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By foreseeing the needs of the public; by anticipating 
_the practical requirements of setmakers: by helping to 
solve the problems of service engineers and dealers; 
by building reliability and performance into every . 
product they make, MULLARD have created a unique 
business philosophy I I I I ·in a word ·INTRINSICALITY.· 
------1~~--1 ----------
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By foreseeing the needs of the public; by anticipating 

the practical requirements of setmakers: by helping to 

solve the problems of service engineers and dealers: 

by building reliability and performance into every 

iroduct they make, MULLARD have created a unique 

ousiness philosophy....in a word INTRINSICALITY. 

Milliard 
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ELECTRONICS, TELEVISION, RADIO, AUDIO 

· · Who Designs Systems and How · Well? 

APPOINTMENTS and situations-vacant advertisements, some in large display 

panels, · are making us aware of a new breed of specialist called a systems 

engineer. Sometimes he is given a specific "discipline "-telephone, computer, 

avionics-but often just as a "systems engineer.'' From the blurb in the adver­

tisement it appears that the wanted engineer is mainly an electronics m-an, . 

although he is no·t to 'be concerned with the detailed design of specific pieces of 

equjpment. He apparently has-to build up existing pieces of equipment or known 

techniques into systems primarily for the transmission, processing and ·presenta- · 

tion of information. On his work may depend the safety of human liv·es-as for 

example in the new National Air Traffic Control Scheme described in this issue, 

and a plane's automatic landing system-or the. op·eration of vast industrial plants. 

Where do these systems engineers come from? How are they trained and_ how 

do they get their experience? These questions ought to be examined, as it does 

not appear that there is any established machinery for training them. One might 

go so far as to say that they ~re virtually amateurs, picking up expertise as they go · 

along. 
An important aspect of systems engineers' work is reliability. In electronics 

and communications we tend to think of reliability mainly in terms of immunity 

from breaking down of components or equipment, and of circuit designs having 

good safety factors, etc. These things are all necessary of course in the individual 

parts of systems, but are not enough in themselves to ensure system reliability. 

For example, a system can fail even though all the electronics are working 

perfectly. In an in~ormation processing syst~m a situation could arise where 

more digits are being fed into a store than it will ac~ually hold : the capacity of 

the store is exceeded and there is consequently a loss of accuracy or a complete 

breakdown. 
F.edundancy, therefore, plays a vital role in achieving reliability in the design 

of systems, as indeed is the case with animal nervous systems so that. part of the 

" ·hardware " can be damaged and yet the overall system carries on. An example 

of a system achieving reliability through redundancy is the automatic landing 

system being designed for the Trident and other aircraft. This is a triplicated 

system with a ·majority vot~ scheme for ensuring correct operation. If two out 

of the three autopilots give the same output it can be assumed that that output 

is the correct one. If only two autopilots were installed, and they gave different 

outputs, how would one know which was correct? 

Redundancy design techniques are a complex of economics, logic, statistics 

(including probability theory), information theory, etc., and the systems engineer, 

while being at heart an electronics man, must, it would seem, be a " generalist" 

rather than a " specialist." 
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A Simple Transistor F.M. Tuner 
DESIGN USING A PULSE DISCRIMINATOR AND AN LC-TUNED 

LOCAL OSCILLATOR 

By J. C. HOPKINS,* B.Sc., Grad.I.E.E., A.lnst.P 

FOLLOWING the publication of the "Wireless World 
F.M. Tuner" (July 1964) so~e interest seems to have 
been aroused again in the pulse counting type of 

receiver. P. J. Baxandall1 has also pointed out that a 
simplified ·version usin·g an LC-tuned local oscillator, 
and employing valves, had been designed and built by 
him some years ago. The following is a description of a 
transistor tuner designed along similar lines. 

R.F. and mixer ~tages 
These are shown in Fig. 1. ·The aerial is coupled via a 
coaxial cable to the emitter of Tr1 which acts as a common­
base amplifier. The operating current of the stage is set 
at about 0. 7 rnA and this yields an input impedance which 
approximately matches the input cable. Since this 
impedance is somewhat inductive at 90 Mc/s, it can be 
rendered resistive by simply adding the tuning capacitor c2. 

The r .f. stage is capacitatively coupled to the base of 
Tr2 which acts as a self-oscillating mixer. As suggested 
by Baxandall, a 45 Mc/s local oscillator frequency was 
tried, the seco.nd harmonic of this beating with the signal 
to produce the required i.f. (at about 200 kc/s.). However 
this was foun4 to produce a high level of second harn1onic 
signal at the aerial terminals and so it was decided to 
employ a 30 Mc/s oscillator and tolerate the lower value of 
conversion gain produced. As a result, the gain of the 
r.f. stage slightly more than compensates for the loss 
incurred in the mixer! Nevertheless an overall sensitivity 
of the order of 100 ~.tV is achieved. 

The oscillator configuration empioyed is a modified 
Clapp type, the transistor op.erating in common-base 
mode so far as this action ·is concerned. The base is 
conn~cted. to earth via L 3 and C 7 which is broadly 
series resonant near 30 Mc/s. This reduces the fundamen­
tal component of the local oscillator signal fed back over 
the r.f. stage. A rejector circuit (L2, C 6) for 60 Mc/s is also 
included. At the same time, these components are chosen 
so that at 90 Mc/s they balance the capaci~ative part of 
the input impedance of Tr 2, thus assisting the signal 
transfer from the r.f. stage. The oscillator frequency is 
stabilized against ambient temperature changes by using a 
resistive biasing network which renders the change in 
collector current with temperature quite small and the 
final compensation is achieved by giving the capacitor 
C11 a negative temperature coefficient. This is achieved 
by the parallel combination of a high-stability capacitor 
with a ceramic type having a coefficient of - 750 p.p.m. 
per °C. 

Intermediate frequency signals are taken at low 
impedance from the emitter of Tr2 via R10 and the low 
pass filter L 5, Cui' LH. The latter gives a fairly · level 
response up to a bout 350 kc/s but attenuates at higher 
frequencies quite sharply, the mutual inductance of the 

· two windings series resonating at about 2 Mc/s with C 16• 
This gives good rejection of the adjacent f.m. channels 
which produce beat frequencies in a region where the 
gain of the i.f. amplifier is still significant. It was found 
that a standard 4 70 kc/s i.f. transformer could be used to 
produce this filter, the usual winding inductances (without 

*Bristol College of Science and Technology. 
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been aroused again in the pulse counting type of 

receiver. P. J. Baxandall1 has also pointed out that a 
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and employing valves, had been designed and built by 

him some years ago. The following is a description of a 

transistor tuner designed along similar lines. 
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base amplifier. The operating current of the stage is set 

at about 0.7 mA and this yields an input impedance which 

approximately matches the input cable. Since this 

impedance is somewhat inductive at 90 Mc/s, it can be 

rendered resistive by simply adding the tuning capacitor 

Cj. 

The r.f. stage is capacitatively coupled to the base of 

Tr2 which acts as a self-oscillating mixer. As suggested 

by Baxandall, a 45 Mc/s local oscillator frequency was 

tried, the second harmonic of this beating with the signal 

to produce the required i.f. (at about 200 kc/s.). However 

this was found to produce a high level of second harmonic 

signal at the aerial terminals and so it was decided to 

employ a 30 Mc/s oscillator and tolerate the lower value of 

conversion gain produced. As a result, the gain of the 

r.f. stage slightly more than compensates for the loss 

incurred in the mixer! Nevertheless an overall sensitivity 

of the order of 100 mV is achieved. 

The oscillator configuration employed is a modified 

Clapp type, the transistor operating in common-base 

mode so far as this action is concerned. The base is 

connected, to earth via Lg and C7 which is broadly 

series resonant near 30 Mc/s. This reduces the fundamen- 

tal component of the local oscillator signal fed back over 

the r.f. stage. A rejector circuit (L2, C6) for 60 Mc/s is also 

included. At the same time, these components are chosen 

so that at 90 Mc/s they balance the capacit-ative part of 

the input impedance of Tr2, thus assisting the signal 

transfer from the r.f. stage. The oscillator frequency is 

stabilized against ambient temperature changes by using a 

resistive biasing network which renders the change in 

collector current with temperature quite small and the 

final compensation is achieved by giving the capacitor 

Cu a negative temperature coefficient. This is achieved 

by the parallel combination of a high-stability capacitor 

with a ceramic type having a coefficient of —750 p.p.m. 

per 0C. 

Intermediate frequency signals are taken at low 

impedance from the emitter of Tr2 via R10 and the low 

pass filter L5, Q,;, L(i. The latter gives a fairly level 

response up to about 350 kc/s but attenuates at higher 

frequencies quite sharply, the mutual inductance of the 

two windings series resonating at about 2 Mc/s with Q 6. 

This gives good rejection of the adjacent f.m. channels 

which produce beat frequencies in a region where the 

gain of the i.f. amplifier is still significant. It was found 

that a standard 470 kc/s i.f. transformer could be used to 

produce this filter, the usual winding inductances (without 
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Fig. 2. I.F. and discriminator 
stages. 
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the normal tuning capacitors) and the coupling between 
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I.F. and discriminator sections 

These are shown in Fig. 2. Tr3 and Tr4 form a directly 
coupled pair with feedback both at d.c. (to achieve 

Rz2 

R11 
C24 
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temperature stabilization) and at signal frequency where 
it usefully levels the frequency response and reduces 
gain changes produced by the different samples of 
OC171 . 

Tr 5 acts as final amplifier stage and is over-driven to 
produce a limiting action. A rectangular wave of approxi­
mately 11 V pk-pk appears at the collector, the limiting 

Resistors 

L·IST OF COMPONENTS 

Inductors 
R1 lkf! R12 IOkO 
Rz 1kn R 13 1kn 
R3 IOkn R 14 6800 
R4 lkf! Ru; 1000 
Rs 3. 9kO R 16 6.8kn 
R6 lOkO R 17 3.3kQ 
R 1 lkf! R1s 27kQ 
Rs 2.2kn R 19 4700 
R9 2.2kn R20 2. 7kn 
R1o 2.2kn R21 3.9kn 
R11 39k!l R22 1SkQ (± 5%) 
All resistors ! W, ± 10%, carbon, unless otherwise stated. 

Capacitors 
C 1 0.0011-LF, disc ceramic. 
C 2 4. 7pF ± 10 %_, ceramic. 
C3 0.0011-LF, disc ceramic. 
C4 0.0011-LF, disc ceramic. 
C;; 3".3pF ± 10~~, ceramic. 
C 6 1 OpF ± 1 ~lo, silvered mica. 
C 7 25pF ± 1 %, silvered mica. 
C8 10/LF, ISV sub-miniature electrolytic. 
C9 0. 001 ~-tF, disc ceramic. 
C 10 220pF ± 1 %, silvered mica. 
C 11 218pF: 68 pF ± 1 %, silvered m1ca, in parallel with 

150pF ± 10%, ceramic. 
C 12 68pF ± 1%, silvered mica. 

~~!} 3-30pF concentric trimmer. 
C15 
C] 6 624pF: 68pF in parallel with 556pF, both ± 1%, sil-

vered mica. 
C 17 0.011-LF ± 20%, 250V polyester. 
C18 lJLF, 15V sub-miniature electrolyte 
C 19 O.lJLF ± 20%, 250V polyester. 
C20 0.011-LF ± 20%, 250V, polyester. 
C21 0.11-LF· ± 20~fo, 250V polyester. 
C22 68pF ± 1 %, silvered mica. 
C23 2700pF ± 1%, silvered mica. 
C24 3600pF ± 1 %, silvered mica. 
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L 1 · 6 turns 22 swg (enamel) lin dia., spaced to about ~in 
long (self supporting). 

L 2 13 turns 26 swg (enamel), close wound on 1W carbon 
resistor of high value C-s-~in dia.). 

L 3 19 turns 26 swg (enamel), close wound as for L 2• 

L 4 ·8 turns 18 swg (enamel) !in dia. close wound (self 
supporting). 

1.~5, L 6 Standard 470 kc/s i.f. transformer (Radiospares) with 
dust cores removed. 

Connect " start " ends of windings together. 

Switch 
Single pole, 3-way wafer switch (Radiospares). 

Semiconductor devices 
Tr1-Tr5 OC171. 
Tr6 OC41. 
D OA10. 

Notes 

(a) Total consumption: about 8mA at 12V. 
(b) The supply voltage should preferably be held to about 

12 ± 1 V. This could most conveniently be derived from 
the mains and roughly stabilised with a Zener diode to 
achieve the value required. 

(c) R 14 (nominally 680!l) may require adjustment with some 
transistor pairs (Tr3, Tr4). A value should be chosen 
which sets the collector voltage of Tr4 at between 5 and 
7V negative w.r.t. earth. 

(d) A modification of the discriminator circuit values will 
enable the tuner to feed about 1 V a.f. into loads of lMO 
or greater. This is done by adopting the following com­
ponent values:-
R~1 39kn, ! W, ± 10~> carbon. 
R 22 150k n, ·! W, ± 5% carbon. 
C23 270pF, ± 1% silvered mica. 
C24 330pF, ± 1% silv~red mica. 

The modification is useful for feeding some valve power 
amplifiers without the need for an intermediate pre amplifier. 
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I.F. and discriminator sections 

These are shown in Fig. 2. Tr3 and Tr4 form a directly 

coupled pair with feedback both at d.c. (to achieve 

temperature stabilization) and at signal frequency where 

it usefully levels the frequency response and reduces 

gain changes produced by the different samples of 

OC171. 

Tr5 acts as final amplifier stage and is over-driven to 

produce a limiting action. A rectangular wave of approxi- 

mately 11V pk-pk appears at the collector, the limiting 

LIST OF COMPONENTS 

Resistors 

Ri IkO 

Ro IkQ 

R3 lOkQ 

R4 Ikfl 

Rs 3.9kO 

Rs lOkO 

r7 Ikfl 

Rs 2.2kQ 

r9 2.2kO 

RIO 2.2kO 

Ru 39k Q 

All resistors h W, ± 10% 

Ria lOkH 

Rn Ikfi 

R14 68011 

R15 1000 

R16 6.8kQ 

R17 3.3ka 

R18 27k Q 

R19 470 n 

R20 2.7k Q 

R21 3.9kQ 

R22 15kn(±5%) 

carbon, unless otherwise stated. 

Capacitors 

Cj 0.00IfiF, disc ceramic. 

C2 4.7pF ± 10%, ceramic. 

C3 0.001/iF, disc ceramic. 

C4 O.OOlftF, disc ceramic. 

C5 3.3pF ± 10%, ceramic. 

C6 lOpF ± 1 %, silvered mica. 

C7 25pF ± 1 %, silvered mica. 

C8 10fiF, 15V sub-miniature electrolytic. 

Cg 0.001/uF, disc ceramic. 

C10 220pF ± 1 %, silvered mica. 

Cu 218pF: 68 pF ± 1%, silvered mica, in parallel with 

150pF ± 10%, ceramic. 

C12 68pF ± 1 %, silvered mica. C12 68pF ± 1 %, silvered mica. 

Q3I 

C14 } 3-30pF concentric trimmer. 

GisJ 
Cj6 624pF: 68pF in parallel with 556pF, both ± 1%, sil- 

vered mica. 

C17 O.Ol/iF ± 20%, 250V polyester. 

Ci8 l^F, 15V sub-miniature electrolyte 

C49 O.lftF ± 20%, 250V polyester. 

C2o O.Ol^tF ± 20%, 250V, polyester. 

C21 0.1/iF ± 20%, 250V polyester. 

C22 68pF ± 1 %, silvered mica. 

C23 2700pF ± 1 %, silvered mica. 

C24 3600pF ± 1 %, silvered mica. 

Inductors 

Lj 6 turns 22 swg (enamel) iin dia., spaced to about -iin 

long (self supporting). 

L2 13 turns 26 swg (enamel), close wound on 1W carbon 

resistor of high value (^in dia.). 

L3 19 turns 26 swg (enamel), close wound as for L2. 

L4 8 turns 18 swg (enamel) lin dia. close wound (self 

supporting). 

L5, L6 Standard 470 kc/s i.f. transformer (Radiospares) with 

dust cores removed. 

Connect" start " ends of windings together. 

Switch 

Single pole, 3-way wafer switch (Radiospares). 

Semiconductor devices 

Trj-Trg OC171. 

Tr6 OC41. 

D OA10. 

Notes 

(a) Total consumption: about 8mA at 12V. 

(b) The supply voltage should preferably be held to about 

12 ± IV. This could most conveniently be derived from 

the mains and roughly stabilised with a Zener diode to 

achieve the value required. 

(c) R14 (nominally 680f!) may require adjustment with some 

transistor pairs (Trs, Tr4). A value should be chosen 

which sets the collector voltage of Tr4 at between 5 and 

7V negative w.r.t. earth. 

(d) A modification of the discriminator circuit values will 

enable the tuner to feed about IV a.f. into loads of 1MQ 

or greater. This is done by adopting the following com- 

ponent values:— 

R.,! 39kQ, i-W, d- 10% carbon. 

R22 150kfl, 1W, ± 5% carbon. 

Cog 270pF, ± 1 % silvered mica. 

C24 330pF, ± 1 % silvered mica. 

The" modification is useful for feeding some valve power 

amplifiers without the need for an intermediate pre amplifier. 
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action being sufficiently good up to 350 kc .. 's to achieve 
excellent discriminator action. 

The discriminator itself is a transistor pump 2• This is a 
modified version of the familiar diode pump which gives 
improved linearity at the higher output levels. The audio 
output is finally taken via R 22 and C24 which provide the 
required de-emphasis characteristic. An audio output of 
about 100 mV (r.m.s.) for a deviation of ± 75 kc/s, 
c8n be delivered into loads of 100 kQ or greater. Where 
this is done with a coaxial cable, care should be taken to 
see that the length does not exceed about 1Oft. 

Construction 
This is not unduly critical but the whole must of course be 
enclosed in a screened aluminium box and the r.f., 
mixer and i.f. sections screened from each other. 

The discriminator and i.f. stages are assembled on an 
insulating board using conventional wiring techniques. · 
(A printed wiring board would probably also be suitable). 
The r.f. and mixer stages are most conveniently assembled 
on paxolin insulated tag strips screwed to the aluminium 
housing, the most suitable place for the low-pass filter 
seems to be within the mixer compartment, the normal 
screening can of the i.f. transformer being removed and 
the coil former mounted directly on the chassis. 

Setting up 
Aerial.-The tuner should preferably be fed from a 

dipole aerial proportioned for Band II operation. This 
should yield an adequate signal for correct operation for 

field strengths down to 250 p. V !m, if care is taken with 
the aerial installation. In are~s of very low field strength 
a multi-element array will be necessary. 

Oscillator.-The main adjustment required is that of 
setting the local oscillator frequency. This is most con­
veniently done by feeding in 90 Mc/s signals from a signal 
generator (say about 500 ~"' V r.m.s.) into the aerial ter­
minals and adjusting the self supporting coil L 4 until 
the whole range can be tuned with ·the trimmers C1:3, 

C14, C1 5• L 1 should also be adjusted to peak at about mid­
band, i.e. 94 Mc/s. Final oscillator frequency adjustment 
can easily be done on a signal, if a high-resistance volt­
meter is arranged to read the mean d.c. signal appearing 
at the a.f. output socket. The appropriate trizpmer is . 
first adjusted to give a low intermediate · frequency­
as indicated by a "null" reading on the voltmeter-and 
then the oscillator · frequency is moved to one side of this 
setting, to produce a voltmeter reading of .0.4 V. This 
will give a mean i.f. of about 180 kc/s. 

Acknowledgement 
I wish to thank Professor S. H. Ayliffe for permission to 
publish this article and for the use of the facilities of his 
department. 

REFERENCES 

I. "Transistor FM Tuner" : P. J. Baxandall (Correspond­
ence) Wireless World, September 1964, p. 460. 

2. "~lements of Transistor Pulse Circuits" : T. D. Towers, 
Wzreless World, August 1964, p. 403. 

Books· Received 
Topology and Matrices in the Solution of Networks, by 
F. E. Rogers. An initial detailed explanation of the rudi­
ments of topology is used as a basis for introduction to the 
matrix concept. The combined principles are extended 
progressively to the solution of network equations and then 
applied to fundamental theorems and .four-terminal net­
works. Worked examples, given at the end of each chapter, 
link theory with practical application. Pp. 204; Figs. 100. 
Price 45·s. Iliffe Books Ltd., Dorset House, Stamford Street, 
London, S .E. I. 

Dynamic, Circuit Theory, by H. K. Messerle. Written as 
an introductory course on electromechanical energy conver­
sion and electromechanical systems, the book uses dynamic 
circuit theory as a basis for the formulation of the principles 
of electrodynamics. Particular attention is given to the 
derivation and analysis of lumped parameters and their use 
for representation of electromechanical devices. Double 
storage transducers, commutator machines, two- and three­
phase machines, and multiphase system·s are dealt with in 
detail. Worked examples are included. Pp. 657; neady 330 
Figs. Price £5. Pergamon Press Ltd., 4 & 5 Fitzroy 
Square, London, W .1. 

The Invention of the Traveling-wave Tube, by Rudolf 
Kompfner. An interesting, lucid account of the research by 
the author which led to the invention of the travelling-wave 
tube. Parts of the text which recount particularly difficult 
stages of the work are tempered with humour and will act 
as a stimulant to others engaged in the arduous field of 
research. Pp. 30; Figs. 18. Price lOs 8d. W. Heffer & Sons 
Ltd., 3-4 Petty Curry, Cambridge. 

Handbook of Electron Tube and Vacuum Techniques, by F. 
Rosebury. A new version of the Tube Laboratory Manual 
produced by the Research Laboratory of Electronics at the 
Massachusetts Institute of Technology. The introductory 
sections deal with procedures and techniques in the manu­
facture of thermionic valves and other evacuated devices. 

422 

The re~t of the book contains a glossary of terms comprising 
a detailed and comprehensive compilation of . definitions, 
materials, processes, etc., presented in graphic.al and tabu­
la~ed form together with explanatory diagrams. Pp. 597; 
Figs. 154. Price £6 12s. Addison-Wesley Publishing Com­
pany, Inc., 10-15 Chitty Street, London, W.l. 

The Electron in Electronics-Modern Scientific Concepts for 
Electronic Engineers, by M. G. Scroggie. Couched in the 
inimitable style for which the author is s·o well known, the 
book fulfils the need of students and engineers requiring a 
lucid explanation of the physics of the electron in modern 
electronics. Energy levels, work functions and valency bonds 
are dealt with in the introductory chapters which lead to 
the quantum theory and photons. The controversy of 
electromagnetic radiation - wave theory vers·us photon 
theory - is discussed in detail and includes the effects of 
polarization, diffraction and interference. Continued expan­
sion of the. text then covers semiconductors and aspects of 
atomic theory such as magnetogyric ratio, electron· spin, 
nuclear spin and magnetic resonance. The final chapter is 
devoted to relativity. Throughout the text, the standard of 
m~thematics and general physics does not exceed G.C.E. 
"A" level. Pp. 276; Figs. 132. Price 45s. Iliffe Books 
Ltd., Dorset House, Stamford Street, London, S.E.l. 

Principles of Transistor Circuits (Third Edition), by S. W. 
Amos. First published in 1959, the contents have been 
expanded in successive editions to deal with later develop­
ments of the transistor. In this edition the general ~arrange­
ment of the subject matter of the book remains the same--the 
physics of semi-conductors, design of transistors, receivers, 
oscillators and generators. Additions to the text include d.c. 
stabilization of amplifiers by direct coupled feedback, phase 
shift and Wien-bridge oscillators, blocking oscillators and 
transistor sawtooth generators. Two appendices give details 
of the manufacture of transistors and an explanation of tran­
sistor parameters. Pp. 293; Figs. 172. Price 35.s (stiff 
cover), 25s (limp cover). Iliffe Books Ltd. 

WIRELEss WoRLD, SEPTEMBER 1965 

action being sufficiently good up to 350 kc s to achieve 

excellent discriminator action. 

The discriminator itself is a transistor pump2. This is a 

modified version of the familiar diode pump which gives 

improved linearity at the higher output levels. The audio 

output is finally taken via R22 and C24 which provide the 

required de-emphasis characteristic. An audio output of 

about 100 mV (r.m.s.) for a deviation of ± 75 kc/s, 

can. be delivered into loads of 100 kQ or greater. Where 

this is done with a coaxial cable, care should be taken to 

see that the length does not exceed about 10ft. 

Construction 

This is not unduly ciitical but the whole must of course be 

enclosed in a screened aluminium box and the r.f., 

mixer and i.f. sections screened from each other. 

The discriminator and i.f. stages are assembled on an 

insulating board using conventional wiring techniques. 

(A printed wiring board would probably also be suitable). 

The r.f. and mixer stages are most conveniently assembled 

on paxolin insulated tag strips screwed to the aluminium 

housing, the most suitable place for the low-pass filter 

seems to be within the mixer compartment, the normal 

screening can of the i.f. transformer being removed and 

the coil former mounted directly on the chassis. 

Setting up 

Aerial.—-The tuner should preferably be fed from a 

dipole aerial proportioned for Band II operation. This 

should yield an adequate signal for correct operation for 

Books 

Topology and Matrices in the Solution of Networks, by 

F. E. Rogers. An initial detailed explanation of the rudi- 

ments of topology is used as a basis for introduction to the 

matrix concept. The combined principles are extended 

progressively to the solution of network equations and then 

applied to fundamental theorems and four-terminal net- 

works. Worked examples, given at the end of each chapter, 

link theory with practical application. Pp. 204; Figs. 100. 

Price 45s. Iliffe Books Ltd., Dorset House, Stamford Street, 

London, S.E.I. 

Dynamic Circuit Theory, by H. K. Messerle. Written as 

an introductory course on electromechanical energy conver- 

sion and electromechanical systems, the book uses dynamic 

circuit theory as a basis for the formulation of the principles 

of dectrodynamics. Particular attention is given to the 

derivation and analysis of lumped parameters and their use 

for representation of electromechanical devices. Double 

storage transducers, commutator machines, two- and three- 

phase machines, and multiphase systems are dealt with in 

detail. Worked examples are included. Pp. 657; nearly 330 

Figs. Price £5. Pergamon Press Ltd., 4 & 5 Fitzroy 

Square, London, W.l. 

The Invention of the Traveling-wave Tube, by Rudolf 

Kompfner. An interesting, lucid account of the research by 

the author which led to the invention of the travelling-wave 

tube. Parts of the text which recount particularly difficult 

stages of the work are tempered with humour and will act 

as a stimulant to others engaged in the arduous field of 

research. Pp. 30; Figs. 18. Price 10s 8d. W. Heffer & Sons 

Ltd., 3-4 Petty Curry, Cambridge. 

Handbook of Electron Tube and Vacuum Techniques, by F. 

Rosebury. A new version of the Tube Laboratory Manual 

produced by the Research Laboratory of Electronics at the 

Massachusetts Institute of Technology. The introductory 

sections deal with procedures and techniques in the manu- 

facture of thermionic valves and other evacuated devices. 

field strengths down to 250 //V m, if care is taken with 

the aerial installation. In areas of very low field strength 

a multi-element array will be necessary. 

Oscillator.—The main adjustment required is that of 

setting the local oscillator frequency. This is most con- 

veniently done by feeding in 90 Mc/s signals from a signal 

generator (say about 500 juV r.m.s.) into the aerial ter- 

minals and adjusting the self supporting coil L4 until 

the whole range can be tuned with the trimmers C13, 

C145 Cj5. L4 should also be adjusted to peak at about mid- 

band, i.e. 94 Mc/s. Final oscillator frequency adjustment 

can easily be done on a signal, if a high-resistance volt- 

meter is arranged to read the mean d.c. signal appearing 

at the a.f. output socket. The appropriate trimmer is 

first adjusted to give a low intermediate frequency— 

as indicated by a "null" reading on the voltmeter—and 

then the oscillator frequency is moved to one side of this 

setting, to produce a voltmeter reading of 0.4 V. This 

will give a mean i.f. of about 180 kc/s. 

Acknowledgement 

I wish to thank Professor S. H. Ayliffe for permission to 

publish this article and for the use of the facilities of his 

department. 

REFERENCES 

1. " Transistor FM Tuner " : P. J. Baxandall (Correspond- 

ence) Wireless World, September 1964, p. 460. 

2. " Elements of Transistor Pulse Circuits " : T. D. Towers, 

Wireless World, August 1964, p. 403. 

Received 

The rest of the book contains a glossary of terms comprising 

a detailed and comprehensive compilation of definitions, 

materials, processes, etc., presented in graphical and tabu- 

lated form together with explanatory diagrams. Pp. 597; 

Figs. 154. Price £6 12s. Addison-Wesley Publishing Com- 

pany, Inc., 10-15 Chitty Street, London, W.L 

The Electron in Electronics—Modern Scientific Concepts for 

Electronic Engineers, by M. G. Scroggie. Couched in the 

inimitable style for which the author is so well known, the 

book fulfils the need of students and engineers requiring a 

lucid explanation of the physics of the electron in modern 

electronics. Energy levels, work functions and valency bonds 

are dealt with in the introductory chapters which lead to 

the quantum theory and photons. The controversy of 

electromagnetic radiation —wave theory versus photon 

theory—is discussed in detail and includes the effects of 

polarization, diffraction and interference. Continued expan- 

sion of the text then covers semiconductors and aspects of 

atomic theory such as magnetogyric ratio, electron spin, 

nuclear spin and magnetic resonance. The final chapter is 

devoted to relativity. Throughout the text, the standard of 

mathematics and general physics does not exceed G.C.E. 

"A" level. Pp. 276; Figs. 132. Price 45s. Iliffe Books 

Ltd., Dorset House, Stamford Street, London, S.E.I. 

Principles of Transistor Circuits (Third Edition), by S. W. 

Amos. First published in 1959, the contents have been 

expanded in successive editions to deal with later develop- 

ments of the transistor. In this edition the general arrange- 

ment of the subject matter of the book remains the same—the 

physics of semi-conductors, design of transistors, receivers, 

oscillators and generators. Additions to the text include d.c. 

stabilization of amplifiers by direct coupled feedback, phase 

shift and Wien-bridge oscillators, blocking oscillators and 

transistor sawtooth generators. Two appendices give details 

of the manufacture of transistors and an explanation of tran- 

sistor parameters. Pp. 293; Figs. 172. Price 35,s (stiff 

cover), 25s (limp cover). Iliffe Books Ltd. 

422 Wireless World, September 1965 



A Way of Speeding Up the Application of 

New Techniques to Medical Practice 

Medical 

Instrumentation 
By VLADIMIR K. ZWORYKIN*, Ph.D., o.sc. 

As an introduction to the two forthcoming 
conferences on medical electronics, in 
Tokyo (29th August) and Brighton (28th 
September), Dr. V. K. Zworykir:t, who is 
an international leader in this field, gives 
his views on a problem which concerns 
him greatly- the excessive delay that 
occurs between the introduction of new 
instrumentation techniques and · their 
application to medical practice. 
Recently Dr. Zworykin, who is 76, was 
awarded the I.E.E. 's Faraday Medal for his 
notable scientific and industrial achieve­
ments, including the invention of the 
iconoscope, and his work in medical 
electronics. 

