-amplifier only) and on/off switch. Other 

controls were fitted internally and pre-sct or replaced 
with fixed resistors determined by trial and error. 

From the block diagram (Fig. 1) it will be noted that 

neither time-base nor triggering circuits are required 
and it has been established that very high quality 

amplifiers are not necessary and may even be detri- 

mental to the production of good single trace figures. 
In fact under certain circumstances it was found that 

much improved figures were produced with an old 
6in elliptical loudspeaker directly coupled to the pre- 

amplifier input, i.e. compared with multiple traces 
displayed when using the microphone. 

### 

"V 
a 

% 

o 

Fig. 2. Lissajou's figures of voice sounds 
(a) Simple single trace line figures 
(b) Complex sound traces simulating SS and ZZ 

PRE-AMPLIFIER 
To allow scope for experimenting with various 

R and C values in the network a low output impedance 

for the pre-amplifier was sought. A circuit with 

cathode follower output stage (i ECC83) was adopted 
and gave a Zout value of 600 ohms which proved 

satisfactory. 

THE NETWORK 

Combinations of R and C were chosen to give cross- 
over frequencies ranging from 15 to 400c/s and all 

produced reasonable results. However, it was found 
that very similar figures were in some cases produced 

with different sounds, but this occurred with alteration 
of the crossover frequency and considerable modifi- 

cation to voice pitch. 

The conclusion thus reached was that only one 

network should be used for any one instrument and 

there is no universal chart of correct sound patterns 

which could apply whatever the network and whatever 
the pitch. This, however, may not be a disadvantage, 

since it can be used as a means of improving the pitch 
of the voice to match the teacher's pitch. 

R at 100 kilohms and C at O-l/^F, as originally 
suggested1, were found to be as good as any. 

DEFLECTING AMPLIFIERS 
Input grid resistors of 2-2 megohms were found to 

have negligible shunting effect on the lower arms of the 

network. 

Balanced output for the deflecting amplifiers, coupled 
with low current demand, was obtained with push-pull 

class A triodes (ECC83). Using a 320V h.t. supply 

adequate linear voltage swing was obtained for a 6in 
type VCR97 (ECR60) c.r.t. with reduced e.h.t. from a 

1,000 volt transformer secondary. 

CONCLUSION 
For those readers with a supply of odds and ends 

and who are willing to spend time searching through the 

surplus equipment available, an instrument of this 
type can be constructed for less than £10. 

It will be appreciated that in its simple form, the 

equipment is only suitable for the indication of sus- 
tained sounds—although even this is of considerable 

value. The figures illustrated (Fig. 2b) for certain 

sounds such as SS and ZZ are characteristic and identi- 
fiable, but clearly they are less satisfactory than the 

single traces. By other means, including the use of 

c.r.t.'s with long-persistence screens it may well be 
possible to display fleeting sounds such as the explosive 

consonants P and T. 
It does appear that the Voice Display Unit has a 

future as a useful supplemental aid, in the context 

of a comprehensive speech training programme making 

use of all the established methods. It should offer 
plenty of scope for the exercise of electronic ingenuity 

and know-how, in a very worthwhile cause. 
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JUST A WORD 

One day, it is certain, the word 
transistorised will become super- 

fluous. Already the greater pre- 
ponderance of electronic equipment 

uses transistors and we are rapidly 
approaching the stage when it will 

be more sensible to apply a distinctive 
label to equipment using valves— 
such equipment being the exception 

rather than the rule. 

So perhaps before long we will be 
referring to valved equipment, and 

dropping the transistorised. The 

latter has never seemed to me a 
particularly attractive word, anyhow. 

Also I feel it would be a good idea 

if this change came about before 

the even more unwieldy term semi- 
conduct ored type become widely 

adopted. The well known manu- 
facturer who applies this adjective to a 

certain microwave relay system that 

uses no thermionic valves is being a 

bit too pedantic. If one wants to 

cover the fact that diodes as well as 
transistors are included, why not use 

the adjective solid-state. This is 
surely more euphonious and less 

laboured than the expression semi- 
conduclorcd. 

TIED DOWN 

The very ease with which a plug 
can be fitted into the ubiquitous 

mains supply outlet is not without 
dangers. A particular hazard I am 

thinking of at present concerns the 

long flexible cable necessitated by 

certain mobile apparatus. One 

example that is especially topical at 

this time of the year is the electrically 
powered lawn mower. 

This seems to be one of the rare 

cases where mains operated equip- 
ment has but dubious advantages. 

If your lawn is large enough to 
warrant a powered machine, the 

chances arc that the resultant cable 

will be much too long for comfort 

and safety! 
I am therefore glad that one manu- 

facturer at least has brought out a 

mower powered from a car type 

battery. A rectifier unit is built in 

and the battery can be recharged 
overnight from the mains supply. 

Incidentally this must be one of the 

few occasions when the weight of the 

lead acid battery is actually of some 
purpose. 

DOMESTIC SCIENCE 

LL this is really a digression. 
^What I really had in mind was 

the domestic machine now being 
developed in London University 

and about which you may have read 
in the national press a little while 

ago. This automated maid will do 

most of the household chores like 
cleaning floors and carpets and 

clearing up the table; it or "she" 

will even walk upstairs to make the 
beds and (once a week) change the 

linen. 

It all sounds quite familiar and 

yet still fantastic. But I was rather 
disillusioned to learn that the machine 

would require a trailing mains cable. 
Somewhat a let down, me thinks. 

One would expect such encum- 
brances as cables to be dispensed 

with in the case of highly advanced 

equipment of this nature. 

Why should not the machine con- 

tain its own power source? At the 
end of a tour of duty, it could then 

toddle back to a cubby hole, plug 
itself into the mains and so recuperate 

for the morrow. 

THOSE TORTOISES 

In this connection one's mind goes 

back to the electronic tortoises 
designed by Grey Walter some 15 or 

so years ago. I expect some readers 

will recall seeing these synthetic 
animals demonstrated on television. 

Light is the food these "animals" 

exist on. As the voltage of the 

internal battery falls below some 
critical level the mechanism is set 

into motion and the tortoise moves 

around seeking light, adroitly avoid- 

ing obstacles on the way. The 
photocell sensing device eventually 

guides the tortoise to a "hutch" 

where it plugs itself into the mains 

and recharges its accumulator. 
Designed and built before the 

transistor had been invented, these 
"animals" were more than a scien- 

tist's toy. They were the first really 

successful attempt to produce a 

machine that could think and act on 

its own accord. They heralded the 
beginning of cybernetics, the science 

that has brought us the modern com- 
puter among other things. 

