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66 (ADVERTISEMENT) 

FD404 
PICTURE 

SHIFT 
MAGNET 

VVIRELESS VVORLD 
JUNE, 1962 

Picture shift magnets are fitted immediately behind the deflection coils on the neck of a television picture tube to position the picture on the screen. The Mullard picture shift magnet, type FD404, has been developed to overcome the disadvantages 

for tape recorders 

WHAT'S NEW IN 
THE NEW SETS 

These articles describe the 
latest Mullard developments 
for entertainment equipment 

Manufacturers of inexpensive valve 
tape recorders have always been con
fronted with the problem of hum and 
microphony, and the need for a volt
age amplifier which introduced a 
minimum of hum and micro phony has 
always existed. Transistors, with 
their absence of heaters and inher
ently good microphony properties, 
offered a logical solution, and the 
Mullard low-noise transistor, type 
AC107, is now being used extensively associated with the tungsten steel as a voltage amplifier feeding subsetypes used previously. Eddy currents ·quent valve stages in up-to-date are set up in the tungsten steel which hybrid tape recorders. reduce the sensitivity of the deflec- The development of battery-operated tion coils, so that extra scanning power is required. The new shift mag-

tape decks leads naturally to the use 
of all-transistor circuitry. Again the 
AC107 has been adopted for this ap
plication, and is being used in present
day battery operated recorders. 
Finally, manufacturers of high qual
ity audio equipment who wish to use 
transistor pre-amplifiers with high 
quality valve amplifiers are making 
increasing use of the AC107. This new 
Mullard low-noise transistor, designed specifically for a.f. amplifica
tion in low-signal-level stages, is thus 
contributing greatly to the high 
standards attainable with a wide 
range of modern audio equipment. 

net is made from Magnadur powder bonded with non-conducting P.V.C., so that eddy currents are negligible. The FD404 thus has electrical and magnetic characteristics which prevent it interfering with the performance of the deflection coils while permitting sensitive control of the position of the picture. 

EM87 SENSITIVE VOLTAGE
LEVEL INDICATOR 
10-V GRID BASE 

In many present-day tape recorders, 
the recording output voltage avail
able for driving the voltage-level 
indicator is about lOV, which is often 
insufficient to close the display of 
existing types of indicator. For this 
reason, Mullard have designed a new 
indicator-the EM87-which has a 
grid base of only lOV. An even shorter 
grid-base-and hence greater sensi
tivity-can be achieved if the target 
voltage is reduced by connecting a 
resistance in series with the target. 

An additional feature of 
the EM87 is that a re
cording signal greater 
than lOV will cause the 
luminous areas of the 
display to overlap, thus 
giving a brighter sec
tion at the centre of the display. 
These large voltages can result in 
distorted recordings, and the brighter 
section of the display thus serves as a 
useful indication of when the record
ing signal modulation is excessive. 

MVE 1040 
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Components-

WE would like once again to congratulate the Radio 
and Electronic Component Manufacturers' Federa
tion on the excellence of their Annual Report (this 
time for 1961) which gives a detailed and well
balanced picture of the · industry against the back
ground of world trade. 

Total production of components is valued at 
£140M ( +8 % on the previous year). Components 
used in professional equipment amounted to £50M 
( +16%), in domestic receivers £32M (-9%) and in 
audio equipment £12M ( +20%). Of this total 
£39.8M ( +20%) was exported, principally to Europe, 
the Commonwealth and N . America, with the 
European market assuming a steadily increasing 
predominance. 

Looking at the radio and electronic industry as a 
whole the estimate of the value of total production 
in 1961 is given as £420M (excluding other electronic 
products which are classified under associated indus
tries). Professional equipment is valued at £200M 
(+18%), domestic receivers £100M (-10%) and 
audio equipment £40M ( + 14% ). The fall in the 
number of television receivers produced, 1.3M 
( -13 % ), was to some extent offset by a record output 
of radio receivers including transistor portables, 3M 
( +20%). Total radio and electronic exports reached 
£68.5M ( + 18%) and included professional equip
ment, £25.3M ( + 15% ), domestic receivers, £3.8M 
(+9%) and audio equipment £10.5M (+15%). 

These figures are impressive, particularly when it 
- is realized that the increase of productivity for the 

same period by the engineering and electrical group 
was 7% and by the whole country was only 1.2%. 

The " body politic " of the Industry has many 
vigorous limbs, but often they seem to lack proper 
co-ordination. The right hand either does not know 
or is all too painfully aware of what the left hand 
is doing. Independently they exhibit remarkable 
skills, but there are times when full integration 
of all faculties is necessary to meet external hazards. 
A healthy circulation of good blood is as essential 
to general co-ordination as it is to special skills. It 
supplies and transports all the basic elements neces
sary for growth and has access to widely different 
tissues; its condition is indicative of the health of the 
body as a whole. By analogy the component manu
facturers can claim with some justification to be the 
life blood of the industry, and in their Report they 
have expressed themselves as "prepared to support 
the formation of any central organization designed to 
represent all interests, provided that it is constituted 
on the right lines and at the right level and is truly 
representative of all sections of the Industry." We 
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hope that the Council will go further and take the 
initiative of which it is undoubtedly capable to 
bring about a long overdue rapprochement. 

-and Materials 
Slightly modifying the analogy of the previous 

item o_n this page, we may say that if components 
are the cells and corpuscles of the electronics indus
try, ·metals, insulants and other materials are the 
amino acids from which the complex proteins of 
corpuscles and indeed of larger tissues and struc
tures are built. 

Fundamental advances in electronics, as in other 
technologies, are more often than not dependent on 
the discovery-in these days even the design-of 
new chemical compounds and materials, and a full 
and early appreciation of their properties. · 

It is gratifying to learn, therefore, of an extension 
of the experiment in university technological educa
tion at the University College of North Wales, which, 
in addition to providing a degree course in Electronic 
Engineering under Prof. M. R. Gavin (with a sub
department o{ Control Engineering), is now to estab
lish a Chair of Materials Technology (to be occupied 
by Dr. R. W. Cahn). Quoting from the official 
announcement: "It is believed at Bangor that the 
present situation calls for a reappraisal of the teach
ing of -materials and it is for this purpose that the 
subject of Materials Technology is being introduced. 
The course draws on the methods of physics, 
chemistry, metallurgy and engineering, as and when 
appropriate, but the whole treatment is integrated 
in terms of modern theory of solids and in the light 
of technological needs. It is believed that a sound 
discipline can be provided, a discipline which makes 
a valuable contribution to the education of all under
graduate engineering students. In the early stages 
of these developments of Materials Technology the 
main emphasis is on electrical materials as there is 
already at Bangor some considerable electrical back
ground with a strong research effort on applied 
semiconductors. Later on, when the present plans 
have been fully - realized and consolidated, -there 
should be a widening of the course to include other 
aspects of materials." 

It is pleasing to note that electronics materials 
are to be given initial priority, and we congratulate 
those concerned with the structure of · the course on 
their determination to lay a foundation of basic 
principles which will illuminate future developments 
as well as providing a better understanding of exist
ing materials. 
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STORAGE TUBES 
A SURVEY OF TYPES AND FUNCTIONS 

STORAGE tubes had their ongm well over 30 years ago. Television was probably one of the prime movers, for the sensitivity of camera tubes could be increased by over fifty times by integration and storage of the picture-element signals for a whole frame. Since these early days storage tubes have diversified considerably. It is the author's intention to review the present state of the art and to point out some limitations. 

Mechanism of Storage 
The modern storage tube employs the fundamental principle of capacitance to store electronic information, i.e., a sequence of signals. The electrode on which the storage takes place, generally called the target, can be considered as a very large number of tiny capacitors having one common electrode normally formed by the conductive support of the dielectric (see Fig. 1). This conductive support may be a fiat plate or a mesh and the dielectric is a very thin, uniform insulator. The special feature of this capacitor is the fact that the side opposite to the common electrode has two terminals; i.e., the electron beam, for electrons arriving at the capacitor .and discharging it, and the collector, for electrons leaving the capacitor and thus causing it to acquire a positive charge. The collector is a conductor some distance away from the free side of the target and can be a wall coating, a ring or another mesh, or any combination of the three. Basically, there are only two conditions governing the design of the collector:-
(1) It must induce a field as even as possible at the surface of the dielectric. To this end additional electrodes are used to even out the field and when these do not act as part of the collector they are referred to as " shading" electrodes. 
(2) It must cause a minimum of obstruction to the electron beam which is directed on to the free surface of the dielectric. 

Charge patterns are created on the target which are some function of the information to be stored. They are built up, or destroyed, by the action of one or more electron beams and the building up and destruction is done by secondary emission or bombardment-induced conductivity. 
Secondary Emission.-All insulators have secondary emission characteristics similar to the curve shown in Fig. 2. At low primary electron velocities the secondary emission factor is less than unity and the surface of the insulator will gain more electrons than it loses, i.e., it will acquire a negative charge. Equilibrium under these conditions will be reached when the potential of the surface of the insulator equals the cathode potential. As the electron velo-

* 20th Century Electr-onics Ltd. 
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city of the incident beam is increased the secondary emission factor increases, passes through unity, keeps on increasing to reach a maximum and then decreases again until finally it becomes again less than one. The two points where the curve passes through unity secondary emission factor are very important, being called the first and second crossovers. As negative charges can be deposited on the insulator surface at electron velocities lower than the first cross-over, it follows that, at electron velocities between the first and second cross-over, we have a loss of electrons from the insulator surface, and the surface consequently acquires a positive potential. The secondary electrons produced are gathered up by the collector electrode, and in the case of the secondary emission factor being greater than one, equilibrium is reached when the positive potential at the insulator surface equals the potential of the collector electrode. Secondary emission of this kind has its origin in and just below the surface and at low electron velocities the primary electrons do not possess energy sufficient to knock out of the surface more than one secondary electron for every incident one : the disturbance they cause does not reach deep enough. Then, after reaching a velocity corresponding to an optimum thickness (from which a maximum of secondary electrons can be extracted), the secondary emission ratio falls again. I t is unity again at the second cross-over and then less than one. 

Bombardment-induced Conductivity.-Keeping in mind the picture of the primary electrons reaching deeper and deeper into the insulator, the point is 

I 
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Fig. / . Simplified picture of the way in which storage is achieved. 
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Fig. 2. Secondary-emission characteristic 

reached where the primary electron creates a dis
turbance, or track, right through the thin insulator. 
This track, for a fraction of time, allows electrons 
to pass from the backing surface through to the 
other side of the insulator. This is a state of affairs 
totally different from secondary emission and is 
called bombardment-induced conductivity. This 
" track " must . allow the passage of electrons for a 
short time and be "self-healing," otherwise a per- · 
manent change in the characteristics of the dielectric 
has been brought about which is called "bum." 
These characteristics vary with the material of the 
insulator. The electron velocity required to achieve 
bombardment-induced conductivity is very high for 
the known suitable materials, being of the order of 
lO,OOOeV for an insulator l,OOOA thick. 

Equilibrium Conditions.-T he conditions at the first 
and second cross-overs, where there is a secondary 
emission ratio of unity, imply that there is an equi
librium at these points. It has been shown that at 
electron velocities below the first cross-over the 
dielectric gains electrons until its potential equals 
that of the cathode, whereas at electron velocities 
above the first cross-over the dielectric tends to 
lose more and more electrons until, the collector 
voltage permitting, the second cross-over is reached 
where the process is reversed. The first cross-over 
therefore represents a state of unstable equilibrium 
and the second cross-over a state of stable equili
brium. 

Read-out.-The read-out is obtained by modulating 
a uniform electron beam (or its secondary emission) 
by the stored charge pattern. In the direct-display 
tube modulation is obtained by flooding the stored 
pattern with an even, diffuse stream of electrons 
whereas in tubes with electrical output an unmodu
lated electron beam is scanned over the target. Read
out is said to be destructive if in the process of 
modulating the reading beam the charge pattern is 
destroyed, whether immediately in one single read
out or slowly by a number of read-outs. 

When it · is required to destroy one charge pattern 
on the target so as to make room for a new one, the 
term " erasure " is used. Often this is destructive 
read-out at such a rate that the time taken is short. 

Frequently erasure does not leave the target at a 
potential which is suitable for the inscription of a 
new charge pattern: it has to be "primed." Again, 
this is done by secondary emission. 

The operations of forming a charge pattern 
(writing), modulation of a uniform beam by this 
charge pattern (reading), cancellation of the charge 
pattern (erasure) and bringing the target to such a 
potential that writing can take place again (priming) 
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all rely upon secondary emission and/ or bombard
ment-induced conductivity. The knowledge of the 
facts illustrated by Fig. 2 is therefore essential to 
the understanding of the functioning of storage 
tubes. 

It is necessary to elaborate on the statement that 
the target can be considered as being a . very large 
number of elemental capacitors. As the dielectric 
has some conductivity the presentation in Fig. 1 is 
over-simplified: all the target elements are resist
ance-capacitance connected as shown in Fig. 3 and 
it is evident that, because time-constants are present, 
there are optimum running conditions. 

Types of Stor age Tubes 
Storage tubes fall into the following categories :

(1) electrical input-optical output 
(2) electrical input-electrical output 
(3) optical input-electrical output 
(4) acoustical input-electrical output 
(5) optical input-optical output 

Devices in the first group are called "direct-view
ing" storage tubes and the second " electrical-out
put " storage tubes. For . the third group the term 
"camera tube" is employed. T he fourth category 
covers a special type of camera tube which is made 
by 20th Century and in which a quartz "window " 
forms the target sensitive to ultrasonic vibrations so 
that a television type of display may be used for 
ultrasonic " shadowgraphs*." 

In the last group are special image converters-a 

Fig. 3. Equivalent circuit of part of storage tube target. 

field that is not usually encountered-such as Lalle
mand's camera in which an electron-sensitive emul
sion is used to store an image for subsequent 
"development" and optical display. 

This article will deal only with devices of the first 
and second categories as nowadays the term " storage 
tube" seems to apply to them in particular. 

The storage tube with optical output-the direct
viewing storage tube-can be looked upon as a 
sophisticated form of cathode ray tube; the storage 
tube with electrical output, by comparison, is asso
ciated with circuits which are common in video 
technique. However, storage tubes with simulta
neous electrical and optical output have been made. 

Direct-viewing Storage Tubes.-Most types of 
direct-viewing storage tubes follow the general 
design of Fig. 4. Secondary emission is employed 
to form a charge pattetn on the dielectric coating 
of the storage mesh, the field mesh collecting the 
secondary electrons emitted during this process. 
Reading is carried out by modulation of a unifor~ 

*See, for instance, Wireless World, p. 361, Vol. 64 (1958). 
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Fig. 2. Secondary-emission characteristic 

reached where the primary electron creates a dis- 
turbance, or track, right through the thin insulator. 
This track, for a fraction of time, allows electrons 
to pass from the backing surface through to the 
other side of the insulator. This is a state of affairs 
totally different from secondary emission and is 
called bombardment-induced conductivity. This 
" track " must allow the passage of electrons for a 
short time and be " self-healing," otherwise a per- 
manent change in the characteristics of the dielectric 
has been brought about which is called " bum." 
These characteristics vary with the material of the 
insulator. The electron velocity required to achieve 
bombardment-induced conductivity is very high for 
the known suitable materials, being of the order of 
10,OOOeV for an insulator 1,000A thick. 

Equilibrium Conditions.—The conditions at the first 
and second cross-overs, where there is a secondary 
emission ratio of unity, imply that there is an equi- 
librium at these points. It has been shown that at 
electron velocities below the first cross-over the 
dielectric gains electrons until its potential equals 
that of the cathode, whereas at electron velocities 
above the first cross-over the dielectric tends to 
lose more and more electrons until, the collector 
voltage permitting, the second cross-over is reached 
where the process is reversed. The first cross-over 
therefore represents a state of unstable equilibrium 
and the second cross-over a state of stable equili- 
brium. 

Read-out.—The read-out is obtained by modulating 
a uniform electron beam (or its secondary emission) 
by the stored charge pattern. In the direct-display 
tube modulation is obtained by flooding the stored 
pattern with an even, diffuse stream of electrons 
whereas in tubes with electrical output an unmodu- 
lated electron beam is scanned over the target. Read- 
out is said to be destructive if in the process of 
modulating the reading beam the charge pattern is 
destroyed, whether immediately in one single read- 
out or slowly by a number of read-outs. 

When it is required to destroy one charge pattern 
on the target so as to make room for a new one, the 
term " erasure" is used. Often this is destructive 
read-out at such a rate that the time taken is short. 

Frequently erasure does not leave the target at a 
potential which is suitable for the inscription of a 
new charge pattern: it has to be "primed." Again, 
this is done by secondary emission. 

The operations of forming a charge pattern 
(writing), modulation of a uniform beam by this 
charge pattern (reading), cancellation of the charge 
pattern (erasure) and bringing the target to such a 
potential that writing can take place again (priming) 

all rely upon secondary emission and/or bombard- 
ment-induced conductivity. The knowledge of the 
facts illustrated by Fig. 2 is therefore essential to 
the understanding of the functioning of storage 
tubes. 

It is necessary to elaborate on the statement that 
the target can be considered as being a very large 
number of elemental capacitors. As the dielectric 
has some conductivity the presentation in Fig. 1 is 
over-simplified: all the target elements are resist- 
ance-capacitance connected as shown in Fig. 3 and 
it is evident that, because time-constants are present, 
there are optimum running conditions. 

Types of Storage Tubes 
Storage tubes fall into the following categories: — 

(1) electrical input—optical output 
(2) electrical input—electrical output 
(3) optical input—electrical output 
(4) acoustical input—electrical output 
(5) optical input—optical output 

Devices in the first group are called " direct-view- 
ing " storage tubes and the second " electrical-out- 
put " storage tubes. For the third group the term 
" camera tube " is employed. The fourth category 
covers a special type of camera tube which is made 
by 20th Century and in which a quartz " window" 
forms the target sensitive to ultrasonic vibrations so 
that a television type of display may be used for 
ultrasonic " shadowgraphs*." 

In the last group are special image converters—a 

Fig. 3. Equivalent circuit of part of storage tube target. 

field that is not usually encountered—such as Lalle- 
mand's camera in which an electron-sensitive emul- 
sion is used to store an image for subsequent 
" development" and optical display. 

This article will deal only with devices of the first 
and second categories as nowadays the term " storage 
tube" seems to apply to them in particular. 

The storage tube with optical output—the direct- 
viewing storage tube—can be looked upon as a 
sophisticated form of cathode ray tube; the storage 
tube with electrical output, by comparison, is asso- 
ciated with circuits which are common in video 
technique. However, storage tubes with simulta- 
neous electrical and optical output have been made. 

Direct-viewing Storage Tubes.—Most types of 
direct-viewing storage tubes follow the general 
design of Fig. 4. Secondary emission is employed 
to form a charge pattern on the dielectric coating 
of the storage mesh, the field mesh collecting the 
secondary electrons emitted during this process. 
Reading is carried out by modulation of a uniform 

* See, for instance. Wireless World, p. 361, Vol. 64 (1958). 
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DIELECTRIC FACING THE GUNS 

Fig. 4. Direct-viewing storage tube based on flood-gun principle 
where electrons reaching the screen are controlled by charges 
on storage mesh. 

BARRIER GRID COLLECTOR (WALL COAT lNG) 

TARGET PLATE 
FORMING BACKING ELECTRODE 

Fig. 5. Barrier-grid type of tube. Storage in this depends upon 
the beam penetrating the barrier grid and leaving a charge on 
target. Secondary electrons are collected by the barrier. 

diffuse beam generated by the flood gun: the charges 
on the dielectric of the storage mesh act like iris 
diaphragms in the tiny ' openings of the mesh and so 
regulate the number of electrons allowed to pass 
through the storage mesh in each elemental area. 
These electrons are then accelerated by the electric 
field between the storage mesh and the metal back
ing of the fluorescent screen upon which they finally 
impinge. The field mesh fulfils a number of im
portant functions: it generates a uniform field in 
the neighbourhood of the storage mesh; it acts as 
collector of secondary electrons produced by the 
writing beam; it is the decelerator for the flood 
beam, without which the velocity of these electrons 
would be · too high to allow the charges on the 
storage mesh to act as elemental irises, and finally, 
but not least important, it helps to collect ions which 
might cancel the charge pattern on the storage mesh. 
Erasure of the charge pattern is carried out by ad
justing the potential of the meshes in such a way 
that electrons are allowed to land on the storage 
mesh at high velocity. Secondary emission causes 
the whole storage target to assume a uniform posi
tive potential, and priming is carried out by a pulse 
which induces a reduction of the potential of the 
dielectric on the storage mesh. _ 

One of the outstanding features of direct-viewing 
storage tubes is the high brightness of the display. 
The reason for this is that the phosphor is excited 
continuously by flood-gun electrons, thus dispensing 
with the scanning mechanism, which increases the 
time available for excitation by a factor of the order 
of 105 as compared with scanning at, say, television 
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rates. Storage tubes of this direct view-ing type are 
manufactured by a number of firms including Eng
lish Electric and Mullard, in England, R.C.A., 
Dumont and I.T.T. in the U.S.A., and C.S.F. in 
France. 

Storage Tubes with Electrical Output.-The num
ber of possible permutations of basic principles lead
ing to the essential feature of storage tubes with 
electrical output has produced a greater variety of 
designs of these tubes as compared with the direct 
viewing tube. 

Barrier-grid Storage Tube.-The target plate of 
this storage tube supports a thin film of dielectric 
material (Fig. 5). A charge pattern is formed by 
the action of a writing beam with a velocity suffi
cient to give a secondary emission greater than unity. 
Secondary electrons are collected on the barrier grid 
or on the collector wall coating. The read-out signal, 
which is the difference of charge between peak
white and the charge of the individual picture 
element is assessed by scanning with an unmodu
lated beam which brings the whole target to the 
same positive potential. This potential is deter
mined by the barrier grid and the collector. The 
important function of the barrier grid is to oppose 
any redistribution of charges on the dielectric and 
so fix the charge pattern. Simultaneous writing and 
reading can be carried out if the tube is fitted with 
at least two separate electron guns. 

The signal can be extracted from either the target 
or the collector, the former being preferred as it 
provides better signal-to-noise ratio, because it is 
smaller and is thus less subject to stray pickup and 
is easier to screen. 

The stored information may be read out at tele
vision speeds for seconds or even minutes with this 
type of tube. Erasure of the stored pattern can be 
produced within one second by suitable switching 
and pulsing, but tubes of this type are not "fast 
erasers." 

There are a number of manufacturers of barrier
grid storage tubes, including R.C.A. (Radechon), 
E.M.I. and 20th Century Electronics. A variation 
of the barrier-grid storage tube is the "Tenicon" 
made by Mullard. By operating the scanning beam 
above the first cross-over in the writing mode and 
below the first cross-over in the reading mode most 
of the stored information can be extracted in one 
scan, which provides a good grey scale and fast 
erasure. 

Storage Tube Using Bombardment-induced Con
ductivity (Fig. 6).- The target of this tube is a very 
thin film of insulating material with metal backing 
towards the writing side. A positive uniform charge 
is produced on the reading side under the action of 
the unmodulated reading beam operating at a velo
city such that the secondary emission factor is greater 
than one. The maximum positive potential that can 
be built up in this way is determined by the poten
tials of the collector and shading electrodes. The 
writing beam is accelerated to a velocity high enough 
to cause bombardment-induced conductivity in the 
thin insulator, and a charge pattern that is negative 
with respect to the insulator surface appears on the 
reading side of the film, corresponding to the charge 
pattern of the writing beam multiplied by the gain 
due to bombardment-induced conductivity. This 
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Fig. 4. Direct-viewing storage tube based on flood-gun principle 
where electrons reaching the screen are controlled by charges 
on storage mesh. 

BARRIER GRID COLLECTOR (WALL COATING) 

ELECTRON GUN 
\ DIELECTRIC STORAGE SURFACE 
TARGET PLATE 

FORMING BACKING ELECTRODE 
Fig. 5. Barrier-grid type of tube. Storage in this depends upon 
the beam penetrating the barrier grid and leaving a charge on 
target. Secondary electrons are collected by the barrier. 

diffuse beam generated by the flood gun: the charges 
on the dielectric of the storage mesh act like iris 
diaphragms in the tiny openings of the mesh and so 
regulate the number of electrons allowed to pass 
through the storage mesh in each elemental area. 
These electrons are then accelerated by the electric 
field between the storage mesh and the metal back- 
ing of the fluorescent screen upon which they finally 
impinge. The field mesh fulfils a number of im- 
portant functions: it generates a uniform field in 
the neighbourhood of the storage mesh; it acts as 
collector of secondary electrons produced by the 
writing beam; it is the decelerator for the flood 
beam, without which the velocity of these electrons 
would be too high to allow the charges on the 
storage mesh to act as elemental irises, and finally, 
but not least important, it helps to collect ions which 
might cancel the charge pattern on the storage mesh. 
Erasure of the charge pattern is carried out by ad- 
justing the potential of the meshes in such a way 
that electrons are allowed to land on the storage 
mesh at high velocity. Secondary emission causes 
the whole storage target to assume a uniform posi- 
tive potential, and priming is carried out by a pulse 
which induces a reduction of the potential of the 
dielectric on the storage mesh. 

One of the outstanding features of direct-viewing 
storage tubes is the high brightness of the display. 
The reason for this is that the phosphor is excited 
continuously by flood-gun electrons, thus dispensing 
with the scanning mechanism, which increases the 
time available for excitation by a factor of the order 
of 10° as compared with scanning at, say, television 

rates. Storage tubes of this direct viewing type are 
manufactured by a number of firms including Eng- 
lish Electric and Mullard, in England, R.C.A., 
Dumont and I.T.T. in the U.S.A., and C.S.F. in 
France. 

Storage Tubes with Electrical Output.—The num- 
ber of possible permutations of basic principles lead- 
ing to the essential feature of storage tubes with 
electrical output has produced a greater variety of 
designs of these tubes as compared with the direct 
viewing tube. 

Barrier-grid Storage Tube.—The target plate of 
this storage tube supports a thin film of dielectric 
material (Fig. 5). A charge pattern is formed by 
the action of a writing beam with a velocity suffi- 
cient to give a secondary emission greater than unity. 
Secondary electrons are collected on the barrier grid 
or on the collector wall coating. The read-out signal, 
which is the difference of charge between peak- 
white and the charge of the individual picture 
element is assessed by scanning with an unmodu- 
lated beam which brings the whole target to the 
same positive potential. This potential is deter- 
mined by the barrier grid and the collector. The 
important function of the barrier grid is to oppose 
any redistribution of charges on the dielectric and 
so fix the charge pattern. Simultaneous writing and 
reading can be carried out if the tube is fitted with 
at least two separate electron guns. 

The signal can be extracted from either the target 
or the collector, the former being preferred as it 
provides better signal-to-noise ratio, because it is 
smaller and is thus less subject to stray pickup and 
is easier to screen. 

The stored information may be read out at tele- 
vision speeds for seconds or even minutes with this 
type of tube. Erasure of the stored pattern can be 
produced within one second by suitable switching 
and pulsing, but tubes of this type are not "fast 
erasers." 

There are a number of manufacturers of barrier- 
grid storage tubes, including R.C.A. (Radechon), 
E.M.I, and 20th Century Electronics. A variation 
of the barrier-grid storage tube is the "Tenicon" 
made by Mullard. By operating the scanning beam 
above the first cross-over in the writing mode and 
below the first cross-over in the reading mode most 
of the stored information can be extracted in one 
scan, which provides a good grey scale and fast 
erasure. 

Storage Tube Using Bombardment-induced Con- 
ductivity (Fig. 6).—The target of this tube is a very 
thin film of insulating material with metal backing 
towards the writing side. A positive uniform charge 
is produced on the reading side under the action of 
the unmodulated reading beam operating at a velo- 
city such that the secondary emission factor is greater 
than one. The maximum positive potential that can 
be built up in this way is determined by the poten- 
tials of the collector and shading electrodes. The 
writing beam is accelerated to a velocity high enough 
to cause bombardment-induced conductivity in the 
thin insulator, and a charge pattern that is negative 
with respect to the insulator surface appears on the 
reading side of the film, corresponding to the charge 
pattern of the writing beam multiplied by the gain 
due to bombardment-induced conductivity. This 
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Fig. 6. Bombardment-induced-conductivity tube in which storage is achieved by causing electrons to 

penetrate through storage layer from writing to reading side. 

charge pattern modulates the number of secondary 

electrons emitted at each " picture " point when the 

target is scanned by the reading beam and the 

signal appears on the collector electrode; but it can 

also be extracted from the target. 
One of the advantages of this type of tube is the 

fact that due to the diametric opposition of the two 

guns their interaction is negligible, even if both 

guns employ the magnetic focusing and deflection. 

Further, by sacrificing storage time a reasonable 

grey-scale performance can be obtained. Erasure 

time can be shortened by increasing the beam cur

rent of .the reading gun; but again this tube is not 

a "fast eraser." Storage time can vary from a few 

seconds to several minutes, under television-scan 

read-out conditions. As this tube is fundamentally 

a simultaneous read-in read-out device, it has found 

many applications as scan converter of p.p.i. to 

orthogonal. There are a number of manufacturers 

of the bombardment-induced conductivity target 

storage tube, including RCA (Graphecon), C.S.F. 

(France) and 20th Century Electronics. 

Electrical-output Storage Tube with Storage 

Mesh.-Such is the number of possibilities and vari

ations in the design of storage tubes that Fig. 7 can 

represent two different tubes, depending whether the 

dielectric on the storage mesh faces the electron gun 

or the signal plate. 
In the first case the storage tube is the electrical 

version of the direct-viewing tube and can be ·fitted 

with more than one gun in order to obtain simul

taneous read-in and read-out. Its principles of 

operation correspond then to the direct-viewing 

storage tube, including fast erasure. In the · second 

case, where the dielectric faces the collector, some 

advantages are obtained when this tube is com

pared with the previous type: positive ions are vir

tually barred from reaching the charge pattern on 

the dielectric and thus affecting storage; the voltages 

for the different modes of operation of the tube lie 

close together so that the circuits required to carry 

out this switching are not too difficult to design. 

The erasure time is short. However, it is not pos

sible, at the present state of the art, to write-in and 

read-out at the same time without a serious loss of 

resolution. The number of manufacturers includes 

Raytheon (U.S.A.) and 20th Century. 

Construction Techniques 

The assembly of storage tubes is, perhaps, more of 

an art than a science and requires the making of 

mechanical adjustments of the highest standard. A 

particular complication with the mesh-using tubes, 

of which the direct-viewing type is possibly the most 

common, is the difficulty of producing and handling 

the fine meshes required, especially in the large 

sizes. 
These meshes are produced from glass masters 

which themselves are made on ruling machines. 

· This method of manufacture is extremely reliable 

and the master-makers have got their work to a 

fine art; but it is the size of these ruling machines 

which limits the production of larger areas of mesh 

as most machines can go only to about 6in square. 

It is thus possible to strike a balance point where 

costs are not uneconomic and this appears to be 

with tubes of about five inches diameter. Larger 

tubes have been produced recently and the outlook 
is not completely hopeless. 

STORAGE MESH SIGNAL PLATE Naturally, larger and finer 
meshes are the obvious solu
tion, but it is possible that use 
of a mesh can be eliminated. 
Work is, of course, in progress 
at the author's company as it 
is elsewhere, but much remains 
to be done. 

ELECTRON GUN ~~ 
t 

DEFLECTING COILS 

II 
II 
II 

DECELERATOR MESH 

Fig. 7. Here signal to be stored is held as charges on a mesh, like that in the direct-viewing 

tube. 
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Choice of Tube Type 
One of the things which has 
bedevilled the storage tube's 
development is the fact that 
the field of applications is so 
large and varied that it seems 
impossible, at the present state 
of the art, to cover the whole 
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Fig. 6. Bombardment-induced-conductiYity tube in which storage is achieved by causing electrons to 
penetrate through storage layer from writing to reading side. 
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fact that due to the diametric opposition of the two 
guns their interaction is negligible, even if both 
guns employ the magnetic focusing and deflection. 
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TABLE 

--

Typical storage 

I 
Simultaneous time (signal Type of write and Half-tone available for Application Typical Example Display read requirement read-out) Input-output 

Scan-conversion Television Indirect Yes Yes One or two Both TV standards 
fields Picture transmission over Both Useful Yes Up to ISsec One end of chain is fast telephone lines (band-

in slow out and other width compression) 
is reverse P.p.i. to orthogonal Indirect Yes Yes Up to 3min As example 

Coding and decoding Indirect Yes No Up to 3sec Raster type 
Storage of transients Nuclear experiments 

Both Useful No Up to 3min Very fast input scan 
Medical research 

Integration Nuclear experiments, med- Both No ical research, astronomy 

High-brightness dis- Special radar displays Direct Yes play 

I 

field with one and the same tube. Admittedly it is possible to vary the operation conditions of a particular storage tube to cover a band of characteristics, but this band is relatively narrow in relation to the whole field that storage tubes are capable of covering. Generally, the choice is dictated not by one characteristic alo~e ~ut by a de~isi~:m as to which groups of charactenst1cs have pnonty over others. As an example, an application which does not call for simultaneous writing and reading can be solved with a single-gun storage tube; but whether the tube still has two separate guns for writing and reading or if it is done by switching one gun from one operation condition to the other is at present not a technical question but, instead, one of economics. The table lists applications where storage tubes have become increasingly important and also shows a ~ange of brief specifications for such applications. 
Coding-decoding and track-plotting can be considered to be sub-sections in the field of scanconversion, and transient storage is the reverse of integration. Problems of high-brightne~s disp~ay may sometimes be solved by scan-conversiOn, which allows display on large-size simple monitors. 
In the computer field the storage tube has not been as successful as has magnetic storage. Access to information stored on a single element by an electron beam presents severe registration problems and has been found not to be so fast as in magnetic arrangements, in addition to the problems of m~i~taining a wide-range full-on full-off charactenstlc for digital storage. Hope has not been given up, however, and computers using storage tubes have been constructed. 

The table shows that in most cases the storage tube can be of either the electrical- or optical-output type. As the end product nearly always has to be displayed somewhere it seems logical to go to optical output straight away. At present, however, the product of size and resolution of direct-viewing tubes is considered unsatisfactory for many applications. 
The storage tube with electrical output, on the other hand, seems to have greater possibilities. From experience with camera tubes it is known that very high resolution can be achieved. The possibility of a number of simultaneous displays is very attrac-
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longer out or slow scan in-

fast scan out 
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tive, and such an installation has an inherent flexibility. 

Conclusions 
The choice of a particular storage tube from the user's point of view must always be a compromise between the main characteristics required, their order of importance and then any other considerations. Quite apart from mechanical aspects one can list (not in any order of preference):-

Simultaneous read and write, or read after write only. 
Length of storage time (in the reading and non-reading mode). 
Electrostatic or electromagnetic guns. 
Halftones. 
Resolution. 
Writing Speed. 
Reading Speed. 
Erasure characteristics. 
Priming characteristics. 

Storage tubes are a relative newcomer amongst the "special" tubes; but already they have shown their value in many applications. The original idea of writing and reading is only part of the picture, these tubes are not just a sort of electronic notepaper on to which we can write memoranda very much faster; they are devices which can open up new techniques in nearly every field of electronics. 
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Mechanical display device, developed 
at Elliott Brothers, adds yet another 
example to the long list of ingenious 
devices. Elliott's · intriguing appara
tus uses an array of assemblies each 
of which consists of a test-tube, a 
half-black and half-white ball, a coil 
of wire and a transistor. The ball 
contains a small magnet and is placed 
in the rounded end of the tube. The 
coil, into which current is switched 
by the transistor, is sited behind it. 
Appropriate magnetization of the coil 
can thus turn over the ball so that 
either its black or white face is pre
sented to view through the end of the 
tube. A matrix of these simple 
devices can represent figures or 
letters by appropriate switching and, 
made up on a large enough scale, 
might even be used for half-tone 
reproduction. 

Blood flowmeter using ultrasonic 
puls·es is described by D. L. Franklin 
et al. in the I.R.E. Transactions on 
Bio-Medical Electronics for January 
1962. A pulse train, at a p.r.f. of 
400c Is, is transmitted diagonally 
across a blood vessel, the direction of 
propagation being reversed once per 
cycle. The relative velocity of pro
pagation, and therefore the time 
between transmission and reception 
is dependent on the velocity of the 
blood. Pulses taken from both the 
receiving and transmitting trans
ducers are used to trigger a bi-stable 
toggie, the output of which is a rect
angular wave with a pulse width 
equal to the propagation time. The 
pulse is used to gate-on a ramp 
generator, which produces a linear 
waveform rising at a constant rate. 
T he voltage reached by the ramp is 
dependent on the gate pulse width, 
which in turn is determined by the 
blood flow velocity. Alternate peaks 
are of different amplitudes, as the 
direction of propagation is reversed, 
so that a capacitor, charged through 
a diode to the peak ramp voltage and 
reset after each cycle, will develop a 
400cls waveform across it, which has 
an amplitude proportional to flow 
velocity and a phase relationship with 
the 400cls master waveform which 
indicates phase. 

" Semimetals " is the term used to 
refer to materials that have a be
haviour between that of a semicon
ductor and the conducting metals. 
Semimetals, of course, have particular 
application in thermoelectric devices, 
where their performance is con
veniently defined by a " figure of 
merit " which is the ratio of the 
square of the thermoelectric power 
to the product of resistivity and 
thermal conductivity. Increased 
cooling or power-generating ability 
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is reflected by a higher figure of 
merit. A value of 5.2 X 10-3 I oK was 
achieved for a bismuth-antimony 
alloy at the Bell Telephone Labora
tories by Wolfe and Smith; but 
the gain, and their work, did not 
end there. Semimetals, with their 
equal numbers of highly mobile elec
trons and holes, are particularly prone 
to influence by magnetic fields. 
Wolfe and Smith have found that the 
placing of a junction in a magnetic 
field increases its figure of merit. 
The most noticeable effect is that 
resistance increases, as it does in 
semiconductors, but the thermo
electric power also increases. In a 
weak field the figure of merit, which 
B.T.L. have designated Z, rises 
because the thermoelectric effect 
increases; but as the field becomes 
stronger the resistance rises so much 
that Z depends mainly on tempera
ture and, in fact, the lower the tem
perature, the smaller the field 
necessary. An example from results 
achieved at Bell is a Z = 6.4 X 10-3 at 
200 oK with a field of 12kG, com
pared with Z = 2.4 X 10-3 with no 
field. The best result achieved so far 
is 8.6 X 10-3 ;oK at lOO oK in a 1kG 
field. The field was applied per
pendicular to the current flow in 
single-crystal specimen of bismuth
antimony alloy. 

Double triode type 7247 (Telefunken, 
marketed in U.K. by Tellux Ltd.) 
has one half of high-gain, high
resistance characteristics (ECC83) 
and the other half, medium-gain low
resistance (ECC82). This valve could 
be used in a push-pull power ampli
fier where the low-resistance half 
would be employed as the waveform 
inverter, allowing the application of 
low-resistance grid leaks in the out
put stage, without loss of efficiency. 
Also the 3-W anode dissipation of 
the half-ECC82 system allows· its use 
as a bias and erase oscillator in a 
tape recorder, where the high-gain 
section would be used for signal 
amplification. 

"Noise" can make its appearance in 
photographic recordings of c.r.t. 
traces and the potential resolution of 
the c.r.t. can be reduced by the pre
sence of " coarse " particles of 
phosphor in the c.r.t. screen. An 
apparatus for the comparison of 
phosphor screens has been developed 
at the Royal Radar Establishment ; in 
this an area of the screen is evenly 
illuminated by the defocused spot 
and a ten-times-enlarged image of 
this is scanned by a 75-p, diameter 
hole 4mm off-centre in a motor
driven disc. The light passing 
through the disc falls on a photo
multiplier which, through a train of 

NOTEBOOK 
amplifiers, deflects · the spot of a c.r. t. 
vertically. The horizontal scan is 
synchronized with the rotation of the 
disc whose speed is adjusted to allow 
a high-frequency cut-off in the ampli
fiers of only 200cls. In this way 
much of the photomultiplier noise, 
which would . be a serious problem 
with such a small light input, is 
limited to an acceptable level. 
Another use of the machine is trace
width measurements, where any de
sired " number of dB down " can be 
taken from that display: this pro
duces far more consistent results than 
does visual estimation using a travel
ling microscope. 

Semiconductor decade counter is 
described by A. Ambroziak in 
Electronics for February 9th, 1962. 
The device, known as the Semdec
tron, consists of a bar of n-type 
material with ten p-n junctions along 
it; ohmic contacts are at each end of 
the bar. Effectively, the device can 
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be considered as ten unijunction 
transistors* in series. In the circuit 
shown, the negative voltage on each 
junction is set by the gradient along 
the bar and the voltage of the input. 
As a trigger pulse is applied, the jun
tion with the least negative bias · will 
be made to conduct, the resistivity of 
the bar material between the junction 
and the positive rail will be decreased 
by the minority carrier injection, and 
the second junction will be at a suit
able bias voltage for triggering. The 
tenth junction acts as a monostable 
multivibrator, the duration of the 
quasi-stable state depending on the 
values of C and R. The pulse ob
tained from C is used to switch the 
transistor on, which then short-cir
cuits the counter load resistor and 
res·ets it ready for the eleventh pulse. 
The waveform at A is one-tenth the 
frequency of the input trigger pulses. 

*"Double-base Diode Oscillator." P Lloyd. 
Wireless World, September 1961. 
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Mechanical display device, developed 
at Elliott Brothers, adds yet another 
example to the long list of ingenious 
devices. Elliott's intriguing appara- 
tus uses an array of assemblies each 
of which consists of a test-tube, a 
half-black and half-white ball, a coil 
of wire and a transistor. The ball 
contains a small magnet and is placed 
in the rounded end of the tube. The 
coil, into which current is switched 
by the transistor, is sited behind it. 
Appropriate magnetization of the coil 
can thus turn over the ball so that 
either its black or white face is pre- 
sented to view through the end of the 
tube. A matrix of these simple 
devices can represent figures or 
letters by appropriate switching and, 
made up on a large enough scale, 
might even be used for half-tone 
reproduction. 
Blood flowmeter using ultrasonic 
pulses is described by D. L. Franklin 
et al. in the I.R.E. Transactions on 
Bio-Medical Electronics for January 
1962. A pulse train, at a p.r.f, of 
400c/s, is transmitted diagonally 
across a blood vessel, the direction of 
propagation being reversed once per 
cycle. The relative velocity of pro- 
pagation, and therefore the time 
between transmission and reception 
is dependent on the velocity of the 
blood. Pulses taken from both the 
receiving and transmitting trans- 
ducers are used to trigger a bi-stable 
toggle, the output of which is a rect- 
angular wave with a pulse width 
equal to the propagation time. The 
pulse is used to gate-on a ramp 
generator, which produces a linear 
waveform rising at a constant rate. 
The voltage reached by the ramp is 
dependent on the gate pulse width, 
which in turn is determined by the 
blood flow velocity. Alternate peaks 
are of different amplitudes, as the 
direction of propagation is reversed, 
so that a capacitor, charged through 
a diode to the peak ramp voltage and 
reset after each cycle, will develop a 
400c/s waveform across it, which has 
an amplitude proportional to flow 
velocity and a phase relationship with 
the 400c/s master waveform which 
indicates phase. 
" Semimetals" is the term used to 
refer to materials that have a be- 
haviour between that of a semicon- 
ductor and the conducting metals. 
Semimetals, of course, have particular 
application in thermoelectric devices, 
where their performance is con- 
veniently defined by a " figure of 
merit" which is the ratio of the 
square of the thermoelectric power 
to the product of resistivity and 
thermal conductivity. Increased 
cooling or power-generating ability 

is reflected by a higher figure of 
merit. A value of 5.2Xl0-3/°K. was 
achieved for a bismuth-antimony 
alloy at the Bell Telephone Labora- 
tories by Wolfe and Smith; but 
the gain, and their work, did not 
end there. Semimetals, with their 
equal numbers of highly mobile elec- 
trons and holes, are particularly prone 
to influence by magnetic fields. 
Wolfe and Smith have found that the 
placing of a junction in a magnetic 
field increases its figure of merit. 
The most noticeable effect is that 
resistance increases, as it does in 
semiconductors, but the thermo- 
electric power also increases. In a 
weak field the figure of merit, which 
B.T.L. have designated Z, rises 
because the thermoelectric effect 
increases; but as the field becomes 
stronger the resistance rises so much 
that Z depends mainly on tempera- 
ture and, in fact, the lower the tem- 
perature, the smaller the field 
necessary. An example from results 
achieved at Bell is a Z = 6.4X KH at 
200 °K with a field of 12kG, com- 
pared with Z = 2.4XlO-3 with no 
field. The best result achieved so far 
is 8.6 XlO-1/0!^ at 100 °K in a IkG 
field. The field was applied per- 
pendicular to the current flow in 
single-crystal specimen of bismuth- 
antimony alloy. 

Double triode type 7247 (Telefunken, 
marketed in U.K. by Tellux Ltd.) 
has one half of high-gain, high- 
resistance characteristics (ECC83) 
and the other half, medium-gain low- 
resistance (ECC82). This valve could 
be used in a push-pull power ampli- 
fier where the low-resistance half 
would be employed as the waveform 
inverter, allowing the application of 
low-resistance grid leaks in the out- 
put stage, without loss of efficiency. 
Also the 3-W anode dissipation of 
the half-ECC82 system allows its use 
as a bias and erase oscillator in a 
tape recorder, where the high-gain 
section would be used for signal 
amplification. 
" Noise " can make its appearance in 
photographic recordings of c.r.t. 
traces and the potential resolution of 
the c.r.t. can be reduced by the pre- 
sence of " coarse" particles of 
phosphor in the c.r.t. screen. An 
apparatus for the comparison of 
phosphor screens has been developed 
at the Royal Radar Establishment: in 
this an area of the screen is evenly 
illuminated by the defocused spot 
and a ten-times-enlarged image of 
this is scanned by a 75-^ diameter 
hole 4mm off-centre in a motor- 
driven disc. The light passing 
through the disc falls on a photo- 
multiplier which, through a train of 

amplifiers, deflects the spot of a c.r.t, 
vertically. The horizontal scan is 
synchronized with the rotation of the 
disc whose speed is adjusted to allow 
a high-frequency cut-off in the ampli- 
fiers of only 200c/s. In this way 
much of the photomultiplier noise, 
which would be a serious problem 
with such a small light input, is 
limited to an acceptable level. 
Another use of the machine is trace- 
width measurements, where any de- 
sired " number of dB down " can be 
taken from that display; this pro- 
duces far more consistent results than 
does visual estimation using a travel- 
ling microscope. 
Semiconductor decade counter is 
described by A, Ambroziak in 
Electronics for February 9th, 1962. 
The device, known as the Semdec- 
tron, consists of a bar of n-type 
material with ten p-n junctions along 
it; ohmic contacts are at each end of 
the bar. Effectively, the device can 
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be considered as ten unijunction 
transistors* in series. In the circuit 
shown, the negative voltage on each 
junction is set by the gradient along 
the bar and the voltage of the input. 
As a trigger pulse is applied, the jun- 
tion with the least negative bias will 
be made to conduct, the resistivity of 
the bar material between the junction 
and the positive rail will be decreased 
by the minority carrier injection, and 
the second junction will be at a suit- 
able bias voltage for triggering. The 
tenth junction acts as a monostable 
multivibrator, the duration of the 
quasi-stable state depending on the 
values of C and R. The pulse ob- 
tained from C is used to switch the 
transistor on, which then short-cir- 
cuits the counter load resistor and 
resets it ready for the eleventh pulse. 
The waveform at A is one-tenth the 
frequency of the input trigger pulses. 

*" Double-base Diode Oscillator." P Lloyd. 
Wireless World, September 1961. 
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MONTREUX 
TELEVISION SYMPOSIUM 

DELEGATES attending the 2nd International 
Television Symposium at Montreux, Switzerland, at 
the beginning of May must have thought that the 
U.K., although in the vanguard 26 years ago when 
introducing the world's first public high-definition 
television service, now had nothing to contribute to 
the science. There was but one U.K. paper out of 
a total of nearly 50, and only one piece of British 
equipment to be seen at the exhibition organized 
in conjunction with the symposium, and that, in
cidentally, was part of an American unit. It was 
stated that the papers presented were selected from · 
the very large number submitted, but it was learned 
on enquiry that there was only one British paper 
received. It is a matter for congratulation that the 
paper by George Partington (of Marconi's) on 
" New trends in the development of television 
studio equipment" was selected. Fifteen papers 
were from Germany, 11 from the U.S.A., 8 from 
members of international organizations, 7 from 
France and 6 from Holland. 

Before discussing the papers themselves, mention 
must be made of the awards presented at the end 
of the symposium. The recipients of these awards, 
~' in recognition of their outstanding contribution to 
the advancement of television," were Dr. F . 
Schroter, of Telefunken, Isaac Shoenberg, director 
of Electric and Musical Industries, Georges 
Valensi, until 1956 director of the International 
Telephone Consultative Committee of the I.T.U., 
Dr. H. Yagi, who was until 1960 president of the 
Musashi College of Technology, Tokyo; and Dr. 
V. K. Zworykin, of R.C.A. 

The symposium (April 30th-May 4th), attended 
by some 280 delegates from 20 countries, opened 
with several survey papers covering the develop
ment of television and the basic pr.oblems of fre
,quency allocation. Dr. Gerber, in stressing the 
problems of sharing the "but one single radio wave 
spectrum" mankind has at his disposal, quoted a 
figure of "probably less than 5% '' for the efficiency 
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of the present use of the radio channels available 
for world communications. 

