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So many different types of valve now exist that most telecommunications engineers have difficulty in keeping their knowledge

of them up to date, and this series of articles is intended to help them to do so. It outlines certain basic principles common

to most valves and then pcoceeds to discuss the valves that have been developed for use in various frequency bands up to
30,000 Mc/s.

T is sometimes said that really important inven-
Itions need as much as fifty years before they

reach maturity and that later improvements are
in matters of detail. In 1904, J. A. Fleming, later
Sir Ambrose Fleming, invented the thermionic valve.
The first half-century of its existence will therefore
have ended in another five years’ time. Is it at all
likely that by then its development will be more or
lcse complete ?

In the first ten years of its life the thermionic
valve was used almost exclusively, and rather half-
heartedly, as a diode for detecting radio signals, the
fonn in which Fleming invented it. During that
period, however, the grid was introduced by de Forest,
a development more important perhaps than all
that have followed it, because it turned the valve
into a device for generating and amplifying oscilla-
tions. In the second ten years, the valve came into
considerable use, but almost exclusively in the form
of diodes and triodes for radio transmission and
reception, and in repeaters for amplifying speech
signals in audio frequency trunk cables. But little
occurred in the development of fundamentally new
types of valve. If we compare the progress of the
first 20 years with that of the last ten, which have
scen the birth ef the cavity wagnetron, the reflection
klystron and the travelling wave tube, to mention
only three of the valves invented in this country alone,
and have seen valves introduced to such applications
as the fusing of shells and the cooking of meals, it is
clear that the tempo of development, far from
slackening, is speeding up.

Perhaps the reason why the history of thermionic
valve development has not traced the same general
pattern that most other important inventions have,
is that the valve should not be regarded as a particular
invention at all, but as a principle that bears much
the same relationship to light electrical engineering
as, say, heat engines do to mechanical engineering ;
a principle that can be evolved and used in endless
different ways.

Because the rate of development has been so high
in recent years, and during the war the developments
themselves were hidden from most of us, it has been

difficult, even for engineers associated with tele-
communications since pre-war days, to keep informed
about the various types of valve that have been
developed. And if it is difficult for those who were
more or less up to date in 1939, how much more
difficult it must be for the new-comer, meeting for
the first time such a range of valves that depend on
so many different principles and arc used in so many
different ways.

A series of articles has therefore been written in an
attempt to outline in fairly non-technical language
the present state of valve development ; an attempt
that cannot be wholly successful, if only because any
survey of developments for the highest frequencies
will be out of date before it is published.

Following these introductory remarks is an article
on certain principles and phenomena that affect all
valves to a greater or lesser degree. This, it is hoped,
will avoid the two dangers of taking for granted
material that may not be familiar to some readers,
and of covering the same ground in several places,
The third and fourth articles, respectively, will
consider receiving and transmitting valves for use on
frequencies below about 30 Mc/s. No doubt older
readers will find there much that is familiar to them,
particularly on receiving valves, but there have been
recent developments, particularly in miniature valves
that should interest them. The remaining two articles
will describe valves developed, many of them during
the war, for use in Bands 8, 9 and 10* (frequencies
ranging from 30 to 30,000 Mc/s).

It may be useful for the reader to bear in mind that
the order followed in this series is roughly the same
as the time order in the history of the valve. This
is not surprising, because for the last 30 years or so
the trend in radio and line communication has been
towards the use of higher and higher frequencies.
The parallel with the history of valve development is
useful because as the reader passes from article to
article he will see that the time taken for electrons
to cross the interelectrode space in a valve was of
little importance originally. It was not until the later

* POE.E.J, Vol. 42, p. 47 et seq.
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1920's, when frequencies above a few megacycles per
second began to be employed, that the effect of transit
time came to be at all noticeable. Rather later, when
frequencies of the order of 100 Mc/s came to be studied,
transit time, and the reactances introduced by the
valves and their holders, were found tolimit the highest
frequencies at which existing valves could be used.
This led to the development of valves with very small
electrode spacings to reduce transit time, and short
thick leads to reduce capacitance and inductance;
but it seemed that a point must soon be reached
where the inertia of the electron prevented any
upward extension of the frequencies used.

Roughly speaking, this point corresponds to the
end of the fifth article in the series.

The impasse was overcome by what virtually
amounted to a revolution in technique: the very
factor that was impeding progress, electron transit
time arising out of the inertia of electrons, became

an essential factor in an entirely new series of valves.
Valves were developed whose mode of operation did
not depend on accelerating electrons so quickly from
a position of rest near the cathode that they could
reach another electrode in a fraction of a cycle of the
signal frequency. They depended instead on cyclically
varying the velocity of electrons already in rapid
motion, and relying on their time of transit to elec-
trodes further along their path to change the smooth
flow of electrons into one in which they were clustered
in bunches. To go further would be to anticipate the
last article in the series. It is sufficient to indicate that
those factors that appeared to bar the way have been
turmed so much to advantage that frequencies up-
wards of ten times those previously employed are now
being exploited.

We have not yet answered the question that was
posed at the beginning of this introduction. The

«r 1

reply is an emphatic “ no

Part 2—The Physical Principles of Thermionic Valve Operation

U.D.C. 621.385

K. D. BOMFORD, M.sc.. AM.LEE.

A survey is made of various factors common to most thermionic valves. The phenomena of primary and secondary emission,
space charge and transit time and the functions of various electrodes in the more conventional types of valve are discussed.

Introduction

N all its many forms the thermionic valve depends
Ifor its action on the passage of free electrons

through an evacuated space, and the properties
of various types of valve cannot very well be dis-
cussed without referring to a number of underlying
principles and, if only briefly, to some of the more basic
phenomena involved.

The first essential is to outline very roughly the
structure of the atom and to give a picture of the
way in which substances can be made toemit electrons.

ELECTRON EMISSION
Electrons and Ions.

An atom of any particular substance consists of a
relatively heavy nucleus and a definite number of
electrons that may, for the purpose in view, be
regarded as moving in planetary paths round the
nucleus. The structure of the nucleus and the num-
ber of the electrons normally circulating round it
depend upon the element that the atom represents.
All the electrons have equal negative charges and the
nucleus has a positive charge that is just sufficient
to neutralisc the negative charges of the normal quota
of electrons ; so that the complete atom is neutral.

In conductors, some of the moving electrons are
so loosely tied to their paths that they are continually
changing places with electrons in other atoms, and
they can be made to drift in one direction by applying
a voltage externally. This drift of electrons constitutes
a flow of current through the material in the opposite
direction to the movement of the electrons. The
velocities of the loosely tied electrons can be increased
to such a degree by raising the temperature that
electrons break through the surface of the material
into the surrounding space. This thermionic
emission of electrons is the basis of the thermionic
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valve, for once they are an appreciable distance
outside the surface the electrons are readily attracted
to an adjacent positively charged electrode, e.g. the
anode ; this produces a flow of current through the
intervening space in a direction assumed by con-
vention to be from the positive electrode to the
emitting surface.

It may be of interest to note some of the magnitudes
associated with an electron. It has a negative charge
of approximately 16 X 10-1? coulomb and a mass
when at rest of only 91 x 10-28 gram. It is the
smallest known particle, with an apparent radius of
about 19 x 10-13 cm. and behaves as if it is extremely
dense, many thousands of millions of times denser
than iron. By comparison, the nucleus is much
heavier and largely determines the mass of the atom.

Those atoms that have lost one or more electrons
are called ions and obviously have a positive charge
equal in magnitude but opposite in sign to that
of the missing electrons. Such ions are commonly
formed in valves by collisions between electrons in
transit and the residual atoms of gas in the inter-
electrode space. These collisions detach electrons
from the atoms and augment the electron flow but,
what is more important, the much heavier positive
ions are attracted to the emitting surface and their
impact can damage the emitter if the bombardment
becomes severe.

Principles cf Emission.

The production of free electrons by raising the
temperature of the emitting electrode until the
electron velocity is sufficient to break through the
surface, is called thermionic or primary emission.
Free electrons are also produced by secondary emission
when an electron or ion travelling with high velocity
bombards an electrode with sufficient force to release
electrons from atoms near the surface.



For the application under discussion, primary and
secondary emission can only be effective in a relatively
high vacuum, because the electrons would otherwise
be blocked by collision with atoms of gas; inci-
dentally most emitting substances would oxidise at
the operating temperature if heated in air. In some
instances, however, traces of gas are deliberately
introduced to obtain a specific effect.

The restraining forces opposing primary emission
at a surface are a complex combination of attraction
and repulsion by adjacent electrons and ions, acting
on those electrons that are continually jumping from
atom to atom. These electrons can only break through
the boundary forces when their velocity is raiscd
beyond a certain value characteristic of the emitting
material, and the work per unit charge that must be
performed in forcing an electron through the surface
1s called the work function of the material. The
work function is constant for a given material, and,
although it is normally expressed in volts, i.e. the
potential difference that would accelerate an electron
to the requisite speed, the electrons in the cathode
of normal valves in fact acquire the necessary veloci-
ties from the heat applied to the cathode. Clearly,
the lower the work function the greater the emission
for a given temperature. Once through the surface,
the electron must overcome the force attracting it
back to the emitting surface ; this force, however,
gets progressively weaker the further the electron
travels and after only a short distance, it varies
inversely as the square of the distance.

Velocity ¢f Emission.

The electrons are emitted with varying velocities
which follow a modified Maxwellian distribution, and
when the electron stream is collected by the anode
the statistical variation in the rate of arrival gives
rise to small variations known as shot noise. This is
important in that it places a lower limit to the
magnitude of any signal that can be carried by the
electron stream, without being overwhelmed by the
noise.

The Emission Egquation.

Thermionic emission is thus seen to be dependent
upon the temperature and work function of the
material, and is actually given by the following
equation

I = AT2 " amps. per square cm.
where
T is the temperature in degrees Kelvin (273 4-C°),
A is a constant depending upor, the material,
b is 11,600 x (work function in volts),
and ¢ is 2-718.

The exponential term makes the magnitude of the
emission very sensitive to small changes in either
the temperature or the work function. By differentia-
ting with respect to temperature it is easily shown
that the percentage increase in emission is (2 + 4{T)
times the percentage increase in temperature, that is
over 40 times as great for the normal oxide-coated
emitter. Similarly, the change in current for a small
alteration in the work function is magnified &/T
times or about 10 times for the oxide-coated cathode.

The values of the factors 4 and b are such that

there are relatively few materials capable of giving
worthwhile emission at temperatures below their
melting points, and these fall into three classes (1)
pure metals ; (2) atomic film emitters ; and (3) oxide
emitters, in ascending order of emission efficiency.

Emission from Pure Metals.

Tungsten, and to a lesser extent, tantalum are the
only metals of practical importance and both have
high work functions, 4-62 wvolts and 4-1 volts
respectively, which are offset by their very high melt-
ing points enabling tungsten to be operated at
3,500°K and tantalum at 3,100°K. Tungsten
has other advantages in that it is very stable
and can withstand excessive positive ion bombard-
ment much better than other types of emitter.
It is therefore used widely in high-power valves using
anode voltages exceeding 4,000 volts, where the
velocity of arrival of positive ions at the filament is
extremely high. Unfortunately, tungsten has the
drawback of being difficult to process into filaments.
Although tantalum is much easier to work it is more
readily poisoned, i.e. its emissive properties are
impaired by the presence of residual gas in the valve,
and this is why tungsten is normally used in high-
power transmitting valves.

Atomic Film Emiltters.

The improvement in emission obtained by forming
a thin surface layer of a particular metal on another
metal was discovered by accident when thorium was
added to tungsten to improve its mechanical pro-
perties.  With suitable and somewhat intricate
preparation a very thin film of thorium, approximately
one atom thick, can be made to diffuse up to the
surface of the tungsten, and in this state a working
temperature very close to the melting point of
thorium can be maintained without evaporating the
film. In addition, the work function, 2-8 wvolts, is
lower than that of either pure tungsten, 4-62 volts, or
pure thorium, 3-4 volts. The combination of lower
work function and relatively high working tem-
perature increases the emission well above that of
pure tungsten so that below 4,000 volts but above
1,000 volts on the anode the thoriated tungsten
emitter is the best available, and it is competing
successfully with pure tungsten at even higher
voltages as vacuum technique improves and reduces
the positive ion bombardment,

Oxide-Coated Emitters.

Oxide-coated emitters normally consist of a mixture
of barium and strontium oxides on a suitable base
metal and are so efficient that they are used to the
exclusion of almost all other cathodes for valves in
which the anode potential is less than 1,000 volts ;
above this, they are easily damaged by the bombard-
ment of positive ions. The oxidesare used in the
form of a coating either on a directly heated filament
or on an indirectly heated cathode. The latter
arrangement has the advantages that A.C. power can
be used for the heater wire and that the cathode is at
a uniform potential, not necessarily tied to the heater
supply. The filament type of cathode has a voltage
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gradient due to the heating current, but the thermal
efficiency is of course much greater.

Although it is believed that emission takes place
from small particles of the free metal on the surface,
the work function is lower than that of the unoxidised
metal, being about 10 volt. This means that copious
emission can be obtained at temperatures of about
1,100°K, at which temperature the oxides are quite
stable in a vacuum. The oxides are not stable in air,
however, even at room temperature, and must there-
fore be formed after the valve is evacuated. Usually
a coating of carbonate or hydroxide is used ; this is
then activated by heating, usually assisted by
deliberate positive ion bombardment, which at this
stage can be tolerated.

The emission characteristics of the three alternative
types of cathode are summarised in Table 1 and
illustrate the marked advantage of the oxide coated
electrode from an efficiency point of view.

The oxides are affected by residual gases in the
valve, particularly by oxygen, which poison the
material and restrict its life.

TABLE 1
Emissiorn CHARACTERISTICS OF CATHODE MATERIALS.

Work Maximum Average ‘ Anode voltage
Material function | cperating emission range for
temperature efficiency. which filament
, mA persg. cm. s used
‘ Volts. ! K | perwatt. Volts.
i
N \ ' 1 R
Tungsten C452 3,600 | ) greater than
i 4,000
i |
Thoriated 26 . 1,900 \ 50 1,000
Tungsten i 4,000¢
| |
Barium and | 10 1,100 500 less than
Strontium oxide 100 for 1,000
iadirectly
heated
‘ cathode)

® Thoriated tungsten may be used at higher veltages whea special care is taken
to improve the vacuum.

Peal: Emission.

Oxide-coated emitters have the additional property
of giving extremely high peak emissions, of the order
of 100 amps. per square cm. for very short periods.
The emission rapidly falls from its peak value, but
after a short rest period for the formation of further
pure metal particles the emission returns to normal
and a succession of high energy pulses can therefore
be obtained in this way.

Secondary Emission.

The magnitude of the secondary emission from the
anode and from other electrodes subject to high
positive potentials depends, of course, upon the
number of bombarding electrons, their velocity of
arrival, and upon the electrode material. The ratio
of secondary electrons to bombarding electrons can
be less or greater than unity and with caesium, for
instance, the ratio may approach ten. Other materials
yield lower ratios but all conductors and insulators
yield secondary emission in some degree.

The metals commonly used in valve construction,
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such as copper, nickel and molybdenum, all have a
maximum ratio of about 1-4, as shown in the curves
of Fig. 1. These curves! also show that the secondary
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emission passes through a maximum as the voltage
is increased, the highest emission normally occurring
between 300 and 600 volts.

The condition of the surface has a marked effect on
the secondary emission and unless special cleaning
methods are employed the effect may be increased as
much as five times by such slight contamination as
materials may experience during commercial pro-
duction, and the curves of Fig. 1 only apply to
absolutely clean surfaces.

The addition of a carbon black coating reduces
the emission and it is therefore common practice to
carbonise anodes both for this purpose and to improve
thermal radiation.

THE DIoDE
Electron Movement in the Diode.

After the emission from the cathode the movement
of electrons in a diode is governed by the normal laws
of motion in a straight line, neglecting the interaction
between adjacent electrons discussed in the next
section. An electron is attracted to the positively
charged anode with a force determined by the product
of the voltage gradient and the electron charge. This
accelerates the electron from a very low emission
velocity at the cathode ta a relatively high velocity
at the anode. The arrival velocity is readily calculated
and is given by:

v =09 X 107 X 4/V cms. per sec.*
where V is the anode voltage. The emission velocity is
assumed to be zero. Thus, an anode voltage of
100 volts will produce an electron arrival velocity of
about 3,650 miles per sec., which, although high, still
does not approach that of light.

! J. H. Owen Harries. “ Secondary Electron Radiation '
Electronics, Sept., 1844, p. 100.

* This equation ceases to be valid when the velocity
approaches that of light, i.e, {for extremely high voltages.



The transit time of an electron from cathode to
anode may be similarly calculated and is given by

; — 34 x Sx10-8
VvV
where S is the distance from cathode to anode in cms.
and V is the anode voltage.
Transit time begins to affect the performance of a

valve slightly when it is of the order of 1 per cent. of
the time of one cycle of the applied signal and Fig. 2
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shows the ratio of transit time to the time of one
cycle for various frequencies, taking typical values of
V = 200 volts and S = 0-2 cms. As discussed in
the next section, space charge, which is normally
present under ordinary operating conditions, increases
the transit time by 50 per cent. and results in the upper
of the two curves of Fig. 2. In this case it will be seen

that the ratio of transit time to one period of the
applied signal is 2 per cent. at about 12 Mc/s.

Space Charge Effects in the Diode.

Assuming a finite anode voltage but an unlimited
cathode emission the anode current will be influenced
by the presence of the electrons in the cathode-anode
space, which constitute a distributed negative space
charge modifying the potential distribution in such a
way as to reduce the electron flow. The effect of the
space charge can be conveniently visualised by
considering the potential distribution of an idealised
diode with flat parallel electrodes, in the following
manner.

These curves of the potential distribution between
cathode and anode are shown in Fig, 3: a straight
line (a) when there is no emission from the cathode,
a curved line (b) when emission is assumed to occur
at zero velocity, and a second curved line (¢) that
dips below the horizontal axis when emission velocity
is taken into account. In the case of (b) the presence
of the negatively clrarged electrons depresses the
voltage characteristic, but since the potentials of the
electrodes are maintained unchanged the curve must
assume the general shape shown. The slope of the
curve must be zero at the cathode end. It cannot be
negative because zero emission velocity is assumed
and the emission itself would then cease, and if it
were positive more electrons would be emitted until
it became zero again. Thus, however great the
emission capability of the cathode, the electron flow
will limit itself to this equilibrium value.