ROVING EYE 

WELL, it was no great surprise 

that the international tele- 
vision conference in Vienna failed to 

come to a decision on a standard 
colour system for Europe. 

It was significant that the BBC 
Director of Engineering when inter- 

viewed on TV after his return from 

the conference did not mention 
SECAM. Restating the British view 

that NTSC was the best system, the 

BBC representative conceded that the 
German PAL system was a close 

runner-up, and would be second 

choice; the French system, which 
happens also to be the Russian 

choice, was apparently not even in 

the race! 

So the gulf widens. With two 

systems in operation there are 
headaches ahead for British set 
manufacturers if they hope to secure 

a large part of the Eastern European 

market for colour receivers. 

Still, do not despair, for the CCIR 
meets again next summer—in Oslo. 

And they say travel broadens the 

mind. 

v 

,0, 2 

> ii 

Have you been at the a.c, 
again? 

su 
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For amateur and science teacher alike the study of 

radioactivity has been made a practical proposition 
with cheaply and easily made instruments employing 

the Geigcr-Muller (G.M.) tube. 

Results obtainable with suitable circuitry can be 
fairly accurate and well within the limits required for 

health physics monitoring or educational experiments. 

The silicon surface barrier (S.S.B.) detector is offered 

as a possible alternative to the G.M. lube in this 
respect, but certainly not as a complete replacement. 

Indeed it has considerable advantages over the G.M. 
tube and only one real disadvantage in the type of 

application envisaged here. 

Until recently such devices were of little practical 
interest to the amateur or teacher due to their pro- 

hibitively high price which was not compensated for by 
their advantages over the G.M. lube. However, small 

units are now available at a price comparable with the 

G.M. tube and of a form ideally suited to the needs 
of modern physics teaching. 

For the benefit of the prospective constructor 

unfamiliar with this device the following simple com- 

parison of its operation with the G.M. tube should 
throw some light on the reasons for and against its 

choice as the basis of a radiation measuring instrument. 

effects until the whole length of the anode is surrounded 
by a "sheath" of ionised gas. 

So great is the speed of the electrons in comparison 

with the relatively massive ions that all have been 

collected on the anode almost before the ions have 
begun to move. The wire is therefore left surrounded 

by a positive field distributed over a much larger 

radius than the wire and therefore the intense field 

conditions in the tube are reduced and the action ceases. 
The ions then drift rather slowly across virtually the 

whole radius of the lube towards the cathode, inhibiting 
by their presence for a considerable part of this collec- 

tion time any further avalanche. This "dead lime" as 
it is called is of the order of 200//S. The negative 

going signal pulse seen at the anode is composed 

mainly of two parts. One is a small initial rise due to 

the electrons being collected from very near the wire 
and then the major component of the signal induced 

by the receding ions. 
in a self-quenching counter a quenching gas is 

present in small quantities to neutralise the ions which 
might otherwise react with the cathode on impact and 

produce further discharges. It should be remembered 
that this entire process can be initiated by the formation 

of a single ion-pair in the tube. 

SOLID STA TE RAD!A TION DETECTOR 
By D. V. 

SMITH 

THE GEIGER-M ULLER TUBE 

A description of the action of the G.M. tube provides 

a good starling point for a comparison of this nature, 

mainly because most people being more familiar with 

the G.M. tube will think of the S.S.B. detector in terms 
of it and might in some circumstances encounter pitfalls 

as a result. 

It is assumed, of course, that the G.M. tube is 

operated under the correct conditions of voltage, i.e. in 

the "plateau region" which is that portion of the count 
rate versus c.h.t. curve which exhibits the least change 

of count rate with change of c.h.t. in a fixed radiation 

field. (Fig. 1.) 
When paniculate radiations, that is beta particles, 

enter the active volume of the G.M. tube, some of the 

atoms of the filling gas are ionised, the electron-ion 

pairs so formed being separated by the applied voltage 
field. The positive ions will drift in the direction of 

the negative cathode and conversely the electrons to 

the positive anode. 
For most gases used the amount of radiation energy 

required to create an ion pair is about 30 electron-volts 

(cV). The number of ion pairs initially formed 

therefore will depend ideally on the total radiation 
energy dissipated in the gas by collisions. 

The freed electrons drifting towards the anode in the 

applied field gain kinetic energy due to the field, only 
to lose most of it in colliding with, but not ionising, the 

gas atoms barring their passage. However, when the 

electrons get very close (Imm, or so) to the anode wire 
the very high field conditions brought about by the 

small size of the wire radius compared with the cathode 

radius cause them to accelerate rapidly and attain 

sufficient energy to ionise the gas atoms with which 
they collide. The electrons released in this way cause 

further ionisation in their turn until an "avalanche" of 

electrons reach the wire. This avalanche, it is believed, 
causes other avalanches by means of photo-electric 

THE S.S.B. DETECTOR 

The S.S.B. detector is to all intents and purposes a 
silicon diode which must, for reasons to be discussed, 

have a very low reverse leakage current characteristic 

within its working voltage range. The forward 

characteristics are of little interest as the device is 

normally operated under reverse-bias conditions. 

The arrangement (Fig. 2) is essentially the same for 
most S.S.B. detectors. It consists in this particular 

case of a nickel outer shell containing a small slice of 

//-type silicon which is exposed to the radiation via an 
end window. Over this area of silicon a thin film of 

gold is deposited which fulfils two purposes. Firstly, 
it forms a light shield as the silicon diode is sensitive to 

incident light in the same way that a transistor is if 

its outer case is damaged. Secondly, the gold being a 

good conductor of electricity effectively shields the 
silicon from interference and also completes the con- 

ductive path from the outer shell to the/?-// or rectifying 
junction created on the surface of the silicon by a 

naturally formed oxide layer. 
On the opposite face of the silicon is an aluminium 

back contact which is purely resistive, that is, non 

rectifying. To this contact is applied the positive bias 
via the signal lead which is taken out through an 

anchoring cement in the lead-out hole. The body is 

threaded 4 B.A. for ease of connection and mounting. 

It is worth noting at this point that the most vul- 

nerable part of this otherwise extremely robust device 
is the gold window which can be irreparably damaged 
by careless fingering. For this rcaon it is worth while 

leaving in position the small piece of plastic sleeving 

supplied with the unit which will tend to prevent 

damage while not affecting for most purposes the use 
of the unit. 