FOR many year~· I have advocated the establishment 
of a chain of specialized institutions devoted to the 
advancement of medical instrumentation throughout 

the world, linked by our International Institute for 
Medical Electronics and Biological Engineering in Paris. 
While institutions of this nature hav~e existed for a long 
time in several of the Eastern countries, in particular the 
U.S.S.R. and Czechoslovakia, I have found it relatively 
difficult, until r~ecently, to develop the enthusiasm ne,eded 
for their launching in the West and in the United States 
in particular. However, there are many signs that the 
climate is becoming more favourable for such ventur~es. 

Many influential voices have been added to my own, 
urging the creation of Institutes of M~edical Electronics 
and Biological Engineering in various localities. This 
makes it desirable that we should examine what the 
structure and the functions of such an Institute might 
properly be. Whil~e my suggestions are necessarily tinged 
by my experience in the United States, the basic prob­
lems and condi~ions are sufficiently similar in other coun­
tries to make such an examination of general interest. 

Our past experf.ence with various national interdiscip­
linary professional societies, as well as with the Inter­
national Federation of M~edical El,ectronics and Biological 
Engineering, has emphasized the benefits to be derived 
from closer contact between the medical and engine,ering 
professions. The co-operation promoted by these groups · 
has already proved exceedingly fruitful. At the sam·e 
time it has thrown into clear relief a gap in the appli- · 
cation of engineering knowledge to medical problems. 

This gap exists primarily in the dev·elopment of new 
devices for large-scale use in clinical practice. It may 

---- - -= -·----- -
- *Vice-President and Technical Consultant, Radio Corporation of 
America . 
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be attributed to the long period of testing and evaluation 
which, in medicine, must intervene betwe.en the construc­
tion of an engineering model and the large-scale distribu­
tion of the final device. The resulting expense and delay 
in marketing, which finds no counterpart in other branches 
of industry, discourages private enterprise from ventures 
in the developm~ent of medical instrumentation. A 
primary obj-ective of the Institute should be,· I submit, to 
remove this impediment. In this manner the flow of 
promising ideas in the field of medical electronics and 
biological ~engineering, greatly augmented in the past 
years through int.erdisciplinary co-operation, would be 
directed most effectively to the advancement of medical 
practice and, with it, to the improvement of general health 
and well-being. The orientation of the Institute would 
thus be primarily practical, since the practical application 
of engineering m·ethods in medicine has, so far, tended 
to lag far behind their application in sci·entific research 
in the lif·e sciences. 

It should be recognized that, in principle, any new 
group could undertake the launching of an Institute of 
the type here consider·ed. However, it is vital for its 
success that it should benefit from close association, from 
the very beginning, with organizations in the fi·eld of 
m·edical electronics and biological engineering which have 
been built up in the past decade. This imposes, in my 
opinion, a special responsibility for this undertaking on 
those of us who have been intimately associated with the 
development of the above organizations. 

With this preface, what might the structure and func­
tions of the Institute be? 

Let us first consider the structure of the Institute, 
which would be a non-profit organization. The control 
of the Institute would rest in the hands of a board of 
directors, consisting of persons deeply convinced of the 
importance of the mission of the Institute and ready to 
maintain a financially sound basis for its operations. It 
would be supported by a group of eminent technical 
advisers drawn from the engineering and medical pro­
fessions. The board would appoint a Director of the 
Institute who, with his secretarial assistants, would con­
stitute the initial permanent staff of the Institute. The 
Director, in addition to his other duties, would be 
charged with establishing rosters of specialists in the 
medical and engineering fields who could be drawn upon 
to carry through technical projects in the:r area of com­
petence which have been undertaken by the Institute. 
These specialists might be persons retired from indus­
trial and other organizations with a prescribed retirement 
age who are eager to contribute 'their skills to the. humani­
tarian purposes served by the Institute. While placement 
on the roster would not imply remuneration of any kind, 
travelling and per diem expenses incurred in the service 
of the Insthute would be reimbursed. The establish­
ment of the rosters may be regarded as a device for 
circumventing the large initial expenditure inherent in 
setting up a well-rounded paid p~ofessional staff and, at 
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the same time, utilizing an important available source 
of talent. · 

The activities of the Institute might include :-
1. Keeping informed concerning problems and ideas 

encountered in international medical practice and re­
search and submitting them to members of the rester 
for evaluation with respect to importance and feasibility 
of further development. 

2. Arranging for follow-up activity if the evaluation 
recommends further work; this could be carried on 
within the Institute or with ·the aid of outside organiza­
tions, always with the collaboration of the orginator of 
the problem and of members of the evaluating panel. 

3. Carrying on such evaluation and follow-up activities 
for other organizations under .contract. 

4. Application for grants for the construction of work­
ing m.odels and further development by an appropriate 
organization if this appears justified. 

5. Organization of working groups from the Institute 
roster to supervise work carried forward under such 
grants and to arrange for the publication of the results 
in the technical journals. 

6. Making arrangements for patent protection and 
negotiating licensing agreements under patent rights 
acquired by the· Institute, if, under the conditions pre­
vailing in the country, this were consistent with obtaining 
support from other sources. · 

7. Seeking financial support for the Institute from 
industry, foundations, and other sources,~ making use of 
professional assistance as needed. 

We can envisage the function and growth of the Insti­
tute taking the following course. To begin with, the staff 
would make known, through appropriate professional 
channels, that it was available for consultation on medi­
cal ·engineering problems encountering obstacles of a 
technical, financial or sotne other nature. The consulta­
tion might result in a referral to a commercial or scientific 
organization with interests in the same field or experience 
in solving problems of a similar nature, or it might point . 
out published work with a bearing on the subject. Just 
by se:fving .as a focus at which medical and engineering 
scientists would be together, the Institute would fre­
que~tly provide the starting point for collaborative in­
ve-stigations. If a specific project required financing, the 
staff might put the applicant in touch with possible 
sources of support after a favourable evaluation of the 
project by members of the advisory panel. 

'The Institute would not concern itself with basic 
research investigations which are already well supported 
by other agencies, but would deal primarily with the 
design and application of medical instrumentation. In 
due time, as engineering designs perfected and tested 
with the assistance of the Institute became widely accep­
ted in hospitals, the demand for them would increase to 
a level sufficient to yield a financial return to the elec­
tronic and mechanical industries which had made the 
original collaborative effort. As the Institute became 
more widely known and a greater range of problems was 
presented to it, the need for laboratory facilities would 
become evident. Thus, in response to demand, it might 
gradually develop into a larger-scale research institute of 
medical electronics and biological engineering. The 
necessary "in vivo " experiments, which initially would 
be carried out in co-operating hospitals and other institu­
t ions, might then be transferred to its own facilities. Thus 
the Institute might grow, from relatively modest begin­
nings, into an establishment fully equivalent to the 
extensive institutes for medical instrumentation set up 
in Russia and other countries of Eastern Europe. 

I estimate that an Institute of the type here contem-
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plated might be launched, under the conditions prevail­
ing in the United States, with an initial annual b~dget . 
of $100,000 or less. This would just suffice to pay the 
Director and his assistants and provide the minimal office 
space and equipment required. Its growth would be 
Qetermined by its recognized. usefulness to industry and 
the medical and engineering professions. The favourable 
response I have received so far assures me that the 
growth of the Institute would be rapid and that it would 
come to provide an important service to the patient, the 
physician, and the research scientist alike. 

W·e should lose no time in calling such Institutes into 
being. They would do much to close the gap between 
theoretical understanding and practical utilization in the 
application of engineering knowledge to medicine. 

Chartered ·Engineers 
THE granting of a Royal Charter to the Council of Engineer­
ing Inst•iturions, formerly known as the Engi~eering Institu­
tions Joint Council, has brought a step nearer the day when 
the ,titled ''chartered engineer" (C.Eng.), without refe.rence 
to a particular discipline, will be used by ·members of the 13 
constituent institutions.* To this end rt is proposed to intro­
duce a common Part I examination which will benefit "cross­
fertilization" between the different disciplines. It will not 
be easy to reconcile the varying requirements of the different' 
institutions, each representing a specialized branch of science 
and technology. 

In the Rules of the C.E.I. it is specified that there shall 
be "an ·examination in the principles of engineering which 
shall be set by the ·Council . . . and shall be of a standard 
at least equivalent to that . of a degree in engineering cur­
rently awarded by a university. The Council wil:l accept 
certain qualifications as exen1ption from this examination. 

The Institution of Electronic & Radio Engineers has issued 
a policy statem·ent regarding the proposed common examina­
tion. "It has. been clear," it says, "from the outset that this 
will preclude the degree of specialization which chamcter­
izes ·engineering studies today, particularly in the universities, 
where dlepa:rtments, chairs, a1nd new courses in electronics 
have slowly ·but steadily appeared since the war." 

It is pointed out that through the proposed regulations 
gove·rning the examination the C.E.L " will exert a powerful 
influence on the st•ructure and content of rourS'es of study 
in colleges of technology at;1P, even .the universities. Proposals 
which are in shalip contrast with accepted practice in engin­
eering education deserve for that very reason, more thorough 
and prolonged discussion." 

The I.E.R.E. warns against .the possibility of the Council 
foundering "on the uncharted rocks of educational policy, 
many of which 1a.re not yet discernible," and adds "A liber·ai 
conception of ;the ·specialist requirements of the individual 
engineering professions· is most necess~ary if we are to avoid 
the mistakes of the past in restricting development of new 
technologies." 

The proposed Pt. I syllabus comprises papers in the fol­
lowing subjects:- mathematics, properties of materials, prin­
ciples of electricaJ engineering, applied mathematics, fluid 
mechanics and tbermodyna.mics. 

While giving support to the principle of a common exami­
nation the I.E.R.E. feels that it cannot agree that this de­
mands a Bart I exam with no optional pape-rs. It therefore 
proposes an examination based on a core of four compulsory 
papers of :a broader basic coverage (such as m'athematics, 
engineering science, principles of both mechanical and elec­
trical eng.ineering) plus at least one optional paper to cater 
for the requirements of individual institutions. 

- - ------- -' 
*Royal Aeronautical Society; I nstitution of Chemical Engineers; I nsti­

tution of Civil Engineers; Institution of Electrical Engineers ; Institution of Electronic · and Radio Engineers; I n stitution of Gas Engineers; In~ti­tute of Marine Engineers; I nstitution of Mechanical Engineers; I n stitution of Mining Engineers; Institution of M inin g and .L\1etallurgy; 
Institution of Municipal En gineers; Institution of P roduction Engineers; and I nstitution of Structural EngineE"r s. 
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the same time, utilizing an important available source 

of talent. 

The activities of the Institute might include: — 

1. Keeping informed concerning problems and ideas 

encountered in international medical practice and re- 

search and submitting them to members of the roster 

for evaluation with respect to importance and feasibility 

of further development. 

2. Arranging for follow-up activity if the evaluation 

recommends further work; this could be carried on 

within the Institute or with the aid of outside organiza- 

tions, always with the collaboration of the orginator of 

the problem and of members of the evaluating panel. 

3. Carrying on such evaluation and follow-up activities 

for other organizations under contract. 

4. Application for grants for the construction of work- 

ing models and further development by an appropriate 

organization if this appears justified. 

5. Organization of working groups from the Institute 

roster to supervise work carried forward under such 

grants and to arrange for the publication of the results 

in the technical journals. 

6. Making arrangements for patent protection and 

negotiating licensing agreements under patent rights 

acquired by the Institute, if, under the conditions pre- 

vailing in the country, this were consistent with obtaining 

support from other sources. 

7. Seeking financial support for the Institute from 

industry, foundations, and other sources,, making use of 

professional assistance as needed. 

We can envisage the function and growth of the Insti- 

tute taking the following course. To begin with, the staff 

would make known, through appropriate professional 

channels, that it was available for consultation on medi- 

cal engineering problems encountering obstacles of a 

technical, financial or some other nature. The consulta- 

tion might result in a referral to a commercial or scientific 

organization with interests in the same field or experience 

in solving problems of a similar nature, or it might point 

out published work with a bearing on the subject. Just 

by serving as a focus at which medical and engineering 

scientists would be together, the Institute would fre- 

quently provide the starting point for collaborative in- 

vestigations. If a specific project required financing, the 

staff might put the applicant in touch with possible 

sources of support after a favourable evaluation of the 

project by members of the advisory panel. 

The Institute would not concern itself with basic 

research investigations which are already well supported 

by other agencies, but would deal primarily with the 

design and application of medical instrumentation. In 

due time, as engineering designs perfected and tested 

with the assistance of the Institute became widely accep- 

ted in hospitals, the demand for them would increase to 

a level sufficient to yield a financial return to the elec- 

tronic and mechanical industries which had made the 

original collaborative effort. As the Institute became 

more widely known and a greater range of problems was 

presented to it, the need for laboratory facilities would 

become evident. Thus, in response to demand, it might 

gradually develop into a larger-scale research institute of 

medical electronics and biological engineering. The 

necessary " in vivo " experiments, which initially would 

be carried out in co-operating hospitals and other institu- 

tions, might then be transferred to its own facilities. Thus 

the Institute might grow, from relatively modest begin- 

nings, into an establishment fully equivalent to the 

extensive institutes for medical instrumentation set up 

in Russia and other countries of Eastern Europe. 

I estimate that an Institute of the type here contem- 
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plated might be launched, under the conditions prevail- 

ing in the United States, with an initial annual budget 

of $100,000 or less. This would just suffice to pay the 

Director and his assistants and provide the minimal office 

space and equipment required. Its growth would be 

determined by its recognized usefulness to industry and 

the medical and engineering professions. The favourable 

response I have received so far assures me that the 

growth of the Institute would be rapid and that it would 

come to provide an important service to the patient, the 

physician, and the research scientist alike. 

We should lose no time in calling such Institutes into 

being. They would do much to close the gap between 

theoretical understanding and practical utilization in the 

application of engineering knowledge to medicine. 

Chartered Engineers 

THE granting of a Royal Charter to the Council of Engineer- 

ing Institutions^ formerly known as the Engineering Institu- 

tions Joint Council, has brought a step nearer the day when 

the titled "chartered engineer " (C.Eng.)5 without reference 

to a particular discipline, will be used by members of the 13 

constituent institutions.* To this end it is proposed to intro- 

duce a common Part I examination which will benefit "cross- 

fertilization " between the different disciplines. It will not 

be easy to reconcile the varying requirements of the different 

institutions, each representing a specialized branch of science 

and technology. 

In the Rules of the C.E.I, it is specified that there shall 

be an examination in the principles of engineering which 

shall be set by the Council . . . and shall be of a standard 

at least equivalent to that,of a degree in engineering cur- 

rently awarded by a university. The Council will accept 

certain qualifications as exemption from this examination. 

The Institution of Electronic & Radio Engineers has issued 

a policy^statement regarding the proposed common examina- 

thm?' " i1 Iias keen clear," it says, "from the outset that this will preclude the degree of specialization which character- 

izes engineering studies today, particularly in the universities, 

where departments, chairs, and new courses in electronics 

have slowly but steadily appeared since the war." 

It is pointed out that through the proposed regulations 

governing the examination the C.E.I. " will exert a powerful 

influence on the structure and content of courses of study 

in colleges of technology au^ even the universities. Proposals 

which are in sharp contrast with accepted practice in engin- 

eering education deserve for that very reason, more thorough 

and prolonged discussion." 

The I.E.R.E. warns against the possibility of the Council 

foundering "on the uncharted rocks of educational policy 

many of which are not yet discernible," and adds " A liberal 

conception of the- specialist requirements of the individual 

engineering professions is most necessary if we are to avoid 

the mistakes of the past in restricting development of new 

technologies." 

The proposed Pt. I syllabus comprises papers in the fol- 

lowing subjects:—mathematics, properties of materials, prin- 

ciples of electrical engineering, applied mathematics, fluid 

mechanics and thermodynamics. 

While giving support to the principle of a common exami- 

nation the I.E.R.E. feels that it cannot agree that this de- 

mands a Part I exam with no optional papers. It therefore 

proposes an examination based on a core of four compulsory 

papers of a broader basic coverage (such as mathematics, 

engineering science, principles of both mechanical and elec- 

trical engineering) plus at least one optional paper to cater 

for the requirements of individual institutions. 

Royal Aeronautical Society; Institution of Chemical Engineers; Insti- 

f 5? . Engineers; Institution of Electrical Engineers; Institution of Electronic and Radio Engineers; Institution of Gas Engineers; Insti- 
tute of Marine _ Engineers; Institution of Mechanical Engineers- 
Institution of Mining Engineers; Institution of Mining and Metallurev: 
Institution of Municipal Engineers; Institution of Production Engineers' 
and Institution of Structural Engineers. 

Wireless World, September 1965 



EPITAXIAL GUNN-EFFECT DEVICE 
AN epitaxial vers1on of the Gunn-effect. device has been 
developed as an experimental ·microwave oscillator by 
Standard Telecommunication Laboratories (see "The Gunn­
Effect," Wireless World, August 1965, p. 416). It has a 
volume of 0.1 in'3 and is said to produce several milli­
watts of power at 1 Gc/ s. S.T.L. explain that th~ epitaxial 
construction enables the frequency and the threshold power 

of the device to be determined independently of the 
resistivity of the active region or the mechanical and thermal 
properties. 

On a substrate of semi-insulating gallium arsenide about 
100 fJ..m thick is grown a 15 fJ..ID layer of gallium arsenide 
whose properties are optimum for the active region of the 
device. The effective cross-sectional area for the currept 
path is detrmined by removing part of this layer to form a 
narrow track 100 p.m wide. The anode and cathode are 
formed by converting two parts of the track to n + reg1ons, 

.. 

, 

Ga As 
EPITAXIAL 

LAYER 

M ~CRO-WELDED 
CONTACT TAPE 

SEMI-INSULATING 
Ga As SUB.STRATE 

leaving a gap of the original n-type .material between them, 
the length of which determines the self-oscillating frequency . 
. The semi-insulating substrate is bonded to a heat sink and 
electrical connections to the anode and ~athode are made by 
micro-welding · tapes to metal contacts on the top surface of 
the n + regions. . 

The shape of the substrate controls the mechanical and 
thermal properti·~s of the device . The electrical properties, 
determined by the dimensions of the epitaxial n-type track, 
can be varied independently of the shape of the substrate. It 
is stated that the configuration is suitable for ma·ss produc­
tion, using precision masking techniques similar to those 
employed in the ·manufacture of semiconductor integrated 
circuits. 

S.T.L. are also looking into the idea of three-terminal 
Gunn-effect devices in which domain formation can be in­
fluenced by the potential of an isolated gate electrode similar 
to that in a metal oxide semiconductor transistor-the cathode 
and anode being in the positions of the source and drain 
of the M.O.S.T. respectively. 

625-LINE TELEVISION WAVEFORM 
LAT.EST change to the B.B.C.'s 625-line vision signal 
waveform is the addition of a test signal for use in automatic 
test equipment at unattended transmitting ·stations. This 
signal is inserted on lines 17 and 330, and consists of a 
12.5 p.s bar, a sine-squared pulse (half-amplitude duration 
0.2 /1.s) and a five-step staircase. The first four steps of the 
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staircase have a duration of 5.3 1'-s and the final step a dura­
tion of approximately 4.0 fJ..S; all steps being of equai height. 

The B.B.C. has also published tolerances on the figures 
in the 625-line vision and sound signal specification, and · for 
the benefit of readers who may not possess. up-to-date 
information we give here the current specification together 
with the idealized carrier amplitude waveform. 

Channel bandwidth 8 Mc/s 
Spacing between unmodulated sound and vision carriers . . 
Vision modulation 

6 Mcjs ± 1,000, cfs 
a.m. negative 

Upper sideband 
Lower sidebang . . 
Synchronizing level ·1 
Blanking level I A f k 
Difference between black ~ s pe~c.entage ~ pea 

level and blanking level I vlslqn earner 
Peak white level j 

Sound modulation 
Peak deviation 
Pre-emphasis 

Ratio of peak vision carrier power to sound power . . 

Lines per picture 
Interlace 
Field frequency 
Line frequency . . . . . . 
Approximate gamma of picture signal 
Nominal video bandwidth 
Aspect ratio . . 

5.5 Mcfs 
1.25 Mcfs 

r 100% 
76% ± 1% 

"1 
l 

0% 
19% ± 1% 
f.m. 

. . 50 kc/s 
50J.LS 

5 : I 

625 
2: I 
50 cfs 
15,625 ± 0.15 cfs 
0.5 
5.5 Mc/s 

.. 4: 3 

/ 

Transmissions are normally asynchronous, i.e. the sync 
signals are derived from a stable oscillator and are not locked 
to the mains. 
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resistivity of the active region or the mechanical and thermal 

properties. 
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100/xm thick is grown a 15/xm layer of gallium arsenide 

whose properties are optimum for the active region of the 

device. The effective cross-sectional area for the current 

path is detrmined by removing part of this layer to form a 

narrow track 100 fim wide. The anode and cathode are 

formed by converting two parts of the track to n+ regions. 
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leaving a gap of the original n-type material between them, 

the length of which determines the self-oscillating frequency. 

The semi-insulating substrate is bonded to a heat sink and 

electrical connections to the anode and cathode are made by 

micro-welding-tapes to metal contacts on the top surface of 

the n-f regions. 

The shape of the substrate controls the mechanical and 

thermal properties of the device. The electrical properties, 

determined by the dimensions of the epitaxial n-type track, 

can be varied independently of the shape of the substrate. It 

is stated that the configuration is suitable for mass produc- 

tion, using precision masking techniques similar to those 

employed in the manufacture of semiconductor integrated 

circuits. 

S.T.L. are also looking into the idea of three-terminal 

Gunn-effect devices in which domain formation can be in- 

fluenced by the potential of an isolated gate electrode similar 

to that in a metal oxide semiconductor transistor—the cathode 

and anode being in the positions of the source and drain 

of the M.O.S.T. respectively. 

625-LINE TELEVISION WAVEFORM 

LATEST change to the B.B.C.'s 625-line vision signal 

waveform is the addition of a test signal for use in automatic 

test equipment at unattended transmitting stations. This 

signal is inserted on lines 17 and 330, and consists of a 

12.5 /xs bar, a sine-squared pulse (half-amplitude duration 

0.2/xs) and a five-step staircase. The first four steps of the 

staircase have a duration of 5.3 us and the final step a dura- 

tion of approximately 4.0 /xs, all steps being of equal height. 

The B.B.C. has also published tolerances on the figures 

in the 625-line vision and sound signal specification, and for 

the benefit of readers who may not possess up-to-date 

information we give here the current specification together 

with the idealized carrier amplitude waveform. 

LINE SYNC 
DATUM 

i:ne sync 4--? 
A, '-I 

LINE PERIOD 64/uS NOMINAL 

LINE BLANKING [2-05+O-25/iS 
RISE TIMES ("LINE SYNC O'S+O'i^S 

(10% - 90%)t LINE BLANK 0-510' 1 ^ S 

FRONT PORCH LSS + O'ZS^S 

- - I 

'HI 
SYNC LEVEL 

BLANKING AND BLACK LEVEL 

§ 60 - 
I 

< 

20 L - T  

I PEAK WHITE CARRiER LIMITS 

PEAK WHITE LEVEL 

Channel bandwidth 
Spacing between unmodulated sound and vision carriers 
Vision modulation 

Upper sideband 
Lower sideband 
Synchronizing level ] 
Blanking ui l ! As percentage of peak 
Cffereice between black - Vision carrier 

level and blanking level I 
Peak white level J 

Sound modulation 

8 Mc/s 
6 Mc/s ± 1,000 c/s 
a.m. negative 
5.5 Mc/s 
1.25 Mc/s 
100% 
76% ± I % 

0% 
19% ± 1% 
f.m. 

Peak deviation . . 50 kc/s 
Pre-emphasis . . 50/xs 

Ratio of peak vision carrier power to sound power .. ..5:1 

Lines per picture . . 625 
Interlace .. . . . . .2:1 
Field frequency . . . . ' . . 50 c/s 
Line frequency . . 15,625 di 0.15 c/s 
Approximate gamma of picture signal .0.5 
Nominal video bandwidth .. .. 5.5 Mc/s =
Aspect ratio . . ..4:3 

Transmissions are normally asynchronous, i.e. the sync 

signals are derived from a stable oscillator and are not locked 

to the mains. 
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Electronics · for ''Mediator'' 
· Comprehensive air traffic control scheme designed to cope 

with the .rapidly increasing density and speed of air traffic 

over the United Kingdom 

EXTENDED radar coverage and automatic data pro­
cessing are the two electronic cornerstones of a com­
prehensive air traffic control scheme now gradually 

being introduced in the U .l{. under the code name 
"Mediator". The radar surveillance will eventually 
cover the whole of the U.K. Flight Information Region 
below 57 ;) N, from a height of -5,000 ft upwards. It is 
being provided initially by primary radar stations, but 
these will gradually be supplemented by co-located 
secondary tadars which will assist in identifying aircraft 
and provide accurate information on their heights. The 
automatic data processing equipment, based on elec­
tronic digital computers, will not only reduce the con­
trollers·' normal work-load by maintaining an up-to-date 
store of information on the intention and progress of 
all aircraft, performing automatically all the necessary 
analysis and correlation of different information sources, 
but will also make possible the rapid prediction of con­
flicting flight paths. 

Government N.A.T.C.S. 

The new scheme is being put into operation by the 
National Air Traffic Control Services. This is a Govern­
ment body which was formed in 1962 for the express 
purpose of setting up a comprehensive a.t.c. system and 
which is responsible to both the Ministry of Aviation 
(for civil aircraft control) and the Ministry of Defence 
(for military aircraft control). "Mediator " is compre­
hensive because it will serve all users of British air­
space-airlines, charter companies, military aviation, re­
search and development ftying, private business users 
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and so on, right down to gliding clubs. The impetus 
for the scheme has come from the rapidly increasing 
density and speed of air traffic. Fr9m 1957 to 1964, 
for example, civil air transport movements in the U.I<. 
airspace increased by nearly 50 ~{> , while the top speed 
of civil aircraft rose during this period from about 300 
knots to about 600 knots. This has demanded a cor­
responding increase in the information handling capacity 
of the air traffic control loop (information gathering­
decision making-transmission of instructions), an in­
crease which could not be provided by the existing 
facilities nor by a straightforward multiplication of the 
existing equipment and personnel. 

Hitherto air traffic control has been based on the so­
called " procedural " method (in which pilots report 
their positions to controllers by R/T), while radar has 
served mainly in a monitoring or backing-up role. With 
the increasing density and speed of air traffic, the in­
formation gathering part of procedural control is now 
beginning to show limitations (e.g., errors can occur in 
reading aircraft instruments and in air/ ground voice 
communication). These limitations restrict the volume' 
of air traffic that can be handled because the standards 
of separation between aircraft have to be sufficiently 
large to allow for the errors in time and space that can 
occur. This is a particularly serious problem in and 
around the London Terminal Area. Radar, however~ 
'vhich requires no co-operation from the pilot, is in­
herently faster anq more accurate as a means of position 
finding, and is consequently beginning to assume a more 
important role in control operations-especially now 
that secondary radar is being adopted more widely. Be-

Cossor SSR.SG secondary surveillance radar 
installation at London Airport. Interrogator/ 
responsers and servo equipment are housed 
in the building. 
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tronic digital computers, will not only reduce the con- 
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all aircraft, performing automatically all the necessary 
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but will also make possible the rapid prediction of con- 
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Government N.A.T.C.S. 
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for example, civil air transport movements in the U.K. 

airspace increased by nearly 50%, while the top speed 

of civil aircraft rose during this period from about 300 

knots to about 600 knots. This has demanded a cor- 

responding increase in the information handling capacity 

of the air traffic control loop (information gathering— 

decision making—transmission of instructions), an in- 

crease which could not be provided by the existing 

facilities nor by a straightforward multiplication of the 

existing equipment and personnel. 

Hitherto air traffic control has been based on the so- 

called " procedural" method (in which pilots report 

their positions to controllers by R/T), while radar has 

served mainly in a monitoring or backing-up role. With 

the increasing density and speed of air traffic, the in- 

formation gathering part of procedural control is now 

beginning to show limitations (e.g., errors can occur in 

reading aircraft instruments and in air/ground voice 

communication). These limitations restrict the volume 

of air traffic that can be handled because the standards 

of separation between aircraft have to be sufficiently 

large to allow for the errors in time and space that can 

occur. This is a particularly serious problem in and 

around the London Terminal Area. Radar, however, 

which requires no co-operation from the pilot, is in- 

herently faster and more accurate as a means of position 

finding, and is consequently beginning to assume a more 

important role in control operations—especially now 

that secondary radar is being adopted more widely. Be- 
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cause of this, aircraft separation standards for radar 
control are smaller than for procedural control. These, 
then, are the basic reasons why the existing a. t.c. radar 
coverage is being extended in the new scheme. 

There are similar reasons for the introduction of 

automatic data pJ;"ocessing in place of conventional a.t.c. 
methods of handling information. Here the main prob­
lem is to process the increasing volume of information 
at sufficiently high speed to allow effective control. Each 
controller can cope with only a limited nl:lmber of air-

0 AIR TRAFF IC CONTROL CEN TRE 

6 RADAR STAT ION 

--o- RADAR LINK ROUTE 

-~-RADAR LINK ROUTE PLANNED 

••••••• BOUNDARY OF U.K. FLIGHT IN FORMATION REGION 

Fig. I. Radar network to be completed by 1969, showing main airways and other. controlled airspace, new air traffic control centres, and 
radar coverage at 5,000 ft and 25,000 ft. The boundary of the U.K. Flight Information Region is indicated. 
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Fig, I, Radar network to be completed by 1969, showing main airways and other controlled airspace, new air traffic control centres, and 
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craft. Under the present method of working an increase 
in air traffic calls for an increase in the number of 
controllers-but this means that more time must be 
spent in communicating between controllers. Further­
more, the increase in traffic density results in control 
problems of greater complexity, which take corres­
pondingly longer to solve by human mental processes. 
The use of automatic data processing equipment will 
enable these delays to be reduced considerably, so that 
they no longer present a serious time lag in the control 
of high speed aircraft; it will als-o facilitate predictive 
operations such as calculating times of arrivals and 
possible conflicts between flight paths. 

In the new scheme the airspace of the U.I<. Flight 
Information Region, Fig. 1, will be divided up horizon­
tally by the existing airways (which are defined by radio 
navigational aids and mainly used by airlines) and ver­
tically into the following sections: upper airspace (above 
25,000 ft), middle airspace (above 5,000 ft and below 
25,000 ft), controlled airspace (the airways part of the 
middle airspace in which positive control is exercised) 
and lower airspace (below 5,000 ft). The degree of 
control exercised will vary throughout this total airspace 
in a complex pattern determined by the forecasted in­
crease of aircraft movements in the horizontal and ver­
tical divisions, and will range from a minimum of con­
trol in the upper airspace in the north of Scotland to 
maximum control in the controlled airspace above the 
London Flight Information Region. Two type~ of in­
formation will be required from all aircraft ·moving 
through this total airspace. The first is flight plan dat~ 
-a statement of intention which must be filed by every 
aircraft entering the system and which is subsequently 
fed into the data processing equipment by keyboards. 
The second is flight progress data-mainly the output 
of the primary and secondary radars, giving aircraft 
identification, position and height-which is fed directly 
into the data processing system (in the later stages of 
the project without human intervention). 