In the practical case of finite emission velocities the
voltage gradient will be negative adjacent to the
cathode and will pass through a minimum; as shown
in the curve of Fig. 3 (c), known as the potential
barrier. Some electrons will not be emitted with
sufficient velocity to overcome the retarding force
of this negative gradient and will return to the
cathode.

If the emission is adequate the electron flow will
increase as the anode voltage increases, while the
valve is working under space charge conditions. A
voltage will eventually be reached, however, where
the maximum possible cathode emission is all drawn
to the anode and any further increase in anode
voltage will produce no increase in current. The
valve is then saturated, or in a temperature-
limited condition, and a further increase in
anode current can only be obtained by in-
creasing the cathode temperature. This
well-known diode characteristicisillustrated
in Fig. 4, As already stated, for most appli-
cations valves are operated under space
charge conditions.

It can be shown that over the normal
space charge operating region the anode
current varies as the 3/2 power of the anode
voltage.
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Additional Effects f the Space Charge.

In addition to modifying the potential
© distribution the space charge affects the
operation of the valve in other ways. It
reduces the capacitance between electrodes
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and smooths out some of the fluctuations in the
rate of emission of electrons, thereby reducing
the shot noise in the valve. Apart from these two
desirable features, it has the undesirable effect of
increasing the effective electron transit time by 50 per
cent.

THE TRIODE
Control cf Electrons ty a Third Electrode.

The velocities of free electrons, both primary and
secondary, and the paths they follow, are influenced
by additional electrodes between the anode and
cathode, and by the application of an external
magnetic field. In the triode valve small variations
in the potential of the open mesh grid have a greater
effect on the electron stream than do similar varia-
tions of the anode potential, because the grid is closer
to the cathode where the electron velocity is small,
and the electrons are therefore influenced by the
electrostatic field of the grid for a longer time. In
most small valves the grid potential is never allowed
to become positive and there is therefore substantially
no grid current,* but its open mesh allows the
electron stream to flow through to the anode. By
contrast, however, large transmitting valves are
operated so that the grid swings positive diring part
of each cycle and there is appreciable power dissipated
in the grid circuit.

Variations in the grid potential due io an applied
signal produce corresponding changes in the anode
current, and the resulting voltage variations obtained
by passing the anode current through an external
impedance can be much larger than the variations
applied to the grid. The amplification of a signal in
this way is, of course, one of the main functions of a
valve.

* The velocity of emission from the cathode causes a small
grid current when the grid is only slightly negative.
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The fundamental triode equation is approximately

7\
I, =K (V, —}—;)

where K is a constant depending upon the geometry
of the valve, V, the grid voltage, V, the anode voltage
and g the voltage amplification factor of the valve.

Reverse Grid Current.

In a valve in which the grid is negatively biased,
some of the positive ions produced by collisions
between the free electrons and the remaining gas
molecules in the vacuum are attracted to the grd,
and the resultant grid current will reduce the negative
bias unless the grid circuit resistance is restricted.
If a very high grid circuit resistance is used, the effect
may be sufficiently cumulative to swing the grid
positive ; it is therefore desirable not to exceed the
maximum permissible resistance specified by a
manufacturer. The magnitude of the reverse grid
current is obviously one of the factors determining
the degree to which the valve must be evacuated ;
indeed, it is often used to test the vacuum.

Additional grid current is also caused by grid
emission arising from the deposition of active
emitting material from the cathode during the
formation of the oxide coating from the carbonates,
while the valve is being pumped. Despite the greatest
care in manufacture this contamination is extremely
troublesome, particularly in high performance valves
with small cathode-to-grid spacings, and the resulting
grid emission can only be limited to a tolerable value
by restricting the grid temperature to below about
600°K. TFor this reason the grid structure must be
made of materials with good thermal conductivity
and small cooling fins may have to be attached,
despite the resulting increase in interelectrode
capacitances.

Low insulation can produce a third contribution
to the grid current and although pure mica, which is
normally used to space the electrodes, has an adequate
surface resistivity, it may become contaminated with
a conducting element from either the cathode
activation or the gettering process. A coating of
magnesium oxide is useful in producing a matt
surface which tends to break up the deposit and
prevent it from forming a continuous conducting
sheet on the surface of the mica.

The magnitude of the reverse grid current produced
by these combined effects is usually of the order of
10-7 ampere, and for a high performance receiving
pentode the usual limit to the grid circuit resistance

-18 500,000 ohms.

MULTI-ELECTRODE VALVES

The triode finds only limited application because
the capacitance between the anode and grid electrodes
often provides sufficient feedback to affect the opera-
tion of the valve seriously. This led to the intro-
duction of an open mesh electrostatic screen between
these electrodes, maintained at a D.C. potential of
the same order as the anode. The characteristics of
screened grid valves are, however, seriously modified
by secondary electrons emitted from the anode and



attracted to the screen. This has been eliminated in
the pentode valve by the introduction of an earthed
suppressor screen between the anode and screen grid.
An effective picture of the voltage gradients between
the various electrodes of a pentode valve is provided
by the use of potential profiles? as shown in Fig. §.

carrope 9 POTENTIAL —»

SCREEN
GRID

SUPPRESSOR —
GRID

ANOOE

F1G. §.—POTENTIAL DISTRIRUTION IN A
PENTODE VALVE.

The solid lines show the potential distribution on an
axis running through the grid wires and the dotted
lines on an axis passing through the grid spaces.
For instance, such a diagram illustrates clearly
the action of the suppressor grid. Primary electrons
are accelerated while travelling from the cathode to
the screen grid and they acquire sufficient momentum
to carry them through the suppressor grid despite
the retarding potential gradient between the screen

and suppressor grids. The electrons are then further
accelerated by the positive potential gradient after
the suppressor grid until they arrive at the anode,
and the impact of the primary electrons on the anode
results in the emission of secondary electrons. The
movement of the secondary electrons in the direction
of the cathode, namely, in opposition to the primary
electron stream, is opposed by the potential gradient
between anode and suppressor grid and their low
initial momentum is not sufficient to carry them
through the suppressor grid into what would be an
accelerating potential gradient towards the screen
grid. Instead they are slowed down and then attracted
back to the anode; the secondary emission is thus
effectively suppressed.

Contact Potential.

Contact potential is another phenomenon that has
some effect upon valve performance and is due to the
small potential that exists at the junction of two
dissimilar metals. The differing work functions of
the metals allow electrons to pass more freely across
the junction in one direction than the other and the
resulting accumulation of electrons on one side and
the deficiency on the other give rise to a small potential
difference equal in magnitude to the difference in the
work functions of the metals concerned.

The potential is usually a fraction of a volt and
can therefore only be of importance in the cathode-
grid circuit or the anode circuit at very low voltagcs.

Conclusion.

This brief summary of the principles upon which
a valve depends for its operation will, it is hoped,
provide an adequate theoretical introduction to the
more practical aspects of valve use to be dealt with
in succeeding articles. For a fuller treatment of the
physics of the valve the reader is referred to any of the
standard textbooks® devoted to this field.

3 K. R. Spangenberg. ‘' Vacuum Tubes."

? e.g.. I.. R. Koller. "* The Physics of Electron Tubes.”

TELEGRAPH AND TELEPHONE STATISTICS—SINGLE WIRE MIT.RAGES AS AT 31 MARCH, 1949
POST OFFICE MAINTENANCE—EXCLUDING SUBMARINE CABLE

! OVERHEAD UNDERGROUND
REGION Tiunks and Truaks and

Telegraphs Junctions Subscribers* Telegraphst Junctionsg Subscribersy
Northern Ireland .. .. 6,174 6,314 37,900 108,406 47,068 146,975
Scotland .. .. 11,664 28,859 210,163 817,478 316,974 909,855
Home Ceunties . .. 510 13,249 385,031 1,925,252 575,704 1,539,655
Midland .. . .. 2,198 20,271 236,923 1,092,280 354,649 1,101,102
North Eastern .. .. 3,167 13,691 204,072 889,398 311,078 1,079,995
North Western .. .. 988 6,015 121,528 701,270 408,357 1,302,147
South Western .. .. 1,321 21,813 291,663 1,023,892 230,619 858,374
Welsh and Border Counties 3.497 16,038 164,464 536,762 134,122 352,942
Provinces 29,519 126,250 1,651,744 7,094,938 2,378,571 7,291,045
London .. .. .. — 416 85,901 1,005,792 2,278,176 4,048,147
United Kingdom N 29,519 126,666 1,737,645 8,100,730 4,656,747 11,339,192

* Includes all spare wires.

1 All wires (including spares) in M.U. Cables.

3 All wires (including spares) in wholly Junction Cables.

9 All wites (includiog spares) in Subscribers’ and mixed Junctioin and Subscribers’ Cables.
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Music Circuits on the Phantoms of
12- and 24-Circuit Carrier Cables

U.D.C. 621.395.97 : 621.395.4 : 621.315.212

H. J. MARCHANT, B.Sc., AM.ILEE.,
and L. R. N. MILLS

This article ountlines the standard of performance’ required for music circoits and the method now widely used for their
provision on the phantoms of 12- and 24-circuit carrier cables. Tbe associated equipment is also described.

Introduction.

USIC circuits as described in this article
Mare those routed over the trunk network

and rented by the B.B.C., Wire Broad-
casting and Rediffusion services, for the transmission
of programme material. At the present time such
circuits are usually provided either on lightly loaded,
or unloaded screened pairs, or on the phantoms
of 12- or 24-circuit carrier cables, and both types of
circuit meet the performance requirements for music
circuits equally well. The music circuit network has,
however, expanded very rapidly in recent years, and
the simultaneous development of the carrier cable
network has provided a ready means of meeting the
growing demand for circuits for this purpose. Music
circuits may be provided on these cables by four main
methods, namely :—

(a) Modulation of the programme material into a
frequency band within the range of the 12- or
24-circuit system, or other wide band system.

(8) The split band method.

(¢) Direct transmission of the music band in the
range below 12 kc/s.

(d) Direct transmission of the music band on the
phantoms of the carrier cable pairs.

Method {a) has not been developed in the past in
view of the complexity of the equipment required and
the fact that other methods were more readily
applicable, but the development of the coaxial system
has led to a reconsideration of the problem, since
methods (c) and (d) cannot be used on this system.
The design of suitable equipment is now in hand,
providing two unidirectional music circuits, one in
each direction of transmission, at the expense of
three ‘‘ four-wire ”’ speech circuits.

In method (b) the music band is divided into two or
more parts which are transmitted over separate
channels in the carrier or coaxial system!. The method
necessarily degrades the quality of transmission and
is used only in exceptional circumstances.

Method (c) has been adequately described else-
where?. The filters required at each station are
relatively complex and expensive and only a few
systems are in use in this country. These will ulti-
mately be used only on the Bristol-Plymouth
carrier route employing the old type multiple twin
carrier cables.

Method (d), as described in this article, has been
adopted as the standard method for providing music
circuits on carrier cables and is suitable for use with
anytype of 12- or 24-circuit carrier system. It provides
twelve unidirectional music circuits in each direction
of transmission on one pair of carrier cables.

1P.0.E.E.J., Vol. 31, p. 276.
2p.0.E.E.]., Vol. 31, p. 280.
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Per formance Requirements.

The C.C.I.F. have specified certain limits for the
performance of music circuits and these limits have
been adopted by the British Post Office. A higher
standard of performance, however, is frequently asked
for by the renters, and although the Post Office only
guarantees to provide circuits with performance figures
falling within the C.C.L.F. limits, the higher standard
is usually attained on carrier phantoms. (The C.C.L.F.
have agreed that a larger bandwidth is desirable). The
higher standard of performance may be summarised
as follows :— ‘

{(a) The circuit should transmit frequencies ranging
from 50 c/s to 8,500 c/s with a response variation
of not more than 4+ 2db. after-the effects due to
variation in mean cable temperature have been
allowed for. The corresponding variation be-
tween 100 c/s and 8,500 c/s should be not more
than < 1 db.

(0) The noise level should be at least 60 db. below
the maximum useful voltage when measured
with a C.C.LLF. broadcast weighting network.
The corresponding limit for unweighted noise
should be 40 db. The noise should be measured
at a point in the circuit where the line character-
istic has been substantially equalised.

(c) The signalfharmonic ratio should be at least
35 db., when a 100 c/s signal is applied to the
circuit at a point of zero relative level, and at a
level of 10 db. above 1 mW. When a signal of
1,000 c/s is used the ratio should be at least
40 db. For circuits longer than 100 miles these
limits may be reduced.

(d) Crosstalk and non-linear distortion should be
negligibly small.

Line Characteristics.

Twelve unidirectional carrier phantom circuits are
obtained on each 24-pair carrier cable. The direction
of transmission for the phantom circuits must be the
same as that of the carrier circuits in order to mini-
mise side-to-side and side-to-phantom crosstalk in the
1epeater station equipment. Normally the 24pr/40 1b.
carrier cables are in quad formation and the two pairs
of each quad are utilised for one phantom circuit.

Double phantom circuits are employed for miscel-
laneous purposes such as speaker circuits, alarms and
supervisories. When used for 4-wire speech circuits
they are normally amplified, the direction of trans-
mission corresponding to the direction of transmission
of the phantom and side circuits, i.e., all “go’ and
‘““return ”’ circuits will be in separate cables. When
used as unamplified 2-wire circuits or for alarms; etc.,
they are cross-connected from one cable to the other at
each repeater station so that in no circumstances are



low and high level points connected through by a
metallic path.
Fig. 1 shows the attenuation characteristic for a
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F16. 1.—ATTENUATION AND CHARACTERISTIC IMPEDANCE OF
14-M1LE CARRIER PHANTOM SECTION.

14-mile carrier phantom section. Modulus and phase
angle of the characteristic impedance of such a section
are also shown. Tests have shown that distant-end
cable signal/crosstalk is better than 84 db. for a 22-mile
section, at 8 kc/s. Side-to-phantom and phantom-to-
side distant-end signal/crosstalk may be as low as
58 db., corrected for impedance differences, at 8 kc/s,
which is sufficient to prevent the simultaneous use of
the side circuits in the audio range and the phantom
circuits for the transmission of music. It has little
bearing however, on the simultaneous use of these
cables for carrier and music transmission since the
frequency ranges do not overlap. The section used
for the crosstalk tests is one of the longest obtainable,
and figures obtained on shorter sections are likely to
be better than those quoted here.

REPEATER STATION EQUIPMENT

The repeater station equipment must provide for
the derivation of the carrier phantom circuits from the
side circuits, line equalisation and amplification and
redistribution.

Cable Termination Bay.

The cable termination bay provides test tablets for
the termination of the carrier cable pairs, and on the
later type, cable crosstalk balancing

48E, the line windings of which are connected across
the carrier cable pairs, and the phantom circuits are
derived from the centre points of these transformers.
The phantom coils may be disconnected if necessary
by means of straps on the bay tag strips without
interrupting the carrier circuits. In order to meet the
more stringent return loss limits of the derivation
coils consequent upon the introduction of 24-circuit
carrier working, the Transformers 48E will ultimately
be replaced by a bridging coil of new design.

Equipment, Amplifying No. 35.

The Equipment, Amplifying No. 35 provides
amplifiers, equalisers and line transformers for 12
carrier phantom circuits, 1.e. one 24-pair carrier cable,
on one 10 ft. 6 in. bay side, and is designed to operate
from normal repeater station supplies of 130 V H.T.
and 21 or 6 V L.T. There are six Panels, Amplifying
No. 35, and six Panels, Equaliser RP 1105, per bay
side, together with the usual miscellaneous panels.
The method of interconnection between the amplifier
and equaliser panels and the bay connection strips is
shown in Fig. 2. Screened cabling is used throughout
and the earthing arrangements for the screens enable
earth to be extended to the external cabling. Fig. 3
showsan Equipment, Amplifying No. 35, and Phantom
Distribution Frame (referred to later).

Panel, Amplifying No. 36.—This consists ef two
unidirectional negative feedback amplifiers on a
standard 19in. x 8} in. panel and is shown in Fig. 4.
A diagram of the amplifier circuit is shown in Fig. S.
The performance of the amplifier is as follows :—

(a) The gain of the amplifier is variable in steps of
1 db. from 50 db. to 20 db. The gain control is
effected in two steps of 10db. by means of
tappings on the input potentiometer, and by 10
steps of 1db. by tappings on the feedback
resistance. The adjustments are made by
soldered connections. The nominal gain with-
out feed-back is approximately 90 db.

The gain of the amplifier does not differ by
more than 4 1 db. from the gain at 800 c/s over
the range of frequencies from 30 c/s to 16,000 c/s
at all gain settings.

With an output power of 100 mW, the total
harmonic content is not worse than 50 db.
below the fundamental.

The input and output impedances have a return
loss against 600 ohms, greater than 20 db. in the
frequency range from 500 cfs to 16,000 cfs.
From 50 c/fs to 500 c/s the input impedance has
a return loss greater than 10 db. and the output
impedance, greater than 8 db.

(4
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(d)

The line winding of Transformers 143AA

frames. The phantom derivation coils - o
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are used for this purpose. The phantom
derivation coils consist of Transformers

F1c. 2.—INTERCONNECTION BETWEEN PANELS ON EQUIPMENT,

AMPLIFYING No. 36.
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Miscellaneous items such as line
transformers, attenuators, test tablets,
etc., are included in this equipment
which is installed in some main repeater
stations, to provide flexibility for all
music circuits irrespective of whether
they are routed on carrier phantom
circuits or not.

Arrangement cf Equipment.

It is sometimes necessary to extend
a carrier phantom circuit into a renter’s
premises from a station other than a
carrier terminal repeater station. There
are therefore three types of installation
j_ as follows :—
(a) A ““ Through ” station, which is

F16. S—Circuir DiaGraM OF ONr PANEL, AMPLIFYING No. 35.

the equaliser design to be used. In consequence a
circuit 100 miles in length will exhibit an insertion
loss/frequency response characteristic which is con-
stant within 4+ 2db. at 20°C between terminal
repeater stations.