When a bias is applied to the detector the electric 

field within the silicon causes the very thin charge 
free layer which exists immediately behind the gold to 
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be expanded. It can be visualised as the volume 
between the gold and a positively charged surface 

which moves away from the gold layer like a piston in 

a cylinder according to the amount of bias applied. 
This, of course, is virtually a variable capacitor and 

indeed it is this very effect which is employed in voltage- 
dependent capacitors. We shall see later that the 

change of capacity with bias is an important considera- 

tion in the use of the device. 
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Fig. I. A Geiger-Muller tube characteristic 
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The term used for this charge free layer is depiction 

layer and its distance from the gold surface the "deple- 
tion depth" which may be calculated from the formula 

d = (pv)^ where d is the depth in microns 

1-8 (1 micron = 10-3mm) 

p is the resistivity of silicon 
(ohm-cms) 

v is the applied voltage bias. 

The area of the window and the depiction depth 
determine the active volume of the device. 

When paniculate radiation enters this volume under 

these conditions some of the silicon atoms are ionised 

in a similar fashion to the gas atoms in the G.M. tube. 
Instead of electron-ion pairs, however, electron-hole 

pairs are formed and although the two are analagous 

the difference made in terms of operating speed is 

enormous, the holes in silicon having a mobility several 
orders of magnitude greater than the ions in the gas. 

The amount of radiation energy required to form an 
electron-hole pair is about 3-5eV for silicon. 

For the case where a particle loses all its energy in 

the depletion layer the charge Q produced at the 
"collector" is: 

Q = 
E X 1-6 X 10 -19 

3-5 

Fig. 3. Comparison of source geometry for S.S.B. detector 
and typical G.M. tube 

coulombs. 

Where E is the incident 
radiation energy (eV). 

The charge collected is therefore directly proportional 

to the radiation energy lost into the depletion layer. 

The S.S.B. detector is then a proportional counter 
since there is no avalanche action. Similarly as in the 

G.M. tube the negative-going signal obtained is com- 
posed of two parts. First, the small initial rise due to 

electron collection, and then the major portion being 

the signal induced by the fairly rapidly retreating holes. 
Since the distances travelled by the holes are very 

small—of the order of microns—the signal is of very 

short duration. There is no dead-time as in the G.M. 

tube because the depletion layer is only partly ionised 
and there is no reason why at any time another particle 

should not react with another region. The device is 
therefore capable of very fast operation. 

A summary at this point shows that the G.M. tube 

is limited in its operating speed but gives the same 

large output for even a single ionising event. The 
S.S.B. detector is potentially very much faster with an 

output which is proportioned to the radiation energy 

lost in ionisation but small in comparison because 

there is no multiplication as in the G.M. tube. 
The G.M. "enthusiast" is unlikely to be converted 

by these considerations it is true, for the large output 

signal he obtains is easily handled and certainly lor 

most applications the G.M. lube is quite fast enough. 
The first real clue to the reasons for choosing the 

S.S.B. detector appears when the types of radiation to 

be detected are considered. 

GAMMA RADIATION 

Any references to gamma radiation have been avoided 

so far because a very complicated situation exists in its 
detection by cither type of device. 

Gamma and X-rays will be referred to as gamma 

rays since they are identical in every respect except for 
their origin. Their detection depends on several 
physical effects, mainly photon formation, Compton 

scattering and direct ion-pair production. These 

effects are dependent on incident radiation energy to 

586 



varying extents and those sufficiently interested are 

recommended to consult some of the many excellent 

works which deal with this subject (1) (2). 
For the purpose of this text it is sufficient-to say that 

the relative efficiencies of the two devices are roughly 
equal in this respect and usually of the order of less 

than one per cent. 

The main disadvantage of the S.S.B. detector shows 
itself here when one considers its size relative to the 

average G.M. tube. As a general rule the effectiveness 

of a detector of gamma radiation is governed by its 

projected area. Fig. 3 demonstrates the geometric 

advantage of the G.M. tube in a given radiation field. 
Since gamma radiation is not highly ionising and 

therefore highly penetrating by nature the chances of 
many interactions in either device are small. This 

means, of course, that very little energy is likely to be 

liberated in the depleted volume of the S.S.B. detector 
and therefore correspondingly small signals may be 

expected as a result. 

For the G.M. tube the problem is resolved into the 

chances of a single ion-pair being produced as previously 

discussed. 
The situation is not as black as it might appear for 

the S.S.B. detector. As long as the signal can be 

separated from noise, detection and counting is fairly 

straightforward, as the simple electronics required 
indicate. 

BETA PARTICLES 

Both devices are more efficient in beta particle detec- 

tion, but a much more favourable situation exists for 
the S.S.B. detector. The geometric consideration still 

applies although in this case it is the relative volume 

of the G.M. tube against that of the S.S.B. detector 
which is the important factor, rather than the projected 

area as with gamma rays. 

Volume for volume the S.S.B. detector has in general 
a higher detection efficiency than the G.M. tube. 

The S.S.B. detector claims an important advantage 
by virtue of the extremely thin window. 

Beta particles being more highly ionising than gamma 

rays are as a consequence less penetrating and while 

the thin window of the S.S.B. detector absorbs negligible 
radiation energy the glass wall of the G.M. tube 

presents a formidable barrier. G.M. tubes designed 

for beta detection therefore usually have much thinner 

glass walls than gamma only types and a beta trans- 
parent cathode which might be an open spiral wire or 

a thin conductive coating on the inside of the glass. 

For the sake of completeness it is worth mentioning 
that windowless G.M. tubes exist which effectively 

contain the low beta energy sample within the active 

volume and so overcome the problem of an intervening 
barrier. These lubes, however, require carefully con- 

trolled conditions and a continuous gas flow and are 

therefore out of the question for cheap portable equip- 

ment. 
When the beta particle enters the depletion layer of 

the S.S.B. detector it has a chance of being deflected by 

ionising collisions unlike the gamma ray and a simple 
comparison may be drawn with the action of the balls 
in an electric pin-table. Many will miss the scoring 

targets altogether. Most will register some score 

while a very small proportion will be bounced from 
one target to another and achieve the maximum 

possible. So it is with the beta particle—oversimplified 
certainly, but sufficient in this case. 

The pulses obtained from a mono-energetic source 
will range therefore from a few of maximum height 

down in ever increasing numbers until they are lost 

in noise. (Fig. 4.) 