Several sessions were devoted to communication 
problems. The first, covering international relay
ing, was devoted in the main to the use of earth 
sat-ellites and the contributions were from Ameri
cans. One paper dealt with the possibility of using 
a satellite-borne transmitter to give direct reception 
of sound and television broadcasting to the general 
public over vast areas of the world. Such a scheme 
would be possible only if an internationally uniform 
television standard was adopted, unless of course 
the satellite was equipped for multi-standard trans
mission. This scheme is really an extension of the 
system introduced in the American mid-west in 
which an aircraft flying at an altitude of 4 or 5 
miles is used for educational broadcasts. During 
the symposium a paper was presented by the presi
dent of the U .S. National Educational Television 
and Radio Centre on educational television in 
general in which he dealt at some length with the 
" flying classroom" introduced in Indiana, where 
there are 17,000 schools with a potential "class
room" of 7,000,000 students. 

Satellite Video-tape Recorder 
The use of tape recording and reproducing equip
ment in a satellite presents many problems the 
greatest being the necessity for a drastic redu'ction 
of the size and weight of the tape transport and 
still provide survo facilities for the precise control 
of tension, velocity and speed of recording on 2in 
tape. Alan Grace, project engineer of Ampex, 
described the problems encountered in developing 
a video-tape recorder which weighs only 30 lb, 
occupies less than 3 I 4 cu ft and requires less than 
40 watts of power. The tape is carried on counter
rotating hubless take-up and supply reels mounted 
co-axially. They are driven by rubber rollers that 
engage "V " grooves in their rims. Only two 
video heads are used instead of the normal four. In 

Delegates fro m 2 0 
countries attended the 
second International 
Television Symposium in 
Montreux at the begin
ning of May. 
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Musashi College of Technology, Tokyo; and Dr. of tension, velocity and speed of recording on 2in 

•JF' Zworykm' 0LR"9"^' , .. ... jape'. Alan Grace, Project engineer of Ampex, The symposium (April 30th-May 4th), attended described the problems encountered in developing 
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quency allocation. Dr. Gerber, in stressing the rotating hubless take-up and supply reels mounted 
problems of sharing the " but one single radio wave co-axially. They are driven by rubber rollers that 
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figure of probably less than 5 % " for the efficiency video heads are used instead of the normal four. In 
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order to produce the "writing " speed of 1,500 in/ sec 
required for a 4 megacycles video bandwidth, the 
heads are themselves rotated at a rate of 240 r .p.s. 
counter to the direction of the tape which follows 
a helical path over the plane of the video head. 
H elical scan recording utilizing a single head was 
dealt with in another Ampex paper. 

While discussing video tape recording, mention 
should be made of the latest facility, that of edit..,. 
ing without splicing, which was demonstrated dur
ing the symposium. Large screen Eidophor equip
ment was used for the demonstration, which showeq 
how tape can .be wiped electronically and a new 
recording inserted without any visible break. 

Several papers dealt with various aspects of tele
vision transmission and reception in the u.h.f. bands. 
Particular interest was shown in those papers cover
ing propagation problems. E. W. Allen, chief en
gineer of the United States Federal Communications 
Commission, gave a report on tests conducted in 
New York city using the American channel 31 (572-
578 Mcjs). Directional and omni-directional trans
mitting aerials providing either horizontal or 
circular polarization were used · for the tests. 
N o significant advantage of one mode of 
polarization over the other was shown ex
cept at very low field strengths when circular 
polarization showed a slight advantage. Dr. 
H . Kosters, of the Hamburg Institut fiir Rund
funktechnik, gave a most interesting survey of tests 
using a pulse system in Bands IV and V to investi
gate reflections in the Bavarian Alps and in the 
Moselle region. Results showed that because of 
the movement of trees on wooded slopes, reflec
tions varied by as much as 10 dB by comparison 
with un-wooded slopes. Directivity was found to 
be more important than high gain in the aerial. 

Both of the papers devoted to camera tubes were 
concerned with vidicons, but with a difference. In 
the first, Dr. E. F. deHaan, of Philips, described 
the "plumbicon " tube, in which the photo-sensitive 
layer is an evaporated micro-crystalline layer of lead 
monoxide. The most significant advantages of this 
lead oxide vidicon are the low dark current, the 
high speed of response which is independent of light 
intensity and the high sensitivity. The author of the 
second paper, Professor W. Heimann, of Wiesbaden, 
demonstrated in complete darkness an infra-red 
video pick-up tube with very convincing results, 
the subjects being a person, a plant and a glass of 
water. The heat source was a 300oC radiator. 

While in Europe manufacturers have pioneered 
remote control of cameras by the introduction of 
more and more stable circuitry, in the United 
States, where so many stations rely on packaged 
programmes, they have concentrated on applying 

Exhibitors from France, 
Japan,· Switzerland and 
the U.S.A. participated 
in the exhibition run in 
conjunction With the 
Symposium. 
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automation to the programming of television and 
sound broadcasting. A description was given and a 
film shown of a punched tape or card system by 
which a whole day's programmes (whatever the 
mixture of tape, film, slides or networking) can 
automatically be fed into the transmitter at the 
appropriate time. 

Colour Television 
Dr. V. K. Zworykin was chairman of the session 
devoted to colour television, and he opened with 
a review of the present situation in the United States. 
He stated that of the 208 television stations affiliated 
to the National Broadcasting System, 87 % are 
equipped to re-broadcast network colour pro
grammes and many of them can originate live or 
film colour programmes. Similar figures presum
ably apply to the other two television networks. 
Dr. Zworykin referred to the development of the 90° 
shadow mask tube by R.C.A., which is 6in shorter 
than the present 70 '' tube. Development models 
may be available to set designers this year, but they 
are not likely to be on the market before the spring 
of 1963. Questioned on the value of colour in 
television, Dr. Zworykin expressed the opinion that 
it was more important for educational and medical 
purposes than for broadcasting. 

The problems of colour transmission over inter
national micro-wave links were reviewed by Dr. J. 
Muller, of Darmstadt, who gave details of a series. 
of tests carried out over the 1,500 km Rome-Berne
Darmstadt circuit which forms part of the per
manent Eurovision network. A full report on the 
tests was given in NTZ for ApriL1962. 

It has been impracticable to do more than very 
briefly summarize a few of the papers ·presented 
at this international meeting .. The organizing com
mittee intends publishing in book form all the 
papers, particulars of which will be obtainable from 
the chairman, John H .. Gayer, of the Intern-ational 
Telecommunications Union, Geneva. 

It is planned to dissociate next year's symposium 
and exhibition from the television programme con
test, .which together have in the past -formed the 
International · Television Festival. The provisional 
dates of . the · 1963 symposium and exhibition are 
May 20th-25th. . A weakness of this year's 
symposium, which it is hoped will be avoided next 
year, was that preprints of the papers were not 
available, which meant that there was very little 
discussion. The publication of preprints permits 
the delivery of a more or less extempore summary 
at the meeting itself, thereby allowing time for open 
discussion. 

We shall be glad to send a list of the titles of the papers to inter
ested readers, who are asked to send a stamped addressed envelope. 
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DOMESTIC TELEVISION 
AND RADIO RECEIVERS AT HANOVER FAIR 
THERE is no full-scale radio exhibition this 
autumn in Germany, but the annual Hanover 
Fair is traditionally the place where German 
receiver manufacturers announce new models for 
the forthcoming season. In the eight months which 
have elapsed since the Grosse Deutsche Funkaus
stellung in Berlin there has been no fundamentally 
new development in design, but some trends and 
many detail refinements of design are worth noting. 

Television ·Receivers 

The so-called "asymmetrical cabinet" which has 
long bee!l a feature of British television sets seems 
now to have become a vogue al~o in Germany. Most 
firms make three classes of receiver which may be 
translated as " standard," " high-performance " anrl 
"luxury." Following the lead given by Saba with 
their optical diffusion screen, most sets now have 
switchable "line free" viewing which in the cheaper 
sets is obtained by spot elongation and in the others 
by spot wobble. The luxury class includes fully 
automatic tuning, and in some cases motor-driven 

Graetz v.h f. switch tuner, with (below, right) input 
wafer and (left) oscillator wafer. 

258 

station searching on u.h.f. as well as v.h.f. The 
commonest screen size is 59 em (23 in) and many 
sets (e.g. Korting, Schaub-Lorenz, Wega) were fitted 
with convex plastic gold-toned filter screen covers 
which attracted favourable attention for their wide
angle viewing and anti-reflection characteristics. 

The design of "front ends" shows some interest
ing variations. Graetz have abandoned the usual 
cascade input stage in favour of the PC 97 shielded 
triode for their v.h.f. tuner. This valve has the very 
low grid-anode capacitance of 0.48 pF and in a 
neutralized circuit gives a gain comparable with 
that of a cascade but with a lower noise level. 
Graetz have also changed from a turret to a switch
wafer incremental tuner for v.h.f. Inductances take 
the form of V -shaped thin metal pres sings between 
the switch contacts, and adjustment is made by 
bending these towards the switch plane (reducing) 
or away (increasing inductance). In the oscillator 
circuit greater precision is given by the use of a 
fixed plate with stamped serrations. Ordinary 
cheese-head screws, concentric but not in contact 
with the plate indentations, adjust the inductance 

Philips "Memo
matic " mechan
ism provides 40 
preset pos.itions 
for u.h.f. channels. 

by changing the distribution of r.f. current paths. 
Grundig sprang a last-minute surprise by showing 

a prototype u.h.f. tuner with a mesa transistor (AF 
139) r.f. stage. They are also using transistor 
sound i.f. stages in several current models. 

Mechanically pre-set "tuning memories " for 
station selection are now provided in all but the 
cheapest sets, and may take the form of a rotary 
mechanism (e.g. Philips "Memomatic") or a rank 
of push buttons (e.g. Blaupunkt "Optimat," Grundig, 
Telefunken), with independent adjustment by small 
knurled screws which pull out of the centre of each 
button. In the Telefunken sets neat plastic sliding 
caps cover the adjusters when not in use. 

Although the claims of instantaneous programme 
selection by push buttons are attractive, the fascina
tion of motor-driven station searching, with elec
tronic automatic fine tuning when a worth while 
programme is found, are not to be denied. This 
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"Fuba " FSAI U24 universal (v.h.ffu.h.f.) aerial. 

UKW inductive tuner (with screen removed) as fitted in 
the Nordmende " Transita-Export " portable. 

feature is provided for v.h.f. in the Loewe-Opta 
luxury sets, and for both v.h.f. and u.h.f. in some 
Schaub-Lorenz receivers which employ no fewer 
than 3 motors (1 for v.h.f. and 2 for u.h.f.). 

Optional suppression of horizontal line structure
now universal in German 625-line receivers- is 
achieved in four ways. In the luxury class, spot 
wobble is employed with a quartz-controlled oscil
lator operating at 13.56 Mc/s (the frequency allo
cated for industrial and scientific purposes). In 
the lower-priced sets the usual method is to fit 
pairs of electromagnets to the neck of the c.r.t. to 
give vertical elongation of the spot and to switch 
the energizing current (obtain, e.g. in Grundig sets, 
from the h.t. supply to the sound output valve). There 
were two notable exceptions: in the Deutsche Philips 
" standard " sets the magnets are permanent · and 
they are applied to or removed from the neck of 
the tube by a push-button-controlled link mechanism, 
and in some Loewe-Opta sets the spot is electro
statically de-focused by changing the potential of 
one of the gun electrodes. 

The alternative programmes on u.h.f. were so long 
in starting in Germany that aerial manufacturers 
had plenty of time to make preparations in advance. 
T wo interesting new designs were, however, shown 
at Hanover for the first time. The" Fesa Corner 3" 
by Richard Hirschmann covers the whole of Bands 
IV and V and is designed to fold into a small volume 
for ease of distribution and installation. The 
F SA1 U24 by Fuba covers all the v.h.f. and u.h.f. · 
channels with a gain of 8-lOdB. The technique 
adopted is to use the reflector rods of the u.h.f. aerial 
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The " fesa Corner 3 " broad-band (IV and V) corner aerial 
(Hirschmann) can be folded for ease of packing and transport. 

Electromagnetic deflection coils for switchable spot elongation 
in Grundig " standard " class TV sets. 

as directors for the v.h.f. folded dipole, which is 
placed behind them. 

. Sound Receivers 

As in most other countries, the centre of interest 
remains with transistor portables, ranging from the 
so-called Zwergtaschengeriite (dw::i:rf pocket sets), of 
which the Siemens RT 31 (with built-in fiashJ.amp) 
and the Telefunken" Ticcolo" (with built-in, spring
watch programme switch) are good examples, to 
the high-sensitivity Kofjergeriite (handbag portables) 
with telescopic external aerials. The trend, noted 
at last year's Berlin exhibition, to include a short
wave range (25-49 metres) for reception of home 
news bulletins when on extended journeys to foreign 
parts is now established practice. The Nordmende 
"Transita-Export" is a typical example and is also 
noteworthy for the well thought out and accessible 
design of its chassis, in which the inductively tuned 
input circuits form a compact and well-screened 
unit. 

Stereophonic reproduction of disc records is 
universal in all the larger domestic radio-gramo
phones, and for export to America and in anticipa
tion of possible future adoption of F.C.C. and 
C.C.I.R. standards for stereophonic broadcasting in 
Europe, adapter units are already in production by 
Graetz, Grundig and Saba. 
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WORLD OF WIRELESS 

l.l.H.F. Broadcasting in the U.K. 
SIR HAROLD BISHOP, C.B.E., Director of En
gineering, B.B.C., addressing the 300 delegates to the 
annual Radio and Television Retailers' Association 
Conference held recently at Bournemouth, outlined 
the Corporation's proposal for the extension of 
broadcasting in the U.K. This includes a second 
television programme, a change from 405 to 625 lines, 
extension into the u.h.f. bands, development of colour 
television, an extension of sound radio and the intro
duction of a fourth service for local broadcasting, 
and continued experiments with stereophony. To 
carry out this programme of development, the B.B.C. 
would need to receive between £5 and £6 of a licence 
fee (at present it receives about £2 16s out of the 
£4 radio and TV licence). 

With regard to engineering problems facing the 
broadcasting authorities, he said they were all vitally 
interested in the performance of u.h.f. transmitters 
and most pa'rticularly in reception difficulties. There 
would be a need for better aerials which ·would 
have to be erected high over roofs and carefully 
sited to avoid ghosts. The cost of these would be 
considerably higher than for v.h.f. television aerials. 

It was revealed that the B.B.C. with the close co
operation of the G.P.O., I.T.A. and industry, is to 
carry out further trials from Crystal Palace with a 
u.h.f. transmitter of 160 kW e.r.p. and later on with 
a second transmitter of the same power on the same 
site. At first the transmitters would be in Channels 
34 (vision 575.25Mc/s) and 44 (vision 655.25Mc/s) 
and later would be changed to two of the four 
frequencies allocated to the London area at the 
European Broadcasting Conference at Stockholm 
last year. It was planned that trials would star~ 
in August and that there would be monochrome and 
colour transmissions. The second transmitter would 
be added early in 1963 with the frequency changes 
made about next April. Sir Harold said: "The 
reason for using two transmitters for these trials is 
that there is space in the u.h.f. bands, we think, for 
four programmes. But the four transmitters serving 
a particular area would have to be on the same site. 
We want, therefore, to satisfy ourselves that we are 
aware of all the problems that may arise in trans
mitting this number of programmes from one site." 
In spite of the high power, perhaps 1,000 kW e.r.p., 

Design Centre Award of the CounCil of Industrial Design has 
been presented to the designers of this S.M.£. pick-up. The 
judges stated " ... this arm offers an outstanding performance. 
It also looks what it is, a fine piece of precision engineering". 
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which is contemplated for the main u.h.f. trans
mitters to provide a national service, there would 
have to be about 64 main stations and about 150 
satellite stations with additional wired relay services 
to serve the difficult areas. 

Delegates to the R.T.R.A. conference were also 
addressed by P. A. T. Bevan, C.B.E., Chief Engineer 
of the I.T.A., who said that he was in close agree
ment with what Sir Harold had said. He thought 
that there must be a large degree of co-operation 
between the broadcasting authorities and that they 
did not want to be rushed into u.h.f. too quickly. 
He said that in the first five years about ten stations 
could be built to give 70 % coverage in the U.K. 
The remaining 30 % was the difficult and long-term 
task. 

Audio Amplifier Certificates 
THE Audio Manufacturers' Group have recently intro
duced a scheme for certifying audio amplifier specifica
tions. Under this scheme a certificate indicates that 
certain parameters of the amplifier have been measured 
according to standard procedures by an independent 
testing authority and that the manufacturer's claims for 
these parameters have been confirmed. The parameters 
which must be measured include the harmonic distor
tion, output power, sensitivity, frequency response, hum 
and noise, damping factor, cross-talk and power con
sumption. All this data must be quoted in technical 
publicity material, and any other data given in such 
material must also be checked under this scheme. The 
manufacturer must also undertake that all production 
models are made to the same standards as the tested 
sample, and a procedure is laid down for checking this 
in the event of a complaint. Any manufacturer can 
take part in this scheme: he does not have to be a 
member of the Audio Manufacturers' Group. Unfor
tunately this scheme was introduced too recently for any 
certificates under it to be shown at the recent Inter
national Audio Fair. 

Brit.I.R.E. Research Students 
DESIGNED to encourage fundamental research in 
radio and electronic engineering, Mountbatten Research 
Studentships are being established by the British Insti
tution of Radio Engineers. It is intended to award one 
studentship in October, the second in October 1963, and 
thereafter as they become vacant. Each studentship will 
have an annual value of £500 plus university or college 
tuition fees, and will normally be tenable for two years, 
with the possible extension of one further year. Potential 
candidates for the studentships, who must be graduates 
or holders of diplomas in technology, may obtain appli
cation forms from the secretary of the Brit.I.R.E. at 
9 Bedford Square, London, W.C.l. 

The Pilkington Committee has, it is understood, told 
the Government that it can expect to receive the com
mittee's report and recommendations on the future of 
broadcasting in the U.K. in June. It is reported that 
the Government intends to issue a White Paper giving 
its decisions on the recommendation early in July. 

No Paris Radio Show.-It is announced that the Paris 
Radio and Television Show arranged tentatively for 
September 13th-24th, will not now be held. 

WIRELESS WoRLD, JuNE 1962 

U.H.F. Broadcasting in the U.K. 
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Design Centre Award of the Council of Industrial Design has 
been presented to the designers of this S.M.E. pick-up. The 
judges stated . . this arm offers an outstanding performance. 
It also looks what it is, a fine piece of precision engineering 
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broadcasting in the U.K. in June. It is reported that 
the Government intends to issue a White Paper giving 
its decisions on the recommendation early in July. 
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International Television Conference.-London is the 
venue of the International Television Conference (May 
31st-June 7th) organized by the Electronics and Com
munications Section of the I.E.E. in association with the 
Institute of Radio Engineers (N.Y.), the Television 
Society and the British Kinematograph Society. The 
association of the I.E.E. with the Institute of Radio 
Engineers in the conference provides an important ex
ample of Anglo-American co-operation in the professional 
electronics field which, it is hoped, will set a pattern for 
the future. About 1,500 delegates are attending, repre
senting some 23 countries, and arrangements have been 
made for delegates to visit industrial organizations during 
the conference. 

Television transmissions from the B.B.C.'s existing 
v.hL sound broadcasting station at Llanddona, Angle
sey, North Wales, began on May 15th. Programmes 
are transmitted on Channel 1 (vision 45Mc/s, sound 
41.5Mcjs), using vertical polarization. The B.B.C.'s 
new television station near Manningtree, Essex, was 
brought into service on May 22nd. Programmes are 
transmitted on Channel 4 (vision 61.75Mc/s, sound 
58.25Mc/s) with horizontal polarization. 

Beckley Transmitter.-The v.h.f. sound radio trans
mitters at the B.B.C.'s television station at Beckley, near 
Oxford, were brought into service on May 28th. As the 
service area for sound radio transmissions includes parts 
of the B.B.C.'s Midland and West Regions, the Becklev 
Station transmits both the Midland (93.9Mc/s) and West 
of England (95.85Mc/s) Home Services in addition to the 
Light Programme (89.5Mc/s), and the Third Programme 
and Network Three (91.7Mc/s). Horizontal polarization 
is used. 

Common Market Tariffs.-Mr. John M. Howard, 
Parliamentary private secretary to Mr. Edward · Heath, 
Lord Privy Seal, told delegates to the R.T.R.A. con
ference that in the short term, entry to the Common 
Market is not expected to result in any significant rise 
in the imports of either television or sound radio sets 
from European Economic Community members. Our 
present tariff on these goods is 20 per cent which on 
entry we would expect to cut by about half. In retail 
prices this would be equivalent to a drop of only about 
5 per cent to 6 per cent. 

Silver Medal of the Television Society for 1961, 
which is awarded "for outstanding artistic . achievement 
in television," was presented to Richard Cawston, the 
B.B.C. senior documentary film producer, at the 
Society's annual dinner on May 11th. His outstanding 
documentary in 1961 was" Television round the world" 
for which he travelled through 20 countries studying 
the effect of television. When acknowledging the award 
he remarked that nowhere, no matter what the line 
standards-had he found television comparable with 
that in the U.K. 

British Association's annual meeting in Manchester 
(August 29th-September 5th) will be presided over by Sir 
John Cockcroft, F.R.S The programme for the engineer
ing section lists a number of subjects in our field, includ
ing semiconductors, new uses of computers, and 
industrial applications of data handling and processing. 

V.T.R. in Europe.-Of Europe's 193 video recording 
installations 70 are in the U.K. The next biggest con
centration is in Germany, where there are 52. Ampex 
installations total 163. 

Cranfield Open Day.-The College of Aeronautics, 
Cranfield, Bedfordshire, is holding an Open Day on 
Saturday, June 30th. There will be an air display and 
flights from the airfield for members of the public. 
Lunch and tea will . be available. 

"Scaling of Analogue Computers": on page 219 of 
the May issue, in line 26 of the right-hand column, the 
two o's should be deleted. 
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Video Tape Recorder Demonstrations.-An invita
tion is extended by RCA Great Britain Ltd. to readers 
of Wireless World to see the RCA transistor television 
tape recorder in operation at the studios of Iris Pro
ductions Ltd., Broom Road, Teddington, during the 
period May 31st to June 9th. The engineer respon
sible for the design of this switchable three-standard 
recorder (TR-22) will be in attendance. Readers should 
write to RCA Great Britain Ltd., Lincoln Way, Wind
mill Road, Sunbury-on-Thames, Middx., for an invita
tion card. 

R.E.C.M.F. Officers.-At the recent A.G.M. of the 
Radio and Electronic Component Manufacturers' Fed
eration Dr. G. A. V. Sowter was re-elected chairman. 
The new council is as follows: G. J. Taylor (Bakelite), 
N. D. Bryce (Bellirig-Lee), A. F. Bulgin (Bulgin), R. F. 
Collinson (Colvern), S. H. Brewell (A. H . Hunt), 
J. Thomson (Morganite Resistors), S. E. Jones (Mullard), 
R Arbib (Multicore), P. M. Denham (Painton), J. A. 
Clark (Plessey), L. T. Hinton (S.T.C.), and Dr. G. A. V. 
Sowter (Telcon Metals). 

E.E.A. Council.-Representatives of 15 member 
companies of the Electronic Engineering Association 
make up the new council for 1962. They are: V. M. 
Roberts (A.E.I.), C. H. T. Johnson (Decca Radar), 
C. Metcalfe (E.M.I. Electronics), W. R. Thomas 
(Elliott Brothers), J. 0 . Trundle (English Electric), 
W. D. H. Gregson (Ferranti), R. J. Clayton (G.E.C.), 
G. J. Kelsey (Marconi's), R. R. C. Rankin (Mullard), 
K. S. Davies (MurphY'), M. W. Clark (Plessey), ]. R. 
Brinkley (Pye Telecommunications), J. S. Turner 
(Redifon), C. G. White (S. Smith & Sons, Kelvin & 
Hughes Division), and L. T. Hinton (S.T.C.). 

A memorial seat in recognition of the work done for 
experimental radio communications by the late Gerald 
Marcuse, is to be presented to the parish of Bosham, 
near Chichester, Sussex, where he lived for many years. 
The seat is being given by the Radio Amateurs and 
Old Timers' Association and the Radio Society of Great 
Britain. In addition a plaque has been fixed to the house 
at 14, Queens Park Road, Caterham, Surrey, from which 
Gerald Marcuse carried out his pioneer Empire broad
casts. 

Seventy U.K. electronics firms in the component and 
instrument field have already expressed interest in par
ticipating in the British Electronic Component & In
strument Exhibition, which is to be held in Basle, 
Switzerland, from October 15th-20th this year under 
the auspices of the R.E.C.M.F. Full details are avail
able from the organizers, Industrial Exhibitions Ltd., 
9 Argyll Street, London, ·w.l. (Tel.: Gerrard 1622). 

Receiving Licences.-The number of combined tele
vision and sound radio licences throughout the U.K. 
increased by 51,564 in February and a further 88,703 in 
March bringing the total to 11,833,712. Of the 3,538,507 
sound only licences at the end of March, 495,699 were 
for sets fitted in cars. 

East German television set · production is planned to 
reach 500,000 this year. There are two state-owned set 
manufacturing companies in East Germany where the 
majority of sets have 17in screens. The average retail 
price is equivalent to about £145-there are no hire 
purchase or rental facilities. 

Dutch Show.-W. van der Horst, editor of Radio 
Electronica, of Holland, has advised us that as . there 
will not be a Firato in Amsterdam this year he is organ
izing a show of electronic equipment in tlle Apollo 
Hall, Amsterdam, from October 1st-6th. 

Berlin will ·again be the venue of the next German 
Radio Show which will be held from August 30th
September 8th, 1963. 
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Berlin will again be the venue of the next German 
Radio Show which will be held from August 30th- 
September 8th, 1963. 

Wireless World, June 1962 261 

www.americanradiohistory.com

www.americanradiohistory.com


Television Society Premiums.-The following awards have been made by the Television Society to the authors of the papers quoted, which were read before the Society in 1960-61:-
Electronic Engineering premium to I. J. P. James (E.M.I.) for "Colour Television Camera Problems." E.M.I. premium to Dr. W. E. Glenn (General Electric, New York) for "Thermoplastic Recording." Mervyn premium to Dr. D. E. N. King (Hirst Research Centre, G .E.C.) for "Transparent Phosphor Screens." Mullard premium to D. C. Brothers (B.B.C.) for "Contrast Law Correction in Television Picture Generators." Pye premium to E. R. Rout and R. F. Vigurs (B.B.C.) for "A Wide Range Standards Converter." T.C.C. premium to Dr. H. Barnes (The Marine Station, Millport) for" Underwater Television m Marine Biology," and Wireless World premium to J. Roizen (Ampex International, Switzerland) for "The Use of Video Tape for Colour Television Recording." 

Mullard Educational Service has added five more pamphlets to its " Demonstrations and Experiments in Electronics " series. They are: No. 17, A Transistor Ratl.!meter; No. 18, Valve and Transistor Characteristic Displays; No. 19, A Transformer with Exchangeable Windings; No. 20, The Mullard Pegboard Circuit System; and No. 21, A Transistor Tester for Schools. Requests for copies of these pamphlets should be addressed to Mullard Educational Service, ' Mullard House, Torrington Place, London, W.C.l. 

Personalities 
P. P. Eckersley, M.I.E.E., F.I.R.E., on his retirement from the Telephone Manufacturing Company, has taken up consulting work. In this capacity he is engaged by T.M.C. to look after, notably, educational work. He has also been appointed chairman of Communication Consultants Ltd., a company which undertakes consulting services relating to telecommunications. The Canadian Overseas Telecommunications Corporation has engaged Mr. Eckersley as inspector for equipment purr.hased in this country by the Corporation. 

E. F. Woods, M.B.E., B.Eng. (Hons), assistant to the superintendent engineer, lines, has retired after nearly 33 years' service with the B.B.C. He has been concerned with many developments in the Lines Department, in both the sound and television fields. and was awarded the M.B.E. in 1959 in recognition of his services to broadcast engineering. In 1956 Mr. Woods was seconded temporarily to the European Broadcasting Union to assist with the technical arrangements for Eurovision programme exchanges. 

The B.B.C. announces the appointment of B. Weisman, B.Sc.(Eng.), A.M.I.E.E., as head of the L.F. Studio · Section, Planning and Installation Department, in succession to 0. H. Barron, M.B.E., B.Sc., A.M.I.E.E., who retired recently after nearly 40 years' service. Mr. Weisman joined the Corporation in 1932 as an assistant maintenance engineer in the London control room. He went into the Planning and Installation Department in 1941 when the L.F. Studio Section was formed and has been concerned with many of the B.B.C.'s major studio and control room developments during the postwar years. 

R. J. Mildwidsky, B.Sc.(Eng.), A.M.I.E.E., chief engineer of Rank Relay Services Ltd., has been elected president of the Society of Relay Engineers and A. Burke, A.M.Brit.I.R.E., of British Relay Wireless, has been elected vice-president. 
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Educational services of the International Nickel Company (Mond.) Ltd., Thames House, Millbank, London, S.W.1, are described and illustrated in two new booklets availabLe free of charge on application to the company. Publication 2414, directed at lecturers in universities and technical colleges, describes !nco Mond educational aids in metallurgy, physics, chemistry and engineering and lists literature describing the properties and applications of nickel-containing materials used in electronics. Publication 2415, directed at science masters teaching at G.C.E. 0 and A levels, lists specimens, photographs and samples, wall charts, films and literature dealing with nickel production and applications. 
The Nuffield Foundation has set aside £250,000 towards the cost of a comprehensive long-term programme to improve the teaching of science and mathematics in schools. Co-ordination of the whole programme will be undertaken by the director of the Foundation, Dr. Leslie Farrer-Brown, in consultation with the Ministry of Education, professional institutions and industry. 

Rutherford Scholarship.-The Council of the Royal Society has appointed K. S. Imrie, of the University of New England, Armidale, New South Wales, to a Rutherford Scholarship for three years, to work at the Nuffield Radio Astronomy Laboratories, University of Manchester. 

R. M. Barnard, B.Sc., A.M.I.E.E., has been appointed to manage the Magnetic Materials Division of Standard Telephones and Cables. He joined S.T.C. in 1928 as a student and after spending some time on various radio receiver projects, ranging from ship-to-shore radio links and aircraft receivers to domestic types, published a book, "Radio , Receiver Measurements." On transfer to the S.T.C. Transmission Division in 1934 he studied the measuring problems associated with circuits for multi-channel telephone systems and television. 

R. M. Barnard Dr. G. N. Roberts 
G. N. Roberts, B.Sc., Ph.D., A.M.I.E.E., has been appointed manager of the Capacitor Division of the Components Group of Standard Telephones and Cables Ltd. at Paignton, Devon. Dr. Roberts, formerly chief product engineer with S.T.C.'s Transistor Division at Footscray, Kent, which he joined in 1957 after three years with Plessey, has taken over the management of the division following the appointment of its former manager D . Stevenson as European Sales Manager for Components, for the International Telephone and Telegraph Corporation. 
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in 1960-61;— 

Electronic Engineering premium to I. J. P, James (E.M.I.) 
r* ,poloLir Television Camera Problems," 
E'/V' to Dr. W. E. Glenn (General Electric, New York) for Thermoplastic Recording" 

i?rrerf(
Um ..t?nDr- D- E- N- (Hirst Research ntre, G.E.C.) for Transparent Phosphor Screens " 

T Pfem;um to D. C. Brothers (B.B.C.) for "Contrast Caw Correction m Television Picture Generators " 
" APy^reIS1Um t0c E K-KPn"1 and R. F. Vigurs (B.B.C.) for A Wide Range Standards Converter." 

to Dr. H. Barnes (The Marine Station, 
MiUport) for Underwater Television in Marine Biology," and 

t0 J'Koixen (Ampex International, 
^sion Recording," ' USe 0f Vlde0 Tape f0r 0010111 Tele- 

MuIIard Educational Service has added five more 
pamphlets to its "Demonstrations and Experiments in 
Electronics series. They are: No. 17, A Transistor 
Ratemeter, No. 18, Valve and Transistor Characteristic 
Displays; No 19, A Transformer with Exchangeable 
Windings; No. 20, The Milliard Pegboard Circuit 
System; and No. 21, A Transistor Tester for Schools 
Requests for copies of these pamphlets should be 
addressed to Milliard Educational Service, Mullard 
House, Torrmgton Place, London, W.C.I. 

Personalities 

Educational services of the International Nickel Com- 
pany (Mond.) Ltd. Thames House, Millbank, London, 
b.W 1, are described and illustrated in two new booklets 
avai able free of charge on application to the company. 
Publication 2414, directed at lecturers in universities 
and techmcal colleges, describes Inco Mond educational 
aids m metallurgy, physics, chemistry and engineering 
and lists hterature describing the properties and appli- 
cations of nickel-containing materials used in elec- 
tronics. Publication 2415, directed at science masters 
teaching at G.C.E. O and A levels, lists specimens, 
photographs and samples, wall charts, films and litera- 
ture dealing with nickel production and applications. 

The Nuffield Foundation has set aside £250,000 to- 
wards the cost of a comprehensive long-term programme 
to improve the teaching of science and mathematics in 
schools. Co-ordmation of the whole programme will 
be undertaken by the director of the Foundation, Dr. 
Ueshe Farrer-Brown, in consultation with the Ministry 
ot Education, professional institutions and industry. 

Rutherford Scholarship.—The Council of the Royal 
Society has appomted K. S. Imrie, of the University 

RutWfnr^llfl' l5midale' New South Wales, to a 
n Scholarship for three years, to work at the 

Manchester 0 0norny Laboratories, University of 

P. P. Eckersley, M.I.E.E., F.I.R.E., on his 
retirement from the Telephone Manufacturing Com- 
pany, has taken up consulting work. In this capacity 
he is engaged by T.M.C. to look after, notably, educa- 

work-. He has also been appointed chairman or Communication Consultants Ltd., a company which 
undertakes consulting services relating to telecom- 
munications. The Canadian Overseas Telecommunica- 
tions Corporation has engaged Mr. Eckersley as inspec- 

Corporation'PHient Purchased 111 this country by the 

E. F. Woods, M.B.E., B.Eng. (Hons), assistant to the 
superintendent engineer, lines, has retired after nearly 

33 years service with the B.B.C. He has been concerned 
with many developments in the Lines Department, in 
, Jj1?, sound and television fields, and was awarded the M.B.E. m 1959 in recognition of his services to 

broadcast engmeermg. In 1956 Mr. Woods was seconded 
temporarily to the European Broadcasting Union to 
assist with the technical arrangements for Eurovisioa 
programme exchanges. 

announces the appointment of B. Weis- 
man, B.Sc.(Eng.), A.M.I.E.E., as head of the L.F. Studio 
Section, Planning and Installation Department, in suc- 
cession to O. H. Barron, M.B.E., B.Sc., A.M.I.E.E., who 
retired recently after nearly 40 years' service. Mr. 
Weisman joined the Corporation in 1932 as an assistant 
mamtenance engmeer in the London control room 

1Pt0 tl}c Planning and Installation Department m 1941 when the L.F. Studio Section was formed and 
has been concerned with many of the B.B.C.'s maior 
studio and control room developments during the post- 
war years. 5 ^ 

MUdwidsky B.Se.(Eng.), A.M.I.E.E., chief en- 
gineer of Rank Relay Services Ltd., has been elected 
president of the Society of Relay Engineers and A. 
Burke, A M.Brit.I.R.E., of British Relay Wireless, has 
been elected vice-president. 

R. M. Barnard, B.Sc., A.M.I.E.E., has been appointed 
to manage the Magnetic Materials Division of Standard 
lelephones and Cables. He joined S.T.C in 1928 as 
a student and after spending some time on various radio 
receiver projects, ranging from ship-to-shore radio links 

book a"CRnti;nrepelVe?rS to domestic types, published a °°°U PaJ0 Receiver Measurements." On transfer to me S.l.v. 1 ransmission Division in 1934 he studied 
the measuring problems associated with circuits for 
multi-channel telephone systems and television. 

R. M. Barnard Dr. G. N. Roberts 
G". N. Roberts, B.Sc., Ph.D., A.M.I.E.E., has been 

appointed manager of the Capacitor Division of the 
Components Group of Standard Telephones and Cables 
Ltd. at Paignton, Devon. Dr. Roberts, formerly chief 
product engineer with S.T.C.'s Transistor Division at 
Footscray, Kent, which he joined in 1957 after three 
years with Plessey, has taken over the management 
of the dmsion following the appointment of its former 
manager D. Stevenson as European Sales Manager for 
Components, for the International Telephone and Tele- 
graph Corporation. 
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G. D. Smith, A.M.Brit.I.R.E., chief electronics 
engineer of Plessey Nucleonics Ltd., has received from 
the City and Guilds of London Institute the Insignia 
Award in Technology (C.G.I.A.). His thesis was 
entitled "Electronic Methods of Measuring Nuclear Radiation Hazards." After leaving the Wireless College, 
Colwyn Bay, in 1944, he joined the Test Department 
of E. K. Cole Ltd., at Malmesbury, where he was a 
" founder member " of the nucleonics development 
department set up in 1947. Mr. Smith, who is 35, 
joined Plessey in 1957. 

The C.G.I.A. has also been conferred upon J. W. 
Stark, A.M.Brit.I.R.E., a member of the B.B.C. Re
search Department. Mr. Stark commenced his career with the Post Office Engineering Department and while 
there was seconded to Germany and Nyasaland. He also served with the Cyprus Inland Telecommunica
tions Authority as a senior executive engineer. Mr. Stark 
is currently working on tropospheric propagation. 

K. J. Powell, a 21-year-old Marconi technician 
apprentice, has been presented with the 1961 Goldup 
Prize by the Institution of Electrical Engineers. This 
prize is awarded annually to the student who obtains 
the best result in the Higher National Certificate exami
nation taken throughout the country. In the H.N.C. 
telecommunications examination he achieved 97% in mathematics, 96% in electrical engineering and 85% 
in radio engineering. On completion of his five-year 
apprenticeship in September of this year, he hopes to 
spend three years at Bangor University and then return 
to the Marconi Company as a development engineer. 

R. P. Henegan, Assoc.Brit.I.R.E., has been appointed 
commercial manager of Technograph Electronic Pro
ducts Ltd., of Fleet, Rants. A member of the Society 
of Instrument Technology, he served in the Radar 
Branch of the Royal Navy during the war and was sub
sequently with E.M.I. Research Laboratories and Decca 
Radar. Joining the technical sales staff of Gresham 
Transformers in 1953 he was appointed commercial 
manager of the Electronic Transformers Division in 
1956, which position he relinquished to take up his 
new appointment. 

T. S. Woodget, M.Brit.I.R.E., and A. ). Minns have 
been appointed to the board of the M-0 Valve Co. 
Ltd., a wholly owned subsidiary of the General Electric 
Company. Formerly works manager, Mr. Woodget is 
now production director of M-0 Valve, having been 
associated with the company since 1934. Mr. Minns is 
managing director of Watson & Sons (Electro-Medical) 
Ltd., with which company he has been associated for 
36 years. He is also on the board of Machlett X-Ray 
T ubes (Great Britain) Ltd., another of the G.E.C. 
subsidiary companies. 

A. P. C. Thiele, B.Sc., A.Inst.P., has been appointed 
head of scientific information services of Gulton Industries (Britain) Ltd. of Brighton. Mr. Thiele ·will also 
be responsible for the information services of Gulton associated companies, West Instrument Ltd., and Mer
vyn Instruments Ltd. Until recently he led the Applied Solid State Physics Group of Cossor Radar & Elec
tronics. 

R. J. F. Howard has been appointed a director of 
Metal Industries Ltd., the parent company of the group 
which includes Avo, Taylor Electrical Instruments and 
Lancashire Dynamo. He joined Lancashire Dynamo Electronic Products (then British Electronic Products) as 
chief engineer in 1947 and has been a director since 
1954. After initial training with Harries Thermionics he 
joined Mullard as engineer-in-charge of receiving valve 
quality control and in 1945 went to English Electric 
where he took charge of the industrial electronic equip
ment development laboratory. 
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G. G. E. Blagdon, A.M.I.E.E., has joined the staff of 
the Operations and Maintenance Department of the Independent Television Authority as assistant to the 
Senior Engineer (Operations). He was previously em
ployed by Standard Telephones & Cables Ltd. on the 
development and installation of radio and television 
transmitters and spent one year in Sweden installing 
equipment at the Stockholm broadcasting station. 

Managing Director of Decca Radar since its formation 
12 years ago, Gronp Captain E. Fennessy, C.B.E., B.Sc., 
for 25 years intimately connected with radar and elec
tronics in both Government service and commerce, has 
been appointed to the board of Decca Ltd., the newly 
formed holding company for the Decca Group. Grp. 
Capt. Fennessy is also a director of the British Space 
Development Company. 

C. W. Robson, B.Sc.(Eng.), M.I.E.E., A.M.I.Mech.E., 
who is retiring shortly from his post as vice-principal and head of the · department of electrical engineering 
and applied physics, South East London Technical 
College, Lewisham, is taking up an appointment as 
educational officer of the Sci·entific Instrument Manu
facturers' Association, 20 Queen Anne Street, London, W .1, in succession to S. C. Laws, who has retired from 
the position. 

Kenneth B. Hogg was recently appointed general 
works manager of Electronic Instruments Ltd., of 
Richmond, Surrey. He is 40. In 1946, after demobil
ization from the Royal Artillery in which he was a major, he joined Ferranti at Edinburgh where, three 
years later, he became manager of the Genera.! . and Electrical Engineering Department. In 1957 he JOmed A.E.L as works manager of three factories (valves, 
cathode-ray tubes and batteries) at Brimsdown, and since 1958 has been general works manager of the five 
factories of A.E.I.s Radio and Electronic Components 
Division. 

OUR AUTHORS 
W. R. Daniels, C. de G., whose article on storage 

tubes is published in this issue, was educated .at. the 
Sorbonne in Paris and worked on . photomult1phers, 
camera tubes and related devices under Professor A. 
Lallemand at the Observatoire de Paris. He came to 
this country in 1949 and since 1956 has been with 20th 
Century Electronics where he is senior development 
engineer on photoelectric devices and radiation detec .. 
tion tubes. He is at present investigating new target 
systems for storage tubes. Between 1949 and 1956 
he was first with Cintel and then Cathodeon. 

A. L. Hands, B.Sc.(Eng.), author of the article in 
this issue on automatic relay stations has been em
ployed by the B.B.C. since 195~ in the transmi~ter equipment section of the Planrung and InstallatiOn 
Department. Prior to that, apart from absente on 
National Service, Mr. Hands was for ten years at the 
Post Office Research Station, Dollis Hill, working 
mostly on light electrical contacts and magnetic 
materials for relays. 

OBITUARY 
Cuthbert George Withey, A.M.I.E.E., technical 

manager of Internatiol!al Mari?e Radio. Companr, which he joined as a rad1o officer m 1932, d1ed on Apnl 
28th in his 56th year. He was a member of the staff 
of Queen Mary on her maiden voya~e in 1~36. Mr. 
Withey represented I.M.R.C. a~ ~any mt~rnatwnal. c.onferences and was well known m mternatlonal manume 
circles. 
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G. 15. Smith, A.M.Brit.I.R.E., chief electronics 
engineer of Plessey Nucleonics Ltd., has received from 
the City and Guilds of London Institute the Insignia 
Award in Technology (C.G.I.A.). His thesis was 
entitled " Electronic Methods of Measuring Nuclear 
Radiation Hazards." After leaving the Wireless College, 
Colwyn Bay, in 1944, he joined the Test Department 
of E. K. Cole Ltd., at Malmesbury, where he was a 

founder member" of the nucleonics development 
department set up in 1947, Mr. Smith, who is 35, 
joined Plessey in 1957. 

The C.G.I.A. has also been conferred upon T. W. 
Stark, A.M.Brit.I.R.E., a member of the B.B.C. Re- 
search Department. Mr. Stark commenced his career 
with the Post Office Engineering Department and while 
there was seconded to Germany and Nyasaland. He 
also served with the Cyprus Inland Telecommunica- 
tions Authority as a senior executive engineer. Mr. Stark 
is currently working on tropospheric propagation. 

K. J. Powell, a 21-year-old Marconi technician 
apprentice, has been presented with the 1961 Goldup 
Prize by the Institution of Electrical Engineers. This 
prize is awarded annually to the student who obtains 
the_ best result in the Higher National Certificate exami- 
nation taken throughout the country. In the H.N.C. 
telecommunications examination he achieved 97% in 
mathematics, 96% in electrical engineering and 85% 
m radio engineering. On completion of his five-year 
apprenticeship in September of this year, he hopes to 
spend three years at Bangor University and then return 
to the Marconi Company as a development engineer. 

P. Henegan, Assoc.Brit.I.R.E., has been appointed 
commercial manager of Technograph Electronic Pro- 
ducts Ltd., of Fleet, Hants. A member of the Society 
of Instrument Technology, he served in the Radar 
Branch of the Royal Navy during the war and was sub- 
sequently with E.M.I. Research Laboratories and Decca 
Radar. Joining the technical sales staff of Gresham 
Transformers in 1953 he was appointed commercial 
manager of the Electronic Transformers Division in 
1956, which position he relinquished to take up his 
new appointment. 

'C S. Woodget, M.Brit.I.R.E., and A. J. Minns have 
been appointed to the board of the M-O Valve Co. 
Ltd., a wholly owned subsidiary of the General Electric 
Company. Formerly works manager, Mr. Woodget is 
now production director of M-O Valve, having been 
associated with the company since 1934. Mr. Minns is 
managing director of Watson & Sons (Electro-Medical) 
Ltd., with which company he has been associated for 
36 years. He is also on the board of Machlett X-Ray 
Tubes (Great Britain) Ltd., another of the G.E.C. 
subsidiary companies. 

A. P, C. Thiele, B.Sc., A.Inst.P., has been appointed 
head of scientific information services of Gulton Indus- 
tries (Britain) Ltd. of Brighton. Mr. Thiele will also 
be responsible for the information services of Gulton 
associated companies, West Instrument Ltd., and Mer- 
vyn Instruments Ltd. Until recently he led the Applied 
Solid State Physics Group of Cossor Radar & Elec- 
tronics. 

R. J. F. Howard has been appointed a director of 
Metal Industries Ltd., the parent company of the group 
which includes Avo, Taylor Electrical Instruments and 
Lancashire Dynamo. He joined Lancashire Dynamo 
Electronic Products (then British Electronic Products) as 
chief engineer _ in 1947 and has been a director since 
1954. After Initial training with Harries Thermionics he 
joined Mullard as engineer-in-charge of receiving valve 
quality control and in 1945 went to English Electric 
where he took charge of the industrial electronic equip- 
ment development laboratory. 
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G. G. E. Blagdon, A.M.I.E.E., has joined the staff of 
the Operations and Maintenance Department of the 
Independent Television Authority as assistant to the 
Senior Engineer (Operations). He was previously em- 
ployed by Standard Telephones & Cables Ltd. on the 
development and installation of radio and television 
transmitters and spent one year in Sweden installing 
equipment at the Stockholm broadcasting station. 

Managing Director of Decca Radar since its formation 
12 years ago, Group Captain E. Fennessy, C.B.E., B.Sc., 
for 25 years intimately connected with radar and elec- 
tronics in both Government service and commerce, has 
been appointed to the board of Decca Ltd., the newly 
formed holding company for the Decca Group. Grp. 
Capt. Fennessy is also a director of the British Space 
Development Company. 

C. W. Robson, B.Sc.(Eng.), M.I.E.E., A.M.I.Mech.E., 
who is retiring shortly from his post as vice-principal 
and head of the department of electrical engineering 
and applied physics, South East London Technical 
College, Lewisham, is taking up an appointment as 
educational officer of the Scientific Instrument Manu- 
facturers' Association, 20 Queen Anne Street, London, 
W.l, in succession to S. C. Laws, who has retired from 
the position. 

Kenneth B. Hogg was recently appointed general 
works manager of Electronic Instruments Ltd., of 
Richmond, Surrey. He is 40. In 1946, after demobil- 
ization from the Royal Artillery in which he was a 
major, he joined Ferranti at Edinburgh where, three 
years later, he became manager of the General and 
Electrical Engineering Department. In 1957 he joined 
A.E.I, as works manager of three factories (valves, 
cathode-ray tubes and batteries) at Brimsdown, and 
since 1958 has been general works manager of the five 
factories of A.E.I.s Radio and Electronic Components 
Division. 

OUR AUTHORS 

W. R. Daniels, C. de G., whose article on storage 
tubes is published in this issue, was educated at the 
Sorbonne in Paris and worked on photomultipliers, 
camera tubes and related devices under Professor A. 
Lallemand at the Observatoire de Paris. He came to 
this country in 1949 and since 1956 has been with 20th 
Century Electronics where he is senior development 
engineer on photoelectric devices and radiation detec- 
tion tubes. He is at present investigating new target 
systems for storage lubes. Between 1949 and 1956 
he was first with Cintel and then Cathodeon. 

A. L. Hands, B.Sc.(Eng.), author of the article in 
this issue on automatic relay stations has been em- 
ployed by the B.B.C. since 1955 in the transmitter 
equipment section of the Planning and Installation 
Depanment. Prior to that, apart from absence on 
National Service, Mr. Hands was for ten years at the 
Post Office Research Station, Dollis Hill, working 
mostly on light electrical contacts and magnetic 
materials for relays. 

OBITUARY 

Cuthbert George Withey, A.M.I.E.E., technical 
manager of International Marine Radio Company, 
which he joined as a radio officer in 1932, died on April 
28th, in his 56th year. He was a member of the staff 
of Queen Mary on her maiden voyage in 1936. Mr. 
Withey represented I.M.R.C. at many international con- 
ferences and was well known in international maritime 
circles. 
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At Olympia, London, W.14. 