In practice good equalisation at the low frequencies
is rendered difficult by amplifier and line character-
istics which introduce an increasing loss. This may be
corrected by a series arrangement of capacitance and
Tesistance placed across the circuit and mounted on
the equaliser panel. A 20 db. attenuator is also some-
times included in the equaliser in order to reduce the
overall response of section lengths of four miles or less,
since the minimum amplifier gain is 20 db. A circuit

- schematic of the equaliser is shown in Fig. 6.

TRANSFORMCR
No 143 FF

INPUT

AT TENUATOR
¥ REQUIRED (c)

a normal intermediate carrier
repeater station at which carrier
and phantom circuits are equalised
and amplified but from which no carrier phantom
circuits are connected to pairs in a local cable.
No phantomn distribution frame is provided at
such a station since no circuit flexibility is
required, and the equipment is permanently
wired to the associated carrier cable pairs.

(6) A‘“ Breakout ' station, which isan intermediate
carrier repeater station where the outputs of all
the phantom circuit amplifiers are wired to the
phantom distribution frame for flexibility.
This arrangement enables a phantom circuit to
be ‘“ broken out " and connected via a local end
cable to a renter’s premises. No flexibility is
provided for the side circuits. Fig. 7 shows a
typical arrangement of connections for such a

station.

A ““Terminal’’ station where the

-=-- 12- or 24-circuit carrier terminal

equipment is provided. At such
stations, all carrier phantom
circuits are connected to a
phantom distribution frame for
flexibility purposes and may be
extended to other carrier cables

ouTPUT

FIG. 6.—CIRCUIT DIAGRAM OF TvYPICAL EQUALISER.

Normally a circuit is equalised between terminal
repeater stations and the local cables are not included.
In many instances, however, equalisation of the local
cables is carried out by the renter at his own premises.

In practice amplifier gains are adjusted to give an
output level of zero db. referred to 1mW, at all
frequencies at a temperature of 20°C, when a signal of
zero level is applied at the outgoing end of the circuit.

Phantom Distribution Frame (P.D.F.).

This frame provides facilities for extending the
carrier phantom circuits to other carrier cables or to
other cables terminating in the same station, as
required. The P.D.F.is sometimes combined with the
High Frequency Repeater Distribution Frame.

or to local circuits. Fig. 8 shows

a typical arrangement of con-

nections at a terminal station.
Amplifying equipment is normally provided
only for incoming carrier phantom circuits at
these stations.

Temperature Correction.

Owing to the variation in the value of the primary
cable constants with temperature, the insertion lossf
frequency characteristics of both side and phantom
circuits on carrier cables will vary considerably
throughout the year. Temperature coefficients for
primary constants have been obtained from laborator
tests on sample cable lengths, in conjunction wit
manufacturers’ data, and the variation of insertion
loss with temperature for carrier phantom section
lengths of 8, 12, 16 and 20 miles has been calculated.
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of a suitable network for a 20-mile section, and
insertion loss/frequency characteristics are shown in
Fig. 10 for all four types. These networks will be
known as Equaliser Units Nos. 14B-14E.
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F16. 10.—INSERTION LOSS/FREQUENCY CHARACTERISTICS OF
TRMPERATURE EQUALISERS.

In practice, routine tests will be carried out to
determine the insertion loss/frequency response
characteristics of the circuits and the best locations
for the temperature equaliser units to be wired into
the circuit. It will be necessary, however, to distinguish

between changes in the frequency response character-
istic due to temperature changes and changes due to
a fault condition, and in order to do this the mean
temperature of the cable must be determined. The
variation of the D.C. resistance of the carrier phantom
conductors with temperature is known from cable
contractors’ data, and the mean cable temperature
can be calculated from D.C. loop resistance measure-
ments on selected cable sections on the route. The
B.B.C. also conduct daily tests on selected cables
throughout the country and these, together with
observatory readings on ground temperature, are
available if necessary, to confirm Post Office observa-
tions on mean cable temperature.

Future Development.

The quality and standard of performance obtained
with carrier cable phantom circuits is high. These
circuits frequently carry B.B.C. programme material
for large areas in Great Britain and also for the
Continent. It is of the utmost importance, therefore,
that the incidence of interruptions and faults be
reduced to an absolute minimum, and the enthusi-
astic co-operation of the maintenance staff is perhaps
the most important factor in this effort.

The design of new testing equipment is also in
progress, which will enable the special performance of
music circuits and the quality of transmission to be
computed and intermittent faults rapidly located.

Conclusion.

The 12- and 24-circuit carrier cable network offers a
ready means of providing circuits of high quality for
music transmission on the cable phantoms, and the
number of such circuits in use is increasing. It is
hoped that this article has given a clear picture of the
method used in providing such circuits and the
standards of performance required.

Book Review

“An Introduction to the Laplace Transform.” ]J. C.
Jaegar, D.Sc. Methuen’s Monographs on Physical
Subjects. Methuen & Co. 132 pp. 31ill. 7s. 6d.

This book contains the substance of a course of lectures
delivered by Dr. J. C. Jaegar to engineers at the National
Standards Laboratory, Sydney, in 1944. It is intended
as an introduction to modern operational calculus based
upon the Laplace Transform. It is written for engineers
who have a working knowledge of ordinary calculus,
but are not familiar with the ideas of contour integration
and the calculus of residues.

The book can be recommended to those who wish to
acquire manipulative skill in the analysis of circuit
problems : it is, in fact, largely a collection of worked
examples illustrating the L. T. method of solution. In
the first chapter various theorems associated with
L.T.s are established and in the second chapter these
theorems are used to solve problems which arise in the
analysis of vibrating electrical and mechanical systems.
These problems involve the transient analysis of bridge
and filter networks as well as systems containing vacuum
tubes ; they alsoinclude the analysis of servomechanisms
and geared systems, etc. Of course, the engineer who
wishes to go deeply into these matters must study the

theory of functions of a complex variable and go far
beyond the limits of this little book.

In the third chapter some of Heaviside’s theorems are
illustrated and the connection between Fourier's integral
theorem and the Parseval theorem is described briefly.
The fourth chapter contains a rather skimpy discussion
of the L.T.s and the partial differential equations asso-
ciated with continuous systems: this discussion is
illustrated by transmission line analysis, and since the
argument is from the viewpoint of the earlier chapters,
it is consequently vague and inadequate in theoretical
detail. The general difficulties attending the L.T.
treatment of continuous systems have been discussed at
length by Jeffreys and Kryleff: and although Kryloff
has tried to formulate a full and rigorous theory of the
operational solution of continuous systems his theory is
not yet regarded as complete. A book written by Krylof,
devoted solely to an inclusive account of the present
state of the operational theory of continuous systems,
is greatly needed. It is probable that the preferred
approach is through multiple L. T. theory. It is not
generally known that Heaviside spent the last few years
of his life trying to develop such a theory from the view-
point of his impulse functions. H ] ]
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side of the fitting and capped it ; during this operation
the cable end was laid bare so that the inner con-
ductor projected about 2 cms. beyond the cap and
it was then bent over and soldered to the cap. The
whole was then sealed by another sleeve. The fittings
which were recovered were cleaned and then stored

in special depots, but about 10 per cent. of the dis-

mantled lead sleeves had to be abandoned due to
damage during recevery. When the cable was un-
covered it was lifted from the trench, laid by the road-
side and then either coiled at once or, in frosty
weather, left until the thaw had set in.

Transport of Cable to New Location.

Any one who visited Germany during the early
period of the Occupation will realise the tremendous
difficulties that beset any project involving the
removal of heavy stores, either by road or by rail.
In this particular instance, the cable had to be
removed over distances of between 70 and 400
kilometres and this was in the main carried out by
rail transport. Drums were difficult to find, particular-
ly as a minimum diameter of 1:45 metres was con-
sidered the smallest that could safely be used. About
300 drumns were found in the British Zone, and each
drum was used approximately three times. The
loaded drum weighed 2-5 tons and the removal from
site, loading and unloading were effected without
drum battens, a risk enforced by the impossibility of
obtaining batten timber.

The loading and unloading of the complete drum
were carried out by manual labour and considering
the many difficulties the percentage of damage to
cable during this operation was extremelv low.
Relaying the Cable.

It was required to lay the following repeater station
sections :—

Hanover-Adelheidsdorf 34-934 km.
Adelheidsdorf-Weyhausen 39-348 km.
Weyhausen-Masendorf 33-341 km.

On an average between 45 and 55 men were employed
in each section, and similar difficulties with labour
occurred in the laying of the cable as were expericnced
in its recovery. In view of the many difficulties it
was decided that the cable should be relaid as far as
possible in secondary roads. Most of the cable
trenching was carried out to a depth of some 30 cm.
by a reinforced plough and the trench was then
completed by manual labour to a depth of 0-8 metre.

The cable was man-handled from the lorry and laid
down in the trench, no attention being paid to the
location of joints or of loading coil boxes. The position
of the loading coils required was then measured and
the cable once again cut. Having determined the new
cable lengths the necessary jointing was completed,
and the cable pressure-tested at 1 atmosphere for
one hour. After faults had been cleared the cable
was tested with 1,500 volts D.C., tolocate any contact
or approaching contacts between the inner and outer
conductor. When a fault was indicated, localisation
tests were carried out by the Mathieson & Hockin
method and the defective piece removed. As each
individual length was tested and found in order the

trench was filled in and on completion of each
repeater station section, impedance and attenuation
measurements were taken.

Test Results.

Following the completion of the cable, circuits
urgently required were routed over the new link
immediately and only straightforward D.C. tests
proving the cables to be free of contact were made
before it was brought into use. Considerable difh-
culties were encountered in providing adequate audio
transmission testing equipment as much was lost as
a result of war operations and what little remained
was quite often removed by the advancing trocps.
The position was still worse with regard to measuring
equipment for the frequency spectrum required in
coaxial working and all equipment that has been
used for these tests to date has been built at the new
Reichspost Research Station, mainly by cannibalising
other equipment. It is for this reason that the test
results are extremely limited and the German Com-
munication Authorities are now designing precision
equipment which will give more accurately the
desired information. Various broad conclusions may
be drawn, however, from the information already
available and it can be stated that when the line-up
of the two cables was completed between Masendorf
and Hanover this did not differ unduly from the results
obtained when the cables were laid initially. Although
the results obtained to date indicate many irregu-
larities as a result of moving the cables, experience
in the field indicates that the cables are satisfactory
for multi-channel working. It is extremely doubtful,
however, with the numerous reflections recorded in the
higher frequency spectrum, whether it would be
possible to work the former television service over the
coaxial tubes.

Conclusions.

The outcome of the experiment will not be fully
revealed until the whole frequency range of the
relaid cable can be accurately tested. Preliminary
results indicate, however, that even with unskilled
labour it is possible to excavate and re-lay armoured
coaxial cable with some success. Although the cable
is not of the same construction as that used by other
Administrations, it is of interest to know that this
type of modern cable can stand up to considerable
mechanical disturbances, and still retain reasonable
characteristics over a wide frequency range.

Since November 1947 the cable has carried 120
circuits between Hamburg and Hanover, which will
be increased to 320 on completion of a further project
between Hanover and Frankfurt.
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Ordnance Survey Maps
u.n.C. 912

F. SUMMERS, M.LEE., AM.LLA,
and L. SLOMAN

A complete overhaul of the maps of Great Britain is now being undertaken by the Ordnance Survey and new-style maps
are being published. This article describes the new maps and the extent to which the use of maps in the Engineering
Department will be affected.

Introduction.

RDNANCE Survey maps are widely used in
Othe Engineering Department. Their main use

is as the basis of Line Plant Records, showing
the geographical layout of the overhead and under-
ground piant, but they are also employed for various
other purposes, such as indicating corrosion areas,
electricity high tension lines, etc., and for various
boundary maps and special items such as Area of
Search maps. Altogether the Engineering Depart-
ment uses a very large number of Ordnance Survey
maps—in fact, it uses more than any other body,
though the number will probably be surpassed by the
Ministry of Town and Country Planning and other
new Ministries, in the near future.

The Ordnance Survey is now engaged on a complete
overhaul of the maps of Great Britain and is producing
new-style maps incorporating the National Grid.
In view of the changes that are being made, it may
be of interest to give an account of the various scale
maps used by the Engineering Department, and to
consider what differences will be brought about by
the new maps.

OLD-STYLE ORDNANCE SURVEY MAPS

The following scale maps and plans are now in
general use :—
1/63360 or 1 in. to the mile.
1/10560 or 6 in. to the mile.
1/2500 or 25-344 in. to the mile, known as the
25 in. plan.
1/1250 or 50-688 in. to the mile, known as the
50 in. plan.
Various other scale maps are also used to a lesser
degree.

The fractions above are known as Representative
Fractions in that they give the true scale of the maps,
where the numerator is a measurement on the map
and the denominator is the corresponding distance, in
the same units, on the ground.

In general, the overhead and underground plant
owned by the Post Office is recorded on 25 in. plans,
though in some built-up areas where the plant is
congested the record is kept on 50 in. plans, and in
isolated country areas where plant density is low the
6 in. map is found to suffice. :

One Inch Map.

It was in order to prcpare a map of Great Britain
on a scale of 1 in. to the mile, principally for defensive
purposes, that the Ordnance Survey was formed in
1791. The task, since it was a military requirement,
was given to the Board of Ordnance and was carried
out by military personnel. Eventually the amount of
civil work undertaken outstripped the military
demands, and now the control of the Survey is with

the Ministry of Agriculture and Fisheries, although
it has been with the Office of Works and the Ministry
of Health. The military connection of the Ordnance
Survey has still been retained, however, and a number
of the officers hold military rank.

The 1in. map in greatest use was known as the
Third Edition Standard Map. This became obsolete
some years ago but, to tide over the time until the
issue of a new edition 1 in. map, reversed linen copies
were obtained by the Post Office and these served
for maintaining records and for making any prints that
were required.

This map was very suitable for Post Office needs,
as it was an outline map and was issued in a small
sheet series. It had a uniform size and no overlap,
and as such was very useful for recording routes of
cables. For indexing, the maps were numbered as a
series, and the sheet reference and numbers for Post
Office purposes were based on these ordnance map
numbers.

Stx Inch Map.

This is the largest scale map which covers the whole
of Great Britain. The adoption of this scale was the
outcome of a demand, in the early 19th century, for a
large scale map of Ireland, and a 6 in. survey of that
country was undertaken by the Ordnance Survey.
Its usefulness immediately provoked a demand for a
6 in. map of Great Britain and a survey of the Northern
Counties of England was started. This was followed
by a call for an even larger scale, from which the
25 in. plan emerged. The preparation of the 6 in.
maps was continued, however, but they were derived
from the 25 in. plans where these were available.

The 6 in. map has all the ground features repre-
sented correctly to scale, with the exception of certain
streets which have been widened so that street names
may be shown. This is the only distortion compelling
the use of the term ““ map,” instead of “ plan.”

This map has proved extremely popular, particularly
in connection with engineering projects, where the
contour lines have been found to be of great value.
It has also been widely used by many bodies where
illustrations having a map foundation have been
required.

Twenty-five Inch Plan.

Since the introduction of the large scale plans, the
survey for all agricultural and urban areas has been
based on the 25 in. scale ; mountains and moorlands
were treated exceptionally, however, and were
mapped at a scale of 6 in. to one mile.

The 25 in. map is a true plan, in that all detail
shown is drawn correctly to scale, and each plan
covers a territory of 960 acres enclosed by a rectangle
14 miles by 1 mile, the actual plan measuring approxi-
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F1G. 2. -RELATIONSHIP BETWEEN LARGE SCALE Maps
ON THE COUNTY BasIs,

DEPARTMENTAL COMMITTEE ON THE ORDNANCE
SURVEY

The foregoing gives a brief description of the maps
the Engineering Department had in general use at
the time a committee, under the chairmanship of the
Rt. Hon. the Viscount Davidson, was appointed to
consider what could be done to accelerate and main-
tain the revision of Ordnance Survey maps and to
review the scales and styles of the maps.

Recommendations cf the Committee.

The Davidson Committee produced its final report
in 1938, and among its recommendations were the
following :— ~

That the county basis of the 25 in. survey should
be recast on a National Projection.

That a National Grid should be superimposed
on all large scale plans, and with certain excep-
tions on smaller scale maps, to provide one
reference system for the whole country.

That the grid should be based on the international
metre and that medium and large scale maps
should be published square in shape.

That a new medium scale map of 1/25,000 should
be published.

That the scale of the 6 in. maps should be
retained.

That investigations should be made as to whether

urban areas require a survey on the 1/1250
scale.

These by no means exhaust the list of recommenda-
tions but they indicate to some extent the changes
that were to be made.

The carrying out of these recommendations was
interrupted by the Second World War, when war
maps became the first consideration, and only recently
has the transitional stage to normal production beéen
passed.

NEW-STYLE ORDNANCE SURVEY MAPS
Single Projection.

The use of a single projection to cover the whole
of Great Britain is the foundation on which the
current Ordnance Survey programme is built, and the
projection known as the Transverse Mercator Pro-
jection has been adopted. It is based on a central
meridan 2°W with origin at latitude 49°N ; the scale
on this projection increases slightly to the east and
west of the central meridian, and it is the same locally
in all directions. Horizontal angles which are observed
over distances of local surveys are the same as if they
were computed directly from their rectangular
co-ordinates and no intolerable distortion isintroduced
even at large scales.

As the sheet lines are based on the National Grid,
with the single projection the departure of the sheet
lines from True North will increase with the distance
from the reference meridian; and it will vary also
with the distance north of the origin. To indicate this
variation, the bearing of True North is given on all
maps.

National Grid.

The National Grid consists ot a series of squares
superimposed on the maps, the sides of the squares
being parallel and at night angles to the central
meridian chosen for the Transverse Mercator Pro-
jection. The false origin of the grid lies a little to the
south-west of the Scilly Isles and the ordinates of
the grid are measured in metric units, eastwards and
northwards from this false origin.