Progressive introduction of the scheme 

How far has the new scheme progressed? The radar 
network is the most advanced part. New primary radars 
at London and Manchester serve the controlled ~irspace, 
and the cover they now provide will be greatly extended 
by the progressive introduction into service of new 
radars at Ash (Kent), St. Annes (Lanes), Clee Hill 
(Shropshire), Ventnor (I.o.W.) and Lowther Hill 
(Lanarks) and by the addition of existing radars at 
Yeovilton (Somerset) and Aberporth (Cardigan). Ash 
and St. Annes should be operational this September, 
Clee Hill and Ventnor before the end of this year and 
Lowther ·· Hill in 1967, and Yeovilton and Aberporth 
will be added to the system in 1968. All radar stations 
have been, or are being, linked to the air traffic control 
centres they serve by wide-band microwave links . 
. Secondary surveillance radar (s.s.r.) is being progressively 
added to all the radar stations-the installation at 
London is complete and others are in progress at Ash 
and Ventnor. 

All primary radars . mentioned are Marconi S264A 
equipments, with the exception of Aberporth (Marconi 
S300) and Clee Hill (Plessey DASR-1).. London, Ash 
and Ventnor s.s .. rs. are Cossor · SSRSG equipments. 
Radio link equipment connecting St. Annes, Ash, Vent­
nor and Clee Hill to their air traffic control centres is 
of Marconi manufacture. 

For the upper airspace, new equipment is being in­
stalled at joint civil/military · a.t.c. radar units at Bishops 
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Court (N. Ireland), Sopley (Hants), Boulmer (Northum­
berland) and Hack Green (Cheshire), while two new 
military radar units at Lindholme (Yorks) and Watton 
(Norfolk) will be fully operational by July 1966. The 
middle airspace will be served by the units at Lindholme 
and Watton) and also by a new unit at North Luffen­
ham (Rutland), which will provide · general radar sur­
veillance in the Vale of York, East Anglia and the 
Midlands. Information from the London, Ash and 
Ventnor radars will also be used to give an improved 
radar control ·service to aircraft flying in the London 
Flight Information Region, crossing the airways and in 

. the London Terminal Area. 

Data processing and display 

As for the information processing and display opera­
tions, these will be divided between three air traffic 
control centres: a Scottish centre at Prestwick airport, 
a Northern centre at Barton Hall (Preston) and a 
Southern centre at West Drayton, near London (Heath­
row) Airport. The Scottish centre5 controlling all air­
space north of 57° N and the middle airspace north of 
the Clyde-Forth valley, will use raw radar information 
and no automatic data processing. The Northern joint 
centre, dealing with the middle and controlled airspace 
in the north-west area, will not have automatic data 
processing equipment installed but will be able to make 
use of information processed at West Drayton. The 
Southern centre, which will be responsible for all the 
rest of the controlled and middle airspace and for all 
the upper airspace south of 57° N, will be the largest 
of all three centres and will house the automatic data 
processing equipment for the whole scheme. The build­
ing at West Drayton has been completed, the pro­
cedural control element of the existing S.A.T.C.C. at 
Heathrow is being transferred into it and the first stage 
of electronic information handling is expected to be 
working in 1966. 

Fig. 2 shows in broad outline the equipment to be 
installed at the West Drayton S.A.T.C.C. Positional 
information from remote primary and secondary radar 
stations is received via 7-Gc/s broad-band radio links 
and from the local radars at London (Heathrow) Airport 
via G.P.O. coaxial cables. Signals available at the radio 
link terminal are primary and secondary video, trigger 
pulses and aerial turning information. These signals 
are distributed to various destinations-to raw radar 
displays OJ:?. controllers' consoles in the operations room, 
to extraction equipment and to secondary radar decod­
ing equipment. In the extraction equipment the 
analogue positional information is converted into digital 
form, and is then fed into the radar data processing 
equipment where it is converted into Cartesian co­
ordinates and stored. 

The function of the radar data processing equipment 
is to maintain track records of all aircraft (these being 
continuously up-dated by fresh positional information)~ 
to detect possible track conflicts (by prediction of future 
radar responses) a~d to read out this track information 
for marking of raw radar and synthetic radar displays. 
The secondary radar decoding equipment provides air­
craft identity and position information for the extraction \ 
equipment and also gives identity and height read-outs . 
at controllers' consoles and s.s.r. marking of raw radar 
~s~ays. · · 

In procedural control the principal document for 
recording aircraft information-identification, destina­
tion, estimated time of arrival, etc.-is the flight pro­
gress strip. Information needed by controllers is taken 
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craft. Under the present method of working an increase 

in air traffic calls for an increase in the number of 

controllers—but this means that more time must be 

spent in communicating between controllers. Further- 

more, the increase in traffic density results in control 

problems of greater complexity, which take corres- 

pondingly longer to solve by human mental processes. 

The use of automatic data processing equipment will 

enable these delays to be reduced considerably, so that 

they no longer present a serious time lag in the control 

of high speed aircraft; it will also facilitate predictive 

operations such as calculating times of arrivals and 

possible conflicts between flight paths. 

In the new scheme the airspace of the U.K. Flight 

Information Region, Fig. 1, will be divided up horizon- 

tally by the existing airways (which are defined by radio 

navigational aids and mainly used by airlines) and ver- 

tically into the following sections: upper airspace (above 

25,000 ft), middle airspace (above 5,000 ft and below 

25,000 ft), controlled airspace (the airways part of the 

middle airspace in which positive control is exercised) 

and lower airspace (below 5,000 ft). The degree of 

control exercised will vary throughout this total airspace 

in a complex pattern determined by the forecasted in- 

crease of aircraft movements in the horizontal and ver- 

tical divisions, and will range from a minimum of con- 

trol in the upper airspace in the north of Scotland to 

maximum control in the controlled airspace above the 

London Flight Information Region. Two types of in- 

formation will be required from all aircraft moving 

through this total airspace. The first is flight plan data 

—a statement of intention which must be filed by every 

aircraft entering the system and which is subsequently 

fed into the data processing equipment by keyboards. 

The second is flight progress data—mainly the output 

of the primary and secondary radars, giving aircraft 

identification, position and height—which is fed directly 

into the data processing system (in the later stages of 

the project without human intervention). 

Progressive introduction of the scheme 

How far has the new scheme progressed? The radar 

network is the most advanced part. New primary radars 

at London and Manchester serve the controlled airspace, 

and the cover they now provide will be greatly extended 

by the progressive introduction into service of new 
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(Shropshire), Ventnor (I.o.W.) and Lowther Hill 
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and St. Annes should be operational this September, 

Glee Hill and Ventnor before the end of this year and 

Lowther Hill in 1967, and Yeovilton and Aberporth 

will be added to the system in 1968. All radar stations 

have been, or are being, linked to the air traffic control 

centres they serve by wide-band microwave links. 

Secondary surveillance radar (s.s.r.) is being progressively 

added to all the radar stations—the installation at 

London is complete and others are in progress at Ash 

and Ventnor. 

All primary radars mentioned are Marconi S264A 

equipments, with the exception of Aberporth (Marconi 

S300) and Glee Hill (Plessey DASR-1). London, Ash 

and Ventnor s.s.rs. are Cossor SSR5G equipments. 

Radio link equipment connecting St. Annes, Ash, Vent- 

nor and Glee Hill to their air traffic control centres is 

of Marconi manufacture. 

For the upper airspace, new equipment is being in- 

stalled at joint civil/military a.t.c. radar units at Bishops 

Court (N. Ireland), Sopley (Hants), Boulmer (Northum- 

berland) and Hack Green (Cheshire), while two new 

military radar units at Lindholme (Yorks) and Watton 

(Norfolk) will be fully operational by July 1966. The 

middle airspace will be served by the units at Lindholme 

and Watton, and also by a new unit at North Luffen- 

ham (Rutland), which will provide general radar sur- 

veillance in the Vale of York, East Anglia and the 

Midlands. Information from the London, Ash and 

Ventnor radars will also be used to give an improved 

radar control service to aircraft flying in the London 

Flight Information Region, crossing the airways and in 

the London Terminal Area. 

Data processing and display 

As for the information processing and display opera- 

tions, these will be divided between three air traffic 

control centres: a Scottish centre at Prestwick airport, 

a Northern centre at Barton Hall (Preston) and a 

Southern centre at West Dray ton, near London (Heath- 

row) Airport. The Scottish centre, controlling all air- 

space north of 57° N and the middle airspace north of 

the Clyde-Forth valley, will use raw radar information 

and no automatic data processing. The Northern joint 

centre, dealing with the middle and controlled airspace 

in the north-west area, will not have automatic data 

processing equipment installed but will be able to make 

use of information processed at West Drayton. The 

Southern centre, which will be responsible for all the 

rest of the controlled and middle airspace and for all 

the upper airspace south of 57° N, will be the largest 

of all three centres and will house the automatic data 

processing equipment for the whole scheme. The build- 

ing at West Drayton has been completed, the pro- 

cedural control element of the existing S.A.T.C.C. at 

Heathrow is being transferred into it and the first stage 

of electronic information handling is expected to be 

working in 1966. 

Fig. 2 shows in broad outline the equipment to be 

installed at the West Drayton S.A.T.C.C. Positional 

information from remote primary and secondary radar 

stations is received via 7-Gc/s broad-band radio links 

and from the local radars at London (Heathrow) Airport 

via G.P.O. coaxial cables. Signals available at the radio 

link terminal are primary and secondary video, trigger 

pulses and aerial turning information. These signals 

are distributed to various destinations—to raw radar 

displays on controllers' consoles in the operations room, 

to extraction equipment and to secondary radar decod- 

ing equipment. In the extraction equipment the 

analogue positional information is converted into digital 

form, and is then fed into the radar data processing 

equipment where it is converted into Cartesian co- 

ordinates and stored. 

The function of the radar data processing equipment 

is to maintain track records of all aircraft (these being 

continuously up-dated by fresh positional information), 

to detect possible track conflicts (by prediction of future 

radar responses) and to read out this track information 

for marking of raw radar and synthetic radar displays. 

The secondary radar decoding equipment provides air- 

craft identity and position information for the extraction n 

equipment and also gives identity and height read-outs 

at controllers' consoles and s.s.r. marking of raw radar 

displays. 

In procedural control the principal document for 

recording aircraft information—identification, destina- 

tion, estimated time of arrival, etc.—is the flight pro- 

gress strip. Information needed by controllers is taken 
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Fig. 2. Outline of information processing and display equipment at the new West Drayton air traffic control centre, showing remote radar 
and radio stations and the local operations room. 

from the pilots' flight plans and is normally written by 
hand on these progress strips. As a first step in the 
evolutionary development of an automatized a.t.c. 
system, a · Ferranti Hermes computer and associated 
peripheral equipment (not shown on Fig. 2) will be used 
to print the strips automatically. Flight plan data will 
be fed into the computer, and the flight progress strips 
printed, by IBM input/output writers. Two of the 
IBM printers will be at Heathrow, where the strips 
wfll be used in ground movement planning and at the 
"air ~ontrol" positions. 

Continuously up-dated information 

The next stage will be the introduction of a flight 
plan processing s ys tern, and this is indicated in Fig. 2 
by the second block of data processing equipment 
within the computer co.mplex. This equipment receives 
manually inserted data on the plann·ed movements of 

. aircraft and, after checking them for acc~ptability, per­
forms flight path calculations (using also the processed 
radar data) and finally provides output selections of the 
inserted and calculated data. These selections are made 
by the controllers in the operations room, by operating 
switches which send demands for the required informa­
tion to the computer complex. Data called up in this 
way are displayed to the controllers in alpha-numeric 
tabular form on c.r.t. displays, the data format being 
determined by the computer system. 

Communication with aircraft is effected in the normal 
way through the existing v.h.f. multi-carrier radio net­
work, the speech signals between West n ·rayton and the 
remote transmitters and receivers being conveyed by 
G .P .O. landlines. At each remote radio station the 
transmitting and receiving installations are separated 
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by a mile or more to .avoid inter-action between signals 
on closely spaced frequencies and the consequent 
generation of spurious signals. 

Tw<;> types of controller are catered for in the design 
of the operations room consoles-the procedural con­
troller, .who will act mainly in a planning capacity, and 
the radar controller, who will be more of an executive 
controller. One type of · console . will be purely for radar 
control functions in the middle air space, while the 
other will allow planning and radar control functions 
to be carried out together for the controlled airspace. 
The design of the consoles has not yet been fully settled 
but the radar (m.a.s.) console is a double unit, for an 
a.t.c. officer and an assistant, and incorporates either 
one or two radar viewing units, up to three alpha­
numeric data displays, a closed circuit television display, 
controls for the flight plan data processing system and 
channel-selection units for the air I ground radio com-
munications system. . 

Thus, in the operations room the air traffic controllers 
will have presented to them, on a variety of displays, 
continuously up-dated information on aircraft identifi­
cation, intention, actual and predicted position and 
height, flight path conflicts and flight plan deviations. 
The computer complex will be able to allocate tasks to 
controllers on a sector or workload basis, indicate the 
priorities of these tasks, detect and give warning of 
actual and planning flight path conflicts, provide rapid 
automatic routing of communications between controllers, 
and transfer co·ntrol as necessary. As a result the con­
trollers will be able to make decisions on the basis of 
a common· fund of information which will be as com­
plete and up-to-date as is possible to achieve with 
electronic engineering techniques and equipment which 
are both modern and reliable. 
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Fig. 2. Outline of information processing and display equipment at the new West Drayton air traffic control centre, showing remote radar 

and radio stations and the local operations room. , 

from the pilots' flight plans and is normally written by 

hand on these progress strips. As a first step in the 

evolutionary development of an automatized a.t.c. 

system, a Ferranti Hermes computer and associated 

peripheral equipment (not shown on Fig. 2) will be used 

to print the strips automatically. Flight plan data will 

be fed into the computer, and the flight progress strips 

printed, by IBM input/output writers. Two of the 

IBM printers will be at Heathrow, where the strips 

will be used in ground movement planning and at the 

" air control " positions. 

Continuously up-dated information 

The next stage will be the introduction of a flight 

plan processing system, and this is indicated in Fig. 2 

by the second block of data processing equipment 

within the computer complex. This equipment receives 

manually inserted data on the planned movements of 

aircraft and, after checking them for acceptability, per- 

forms flight path calculations (using also the processed 

radar data) and finally provides output selections of the 

inserted and calculated data. These selections are made 

by the controllers in the operations room, by operating 

switches which send demands for the required informa- 

tion to the computer complex. Data called up in this 

way are displayed to the controllers in alpha-numeric 

tabular form on c.r.t. displays, the data format being 

determined by the computer system. 

Communication with aircraft is effected in the normal 

way through the existing v.h.f. multi-carrier radio net- 

work, the speech signals between West Drayton and the 

remote transmitters and receivers being conveyed by 

G.P.O. landlines. At each remote radio station the 

transmitting and receiving installations are separated 

by a mile or more to , avoid inter-action between signals 

on closely spaced frequencies and the consequent 

generation of spurious signals. 

Two types of controller are catered for in the design 

of the operations room consoles—the procedural con- 

troller, who will act mainly in a planning capacity, and 

the radar controller, who will be more of an executive 

controller. One type of console will be purely for radar 

control functions in the middle air space, while the 

other will allow planning and radar control functions 

to be carried out together for the controlled airspace. 

The design of the consoles has not yet been fully settled 

but the radar (m.a.s.) console is a double unit, for an 

a.t.c. officer and an assistant, and incorporates either 

one or two radar viewing units, up to three alpha- 

numeric data displays, a closed circuit television display, 

controls for the flight plan data processing system and 

channel-selection units for the air/ground radio com- 

munications system. 

Thus, in the operations room the air traffic controllers 

will have presented to them, on a variety of displays, 

continuously up-dated information on aircraft identifi- 

cation, intention, actual and predicted position and 

height, flight path conflicts and flight plan deviations. 

The computer complex will be able to allocate tasks to 

controllers on a sector or workload basis, indicate the 

priorities of these tasks, detect and give warning of 

actual and planning flight path conflicts, provide rapid 

automatic routing of communications between controllers, 

and transfer control as necessary. As a result the con- 

trollers will be able to make decisions on the basis of 

a common fund of information which will be as com- 

plete and up-to-date as is possible to achieve with 

electronic engineering techniques and equipment which 

are both modern and reliable. 
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SWITCHED THYRISTO~R VOLTAGE REGULATOR 

By F. BUTLER, O.B.E., B.Sc., M.I.E.E., M.I.E.R.E. 

THE most efficient way of producing a constant load­
voltage from an unregulated d.c. source is to use a 
switched thyristor · as a control element between 

source and load. When it is conducting, the voltage 
drop across it is between 1 and 1· 5 V, and with a load 
current up to 10 A the loss will not exceed IS W. When 
blocked (non-conducting), the energy loss in the 
thyristor is zero. 

Two switching modes are possible. In one, the 
average switching rate is held constant but the propor­
tion of the total time during which the switch remains 
closed is variable. The method is commonly described · 
as time-ratio control and it may be exercised manually 
or automatically. A second method of control is to 
switch on the thyristor and then turn it off after a fixed 
period of time. In this case regulation is effected by 
varying the repetition frequency of the fixed-duration 
pulses. The second method is rather simpler to engineer 
and its only disad"Yantage is that on light load the pulse 
recurrence frequency may fall so low that filtering 
becomes difficult. In practice this effect is only trouble­
some in variable-voltage supplies which are required 
to operate at maximum load current with a very low 
output voltage setting. 
• 
Thyristor turn-off methods 

A controlled rectifier can be turned on by a low-level 
~hart-duration positive pulse into the gate electrode. 
The problem is to turn it off. Six or seven methods 
of doing this have been proposed, most of them having 
some objectionable features, notably cost or complexity. 
All involve the same basis principle, which is to charge 
up a capacitor to a high voltage and then to discharge 
it through the thyristor in a direction opposite to that 
of the normal load current. The controlled rectifier will 
block if the load current is reduced to zero for about 
60 microseconds or if a reverse voltage can be main­
tained across it for at least 20 microseconds. 

One of the simplest and most reliable turn-off circuits 
was suggested by R. E. Morgan of the (American) G.E. 
Company. It is shown in Fig. 1. In the steady state, 

INPUT 
D.C. 

+ 

-· 
+ 

Fig. I. Thyristor turn­
off circuit due to R. E. 
Morgan. 

before the thyristor is turned on, the capacitor cl be­
comes -charged up to the input direct voltage, with a 
polarity opposite to that shown on the diagram. There 
is no flux in the auto-transformer core, no voltage across 
either of its windings and the load voltage is zero. On 
firing the controlled rectifier, a current shown as iL, 
passes through one winding of the transformer and 
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through the load. The induced voltage in the other 
winding charges up the capacitor with the polarity 
shown, which is opposit~ in sense to the initial charge. 
At first the charging current into the capacitor is such 
as to produce an ampere-turn balance with the current 
in the primary or load section of the winding. The core 
remains unsaturated. When the capacitor becomes fully 
charged the current into it sinks to zero but load current 
continues to flow in the primary winding. In conse­
quence the core material (nickel-iron or permalloy), 
becomes saturated and both winding impedances be­
come very small. In effect the capacitor is then con­
nected directly across the thyristor but with a polarity 
in the correct sense to turn it off. 

The circuit has some good features. For example . an 
increase of load current will cause more complete . ~ag­
netic saturation of the core of the transformer and also 
the capacitor becomes charged to a higher peak voltage. 

-
Fig. 2. Modified ve~- 'ii sion of the Morgan 
circuit. 

INPUT · Dl Cz RL D.C. 
+ 

+ 

Both effects co-operate to give a more posttlve and 
abrupt turn-off of the thyristor. The turn-off mechanism 
is inoperative on no load and a dummy load must be 
used to cope with this condition. A second, more 
minor disadvantage is that the turn-off pulse character­
istics tend to vary with the load current. 

The writer has found that a modified version of 
Morgan's circuit can be made to give reliable turn-off 
under a wide range of load conditions, provided only 
that, as is also necessary with Fig. 1, the input voltage 
is considerably higher than the required maximum load 
voltage. It need hardly be remarked that this does not 
imply a reduced conversion efficiency in either circuit. 
The new arrangement is shown in Fig. 2. One feature 
is that the auto-transformer has been taken out of the 
main load circuit. When the thyristor is turned on by 
means of a positive gate pufse the forward voltage drop 
across it sinks to about 1. V and load current flows in RL. 
At the same time a current pulse is passed by C 2 , which is 
initially uncharged. This current pulse in the primary 
winding of the transformer induces a high voltage in the 
other winding, charging up cl with the polarity shown. 
This is in the correct sense to turn off the thyristor as in 
the Morgan circuit. The diode D 1 is not strictly_ 
necessary but it serves two useful purposes. Provided 
that it is of the fast recovery type (low hole-storage 
time), it protects the thyristor from exposure to high 
peak inverse voltages.· It also serves to discharge C 1 in 
the shortest possible time. Clearly the action of this 
turn-off circuit is independent of the magnitude of the 
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SWITCHED THYRISTOR VOLTAGE REGULATOR 

By F. BUTLER, o.b.e., b.sc., m.i.e.e., m.i.e.r.e. 

THE most efficient way of producing a constant load- 

voltage from an unregulated d.c. source is to use a 

switched thyristor' as a control element between 

source and load. When it is conducting, the voltage 

drop across it is between 1 and 1*5 V, and with a load 

current up to 10 A the loss will not exceed 15 W. When 

blocked (non-conducting), the energy loss in the 

thyristor is zero. 

Two switching modes are possible. In one, the 

average switching rate is held constant but the propor- 

tion of the total time during which the switch remains 

closed is variable. The method is commonly described 

as time-ratio control and it may be exercised manually 

or automatically. A second method of control is to 

switch on the thyristor and then turn it off after a fixed 

period of time. In this case regulation is effected by 

varying the repetition frequency of the fixed-duration 

pulses. The second method is rather simpler to engineer 

and its only disadvantage is that on light load the pulse 

recurrence frequency may fall so low that filtering 

becomes difficult. In practice this effect is only trouble- 

some in variable-voltage supplies which are required 

to operate at maximum load current with a very low 

output voltage setting. 
f 

Thyristor turn-off methods 

A controlled rectifier can be turned on by a low-level 

short-duration positive pulse into the gate electrode. 

The problem is to turn it off. Six or seven methods 

of doing this have been proposed, most of them having 

some objectionable features, notably cost or complexity. 

All involve the same basis principle, which is to charge 

up a capacitor to a high voltage and then to discharge 

it through the thyristor in a direction opposite to that 

of the normal load current. The controlled rectifier will 

block if the load current is reduced to zero for about 

60 microseconds or if a reverse voltage can be main- 

tained across it for at least 20 microseconds. 

One of the simplest and most reliable turn-off circuits 

was suggested by R. E. Morgan of the (American) G.E. 

Company. It is shown in Fig. 1. In the steady state. 

Fig. I. Thyristor turn- 

off circuit due to R. £. 

Morgan. 

before the thyristor is turned on, the capacitor C, be- 

comes charged up to the input direct voltage, with a 

polarity opposite to that shown on the diagram. There 

is no flux in the auto-transformer core, no voltage across 

either of its windings and the load voltage is zero. On 

firing the controlled rectifier, a current shown as iL, 

passes through one winding of the transformer and 

through the load. The induced voltage in the other 

winding charges up the capacitor with the polarity 

shown, which is opposite in sense to the initial charge. 

At first the charging current into the capacitor is such 

as to produce an ampere—turn balance with the current 

in the primary or load section of the winding. The core 

remains unsaturated. When the capacitor becomes fully 

charged the current into it sinks to zero but load current 

continues to flow in the primary winding. In conse- 

quence the core material (nickel-iron or permalloy), 

becomes saturated and both winding impedances be- 

come very small. In effect the capacitor is then con- 

nected directly across the thyristor but with a polarity 

in the correct sense to turn it off. 

The circuit has some good features. For example, an 

increase of load current will cause more complete mag- 

netic saturation of the core of the transformer and also 

the capacitor becomes charged to a higher peak voltage. 

Fig. 2. Modified ver- 

sion of the Morgan 

circuit. 

Both effects co-operate to give a more positive and 

abrupt turn-off of the thyristor. The turn-off mechanism 

is inoperative on no load and a dummy load must be 

used to cope with this condition. A second, more 

minor disadvantage is that the turn-off pulse character- 

istics tend to vary with the load current. 

The writer has found that a modified version of 

Morgan's circuit can be made to give reliable turn-off 

under a wide range of load conditions, provided only 

that, as is also necessary with Fig. 1, the input voltage 

is considerably higher than the required maximum load 

voltage. It need hardly be remarked that this does not 

imply a reduced conversion efficiency in either circuit. 

The new arrangement is shown in Fig. 2. One feature 

is that the auto-transformer has been taken out of the 

main load circuit. When the thyristor is turned on by 

means of a positive gate pulse the forward voltage drop 

across it sinks to about 1 V and load current flows in Rj. 

At the same time a current pulse is passed by C2, which is 

initially uncharged. This current pulse in the primary 

winding of the transformer induces a high voltage in the 

other winding, charging up Q with the polarity shown. 

This is in the correct sense to turn off the thyristor as in 

the Morgan circuit. The diode Dj is not Strictly 

necessary but it serves two useful purposes. Provided 

that it is of the fast recovery type (low hole-storage 

time), it protects the thyristor from exposure to high 

peak inverse voltages. It also serves to discharge Q in 

the shortest possible time. Clearly the action of this 

turn-off circuit is independent of the magnitude of the 
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load current. However, theJe is a point which must 
not be overlooked; C 1 must become completely dis­
charged between consecutive firing pulses. It c1.oes so 
by supplying current to the load. On open circuit it 
would never discharge and no subsequent turn-off pulse 
could be developed. A relatively small permanent load 
will draw sufficient current to discharge c:! in a fraction 
of one millisecond. 

As before, the auto-transformer core should be of 
magnetically soft material such as permalloy, mumetal, 
H.C.R. alloy or some similar grade. Details of the core 
and windings are given later. 

It remains now to provide a suitable pulse generator of 
variable recurrence frequency to fire the thyristor. A 
control circuit must also be devised to regulate the out­
put voltage developed across .the load and to set it at the 
desired level. Suitable filter circuits are required and 
the related question of response time of the regulator 
must be considered. All these points are best brought 
out by reference to an actual design example. 

• 
Practical voltage-regulated power supply 

Fig. 3 gives the complete circuit diagram of a stabilized 
power supply with suggested component values. It 
accepts an unregulated and roughly filtered d.c. input 
at about 40 V and delivers a regulated output between 
10 and 24 V at a maximum load current dictated by the 
thyristor rating. Thyristors are available from Westing­
house, A.E.I., Mullard and Texas Instruments. A suit­
able rating is 400 V, 4.7 A. Though prices are steadily 
falling, thyristors with a high voltage-rating are still 
expensive. It is thus worth noting that from time to 
time, supplies become available cheaply on the surplus 
market. At the time of writing, G. W. Smith (Radio) of 
3-34 Lisle Street, London, W.C.2, have a few in stock 
and further deliveries are expected. At a conservative 
rating they may be used singly to give a 2 A d.c. output 
or they may be paralleled to give ·any desired output 
provided that suitabl~e arrangements are made for simul­
taneous firing. Minor component changes in Fig. 3 
will allow for inputs up to at least 200 V and regulated 
outputs up to 100 V, figures well beyond the economic 
range of transistor regulators. 

Ct 
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The auto-transformer T makes use of an H.C.R. 
toroidal core, outside diameter 2 ~ in, inside diameter 1 ~ 
in, depth ~ in. The winding W :! is a single. layer of 20 or 
21 s.w.g. enamelled wire, 75 turns in all. Wound over this 
and insulated from it is W u with 25 turns of 18 or 19 
s.w.g., spaced evenly round the core. It may be found 
easier to use twin strands of 20 s.w.g. for W 1 in order to 
avoid the risk of damage to the core bobbin or to W 2 • The 
two windings are connected series-aiding. The induc­
tance of the smaller winding, measured on a 1000 cf s 
impedance bridge, . i's 160 /1.H. That of the other is 
2.5 mH and of the pair in series 3.4 mH total. The 
number ·of turns on each coil, the turns ratio and the 
inductances are in no sense critical and it is quite pas-

. sible that a smaller and cheaper core could be used, 
certainly at the lower power levels. 

The 2 JAF and 4 ;1.F capacitors· associated with the auto 
transformer mlJ,st be high grade components, rated at 
1000 V working to give a good margin of safety since it 
is disastrous i.f they fail. They should be of the extended­
foil, low-inductance construction, rated to carry large 
pulse currents. Their actual capacitance values do not 
matter very much. A choke-input filter is used consist­
ing of the inductance L (0.5 ohm, 100-250 mH at full 
rated current), followed by the large capacitor C3 • 

The function of the diode D , has already been men-
. tioned. It is rated at 6 A d.c. with a peak inverse voltage 
rating of 200 V. The free-wheel diode. D 2 , with a similar 
rating, maintains load current while the thyristor is 
blocked. Without this the energy ~Li2 in the choke 
would cause back e.m.f.s which would interfere with com­
mutation of the thyristor. The 5-ohm 20 W resistor in 
series with D 1 dissipates the excess commutation power 
and damps out possible oscillations which might make it 
difficult to turn off the thyristor. 

C3 

Diodes Du D :! and th~ thyristor can all share the 
same heat sink if . one diode has stud-to-cathode and one 
stud-to-anode. Such different types need to be specially 
ordered but at least D 1 and the thyristor can use the 
same heat sink if the 5-ohm resistor is moved to the 
other side of the diode. 

The firing pulse genera tor makes use ·of a unijunction 
transistor (American General Electric Type 2N1671A). 
A similar device is also a vail able from Texas Instru-
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Fig 3. Circuit of a stabilized power supply using 
a switched thyristor voltage regulator. 
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load current. However, thejre is a point which must 

not be overlooked; C, must become completely dis- 

charged between consecutive firing pulses. It does so 

by supplying current to the load. On open circuit it 

would never discharge and no subsequent turn-off pulse 

could be developed. A relatively small permanent load 

will draw sufficient current to discharge C, in a fraction 

of one millisecond. 

As before, the auto-transformer core should be of 

magnetically soft material such as permalloy, mumetal, 

H.C.R. alloy or some similar grade. Details of the core 

and windings are given later. 

It remains now to provide a suitable pulse generator of 

variable recurrence frequency to fire the thyristor. A 

control circuit must also be devised to regulate the out- 

put voltage developed across the load and to set it at the 

desired level. Suitable filter circuits are required and 

the related question of response time of the regulator 

must be considered. All these points are best brought 

out by reference to an actual design example. 