May 28th to June 2nd 

Instruments, 
THERE are some 350 stands, 
occupied by nearly 500 firms at the 
4th International Instruments, Elec
tronics and Automation Exhibition 
which opens at Olympia, London, on 
May 28th for six days. It will be a 
truly international show with over 
100 manufacturers from 12 or so 
overseas countries taking part and 
in addition a considerable amount 
of imported equipment is being 
shown on agents' stands. In the list 
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XhERE are some 350 stands, 
occupied by nearly 500 firms at the 
4th International Instruments, Elec- 
tronics and Automation Exhibition 
which opens at Olympia, London, on 
May 2Sth for six days. It will be a 
truly international show with over 
100 manufacturers from 12 or so 
overseas countries taking part and 
in addition a considerable amount 
of imported equipment is being 
shown on agents' stands. In the list 
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Hours of Opening: 

10 a.m. to 6 p.m. 

Admission Ss. 

Electronics and Automation Exhibition 
of exhibitors on the following pages 
we have included the country of 
origin of most overseas manufac
turers, and in many cases their U.K. 
agents' names in parentheses. 

The title of the show is all-
- embracing and it is very apparent 

from announcements made by exhi
bitors that there will be a wide 
diversity of equipment at the exhibi
tion which will be by far the largest 
·of the series. Although the Radio 
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and Electronic Component Manu
facturers' Federation is not one of 
the sponsors, many component manu
facturers are, in fact, participating. 

It is hoped · that with the above 
plans and the list of exhibitors 
visitors will readily be able to find 
particular manufacturers' stands. It 
will be seen that the stand numbers 
are keyed to leners which are 
marked at the top of the plans. 

We hope to review in our next 

issue some of the outstanding equip
ment shown at the exhibition which 
is organized by Industrial Exhibitions 
Limited, on behalf of five industrial 
associations.* 

Admission to this biennial exhibi-

* British Electrical and Allied Manufac
turers' Association, British Industrial 
Measuring & Control Apparatus Manufac
turers' Association, Drawing Office Material 
Manufacturers' and Dealers' Association, 
Electronic Engineering Association and 
Scientific Instrument Manufacturers' Asso
ciation. 
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First Floor 

Hours of Opening : 

10 a.m. to 6 p.m. 

Admission 5s. 

Electronics and Automation Exhibition 

of exhibitors on the following pages 
we have included the country of 
origin of most overseas manufac- 
turers, and in many cases their U.K. 
agents' names in parentheses. 

The title of the show is all- 
embracing and it is very apparent 
from announcements made by exhi- 
bitors that there will be a wide 
diversity of equipment at the exhibi- 
tion which will be by far the largest 
of the series. Although the Radio 

and Electronic Component Manu- 
facturers' Federation is not one of 
the sponsors, many component manu- 
facturers are, in fact, participating. 

It is hoped that with the above 
plans and the list of exhibitors 
visitors will readily be able to find 
particular manufacturers' stands. It 
will be seen that the stand numbers 
are keyed to letters which are 
marked at the top of the plans. 

We hope to review in our next 

issue some of the outstanding equip- 
ment shown at the exhibition which 
is organized by Industrial Exhibitions 
Limited, on behalf of five industrial 
associations.* 

Admission to this biennial exhibi- 
* British Electrical and Allied Manufac- 

turers' Association, British Industrial 
Measuring & Control Apparatus Manufac- 
turers' Association, Drawing Office Material 
Manufacturers' and Dealers' Association, 
Electronic Engineering Association and 
Scientific Instrument Manufacturers' Asso- 
ciation. 
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tion, which occupies both the Grand 
Hall and National Hall, costs Ss, or 
1 Os for the week. The hours of 
admission are from 10.0 to 6.0. It 

Stand No. 
A. K. Fans . . . . . . . . . . . . . . . . . . N 614 
A.P.T. Electronic Industries .. P 666 
Acbars . . . . . . . . . . . . . . . . . . . . R 793 
Accurate Recording Instrument 

Co ...... . ................ Q 742 
Adar (S.A.R.L.), France R 767 
Addo . . ... . .. . ...... . .... . ... N 601 
Advance Components G 302 
Air Cont.rol Installations .. .... Q 741 
Aircraft-Marine Products .... L 502 
Airflow Developments .... ... . C 101 
Airmec . . . . . . . . . . . . . . . . . . . . D 152 
Alexander Controls . .. ... . .. ... E 214 
Alma Components . . . . . . . . . . . . F 263 
Alston Capacitors . . . . . . . . . . F 263 
Alto Instruments . . . . . . . . . . . . P 655 
Ampex Great Britain E 211 
Amphenol-Borg . . . . . . . . . . . . R 763 
Analac, France. . . . . . . . . . . . . . . . Q 737 
Analytical Measurements . . . . . . M 557 
Ancillary Developments . . . . . . R 790 
Anglo-American Vulcanized 

Fibre Co. . . . . . . . . . . . . . . . . R 765 
Appareils Lhomargy, France . . . . P 692 
Ardente Acoustic Laboratories P 670 
Annstrong Whitworth D 163 
Arrow Electric Switches Q 730 
Associated Automation . . . . . . B 53 
Associated Electrical Industries E 202 
Associated Iliffe Press B 50 
Association des Ouvriers en In-

struments de Precision, France Q 739 
Ateliers de Construction de 

Bagneux, France (Electro Mech
anisms) . . . . . . . . . . . . . . . . . . H 358 

Atlas Mess- und Analysentechnik C 107a 
Atlas Plating Works . . . . . . . . N 617 
Atohm Electronics . . . . . . . . . . . . R 785 
Aumann W.K.G., W. Germany 

(R. H. Cole) . . . . . . . . . . . . . . P 654 
Automatic Control Engineering Q 703 
Automatic Information Data Ser-

vice .. . ............. . ... . . H 362 
Automation Systems & Controls D 159 
Autronic Developments . . . . . . P 690 
Aveley Electric ...... . . . . . ... C 113 
Avery, W. & T. . . ..... . .. .. A 13 
Avo . .. .. . . .. . . . ... . ...... B 57a 

BEME Telecommunications 
B. & K. Laboratories ....... . 
B. & R. Relays .. ... . .... .. . . . 

N 607 
D 156 
p 683 

Bach-Simpson, Canada (Aveley 
Electric) ........ .. ...... C 

Bailey Meters & Controls . . . . . . D 
Baird & Tatlock (London) . . . . Q 
Baldwin Industrial Controls . . . . A 
Balzers High Vacuum ..... . .. Q 
Barden Corporation . . . . . . . . . . B 
Barr & Stroud . . . . . . . . . . . . . . PQ 
Beaudouin, France .. ... . ... . . . 
Beckman Instruments . . . . . . . . E 
Belclere Co. . . . . . . . . . . . . . . . . P 
Belix Co ....... . .. .. ..... .. . . DQ 
Belling & Lee . . . .. . . ........ . 
Bellingham & Stanley . , . . . . . . A 
Bendix Ericsson . . . • . . . . . . . . E 
Bernstein-W erkzeugfabrik, W. 

Germany . . ......... . .. .. .. J 
·Beulah Electronics .. . .... .. . . . J 
Blackburn Electronics • . . . . . . . D 
Boulton Paul Aircraft R 
Bradley, G. & E. . . . ......... C 
Brandenburg .............. R 
Bribond Printed Circuits . . . . . . N 
Bristol Aircraft . . . . . . . . . . . . . . N 
Bristol's Instrument Co. . ..... B 
British Aircraft Corporation . . . . N 

266 

113 
153 
722 

8 
712 
59 

713 
692 
207 
672 
743 
151 

3 
200 

411 
411 
163 
781 
114 
788 
609 
606 
53 

606 

will be opened officially by L . A. 
Woodhead, of Cossor Instruments, 
who is chairman of the exhibition 
committee, at 11.30 on the 28th. 

LIST OF EXHIBITORS 
Stand No. 

British Electric Resistance Co. . . L 508 
British Insulated Callender's 

Cables . . . . . . . . . . . . . . . . . . . . P 684 
British Physical Laboratoreis . . K 450 
British Pitometer . . . . . . . . . . . . R 792 
British Rototherm . . . . . . . . . . . . A 7 
Brooks Instrument ..... . .... R 745 
Brown, Neville & Co. . .. .. . . . Q 706 
Brown, S. G . . . . . . . . . . . . . . . . . N 613 
Brush Crystal . . . . . . . . . . . . . . N 624 
Bryans Aeroquipment F 265 
Budenberg Gauge Co. F 257 
Bulgin, A. F., & Co. E 201b 
Burgess Products Co. . . . . . . . . P 682 
Bumdept.; . . . ..... ••• • . ... . . D 167 
Burtonwood Engineering Co. Q 712a 
Bush Beach & Segner Bayley P 660 

C.R .E .I. (Lon don) . . . . . . . . . . Q 728 
C.Z. Scientific Instruments . . E 206 
Cambridge Instrument Co . .. .. C 102 
Cannon Electric (G.B.) . . . . . . . . Q 710 
Carr Fastener Co. . . . . . . . . . . . . J 402 
Casella, C. F ., & Co. F 262 
Cathodeon Crystals . . . . . . . . . . L 500 
Cawkell Instruments E 205 
Chapman Ultrasonics . . . . . . . . N 607 
Chesterman, James, & Co. . .. . Q 747 
Clarke, H ., & Co. (Manchester) R 783 
Cobham, Alan, Engineering . . . . N 618 
Cole, R. H. (Overseas) . . . . . . . . P 654 
Colvem . . . . . . . . . . . . . . . . . . . . R 778 
Communication Systems . . . . . . Q 702 
Comoy, H., & Co. . . . . . . . . . . . . N 635 
Compagnie de Regulation et de 

Controle lndustriel, France . . P 692 
Compagnie des Computeurs, 

France . . . . . . . . . . . . . . . . . . . . P 692 
Compagnie Francaise Thomson

Houston, France (M.C.P. Elec-
tronics) . . . . . . . . . . . . . . . . . . R 756 

Compagnie Generate de Metro-
logic, France . . . . . . . . . . . . . . . . P 692 

Compagnie Generate de T. S. F., 
France . . . . . . . . . . . . . . . . . . . . . . Q 737 

Compagnie Industrielle des Tele
phones, France . . . . . . . . . . . . . . P 692 

Connollys (Blackley) . . . . . . . . . . N 608 
Consolidated Electrodynamics 

Corporation . . . . . . . . . . . . . . K 461 
Constructeurs d' Appareils de 

Controle, France . . . . . . . . . . P 692 
Constructeurs de Compteurs et 

Transformateurs de Mesure, 
France . . . . . . . . . . . . . . . . . . . . P 692 

Constructeurs · Francais de Relais 
Electriques, France . . . . . . . . P 692 

Constructions Radioelectriques et 
Electronics du Centre, France P 692 

Continental Connectors . . . . . . P 680 
Control . . . . . . . . . . . . • • . . . . . . . . P 686 
Control Instruments . . . . . . . . . . Q 720 
Control de Chauffe, France . . . . P 692 
Cooke, Troughton & Simms. . . . R 769 
Cossor Group . . . . . . . . . . . . . . . . H 355 
Counting Instruments . . . . . . . . P 659 
Crompton Parkinson ........ E 213 
Crosby Valve & Engineering Co. K 458 
Crouzet England . . . . . . . . . . . . P 664 
Croydon Precision Instrument 

Co .... .. ... .. ... . .... . .. • R 775 
Crystal Structures . . . . . . . . . . . . N 622 
Cybermeca, France . . . . . . . . . . . . P 692 

Dartronic . . . . . . . . . . . . . . . . . • R 784a 
DEAC (Great Britain) . . .. . .. . P 657 
Datum Metal Products D 159 
" Davu " Wires & Cables M 555 

An electronics conference was held 
during the last show in 1960, but 
this year the organizers are concen
trating on the exhibition itself. 

Stand No. 
Dawe Instruments . . . . . . . . . . . . E 205 
Daystrom . . . . . . . . . . . . . . . . . . N 602 
De Havilland Aircraft Co. . ... D 163 
Degussa Hanau, W. Germany 

(Bush Beach & Segner Bayley) P 660 
Delta Technical Services . . . . . . Q 717 
Department of Scientific & In-

dustrial Research . . . . . . . . . . B 51 
Deutsche Export-und lmport

gesellschaft, W. Germany 
(C.Z. Scientific Instruments). . E 206 

Deutscher Innen-und Aussenhan-
del Elektrotechnik, E. Ger-
many (Telemechanics). . . . . . N 633 

Devar Controls . . • . . . . . . . . . . . B 53 
Dewrance & Co. . . . . . . . . . . . . N 629 
'' Diamond H " Switches . . . . F 267 
Direct T .V. Replacements ... . .. J 411 
Direct T .V. Windings . . .. . . . . J 411 
Dobbie Mcinnes (Electronics) . . C 117 
Doran Instrument Co. . . . . . . . . N 607 
Dowty Group .. .. . . . • .. .. .. . . R 781 
Drayton Controls . . . . . . . . . . . . E 203 
Dubilier Condenser Co. (1925) . . N 611 
Dr. Duerrwaechter-Doduco-K.G., 

W. Germany (Joseph Elec-
tronics) . . . . . . . . . . . . . . . . . . N 600 

DynatronRadio ... . ... .. ..... N 637 

E-A Automation Systems • . B 53 
E.M.I. Electronics . . . . . . . . . . . . K 454 
Egen Electric . . . . . . . . . . . . . . . . CQ 729 
Ekco Electronics . . . . . . . . . . . . 105 
Elcom (Northampton) . . .. . ... Q 716 
Electrical Development Assn. . . J 403 
Electrical Remote Control Co. . . M 553 
Electro-Logic Corpn. . . . . . . . . . . R 785 
Electro Mechanisms . . . . . . . . . . H 358 
Electroflo Meters Co. B 53 
Electrolube . . . . . . . . . . . . . . . . N 620 
Electronic Associates . . . . . . . . . . Q 700 
Electronic Technology . •• . . ... .. B 50 
Electronic Instruments C 102 
Electronic Machine Co. . . . . . . R 752 
Electronic Vibrators . . . . . . . . . . N 607 
Electronics & Automation (Lon-

don) ... . .......... . .... . P 657 
Electrosil . . . . . . . . . . . . . . . . . . . . L 503 
Electrovac, Austria (Joseph Elec-

tronics) .............. . ... N 600 
Electroweighters (Birmingham) . . P 658 
Elga Products . . . . . . . . . . . . . . . . A 5 
Elliott-Automation . . . . . . . . B 53 
Elliott Brothers (London) . . . . B 53 
Elliott Brothers (London) •. .... Q 745 
Emeco Electronics Co. . . . . . . . . P 657 
Endecotts (Filters) . . . . . . . . . . . . F 260 
English Electric Co. . .. . ...... D 157 
English Electric Aviation . . . . . . N 606 
English Electric Valve Co, • . . . E 208 
English Glass Co. . . . . . . . . . . . . Q 734 
English Numbering Machines .. F 271 
Epsylon Industries . . . . . . . . . . K 460 
Equipment & Services . . . . . . . . M 553 
Erg Industrial Corporation . . . . Q 727 
Ericsson Telephones ..... . .. E 200 
Erie Resistor . .. . ..... . ...... P 661 
Etablissements Brion Leroux et 

Cie, France • • . • • . . . . . • . . . . . P 692 
Ets. Edouard Bouty et Cie, France P 692 
Etablissements Jules Richard . . P 692 
Etablissements Maxant . . . . . . . . P 692 
Etablissements Pierre Fontaine. . P 692 
Ether Langham Thompson . . . . D 159 
Evans Electroselenium . . . . . . . . A 9 
Everett, Edgcumbe & Co. . . . . . . J 404 
Bvershed & Vignoles . . . . . . . . . . H 356 
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tion, which occupies both the Grand 
Hall and National Hall, costs 5s, or 
10s for the week. The hours of 
admission are from 10.0 to 6.0. It 

will be opened officially by L. A. 
Woodhead, of Cossor Instruments, 
who is chairman of the exhibition 
committee, at 11.30 on the 28th. 

An electronics conference was held 
during the last show in 1960, but 
this year the organizers are concen- 
trating on the exhibition itself. 

LIST OF EXHIBITORS 

A. K. Fans  
A.P.T. Electronic Industries 
Acbars   
Accurate Recording Instrument 

Co  
Adar (S.A.R.L.), France   
Addo  
Advance Components   
Air Control Installations   
Aircraft-Marine Products .... 
Airflow Developments   
Airmec   
Alexander Controls  
Alma Components  
Alston Capacitors   
Alto Instruments   
Ampex Great Britain   
Amphenol-Borg   
Analac, France  
Analytical Measurements   
Ancillary Developments   
Anglo-American Vulcanized 

Fibre Co  
Appareils Lhomargy, France.... 
Ardente Acoustic Laboratories 
Armstrong Whitworth   
Arrow Electric Switches   
Associated Automation   
Associated Electrical Industries 
Associated Iliffe Press   
Association des Ouvriers en In- 

struments de Precision, France 
Ateliers de Construction de 

Bagneux, France (Electro Mech- 
anisms)   

Atlas Mess- und Analysentechnik 
Atlas Plating Works   
Atohm Electronics  
Aumann W.K.G., W. Germany 

(R. H. Cole)   
Automatic Control Engineering 
Automatic Information Data Ser- 

vice   
Automation Systems & Controls 
Autronic Developments   
Aveley Electric   
Avery, W. & T  
Avo   
BEME Telecommunications 
B. & K. Laboratories   
B. & R. Relays   
Bach-Simpson, Canada (Aveley 

Electric)   
Bailey Meters & Controls  
Baird & Tatlock (London) .... 
Baldwin Industrial Controls .... 
Balzers High Vacuum   
Barden Corporation   
Barr & Stroud   
Beaudouin, France  
Beckman Instruments   
Belclere Co  
Belix Co  
Belling & Lee  
Bellingham & Stanley   
Bendix Ericsson   
Bernstein-Werkzeugfabrik, W. 

Germany    
Beulah Electronics  
Blackburn Electronics   
Boulton Paul Aircraft   
Bradley, G. & E  
Brandenburg   
Bribond Printed Circuits   
Bristol Aircraft   
BristoPs Instrument Co  
British Aircraft Corporation .... 

British Electric Resistance Co. .. L 508 
British Insulated Callender's 

Cables   P 684 
British Physical Laboratoreis .. K 450 
British Pitometer   R 792 
British Rototherm   A 7 
Brooks Instrument   R 745 
Brown, Neville & Co Q 706 
Brown, S. G  N 613 
Brush Crystal   N 624 
Bryans Aeroquipment   F 265 
Budenberg Gauge Co F 257 
Bulgin, A. F., & Co E 201b 
Burgess Products Co P 682 
Bumdept     D 167 
Burtonwood Engineering Co. ., Q 712a 
Bush Beach & Segner Bayley P 660 

C.R.E.I. (London)   Q 728 
C.Z. Scientific Instruments .. E 206 
Cambridge Instrument Co C 102 
Cannon Electric (G.B.)  Q 710 
Carr Fastener Co  J 402 
Casella, C. F., & Co F 262 
Cathodeon Crystals   L 500 
Cawkell Instruments   E 205 
Chapman Ultrasonics   N 607 
Chesterman, James, & Co Q 747 
Clarke, H., & Co. (Manchester) R 783 
Cobham, Alan, Engineering .... N 618 
Cole, R. H. (Overseas)   P 654 
Colvem   R 778 
Communication Systems   Q 702 
Comoy, H., & Co  N 635 
Compagnie de Regulation et de 

Controle Industriel, France .. P 692 
Compagnie des Computeurs, 

France   P 692 
Compagnie Francaise Thomson- 

Houston, France (M.C.P. Elec- 
tronics)   R 756 

Compagnie Generale de Metro- 
logie, France P 692 

Compagnie Generale de T. S. F., 
France   Q 737 

Compagnie Industrielle des Tele- 
phones. Prance  P 692 

Connollys (Blackley)   N 608 
Consolidated Electrodynamics 

Corporation   K 461 
Constructeurs d'Appareils de 

Controle, France   P 692 
Constructeurs de Compteurs et 

Transformateurs de Mesure, 
France   P 692 

Constructeurs Francais de Relais 
Electriques, France   P 692 

Constructions Radioelectriques et 
Electronics du Centre, France P 692 

Continental Connectors   P 680 
Control  P 686 
Control Instruments   Q 720 
Control de Chauffe, France .... P 692 
Cooke, Troughton & Simms.... R 769 
Cossor Group  H 355 
Counting Instruments   P 659 
Crompton Parkinson   E 213 
Crosby Valve & Engineering Co. K 458 
Crouzet England   P 664 
Croydon Precision Instrument 

Co R 775 
Crystal Structures   N 622 
Cybermeca, Prance  P 692 
Dartronie   R 784a 
DEAC (Great Britain)   P 657 
Datum Metal Products   D 159 
" Davu " Wires & Cables   M 555 

Dawe Instruments  E 205 
Daystrom   N 602 
De Havilland Aircraft Co D 163 
Degussa Hanau, W. Germany 

(Bush Beach & Segner Bayley) P 660 
Delta Technical Services   Q 717 
Department of Scientific & In- 

dustrial Research   B 51 
Deutsche Export-und Import- 

gesellschaft, W. Germany 
(C.Z. Scientific Instruments).. E 206 

Deutscher Innen-und Aussenhan- 
del Elcktrotechnik, E. Ger- 
many (Telemechanics)  N 633 

Devar Controls   B 53 
Dewrance & Co N 629 
'' Diamond H " Switches   F 267 
Direct T.V. Replacements  J 411 
Direct T.V. Windings   J 411 
Dobbie Mclnnes (Electronics) .. C 117 
Doran Instrument Co N 607 
Dowty Group  R 781 
Drayton Controls   E 203 
Dubilier Condenser Co. (1925).. N 611 
Dr. Duerrwaechter-Doduco-K.G., 

W. Germany (Joseph Elec- 
tronics)   N 600 

Dynatron Radio   N 637 

E-A Automation Systems 
E.M.I. Electronics  
Egen Electric   
Ekco Electronics   
Elcom (Northampton)   
Electrical Development Assn. .. 
Electrical Remote Control Co. .. 
Electro-Logic Corpn  
Electro Mechanisms   
Electroflo Meters Co  
Electrolube   
Electronic Associates  
Electronic Technology  
Electronic Instruments   
Electronic Machine Co  
Electronic Vibrators   
Electronics & Automation (Lon- 

don)   
Electrosil  
Electrovac, Austria (Joseph Elec- 

tronics)   
Electroweighters (Birmingham).. 
Elga Products  
Elhott-Automation   
Elliott Brothers (London) .... 
Elliott Brothers (London)  
Emeco Electronics Co  
Endecotts (Filters)  
English Electric Co  
English Electric Aviation   
English Electric Valve Co  
English Glass Co  
English Numbering Machines .. 
Epsylon Industries   
Equipment & Services   
Erg Industrial Corporation .... 
Ericsson Telephones   
Erie Resistor   
Etablissements Brion Leroux et 

Cie, France  
Ets. Edouard Bouty et Cie, France 
Etablissements Jules Richard 
Etablissements Maxant   
Etablissements Pierre Fontaine.. 
Ether Langham Thompson   
Evans Electroselenium   
Everett, Edgcumbe & Co  
Evcrshed & Vignoles   
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Stand No. 

FairchUds Camera & Instru-
ment Corp. U.S.A. . . . . . . . . C 113 

Fairey Engineering ............ H 359 
Farnell Instruments .......... R 791 
Farris Engineering . . . . . . . . . . B 53 
Ferranti . . . . . . . . . . . . . . . . . . . . C 112 
Fielden Electronics . . . . . . . . . . K 457 
Filhol, J.P. . ................. P 651 
Fireye Controls Co. . . . . . . . . . . N 628 
Fischer & Porter . . . . . . . . . . . . A 4 
Fisher Governor Co. . . . . . . . . . . B 53 
Flexonics . . . . . . . . . . . . . . . . . . . . H 358 
Floform Parts . . . . . . . . . . . . . . . . R 782 
Flow Developments . . . . . . . . . . P 656 
Formica ........... . ........ H 360 
Fortiphone .................. D 168 
Foster Instrument Co. . . . . . . . . J 410 
Foxboro-Yoxall .............. J 407 
Friden . . . . . . . . . . . . . . . . . . . . Q 709 
Fuchs, Arno L., W . Germany 

(R. H. Cole) .............. P 654 
Furzehill Laboratories . . . . . . . . R 760 

G.E. Electronics (London) .. P 691 
Gauthier-Villars (Pergamon Press) N 615 
General Controls ............ C 116 
General Electric Co. . . . . . . . . . . K 456 
General Post Office . . . . . . . . . . N 625 
General Precision Systems . . . . P 667 
General Radio Co ...... . . .. . .. N 610 
General Radiological . . . . . . . . R 786 
Gilmor Control Systems . . . . . . B 53 
Glass Developments . . . . . . . . . . A 12 
Gloucester Controls . . . . . . . . . . Q 723 
Goodman, George . . . . . . . . . . R 782 
Goodmans Industries . . . . . . . . L 504 
Gordon, James, & Co. . . . . . . . . B 53 
Graph Instruments. . . . . . . . . . . . Q 718 
Graviner Manufacturing Co. R 789 
Grundy & Partners . . . . . . . . . . K 451 
Gruner, W., K.G. . ......... P 691 
Guest, Keen & Nettlefolds R 782 
Gulton Industries (Britain) . . . . A 10 
Guyson Industrial Equipment . . N 630 

H.J.S. Industrial Instruments R 774 
Haefner & Krullmann P 654 
Halex Inc. . . . . . . . . . . . . . . . . . . R 785 
Halll-Iarding .. . . .. .. .. . . .. .. D 161 
Hallam, Sleigh & Cheston . . . . . . F 254 
Hallikainen Instruments. . . . . . . . B 53 
Harper & Tunstall ............ R 762 
Harris Plating Works ........ E 220 
Harwin Engineers . . . . . . . . . . . . P 687 
Hassett & Harper . . . . . . . . . . . . P 678 
Hatfield Instruments M 552 
Hawker Siddeley ............ D 163 
Headland Engineering Develop-

ments .......... . ......... N 631 
Heathway Machinery Co. . . . . . . F 272 
HeUermann . . . . . . . . . . . . . . . . Q 719 
Hendrey Relays . . . . . . . . . . . . . . E 209 
Henry & Thomas . . . . . . . . . . . . P 670a 
Herbert Publishing Co. . . . . . . A 6 
Hilger & Watts .............. R 751 
Hirschmann Richard • . . . • • . • R 678 
Hirst Electronic . . . . . . . . . . . . . . R 755 
Hivac .......... . ........... Q 702 
Honeywell Controls . . . . . . . . . . E 204 
Houston Instrument Corp. R 785 
Hughes International (U.K.) .. N 604 
Hunt, A. H., (Capacitors) . . . . . . B 57 
Hunt & Mitton . . . . . . . . . . . . . . L 501 

I~D.M. Electronics . . . . . . . . . . R 759 
I.G.A. (Electronics) .......... N 619 
Ide, T. &W. . .. . ...... . ..... F 250 
liford . . . . . . . . . . . . . . . . . . . . . . N 639 
Imhof, Alfred .............. Q 701 
Imperial Chemical Industries . . R 771 
Industrial Control Valves ... . R 774 
Industrial Pyrometer Co ....... R 774 
Industries de Materiel Profession-

net Electronique et Radio-elec-
trique, France . • . . . . . . . . . . . . P 692 
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Industries de l'Optique et des 
Instruments de Precision, 

Stand No. 

France . . . . . . . . . . . . . . . . . . . . P 692 
Infra Red Development Co. R 731 
Instron . . . . . . . . . . . . . . . . . . . . N 603 
International Electronics . . . . Q 704 
International Gas Detectors . . . . R 777 
International Systems Control. . K 456 
Intertechnique, France . . . . . . . . P 692 
Ionic Plating Co. . . . . . . . . . . . . R 782 
Isora Illuminating Ceilings H 358 

Jackson Brothers (London). . Q 733 
Jenaer Glaswerk Schott & Gen., 

W. Germany . . . . . . . . . . . . . . N 632 
J ciseph Electronics . . . . . . . . . . N 600 
Joyce, Loebl & Co. . ......... F 276 

K.D.G. Instruments . . . . . . . . F 266 
K.L.G. Sparking Plugs . . .. -.... H 354 
Kent, George . . . . . . . . . . . . . . C 106 
Kerry's (Ultrasonics) ........ R 787 
Klockner-Moeller England .... Q 721 
Kovo Foreign Trade Corpora-

tion, Czechoslovakia . . . . . . . . R 784 
Kumag A.G., Switzerland (R. H. 

Cole) ...... .. ............ P 654 

L.I.E. Belin France . . . . . . . . . . P 692 
L.P.S. Electrical Co. . . . . . . . . M 555 
LSB Components . . . . . . . . . . . . N 607 
Laboratoire Central de Tele-

communications, France. . . . . . P 692 
Laboratoire de Physique Appli-

quee L.E.G.P.A., France .... P 692 
Laboratoires Leres, France . . . . P 692 
Laboratory Equipment (London) M 556 
Land Pyrometers . , .......... R 761 
Langham Thompson, J. . ..... D 159 
Langley London ............ H 351 
Laurence Scott & Electromotors L 506 
Leeds & Northrup . . . . . . . . . . D 155 
Leeds Meter Co ... · ............ Q 731 
L'Electronic Appliquee, France P 692 
Lemo ...................... F 277 
Lemouzy, France ............ P 692 
Lep Pa~king . . . . . . . . . . . . . . . . Q 714 
Levell Electronics . . . . . . . . . . . . R 770 
Leybold-Elliott . . . . . . . . . . . . B 53 
Lindsey, C. S. . . ............ P 652 
Linvar . . . . . . . . . . . . . . . . . . . . R 753 
Lippke, Paul, K.G., W. Germany Q 708 
Livingston Laboratories. . . . . . . . B 54 
Lloyds Bank . . . . . . . . . . . . . . . . A 11 
Londex .................... Q 735. 
London Electric Wire Co. & 

Smiths .................... E 217 
Lucas, Joseph, (Electrical) ...... C 114 
Lyons, Claude .............. N 610 

M.C.P. Electronics .......... R 756 
MESCO Electronique Nucleaire P 692 
M-0 Valve Co. . . . . . . . . . . . . . . K 456 
McMichael Radio . . . . . . . . . . K 456 
McMurdo Instrument Co. . ... P 674 
Magnetic & Electrical Alloys .. E 216 
Magnetic Devices , . . • • . . . . . . . N 626 
Mallory Batteries . . . . . . . . . . . . P 650 
Marconi Instruments . . . . . . . . B 56 
Marconi's W.T. Co. . ......... B 56 
Markem (U.K.) .............. P 665 
Marquardt, J. & J., W. Germany 

(G.E. Electronics) .......... P 691 
Marrison & Catherall . . . . . . . . Q 716a 
Marshall of Cambridge Elec-

tronics .................. P 673 
Mason, E. N., & Sons . . . . . . . . D 154 
Mayra Electronics . . . . . . . . . . . . F 263 
Mec-Test . . . . . . . . . . . . . . . . . . R 766 
Mechanism . . . . . . . . . . . . . . . . R 795 
Mesucora, France . • . . . . . . . . P 692 
Metaducts . . . . . . . . . . . . . . . . . . L 507 
Metal Detection . . . . . . . . . . . . . . P 658 
Metallisations et Traitements 

Optiques, France. . • . . . . . . . . . P 692 
Meterflow . . . . . . . . . . . . . . . . . . P 653 
Metrix Instruments . . . . . . . . . . F 264 

Stand No. 

Micro Systems Inc. U.S.A. 
Microcell Electronics ....... . 
Microscopes Nachet ......... . 
Midland Bank ... . ......... . 
Milton Ross Co., U.S.A. . .. . 
Minerva Detector Co .......... . 

R 785 
c 108 
p 692 
Q 707 
Q732a 
F 255 

Miniature Electronic Compon-
ents . . ................... . R 

Mmistry of Aviation . . . . . . . . . . C 
Morbank .................. N 
Morganite Resistors J 
Muirhead & Co. . . . . . . . . . . . . D 
Mullard ......... . ....... . . . C 
Mullard Equipment K 
Murphy Radio . . . . . . . . . . . . . . R 

773 
104 
621 
409 
160 
103 
452 
786 

N.S.F. . ................ . .. E 205 
Nalder Bros. & Thompson .. E 20la 
Narda Microwave Corporation, 

U.S.A. (Aveley Electric) . . . . C 113 
Nash & Thompson ........ . ... J 400 
National Semiconductors, U.S.A. R 785 
National Trade Press Group . . R 750 
Negretti & Zambra ............ D 158 
Neoflex ...................... R 768 
New Western (Engineering) .... G 300 
Newmarket Transistors ...... L 500 
Newport Instruments. . . . . . . . . . P 690 
Nig Manufacturing Co. C 111 
Norgren, C. A. . . . . . . . . . . . . . . J 412 
Norma, Austria (Croydon Pre-

cision Instrument Co.) ...... R 775 
Nottingham Electronic Valve Co. P 656 
Nottingham Thermometer Co. R 774 
Nuclear Enterprises (G.B.) N 638 

OMI Instruments (G.B.) P 657 
Oliver Pell Control . . ..... .. . H 361 
Optique . . . . . . . . . . . . . . . . . . . . P 692 
Optical Works . . . . . . . . . . . . . . A 2 
Ozalid Co. . . . . . . . . . . . . . . . . C 109 

P. & H. Engineering Co. . . . . R 779 
P.S.B. Instruments .......... R 794 
Pacific Semiconductors, U.S A. R 756 
Painton & Co. . . . . . . . . . . . . . . G 305 
Palmer, G. A. Stanley •....... P 657 
Panax Equipment . . . . . . . . . . . . M 551 
Panellit . . . . . . . . . . . . . . . . . . . . B 53 
Parmeko . . . . . . . . . . . . . . . . . . . . P 688 
Payne & Griffiths .. . . . . . . . . F 253 
Pergamon Press ..... . ........ N 615 
Perkin Elmer . . . . . . . . . . . . . . . . K 459 
Permark Service , ....... .. .... P 681 
Photoelectronics (M.O.M.) . . E 221 
Physiotechnie, France . . . . . . . . P 692 
Plannair . . . . . . . . . . . . . . . . . . . . R 758 
Platon, G. A ............... . . R 776 
Plessey Co. . . . . . . . . . . . . . . . . . . K 455 
Preh Werke, W. Germany (G.E. 

Electronics) ................ P 691 
Printed Circuits . . . . . . . . . . . . E 217 
Process Control & Automation . . M 554 
Pullin, R. B., & Co. . . . . . . . . . . F 252 
Pulsonic . . . . . . . . . . . . . . . . . . N 607 
Pye-Ling .................... C 107b 
Pye, W. G., & Co. . . . . . . . . . . C 105 
Pyro-W erk GmbH, W. Germany 

(Herbert Comes) .......... P 689 
Pyrometric Industrielle, France P 692 

Quickfit & Quartz . . . . . . . . . . L 503 

Raaco ......... . .......... B 58 
Racal Engineering . . . . . . . . . . . . F 251 
Radiatron .................. Q 746 
Radiotechnique, La, France . . . . P 692 
Radyne . . . . . . . . . . . . . . . . . . . . Q 724 
Rank Cintel ................ N 612 
Rank-Xerox ................ Q 711 
Recorderpool . . . . . . . . . . . . . . Q 732 
Redifon . . . . . . . . . . . . . . . . . . . . D 162 
Rese Engineering Inc. R 785 
Research & Control Instruments B 52 
Resista GmbH, W. Germany 

(G. A. Stanley Palmer) .... P 657 
Reslosound . . . . . . . . . . . . . . . . . . N 607 
Ribet Desjardins, France . . . . . . P 692 
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Stand No. 
FairchUds Camera & Instru- 

ment Corp. U.S.A  C 113 
Fairey Engineering  H 359 
Farnell Instruments   R '^1 
Farris Engineering   B 53 
Ferranti   C 112 
Fielden Electronics   K 457 
Filholj J .P.    P 651 
Fireye Controls Co N ozo 
Fischer & Porter   A 4 
Fisher Governor Co B 53 
Flexonics  H 358 
Floform Parts  R 
Flow Developments   P 656 
Formica   H 360 
Fortiphone   D io» 
Foster Instrument Co J 410 
Foxboro-Yoxall   J 407 
Friden   Q ^^9 
Fuchs, Arno L., W. Germany 
__ (R. H. Cole)    P 654 

Industries de POptique et des 
Instruments de Precision, 
France   1 692 

Infra Red Development Co. .. R 751 
Xnstron     N 605 

International Electronics .... Q 704 
International Gas Detectors .... R 7 / / 
International Systems Control.. K 456 
Intertechnique, France  P 692 
Ionic Plating Co.    R 
Isora Illuminating Ceilings .. 11 35» 

Jackson Brothers (London).. Q 733 
Jenaer Glaswerk Schott & Gen., 

W. Germany   N 632 
Joseph Electronics   N 600 
Joyce, Loebl & Co B 276 
K.D.G. Instruments   P 266 
K.L.G. Sparking Plugs .... H 354 
Kent, George    C 106 

Stand No. 
Micro Systems Inc. U.S.A R 785 
MicroceU Electronics   C 108 
Microscopes Nachet  P 692 
Midland Bank   Q 707 
Milton Ross Co., U.S.A. .... Q 732a 
Minerva Detector Co  F 255 
Miniature Electronic Compon- 

gjrtg   R 773 
Ministry of Aviation   C 104 
Morbank     N 621 

Furzehill Laboratories   R 760 (Ultrasonics) * *! 1!!!! 1! R 787 

G.E. Electronics (London) .. P 691 
Gauthier-Villars (Pergamon Press) N 615 
General Controls   C 116 
General Electric Co K 456 
General Post Office   N 625 
General Precision Systems . ... P 667 
General Radio Co  N 610 
General Radiological   R 786 
Gilmor Control Systems   B 53 
Glass Developments   A 12 
Gloucester Controls   Q 723 
Goodman, George   R 782 
Goodmans Industries   L 504 
Gordon, James, & Co B 53 
Graph Instruments    Q 718 
Graviner Manufacturing Co. .. R 789 
Grundy & Partners    K 451 
Gruner, W., K.G P 691 
Guest, Keen & Nettlefolds R 782 
Gulton Industries (Britain)  A 10 
Guyson Industrial Equipment .. N 630 

H.J.S. Industrial Instruments R 774 
Haefner & Krullmann   P 654 
Halexlnc R 785 
Hall Harding   H 161 
Hallam, Sleigh &Cheston  F 254 
Haffikainen Instruments  B 53 
Harper & Tunstall  R 762 
Harris Plating Works    E 220 
Harwin Engineers    P 687 
Hassett & Harper   P 678 
Hatfield Instruments   M 552 
Hawker Siddeley   D 163 
Headland Engineering Develop- 

ments   g 631 
Heathway Machinery Co F 272 
Hellermann   Q 719 
Hendrey Relays   E 209 
Henry & Thomas   B 670a 
Herbert Publishing Co A 6 
Hilger& Watts    R "1 
Hirschmann Richard   o/a 
Hirst Electronic   R 755 
Hi vac   Q 702 
Honeywell Controls   E 204 
Houston Instrument Corp R 785 
Hughes International (U.K.) .. N 604 
Hunt, A. H., (Capacitors)  B 57 
Hvmt & Mitton   L 501 

I.D.M. Electronics    R J59 
I.G.A. (Electronics)   N 619 
Ide.T.&W  F 250 
Ilford   N 639 
Imhof, Alfred    Q 701 
Imperial Chemical Industries .. R 7/1 
Industrial Control Valves   R 774 
Industrial Pyrometer Co. ...... R 774 
Industries de Materiel Profession- 

nel Electronique et Radio-elec- 
trique, France  P °"2 

Klockner-Moeller England   Q 721 
Kovo Foreign Trade Corpora- 

tion, Czechoslovakia   R 784 
Kumag A.G.j Switzerland (R. H. 

Cole)   P 654 

L.I.H. Belin France  P 652 
L.P.S. Electrical Co M. 555 
LSB Components   N 607 
Laboratoire Central de Tele- 

communications, France   P 692 
Laboratoire de Physique Appli- 

quee L.E.G.P.A., France   P 692 
Laboratoires Leres, France .... P 692 
Laboratory Equipment (London) M 556 
Land Pyrometers   R 761 
Langham Thompson, J G 159 
Langley London   n 351 
Laurence Scott & Electromotors L 506 
Leeds & Northrup   D 155 
Leeds Meter Co  Q 731 
L'Electronic Appliquee, France P 692 
Lemo   F 277 
Lemouzy, France   i oyz 
Lep Packing    Q 714 
Levell Electronics   R ''o 
Leybold-Elliott   B 53 
Lindsey, C. S P 652 j invar <53 
Lippke, Paul, K.G., W. Germany Q 708 
Livingston Laboratories  B 54 
Lloyds Bank   A 11 
Londex  ••••■• Q 735 

London Electric Wire Co. & 
Smiths  E 217 

Lucas, Joseph, (Electrical)  C 114 
Lyons, Claude   El 610 

M.C.P. Electronics  R 756 
MESCO Electronique Nudeaire P 692 
M-O Valve Co  K 456 
McMichael Radio   K 456 
McMurdo Instrument Co P 674 
Magnetic & Electrical Alloys ., E 216 
Magnetic Devices   N 626 
Mallory Batteries   1 650 
Marconi Instruments   B 56 
Marconi's W.T. Co  B 56 
Markem (U.K.)     P 665 
Marquardt, J. & J., W. Germany 

(G.E. Electronics)   P 691 
Marrison & Catherall   Q 716a 
Marshall of Cambridge Elec- 

tronics   P 673 
Mason, E. N., & Sons   D 154 
Mayra Electronics   r zbi 
Mec-Test   R 766 
Mechanism   R 
Mesucora, France   1 692 
Metaducts   F 50/ 
Metal Detection  1 658 

: Metallisations et Traitements 
Optiques, France  P "92 

Meterflow   P 653 

Morganite Resistors   J 409 
Muirhead & Co D 160 
Mullard   C 103 
Mullard Equipment   K 452 
Murphy Radio   R 786 

N.S.F E 205 

Nalder Bros. & Thompson .. E 201a 
Narda Microwave Corporation, 

U.S.A. (Aveley Electric)   C 113 
Nash & Thompson  ■ ■ ■ J 400 National Semiconductorr, L.o.d. R 785 
National Trade Press Group .. R 750 
Negretti & Zambra  D 158 
Neoflex    : •    R ™ 
New Western (Engineering)  G 3UU 
Newmarket Transistors   L 500 
Newport Instruments  B 690 
Nig Manufacturing Co C 111 
Norgren, C. A  J ^12 
Norma, Austria (Croydon Pre- 

cision Instrument Co.)   R 7/5 
Nottingham Electronic Valve Co. B 656 
Nottingham Thermometer Co. R 774 
Nuclear Enterprises (G.B.) .. N 638 

OMI Instruments (G.B.) . . P 657 
Oliver Pell Control   H 361 
Optique  B 692 
Optical Works   A 2 

Ozalid Co ^ 

P. & H. Engineering Co R 779 
P.S.B. Instruments    • R 794 
Pacific Semiconductors, U.S A. R 756 
Painton & Co j-3 3B5 
Palmer, G. A. Stanley   P 657 
Panax Equipment   M 551 
Panellit   B 53 
Parmeko     • B 688 
Payne & Griffiths   F 253 
Pergamon Press   N 615 
Perkin Elmer   R 459 
Permark Service  i 681 
Photoelectronics (M.O.M.) .. E 221 
Physiotechnie, France   1 692 
Plannair   R 758 
Platon, G. A  R 776 
Plessey Co iceu 
Preh Werke, W. Germany (G.E. 

Electronics)  P 691 
Printed Circuits   f 
Process Control & Automation .. M 554 

: Pullin, R. B., & Co F 252 
. Fulsome   rinvh 
, Pye-Ling    C 107b 
i Pye, W. G., & Co C 105 
I Pyro-Werk GmbH, W. Germany 
! (Herbert Cornes)   P 689 

Pyrometric Industrielle, France P 692 

Quickfit & Quartz   L 503 

1 Raaco     B 58 
1 Racal Engmeermg   r 251 

Radiatron    Q 746 
3 Radiotechnique, La, France .... 1 692 
4 Radyne   Q 724 
3 Rank Cintel   N 612 
6 Rank-Xerox   Q 711 
5 Recorderpool   kj '32 
2 Redifon      D 162 
7 Rese Engineering Inc R '«5 
8 Research & Control Instruments B 52 

Resista GmbH, IV. Germany 
2 (G. A. Stanley Palmer)   P 657 
13 Reslosound  N 607 

MelS Instruments" F 264 Ribet Desjardins, France   P 

Wireless World, June 1962 
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Stand No. 
Rivlin Instruments .... . . . ... E 218 
Roband Electronics . . . . . . . . . . B 60 
Robinson, D., & Co. . . . . . . . . . . D 165 
Robinson, F . C., & Partners F 256 
Robot-Foto Dusseldorf GmbH, 

W. Germany . . . . . . . . . . . . . . Q 725 
Rochar Electronique France . . . . P 692 
Rohde & Schwarz, W. Germany 

(Aveley Electric) .......... C 113 
Rotameter Manufacturing Co. B 53 
Rotron Controls . . . . . . . . . . . . . . B 53 
Royal Worcester Industrial Cera-

mics . . ... . .............. P 669 
Royston Instruments . . . . . . . . . . H 353 

S.A.M.A. France . . . . . . . . . . . . P 692 
S.E.A. France . . . . . . . . . . . . . . . . P 692 
SECAMP France . . . . . . . . . . . . P 692 
S.E. Laboratories (Engineering) P 653 
SFIM (Great Britain) H 358 
S.P.E.R. France . . . . . . . . . . . . . . P 692 
S.R.A.T . France ......... ; .... P 692 
Salford Electrical Instruments . . K 456 
Salter, George, & Co. . . . . . . . . Q 726 
Samson Controls (London) . . . • A 1 
Sanders, W. H., (Electronics) .. D 166 
Sangamo Weston . . . . . . . . . . . . L 505 
Schaevitz Engineering . . . . . . . . H 358 
Schomandl K. G. W. Germany Q 745 
Schumann, H. . . . . . . . . . . . . . . P 654 
Scientific Furnishings. . . . . . . . . R 785 
Sealectro Corporation Q 744 
Service Electric Co. . .... . .. . . P 671 
Servomex Controls . . . . . . . . . . G 304 
Shandon Scientific Co. G 303 
Shaw Publishing Co. . . . . . . . . . . B 58a 
Short & Mason . . . . . . . . . . . . . . P 662 
Short Brothers & Harland .. . . .. D 150 
Siemens & Halske AG., W. Ger-

many (R. H. Cole) .......... P 654 
Sierex . . . . . . . . . . . . . . . . . . . . . . M 550 
Sifam Electrical Instrument Co. Q 736 
Smith, S., & Sons (England) .. H 354 
Societe Albert Le Boeuf et Fils P 692 
Societe Alsacienne de Construc-

tions Mecaniques France. . . . P 692 
Societe Analac . . . . . . . . . . . . . . Q 737 
Societe d'Exploitation et de Re

cherches Electroniques France P 692 
Societe d'Optique et de Meca-

nique de Haute Precision 
(S.O.M.) France . ......... ; . P 692 

Stand No. 
Societe Europeene des Semicon

ducteurs France . . . . . . . . . . . . R 756 
Ste. de Recherches et de Perfec-

tionnements Industnels France P 692 
Societe Generale d'Optique 
France . . . . . . . . . . . . . . . . . . . . . . P 692 
Solartron Electronic Group . ... C 107 
Soler France . . . . . . . . . . . . . . . . P 692 
Solus-Schall. . . . . . . . . . . . . . . . . . R 786 
South London Electrical Equip-

ment Co. . . . . . . . . . . . . . . . . . . P 663 
Southern Instruments . . . . . . . . E 203 
Sovirel, France .............. E 201c 
Spear Engineering Co ......... N 616 
Sperry Gyroscope Co. . . . . . . . . J 405 
Standard Telephones & Cables B 55 
Stoddart Aircraft Radio U.S.A. C 113 
Stonebridge Electrical Co. . . . . . . R 772 
Stratton & Co. . . .... . .. . .... A 14 
Swartwout Co. . . . . . . . . . . . . . . B 53 
Sylvania-Thorn Colour Televi-

sion Laboratories . . . . . . . . . . P 679 
Syndicat Generale de l'Optique 

des Instruments de Precision . . P 692 
Syndicat Generale de la Con

structions Electrique France. . P 692 

Taylor Controls . . . . . . . . . . J 406 
Taylor Electrical Instruments . . E 222 
Techna (Sales) . . . . . . . . . . . . . . H 350 
Technivision Engineers . . . . . . . . F 270 
Technograph Electronic Products G 301 
Tectonic Industrial Printers . . . . P 675 
Tekade, W . Germany (Neoflex) R 768 
Telcon-Magnetic Cores E 216 
Telcon Metals , .... . ... . .... E 216 
Teledictor . . . . . . . . . . . . . . . . . . A 15 
Teleflex Products , . .. . .. . ... . N 636 
Telegraph Condenser Co . • . . ... E 219 
Telemechanics . . . . . . . . . . . . . . . . N 633 
Telephone Manufacturing Co. . . J 408 
Telequipment ... .. . . ...... . .. C 118 
Temco ... . . .. . .. .. . .... . ... . E 216 
Texas Instruments ........ . ... D 164 
Thermal Syndicate . . . . . . . . . . N 634 
Thermionic Products (Elec-

tronics) .. . .. . ..... . ...... R 757 
Thorn Electrical Industries C 110 & H 352 
Tinsley, H ., & Co. . .. . . . ... . R 780 
Tintometer . . ... . ........... . · F 259 
Toolpro . . . . . . . . . . . . . . . . . . . . E 216 

! ·HORT-WAVE CONDITI01NS 

Stand No. 
Transitron Electronic . . . . . . . . Q 705 
Turner, Ernest, Electrical Instru-

ments .... . .............. . N 623 
Turton Brothers & Matthews . . R 764 
20th Century Electronics . . . . . . P 685 
Tylors of London . . . . . . . . . . . . F 268 

Ultra Electronics. . . . . . . . . . . . B 61 
Ultrasonoscope Co. (London) . . A 12 
Umbrako Socket Screw Co .. . .. P 677 
United Science Press . . . . . . . . . . F 258 
United Trade Press . . . . . . . . . . F 258 

Vactite Wire Co ..... .. . ..... E 217 
Vactric Control Equipment J 401 
VEB Carl Zeiss J ena . . . . . . . . . . E 206 
Veeder-Root .. .. .. .. . .. .. .. . P 668 
Venner Electronics . . . . . . . . . . C 100 
Vero Electronics . . . . . . . . . . . . . . P 676 

Walker, Crosweller & Co. . . FQ 715 
Walmore Electronics . . . . . . . . . . 275 
Wandel & Goltermann, W . Ger-

many . .. . .. . ... . ..... .. . . 
War Office . ..... . ..... . ... . . 
Waters Associates . . . . .. . .. . . . 
Waveforms ......... . ... .. .. . 
Wayne Kerr Laboratories ... . . . 
Weber ... ... . .... ... .... .. . . 
W elwyn Electric ... . . . .. . . . . . . 
West, A., & Partners ....... . . . 
Westinghouse Brake & Signal Co. 
West Instrument ........ .. ... . 
Westminster Bank . .. . . .. ... . . 
Westool .. ..... .. . ..... . .. . . 
Whiteley Electrical Radio Co. . . 
Wickmann Werke AG., W. Ger-

N 627 
c 104 
R 785 

K
Q 718 

453 
p 654 
F 261 
E 210 
Q 738 
A 10 
N 603 
F 274 
F 273 

many (G.B. Electronics) .... .. P 
Williams .& James (Engineers) .. E 
Wireless World. . . . . . . . . . . . . . . . B 
Wire Products & Machine Design C 
Withof, George C. K., GmbH., 

691 
215 

W. Germany . . . . . . . . . . . . . . H 
Witton Electronics . . . . . . . . . . . . P 
Woden Transformer Co. E 
Wolfgang Bogen GmbH. W . Ger-
many .......... . .. . .......... P 

50 
115 

352 
658 
201 

654 

X-Lon Products . .. . .... . .. . 