When the units to be used for the National Grid
were determined, it was desired to have a unit that
would enable grid squares to be easily subdivided,
either by eye or by measurement, for the interpolation
of additional grid lines. The metric system was the
natural choice, and since all points on the mainland
of Great Britain lie within 1,000 kilometres of the
origin, the number of figures in each ordinate is
Iimited to six. The northern islands, however, lie
outside this range and in cases where the north
ordinate is more than 1,000 kilometres the letter N
is prefixed.

In the same way that a point on a graph may be
described by its co-ordinates, any point in the country
can be given by its grid reference, which is an indica-
tion of the distance of thc point east and north of the
false origin. As the same reference system applies to
all scale maps any point acquires a unique map
reference which remains the same whatever scale of
map is in use. The interval between the grid lines
shown on the map depends upon the scale, for while
it is convenient to show grid lines at 100 metres
interval on a 25 in. plan, on a 6 in. map the interval
is increased to 1 kilometre to prevent obscuring the
topographical detail.

The principle of grid references is illustrated in
Fig. 3. To determine the reference number of a given
point to the nearest metre, the distance from the
origin is given thus, 562,685 E. and 126,897 N.—the
former figure is termed the ‘‘ eastings ”’ and the latter
the ** northings.” On a map where the grid lines
are spaced at 1,000 metres, the point of junction of
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to be had at this scale as early as possible. They
contain certain detail which, being added to the map
quickly during the war, is not up to the usual high
standard of the Ordnance Survey as it is shown in a
more generalised form. These areas can be easily
recognised.

Twenty-five Inch and Fifty Inch Plans.

Sufficient has been said to show that for ease in
indexing and identification of plans they should be
square in shape, with the grid lines coinciding with the
planedges. The new 25 in. plan will cover one square
kilometre of country, the plan detail dimensions being
approximately 153 in. square. The 50 in. plans have
the same sheet dimensions, each plan covering an area
500 metres square. The new 50 in. plan will not differ
greatly from the old 25 in. series in respect to detail
and style, but the larger scale enables clarity to be
attained in the densely built-up areas and there is
one innovation—the insertion ot the names or
numbers of individual houses—which will be of great
value to the Engineering Department. The high cost
of surveys by the engineering staff in the course of
providing service for new subscribers is causing some
concern, and means are being devised to reduce this
expense ; the actual identification of premises on
plans in the office will assist greatly in this con-
nection. In pursuance of this idea it has been sug-
gested that even where 50 in. plans are not available,
the 25 in. plans could be marked up to show the
identification of a limited number of houses, as
opportunity occurs.

Resurvey cf Great Britain.

It is inevitable that the new survey will take many
years to cover the wholc of Great Britain and until
the new maps are ready certain Provisional Editions
are being made available as already explained. For
certain areas where maps are very much out of date,
rectified air photographs have been prepared at scales
corresponding to the 68in. and 25 in. The photographs
are based on the same sheet lines as the new series
and are approximately to scale.

In rural areas the 25 in. plans are to be overhauled
either by direct survey on the ground or from aerial
photography, and the 6 in. and 24 in. maps will be
derived from these plans. The survey of town areas
is now proceeding and 50 in. plans based on this
survey are in coursc of issue. From these plans the
25 in. plans and mecdium scale maps of the town
areas will be derived.

Hitherto, the abscnce of a scheme for the systematic
revision of plans meant that they were often out of
date on account of estate developments, new roads
and other changes, and the plans as published
remained in that condition for many years. The
Ordnance Survey now intends to introduce a system
of continuous revision of plans, and survey parties
will be retained in certain towns, their duty being
to keep up to date informationon changes in ground
features of the areas allotted to them. Changes will
be noted as they occur, but new plans will only be
issued when sufficient alteration warrants it, or if
they should be specially asked for. In this connection

one of the objects in mind when choosing a smaller
size map for the new series was that revision to any
one map could be effected more speedily.

As there will be new survey centres at various places
it should lead to closer co-operation betwecn the Post
Office and the Ordnance Survey at Regional level.
It might perhaps be mentioned that already there is
very close co-operation between Ordnance Survey
Headquarters and the Engineer-in-Chief’s office.

Supply f Ordnance Survey Maps.

The majority of line plant records is drawn on
linen maps, but if the records are not required for
reproduction, e.g. Area corrosion maps and standard
route maps, they are kept on mounted paper maps.
The linen maps have the map detail printed in reverse
on the underside and are known as True-to-Scale
Reverse Linens. The plant detail is drawn on the
upper surface and thus amendments can be made
without affecting the map outline.

Paper maps are supplied to the Post Office on
application to agents appointed by the Ordnance
Survey. For linen maps, however, the quality of the
maps prepared by the Ordnance Survey from the map
plates is far superior to that produced by any other
process and, accordingly, special arrangements have
been made for obtaining requirements from that
source.

The New Popular (Outline) 1 in. map is unsuitable
for records in the form in which it is normally issued
by the Ordnance Survey, for the reasons already
explained. The Post Office desired a map which has
no overlap and has its sheet edges coinciding with
grid lines. As it was not possible to produce a map
specially for Post Office use, the Ordnance Survey
undertook to supply mounted paper maps of the out-
line edition cut and made up to the size of a rectangle,
representing a coverage of 60 kilometres by 40 kilo-
metres. The overall dimensions of these sheets are
approximately 38} in. by 27 in. To obtain prints of
these paper maps it is necessary to use the photo-
graphic reflex process by which a film of the paper
map is made. From this film it is easy to obtain
prints on paper or linen as required.

Filing and Use (f the New Plans,

The reduction in the size of the 25 in. plan will
necessitate somewhat different filing arrangements
from the present, and since there will be from 3 to
4 times the number of plan sheets, additional filing
accommodation will be required. The filing of prints
of the plans should not cause any difficulty, since by
folding they can be accommodated in the standard
foolscap filing cabinets, which will be an advantage
where maps are requircd for frequent reference, e.g.
in installation controls.

On account of its smallness the new plan may be
given a rather mixed reception. Whilst it has advan-
tages in that prints will be more manageable in the
field, in the Drawing Office and Development Office
the reduced coverage means that more plans will have
to be handled, which for a specific scheme may break
up an otherwise comprehensive picture of the plant,
although a complete layout of a scheme may be
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obtained by pasting together prints of the same scale.
Due to the necessity for restricting to the essential
minimum the area covered by the 50 in. survey,
there will be cases where only part of the territory
covered by a 25 in. plan will be available at the
50 in. scale. The remaining sections can, however,
be enlarged to the 50 in. scale by the Department
if it is found to be desirable.

The introduction of the National Grid presents an
opportunity for extending the Standard Reference
numbering scheme, from an Exchange Area basis,
to embrace the whole of a Telephone Manager’s
Area. Such an index would reduce considerably the
total number of linen maps required compared with
the Exchange Area numbering scheme, since it entails
recording on each linen map the plant in the entire
territory covered by the map; this would offset
to some extent the increase in the number of maps
due to the smaller sheet sizes. This arrangement is
already in use in some Telephone Areas and it is
considered that it has many advantages. The
numbering of the linens on a Telephone Manager’s

Area basis would not preclude, however, the filing of
prints on an Exchange Area basis.
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Book Review

‘* Electronic Instruments."’ Edited by Ivan A.
Greenwood, Jr., ]J. Vance Holduom, Jr., Duncan
Macrae, Jr. McGraw-Hill Publishing Co., Ltd.,
London. 708 pp. 463 ill. 13 pp. index. 54s.

This book is No. 21 of the Radiation Laboratory Series
issued by the Massachuset#s Institute of Technology.
It is the combined product of 19 contributing authors,
and is divided-—somewhat unexpectedly in view of the
title—into five main parts:

1. Electronic Analogue Computers, 212 pp.

2. Instrument Servomechanisms, 274 pp.

3. Voltage and Current Regulators, 77 pp.

4. Pulse Test Equipment, 90 pp.

5. Design and Construction of Elcctronic Apparatus,
41 pp.

Of these sections, only the fourth would normally be
classified under ‘‘ Electronic Instruments,”” and the
fifth is devoted to practical lay-out considerations and
factory problems. Illustrative examples are all culled
from the war-time work of the Radiation Laboratory on
such problems as air navigation, and thus tend to be
somewhat limited in scope. Very often, indeed, the
authors use a technical “ jargon '* and assume a prior
knowledge of the problem to be solved, neither of which
are likely to be familiar to the uninitiated reader, and
as a result he is left feeling most frustrated.

Nevertheless, the book forms a most useful catalogue
of circuits and other devices forming the tools of the
Electronic Research Engineer, and these elemental
circuits are treated in detail in a manner which is usually
clear and precise, although, of course, the combined work
of 19 authors is bound to show differences in both style
and clarity. The approach is usually mathematical, and
this will appeal to those whose mathematics are sufficient
to stand the strain; the second section in particular
illustrates the immense power of the Laplace Transform
in the analysis of transient phenomena, but we greatly
fear that very few engineers possess the specialised
knowledge to enable them to appreciate such esoteric
treatment.

The first section of the book deals with analogue
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computers—that is to say, computers which utilise a
mechanical or electrical device the action of which
duplicates the mathematical processes required. Large
numbers of such analogue circuits and devices are des-
cribed, and the section concludes with two examples of
computer design-——always the best way to terminate a
thesis, although the examples in this case appear to be
rather specialised, and the practical points somewhat
confused with those proper to the theoretical design.

The second and longest section deals with servo-
mechanisms—** Power amplifying devices in which the
amplifying element driving the output is actuated by the
difference between the input and the output.” The great
point of such devices is their ability to amplify mecha-
nical power, and to transmit information from one place
to another ; the combination of these properties enables
large powers to be controlled remotely, and that without
reaction on the controlling element.

The treatment here is very detailed, with the emphasis
laid on stability and overall accuracy, particularly as
regards transient phenomena. References are many,
and one has the feeling that as far as the authors were
concerned, this is the book and the rest incidental.
Again, though, there is that mixing of practical and
theoretical considerations which interferes with smooth-
ness of flow—the section is less a treatise than a report.

Section 3 is a survey of methods of voltage and current
regulation. The performance of circuit elements is dis-
cussed in detail and many practical circuits are
described, It forms a most useful collection of data on
this subject.

Section 4 deals with some circuits employed for pulse
working, and then goes on to describe various cathode-
ray oscilloscopes using such circuits and developed for
radar purposes during the war. The final section, as has
been said, is devoted to constructional problems.

This is a good book, particularly for reference pur-
poses, but does tend to be fragmentary. The feeling is
there that it has been made a receptacle for everything
that did not naturally fit anywhere else.

A.W. M. C















this rope when in doubt as to the best construction to
adopt for a particular purpose. The 8/19 uniforin,
Seale and Warrington are favoured by some users
when flexible ropes are required.

The main types of ropes used for mine winding
engines are the six-strand (round or flattened), the
non-rotating multi-strand (17 or 34 strands) or the
locked-coil rope which has an outer covering of inter-
locking wires to prevent displacement of the inner wires.

In a pre-formed rope the wires of the strands and the
strands are formed during inanufacture to their exact
final shapes. The internal rope stresses are therefore
eliminated, and when cut the rope is ‘' dead ”’ and
does not untwist. Wires broken during service retain
their positions in the strand and are difficult to detect
but do not cause damage to adjacent wires or to the
sheave. The life of a 6/19 pre-formed rope has been
found to be greater than that of a corresponding
normal 6/19 rope particularly with small sheaves and
puileysS.

The more common sizes of lift ropes are between
1 in. and 24 in. in circumierence and the diameters of
the wires range between 0-021 in. and 0-052 in,,
respectively, for the uniform 6/19 construction.
Mining ropes may be up to 6 in. in circumference and
in a few mines are as much as 10 in.

Lubrication.

The effect of lubrication on the outer wires of the
rope and the sheave groove was dealt with under
* Coefficient of friction.” The presence of a lubricant
lowers the value of the coefficient of friction and hence
decreases the value of T,/T, at slipping. It is, there-
fore, desirable that the grooves and the outer wires be
as dry as is practicable.

When a rope is subjected to bending by passing over
asheave or pulley, relative motion takes place between
adjacent wires and between the strands, and the
presence of lubricant inside the rope facilitates this
movement by decreasing the internal friction. In-
ternal lubricant also retards corrosion of the wires and
preserves the core, as a dry centre quickly deteriorates
and collapses with resulting nicking of the wires.
Practical experience indicates that the life of the rope
is impaired through insufficient lubricant, whilst
laboratory tests® have shown that unlubricated ropes
gave 40 per cent. of the life given by well-oiled ropes.
Some of the Wire Ropes Research Committee tests?,
however, gave results that tended to contradict the
above and are difficult to explain. Except for severe
bending on small sheaves the dry ropes which were
tested gave a larger number of bends before failure
than did the lubricated ropes. This has caused con-
siderable discussion and the only possible explanation
has been advanced by Scoble who suggested that the
lubricant may act as a carrier of abrasive particles
wofmn from the wires and sheaves. There is, howcver,
considerable evidence to support the view that internal
lubrication is beneficial in increasing the flexibility
and life of the rope.

The desired conditions, therefore, are a dry ex-
terior and an interior oiled with suitable lubricant,
but these are difficult to retain during use.

¢Fer re’erences sce end of article.

Stresses in the Rope.

The total stress in the rope is made up of a number
of individual stresses due to various causes, some
direct and others indirect. They are summarised and
described below (—

(a) Static stress. This is caused by the load and the
weight of the rope and is

W + wl
where W is the load, w the weight per unit length of
the rope and !/ the length of the rope.

This stress is greatest near the sheave and when the
load is at its lowest position.

(b) Kinetic stress. This is due to accelerating and
retarding the load. The maximum value of this
stress is Wf/g, where fis the maximum acceleration or
retardation and g the acceleration due to gravity. It
is important to note that the portion of the rope near
the load is subjected to all the accelerating and retard-
ing stresses and must be expected to deteriorate more
rapidly than other parts, which are protected from
such stresses by the elasticity of the rope. For the
same reason a short rope is more heavily stressed by
kinetic shocks than a long rope. In this connection
the Regulations relating to Safety in Mines? state that
every winding rope shall be recapped at intervals of
not more than six months, and before recapping a
length of at lcast 6 ft. shall be cut off the rope. The
object of this is to alter the positions of those parts of
the rope which are subject to the most severe de-
terioration, particularly at the capel and the part that
passes over the sheave. It also provides a specimen
from which the condition of the rope can be ascertained.

(c) Bending stress. This is the stress set up in the
rope due to its bending to conform to the sheave
groove. It is important because its magnitude is
appreciable and may even exceed that due to the load.
The problem of determining this stress is very complex
as it depends upon a number of variables. The chief
of these are the size of the wire used, the diaineter and
condition of the sheave, the lengths of the lays of the
strand and of the rope, and indirectly the condition of
the core and its lubricant. The construction of the
rope also affects the bending stresses set up, as the
stress in a single wire of the rope is greater the farther
the wire is from the axis of the rope and the nearer it
runs parallel to this axis. In an Ordinary lay this
combination of conditions exists but it does not in a
Lang lay because where the wires lie parallel to the
rope axis they are nearest the axis of the rope and are
embedded in the core. For this reason the bending
stresses in a Lang lay rope may be taken as approxi-
mately 80 per cent. of those of Ordinary lay rope®.

Static tests were made by Skillman® on ropes of
gin., #in, in, 1 in. and 1} in. diameter in direct
tension and in tension around sheaves of 10 in.,
14 in. and 18 in. diameter. The steel was of 115 tons
persq. in. tensile strength. He found that the strength
on sheaves was less than that on straight ropes, the
ratio being 0-87 for § in. ropes on 10 in. sheaves and
0-95 for £ in. ropes on 18 in. sheaves. For 1} in. ropes
the corresponding values were 0-76 and 0-85.

The bending stress, f, in a single-wire bent to an
arc of a circle is quoted in text books as

f= Ed|D
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where E is the modulus of elasticity of the fhaterial, d
the diameter of the wire and D the diameter of the
sheave around which the wire is bent.

This cannot be strictly correct, however, and as
shown by the following practical consideration the
actual stress must be less than is given by this formula.
If a steel wire of 007 in. diameter and of tensile
strength 80/9® tons per sq. in., for which the value of
E may be taken as 13,000 tons per sq. in., is bent
around an 8 in. diameter sheave, the bending stress
from this formula will be 110 tons per sq. in., and the
wire would break.

Because of the twisting of the wires to form the
strand and of the strands in the formation of the rope,
the actual bending stress in the rope is smaller than
that in a single wire. Many experimenters have
assessed values for E, in the formula

f»=Ed|D
where f, is the bending stress in the rope and E, the
coefficient of elasticity of the rope.

[t is often stated that for a 6/19 rope E; = 0-4E,
where E is the coefficient of elasticity of the material.
As a result of tests on a large number of ropes, Howe?
gave values for E, of 12-8 x 108, 11-4 x 108, 104 X
108, 10 x 10® Ib. per sq. in. for 6/7, 6,19, 6/37 and
8/19 ropesrespectively. Griffiths®carried out tests on
various types of 6/19 ropes and found that E, varied
between 6-3 x 108 and 8-9 x 108 1b. per sq. in.
The formula is reasonably correct, however, only
when the stresses in the steel are kept within the limits
of proportionality. This limit is reached when the
stress is approximately 50 per cent. of the breaking
stress. If the total stresses exceed this figure, plastic
flow in the steel takes place and results in permanent
deformation.

Other formul® have been deduced for calculating
the rope bending stress and one given by Chapman
states that it is

(Ed cos®a cos %B)|D

where a is the angular pitch of the strand wires and 8
the angular pitch of the strands in the rope.
Hardesty!! contended, however, that the bending
stress is
(Ed cos a cos B)/D.

Howe® developed formul for calculating the bend-
ing stress in a rope of any construction in terms of the
wire and strand sizes and lays.

Most experiments seem to confirm that for six-
stranded ropes a value for £, of 12 x 108 ]b. persq. in.
is reasonable for estimating purposes and that the
actual value is probably somewhat lower. Moore’s
tests!? indicate that there is a big difference between
values of E; for different size ropes of the same con-
struction and that for small ropes less than § in.
diameter the value was greater than 12 x 10° Ib.
per sq. in.