Practical voltage-regulated power supply 

Fig. 3 gives the complete circuit diagram of a stabilized 

power supply with suggested component values. It 

accepts an unregulated and roughly filtered d.c. input 

at about 40 V and delivers a regulated output between 

10 and 24 V at a maximum load current dictated by the 

thyristor rating. Thyristors are available from Westing- 

house, A.E.I., Mullard and Texas Instruments. A suit- 

able rating is 400 V, 4.7 A. Though prices are steadily 

falling, thyristors with a high voltage-rating are still 

expensive. It is thus worth noting that from time to 

time, supplies become available cheaply on the surplus 

market. At the time of writing, G. W. Smith (Radio) of 

3-34 Lisle Street, London, W.C.2, have a few in stock 

and further deliveries are expected. At a conservative 

rating they may be used singly to give a 2 A d.c. output 

or they may be paralleled to give any desired output 

provided that suitable arrangements are made for simul- 

taneous firing. Minor component changes in Fig. 3 

will allow for inputs up to at least 200 V and regulated 

outputs up to 100 V, figures well beyond the economic 

range of transistor regulators. 

The auto-transformer T makes use of an H.C.R. 

toroidal core, outside diameter 2f in, inside diameter If 

in, depth f in. The winding W, is a single layer of 20 or 

21 s.w.g. enamelled wire, 75 turns in all. Wound over this 

and insulated from it is W^ with 25 turns of 18 or 19 

s.w.g., spaced evenly round the core. It may be found 

easier to use twin strands of 20 s.w.g. for Wj in order to 

avoid the risk of damage to the core bobbin or to W2. The 

two windings are connected series-aiding. The induc- 

tance of the smaller winding, measured on a 1000 c/s 

impedance bridge, is 160 y-H. That of the other is 

2.5 mH and of the pair in series 3.4 mH total. The 

number of turns on each coil, the turns ratio and the 

inductances are in no sense critical and it is quite pos- 

sible that a smaller and cheaper core could be used, 

certainly at the lower power levels. 

The 2 /xF and 4 yF capacitors associated with the auto 

transformer must be high grade components, rated at 

1000 V working to give a good margin of safety since it 

is disastrous if they fail. They should be of the extended- 

foil, low-inductance construction, rated to carry large 

pulse currents. Their actual capacitance values do not 

matter very much. A choke-input filter is used consist- 

ing of the inductance L (0.5 ohm, 100-250 mH at full 

rated current), followed by the large capacitor C3. 

The function of the diode D, has already been men- 

tioned. It is rated at 6 A d.c. with a peak inverse voltage 

rating of 200 V. The free-wheel diode D2, with a similar 

rating, maintains load current while the thyristor is 

blocked. Without this the energy fLF in the choke 

would cause back e.m.f.s which would interfere with com- 

mutation of the thyristor. The 5-ohm 20 W resistor in 

series with Di dissipates the excess commutation power 

and damps out possible oscillations which might make it 

difficult to turn off the thyristor. 

Diodes D,, D3 and the thyristor can all share the 

same heat sink if one diode has stud-to-cathode and one 

stud-to-anode. Such different types need to be specially 

ordered but at least D, and the thyristor can use the 

same heat sink if the 5-ohm resistor is moved to the 

other side of the diode. 

The firing pulse generator makes use of a unijunction 

transistor (American General Electric Type 2N1671A). 

A similar device is also available from Texas Instru- 
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Fig 3. Circuit of a stabilized power supply using 

a switched thyristor voltage regulator. 
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ments. The construction and mode of operation of the 
unijunction device have been described by the writer in 
an earlier paper.* Briefly, it forms a relaxation oscil­
lator which produces a saw-tooth waveform across a 
capacitor which is periodically discharged to produce a 
short duration pulse for firing the thyristor. The repeti­
tion rate can be varied by changing the capacitor size or 
by varying the charging current. 

In Fig. 3, the charging current is determined by an 
output voltage sensing arrangement of two transistors 
Tr 1 and Tr2; the transistors (high gain low power p-n-p 
types) form a differential amplifier. The base of one of 
them is supplied with a constant reference voltage from 
a 5.6 V Zener diode. The base of the other is taken to 
the slider of a potentiometer connected across the output 
terminals of the power ·supply. A rise of output ·voltage 
increases the base current of Tr2 and causes a greater 
voltage drop across the common emitter resistance. This 
-in turn reduces the collector current of Trl which con­
stitutes the capacitor charging current. The reduced 
charging current lowers the recurrence frequency of the 
firing pt:ise train and restores the output to its original 
voltage. 

At full load the p.r.f. is about 3 kc/s. Load current 
pulses of this frequency are easily filtered with moderate 
values of inductance and shunt capacitance. The remain­
ing component, not so far discussed, is a 100-ohm 10 W 
resistor, permanently connected across the output termi­
nals. It ensures positive· turn-off of the thyi"istor under 
external no-load conditions. 

Performance 

The percentage voltage regulation depends mainly on the 
gain of the error-signal amplifier. With high gain tran­
sistors Tr1, Tr2 the regulation against load current 
changes is within 1 or 2 per cent from zero to full load. 

* " Controlled Rectifiers in Stabilized Power Supplies," by F. Butler, 
Wireless World, October 1963, p. 480. 

The precise figure depends on the output voltage setting. 
Against supply voltage changes the performance is even 
better. An input voltage change of 100 per cent has an 
almost imperceptible effect on the output voltage. The 
20 V Zener diode which regulates the working voltage of 
the unijunction transistor contributes to this result. 

The response time to step changes of load current is s.et 
mainly by the time constant of the main filter circuit. It 
cannot be less than the reciprocal of the low-pass cut-off. 
frequency. In other words, the better the filtering the 
longer is the response time. Preferably, all the smoothing 
should be accomplished in a single stage and by using a 
high firing-pulse frequency this amount of filtering ' will 
be found satisfactory and the transient response is good 
enough for most applications. 

Circuit losses are quite smalL If p.n.p. silicon transis­
tors are used for 'Trl and Tr2 ·the equipment will work · 
well over the temperature range -20 to at least 80°C. 

A fast-acting fuse in the input c~rcuit will give accept~ 
able protection against overloads though it would fail to 
safeguard a transistor regulator. Still better protection, 
almost instantaneous in action, can be given by shunting 
a transistor or silicon controlled switch across the charg­
ing capacitor of the unijunction oscillator and arranging 
for the voltage drop across a sensing resistor, 1-1nder over­
load conditions, to bias the shunt element into conduction, 
thus inhibiting firing pulses. 

The only real disadvantage of power supplies of this 
type springs from the very perfection of the thyristor as 
an electronic switch. It can be turned on and off in a 
matter of microseconds and these switching transients 
are quite difficult to suppress, reminding one of the diffi­
culties at one time experienced with vibrator power 
supplies. The effect is most troublesome if the regulator 
is used to supply radio receivers, low-level digital circuits 
or high-gain broad band amplifiers. However the most 
useful applications of thyristor stabilized supplies are in 
the high voltage, high power field where efficiency and 
reliability are of much greater consequence than a noise-
free output. · 
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The MUFs are- beginning to show t:he effect of the slowly· 
rising Ionospheric Index. The predicted Index has risen· 
from 12 in June to 22 for this month. Comparisons with the . 
predictions for previous years show that the MUFs are 
about 1 Me/ s higher than in 1964 or 1963, and comparable 
with those of 1962. 

The prediction curves show the median standard MUF, 
optimum traffic frequency and. the lowest usable frequency 
(L UF} for reception in this country. Unlike the standard 
MUF, the LUF is closely dependent upon such factors as 
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transmitter power, aerials, and the type of modulation. 
The LUF curves shown are those drawn by Cable and 
Wir,eless Ltd. for · commercial telegraphy and assum·e the 
use of transmitter pow·er of several kilowatts and rhombic 
type aerials. 
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ments. The construction and mode of operation of the 

unijunction device have been described by the writer in 

an earlier paper.* Briefly, it forms a relaxation oscil- 

lator which produces a saw-tooth waveform across a 

capacitor which is periodically discharged to produce a 

short duration pulse for firing the thyristor. The repeti- 

tion rate can be varied by changing the capacitor size or 

by varying the charging current. 

In Fig. 3, the charging current is determined by an 

output voltage sensing arrangement of two transistors 

Trl and Tr2; the transistors (high gain low power p-n-p 

types) form a differential amplifier. The base of one of 

them is supplied with a constant reference voltage from 

a 5.6 V Zener diode. The base of the other is taken to 

the slider of a potentiometer connected across the output 

terminals of the power supply. A rise of output voltage 

increases the base current of Tr2 and causes a greater 

voltage drop across the common emitter resistance. This 

in turn reduces the collector current of Trl which con- 

stitutes the capacitor charging current. The reduced 

charging current lowers the recurrence frequency of the 

firing puise train and restores the output to its original 

voltage. 

At full load the p.r.f. is about 3kc/s. Load current 

pulses of this frequency are easily filtered with moderate 

values of inductance and shunt capacitance. The remain- 

ing component, not so far discussed, is a 100-ohm 10 W 

resistor, permanently connected across the output termi- 

nals. It ensures positive turn-off of the thyristor under 

external no-load conditions. 

Performance 

The percentage voltage regulation depends mainly on the 

gain of the error-signal amplifier. With high gain tran- 

sistors Trl, Tr2 the regulation against load current 

changes is within 1 or 2 per cent from zero to full load. 

* " Controlled Rectifiers in Stabilized Power Supplies," by F. Butler, 
Wireless World, October 1963, p. 480. 

The precise figure depends on the output voltage setting. 

Against supply voltage changes the performance is even 

better. An input voltage change of 100 per cent has an 

almost imperceptible effect on the output voltage. The 

20 V Zener diode which regulates the working voltage of 

the unijunction transistor contributes to this result. 

The response time to step changes of load current is set 

mainly by the time constant of the main filter circuit. It 

cannot be less than the reciprocal of the low-pass cut-off 

frequency. In other words, the better the filtering the 

longer is the response time. Preferably, all the smoothing 

should be accomplished in a single stage and by using a 

high firing-pulse frequency this amount of filtering will 

be found satisfactory and the transient response is good 

enough for most applications. 

Circuit losses are quite small. If p.n.p. silicon transis- 

tors are used for Trl and Tr2 the equipment will work 

well over the temperature range —20 to at least 80 °C. 

A fast-acting fuse in the input circuit will give accept- 

able protection against overloads though it would fail to 

safeguard a transistor regulator. Still better protection, 

almost instantaneous in action, can be given by shunting 

a transistor or silicon controlled switch across the charg- 

ing capacitor of the unijunction oscillator and arranging 

for the voltage drop across a sensing resistor, under over- 

load conditions, to bias the shunt element into conduction, 

thus inhibiting firing pulses. 

The only real disadvantage of power supplies of this 

type springs from the very perfection of the thyristor as 

an electronic switch. It can be turned on and off in a 

matter of microseconds and these switching transients 

are quite difficult to suppress, reminding one of the diffi- 

culties at one time experienced with vibrator power 

supplies. The effect is most troublesome if the regulator 

is used to supply radio receivers, low-level digital circuits 

or high-gain broad band amplifiers. However the most 

useful applications of thyristor stabilized supplies are in 

the high voltage, high power field where efficiency and 

reliability are of much greater consequence than a noise- 

free output. 
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The MUFs are beginning to show the effect of the slowly 

rising Ionospheric Index. The predicted Index has risen 

from 12 in June to 22 for this month. Comparisons with the 

predictions for previous years show that the MUFs are 

about IMc/s higher than in 1964 or 1963, and comparable 

with those of 1962. 

The prediction curves show the median standard MUF, 

optimum traffic frequency and. the lowest usable frequency 

(LUF) for reception in this country. Unlike the standard 

MUF, the LUF is closely dependent upon such factors as 

transmitter power, aerials, and the type of modulation. 

The LUF curves shown are those drawn by Cable and 

Wireless Ltd. for commercial telegraphy and assume the 

use of transmitter power of several kilowatts and rhombic 

type aerials. 

432 Wireless World, September 1965 



WORLD OF WIRELESS 

Sztbscription Television 
THE Postmaster General, the Rt. Hon. Anthony Wedgwood 
Benn, has announced that the Government intends to con­
tinue with the subscription television experiment despite the 
withdrawal of all but one company from the pilot scheme. 

Last year the P.M.G. announced the names of five organiza­
tions which were offered licences to enable them to 
participate in .the experiment-the licence to be valid for 
three years from the date of commencement of service. Sub­
sequently, licences were issued to three, Pay-TV Ltd., 
Choiceview Ltd. and Telemeter Programmes Ltd. Of these 
t!hree only Pay-TV intends to continue and the areas in. 
which it is licensed to operate are Sheffield and London 
(initially the Boroughs of Westminster and Southwark). Pro­
grammes are ·to be the responsibility of the operator and will 
be fed via relay networks to subscribers who will pay for 
viewing ·time by means of coin boxes fitted to their receivers. 

The decision regarding the introduction of a permanent 
service will depend upon the analysis of results based upon 
economic .and social · factors involved. For example, one of 
the many factors to be considered is that of the effect on 
cinema attendances, and the Board of Trade is being con­
sulted to arrange for protection of the legitimate _ interests of 
cinema exhibitors in the areas in which the pilot scheme will 
operate. 

]. T. U. Ple1ziJJOle1ztia.ry Cotzferell.ce 
MORE than 500 delegates from most of tbe 127 member 
countries ·will be participating in the Plenipotentiary Con­
ference of the International Telecommunication Union 
(I.T.U.) which opens in Montreux, Switzerland, on Septem­
ber 14th. , 

The Plenipotentiary Conference is the I.T.U.'s supreme 
authority although this year's conference, which takes place 
in the Union's centenary year, is only the ninth to be held. 
The founding conference met in Paris in May 1865 and 
succeeding conferences took place in Vienna in 1868, Rome 
1871, St. Petersburg 1875, Madrid 1932, Atlantic City 1947, 
Buenos Aires 1952 and Geneva 1959. 

The main ·purpose of the Plenipotentiary Conference is 
to revise the I.T.U. Convention-the Union's basic charter. 

The U.K. delegation will be led by W. A. Wolverson, C.B., 
deputy director of the G.P.O. 

Broadcast Receiving Licences.-During the first six months 
of this year the number of combined television and sound 
receiving licences in the U.K. increased by 203,321 bringing 
the total to 13,358,003. Sound-only lic-ences fell by 92,959 
to 2, 766,87 4; this figure inctludes 638,642 for sets in cars 
representing an increase of 22,342. On ·August 1st, the com­
bined television and sound licence fee was increased from £4 
to £5 and the sound-only licence from £1 to £1 Ss. 

Confederation of British Industry.-The Federation of 
British Indus1t·ries (F.B.I.), the National Association of 
B.ritish Manufacturers (N.A.B.M.) and the British Employers' 
Confederation (B.E.C.) have am~algamated .to form the C.B.I. 
whiCh was estabEshed by a supplementary Royal Charter 
effective on July 30th. The charter ·supersede~s the original 
cha~rter granted to the F.B.I. All communications should now 
be addressed to the Confederation of Br1tish Industry, 21 
Tothill St·reet, London, S.W.l (Tel.: WHitehall 6711). 
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Mobile ground station links for satellite communications are being 
designed and built by the communications division of Hughes Aircraft 
Company to enable existing and future satellites t.o be linked in a 
worldwide communications network. Each mobile station consists of 
three power units, three equipment vans and a 40ft diameter para­
boloid as show!l in the illustration. Four voice and ·five teleprinter 
messages can be received, amplified and transmitted simultaneously 
via synchronous or medium altitude active satellites. 

The first I.E.E./I.E.R.E. joint meetings of the 1965/6 
session will be held on September 29th. The Institutions' 
Computer Groups are holding a one-day conference on air­
borne computers at the School of Hygiene & Tropical 
Medicine, I<eppel St., London, W.C.1, from 10.30 a.m. In 
the evening at 6.0 at the I.E.R.E., 9, Bedford Square, W.C.1, 
the Medical Electronics Group have arranged a meeting at 
which Dr. P. E. McGuff will present a paper on "Treatment 
of Experimental Animal and Human Malignant Tumours 
by Laser Radiation." Tickets obtainable from the I.E.R.E., 
are required for both meetings. 

European A.T.C.-A computer-controlled system for the 
identification and tracking of civil aircraft is to be installed at 
the Eurocontrol. Experimental Centre at Bretigny, Fr·ance. 
The prime contractor is Elliott-Automation and the work 
will be carried out in conjunction with Standard Elektrik 
Lorenz (W. Ger:many), Ateliers de Construction Elec­
tronique de Charleroi (Belgium) and Cossor Electronics. The 
new A.T.C. scheme for the U.I<. described elsewhere in this 
issue may we:ll form part of the overall Eurocontrol in the 
not-too-distant future. By July 1st next year it _will be com­
pulsory for aircraft to carry transponders for use with the 
secondary radar system. 

Radio Interference in Ainerica.-Authority to prohibit the 
production of electronic or electrical devices which might 
cause radio interference has been requested by the Federal 
Com~munications Commission, but the Electronic Industries 
Association has asked the Senate Com·munications Sub­
committee to delay -legislation until the F.c:c. and represen­
tatives from indus~try can discuss alternative m·ethods of 
solving radiation-interference problems. 
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Subscription Television 

THE Postmaster General, the Rt. Hon. Anthony Wedgwood 

Benn, has announced that the Government intends to con- 

tinue with the subscription television experiment despite the 

withdrawal of all but one company from the pilot scheme. 

Last year the P.M.G. announced the names of five organiza- 

tions which were offered licences to enable them to 

participate in the experiment—the licence to be valid for 

three years from the date of commencement of service. Sub- 

sequently, licences were issued to three, Pay-TV Ltd., 

Choiceview Ltd. and Telemeter Programmes Ltd. Of these 

three only Pay-TV intends to continue and the areas in 

which it is licensed to operate are Sheffield and London 

(initially the Boroughs of Westminster and Southwark). Pro- 

grammes are to be the responsibility of the operator and will 

be fed via relay networks to subscribers who will pay for 

viewing time by means of coin boxes fitted to their receivers. 

The decision regarding the introduction of a permanent 

service will depend upon the analysis of results based upon 

economic and social factors involved. For example, one of 

the many factors to be considered is that of the effect on 

cinema attendances, and the Board of Trade is being con- 

sulted to arrange for protection of the legitimate, interests of 

cinema exhibitors in the areas in which the pilot scheme will 

operate. 

I.T.U. Plenipotentiary Conference 

MORE than 500 delegates from most of the 127 member 

countries will be participating in the Plenipotentiary Con- 

ference of the International Telecommunication Union 

(I.T.U.) which opens in Montreux, Switzerland, on Septem- 

ber 14th. . 

The Plenipotentiary Conference is the I.T.U.'s supreme 

authority although this year's conference, which takes place 

in the Union's centenary year, is only the ninth to be held. 

The founding conference met in Paris in May 1865 and 

succeeding conferences took place in Vienna in 1868, Rome 

1871, St. Petersburg 1875, Madrid 1932, Atlantic City 1947, 

Buenos Aires 1952 and Geneva 1959. 

The main purpose of the Plenipotentiary Conference is 

to revise the I.T.U. Convention—the Union's basic charter. 

The U.K. delegation will be led by W. A. Wolverson, C.B., 

deputy director of the G.P.O. 
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Mobile ground station links for satellite communications are being 

designed and built by the communications division of Hughes Aircraft 

Company to enable existing and future satellites to be linked in a 

worldwide communications network. Each mobile station consists of 

three power units, three equipment vans and a 40ft diameter para- 

boloid as shown in the illustration. Four voice and five teleprinter 

messages con be received, amplified and transmitted simultaneously 

via synchronous or medium altitude active satellites. 

The first I.E.E./I.E.R.E. joint meetings of the 1965/6 

session will be held on September 29th. The Institutions' 

Computer Groups are holding a one-day conference on air- 

borne computers at the School of Hygiene & Tropical 

Medicine, Keppel St., London, W.G.I, from 10.30 a.m. In 

the evening at 6.0 at the I.E.R.E,, 9, Bedford Square, W.C.I, 

the Medical Electronics Group have arranged a meeting at 

which Dr. P. E. McGuff will present a paper on " Treatment 

of Experimental Animal and Human Malignant Tumours 

by Laser Radiation." Tickets obtainable from the I.E.R.E., 

are required for both meetings. 

Broadcast Receiving Licences.—During the first six months 

of this year the number of combined television and sound 

receiving licences in the U.K. increased by 203,321 bringing 

the total to 13,358,003. Sound-only licences fell by 92,959 

to 2,766,874; this figure includes 638,642 for sets in cars 

representing an increase of 22,342. On August 1st, the com- 

bined television and sound licence fee was increased from £4 

to £5 and the sound-only licence from £1 to £1 5s. 

European A.T.C.—A computer-controlled system for the 

identification and tracking of civil aircraft is to be installed at 

the Eurocontrol Experimental Centre at Bretigny, France. 

The prime contractor is Elliott-Automation and the work 

will be carried out in conjunction with Standard Elektrik 

Lorenz (W. Germany), Ateliers de Construction Elec- 

tronique de Charleroi (Belgium) and Cossor Electronics. The 

new A.T.C, scheme for the U.K. described elsewhere in this 

issue may well form part of the overall Eurocontrol in the 

not-too-distant future. By July 1st next year it will be com- 

pulsory for aircraft to carry transponders for use with the 

secondary radar system. 

Confederation of British Industry.—The Federation of 

British Industries (F.B.L), the National Association of 

British Manufacturers (N.A.B.M.) and the British Employers' 

Confederation (B.E.C.) have amalgamated to form the C.B.I. 

which was established by a supplementary Royal Charter 

effective on July 30th. The charter supersedes the original 

charter granted to the F.B.L All communications should now 

be addressed to the Confederation of British Industry, 21 

Tothill Street, London, S.W.I (Tel.: WHItehall 6711). 

Radio Interference in America.—Authority to prohibit the 

production of electronic or electrical devices which might 

cause radio interference has been requested by the Federal 

Communications Commission, but the Electronic Industries 

Association has asked the Senate Communications Sub- 

committee to delay legislation until the F.C'.C. and represen- 

tatives from industry can discuss alternative methods of 

solving radiation-interference problems. 
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Frequency Tolerance of Aircraft Transmitters.-The I.T.U. 
Radio Regulations (Geneva) 1959 require that, as from 
January 1st, 1966, the carrier frequencies of all aircraft trans­
miNers operating in the band 118 to 136 Mc/s be maintained 
to within 50 parts in a million of the selected channet 
However, an analysis made by the Ministry of Aviation 
reveals that the number of transmitters operating outside tthe 
stipulated tolerance is insignificant and equiprpent with a fre­
quency tolerance of 100 parts in a mHlion may remain in 
use until further notice. Should a particular type or types 
of equipment consistently fail to meet the I.T.U. require­
ments, remedial action will be called for. 

Guide to Electronic Equipment.-The Industrial Control 
and Electronics Division of B.E.A.M.A. has issued the first 
edition of a ''Guide to the Specification and Purchase of 
Electronic Eqt,~ipment for Industrial Systems.'' ln the pas~t, 
lack of g.eneral specifications foT industrial electronics equip­
m .. ent has sometimes resulted in ~he use of specifications 
which may be inappropriate or unnecessarily cosdy. The 
guide will as·sist both customers and manuf,acturers by ·speci­
fyin~. standard types of equipment to me·et the requirement·s 
for various applications and discusses other factors which 
need to be considered by both contracting parties. Priced at 
.one guinea, the guide is available from the British Electrical 
& AHied Manufacturers' Association, 8 Leices,ter Street, 
Leicester Square, London, W.C.2. 

Requirements for R.F. Connectors.-Part 1 of the Inter­
national Electrotechnical Commission Publication 169, 
,,~Radio-frequency connectors," has recently been is,sued. 
Relating to connectors for r.f. transmission lines for us·e with 
electronic equipment, the publication establishes uniform 
requirements for electrical, climatic and mechanical proper­
ties, test methods, interchangeability and compatibility of 
connectors and connectors with cables. Price £3 from 
British Standards Institution, Sales Branch, 2 Park Street, 
London, W.l . 

U.K. ·Kompass, a detailed register of British industry, is 
available in three volumes {£15 ISs. the set) from Kompass 
Register Ltd., R.A.C. House, Lansdowne Road, C-roydon, 
Surrey. Two volumes list .supplie-rs ·of more than 33,000 
products manufactured in the U .I<. The third volume 
details ~the location, products, ·share capital, directors, num­
ber of employees and other information ·of over 24,000 
manufacturing companies. 

Sound and Vibration R~search.-The Science Research 
Council has made a grant of £228,200 to the University of 
Southampton towards the cost of research in sound and 
vibration under the direction of Professor E. J. Richards, 
director of the Institute of Sound and Vibration Research. 
Part of the grant relates to the provision of acoustic chambers 
and an audiology laboratory. 

The Hungarian Society for Optics, Acoustics and Film­
·teohniques is organizing a ·s-econd conference on Magnetic 
Recording to be held in Budapest bet·ween Octobe·r 11th and 
15th, 1966. Papers on . the :subjects of static magnetic 
memories and recording on moving m.agnetic m~edia are 
invited for inclusion in the conference programme. Further 
details can he obtained from ·tJhe society-Optikai, Akusztikai 
es Filmt·echnikai: Egyesiilet, V, Szabadsag · ter 17, Budapest. 

R. T .E.B.-The Radio Trade.s Examination Board this year 
celebrates its 21st anniversary. During the 21 years it has 
examined over 22,000 candidates for its certificates in radio 
and television servicing. 

The series of articles, Elements of Transistor Pulse 
Circuits, by T. D. Towers, which appeared in Wireless . 
World during 1964, has been used as a basis for a book 
of the same title published by Iliffe Books Ltd., price 35s~ · 
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Two Years in Space.-July 26th marked the second year 
in ·space of Syncom II, the world's fi.rst synchronous com­
munications sateUite. Hughes · Aircraft Company who 
designed and built the satellite report that Syncom II 
stationed above the Indian Ocean has received and trans­
mitted voice and teleprinter messages for an average 
of 13 hours a day. It has been in use for a total of 9,508 
hours and has travelled more than 119 million miles in orbit. 

Ghana's television service, comprising three transmitting 
stations at . Accra, Kumasi and Sekondi-Takoradi, was 
officially opened by President Nkrumah on July · 31st. The 
three stations, which serve approximately one quarter, of the 
country, have central studios in the capital. The service, 
which operates in Band I on 625 lines (7 Mc/s channels) 
with f.m. sound, was a "turnkey" project of the Marconi 
Company. Ghana's external sound services have been 
extended by the installation of two . Marconi 250-kW h.f. 
transmitters . at Ejura where there are also six 10-kW h.f. 
transmitters for internal sound broadcasting. 

American production of colour TV receivers in April this 
year was nearly double that of April 1964. The figures ~are 
179,321 compared to 92,318, an increase of 94 %. Although 
April output was down on the March figure of 205,577 d1·e 
total production for the first four mont:hs of ·rhLs year was 
682,178 compared to 378,545 for ~he s~a.me period last year, 
an increase of 78%. · 

Ai-r Defence for Three NATO Countries.-To control tJhe 
air defences of Belgium, the Netherlands and West Germany 
the individual governments have selected the -:r:actical Air 
Weapons Control System (T.A.W.C.S.) designed by the 
Hughes Aircraft Company of Fullerton, California. In order 
to obtain NATO counoil approval for modernization of their 
air defence control system, the three countries formed an 
international pl,anning group. The system provides the 
countries with not only collective air defence but also indivi­
dual facilities for the rapid detection, ~identification and 
tracking of potential enemy air threats. Ground installa­
tion equipment supplied with the system includes com­
munications, electronic displays, computers and data 
processing units. · 

New Colour Film from C.O.I.-Aspects of the technology 
of microelectronics are dealt with in :the film "Thin-film 
Microcircuits" released by the Central Office of Information. 
The progress of a circuit is followed in this Mullard film 
from the design stage to the finished product, together with 
a description of evaJuation and final testing. Running time 
15 minutes; available on free loan from Central Film Library, 
Government Building, Bromyard A venue, Acton, London, 
W.3. 

1966 I.E.A. Exhibition.-The next International Instru­
ments, Electronics and Automation EX!hibition ·wiU be held at 
·Olympia from May 23rd to 28th, 1966. Bookings are 15 
per cent up on the 1964 exhibition in which 148 exhibitors 
out of 729 came from overs.eas. 

German Radio Show Stam;p.-30 million · copies of a 
special Sttamp are to be printed featuring the Ger·man Radio 
Show which will be held in Stuttgart from August 27th to 
September 5th. The design depicts rhe Stuttgart TV tower 
surrounded by symbolic radiations. 

The ninth B.R.E.M.A. exhibition of cabinet styling acces­
sories will be held at the Hotel RusseH, London, W.C.l, 
from September 28th-30th. It will be open each day 
from 2 to 6 p.m. and admittance is by invitation or business 
card. There will be 48 exhibitors. · 

The Council of Engineering Institutions, formerly the 
Engineering Institutions Joint Council, has moved to 2 Little 
Smith Street, Westminster, London, S.W.l. (Tel. SULlivan 
3912-4.) 
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Frequency Tolerance of Aircraft Transmitters.—The LT.U. 

Radio Regulations (Geneva) 1959 require that, as from 

January 1st, 1966, the carrier frequencies of all aircraft trans- 

mitters operating in the band 118 to 136Mc/s be maintained 

to within 50 parts in a million of the selected channel. 

However, an analysis made by the Ministry of Aviation 

reveals that the number of transmitters operating outside the 

stipulated tolerance is insignificant and equipment with a fre- 

quency tolerance of 100 parts in a million may remain in 

use until further notice. Should a particular type or types 

of equipment consistently fail to meet the LT.U. require- 

ments, remedial action will be called for. 

Guide to Electronic Equipment.—The Industrial Control 

and Electronics Division of B.E.A.M.A. has issued the first 

edition of a "Guide to the Specification and Purchase of 

Electronic Equipment for Industrial Systems." In the past, 

lack of general specifications for industrial electronics equip- 

ment has sometimes resulted in the use of specifications 

which may be inappropriate or unnecessarily costly. The 

guide will assist both customers and manufacturers by speci- 

fying. standard types of equipment to meet the requirements 

for various applications and discusses other factors which 

need to be considered by both contracting parties. Priced at 

one guinea, the guide is available from the British Electrical 

& Allied Manufacturers' Association, 8 Leicester Street, 

Leicester Square, London, W.C.2. 

Requirements for R.F. Comiectors.—Part 1 of the Inter- 

national Electrotechnical Commission Publication 169, 

" Radio-frequency connectors," has recently been issued. 

Relating to connectors for ri. transmission lines for use with 

electronic equipment, the publication establishes uniform 

requirements for electrical, climatic and mechanical proper- 

ties, test methods, interchangeability and compatibility of 

connectors and connectors with cables. Price £3 from 

British Standards Institution, Sales Branch, 2 Park Street, 

London, W.l. 

U.K. Kompass, a detailed register of British industry, is 

available in three volumes (£15 15s the set) from Kompass 

Register Ltd., R.A.C. House, Lansdowne Road, Croydon, 

Surrey. Two volumes list suppliers of more than 33,000 

products manufactured in the U.K. The third volume 

details 'the location, products, share capital, directors, num- 

ber of employees and other information of over 24,000 

manufacturing companies. 

Sound and Vibration Research.—The Science Research 

Council has made a grant of £228,200 to the University of 

Southampton towards the cost of research in sound and 

vibration under the direction of Professor E. J. Richards, 

director of the Institute of Sound and Vibration Research. 

Part of the grant relates to the provision of acoustic chambers 

and an audiology laboratory. 