Zeal, G. H. 

413 

H 357 

Prediction for June 

Mc/s MONTREAL BUENOS AIRES JOHANNESBURG HONGKONG Mc/s 
40 40~~~~~~~~~,-~ 30-20 

15 

10 

6 
5 
4 

30 4 8 n 16 20 0 0 4 8 12 16 20 0 

G.M .T. G.M.T. 

THE full-line curves indicate the highest frequenci 
likely to be usable at any time of the day or night fct 
reliable communications over four long-distance paths 
from this country during June. 

Broken-line curves give the highest frequencies that 
will sustain a partial service throughout the same period. 
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• •••••• • • • FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE 
FOR 25% OF THE TOTAL TIME 

PREDICTED MEDIAN STANDARD MA)\IMUM USABLE FREQUENCY 

FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE 
ON ALL UNDISTURBED DAYS 
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Stand No. 
Rivlin Instruments   E 218 
Roband Electronics   B 60 
Robinson, D., & Co  D 165 
Robinson, F. C, & Partners .. F 256 
Robot-Foto Dusseldorf GmbH, 

W. Germany   Q 725 
Rochar Electronique France .... P 692 
Rohde & Schwarz, W. Germany 

(Aveley Electric)     C 113 
Rotameter Manufacturing Co. .. B 53 
Rotron Controls  B 53 
Royal Worcester Industrial Cera- 

mics     P 669 
Royston Instruments  H 353 
S.A.M.A. France   P 692 
S.E.A. France  P 692 
SEC AMP France ............ P 692 
S.E. Laboratories (Engineering) P 653 
SFIM (Great Britain)   H 358 
S.P.E.R. France  P 692 
S.R.A.T. France  P 692 
Salford Electrical Instruments .. K 456 
Salter, George, & Co Q 726 
Samson Controls (London) .... A 1 
Sanders, W. H., (Electronics) .. D 166 
Sangamo Weston   L 505 
Schaevitz Engineering   H 358 
Schomandl K. G. W. Germany Q 745 
Schumann, H P 654 
Scientific Furnishings   R 785 
Sealectro Corporation   Q 744 
Service Electric Co P 671 
Servomex Controls   G 304 
Shan don Scientific Co.   G 303 
Shaw Publishing Co  B 58a 
Short & Mason   P 662 
Short Brothers & Harland  D 150 
Siemens & Halske AG., W. Ger- 

many (R. H. Cole)  P 654 
Sierex   M 550 
Sifam Electrical Instrument Co. Q 736 
Smith, S., & Sons (England) .. H 354 
Societe Albert Le Boeuf et Fils P 692 
Societe Alsacienne de Construc- 

tions Mecaniques France.... P 692 
Societe Analac   Q 737 
Societe d'Exploitation et de Re- 

cherches Electroniques France P 692 
Societe d'Optique et de Meca- 

nique de Haute Precision 
(S.O.M.) France  P 692 

Stand No. 
Societe Europeene des Semicon- 

ducteurs France    R 756 
Ste. de Recherches et de Perfec- 

tionnements Indusmels France P 692 
Societe Generalc d'Optique 
France   P 692 
Solartron Electronic Group .... C 107 
Soler France    P 692 
Solus-Schall    R 786 
South London Electrical Equip- 

ment Co P 663 
Southern Instruments   E 203 
Sovirel, France   E 201c 
Spear Engineering Co.   N 616 
Sperry Gyroscope Co J 405 
Standard Telephones & Cables B 55 
Stoddart Aircraft Radio U.S.A. C 113 
Stonebridge Electrical Co  R 772 
Stratton & Co A 14 
Swartwout Co B 53 
Sylvania-Thorn Colour Televi- 

sion Laboratories   P 679 
Syndicat Generale de I'Optique 

des Instruments de Precision., P 692 
Syndicat Generale de la Con- 

structions Electrique France.. P 692 

Taylor Controls   J 406 
Taylor Electrical Instruments .. E 222 
Techna (Sales)   H 350 
Technivision Engineers  F 270 
Technograph Electronic Products G 301 
Tectonic Industrial Printers . ... P 675 
Tekade, IV. Germany (Neoflex) R 768 
Telcon-Magnetic Cores   E 216 
Telcon Metals    E 216 
Teledictor   A 15 
Teleflex Products    N 636 
Telegraph Condenser Co E 219 
Telemechanics   N 633 
Telephone Manufacturing Co. .. J 408 
Telequipment  C 118 
Temco  E 216 
Texas Instruments  D 164 
Thermal Syndicate   N 634 
Thermionic Products (Elec- 

tronics)   R 757 
Thorn Electrical Industries C 110 & H 352 
Tinsley, H., & Co R 780 
Tintometer   F 259 
Toolpro     E 216 

Stand No, 
Transitron Electronic   Q 705 
Turner, Ernest, Electrical Instru- 

ments   N 623 
Turton Brothers & Matthews .. R 764 
20th Century Electronics  P 685 
Tylors of London   F 268 

Ultra Electronics  B 61 
Ultrasonoscope Co. (London) .. A 12 
Umbrako Socket Screw Co P 677 
United Science Press  F 258 
United Trade Press   F 258 

Vactite Wire Co  E 217 
Vactric Control Equipment ... . J 401 
VEB Carl Zeiss Jena  E 206 
Veeder-Root   P 668 
Vernier Electronics   C 100 
Vero Electronics  P 676 

Walker, Crosweller & Co. .. Q 715 
Walmore Electronics  F 275 
Wandel & Goltermann, W. Ger- 

many   N 627 
War Office   C 104 
Waters Associates   R 785 
Waveforms   Q 718 
Wayne Kerr Laboratories  K 453 
Weber   P 654 
Welwyn Electric  F 261 
West, A., & Partners  E 210 
Westinghouse Brake & Signal Co. Q 738 
West Instrument  A 10 
Westminster Bank   N 603 
Westool   F 274 
Whiteley Electrical Radio Co. .. F 273 
Wickmann Werke AG., W. Ger- 

wany (G.E. Electronics)  P 691 
Williams & James (Engineers) .. E 215 
Wireless World   B 50 
Wire Products & Machine Design C 115 
Withof, George C. K., GmbH., 

W. Germany   H 352 
Witton Electronics  P 658 
Woden Transformer Co E 201 
Wolfgang Bogen GmbH. W. Ger- 
many   P 654 
X-Lon Products   J 413 
Zeal, G. H H 357 

SHORT-WAVE CONDITIONS Prediction for June 

MONTREAL BUENOS AIRES JOHANNESBURG HONGKONG 
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FREOUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE 
FOR 25% OF THE TOTAL TIME 

 PREDICTED MEDIAN STANDARD MAXIMUM USABLE FREQUENCY 

FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE 
ON ALL UNDISTURBED DAYS 

THE full-line curves indicate the highest frequenci 
likely to be usable at any time of the day or night for 
reliable communications over four long-distance paths 
from this country during June. 

Broken-line curves give the highest frequencies that 
will sustain a partial service throughout the same period. 
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Industrial Electronics 
DISCUSSION OF RECENT DEVELOPMENTS AT THE BRIT.I.R.E. 

THE arbitrary confinement of branches of elec

tronic engineering into " classes " is becoming in

creasingly more difficult to justify and the one called 

"Industrial Electronics" is already in an advanced 

state of disintegration. 
This was amply demonstrated at the symposium 

on industrial electronics recently held by the British 

Institution of Radio Engineers. The papers pre

sented were in four classes, with enough left over for 

a "special" section, and covered subjects ranging 

from analogue computers to milk delivery trucks. 

Possibly the best-represented facet of the art was 

that concerned with equipment for automatic manu

facture and processing. A paper by D. Hinchliffe 

et al described a machine for the automatic 

assembly of printed boards. Components such as 

resistors, tubular capacitors, diodes and, in some 

cases, transistors are loaded into hoppers, from 

where they are selected one by one and transferred 

to a testing station where punched-tape-programmed 

tests are applied. Further taped instructions cause 

two component holes to be drilled in the printed 

board, and the component is inserted, the polarity 

being checked in the case of diodes or electrolytic 

capacitors. The machine is designed to effect 

greatest economies in small batch production rather 

than in large runs, and is ten times as fast in 

operation as a human, who would take about 30 

seconds to insert a · component and clinch the wires. 

Programming takes about It hours for a 50-com

ponent board. 
The extension of computer control from a single 

process to a complete plant is attended by many 

problems. For instance, as computers increase in 

size, the results of a fault become more serious, and 

"down" time is increased. The onset of a fault in, 

say, the control centre, would disorganize the whole 

process, and, in any ca&e, to handle all the informa

tion required by, and furnished by, a complete 

works, would require a very fast computer. 

In an effort to render the problem more tractable, 

a different philosophy of organization has been 

evolved, and was described by J. F. Roth. Known 

as the Hierarchy System, it is modelled on the nor

mal system of human management in that separate, 

simpler computers are employed at each level of 

" authority." Thus, if a fault occurs in one com

puter, the effect is less, it is easier to remedy, and 

it is possible to transfer the function to some other 

computer on the same level. The only on-line equip

ment is that directly concerned with plant operation; 

other sections, which do not operate in real time, 

are provided with magnetic film stand-by stores to 

provide up to eight hours of emergency operation. 

In spite of reduced labour costs, the material con

tent of an automatically produced object is not 

affected, and scrap costs are still important. Also, 

apart from the fact that customers are coming to 

expect higher quality, many automatic assembly 

machines just will not work with out-of-tolerance 

components; their limited intelligence simply can

not realize that they will "do themselves a mischief" 

if they try. Automatic inspection of components is 
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now seen to be necessary, and John A. Sargrove 

described some ways of achieving it. 

The main section of his paper was concerned with 

cybernetic or conscious machines which, to some 

extent, are able to make decisions on the results of 

measurement. For example, in the case of a taper 

bearing or a nozzle, the exact dimensions at different 

points on the taper are not as jmportant as the shape 

of the component. The machine has to decide, on 

the result of the first measurement, whether a 

measurement somewhere else is acceptable. If the 

first measurement is on or near one of its limits, 

the second measurement must be given a new set of 

limits. In/ cases where many measurements are 

needed, the object is moved along a number of test 

stations, the results being stored and later used to 

formulate a pass/reject decision. Mr. Sargrove 

made the point, in passing, that the various types of 

logic block, together with their different connectors, 

that are now being produced are all very fine, but in 

dire need of rationalization. 
A ·paper by D. Shaw brought into much finer 

focus the somewhat woolly term "reliability." The 

paper ,contained a full specification which is used by 

the author's firm when extending invitations to 

tender and when placing orders. The fact that the 

overwhelming majority of electronic equipment is 

intended for either laboratory use, where skilled 

engineers are available, or for domestic use, where 

operating time is short and an evening without the 

"telly" no disaster, is responsible for a pronounced 

dearth of information or guidance on the conditions 

under which industrial equipment must operate. 

Furthermore, those responsible for planning courses 

on electronic engineering, or lecturing in them, are 

usually engaged in occupations far removed from the 

vibrations of the drop forge, or the fumes of the 

coke ovens, and little weight is placed on these con

siderations. The specification is intended to ensure 

the use of equipment which, while replacing two 

men, does not require three to maintain it. 

High-Quality Sound Production and Reproduction 

THIS new Wireless World book was written by 

H. Burrell Hadden of the Central Programme Opera

tions Department of the B.B.C. for both technical and 

non-technical B.B.C. personnel to enable them to obtain 

the -best possible results from their studio equipment. 

However, any amateur or professional in this field should 

also find this book of great value. 
The book is divided into three parts. The first of 

these covers the basic theory of sound, electricity, and 

musical and studio acoustics. The second part discusses 

both the theory and practice of studio equipment, 

including microphones, loudspeakers, tape and disc 

recorders, control desks, and outside broadcast and 

public address systems. The third part of the book 

deals with programme control-the placing of micro

phones, sound effects, and stereophony. 
This book has 274 pages, which include 175 diagrams 

and 46 photographs. It costs 42s, and is published by 

Iliffe Books Ltd., Dorset House, Stamford Street, 

London, S.E.l. 
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tests are applied. Further taped instructions cause 
two component holes to be drilled in the printed 
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operation as a human, who would take about 30 
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In an effort to render the problem more tractable, 
a different philosophy of organization has been 
evolved, and was described by J. F. Roth. Known 
as the Hierarchy System, it is modelled on the nor- 
mal system of human management in that separate, 
simpler computers are employed at each level of 
"authority." Thus, if a fault occurs in one com- 
puter, the effect is less, it is easier to remedy, and 
it is possible to transfer the function to some other 
computer on the same level. The only on-line equip- 
ment is that directly concerned with plant operation; 
other sections, which do not operate in real time, 
are provided with magnetic film stand-by stores to 
provide up to eight hours of emergency operation. 

In spite of reduced labour costs, the material con- 
tent of an automatically produced object is not 
affected, and scrap costs are still important. Afso, 
apart from the fact that customers are coming to 
expect higher quality, many automatic assembly 
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components; their limited intelligence simply can- 
not realize that they will " do themselves a mischief 
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described some ways of achieving it. 

The main section of his paper was concerned with 
cybernetic or conscious machines which, to some 
extent, are able to make decisions on the results of 
measurement. For example, in the case of a taper 
bearing or a nozzle, the exact dimensions at different 
points on the taper are not as important as the shape 
of the component. The machine has to decide, on 
the result of the first measurement, whether a 
measurement somewhere else is acceptable. If the 
first measurement is on or near one of its limits, 
the second measurement must be given a new set of 
limits In cases where many measurements are 
needed, the object is moved along a number of test 
stations, the results being stored and later used to 
formulate a pass/reject decision. Mr. Sargrove 
made the point, in passing, that the various types of 
logic block, together with their different connectors, 
that are now being produced are all very fine, but in 
dire need of rationalization. 

A paper by D. Shaw brought into much finer 
focus the somewhat woolly term "reliability." The 
paper contained a full specification which is used by 
the author's firm when extending invitations to 
tender and when placing orders. The fact that the 
overwhelming majority of electronic equipment is 
intended for either laboratory use, where skilled 
engineers are available, or for domestic use, where 
operating time is short and an evening without the 
" telly " no disaster, is responsible for a pronounced 
dearth of information or guidance on the conditions 
under which industrial equipment must operate. 
Furthermore, those responsible for planning courses 
on electronic engineering, or lecturing in them, are 
usually engaged in occupations far removed from the 
vibrations of the drop forge, or the fumes of the 
coke ovens, and little weight is placed on these con- 
siderations. The specification is intended to ensure 
the use of equipment which, while replacing two 
men, does not require three to maintain it. 

High-Quality Sound Production and Reproduction 

THIS new Wireless World book was written by 
H. Burrell Hadden of the Central Programme Opera- 
lions Department of the B.B.C. for both technical and 
non-technical B.B.C. personnel to enable them to obtain 
the best possible results from their studio equipment 
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G.P .0 .. Satellite Communications Station 
A SERIES of experiments to assess the technical 
feasibility of long-distance communication by artificial 
earth satellites is to be undertaken during the 
next few months by the British G.P.O. and other 
European administrations in co-operation with United 
States National Aeronautics and Space Administration 
(N.A.S.A.). Television, telephone, telegraph and other 
signals are to be transmitted between ground stations 
in the U.S.A. and the U.K. satellite communication 
ground station at Goonhilly Downs, Cornwall, which 
is now nearing completion. 

N.A.S.A. are to launch two experimental satellites 
of the active type during 1962. The first satellite, 
called " Project Telstar " and described on page 208 
of last month's issue, is expected to be launched this 
month (June). The seconq. satellite, known as "Project 
Relay," is due to be launched later in the year. 

The site of the Goonhilly experimental station was 
chosen to be as far west as possible to obtain a maxi
mum period of visibility to the U.S. via the satellite; 
also its latitude is convenient for satellites in equatorial 
orbits. In addition, it was selected so as to be remote 
from sources of radio interference, and also to provide 
an unobscured view to the horizon so that, whatever 
the orbit, contact with the satellite is the longest pos
sible (10 to 35 minutes) .. 

The station is equipped . with an 85ft diameter 
paraboloidal-reflector dish aerial with full steerability, 
either by manual · or automatic control, over the hemis
phere above the horizontal plane. Testing and experi
mental facilities are lavish. The following facilities are 
among those being provided: a SkW transmitter operat
ing at 6,390 Mc/s for Project Telstar; and a 10 kW 
transmitter (1,725 Mc/s) for Project Relay; low-noise 

Rigidity is essential for the 900-ton 
paraboloid which has a beam width 
of only one-fifth of a degree. 

Movements of the automatically 
steered aerial are metered in the 
console room in the control tower. 
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recetving equipment for the 4,170 Mc/s communications 
signals and the 4,080 Mc/s beacon signal transmitted 
from the satellite; terminal equipment for the trans
mission and reception of multi-channel telephony and 
television signals; a two-way microwave link to the main 
U.K. television network; multi-channel telephony and 
teleprinter links; and time and frequency standards. 

Because of the very narrow beam, only one-fifth of a 
degree in width, the aerial has to be pointed at the 
satellite with great precision, and in order to maintain 
this in high winds, the aerial is very massive and of 
sturdy construction. The rotating part of the aerial 
weighs nearly 900 tons and is driven by electric motors 
of some 100 horse-power. Nevertheless, this large struc
ture is so well balanced and moves so smoothly that it 
requires less than two horse-power to move it under 
reasonable weather conditions. With wind velocities of 
above 75 m.p.h. it is necessary to clamp the aerial with 
the axis of the reflector in a vertical position. 

Orbital information for steering the aerial is obtained 
over a tdegraph circuit from the National Aeronautics 
and Space Administration Goddard Space Flight Con
trol Centre in the U.S.A., and an electronic computer 
is provided in the Goonhilly station to process the data 

· into a suitable form for accurately steering the aerial. 
Since signals received from the satellite would be 

very weak, an extremely low-noise amplifier is used 
to amplify the signals. This is, in fact, a ruby travelling 
wave maser amplifier operating at 4,170 Mc/s, with 
which figures of 20dB power gain over a bandwidth of 
25 Mc/s have been exceeded. The signal applied to 
the maser input is expected to be of the order of 10-12W 
or even less. The maser is located in a cabin at the 
back of the dish aerial, and is immers·ed in liquid helium 
and nitrogen. Microwave transmitters, producing out
puts of 5 to lOkW, are located in the cabin on the 
aerial turntable. · · 

A great deal of complex test equipment is provided in 
the station for carrying out tests over the satellite link. 
This includes equipment for generating both still and 
moving pictures using British, European and American 
line standards. Test equipment is also provided which 
enables up to 600 telephone · circuits to be simulated 
for transmission over the satellite link. Almost all the 
equipment at Goonhilly is of British design and 
manufacture. 

During the setting up of the installation in the next 
few weeks the radio emissions from the radio star in 
Cassiopeia will be used for calibration purposes. 
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Will deliver 120 watts continuous signal and over 200 watts peak 
Audio. It is completely stable with any type of load and may be 
used to drive motors or other devices to over 120 watts at fre
quencies from 20,000 down to 30 cps in standard form or other 
frequencies to order. The distortion is less than 0.2% and the noise 
level -9S dB. A floating series parallel output is provided for 
100-120 V. or 200-2SO V. and this cool running amplifier .occupies 
12! inches of standard rack space by II inches deep. Weight 601b. 

30/50 WATT AMPLIFIER 
Gives 30 watts continuous signal and SO watts peak Audio. With 
voice coil feedback dis
tortion is under 0.1% 
and when arranged for 
tertiary feed back and 
100 volt line it is under 
O.IS%. The hum and 
noise is better than 
-8S dB referred to 
30 watt. 
It is available in our 
standard steel case with 
Baxandall tone controls 
and up to 4 mixed inputs, which may be balanced line 30 ohm 
microphones or equalised P.U.s to choice. 
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120/200 WATT AMPLIFIER 

EL~CTRONIC MIXER/AMPLIFIER 
This high fidelity IOJIS watt Ultra Linear Amplifier 
has a built-in mixer and Baxandall tone controls. 
The standard model has 4 inputs, two for balanced 
30 ohm microphones, one for pick-up C.C.I.R. 
compensated and one for tape or radio input. 
Alternative or additional inputs are available to 
special order. A feed direct out from the mixer is 
standard and output impedance of 4-8-16 ohms or 
100 volt line are to choice. All inputs and outputs 
are at the rear and it has been designed for cool 
continuous operation either on 19 x 7in. rack panel 
form or in standard ventilated steel case. 

Size 18 x 7! x 9!in. deep. 

Price of standard model £49. 

12-WAY ELECTRONIC MIXER 
The 12-way electronic mixer has facilities for mixing 
12 balanced line microphones. Each of the 12 lines 
has its own potted mumetal shielded microphone 
transformer and input valve, each control is 
hermetically sealed. Muting switches are normally 
fitted on each channel and the unit is fed from its 
own mumetal shielded ,mains transformer and 
metal rectifier. 

Also 3-way mixers and Peak Programme Meters. 
4-way mixers and 2 x S-way stereo mixers with 
outputs for echo chambers, etc. Details on re
quest. 

Full details and pnces of the above on request 

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, London, S.W.19 
Teleplcones: LIBerty 2814 and 6142-3 Telegrams: "Vortexion, Wimble, London" 
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Will deliver 120 watts continuous signal and over 200 watts peak 
Audio. It is completely stable with any type of load and may be 
used to drive motors or other devices to over 120 watts at fre- 
quencies from 20,000 down to 30 cps in standard form or other 
frequencies to order. The distortion is less than 0.2% and the noise 
level —95 dB. A floating series parallel output is provided for 
100-120 V. or 200-250 V. and this cool running amplifier occupies 
12^ inches of standard rack space by 11 inches deep. Weight 601b 

30/50 WATT AMPLIFIER 

Gives 30 watts continuous signal and 50 watts peak Audio. With 
voice coil feedback dis- 
tonion is under 0.1% \ ^ .* 
and when arranged for 
tertiary feedback and ^^111!^!!''' 
100 volt under 
0,15%. The hum and 
noise is better than 
—85 dB referred to g 

It is available in our VH 
standard steel case with 
Baxandall tone controls 
and up to 4 mixed inputs, which may be balanced line 
microphones or equalised P.U.s to choice. 

The 12-way electronic mixer has facilities for mixing 
12 balanced line microphones. Each of the 12 lines 
has its own potted mumetal shielded microphone 
transformer and input valve, each control is 
hermetically sealed. Muting switches are normally 
fitted on each channel and the unit is fed from its 
own mumetal shielded mains transformer and 
metal rectifier. 

Also 3-way mixers and Peak Programme Meters. 
4-way mixers and 2 x 5-way stereo mixers with 
outputs for echo chambers, etc. Details on re- 
quest. 

30 ohm 

120/200 WATT AMPLIFIER 

ELECTRONIC MIXER/AMPLIFIER 

This high fidelity 10/15 watt Ultra Linear Amplifier 
has a built-in mixer and Baxandall tone controls. 
The standard model has 4 inputs, two for balanced 
30 ohm microphones, one for pick-up C.C.I.R. 
compensated and one for tape or radio input. 
Alternative or additional inputs are available to 
special order. A feed direct out from the mixer is 
standard and output impedance of 4-8-16 ohms or 
100 volt line are to choice. All inputs and outputs 
are at the rear and it has been designed for cool 
continuous operation either on 19 x 7in. rack panel 
form or in standard ventilated steel case. 
Size 18 x 7^ x 9jin. deep. 
Price of standard model £49. 

12-WAY ELECTRONIC MIXER 

jgk jSkT v : 

C# f ©' 

Full details and prices of the above on request 

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon,London,S.W.19 

Telephones: LIBerty 2814 and 6242-3 Telegrams: "Vortexion, Wimble, London" 
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68 VVIRELESS VVoRLD 

FERRITE COMPONENTS 
More than sixty ferrite components are now 

available from Marconi's. The list includes 

isolators and circulators for operation 

at frequencies from 380 Mc/s to 

over 10,000 Mc/s. Special designs can be 

produced to meet individual requirements. 

The Specialized Components Catalogue lists over 110 Marconi 

Components, the design and manufacture of which are undertaken 
- only when no suitable alternative is available, and in almost every 

case Marconi components are designed for higher performance and are 
made to closer tolerance than any available alternative. 

e MARCONI 
SPECIALIZED COMPONENTS 

Please address your enquiries to: SPECIALIZED COMPONENTS DIVISION 

}UNE, 1962 

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
W.4C 

Wireless World June, 1962 
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INTERNATIONAL AUDIO FESTIVAL 

RECENT DEVELOPMENTS IN SOUND REPRODUCTION 

THE main developments shown at this year's exhibi
tion seem to have been in the field of tape recorders 
and their accessories-if we may include microphones 
among the latter. 

Microphones 

The most noticeable development in microphones was 
the widespread emergence of new ribbon designs, of 
which several were in the low-price category. Improve
ments in the magnetic system by use of new materials 
were responsible for one trend. The traditional soft
iron pole pieces with massive energizing magnets at 

Lustraphone's minia
ture ribbon micro
phone: the "Micri
dyne". Legs are 
removable for stand
mounting. 

Tannoy "Siendalyne" 
pressure - gradient 
(velocity) microphone. 

the ends, or covering one face of the ribbon, have dis
appeared and in their place are bar magnets, magnetized 
across their width. The result is generally a smaller 
slimmer structure with, consequently, a better fre
quency response. Tannoy's " Slendalyne" and " Slen
dalyne Cardioid " use metallic magnets, and the cardioid 
polar response is obtained by coupling to the back face 
of the ribbon a tuned and loaded cavity. Lustraphone's 
VR70 , "Micridyne" uses ceramic magnets and 
achieves a volume of 0.6in3-it is fiin wide, 1-h-in high 
and -hin deep. Two of Grampian's new ribbon units, 
mounted at right angles to each other, we.re used in 
an experimental stereo microphone, but matrixed as 
a sum and difference system. This tends to reduce the 
effects of slight differences in coloration between the 
two units. Reslo were showing a prototype ribbon 
design-the SRI-for professional use. This has a 
new magnet and a longer ribbon to give greater output. 

A new differential (noise-cancelling) microphone, 
AKG's D58, uses double-diaphragm construction to 

provide protection against dust and . can be supplied on 
a "boom" mounting attached · to A.K.G.'s KSO head
phones, when the type number becomes K58. 

The lead is always a nuisance when the microphone 
is hand-held or used on a lanyard. A radio link is an 
obvious answer, and Lustraphone have designed a 

WIRELESS WORLD, ]UNE 1962 

pocket, transistor, crystal-controlled f.m. transmitter for 
such applications. 

Tape Recorders 
After some false starts more transistors seem to be 
replacing valves in low-level stages (so as to reduce 
hum). One of the many examples of this trend was 
noted in the Philips EL3514 "Starmaker" 4-track 
3!in/sec recorder which continues the unusual vertical 
styling of their EL3585 fully transistorized recorder. 

Double-gap (side-by-side) erase heads are used 
increasingly ~o produce more efficient erasure. 

Editing facilities-chiefly the facility of " inching" 
the tape~were ' also increasingly emphasized. In the 
new 3-speed 4-track Grundig TK40 inching is provided 
by spring loading the fast wind control so that it can be 
readily switched on for only a short time. In the 
Stuzzi (Recording Devices Ltd.) 2-speed 4-track 401 
the fast forward I rewind control mechanically moves the 
appropriate spool against the appropriate drive wheel, 
thus allowing a relatively smooth transition between the 
two winds. 

Several new fully transistorized battery recorders were 
shown. · · 

One of the most elaborate of these is the 7t and 
3!in/sec Ficord 202, which can be used with a mains 
unit and has the unusual feature of an automatic audio 
level control (if desired). A meter is provided for check
ing the motor battery voltage on playback, the elec
tronics battery voltage on record and, also on record, 
with a deflection in the opposite direction, the signal 
level. 4-in spools are used. . 

A mains converter is also available for the new 
Butoba (Denham and Morley Ltd.) MT7 (3-in spools) 
3!in/sec and !fin/sec 2-track transistor recorder. This 
uses a high-frequency bias source but permanent magnet 
erase-a signal-to-noise ratio of 40dB is claimed. 

Ficord 202 transistor tape recorder: mechanical and electronic 
chassis are joined by a hinge for ease of servicing. 
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INTERNATIONAL AUDIO FESTIVAL 

RECENT DEVELOPMENTS IN SOUND REPRODUCTION 

ThE main developments shown at this year's exhibi- 
tion seem to have been in the field of tape recorders 
and their accessories—-if we may include microphones 
among the latter. 

Microphones 

The most noticeable development in microphones was 
the widespread emergence of new ribbon designs, of 
which several were in the low-price category. Improve- 
ments in the magnetic system by use of new materials 
were responsible for one trend. The traditional soft- 
iron pole pieces with massive energizing magnets at 

Lustraphone's minia- 
ture ribbon micro- 
phone: the "Micri- 
dyne". Legs are 
removable for stand- 
mounting. 

Tannoy "Slendalyne" 
pressure - gradient 
(velocity) microphone. 

pocket, transistor, crystal-controlled f.m. transmitter for 
such applications. 

Tape Recorders 
After some false starts more transistors seem to be 
replacing valves in low-level stages (so as to reduce 
hum). One of the many examples of this trend was 
noted in the Philips EL3514 "Starmaker" 4-track 
3|in/sec recorder which continues the unusual vertical 
styling of their EL3585 fully transistorized recorder. 

Double-gap (side-by-side) erase heads are used 
increasingly to produce more efficient erasure. ^ 

Editing facilities—chiefly the facility of "inching 
the tape—were also increasingly emphasized. In the 
new 3-speed 4-tiack Grundig TK40 inching is provided 
by spring loading the fast wind control so that it can be 
readily switched on for only a short time. In the 
Stuzzi (Recording Devices Ltd.) 2-speed 4-track 401 
the fast forward/rewind control mechanically moves the 
appropriate spool against the appropriate drive wheel, 
thus allowing a relatively smooth transition between the 
two winds. 

Several new fully transistorized battery recorders were 
shown. 

One of the most elaborate of these is the 7j and 
3f in / sec Ficord 202, which can be used with a mains 
unit and has the unusual feature of an automatic audio 
level control (if desired). A meter is provided for check- 
ing the motor battery voltage on playback, the elec- 
tronics battery voltage on record and, also on record, 
with a deflection in the opposite direction, the signal 
level. 4-in spools are used. 

A mains converter is also available for the new 
Butoba (Denham and Morley Ltd.) MT7 (3-in spools) 
3|in/sec and IJin/sec 2-track transistor recorder. This 
uses a high-frequency bias source but permanent magnet 
erase—a signal-to-noise ratio of 40dB is claimed. 

the ends, or covering one face of the ribbon, have dis- 
appeared and in their place are bar magnets, magnetized 
across their width. The result is generally a smaller 
slimmer structure with, consequently, a better fre- 
quency response. Tannoy's " Slendalyne and Slen- 
dalyne Cardioid " use metallic magnets, and the cardioid 
polar response is obtained by coupling to the back face 
of the ribbon a tuned and loaded cavity. Lustraphone s 
VR70 "Micridyne" uses ceramic magnets and 
achieves a volume of 0.6in3—it is Ifin wide, l-^in high 
and Tkin deep. Two of Grampian's new ribbon units, 
mounted at right angles to each other, were used in 
an experimental stereo microphone, but matnxed as 
a sum and difference system. This tends to reduce the 
effects of slight differences in coloration between the 
two units. Reslo were showing a prototype ribbon 
design—the SRI—for professional use. This has a 
new magnet and a longer ribbon to give greater output. 

A new differential (noise-cancelling) microphone, 
AKG's D58, uses double-diaphragm construction to 
provide protection against dust and can be supplied on 
a " boom" mounting attached to A.K.G.'s K.50 head- 
phones, when the type number becomes K58. 

The lead is always a nuisance when the microphone 
is hand-held or used on a lanyard. A radio link is an 
obvious answer, and Lustraphone have designed a 

Ficord 202 transistor tape recorder: mechanical and electronic 
chassis are joined by a hinge for ease of servicing. 
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Bang and 0/ufsen " Be/canto " recorder showing hinged 
construction. 

Up to 4±-in diameter spools can b~ taken by t~e 
single-speed (3-!in/sec) Loewe-Opta. (Highgate ~cousuc 
Co.) "Optacord 412." This uses high frequencies both 
for bias and erasure and features a one-watt. output. 

For public address purposes, a new versiOn of t~e 
2-speed Butoba MTS, the M!5S, has a~ extra transi~
tor amplifier (8 or 18-W versiOns are available) fitted I? 
the battery /mains unit compartment: the recorder ts 
intended to be run from a 6-V car battery. 

A mains-operated all-transistor professional 7! and 
32-injsec recorder-the 777-was shown by Sony 
(Tellux Ltd.). A special feature of this is ~hat all 
functions can be remotely controlled (by a wue-con
nected unit). Up to 7-in diameter reels can be used 
and the power output is 10 watts. 

Mixing facilities are, of course, now very frequently 
provided in tape recorders, but two unusually .ela~orate 
examples were noted in the Tafl:dberg 6 (diStributed 
in this country by Elstone Electromcs) and Revox stereo 
recorders (shown by Mordaunt). In the Revo~ th~ two 
inputs each can be at any. of three al.ter~auve. Impe
dances (which are altered stmp~y by swltchmg different 
input resistances into the transistor first stage). In the 
Tandberg 6 as many as four inputs can be mi':'ed .. 

Voice-operated start/st~~ control of ~e Stuzzi T!I
corder i,s possible by add1t10n of th~ Dictamet tr~nSlS
tor unit This takes its power supphes as well as mput 
signal l~vel from the Tricorder. By .varying t~e Tri
corder monitor level, the level at which the Dtctamet 
starts the Tricorder can thus be altered. The Dictamet 
automatically switches off the Tricor~er if no signals 
above this starting level have been received for a pre-set 
time. 

Recording in the new Telefunken (Welmec Corp. 
Ltd.) '' Magnetophon Automatic" (3-!in, 2-track) model 
has been simplified both by leaving the valve heaters 
permanently on (so that a single switch can instant
aneously start both the electronic and me~~anical 
recording mechanisms) and also .by the provlSlon of 
automatic audio-level control. This level control 
appears to op~rate on the pe.ak input signal an~ to have 
a short rise ume and relatively long decay tlme (the 
latter is of the order of a minute). This level control 
thus produces relatively little distortion or apparent 
loss of dynamic range. _ -

In the single-speed (3-!injsec) 2-track B & 0 "Bel
canto" recorder the electronics section can be hinged 
(see photograph) over the tape transport mechanism 
for compactnes,s when not in use. This recorder also 
features a push-pull output amplifier and erase oscil~ator 
and uses transistors in the record/replay pre-amplifier. 

New tape decks were shown by Planet and (outside 
the exhibition in prototype form) by B.S.R. The latter 
-the TD4-is a 1i- and 3;i-in/ sec battery model and 
is essentially a scaled-down version of their Monardeck 
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T D2 mains deck. The Planet Ul deck is a 3-speed 
mains model and features the use of metal fingers to 
keep the tape in contact with the !ecord and replay 
heads : this should produce a -more smtable wear charac
teristic than the flat which is produced by a pressure 
pad. Prototype valve and transistor amplifiers for use 
with this deck were shown. 

Tape Recording Accessories 

Jason's tape link type JTL contains the basic "elec-
tronics" necessary for use with either a twin- or four
track two-head (plus erase) tape deck and is designed 
to work as the link between the usual pre- and power
amplifier assembly. A push-pull bias and erase . oscil
lator is fitted and twin " magic eyes " can be swltched 
to indicate bias or signal. The Vortexion record/play
back unit has three input channels, carries tone controls 
and also provides for use of the " :nonitor" or playb~ck 
head as a source of simple (one tlme delay, dependmg 
on record-to-playback head spacing and tape speed) 
echo. 

Gevaert have introduced 10-in plastic reels. Recorders 
which can use spools as large as this are the Revox 
and Brenell Mark 510-the latter can even take 10±-in 
N .A.B. professional reels, 

A useful tape calculator was shown by B.A.S.F: For 
any playing time from 5 minutes up to 250 ~~utes, 
this shows the length of tape as well as the mmrmum 
size of spool required with standard, long-play or 
double-play tape playing at 7±, 3;i- or 1-iin/sec. . 

To prevent spillage of their tape Sony use a semi
circular plastic clip round the outer part of the reel. 

An automatic photographic slide-changing unit for 
operation by a tape-recorder (which would supply a 
spoken commentary and/or musi~al . backgrouJ?-d) ~as 
shown by Philips (EL3769). T hts ts a tra.nststonzed 
unit which both records and replays l kc/s shde control 
signals on an unused tape track.. In this u~it the same 
head is used for all three funct10ns- replaymg, record
ing and erasing-it is not necessary to erase an existing 
pulse when another is needed in the sam.e place. 
Grundio-'s TK40 carrief> a socket for connect10n of a 
cine so~nd head: record, erase, bias and playback are 
available 

Amplifiers 

Perhaps the most surprising thing about this year's 
show was that there were no fully-transistorized domestic 
"hi-fi" amplifiers on public show in the Hotel Ru~sell 
(Pye were showing privately the prototype amplifier 
seen last year together with a new pre-amplifier) and 
we had to go across the road to find one. Here, at the 
Royal Hotel, D .] .T. In~ustrial Developments ~ere 
demonstrating an all-transistor transformerless amphfier 
for stereo (lOW per channel) developed from the design 
of Tobey and Dinsda:le (Wireless World, November and 

All-transistor integrated stereo amplifier pre-amplifier (D.]. T. 
Industrial Developments). 
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Bang and Olufsen " Belcanto" recorder showing hinged 
construction. 

Up to 4j-in diameter spools can be taken by the 
single-speed (3fin/sec) Loewe-Opta (Highgate Acoustic 
Co.) " Optacord 412." This uses high frequencies both 
for bias and erasure and features a one-watt output. 

For public address purposes, a new version of the 
2-speed Butoba MT5, the MT5S, has an extra transis- 
tor amplifier (8 or 18-W versions are available) fitted in 
the battery/mains unit compartment: the recorder is 
intended to be run from a 6-V car battery. 

A mains-operated all-transistor professional 7i and 
3|in/sec recorder—the 777—was shown by Sony 
(Tellux Ltd.). A special feature of this is that all 
functions can be remotely controlled (by a wire-con- 
nected unit). Up to 7-in diameter reels can be used 
and the power output is 10 watts. 

Mixing facilities are, of course, now very frequently 
provided in tape recorders, but two unusually elaborate 
examples were noted in the Tandberg 6 (distributed 
in this country by Elstone Electronics) and Revox stereo 
recorders (shown by Mordaunt). In the Revox the two 
inputs each can be at any of three alternative impe- 
dances (which are altered simply by switching different 
input resistances into the transistor first stage). In the 
Tandberg 6 as many as four inputs can be mixed. 

Voice-operated start/stop control of the Stuzzi Tri- 
corder is possible by addition of the Dictamet transis- 
tor unit. This takes its power supplies as well as input 
signal level from the Tricorder. By varying the Tri- 
corder monitor level, the level at which the Dictamet 
starts the Tricorder can thus be altered. The Dictamet 
automatically switches off the Tricorder if no signals 
above this starting level have been received for a pre-set 
time. 

Recording in the new Telefunken (Welmec Corp. 
Ltd.) " Magnetophon Automatic" (3|in, 2-track) model 
has been simplified both by leaving the valve heaters 
permanently on (so that a single switch can instant- 
aneously start both the electronic and mechanical 
recording mechanisms) and also by the provision of 
automatic audio-level control. This level control 
appears to operate on the peak input signal and to have 
a short rise time and relatively long decay time (the 
latter is of the order of a minute). This level control 
thus produces relatively little distortion or apparent 
loss of dynamic range. 

In the single-speed (3 fin/sec) 2-track B & O "Bel- 
canto" recorder the electronics section can be hinged 
(see photograph) over the tape transport mechanism 
for compactness when not in use. This recorder also 
features a push-pull output amplifier and erase oscillator 
and uses transistors in the record/replay pre-amplifier. 

New tape decks were shown by Planet and (outside 
the exhibition in prototype form) by B.S.R. The latter 
—the Tp4—is a 1| and 3|in/sec battery model and 
is essentially a scaled-down version of their Monardeck 

Tp2 mains deck. The Planet U1 deck is a 3-speed 
mains model and features the use of metal fingers to 
keep the tape in contact with the record and replay 
heads: this should produce a more suitable wear charac- 
teristic than the flat which is produced by a pressure 
pad. Prototype valve and transistor amplifiers for use 
with this deck were shown. 

Tape Recording Accessories 

Jason's tape link type JTL contains the basic " elec- 
tronics " necessary for use with either a twin- or four- 
track two-head (plus erase) tape deck and is designed 
to work as the link between the usual pre- and power- 
amplifier assembly. A push-pull bias and erase oscil- 
lator is fitted and twin " magic eyes " can be switched 
to indicate bias or signal. The Vortexion record/play- 
back unit has three input channels, carries tone controls 
and also provides for use of the " monitor" or playback 
head as a source of simple (one time delay, depending 
on record-to-playback head spacing and tape speed) 
echo. 

Gevaert have introduced 10-in plastic reels. Recorders 
which can use spools as large as this are the Revox 
and Brenell Mark 510—the latter can even take 10)—in 
N.A.B. professional reels, 

A useful tape calculator was shown by B.A.S.F. For 
any playing time from 5 minutes up to 250 minutes, 
this shows the length of tape as well as the minimum 
size of spool required with standard, long-play or 
double-play tape playing at 7), 3f or l|in/sec. 

To prevent spillage of their tape Sony use a semi- 
circular plastic clip round the outer part of the reel. 

An automatic photographic slide-changing unit for 
operation by a tape-recorder (which would supply a 
spoken commentary and/or musical background) was 
shown by Philips (EL3769). This is a transistorized 
unit which both records and replays Ikc/s slide control 
signals on an unused tape track. In this unit the same 
head is used for all three functions—replaying, record- 
ing and erasing—it is not necessary to erase an existing 
pulse when another is needed in the same place. 
Grundig's TK40 carries a socket for connection of a 
cine sound head: record, erase, bias and playback are 
available 

Amplifiers 

Perhaps the most surprising thing about this year's 
show was that there were no fully-transistorized domestic 
" hi-fi " amplifiers on public show in the Hotel Russell 
(Pye were showing privately the prototype amplifier 
seen last year together with a new pre-amplifier) and 
we had to go across the road to find one. Here, at the 
Royal Hotel, D.J.T. Industrial Developments were 
demonstrating an all-transistor transformerless amplifier 
for stereo (10W per channel) developed from the design 
of Tobey and Dinsdale (Wireless World, November and 

All-transistor integrated stereo amplifier pre-amplifier (D.J.T. 
Industrial Developments). 
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Lowther 10+ /OW stereo amplifier integrated with transistor 
pre-amp/ ifier. 

December, 1961). One modification of the original design 
is the provision for the use of the two push-pull ~tereo 
amplifiers in push pull with each other on a mono s1gnal. 
In this way the output is raised to 40W when the loud
speakers are bridged between the pair of push-pull 
output stages. 

In the Hotel Russell transistors were displayed only 
in the pre-amplifier parts of domestic high-fidelity a.f. 
equipment. For instance. Bang and Olufsen and Low
ther were showing "integrated" (pre-amplifier and out
put 'stages in the one box) units where transistors were 
used for all functions except tlie power stages. In the 
Lowther 10-W design a pair of ECL86s take over for 
each channel. 

The ECL86 seems generally to have become very 
popular and appeared in man~ ampHfiers o~ widely 
varying ratinos: Rogers were usmg them, for mstance, 
in a double '6-W design (Cadet 2) whose separate pre
amplifier and control unit is designed only for ceramic 
or crystal pickups. 

B & O's Grand-Prix radio 
receiver uses loudspeakers with 
plastics-edged diaphrams and 
provides for echo unit (on shelf 
above, qt right). 

WIRELESS WoRLD, }UNE 1962 

Filters and tone controls seem to have followed well
trodden paths but one novel idea in an Armstrong 
desion was the coupling back to the treble tone control 
of the feedback that determines the filter characteristic: 
thus variable slope and roll-off characteristics are given 
by the treble tone control. 

The tone c-ontrol to end all tone controls was found 
on the Leevers Rich stand : its main purpose is the 
matching of " coloration" in diverse sound sources. 
This unit allows by variation of negative feedback net
works the relative amplitude response of six bands 
centred on frequencies between 63c/s and .6.3kc/s 
(arranged in a logarithmic series with n.=2.5 so that 
there are no kinks in the curve) to be vaned by ± 8dB. 

An unusual phase-splitter was found in the Radford 
CMA15 15-W power amplifier, which is available either 
ready built, or as a kit. A triode-pentode is us~d as-a 
long-tailed pair splitter, with the pentode acceptmg. the 
input signal, to provide better balance. The M11ler 
capacitance of a high-gain triode can cause even the 
long-tailed pair t~ go out <;>f balance at high frequenci~s; 
in the pentode th1s effect 1s reduced by the screen gnd. 
The pentacle requires a slight increase in anode load to 
compensate for the division of current between the 
anode and screen. 

Complete Equipments 

One of the trends in recent years has been towards 
the integration of high-quality apparatus for the luxury 
" radio-gram " market; but a reversal was noted in the 
case of Decca, who are now marketing " Decola Separ
ates", comprising the separate parts, including loud-
speakers, of the Decola machine. , 

The Canadian " Clairtone " company (represented by 
Argelane Ltd.) were. showing "hi-fi " ·radiograms. T~e 

top-of-the-range "Signature" Sl001 model has amph
fiers capable of 70W peak-power output and provision 
for remote radio control. This latter is achieved by a 
transistor transmitter working at about 27Mc/s: it 
causes clutches to be engaged with the selected control, 
winding it up or down. The ghostly movement of the 
control knobs confirms the impression that this machine 
is not for ordinary mortals, but for a super breed that 
wants to listen to Kreisler in the kitchen and Shostako
vitch in the sitting room, both to be changed to stereo 
records and then to switch off automatically after the 
last side, all at the touch of a button. 

In some of Bang and Olufsen's range of integrated 
apparatus there was provision for connecting an echo 
unit which could be used, in the extreme, to make the 

"Signatw~ S/000_." -frorn Clair- . 
tone range. Bass and middle 
speakers face shaped reflectors: 
treble is transduced by horn 
units. (Radio control is ringed). 
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Lowther 10+ IOW stereo amplifier integrated with transistor 
pre-amplifier. 

December, 1961). One modification of the original design 
is the provision for the use of the two push-pull stereo 
amplifiers in push pull with each other on a mono signal. 
In this way the output is raised to 40W when the loud- 
speakers are bridged between the pair of push-pull 
output stages. . 

In the Hotel Russell transistors were displayed only 
in the pre-amplifier parts of domestic high-fidelity a.f. 
equipment. For instance Bang and Olufsen and Low- 
ther, were showing " integrated " (pre-amplifier and out- 
put stages in the one box) units where transistors were 
used for all functions except the power stages. In die 
Lowther 10-W design a pair of ECL86s take over for 
each channel. 

The ECL86 seems generally to have become very 
popular and appeared in many amplifiers of widely 
varying ratings: Rogers were using them, for instance, 
in a double 6-W design (Cadet 2) whose separate pre- 
amplifier and control unit is designed only for ceramic 
or crystal pickups. 