The stress set up due to bending is considerable and
to keep the value low the sheaves and pulleys should
be as large as practicable. The bending of the rope
in the reverse direction should be avoided when pos-
sible as it results in a shorter life or alternatively for
the same life the working tension will be about 2
that for bends all in the same direction®.
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(d) Centrifugal stress. When the rope passes round
the sheave it is subjected to centrifugal action which
results in tensile stress in the rope due to the centri-
fugal force. If f; is the stress in the rope in Ib. per
sq. in. due to centrifugal force, w, Ib. is the weight of a
cubic in. of the rope and v, the rope speed in ft. per sec.

2 2
then’ fl = 1_.2_%11)]_. = zy_g)L

where w, is the weight in lb. of 1 ft. of the rope of
1 sq. in. sectional area.

The tension in the rope due to centrifugal action is,
therefore, f,a Ib. where a is the sectional area of the
rope in sq. in. This is not of sufficient magnitude
to be of practical importance.

(¢) Frictional stress. The force required to over-
come the friction between the car and its guides
results in an additional stress in the ropes. In lifts
the guides are usually of steel whilst mining shafts are
fitted with steel, wood or wire rope guides. When the
car or counterweight is travelling upwards this fric-
tional resistance causes an increase in the car or
counterweight rope stress, but in the downward
direction the friction causes a decrease in the rope
stress.

(f) Windage. In a similar manner to friction, the
wind pressure causes an increase in the rope stress in
the upward direction and a decrease when travelling
downwards. The values of these resistances depend
upon the speed of travel and the sectional areas of the
car and counterweight.

(g) Unbalanced stresses. In addition to the stresses
caused by the load, motion and bending there are
other stresses in the wires which are created during
rope construction. These are evident when a Lang
lay rope is cut and the stresses are released as the rope
unwinds. Such stresses are negligible in a pre-formed
rope in which the wires and strands are formed to
their final shape during manufacture. A pre-formed
rope when cut is ‘“dead ” and when an individual
wire breaks during service it retains its position in the
strand. The total stresses are therefore smaller than
in the usual type of rope. A pre-formed rope may,
therefore, be expected to give longer life and this
has been proved in practice.

Laboratory tests on the steel wires of a rope have
shown that if the wires are subjected to stresses
which exceed about 25 per cent. of their ultimate
tensile strength, fatigue is induced in the steel. If
the stresses are kept within this fatigue limit they can
be imposed many millions of times without failure of
the wires. In a similar manner the limiting fatigue
stress of about 25 per cent. of the breaking stress
applies to the rope as well as to individual wires. The
sum of all the stresses in the rope, as enumerated above,
must be kept well below this fatigue limit and the
ratio between the breaking strength and the total
working stresses is a measure of the real factor of
safety of the rope.

Sheave or Pulley Diawmeter.

The simplest roping system, shown in Fig. 1, re-
quires that the sheave diameter be equal to the dis-
tance between the car and counterweight ropes and
this is always arranged when possible.



When the rope passes over the sheave or pulley,
there is relative movement between the strands, and
as the sheave diameter is decreased, there is a critical
diameter below which the strands cannot slide further
and strand motion becomes restricted. To obtain
reasonable rope life it is necessary to use an economical
minimum sheave diameter greater than this critical
diameter, The more flexible the rope construction,
the smaller is the critical diameter and hence also the
economical minimum diameter. It has also been
noted that the bending stress is inversely proportional
to the sheave diameter, and in order to reduce the
value of the stress the sheave should be as large as
practicable. This is illustrated by tests’ carried out
w'th 6/19 ropes on a sheave of critical diameter,
sixteen times the rope diameter. When this critical
sheave diameter (164) was increased by 50 per cent.
to 24d, the life of the rope was found to be approxi-
mately 500 per cent. greater than that obtained with a
critical diameter sheave. By increasing the 244
sheave by 50 per cent. to 364, the life was 70 per cent.
greater than with the 244 sheave. This seems to
indicate that the bending stress may not vary directly
asthe sheavediameter asis generally supposed but that
the graph showing the relation between the two may
be a curve.

B.S.329 recomunends that the minimum ratio of
sheave or pulley diameter to rope diameter for lifts
and hoists should be 41 for 6/12 and fibre, 6/19 and
6/24 constructions and 47 for 6/19 Seale. Post Office
lifts generally use 6/19 uniform Lang lay rope and the
minimum sheave or pulley diameter adopted is 55
times the rope diameter. The generally accepted
minimum sheave-to-rope ratio for main shaft mining
drives is 100 to 1, but where man-riding is forbidden
lower ratios are used.

Lap cf the Rope.

For many years it was thought that the bending of
a rope through a small angle, i.e., a small angle of lap
on the sheave or pulley did not cause such severebend-
ing stress as if the angle of lap were large. This has,
however, been proved to be incorrect and except for
very small angles of lap the number of bends before
failure varies very little with the amount of lap on the
pulley. A lap of 20° was found to have the maximum
bending effect, which was equal to that with a lap of
90°. In the tests!? the lay of the rope subtended an
angle of 31° on the pulley. The endurance varied
little until the lap of the rope was reduced to nearly
half the lay of the rope, below which the number of
bends before failure increased greatly.

Effect cf Speed.

As the rope speed increases, the stress due to
centrifugal force also increases and this tends to cause
the rope to leave the groove, and decrease the angle
of wrap, although these effects are not of practical
importance.

Experience indicates that the destructive effect on
a rope is greater if the speed of travel is increased, but
the reason for this is not clear. It might be supposed
that the number of bends before failure would be less
if the rapidity of bending were increased, i.e., the rope
speed increased, but actual rope bending tests tend to

contradic#shis theory!®. It has been suggested that
the reason for this is that at high speeds, the time be-
tween the bending and re-bending of the rope is
insufficient to allow complete disarrangement of the
wires.

It is quite likely that the cause of shorter rope life
at high speeds is not associated with bending but is
due to the fact that higher accelerations and conse-
quently higher kinetic stresses usually occur with
higher speeds. In addition, these kinetic stresses
often result in greater slip between the rope and sheave
during the acceleration and retardation periods,
which is accompanied by more wear on the outside
wires.

To compensate for the shorter rope life at higher
speeds, B.S.329 states that for each increase in speed
of 100 ft. per minute above 400 ft. per minute, the
diameter of the sheave should be increased by 2-5 per
cent. This of course, is a convenient method of com-
pensating for the greater destructive effect at higher
speed, but it would perhaps be more logical to increase
the rope factor of safety with an increase of speed,pro-
viding the sheave and pulleys are of adequate sizes.

Factor cf Safety.

The factor of safety for ropes is quoted in B.S.329
as the ratio of the guaranteed breaking strength to the
maximum ‘‘dead " working load and a minimum
value of 12 is specified for lifts and hoists providing the
specified sheave and pulley sizes are used. The use of
this factor of safety is misleading as it does not
represent the true margin of safety of the rope which
should be the ratio of the breaking strength to the sum
of all the ascertainable rope stresses. The latter in-
clude the acceleration and bending stresses which are
frequently larger than the stress due to the *“ dead
load. It is usual to assume the maximum tension in
the rope as equal to the weight of the car, plus maxi-,
mum load and to multiply this by 12 to arnive at the
minimum breaking load of the ropes, from which the
number and size are calculated. It must be borue in
mind, however, that the number of ropes required may
be even more than this in order to secure a large
enough value of T,/T, for adequate traction.

Another interesting fact is that an increase in rope
size, in an endeavour to increase the factor of safety,
may not always result in a larger value of the true
factor of safety defined above. When the sheave
diameter is small, the bending stress is high and the
direct tensile strength relatively low, and in these cir-
cumstances the use of a larger rope increases the
bending stress more than it reduces the tensile stress.
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‘“ The Elements of Electromagnetic Waves."’
Ware. Pitman Publishing Corporation.
69ill. 20s.

There is an increasing need for telecommunications
engineers to study not only circuit and transmission line
theory, but also general electromagnetic wave theory,
and this book, based on lectures to electrical engineers,
has been written to help meet this need.

Although the book is intended to be elementary the
author rightly employs vector analysis, but no previous
knowledge of this is assumed. In dealing with the
addition and subtraction of vectors, the author could,
perhaps, have stressed more the conception of a vector

‘as a directed magnitude which can be represented by a
rectilinear displacement from one point to another in
space.

Following the discussion of vector opcrators, scalar
and vector potentials are introduced, and their appli-
cation to static electric and magnetic fields. In this
part of the book the author does not always make it clear
where the laws apply only to static fields and where they
apply both to static and dynamic fields. Somewhat
sketchy proofs of Gauss’s and Stokes’s theorems are
given and the vector forms of Maxwell's equations are
then derived from the line integral forms with the aid of
Stokes’s theorem. It is assumed that the reader is
already acquainted with theline integral forms and their
experimental foundation. The book cannot, therefore,
be regarded as a complete introduction toelectromagnetic
theory, but rather as an introduction to the vector form
of Maxwell’'s equations and their application in electro-
magnetic wave problems. Provided the student fully
appreciates this limitation, it may not matter. For the
engineer and physicist, rather than the mathematician,
it is probably best to study electromagnetic theory
along the lines of its historical development, rather than
to take Maxwell’s equations as the fundamental starting
point.

The discussion of plane waves and their reflection
provides a good introduction to the impedance of the
medium and waves in conductors, and leads naturally
to the study of waves between parallel plates and in
rectangular guides.
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L. A.
203 pp.

The last chapter is devoted to the study of the dynamic
potentials and their application to the determination
of the radiation field of simple aerial systems. There
are mistakes in the expressions for the potential F.

The now generally preferred rationalised M.K.S.
system is used. The book is well reproduced with a set
of problems at the end of each chapter. Within the
limitations mentioned the book can be recommended
as a sound introduction to the subject of electromagnetic
waves.

R.F.J. ]

" Power Capacitors.” R. E. Marbury. McGraw-Hill
Publishing Co., Ltd., London, 1949. 205 pp.
122 ill. 21s. ;

This book deals with the large capacitors used in con-
nection with electricity mains supplies and distribution
systems and covers the history of development, manu-
facture and employment, as seen from the American
standpoint. It does not cover the use of capacitors
used for radio interference suppression on mains-con-
nected appliances, or for power factor correction of gas
discharge lighting circuits.

On the aspects covered there is abundant and
authoritative technical information, but some further
discussion on the extent to which it is economical to
correct a consumer’s power factor and a warning on the
effect of series capacitors used for line reactance com-
pensation on the prospective short-circuit current would
have been welcomed.

The book is well got vp and reasonably free from
misprints, but there are certain passages which, if
differently worded, might be clearer. The concept of a
capacitor supplying reactive kVAr is not likely to be
acceptable to readers of this Journal, but this method
of presentation may result from an endeavour to make
the book as the publishers say, * Readily understood
by both Engineers and those who have little technical
background.”

An extensive bibliography is given.

S. 1. B.












first five queue positions and a common lamp for
“Over 5" positions. In addition, a * Queue Full”
lamp glows when the limit of the queue is reached..

The Chief Supervisor is also provided with a queue
lamp display, but in this display individual indication
is given for the maximum queue together with an
audible alarm whenever the ‘“Queue Full”’ lamp glows.
Independently of the queue lamp display, provision
is also made for the number of staffed incoming
positions to be indicated automatically to the Chief
Supervisor by means of lamps.

Position Lamps.

A dome-shaped opal cover containing a green and
a red lamp is accommodated on each position. These
lamps, which glow only when a position is engaged on
an incoming call or an outgoing call respectively,
facilitate the supervision of the operators by the
Section Supervisor and also enable the officer distri-
buting messages for outward transmission quickly to
locate a disengaged position.

The green lamp glows steadily whenever the staffed
position is engaged on an incoming call. 1f, however,
the operator fails to operate the position release key
within 15 seconds after the clear down of the calling
subscr’ber, in order to free the position for the receipt
of a further incoming call, the green lamp changes
from a steady glow to a flashing signal.

The red lamp glows whenever a position is engaged
on an outgoing call.

Transferred Calls.

Incoming calls to the phonogram operators may be
transferred to either the Enquiry positions or the
Section Supervisor by operation of the appropriate
transfer key on the operator’s position. In each
instance the phonogram operator may be released
from the transferred call and therefore 1:ee to accept
further incoming calls, by the operation of a
‘“ Release "’ key at the Enquiry or the Section Super-
visor’s position. Calls transferred to the Enquiry
positions may be further extended, if required, to the
Chief Supervisor.

Gorced Release Calls.

Calls may be * Forced Released’ from an
operator’s position only by transferring the particular
call to the Section Supervisor and the operation by
the Section Supcrvisor of a Forced Release key fitted
on her position. The call is then cleared from the
operator’s position and the Section Supervisor’s
equipment, and the line relay set concerned holds to
the calling or fault condition. An audible and visual
alarm is given if the line relay set holds to the calling
condition beyond a predetermined period. It will be
appreciated that incoming calls to an operator’s
position can only be released from that position by
the clear-down of the calling party or by transfer from
the operator’s position to either the Enquiry position
or the Section Supervisor.

Common Equipment.

Automatic change-over to standby equipment is
provided should the regular common control equip-
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ment fail to function correctly. The standby equip-
ment is positioned to agree with that of the regular
common control equipment upon taking over. Manual
change-over is also provided for maintenance and
test purposes.

Outgoing Services.

Outgoing calls may be originated from any position
over the exchange network or to direct telephone-
telegram (T.T.) circuits by the operation of the
appropriate outgoing key on the position, which also
busies the position to the receipt of incoming calls.
The operation of the position ‘“ Exchange "’ outgoing
key causes a uniselector associated with the position
to hunt over a common group of exchange lines
for a free outlet. Busy tone is returned should all
outlets be engaged. Direct T.T. circuits are obtained
by the operation of the position “ Direct T.T.” out-
going key and the dialling of a pre-arranged code.
Standard tones, indicating the condition of the called
line, are given. A common 8-level uniselector is used
for both outgoing services. The operation of the
particular outgoing key selects the levels of the
position uniselector to be brought into service.

EQUIPMENT AND INSTALLATION ARRANGEMENTS

The field trial equipment provides for 75 incoming
line circuits, a total of 35 operators’ positions
(these being arranged, initially, to function as 10
incoming, 15 bothway and 10 outgoing positions),
and for a maximum of 15 calls to be held in queue
storage positions under peak traffic conditions.
Provision for two Enquiry positions, three Section
Supervisor’s positions, one Chief Supervisor’s desk
and one remote listening-in position, all with key-
ended circuit terminations, has also been made.

To avoid any extensive modifications to the existing
conveyor belt and pneumatic tube systems, such as
would have been necessary had the automatic distri-
bution equipment been sited in new accommodation,
it was decided that the field trial equipment should be
located in the same accommodation as that occupied
by the ancillary switchboard equipment. It was also
decided that the revised requirements for the operating
positions should be met by modification of the
existing desks, thus avoiding the delay which would
have been incurred by the design and manufacture of
new desk equipment.

Fig. 4 shows the floor layout plan for the field trial
equipment. In the Phonogram Room the recovery of
the ancillary switchboards, position wiring and
cabling, and the subsequent modification and rewiring
of the desks was carried out by the local engineering
staff who also undertook the recovery from the
apparatus room of the apparatus racks associated with
the ancillary switchboards. The subsequent installa-
tion and cabling of the four 10 ft. 6 in. by 4 ft. 6 in.
2000-type apparatus racks (Fig. §5) required for the
mounting of the automatic distribution equipment
was carried out by Ericssons Telephones Ltd., who
were also responsible for the manufacture of all the
automatic equipment required for the field trial.

To enable the phonogram and T.T. services to be
maintained during the rearrangements, a manual






Sectionalisation of Telephone Repairs

U.D.C. 621.395.61.004.67

C. E. LAFOSSE

(Factories Department)

Heavy demands made on the Post Office Factories during the war, combined with shortage of skilled operatives, led to the
introduction of mass production methods adapted to the repair d«:f tclephones. The author describes the scheme evolved and
results achieved.

Introduction.

ASS production, as practised in modern
M industry, has become so commonplace

that its application arouses little interest
other than curiosity in the labour-saving devices
employed. It has, however, been alinost solely confined
to construction or assembly of products for which a
continuous flow has been guaranteed.

It was, therefore, very much in the nature of an
innovation that in the Autumn of 1942 the Post Office
Factories Department after agreement with the P.O.
Engineering Union, decided to adapt mass production
methods to the repair of telephones, and formed pro-
duct'i® units to develop this scheme which was
termed ‘‘ Sectionalisation.”” This was so named
because the production method Sseparated skilled
telephone mechanics’ repair work into equal sections
for female dilutees, allowing a modified form of mass
production methods. To a certain extent the venture
was made necessary by the influx of dilutee female
labour recruited to meet :—

1. The demands made upon the factory to carry out
an extensive programme of construction of
special telecommunication equipment for the
armed services.

2. The increased output requirements of repaired
telephone apparatus due to the wartime curtail-
ment of the telephone manufacturers’ production.

3. To offset the effects of mobilisation of skilled
male operatives.

The adoption of the sectionalisation scheme released
male operatives with the requisite skill needed for the
production of the air defence apparatus, mobile army
equipment, short-wave radio and carrier equipment
constructed in the factory.

Accommodation and Layout.

Operation of the scheme was made possible by the
acquisition of part of a modemn factory at Bull Lane,
Edmonton, which provided the accommodation suit-
able for adaptation to the required layout. The area of
space for the scheme was approximately 6,500 sq. ft.
measuring %0 ft. long by 72 ft. wide. This was divided
into two repair shops leaving a central portion 90 ft.
by 10 ft. for the Engineening Department’s Test and
Inspection Branch staff and for completed work.

Benches of four work positions were arranged five
feet apart at right angles to the central portion.
Benches and chairs were designed to allow operatives
to sit or stand in comfortable working positions. Test
positions were situated in the central portion adjacent
to each work bench.

Wooden racks, separated from the work benches by
five-foot gangways, lined the outer sides of each shop,
providing suitable storage space for replacement parts
and work for each operative.
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The replacement parts were stored in wooden
interlocking component trays, contents being indicated
by means of coloured discs on the outside of each tray

“in accordance with a master key exhibited on a control

board in a prominent position in the shop.