Signals similar to those due to gamma rays will be 

experienced. 

ALPHA PARTICLES 

For alpha particle detection any glass walled tube is 

totally unusable due to the absolute certainty that a 
very highly ionising particle like alpha will lose all its 

energy into the glass with negligible penetration. 

It is with alpha particles, however, that the best 

results are obtained with the S.S.B. detector. Again, 
the thin gold window hardly obstructs at all the passage 

of the particle and so certain is the possibility of com- 

plete energy loss into the depletion layer that practically 
100 per cent counting efficiency is obtained for those 

particles which arrive on the window. 
So dense is the ionisation of the silicon in the track 

of the particle that there is a chance that some of the 

electrpn-hole pairs will recombine and thereby slightly 

NOISE 
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PULSE HEIGHT 

Fig. 4. Typical beta spectrum from S.S.B. detector 

reduce the charge to be collected. No problem is 

created by this as far as detection is concerned because 
only a very small fraction of the charge is lost in this 

way, depending to some extent on the magnitude of 

the applied field. 

Most alpha particles encountered have high energies, 
i.e. in the I-10MeV region and correspondingly large 

signals are obtainable. This also gives rise to an 

excellent signal to noise ratio and simplifies the circuit 

techniques for detection. 
The advantage of the S.S.B. detector is becoming 

more apparent now with its very desirable ability to 

detect alpha particles and low energy beta particles, a 
feature with which no ordinary G.M. tube can compete. 

In beta particle detection the very robust construc- 

tion of the S.S.B. detector compares most favourably 

with the very fragile nature of the G.M. tubes designed 
for beta work. Their fragility and higher cost than 

"gamma only" types make them a rather risky invest- 

ment for the amateur. 

Possibly the user interested in detecting only gamma 
radiation would be better advised to choose the G.M. 

tube for its geometric advantage although it is not 

impossible that the small size of the S.S.B. detector 
may be to its advantage in some situations. 

587 



SIGNAL AND NOISE 

The operating conditions for satisfactory use of the 

S.S.B. detector in this context are determined primarily 

by the type of radiation to be detected and its energy. 
From the above it is clear that the greatest difficulty 

lies with gamma radiation with its low detection 

efficiency and similarly but to a lesser extent with beta 
particles. The problem can be resolved further into 

the question of whether the available signal to noise 

ratio is usable. 
It is true to say that the S.S.B. detector can detect 

any energy of the three types of radiation mentioned, 

however small, but obviously noise limits the minimum 
practical level. 

CAUSES OF NOISE 

What are the causes of noise in the S.S.B. detector? 
First and foremost is the thermal agitation of the 

silicon atoms which gives rise to a signal at the output 

depletion layer and so increase the chances of its 

reaction with the silicon. The gain is two-fold with 

the simultaneous reduction of detector capacity as can 

be seen from the expression 

F = 
Q Where V is the signal voltage 

CV/ + Cs obtained. Q is the charge 
released in the active volume. 

Cdis the depletion layercapacily. 
Cs is the stray capacity asso- 

ciated with the amplifier input. 

The obvious limit to the size of the depletion depth 

is the physical thickness of the silicon slice and when 

operated under limited conditions the S.S.B. detector 

is referred to as being totally depleted. Such a con- 
dition will not be reached if the bias voltage required 

is above the rated maximum for the particular unit, as 

is likely. 
Since the leakage current will rise with bias so also 

will the noise level to degrade the signal to noise ratio 
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Fig. 5. The first amplifier circuit diagram 

equivalent to about 20keV radiation energy at room 

temperature. This figure, incidentally, will double for 

approximately every 10 degree C. rise in temperature. 

The second important contribution is due to the 
reverse leakage current which like any current is 

random in nature and therefore constitutes noise. Us 

value will depend on the characteristics of a particular 

diode and to a certain extent on ambient temperature. 
Thirdly is the possibility of noise between 

the aluminium contact and the conducting cement 
which attaches the signal lead. Its magnitude depends 

on no controllable factors and is obviously a question 

of inspection tolerance on the part of the manufacturer. 

Generally speaking though, its contribution to the 
overall noise level is very small. 

The question remains, therefore, how to obtain the 

best signal to noise ratio. Logically the next step then 
is to sec how the largest possible signal may be produced. 

It will be remembered that the advantage of the G.M. 

lube over the S.S.B. detector is that of greater size and 

hence better possible geometry. Therefore any increase 
that can be made in the active volume of the S.S.B. 

detector will be to its advantage and this is achieved, of 

course, by raising the bias. The clfcct of this is to in- 

crease the possible path lengths of the radiation in the 
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and a compromise must be sought in extreme circum- 
stances. On one hand there is a small signal due to the 

high capacity and small depletion layer and on the 

other high noise due to excessive leakage current. 
For the purposes of experiment it might be possible 

to reduce the noise to some extent by cooling the 

detector, provided that the amplifier contributes a 

lower noise level. 

AMPLIFIERS 

The noise contribution of a given amplifier is an 
important factor which cannot be overcome. Most 

of the noise appearing at the output is due to the first 

stage whose noise receives the most amplification. 

A small low capacity detector such as the 20lh 
Century Electronics SSN03K will out-perform the 

amplifier to be described which has a noise level 

equivalent to about 50kcV radiation energy at the input 
depending on the individual first transistor selected. 

The amplifier is arranged in two sections, the first is 

for alpha particle detection. In this application large 

signals arc experienced not requiring high gain and 
consequently a high signal to noise ratio is achieved. 

The second section of the amplifier which will be 
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described later is intended as an add-on unit to extend 
the capability of the combination for the detection of 

beta and gamma radiation. 

FIRST AMPLIFIER 

The first section of the amplifier is shown in Fig. 5. 

When alpha particles only are to be detected this 

amplifier suffers no embarrassment due to noise. For 

instance, if the input noise is equivalent to even lOOkcV 
the detection of 5MeV particles means a signal to 

noise ratio of 50:1 and so in this case the noise level 
may be ignored. 

The sensitivity of the associated ratemeter will 

obviously set the lowest alpha particle energy detectable 
since the signal will be proportional to the radiation 

energy in this case. 

A typical output for a 5McV alpha particle would 
be volts and if the ratemeter has an input sensitivity 

of say 50 millivolts then pro-rata the lowest energy 

detectable will be 165keV. 

Most existing G.M. ratemeters require a negative 
input pulse and so, provided that the sensitivity of the 

instrument is sufficient, this amplifier may be used to 
convert the set-up for alpha particle detection using the 
S.S.B. detector. 