Filters and tone controls seem to have followed well- 
trodden paths but one novel idea in an Armstrong 
design was the coupling back to the treble tone control 
of the feedback that determines the filter characteristic: 
thus variable slope and roll-off characteristics are given 
by the treble tone control. 

The tone control to end all tone controls was found 
on the Leevers Rich stand: its main purpose is the 
matching of "coloration" in diverse sound sources. 
This unit allows by variation of negative feedback net- 
works the relative amplitude response of six bands 
centred on frequencies between 63c/s and 6.3kc/s 
(arranged in a logarithmic series with n=2.5 so that 
there are no kinks in the curve) to be varied by +8dB. 

An unusual phase-splitter was found in the Radford 
CMA15 15-W power amplifier, which is available either 
ready built, or as a kit A triode-pentode is used as'a 
long-tailed pair splitter, with the pentode accepting the 
input signal, to provide better balance. The Miller 
capacitance of a high-gain triode can cause even the 
long-tailed pair to go out of balance at high frequencies; 
in the pentode this effect is reduced by the screen grid. 
The pentode requires a slight increase in anode load to 
compensate for the division of current between the 
anode and screen. 

Complete Equipments 

One of the trends in recent years has been towards 
the integration of high-quality apparatus for the luxury 
" radio-gram " market; but a reversal was noted in the 
case of Decca, who are now marketing " Decola Separ- 
ates", comprising the separate parts, including loud- 
speakers, of the Decola machine. 

The Canadian " Clairtone " company (represented by 
Argelane Ltd.) were showing "hi-fi" radiograms. The 
top-of-the-range " Signature" S1001 model has ampli- 
fiers capable of 70W peak-power output and provision 
for remote radio control. This latter is achieved by a 
transistor transmitter working at about 27Mc/s: it 
causes clutches to be engaged with the selected control, 
winding it up or down. The ghostly movement of the 
control knobs confirms the impression that this machine 
is not for ordinary mortals, but for a super breed that 
wants to listen to Kreisler in the kitchen and Shostako- 
vitch in the sitting room, both to be changed to stereo 
records and then to switch off automatically after the 
last side, all at the touch of a button. 

In some of Bang and Olufsen's range of integrated 
apparatus there was provision for connecting an echo 
unit which could be used, in the extreme, to make the 

6 & O's Grand-Prix radio 
receiver uses loudspeakers with 
plastics-edged diaphrams and 
provides for echo unit (on shelf 
above, at right). 

" Signature SI000 "-from Clair- 
tone range. Bass and middle 
speakers face shaped reflectors: 
treble is transduced by horn 
units. (Radio control is ringed). 
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news sound as if it were being read in the bathroom. 
B & O's echo unit uses a wire delay line with torsional 
magnetic excitation and pick off: a switch on the line 
box selects various delays and a level control is fitted 
on the receiver. Grampian, too, were showing a 
reverberation unit: theirs provides simulated multiple 
echoes and employs the Hammond spring device. 

An outcropping of transistor receivers was seen: 
novel items were receivers, giving cover of the l.w. 
navigation-beacon bands and having a meter for tuning 
and battery checking (B & 0), a simple m.w. tran
sistor tuner with preset tuning for the long-wave Light 
programme (Stuzzi) and push-button switching for 
changeover from the ferrite rod to an external aerial 
(Sony). 

Pickups and Turntables 

Side-thrust caused by a tilted mounting board can be 
countered by dynamic balancing of the pickup arm; but 
this requires a counterweight, rather than a spring; 
though a spring may be used for the downward stylus 
pressure (B & 0 and some Ortofon-Metro-Sound 
Mfg. Co. Ltd.-arms). This has the advantage that 
the stylus force remains normal to the record even when 
the board is tilted. Also a downward pressure from the 
spring can help when warped discs have to be played. 

Dynamic balancing requires the elimination of the 
twisting moment about . the pivot caused by the head 
offset. B & 0 do this by offsetting the counterweight 
whereas some Ortofon arms and the arm on the Braun 
PCS unit are made S-shaped. 

Even in delicate low tracking-weight pickup heads 
there seems to be a trend to making the stylus assembly 
easily replaceable. 

An unusual construction is used for the variable
reluctance generating system in the B & 0 stereo head. 
This consists of a light Mumetal cross which branches 
from the stylus arm (in a plane at right angles to it). 
The motion of the stylus causes each arm of the cross 
to move within the magnetic field of two pole pieces 
'near its ends. This balanced system reduces distortion, 
as well as any unbalance between channels which might 
otherwise be produced by any permanent stylus dis
placement (due, for example, to side thrust) and also 
largely cancels any hum picked up in the pole-piece 
coils. 

To reduce rumble transmitted through the driving 
mechanism from the motor a belt rather than the 
normal idler rim drive was used both by Philips in their 
AG 1016 and by Braun in their PCS-it remains to be 

seen whether these two units are ~o be regarded as the 
forerunners of a new trend. 

Loudspeakers 

We had thought that the recent introduction by K.E.F. 
and Wharfedale* of relatively shallow slim line cabinets 
presaged a trend towards this ·shape. However, at this 
exhibition we could only find two other such " slim, 
cabinets-made by Braun and Goodmans. 

Two attractive examples of the also frequently-used 
column shape were shown by Connoisseur. Com
pressed fibre board is the cabinet · material-this allows 
the cabinet to be made cylindrical (giving it greater 
rigidity than the normal rectangular shape) and also 
reduces its cost. A port is provided at the top of each 
unit near the upward facing loudspeaker which gives an 
omni-directional sound characteristic. To reduce 
resonances the cabinets are lined with bonded acetate 
fibre-a layer of this is also inserted one-third of the 
way up to reduce the third harmonic air-column reson
ance. The Minor enclosure uses a single 8-in loud
speaker-the Major is fitted with an additional 3-in 
tweeter. 

Loudspeakers themselves can be made slimmer by 
making their magnets of the new ceramic materials 
(e.g. Feroba) and this is an increasing trend-in fact 
Goodmans now fit nearly all their speakers with such 
magnets. 

The unusual rectangular flat shape (with rounded 
corners) for a loudspeaker diaphragm introduced 
recently by K.E.F. in their K1 speaker system men
tioned above is continued by them in their new K2 
Celeste. In this the bass unit has a 9 by Stin flat dia
phragm made of expanded polystyrene with aluminium 
outer skins for increased rigidity. Together with the 
same 1!-in tweeter as is used in their K1, this is fitted 
in a totally-enclosed box measuring only 18in by 10:fin 
by 6;fin, 

A push-pull elettrostatic tweeter-the Audistatic
was used by Mordaunt in a new system. 

This company also uses an unusual crossover network 
in their Arundel system since the rate of low frequency 
roll-off (12dB per octave) differs from the rate of high
frequency insertion (as rapid as 24dB per octave). An
other unusual . feature of this system is that the bass unit 
voice coil has a metal former. This tends to act as 
a shorted turn and thus gives improved electromagnetic 
damping. 

* Wireless World, January 1962, pp. 46 and 44. 

Braun PCS belt driven turntable 
and S-shaped pickup arm. 

Audistatic push-pull electrostatic 
tweeter with cover removed (shown by 
Mordaunt). 

K.E.F. K2 Celeste com
pact loudspeaker system. 
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on the receiver. Grampian, too, were showing a 
reverberation unit: theirs provides simulated multiple 
echoes and employs the Hammond spring device. 

An outcropping of transistor receivers was seen; 
novel items were receivers, giving cover of the l.w. 
navigation-beacon bands and having a meter for tuning 
and battery checking (B & O), a simple m.w. tran- 
sistor tuner with preset tuning for the long-wave Light 
programme (Stuzzi) and push-button switching for 
changeover from the ferrite rod to an external aerial 
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the stylus force remains normal to the record even when 
the board is tilted. Also a downward pressure from the 
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Dynamic balancing requires the elimination of the 
twisting moment about the pivot caused by the head 
offset. B & O do this by offsetting the counterweight 
whereas some Ortofon arms and the arm on the Braun 
PCS unit are made S-shaped. 

Even in delicate low tracking-weight pickup heads 
there seems to be a trend to making the stylus assembly 
easily replaceable. 

An unusual construction is used for the variable- 
reluctance generating system in the B & O stereo head. 
This consists of a light Mumetal cross which branches 
from the stylus arm (in a plane at right angles to it). 
The motion of the stylus causes each arm of the cross 
to move within the magnetic field of two pole pieces 
near its ends. This balanced system reduces distortion, 
as well as any unbalance between channels which might 
otherwise be produced by any permanent stylus dis- 
placement (due, for example, to side thrust) and also 
largely cancels any hum picked up in the pole-piece 
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To reduce rumble transmitted through the driving 
mechanism from the motor a belt rather than the 
normal idler rim drive was used both by Philips in their 
AG1016 and by Braun in their PCS—it remains to be 

seen whether these two units are to be regarded as the 
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and Wharfedale* of relatively shallow slim line cabinets 
presaged a trend towards this shape. However, at this 
exhibition we could only find two other such "slim" 
cabinets—made by Braun and Goodmans. 

Two attraaive examples of the also frequently-used 
column shape were shown by Connoisseur. Com- 
pressed fibre board is the cabinet material—this allows 
the cabinet to be made cylindrical (giving it greater 
rigidity than the normal rectangular shape) and also 
reduces its cost. A port is provided at the top of each 
unit near the upward facing loudspeaker which gives an 
omni-directional sound characteristic. To reduce 
resonances the cabinets are lined with bonded acetate 
fibre—a layer of this is also inserted one-third of the 
way up to reduce the third harmonic air-column reson- 
ance. The Minor enclosure uses a single 8-in loud- 
speaker—the Major is fitted with an additional 3-in 
tweeter. 

Loudspeakers themselves can be made slimmer by 
making their magnets of the new ceramic materials 
(e.g. Feroba) and this is an increasing trend—in fact 
Goodmans now fit nearly all their speakers with such 
magnets. 

The unusual rectangular flat shape (with rounded 
comers) for a loudspeaker diaphragm introduced 
recently by K.E.F. in their K1 speaker system men- 
tioned above is continued by them in their new K2 
Celeste. In this the bass unit has a 9 by 5iin flat dia- 
phragm made of expanded polystyrene with aluminium 
outer skins for increased rigidity. Together with the 
same IJ-in tweeter as is used in their Kl, this is fitted 
in a totally-enclosed box measuring only 18in by 10|in 
by film. 

A push-pull electrostatic tweeter—the Audistatic  
was used by Mordaunt in a new system. 

This company also uses an unusual crossover network 
in their Arundel system since the rate of low frequency 
roll-off (12dB per octave) differs from the rate of high- 
frequency insertion (as rapid as 24dB per octave). An- 
other unusual feature of this system is that the bass unit 
voice coil has a metal former. This tends to act as 
a shorted turn and thus gives improved electromagnetic 
damping. 

* Wireless World, January 1962, pp. 46 and 44. 

Braun PCS belt driven turntable 
and S-shaped pickup arm. 

mm 

Audistatic push-pull electrostatic 
tweeter with cover removed (shown by 
Mordaunt). 

274 

K.E.F. K2 Celeste com- 
pact loudspeaker system. 

Wireless World, June 1962 

www.americanradiohistory.com

www.americanradiohistory.com


JUNE, 1962 

This illustrates the prin

ciple of operation of these 

revolutionary new connec

tors, where contact press

ure is stepped up to an 

unprecedented level after 

engagement, and each pin 

is locked into its socket. 

WIRELESS WORLD 

\\I::> - If• . L ,, 
Dell~- ee 

''CAMLECON'' & "COL.LECON'' 

CONNECTORS 

Setting a new standard 

of reliability 
These are based on an entirely new 

principle of construction whereby 

each socket is individually adjusted 

to its mating pin by a very large in

crement of contact pressure after 

engagement, permitting insertion 

and withdrawal forces to be restricted 

to better than normal proportions. 

Contact is made initially by con

ventional plug-and-socket action, 

using solid round pins in divided 

tubular sockets, but with exception

ally low . insertion and withdrawal 

forces. However, each pin has a 

gradua] taper near its root, producing 

a slight waist, and after full engage

ment, a compressive force is applied 

to the mouth of its socket causing 

closure, and an enormous increase in 

pressure on the pin. 

This means that while the closing 

force is maintained, it is impossible 

for the pins to be disengaged from 

their sockets, which grip them 

round the waist. 
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BELLING & LEE LTD. 

Licenced by 
ENGLISH ELECTRIC 

AVIATION LTD. 

CAMLECON COLLECON 

- Most 'Belling-Lee' products are 

covered by patents or registered 
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Circuit Breakers 

The automatic tripping action of 

miniature circuit breakers is actuated 

either by thermal or magnetic means. 

Both principles may be combined in a 

single unit, so that it trips thermally 

on small or moderate overloads, and 

magnetically on large ones, with 

advantages which will appear in due 

course. 
Thermal operation is usually 

achieved by making use of the 

physical distortion which bi-metal 

undergoes on heating. For a modest 

expenditure of energy quite large 

displacements can be obtained and a 

usable force which is dependent on 

the choice and dimensions of the two 

constituent metals. Since we are 

concerned with current overloads, we 

can obtain the requisite heat energy 

by passing the current through a 

resistance of suitable value; a power of 

not more than some three or four 

watts is required. Bi-metal itself 

possesses some electrical resistance, 

and, if the current is large enough, it 

is possible to generate sufficient heat 

within the bi-metal by passing the 

current through it; for lower values of 

. current; an auxiliary heating element 

is necessary. 

The response rate of such a device 

is controlled by its thermal capacity 

and losses,. by any in-built mechanical 

resistance (such as a toggle mecha

nism, which may be fitted to ensure a 

quick make-and-break action), and by 

the rate at which heat is generated 

and supplied. Its major advantage is 

that the action can be delayed by 

several minutes, if desired, but the 

mechanism can also be made ex

tremely sensitive, so that it will 

function on as little as 10% increase 

of current above the permitted value. 

Magnetic operation is achieved by 

energising a coil of wire, which 

deflects an armature by magnetic 

attraction. The coil is energised by 

the circuit current, and operation is 

rapid (within the first half cycle on 

alternating supplies) unless de

liberately damped by eddy current 

effects, or mechanically, by means of 

a hydraulic dash-pot, However, 

damping makes the response sluggish 

under all conditions, but by taking 

advantage of the fact that one of the 

constituents of bi-metal is usually 

iron, and making the armature a 

bi-metallic element, this can be 

actUated thermally, with a delayed 

action, at moderate over-currents, and 

magnetically, with a fast action, at 

large overloads; at intermediate values 

of current, the response is also quite 

rapid, the action being thermal

magnetic. 
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The automatic tripping action of I 
miniature circuit breakers is actuated I 
either by thermal or magnetic means. I 
Both principles may be combined in a 
single unit, so that it trips thermally 

I on small or moderate overloads, and I 
magnetically on large ones, with I 
advantages which will appear m due I 

I course. I 
I Thermal operation is usually I 
I achieved by making use of the I 
I physical distortion which bi-metal I 
I undergoes on heating. For a modest I 
I expenditure of energy quite large I 
I displacements can be obtained and a I 
| usable force which is dependent on 
I the choice and dimensions of the two I 
I constituent metals. Since we are | 
I concerned with current overloads, we I 
I can obtain the requisite heat energy I 
I by passing the current through a I 
I resistance of suitable value, a power of I 
I not more than some three or four 1 
I watts is required. Bi-metal itself I 
I possesses some electrical resistance, I 

and, if the current is large enough, it I 
is possible to generate sufficient heat 
within the bi-metal by passing the 
current through it; for lower values ot I 

I current, an auxiliary heating element I 
I is necessary. I 

The response rate of such a device I 
is controlled by its thermal capacity 

I and losses, by any in-built mechanical I 
I resistance (such as a toggle mecha- I 
I nism, which may be fitted to ensure a I 
I quick make-and-break action), and by I 
I the rate at which heat is generated I 
I and supplied. Its major advantage is I 
I that the action can be delayed by I 
| several minutes, if desired, but the I 
1 mechanism can also be made ex- I 
I tremely sensitive, so that it will I 
I function on as little as 10% increase I 
I of current above the permitted value. I 

Magnetic operation is achieved by I 
I energising a coil of wire, which I 
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attraction. The coil is energised by 
I the circuit current, and operation is I 
I rapid (within the first half cycle on I 
1 alternating supplies) unless de- I 
1 liberately damped by eddy current I 
I effects, or mechanically, by means of I 

a hydraulic dash-pot. However, 
1 damping makes the response sluggish I 
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advantage of the fact that one of the 
I constituents of bi-metal is usually I 
I iron, and making the armature a I 
1 bi-metallic element, this can be 
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MOST readers must be familiar with the 
conventional Nyquist and Bode plots for determining 
the stability of feedback amplifiers. They have 
been discussed in these columns and elsewhere by 
myself and other writers until we are all heartily 
sick of them. It is true that a new reader of Wireless 

World is born, not every minute but, if i:ny calcula
tions are correct, every eight hours. The one-and-a
half readers who do not pay for the copy they dog
ear, or steal, are excluded: cash customers only. 
They, I imagine, learn all these things at school 
nowadays, as soon as they progress beyond the 
indoor tree climbing and mud pie design which 
we in our time studied out of doors and without 
assistance from the rates and the Minister. But 
then, unlike the Minister, our boots were always 

dirty. 
About half a century before Nyquist published 

his classic paper on negative feedback, rules for the 
stability of mechanical systems had been given by 
Routh. Oliver Heaviside once wrote, " Even 
Cambridge mathematicians deserve justice'', and I 
feel that it is only just that Routh's criteria should 
be more widely known, especially as they do lead to 
some very compact solutions for some of our prob
lems. The designers of servo-mechanisms are 
indeed much more aware of the virtues of the sort 
of algebraic treatment we shall adopt: it is the 
run-of-the-mill amplifier designer who has, I feel, 
got bogged down in a technique which is· not always 
the most convenient. 

Standard Stability Tests 

The simple way of predicting whether an amplifier 
will be stable with a certain amount of negative 
feedback is to plot the frequency response in ampli
tude and phase, most conveniently as two separate 
graphs and most easily by the use of straight line 

approximations. I described this method long long 

ago in these columns and you can find the whole 
thing summarized in Langford-Smith's " Radio 
Designer's Handbook". I feel no temptation to go 
into this matter again: only money, indeed, would 
so tempt me. This method, however, becomes 
rather complicated if there are several feedback 
loops, although by a 'thoroughly tedious process 
these can be treated. If you then want to change an 
inner feedback loop, however, you need to go right 
back to the beginning. 

You may feel that multiple feedback loops are 
pretty recondite anyway, and none of your business. 
There is, however, one special case which has fairly 
wide use, the amplifier with a local positive feedback 
loop arranged to give a very low, zero, or even nega

tive output impedance. Obviously an amplifier of 
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Routh's Criteria 
STABILITY TESTS WITHOUT SQUARED PAPER 

By THOMAS RODDAM 

this kind will also have a good deal of negative 
feedback too, because you worry about distortion 
before you start worrying about loudspeaker 
damping. 

Shock Excitation 

The content of this article is really only an intro
duction to a much wider range of techniques and 
although I do not at present feel disposed to go very 
far it is probably desirable to make sure that the 
foundations will bear any future development. 
We start off with a simple parallel LC circuit, an 
anti-resonant circuit, which we can observe con
veniently by using a high impedance oscilloscope. 
If we shock excite this circuit we know what happens: 
we observe a damped train of oscillations which 
with fairly typical component values will die away 
in, perhaps, one hundred cycles. The same experi
ment carried out using a piezoelectric crystal will 
give us a train of thousand or tens of thousands of 
oscillations. The rate at which the oscillations decay 
is usually measured by the Q-factor of the circuits. 

We can connect a valve or a transistor so that it 
increases the Q-factor of the tuned circuit and in one 
circuit which I have described in the February 
1954 issue of this journal the Q can be controlled 
by a variable resistance to the point where it becomes 
infinite. Just a little more, and instead of dying away 
with finite Q, or remaining constant with infinite 
Q, the oscillations grow. Even the circuit noise is 
enough to start the system off and it is, of course, an 
oscillator. 

You may remember that the standard expression 
for a damped wave is eatcos wt, where w is the usual 
angular frequency and a the damping coefficient. 
If the wave really is damped a is negative, while a 
positive value for a means that the oscillations are 
growing. Mathematicians believe that printers 
dislike ex and prefer to print exp(x). They also 

. prefer to write the ·standard expression as Real 

Part [exp (u + jw)t], which of course is exactly 
the same thing. The advantage of this is that we 
can go on to write this as R.P. [exp pt] where 
p = a+ jw and we can call p the complex frequency 
without worrying about the sign of a. 

The quantity p describes the way a system behaves 
when it is shock excited. If the system is an amplifier 
we want the oscillations to die away: we want them 
to die quickly, but I feel that is a bit beyond . our 
scope at the moment. The · values of p are the 
characteristic frequencies of the system; there may 
be several of them. They are also given by the roots 
of the characteristic equation. They can be marked 
out as points defined by a, wand since all must have 

negative values of a for the corresponding resonance 
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]\IoST readers must be familiar with the 
conventional Nyquist and Bode plots for determining 
the stability of feedback amplifiers. They have 
been discussed in these columns and elsewhere by 
myself and other writers until we are all heartily 
sick of them. It is true that a new reader of Wireless 
World is bom, not every minute but, if my calcula- 
tions are correct, every eight hours. The one-and-a- 
half readers who do not pay for the copy they dog- 
ear, or steal, are excluded; cash customers only. 
They, I imagine, learn all these things at school 
nowadays, as soon as they progress beyond the 
indoor tree climbing and mud pie design which 
we in our time studied out of doors and without 
assistance from the rates and the Minister. But 
then, unlike the Minister, our boots were always 

^About half a century before Nyquist published 
his classic paper on negative feedback, rules for the 
stability of mechanical systems had been given by 
Routh. Oliver Heaviside once wrote, " Even 
Cambridge mathematicians deserve justice", and I 
feel that it is only just that Routh's criteria should 
be more widely known, especially as they do lead to 
some very compact solutions for some of our prob- 
lems. The designers of servo-mechanisms are 
indeed much more aware of the virtues of the sort 
of algebraic treatment we shall adopt: it is the 
run-of-the-mill amplifier designer who has, I feel, 
got bogged down in a technique which is not always 
the most convenient. 

Standard Stability Tests 

The simple way of predicting whether an amplifier 
will be stable with a certain amount of negative 
feedback is to plot the frequency response in ampli- 
tude and phase, most conveniently as two separate 
graphs and most easily by the use of straight line 
approximations. I described this method long long 
ago in these columns and you can find the whole 
thing summarized in Langford-Smith s Radio 
Designer's Handbook". I feel no temptation to go 
into this matter again: only money, indeed, would 
so tempt me. This method, however, becomes 
rather complicated if there are several feedback 
loops, although by a thoroughly tedious process 
these can be treated. If you then want to change an 
inner feedback loop, however, you need to go right 
back to the beginning. ^ , 

You may feel that multiple feedback loops are 
pretty recondite anyway, and none of your business. 
There is, however, one special case which has fairly 
wide use, the amplifier with a local positive feedback 
loop arranged to give a very low, zero, or even nega- 
tive output impedance. Obviously an amplifier of 
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this kind will also have a good deal of negative 
feedback too, because you worry about distortion 
before you start worrying about loudspeaker 
damping. 

Shock Excitation 

The content of this article is really only an intro- 
duction to a much wider range of techniques and 
although I do not at present feel disposed to go very 
far it is probably desirable to make sure that the 
foundations will bear any future development. 
We start off with a simple parallel LC circuit, an 
anti-resonant circuit, which we can observe con- 
veniently by using a high impedance oscilloscope. 
If we shock excite this circuit we know what happens; 
we observe a damped train of oscillations^ which 
with fairly typical component values will die away 
in, perhaps, one hundred cycles. The same experi- 
ment carried out using a piezoelectric crystal will 
give us a train of thousand or tens of thousands of 
oscillations. The rate at which the oscillations decay 
is usually measured by the Q-factor of the circuits. 

We can connect a valve or a transistor so that it 
increases the Q-factor of the timed circuit and in one 
circuit which I have described in the February 
1954 issue of this journal the Q can be controlled 
by a variable resistance to the point where it becomes 
infinite. Just a little more, and instead of dying away 
with finite Q, or remaining constant with infinite 
Q, the oscillations grow. Even the circuit noise is 
enough to start the system off and it is, of course, an 
oscillator. 

You may remember that the standard expression 
for a damped wave is c'cos oit, where <0 is the usual 
angular frequency and a the damping coefficient. 
If the wave really is damped a is negative, while a 
positive value for o means that the oscillations are 
growing. Mathematicians believe that printers 
dislike e1 and prefer to print exp(x). They also 
prefer to write the standard expression as Real 

[exp (v ' jcojt], which of course is exactly 
the same thing. The advantage of this is that we 
can go on to write this as R.P. [exp pt\ where 
p = „ -1- jM and we can call p the complex frequency 
without worrying about the sign of cr. 

The quantity p describes the way a system behaves 
when it is shock excited. If the system is an amplifier 
we want the oscillations to die away: we want them 
to die quickly, but I feel that is a bit beyond our 
scope at the moment. The values of p are the 
characteristic frequencies of the system; there may 
be several of them. They are also given by the roots 
of the characteristic equation. They can be marked 
out as points defined by <7, 01 and since all must have 
negative values of a for the corresponding resonance 
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to · be damped we say that the roots must lie in the 
left-hand side of the plane. We need to know the 
ru1es of the game now. 

Routh's Criteria 
The procedure is best illustrated by a simple 
example. We shall consider a three stage valve 
amplifier having three identical stages. The load 
resistance is R, and is shunted by a capacitance C, 
and these values are such that we can forget the valve 
impedance and work with the mutual conductance 
gm. Each stage has the same gain, which is just 
gm R/(1 + jwCR). We write now CR = T and since 
we want to work with complex frequencies, not the 
usual w, we replace j w by p, giving the stage gain 
as g mR/(1 + PT) and the amplifier gain as 
gm 3R 3/(1 + pT) 3 which we shall call k. At sufficiently 
low frequencies we can neglect the effect of the shunt 
capacitance and the gain, k0 , is just gm 3R 3• The 
feedback we want to apply is {3, a constant. 

Now we consider the expression 
1 + k{3 = 1 + k0 {3/(1 + PT) 8 

and we obtain the characteristic equation by putting 
this equal to zero (thus, by the way, making 
k/(1 + k{3), the usual gain with feedback form, 
infinite). . Then 

T3p 3 + 3T2p2 + 3Tp + 1 + k0 {3 = 0 
a cubic in p having all the T terms positive. We can 
apply Routh's criteria to see when this amplifier 
will be stable. 
1.-All the coefficients must be positive. The T 

terms satisfy this already, so we need only consider 
the term (1 + k 0 {3). This will be positive unless {3 is 
negative, which with the sign conventions I use means 
positive feedback, and then only if J {3j ;?;_1/k0 , which 
means too much positive feedback. 
2.-The coefficients must satisfy an inequality which 
we shall give in its general form later. For the 
cubic form 

a0p 3 + a 1P2 + a2P + a3 = 0 
the system will be stable if 

ala2>aoaa 
so that in the specific amplifier example we have 

9T 3> T 3 (1 + k0 {3) 
or k 0 f3<8 

This is, of course, a standard textbook resu1t and 
it corresponds to the condition in which Jkf3j = 1 
when the stage phase shift has reached 60°. We 
know that we can get better resu1ts, that is we can 
apply more feedback, if we make one stage have a 
different bandwidth from the other two. This is 
very easy to analyse by this method, for we just 
take two stages having CR = T and a third having 
C'R' = nT, If n is less than unity we have a wider 
band, while if n is greater than unity the stage is a 
relatively narrow band one. 

For this example 

1 + k{3 = 1 + kof3 
(1 + pT) 2( 1 +npT) 

and the characteristic equation becomes , 
nT 3p 3 + (1 + 2n) T

2p2 + (2 + n) TP + 1 + k0 {3 = 0 
Applying the second criterion and manipu1ating 
the resu1t we reach the limiting condition 

k 0 {3<2 (n + 2 + 1/n) 
I have written it in this form to show the complete 

276 

symmetry between n and 1/n: we get the same answer 
by using a double width stage as we do from a half 
width stage. No other method I can remember will 
give the limiting condition above nearly so quickly. 
Even with three different stages the work is not 
really tedious. · 

Life is not just a cubic equation. The fu11 form 
for Routh's second stability criterion is in the 
determinant form: 

ao a-l a-2 ........ a-n 
a 2 a 1 a0 •••••••• a2-n 
a4 a 3 a 2 ••••••• • a,_n > 0 

a2na2n-1a2n-2. ····.an I 
in which any term am for which m > n or m < 0 is 
put equal to zero. The general form of the c}J.aracter
istic equation is 

aopn + alpn-l ...... +an= 0 
When n = 4, the determinant gives 

ala2aa>a4al2 + aoaa2 
Beyond this you are on your own, but after all, you 
have got a fairly complicated amplifier. 

It is, I hope, almost unnecessary to point out that 
the procedure for the stability at the low end of the 
pass band, which depends on the coupling capacitor 
and output transformer, will follow exactly the same 
lines except that you will find the equation starts 
off in 1/pT instead of in pT. The treatment is left 
as an exercise for the reader. 

Internal Feedback Loop 
The method really begins to pay dividends when 
we put in an internal feedback loop as well. Let us 
consider an example in which the amplifier is cut into 
two sections which have gains k 1 and k 2 and we apply 
feedback of {31 round the k1 section and {3 2 round the 
whole amplifier. For this system the characteristic 
equation is 

1 + ktf31 + ktk2{32 = 0 
A simple example is ·obtained by considering three 
identical stages having a gain, as before, of k/(1 + 
pT ). Between the first and second cathodes we 
provide positive feedback {31 and in {31 we take 
account of the loss to the second cathode. In this 
form only the response shape of the first stage 
has to be taken into account. The characteristic 
equation becomes 

k{3l k 3{32 
1 + (1 + PT) + (1 + p-r)3 = 0 

and this can be mu1tiplied up and rearranged to 
give the form: 
T

3p 3 + (3 + kf3t)-r2p2 + (3 + 2kf3t)-rp + 1 + k{31 + 
k3f32 = 0 
As we are using positive feedback {31 is negative 
and we must look first at Routh's first criterion, from 
which we find that 3 + 2k{31 must be positive, or 
- f3t < 3/2k. . 

A convenient choice will be - {31 = 1/k, which 
will bring the inner amplifier just up to infinite 
gain. Now we consider the second criterion, sub
stituting k{31 = -1 as we go, and we find that 
2 > k 3{32. 

With an infinite gain front end we cannot put 
more feedback round the whole loop than given 
by k 3{3 2 < 2 in which, of course, k 3 is the total 
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to be damped we say that the roots must lie in the 
left-hand side of the plane. We need to know the 
rules of the game now. 

Routh's Criteria 

The procedure is best illustrated by a simple 
example. We shall consider a three stage valve 
amplifier having three identical stages. The load 
resistance is R, and is shunted by a capacitance C, 
and these values are such that we can forget the valve 
impedance and work with the mutual conduaance 
gm. Each stage has the same gain, which is just 
gm R/(l + jwCR). We write now CR = r and since 
we want to work with complex frequencies, not the 
usual cu, we replace jw by p, giving the stage gain 
as £„(R/(1 + pr) and the amphfier gain as 
gm

3R3/(l + pr)3 which we shall call k. At sufficiently 
low frequencies we can neglect the effect of the shunt 
capacitance and the gain, k0, is just gm

3R3. The 
feedback we want to apply is ft a constant. 

Now we consider the expression 
1 + ie/J = 1 + kom + pry 

and we obtain the characteristic equation by putting 
this equal to zero (thus, by the way, making 
kj{\ + kp), the usual gain with feedback form, 
infinite). Then 

T3p3 + 3T2p2 + 3Tp + 1 -f- k0P — 0 
a cubic in p having all the r terms positive. We can 
apply Routh's criteria to see when this amplifier 
will be stable. 
1.—All the coefficients must be positive. The r 
terms satisfy this already, so we need only consider 
the term (1 + k0P). This will be positive unless p is 
negative, which with the sign conventions I use means 
positive feedback, and then only if | fl\ > l/k0, which 
means too much positive feedback. 
2.—The coefficients must satisfy an inequality which 
we shall give in its general form later. For the 
cubic form 

a0P
3 + ffip2 + a2p + a3 = 0 

the system will be stable if 
a1a2>a0u3 

so that in the specific amplifier example we have 
9t3> t3 (1 + k0jS) 
or k0p<:8 

This is, of course, a standard textbook result and 
it corresponds to the condition in which \kp\ = 1 
when the stage phase shift has reached 60°. We 
know that we can get better results, that is we can 
apply more feedback, if we make one stage have a 
different bandwidth from the other two. This is 
very easy to analyse by this method, for we just 
take two stages having CR = t and a third having 
C'R' = m. If n is less than unity we have a wider 
band, while if n is greater than unity the stage is a 
relatively narrow band one. 

For this example 

l + kfi=l+(\+pr)\l+npr) 
and the characteristic equation becomes 
«t3p3 + (1 -f 2n) T2pa + (2 + w) Tp + 1 + k0P = 0 
Applying the second criterion and manipulating 
the result we reach the limiting condition 

M<2(« + 2 + l/n) 
I have written it in this form to show the complete 

symmetry between n and l/»: we get the same answer 
by using a double width stage as we do from a half 
width stage. No other method I can remember will 
give the limiting condition above nearly so quickly. 
Even with three different stages the work is not 
really tedious. 

Life is not just a cubic equation. The full form 
for Routh's second stability criterion is in the 
determinant form: 

(Xi (Xi U0  
a2-n 

ala3 ai  ai.-n 

tin u2n-l u2n~ 
in which any term am for which or m.p0 is 
put equal to zero. The general form of the character- 
istic equation is 

a0P
n + ajp"-1 + aB = 0 

When n = 4, the determinant gives 
a1a2a3>n4a1

a + a0a3
2 

Beyond this you are on your own, but after all, you 
have got a fairly complicated amplifier. 

It is, I hope, almost unnecessary to point out that 
the procedure for the stability at the low end of the 
pass band, which depends on the coupling capacitor 
and output transformer, will follow exactly the same 
lines except that you will find the equation starts 
off in l/pr instead of in pr. The treatment is left 
as an exercise for the reader. 

Internal Feedback Loop 

The method really begins to pay dividends when 
we put in an internal feedback loop as well. Let us 
consider an example in which the amplifier is cut into 
two sections which have gains k1 and /e2 and we apply 
feedback of ft round the ft section and ft round the 
whole amplifier. For this system the characteristic 
equation is 

1 + ftft + ftftft = 0 
A simple example is obtained by considering three 
identical stages having a gain, as before, of k/(l + 
pr). Between the first and second cathodes we 
provide positive feedback ft and in ft we take 
account of the loss to the second cathode. In this 
form only the response shape of the first stage 
has to be taken into account. The characteristic 
equation becomes 

i + ^ 
(1 + Pr) (1 + Pr)3 

and this can be multiplied up and rearranged to 
give the form: 
ftp3 + (3 + Aft)ftp2 + (3 + 2kpP)rp + 1 + J-ft + 
ftft = 0 
As we are using positive feedback ft is negative 
and we must look first at Routh's first criterion, from 
which we find that 3 + 2£ft must be positive, or 
- ft < 312k. 

A convenient choice will be — ft = 1/ft which 
will bring the inner amplifier just up to infinite 
gain. Now we consider the second criterion, sub- 
stituting kPx = —1 as we go, and we find that 
2 > ftft. 

With an infinite gain front end we cannot put 
more feedback round the whole loop than given 
by ftft < 2 in which, of course, ft is the total 
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forward gain. The overall gain with this amount 

of feedback will be just one-half the gain without 

feedback. This particular example was selected 

because it is extremely simple and it does not repre

sent a useful situation. A more practical example 

is not really more difficult, although it is naturally 

more complicated. The algebra is never as com

plicated, however, as the attempt to render stable 

an amplifier which you could have proved , would 

never be stable. 
I had reached this point when I came across a 

paper in Electronics (18 Nov., 1960, p. 102, "Posi

tive Feedback Provides Infinite Input Impedance", 

by E. Katell) in which the writer describes the use 

of two d.c. operational amplifiers with positive 

feedback round the whole loop. He does not dis

cuss the problem of stability in our sense at all, 

probably because it has been buil.t in to the opera

tional amplifiers. If you happen to have -a few such 

units about the house the method used by Katell 

involves just connecting them up with some resis

tance boxes and you can, for example, watch the 

very . slow decay of the' charge on a polystyrene 

capacitor. A much simpler approach, if you are 

starting from scratch, is to build a three stage 

amplifier and put the positive feedback in as an 

internal loop with overall negative feedback. For 

this sort <;>f application the stage around which 

positive feedback is applied will conveniently be 

made to have a very narrow bandwidth in order 

to allow for a good deal of negative feedback. 

The algebraic treatment is especially important 

when using positive feedback because the result 

you are trying to get depends on a factor (1-x) 

in which x is meant to be exactly unity but includes 

the amplification of an active device. If (1- x) is 

going to be really small a good deal of stabilization 

will be needed and the system may have to be 

trimmed regularly. It is always as well to be prepared 

for your troubles. 

AUTOMATIC LETTER SORTING 

FEDERAL GERMAN POST OFFICE INSTALL HIGH-SPEED MACHINE 

DESIGNED by the Posttechnischen Zentralamt at 

Darmstadt in conjunction with T elefunken, the letter

sorting machine shown in the photographs is capable 

of working at a speed of 20,000 letters/hr for 100 dif

ferent places. 
The incoming post is sorted by machine into " stan

dard" letters, and other items which have to be sorted 

by hand. A " facer " then turns the letter to the correct 

position by finding the stamp (which is treated with 
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ultra-violet-fluorescent dye). Next, the letters are pre

sented to an operator who reads the place names and 

prints almost invisible dot-codes on the envelopes. From 

this point the machine takes over full control, reading 

the code and directing the letter ·to the appropriate bin. 

The dot code used 1s self-checking, consisting of four 

characters of five bits each. 
Work is at present in progress on a reader for type

written addresses. 

Above : Operator reading address and imprinting four-character 

code. 
· 

Left : Head of sorting machine. Letters entering at the left 

pass through the reader and are then carried against rollers by 

a travelling band. to be dropped down the appropriate chute and 

so into one of the stacks of bins. 
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THE new B.B.C. relay station at Llandrindod 
Wells, Radnorshire, which was brought into service 
on 4th December last,, and radiates television trans
missions and the Home, L ight and Third Pro
grammes on v.h.f./f.m., represents a new develop
ment in the design of automatic relay stations, being 
very compact and economical to run. Simila-r stations 
are planned for other areas where there is a need for 
extending and improving the coverage of the B.B.C.'s 
television and v.h.f. sound broadcasting services, 
which already reach nearly 99% and 98% of the 
population of the United Kingdom respectively. 

Relay stations are designed for automatic oper
ation and to rebro·adcast programmes obtained by 
direct reception of other transmitters. At most 
stations, as at Llandrindod Wells, this is achieved 
by combined receiver-transmitters known as trans
lators. In design translators are similar _ to conven
tional receivers up to the intermediate frequency 
amplifier. The i.f. signal is, however, not demodu
lated, but fed into a second frequency changer where 
it is converted direct to the output frequency of the 
relay station and amplified to the required output 
power. As the original modulation is not separated 
from the carrier, complicated monitors are not re
quired and it is sufficient to check the output of the 
translator by means of a simple relay, sensitive to 
carrier level. 

The need for a relay station inevitably means that 
it must be built in an area of poor reception. A site 
must be found where satisfactory signals can be 
received, and at the same time it must be in a 
favourable position to serve the area required. The 
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AUTOMATIC 
RELAY 

STATIONS 

FIRST OF A NEW SERIES EXTENDS B.B.C. 

TELEVISION AND SOUND SERVICES TO . 

MID-W ALES 

By A. L. HANDS*, B .S c . ( Eng.), G rad. I.E.E . 

Transmitting mast and, in the 
foreground, the receiving aerials 
at L/andrindod Wells. 

most suitable locations will certainly be on high 
ground, often on prominent hill tops. In obtaining 
the consent of the Town and Country Planning 
authorities, due consideration must be given to the 
natural beauty of the area, and this may . place 
restrictions on the building and on the height and 
complexity of the masts and aerials. Another re
quirement is for the site to be reasonably close to · 
an existing electricity supply. 

Relay stations are already in extensive use on the 
Continent, but they are generally of very low power 
and for television frequently translate · from Band I 
.to Band III or vice-versa. Continental television 
transmission standards employing f.m. sound permit 
a considerable simplification in the design of trans
lators as it is possible to use a common amplifier for 
both sound and vision. However, with a.m. sound, 
the signals have to be separated at an early stage to 
avoid intermodulation between the sound and vision 
signals. 

The first of the B.B.C.'s television relay stations 
was brought into service at Folkestone in July 1958.t 
It uses translators, designed by the B.B.C., and has 
an e.r.p. of 7W peak white vision and 1.75W sound 
carrier. Folkestone was followed in 1960 .by tele
vision relay stations at Sheffield and Hastings. The 
power of the Llandrindod Wells station, though con
siderably higher than that of Folkestone, Sheffield 
and Hastings, is still limited because of the need to 

* Planning and Installation Department, B.B .C. 

t "Folkestone's Television Transmitter ."-Wireless World, 
Sept . 1958, VoL 64, No. 9. 
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missions and the Home, Light and Third Pro- 
grammes on v.h.f./f.m., represents a new develop- 
ment in the design of automatic relay stations, being 
very compact and economical to run. Similar stations 
are planned for other areas where there is a need for 
extending and improving the coverage of the B.B.C.'s 
television and v.h.f. sound broadcasting services, 
which already reach nearly 99% and 98% of the 
population of the United Kingdom respectively. 

Relay stations are designed for automatic oper- 
ation and to rebroadcast programmes obtained by 
direct reception of other transmitters. At most 
stations, as at Llandrindod Wells, this is achieved 
by combined receiver-transmitters known as trans- 
lators. In design translators are similar to conven- 
tional receivers up to the intermediate frequency 
amplifier. The i.f. signal is, however, not demodu- 
lated, but fed into a second frequency changer where 
it is converted direct to the output frequency of the 
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power. As the original modulation is not separated 
from the carrier, complicated monitors are not re- 
quired and it is sufficient to check the output of the 
translator by means of a simple relay, sensitive to 
carrier level. 

The need for a relay station inevitably means that 
it must be built in an area of poor reception. A site 
must be found where satisfactory signals can be 
received, and at the same time it must be in a 
favourable position to serve the area required. The 

most suitable locations will certainly be on high 
ground, often on prominent hill tops. In obtaining 
the consent of the Town and Country Planning 
authorities, due consideration must be given to the 
natural beauty of the area, and this may place 
restrictions on the building and on the height and 
complexity of the masts and aerials. Another re- 
quirement is for the site to be reasonably close to 
an existing electricity supply. 

Relay stations are already in extensive use on the 
Continent, but they are generally of very low power 
and for television frequently translate from Band I 
to Band III or vice-versa. Continental television 
transmission standards employing f.m. sound permit 
a considerable simplification in the design of trans- 
lators as it is possible to use a common amplifier for 
both sound and vision. However, with a.m. sound, 
the signals have to be separated at an early stage to 
avoid intermodulation between the sound and vision 
signals. 

The first of the B.B.C.'s television relay stations 
was brought into service at Folkestone in July 1958.t 
It uses translators, designed by the B.B.C., and has 
an e.r.p. of 7W peak white vision and 1.75W sound 
carrier. Folkestone was followed in 1960 by tele- 
vision relay stations at Sheffield and Hastings. The 
power of the Llandrindod Wells station, though con- 
siderably higher than that of Folkestone, Sheffield 
and Hastings, is still limited because of the need to 

* Planning and Installation Department, B.B.C. 
f "Folkestone's Television Transmitter,"—Wireless World. 

Sept. 1958, Vol. 64, No. 9. 
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V.H.F.fF.M. installa
tion. The six 1-kW 
amplifiers are in the 
cabinets on the left 
and the translators 
on the right. At the 
top of each bay on 
the right is the 
control panel with 
duplicate translators, 
aerial filters, and 
power supply units. 

avoid co-channel interference with ex1stmg B.B.C. 

stations. It rebroadcasts the Wenvoe services with 

e.r.p.'s of 1.4kW peak white for television and 1.3kW 

carrier for each of the three v.h.f. sound pro

grammes. All the programmes, both television and 

v.h.f. sound, are radiated from the same mast. 

Details of the received and transmitted frequen

cies are given in the Table. 

Service 
Received 

Frequency 

Television ... Channel 5 

Light Programme .. . 
Third Programme .. . 

Welsh Home Service .. . 

Sound 63 .25 Mc/s 
Vision 66.75 Mc/s 
89.95 Mc/s 
96.8 Mc/s 
94.3 Mc/s 

Transmitted 
Frequency 

Channel I 
Sound 41.5 Mc/s 
Vision 45.0 Mc/s 
89. 1 Mc/s 
91.3 Mc/s 
9).5 Mc/s 

The station is 1,420ft above sea level and although 

its range is restricted by mountainous country it 

serves some 23,000 people in the Llandrindod Wells 

area of Central Wales (Fig. 1). 

The station, which operates without staff being in 

continuous attendance, has been planned for maxi

mum reliability. This is a matter of fundamental 

design and cannot be attained merely by adding 

extra supervisory apparatus, as unnecessary compli

cation would increase the overall fault hazard. All 

equipment in the programme chain is duplicated and 

has been arranged in two sections fed from indepen

dep.t supplies. During mains failures the service 

is maintained by a self-starting diesel alternator set. 

Routine preventative maintenance, such as check

ing meter readings, often enables a potential fault to 

be cleared before the actual failure. At Llandrindod 

Wells, an engineer, who lives in the area, visits the 

station several times each week for this purpose, 

and is available on call at other times if needed. 

When the station is unattended engineers are able to 

check that the plant is functioning correctly by 

telephoning the station. An automatic unit answers 

the call and indicates in code which translators and 

amplifiers are working. Major maintenance is car

ried out by visiting transmitter maintenance teams. 

WIRELESS WoRLD, }UNE 1962 

In the interests of economy the output amplifiers 

are closed down when they are not carrying pro

grammes. Time switches cannot be employed for 

this purpose because of the need to cater for pro

grammes which may be arranged at short notice 

outside normal transmitting hours. However, be

cause the power consumption of the translators is 

quite low, they are powered continuously and the 

amplifiers are controlled by the received signals 

from Wenvoe. Referring to the television section 

of the simplified block schematic (Fig. 2) it should 

be noted that in the absence of signals from Wenvoe, 

the carrier-operated relays in the translators will 

have released and switched off the amplifiers. When 

transmissions begin, these relays close and the 

Brecon 
• 

0 10 20 Miles 

Fig. I. Television field strength contours in mVfm at 30ft above 

ground level. The 0.1 mVfm contour is not a rigid boundary 

of the area served since the quality of reception will depend 

upon local conditions and 3 : I variations in field strength 

may occur from point to point. 
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COMBINING 

UNIT 

'tV V. H.~ 

Fig. 2. Simplified schematic of the duplicate chains of equipment at the mid-Wales relay station. 

amplifiers are switched on. After a short pause, a 
relay in the "A" translator mutes the "B " trans
lator by removing its h.t. supply. Should "A" be 
unserviceable or fail during programme, " B " im
mediately takes over. This method of control enables 
the spare translator to be tested at the beginning of 
each transmission and the results are registert!d by 
the automatic telephone unit. 

The television translators are rated at lOW peak 
white vision and 2.5W sound carrier. They are 
connected to the parallel amplifiers by hybrid net
works which permit both amplifiers to be fed from 
either translator with minimum interaction between 
units. The separate sound and vision amplifiers, 
which are identical in design, have ratings of SOOW 
peak white vision and 125W sound .carrier. The 
peak power outputs are the same and the apparent 
difference in rating arises from the practice of speci
fying vision transmitters in terms of peak output and 
a.m. sound transmitters in terms of carrier power. 
If an amplifier fails, the service is maintained by the 
remaining one, but as each amplifier feeds one half 
of the aerial, the e.r.p. drops by 6dB due to the 
combined loss of amplifier and aerial gain. This 
split aerial system ensures continuance of transmis
sion in the event of a fault in either half of the aerial. 

The arrangement of the v.h.f./f.m. installation is 
similar to that used for television except that the 
amplifiers are not run in parallel, the required power 
being available from a single amplifier. If the first 

280 

amplifier should develop a fault the spare is auto
matically powered, its output being switched by a 
coaxial relay. The ratings of the v.h.f./f.m. sound 
translators and amplifiers are lOW and lkW respec
tively. All the translators and amplifiers used at 
Llandrindod Wells were supplied by Marconi's 
Wireless Telegraph Company, to B.B.C. specifica
tions. 

With the exception of the diesel, the technical 
equipment on the station is housed in the transmitter 
hall which measures 17ft X 29ft. 

The transmitting aerials, manufactured by E.M.I. ' 
Electronics, are carried on a pole at the top of a 200-
ft mast erected by J. L. Eves. Both the television 
and the v.h.f./f.m. sound transmissions are horizon
tally polarized and similar two-tier super turnstile 
aerials are used for the two services. The-receiving 
aerials are supported on wooden poles 230ft from 
the main mast and, because of the negative height 
gain at this site, the aerials are mounted at the 
optimum height of 25ft. 

This station is an example of the economic advan
tages that have been made possible by the develop
ment of automatic translator stations designed to 
give a high degree of reliability without being con
tinuously staffed. A comparable conventional station 
would require a full-time. staff of six men. The 
floor area required for the equipment is only 660 sq 
ft, compared with 2,500 sq ft at earlier stations with 
the same number of transmitters of similar power. 
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Fig. 2. Simplified schematic of the duplicate chains of equipment at the mid-Wales relay station. 

amplifiers are switched on. After a short pause, a 
relay in the " A" translator mutes the " B " trans- 
lator by removing its h.t. supply. Should " A " be 
unserviceable or fail during programme, " B" im- 
mediately takes over. This method of control enables 
the spare translator to be tested at the beginning of 
each transmission and the results are registered by 
the automatic telephone unit. 