The Hungarian Society for Optics, Acoustics and Film- 

techniques is organizing a second conference on Magnetic 

Recording to be held in Budapest between October 11th and 

15th, 1966. Papers on the subjects of static magnetic 

memories and recording on moving magnetic media are 

invited for inclusion in the conference programme. Further 

details can be obtained from the society—Optikai, Akusztikai 

es Filmtechnikai Egyesiilet, V, Szabadsag ter 17, Budapest. 

R.T.E.B.—The Radio Trades Examination Board this year 

celebrates its 21st anniversary. During the 21 years it has 

examined over 22,000 candidates for its certificates in radio 

and television servicing. 

The series of articles, Elements of Transistor Pulse 

Circuits, by T. D. Towers, which appeared in Wireless 

World during 1964, has been used as a basis for a book 

of the same title published by Iliffe Books Ltd., price 35s. 

Two Years in Space.—July 26th marked the second year 

in space of Syncom II, the world's first synchronous com- 

munications satellite. Hughes Aircraft Company who 

designed and built the satellite report that Syncom 11 

stationed above the Indian Ocean has received and trans- 

mitted voice and teleprinter messages for an average 

of 13 hours a day. It has been in use for a total of 9,508 

hours and has travelled more than 119 million miles in orbit. 

Ghana's television service, comprising three transmitting 

stations at Accra, Kumasi and Sekondi-Takoradi, was 

officially opened by President Nkrumah on July 31st. The 

three stations, which serve approximately one quarter, of the 

country, have central studios in the capital. The service, 

which operates in Band I on 625 lines (7 Mc/s channels) 

with f.m. sound, was a "turnkey" project of the Marconi 

Company. Ghana's external sound services have been 

extended by the installation of two Marconi 250-kW h.f. 

transmitters at Ejura where there are also six 10-kW h.f. 

transmitters for internal sound broadcasting. 

American production of colour TV receivers in April this 

year was nearly double that of April 1964. The figures are 

179,321 compared to 92,318, an increase of 94%. Although 

April output was down on the March figure of 205,577 the 

total production for the first four months of this year was 

682,178 compared to 378,545 for the same period last year, 

an increase of 78%. 

Air Defence for Three NATO Countries.—To control the 

air defences of Belgium, the Netherlands and West Germany 

the individual governments have selected the Tactical Air 

Weapons Control System (T.A.W.C.S.) designed by the 

Hughes Aircraft Company of Fullerton, California. In order 

to obtain NATO council approval for modernization of their 

air defence control system, the three countries formed an 

international planning group. The system provides the 

countries with not only collective air defence but also indivi- 

dual facilities for the rapid detection, identification and 

tracking of potential enemy air threats. Ground installa- 

tion equipment supplied with the system includes com- 

munications, electronic displays, computers and data 

processing units. 

New Colour Film from C.O.I.—Aspects of the technology 

of microelectronics are dealt with in the film " Thin-film 

Microcircuits " released by the Central Office of Information. 

The progress of a circuit is followed in this Mullard film 

from the design stage to the finished product, together with 

a description of evaluation and final testing. Running time 

15 minutes; available on free loan from Central Film Library, 

Government Building, Bromyard Avenue, Acton, London, 

W.3. 

1966 I.E.A. Exhibition.—The next International Instru- 

ments, Electronics and Automation Exhibition will be held at 

Olympia from May 23rd to 28th, 1966. Bookings are 15 

per cent up on the 1964 exhibition in which 148 exhibitors 

out of 729 came from overseas. 

German Radio Show Stamp.—30 million copies of a 

special stamp are to be printed featuring the German Radio 

Show which will be held in Stuttgart from August 27th to 

September 5th. The design depicts the Stuttgart TV tower 

surrounded by symbolic radiations. 

The ninth B.R.E.M.A. exhibition of cabinet styling acces- 

sories will be held at the Hotel Russell, London, W.C.I, 

from September 28th-30th. It will be open each day 

from 2 to 6 p.m. and admittance is by invitation or business 

card. There will be 48 exhibitors. 

The Council of Engineering Institutions, formerly the 

Engineering Institutions Joint Council, has moved to 2 Little 

Smith Street, Westminster, London, S.W.l. (Tel. SULlivan 

3912-4.) 
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G. D. Speake, M.A. (Cantab), 
A.M.I.E.E., appointed Director of Re­
search for the Marconi Company, has 
since 1962 been· chief of res·earch at the 
Great Baddow Research Laboratories 

G. D. Speake 

and Development manager for the 
Radar Division. Mr. Speake, who is 45, 
took his degree in physics at St. 
Catharine's College, Cambridge. He 
joined the Marconi Company in 1950 
and ·was engaged in radar systems re­
search until 1954 when he was 
appointed chief of the ·vacuum physics 
section of the Research Division. Two 
years later he became chief of the 
microwave physics section. Before join­
ing Marconi, Mr. Speake was a Flight 
Lieutenant in the Technical Branch of 
the R.A.F. · and later, instrument 
manager at the Plastics . Division of 
I.C.I. 

Following the acquisition by Marconi 
Instruments of W. H. Sanders . (Elec­
tronics) Ltd., Professor H. M. Barlow, 
F.R.$., and Dr. E. Eastwood, C.B.E., 
have been appointed to Sanders' board. 
Dr. Barlow is Pender Professor of Elec­
trical Engineering at University College, 
London, where, except for war service, 
he has been on the academic staff since 
1925. During the early part of the war 
he worked on the development of radar 
at the Telecommunications Research 
Establishm·ent and in 1943 was 
appointed superintendent of the Radio 
Department at the Royal Aircraft Estab­
lishment, Farnborough. Dr. ·Eastwood 
joined the English .Electric Group at the 
Nelson Research Laboratory, Stafford, 
in 1946, where he was in charge of 
radiation studies. Two years later he 
was appointed deputy chief of research 
with Marconi's at Chel~msford, and 
subsequently became Director of Re­
search. Dr. Eastwood has been 
primarily engaged in research in the 
field of molecular constitution and 
in the application of radar techniques 
to the investigation of celestial noise and 
the detection of meteors. 
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PERSONALITIES 
Harold Peterson, who has been in 

Australia since 1960 as managing direc­
tor of both British Automatic Telephone 
& Electric Co. Ltd., and Com·munication 
Systems of Australia Pty. Ltd., as well as 
a director of other Australa·sian com­
panies, has been appointed chief execu­
tive of the Pless·ey Company's South 
African Region. Plessey' s interests in 
the region include the Instrument 
Manufacturing Corp. of South Africa 
which produces the Tellurom·eter radar 
surveying inst~rument. Mr. Peterson, 
who is 46, began his career with the 
G.P.O., was in ·Royal Signals throughout 
the war, then with Cable & Wireless for 
eight year:s before joining A. T. & E. 
which is now part of Plessey. 

F. W. Stoneham, M.B.E., Ph.D., 
B.Sc.(Eng.), A.M.I.E.E., who recently 
joined Creed & Company (makers of 
teleprinting and data processing equip­
ment) as managing director has also · 
been appointed a director of ITT Europe 
Inc. Dr. Stoneham is a graduate of 
University College Nottingham and was 
in the Royal Corps of Signals from 
1939 until 1954 when he retired with 
the rank of Lt. Colonel. He was then 
with Smiths Aircraft Instruments until 
1959 when he joined Ultra as chief 
engineer. He was managing director of 
Ultra Electronics when he left in May 
this year. 

Geoffrey F. Meakes, who has been 
with the Racal Organization in the U.K. 
since 1951 and was responsible· for a 
Ia:rge part of the development of the 
famous Racal RA.17 communications 
·receiver, has become chief engineer of 
Racal Communications Inc., of Silver 
Spring, Maryland, U.S.A. He wa~ 
intimately associated with setting up 
Racal Communications Inc., and Racal 
(Canada), Ltd. 

W. R. Parkinson, 
founder of the original 
Radio Gramophone 
Development Com­
pany has retired. 
When the R. G. D. 
factory at Bridgnorth 
become A. T. & E. 
(Bridgnorth) Ltd. he 
became technical 
director and he is here 
shown (left) being 
presented with a pair 
of binoculars by 
E. J. Bartlett, man­
ager of A. T. & E. 
(Bridgnorth) 

Dudley Saward, O.B.E., managing 
director of Rank-Bush Murphy for the 
past four years, has been appointed 
g·eneral manager of the consumer pro­
ducts division of Standard Telephones 
& ·Cables in succes·sion to Gibson B. 
Kennedy, who is returning to the United 
States. In hi:s neT# position, Mr. Saward 
is responsible for the K.B., R.G.D., 
Regentone, Ace and Argosy brands of 
domestic sound and televi.sion equip­
ment manufactured at Foots·cray (where 
he has his headquarters), Hastings and 
Rhyl. Mr. Saward, who was at one 
dme managing director of Texas Instru­
m·ents Ltd., is a member of the 
P.M.G.'s Television Advisory Com­
mittee. 

D. Saward 

E. C. J. Jezierski has been appointed 
chief engineer of Radio Com.munications 
!co~, of Crewkerne, Somerset. Previously 
he was research. director ·with Derritron 
Research Development Ltd., where he 
was concerned with the design of tele­
communications, telemetery and missil~ 
control equipment. 
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PERSONALITIES 

G. D* Speake, M.A. (Cantab), 

A.M.I.E.E., appointed Director of Re- 

search for the Marconi Company, has 

since 1962 been chief of research at the 

Great Baddow Research Laboratories 

.i-jLf.     v i-.-.-X?? 

G D. Speake 

and Development manager for the 

Radar Division. Mr. Speake, who is 45, 

took his degree in physics at St. 

Catharine's College, Cambridge. He 

joined the Marconi Company in 1950 

and was engaged in radar systems re- 

search until 1954 when he was 

appointed chief of the vacuum physics 

section of the Research Division. Two 

years later he became chief of the 

microwave physics section. Before join- 

ing Marconi, Mr. Speake was a Flight 

Lieutenant in the Technical Branch of 

the R.A.F, and later, instrument 

manager at the Plastics Division of 

LCI. 

Following the acquisition by Marconi 

Instruments of W. H. Sanders (Elec- 

tronics) Ltd., Professor H, M. Barlow, 

F.R.S., and Dr. E. Eastwood, C.B.E., 

have been appointed to Sanders' board. 

Dr. Barlow is Pender Professor of Elec- 

trical Engineering at University College, 

London, where, except for war service, 

he has been on the academic staff since 

1925. During the early part of the war 

he worked on the development of radar 

at the Telecommunications Research 

Establishment and in 1943 was 

appointed superintendent of the Radio 

Department at the Royal Aircraft Estab- 

lishment, Farnborough. Dr. Eastwood 

joined the English Electric Group at the 

Nelson Research Laboratory, Stafford, 

in 1946, where he was in charge of 

radiation studies. Two years later he 

was appointed deputy chief of research 

with Marconi's at Chelmsford, and 

subsequently became Director of Re- 

search. Dr. Eastwood has been 

primarily engaged in research in the 

field of molecular constitution and 

in the application of radar techniques 

to the investigation of celestial noise and 

the detection of meteors. 

Harold Peterson, who has been in 

Australia since 1960 as managing direc- 

tor of both British Automatic Telephone 

& Electric Co. Ltd., and Communication 

Systems of Australia Pty. Ltd., as well as 

a director of other Australasian com- 

panies, has been appointed chief execu- 

tive of the Plessey Company's South 

African Region. Plessey's interests in 

the region include the Instrument 

Manufacturing Corp, of South Africa 

which produces the Tellurometer radar 

surveying instrument. Mr. Peterson, 

who is 46, began his career with the 

G.P.O., was in Royal Signals throughout 

the war, then with Cable & Wireless for 

eight years before joining A.T. & E. 

which is now part of Plessey. 

F. W. Stoneham, M.B.E., Ph.D., 

B.Sc.(Eng.), A.M.I.E.E., who recently 

joined Creed & Company (makers of 

teleprinting and data processing equip- 

ment) as managing director has also 

been appointed a director of ITT Europe 

Inc. Dr. Stoneham is a graduate of 

University College Nottingham and was 

in the Royal Corps of Signals from 

1939 until 1954 when he retired with 

the rank of Lt. Colonel. He was then 

with Smiths Aircraft Instruments until 

1959 when he joined Ultra as chief 

engineer. He was managing director of 

Ultra Electronics when he left in May 

this year. 

Geoffrey F. Meakes, who has been 

with the Racal Organization in the U.K. 

since 1951 and was responsible for a 

large part of the development of the 

famous Racal RA.17 communications 

receiver, has become chief engineer of 

Racal Communications Inc., of Silver 

Spring, Maryland, U.S.A. He was 

intimately associated with setting up 

Racal Communications Inc., and Racal 

(Canada), Ltd. 

W. R. Parkinson, 

founder of the original 

Radio Gramophone 

Development Com- 

pany has retired. 

When the R.G.D. 

factory at Bridgnorth 

became A. T. & £. 

(Bridgnorth) Ltd. he 

become technical 

director and he is here 

shown (left) being 

presented with a pair 

of binoculars by 

£. J. Bartlett, man- 

ager of A. T. & £. 

(Bridgnorth) 
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Dudley Saward, O.B.E., managing 

director of Rank-Bush Murphy for the 

past four years, has been appointed 

general manager of the consumer pro- 

ducts division of Standard Telephones 

& Cables in succession to Gibson B. 

Kennedy, who is returning to the United 

States. In his new position, Mr. Saward 

is responsible for the K.B., R.G.D., 

Regentone, Ace and Argosy brands of 

domestic sound and television equip- 

ment manufactured at Footscray (where 

he has his headquarters), Hastings and 

Rhyl. Mr. Saward, who was at one 

time managing director of Texas Instru- 

ments Ltd., is a member of the 

P.M.G.'s Television Advisory Com- 

mittee. 
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Air Cdre. Lionel H. Greenman, 
C.B.E., who has been senior air staff 
officer, R.A.F. Signals Command since 
May la·st year, has been transferred to 
technical operations at the Maintenance 
Command H.Q. Air Cdre. Greenman, 
who is SO, was a Post Office engineer 
before joining the R.A.F.V.R. in 1936. 
In 1943 he went to America and be­
came deputy director of technical re­
quirements with the R.A.F. Mission in 
Washington. For two years from 1959 
he was commanding No. 30 Mainten­
ance Unit, R.A.F. Sealand, Cheshire. 
He is succeeded as senior air staff 
officer at Signals Command by Air Cdre. 
John Goodman, . M.I.E.R.E., who joined 
the R.A.F. in 1932 as an aircraft appren­
tice at No. 1 Electrical and Wireless 
School, Cranwell. During and since the 
war he has served ·at various bases at 

home and overseas and at the Air 
Ministry. In 1962 he took command 
of the Radio Engineering Unit at R.A.F. 
Henlow and since 1963 has been com­
mandant of the Central Signals Estab­
lishment. 

J. R. Humphreys has become general 
manager of A. C. Cos·sor's Industrial 
~·roducts Group. He will be responsible 
for the operations of the Cos.sor I.nstru­
ment Co., Cossor Communications Co., 
Best Electrics and Cossor Valve Co. 
He succeeds J. F. Eldredge, who, after 
spending over three years at Cossor, is · 
returning to Raytheon in the United 
State~s. M 'r. Humphreys was, until 
recently, divisional manager of the Tele­
co,mmunications Division of Elliott 
Bros. (London) Ltd., prior to which he 

). R. Humphreys 

was for a number of years chief 
·engineer of Pye Telecommunications. 

"The Indefatigable Dr. Eccles " 
90TH BIRTHDAY OF A LAST CENTURY PIONEER 

A NAME to conjure with in the more 
elev~ated radio-teebnical circles during 
the first quarter of the present century 
was that of Dr. W. H. Eccles, F.R.S., 
who recently celebrated his 90th birth­
day. His name recurred constantly in 
Wireless World during its early years. 

William Henry Eccles was born at 
Ulveston, Lanes., on 23-rd August, 1875. 
It would hardly be too much to say he 
became the first of the radio physicists, 
though he has to his credit many con­
tributions to the technology of the art. 
He came near to being a founder 
member of the world's first wirele·s·s 
company, the Wireless Telegraph and 
Signal Co., eventually to become the 
Marconi Co., which he joined in 1899-
during Que·en Victoria's reign! _ That 
was a year after the firm started at the 
Chelmsford works. Armed · with an 
Honours B.Sc. in physics, gained the 
year before from the Royal College of 
Science, he started work on the design 
of oscillation transformers or "jiggers," 
as they we·re called, for the. new tuned 
·sets ,that were just coming in. He also 
started a study of the coherer, the only 
detector of the · period, which led to a 
better understanding of the action of 
that temperamental device. T]Jen, after 
a ·short spell as editorial assistant on 
The Electrician, he changed over to 
teaching electrical engineering, physics 
and mathematics .. Whenever opportunttY 
offered he did radio research. 

What was probably Dr. Eccles's most 
significant work was on a subject at the 
very heart of our affairs-on radio wave 
propagation. In 1911 he published a 
Royal Society paper explaining and ex­
panding t]J.e theory put forward by 
Oliver Heaviside some ten years earlier 
and since then largely forgotten or 
ignored. Heaviside had tentatively ·said 
" there may possibly be a sufficiently 
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conducting layer in the upper air. " 
Eccles now suggested that the ionizing 
effect of sunlight might account for 
observed differences between day-time 
and night-time transmissions. The sub­
ject, which was treated in greater detail 
later, aroused quite violent controversy 
but, by the end of 1912, when some sup­
port for his ideas came from observa­
tions made during a partial solar eclipse, 
the Eccles theory was widely accepted 
and solid foundations were laid for sub­
sequent work by Appleton and others. 
. It would hardly be too fanciful to put 
forward Dr. Eccles as the grandfather 
of the transistor. In 1909 he demon­
strated oscillating crystal detector cir­
cuits anq developed the general theory 
"that under cert,ain conditions a rectify­
ing detector could become a generator 
of oscillations and conversely a genera­
tor of oscillations could be used as a 
rectifier." · 

One of his minor contributions was 
the proposal in 1919 of what has since 
become the universal valve nomenclature 
-diode, triode, heptode, etc. Wireless 
World may well blush with ·shame for 
having stigmatized that proposal of " ·the 
indefatigable Dr. Eccles" as being "too 
academic " for general acceptance. He 
was often ahead of his times. 

When, just after the first World War, 
the project for a British "Imperial 
Chain " of long-wave stations was re­
vived Dr. Eccles was appointed vice­
chairman under Lord Milner of a 
Government committee to plan the de­
tails. Before the 'Scheme came to 
fruition the "short-wave bombshell" 
was exploded but the long-wave Rugby 
station eventually started operation. 

During his distinguished career he 
occupied many important posts and has 
accumulated an impressive list of 
honorifics. He is Past-President of the 

Physical Society; of the Institute of 
Physics; of the Institution of Electrical 
Engineers; of the Radio Society of Great 
Britain and President d' H o.nneur of the 
International Radio Scientific Union 
(U.R.S.I.) of which he was a member 
almost from its beginnings. 

Dr. Eccles recently .talked about some 
of his little-known activities during the 
first World War. In 1915 he was invited 
to advise the War ·Office .on radio mat-ters 
and devised a short-wave transmitter 
with valves in push-pull capable of oscil­
lating at the then unheard-of high 
frequency of 60 Me Is. Sets to this de­
sign were tried by the French army for 
short-distance work, but the signals were 
heard as far away as Syria. That was 
the first indication that short waves had 
possibilities for long-distance working. 
At about the ·same time he devised a 
valve-maintained tuning fork for fre-
quency control. · 

In 1917, when Professor of Electrical 
Engineering and Applied Physics at the 
City and Guilds Institute, he was ap­
pointed to t.he anti-submarine committee 
and tl).e college laboratory was taken over 
by the Admiralty. Many applications 
of valves to underwater signalling . and 
detection were developed. 

After 1924, when Dr. Eccles suffered 
a severe illness, he was forced to confine 
his activities to private consultancy. He. 
now lives in retirement on the South 
Coast. Happily, his health is now re­
markably good except for failing eye­
sight and his memory exceptionally 
clear. In boyhood he ·spent some 
months in a Quaker community near the 
birthplace of Michael Faraday (whom 
he greatly admires) and there absorbed 
the faith to which he has ·since adhered. 
By reason of his beliefs, he ha·s been 
reluctant to patent his inventions. 

H. F. S. 

WIRELESS WORLD, SEPTEMBER 1.965 

Air Cdre. Lionel H. Greenman, 

C.B.E., who has been senior air staff 

officer, R.A.F. Signals Command since 
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technical operations at the Maintenance 

Command H.Q. Air Cdre. Greenman, 

who is 50, was a Post Office engineer 

before joining the R.A.RV.R. in 1936. 

In 1943 he went to America and be- 

came deputy director of technical re- 

quirements with the R.A.F. Mission in 

Washington. For two years from 1959 

he was commanding No. 30 Mainten- 

ance Unit, R.A.F. Sealand, Cheshire. 

He is succeeded as senior air staff 

officer at Signals Command by Air Cdre. 

John Goodman, M.I.E.R.E., who joined 

the R.A.F. in 1932 as an aircraft appren- 

tice at No. 1 Electrical and Wireless 

School, Cranwell. During and since the 

war he has served at various bases at 

home and overseas and at the Air 

Ministry. In 1962 he took command 

of the Radio Engineering Unit at R.A.F. 

Henlow and since 1963 has been com- 

mandant of the Central Signals Estab- 

lishment. 

J. R. Humphreys has become general 

manager of A, C. Cossor's Industrial 

Products Group. He will be responsible 

for the operations of the Cossor Instru- 

ment Co., Cossor Communications Co., 

Best Electrics and Cossor Valve Co. 

He succeeds J. F. Eldredge, who, after 

spending over three years at Cossor, is 

returning to Raytheon in the United 

States. Mr. Humphreys was, until 

recently, divisional manager of the Tele- 

communications Division of Elliott 

Bros. (London) Ltd., prior to which he 
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was for a number of years chief 

engineer of Pye Telecommunications. 

The Indefatigable Dr. Eccles 

90TH BIRTHDAY OF A LAST CENTURY PIONEER 

A NAME to conjure with in the more 

elevated radio-technical circles during 

the first quarter of the present century 

was that of Dr. W. H. Eccles, F.R.S., 

who recently celebrated his 90th birth- 

day. His name recurred constantly in 

Wireless World during its early years. 

William Henry Eccles was born at 

Ulveston, Lanes., on 23rd August, 1875. 

It would hardly be too much to say he 

became the first of the radio physicists, 

though he has to his credit many con- 

tributions to the technology of the art. 

He came near to being a founder 

member of the world's first wireless 

company, the Wireless Telegraph and 

Signal Co., eventually to become the 

Marconi Co., which he joined in 1899— 

during Queen Victoria's reign! . That 

was a year after the firm started at the 

Chelmsford works. Armed with an 

Honours B.Sc. in physics, gained the 

year before from the Royal College of 

Science, he started work on the design 

of oscillation transformers or " jiggers,55 

as they were called, for the new tuned 

sets that were just coming in. He also 

started a study of the coherer, the only 

detector of the period, which led to a 

better understanding of the action of 

that temperamental device. Then, after 

a short spell as editorial assistant on 

The Electrician, he changed over to 

teaching electrical engineering, physics 

and mathematics. Whenever opportunity 

offered he did radio research. 

What was probably Dr. Eccles's most 

significant work was on a subject at the 

very heart of our affairs—on radio wave 

propagation. In 1911 he published a 

Royal Society paper explaining and ex- 

panding the theory put forward by 

Oliver Heaviside some ten years earlier 

and since then largely forgotten or 

ignored. Heaviside had tentatively said 

" there may possibly be a sufficiently 

conducting layer in the upper air. . . " 

Eccles now suggested that the ionizing 

effect of sunlight might account for 

observed differences between day-time 

and night-time transmissions. The sub- 

ject, which was treated in greater detail 

later, aroused quite violent controversy 

but, by the end of 1912, when some sup- 

port for his ideas came from observa- 

tions made during a partial solar eclipse, 

the Eccles theory was widely accepted 

and solid foundations were laid for sub- 

sequent work by Appleton and others. 

It would hardly be too fanciful to put 

forward Dr. Eccles as the grandfather 

of the transistor. In 1909 he demon- 

strated oscillating crystal detector cir- 

cuits and developed the general theory 

" that under certain conditions a rectify- 

ing detector could become a generator 

of oscillations and conversely a genera- 

tor of oscillations could be used as a 

rectifier." 

One of his minor contributions was 

the proposal in 1919 of what has since 

become the universal valve nomenclature 

—diode, triode, heptode, etc. Wireless 

World may well blush with shame for 

having stigmatized that proposal of cc the 

indefatigable Dr. Eccles " as being " too 

academic" for general acceptance. He 

was often ahead of his times. 

When, just after the first World War, 

the project for a British " Imperial 

Chain" of long-wave stations was re- 

vived Dr. Eccles was appointed vice- 

chairman under Lord Miiner of a 

Government committee to plan the de- 

tails. Before the scheme came to 

fruition the " short-wave bombshell" 

was exploded but the long-wave Rugby 

station eventually started operation. 

During his distinguished career he 

occupied many important posts and has 

accumulated an impressive list of 

honorifics. He is Past-President of the 

Physical Society; of the Institute of 

Physics; of the Institution of Electrical 

Engineers; of the Radio Society of Great 

Britain and President d'Honneur of the 

International Radio Scientific Union 

(U.R.S.I.) of which he was a member 

almost from its beginnings. 

Dr. Eccles recently talked about some 

of his little-known activities during the 

first World War. In 1915 he was invited 

to advise the War Office on radio matters 

and devised a short-wave transmitter 

with valves in push-pull capable of oscil- 

lating at the then unheard-of high 

frequency of 60Mc/s. Sets to this de- 

sign were tried by the French army for 

short-distance work, but the signals were 

heard as far away as Syria. That was 

the first indication that short waves had 

possibilities for long-distance working. 

At about the same time he devised a 

valve-maintained tuning fork for fre- 

quency control. 

In 1917, when Professor of Electrical 

Engineering and Applied Physics at the 

City and Guilds Institute, he was ap- 

pointed to the anti-submarine committee 

and the college laboratory was taken over 

by the Admiralty. Many applications 

of valves to underwater signalling and 

detection were developed. 

After 1924, when Dr. Eccles suffered 

a severe illness, he was forced to confine 

his activities to private consultancy. He 

now lives in retirement on the South 

Coast. Happily, his health is now re- 

markably good except for failing eye- 

sight and his memory exceptionally 

clear. In boyhood he spent some 

months in a Quaker community near the 

birthplace of Michael Faraday (whom 

he greatly admires) and there absorbed 

the faith to which he has since adhered. 

By reason of his beliefs, he has been 

reluctant to patent his inventions. 

H. F. S. 
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Demonstration of Oscillatory Action 

I N a previous article 1, a description was given of a 
method for demonstrating the phase difference of cur­
rents flowing in a parallel arrangement of L, C and R. 

The signal source was an oscillator with a frequency of 5 
cycles per minute and phase difference was demonstrated 
by the pointer movements of moving-coil centre-zero 

Parallel resonance can be demonstrated by the circuit 
of Fig. I. Suitable values are 30mH for the coil and 0.5,,.F 
for the capacitor. The A2 trace of the oscilloscope dis­
plays the generator voltage, and the AI trace displays the 
voltage across the tuned circuit. By varying the fre­
quency of the signal generator above and below the 
resonant frequency the effect of resonance can be dis­
played. At resonance the two traces are in phase and 
the voltage across the tuned circuit has maximum 
amplitude. 

We now take the circuit of Fig. I and modify it to that 
of Fig. 2. A c}:lange-over switch, S I, is operated by a 
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2V 

fig. 2 
COMMON 

In Fig. 3, the coil Ll is connected in the input of a 
very simple transistor amplifier which has a coil, L2, 
of 30mH in the collector circuit. First, this coil is remote 
from Ll, and, when the amplifier is switched on, there 
is no difference in Oscillogram A. Howe_ver, as the 
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Fig.3 
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meters. By using a double-beam cathode ray oscillo­
scope and an a.f. signal genera tor our demonstrations can 
be extended to display oscillatory action. 

* Acton Technical College. 
1 ''Demonstrating A.C. Theory." b y T. Palmer, Wireless World, 

October 1963, p. 515. 
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L1 Ct 
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~OMMON 

Carpenter relay working at SOc/s. In one position of the 
switch, a 2-volt accumulator charges Cl through RI; in 

.. 
8 

the other position, Cl dis­
charges through LI and 
R2, a variable resistor of 
0-50!2. The waveform of 
the voltage across the coil 
is shown in Oscillogram A, 
with R2==0~l With R2== 
30!2-, the waveform is as 
shown in Oscillogram B. 
Having shown _ this wave­
form we reduce R2 to zero. 

collector coil L2 is advanced towards L 1, the trace on the 
scope is seen to die away either more rapidly (as if the 
resistance R2 in Fig. 2 had been increased-negative feed­
back) or less rapidly (positive feedback). Whether we 
have the first effect or the second depends, of course, on 

I 

6V I 
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. . ·- .... 

D 

the way L2 is con­
nected. Both effects 
should be shown in 
turn. With positive 
feedback, as L2 is 
advanced towards 
L 1, the oscillatio~ 
dies away less and 
less rapidly (as in 
Oscillogram C). With 

~ L2 still closer to LI, 
oscillations are seen 
to grow, as in Oscil­
logram D. 
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rents flowing in a parallel arrangement of L, C and R. 

The signal source was an oscillator with a frequency of 5 

cycles per minute and phase difference was demonstrated 

by the pointer movements of moving-coil centre-zero 

meters. By using a double-beam cathode ray oscillo- 

scope and an a.f. signal generator our demonstrations can 

be extended to display oscillatory action. 
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Parallel resonance can be demonstrated by the circuit 

of Fig. 1. Suitable values are 30mH for the coil and O.S/^F 

for the capacitor. The A2 trace of the oscilloscope dis- 

plays the generator voltage, and the A1 trace displays the 

voltage across the tuned circuit. By varying the fre- 

quency of the signal generator above and below the 

resonant frequency the effect of resonance can be dis- 

played. At resonance the two traces are in phase and 

the voltage across the tuned circuit has maximum 

amplitude. 

A.F. 
SIGNAL 

GENERATOR 

Fig. 1 

C.R.O 

COMMON 

We now take the circuit of Fig. 1 and modify it to that 

of Fig. 2. A change-over switch, SI, is operated by a 
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switch, a 2-volt accumulator charges Cl through Rl; in 
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Having shown this wave- 

form we reduce R2 to zero. 

In Fig. 3, the coil LI is connected in the input of a 

very simple transistor amplifier which has a coil, L2, 

of 30mH in the collector circuit. First, this coil is remote 

from LI, and, when the amplifier is switched on, there 
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collector coil L2 is advanced towards LI, the trace on the 

scope is seen to die away either more rapidly (as if the 

resistance R2 in Fig. 2 had been increased—negative feed- 

back) or less rapidly (positive feedback). Whether we 

have the first effect or the second depends, of course, on 

the way L2 is con- 
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L2 is left in the position. 
which produces increasing 
amplitude of oscillation,. 
the Carpenter relay is dis­
connected and the coil is 
strapped permanently to 
the capacitor as shown in 
Fig. 4. Sustained oscilla­
tions are seen as in Oscillo­
grame E and F (for F the 
time-base has b e e n 
speeded up) showing that 
the parallel circuit of Fig. 1 
has become part of an 
oscillator. 