This design of layout reduced the length of the
factory repair circuit toa minimum, and all unnecessary
handling was avoided by the method of repair, to be
described later, which combined transport with pro-
gress of repair.

To assist the economic handling of telephones
within the factory, interlocking wooden transport
trays, designed to hold ten telephones, provided a safe
and easy method of transportation and facilitated the
count of the telephones.

Telephones were packed into empty trays in the old
stores section for feeding work into the repair shops
and through the various stages of repair to the
central test positions where, after approval, the tele-
phones were transported to the dispatch room for
packing ; the empty trays were then retumed to the
adjoining old stores section.

This completed the general layout designed to meet
the needs for repair or assembly of all types of
telephones.

Production Method.

The normal mass production method of one opera-
tion for each operative could not be applied to the
varying types of telephones likely to be repaired in the
factory, for the fluctuating degrees of urgency for
each type, representing many short runs, would have
involved frequent changes of set-up and consequent
loss of production.

Each type of telephone provided a varying propor-
tion of skilled work calling for the experience of a
telephone mechanic. It was therefore decided to form
complete production units, composed of one telephone
mechanic and three women dilutees, capable of dealing
with long and short runs of varying work and con-
forming to the general theory of standardisation for
the scheme. Fig. 1 shows two production units with a
test position in the foreground.

Processes f Production.

Owing to the varying types of telephones repaired,
it is not possible, nor is it considered necessary, to give
details of each process here. A general outline des-
cribing the standard pattern will suffice.

The work was first performed in correct sequence of
repair and divided into four processes according to the
time taken. If, after tnal, the processes vaned due to
changing cond tions of repair, corrective adjustments
were applied. The shop foreman was responsible for
the division of the processes and proposing a piece-
work price for each. The work generally conformed
to the following pattern :—






Non-Linear Inductance and
Capacitance as Modulators for

Amplitude-Modulation Systems

U.D.C. 621.396.619.2

D. G. TUCKER, D.sc. AM.LEE.

Theoretical considerations of the performance of modulators utilising the non-linear characteristics of suitable inductors

and capacitors are discussed, and it is shown that one disadvantage of such modulators is that the output of any sideband

depends on its frequency, and that low-frequency products have a small amplitude. Some practical circuits and measured
results are given for a magnetic modulator (i.e. using non-linear inductance).

Introduction.

PPLICATIONS of non-linear inductance are

well known, e.g. magnetic harmonic generators!

and magnetic amplifiers.2 Applications of non-
linear capacitance are not well known. This is because
iron-cored inductors are always non-linear and can
easily be saturated, thus giving a large range of induc-
tance, whereascapacitors are usually more or less linear
with applied voltage. However, non-linear dielectrics
are available now—barium titanate® being the best
known-—so that applications of non-linear capacitance
may be expected.

An interesting application of both non-linear
reactances is to amplitude-modulation. The reactance
can be varied by one frequency applied at large
amplitude, thus modulating any other frequency
applied to it. The capacitance modulator? is useful for
detection or frequency-changing at very high fre-
quencies (e.g. microwaves) while the magnetic or
inductance modulator® offers possible advantages at
low frequencies, say, up to 100 kc/s. The frequency
limitation is imposed by the difficulty of making a
sufficiently large capacitance for convenient circuit
arrangements at low frequencies, and the imprac-
ticability of making saturable inductors at high
frequencies.  The advantage of the capacitance
modulator is that it is likely to be reliable at fre-
quencies where it is difficult to use reliable rectifiers.
The main advantage of the magnetic modulator is that
it is likely to be more stable than rectifiers or valves.

The thcoretical basis of the modulators is given
in the next section; this is then followed by a prac-
tical discussion of the magnetic modulator.

OUTLINE OF THEORY

It will be assumed that only simple circuits are
used, where the non-linear reactance is controlled
(or ““switched ') by a local tone and is connected in
shunt or in series with a generator (ie. the input
signal) and load. It is quite evident that two extreme
cases exist :—

(a) constant-current generator, the output signal
being the voltage across the reactor,

(b) constant-voltage generator (i.e. zero-impe-
dance), the output signal being obtained
from the current through the reactor.

All practical cases give results intermediate between
these two, and as only these two cases are easily

analysed, the following theory will be restricted to
them.

1 IFor references see end of article.
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Constant-current Generator.

(+) Inductance modulator.

Let #(¢) = I sin gt be the signal current.

Let p be the angular frequency of the local tone.
Then the inductance is a function of time

Leg)=1y + L ;la,, sinnpt .......... .. (1)

The representation by a Fourier series of this
incomplete type i8 justified if hysteresis is ignored.

Now the voltage across the inductance due to the
signal current is

o) = 2| L() .i(t)] = i) - L0

+ 1 - 2

oo
= Isin gt . pL T na, cos npt -+
n=1

oo
+ Ig cos ¢t .[Lo + L zla,, sin npt] ..(3)
n—
We are generally concerned only w'th the terms of
frequency p + ¢q. These are
Ta,L (p sin gt cos pt + g cos gt sin pt)
1, L [(p+9) sin (b +9)t— (p—9) sin (p—q)e](4)

(12) Capacitance Medulator.

Let the capacitance be represented by C(f). In
any capacitance, voltage = chargefcapacitance

‘. o(t) =W§ B s (5)

Here it is convenient to represent 1/C(f) as a
Fourier series —

1 1 | .
CTU? = C_07 + ol nz?,, sinmpt ... ... (6)
I 1
So, v(&)—;cosqt [C’+C' zb smnpt] (7

The terms in p + ¢ are
I—%L, cos g¢ sin pt

216(: I:sm (6 + q)t + sin (p—q)t] e (8)

Constant-voltage generator.
(2) Inductance modulator.

From (2), 1(t) = T,{(.t—) 5 () I/ 2, (9)












A Testing Aid for Subscribers’

Apparatus Faultsmen

uU.D.C. I62I.395.72I.I 1 621.317.3

L. A. MISSEN

A new multi-purpese test meter for subscribers’ apparatus faultsmen is now undergoing field trial, and this article gives

an outline of its development and design. The instrument has a more sensitive movement than that of the present standard

(Detector No.4) and in conjunction with a 67-5V flat-celf battery gives direct-reading measurements of insulation resistance.

Other facilities include the normal detection of earth and battery conditions, loop resistance and A.C. and D.C. voltage
measurements.

Introduction.

ESTING of subscribers’ lines and apparatusis,
nowadays, often effected from a test desk in

an exchange remote from that from which the
subscriber is served. This scheme of centralised
testing of subscribers' lines is applied wherever the
circumstances are favourable, and finds considerable
application where a large exchange (the Maintenance
Control) is suitably situated to serve a number of
small unattended exchanges.

There are many occasions, however, when the
centralised testing scheme cannot be employed owing
to the lack of spare junctions between controlling
and controlled exchanges. Automatic access to sub-
scribers on manual exchanges is not practicable and
testing arrangements involving the assistance of the
traffic staff at the manual exchange are not used.
At the earlier type of U.A.X. no provision has been
made for test selectors and, in fact, it would be
difficult to find space for this equipment. At the larger
U.A.X. 14, test selectors are part of the standard
equipment, but the provision of junction pairs (two
of which are required) is not justified economically
and only where unused pairs exist can the testing
equipment be utilised for centralised testing.

Thus the situation arises that, of all the staff
employed in the maintenance of telephone equip-
ment, the apparatus and line faultsman working
alone and without the elaborate testing equipment
available to his colleague in the exchange or repeater
station, is the least equipped for the job of fault
clearance. Consideration has been given to various
ways of overcoming these difficulties, notably, the
development of a test selector capable of operation
over a 2-wire junction, and also the possibility of
combining testing with trunk offering. It is possible
that a solution may ultimately be found in these
suggestions. In the meantime, a multi-purpose test
meter for the use of apparatus faultsmen is now
undergoing a field trial.

Existing Testing Equipment.

At the present time the apparatus faultsman is
equipped with a Detector No. 4, for general measure-
ments, supplemented by a Coil, Testing No. 1 for
making tests on primary batteries. This equipment is
substantially unchanged from the earliest days of
Post Office activity in the telephone field, when a
Detector No. 2 was used.

Probably the best feature of the detectors is their
robustness. The principle shortcoming is undoubt-
edly their insensitivity, which makes the tracing of
low insulation faults very difficult.
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One suggestion to improve the performance when
dealing with low insulation faults utilised a hand
generator and a voltage-doubling rectifier network to
generate a higher voltage testing supply. A D.C.
output of 150V at 10 mA could easily be obtained
from this combination and the increased deflection
resulting from the use of the higher voltage greatly
increased the apparent sensitivity of a Detector No. 4.
However, the obvious way of overcoming the
difficulty is to use a more sensitive instrument, and if
additional testing facilities can be added to the
instrument at a small extra cost without appreciably
increasing its bulk, then the introduction is justified.
This principle is followed in the instrument to be
described.

DEVELOPMENT AND GENERAL DEsIGN oF NEw TESTER

In any measuring instrument which is to be sub-
jected to a great deal of handling it is essential that
the movement should be robust and not easily
damaged.  These requirements conflict to some
extent with those of a sensitive movement, and the
instrument under consideration represents a com-
promise between these conditions. A 1 mA movement
was selected as reasonably robust and in good supply,
and the required sensitivity is obtained by using a
67-5V battery. This battery also makes possible the
customary “ ballistic” test of a subscriber’s
installation.

Until the improved flat-cell type of battery became
available, a self-contained tester including a battery
of this voltage would have been of such dimensions
as to be impracticable. The conventional form of
high voltage battery consisting of a number of
cylindrical cells assembled in a rectangular container
results in a considerable wastage of space as only a
relatively low percentage of the volume is occupied
by active material. The weight too, is often con-
siderable.

The flat type of cell is constructed with the elements
arranged in layers, the sequence being wrapping
material, zinc sheet coated on one side with carbon,
followed by the electrolyte and depolarising mix.
A battery is formed by arranging the cells in pile
formation. Cells are connected in series by leaving
holes top and bottom, in the wrappings, so that the
mix of one cell is in contact with the carbon layer
of the adjoining cell. This method of construction
gives a very large saving in space and the 67-5V
battery used in the tester isonly 2in. x 13 in. x 3% in.
with a weight of 13 oz. The maximum discharge rate
is 2 mA, and the shelf life is 2 years.












The Contribution of the Junior
Section of the Institution of

Post Office Electrical Engineers

H. R. HARBOTTLE, o.B.t.. B.Sc., D.F.H..

M.LE.E. (President, junior Section)

The Junior Section of the Institution of Post Office Electrical Engineers makes an important contribution to the successful
working of the Engineering Department, and im these notes the President of the Junior Section outlines its past achievements
and future responsibil ties.

Introduction,

OR many years it has been an objective of the
FPost Office Engineering Department to make
available to its minor staff opportunities for
them to acquire a wider knowledge of their particular
job and of its relation to those performed by their
colleagues. In this way the individual finds added
interest in his work, and takes a pride in his per-
sonal contribution as a member of a very large team.
In addition, some of those now gaining practical
experience in the Junior grades will eventually occupy
controlling positions in the Department, and it is
highly desirable that every encouragement and
assistance should be given to these officers to acquire
the technical background complementary to their
practical experience.

One means by which these objectives can be
furthered is through the activities of the Junior
Section of the Institution of Post Office Electrical
Engineers, which was set up by Council in 1931, and
which affords facilities to junior engineering staff for
discussion and interchange of information on tele-
communications and allied subjects.

The Council rightly considers the successful opera-
tion of the Junior Section to be of vital importance
to the well-being of the Institution and recent indica-
tions of failing interest by Junior Section members
have, therefore, given rise to some concern.

VWith a view to focusing attention on this matter,
the following paragraphs give some account of the
Junior Section, its inception, growth and activities and
may assist existing and potential members to appre-
ciate more readily the value of the facilities offered.
At the same time, Senior Section members will be
reminded of the essential part they can play in
fostering among Juniors the desire to participate in
Junior Section activities.

Origin.

During the 1930/31 session, several committee
members of the London Centre of the Institution of
Post Office Electricul Engincers expressed the opinion
at committee meetings that there was a growing
desire among minor engineering grades for
* Institution "’ facilities and instanced the number
of local societies which were already in being. A
sub-committee was appointed, therefore, with the
object of preparing a memorandum for submission
to the Council of the Institution and their approved
memorandum was forwarded to Council on 4th May,
1931, with a covering letter signed by Mr. E.
Gomersall, who was then chairman of the London
Centre Committee and Superintending Engineer of
the London Engineering District.
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Council considered this memorandum and, in tum,
appointed a committee to examine and report on the
proposalsit contained. Their report, which was issued
on 30th September, 1931, was accepted by Council
and has formed the basis of the Junior Section ever
since.

Otjects and Membership.

Briefly, the report defined ‘‘ Institution ** facil'ties
as “ facilities for the interchange of information and
ideas on telegraphic, telephonic and allied sciences,”’
and proposed that all junior engineering staff below
the ranks of Inspector and Draughtsmen, Class II,
should be eligible for membership of the Junior
Section which should consist of self-supporting and
self-governed Local Centres formed on the initiative
of the men themselves ; the parent Institution acting
as advisor only.

The parent Institution would, however, offer five
prizes annually* for the best papers written and read
by members of, and before, the Junior Section and
would afford full use of its Central Library to all
members of the Junior Section for an annual fee of
6d. per member.

In addition, members of the Junior Section would
be entitled to purchase copies of the professional
papers of the Institution at the same reduced rates as
Institution Members.

Mr. C. W. Brown was elected first president of the
Junior Section by the Council in 1931.

Growth.

The response from the men was most encouraging.
By the cnd of the 1932/33 session no fewer than 47
centres had been established with a total membership
of 2,200. Publication of reports of the activities of
the various centres was commenced in this journal
as “ Junior Section Notes,” and testified to the wide-
spread enthusiasm and interest which had been
aroused among the staff concerned. Visits and social
events were combined with meetings to form a
comprehensive programme for each session.

Effect cf the Second World War.

The second world war had a serious effect on the
Junior Section. In general, programmes which had
been prepared for the 1939/40 session had to be
cancelled, although a few centres managed to continue
with somewhat curtailed activities. Even before the
cessation of hostilities, interest in the Junior Section
began to incrcase and, during the 1944/45 session,
15 new Centres were inaugurated. Council decided,
in 1945, that the office of President of the Junior

*See page 172 of this issue.




Section should be revived, and appointed Mr. D. Smith
to the post.

Unfortunately, these early indications of renewed
interest were not maintained, and at its meeting at
York in October, 1947, Council arranged to call a
conference of Junior Section liaison officers and
decided that the President of the Junior Section should,
in future, be an ex-officio member of Council. The
somewhat pessimistic report of the conference was
presented to Council in January, ]948. As a result,
a committee was formed to ‘' investigate and report
on the difficulties at present being experienced in the
functioning of the Junior Section, and suggest
remedial measures to stimulate the activities of the
Section.”” The committee’s findings were discussed
at the Council meeting held at Bristol in March this
year, when it was decided that all Chief Regional
Engineers should be asked to co-operate with Council
in a determined effort to restore the Junior Section to
its pre-war standard. The subsequent action already
taken by certain Chief Regional Engineers is en-
couraging.

General Survey.

The number of Local Centres of the Junior Section
registered with the Institution is now over 90, but
only 20 are functioning to the extent of holding
fixtures. The membership is about 2,600 out of a
potential total of over 50,000, and it does seem that,
even with this comparatively low percentage, the
main reason for membership of the Junior Section is
the facilities offered by the Central Library of the
Institution. Attendances at meetings, visits and
social functions are most disappointing. Among the
many explanations advanced for this unsatisfactory
position is that of greater concentration on technical
study.

It must be realised that when the Junior Section
was inaugurated the desire for technical knowledge
of telegraphic, telephonic and allied sciences was
equally as great, if not greater, than at present, but
the facilities for obtaining such knowledge were not
so widespread or accessible. The rapid advances in
communications engineering during recent years and,

in particular, wartime developments have resulted
in the publication of more technical literature on the
subject and an extension of the curricula of technical
colleges. Moreover, the establishment at Stone of a
residential Central Training School in the Engineering
Department has afforded a limited opportunity for
discussion and interchange of information relating
to the Department’s activities. Again, Regional
and Area social and sports organisations should now
cater for any demand which the staff may have for
meeting socially.

What cf the Future ?

It appears that some of the functions previously
fulfilled by the Junior Section have been transferred
elsewhere. Nevertheless, it still can supply definite
needs. The use of the Central Library of the Institu-
tion has already been mentioned in this connection.

Residential schools can supplant Junior Centre
meetings to only a restricted extent in the opportu-
nities for discussion on day-to-day problems either
associated with or outside the job. The important
part played by local conditions in a number of these
cases can often only be appreciated by those who have
an intimate knowledge of the areas concemed. Also,
Local Centre mecctings afford an opportunity of
meeting those engaged on different phases of the
same problem of providing and maintaining public
communications. Men become persons to each other
and the interdependence of all for the success of a
satisfactory system will be realised.

Conclusions.

It is hoped that this brief account will enable the
value of membership of the junior Section to be
appreciated more readily. The facilities offered, |
including opportunities for preparation, reading and
discussion of papers with, possibly, experience in
Local Centre administration should enable active
members to take a lively interest in their own work
and that of their colleagues; at the same time
valuable experience and knowledge will be gained by
members to fit them for the important tasks lying
ahead.

Book Review

‘* Electromagnetism.”” John C. Slater and Nathaniel
H. Frank. McGraw Hill Publishing Co., Ltd.,
London, 1947. 240 pp. 40 ill. 2ls.