The television translators are rated at 10W peak 
white vision and 2.5W sound carrier. They are 
connected to the parallel amplifiers by hybrid net- 
works which permit both amplifiers to be fed from 
either translator with minimum interaction between 
units. The separate sound and vision amplifiers, 
which are identical in design, have ratings of 500W 
peak white vision and 125W sound carrier. The 
peak power outputs are the same and the apparent 
difference in rating arises from the practice of speci- 
fying vision transmitters in terms of peak output and 
a.m. sound transmitters in terms of carrier power. 
If an amplifier fails, the service is maintained by the 
remaining one, but as each amplifier feeds one half 
of the aerial, the e.r.p. drops by 6dB due to the 
combined loss of amplifier and aerial gain. This 
split aerial system ensures continuance of transmis- 
sion in the event of a fault in either half of the aerial. 

The arrangement of the v.h.f./f.m. installation is 
similar to that used for television except that the 
amplifiers are not run in parallel, the required power 
being available from a single amplifier. If the first 

amplifier should develop a fault the spare is auto- 
matically powered, its output being switched by a 
coaxial relay. The ratings of the v.h.f./f.m. sound 
translators and amplifiers are 10W and IkW respec- 
tively. All the translators and amplifiers used at 
Llandrindod Wells were supplied by Marconi's 
Wireless Telegraph Company, to B.B.C. specifica- 
tions. 

With the exception of the diesel, the technical 
equipment on the station is housed in the transmitter 
hall which measures 17ft x 29ft. 

The transmitting aerials, manufactured by E.M.I. 
Electronics, are carried on a pole at the top of a 200- 
ft mast erected by J. L. Eves. Both the television 
and the v.h.f./f.m. sound transmissions are horizon- 
tally polarized and similar two-tier super turnstile 
aerials are used for the two services. The receiving 
aerials are supported on wooden poles 230ft from 
the main mast and, because of the negative height 
gain at this site, the aerials are mounted at the 
optimum height of 25ft. 

This station is an example of the economic advan- 
tages that have been made possible by the develop- 
ment of automatic translator stations designed to 
give a high degree of reliability without being con- 
tinuously staffed. A comparable conventional station 
would require a full-time staff of six men. The 
floor area required for the equipment is only 660 sq 
ft, compared with 2,500 sq ft at earlier stations with 
the same number of transmitters of similar power. 
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FUNDAMENTALS OF FEEDBACK DESIGN 

6._THE MU-BET A EFFECT CALCULATOR By G. EDWIN 

IT is rarely sufficient in designing an amplifier with ponse, which was required. More subtle but in the 

negative feedback to be satisfied merely with its long run more disturbing is the discovery that 

stability. Nothing can be more discouraging than' although the design centre amplifier is stable, the 

to find that the stable amplifier has not got the effect of valve and component tolerances is to push 

performance, and particularly the frequency res- the amplifier into instability as components age, 

fl-f3 EFFECT CAlCUlATOR 

ROTATABLE ARM 

Fig. 28. Mu-beta effect calculator (based on Fig. I of the article " Calculator and Chart for Feedback Problems " by]. H. Felker 

in the Oct. 1949 issue of Proc. I.R.E.). 
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FUNDAMENTALS OF FEEDBACK DESIGN 

6 THE MU-BETA EFFECT CALCULATOR 
By G. EDWIN 

IT is rarely sufficient in designing an amplifier with 
negative feedback to be satisfied merely with its 
stability Nothing can be more discouraging 
to find that the stable amplifier has not got the 
performance, and particularly the frequency res- 
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nonse, which was required. More subtle but m the 
Cg run more disturbing is the discovery that 
although the design centre amplifier is stable, the 
effect of valve and component tolerances is to pus 
the amplifier into instability as components age. 
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when valves are replaced, or when the tenth or hundredth model of the amplifier is constructed. The mu-beta effect calculator is an extremely useful tool for studying the behaviour of feedback amplifiers. It was described by J. H . Felker* and is, or was, commercially availablet. Early versions indicated that a patent was applied for but it is not known whether this was granted. 
We begin with the basic expression for a feedback system having a gain without feedback of f.L, an amount {3 of the output fed back to the input and a gain with feedback of G. Then as we have already seen: 

G = f.L/(1- f.Lf3) = -1/{3 [ i = :~] 
This is the form and notation used on the calculator. The quantity in the square brackets [- f.L/3/(1- f.Lf3)] is the f.Lf3 effect. When f.Lf3 is very, large compared with unity the f.Lf3 effect is very close to unity and the gain of the amplifier is just -1 I {3. This is the ideal feedback case with the whole amplifier performance fixed by the passive elements in the feedback network. There are two importa~t deviations to be considered. An amplifier might have, at band centre, a forward gain of 1,000 times and what we loosely call 20dB of feedback, bringing the gain down to 100 times. Then -1/{3 = 100 and f.Lf3 = -10 
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Fig. 29. The full lines show the linear approximation amplitude response without feedback (f.L) and the feedback characteristic ({3) of a system having two [I+ j!l] terms with characteristic frequencies at w = I and a third at w = 4. The dotted line labelled I shows the over all response with /BdB of feedback, and that labelled II the overall response In the critical region when the gain without feedback increases by 3bB. 

so that the fLfJ effect is 10/11. If the amplifier is to be used for measurement purposes this factor . of about 10% will be serious and must therefore be known. The second deviation comes at the edge 

*" Calculator and Chart for Feedback Problems", J. H . Felker, Proc.l.R.E., Vol. 37, p. 1204, Oct. 1949. tGraphimatics, 201 North Taylor Avenue, Kirkwood, Missouri, U.S.A. 
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Fig. 30. Phase characteristics corresponding to amplitude responses of Fig. 29. 

of the amplifier response. The value of fL falls away in the manner we have calculated previously and at the same time the phase becomes significant. We shall see that the f.Lf3 effect becomes very important indeed in determining the performance of the amplifier. · Before we go any further it is probably worth while to look at Fig. 28 which shows the flf3 effect calculator. The device consists of a circular chart which carries at its centre a rotating arm. In using the calculator we ' simply read off from our response curves the values of the amplitude and phase of JLf3 at each frequency, set them into the calculator, and read out the f.Lf3 effect. This operation will be most easily followed if we provide ourselves with an example. 
A linear approximation amplitude response is shown in Fig. 29 for a three-stage system having two [1 + j 0] terms with characteristic frequencies at w = 1 and the third at w = 4. Needless to say, 

w is a normalized frequency. The phase characteristic in Fig. 30 is an exact one: the work on any really practical problem will use the exact amplitude response, too, and will include some of the decoupling terms, possibly all, in the way we have already discussed. Let us assunie that we can just afford to put 18dB of feedback on this amplifier. Away on the left, then, the quantity I f.Lf31 will be 18dB, falling above w = 1. It is easiiy read off Fig. 29 as the height of the fL line above the 18dB line. We now notice that at the extreme left, where the phase angle, excluding valve phase reversal effects, approaches zero for the amplifier networks, the sign of f.Lf3 will be negative, so that the overall phase angle must be 2n1r+ 180°. We therefore add the scale on the right of Fig. 30 and set the f.Lf3 rotor arm to 180°, and then read off against I f.Lf31 - 18dB, fLfJ 
(continued on page 283) 
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Buil t in Picture QuaJity 
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The quality of the picture reproduced on a monochrome 

television screen can be analysed into factors which are under 

the control of the designer of the video and scanning systems 

and those characteristics of sharpness and tonal rendering which 

are largely built irtto the design of the cathode ray tube itself 

and cannot be changed by the circuit designer. Thes~ latt7r 

are the subject of this article and, since the tonal rendenng wlll 

be shown to depend upon the contrast possible under any 

particular set of conditions, the factors controlling contrast 

are discussed first . 

Contrast 
The sharpness of a picture depends upon the contrast obtained 

at boundaries between light and dark areas. In many scenes 

occurring naturally the range of surface brightness measured 

(correctly called luminance) is as great as 10,000 : 1, and all 

improvements in a reproducing syst7m that allo':" more of _the 

original contrast range to be seen will be recogmsed as an Im

provement in the quality of the picture. 
The contrast seen on television screens is often less than that 

of the original scene because of the . inherent limitatio_ns . of 

conventional cathode ray tubes. The reasons for these limita

tions and the way in which the All Glass Twin Panel tube 

offers the possibility of an improved contrast range will now 

be examined. 
The phosphor screen is composed of several layers of small 

crystals deposited in a random manner on the inside surface 

of the cathode ray tube face-plate, as shown in the diagram. Each 

bright point in the picture is formed by light emitted from those 

particles of phosphor which are excited by the beal?l of electrons 

which scans the screen, so that the area of a bnght spot can 

never be less than the cross-section of the incident electron 

beam. The illumination on the screen always extends further 

than this and reduces the contrast otherwise possible: this 

occurs by the diffusion of light within the screen material and 

because of reflections from the surfaces of the cathode ray 

tube face-plate and safety panel. These two processes will be 

considered separately. 

Diffusion 
Each particle of phosphor excited by the electron beam emits 

light in all directions. Some of this light, particularly if emitted 

in directions nearly in the plane of the screen, is reflected from 

one crystal to another within the screen. Since there is some 

absorption of light at each su<;:cessive reflecti?n, tht: res.ult is a 

diffuse bright area whose lummance falls raptdly with mcreas

ing distance from its centre. 

Internal Reflections 

Much of the light leaving a phosphor crystal, however, will 

be able to enter the glass of the tube face and will in general 

pass through the outer surface at a point such as P, where a 

small fraction of it is reflected back towards the screen and 

illuminates it. As the angle made with the normal increases, so 

the distance travelled through the glass increases. The illu

mination on the screen falls and with it the luminance of the 

screen away from the centre · of the spot. If the angle exceed~ 

the critical angle C no light is transmitte~ by the front su~fac:e 

and all is reflected towards the screen. Smce the angle of InCI

dence there is the same, the light cannot pass through the sur

face to illuminate the screen except at those points where the 

phosphor is in intimate optical contact with th~ glas.s, as at Q. 

Other particles such as thost: at R are not tllumi_nated an.d 

light approachin~ t~e surface IS re!Jt:cted a second ttme and IS 

indeed trapped withm the glass unttltt reaches a surface through 

which it can pass. 
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Width set by 
electron beam 
cross section 
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t 
Phosphor Crystals 

(Not to scale) 

The observed effect of these reflection processes is, then, to 

give a diffusely illuminated disc _around ea~h picture point 

whose luminance falls gradually unttl, at a radms of 2d tan C, a 

clearly defined edge is produced by the c~itica~ angle effects. 

At radii of 4d tan C and 6d tan C very famt nngs can often 

be seen due to light retulirning to the screen after two and three 

sets of reflections at the critical angle. 
With most television C.R.T.s it is necessary to provide an 

implosion-proof screen in front of the tube which gives another 

two surfaces to reflect light back to the screen and so may double 

the general reflected illumination on it. The use of a glass twin 

panel, cemented to the tube so that no appreciable reflections 

occur at the interface, removes the need for the extra screen 

and its unwanted reflections and at the same time removes the 

front reflecting surface to twice its original distance. Since 

the glass is chosen to absorb some of th~ light pa~sing th~oug?

it, the luminance of the halo surroundmg a bnght pomt IS 

reduced five times below that of an ordinary unprotected tube 

and considerably more than for the same tube installed in a 

television cabinet with protective screen. 

Dust and Ambient Lighting 

In use, the ordinary tube attracts dust to its surface, scattering 

light generally and detracting further from the available con

trast. The separate implosion screen prevents easy access to 

this surface for cleaning and receivers are frequently operated 

in this condition. The glass twin-panel tube does not suffer 

this disadvantage and, because of its greater absorption of 

light, the luminance of its screen in a normally lit room is lower 

than that of the equivalent ordinary tube. Since this sets not 

only the black level (and contrast) in the picture but also the 

shape of the characteristic of luminance versus drive _voltage, 

this allows the latter to be defined more clearly for twm panel 

tubes. 

To achieve these improvements in picture quality, Thorn

A E I Radio Valves & Tubes Limited has introduced the 

new range of All Glass Twin Panel Cathode Ray Tubes 

CME 1906/A47-13W and CME 2306/A59-13W. 
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PICTURE QUALITY AND 
TWIN PANEL TUBES - Part 1 

Built in Picture Quality 
The quality of the picture reproduced on a monochrome 

television screen can be analysed into factors which are under 
the control of the designer of the video and scannmg systems 
and those characteristics of sharpness and to?al rcndf""^hsdf 
are largely built into the design of the cathode ray tube itself 
md cannot be changed by the circuit designer. These latter 
are the subject of this article and, since the tonal rendering will 
be shown to depend upon the contrast possible under any 
particular set of conditions, the factors controlling contrast 
are discussed first. 

DISTRIBUTION 
OF SCREEN 
LUMINANCE 1 

GLASS SURFACE 
REFLECTIONS 

Width set by 
electron beam 
cross section 

Contrast 
The sharpness of a picture depends upon the contrast obtained 

at boundaries between light and dark areas. In many scenes 
occurring naturally the range of surface brlgh»"? "IXall 
(correctly called luminance) is as great as 10,000 . 1, and all 
improvements in a reproducing system that allow more of the 
original contrast range to be seen will be recognised as an im 
nrovement in the quality of the picture. _ .1 | 

The contrast seen on television screens is often less than that 
of the original scene because of the inherent limitations of 
conventional cathode ray tubes The ^sons for these hmrta 1 
tions and the way in which the All Glass Twin Panel tube 
offers the possibility of an improved contrast range will now 
beThera

phofphor screen is composed of several layers of small 
crystals deposited in a random manner on the inside surface 
of the cathode ray tube face-plate, as shown in the diagram. Each 
bright point in the picture is formed by light emitted from those 
particles of phosphor which are excited by the beaIP of electrons 
which scans the screen, so that the area of a bright spot can 
never be less than the cross-section of the incident ^"on 
beam The illumination on the screen always extends further 
than this and reduces the contrast otherwise possible this 
occurs by the diffusion of light within the screen mmena1 and 
because of reflections from the surfaces of the cathode ray 
tube face-plate and safety panel. These two processes will be 
considered separately. 

Diffusion 
Each particle of phosphor excited by the electron beam emits 

light in all directions. Some of this light, particularly if emitted 
i directions nearly in the plane of the screen, is reflected from 
one crystal to another within the screen. Since there 13 

absorption of light at each successive reflection, the result is a 
diffuse bright area whose luminance falls rapidly with mcreas- 
ing distance from its centre. 

Internal Reflections 
Much of the light leaving a phosphor crystal, however, will 

he able to enter the glass of the tube face and will in general pLs through the outer surface at a point such as P, where a 
small fraction of it is reflected back towards the screen and 
illuminates it. As the angle made with the normal increases, so 
the distance travelled through the glass increases. The illu- 
mination on the screen falls and with it the luminance of the 
screen away from the centre of the spot. If the angle exceeds 
the critical angle C no light is transmitted by the front surface 
and all is reflected towards the screen. Since the angle of inci- 
dence there is the same, the light cannot pass through the sur- 
face to illuminate the screen except at those points where the 
phosphor is in intimate optical contact with the glass, as at Q. 
Othe? particles such as those at R are not illuminated and 
light approaching the surface is reflected a second time and is 
indeed Happed within the glass until it reaches a surface through 
which it can pass. 

Electron Beam Phosphor Crystals 
(Not to scale) 

The observed effect of these reflection processes is, then, to 
give a diffusely illuminated disc around each picture point 
whose luminance falls gradually until, at a radius of 2d tan C, a 
clearlv defined edge is produced by the critical angle effects. 
At radii of 4d tan C and 6d tan C very faint rings can often 
be seen due to light returning to the screen after two and three 
sets of reflections at the critical angle. 

With most television C.R.T.s it is n®cessa(T t0. Pr0™^t. implosion-proof screen in front of the tube which gives anotb^ 
two surfaces to reflect light back to the screen and so may double 
the general reflected illumination on it. The use of a glass twin 
panel, cemented to the tube so that no aPPfcl

h
ab1^ Jef®Ct

r°en 
occur at the interface, removes the need for the extra screen 
and its unwanted reflections and at the same 
front reflecting surface to twice its original distance, bmce 
the glass is chosen to absorb some of the light P« ^rough 
it the luminance of the halo surrounding a bright point is 
reduced five times below that of an ordinary unprotected tube 
and considerably more than for the same tube installed in a 
television cabinet with protective screen. 

Dust and Ambient Lighting 
In use the ordinary tube attracts dust to its surface, scattering 

light generally and detracting further from the available con- 
trast The separate implosion screen prevents easy access to 
this surface for cleaning and receivers are frequently operated 
in this condition. The glass twin-panel tube does not suffer 
this disadvantage and, because of its greater absorption of 
light, the luminance of its screen in a normally lit room ts lower 
than that of the equivalent ordinary tube. Since this sets not 
X the black level (and contrast) in the picture but also the 
shape of the characteristic of luminance versus drive voltage, 
this allows the latter to be defined more clearly for twin panel 
tubes. 
To achieve these improvements in picture quality, Thorn- 
A EI Radio Valves & Tubes Limited has introduced the 
new range of All Glass Twin Panel Cathode Ray Tubes 
CME 1906/A47-13W and CME 2306/A59-13W. 
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MAZDA 

110o 19" and 23" 
twin panel 

SHORT TELEVISION TUBES 

CME1906/A47-13W 
CME2.306/A59-13W 

These new tubes differ from previous 

19in. and 23in. tubes of the Mazda 

range in that each has a moulded safety 

panel of tinted glass bonded directly 

to the front face of the tube. In neck 

length and electrical characteristics these 

tubes are identical to CME1903 and 

CME2303 respectively, having 110° deflec

tion angle and using magnetic deflection 

and electrostatic focus. 

VVIRELESS VVORLD ]UNE, 1962 

I twin panel tubesJ 
General Details 
Twin Panel 
Rectangular Face 
Aluminised Screen 
Electrostatic Focus 
Short Neck 

Tinted Grey Glass 
110° Deflection Angle 
Silver Activated Phosphor 
Magnetic Deflection 
Straight Gun-non ion trap 

External Conductive Coating 
Heater for use in Series Chain 
Heater Current h 0.3 A 
Heater Voltage Vb 6.3 V 

Design Centre Ratings 
Maximum Second and 

Fourth Anode Voltage Vav•4(ma.x) 
Minimum Second and 

CMEI906 
- 17 

CME2306 
17 kV 

Fourth Anode Voltage V ,.2,a4(mm) 13 13 kV 
Maximum Third Anode 

Voltage v .. a(m. x) + 1 to-0.5 + 1 to-0.5 kV 
Maximum First Anode 

Voltage 
Maximum Heater to 

Cathode Voltage-

v<Ll (max) 

Heater Negative (d.c.) Vn-tdmax) 
Inter-Electrode Capacitances 
Cathode to All* Ck-all 
Grid to All* Cg-all 
Final Anode to Ex-

ternal Conductive 

550 

200 

3.5 
8.5 

Coating (approx.) ca2.a4-M 1250 
*Including AEI B8H Holder VH68/81 (8 pin) 
Typical Operation 
Grid Modulation (Voltages referred to cathode) 
Second and Fourth Anode 

Voltage Va2,a4 
First anode Voltage V,.1 
Beam Current · 
Third Anode Voltage 

for Focus (Mean) 
Average Peak to Peak 

Modulating Voltage 

16 
400 
350 . 

200 

35.5 

550 v 

200 v 

3.5 pF 
8.5 pF 

2000 pF 

16to17kV 
400 v 
350 11-A 

200 v 

35.5 v 
Grid Bias for Cut-off 

of Raster -40 to -77 -40 to -77 v 
Maximum Dimenslons 
Overall Length 317 374 mm 
Face Diagonal 491 t 614t mm 
Face Width 441 544 mm 
Face Height 361 443 mm 
Neck Diameter 29.4 29.4mm 
tThe maximum dimension over the complete panel is 507 mm 
tThe maximum dimension over the complete panel is 631 mm 
Tube Weight 
Nett (Approx) 22.5 37.5 lbs. 
Side Contact: CT8 (Cavity) Base: B8H 

b. 02 04 SIDE CONTACT • 
\ 

1 TOLERANCE ±3<). 

~vM,EXTEaNAL ~
0

0
3 

NP ,... "' CONDU-CTIVE 0 I O 9 
_ ~ 03 COATING 0 \ 

I 9 Q 0 k 
0 ' 0 

' h h 
VIEW OF FREE END 
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MAZDA Itwin panel tubes! 

mmmt 

110° 15" and 23" 

twin panel 

SHORT TELEVISION TUBES 

CME1906/A47-13W 

CME2306/A59-I3W 

These new tubes differ from previous 

19in. and 23in. tubes of the Mazda 

range in that each has a moulded safety 

panel of tinted glass bonded directly 

to the front face of the tube. In neck 

length and electrical characteristics these 

tubes are identical to CME1903 and 

CME2303 respectively, having 110° deflec- 

tion angle and using magnetic deflection 

and electrostatic focus. 

General Details 
Twin Panel Tinted Grey Glass 
Rectangular Face 110° Deflection Angle 
Aluminised Screen Silver Activated Phosphor 
Electrostatic Focus Magnetic Deflection 
Short Neck Straight Gun—non ion trap 

External Conductive Coating 
Heater for use in Series Chain 
Heater Current It, 0.3 A 
Heater Voltage Vt, 6.3 V 

Design Centre Ratings 
Maximum Second and CMEI906 CME2306 

Fourth Anode Voltage Vaa.M(ma!) .17 17 kV 
Minimum Second and 

Fourth Anode Voltage Va2,a4(qaD) 13 13 kV 
Maximum Third Anode 

Voltage VJ3,m,!, -fl to-0.5 +lto-0.5kV 
Maximum First Anode 

Voltage Vaj (mal) 550 550 V 
Maximum Heater to 

Cathode Voltage- 
Heater Negative (d.c.) Vb-afma!) 200 200 V 

Inter-Electrode Capacitances 
Cathode to All* c^u 3.5 3.5 pF 
Grid to All* Cg—aii 8.5 8.5 pF 
Final Anode to Ex- 

ternal Conductive 
Coating (approx.) c,,2,m_m 1250 2000 pF 

including AEI B8H Holder VH68/81 (8 pin) 
Typical Operation 
Grid Modulation (Voltages referred to cathode) 
Second and Fourth Anode 

Voltage Va2,a4 16 16 to 17 kV 
First anode Voltage Va] 400 400 V 
Beam Current 350 350 uA 
Third Anode Voltage 

for Focus (Mean) V.sfavi 200 200 V 
Average Peak to Peak 

Modulating Voltage 35.5 35.5 V 
Grid Bias for Cut-off 

of Raster V, -40 to-77 -40 to-77 V 
Maximum Dimensions 
Overall Length 317 374 mm 
Face Diagonal 4911 614f mm 
Face Width 441 544 mm 
Face Height 361 443 mm 
Neck Diameter 29.4 29.4mm 
fThe maximum dimension over the complete panel is 507 mm 
JThe maximum dimension over the complete panel is 631 mm 
Tube Weight 
Nett (Approx) 22.5 37.5 lbs. 
Side Contact: CT8 (Cavity) Base: B8H 

2000 pF 

16 16 to 17 kV 
Val 400 400 V 

350 350 /iA 

V,i3 (av 200 200 V 

35.5 35.5 V 

Vg -40 to -77 -40 to -77 V 

EXTERNAL / # CONDUCTIVE Qi / 
_ a COATING 1 / O 

>10, a, SIDE CONTACT . 
' TOLERANCE ±30 a3.   NP 

sK>i7l 

h" 1) 
VIEW OF FREE END 
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effect == -ldB and phase angle = 0°, At w = 1 

we still have I ,u~l = 18dB, but now the angle is, 

from Fig. 30, 114°, and we find that the ,u{3 effect 

is -:-0.5dB, 6°. At w = 1.4, I .uf31 has dropped by 

6dB, to 12dB, and the . phase angle is 90°, giving 

-0.25dB, 14°. Proceeding in this way we build 

up the two overall responses shown dotted as I 

on Figs. 29 and 30. 
This example shows fairly clearly what happens 

when we put 18dB of feedback on an amplifier which 

will just be stable with 24dB. Over the main part 

of the characteristic the gain is almost constant and 

the phase-shift is greatly reduced. At higher fre

quencies, however, a nasty hump develops. In 

place of the steady fall-off of the amplif!er charac

teristic we get a rise of about 4!dB, which is followed 

by a drop away to join the ,u characteristic asympto

tically. This hump is produced by positive feed

back, for the gain is brought above the basic amplifier 

gain. 
You may consider that this is not too important, 

but let us suppose that the values change and we 

get an extra 3dB of gain. The amplifier is still 

stable but it takes only three minutes to sketch in the 

vital section of curve II with its peak of over 10dB. 

The shape here is extremely sensitive to the gain 

of the system. You will find quite reputable texts 

which describe these peaks and recommend equali

zing them by means of filters. No doubt these 

filters are readjusted at frequent intervals. 

Like all labour-saving devices, the ,u{3 calculator 

requires that you should practise with it in order 

to establish the familiarity you need when the problem 

is not how to use the calculator but how to design 

the amplifier. The prudent reader will therefore 

construct for himself the response to be expected 

with lesser amounts of feedback and will see how 

the hump declines under these conditions. He can 

also go back to the typical low-frequency roll-off 

of last month's article and see how the same treat

ment can be applied and the same sort of hump 

developed. 
Although it is slightly out of the main line of our 

discussion the reader may care to notice at this point 

just how similar to the response of a tuned circuit, an 

anti-resonant circuit, the fragmentary curve II 

appears. The Q is not high but it is obviously 

somewhere in the region between 2 and 10, sufficient 

to show a quite definite damped oscillation if excited. 

This is exactly the effect observed when a square

wave input is applied to an amplifier with this sort of 

response. On top of the square wave we see a 

decaying sinusoidal transient with a frequency just 

below, in this case, w = 4. Just a little more gain 

and the amplifier will be unstable, with the apparent 

Q rising to infinity. 
The ,u{3 effect calculator is not only used for 

calculation of the response of feedback amplifiers. If 

we write - ,u{3 = A fi we have for the ,u{3 effect, 

which we can call M /:t 

M/:P_= Ail_ 1 

1 +A ;e _ 

and since M and A are in decibels, 

WIRELESS WoRLD, ]UNE 1962 

· Fig. 31. Networks which frequently arise in equalizer problems. 
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Fig. 32. Amplitude response curves obtained when a capacitor 

is added across the feedback resistor in the circuit giving the 

characteristics of Fig. 29. 

In equalizer problems we frequently have occasion to 

work with networks of the forms shown in Fig. 31. 

The impedance of the first of these is simply R + Z 

and this can be normalized to the form R(1 + Z/R). 

The second network has an admittance which in just 

the same way can be written as G(1 + Y /G) and the 

reasoning which follows can be applied to this form 

without it being necessary to repeat it. There is no 

statement about Z except that it is a general im-

pedance IZI/!!:.. If we put 20 log IZI/R= -A and 

ex = - 8 in the form we have above for M !J:. we 

see that we can immediately read off the normalized 

term (1 + Z/R) in decibels and degrees. This result 

is especially useful when we have a sequence of this 

kind of operation to perform. In the first step Z may 

be just a pure reactance, which is easily handled by 

the [1 + j 0] template, but if this R + jX combina

tion is taken as Y in the parallel circuit of Fig. 31, 

and this new network then taken as z in a further 

operation, the process will often be most easily 

treated arithmetically. 
Returning to the basic use of the ,ufJ effect calcu

lator let us consider how we should deal in practice 

with the system analysed in Figs. 29 and 30. The 

reasoning usually applied runs something like this: 

the response with feedback shows a rise beginning at 

about w = 2. If we knock the gain down here by 

increasing the feedback we shall flatten out the 

response. When the feedback path consists of just a 

single series resistance going back to either a cathode 

or a feedback defining resistance in a grid circuit we 

can connect a capacitance across this resistance. This 

alters both f3 and - ,u{3, and we must draw out Figs. 32 

and 33. The result of a quick computation shows 

that there is no longer any hump in the response but 

it lies fairly un.iformly below the f3 characteristic and 

although it does cross the ,u characteristic, indicating 
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effect = — IdB and phase angle = 0°. At ^ - 1 
we still have \M = 18dB, but now the angle is, 
from Fig. 30, 114°, and we find that the /'S effect 
is —O.SdB, 6°. At a; = 1.4, |^1 has dropped by 
6dB, to 12dB, and the phase angle is 90 , giving fj 
—0 25dB 14°. Proceeding in this way we buila 
up 'the two overall responses shown dotted as I 
on Figs. 29 and 30. _ , , 

This example shows fairly clearly what happens 
when we put 18dB of feedback on an amplifier which 
will just be stable with 24dB. Over the main part 
of the characteristic the gain is almost constant and 
the phase-shift is greatly reduced. At higher fre- 
quencies, however, a nasty hump develops. In 
place of the steady fall-off of the amplifier charac- 
teristic we get a rise of about 44dB, which is followed 
by a drop away to join the m characteristic asympto- 
tically. This hump is produced by positive feed- 
back, for the gain is brought above the basic amplifier 
S You may consider that this is not too important, 
but let us suppose that the values change and we 
get an extra 3dB of gain. The amplifier is still 
stable but it takes only three minutes to sketch in the 
vital section of curve II with its peak of over lOd . 
The shape here is extremely sensitive to the gain 
of the system. You will find quite reputable texts 
which describe these peaks and recommend equali- 
zing them by means of filters. No doubt these 
filters are readjusted at frequent intervals. 

Like all labour-saving devices, the fijS calculator 
requires that you should practise with it in order 
to establish the familiarity you need when the problem 
is not how to use the calculator but now to design 
the amplifier. The prudent reader will therefore 
construct for himself the response to be expected 
with lesser amounts of feedback and will see ho 
the hump declines under these conditions. He ca 
also go back to the typical low-frequency roll-off 
of last month's article and see how the same trea 
ment can be applied and the same sort of hump 

^Although it is slightly out of the main line of our 
discussion the reader may care to notice at this pomt 
just how similar to the response of a tuned circuit, an 
anti-resonant circuit, the fragmentary curve II 
appears? The Q is not high but it is obviously 
somewhere in the region between 2 and 10, sufficien 
to show a quite definite damped oscillation if excited. 
This is exactly the effect observed when a square- 
wave input is applied to an amplifier with this sort of 
response On top of the square wave we see a 
decaying sinusoidal transient with a frequency just 
bdow, in this case, - = 4. Just a little more gam 
and the amplifier will be unstable, with the apparent 
Q Th?5?? 'effect"7 calculator is not only used for 
calculation of the response of feedback amplifiers. 

we write - ^ = A A we have for the effect. 

Fig. 31. Networks which frequently arise in equalizer problems. 
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which we can call M A 

- 

i + A ZL i 

and since M and A are in decibels, 

- MZA = I - A A 

Fig 32 Amplitude response curves obtained when a capacitor 
is added across the feedback resistor in the circuit giving the 
characteristics of Fig. 29. 

In equalizer problems we frequently have occasion to 
work with networks of the forms shown in Fip 3 • 
The impedance of the first of these is sunply R + ^ 
and this can be normalized to the form R(1 ^ 
The second network has an admittance the 
the same way can be written as G(1 + Y/Gj and the 
reasoning which follows can be applied to this form 
without it being necessary to repeat it. There is no 
statement about Z except that it is a general im- 

pedance jZj A • W we put 20 log 1Z1/R= - A and 

«= — 0 in the form we have above for M Z— we 
see that we can immediately read off the normalized 
term (1 + Z/R) in decibels and degrees. This result 
is especially useful when we have a sequence of this 
kind of operation to perform. In the first step Z may 
be just a pure reactance, which is easily handled by 
the [1 + "] template, but if this R + ,X combina- 
don is Taken as Y in the parallel "rcuit of Fig 3 , 
and this new network then taken as Z in a furthe 
operation, the process will often be most easily 
treR«urningTotthc basic use of the /j/3 effect calcu- 
lator let us consider how we shouiddealmpractice 
with the system analysed in Figs. 29 and 30. 1 he 
reasoning usually applied runs something like this 
the response with feedback shows a rise beginmng at 
about a, = 2. If we knock the gain down here by 
increasing the feedback we shall flatten out the 
response. When the feedback path consists of just a 
single series resistance going back to either a cathode 
or a feedback defining resistance in a grid circuit wc 
can connect a capacitance across this resistance. Tlu 
alters both j3 and -gf3, and we must draw out Figs. 32 
and 33 The result of a quick computation shows 
that there is no longer any hump in the response but 
it lies fairly uniformly below the fi characteristic and 
although it does cross the y- characteristic, indicating 
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Fig. 33. Phase characteristics corresponding to amplitude responses of Fig. 32. 

that the feedback produces an increase in gain at sufficiently high frequencies, the region where it does so is well away from the working band. 
This result agrees exactly with what we observe in practice. A small capacitance across the feedback resistance can often be trimmed, while watching the square-wave ringing, to give a very small overshoot. Commercial amplifiers will often show a 10-20% overshoot because they are designed to give the widest possible frequency response: . a good paper selling point is always worth having. 
It is not an enormous task to do all this calculation with the rounded curves which we get by using the exact template characteristics. There will be a significant change in Fig. 32 if we do so because in the region of w = 2 we must be below a f3 curve which has dropped by 3dB. The overall response will thus be much more rounded than the approximate one drawn. It becomes tempting to move the characteristic frequency for the f3 term out to 

w = 2.8 but the choice of the best position will only be made either on the full response curves or even 
on the amplifier itself. This may seem rather an anti-design design technique but it can be justified here by the fact that the response at the top end is determined by stray capacitances which are not exactly known until the amplifier is constructed. It would be a rather roundabout procedure to build the amplifier, measure the strays, draw the diagrams and try, on · paper, several shapes for {3, when this final stage is very easily .made the subject of an experiment. The preliminary analysis should have already established that the answer can be found so that a direct approach of this kind is fully justified. 

At the low-frequency end of the amplifier response we are usually faced with a situation which is of the same theoretical kind but which has very different practical implications. When we come to connect 
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the feedback path we frequently find .that the d.c. conditions cannot be ignored. We may, for example, be feeding back from a valve anode to either a cathode or a grid and we do not want either to heat up the feedback resistor or disturb the bias conditions at the front end. Naturally we put in a blocking capacitor. This provides a ~ response which rises at low frequencies where the capacitor reduces the amount of feedback. It also adds one more low-frequency roll-off characteristic to the total f.Lf3 loop. We have rather blithely considered stability in terms orily of the forward characteristic on the assumption that the feedback would be flat: what we have done at the top end has made life easier. Now we have an additional circuit which is definitely an unstabilizing circuit and we must include it in our calculations. 
This draws attention to another point which can conveniently be made here. When the feedback is restricted in frequency range the effects of the supply system can become very important. In amplifiers designed for music this is most unlikely to arise, but in limited-band voice amplifiers, such as those used in communication and public-address systems, we are not concerned with frequencies below some 200-300 c/s. We must still watch carefully what is happening at 50c/s and lOOc/s where we want our feedback to keep supply noise low. We must also watch that the amplifier gain does not run up at the frequencies where motor-boating can be produced by the impedance of the power supply. Where this impedance is determined by electrolytic capacitors we must give ourselves exceptionally good margins to allow for an old lower-limit capacitor on a cold day. 

The functioning of the f.Lf3 calculator as a tool has been described here: for this it is not really necessary to understand it. There are, however, some other applications which are of great value in feedback amplifier design which are most easily followed when the calculator is related to the Nyquist diagram, a form which we have not found it convenient to use. We shall, therefore, return later to the calculator. By then it is to be hoped that many readers will be proficient in its use. 

CLUB NEWS 
National Field Day.-This amateur event of the month will be held on June 2nd and 3rd. Nearly 120 clubs and groups are to participate in the field day for which operation is permitted in the 1.8, 3.5, 7, 14, 21 and 28 Mc/s bands. V.H.F. Field Day.-:-The R.S.G.B.'s first v.h.f. national field day will be held on July 7th and 8th. Operation is this year limited to the 144-146 Mc/s band, but m future years it is proposed to permit the use of all amateur v.h.f. and u.h.f. bands. Both a.m. and f.m. 'phone and also c.w. is permissible. 
Barnsley.-The subject of the lecture at the June 8th meeting of the Barnsley and District Amateur Radio Club is " Relays in a Station," which will be given by D. W. Heath. The meeting will be held at 7.45 at the King George Hotel, Peel Street. 
Birmingham.-Radio controlled models will be discussed by A. T. Spencer, of the Wulfruna Model Boat Club, at the June 1st meeting of the Slade Radio Society. On the 15th, P. J. Guy, of the B.B.C., will deal with sound and television magnetic recording and on the 29th there will be a demonstration of sound reproducing equipment. Meetings are held at 7.45 at the Church House, High Street, Erdington. 
Bristol.-The fifth annual mobile rally organized by the Bristol Group of the R.S.G.B. will be held at Longleat, near Warminster, Wilts, on June 17th. The two control stations will be G3CHW/A on 1880 kc/s and G3GYQ/A in the 2-metre band. 
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Fig. 33. Phase characteristics corresponding to amplitude 
responses of Fig. 32. * "'"piuuae 

J1'16 feedback produces an increase in gain at 
sufficiently high frequencies, the region where it does 
so is well away from the working band. 

This result agrees exactly with what we observe in 
practice. A small capacitance across the feedback 
resistance can often be trimmed, while watching the 
square-wave ringing, to give a very small overshoot. 
Commercial amplifiers will often show a 10-20°/ 
overshoot because they are designed to give the 
widest possible frequency response: a good paper 
selling point is always worth having. 

It is not an enormous task to do all this calculation 
with the rounded curves which we get by using the 
exact template characteristics. There will be a 
significant change in Fig. 32 if we do so because in 
the region of co = 2 we must be below a S curve 
which has dropped by 3dB. The overall response will 
thus be much more rounded than the approximate 
one drawn. It becomes tempting to move the 
characteristic frequency for the /3 term out to 
a> — 2.8 but the choice of the best position will only 
be made either on the full response curves or even 
on the amplifier itself. This may seem rather an 
anti-design design technique but it can be justified 
here by the fact that the response at the top end is 
determined by stray capacitances which are not 
exactly known until the amplifier is constructed. It 
would be a rather roundabout procedure to build the 
amphfier, measure the strays, draw the diagrams and 
try, on paper, several shapes for ft when this final 
stage is very easily made the subject of an experiment. 
1 he preliminary analysis should have already 
estabhshed that the answer can be found so that a 
direct approach of this kind is fully justified. 

At the low-frequency end of the amplifier response 
we are usually faced with a situation which is of the 
same ^ theoretical kind but which has very different 
practical implications. When we come to connect 

the feedback path we frequently find that the dc 
conditions cannot be ignored. We may, for exampie" 
be feeding back from a valve anode to either a cathode 
or a grid and we do not want either to heat up the 
feedback resistor or disturb the bias conditions at the 
front end. Naturally we put in a blocking capacitor. 
This provides a response which rises at low 
frequencies where the capacitor reduces the amount 
of feedback. It also adds one more low-frequency 
roll-off characteristic to the total loop. We have 
rather blithely considered stability in terms only of 
the forward characteristic on the assumption that the 
feedback would be flat: what we have done at the top 
end has made life easier. Now we have an additional 
circuit which is definitely an unstabilizing circuit and 
we must include it in our calculations. 

This draws attention to another point which can 
conveniently be made here. When the feedback is 
restricted in frequency range the effects of the supply 
system can become very important. In amplifiers 
designed for music this is most unlikely to arise, but 
in limited-band voice amplifiers, such as those used 
in communication and public-address systems, we are 
not concerned with frequencies below some 200- 
300 c/s. We must still watch carefully what is 
happening at 50c/s and lOOc/s where we want our 
feedback to keep supply noise low. We must also 
watch that the amplifier gain does not run up at the 
frequencies where motor-boating can be produced by 
the impedance of the power supply. Where this 
impedance is determined by electrolytic capacitors 
we must give ourselves exceptionally good margins 
to allow for an old lower-limit capacitor on a cold 
day. 

The functioning of the up calculator as a tool has 
been described here; for this it is not really necessary 
to understand it. There are, however, some other 
applications which are of great value in feedback 
amplifier design which are most easily followed when 
the calculator is related to the Nyquist diagram, a 
form which we have not found it convenient to use. 
We shall, therefore, return later to the calculator. 
By then it is to be hoped that many readers will be 
proficient in its use. 

CLUB NEWS 
National, Keld Day.—This amateur event of the month 

will be held on June 2nd and 3rd. Nearly 120 clubs and 
groups are to participate in the field day for which operation 
is permitted in the 1.8 3 5, 7, 14, 21 and 28 Mc/s bands, 
fi l„lc! D

u
ay;7"The RSG-B.'s first v.h.f. national field day will be held on July 7th and 8th. Operation is 

this year limited to the 144-146 Mc/s band, but ki future 
years it is proposed to permit the use of all amateur v h f 
and u.h.f. bands. Both a.m. and f.m. 'phone and also c w" 
is permissible. 

Barnsley.—-The subject of the lecture at the June 8th 
of the Barnsley and District Amateur Radio Club 

is Relays m a Station," which will be given by D W 
Heath. The meeting will be held at 7.45 at the King 
George Hotel, Peel Street. 

Bu-mingham.—Radio controlled models will be discussed 
J A. T. Spencer, of the Wulfruna Model Boat Club at 
.c JU5C 1 st meeting of the Slade Radio Society. On'the 

. • J- Guy, of the B.B.C., will deal with sound and television magnetic recording and on the 29th there will 
be a demonstration of sound reproducing equipment. Meet- 

EMington 81 ^ 31 t'le ^''lurt'1 Bouse, High Street, 
annual mcbEe rally organized by the Bristol Group of the R.S.G.B. will be held at Longleat, near 

Warmmster Wdts on June 17th The two control stations 
2-metre bond 00 /s G3GYQ/A in the 
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LETTERS TO THE EDITOR 

The Editor does not MCe1sarily endorse opinions upressed by hi1 correspondents 

Transistor Circuit Conventions 
I HAVE followed with considerable interest the corres

pondence started by Mr. P . Baxandall's article" Collector 

Upwards or Positive Upwards" in your January issue. 

To me his case seemed so well put as to make a supporting 

letter superfluous; . I suspect many others felt as I did. 

Perhaps this is why more than half of the subsequent 

letters have dissented from the convention he describes. 

On symbols I have already had my say1, but I would like 

to comment on those letters which dissent from the 

"positive up" polarity convention. These letters are far 

from all advocating the same convention, in fact in 

analysing them I have found it useful to devise the 

following shorthand to identify the various proposals. 

Collectors up . . . . . . . . • . c t 

Positive up (and negative below earth line): + 

Positive and negative both above earth line: + -

Positive and negative both below earth line: + -
Certain proposals appear to involve positive 

and negative supply lines above and below + _ 
the earth line: . . . . . . . . _ + 

Those letters in which a preference is stated (or can 

reasonably be inferred) can then be tabulated as follows:-. 

TABLE 

(a) Baxandall 

(b) Roddam .. 

(c) " Cathode Ray " 

(d) Bedford 

(e) Bush 

(f) Sturley} 
Amos 

(g) Cain 

Circuit 
Polarity Wave

Convention forms 
+ + 

c t 

+ 

+-

c t +-

+* 

+- + 
c t- + 

c t (" polarity irrele
vant") 

+ + * 
(for new circuitS) 

(h) Butler { + _ 
+-

and c t _ +- in examples given 

(i) Knowles } 
Braithwaite · 

(j) Bateson 

(k) Martin 

(1) Pope 
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c t + - + -
- + 

+ + 

+ + 

+ + 

• 

* 

* 

The main objection directed against the ~ conven

tion is that p-n-p transistor circuits are " upside-down " 

in relation to their n-p-n and valve equivalents (though in 

(d) it is suggested that too facile a correlation between 

transistor circuits and their valve equivalents may be a 

disadvantage). Admittedly an initial effort is required in 

recognizing a familiar circuit configuration in inverted 

form, but once this has been done there are no further 

difficulties associated with the ~ . convention, since 

the polarities and directions of current flow are the same 

in all transistor and valve circuits. . 

Let us now consider the difficulties of the c t conven

tion which the correspondence has revealed. The circuit 

given in (f) to demonstrate the authors' ideas shows a 

p-n-p tran~istor with c t and the power lines arranged 

~ • To make an identical c t circuit with an n-p-n 

transistor would involve reversing the power line polari

ties. The same applies to Figs. 2 and 3 of (h). Thus if 

circuits using both transistor types appear in the same 

diagram, we are faced either with a ~ ~ arrangement 

of power supplies or with crossing-over the power con

nections to the transistors of one type (see Fig. 7 of (a)), 

which is at least confusing, and probably impracticable in 

a complex circuit. 
This leads to the conclusion that if the c t convention 

is to be followed it is better combined with a + - or 

+ - polarity convention. We are then faced with the 

following difficulties:-

!. The choice of a particular voltage line for earth is 

usually arbitrary, as several contributors point out. It 

follows that a change of the earth line should not 

appreciably affect the circuit layout. . With the + -

or + - (or ~ ~) conventions considerable reorganiza

tion might follow such a change, and might impede the 

recognition of familiar circuits, which most contributors 

regard as important. 

2. The + - or + - circuit configurations convey 

no polarity information in the circuit layout. Whether 

this is regarded as a simplification or as a suppression of 

vital information depends on the circuit and the point 

of view. Low-level linear circuits, when they are 

working correctly, have least need of polarity informa

tion, but if, for example, they are giving trouble due to 

a shift in bias conditions or being overloaded by large 

signals, a maintenance man needs polarity information 

to understand what is happening. I submit that one 

needs polarity information to recognize the intended 

functioning of a circuit containing even one diode, and 

that for more complex non-linear circuits (including 

any digital computing circuits more detailed than a 

* These writers have not explicitly indicated their preferred 

waveform polarities, but I have considered it unlikely that anyone 

who advocates the _±__ conventions for circuits would fail to do 

the same for waveforms 

(1) Wireless World, Vol. 63, No. 7, pp. 333-334, July 1957, 

" Transistor Circuit Symbols." 
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The Editor does not necessarily endorse opinions expressed by his correspondents 

Transistor Circuit Conventions 
I HAVE followed with considerable interest the corres- 
pondence started by Mr. P. Baxandall's article Collector 
Upwards or Positive Upwards " in your January issue. 
To me his case seemed so well put as to make a supporting 
letter superfluous; I suspect many others felt as 1 did. 
Perhaps this is why more than half of the subsequent 
letters have dissented from the convention he describes. 
On symbols I have already had my say1, but I would like 
to comment on those letters which dissent from die 
" positive up " polarity convention. These letters are tar 
from all advocating the same convention, in tact m 
analysing them I have found it useful to devise the 
following shorthand to identify the various proposals. 

Collectors up.. .. • • • • .. c T 

Positive up (and negative below earth line). _ 
Positive and negative both above earth line: + — 

Positive and negative both below earth line: + 
Certain proposals appear to involve positive 

and negative supply lines above and below + _ 
the earth line: .. . • • • ■ ■ TTTfr 

Those letters in which a preference is stated (or can 
reasonably be inferred) can then be tabulated as foUows:— 
TABLE „ . Circuit 

Polarity Wave- 
Convention forms 

+  + 
(a) Baxandall .. • • • • _ _ 

(b) Roddam .. .. • • .. c t 

" Cathode Ray ' 

Bedford .. 

Sturley) 
Amos J 

(i) Knowles 
Braithwaite 

(j) Bateson .. 

(k) Martin .. 

(1) Pope 

c t + 

c j (" polarity irrele- 
vant ") 

- + + * 

(for new circuits) 

and c J 3- ^ in examples given 

c t + — + ~ 

The main objection directed against the — conven- 

tion is that p-n-p transistor circuits are " upside-down " 
in relation to their n-p-n and valve equivalents (though in 
(d) it is suggested that too facile a correlation between 
transistor circuits and their valve equivalents may be a 
disadvantage). Admittedly an initial effort is required in 
recognizing a familiar circuit configuration in mvo^d. 
form, but once this has been done there are no further 
difficulties associated with the convention, since 
the polarities and directions of current flow are the same 
in all transistor and valve circuits. . 

Let us now consider the difficulties of the c f col?v®"" 
tion which the correspondence has revealed. The circui 
given in (f) to demonstrate the authors ideas shows a 
p-n-p transistor with c t and the power Imes arranged 

~ . To make an identical c t circuit with an n-p-n 

transistor would involve reversing the Power Hne polari- 
ties. The same applies to Figs. 2 and 3 of (h)- Thusit 
circuits using both transistor types appear in the same 
diagram, we are faced either with a ^ arrangement 
of power supplies or with crossing-over the power con- 
nections to the transistors of one type (see Fig. 7 of (a)), 
which is at least confusing, and probably impracticable in 

This" leads to the conclusion that if the c t convention 
is to be foUowed it is better combined with a H ; or 
q_   polarity convention. We are then faced with the 
following difficulties:— 

1. The choice of a particular voltage line for earth is 
usually arbitrary, as several contributors point out. It 
follows that a change of the earth hue should 
appreciably affect the circuit layout. With the + - 

or q_ _r |or j" conventions considerable reorganiza- 

tion might follow such a change, and might impede the 
recognition of familiar circuits, which most contributors 
regard as important. 