The purpose of the 250 volts working output 

capacitor C7, is to add a degree of protection to 
rR4 in cases where the G.M. tube e.h.t. voltage is not 

entirely removable. 

11 it is not intended to add the second amplifier 

section for beta and gamma detection, an economy 
may be made where an instrument sensitive to negative 

pulses is used. The output in this case may be taken 
via the output capacitor C7, direct from the collector 

ot TR3 and so obviating the need for TR4. The loss 

of the difierentiating network making no difference in 
this type of operation. 

SECOND AMPLIFIER 

For optimum results with the combined first and 

second section amplifiers, the sensitivity of the rale- 
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Fig. 6. The second amplifier circuit diagram 

Maximum output of the amplifier is about 2} volts 
positive or negative going so the ratemeter must be 
more sensitive than this, although it is unlikely that the 

alpha particles encountered will be sufficiently energetic 
to produce this size of output. 

1 he outer shell of the detector is taken to the common 
earth line and the collector connected via the I megohm 

load resistor RI to a positive bias supply which for 

most practical purposes can be 9 volts. The voltage 
pulse appearing across the load is applied to the base 
of TRI which is operating as a low noise emitter 

follower. TR2 and TR3 are conventional voltage 

amplifiers with a total gain of about 500. The output 
from TR3 collector is fed via a differentiating network, 

C5, RI2, RI3, to TR4 which operates as a phase 

splitter output stage. 

The purpose of the differentiation is to enhance the 
signal to noise ratio by limiting the bandwidth of the 

amplifier. 

Positive output with link A-B and negative with 
link B-C is available so that ratemeters having sen- 
sitivity to cither polarity pulses may be used. 

meter to negative going pulses should be as high as 

possible and certainly not less than 200mV. ^ The 

circuit of the second section of the amplifier is shown 
in Fig. 6. 

It consists of an input emitter follower, a variable 

current discriminator/amplifier and an emitter follower 

output stage with a similar protecting network as in 
the first section. 

The second section requires the positive going output 

from Fig. 5. 

If the input of Fig. 6 is connected to point A (collector 
of I R4) this will leave the normal negative going output 

of TR4 (link B to C), free as a separate source of 

pulses from alpha particles only, in a situation where 

electronic discrimination against beta and gamma 

radiation is required. For needless to say, the amplifier 

combination will still respond to alpha pulses if they 
arc present. 

At this point it might be interesting to examine the 

operation of a discriminator of this type and the 
effect it will have on the counting efficiency of the 

whole unit. 
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DISCRIMINATOR ACTION 

Fig. 7 depicts the action of a discriminator showing 

the component parts of the signal presented to it. 

(a) Represents the ideal signal pulses of amplitude 
"A" peak and a discriminator level "E" which would 

satisfactorily delect them. 

(b) Shows the noise component of maximum 
amplitude "2A" peak to peak. The same discriminator 

level "Er sees signals of amplitude "A*' peak and so 

responds in exactly the same way as for the true signal. 
When the two are combined as in (c) it can be seen 

that the discriminator level "Ej" will produce a higher 

count than in (b) due to the presence of the signal 

pulses. At the level "£2" only signal pulses which 
have added to the instantaneous value of noise and so 

increased their apparent amplitude will be detected. 

For a level "Ea" which is just sufficient to suppress 
noise a superimposed signal however small stands a 

chance of being detected. The likelihood depends on 

the relative sizes of the signal and the noise. 
It can be readily seen for instance that under these 

conditions only 50 per cent of a signal just equal to the 

peak noise value is likely to be detected. 

Losses will cease to occur when the signal is equal 
to or greater than the peak to peak noise value. 

From this it can be seen that the lowest energies of 

beta or gamma radiation that can usefully be detected 
with a given instrument will depend upon the total 

noise appearing at the input of the amplifying system. 

The considerations of detector noise as stated above 

will not generally apply in this particular case as it 

out-performs the amplifier at most bias voltages. 
To return to the Fig. 6 circuit we see that the input 

emitter follower TR5 is necessary to drive the low 

impedance current discriminator TR6 without up- 
setting the output of TR4 in the first section. 

The operation of TR6 as a current discriminator is 

very simple. The standing base current set by VR1 

and the 15 kilohm base resistor R21 is used as the 

negative discriminator bias which the positive going 

signal current from TR5 must overcome for the pulse 
to be delected. Once this has happened TR6 operates 

as an amplifier, the resulting negative pulse is fed to the 

output via emitter follower TR7. 
Due to the action of the discriminator the output 

pulses are no longer proportional to the radiation 

energy lost into the detector. 

The setting up of the discriminator is very simple, 

VR1 merely having to be adjusted until the noise 
pulses are just suppressed. 

It will be noticed that if VR1 is adjusted, so that the 

bias current is zero, the noise will again disappear. 
This condition should be avoided as the circuit will 

be inoperative. 

As previously mentioned the ratcmcter input sen- 

sitivity should be not less than 200mV. This is to 
ensure that it is possible to record the noise when 

setting up and so allow critical adjustment to be made. 
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Fig.'7. Use of discriminator to separate signal from noise 

FINAL SUMMARY 

Although it is obvious that more circuitry may be 

required to use the S.S.B. detector compared with the 

G.M. tube it cannot be denied that the device has 

some very attractive advantages, particularly with 
regard to power supplies. One can satisfactorily 

detect alpha, beta and gamma radiation with only 

9 volts "e.h.t." compared to the 500 volts or so required 

by the G.M. tube and the task of producing this for a 
battery operated portable instrument can prove awk- 

ward for the amateur. 

It is emphasised that this article is intended only as 

an introduction to the S.S.B. detector and necessarily 

much has been left unsaid. To employ it, as its name 

implies, merely as a detector of radiation is probably 
an insult to this very versatile device. 

The use, for instance, of the S.S.B. detector in the 

field of radiation energy spcctrometry is one of its 
very important applications. 

Its small size and outstanding performance also 

make it a useful tool in space research where the 
emphasis is on smaller and lighter instrumentation. 

The mention of this type of application might, in 

another context, deter the amateur from considering 

the device as the basis of a do-it-yourself instrument. 
It is hoped, therefore, that this article has opened 

up a new field of experiment which can be implemented 

without great difficulty. 

In a later article a portable S.S.B./G.M. ratemetcr 
suitable for employing the above amplifiers will be 

described. 