This book is the second of a set which is intended to
replace the ' Introduction to Theoretical Physics '
written by the same authors in 1933. The authors’ aim
has been the production of a short introductory text in
theoretical physics, containing enough material for a
term’s work. In achieving this objective they have, on
the one hand, excluded details of experiments or
applications; on the other, they have avoided digressions
oi purely mathematical interest and also rigorous
discussions of fundamentals. The customary dismissal
ot pre-Maxwellian ‘“ action-at-a-distance "’ theories still
comes, however, as an unpleasant shock, and it is
worth while to warn the student against a too ready
acceptance of the conventional view. It is apparent on
reading the book, that the authors’ intention is to

introduce the reader to Maxwell's equations and wave
theory in the shortest possible time. To this end, much
has, quite rightly, been omitted : no attention is given,
for instance, to conventional ** lumped constant " circuit
theory. About one-fifth of the text is occupied by
mathematical topics necessary to an understanding of
the rest of the work. Rather less than half of the
remainder dcals with the elements of the subject, and
the rest is devoted to wave theory. Plane and spherical
waves are discussed, and accounts are given of reflection,
refraction, diffraction and dispersion; a separate
chapter is devoted to wave guides and cavity resonators.

The text is readable and pleasantly mathematical:
the m.k.s. system of units is employed. Welcome
features, especially to the private student, are the
inclusion of problems and of a list of books for further
reading. The book is well produced and can be recom-
mended. A F.
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half months’ stay we had only about six hours of rain.
There was continuous sunshine for the rest of the
time, with temperatures one would associate with a
very fine May day in England, so that the English
“It’s a nice morning "' became quite superfluous, and
one felt lost for a conversation piece. There were,
fortunately, interludes from work at Christmas and
the New Year, and occasional week-ends, when it was
found possible to get some relief from the effects of
the high altitude and to see something of the fascina-
ting country outside the City in which the Conference
was held.

We shall carry memories for many years to come of
the festival of the Virgin of Guadelupe with its troupes
of colourful dancing Indians, of the Tule tree 160 ft. in
circumference, said to be two thousand years old and
the oldest-living thing, the ornate gilt Baroque and

Churriqueresque decorative work in some of the con-
vents and churches, the bull fights, the Pyramids of
Teotihuacan, the ruins of Mitla and Monte Alban, the
delights of tropical sea bathing at Acapulco, the
beautiful narrow cobbled old streets of Taxco, where
most of us spent Xmas, and last but not least, our
visit, the last part of the way in the pitch dark on
horseback up the mountain side, to the new-born
volcano of Paricutin, which started life in a comn field
in 1943 and is now a mountain over 12,000 ft. highand
is still going strong.

So it may be gathered that though Conference life
is very strenuous, there are sometimes compensations
and the United Kingdom Delegation are unanimous
that their stay in Mexico was well worth while from all
points of view.

H. F.

C.C.I.LF. Meetings, May and

U.D.C. 061.3 : 621.395

a very busy vear as far as the C.C.LF. is

concerned. Technical commissions met in
Scheveningen, near The Hague, over a period of
three weeks in May, and in July the P.enary
Assembly was held in Paris. The Pienary Assembly
was preceded by a week in which most of the
technical commissions met, in addition to the Opera-
ting and Tariffs Commissions, the Mixed Comm ssion
for the European Switching Pian and the Sub-Com-
mission on Rapid Operating.

NINETEEN hundred and forty-nine has been

1st C.E.—PROTECTION

The 1st C.E. under the chairmanship of M. Collet
(France), in the absence of M. Mikhailov (U.S.S.R.},
gave further consideration to the questions discussed
in Paris in 1947 and to the draft of Tome II of the
Yellow Book. Three new avis were prepared and
consequential amendments made to the appropriate
sections of the Directives and to the form of questions
agreed to require further study in 1950-51.

Questions affecting the psophometer which are of
mutual interest to the Ist and 4th C.E.s were
discussed at a joint meeting. The provisionally
recommended essential clauses in the specification
for the psophometer were included in a new awvis
{No. 5 bis), and a new question was drafted to enable
further study to be given to a proposed test designed
to cnsure satisfactory performancc of thc mcasuring
instrument with peaky waves.

In 1946 the psophometer line-weighting network
given in Engineering Report No. 45 of the Joint Sub-
Committee on Development and Research of the
Edison Electric Institute and the Bell Telephone
System was adopted by the C.C.LLF., but because
of the absence of information from the U.S.A. on the
admissible  tolerances for this curve, provisional
figures based on those for the existing psophometer
were adopted. Recent work (British) on the design
of a network to yield the results indicated by the
new weighting curve has demonstrated the practica-
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bility of using considerably reduced tolerances and it
was decided to include the suggested reduced values
in a new question for study in 1950-51. The question
of how noise at the subscriber's receiver terminals
should be measured was also left as a matter for
further study, in co-operation with the 4th C.E.

Consequent upon the decision in 1946 that the
factor of 0-7 used in calculating maximum reduced
voltage had no logical justification, it was decided
at the recent meeting to delete the reference to this
factor from the next edition of the Directives and to
amend the induced voltage limit for bare overhead
wires and for cable circuits not terminated on trans-
formers from 300V to 430V. The questions whether
any further increase in this limit is practicable and
desirable and whether any change in the specified
breakdown voltage of protectors is necessary as a
result of the present increase were agreed to be
questions requiring further study.

On the question of transpositions of power line
conductors it was decided that transpositions with
the rotation lengths recommended in the Directives
were not necessary to achieve the desired balance of
harmonic voltages and currents in H.V. power lines,
and that only transpositions appropriate to the
particular line need be recommended.

2np C.E.—CoRROSION

The main work of this Commission since the last
Plenary Assembly has been the preparation of
recommendations for protection of underground cables
against chemical corrosion and the revision of the
existing recommendations for protection against cor-
rosion caused by stray currents from traction systems.
Two sub-committees under the chairmanship of M.
Collet (France) and assisted by representatives of
international organisations of power, gas and tractien
interests have worked on these recommendations at
Paris (1947), Stockholm (1948) and Scheveningen
(1949), and their work was considered at the recent
meeting.






Permanent Maintenance Sub-Committee.

The Permanent Maintenance Sub-Committee also
met under the chainnanship of Mr. J. T. Visser of the
Neétherlands Administratign. A study was made of
the results of a recent series of tests taken on conti-
nental circuits to determine the magnitude of the
variation of overall equivalent with time. The results
indicated that the variation was wider than antici-
pated, and it was agreed to make a more extensive
series of tests over a period of six months commencing
m September, 1949. It was also decided that further
study should he made on the future maintenance
methods of long international 12-channel groups.

41tH C.E.—LocAL TRANSMISSION

The sub-committee for the specification of quality
of transmission met in London from 24th to 29th
January to make preliminary studies of certain of the
questions for the 4th C.E. and of the results of
articulation tests by the SF.E.R.T. laboratory. At
about this timne also the equipment and personnel of
this laboratory were transferred from Paris to occupy
accommodation in the same building as the C.C.L.T.
headquarters at Geneva. As the laboratory will, in
future, contain other equipment (additional to the
S.F.E.R.T) which is usable as a reference telephone
system, the name of the laboratory has now been
changed to ““ the C.C.I.F. laboratory.” The 4th C.E.
met in Scheveningen from 2nd to 7th May, when it
continued the study of the questions, agreed the
form of replies to be made and drew up a list of
questions for future study. The meeting included
two sessions held jointly with the 3rd C.E.

The most urgent problem for the 4th C.E. is the
devising of a standard of telephone transmission for
replacing the present standard of volume efficiency ;
the new standard has to be acceptable and practicable
for mtcrnational use. Articulation tests by the
S.F.E.R.T. laboratory in Paris had been made on a
number of local telephone circuits (supplied by the
AT.&T. Co. m 1938) having different charac-
teristics, e.g. in respect of side-tone or frequency
limitation. The results of repetition rate tests on
these different circuits had also been made available
to the C.C.I.F. by the A.T. & T. Co. Relative ratings
(in db.) obtamed by the technique of articulation
testing, now being studied by the C.C.I.F., have come
to be known as values of A.E.N. (Affaiblissement
Eguivalent pour la Netteté). These values only need
a correction applied to take account of the influence
of side-tone on the loudness of talking to convert
them into Transmission Performance Ratings, which
1s the result that is finally required.

Comparison of A.E.N. values, obtained on the
telephone circuits from articulation tests, with
effective transmission ratings (converted to a uniform
level of loudness of talking), obtained from the
repetition rate data, showed a close degree of correla-
tion for the set of ten different circuit conditions
supplied by the A.T. & T. Co.

Articulation tests had also been made by the
S.F.E.R.T. laboratory (as it then was) on telephone
sets, representative of current use, supplied by five
different Administrations. Relative A.E.N. values
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were assessed separately for sending, receiving and
over-all, and as there were no other data against
which these results could be compared, the detailed
test results were subjected to close statistical analysis,
which showed up certain inconsistencies and weak-
nesses.

To ensure obtaining reasonably precise and
reliable assessments of ratings for telephone trans-
mission from subjective tests, carried out by only
a small testing staff, is not easy, but it is essential to
the establishment of an international standard of
telephone transmission based on transmission per-
formance. With a view to reducing inconsistencies in
test rcsults to a minimum, the proposals resulting
from the meetings in London and Scheveningen
include a revision of the whole method of carrying
out articulation tests by the C.C.L.F. laboratory and
provision of new equipment for use as a standard of
reference -It is fortunate that there is ample accom-
modation for the additional equipment in the new
premises at Geneva.

The revised method ef carrying out the tests is only
to be used in conjunction with the new equipment ;
for the sake of continuity the method hitherto in use
will be continued for all tests made with the old
equipment (the S.F.E.R.T.). Alterations are pro-
posed in the manner in which logatoms are selected
and the results checked, and in the method of con-
trolling the loudness with which they are spoken.
The most important change, however, is the intro-
duction of the application of statistical methods for
designing the test so that the degree of stability
attamed can be observed at intervals during the
progress of the tests.

New equipment is, in any case, needed by the
C.C.LLF. laboratory. The old Standard Reference
System (S.F.E.R.T.) was presented and installed in
Paris by the A.T. & T. Co. as long ago as 1928.% It
is understood that it was dismantled and removed for
safety at onc period during the war. That it is still
available for use for its original purpose (as the
European reference standard for volume efficiency) is
a fine tribute to its designers. Most of its components,
however, are now of obsolete types, and there is
difficulty in making repairs or obtaining replacements
which, though seldom, arec sometimes needed ; this
applies especially to the condenser microphones, the
moving-coil receivers and the thermophone.

During the visit of the sub-committee to London in
January, members took the opportunity of inspecting
apparatus i use in this country. The sub-committee
agreed that certain of this apparatus would be suitable
for use as a new reference system for the C.C.I.F.
laboratory and the British Post Office has undertaken
to supply and install it in Geneva. A description of
the apparatus will appear in this Journal in due
course. To distinguish the new reference system from
the old, the former is designated ‘“ A.R.A.E.N.”
(Apareil de Reférence pour la determination des
A.EN.).

The 4th C.E. also continued studies of long out-
standing questions such as those relating to the
methods of measurement of, and the effects on,

1 PO.E.E.J., Vol. 20, p. 315.



telephone transmission of room noise, circuit noise,
non-linear distortion and cross-talk. In conjunction
with the 3rd C.E. agreement was reached on the
form of modification to be made to the curve relating
limitation of frequency bandwidth with impairment.

The 4th C.E. held further meetings in Paris during
the period 18th-22nd July ; the main purpose of these
mectings was the editing of a new C.C.L.F. publication
(the Yellow Book). The opportunity was taken of
further revising the list of new questions ; a question
was added to permit the collection of ideas relating
to the practical use of transmission performance
ratings (when available) in planning telephone
networks.

The Plenary Asscmbly of the C.C.I.LF. (Paris, 26th-
30th July) subsequently approved the new questions
and also approved the riew equipment and programme
of tests for the C.C.L.F. laboratory.

8TH C.E.—SIGNALLING AND SWITCHING

It will be recollected that at a previous meeting it
was decided to operate a field trial of semi-automatic
dialling equipment to gain experience and settle some
fundamental problems, and a Sub-Commission was
sct up to deal specifically with this trial.

The Field Trials Sub-Commission met again in
Scheveningen and reviewed the Field Trial Specification
which had been prepared jointly by the British and
French Administrations, certain amendments were
made and the final TField Trial Specification was
agreed by the 8th C.E. and incorporated in the report
of that Commission to the Plenary Assembly.
The chief items which provoked discussion included
splitting times ; establishment of speech conditions ;
receiver specification ; and method of setting up calls
involving routing through one or more transit centres.

The 8th C.E. studied the replies to questions dealt
with since the previous Plenary As.serbly, principal
among which were: choice of frequencies for semi-
auto working using 2 V.F. and 1 V.F. signal codes ;
supervisory signals ; signal imitation ; signal levels ;
echo suppression ; and receiver insertion loss.

Joint meetings were held with the 3rd C.E. and the
Rapid Operating Commission in connection with the
foregoing and agreed recommendations were included
in the final report to the Plenary Assembly, to whom
recommendations were made for the study of some
20 ncw questions during the next two years.

The 8th C.E. also studied and approved proposals
for modifications and additions to Tome V of the

* PO.E.E.J. Vol. 41, p. 50.

Yellow Book, of proceedings so far as signalling and
switching are concerned.

LETTERS AND GRAPHICAL SYMBOLS

As a result of discussions in the Symbols Committee,.
recommendations of the C.C.I.LF. concerning letter
symbuls will be submitted to & joint study group of
the C.C.LLF., C.C.LLR. and C.C.I.T.

The Symbols Committee proposed that whereas
standard letter symbols should be used where
possible, it should be permissible to substitute lower-
for upper-case letters of the same alphabet and vice
versa, and to replace cursive letters or letters of the
Greek alphabet by the corresponding Roman lctters,
where no confusion is likely to arise. This resolution,
if adopted, will facilitate the preparation of type-
written reports.

Of particular interest is the recommendation that:—

I' or p represents the propagation coefficient.
« or a represents the attenuation coefficient.
B or b represents the phase coefficient.

P represents the overall propagation.

A represents the overall attenuation.

B represents the overall phase change.

As regards graphical symbols, it was agreed that
a joint study group of the C.C.I.LF., C.CI.R. and
C.C.I.T. should collate the proposals made by each
of these committees on the subject of symbols for
telephony, telegraphy and radio and produce a draft
for submission to the International Electro-Technical
Committee. Many of the proposed additions and
modifications are already included in the B.S.I.
Publication No. 530 of 1948, *‘ Graphical Symbols for
Telecommunications.”

Conclusion.

The number of delegates to both these conferences
was very large, but the adininistrations of both France
and Holland went to great efforts to make the stay
attractive, both from the point of view of visits of
technical interest, and excursions of general local
interest.

We were very glad to see M. Georges Valensi, who
has been the Secretary of the C.C.LLF. since its
inception, elected Director of the C.C.L.F. under its
new Atlantic City Regulations.

The next series of technical commissions of the
C.C.LLF. will be held in Geneva in the autumn of 1950.
The 3rd C.E. will meet in London in the early spring
of 1951, and the next Plenary Assembly will be in
Italy in the autumn of 1951.
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The Institution of Post Office Electrical Engineers

Essay Competition, 1949-50

The Council offers five prizes of three guineas each for
the five most meritorious essays submitted by members
of the Engineering Department of the Post Ofhce below
the rank of Inspector. Draughtsmen Class II, with less
than five years’ service on that grade, are also eligible
to compete. In addition to the five prizes the Council
awards a limited number of Certificates of Merit.

A prize-winner in any previous competition is not
eligible to enter, but this restriction does not apply to a
competitor who has been awarded a Certificate of Merit
only. An essay submitted for consideration of an award
in the Essay Competition and also submitted in con-
nection with the Junior Section I.LP.O.E.E. prizes, will
not be eligible to receive both awards.

In judging the merits of an essay, consideration will be
given to clearness of expression, correct use of words,
neatness and arrangement, and although technical
accuracy is essential, a high technical standard is not
absolutely necessary to qualify for an award. The
Council hopes this assurance will encourage a larger
number to enter. Marks will be awarded for originality
of essays submitted.

Competitors may choose any subject relevant to
current telegraph or telephone practice. Hints on the
construction of an Essay can be obtained, if desired,
upon application to the Secretary at the address given
below.

Foolscap or quarto size paper should be used, and the
essay must not exceed 5,000 words. An inch margin is
to be left on each page. A certificate is required to be

given by each competitor, at the end of the essay, in the
following terms : —

** In forwayding the fovegoing essay of ........ words,
I cevtify that the work is my own unaided effort both
as vegards composition and dvawing.”

(*1f a Draughtsman Class 11, state date (f appointment to
that grade.)

The Essays must reach
The Secretary,
The Institution of Post Office Electrical Engineers,
G.P.O. (Alder House), London, E.C.1.
by the 31st December, 1949.

The Council reserves the right to refrain from awarding
the full number of prizes or certificates if in its opinion
the essays submitted do not attain a sufficiently high
standard.

J. READING,
Secyetary.
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Junior Section

Baldock Radio Station Centre

The isolated position of the station and consequently
small membership has limited the activities of the Centre,
but this, our first year, has been most successful.
Lectures have been very well attended and our one
visit, to Letchworth Power Station in January, surpassed
all hopes.

At the annual general meeting in June, the following
committee members were re-elected for the 1949/50
session :—

Chairman : ]J. E. Hewson; Vice-Chatyman: A. E.
Parker; Secretary: A. Crocker; Treasurer: D.
Campbell.

The committee wish to thank our lecturers for the
past year for their willing co-operation, and to record
our gratitude to Mr. Anderton whose guidance has been
mainly responsible for our success. A . C

. Edinburgh Centre

The annual general meeting was held on 26th May,
1949, and the following office bearers were elected for the
next session :—

Chatyman : R. A. Notman ; Vice-Chatyman : ]J. R.
Mackie ; Secvetary : S. M. G. Geercke; Committee :
J. G. Kelly, D. Strachan, W. F. Irvine and R. C. McLean.

The committee are arranging for a series of monthly
meetings and visits to local places of engineering interest.
The first meeting will be held in October and will include
a “ Quiz *’ on technical topics of current interest. It is
hoped that activities will be well supported.

S.M.G. G

Middlesbrough Centre

The annual general meeting of the Centre took place
on l4th April, 1949, and the following officers were
elected :—

Chatyman : O. G. Prutton; Vice-Chairman: E. P.
Smith ; Secretary : J. Brown; Assistant Secvetary :
F. Fountain; Treasurer: A. Bonnier; Committee :
D. Watson, R. Robinson, J. C. Hall, G. A. Buckle,
C. Allison, P. A. Bulmer; Auditors: R. Hadfield,
D. Paterson.