E 

It scarcely needs to be stressed that these demonstra­
tions are intended only for elementary students although 
the last demonstration may help those who wish to study 
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the action of super-regenerative circuits. With . conditions . 
corresponding to those of Oscillogram D, try charging 
Cl from batteries of different voltages. 

September Conferences and EXhibitions 
Further details are available from addresses in parenthe~es 

LONDON 
Sept. 13-17. Olympia 

Engineering Materials & Design Exhibition 
(Industrial Trade Fairs, 1-19 N·ew Oxford St., W.C.1) 

Sept. 13-17 Savoy Place 
Microwave Behaviour of F errimagnetics & Plasmas 
(I.E.E., Savoy Place, W.C.2) 

Sep-t. 20-24 Savoy Place 
Thermionic Electrical Power Generation 
(I.E.E., Savoy Place, W.C.2) 

BRIGHTON 
S·ept. 2 8-0ct. 1 Hotel Metro pole 

European Medical Electronics Symposium & Show 
(Symposium Secretary, 4 Mill Street, London, W.1) 

CAMBRIDGE 
Sept. 1-7 

British Association Meeting 
(British Assoc., 3 Sanctuary Bldgs., Great Smith St., S.W.l) . 

CRANFIELD 
Sept. 20-24 College of Aeronautics 

Network Theory Symposium 
.(S. R. Deards, College of Aeronautics, Cranfield, Beds.) 

LIVERPOOL 
Sept. 15-17 The University 

Nuclear and Particle Physics . 
(In.st. Phys. & Phys. Soc., 47 Belgrave Sq., London, S.W.l) 

MANCHESTER 
Sept. 6-10 Col. of Science & Tech. 

Materials & Environmental Testing 
(Inst. Mech. Engrs., Birdcag·e Wa1k, London, S.W.1) 

Sept. 7-9 The University 
Internal Fricdon in Solids 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., London, S.W.1) -

Sept. 28-0·ct. 2 Belle Vue 
Electronics, Instruments & Components Show & . Convention 
(.Institution of Electronics, 78 Shaw Rd., Rochdale, Lanes.) 

OXFORD 
Sept. S-11 . 

Electromagnetic Distance Measurement 
(Royal Society, 6 Cornwall Terrace, London, N.W.1) . 

SOUTHAMPTON· 
S·ept. 21-23 The University 

Applications . of .1\'licroelectroQ.ics 
. (I.E.E. Symposium, The University, Southampton) 
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SWANSEA 
Sept. 21-23 u ·niversity College 

Physics of Semiconducting Compounds 
(Inst. Phys. & Phys. Soc., 47 Belgrave Sq., London, S.W.l) 

OVERSEAS 
Sept. 4-12 Milan 

Italian Radio & TV Show 
International Electronic Components Show 
(A.N.I.E., via Luciano Manara 1, Milan) 

Sept. 6-9 Paris 
Opto-Electronic Components & Devices 
(M. Coulmy, D.R.M.E., 7 rue de la Chaise, Paris, 8) 

Sept. 6-11 Delft 
Electromagnetic Wave Theory 
(Dr. R. Timman..:~ c/o Technological University, Julianalaan 132,. 
Delft) .. 

' Sept. 7-11 -·' · ' · Basle 
INEL-Industrial ·Electronics Exhibition 
(Swiss Industries Fair, Postfach, Basle 21) 

Sept. 7-14 . Liege 
International Congress on Acoustics 
(Se Congres International d' Acoustique, 35 rue Saint-Gilles, 
Liege, Belgium) 

Sept. 9-11 Philadelphia 
Industrial Electronics & Control Instrumentation 
(i.. Winner, 152 W42nd Sr.,· New .. Yoik 52) 

Sept. 9-19 Paris 
International Radio & TV Salon 
(F.N.I.E., 16 rue de Presles, Paris 15) 

Sept. 14-Nov. 12 Montreux 
I.T.U. Plenipotentiary Conference 
(International Telecom. Union, Place des Nations, Geneva) 

Sept. 17-19 I<nokke 
International Ham Convention 
(L. Vervarcke, :Lippenslaan 284, Knokke, Belgium) 

Sept. 17-26 Amsterdam 
Firato Electronics Exhibition 
(RIA, Europaplein 8, Amsterdam) 

Sept. 17""0ct. 3 Tokyo 
British Exhibition 
(Briti:sh Overseas Fairs, 21 Tothill St., London, S.W.l) 

Sept. 21-23 Vienna 
Conference on Magnetism 
(Verein Deutscher Eisenhiittenleute, Breite Str. 27, Dusseldorf) 

Sept. 22-24 Washington 
Military Electronics Convention 
(I.E.E.E., Box A, Lenox Hill Station, New York 21, N.Y.) 
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L·ETTERS TO THE EDITOR 
The E.ditor does not necessarily endorse opinions expressed by his correspondents 

Transistor Cascade Crystal Oscillator 
IN my article in the July issue there is a mis-statement 
in the paragraph under the heading " The Bootstrap 
Cascade Circuit ". The offending sentence reads : " Both 
transistors are used in the common-base connection, 
though this may not be apparent from the circuit diagram." 
The wording should read: " Tr 2 is used in the common 
base connection while Tr 1 is a common collector stage 
which acts as the collector load impedance of Tr 2". 

My attention was drawn to this slip by a young reader, 
Mr. C. Marcus, of Ashtead, Surrey, who pointed out in 
a well-reasoned letter that there is no alternating potential 
on the collector of Tr1 • He went on to justify his com­
ments by re-drawing the circuit to illustrate the a.c. 
conditions more clearly and finally he built circuits and 
obtained both sinusoidal and relaxation oscillations at 
will. 

My description of the functions of Tr 1 was perhaps 
too brief but the point had been more fully covered in an 
earlier article on" Transistor Wide-Band Cascade Ampli­
fiers " (March 1965). Some further explanation is 
required. If in Fig. 4 of my July article the quartz crystal, 
the feedback diodes and their associated capacitors are 
removed, we are left with two series-connected transistors 
and their bias networks. If an alternating signal voltage 
is applied to the emitter of Tr 2 it acts as an earthed­
base ·amplifier. Its complex collector load is formed by 
Tr D R 1 R 2, R 5 and C. If C is large, or if its reactance is 
low at the signal frequency, the alternating output voltage 
of Tr2 appears at the base of Tr1, across R 1 • If the output 
is taken from the emitter of Tr D it is at low impedance 
since this transistor is acting as an emitter follower. 
At the same time Tr1 and its associated components 
simulate a very high-impedance collector load for Tr 2, 

giving a large voltage gain, without calling for an excessive 
supply voltage. A limit to the load impedance is in fact 
set by R 1 which (with large C), is effectively in parallel 
with the load presented by Tr 1 ·and R 5 in series. High 
gain thus calls for a high value of R 1, with proper selection 
of R 2, R 3 and R-1 to maintain the correct operating bias. 
To sum up, Tr1 acts simultaneously as a high-impedance 
load as seen from Tr 2 and also as an output stage of low 
impedance to any load connected to its emitter terminal. 

Finally, I mentioned the possibility that the new crystal 
oscillator might be suitable for development into a high­
grade frequency standard. Readers interested in this 
topic are referred to a recent paper by P. J. Baxandall, 
" Transistor Crystal Oscillators and the Design of a 
1 Mc/s Oscillator Circuit of Good Frequency Stability", 
Radio and Electronic Engineer (I.E.R.E.), Vol. 29, No. 4, 
April 1965, p.229. It takes a new look at some well­
established oscillator circuits, re-drawing them to suggest 
a fresh analytical approach, makes a critical comparison 
of the Pierce and Miller circuits and finally gives details 
of a new series resonance oscillator of high performance. 

Although many designs for stable crystal oscillators 
have been published, some actually going into details 
like component values, nearly all have the weakness that 
no reasons are given for the choice of the techniques 
actually used. In this respect Peter Baxandall' s paper is 
outstanding. It provides a wealth of unique information 
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to the designer of such equipment, for whom it is· not 
too much to say that the paper is indispensable. 

Cheltenham, Glos. F . BUTLER 

Units 
MR. GIBBS writing again on this subject at considerable 
length in the August issue, dismisses my first three points 
(April issue, p.196) as matters merely of convenience 
rather than principle. Is convenience not then important? 
Yet paradoxically he himself raises a poi~t of convenience 
in conjuring up a fanciful picture of SI advocates trying 
to persuade semiconductor specialists to measure the 
volume of germanium in cubic metres. Does he really 
suppose that I or anyone else would spend our time 
campaigning for the statement of inter-elt!ctrode capaci­
tances in farads? The SI system does not exclude the 
well-known set of mutiples and submultiples. Incident­
ally, I disposed of this argument in my original article. 

Mr. Gibbs is just as wrong in his closing sentence 
suggesting, on no evidence at all, ·that I wish to enforce 
any system oi units by legislation. He must be running 
short of arguments to have to invent Aunt Sallies to hit 
out at. He also ignores my point (6), which is a matter 
of principle. 

The first argument in his letter seems to be based on 
the premise that what a lot of people have done must be 
right. Are there no such things as enlightenment and 
progress? 

I do not intend to waste space by arguing the essential 
difference between H and B, when it has been done by 
writers of much greater authority whose works are on 
record for Mr. Gibbs or others . sufficiently interested.* 

Mr. Gibbs undermines his own case against electrical 
charge being basically one quantity, whether reckoned 
in e.m. or e.s. c.g.s. units, by his arguments for the 
identity of Hand B. If he can believe that electric charge 
is fundamentally two quantities at the same time as 
believing H and B are fundamentally one quantity he can 
believe anything. And then he goes on " From the atomic 
point of view, then, a distinction . between the units of 
B and H is a considerable inconvenience," when he has 
already dismissed convenience as too unimportant to 
discuss compared with principle! Incidentally, I have 
recently written a book on atomic electronics without 
being conscious of the inconvenience mentioned. Neither, 
apparently, were the physicists Bleaney and Bleaney in 
their very successful textbook on electricity and magnetism 
from the mode_m point of view (now in its second edition), 
written throughout in m.k.s.a. units. 

I do seem to have based my appeal to Maxwell on an 
incomplete reading of the· context, and am obliged by 
Mr. Gibbs to conclude that on this matter he has been 
proved wrong, as he admittedly has been with regard to 
his Art.SO 1 which states that magnetic force acts on the 
conductor, not the current. 

I am fairly sure that arguments in favour of the c.g.s. 

*E.g.: C.W.O.H., "Wireless Engineer", Feb. 1933 p. 61; Apr. 1933, p. 179 
Dec. 1949, p. 383; etc. 
Sir J. J. Thomson," Elements of Electric£ty and Magnet£sm" 5thedn., (1921), 
Art . 153. , 
0. Heaviside, "Electromagnetic Theory," Vol. 1, Arts. 20-23. 
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systems made now will look rather quaint to our successors 
in the not very remote future. · 

'' CATHODE RAY'' 

Radiation from Class D Amplifiers 
IN the July issue of W£reless World Mr. F. .Butler 
pointed to the problem of radiation caused by class D 
amplifiers. The radio frequency interference produced 
by the carrier and its harmonics can indeed be quite 
objectionable if no special precautions, such as low­
pass filters or screened and twisted loudspeaker leads, 
are used. The design of such filters, however, is particu­
larly difficult as the introduction of linear frequency­
dependent circuits may cause non-linear distortion of a 
d·ifierent nature than already discussed for purely in­
ductive loads. To understand this phenomenon it is 
nec:essary to know more about the high-frequency 
components of p.w.m. 

The rectangular waveform shown in Fig. 1, having~ a 

t Fig. I 
A 

0 cx.T T 

variable mark-space ratio denoted by -x, can be represented 
by: 

1 1 -- e r:;/l' 
F(s) = - ,. . 

s 1 --e· 8 ~ 

where T is the duration of one period. Apart from the 
low-frequency component which is intended to flow 
through the load it can be shown that the high-frequency 
components (first and higher order harmonics) are given 
by: 

n ·. 00 r } 
F' 1/t) = 1. E 1 1 sin (nwt · 21rn.a) -sin n(ut 

'!' 1 n '-
n ~:< CX> 

or F h(t) = E 
1 
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stn n1ra ·- · ---·- cos (nwt -·n1ra) 
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where w is the angular velocity of the p. w.m. repetition 
rate (first harmonic) and n is the order of each harmonic. 
This formula shows that each component is phase modu­
lated and that t_he modulation index for each component 
is proportional to its order. Further the amplitud.e of each 
component is inversely proportional to n, and varies with 
the mark-space ratio \/, as given in Fig. 2. 

Thus, when the p~lse width is modulated, simultaneous 
amplitude and phase modulation of each component 
occurs in such a fashion that the pulse width corresponds 
uniquely to the amplitude and phase relationship given 
by the formula. When this relationship is distorted by a 
low-pass filter having an imprope~ly desjgned amplitude 
and phase characteristic, the pulse width at the output 
will be altered with respect to the p.w.m. at the input. 
Although generally this distortion will be non-linear 
(depending on the characteristics of the filter) it is of no 
consequence as long as the load is a purely linear element. 
This is because the high-frequency components contain 
no d.c. or l.f. component and will average out in a normal 
loudspeaker. 

The situation is different when part ofthe energy at the 
. input of the filter is reflected back into the output stage. 
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In the properly designed filter the prescribed relationship 
between the harmonics is 'inaintained and only loss of 
efficiency may occur. However, if this is not the case, a 
superposition of two signals, only related by the filter 
characteristics, is presented to the highly non-linear 
output stage and gives rise to modulation effects. The 
result is not only non-linear distortion of the audio 
signal (depending on the transistor switch characteristics 
as already discussed in these pages) but also beat products 
between the high-frequency components themselves. 
This last effect is particularly objectionable, since the 
beat product of the harmonics of the 2nd and 3rd order 
then not only produces a non-linearly distorted audio 
signal but may again beat against the first harmonic, 
producing more distortion. This type of distortion is 
unique to the class D amplifier and cannot be compared 
to that produced by the more conventional classes 

As transistor switches are not the ideal generators to 
match filters to, it is advisable that the group delay of the 
filter is constant over a sufficiently large range to ensure 
that the energy of reflected harmonics is low enough when 
the prescribed relationship between them is lost. This 
is not true for all types of loudspeaker, so one should be 
careful in selecting a suitable reproducer. 

Much has been said in these pages on the subject of 
p. w.m., but it seems less known that a class D amplifier 
driven by a f.m. signal is equally capable of producin cr 
audio amplification. The only difference between th~ 
two methods is that f.m. differentiates the modulating sig­
nal if the modulation index is independent of the fre­
quency of the modulating signal, whereas p .w.m. does not. 
In a properly designed f.m. audio amplifier the audio 
signal should therefore be integrated before modulation. 
This effect explains why, in the case of, e.g., the closed 
loop p.w.m. amplifier, the distortion introduced by the 
limited p.w.m. can be compensated by frequency modu­
lation of the p.w.m. repetition rate-or, as Mr. K. C. 
Johnson put it in the May issue: "might not the feedback · 
... . ' know ' that a judicious amount of f.m. can actually 

reduce the troublesome l.f. sidebands ? " However, 
it will be clear that a suitable filter for f.m. is even more 
difficult to design than for a fixed repetition rate. 

Finally, it seems surprising that the more conventional 
circuits for producing p.w.m. as used in telemetry, etc., 
have not been discussed. As so many readers are vividly 
interested in the subject, a fairly sin1ple circuit is given in 
Fig. 3 which needs little explanation. A symmetrical 
driver feeds a flip flop modulator (2Nl304), which in turn 
drives directly the symmetrical output stage. The 
transistors in this last stage are driven hard s'o that extra 
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rate (first harmonic) and n is the order of each harmonic. 

This formula shows that each component is phase modu- 

lated and that the modulation index for each component 

is proportional to its order. Further the amplitude of each 

component is inversely proportional to n, and varies with 

the mark-space ratio a as given in Fig. 2. 

Thus, when the pulse width is modulated, simultaneous 

amplitude and phase modulation of each component 

occurs in such a fashion that the pulse width corresponds 

uniquely to the amplitude and phase relationship given 

by the formula. When this relationship is distorted by a 

low-pass filter having an improperly designed amplitude 

and phase characteristic, the pulse width at the output 

will be altered with respect to the p.w.m. at the input. 

Although generally this distortion will be non-linear 

(depending on the characteristics of the filter) it is of no 

consequence as long as the load is a purely linear element. 

This is because the high-frequency components contain 

no d.c. or l.f. component and will average out in a normal 

loudspeaker. 

The situation is different when part of the energy at the 

input of the filter is reflected back into the output stage. 

In the properly designed filter the prescribed relationship 

between the harmonics is maintained and only loss of 

efficiency may occur. However, if this is not the case, a 

superposition of two signals, only related by the filter 

characteristics, is presented to the highly non-linear 

output stage and gives rise to modulation effects. The 

result is not only non-linear distortion of the audio 

signal (depending on the transistor switch characteristics 

as already discussed in these pages) but also beat products 

between the high-frequency components themselves. 

This last effect is particularly objectionable, since the 

beat product of the harmonics of the 2nd and 3rd order 

then not only produces a non-linearly distorted audio 

signal but may again beat against the first harmonic, 

producing more distortion. This type of distortion is 

unique to the class D amplifier and cannot be compared 

to that produced by the more conventional classes 

As transistor switches are not the ideal generators to 

match filters to, it is advisable that the group delay of the 

filter is constant over a sufficiently large range to ensure 

that the energy of reflected harmonics is low enough when 

the prescribed relationship between them is lost. This 

is not true for all types of loudspeaker, so one should be 

careful in selecting a suitable reproducer. 

Much has been said in these pages on the subject of 

p.w.m., but it seems less known that a class D amplifier 

driven by a f.m. signal is equally capable of producing 

audio amplification. The only difference between the 

two methods is that f.m. differentiates the modulating sig- 

nal if the modulation index is independent of the fre- 

quency of the modulating signal, whereas p.w.m. does not. 

In a properly designed f.m, audio amplifier the audio 

signal should therefore be integrated before modulation. 

This effect explains why, in the case of, e.g., the closed 

loop p.w.m. amplifier, the distortion introduced by the 

limited p.w.m. can be compensated by frequency modu- 

lation of the p.w.m. repetition rate—or, as Mr. K. C. 

Johnson put it in the May issue: "might not the feedback 

. . . ' know ' that a judicious amount of f.m. can actually 

reduce the troublesome l.f. sidebands ? " However, 

it will be clear that a suitable filter for f.m. is even more 

difficult to design than for a fixed repetition rate. 

Finally, it seems surprising that the more conventional 

circuits for producing p.w.m. as used in telemetry, etc., 

have not been discussed. As so many readers are vividly 

interested in the subject, a fairly simple circuit is given in 

Fig. 3 which needs little explanation. A symmetrical 

driver feeds a flip flop modulator (2N1304), which in turn 

drives directly the symmetrical output stage. The 

transistors in this last stage are driven hard sb that extra 

mwmm 
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Jiodes to provide alternative paths are not necessary. 
Furthermore, the simple (but by no means optimum) 
filter is damped to reduce the reflected energy. 

Amsterdam. D. BOSMAN 

Satellites & TV Standards 
YOUR editorial in the August issue has, rightly, raised 
the problem of television standards and the use of syn­
chronous satellites: May I suggest that a possible solution 
offers itself, if we have the courage to accept the fact that 
th·e new u.h.f. television service for the U.I<. is obsolete 
before it has got off the launching pad? 

The plan for the u.h.f. service is, by now, well known. 
The country is to be covered by a number of high­
powered transmitters, with a number of low-powered 
"fill-in" stations to cater for the low-lying and badly 
shadowed regions. A capital expenditure of some £100 
million will be involved. 

It has recently been announced that a satellite housing 
a high-powered transmitter can be put into orbit and 
it is, surely, more practical (and very much cheaper) to 
use such a satellite to broadcast the country's television 
service. The satellite could be commissioned and put 
into orbit for, probably, less than £20 million, and maybe 
it could be simplified by being engineered for this ex­
clusive us·e. Existing problems of co-channel and similar 
interference would not arise, neither would those due to 
propagation over the earth's surface. 

The satellite signal frequencies would, of course, need 
to be very much higher than the u.h.f. band in order that 
a high-gain aerial of modest dimensions could be used 
at the receiver. Existing receivers need not, however, be 
made obsolete; a frequency converter could be fitted 
either as part of the aerial installation, or at the receiver. 

If we used such a system it would, of course, provide 
" free " television programmes to a large proportion of 
the earth's surface. Herei.n lies a particularly attractive 
aspect of the system. W·e could "go-it-alone" with the 
reasonable assurance that viewers in other countries will 
wish to see these" free" programmes. It is probably too 
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much to hope that such a venture could be a combined 
European operation in its early stages. 

Is it too late to re-cast the country's television s·ervice 
into a sophisticated system that could be far in advance 
of any other? It could giv~ r.eceiver manufacturers the 
" shot-in-the-arm" they so desperately need. 

The Northern Polytechnic, 
London, N.7. 

R. S. ROBER'"fS 

FURTHER. EDUCATION 
THE following courses to be held at various centres during 
the forthcoming academic year have been selected from in­
formation received as being of particular interest to Wireless 
World readers. 

Twickenham College of Technology.-ln addition to par·t-time 
courses leading to the O.N.C. and H.N.C. with ·endorsements for 
the graduateship examinations of I.E.E. and I.E .. R.E., special 
lecture courses are available on fundamentals of semiconductor 
devices, transistor circuit design, basic electronics, net•work analysis 
and basic principles of systems analysis. 

Full-tim·e and part-time post-graduate courses in elec.trical 
engineering leading to the internal M.Sc.(Eng.) degree of the 
University of London com,mence on September 27th at West Ham 
College of Technology, LDndon, E.IS. Evening courses for post­
graduates include semiconductor device design, se.miconductor 
circuit design theory and linear network theory. 

Among the subjects dealt with by special evening lecture 
courses at Hendon College of Technology are an introduction to 
mic1:owaves, introduction to automatic computing techniques in 
industrial applications, transistors and transistor circuit design, 
and high-fidelity sound reproduction. 

The prospectus frnm the Northern Polytechnic, London, N.7, 
gives details of full-time and part-time degree courses together 
with a profes·sional course leading to a diploma exempting students 
from the graduateship examination of the I.E.R.E. 

Bristol Technical College is offering. a two-year full-time course 
in aircraft radio and electroniCs as ·well as courses for the P.M.G.'s 
certificates for marine radio officers. 

Brighton Technical College.-Part-time courses and block release 
courses for technicians are outlined in the Engineering Depart-
ment's prospectus "A." , 

Post-graduate labo·ratory courses at Portsmouth College of 
Technology include a ten-evening course on the analysis and 
simulation of control systems and another on microwave 
measurements. . 
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the new u.hi. television service for the U.K. is obsolete 
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The country is to be covered by a number of high- 

powered transmitters, with a number of low-powered 

"fill-in" stations to cater for the low-lying and badly 

shadowed regions. A capital expenditure of some £100 

million will be involved. 

It has recently been announced that a satellite housing 

a high-powered transmitter can be put into orbit and 

it is, surely, more practical (and very much cheaper) to 

use such a satellite to broadcast the country's television 

service. The satellite could be commissioned and put 

into orbit for, probably, less than £20 million, and maybe 

it could be simplified by being engineered for this ex- 

clusive use. Existing problems of co-channel and similar 

interference would not arise, neither would those due to 

propagation over the earth's surface. 

The satellite signal frequencies would, of course, need 

to be very much higher than the u.h.f. band in order that 

a high-gain aerial of modest dimensions could be used 

at the receiver. Existing receivers need not, however, be 

made obsolete- a frequency converter could be fitted 

either as part of the aerial installation, or at the receiver. 

If we used such a system it would, of course, provide 

" free" television programmes to a large proportion of 

the earth's surface. Herein lies a particularly attractive 

aspect of the system. We could "go-it-alone" with the 

reasonable assurance that viewers in other countries will 

wish to see these " free " programmes. It is probably too 

much to hope that such a venture could be a combined 

European operation in its early stages. 

Is it too late to re-cast the country's television service 

into a sophisticated system that could be far in advance 

of any other? It could give receiver manufacturers the 

" shot-in-the-arm " they so desperately need. 

R. S. ROBERTS 

The Northern Polytechnic, 

London, N.7. 
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THE following courses to be held at various centres during 

the forthcoming academic year have been selected from in- 

formation received as being of particular interest to Wireless 

World readers. 

Twickenham College of Technology.—In addition to part-time 

courses leading to the O.N.C. and H.N.C. with endorsements for 
the graduateship examinations of I.E.E. and I.E.R.E., special 

lecture courses are available on fundamentals of semiconductor 

devices, transistor circuit design, basic electronics, network analysis 

and basic principles of systems analysis. 

Full-time and part-time post-graduate courses in electrical 

engineering leading to the internal M.Sc.(Eng.) degree of the 

University of London commence on September 27th at West Ham 

College of Technology, London, E.15. Evening courses for post- 
graduates include semiconductor device design, semiconductor 

circuit design theory and linear network theory. 

Among the subjects dealt with by special evening lecture 
courses at Hendon College of Technology are an introduction to 
microwaves, introduction to automatic computing techniques in 

industrial applications, transistors and transistor circuit design, 

and high-fidelity sound reproduction. 

The prospectus from the Northern Polytechnic, London, N.7, 

gives details of full-time and part-time degree courses together 
with a professional course leading to a diploma exempting students 

from the graduateship examination of the I.E.R.E. 

Bristol Technical College is offering a two-year full-time course 
in aircraft radio and electronics as well as courses for the P.M.G.'s 

certificates for marine radio officers. 

Brighton Technical College.—Part-time courses and block release 
courses for technicians are outlined in the Engineering Depart- 

ment's prospectus " A." 

Post-graduate laboratory courses at Portsmouth College of 

Technology include a ten-evening course on the analysis and 
simulation of control systems and another on microwave 

measurements. 
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Semiconductor Detectors for 
Nuclear Radiation 

IF r~., f3 or y-radiation is absorbed by matter, the energy 
is dissipated in the formation of ions and excited 
ato1ns. With application. of a suitable electric field, the 

ions may be collected at the electrodes and the resulting 
pulse used to operate a scaler or ratemeter. In. some 
forms of detector (ionization. chambers, proportional 
and Geiger-Muller counters) the ions are formed in a 
gas, but during the past few years much effort has been 
expended on. solid-state ionization . chambers, partly 
because a solid absorbs energy from penetrating radiation 
far more effectively than a gas. A particle which will 
travel 1 metre in air can be absorbed by about 1 mm 
of silicon. Particles are absorbed in a solid in scintillation 
counters, but the process by which the energy of the 
particles is converted first into photons and then into 

A silicon surface-barrier detectot' with a detachable collimator 
(Elliott S.R.D.I.). 

, photo-electrons at the cathode of a photomultiplier 
tube is very inefficient. 

For any specific material the fraction of the total 
energy used in ion formation is almost independent of the 
initial energy of the radiation and of the type of incident 
particle. Thus a particle of 2 MeV energy will produce 
about twice as many ions as a 1 MeV particle absorbed 
in the same medium, but the ions formed by the 2 MeV 
particle will be distributed over a greater path length. 
In many types of detector the number of ions collected 
(and therefore the output pulse amplitude) is proportional 
to the energy absorbed frorr1 the particle. The energy 
required to form each ion pair in a gas varies from about 
22 to 37 e V according to the nature of the gas. 

The ionization. produced by a charged particle is a 
result of the electrostatic forces between the particle 
and the electrons of the matter through which it is 
passing. The energy of y-radiation is ·dissipated indirectly 
in three main ways. In. the photoelectric effect the whole 
of the energy of a y-photon is used to eject an electron 
from an atom; the fast electron then behaves as a 
/3.-particle and produces ions. In Corn.pton scattering the 
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By J. B. DANCE, M.Sc. 

energy of a y-ray is shared with an electron; the electron 
is given a high velocity and a y-ray of lower energy is 
formed. The y-ray may undergo further Compton 
scattering, but is more likely to escape unless the 
volume of the absorber is large. Radiation exceeding 
1. 02 MeV can cause electron-positron pair production. 
The positron will meet another electron and the two will 
be annihilated, two y-rays (about 0.51 MeV) being 
formed. 

In Compton scattering and pair production it is likely 
that a large fraction of the energy of the y-ray will escape 
the absorbing material. If a y-photon is absorbed by the 
photoelectric process, however, the whole of the energy 
of the photon is absorbed. Thus if a detector is used 
which produces output pulses of an amplitude proportional 
to the energy absorbed, the amplitude of these pulses 
will be proportional to the energy of the incident 
y-radiation only if the absorption occurs -by the photo-
electric process. . - · 

The photoelectric absorption coefficient is proportional 
to the fifth power of the atomic number of the absorber. 
Thus if it is necessary to determine the energy spectrum 
of y-photons, it is desirable that the absorbing material 
should have a high atomic number. 

Resolution· of detectors 
If a detector is being used for energy spectrometry, 
the output pulses will not have exactly the same ampli­
tude even if the energy absorbed by the detector from 
each particle is identical. One reason for this is that the 
presence of noise pulses may increase or decrease the 
amplitude of the detector output pulses. In addition, the 
exact fraction of the energy of the incident particle used 
to create ions is determined by probability. A similar 
effect occurs in scintillation counters where the exact 
fraction of the energy used to create photons (and hence 
electrons at the photo-multiplier cathode) shows a 
statistical variation around an average value. Thus if the 
output pulse amplitude of any detection system is con­
verted into an energy spectrum by me3ns of a pulse height 
analyser, the spectrum for monoenergetic particles will 
be of the form. shown in Fig. 1. In a spectrum of radiation 
containing a number of peaks, two of the peaks may be 
so close together that they cannot be distinguished from 
a single peak. The width of a single peak at half the 

Fig. I. A typical energy 
spectrum of monoenergetic 
radiation. 
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maximum height may be used as a measure of the energy 
resolution of the svstem. .. 

SEMICONDUC'TOR DETECTORS 
In order that the statistical spread of each energy 
peak shall be as small as possible, the material of the 
detector should be chosen so that as many ions as possible 
are formed for each MeV of energy absorbed from 
incident radiation. Not only will this reduce the statistical 
spread in the number of ions . formed, but it will also 
increase the sig.nal amplitude and therefore reduce the 
effect of any noise pulses. 

Each ion pair formed in a semiconductor material 
requires an energy of about 2-4 e V; this is only about 
one tenth of that required by gaseous absorbers. It is 
also very much smaller than the energy required to 
produce one photoelectron in a scintillation counter 
(which varies from about 200 eV in a thallium-activated 
sodium iodide crystal to over 1 keVin organic phosphors). 
Semiconductor detectors can therefore show excellent 
energy resolution. 

If the maximum resolution is limited by the noise level, 
it might be expected that semiconductor detectors would 
show an improvement of about ten times when compared 
with gas filled detectors. If, however, the statistical 
spread in the fraction of the energy which i·s used to 
create ions is limiting the resolution obtainable, it would 
be expected that the use of a semiconductor detector 
would improve the resolution by a factor of y10. In 
practice noise often limits the resolution, but other 
factors must be taken into account, particularly the noise 
introduced by the :first stage of the amplifier used. 