BIAS VOLTAGE REQUIRED 

The variation of detector capacity with bias volts 

obeys a half power law, that is, it varies rapidly for 

the low values, the variation soon flattening out until 

quite a substantial change of bias alters the capacity 
very little. 

In practice it is still sufficient to operate the detector 

at 9 volts as with alpha particles although as discussed; 
higher bias values will obviously enhance the operation. 
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NEWS BRIEFS 

Early Bird 

Early Bird, the first commercial communications 
satellite, launched from Cape Kennedy on 6 April, has 

settled in position 22,300 miles above the equator in 
mid-Atlantic. Before settling in this relatively "stationary 
orbit" it completed two orbits during which it was 
"kicked" into position by signals from Carnarvon in 
Western Australia and Andover in the North East of 
U.S.A. 

Electric power for Early Bird's radio equipment is 
derived from the Sun via 6,000 solar cells. Messages will 
be sent between Andover, Maine (U.S.A.), Goonhilly 
Downs, Cornwall, and Bodou in Brittany. Alterations 
to equipment at Goonhilly Downs for communication by 
Early Bird have cost between £500,000 and £750,000. 
The life of the satellite is expected to be three years. 

IJuelle Gouleur? 

It seemed to a certain extent inevitable that the inter- 
national colour television controversy described in our 

February issue should fail to end in complete agreement 
on the adoption of one common system. All three 
systems had their favourable points. It was with some 
surprise, therefore, that on 27 March we learned that 
the Soviet Government had signed a general agreement 
for the adoption of SECAM, the French version. 

Perhaps this was some kind of omen, for the final vote 
at the International Consultative Committee for Radio 
Communication gave SECAM 21 votes, including the 
entire Communist bloc, four Western European coun- 
tries and a number of newly independent African nations, 
some of which were purely theoretical since they did not 
anticipate adoption in the near future. 

Eighteen voles favoured the American NTSC or 
German PAL systems, mostly with an amendment stating 
they would welcome a proposed combination of these 
technically similar systems. 

While the balance is theoretically in favour of SECAM, 
the result can be seen to be evenly divided. Perhaps we 
may at some time see a combination of all three systems, 
which could be politically favourable, although the 
technicalities involved may be somewhat difficult. 

"Ham" Colour 

Before leaving the subject of colour television entirely, 
it is interesting to see that this subject is being exploited 

by amateurs as well as professionals. 
At the North Midlands Mobile Rally, held at Sloke-on- 

Trent in April, the Midland Amateur Radio Society and 
the Stoke-on-Trcnt Amateur Radio Society organised a 
number of attractions including a television display put 
on by the British Amateur Television Club. Both live 
and closed circuit picture transmissions were shown and a 
colour television demonstration was given. 

Computers and Organs 

The Slade Radio Society in Birmingham have a par- 
ticularly interesting programme of events within the 

next few weeks. Among these are; 
May 14 "Logic and Digital Circuits"—lecture by D. 

Collins. 

May 28 "Designing an Electronic Organ"—talk and 
demonstration by R. H. Edmunds. 

June 11 "Tapesponding with America"—tapes sent by 
the Calalpa Amateur Radio Society of Birmingham, 
Michigan. 

Details of these and other activities may be obtained 
from R. L. Jenkins, 42 Warwick Road, Warley, Bir- 
mingham, 32. 

Penfriends by Computer 

Electronics have entered the field of pen-friend corres- 
pondence. More than a million people in 135 different 

countries who are interested in any of 282 special subjects 
have found pen friends with similar interests through a 
computer. 

This international communication is a direct outcome 
of the New York World's Fair where an l.B.M. 1440 
computer selects applicants with appropriate interests for 
correspondence with others. The subjects are vast in 
range from aeronautics to anthropology and are available 
to any country in up to 45 languages. 

More detailed information and registration forms (open 
to anyone free of charge) can be obtained from Parker 
fountain pen dealers or by writing to: Pcnfriend, The 
Parker Pen Co. Ltd., 15, Grosvcnor Gardens, London, 
S.W.l. 
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^ Radio by Oscar III 

The Atlantic has been bridged for the first lime on v.h.f. 
via a communications satellite on an amateur basis. From 

a home-made transmitter and receiver at Chalfont St. 
Peter, Buckinghamshire, Mr. C. J. McClelland (G6AG) 
has made contact with Germany, Switzerland and Sweden, 
and had reports from U.S.A., Czechoslovakia, France, 
Belgium and many English Stations of his transmissions 
via the Oscar III satellite. 

When orbiting between 38° to 48° longitude west, line 
of sight communication is possible with the U.S.A. for a 
period of approximately five minutes. The satellite is 
receiving at a frequency of 144-1 Mc/s with a pass band of 
± 25kc/s. This is converted to a re-transmission fre- 
quency of 145-9 Mc/s ± 25kc/s. In the absence of any 
received signals by the satellite, nothing is radiated, as 
the circuit is a pure r.f. translation process. 

Mr. McClelland is transmitting with I kilowatt at 
144-1 Mc/s and an aerial gain of approximately l4dB 
horizontally polarised. It is hoped to try circular polarisa- 
tion in the near future. 

A few of the purposes of these experiments are to observe 
communications with different modes of transmission, 
signal polarisation effects and the associated aerial prob- 
lem, and Dopplcr shift. 
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Transistors For Television Receivers 

Mallard Ltd., Mullard House, Torrington Place, 
London, W.C.I. 

Mullard announces the development of a new 

range of transistors specially designed for use in 

television receivers. These new transistors, mar- 
keted under the trade mark "TVistors", have 

been specially designed to meet the high fre- 

quency response, high current-levels and high 

power gams associated with television receivers 

Another advantage is that the heat dissipation 
within the cabinet is kept to a minimum and 

consequently greater flexibility in cabinet design 
is possible. 

One of these, the AF180, combines a low noise 

performance with automatic gain control for 
the first time. 

Our photograph shows the complete range 
which is as follows: 

AF186—u.h.f. tuner (amplifier and self- 

oscillating mixer) 
AF180—v.h.f. tuner (amplifier) 

AF178—v.h.f. tuner (mixer/oscillator) 

i\pi79 | vision i.f. amplifier 

Taylor^Elcctrical Instruments Ltd., 

Montrosc Avenue, 

Slough, Bucks. 