2. The + — or + — circuit configurations convey 
no polarity information in the circuit layout. Whether 
this is regarded as a simplification or as a suppression of 
vital information depends on the circuit and the point 
of view. Low-level linear circuits, when they are 
working correctly, have least need of polarity mforma- 
tion, but if, for example, they are giving trouble due to 
a shift in bias conditions or being overloaded by large 
signals, a maintenance man needs polarity information 
to understand what is happening. I submit that one 
needs polarity information to recognize the mtended 
functioning of a circuit containing even one diode, and 
that for more complex non-linear circuits (including 
any digital computing circuits more detailed than a 

* ThMe writers have not explicitly indicated their preferred 
waveform polarities, but I have considered it unhkely that anyone 
who advocates the -±— conventions for drcuits would fail to do 
the same for waveforms 

CD Wireless World, Vol. 63. No. 7, pp. 333-334, July 1957, 
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logical diagram), and for direct-current coupled 
circuits, polarity information is as vital as any other 
aspect of the circuit layout. 

3. There may be difficulty in correlating the circuit 
layout with waveform diagrams. The authors of (f) 
apparently find no difficulty in correlating a = 
waveform with a ~ circuit. On the other hand 
the authors of (i) feel this difficulty so strongly that they 
invert the waveforms to accord with the local polarity 
convention associated with each c t transistor, so that . - + some waveforms are ~ and others are ---=- . 
It should be noted that of the five contributions 
advocating the c t convention, three do not face this 
problem at all. 

With the __±_ convention none of these three classes 
of difficulty arise. 

Judging from the correspondence to date it would appear 
that if any exponent of c t had written a dc=tailed article 
like Baxandall's, considering and proposing particular 
solutions to the objections mentioned above, he would 
have been likely to find himself in a small minority in the 
ensuing correspondence. In fact it seems unlikely that 
any other proposal would have received the amount of 

+ support accorded to the ~- convention. 
If we feel there are real advantages in this convention 

we should not be deterred too much from following it by 
the thought that foreign practice may be different. 
Foreign circuit designers are by no means unanimous, 
and those who follow the c t convention do not appear 
yet to have found a satisfactory solution to the problem 
of mixed p-n-p and n-p-n transistor circuits. 

So let us avoid the difficulties of the c t convention 
and invite our foreign friends to share with us the advan-

tages of the ~ convention. 
In conclusion I should add that the views expressed - here are purely personal ones and not necessarily those 

of any B.S.!. Committee with which I am associated. 
Harwell. E. H. COOKE-YARBOROUGH 

The "lndusistor "-A Proposed Inductive 
Transistor I 

IN a recent1 paper H. G. Dill describes an inductive 
transistor. It is a usual transistor connected to give 
(for a.c. conditions) virtually the circuit of Fig. 1. From 
the analysis presented in the above-mentioned paper! 
an important conclusion is drawn: that rbb, must be 
sufficiently high in order that the device shall have an 
inductive behaviour. For this an additional base resist
ance is necessary (Fig. 2), but unfortunately this cannot 
be too high because Cbc is shunting it. 

It is proposed here to compensate Cbo by using a 
distributed RC network as is shown in Fig. 3. From an 
analysis presented elsewhere2 it is evident that between 
the points A and B' the network presents an inductive 
component. For instance, Y 0 from the equivalent scheme 
of Fig. 4(b) is purely inductive2 for w = lO(RC)-1, 
where R is the total resistance and C the total capacitance 
of the network. It may be shown that for w<(RC)-1, 
Y 0 is constituted by a resistance R in parallel with a 
negative capacitance. This negative capacitance may 
really compensate Cbc• 

The scheme of Fig. 3 may present another major 
advantage. It may be converted into a unified device, 
as is shown in Fig. 5. One obtains a device-called for 
convenience, "indusistor "-with two terminals. 

The question is now, how great may be the quality 
factor Q of the inductance presented by the indusistor. 
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One favourable effect will be mentioned here. If the 
transistor is operated at moderately high frequencies 
(between /f1 and fa) the internal transconductance of the 
transistor has an expression of the form Y m = G 

(1 - iw 2.43) = G (1 -iwa). Oversimplifying the scheme 
W(l 

of Fig. 3 it may be considered that it has an equivalent 
circuit as indicated in Fig. 6, where Ce is an equivalent 

capacitance. It may be seen that if _!_. < <R then 
Cew . 

Uc =- j wiCe =- j ~ Therefore Ym Ue =- j~YmU 
and the current generator may be replaced by the ad· 
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logical diagram), and for direct-current coupled 
circuits, polarity information is as vital as any other 
aspect of the circuit layout. 

3. There may be difficulty in correlating the circuit 
layout with waveform diagrams. The authors of (f) 
apparently find no difficulty in correlating a—i— 

waveform with a - circuit. On the other hand 
the authors of (i) feel this difficulty so strongly that they 
invert the waveforms to accord with the local polarity 
convention associated with each c f transistor, so that 
some waveforms are —j-— and others are —. 
It should be noted that of the five contributions 
advocating the c f convention, three do not face this 
problem at all. 
With the ——— convention none of these three classes 

of difficulty arise. 
Judging from the correspondence to date it would appear 

that if any exponent of c f had written a detailed article 
like Baxandall s, considering and proposing particular 
solutions to the objections mentioned above, he would 
have been likely to find himself in a small minority in the 
ensuing correspondence. In fact it seems unlikely that 
any other proposal would have received the amount of 
support accorded to the —convention. 

If we feel there are real advantages in this convention 
we should not be deterred too much from following it by 
the thought that foreign practice may be different. 
Foreign circuit designers are by no means unanimous, 
and those who follow the c f convention do not appear 
yet to have found a satisfactory solution to the problem 
of mixed p-n-p and n-p-n transistor circuits. 

So let us avoid the difficulties of the c f convention 
and invite our foreign friends to share with us the advan- 

tages of the —i— convention. 
In conclusion I should add that the views expressed 

here are purely personal ones and not necessarily those 
of any B.S.I. Committee with which 1 am associated. 

Harwell. E. H. COOKE-YARBOROUGH 
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The "Indusistor"—A Proposed Inductive 
Transistor 
In a recent1 paper H. G, Dill describes an inductive 
transistor. It is a usual transistor connected to give 
(for a.c. conditions) virtually the circuit of Fig. 1. From 
the analysis presented in the above-mentioned paper1 

an important conclusion is drawn: that iW must be 
sufficiently high in order that the device shall have an 
inductive behaviour. For this an additional base resist- 
ance is necessary (Fig. 2), but unfortunately this cannot 
be too high because Cbc is shunting it. 

It is proposed here to compensate Cbo by using a 
distributed RC network as is shown in Fig. 3. From an 
analysis presented elsewhere2 it is evident that between 
the points A and B' the network presents an inductive 
c5m

IP
onent- •f'or instance, Y0 from the equivalent scheme of Fig. 4(b) is purely inductive2 for io = lO(RC)-1, 

where R is the total resistance and C the total capacitance 
of the network. It may be shown that for oj < (RC)-1, 
Y0 is constituted by a resistance R in parallel with a 
negative capacitance. This negative capacitance may 
really compensate Ciic. 

The scheme of Fig. 3 may present another major 
advantage. It may be converted into a unified device, 
as is shown in Fig. 5. One obtains a device—called for 
convenience, " indusistor "—with two terminals. 

The question is now, how great may be the quality 
factor Q of the inductance presented by the indusistor. 

U YmUeO> 

One favourable effect will be mentioned here. If the 
transistor is operated at moderately high frequencies 
(between fg and fa) the internal transconductance of the 
transistor has an expression of the form Ym = G 

2.43) 
— 'w = G (1 —ioja). Oversimplifying the scheme 

of Fig. 3 it may be considered that it has an equivalent 
circuit as indicated in Fig. 6, where Ce is an equivalent 

capacitance. It may be seen that if _L < <R then 
Cea» 

Uc = " ' aiR^ = " ' t Thercf0re Uc = - j^YmU 
and the current generator may be replaced by the ad- 
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b b .bG f h' h . . 
mittance - j~Ym =- a G - J~' rom w 1c 1t IS 

evident that it contains a negative conductance - abG 

(which cannot appear at low frequencies where Y m = G) 

and a negative susceptance (therefore an inductance). 

The total admittance of the device is of the form 

Y = (~ - abG) - j~ from which it may be seen that 

the effect of negative resistance may really contribute 

towards obtaining a reasonable Q. In conclusion it seems 

that the device of Fig. 5 has some advantages over the 

similar previous devices. A detailed theoretical analysis 

is in progress and will be published soon. 
M. DRAGANESCU. 

Rumania Departnient of Electronics, Polytechnic 

Institute of Bucharest. 

·H. G. Dill: " Inductive Semiconductor Elements and their 

Application in Band pass Amplifiers. Transactions I.R.E., MIL-5, 

J~y~.9~iJ'le~:
2~h;~~~ und Anwendungsbeispiele eines Schaltele

mentes. mit verteilten Widerstand und verteilten Kapazitat. Arch. 

Elekt. Ubertragung, 15 (1961) Nov., pp. 537-544. 

Engineers 
I AM much afraid that "Free Grid" (April issue) has 

collected some bias. After enjoying his contributions 

for all these years, I now find myself for the first time 

in serious disagreement with him (if, indeed, " serious " 

is le mot juste in this connection) over the mat•ter of 

engineers. 
Surely there were engineers long before the " duly 

qualified" white collar arid spats types ·who now claim 

sole rights to the title. And they were professionals to 

boot! This means that any pirating is being done by 

the "Chartered," "Associate," " Incorporated" or 

"what-have-you" brigade in an attempt to increase the 

snob value of their titles, while most of us contend that 

the crew of a locomotive or the turner at his lathe 

qualify as engineers. And if they don't, where, incident

ally, are the Royal Engineers to be fitted into the new 

picture? 
I am convinced, too, that the No. 8 Hats responsible 

for all the complex technical phraseology and multi

lingual terminology now prevalent are sufficiently 

erudite to coin a new and distinctive description for 

themselves which no outsider would envy them, and I 

suggest that they do so. 
In conclusion I also wish to forestall further claims 

by insisting on my right to refer to such things as 

"chartered ships," " associated journals," "incorporated 

components," etc., as and when occasion arises. 

London, S.W.15. E. H. JAGO. 

Meters and Senses 
I AM grateful to Mr. L. H . Hills for his encouraging 

remarks concerning my article under the above title. 

His one regret appears to be that I made no mention of 

how the pitch of a musical sound is affected by remov

ing the fundamental. Th_is was becal!se . I bad re~erred 

to it only two months earlier (January tssue, p. 31) m the 

following words : 
"With some instruments, such as the oboe, the har

monics are actually stronger than the fundamental. 

Fortunately our sense of bearing is so arranged that we 

automatically identify the fundamental frequency, even 

when it is entire tv absent! •• 

I am rather surprised to find anyone in the field of 

musical science who is unsure on this p.Jint, for it was 

(I thought) established by no less an authority than 

Fletcher* as far back as 1934 that the pitch of a sound 

rich in harmonics is unaffected by completely removing 

* Jour. Acoust. Soc. Amer., 6, 59. 
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the fundamental and even the lower harmonics as well. 

This is a most fortunate phenomenon for the radio in

dustry, and especially that part of it devoted to the pr~

duction of pocket-sized receivers. For although the1r 

failure to reproduce the fundamentals of (say) organ 

pedal notes detracts considerably from the naturalness 

and impressiveness of these, at least ~eir musical pi~ch 

is recognizable, and the general effect m th~ reproducuon 

of music is far better than one had any nght to expect. 

It is also fortunate for manufacturers of domestic pianos, 

the low notes from which have negligible fundamental 

content. 
The explanation given by Fletcher, and as far as I 

know not seriously questioned, is the production in the 

ear (because of its non-linearity) of difference frequen

cies. Those due to consecutive harmonics recreate for 

the listener the fundamental. For example, in one of 

Fletcher's experiments he played tones of 800, 900 and 

1,000 c/s, which were collectively recognized as a funda

mentally lOO c/s note. 
I cannot agree with Mr. Hills that it is obvious that 

removing the fundamental would make the seco.nd 

harmonic become the fundamental, for then the th1rd 

harmonic would become the one-and-a-half harmonic, 

and there ain't no such thing. However, although his 

observations seem contrary to Fletcher's and others', 

one can never be too sure, and I hope he will investigate 

the matter further and report results. 

While referring to my January article on formants I 

would like to add that the experiment I described. of 

making recognizable vowel s_?~mds b:y merely shap1?g 

the mouth for those sounds While tappmg the teeth with 

a pencil was shortly afterwards demonstrated much more 

elegantly on the radio by a speaker who used a Jew's 

harp as the excitation. · 

I'm sorry to be unable to help Mr. Briggs with a ready 

explanation of the selective effect of temperature on the 

tone of strings and brass. This seems to. be a .mat.ter 

for a scientific musician rather than a musical scientist, 

and I can't claim to be either. 
"CATHODE RAY." 

Line Standards for British Television 

AS they apply to this, one ma_nufacturer,. t~e facts 

quoted in Mr. Scadeng s letter m the Apnl 1ssue of 

Wireless World are not true. Last year we sold more 

radio sets on the export market than on the home 

market. If we managed to sell as many television sets 

abroad as we sell on the home market, our export 

figures would be substantially better. If other manu

facturers were to do likewise, the figures for TV exports 

would be many times those at present reached by the 

industry. 
It is very doubtful whether the country would accept a 

permanent limitation to three television programmes. 

If there is not to be such a limitation, then we must go 

to the upper bands, where 625-line standard~ will be 

both better and cheaper. In the smaller recepuon areas 

u.h.f. pictures tend to be better, not worse. 

Next when we can use a common chassis for both 

home ~nd export markets, this will provide g~eat 

economies, in our opinion, and a much more flex1ble 

supply. The gadgets that have been a feature of so 

many German televi~ion sets are mainly addit~ons to . a 

basic chassis. For mstance, at the last Berlm Radio 

Show most manufacturers were showing 100 models 

or more all on basic home market chassis though with 

minor v~riations for different markets or requirements. 

These on-line variations have to be coped with in any 

export business and reflect such things as language 

differences, etc. · · 

Mr. Scadeng talks about great new developments, 

presumably referring to bandwidth compression. The 

B.B.C. tests on bandwidth compression have been, to 

say the least of it, pretty pessimistic. However, if some

body does ·dream up a system, there is no reason why 
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it could not be applied to 625 lines just as easily as to 
405 lines. 

Finally, it is suggested that the European countries 
will be quite content to abandon 625 lines in ten years' 
time. Since France, Germany, Italy, Belgium, Spain, 
Norway, and other European countries are all embark
ing on very substantial expenditure on new 625 net
works this year, I do not believe that they will wish to 
abandon these in such a short period of time. At the 
E.B.U. Conference, many of the leading experts from 
different European countries expected the present 625 
networks to last for another 25 years. 

Cambridge. J. 0. STANLEY, 
Pye Ltd. 

V.L.F. Electromagnetic Waves 
READING the timely article (April issue) by Dr. Gould 
and 1\t'i.r. ·Carter on very low frequency electromagnetic 
waves, I feel that it is useful to call attention to a 
diagram published some time ago in Nature 1 which 
clearly illustrates how these waves, during propagation 
over long distances over the surface of the earth, only 
suffer the same small attenuation commonly assigned to 
short waves. The diagram shows the day-time attenua
tion per 1000krn for the whole spectrum of ground
ionosphere controlled radio transmission. The data, 
which was collected off the measurements of a large 
number of individual atmospherics, is derived by plot
ting the average field strength as a function of . distance. 
The curves for different frequencies support an inverse· 
square-root law together with the superimposed attenua
tion factor, which is the ordinate of the curve. Night
time results are also available. 

The curve also demonstrates the absorption band in 
the region of 1-2 kc/s discussed in the article. It is 
interesting to note that the possibility of anomalous 
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propagation at these frequencies was first pointed out 
by T. L. Eckersley in 1925! and demonstrated by Apple
ton and Chapman3

, This region of high attenuation is 
also one of a rapid change of the phase characteristics 
of the propagation and in fact accounts for the disper
sion of the oscillatory-head and the slow-tail portion of 
the atmospheric waveform. I should also point out that 
the data from 30 kc/s to 30 Mc/s was taken from later 
work by Eckersley4 where he clearly demonstrates how 
the propagation characteristics can be calculated both 
from a wave-guide or mode concept and that of ray 
tracing. 
Romsey, Hampshire. R. C. V. MACARIO 

1. Chapman, F. W., and Macario, R. C. V., Nature, vol. 177, May 1956. 
2. Round, H. J., Eckersley, T. L., Tremellen, K., and Lunnon, F . C., J.I.E.E., vol. 63; 1925. . 3. Appleton, E. V., and Chapman, F. W., Proc. Roy, Soc. A., vol. 158, 1937. 
4. Eckersley, T. L., 'j.I.E.E., vol. 71, 1932. 
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POLES AND ZEROS By "CATHODE RAY " 

2.-EXAMINA TION OF A SECOND-ORDER SYSTEM 

LAST month we made a gentle start with pole

and-zero diagrams. If this was your first encounter 

with them you may want a recapitulation. 

They came into the conversation as a helpful 

means of representing the performance, frequency

wise of any circuit. We had been discussing the 

output/input ratios (called transfer functions) of 

L 

R 
Fig. I. Example of a first
order system, to refresh the 
memory. 

simple circuit systems such as Fig. 1. Assuming 

(1) the circuit is linear, (2) . the source of the sinu

soidal input voltage vl is free from resistance, (3) 

the output voltage V 0 is not required to supply any 

current, and ( 4) that transients are ignored, the 

transfer function is calculated as for a simple potential 

divider: 

V 1 = R + j~L 
Dividing above and below by R reduces this 

to one of four standard forms whkh we found 

covered all 16 arrangements comprising one resistance 

and one reactance: 
Vo 
V 1 = 1 + jwT 

where T is the time constant, L/R. In capacttlve 

circuits the time constant is CR, and in their equations 

the individual Cs and Rs similarly go out leaving 

only Ts. 
V 0/V1 can be plotted against f ( = w/2TT), to give 

what is well known as the frequency characteristic, 

by straightforward algebra; easily in this example; 

but much less easily for circuits with a lot of com

ponents. Alternatively a pole-zero diagram can be 

drawn as an intermediate step. A reason for doing 

so is that after a little practice one hardly needs 

to go on to plot the frequency characteristic_; one 

can judge roughly what it will be by looking at the 

pole-zero diagram, which is very simply derived 

from the transfer function. 
I should perhaps mention at this stage that use 

of these diagrams is not confined to transfer 

functions; they apply equally to impedances and 

admittances (nowadays telescoped together as 

" immitances "). . 
The way to draw a pole-zero diagram is mark 

on a complex plane (axes w and j w) those values of 

w (or f) that make the immitance or transfer function 

go to zero or infinity. These values are found by 

equating the numerator and denominator factors 

to zero. (Any infinite values of w that do the same 

thing are off the map and don't count). In our 

simple example there is clearly an infinity (or "pole'') 

when w = j/T, because by definition j 2 = -1. 

WIRELESS WORLD, }UNE 1962 

Then j w becomes - 1/T, which is the same thing 

as i/ being -1/2 7T T. This point is marked with an 

X on the negative "real " axis to the same scale 

as w or f as the case may be; Fig. 2. 

There is no factor in the numerator containing 

j w, so no " zero " to mark, but when there is its 

sign is a 0 . 
The magnitude and phase angle of V 0/V1 at 

any frequency are given respectively by the dis

tances and directions of the poles and zeros from 

the point on the j w (or jf) scale representing that 

frequency. And so the variation of V 0/V1 with fre

quency can be seen. The magnitude is obtained 

by multiplying together all the distances from zeros 

and dividing by all the distances from poles. To 

get the scale right, divide each distance by 1/27TT 

(or 1 /T for a scale of w ), T being the appropriate 

time constant. The phase angle, fjJ, is obtained by 

adding all the " zero " angles and subtracting all 

the pole angles. 
Applying the rules to Fig. 2 we have only one 

distance, to the pole. In this · example, 1/2 n T is 

1,500, so that is the distance to the pole at zero 

frequency. Dividing it by 1/27TT we get 1. Since 

we are dealing with a pole, we take its reciprocal; 

again, 1. The angle above the horizontal is zero. 

All this agrees with what we know about the per

formance' of the circuit at zero frequency, for then 

Fig. 2. Pole-zero dia
gram for the simple 
Fig. I circuit, with 
scales applicable to 
all component values 
making lf27TT (=Rf 
2TTL) = I ,500. 

-2,000 -1,500 -1,000 -500 

I 
- Z1TT 

jf(cfs) 

2,000 

1,500 

1,000 

500 

L is just a connection with no impedance, and 

V 0 = V 1 in both magnitude and phase. 

Another point to try on the way up is 1,500 cjs, 

because that is what we have been calling the turn

ing frequency. Here the distance to the pole is 

y2 times what it was at zero, so the magnitude 

V 0/V1 is 1/v2 or 0.707. The angle is 45° upwards, 

so our phase angle fjJ must be -45°, signifying 

that V 0 lags one-eighth of a cycle behind V 1 • Again, 

this checks with the results of other methods. 

As f approaches infinity, so does the distance 

from the pole, so V 0/V 1 approaches zero. And fjJ 

approaches 90°. · 

Awkward readers (bless them!) will be murmuring 
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L is just a connection with no impedance, and 
V„ = V, in both magnitude and phase. 

Another point to try on the way up is 1,500 c/s, 
because that is what we have been calling the turn- 
ing frequency. Here the distance to the pole is 
V2 times what it was at zero, so the magnitude 
Vn/V, is 1/V2 or 0.707. The angle is 45° upwards, 
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that Vo lags one-eighth of a cycle behind V,. Again, 
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I've fiddled these results, because according to the 

rules I had a denominator for jV0/V1 j but no numera

tor-because no zero on rhe diagram. But the scale 

factor 1j27TT by which the denominator has to be 

d'vided acts as the numerator. 
In this very simple example it is perfectly easy 

from the start to visualize the frequency character-

I 
I 

I 
I 

I 

+ 

Fig. 3. Frequency 
characteristic of the 
Fig. I circuit, ob
tainable from Fig. 2 
by imagining an 
actual pole at X, 
propping up a rubber 
sheet, and drawing 
the contour of the 
sheet along the if axis. 

tstlcs by mentally watching a ray from the single 

pole increasing in length and slope as it follows a 

point moving up the jf scale. But when there are 

several poles and zeros the mental work looks more 

difficult. However, as we saw last month with an 

example having one zero and two poles, the difficul

ties quite quickly recede if one notices certain 

general principles. For example, poles and zeros 

cancel out if they coincide; this corresponds to the 

algebraic cancellation of equal factors above and 

below the line. But the diagram also brings out 

pictorially how a pole and zero tend to cancel one 

another when they are close together. Again, 

phase and magnitude change most rapidly with 

frequency where there is a pole or zero close to the 

jw axis. 
Another aid is to imagine a thin rubber sheet 

spread over the whole diagram. Zeros are repre

sented by tacks holding the sheet down, and poles 

are actual poles standing up vertically from the 

surface. Theoretically they ought to be infinitely 

high; in practice they are as high as possible without 

endangering the sheet. 
Thus Fig. 2 would appear as a sharply peaked 

mountain rising out of the paper at X. The fre

quency characteristic appears as the vertical section 

along the jf axis. Fig. 3 shows how this section 

would look if seen from the right of Fig. 2. The dotted 

line is a distant view of the infinite peak itself. 

Mathematicians will recognize its slopes as rec

tangular hyperbolas. But we are supposed to be 

concentrating on the full line depicting the section

our magnitude/frequency characteristic. It is, 

of course, produced by the outlying slope of the 

mountain. It differs from the sort of curves we have 

been looking at during the last two months in two 

respects. One of the differences is due to the left

hand half, which we usually ignore because it applies 

to negative frequencies. The other difference is 

that the gradient flattens out at high frequencies 

instead of tending towards a uniform downward 

slope. The reason for that, of course, is that our 

rubber mountain works on a linear height scale, 

like any other mountain. That is a disadvantage 

of this kindergarten method. 
Both these unfamiliarities bring some compensa

tion if we are observant enough to notice the resem

blance between this curve-and the dotted one 

too-to a resonance peak. The sectional one looks 

as if its selectivity was rather poor, whereas the 

dotted one clearly has an infinitely large Q. But, you 
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may think, merely fanciful-Qegative frequency, 

and all that. Pity. 
But not at all. Negative frequency is a meaningful 

concept, as I showed earlier, though I doubt whether 

even Mr. Clayt remembers it, for it was in the 

October, 1948 issue. It suggests (to anyone who . 

does remember or looks it up) the possibility of 

removal of the zero-jj point up the scale positive

wards; and that is just what can happen with our 

diagrams. The fact that hitherto all our poles and 

zeros have occurred on the negative " real " axis 

just shows we are beginners. We have considered 

only " first-order " systems. It is high time we went 

on. 
Strictly speaking, our gramophone circuit last 

month was a second-order system, but because it 

was of a limited kind we were able to treat it as a 

combination of first-order systems. To see all the 

features of record-order functions we must include 

all three types of element-R, C and L. Fig. 4 is 

the simplest kind of example of this, with only one 

of each, all in series: 

Vo = F(jw) = 
vl 1 

jwC + R + jwL 

R (1) 

jwCR 

We see our familiar capacitive time constant, 

CR, but what about LC? As we have found sub

stituting time constants for CR and L/R so profitable 

in the past, let us use a little ingenuity and call CR 

"T1", and L/R "T2" . Then LC is just T 1T 2; 

simple! 

Fe. ) _ jwTl 
JW - -

1 + jwT1 + (jw)2T1T2 
(2) 

This is now clearly a function of j w with time

constant coefficients, as before. All we need do to 

bring it into accustomed form for picking out 

the poles as well as the one obvious zero (at f = 0) 

is to factorize the denominator. But the object 

of that is to find the value or values of f that make 

Fig. 4. Simple example 
of a general second-order 
system, for analysis. 

o---t 
c L 

R 

the denominator zero. So, more directly, what we 

have to do is solve the quadratic equation 

1 + jwT1 + (jw) 2T 1T 2 = 0 
Using the usual formula: 

- T 1± vT=-::t2:-_-~4=T:-t=T 2 

jw = --- -------
2TIT2 

1 

It is temitin(g to simjplify t~~2t)o 
- -1± 1- -
2T~ T 1 

(3) 

(4) 

t See correspondence April, May and September 1960 issues.-Eo. 
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I've fiddled these results, because according to the 
rules I had a denominator for iVo/V,! but no numera- 
tor—because no zero on ihe diagram. But the scale 
factor 1/2-T by which the denominator has to be 
divided acts as the numerator. 

In this very simple example it is perfectly easy 
from the start to visualize the frequency character- 

fig. 3. Frequency 
characteristic of the 
Fig. I circuit, ob- 
tainable from Fig. 2 
by imagining an 
actual pole at X, 
propping up a rubber 
sheet, and drawing 
the contour of the 
sheet along the jf axis. 

1 1 
/ \ 

\ / \ / \ / \ /   

istics by mentally watching a ray from the single 
pole increasing in length and slope as it follows a 
point moving up the j/ scale. But when there are 
several poles and zeros the mental work looks more 
difficult. However, as we saw last month with an 
example having one zero and two poles, the difficul 
ties quite quickly recede if one notices certain 
general principles. For example, poles and zeros 
cancel out if they coincide; this corresponds to the 
algebraic cancellation of equal factors above and 
below the line. But the diagram also brings out 
pictorially how a pole and zero tend to cancel one 
another when they are close together. Again 
phase and magnitude change most rapidly with 
frequency where there is a pole or zero close to the 

' ^Another aid is to imagine a thin rubber sheet 
spread over the whole diagram. Zeros are repre- 
sented by tacks holding the sheet down, and poles 
are actual poles standing up vertically from the 
surface. Theoretically they ought to be infinitely 
high; in practice they are as high as possible without 
endangering the sheet. 

Thus Fig. 2 would appear as a sharply peaked 
mountain rising out of the paper at X. The re- 
quency characteristic appears as the vertical section 
along the if axis. Fig. 3 shows how this section 
would look if seen from the right of Fig. 2. The dotted 
line is a distant view of the infinite peak itself. 
Mathematicians will recognize its slopes as rec- 
tangular hyperbolas. But we are supposed to be 
concentrating on the full line depicting the section— 
our magnitude/frequency characteristic. it is, 
of course, produced by the outlying slope of the 
mountain. It differs from the sort of curves we have 
been looking at during the last two months in two 
respects. One of the differences is due to the left- 
hand half, which we usually ignore because it applies 
to negative frequencies. The other difference is 
that the gradient flattens out at high frequencies 
instead of tending towards a uniform downward 
slope. The reason for that, of course, is that our 
rubber mountain works on a linear height scale, 
like any other mountain. That is a disadvantage 
of this kindergarten method. 

Both these unfamiliarities bring some compensa- 
tion if we are observant enough to notice the resem- 
blance between this curve—and the dotted one 
too—to a resonance peak. The sectional one looks 
as if its selectivity was rather poor, whereas the 
dotted one dearly has an infinitely large Q. But, you 

may think, merely fanciful—negative frequency, 
and all that. Pity. . 

But not at all. Negative frequency is a meaningful 
concept, as I showed earlier, though I doubt whether 
even Mr. Clayf remembers it, for it was in the 
October, 1948 issue. It suggests (to anyone who 
does remember or looks it up) the possibility of 
removal of the zero-j/ point up the scale positive- 
wards; and that is just what can happen with our 
diagrams. The fact that hitherto all our poles and 
zeros have occurred on the negative "real axls 
just shows we are beginners. We have considered 
only " first-order " systems. It is high time we went 
on. . • , » 

Strictly speaking, our gramophone circuit last 
month was a second-order system, but because it 
was of a limited kind we were able to treat it as a 
combination of first-order systems. To see all the 
features of record-order functions we must include 
all three types of element—R, C and L. Fig. 4 is 
the simplest kind of example of this, with only one 
of each, all in series: 

Vo _ ^ 5  .. .. (1) ^ = F(j^)= T -|- R -J- j coL 

j ojCR 
= 1 + j ojCR -h j2oj2LC 

We see our familiar capacitive time constant, 
CR, but what about LC? As we have found sub- 
stituting time constants for CR and L/R so profitable 
in the past, let us use a little ingenuity and call CR 
"TV', and L/R " T2". Then LC is just T^; 
simple! 

-r-y , iCjTl  (2) 
(' - i • j./r, + (i-pT.T, 

This is now clearly a function of jco with time- 
constant coefficients, as before. All we need do to 
bring it into accustomed form for picking out 
the poles as well as the one obvious zero (at / = 0) 
is to factorize the denominator. But the object 
of that is to find the value or values of / that make 

Fig. 4. Simple example 
of a general second-order 
system, for analysis. 

the denominator zero. So, more directly, what we 
have to do is solve the quadratic equation 

1 + j tuT! + (jco^TxTa = 0 
Using the usual formula; 

_ —Trli V'Tj2 ; 4T,T., 
2T,T, 

4T2
s T/Ta 

It is tempting to simplify this to 

1±./ 1 - 

t See correspondence April, May and September 1960 issues.—Ed. 
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but we shall see that it can be misleading, and it is 

better to stick to (3). 

However we write it, the important thing is the±, 

which tells us there are two solutions, one using the 

plus and the other the minus. That is what is meant 

when Fig. 4 is called a second-order system. There 

is of course the possibility that both solutions are 

the same, when T 1 = 4T2 so that the square-root 

term goes out. There is also the possibility of 

4T 2 > T 1' resulting in j having to be brought in, 

making both solutions complex. That is the interest

ing one. 
However, let us start with 4T2 < T 1 • That means 

the square root is of a positive quantity, so no j and 

we can plot the two poles each side of the 1/2T 2 

point as in Fig. 5. (Note that in order to avoid 

bringing in 27T everywhere we are working in w, 

adult fashion, instead of f.) There is also the zero 

at zero, as indicated by the numerator in eqn. (2). 

So V 0/V1 begins with zero at zero frequency, 

obviously due to C in Fig. 4. It increases in pro-

'-----y------' 

-'-
2Tz 

jCd 

Fig. 5. Pole-zero dia

gram for the Fig . 4 
circuit, for compo

nent values that make 

4T2 < T1 (i.e., R2 > 
4LfC). 

portion to w, but at the same time the distances to 

the two poles increase, slowly at first but then 

faster, so at very high frequencies the increase in 

V 0/V 1 due to C i's nearly offset by the nearer pole and 

more than offset when the effect of the second 

pole is counted. Clearly, then, there is a maximum 

somewhere and then a fall-off to zero at infinite 

frequency. Which is exactly what we would expect, 

looking at Fig. 4. As regards phase, it begins with 

+goo due to the zero, but this is first cancelled and 

then finally reversed by the approach to -goo 

for each of the poles. We can easily sketch F(jw) 

as in Fig. 6. (Compare Fig. 3). Equation (1) shows 

the height and position of the peak, which occurs 

where jwL = - 1/jwC = j/wC. We all know this 

well as the series resonance condition, the two 

reactances cancelling one another out. In terms of 

time constants, the resonant frequency, which we 

can call f r, is 1/27Ty'LC = 1/27TyT1T 2, and wr = 

l/yT1T 2, as marked in Figs. 5 and 6. 

If visualizing the pole and zero rays gives us any 

difficulty, tacking down the centre of our rub her 

sheet at the origin to represent the zero at once 

shows us the upper graph of Fig. 6, plus its negative

frequency counterpart. 

The question that leaps to the eye is what happens 

when the poles separate so far that the nearer one 

coincides with the zero, and what are the corres

ponding circuit conditions? Looking at the term 

under the square-root sign in eqn. ( 4), we might 

think we could find out by making T 2 = 0 (say, 

L = O) so that the whole term was 1, leaving- 2~2 + 

1 

2
T

2

' = 0. But in the meantime 1/2T2 has become 

oo, so this conclusion has become uncertain and 
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in fa~t wrong. What happens as L is reduced to 

zero IS that the centre point ( -1/2T 2) moves off 

the map leftwards to infinity while the distance 

between it and the right-hand pole increases to 

oo - 1/T1 • While any pure mathematicians in the 

house are opening their mouths to protest against 

that way of putting it, I'll hurriedly substitute 

the statement that the right-hand pole moves left

wards to the point -1/T1 and the left-hand pole 

moves to - oo. This, of course, is just what one 

would have got by omitting L at the start and 

arriving direct at the first-order transfer function, 

jwT1/(1 + jwTl). 
So far as the rubber model is concerned, the 

effect of banishing the farther pole makes little 

difference, for its influence was small anyway, 

and the nearer pole may not have shifted very far. 

But we see, either by looking at the type-1 curves 

in last month's issue or by putting T 2 = 0 in Fig. 6 

and so shifting the peak and the zero c/> rightwards 

to infinity, that the shape is fundamentally different. 

And so we learn that this visual aid, though useful 

at the early kindergarten stage (education being 

defined as a process of diminishing deception) is 

not altogether reliable, at least in distant parts, 

owing to uncertainty of " sea level." 

An alternative procedure is to vary T D which 

appears only once in each solution of the equation. 

This time we increase it to infinity, which elimin

ates C in Fig. 4 by converting it into a short-circuit. 

This cuts out the square-root term without affecting 

the rest, so we get 
1 1 

- - -±-
2T2 2T2 

without any awkward repercussions. The right

hand pole now . does reach the origin, disappearing 

in mutual cancellation with the zero there, and 

leaving only the left-hand pole, at -1/T 2. This 

checks with what we got with Fig. 1, now identically 

the same circuit. (Remember Fig. 2 was plotted 

for jf, so 27T appears.) 

Having pretty thoroughly explored the positive 

range of what lies under the root sign, we come to 

the second case by making it zero: 4T2 = T 1• 

Our pole formula then reduces to 

1 
2T2 ± 0 

and the pole-zero diagram is simply Fig. 7. The 

fact that the cross represents two coincident poles 

is shown conventionally by the roman number. 

Fig. 6. Magnitude 

and phase of transfer 

function for Fig. 4 

plotted against fre

quency. Its shape 

can be estimated by 

looking at Fig. 5. 

¢ 

I 
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but we Shall see that it can be misleading, and it is 
better to stick to (3). imr,ortant thing is the However we wnte it the^i one using the 
which tells us there a j hat ls meant 
plu

s and the system, There 
when Fig. 4 iscaueu as solutions are 
is of course the PfS.Muy 

. .he interest- 

ing one. . , s t That means However, let us start ^th 4T. <dVy^ ^ no . and 

the square r00?/s °^a ^°lci each side of the 1/2T2 
we can p ot the that in order to avoid 
point as in 5-1 we are Working in 
bringing m 2- eve J „f /h There is also the zero 
adult fashion, instead of /0 Thcre^ ^ ^ (2)_ 
at zero, as indicated DY i frequency, 
S0 Vo/Vr begins wnh zero a ^ ^ pro_ 
obviously due to C in rig. 

Fig. 5. Pole-zero dia- 
gram for the Fig- 4 
circuit, for compo- 
nent values that make 
4T2 < Ti (i.e.. Re > 
4L/C). 
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in fact wrong What happens as L^yeduced M 
zer0 is that the centre point ( ' distance 
the map leftwards to infinity while th« dls^n" 
. ! Ti it and the right-hand pole increases to betwee wqhle any Pure mathematicians in the 
00 " l/Tl- fJnine their mouths to protest against house are p it pn hurriedly substitute 
that way of P 8^ right-hand pole moves left- 
the statement th tpe left-hand pole 
wards to thc pom, bourse, is just what one 
moves to - » l-tu ' . L at the start and 
arriving threct^at the ftrst-order tr^te, function. 
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difference, for its in ^ shifted very far. 
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But we see, either by looking^at the tyPo ^ 6 
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without any awkward repcrcussions^ TJe ^ight- 
hand pole now • ^ith the «ro there, and 
in mutual cancellation witn in _1/T2. This 
leaving only the left-hand^p , ^ now identically 
checks with what w g bcr pig. 2 was plotted 
the same circuit. (Rememoer x- g 
f0rALO
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Fig. 6, Magnitude 
and phase of transfer 
function for Fig. 4 
plotted against fre- 
quency. Its 
can be estimated by 
looking at Fig. 5. 
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You may question the need for this, seeing that a 
single pole goes to infinity and one can hardly 
advance on that. The answer is that each of the 
poles counts when distances and angles are being 
reckoned. 

In this connection it is interesting to plot the 
frequency of resonance on Fig. 7. As we have 
already no,ted, in general w rC =2'"fr) = 1/ vLC, 
or 1 I vT 1 T 2• When, as in this special case, T 1 = 
4T2, wr = 1/2T2. So both poles are at an angle 
of 45° and together they cancel the 90° angle to the 
zero, as shown at fr in Fig. 6. 

In working out the corresponding magnitude of 
F(j w) one can easily go wrong over the scale factors. 
(The same applies to Case 1, which we didn't stop 
to do.) To avoid this we had better write out the 
whole transfer function for this particular case and 
frequency. Remember, jw in each denominator 
factor has to be multiplied by minus the reciprocal 
of a solution of the equation formed by putting 
the denominator equal to zero, so that when j w is 
equated with either of those solutions the corres
ponding factor becomes zero and indicates a pole. 
In our Case 2 both solutions are -1/2T 2, so 

F(jw) = jwT 1 . 
(1 + jw2T 2) (1 + jw2T 2) 

This shows that the distance of the zero (1 /2T 2 at this frequency) must be multiplied by Tu whereas 
the distances of the poles ( y2 X 1/2T 2 at this 
frequency) must be multiplied by 2T 2. Doing this: 

1 
2T2x T1 

(
v 2 )

2 

--- X 2T 
2T2 2 

IF(jw)! 1 

as one would expect, since at resonance the two 
reactances in Fig. 4 add up to zero. 

Now at last we come to the third case, in which 
4T 2 > T 1• The best way of dealing with this is to 
divide inside the square-root sign by j2( = -1) 
and multiply outside by j. This makes the square 
root positive and therefore calculable, while making 
it clear that on the pole-zero diagram the whole 
term must be represented vertically. Again, the :± sign shows that equal distances must be set off 
in both directions; Fig. 8. 

Each pole phasor, then, has a "real" part and an 
"imaginary" one, so as a whole is " complex." 
This, however, introduces no real complexities 
in the procedure. But it is worth mentioning that 
because the imaginary parts of the pole phasors are 
equal and opposite, these phasors are called the 
conjugates one of the other. The conventional 
sign for the conjugate of a quantity is an asterisk; 
e.g., Z* is the conjugate of Z. Don't start looking 
for a footnote. 

The transfer function admittedly looks impressive 
when written out in full: 

would certainly be rather cumbersome if one were to 
calculate them from this equation, they are represen
ted by the distances of the poles from the origin, 
which can be measured. 

Again we take as an easily checkable example the 
condition of resonance. First of all we have to 
choose a circuit, or at least the relative magnitudes 
of the imaginary and real parts of the pole co-

/ 
/ 

/ 
/ 

/ 

n //, 45° 

/ 
/ 

/ 
/ 

/ 

jw 

-'-=-L ,fTJiZ zTz 
Fig. 7. If 4T2 = T1, 
the two poles coincide 
so the place is marked 
" II." 

ordinates. In Fig. 9 I have taken 3 : 1 as a simple 
ratio. This means that the square-root term, 
y4T2/T 1 ..,-- 1, must be equal to 3, and that gives us 
the relative magnitudes of T 1 and T 2 ; 5T 1 = 2T 2• 
Next, we use this result in the resonance relationship, 
wr = 1/vT1T 2, to find wr = 1.58/T2, or 3.16/2T2. Plotting this on the diagram, we find it lies slightly 
above the upper pole. Applying the rules for finding 
the value of the transfer function at this frequency, 
we divide the distance of w r to the zero (3.16j2T2) by 1/Tu which is 5/2T 2. So the numerator is 
0.632. The two factors in the denominator are 
found by dividing the distances to the poles (QP 
and QP*) by OP and OP*. The result is 

I (j )I 0.632 
F w = 1.02 6.25 ::c l 

- - X - -
3.16 3.16 

The phase angle is obtained by deducting from the 
angle from the zero ( + 90°) the angles c/J1 and c/J2 from the poles-10° and 80° respectively-to give 
the reassuring answer, zero. _ 

The same obviously correct result is obtainable by 
substituting wr (in terms of T 1 and T 2) for win the 
transfer function. This not only takes much longer 
but requires more concentration, even in this 
example which is quite exceptionally simple because 
of the zero phase angle. For plotting curves of 
magnitude and angle against frequency, the saving by 
using the pole-zero method instead would be really 
substantial. 

Do I hear a murmuring from readers anxious to 
point out that calculating points for the curves can 
be done at least as quickly, and more intelligibly, 
by using the old familiar potential-divider expression 

. jw T 1 F(Jw) = ---- -- ----------. ---------· ---;-- - ----

(
! + -~ --~~ 4T2~:::=)( 1 + _1 ___ /!:!____4T2-) 

in R, wL and 1/wC, without 
the work of solving a quad
ratic equation to find the 
poles, and then having to 
measure distances and angles? 
Like George Washington, I 
'will not attempt to conceal 

----L-~-- - 1 -- -- ! ____ 1 2T2 I 2T2 T1 . 2T2 2T2 'Y Tl 

And even when tidied up a bit you may not like it 
much better. My only reason for exhibiting it is to 
show you what you are by-passing by using the 
pole-zero diagram. For although the scale factors 
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from them the truth, which is that they are dead 
right. Then am I just trying (unsuccessfully, it 
seems) to blind people with maths? Certainly not. 
I have carefully chosen an example so simple that 
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You may question the need for this, seeing that a 
single pole goes to infinity and one can hardly 
advance on that. The answer is that each of the 
poles counts when distances and angles are being 
reckoned. 

In this connection it is interesting to plot the 
frequency of resonance on Fig. 7. As we have 
already noted, in general u>r{=2^fr) = l/VLC, 
or l/VTjTa. When, as in this special case, T, = 
4T2, cor = 1/2T2. So both poles are at an angle 
of 45° and together they cancel the 90° angle to the 
zero, as shown at fr in Fig. 6. 

In working out the corresponding magnitude of 
F(j u>) one can easily go wrong over the scale factors. 
(The same applies to Case 1, which we didn't stop 
to do.) To avoid this we had better write out the 
whole transfer function for this particular case and 
frequency. Remember, joj in each denominator 
factor has to be multiplied by minus the reciprocal 
of a solution of the equation formed by putting 
the denominator equal to zero, so that when j<u is 
equated with either of those solutions the corres- 
ponding factor becomes zero and indicates a pole. 
In our Case 2 both solutions are — 1/2T2, so 

p/* \     j ajT1  
Jml ~ (1 jaj2T2) (1 -1- jo,2TJ 

This shows that the distance of the zero (1/2T2 
at this frequency) must be multiplied by T,, whereas 
the distances of the poles {\/2 x 1/2T2 at this 
frequency) must be multiplied by 2T2. Doing this: 

21" x -p 
lF(j«j)| = -- 2  = -L1 = 1 

/a/2 _ \3 4T2 

(2T2 
X T7 

as one would expect, since at resonance the two 
reactances in Fig. 4 add up to zero. 

Now at last we come to the third case, in which 
4T? > T^ The best way of dealing with this is to 
divide inside the square-root sign by j2(= —1) 
and multiply outside by j. This makes the square 
root positive and therefore calculable, while making 
it clear that on the pole-zero diagram the whole 
term must be represented vertically. Again, the 
± sign shows that equal distances must be set off 
in both directions; Fig. 8. 

Each pole phasor, then, has a " real " part and an 
" imaginary" one, so as a whole is " complex." 
This, however, introduces no real complexities 
in the procedure. But it is worth mentioning that 
because the imaginary parts of the pole phasors are 
equal and opposite, these phasors are called the 
conjugates one of the other. The conventional 
sign for the conjugate of a quantity is an asterisk; 
e.g., Z* is the conjugate of Z. Don't start looking 
for a footnote. 

The transfer function admittedly looks impressive 
when written out in full; 

F(j "0 = -7 , 'JUJl  

f1 + + i 
\ 2T2 ' 2T2 AT, 7 \ 2T2 : 

And even when tidied up a bit you may not like it 
much better. My only reason for exhibiting it is to 
show you what you are by-passing by using the 
pole-zero diagram. For although the scale factors 

would certainly be rather cumbersome if one were to 
calculate them from this equation, they are represen- 
ted by the distances of the poles from the origin, 
which can be measured. 

Again we take as an easily checkable example the 
condition of resonance. First of all we have to 
choose a circuit, or at least the relative magnitudes 
of the imaginary and real parts of the pole co- 

Ah 2T2 

Fig. 7. If 4T2 ^ Tj, 
the two poles coincide 
so the place is marked 
" //." 

ordinates. In Fig. 9 I have taken 3 : 1 as a simple 
ratio. This means that the square-root term, 
\/4T2/Tl — 1, must be equal to 3, and that gives us 
the relative magnitudes of T, and T2; ST, = 2T2. 
Next, we use this result in the resonance relationship, 
wr = I/VTjTjj, to find cor = 1.58/T2, or 3.16/2T2. 
Plotting this on the diagram, we find it lies slightly 
above the upper pole. Applying the rules for finding 
the value of the transfer function at this frequency, 
we divide the distance of ur to the zero (3.16/2T,) 
by 1/T,, which is 5/2T2. So the numerator is 
0.632. The two factors in the denominator are 
found by dividing the distances to the poles (QP 
and QP*) by OP and OP*. The result is 

| F(j ai)j = —= I 1 1 L02 6.25 
3.16 X 3A6 

The phase angle is obtained by deducting from the 
angle from the zero (+ 90°) the angles fa and ^2 
from the poles—10° and 80° respectively—to give 
the reassuring answer, zero. 

The same obviously correct result is obtainable by 
substituting wr (in terms of T, and T2) for a> in the 
transfer function. This not only takes much longer 
but requires more concentration, even in this 
example which is quite exceptionally simple because 
of the zero phase angle. For plotting curves of 
magnitude and angle against frequency, the saving by 
using the pole-zero method instead would be really 
substantial. 

Do I hear a murmuring from readers anxious to 
point out that calculating points for the curves can 
be done at least as quickly, and more intelligibly, 
by using the old familiar potential-divider expression 

in R, <uL and l/wC, without 
~  \ the WOrk of solving a quad- —'—  \ ratic equation to find the 

j /4T2 I poles, and then having to 
^ \  11 measure distances and angles? 

2 1 ' Like George Washington, I 
will not attempt to conceal 

from them the truth, which is that they are dead 
right. Then am I just trying (unsuccessfully, it 
seems) to blind people with maths? Certainly not. 
I have carefully chosen an example so simple that 
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Fig. 8. 'If 4T2> Tv the 
square root terms have 
to be multiplied by j, so 
they are set off vertically 
as shown here. 

!
4< 
I 

· I I I 
+J --- I Vr,r, •Tz' ! 

joo 

one knows all along what answers to expect, with 

the object of building up confidence to tackle those 

where poles and zeros show a real saving. In any 

case, as I said, they have the advantage that with 

practice the general shape is discernible without 

plotting, simply by looking at the diagram. And 

the different approach sheds light on the function

ing of these circuits. 
One thing we notice, looking at Fig. 8, is that the 

longer the time constant T 2 the closer the poles 

are to the j w axis. The result is a correspondingly 

rapid change in F(j w) with j w over the range of j w 

close to a pole. This implies sharpness of resonance. 