The number of ions formed in a semiconductor 
material per MeV of absorbed energy is inversely pro­
portional to the gap in the energy band of the material 
used. It will be shown, however, that other factors are 
more important 1than this in the choice of the semi­
conductor materiaL 

Homogeneous detectors 
Semiconductor detectors may be divided into two 
main types, the homogeneous detectors and the junction 
detectors. Homogeneous detectors consist of a piece of 
semiconductor material sandwiched between two elec­
trodes. They can be used for individual particle counting 
only if the temperature is very low, but certain types of 
homogeneous detector can be used for integrated flux 
measurement at normal temperatures. Junction detectors 
can be used for counting individual particles both at 
room and low temperatures, but have the disadvantage 
that their sensitive volume, is severely limited. In order to 
appreciate how these types of detector have been de­
veloped and why they have certain limitations, it is 
necessary to consider the properties of the semiconductor 
materials used. 

The material to be used in a solid-state ionization 
chamber designed for counting 'individual particles 
must have a fairly low specific conductivity, or statistical 
fluctuations in the steady current passing between the 
electrodes (i.e. noise) will provide puls~s of the same 
order of amplitude as the pulses caused by the radiation 
being detected. As in a gas-filled detector, the number of 
charge ,carriers present in unit volume of the material 
in the absence of radi 1tion must be relatively small, 
although it is desirable that their mobility shall be large 
in order to obtain short pulse rise times for fast counting. 
This requirement seems to indicate that a· high-purity 
semiconductor material with a fairly large energy gap 
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should be chosen so that the number of thermally gener­
ated charge carriers will be comparatively smalL 

A second requirement is that the mean free carrier 
lifetime should be reasonably high. Impurity atoms, 
dislocations, etc., in the crystal lattice form local energy 
bands within the forbidden region. These bands act as 
traps at which free charges may be temporarily or per­
manently held, since the probability of recombination 
with a charge of the opposite sign is fairly small at these 
trap levels. The trap density should be low (as in a gas­
fil~ed detector) or a partial loss of the signals will occur 
together with a change in the properties of the material 
as the electron population of the traps is altered (" polar­
ization"). The energy resolution will then be impaired. 

It is most unfortunate that materials ·which have the 
required energy band gaps have carrier lifetimes which are 
too low. The energy gaps of germanium and silicon 
are not large enough to enable a homogeneous block of 
either of these materials to be used as a detector at room 
temperature, although the trap density is low. Gallium 
arsenide has a suitable energy gap, but the carrier lifetimes 
in this material are too low; in addition it can show 
oscillations at .high field strengths. Diamond was one 
of the first materials used in a solid-state · detector, 
but apart from the prohibitive price of large crystals 
of this material, it has a number of other disadvantages 
including high trap density. Considerable effort is being 
made to find new materials which will be suitable for 
homogeneous detectors, but even if such materials are 
found, it is likely that there will be considerable diffi­
culties ·attached to the fabrication of single crystals of the 
materials of the required uniformity. 

Flux measuring detectors.-Integrating instruments 
do not provide a separate pulse as each particle strikes the 
detector, but are merely used to give an indication of the 
particle flux at the detector. In this type of instrument 
traps which lengthen the response time may not matter, 
since it is only necessary to measure the mean current 
pas sing through the detector. 

Semiconductor flux detectors take the form of a crystal 
of the semiconductor material between two electrodes. 
As the radiation flux (often gamma) increases, the 
resistance of the crystal. decreases. Cadmium sulphide is 
commonly used in flux detectors, but other group II-VI 
compounds can be used, · such as cadmium selenide and 
telluride. Sometimes insulators (polythene, p.t.f.e. etcJ 
are used for dosimetry, since they have a density of 
approximately unity; however, they are not as sensitive 
as cadmium sulphide. 

Charge ampHfication.-Cadmium sulphide and sele­
nide are materials of large energy gaps and high trap 
densities. However, the traps may be used to obtain a 
charge amplification of perhaps 10,000. If ions are formed 
by a particle of nuclear radiation striking a cadmium sul­
phide crystal, the electrons are quickly swept to the anode, 
but many of the holes are trapped. If suitable electrodes 
are employed, the field due to the trapped holes will 
cause electrons to enter the crystal from the · cathode. A 
small proportion of these electrons will neutralise trapped 
holes, but most of them will pass to the anode. Further 
electrons will be injected from the cathode until eventually 
all of the trapped holes will be neutralized. 

If the time for an electron to pass across the crystal is 
t r and T is the mean lifetime of an electron, the total 
charge which passes through the crystal per incident 
particle will be nT It r where n is the charge formed by an 
incident particle. The ratio T/t r may be called the 
amplification of the device. A high gain will be obtained 
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be expected that the use of a semiconductor detector 

would improve the resolution by a factor of \/10. In 

practice noise often limits the resolution, but other 

factors must be taken into account, particularly the noise 

introduced by the first stage of the amplifier used. 

The number of ions formed in a semiconductor 

material per MeV of absorbed energy is inversely pro- 

portional to the gap in the energy band of the material 

used. It will be shown, however, that other factors are 

more important than this in the choice of the semi- 

conductor material. 

Homogeneous detectors 

Semiconductor detectors may be divided into two 

main types, the homogeneous detectors and the junction 

detectors. Homogeneous detectors consist of a piece of 

semiconductor material sandwiched between two elec- 

trodes. They can be used for individual particle counting 

only if the temperature is very low, but certain types of 

homogeneous detector can be used for integrated flux 

measurement at normal temperatures. Junction detectors 

can be used for counting individual particles both at 

room and low temperatures, but have the disadvantage 

that their sensitive volume is severely limited. In order to 

appreciate how these types of detector have been de- 

veloped and why they have certain limitations, it is 

necessary to consider the properties of the semiconductor 

materials used. 

The material to be used in a solid-state ionization 

chamber designed for counting individual particles 

must have a fairly low specific conductivity, or statistical 

fluctuations in the steady current passing between the 

electrodes (i.e. noise) will provide pulses of the same 

order of amplitude as the pulses caused by the radiation 

being detected. As in a gas-filled detector, the number of 

charge carriers present in unit volume of the material 

in the absence of radiation must be relatively small, 

although it is desirable that their mobility shall be large 

in order to obtain short pulse rise times for fast counting. 

This requirement seems to indicate that a high-purity 

semiconductor material with a fairly large energy gap 

should be chosen so that the number of thermally gener- 

ated charge carriers will be comparatively small. 

A second requirement is that the mean free carrier 

lifetime should be reasonably high. Impurity atoms, 

dislocations, etc., in the crystal lattice form local energy 

bands within the forbidden region. These bands act as 

traps at which free charges may be temporarily or per- 

manently held, since the probability of recombination 

with a charge of the opposite sign is fairly small at these 

trap levels. The trap density should be low (as in a gas- 

filled detector) or a partial loss of the signals will occur 

together with a change in the properties of the material 

as the electron population of the traps is altered (" polar- 

ization "). The energy resolution will then be impaired. 

It is most unfortunate that materials which have the 

required energy band gaps have carrier lifetimes which are 

too low. The energy gaps of germanium and silicon 

are not large enough to enable a homogeneous block of 

either of these materials to be used as a detector at room 

temperature, although the trap density is low. Gallium 

arsenide has a suitable energy gap, but the carrier lifetimes 

in this material are too low; in addition it can show 

oscillations at high field strengths. Diamond was one 

of the first materials used in a solid-state detector, 

but apart from the prohibitive price of large crystals 

of this material, it has a number of other disadvantages 

including high trap density. Considerable effort is being 

made to find new materials which will be suitable for 

homogeneous detectors, but even if such materials are 

found, it is likely that there will be considerable diffi- 

culties attached to the fabrication of single crystals of the 

materials of the required uniformity. 

Flux measuring detectors.—Integrating instruments 

do not provide a separate pulse as each particle strikes the 

detector, but are merely used to give an indication of the 

particle flux at the detector. In this type of instrument 

traps which lengthen the response time may not matter, 

since it is only necessary to measure the mean current 

passing through the detector. 

Semiconductor flux detectors take the form of a crystal 

of the semiconductor material between two electrodes. 

As the radiation flux (often gamma) increases, the 

resistance of the crystal decreases. Cadmium sulphide is 

commonly used in flux detectors, but other group II-VI 

compounds can be used, such as cadmium selenide and 

telluride. Sometimes insulators (polythene, p.t.f.e. etc.J 

are used for dosimetry, since they have a density of 

approximately unity; however, they are not as sensitive 

as cadmium sulphide. 

Charge amplification.—Cadmium sulphide and sele- 

nide are materials of large energy gaps and high trap 

densities. However, the traps may be used to obtain a 

charge amplification of perhaps 10,000. If ions are formed 

by a particle of nuclear radiation striking a cadmium sul- 

phide crystal, the electrons are quickly swept to the anode, 

but many of the holes are trapped. If suitable electrodes 

are employed, the field due to the trapped holes will 

cause electrons to enter the crystal from the cathode. A 

small proportion of these electrons will neutralise trapped 

holes, but most of them will pass to the anode. Further 

electrons will be injected from the cathode until eventually 

all of the trapped holes will be neutralized. 

If the time for an electron to pass across the crystal is 

tr and r is the mean lifetime of an electron, the total 

charge which passes through the crystal per incident 

particle will be nrltr where n is the charge formed by an 

incident particle. The ratio T/tr may be called the 

amplification of the device. A high gain will be obtained 
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if 'T is fairly la.rge and if t r is kept small by choosing a 
thin crystal with a high electron mobility. In practice the 
electron lifetimes are modified by crystal imperfections 
which act as electron traps. A high concentration of such 
traps will reduce the sensitivity and increase the response 
time. The crystals are fine needles about 1 em long with 
indium electrodes attached to them. They are sealed 
in a glass tube. The most suitable crystals must be 
selected from a batch which have been grown from the 
vapour phase. 

Cadmium sulphide and selenide detectors are available 
with sensitivities of 0.1 to 50 fLA rad-1hr- 1 ; generally 
the cadmium sulphide types are the more sensitive. A 
linear response over many orders of magnitude up to at 
least 108 rad hr-1 can be obtained. These detectors 
liave the advantages that they are small and cheap (less 
than £5) an.d the associated instrumentation could hardly 
be simpler. It is only necessary to connect a cadmium 
sulphide detector in series vvith a moving coil micro­
ammeter and a battery to make an inexpensive port1ble 
y-ray monitor. These detectors are not damaged by high 
radiation intensities. 

One of the main disadvantages of the cadmium sulphide 
detector is the long response time for moderate radiation 
intensities ("" 1 sec.). When a cadmium sulphide 
detector is placed in a radiation field of moderate intensity, 
the ·current passing increases fairly slowly to a maximum 
value in a time which is of the same order as the lifetime 
of the trapped carriers. A similar slow decrease occurs 
when the detector is removed from the field. The 
response time is short at high intensities (where the traps 
are quickly filled), but it is generally so large at intensities 
of the order of the recommended human tolerance levels 
that it seems doubtful whether these detectors in their 
present form will be· ·useful for health monitoring at lovv 
intensities. 

The response time of a cadmium sulphide cell which 
has been kept away from radiation for some time is 
greater than that of a cell which has been irradiated 
during the previous few hours. In order to avoid this 
effect, some cadmium sulphide cel~s incorporate a 
radioisotope in the semiconductor material so that some 
of the deeper traps are kept filled. Such crystals pass a 
small current even in the absence of an external field and 
this current must be " backed off " in the instrument. 

It has been found that cadmium sulphide detectors 
giving current gain can produce single pulses of several 
volts amplitude when they absorb cx-particles<2 >. Although 
the energy resolution and maximum counting rate are 
very limited, such low cost a-counting systems may be 
useful when a large number of the detectors are required. 

Junction detectors 

In a p-n junction holes from the p-type semiconductor 
initially diffuse across the junction into the n-type and 
electrons from then-type diffuse into the p-type. Equili­
brium is established when the potential developed across 
the junction by this carrier diffusion prevents further 
diffusion from taking place. The junction potential 
rep~ls free charges away from the junction. The junction 
region contains no free charge carriers and is therefore 
referred to as the depletion region. The application of a 
negative bias potential to the p-type material will increase 
the depth of the depletion layer (and hence decrease the 
junction capacitance) by drawing mobile charges further 
from· the junction. 

Although the number of free charge carriers in a homo­
geneous sample of silicon is too great for it to be employed 
as a solid-state ionisation chamber at room temperature, 
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silicon p-n junctions can be made in which the depletion 
region is used as the active part of a solid-state detector 
at room temperature. . . 

Silicon junction detectors are the most commonly used 
form of semiconductor detector. The depth of the deple­
tion layer is, however, severely limited and is dependent 
on the applied reverse bias potential. Germanium 
junction detectors must be cooled to liquid nitrogen 
temperatures. . 

Depletion depth.-The depth of the sensitive depletion 
region of a junction detector is controlled by the applied 
bias voltage; optimum bias voltages range from a few 
volts to over a kilovolt. The depletion depth, d, is given 
by the following approximate equations:---.:. · 

a~5 v/p-Vx l0-5 em inn-type silicon . 
and a~3 V.'P Vx l0-·5 em in p-type silicon 

where p = specific resistance of the silicon used in ohm em, 
and V = the applied bias voltage. 

The depletion depth required to stop a charged 
particle depends on the type of particle and its energy. 
For example, a 5.5MeV ~-particle requires a depletion 
depth of about 25fLm in silicon for complete absorption, 
whereas a fi-particle of about 56 ke V or a proton of about 
1.4 MeV will penetrate to a similar depth. A depth 
·of · about 0.2 mm of silicon is required to stop a 0~21 MeV 
electron or a 5 MeV proton; this depth can be obtained 
by the use of a n-type silicon of resistivity 3.6 x 103 ohm 
em at a bias of about 46V. 

A germanium depletion region of a certain depth will 
stop particles of about twice the energy of those just 
absorbed by a silicon depletion r.egion of the same 
depth. 

The charge collection time, T, in a thick detector is 
given by the approximate equation ( a ) :~ 

W:3 
T = --

fLV 

where W is the depletion depth of the detector, J1- the 
carrier mobility, and V the applied bias voltage. As T 

is proportional to W 2, it is desirable to keep Was small 
as possible consistent with the absorption of the particle. 
It is also desirable to make W only slightly greater 
than the particle range if there is an appreciable gamma 
background. On the other hand, it is desirable that W 
should be large for very high resolution spectroscopy, 
since the junction capacitance will then be small. 

An excessive bias voltage will result in increased noise 
owing to the greater current flowing. At small bias 
voltages inefficient charge collection will also result in 
increased noise. An increase in the bias voltage will have 
the advantage that the charge carrier transit time will 
be reduced. The electric field strength at all points in 
the semiconductor material must be considerably less 
than that at which avalanche breakdown occurs in silicon 
(about 6 x 105 Vern -1). A .graphical method for deter­
mining the optimum detector operating conditions has 
been published<.t>. 

Junction detector construction 

Silicon surface barrier junction detectors are made from 
n-type silicon, a p-type layer being formed at one face 
by spontaneous oxidation. A gold film of a bout 20 to 50 
J.-tg cm- 2 is evaporated onto the oxidized face to form 
one electrode and an aluminium or magnesium alloy 
electrode is formed by evaporation on the back surface 
of the silicon. The depletion region extends from the 
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if r is fairly large and if tr is kept small by choosing a 

thin crystal with a high electron mobility. In practice the 

electron lifetimes are modified by crystal imperfections 

which act as electron traps. A high concentration of such 

traps will reduce the sensitivity and increase the response 

time. The crystals are fine needles about 1 cm long with 

indium electrodes attached to them. They are sealed 

in a glass tube. The most suitable crystals must be 

selected from a batch which have been grown from the 

vapour phase. 

Cadmium sulphide and selenide detectors are available 

with sensitivities of 0.1 to 50 /xArad^hr-1; generally 

the cadmium sulphide types are the more sensitive. A 

linear response over many orders of magnitude up to at 

least 10® radhr-1 can be obtained. These detectors 

have the advantages that they are small and cheap (less 

than £5) and the associated instrumentation could hardly 

be simpler. It is only necessary to connect a cadmium 

sulphide detector in series with a moving coil micro- 

ammeter and a battery to make an inexpensive portable 

y-ray monitor. These detectors are not damaged by high 

radiation intensities. 

One of the main disadvantages of the cadmium sulphide 

detector is the long response time for moderate radiation 

intensities (~ 1 sec.). When a cadmium sulphide 

detector is placed in a radiation field of moderate intensity, 

the current passing increases fairly slowly to a maximum 

value in a time which is of the same order as the lifetime 

of the trapped carriers. A similar slow decrease occurs 

when the detector is removed from the field. The 

response time is short at high intensities (where the traps 

are quickly filled), but it is generally so large at intensities 

of the order of the recommended human tolerance levels 

that it seems doubtful whether these detectors in their 

present form will be useful for health monitoring at low 

intensities. 

The response time of a cadmium sulphide cell which 

has been kept away from radiation for some time is 

greater than that of a cell which has been irradiated 

during the previous few hours. In order to avoid this 

effect, some cadmium sulphide cells incorporate a 

radioisotope in the semiconductor material so that some 

of the deeper traps are kept filled. Such crystals pass a 

small current even in the absence of an external field and 

this current must be "backed off" in the instrument. 

It has been found that cadmium sulphide detectors 

giving current gain can produce single pulses of several 

volts amplitude when they absorb a-particles(2). Although 

the energy resolution and maximum counting rate are 

very limited, such low cost a-counting systems may be 

useful when a large number of the detectors are required. 

Junction detectors 

In a p-n junction holes from the p-type semiconductor 

initially diffuse across the junction into the n-type and 

electrons from the n-type diffuse into the p-type. Equili- 

brium is established when the potential developed across 

the junction by this carrier diffusion prevents further 

diffusion from taking place. The junction potential 

repels free charges away from the junction. The junction 

region contains no free charge carriers and is therefore 

referred to as the depletion region. The application of a 

negative bias potential to the p-type material will increase 

the depth of the depletion layer (and hence decrease the 

junction capacitance) by drawing mobile charges further 

from the junction. 

Although the number of free charge carriers in a homo- 

geneous sample of silicon is too great for it to be employed 

as a solid-state ionisation chamber at room temperature. 

silicon p-n junctions can be made in which the depletion 

region is used as the active part of a solid-state detector 

at room temperature. 

Silicon junction detectors are the most commonly used 

form of semiconductor detector. The depth of the deple- 

tion layer is, however, severely limited and is dependent 

on the applied reverse bias potential. Germanium 

junction detectors must be cooled to liquid nitrogen 

temperatures. 

Depletion depth.—The depth of the sensitive depletion 

region of a junction detector is controlled by the applied 

bias voltage; optimum bias voltages range from a few 

volts to over a kilovolt. The depletion depth, d, is given 

by the following approximate equations 

\/pVx 10~5 cm in n-type silicon 

and d^3 \/pVx 10 5 cm in p-type silicon 

where p = specific resistance of the silicon used in ohm cm, 

and F - the applied bias voltage. 

The depletion depth required to stop a charged 

particle depends on the type of particle and its energy. 

For example, a 5.5MeV a-particle requires a depletion 

depth of about 25/xm in silicon for complete absorption, 

whereas a /^particle of about 56 keV or a proton of about 

1.4 MeV will penetrate to a similar depth. A depth 

of about 0.2 mm of silicon is required to stop a 0.21 MeV 

electron or a 5 MeV proton; this depth can be obtained 

by the use of a n-type silicon of resistivity 3.6 x 103 ohm 

cm at a bias of about 46V. 

A germanium depletion region of a certain depth will 

stop particles of about twice the energy of those just 

absorbed by a silicon depletion region of the same 

depth. 

The charge collection time, r, in a thick detector is 

given by the approximate equation <3):-— 

W'2 

T~ H-V 

where W is the depletion depth of the detector, /x the 

carrier mobility, and V the applied bias voltage. As r 

is proportional to IF2, it is desirable to keep W as small 

as possible consistent with the absorption of the particle. 

It is also desirable to make W only slightly greater 

than the particle range if there is an appreciable gamma 

background. On the other hand, it is desirable that W 

should be large for very high resolution spectroscopy, 

since the junction capacitance will then be small. 

An excessive bias voltage will result in increased noise 

owing to the greater current flowing. At small bias 

voltages inefficient charge collection will also result in 

increased noise. An increase in the bias voltage will have 

the advantage that the charge carrier transit time will 

be reduced. The electric field strength at all points in 

the semiconductor material must be considerably less 

than that at which avalanche breakdown occurs in silicon 

(about 6 x 105 Vcm ~1). A graphical method for deter- 

mining the optimum detector operating conditions has 

been published*1*. 

Junction detector construction 

Silicon surface barrier junction detectors are made from 

n-type silicon, a p-type layer being formed at one face 

by spontaneous oxidation. A gold film of about 20 to 50 

/xg cm 2 is evaporated onto the oxidized face to form 

one electrode and an aluminium or magnesium alloy 

electrode is formed by evaporation on the back surface 

of the silicon. The depletion region extends from the 
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gold electrode inwards to a depth which depends on 
the applied bias, but which is normally less than 1 mm. 
This type of detector is fairly easy to make in the labora­
tory, but the percentage of really good detectors which 
will withstand a high bias and produce little noise is 
not usually very high. 

Silicon diffused junction detectors are manufactured by 
allowing an clement such as phosphorus or boron to 
diffuse into one side of a silicon slab (normally p-type)' 
at a temperature of perhaps 900°C in an inert atmosphere. 
An aluminium film is simultaneously allowed to diffuse 
into the slab from the other side.. One disadvantage of 
the diffused junction detector is that the high temperatures 
employed in its manufacture may lead to a reductio.n in 
the carrier lifetimes; surface barrier detectors are not 
raised above room temperature during · manufacture and 
therefore do not suffer from this effect. Generally the 
diffused junction types are somewhat more robust and 
for this reason are likely to be more suitable for some 
purposes. 

Lithium-drifted junction detectors can be made with 
depletion regions of 1 to 2 em by employing a principle 
discovered by Pell<5 ). Initially lithium is allowed to diffuse 
into one face of a silicon slab under very carefully con­
trolled conditions. Lithium is a donor in silicon and the 
Li + ions rapidly diffuse into interstitial sites in the 
lattice. They are then caused to drift at a lower tempera­
ture under the influence of an electric field. This results 
in a deep depletion region being formed. The lithium 
ions tend to pair off with boron impurity atoms present 
in the silicon so that the specific resistance of the semi­
conductor material and hence the depletion depth is 
greatly increased. The amount of drifted lithium auto­
matically adjusts itself to compensate for the presence 
of the acceptor ions to an accuracy of up to 0.001 ~/o. 
Lithium drifted gennanium detectors can be made in a 
similar way. 

Lithium-drifted silicon surface barrier detectors have 
been prepared with window thicknesses of less than 
I0-4 em and depletion depths of a few mm. 

JUNCTION DE'TECTOR APPLICATIONS 
ex-cour~.ting and spectrometry .-Silicon junction 
detectors are replacing scintillation counters for many 
ex-monitoring purposes, especially where a probe of small 
size is required. The low background count of the 
semiconductor detector enables it to be employed to 
measure the activity of very weak rx -sources; background 
counting rates of less than 0.15 counts per hour have 
been reported <6 ) . 

Silicon surface barrier and diffused junction detectors 
are ideal for ex-particle spectrometry. rx-particles of 
normal energies are completely absorbed in the narrow 
depletion regions The thin window of the detector 
combined with the small amount of energy required to 
form an ion pair in silicon enables very high resolution 
to be obtained. I t is necessary to place the specimen 
and the detector in a vacuum if the best possible energy 
resolution is required, since rx-particles lose an 
appreciable part of their energy in air. 

The high resolution offered by silicon junction detectors 
in a-spectrometry almost always enables the emitting 
radioisotope to be identified. Indeed, the element no. 103, 
lawrencium, was first identified in this way although 
only a few counts per hour could be recorded. The high 
energy resolution obtain(J.ble with a semiconductor 
ex-spectrometer is \veil illustrated by the americium-241 
spectrum shown in Fig. 2. 
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Fig. 2. The a-spectrum of americium 241. The excellent energy 
resolution is obtained by cooling a detector with a dep·letion depth 
of about I mm. 

If air containing a-emitting dust is drawn through a 
filter paper, the amount of each a-emitter present can be 
estimated from the energy spectrum of the material on 
the filter paper; when other types of detector are em­
ployed, it may be necessary to wait one or t\vo days for 
the natural radioactive materials in the air to decay. 
An automatic ex assay equipment which includes a 2 em 
dia. solid-state detector has been designed for monitoring 
the activity of filter papers from the personal air samplers 
"NOrn by people employed in active areas. 

,8-counting and spectrometry.-A j_unction detector 
can be used for ,B-counting if the depth of the depletion 
region is sufficient to absorb enough energy from each 
particle ( 10-15 ke V) to produce a pulse which exceeds the 
level of the noise pulses. Semiconductor detectors are 
not very suitable for the counting of very low-energy {3-
radiation at room temperature. The small size of the 
detectors, however, renders them especially attractive 
for certain medical applications, especially in cancer 
work. 

For ,B-spectrometry it is necessary that almost all of 
the particles shall be absorbed within the depletion 
region. High resistivity detectors should be employed 
at a fairly high applied bias for ,B-spectroscopy in order 
to obtain a suitable depletion depth. Lithium-drifted 
silicon detectors should normally be used for ,B-energies 
exceeding about 500 keV. They can be made with 
depletion. regions deep enough to absorb ,8-particles with 
energies up to about 8 MeV and may be used at room 
temperature or_, for better resolution, at liquid nitrogen 
temperature. 

The detectors qffer better resolution than scintillation 
f3-detectors but have the disadvantage that they require 
a low-noise amplifier. Except at low energies a semi­
conductor detector is very suitable for use in magnetic 
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gold electrode inwards to a depth which depends on 

the applied bias, but which is normally less than 1 mm. 

This type of detector is fairly easy to make in the labora- 

tory, but the percentage of really good detectors which 

will withstand a high bias and produce little noise is 

not usually very high. 

Silicon diffused junction detectors are manufactured by 

allowing an element such as phosphorus or boron to 

diffuse into one side of a silicon slab (normally p-type)' 

at a temperature of perhaps 900oC in an inert atmosphere. 

An aluminium film is simultaneously allowed to diffuse 

into the slab from the other side. One disadvantage of 

the diffused junction detector is that the high temperatures 

employed in its manufacture may lead to a reduction in 

the carrier lifetimes; surface barrier detectors are not 

raised above room temperature during manufacture and 

therefore do not suffer from this effect. Generally the 

diffused junction types are somewhat more robust and 

for this reason are likely to be more suitable for some 

purposes. 

Lithium-drifted junction detectors can be made with 

depletion regions of 1 to 2 cm by employing a principle 

discovered by Pell'5'. Initially lithium is allowed to diffuse 

into one face of a silicon slab under very carefully con- 

trolled conditions. Lithium is a donor in silicon and the 

Li+ ions rapidly diffuse into interstitial sites in the 

lattice. They are then caused to drift at a lower tempera- 

ture under the influence of an electric field. This results 

in a deep depletion region being formed. The lithium 

ions tend to pair off with boron impurity atoms present 

in the silicon so that the specific resistance of the semi- 

conductor material and hence the depletion depth is 

greatly increased. The amount of drifted lithium auto- 

matically adjusts itself to compensate for the presence 

of the acceptor ions to an accuracy of up to 0.001%. 

Lithium drifted germanium detectors can be made in a 

similar way. 

Lithium-drifted silicon surface barrier detectors have 

been prepared with window thicknesses of less than 

lO-4 cm and depletion depths of a few mm. 

JUNCTION DETECTOR APPLICATIONS 

a-counting and spectrometry.—Silicon junction 

detectors are replacing scintillation counters for many 

a-monitoring purposes, especially where a probe of small 

size is required. The low background count of the 

semiconductor detector enables it to be employed to 

measure the activity of very weak a-sources; background 

counting rates of less than 0.15 counts per hour have 

been reported^6). 

Silicon surface barrier and diffused junction detectors 

are ideal for a-particle spectrometry. a-particles of 

normal energies are completely absorbed in the narrow 

depletion region. The thin window of the detector 

combined with the small amount of energy required to 

form an ion pair in silicon enables very high resolution 

to be obtained. It is necessary to place the specimen 

and the detector in a vacuum if the best possible energy 

resolution is required, since a-particles lose an 

appreciable part of their energy in air. 

The high resolution offered by silicon junction detectors 

in a-spectrometry almost always enables the emitting 

radioisotope to be identified. Indeed, the element no. 103, 

lawrencium, was first identified in this way although 

only a few counts per hour could be recorded. The high 

energy resolution obtainable with a semiconductor 

a-spectrometer is well illustrated by the americium-241 

spectrum shown in Fig. 2. 
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Fig. 2. The cc-spectrum of americium 241. The excellent energy 

resolution is obtained by cooling a detector with a depletion depth 

of about I mm. 

If air containing a-emitting dust is drawn through a 

filter paper, the amount of each a-emitter present can be 

estimated from the energy spectrum of the material on 

the filter paper; when other types of detector are em- 

ployed, it may be necessary to wait one or two days for 

the natural radioactive materials in the air to decay. 

An automatic a assay equipment which includes a 2 cm 

dia. solid-state detector has been designed for monitoring 

the activity of filter papers from the personal air samplers 

worn by people employed in active areas. 

jS-counting and spectrometry.—A junction detector 

can be used for /3-counting if the depth of the depletion 

region is sufficient to absorb enough energy from each 

particle (10-15 keV) to produce a pulse which exceeds the 

level of the noise pulses. Semiconductor detectors are 

not very suitable for the counting of very low-energy /3- 

radiation at room temperature. The small size of the 

detectors, however, renders them especially attractive 

for certain medical applications, especially in cancer 

work. 

For /3-spectrometry it is necessary that almost all of 

the particles shall be absorbed within the depletion 

region. High resistivity detectors should be employed 

at a fairly high applied bias for /3-spectroscopy in order 

to obtain a suitable depletion depth. Lithium-drifted 

silicon detectors should normally be used for ^-energies 

exceeding about 500 keV. They can be made with 

depletion regions deep enough to absorb /3-particles with 

energies up to about 8 MeV and may be used at room 

temperature or, for better resolution, at liquid nitrogen 

temperature. 

The detectors offer better resolution than scintillation 

/3-detectors but have the disadvantage that they require 

a low-noise amplifier. Except at low energies a semi- 

conductor detector is very suitable for use in magnetic 
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f3 spectrometer instead of a Geiger-Muller or scintillation 
detector. · 

y-counting and spectrometry.-Solid state detectors 
are not efficient y-detectors, since their volume is small 
and the atomic number of the semiconductor material is 
low. Th.ey are much more satisfactory for the counting of 
fairly low energy y-rays or of X-rays than high energy 
y-rays, since a much greater fraction of the former cause 
ionization in the crystal. Scintillation detectors employing 
a thallium-activated sodium iodide crystal are more 
efficient y-ray detectors than any semiconductor device 
available at the present time, since the size of the crystal 
can be fairly large, its density is high and the iodine 
(of the sodium iodine) has a high atomic number. 