New Hi-Fi Tape Reooriler 

Brcncll Engineering Co. Ltd., 231/235, 

Liverpool Road, London, N.l. 
Ihe Brenell range of tape recorders is 

probably well known to hi fi enthusiasts 

already, whether they have the complete 

precision built machine or have built 
their own amplifier around one of the 

tape decks. 

New models from the above firm are 
very rare and far between, but when a 

new model is announced it is normally 
only after very stringent tests have been 

carried out. This is the case with the 

Brenell Mark 5 type M model shown 
in our photograph. 

It is based on the Mark 5 series 3 deck 

with three motors (synchronous type for 

capstan drive); a large flywheel statically 
and dynamically balanced; a self-com- 

pensating braking system and four tape 

speeds, 15, 7^, 3J, 1J inches per second. 

The wow and flutter is less than 0-05 
per cent at 15in/sec, 0-1 per cent at 

7iin/sec, 0-15 per cent at 3|in/sec, 
0-25 per cent at IJin/sec. 

The "M" series is a special mono 

half-track recorder fitted with separate 

record and playback heads and ampli- 

fiers. It has mixable inputs, bass and 
treble controls and output sockets for 

headphones, external amplifier and 
speaker, and is capable of taking spools 
up to 8iin diameter. 

i 

© 

© 

New from Taylor Electrical Instruments Ltd. is a range of meters incorporatini 
a new insert in nine different colours. 

n ™s "cw ™n8c 'las. the trademark "Clarity C" and as the name implies th. 
meters have been designed with the emphasis on ease of reading. The scale- 
m-e clear and concise the division markings are easily recognisable and th( 

lettering is not so small, as the case in some meters, that one has to squint 01 

move from the apparatus under test to the meter to take any readings 
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Portable Home Juke-Box 

Kolster-Brandes Ltd., Footscray, Sidcup, 

Kent. 

Our photograph shows the new "Disco- 

matic" portable juke-box now being pro- 
duced by K-B Ltd, and available to the 

public, price 69 guineas. 

Only slightly larger than a record 

player it automatically plays 40 seven inch 

45 r.p.m. records and has a 100 per cent 

automatic mechanism. It selects, gently 
picks up, plays one or both sides of the 40 

records, and finally stores them in the 

original position. 
The player has a diamond stylus which is 

automatically cleaned by smooth brushes 
after each play. The clear, plexiglass lid 

keeps records clean and free from dust 

and when the lid is opened the power is cut 

off automatically. The transistorised amp- 
lifier, with "instant" sound, gives a maxi- 

mum of 2J watts output. An illuminated 

finger always indicates the number of the 

record being played and the keyboard 

shows the order of playing. Facilities are 
available for an extension speaker and 

external amplifier. 

The "Discomatic" gives over four hours' 

(7i hours on E.Ps.) continuous playing 
time and is more flexible in operation than 

normal juke-boxes because selected pro- 

grammes can be changed at any time. 

Also, because the records arc stored in a 
removable rack, it can be interchanged 

with another loaded rack to extend the 
playing programme. 
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A SELECTION FROM OUR POSTBAG 

Tunnel effect 

Sir—Thank you for keeping up the 

quality of the articles in Practical 

Electronics since it first started. 
The only fault that I can see is that 
it is a monthly periodical and it 

seems an awfully long time between 
issues. 

I would like to take this oppor- 
tunity to ask you and if possible my 

fellow readers for an idea to com- 
bat those enemies of a lawn, moles. 

Preferably an electronic device 

which an enthusiastic amateur 
might knock-up. Although my 

problem must be limited to a few 

of your readers there must be a 

bright idea from someone who is a 
lover of the old English lawn. 

M. Hawes, 

Hastings, 
Sussex. 

This is certainly an unusual request, any 
ideas? 

Zener dynamo 

regulator 

Sir—With reference to the article 
in the March '65 issue on a Zcncr 

diode power supply regulator, 

would you please supply me with 

details of how this can be used 
with a 6V source to produce a 

constant c.m.f. of 3V (component 
values, etc.). 

The unit would be useful in con- 

junction with a bicycle dynamo so 

that when its e.m.f. drops below 
6V, the lights will still glow 

brightly, and so that they will not 

"flicker". 

J. W. Arthur, 

Edinburgh, 11, 

Scotland. 

We regret that we are unable to supply 
circuit diagrams to individual require- 
ments. However, our Ingenuity Un- 
limited page is open to readers' sugges- 
tions and circuit details. 

Light meter conversion 

Sir—In you March issue, on page 

348, you give details of an Auto- 

matic Parking Light the principal 
being that when light falls on the 

OCP71 an electric current is trans- 

mitted which to a certain extent 

balances a current in the relay coil. 
As soon as there is a decrease in 

light, the OCP71 does not conduct 

enough current and the relay 

releases so switching on the parking 
light. 

If a meter be used instead of the 
coil can one measure the amount of 

light which falls on the OCP7I ? 

This then could be used in photo- 

graphy to meter enlargements, 

test safe lights, etc. 

Please could you tell me what 
value meter one should use, what 

resistance be connected in series 
with a 500/^A meter if used, and 

will a lower voltage be required ? 

W. Maciejewski, 

Norbury, 
London, S.W.I6. 

The circuit, as shown, is not really suitable 
for use as suggested since great in- 
accuracy will result because of tem- 
perature variations and changes in 
position of the 0CP7I, etc. 

The ORPI2 is far less sensitive to 
changes of temperature and is only sensi- 
tive on one side. It can be used by 
itself with a SOO/iA meter and, if the 
supply is stable enough, will give accurate 
results. To adjust to the right sensitivity, 
a 10 kilohm potentiometer can be 
included in the circuit (see diagram).— 
A. K. Stevenson. 

9V 

0RPI2 

500^A 

10 kA 

Transistors cop valves 

Sir—May I add a comment to the 

"Printed Circuits" discussion in 
your correspondence columns? 

One of the disadvantages already 

mentioned—and accepted even by 
Mr. Sutherland, who spoke up in 

favour of printed circuits—is that 
the need exists to "mess about with 

chemicals". It is perhaps relevant 
to mention that anybody who calls 

himself an engineer—even an ama- 

teur engineer—cannot afford to 

pass by any technology or technique 
of use. There is no difference 

in principle between messing about 

with chemicals and messing about 

with sheet metalwork, and to reject 
the former and give up printed 

circuitry is as sensible as giving 
up the latter and reverting to 

breadboard construction. In fact 
chassis construction is far more 

difficult and is indeed messy in its 
own right. The opinion of the 

lady of the house might be sought 

about whether she would prefer a 

little ferric chloride in the kitchen 

sink or the usual odds and ends of 
metal swarf in the carpet! 