Which is hardly surprising, for T 2, being L/R, is 

a measure of selectivity, akin to Q. 
So if you see poles dose to the j w scale you can 

interpret them as sharp resonances, at the frequencies 

shown by the parts of the scale they are near. 

p 

I /1 

- zTz l 
I 
I 
I 
I 
I 

*1
--{Pz p ---

jw 
I 5 
I;= zTz 

Fig. 9. Numerical ex
ample of Fig. 8, 4T2 hav
ing been made equal to 
IOT1• 

If instead of working out this numerical example 

we had looked longer and harder at Fig. 8 we might 

have noticed-! might have noticed; you probably 

did!-that because the abscissa of each pole is 

-l/2T1 and the ordinate is ±hll/T1T 2 -114T2
2, 

the third side of each triangle (direct from 0 to X) 

must, according to Pythagoras, be v1/T1T 2• And 

we have already seen that that is equal to w,, the 
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frequency of resonance. So if it is kept constant 

while T I! is varied, the poles trace out a circle, as 

drawn in Fig. 10. To do this, of course, T 1 must 

be varied too, to offset the effect on w, of vary

ing T 2• 

This explains why Q in Fig. 9 is a little above P; 

they both lie on a circle with the j w axis as vertical 

diameter. And, of course, the point where the 

circle cuts the horizontal axis is where the two 

poles coalesce in Case 2, Fig. 7. 
If you have even a slight acquaintance with the 

theory of oscillatory circuits, you will almost certainly 

have caught on to the significance of our three classes 

Fig. 10. This corres
ponds to Figs. 8 and 9, 
but is purely geometrical, 
to show magnitudes only. 
It shows the relationship 
between the frequency of 
resonance, wr, the fre
quency of natural oscilla
tion, w o• and the quantity 
lf2T2 or Rf2L, which is a 
measure of the damping. 

\ 
\ 
\ 
\ 
\ 
\ 

' 
I I 

' I I ', 1/ 
'x...._ 

of this circuit-those in which 4T2/T1 is less than, 

equal to, or greater than 1. This criterion may 

look more fa~liar if it is translated back into L, 

C and R, when the comparison is between R and 

2vL;C. Textbook theory shows that when, in a 

circuit comprising L, C and R all in series, 

Fig. II. Some examples of the wide range of exponential 

forms. 
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Fig. 8. if 4T2>T1, the 
square root terms have 
to be multiplied by j, so 
they are set off vertically 
as shown here. 
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frequency of resonance. So if it is kept constant 
while T, is varied, the poles trace out a circle, as 
drawn in Fig. 10. To do this, of course, T, must 
be varied too, to offset the effect on air of vary- 
mThis explains why Q in Fig. 9 is a little above P; 
they both lie on a circle with the jco axis as vertical 
diameter. And, of course, the point where the 
circle cuts the horizontal axis is where the two 
poles coalesce in Case 2, Fig. 7. , , , 

If you have even a slight acquaintance with the 
theory of oscillatory circuits, you will almost certainly 
have caught on to the significance of our three classes 

one knows all along what answers to expect, with 
the object of building up confidence to tackle those 
where poles and zeros show a real saving. In any 
case, as I said, they have the advantage that with 
practice the general shape is discernible without 
plotting, simply by looking at the diagram. And 
the different approach sheds light on the function- 
ing of these circuits. 

One thing we notice, looking at Fig. 8, is that the 
longer the time constant Tj the closer the poles 
are to the j w axis. The result is a correspondingly 
rapid change in F(j">) with )«» over the range of jtu 
close to a pole. This implies sharpness of resonance. 
Which is hardly surprising, for Ta, being L/R, is 
a measure of selectivity, akin to Q. 

So if you see poles close to the j oj scale you can 
interpret them as sharp resonances, at the frequencies 
shown by the parts of the scale they are near. 

Fig. 9. Numerical ex- 
ample of Fig. 8, 4T2 hav- 
ing been made equal to 
(OTi. 

Fig. 10. This corres- 
ponds to Figs. 8 and 9, 
but is purely geometrical, 
to show magnitudes only. 
It shows the relationship 
between the frequency of 
resonance, air, the fre- 
quency of natural oscilla- 
tion, ai0, and the quantity 
l/2T2 or R/2L, which is a 
measure of the damping. 

\ 0!)T 
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i 2L/ 
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of this circuit—those in which AcVJ^-t ^ess than, 
equal to, or greater than 1. This criterion may 
look more familiar if it is translated back into L, 
C and R, when the comparison is between R and 
2\/L/C. Textbook theory shows that when, in a 
circuit comprising L, C and R all in series. 

■ 

If instead of working out this numerical example 
we had looked longer and harder at Fig. 8 we might 
have noticed—I might have noticed; you probably 
did!—that because the abscissa of each pole is 
— 1/2T, and the ordinate is dz 1 vT/TiT2—IMT^, 
the third side of each triangle (direct from O to X) 
must, according to Pythagoras, be yl/TiTj. And 
we have already seen that that is equal to curJ tne 
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forms. 

Some examples of the wide range of exponential 
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R <2vL/C (as in our last case) the circuit is oscil
latory; any impulse causes a damped train of oscilla-
tions at the natural frequency. When R=2v'L/C, 
the circuit is " critically damped"; the response to 
a disturbance is just unidirectional. And when 
R > 2 v'L/C it is over-damped. If we are more 
at home with the Q factor than with time constants 
we will take the trouble to translate the critical 
condition R = 2 v'L/C into terms of Q and find 
that it means simply Q = ! . 

Another piece of information from the textbook 
is that the natural frequency of oscillation of the 
circuit we are considering is (in radians per sec 
v'I /LC- R2/4L2, which is identical with our 
v'1 /T 1T 2 - 1/4T2

2 • So if we denote this frequency 
by w 0 we can very much more tidiJy specify the 
ordinates in Fig. 8 as ± j w 0 • This is shown in 
Fig. 10, which is structurally the same as Figs . 8 
and 9, but as it is only meant to show magnitudes 
there is no need for j. I t illustrates the well-known 
fact that as the circuit damping, of which R/2L 
is a measure, is reduced, the frequency of natural 
oscillation approaches the frequency of resonance, 
and in low-loss tuned circuits is practically equal 
to it. At the other extreme, the circuit becomes 
non-oscillatory or critically damped when the 
frequency of natural oscillation becomes zero. The 

frequency of resonance is unaffected so long as 
T 1T 2 or LC is kept constant. 

Analogous effects occur with meter pointers when 
readings are being taken, or with car bodies over 
bumpy roads, and many other things. The same 
mathematical methods can be used for all, so are 
worth learning. 

All the way through we have been studying only 
the steady-state response to sinusoidal inputs. Tran
sients and non-sinusoidal waveforms have been 
excluded. But now that the response of the simple 
LCR circuit to impulses has been mentioned, it 
is time to reveal that yet another merit of pole-zero 
diagrams is that they are valid for transients and for 
all exponential waveforms. One may tend to think 
of exponential waveforms as only the familiar die
away and build-up kinds. However, all those shown 
in Fig. 11 are exponential forms or are simply 
derived from them, even without taking advantage 
of Fourier to build up any periodic waveform from 
sine waves. In fact, most of the forms in common 
use are included. The only form that never exactly 
occurs in practice is an unvarying sine wave! So 
the fact that pole-zero diagrams are not limited to 
it is quite something. 

This peak of expectancy is clearly the right 
moment for adjourning until next month. 

News from Industry 
Mullard-G .E.C. Semiconductor Activities.-F allowing 

news of the decision of the General Electric Company 
Ltd. and Mullard Ltd. to pool their resources in the 
field of semiconductors (reported in W .W. for March), it 
is announced that a joint company, Associated Semi
conductor Manufacturers Ltd., has been set up and will 
now combine Mullard and G.E.C. semiconductor de
velopment and production and undertake all future 
manufacture. Two-thirds of the shareholding of A.S.M. 
will be owned by Mullard and the other third by G.E.C. 
The sales of all products made by the company will, 
by agreement with G.E.C., be handled by Mullard's 
Entertainment Markets Division for types used in sound 
radio, television and consumer equipment, and through 
its Industrial Semiconductor Division in the case of 
industrial types. It is stated that continuity of supplies 
of existing ranges of both companies' semiconductors is 
assured. 

Murphy Radio Ltd.-A group loss of £266,588 for 
the year 1961 is reported by Murphy. In 1960 the 
loss was £76,039. After crediting £47,792 net tax 
recoverable (£21,235 charged last year) and previous 
year's adjustments £3,070 (£5,619), there is a loss 
of £215,726, compared with £91,655. At present 
the Rank Organisation is negotiating for control of 
Murphy. 

Relay Exchanges Ltd. in its annual report for 1961 
records a surplus on trading, before charging deprecia
tion and taxation, of £4,155,346 compared with 
£3,949,892 for 1960. After allowing some £3M for 
depreciation and renewal of plant and receivers and 
sundry other sums including £105 ,137 for taxation, the 
net ~Yroup profit was £95 L646. The group includes in 
addition to many radio and television relay organiza ~ions 
throur-hout the country the "Ren~aset" rental business 
and Goodmans Industries. 
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E.M.I.-Philips Pool Tape Production.-Electric & 
Musical Industries Ltd. and Philips Electrical Indus
tries Ltd. are to pool their technical resources for the 
manufacture of magnetic recording tape. Under the 
agreement a new company is to be formed named Tape 
Manufacturing Co. Ltd., in which the financial interest 
will be equally shared by Philips and E.M.I. Tapes 
will be developed and produced by it but the finished 
product will be marketed under the separate labels of 
E.M.I. and Philips in competition with each other. 
Manufacture will be carried out in a new factory at the 
E.M.I. works at Hayes, Middx. 

Bush Prepare For Colour Television.-A production 
programme to manufacture colour television receivers, 
beginning in the autumn, is announced by Bush Radio, 
a division of the Rank Organization. According to 
Bush managing director, Dudley Saward, the initial 
flow from the first production line would be between 
6 and 30 sets a week depending on public demand, 
with prices somewhere between £700 and £800 a receiver. 

Jason Electronic Designs Ltd., of 2a Kimberley 
Gardens, Harringay, London, N.4, who, as noted on 
p. 116 of the March issue, was in the hands of a receiver 
and manager, has been sold to Hillvar Ltd., which 
company has changed its name to Jason Electronic 
Designs Ltd. It is stated that Jason products are still 
being manufactured at Kimberley Gardens and that 
the same service facilities will be continued as before. 

Birmingham Sound Reproducers, manufacturers of 
Monarch record changers and Monardeck tape decks, 
report that group net profit for the year 1961 reached a 
record figure of £1,816,547 as against £1,526,576 for 
1960. Net profit, after tax of £876,477 (£666,124 in 
1960) is up from £860,452 to £940,070. 
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News from Industry 

Mullard-G.E.C. Semiconductor Activities.—Following 
news of the decision of the General Electric Company 
Ltd. and Mullard Ltd. to pool their resources in the 
field of semiconductors (reported in W.W. for March), it 
is announced that a joint company. Associated Semi- 
conductor Manufacturers Ltd., has been set up and will 
now combine Mullard and G.E.C. semiconductor de- 
velopment and production and undertake all future 
manufacture. Two-thirds of the shareholding of A.S.M. 
will be owned by Mullard and the other third by G.E.C. 
The sales of all products made by the company will, 
by agreement with G.E.C., be handled by Mullard's 
Entertainment Markets Division for types used in sound 
radio, television and consumer equipment, and through 
its Industrial Semiconductor Division in the case of 
industrial types. It is stated that continuity of supplies 
of existing ranges of both companies' semiconductors is 
assured. 

Murphy Radio Ltd.—A group loss of £266,588 for 
the year 1961 is reported by Murphy. In 1960 the 
loss was £76,039. After crediting £47,792 net tax 
recoverable (£21,235 charged last year) and previous 
year's adjustments £3,070 (£5,619), there is a loss 
of £215,726, compared with £91,655. At present 
the Rank Organisation is negotiating for control of 
Murphy. 

Relay Exchanges Ltd. in its annual report for 1961 
records a surplus on trading, before charging deprecia- 
tion and taxation, of £4,155,346 compared with 
£3,949,892 for 1960. After allowing some £3M for 
depreciation and renewal of plant and receivers and 
sundry other sums including £105.137 for taxation, the 
net vroup profit was £951,646. The group includes in 
addition to many radio and television relay organiza ions 
throughout the country the " Rentaset " rental business 
and Goodmans Industries. 

E.M.I.-Phllips Pool Tape Production.—Electric & 
Musical Industries Ltd. and Philips Electrical Indus- 
tries Ltd, are to pool their technical resources for the 
manufacture of magnetic recording tape. Under the 
agreement a new company is to be formed named Tape 
Manufacturing Co. Ltd., in which the financial interest 
will be equally shared by Philips and E.M.I. Tapes 
will be developed and produced by it but the finished 
product will be marketed under the separate labels of 
E.M.I, and Philips in competition with each other. 
Manufacture will be carried out in a new factory at the 
E.M.I, works at Hayes, Middx. 

Bush Prepare For Colour Television.—A production 
programme to manufacture colour television receivers, 
beginning in the autumn, is announced by Bush Radio, 
a division of the Rank Organization. According to 
Bush managing director, Dudley S award, the initial 
flow from the first production line would be between 
6 and 30 sets a week depending on public demand, 
with prices somewhere between £700 and £800 a receiver. 

Jason Electronic Designs Ltd., of 2a Kimberley 
Gardens, Harringay, London, N.4, who, as noted on 
p. 116 of the March issue, was in the hands of a receiver 
and manager, has been sold to Hillvar Ltd., which 
company has changed its name to Jason Electronic 
Designs Ltd. It is stated that Jason products are still 
being manufactured at Kimberley Gardens and that 
the same service facilities will be continued as before. 

Birmingham Sound Reproducers, manufacturers of 
Monarch record changers and Monardeck tape decks, 
report that group net profit for the year 1961 reached a 
record figure of £1,816,547 as against £1,526,576 for 
1960. Net profit, after tax of £876,477 (£666,124 in 
1960) is up from £860,452 to £940,070. 
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Erection of 13 high masts complete with aerials for 
N.A.T.O.'s new v.l.f. transmitting station at Anthorn, 
near Carlisle, is J:>eing undertaken by British Insulated 
Callender's Cables Ltd. following a £1-!M order from 
Continental Electronics Systems Inc., of Dallas, Texas, 
for their design and supply. The aerial system involves 
one central mast and two concentric rings of six masts 
each. The inner ring will be 1,300 ft from the centre, 
the radius of the outer ring being 2,100 ft. Height of 
the masts varies from 745 ft at the centre to 600 ft 
at the outer ring. Completion of the station will take 
about two years. 

Space research instrumentation is the work of a 
specialist department recently set up by McMichael 
Radio with the primary object of making basic pieces 
of equipment for satellites. Some of the instrumenta
tion in the capsule of Britain's satellite "Ariel" has 
been supplied by this subsidiary company of the G.E.C. 

Collins Italiana S.p.A., owned jointly by Collins 
Radio Company of Dallas, Texas, and Telettra S.p.A. 
of Milan, has been formed to market the range of 
Collins ground and airborne communication equipment 
in Italy. In the U.K. the complete line of equipment 
of the parent company is handled by Collins Radio Co. 
of England Ltd., 242 London Road, Staines, Middx. 
(Tel.: Staines 54128.) 

Grundig Radio-Werke G.m.b.H. are building a new 
tape recorder works close to the flourishing satellite 
town of Ni.irnberg-Dutzendteich. Construction of the 
office buildings, which will cover an area of 25,000 sq 
metres, has already commenced and completion will 
take about one year. When finished some 2,500 workers 
will be employed in making studio-quality tape 
recorders for the domestic market and dictating 
machines for office use. 

F. C. Robinson & Partners Ltd., electronic and in
strumentation engineers, who have been established 
since 1948 in Manchester, have now taken premises at 
Davies House, 181 Arthur Road, Wimbledon, S.W.19 
(Tel.: Wimbledon 6386), for a London sales office and 
showroom. All export business and home sales of 
instruments and electrical equipment south of an east
to-west line drawn through Birmingham will be handled 
from the new office. Northern sales will continue to 
be handled from the company's works at Cheadle, 
Cheshire. 

United States Trade Centre, 58 St. James's Street, 
London, S.W.1, where ranges of American-made goods 
are displayed by their makers or by their accredited 
U.K. importers to trade buyers in Britain, has been 
fitted out with high-fidelity sound amplifying equipment 
installed by Associated Electrical Industries J.-td. 

A new plant for Fine Tubes Ltd., the producers of 
precision drawn small diameter thin-wall tubing for use 
as cathodes, anode and grid cylinders, etc., in all types 
of electron tubes, is expected to be completed this 
summer· at Estover, near Plymouth, Devon. The com
pany also have premises at King Charles Road, Surbi
ton, Surrey. 

The Vatican has ordered a second Telefunken 100kW 
short-wave broadcasting transmitter in order to enlarge 
the Ra·dio Vatican installations. 

Head office of Vactric Control Equipment Ltd. is now 
located at Garth Road, Morden, Surrey (Tel.: Derwent 

6644). 

Fluxite Ltd., manufacturers of soldering paste and 
soldering fluid, have moved to new premises at Bridge 
Road, Merton Abbey, London, S.W.19 (Tel,: Mitcham 
9759). 

Furzehill Laboratories Ltd., and their subsidiary 
British Watch Timers Ltd., have moved to new premises 
in Theobald Street, Bareham Wood, Herts (Tel.: 
Elstree 4331). 
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Swedish-made Pearl microphones are now b:ing dis
tributed in the U.K. by Audix B.B. Ltd., Bentfield End, 
Stansted, Essex, who have been appointed sole agents. 
The Pearl range includes crystal and moving-coil micro
phones, also dynamic-cardioid and condenser types for 
studio and professional use. 

Beckman products are to be manufactured and dis
tributed in Japan by a new company, Beckman-Toshiba 
Ltd., which has been formed in Tokyo and is jointly 
owned by Beckman Instruments Inc., of Fullerton, Cali
fornia, and the Tokyo Shibaura Electric Company 
(Toshiba). Beckman make electronic instruments, 
systems and components and maintain plants and facili
ties in Canada, Germany, Switzerland and at Glen
rothes, Fife, Scotland. 

Hawley Products Ltd., manufacturers of loudspeaker 
cones and fibre mouldings under licence from Hawley 
Products Co. Inc., of Illinois, U.S.A., and for some 
years one of the Plessey g,roup of companies, has 
become a wholly-owned subsidiary of the American 
company as from May 5. Manufacture is continuing 
at the company's Cheney Manor, Swindon, factory. 

Sylvania-Thorn Expansion.-Plans for a threefold 
increase in their production of instrument and oscillo
graph cathode ray tubes are announced by the 
Sylvania-Thorn Colour Television Laboratories, who 
have recently acquired additional manufacturing facili
ties at Thorn Electrical Industries' Enfield premises. 

Solid dielectric gang timing capacitors, formerly 
imported by Impectron Ltd., from the German manu
facturers, Ludwig Beck Nachf. oHG, are ·now to be 
made in the U.K. and marketed by L. Beck (G.B.) Ltd., 
414 Chiswick High Road, London, W.4-a joint ven
ture by the German parent company, Impectron Ltd 
and the Goldring Mnfg. Co. (G.B.) Ltd. · 

OVERSEAS TRADE 
Norwegian nautical · schools at Arendal, Bergen, 

Kristiansand S., and Oslo have placed orders for com
plete Marconi communication systems. In addition 
Marconi Lodestar automatic direction-finding equip
ment has been ordered for nautical schools at Stavanger, 
Troms~, Arendal and Kristiansand S. Lodestone 
direction-finders are being supplied to schools at Bergen 
and Porsgrunn. 

Orders for 1,000 marine radar equipments in less 
than nine months are recorded by Decca, who state 
that this is considerably quicker than any previous 1,000 
orders for marine sets yet obtained by the company. 
The order for the 12,000th Decca radar was one of 
five recently received from a German source. Through
out the world the total of radar fitted ships is currently 
estimated at between 22,000 and 23,000, state Decca. 

Egypt's Army is to be equipped with Mullard mobile 
wireless stations under an order worth £165,000 placed 
with Mullard Equipment Ltd. by the Egyptian 
Government. 

Ankara-Karachi microwave communications link, at 
present under construction for the Central Treaty 
Organization, spans 3,060 miles and calls for a 92-
station microwave link in the 2,000Mc/ s band. Main 
contractors are R.CA International, but the M-0 
Valve Company was recently awarded a $-!-M contract 
for the supply of travelling wave tubes for the link. 

All activities in Canada of English Electric Valve . Co. 
Ltd., hitherto handled by Canadian Marconi Company, 
have been transferred to a new subsidiary, English 
Electric Valve Co. (Canada) Ltd.; which ·has been 
formed in Toronto with the objects of importing, test
ing, storing and trans-shipping E.E. tubes and also 
providing an after-sales service. 
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Erection of 13 high masts complete with aerials for 
Nj^.T.O.'s new v.l.f. transmitting station at Anthorn, 
near Carlisle, is being undertaken by British Insulated 
Callender's Cables Ltd. following a £UM order from 
Continental Electronics Systems Inc., of Dallas, Texas, 
for their design and supply. The aerial system involves 
one central mast and two concentric rings of six masts 
each. The inner ring will be 1,300 ft from the centre, 
the radius of the outer ring being 2,100 ft. Height of 
the masts varies from 745 ft at the centre to 600 ft 
at the outer ring. Completion of the station will take 
about two years. 

Space research instrumentation is the work of a 
specialist department recently set up by McMichael 
Radio with the primary object of making basic pieces 
of equipment for satellites. Some of the instrumenta- 
tion in the capsule of Britain's satellite " Ariel" has 
been supplied by this subsidiary company of the G.E.C. 

Collins Italiana S.p.A., owned jointly by Collins 
Radio Company of Dallas, Texas, and Telettra S.p.A. 
of Milan, has been formed to market the range of 
Collins ground and airborne communication equipment 
in Italy. In the U.K. the complete line of equipment 
of the parent company is handled by Collins Radio Co. 
of England Ltd., 242 London Road, Staines, Middx. 
(Tel.: Staines 54128.) 

Grundig Radio-Werke G.m.b.H. are building a new 
tape recorder works close to the flourishing satellite 
town of Ntirnberg-Dutzendteich. Construction of the 
office buildings, which will cover an area of 25,000 sq 
metres, has already commenced and completion will 
take about one year. When finished some 2,500 workers 
will be employed in making studio-quality tape 
recorders for the domestic market and dictating 
machines for office use. 

F. C. Robinson & Partners Ltd., electronic and in- 
strumentation engineers, who have been established 
since 1948 in Manchester, have now taken premises at 
Davies House, 181 Arthur Road, Wimbledon, S.W.19 
(Tel.; Wimbledon 6386), for a London sales office and 
showroom. All export business and home sales of 
instruments and electrical equipment south of an east- 
to-west line drawn through Birmingham will be handled 
from the new office. Northern sales will continue to 
be handled from the company's works at Cheadle, 
Cheshire. 

United States Trade Centre, 58 St. James's Street, 
London, S.W.I, where ranges of American-made goods 
are displayed by their makers or by their accredited 
U K importers to trade buyers in Britain, has been 
fitted out with high-fidelity sound amplifying equipment 
installed by Associated Electrical Industries Ltd. 

A new plant for Fine Tubes Ltd., the producers of 
precision drawn small diameter thin-wall tubing for use 
as cathodes, anode and grid cylinders, etc., in all types 
of electron tubes, is expected to be completed this 
summer at Estover, near Plymouth, Devon. The com- 
pany also have premises at King Charles Road, Surbi- 
ton, Surrey. 

The Vatican has ordered a second Telefunken lOOkW 
short-wave broadcasting transmitter in order to enlarge 
the Radio Vatican installations. 

Head office of Vactric Control Equipment Ltd. is now 
located at Garth Road, Morden, Surrey (Tel.: Derwent 
6644). 

Fluxite Ltd., manufacturers of soldering paste and 
soldering fluid, have moved to new premises at Bridge 
Road, Merton Abbey, London, S.W.19 (Tel.: Mitcham 
9759). 

Furzehill Laboratories Ltd., and their subsidiary 
British Watch Timers Ltd., have moved to new premises 
in Theobald Street, Boreham Wood, Herts (Tel.; 
Elstree 4331). 
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Swedish-made Pearl microphones are now being dis- 
tributed in the U.K. by Audix B.B. Ltd., Bentfield End, 
Stansted, Essex, who have been appointed sole agents. 
The Pearl range includes crystal and moving-coil micro- 
phones, also dynamic-cardioid and condenser types for 
studio and professional use. 

Beckman products are to be manufactured and dis- 
tributed in Japan by a new company, Beckman-Toshiba 
Ltd., which has been formed in Tokyo and is jointly 
owned by Beckman Instruments Inc., of Fullerton, Cali- 
fornia, and the Tokyo Shibaura Electric Company 
(Toshiba). Beckman make electronic instruments, 
systems and components and maintain plants and facili- 
ties in Canada, Germany, Switzerland and at Glen- 
rothes, Fife, Scotland. 

Hawley Products Ltd., manufacturers of loudspeaker 
cones and fibre mouldings under licence from Hawley 
Products Co. Inc., of Illinois, U.S.A., and for some 
years one of the Plessey group of companies, has 
become a wholly-owned subsidiary of the American 
company as from May 5. Manufacture is continuing 
at the company's Cheney Manor, Swindon, factory. 

Sylvania-Thorn Expansion.—Plans for a threefold 
increase in their production of instrument and oscillo- 
graph cathode ray tubes are announced by the 
Sylvania-Thorn Colour Television Laboratories, who 
have recently acquired additional manufacturing facili- 
ties at Thorn Electrical Industries' Enfield premises. 

Solid dielectric gang timing capacitors, formerly 
imported by Impectron Ltd., from the German manu- 
facturers, Ludwig Beck Nachf. oHG, are now to be 
made in the U.K. and marketed by L. Beck (G.B.) Ltd., 
414 Chiswick High Road, London, W.4—-a joint ven- 
ture by the German parent company, Impectron Ltd 
and the Goldring Mnfg. Co. (G.B.) Ltd. 

OVERSEAS TRADE 

Norwegian nautical schools at Arendal, Bergen, 
Kristiansand S., and Oslo have placed orders for com- 
plete Marconi communication systems. In addition 
Marconi Lodestar automatic direction-finding equip- 
ment has been ordered for nautical schools at Stavanger, 
Tromsd, Arendal and Kristiansand S. Lodestone 
direction-finders are being supplied to schools at Bergen 
and Porsgrunn. 

Orders for 1,000 marine radar equipments in less 
than nine months are recorded by Decca, who state 
that this is considerably quicker than any previous 1,000 
orders for marine sets yet obtained by the company. 
The order for the 12,000th Decca radar was one of 
five recently received from a German source. Through- 
out the world the total of radar fitted ships is currently 
estimated at between 22,000 and 23,000, state Decca. 

Egypt's Army is to be equipped with Mullard mobile 
wireless stations under an order worth £165,000 placed 
with Mullard Equipment Ltd. by the Egyptian 
Government. 

Ankara-Karachi microwave communications link, at 
present under construction for the Central Treaty 
Organization, spans 3,060 miles and calls for a 92- 
station microwave link in the 2,000Mc/s band. Main 
contractors are RCA International, but the M-O 
Valve Company was recently awarded a $JM contract 
for the supply of travelling wave tubes for the link. 

All activities in Canada of English Electric Valve Co. 
Ltd., hitherto handled by Canadian Marconi Company, 
have been transferred to a new subsidiary, English 
Electric Valve Co. (Canada) Ltd., which has been 
formed in Toronto with the objects of importing, test- 
ing, storing and trans-shipping E.E. tubes and also 
providing an after-sales service. 
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UNBIASED 

What's in a Name? 
ONE wonders why it is so often 
stated by people who ought to know 
better that transistors have largely 
replaced valves, or that one day they 
wtll do so. I see this foolish state
ment repeated once again in an other
wise excellent article on a system 
developed for use in hospitals where
by data about patients' heartbeats, res
piration, etc., is fed to a control panel 
watched over by a nurse. This 
arrangement is, of course, merely an 
obvious and logical development of 
the baby-alarm system first discussed 
in this journal between 30 and 40 
years ago. 

The writer of this article, which 
appeared a few months ago in the 
Daily Express, tells us that "this 
device has been made possible by 
transistors, the tiny slivers of metal 
which have replaced valves." Need
less to say, transistors have not re- · 
placed valves, and never can do so, 
for the simple reason that they are 
themselves valves; fully as much so 
as the older thermionic type. Also 
I don't think it correct to say tran
sistors have made possible the device 
described; I feel quite sure the job 
could have been done by thermionic 
valves, especially the miniaturized 
type, although certainly less con
veniently. 

I am afraid all this trouble comes 
about because in the heyday of 
thermionic valves, nobody thought to 
coin a handy name for them as did 
the inventors of the modern atherm
ionic type when they coined the word 
"transistor." The handy trip-off-the
tongue word " transistor" is on a 
par with the word "radar" which 
has made many people fail to realize 
that what we now call "radar" 
existed long before this name was 
coined, under the name " radioloca
tion" and "R.D.F." 

Athermionic valves--of which 
transistors when stripped of their 
fancy name, are merely a special class 
-do not date back merely to 1906, 
or thereabouts, when crystal receivers 
came on the scene. They date right 
back to the nineties when the coherer 
reigned supreme. The coherer ful
fils the conditions laid down by the 
author of the Daily Express article 
when he tells U5 "the transistor is 
basically a tiny electronic tap which 
can contrOl a big flow of electricity." 

Surely that is precisely · what a 
coherer is, or was-a tap closed by 
the tiny oscillations in the aerial cir
cuit, and opened by the decoherer. In 
the process of this opening and clos
ing, the coherer controlled quite a 

296 

~ 

. 

. By "FREE GRID'' ' large supply of local energy large 
enough at any rate, to waggle the 
armature of the morse inker. 

Antinode Dowsing 
I MUST accept with becoming humi
lity, the Editor's implied rebuke
written, I feel sure, more in sorrow 
than in anger-in his footnote to my 
complaint in the April issue about 
the shortcomings of the B.B.C.'s 
v.h.f./f.m. service. . 

At the same time I must point out , 
in justice to myself that I was not 
complaining on my own behalf but 
merely giving further publicity to the 
complaints made in a national news. 
paper by just ordinary listeners 
without the specialized knowledge of 
the Editor and myself. 

I cannot imagine ordinary dwellers 
in J:ollow_s. setting forth by night with 
their famthes to look for fat antinodes 
in the gardens, and after a patient 
search, finding the fruit they sought 
in a tree just as Eve did after listen
ing to the ill-meant advice of the 
serpent. 

The ordinary non-technical lis
tener would not, I fear, recognize an 
antinode when he found one, and 
even if he did, it would really only 
reveal to his nakedness-of know
ledge and not of body as in the case 
of Adam and Eve-so that he 
wouldn't know . exactly what to do 
when he had found what he had 
sought. 

I have great respect for radio 
dealers-at least for some of them
but I cannot imagine their approving 
when they found the customer was, 
like the Editor, using only the simple 
dipole which is essential to the suc
cess of this method. Their remedy 
would be to get the customer to try 
to increase signal strength by adding 
a long line of directors to the hori
zontal dipole on the roof so that the ' 
thing resembled a xylophone, as do 
some of the TV aerials in East 
Anglia, upon which I once com
mented in these columns. 

But still, there are plenty of tech
nically wide-awake and conscientious 
dealers, and no doubt before long we 
shall find notices in their windows 
saying they are expert antinode 
dowsers, and payment for their ser
vices will be at so much per f.LV /m 
gained. 

I have often thought it would be 
possible for a psychically sensitive 
person, armed with a dipolar dows
ing rod, to feel an oscillating twitch 
when in the right spot, so imparting 
movement to the rod as in the case 

of a water diviner standing near 
H20, or for that matter, near a re
ceiver when the B.B.C. is radiating 
one of its less entertaining pro
grammes. 

The A ulo-amplifying Loud-
speaker . 
I WAS interested in the remarks 
made by tbe Editor of our sister 
journal Electronic . Technology about 
the Johnsen-Rahbek effect which 
!tas once more come to the fore. we 
m the world of wireless communica
tion know . the effect since it used to 
be employed in a loudspeaker of the 
same name. 

In brief, th.e loudspeaker con
sisted of a clockwork-driven revolv
ing cylinder, very similar to that of 
a phonograph, over which was 
stretched a metal-backed band of 
semi-conducting material. One end 
of the band was firmly anchored to 
the baseboard and the other attached 
~o the. lou~speaker diaphragm. An 
mcommg signal boosted the electro
static attraction between band and 
cylinder so that the band was 
momentarily gripped by the revolv
ing cylin_der, thus giving a sharp tug 
on the dtaphragm. In an alternative 
arrangement the cylinder was semi
conducting and the ·band entirely 
metallic. 

This type of loudspeaker thus 
a~plified, as well as reproduc;ed the 
stgnal, and so was of great interest 
in the days before valve amplifiers 
came into their own. The recollec
tion of the Johnsen-Rahbek speaker 
set me wondering how many other 
types of self-amplifying loudspeaker 
had been developed. I can only 
recall two but I think there were 
more, and maybe some of the older 
readers of Wireless World can recall 
others. First the Stentorphone, 
which was greatly in evidence on all 
our seaside piers in the summer of 
1921, it being sponsored by a 
national newspaper. The Stentor
phone, invented by H. A. Gaydon 
and made by Creed & Co., used 
compressed air which was modu
lated by the incoming signals by 
means of a vibrating grille valve. -

The second one I recall very well 
as I still possess a specim~n of it . . 
It was the Crystavox, made by S. G. 
Brown Ltd. It consisted of a micro
phone amplifier built into the base 
of a small horn-type loudspeaker. 
The name Crystavox was obviously . · 
suggested by the fact that it was 
intended to be connected direct to 
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ONE wanders why it is so often 
stated by people who ought to know 
better that transistors have largely 
replaced valves, or that one day they 
zoill do so. I see this foolish state- 
ment repeated once again in an other- 
wise excellent article on a system 
developed for use in hospitals where- 
by data about patients' heartbeats, res- 
piration, etc., is fed to a control panel 
watched over by a nurse. This 
arrangement is, of course, merely an 
obvious and logical development of 
the baby-alarm system first discussed 
in this journal between 30 and 40 
years ago. 

The writer of this article, which 
appeared a tew months ago in the 
Daily Express, tells us that " this 
device has been made possible by 
transistors, the tiny slivers of metal 
which have replaced valves." Need- 
less to say, transistors have not re- 
placed valves, and never can do so, 
for the simple reason that they are 
themselves valves; fully as much so 
as the older thermionic type. Also 
I don't think it correct to say tran- 
sistors have made possible the device 
described; I feel quite sure the job 
could have been done by thermionic 
valves, especially the miniamrized 
type, although certainly less con- 
veniently. 

I am afraid all this trouble comes 
about because in the heyday of 
thermionic valves, nobody thought to 
coin a handy name for them as did 
the inventors of the modern atherm- 
ionic type when they coined the word 
" transistor." The handy trip-off-the- 
tongue word " transistor" is on a 
par with the word "radar" which 
has made many people fail to realize 
that what we now call "radar" 
existed long before this name was 
coined, under the name "radioloca- 
tion " and " R.D.F." 

Athermionic valves—of which 
transistors when stripped of their 
fancy name, are merely a special class 
—do not date back merely to 1906, 
or thereabouts, when crystal receivers 
came on the scene. They date right 
back to the nineties when the coherer 
reigned supreme. The coherer ful- 
fils the conditions laid down by the 
author of the Daily Express article 
when he tells us "the transistor is 
basically a dny electronic tap which 
can control a big flow of electricity." 

Surely that is precisely what a 
coherer is, or was—a tap closed by 
the tiny oscillations in the aerial cir- 
cuit, and opened by the decoherer. In 
the process of this opening and clos- 
ing, the coherer controlled quite a 
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large supply of local energy large 
enough at any rate, to waggle the 
armature of the morse inker. 

Antinode Dowsing 
I MUST accept with becoming humi- 
lity, the Editor's implied rebuke— 
written, I feel sure, more in sorrow 
than in anger—in his footnote to my 
complaint in the April issue about 
the shortcomings of the B.B.C.'s 
v.h.f./f.m. service. 

At the same time I must point out 
in justice to myself that I was not 
complaining on my own behalf but 
merely giving further publicity to the 
complaints made in a national news- 
paper by just ordinary listeners 
without the specialized knowledge of 
the Editor and myself. 

I cannot imagine ordinary dwellers 
in hollows setting forth by night with 
their families to look for fat antinodes 
in the gardens, and after a patient 
search, finding the fruit they sought 
in a tree just as Eve did after listen- 
ing to the ill-meant advice of the 
serpent. 

The ordinary non-technical lis- 
tener would not, I fear, recognize an 
antinode when he found one, and 
even if he did, it would really only 
reveal to his nakedness—of know- 
ledge and not of body as in the case 
of Adam and Eve—so that he 
wouldn't know exactly what to do 
when he had found what he had 
sought. 

I have great respect for radio 
dealers—at least for some of them— 
but I cannot imagine their approving 
when they found the customer was, 
like the Editor, using only the simple 
dipole which is essential to the suc- 
cess of this method. Their remedy 
would be to get the customer to try 
to increase signal strength by adding 
a long line of directors to the hori- 
zontal dipole on the roof so that the 
thing resembled a xylophone, as do 
some of the TV aerials in East 
Anglia, upon which I once com- 
mented in these columns. 

But still, there are plenty of tech- 
nically wide-awake and conscientious 
dealers, and no doubt before long we 
shall find notices in their windows 
saying they are expert antinode 
dowsers, and payment for their ser- 
vices will be at so much per mV/ui 
gained. 

I have often thought it would be 
possible for a psychically sensitive 
person, armed with a dipolar dows- 
ing rod, to feel an oscillating twitch 
when in the right spot, so imparting 
movement to the rod as in the case 

of a water diviner standing near 
H20, or for that matter, near a re- 
ceiver when the B.B.C. is radiating 
one of its less entertaining pro- 
grammes. 

The Auto-amplifying Loud- 
speaker 
I WAS interested in the remarks 
made by the Editor of our sister 
journal Electronic Technology about 
the Johnsen-Rahbek effect which 
has once more come to the fore. We 
in the world of wireless communica- 
tion know the effect since it used to 
be employed in a loudspeaker of the 
same name. 

In brief, the loudspeaker con- 
sisted of a clockwork-driven revolv- 
ing cylinder, very similar to that of 
a phonograph, over which was 
stretched a metal-backed band of 
semi-conducting material. One end 
of the band was firmly anchored to 
the baseboard and the other attached 
to the loudspeaker diaphragm. An 
incoming signal boosted the electro- 
static attraction between band and 
cylinder so that the band was 
momentarily gripped by the revolv- 
ing cylinder, thus giving a sharp tug 
on the diaphragm. In an alternative 
arrangement the cylinder was semi- 
conducting and the band entirely 
metallic. 

This type of loudspeaker thus 
amplified, as well as reproduced the 
signal, and so was of great interest 
in the days before valve amplifiers 
came into their own. The recollec- 
tion of the Johnsen-Rahbek speaker 
set me wondering how many other 
types of self-amplifying loudspeaker 
had been developed. I can only 
recall two but I think there were 
more, and maybe some of the older 
readers of Wireless World can recall 
others. First the Stemorphone, 
which was greatly in evidence on all 
our seaside piers in the summer of 
1921, it being sponsored by a 
national newspaper. The Stemor- 
phone, invented by H. A. Gaydon 
and made by Creed & Co., used 
compressed air which was modu- 
lated by the incoming signals by 
means of a vibrating grille valve. 

The second one I recall very well 
as I still possess a specimen of it. 
It was the Crystavox, made by S. G. 
Brown Ltd. It consisted of a micro- 
phone amplifier built into the base 
of a small horn-type loudspeaker. 
The name Crystavox was obviously 
suggested by the fact that it was 
intended to be connected direct to 
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our crystal sets, and so give us loud
speaker output without any inter
vening valve amplifier. This it did 
very well indeed and it became very 
popular as in those days valves were 
expensive to buy and very fragile. 
Also, of course, being bright emit
ters, they consumed 0.75 amps 
apiece, and so soon drained our 
accumulators dry. 

Atomic Anticlimax 
THE exhibition staged by the 
Science Museum under the title of 
"Atoms at Work'' during March 
was, in my opinion, very well done. 
It was, of course, not intended for 
people of the technical calibre of 
Wireless World readers, the youngest 
of whom will have learned all about 
the anatomy of atoms at his mother's 
knee. 

The show was clearly intended for 
the enlightenment of the general 
public and, as such, I could not help 
thinking that it credited its intended 
patrons with more knowledge than 
they might be expected to possess. 
It certainly started at the very be
ginning and took us by easy stages 
to the Calder Hall nuclear power 
station, where we were told almost 
casually, that the heat generated in 
the reactor was used to raise steam, 
after which the rest of the power 
station followed the turbo-alternator 
pattern of its conventional forbears. 

I listened very carefully to the 
conversation of the passing people, 
and I couldn't help noticing from 
their remarks to each other that this 
simple statement of fact seemed to 
puzzle them because it was obvi
ously not in accordance with their 
pre-conceived ideas of what a nuclear 
power station ought to be. 

The trouble is that the ordinary 
man's acquaintance with "atoms" 
really began with Hiroshima when 
he was told of the tremendous energy 
that was released by the splitting of 
the atom. He may possibly have 
heard of the locked-up power of 
atoms for many years prior to that, 
but the work of Rutherford and 
others was never very well publi
cized. 

Unfortunately, after Hiroshima 
there was too much publicity of the 

wrong sort. The ordinary man 
realised that the power of the A 
bomb came directly from the actual 
atomic fission without the necessity 
of any intermediate process such as 
raising steam, and he expected that 
electricity would be generated 
"direct, in the same manner at a 
nuclear power station. He imagined 
that the electrons winkled out of the 
split atom, would be sent along the 
mains to light and heat his house. 

It was quite obvious from the re
marks I overheard that the idea of a: 
nuclear power station being exactly 
the same as an ordinary one, except 
that a nuclear reactor was used in
stead of a coal or oil-fired boiler, was 
very much of an anticlimax. 
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popular as in those days valves were 
expensive to buy and very fragile. 
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ously not in accordance with their 
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he was told of the tremendous energy 
that was released by the splitting of 
the atom. He may possibly have 
heard of the locked-up power of 
atoms for many years prior to that, 
but the work of Rutherford and 
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cized. 

Unfortunately, after Hiroshima 
there was too much publicity of the 
wrong sort. The ordinary man 
realised that the power of the A 
bomb came directly from the actual 
atomic fission without the necessity 
of any intermediate process such as 
raising steam, and he expected that 
electricity would be generated 
"direct" in the same manner at a 
nuclear power station. He imagined 
that the electrons winkled out of the 
split atom, would be sent along the 
mains to fight and heat his house. 

It was quite obvious from the re- 
marks I overheard that the idea of a 
nuclear power station being exactly 
the same as an ordinary one, except 
that a nuclear reactor was used in- 
stead of a coal or oil-fired boiler, was 
very much of an anticlimax. 
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CONFERENCES AND EXHIBITIONS 

Latest information on forthcoming events both in the 
U.K. and abroad is given below. Further details are 
obtainable from the addresses in parentheses. 

LONDON 
July 2-6 Imperial College 

The Ionosphere 
(Inst. of Phys. & Phys. Soc., 47 Belgrave Square, S.W.1) 

Aug. 22-Sept. 1 Earls Court 
National Radio & Television Show 
(Radio Industry Exhibitions, 59 Russell Square, W.C.1) 

Sept. 19-21 Savoy Place 
Components for Microwave Circuits 
(I.E.E., Savoy Place, W.C.2) 

Sept. 25-27 Imperial College 
Neutron Beam Research in Solid State Physics 
(Inst. of Phys. & Phys. Soc., 47 Belgrave Square, S.W.l) 

Oct. 18-19 Savoy Place 
Symposium on Electronic Equipment Reliability 
(I.E.E., Savoy Place, W.C.2.) 

BIRMINGHAM 
July 9-12 The University 

Sonar Systems Symposium 
(Brit.I.R.E., 9 Bedford Square, London, W.C.1) 

BOURNEMOUTH 
Oct. 2-4 The Pavilion 

Battery Symposium 
(D. H. Collins, Admiralty Eng'g. Lab., W. Drayton, Middx.) 

EXETER 
July 16-20 The University 

Physics of Semiconductors 
(Inst. of Phys. & Phys. Soc., 47 Belgrave Sq., London, S.W.1) 

FARNBOROUGH 
Sept. 3-9 . R.A.E. 

Farnborough Air Show 
(S.B.A.C., 29 King Stre<!t, London, S.W.1) 

HARROGATE 
Sept. 20-22 Old Swan Hotel 

Standardization in Non-destructive Testing 
(Institution of Production Engineers, 10 Chesterfield 
Street, London, W .1) 

HARWELL 
Sept. 10-12 A.E.R.E. 

Low Energy Nuclear Physics Conference 
(Inst. of Phys. & Phys. Soc., 47 Belgrave Sq., London, S.W.1) 

MANCHESTER 
July 5-11 College of Science & Technology 

Electronics, Instruments and Components Exhibition 
(W. Birtwistle, Inst. of Electronics, 78 Shaw Road, Rochdale, 
Lanes.) 

Aug. 29-Sept. 5 Free Trade Hall 
British Association Meeting 
(British Association for the Advancement of Science, 3 
Sanctuary Bldgs., Great Smith Street, London, S.W.l) 

OVERSEAS 
June 11-24 Rome 

Exhibition & Congress on Electronics, Nuclear Energy, 
Radio, Television & Cinematography 
(R.I.E.N.T., via della Scrofa 14, Rome) 

June 12-15 Budapest 
Microwave Communications Colloquium 
(G. Bognar, Tavkozlesi Kutat6 Intezet, Gabor Aron u 65, 
Budapest II) 

June 18-19 Chicago 
Broadcast & Television Receivers Conference 
(I.R.E., 1 East 79 Street, New York 21) 

June 25-27 Washington 
Military Electronics Conference 
(l.R.E., 1 East 79 Street, New York 21) 

June 25-30 Copenhagen 
Electromagnetic Theory & Antennas 
(J. Brown, Electrical Eng'g. Dept., University College, 
London) 

June 27-29 New York 
Xntegrated Automatic Control Systems 
(A. J. Hornfeck, Bailey Meter Co., 1050 Ivanhoe Road, 
Cleveland 10, Ohio) 
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June 28-29 San Francisco 
Radio Frequency Interference 
(R. G. Davis, Lockheed Missile & Space Co., P.O. Box 
504, Sunnyvale, Cal.) 

Aug. 14-16 Boulder 
Precision Electromagnetic Measurements Conference 
(J. F. Brockman, National Bureau of Standards, Boulder) 

Aug. 21-24 Los Angeles 
Western Electronics Show 
(Wescon, 1435 S. La Cienega Boulevard, Los Angeles, 35) 

Aug. 21-28 Copenhagen 
Acoustics Congress 
(Professor S. Ingerslev, Royal Technical College, Ostervold
gade 10, Copenhagen) 

Aug. 27-Sept. 1 Munich 
Information Processing & Digital Computers 
(International Federation of Information Processing, c/o 
B.C.S., Finsbury Pavement, London, E.C.2) 

Aug. 29-Sept. 1 Stockholm 
Speech Communication Seminar 

. (Dr. G. Fant, Royal Inst. of Technology, Stockholm, 70) 
Sept. 3-7 The Hague 

Microwave Valves Congress 
(Congress Microgolfbuizen, Postbus 62, Eindhoven) 

Sept. 3-7 Brussels 
Information Theory Symposium 
(Dr. F. L. Stumpers, Philips Research Labs., Eindhoven) 

Sept. 13-14 Washington 
Engineering Writing and Speech Symposium 
(J. E. Durkovic, ARINC, 1700 "K" St. N.W., Washington 
6, D.C.) 

Sept, 19-20 · Chicago 
Industrial Electronics Symposium 
(J. A. Granath, Armour Research Foundation, Chicago, Ill.) 

Sept. 28-29 Washington 
Broadcast Symposium 
(Dr. W. Hughes, Oklahoma University, Stillwater, Okla.) 

Oct. 1-3 Utica 
Communications Symposium 
(G. Baldwin, Paris Road, R.D.2, Clinton, N.Y.) 

Oct. 2-4 Miami Beach 
Space Electronics and Telemetry Symposium 
(Otto A. Hoberg, Marshall Space Flight Center M-ASTR-I, 
Bldg. 4487-B, Huntsville, Ala.) 

Oct. 8-10 Chicago 
National Electronics Conference 
(Dr. T. W. Butler, Jr., University of Michigan, Ann Arbor) 

Oct. 15-18 Detroit 
Space Phenomena and Measurements 
(Dr. H. E. De Bolt, A VCO Corp., 201 Lowell Street, 
Wilmington, Mass.) 

Oct. 15-20 Basle 
British Component and Instrument Exhibition 
(Industrial Exhibitions Ltd., 9 Argyle Street, London, W.1) 

Oct. 22-24 Baltimore 
Aerospace & Navigational Electronics 
(W. C. Vergara, Bendix Radio, Towson, Md.) 

bet. 30-31 Anaheim 
Spaceborne Computer Engineering Conference 
(Dr. R. A. Kudlich, General Motors Corp., 950 North 
Sepulveda Boulevard, El Segundo, Cal.) 

Nov. 4-7 Chicago 
Engineering in Biology and Medicine 
(D. A. Holaday, P.O. Box 1475, Evanston, Ill.) 

Nov. 12-15 Pittsburgh 
Conference on Magnetism & Magnetic Materials 
(Prof. F. Keffer, University of Pittsburgh, Pa.) 

Nov. 16-17 Montreal 
Communications Symposium 
(A. B. Oxley, Box 802, Station B, Montreal, Quebec) 

Nov. 22-27 Milan 
Automation and Instrumentation Congress 
(Federazione delle Associazioni Scientifiche e Tecniche di 
Milano, Via del Politecnico, 10, Milan) 

Nov. 29-30 New York 
Ultrasonics Symvosium 
(R. N. Thurston, Bell Telephone Labs., Murray Hill, N.J.) 
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