Silicon junction detectors are available for the measure­
ment of y-radiation dose rate. They are small, rugged 
and st3ble devices, the typical sensitivity being 106 to 108 

counts per rad. In medicine lithium-drifted silicon 
devices are used to measure the doses given in cobalt 
therapy. Owing to their low· y-efficiency, semiconductor 
detectors are more useful for measuring medium to 
moderately high levels of y-radiation than very low levels. 

For y-spectroscopy lithium-drifted germanium de­
vices offer resolutions exceeding those of other types of 
detector at energies greater than about 300 keV. At lower 
y-ray energies the quartz crystal spectrometer offers 
greater resolution at smaller efficiencies. Lithium-drifted 
silicon detectors can be used for low-energy y- and X-ray 
spectroscopy (preferably at liquid air temperatures), but 
germanium (atomic number 32) doped with gallium 
or zinc has a much greater photoelectric absorption co­
efficient than silicon (atomic number 14). 

Lithium-drifted germanium detectors must not only be 
used at low temperatures, but they must also be stored 
a.t low temperatures. RCA state that their lithium-drifted 
germanium diodes should be stored at or below -···-20°C 
and that storage at liquid nitrogen ten1.peratures should 
prolong their life indefinitely. Storage at room tempera­
ture may cause failure within three months. 
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Fig. 3. Coba.lt-60 y-spectra showing resolution of lithium-drifted Ge 
detector compared with that of a norma! spectrometer , 

Lithium ions are quite mobile in a germanium !attic" 
at room temperature and the compensated depletion region 
will be partly lost after the device has been at normal 
temperatures for a few hours. This is almost unavoidable 
during shipment, but the compensated region can be re­
generated by bolting the device to a heat sink and applying 
a reverse bias of about 150V in series with a 1 k n 
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current-limiting resistor. The time for which this poten­
tial should be applied depends on the length of time 
for which the device has been at room temperature. 
After one week at room temperature the reverse current 
should be passed for about three hours. No recondition- . 
ing should be required for detectors which have been 
stored at temperatures below - 40()C. 

Lithiu~-drifted germanium detectors offer very high 
y-resolution, since the formation of an ion pair in this 
material requires an energy absorption of only 2·8 eV 
and the atomic number is great enough for the proba­
bility of absorption by the photoelectric effect to be 
appreciable. The resolution can be better than 10 keV 
at energies of up to about 6 MeV. The high resolution 
of the detector for the two y-ray energies of cobalt-60 is 
shown in Fig. 3, together with the type of spectrum ob­
tained from a typical scintillation spectrometer employing 
a thallium-activated sodium iodide crystal. 

Neutron detection.-When neutrons pass through 
matter they produce very few ions, since with no charge 
and a high mass they do not react with electrons appreci­
ably. Neutrons are detected by allowing them to react 
with certain nuclei so that ionising radiation is formed 
·vvhich can then be detected in the usual way. 

Fast neutrons are often detected by allowing them to 
strike protons in a hydrogenous material. The recoiling 
protons are detected by the ionization they produce. 
Both thermal and fast neutrons can be detected by allow­
ing them to interact with the nuclei of boron-! 0, when 
a-particles are produced, or with lithium-6, when protons 
are formed. Ionizing particles are also formed when 
uranium undergoes neutron-initiated fission. 

Semiconductor detectors can easily be converted into 
neutron detectors by placing a thin plastic cap (which 
contains many hydrogen atoms) or a thin neutron con­
version foil containing one of the elements mentioned 
in the previous paragraph in front of the windows of the 
detector. 

Neutron spectrometers can be made by placing two 
matched semiconductor detectors on each side of a neu­
tron conversion foil. The total energy of the particles 
formed when a neutron reacts with the foil is absorbed by 
the detectors and the incident neutron energy may be 
calculated from the output pulse size. 

Other particles.-Semiconductor detectors can be 
employed for counting other types of ionizing particles 
such as protons, deuterons, tritons, fission fragments, etc. 
If suitable depletion depths are used, the energy spectrum 
of the . particles may be obtained. Generally a lithium­
drifted device should be used if a depletion depth ex­
ceeding 0· 6 mm is required. 

SPECIAL TYPES OF DETECTOR 
Special types of semiconductor detector are available, 
but they will not be discussed in detail, since they are 
likely to be of interest only to the specialist. A fully 
depleted transmission detector may be used to measure 
the energy lost by a particle per em of its path and in· 
combination with a thicker detector provides information 
which often enables an unkno~n particle to be identified. 
Special types of detector are available for work on the 
polarization (spin) of particles formed in nuclear re-
3Ctions. Another special detector, the " nuclear triode" 
provides t \VO coincident output pulses which provide in­
formation on the energy of the particle and its position 
from one end of the detector. 

·Detectors can be designed which provide internal am-
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)8 spectrometer instead of a Geiger-Miiller or scintillation 

detector. 

y-counting and spectrometry.—Solid state detectors 

are not efficient y-detectors, since their volume is small 

and the atomic number of the semiconductor material is 

low. They are much more satisfactory for the counting of 

fairly low energy y-rays or of X-rays than high energy 

y-rays, since a much greater fraction of the former cause 

ionization in the crystal. Scintillation detectors employing 

a thallium-activated sodium iodide crystal are more 

efficient y-ray detectors than any semiconductor device 

available at the present time, since the size of the crystal 

can be fairly large, its density is high and the iodine 

(of the sodium iodine) has a high atomic number. 

Silicon junction detectors are available for the measure- 

ment of y-radiation dose rate. They are small, rugged 

and stable devices, the typical sensitivity being 106 to 108 

counts per rad. In medicine lithium-drifted silicon 

devices are used to measure the doses given in cobalt 

therapy. Owing to their low y-efficiency, semiconductor 

detectors are more useful for measuring medium to 

moderately high levels of y-radiation than very low levels. 

For y-spectroscopy lithium-drifted germanium de- 

vices offer resolutions exceeding those of other types of 

detector at energies greater than about 300 keV. At lower 

y-ray energies the quartz crystal spectrometer offers 

greater resolution at smaller efficiencies. Lithium-drifted 

silicon detectors can be used for low-energy y- and X-ray 

spectroscopy (preferably at liquid air temperatures), but 

germanium (atomic number 32) doped with gallium 

or zinc has a much greater photoelectric absorption co- 

efficient than silicon (atomic number 14). 

Lithium-drifted germanium detectors must not only be 

used at low temperatures, but they must also be stored 

at low temperatures. RCA state that their lithium-drifted 

germanium diodes should be stored at or below - 20oC 

and that storage at liquid nitrogen temperatures should 

prolong their life indefinitely. Storage at room tempera- 

ture may cause failure within three months. 
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current-limiting resistor. The time for which this poten- 

tial should be applied depends on the length of time 

for which the device has been at room temperature. 

After one week at room temperature the reverse current 

should be passed for about three hours. No recondition- 

ing should be required for detectors which have been 

stored at temperatures below - 40oC. 

Lithium-drifted germanium detectors offer very high 

y-resolution, since the formation of an ion pair in this 

material requires an energy absorption of only 2-8 eV 

and the atomic number is great enough for the proba- 

bility of absorption by the photoelectric effect to be 

appreciable. The resolution can be better than 10 keV 

at energies of up to about 6 MeV. The high resolution 

of the detector for the two y-ray energies of cobalt-60 is 

shown in Fig. 3, together with the type of spectrum ob- 

tained from a typical scintillation spectrometer employing 

a thallium-activated sodium iodide crystal. 

Neutron detection.—When neutrons pass through 

matter they produce very few ions, since with no charge 

and a high mass they do not react with electrons appreci- 

ably. Neutrons are detected by allowing them to react 

with certain nuclei so that ionising radiation is formed 

which can then be detected in the usual way. 

Fast neutrons are often detected by allowing them to 

strike protons in a hydrogenous material. The recoiling 

protons are detected by the ionization they produce. 

Both thermal and fast neutrons can be detected by allow- 

ing them to interact with the nuclei of boron-10, when 

oc-particles are produced, or with lithium-6, when protons 

are formed. Ionizing particles are also formed when 

uranium undergoes neutron-initiated fission. 

Semiconductor detectors can easily be converted into 

neutron detectors by placing a thin plastic cap (which 

contains many hydrogen atoms) or a thin neutron con- 

version foil containing one of the elements mentioned 

in the previous paragraph in front of the windows of the 

detector. 

Neutron spectrometers can be made by placing two 

matched semiconductor detectors on each side of a neu- 

tron conversion foil. The total energy of the particles 

formed when a neutron reacts with the foil is absorbed by 

the detectors and the incident neutron energy may be 

calculated from the output pulse size. 

Other particles.—Semiconductor detectors can be 

employed for counting other types of ionizing particles 

such as protons, deuterons, tritons, fission fragments, etc. 

If suitable depletion depths are used, the energy spectrum 

of the particles may be obtained. Generally a lithium- 

drifted device should be used if a depletion depth ex- 

ceeding 0-6 mm is required. 
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detector compared with that of a normal spectrometer. 

Lithium ions are quite mobile in a germanium lattic- 

at room temperature and the compensated depletion region 

will be partly lost after the device has been at normal 

temperatures for a few hours. This is almost unavoidable 

during shipment, but the compensated region can be re- 

generated by bolting the device to a heat sink and applying 

a reverse bias of about 150V in series with a 1 ktl 

SPECIAL TYPES OF DETECTOR 

Special types of semiconductor detector are available, 

but they will not be discussed in detail, since they are 

likely to be of interest only to the specialist. A fully 

depleted transmission detector may be used to measure 

the energy lost by a particle per cm of its path and in 

combination with a thicker detector provides information 

which often enables an unknown particle to be identified. 

Special types of detector are available for work on the 

polarization (spin) of particles formed in nuclear re- 

actions. Another special detector, the " nuclear triode " 

provides two coincident output pulses which provide in- 

formation on the energy of the particle and its position 

from one end of the detector. 

Detectors can be designed which provide internal am- 
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plification by transistor action <8 ), but unfortunately this 
does not yield an improved signal to noise ratio. If a 
detector could be designed which would give an amplifica­
tion similar to the gas amplification of a proportional 
counter, it would almost certainlv have a bright future. 

A phosphor has been used in contact with a photo­
diode<9 >. Although this system is much smaller than the 
conventional scintillation counter, the energy resolution 
is inferior owing to the noise produced by the photo­
diode. Nevertheless, the energy required to produce 
an ion pair is about 70 e V which is less than required for a 
conventional scintillation counter. 

RADIATION DAMAGE 
Gas-filled detectors are not permanently damaged by 
very high radiation levels, but the atoms of semiconductor 
detectors can be displaced in the lattice by the energy of 
the radiation and this results in the so-called Frenkel 
defects(10>. The effect of impurity atoms created under 
neutron bombardment may also affect the detector prop­
erties. Lithium-drifted devices are about one hundred 
times more sensitive to radiation damage than other types 
of junction detector. The latter are likely to be affected 
by about 1010 oc-particles per cm2, 1015 ,8-particles per 
em\ 1012 fas~ neutrons per cm2 or 108 rad of y-radiation. 
This limits the application of junction detectors in re-
3Ctor instrumentation and in the van Allen belts. How­
ever, the amount of radiation damage to a semiconductor 
detector may be estimated from the electrical properties 
of the device and used as a measure of the integrated 
radiation dose received. 

INSTRUMENTATION 
Although a particle of iontztng radiation will produce 
more ions in a semiconductor material than in a gas filled 
detector, semiconductor counters lack the gas ampli­
fication which occurs in proportional and Geiger-Milller 
detectors. The output pulses from semiconductor detec­
tors are therefore relatively. small and low-noise pre­
amplifiers are required. 

Let one ion pair be formed in a semiconductor material 
for each w electron volts of energy absorbed. The ch3.rge 
of an electron is about 1·6 X 10-19 coulomb and therefore 
the charge collected at each electrode of a detector 
(assuming no losses) when E MeV of energy are absorbed 
will be :-

106E 1·6 E 
Q=- x 1·6 ~< I0-19 = >< 10-13 coulomb ... (1) w w 
The change in the voltage across the detector, 8V, will 
therefore be given by the equation:-

Q 1·6 E 
S V = C = W C- X 10-13 V . . . .. . . . . . . . . . . . . ( 2) 

where C is the capacitance of the detector plus stray 
capacitance. For silicon w= 3·5 e V and, if C is 50pF, V 
can be calculated from (2) to be 0·9 mV when a particle of 
1 MeV energy is completely absorbed in the depletion 
region. The pulse rise time can be as small as 10 ns 
but when the detector is connected to its pre-amplifier, 
stray capacitance is likely to increase the pulse rise time 
to about 100 ns. A normal low-noise amplifier of the type 
used for proportional counting with a gain of 80 to 90 dB 
may be employed for simple counting. 

It can be seen from (2) that the amplitude of the voltage 
pulse produced by a semiconductor detector is dependent 
on the capacitance of the device and on the associated 
stray capacitance. Changes in capacitance will occur 
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when the voltage across the detector is altered to change 
the depletion depth, when this voltage drifts slightly 
or when a change in the cathode temperature of the first 
valve of the pre-amplifier causes an alteration of the space 
charge in the valve. Any of these changes will cause a 
semiconductor particle energy spectrometer to drift 
during operation if the output voltage from the device is 
amplified in the normal way. 

Equation (1) shows that the charge collected at the 
electrodes of a semiconductor detector is independent 
of the capacity of the device. The difficulty mentioned 
in the previous paragraph can therefore be avoided if a \ 
charge-sensitive pre-amplifier is used which produces an 
output voltage pulse of an amplitude proportional to the 
charge fed to the input of the amplifier. 

The basic circuit of a charge-sensitive pre-amplifier 
is shown in Fig. 4. Capacitive feedback occurs via C1 
and the effective input capacitance therefore becomes 
C1(1 + A) where A is the loop gain of the system (com-

Fig. 4. Basic arrange­
ment of a charge4 

sensitive pre-ampli· 
fier. 

DETECTOR 
BIAS 

DETECTOR 

--. 

pare with the Miller effect in a valve). If A is very large, 
the output voltage, V 0 , is given by the equation:-

Q 
Vo =-ct 

'1 'bus the output voltage is independent of the diode and 
stray input capacitance. The large effective input capacity 
produced by the feedback renders any change in the diode 
or stray input capacitance negligible. 

Apart from the elimination of drift, the use of a charge­
sensitive pre-amplifier for energy spectroscopy enables 
the effect of variations of the detector bias on the spectrum 
to be observed without taking into account the change 
in the detector capacitance. The use of a charge-sensitive 
preamplifier results in the same signal to noise ratio that 
would be obtained with a similar voltage-sensitive ampli­
fier. The feedback capacitor, C1, has a typical value of 
5 pF, in which case the output voltage will be about 
9 mV per MeV, of absorbed energy. 

The complete circuit of an Elliott charge-sensitive 
pre-amplifier is shown in Fig. 5. A cascode input stage is 
employed to minimize noise while providing a high gain. 
The input stage is completely screened and this helps 
to ensure that feedback occurs only via C1 • . If square 
waves of voltage V are injected into the test pulse input, 
charges of V /C 8 (where C 8 is the 2.5 pF series capacitor 
shown) will be injected into the first stage of the amplifier 
and will produce a peak in the spectrum which is useful 
for checking the calibration and resolution. 

Other designs for charge-sensitive valve pre.:.gmplifiers 
can be found in ref. 12. Valve amplifiers provide a lower 
noise than transistor amplifiers<13> if the detector capaci­
tance is less than about 500 pF, since the grid current 
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plification by transistor action f8), but unfortunately this 

does not yield an improved signal to noise ratio. If a 

detector could be designed which would give an amplifica- 

tion similar to the gas amplification of a proportional 

counter, it would almost certainlv have a bright future. 

A phosphor has been used in contact with a photo- 

diode(9). Although this system is much smaller than the 

conventional scintillation counter, the energy resolution 

is inferior owing to the noise produced by the photo- 

diode. Nevertheless, the energy required to produce 

an ion pair is about 70 eV which is less than required for a 

conventional scintillation counter. 

RADIATION DAMAGE 

Gas-filled detectors are not permanently damaged by 

very high radiation levels, but the atoms of semiconductor 

detectors can be displaced in the lattice by the energy of 

the radiation and this results in the so-called Frenkel 

defects(10). The effect of impurity atoms created under 

neutron bombardment may also affect the detector prop- 

erties. Lithium-drifted devices are about one hundred 

times more sensitive to radiation damage than other types 

of junction detector. The latter are likely to be affected 

by about 1010 a-particles per cm2, 101B ^-particles per 

cm2, 1012 fast neutrons per cm2 or 108 rad of y-radiation. 

This limits the application of junction detectors in re- 

actor instrumentation and in the van Allen belts. How- 

ever, the amount of radiation damage to a semiconductor 

detector may be estimated from the electrical properties 

of the device and used as a measure of the integrated 

radiation dose received. 

INSTRUMENTATION 

Although a particle of ionizing radiation will produce 

more ions in a semiconductor material than in a gas filled 

detector, semiconductor counters lack the gas ampli- 

fication which occurs in proportional and Geiger-Miiller 

detectors. The output pulses from semiconductor detec- 

tors are therefore relatively small and low-noise pre- 

amplifiers are required. 

Let one ion pair be formed in a semiconductor material 

for each w electron volts of energy absorbed. The charge 

of an electron is about 1-6 x lO"19 coulomb and therefore 

the charge collected at each electrode of a detector 

(assuming no losses) when E MeV of energy are absorbed 

will be:— 

<2= 

yE , , inicl 1-6 E 
— x 1-6x10 =x 10 coulomb . . . (1) 
w w v ^ 

The change in the voltage across the detector, SV, will 

therefore be given by the equation:— 

8V= ^ = —l 

C wC 
10-13 V 

where C is the capacitance of the detector plus stray 

capacitance. For silicon zo=3-5 eV and, if C is 50pF, V 

can be calculated from (2) to be 0-9 mV when a particle of 

1 MeV energy is completely absorbed in the depletion 

region. The pulse rise time can be as small as 10 ns 

but when the detector is connected to its pre-amplifier, 

stray capacitance is likely to increase the pulse rise time 

to about 100 ns. A normal low-noise amplifier of the type 

used for proportional counting with a gain of 80 to 90 dB 

may be employed for simple counting. 

It can be seen from (2) that the amplitude of the voltage 

pulse produced by a semiconductor detector is dependent 

on the capacitance of the device and on the associated 

stray capacitance. Changes in capacitance will occur 

when the voltage across the detector is altered to change 

the depletion depth, when this voltage drifts slightly 

or when a change in the cathode temperature of the first 

valve of the pre-amplifier causes an alteration of the space 

charge in the valve. Any of these changes will cause a 

semiconductor particle energy spectrometer to drift 

during operation if the output voltage from the device is 

amplified in the normal way. 

Equation (1) shows that the charge collected at the 

electrodes of a semiconductor detector is independent 

of the capacity of the device. The difficulty mentioned 

in the previous paragraph can therefore be avoided if a 

charge-sensitive pre-amplifier is used which produces an 

output voltage pulse of an amplitude proportional to the 

charge fed to the input of the amplifier. 

The basic circuit of a charge-sensitive pre-amplifier 

is shown in Fig. 4. Capacitive feedback occurs via Cf 

and the effective input capacitance therefore becomes 

Cf(\ + A) where A is the loop gain of the system (com- 
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sensitive pre-ampli- 
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pare with the Miller effect in a valve). If A is very large, 

the output voltage, V0, is given by the equation:— 

° c. 

Thus the output voltage is independent of the diode and 

stray input capacitance. The large effective input capacity 

produced by the feedback renders any change in the diode 

or stray input capacitance negligible. 

Apart from the elimination of drift, the use of a charge- 

sensitive pre-amplifier for energy spectroscopy enables 

the effect of variations of the detector bias on the spectrum 

to be observed without taking into account the change 

in the detector capacitance. The use of a charge-sensitive 

preamplifier results in the same signal to noise ratio that 

would be obtained with a similar voltage-sensitive ampli- 

fier. The feedback capacitor, Cfs has a typical value of 

5 pF, in which case the output voltage will be about 

9mV per MeV, of absorbed energy. 

The complete circuit of an Elliott charge-sensitive 

pre-amplifier is shown in Fig. 5. A cascode input stage is 

employed to minimize noise while providing a high gain. 

The input stage is completely screened and this helps 

to ensure that feedback occurs only via Cf. If square 

waves of voltage V are injected into the test pulse input, 

charges of VjCs (where Cs is the 2.5 pF series capacitor 

shown) will be injected into the first stage of the amplifier 

and will produce a peak in the spectrum which is useful 

for checking the calibration and resolution. 

Other designs for charge-sensitive valve pre-amplifiers 

can be found in ref. 12. Valve amplifiers provide a lower 

noise than transistor amplifiers^13) if the detector capaci- 

tance is less than about 500 pF, since the grid current 
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of most valves is less than the base current ot most 
transistors. 

Due to the large effective input capacitance of charge­
sensitive pre-amplifiers they are unsuitable for fast 
counting, particularly in coincidence work. 

Conclusion 
. Semiconductor detectors have been widely used in 
nuclear physics laboratories, but are now commonly 
used elsewhere when small, lightweight and rugged 
detectors are required which provide a low background 
counting rate. They can be used for the high resolution 
spectroscopy of particles which do not have very low 
absorption coefficients in semiconductors, although they 
must be cooled for the best results. It seems unlikely 
that they will completely replace the normal Geiger­
Muller tube for simple radiochemical work since they 
require more complicated instrumentation, and most 
semiconductor junction detectors are at present more 
expensive than common Geiger-Muller tubes. 

It has only been possible to discuss some of the major 
points of interest in this survey of semiconductors 
detectors. Readers requiring further information are 
referred to ref. 2. Commercially available equipment 
is surveyed in ref. 13. 
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of most valves is less than the base current of most 

transistors. 

Due to the large effective input capacitance of charge- 

sensitive pre-amplifiers they are unsuitable for fast 

counting, particularly in coincidence work. 

Conclusion 

Semiconductor detectors have been widely used in 

nuclear physics laboratories, but are now commonly 

used elsewhere when small, lightweight and rugged 

detectors are required which provide a low background 

counting rate. They can be used for the high resolution 

spectroscopy of particles which do not have very low 

absorption coefficients in semiconductors, although they 

must be cooled for the best results. It seems unlikely 

that they will completely replace the normal Geiger- 

Miiller tube for simple radiochemical work since they 

require more complicated instrumentation, and most 

semiconductor junction detectors are at present more 

expensive than common Geiger-Miiller tubes. 

It has only been possible to discuss some of the major 

points of interest in this survey of semiconductors 

detectors. Readers requiring further information are 

referred to ref. 2. Commercially available equipment 

is surveyed in ref. 13. 
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Anglo-French Collaboration 
WHETHER the Concorde supersonic 
airliner gets off the ground or n?t OJ.?-e 
thing is certain, the coUaboration tn 
technical know-how since its inception 
has improved the bonds .betwee? .'the 
British and French 1ndustrtahsts, 
espeoiaUy in the ·electronics field. . In 
past ·months several Anglo-French hnks 
have been announced and in recent 
weeks two more have come to light. 

Aircraft Navigational E.quipment.­
Ferranti Ltd. and SAGEM (Societe 
d' Applications Generales d'Electricite et 
de Mecanique), of Paris, have entered 
into an agreement whereby the two com­
panies wiU pool their knowledge and 
experience in the de.sig~ and d.evelop­
ment of aircraft nav1gat1on equipment. 
~his agreement has already borne frui~ 
in the award of a ·con til" act to F errant1 
for an attitude reference s.yste·m and 
ground test equipment for the Euro­
pean Satellite Launch Vehicle (Eldo). 
The gyroscopes and accelerometers for 
the system will be made by SAGEM. 
In addition, Sud Aviation (joint con­
structor with the British Aircraft Cor­
poration of the Concorde)~ haye ·~ecid~d 
to equip the Concorde wtth an tnerual 
navigation system. developed and manu­
factured jointly by SAGEM and 
Ferranti. 

Computers. - The two British giants 
English-Electric-Leo-Marconi Com­
puters and International Computers 
& Tabulators have put forward a pro­
posal for a joint Anglo-French project 
for a large computer to the Minister of 
Technology, Mr. Frank Cousins. A pro­
posal for an identical project has been 
submitted to the French Government by 
CITEC (Compagnie pour l'Informatique 
et les Techniques Electroniques de 
Controle). CITEC is a jointly owned 
subsidiary company of C.S.F. (Com­
pagnie Generale de Teleg!aphie sans 
Fil) and C~G.E. (Compagnie Generale 
d'Electricite). It was formed last year 
to develop and produce indus1trial, 
scientific and military computers. 

The companies concerned have made 
it clear that without Gove~Tnment sup­
port, rhe proposals will never see the. 
light of day. 

Another plan under discussion is the 
formation of a European consof!tium in­
cluding I.C.T. and E .E.L.M. from 
Britain, CITEC from France, Tele­
funken from Germany and i Ericsson 
from Sweden. 

-----------------
Plessey Automation Group.-Follow-

ing .rhe ·majutr reorganization of Plessey, 
which came into effect on lst July this 
year, th~ company's automa~ion group 
is to be located at Poole tn Dorset. 
The automation group will ·eventually 
comprise four divisions covering the 
principal activities of data handling, data 
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processing, traffic manage-ment and auto­
mation accessories. Mr. H. E. C. Nash 
who joined Plessey as a consultant last 
January from Elliott-Automation is the 
group's director. 

Bristol to Exeter Microwave Phone 
Link.-Standard Telephones and Cables 
Ltd. have received a contract from the 
Post Office for an extension to the Lon­
don-West Country radio network being 
installed by them. The links between 
London and Bristol and between Bristol 
and Cardiff are under construction and 
next year work ·will begin on the Bristol­
Plymouth"""'Goonhilly leg, of which the 
new Bristol-Exeter project forms a part. 
T·wo r.f. channels will be used (using 
the aerials already planned) for the ex­
tension. 

Microwave Associates Ltd., of Luton, 
have received a contract from the B.B.C. 
that calls for portable solid state tele­
vision link equipment operating in the 
7 Gc Is band. This equipment is to be 
used by the B.B.C. for outside broad­
cast purposes. Either monochrome or 
colour signals can be transmit1ted. Micro­
wave Associates have also received con­
tracts from the B.B.C. for pO!int-to--point 
links and for special ultra light-weight 
battery operat·ed survey and path test 
equipment. 

Cossor Electronics Ltd. have formed 
a ·marine division to market the wide 
range of marine products manufactured 
within the Raytheon organization, of 
which Cos·sor is a subsidiary. From 1st 
.October, the new division will operate 
from Shelley House, Noble Street, 
London, E.C.2. Included · in the pre­
sent range of -produots are Cossor v .h.f. 
transceivers, Raytheon 3 and 10 em 
radars and Loran navigational equip­
ment. Mr. S. D. Coode-Bate is diyi­
sional ·manager. 

H.C.D. Rese.arch Ltd. ·established four . 
years ago to ·make precision crystal oscil­
lators, frequency s1tandards and as.so­
ciated equipment, recently formed a 
subsidiary company to handle their 
growing semiconductor business. The 
new company, caHed Semikron Recti-

, fiers and Electronics Ltd., operates from 
the parent's headquarters at 77 Glouces­
ter Road, Croydon, Surrey (Tel.: 
TH·Ornton HeaJth 7485). Last month 
we made reference to the new com­
pany Semikron,. but inadvertently trans­
posed the names of the parent and 
subsidiary. We apologise for any mis­
understanding that may have arisen. 

Abbey Electronics and Automation 
Ltd., have, rhrough the .acquisition of a 
new 5,000 sq ft factocy, doubled the size 
of ~their manufacturing premises at 
Delamare Road, Cheshunt, Herts. (Tel.: 
Waltham Cross 25106.) 

English Electric's £200,000 computer 
centre at Huyton, Lanes., was formally 
opened on 16th July by the Prime Minister, 
the Rt. Hon. Harold Wilson. 

Mullard Applications.-The apglicati?ns 
staff of the Mullard Research Laboratones, 
Redhill, Surrey, have been moved to the 
company's Central Application Laborato~y, 
New Road, Mitcham, Surrey. (Tel.: Mlt­
cham 3471, Telex 23709.) 

Plessey Radar Ltd. are supplying, under 
a contract worth £40,0.00, three air traffic 
control radar installations to the Bulgarian 
Government. They will be located at Sofia, 
Varna and Burgas and will provide air sur­
veillance for civil aviation over Bulgaria. 

Tektronix U.K. Ltd. have, since the 
. 1st July this year, been operating a r~pair 
centre for the maintenance and recahbra­
tion of their oscilloscopes and ancillary in­
struments. Information on this service can 
bl.'! obtained from the field support depart­
ment, Beaverton H·ouse, Harpenden, Herts. 
(Tel.: Hat'lpenden 61251, Te.Iex 25559.) 

The British Radio Corporation, ·who now 
market H·MV, .Marconiphone and Ultra 
radio and television sets, are moving to 284 
Southbury Road, Enfield, Middx. (Tel.: 
HOWard 2477.) Ultra's former ·premises 
at Eastcote, Middx., and the headquarters 
of the sa.les division of His Master's Voice 
and Marconiphone at Cavendish Place, 
London, W.1, are ~being vacated. 

Texas Instrume-nts have acquJred a 6,000 
sq ft warehouse and offi·ce site at 12 Well­
croft Road, Slough, Bucks. (Tel.: Slough 
28578, Telex 84363.) From this address the 
company'·s supplies division will operate a 
same~day .se.rvice for ·tihe supply of small 
·orders for T.I. devices. 

C. & N. (Electrical) Ltd., of The Green, 
Gosport, Rants., offer industry and research 
an enquiry se.rvice lin t·he field of sequential 
control, data processing and logic circuitry. 
(Tel.: Gosport 80221, Telex 8621.) 

Control Logic . of Boston, U.S.A., who 
· manufacture a wide range of digital logic 
circuit modules, are to have their products 
n1arketed in the United K.ingdom and 
\Xl estern Europe by Electro Mechanisms 
Ltd., o.f 218-221 Bedford Avenue, Slough, 
Bucks. (Tel.: Slough 27242.) 

Mial S.P.A •• of Milan, manufacturers of 
capacitors, have appointed Waycom Ltd., 
of Capacity House, Rothsay .Street, Tower 
Bridge R-oad, London, S.E.l, (Tel.: HOP 
2615) sole U.K .. dist.ributor.s. 

U.K. Solenoid Ltd.-Since the formation 
of Chilton-.Solenoid (U.K.) Ltd. three years­
ago, rhere has been some confusion owing 
to the similarity in name with Chilton Elec­
tric Products Ltd., bo.th of Hungerford, 
Berks. In future, the former company is to 
trade under the name U~K. Solenoid Ltd. 

Pye H.D.T. Ltd.-To form one body 
within the . Pye organization ,to look after 
their closed circuit television interests, the 
industrial division of Pye Telecommunica­
tions Ltd. has been combined wit·h the 
original Pye H .. D.T. Company. The initials 
stand for High Definition Television. 
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