Whether one likes it or not, 

printed circuits are here to stay. 
Except for special purposes valves 
are "old hat" and so are the chassis 

wired circuits that went with them. 

Transistors are with us, and the 
amateur electronic engineer might 
as well get with it too. 

D. R. Bowman, 

R.A.F. Henlow. 

Bedfordshire. 

Beat this 

Sir—Regarding S. W. Burrows' 
guitar for six pounds my father 

made the guitar as in Practical 

Electronics. The pick-up was 
wound as described and the body 

was made from four pieces of Jin 

plywood, which would be lighter 
than oak. The total cost is as 

follows: 

d- . / £ s. d. Pick-up (magnets) 4 6 

Strings .. .. 75 

Siring Winders .. 12 6 
Varnish .. .. 6 0 
Fret Wire .. 30 

Araldite .. .. 6 0 

Total I 19 6 

P. Moat, 

Newcastle-on-Tyne 4. 
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A SELECTION FROM OUR POSTBAG 

continued 

Pirates beware! 

Sir—The following notes may be of 

interest to Mr. Evans of Crawley 

whose letter was published in the 

February issue, and anyone else 
interested in Japanese walkie talkie 

sets. 

Most of these transceivers 

operate at frequencies around 

27Mc/s, but this band has been 
designated by the Postmaster Gen- 

eral for industrial and scientific 

use, including radio control of 

models. Since the P.M.G. will not 
licence the transmission of speech 

on these frequencies, any use, 

including switching on for demon- 

stration, would constitute an 
offence. 

Some transceivers also operate 

at higher frequencies around 

28'5Mc/s, which frequency falls 
within one of the bands reserved 

for licensed amateur use, and 

before a licence is granted, the 

applicant must pass the necessary 
tests. 

Several prosecutions have recently 
been conducted against the un- 

licensed use of transmitting equip- 
ment, with great success. Also, 

much havoc has been caused 

amongst radio controlled models 

by the interference from these sets. 
M. Connell, 

Wembley, 

Middlesex. 

Reloys, please 

Sir—One thing [ have never seen 

in any of the magazines on elec- 

tronics is an article on Relays, for 
beginners. Retailers do not seem 

to follow any consistent method 
in describing these components, 

and a definitive description of the 

points to look for would be of 
great assistance. 

J. Cardno, 

Aberdeen, 

Scotland. 

An article on this subject is already 
under way. 

Sound off... 

Sir—I would like to comment on 

K. R. Baker's letter (Readout, 

March issue) on costing each pro- 
ject. 

If I had bought the components 

for the "Electronic Didjeridoo" 

(see page 39, November 1964 
issue) from a certain supplier, 

it would have cost just over £11 

excluding cabinet and microphone. 

From yet another source it would 

have cost £6. 
I could have built it for a fraction 

of this cost by using "surplus" and 

"cut price" components, and draw- 
ing upon my array of junk boxes. 

If this were done, it would probably 

have resulted in an instrument of 

poor quality, causing every abori- 

gine worth his salt to emit indignant 
cries of "Chacun a son Didjeridoo!" 

and to commence upon mass pro- 
duction of the original timber 

version. If you buy very cheap 

components, you may come up 

against such problems as low 

amplification, excessive transistor 

hiss or noise, mismatching of the 

diodes, etc. It is best to avoid 
"dodgy" components. 

It is pleasing to know that Mr. 

Baker's Didjeridoo "works all 

right". Of course it should! The 
author first used one a few years 

ago as vocal accompanist with a 
Blackpool R & B group, and would 

report that, used judiciously, the 

effects go down quite well. 

Other sound effects were tried 

and I hope to describe some of these 
in future issues of Practical Elec- 

tronics, if acceptable to the Editor. 

I would like to hear readers' views 

and ideas on novel sound effects 
which might be produced by a 

"live" performer without resort to 
miming. Of particular interest are 

those devices which, from one 
vocalist and a microphone input, 

produce the sound of more than 

one voice without use of an echo 

chamber. 
A. J. Basselt, 

Chorley, 

Lanes. 

... and again 

Sir-—Thanks for the very good 

articles described in the April '65 
issue. The pick-up amplifier was 

just what 1 had been looking for, 

but on reading through the book I 
failed to see the components 

required advertised. 

Why couldn't a note be added 
"turn to page ??" where a firm 

could advertise these parts and 

their cost. Then all one need do 

is send for or collect the kit of parts 

required. 
The p.u. amplifier is required for 

playing a Bush record player 

through a Sony CT 500 tape 

recorder—will it suit? 
W. F. Bush, 

London, E.l. 

We ore looking into the matter of com- 
ponent sources for our projects, but it is 
not easy to tie up with suppliers at the 
time that the articles are published. 
It is likely, however, that advertisers will 
reveal the availability of certain parts 
in issues following that in which the 
article appears. 

The p.u. amplifier would be suitable 
for the application that you have in mind. 

Whafs stereo? 

Sir—Three months ago I completed 

a hi fi cabinet which I made myself. 

Now, I have decided that I would 

like to convert it to stereo. As I 

am a complete beginner in this 
field could you please give me 

information on the basic essentials 

necessary for stereo and what is 
meant by a balance and how docs 

it work. If you could supply 

me with this information I shall be 
extremely grateful. 

M. R. Allen, 

K ingston-u pon-Thames. 

Surrey, 

In general, it is quite difficult to convert 
ordinary mono outfits to stereo and often 
it is found that few of the existing com- 
ponents are useable for stereo. Con- 
version may be possible when the power 
amplifier is separate from the control 
facilities, for then a second power 
amplifier can be added (for second stereo 
channel) and the mono control unit can be 
replaced by a stereo version. As for the 
balance control, this merely alters the 
relative volume in the two channels 
so that the stereo image can be centred 
between the speakers. 

The basic essentials for stereo (using 
discs) are a stereo pick-up designed 
specifically to reproduce the two channels 
of information in the groove, plus a turn- 
table free from excessive vibration which 
would cause rumble, an amplifier and 
control section having two separate 
channels for amplification, and, finally, 
two speakers correctly positioned In the 
room. Stereo cannot be obtained in a 
simpler way than this. — C. Brown 

Next month we shall be publishing full 
constructional details for building a 
portable stereo record player designed 
specially for use with stereo headphones, 
but having facilities for speaker outputs. 
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