At a committee meeting held on 19th May, 1949, the
programme for 1949/50 was outlined and the summer
session has now been satisfactorily concluded. Visits
were made to Siemens Bros. factory at West Hartlepool ;
the works of the Cargo Fleet Iron Co., Ltd.; the
locomotive works of Messrs. Robert Stephenson &
Hawthorn Ltd. at Darlington.

The programme for the winter session is as follows :—

(l)3th October °49.—Film show arranged by the

C.OlI.

17th November '49.—Underground Development—
R. V. Heppinstall (with an introduction by Mr. J.
Brown of Sales Development).

15th December '49.—Some notes on Sound Repro-
duction—H. C. Naylor, AM.LEE.

19th January ’'50.—~Television—B. V. Northall.

16th February '50.-—To be decided later.

16th March ‘50.—Radio Interference—P. L. Hall.

20th April '50.—Annual general meeting.

The attendance at the summer meetings has been most
encouraging. It is hoped that the enthusiasm will con-
tinue during the winter session.

J. B
(Continued on page 180)



Notes and Comments

Recent Awards

The Board of Editors has learnt with great pleasure of the honours recently conferred upon the following

members of the Engineering Department ;—

London Telecomms. Region Evans, F.R. .. Skilled Workman, Sergeant, Mentioned in
Class ITA Royal Signals Despatches

Newcastle-on-Tyne Telephone  Armstrong, A.  Skilled Workman,  Corporal, Mentioned in
Area Class IIB Royal Signals Despatches

Newcastle-on-Tyne Telephone  McEwen, J. A.  Skilled Workman, Signalman, Mentioned in
Area Class IIB Royal Signals Despatches

Birthday Honours

The Board of Editors offers its congratulations to the following members of the Engineering Department
honoured by H.M. The King in the Birthday Honours List :—

Coventry Telephone Area
Engineering Department

Miller, J. W.
Faulkner, H.

Engineering Department Ford, F. C.
Engineering Department Mack, G. L.
Engineering Department Mayman, A. C.
Swindon Telephone Area Pearce, E. F.

The Post Office Directorate

Sir Raymond Birchall, K.C.B., K.B.E., retired
from the post of Director General on 30th September,
and the Board of Editors extends to him best wishes
for the future.

The new Director General is Mr. R. A. Little, C.B.,
who has been succeeded as Deputy Director General
by Mr. B. L. Bamett, C.B., M.C. To both these
gentlemen we offer sincere congratulations on their
new appointments.

Awards by Institution of Electrical Engineers

The Board notes with pleasure that the following
members of the Engineering Department have been
awarded I.LE.E. Radio Section Premiums for papers
read before the Institution during the 1948-49
Session :—

D. G. Tucker, D.Sc., Ph.D. “ Some Aspects of
the Design of Balanced Rectifier Modulators
for Precision Applications’’ and ** The Effects
of an Unwanted Signal mixed with the Carrier
Supply of Ring and Cowan Modulators."”

C. F. Floyd, M.A., and R. L. Corke. ‘Crystal
Filters for Radio Receivers.”

Capt. C. F. Booth, O.B.E., and J. P. Johns
(Standard Telephones & Cables, Ltd.). “ The
Development of Quartz Crystal Production.”

H. T. Mitchell and T. Kilvington, B.Sc. (Eng.).
‘A Time-Multiplex Radio Frequency Phase-
Comparison Method for Navigational Systems.”’

F. E. Williams, M.Sc.(Eng.). “ The Design of a
Balanced Armature Cutter-Head for Lateral-
Cut Disc Recording.”

Inspector . ..
Deputy Engineer-in-Chief

Staff Controller ..

Technician
Executive Engineer

Skilled Workman, Class I

British Empire Medal

Companion of the Order

of St. Michael and St.

George

Officer of the Order of

the British Empire
British Empire Medal

Member of the Order of
the British Empire
British Empire Medal

Reserves of Officers

The War Office has asked us to draw attention to
the fact that opportunities now exist for released
officers to join the Regular Army Reserve of Officers
or the Army Officers Emergency Reserve. Officers
with the requisite qualifications who have been
released from the British and Indian Armies are
required in various technical corps, including the
Royal Corps of Signals.

A leaflet giving details of both Reserves may be
obtained from The War Office, London, S.W.1.

Editorial Appointment

Mr. A. J. Baker resigned from the Board of Editors
on Ist September after having served as Secretary
and Treasurer for over 16 years. The Board accepted
his resignation with considerable regret, and now wish
to express their keen appreciation of the excellent
services he has rendered during his long association
with the Journal.

Mr. A. J. Hutchison has been appointed to fill the
vacancy caused by Mr. Baker's resignation.

I.P.O.E.E. Printed Papers

Many requests are being received for Printed Papers
now out of stock, and an attempt is being made to
accumulate unwanted copies so that such requests .
may be met. It would be appreciated, therefore, if
copies of Papers, for which members have no further
use, could be sent to ‘“ The Librarian, I.LP.O.E.E,,
Alder House, London, E.C.1.”

Papers particularly requested are Nos. 138, 143,
147, 181, 186 and 188, but any others will also be
gratefully accepted.
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of a 10-lb. cable with a resistance above the loop/dis-
connect limit, are worked L.D.D.C. dialling. Some idea
of the size of the exchange will be given by the
following equipment quantities—I1st code selectors, 1980
(capacity 2200), 2nd code selectors, 2127 (capacity 2880),
3rd code seiectors, 630 (capacity 880). The number of calls
carried per day is of the order of 50,000. -

Although the introduction of full multi-metering
facilities for subscriber-dialled traffic from exchanges
in the 124-20 mile belt is dependent on the provision of
appropriate metering equipment, the opening of the new
Toll B director exchange will enable subscribers to be
given the limited facility of dialling to exchanges in a
uniform fee area comprising the London 5-mile circle.
Calls at the originating non-director exchanges will be
routed through to the Toll B director equipment by
subscribers dialling ‘7 °'* as a prefixing digit to an
arbitrary code for the required exchange.

An interesting feature of this exchange is the lst
code selector which is a new '* Junction *’ type and is
designed to operate on a loop/disconnect basis over
a 1,600 ohm loop, and also to give supervisory or metering
signals over the incoming junction. This selector has a
*“ split release " which makes it possible for an incoming
circuit to be re-seized immediately on clearance of the
previous call, dialling tone to be received and dialling
into the '* A " digit selector and director to commence
whilst on the outgoing side of the selector the wipers are
still in the process of restoring to normal. This is an im-
portant feature as the selector has an 800 mS. releasing lag
and, as a guard is not extended during release to the
multiple at the calling exchange, seizure during this
period is highly probable on such heavily-worked circuits.

R. C. D.

Scotland
EARTH ELECTRODES IN A SCOTTISH LOCH

There is close parallelism between one of the North-
of-Scotland Hydro-Electric Board’s 132 kV lines and
the Post Office overhead route in the Perthshire glen
formed by Loch Tummel and Loch Rannoch. The
earth fault current on the power system is at present
limited by resistance-earthing at the power station.
As a preliminary to the development of a 132 kV grid
in the Highlands, fed by hydro-electric stations, solid
neutral earthing is to be introduced in the near future.
Some idea of the potential danger to Post Office linemen
working on the route will be gained from the facts that
the coupling between the power line and the Post Office
junction most seriously affected has been measured
under earth fault conditions at 2:18V per amp., and the
expected maximum earth fault current will be 690 amps.
next year, rising ultimately to 1,670 amps.

Initially it is proposed to provide protection for the
Post Office circuits by means of gas discharge tubes
connected at suitable intervals between the overhead
wires and earth in order to reduce the voltage of the
. wires to earth under earth fault conditions on the power
line. Ultimately it is possible that an A.C. signalling
system will be designed so that isolating transformers
can be used in the telephone circuits.

The economic provision of earth electrodes of low
resistance immediately presented difficulty. The earth
resistivity of the soil, mainly rock, in the part of the
country concerned was found to be 200,000 ohm-cm.
and, as a resistance to earth of not more than 8:5 chms
was required at each gas discharge tube point, it was
evident that the provision of a buried earth electrode
system would entail extensive trenching.

Fortunately, for a distance of some eight miles along

the portion of most severe parallelism, the Post Office
route runs along the shore of Loch Rannoch. It was
decided, therefore, to use a wire laid on the bed of the
loch as the earth electrode at each of the eight protection
points scheduled for this part of the route. Preliminary
tests were made with 7/18 s.w.g. soft copper wire, and
it was found that 400 yards of wire laid in the loch, at
right angles to the shore, gave a resistance to earth of
6-6 ohms. A rough measurement of the resistivity of
the water was made by immersing a pair of closely-spaced
parallel metal plates, and a wvalue of the order of
100,000 ohm-cm. was obtained—surely denoting a
standard of purity for which water of the Scottish
Highlands is famed in industries other than the electrical |
This value of resistivity applied to the calculation of the
resistance to earth of a long buried wire gave a result
which agreed fairly closely with the measured value.
Lengths of wire from 100 to 800 yds. were used as earth
electrodes and it was found that, as predicted by theory,
the resistance to earth was approximately inversely
proportional to the length.

The top six inches or so of soil cover appeared to have
a much lower resistivity than the lower strata. There
was hardly any decrease in the resistance to earth as the
spike was driven deeper into the loose rock underneath
and in some cases the resistance actually increased,
presumably owing to the loosening of the soil round the
spike as it was hammered in.

The only craft available on the loch were rowing boats
incapable of handling the weight of wire required,
19/16 s.w.g. soft copper being used for the permanent
electrodes. The wire was, therefore, floated out from
the shore on oil drums tied to it at intervals. A few of
the oil drums were punctured and the wire sank—the
remaining ‘oil drums being crushed by the pressure of
water.

Earth electrodes on other portions of the route
involved many yards of difhcult digging, although an
occasional water pipe in the hillside was brought into
service. F. H.G.

LIGHTNING DAMAGE TO POWER PLANT

A fault developed at Tynatied repeater station,
situated on the Central Highland route north of Pitlochry
on the 23rd May, 1949. Enquiries indicated that the

- fault was coincident with a lightning flash which had put

out of order some 150 subscribers’ lines in the district
and had caused a serious accident on a North-of-Scotland
Hydro-Electric Board construction scheme. On inspec-
tion of the repeater station it was found that the B cubicle
had been on fire, and that the neon lamp was fused into
its holder, and the wiring and apparatus in the assembly
supply panel was charred and burnt. Flames had spread
through the cable-form holes to the inside of the
cubicle and had travelled upwards along the wire former,
badly burning or charring all wiring on or near the rear
of all panels. Heat and some burning had been trans-
mitted to the main contactor panel situated above the
assembly panel. The whole of the apparatus in the
contactor panel will probably require renewal.

From telephone enquiries it was found that a spare
B cubicle was held in the Aberdeen Telephone Manager's
Area and with the co-operation of that Area this was
prepared and put on the road the following day. The
faulty unit was withdrawn, the new unit fitted, and all
plant was working normally by 6 p.m. on the day follow-
ing the fault. The station was not out of service at any
time, the standby plant having taken the load on the
initial failure and run without interruption or difficulty
for the whole period of the operation. R. A
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Staff Changes

Promotions
Name Region Date Name Region PDate
Exec. Engr. to Asst. Staff Engr. —T;cﬁﬂjt; Asst. Engr.—continued -
Rhodes, J. E.-in-C.Q). 1.7.49 Allwood, M. E. E.-in-C.O. 3.8.49
Weod, A. E. E.-in.C.0. 1.7.49 Bailey, A. H. E.-in-C.O. 3.8.49
Cosier, J. E. H. E -in-C.O. 3.8.49
Exec. Engr. to Tel. Man. Deacon, C. R. W. E.-in-C.O. 3.849
Gill, C. J. N.E. Reg. to Sheffield 25.7.49 gi’g'b?r‘dTE W.C. Ej}ﬁjg‘gi g:g':g
Clibbon, H. A. E.-in-C.O. to York 7.8.49 King, E. H. E.-in-C.O. 3.8 49
E to E Ene McNabb, J. B. E.-in-C.O. 3.8.49
=NRy. [0 mXec. Zngr Norman, F. N. E.-in-C.0. 4.8.49
Bealby, G. Scot. 14.7.49 Walters, R. V. E.-in-C.O. 3.849
Rossiter. G. E. E.-in-C.O. 14.7.49 Blackburn, J. A E.-in-C.O. 6.8.49
Forty, A. J. E.-in-C.O. 14.7.49 Jackson, F. G. Mid. Reg. to E-in-C.O.  6.8.49
Dye, F. W. G. E.-in-C.O. 20.7.49
Moxon, T. Scot. 17.7.49 S.W.II 4. to Asst. Engr.
Trffitt, L. A. E.-in-C.O.to NW. Reg.  26.7.49 James, N. S. W.B.C. Res. to
Spinks, J. 1£.-in-C.0O. 7.8.49 E.-in-C.O. 6.8.49
Thompson, A. J. H.C. Reg. to E-in-C.O.  31.749 Geercke, S. M. G. Scot. to E.-in-C.0. 22.8.49
Whitmore, I.. H. E.-in-C.O. 31.7.49
N . Sen. Sc. Off. to Princ. Sc. Off.
DProb. Engr. to Engr. Bull R I. E-in-CO. 9.6.49
Cooper, R. A. E -in-C.O. 9.6.49
Allnatt, J. W. E.-in-C.O. 5.6.49 Exper. Cff to Prob. Engr.
Harrison, D. E.-in-C.O. 16.6.49 Cawthra, W. A. E.-in-C.O. 2.849
Thomas, V. E.-in-C.O 13.6.49
Evans, G. O. E.-in-C.O. ©1.4.49 Asst. RM.T.O. to RM.T.O.
Harriss, L. J. E.-in-C.O. 9.7.49 - N
Brott &, E E'inC.O. 2749 Mills, C. F. W.B.C. Reg. 5.7.49
Jones. F. E.-n-C.O. 1.7.49 Mech.-in-Charge to Tech. Asst.
Asst. Enay. to Enov. Palmer, S, S.W. Reg. to E.-in-C.O. 2.5.49
dsst. Engr. Io Engr. A Rigden, L. G. London o E.-in-C.O. 27.848
Bass, N. K. E.-in-C.O. 7.7.49 Wilson, H. R. Mid. Reg. 10.8.49
Johnson, H. N. E.in-C.O. 7.7.49 Webber, A. L. D. E.-in-C.O. 98.4.49
Pearson, F. C. E.-in-C.0. 7.7.49 Ash, H. V. H.C. Reg.toE-in-C.O.  20.8.49
Laver, K. S. E.-in-C.O. 4.8.49
Taylor. R. E. E -in-C.O. (seconded to D'sman Cl I to Sen. D'sman.
Factories Dept.) 2.849 Porter, F. V. E.-in-C.O. 1.6.49
Tech. @ff. to Asst. Engy.
Garbutt. A. W. N E-in-C.O. 28.5.49 Dsman Cl. 17 to D'sman Cl. 1
Mathews, L. ]J. E.-in-C.O. 28.5.49 Macklow, C. D. Mid. Reg.to W.B.C. Reg.  4.7.49
Transfers
Name Region Date Name Region Date
Exec. Engr. R.M.T.O.
Atkinson, J. Scot. to E.-in-C.O. 10.7.49 Hunt. E. T. W.B.C. Reg. to SW. 5.7.49
Porter, W. F. Scot. to H.C. Reg. 17.7.49 Reg.
Rule, F. T. E.-in-C.O. to Min. of 13.7.49
Supply M.T.@. III
Engincer West, P. S. E.-in-C.O. to Min. of 9.6.49
Raby, R. E. E-inCO. to LT. Reg.  16.49 Supply
Gofcrd, R. E.-in-C.O. to H.C. Reg. 12.6.49 Tech
Marsh, S. B. E-in-C.O. to Min. of  27.6.49 Tech. Asst.
Supply Leggett, F. W. A. E.-in-C.O. to London 28.8.49
Walker, N. E.-in-C.O. to Scot. 28.7.49 Kimberley, R. G. E.-in-C.O. to London 28.8.49
Jordan, T. E.-in-C.O. to N.E. Reg.  31.7.49
Asst. Engr. Eﬁper. Cﬁcgr
Ansell, G. V. P-~~lnéC~°~l to Min of  25.6.49 Woodward, J. A W. E.-in-C.0. to Min. of 9.6.49
. . SupPPly Supply
Green, D. E.-in-C.O. to N.E. Reg. 4.7.49
Jackson, R. A. E.-in-C.O. to SSW. Reg. 1.7.49 ,
Branston, E. C. E.-in-C.O. toL.T. Reg.  15.849 Disman G 1
Fletcher, E. N. L.T. Reg. to E-in-C.O. 15.8.49 Bell, W. H.C. Reg. to W.B.C. 4.7.49
Rae, ]J. D. L.T. Reg. to E.-in-C.O. 29.8.49 Reg.
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JUNIOR SECTION
(Continued from page 172)

Darlington Centre

The proposals for the 1949/50 session programme at
present being discussed augur well for another successful
session.

Arrangements have been made for visits to the
Billingham Works of the 1.C.I.,, a power station and a
steam locomotive works to take place prior to the
winter meetings.

The officers elected at the annual general meeting
are :—

Chairman : E. O. M. Grimshaw; Vice-Chairman :
E. Pinkney ; Secretary : C. N. Hutchinson ; Treasurer :
B. Midcalf; Committee : ]J. Ainsley, G. C. Beggs, T. L. M.
Hebron, J. Hewett, B. V. Northall, A. Snowden;
Auditors : J. D. Benjamin, H. Richmond.

The officers are representative of the staff and were
elected only after lengthy deliberations—approximately
two hours was spent on this item—so that whatever
programme is finally decided upon we can be confident
that it will meet the requirements of the customer,

C. N. H.
Oxford Radio Centre

The Section was forined on 1lst January, 1949, and the
- following officers were elected :—

Chairman : J. L. Hyatt; Secretary : A. R. Jobling;
Treasurer : D. G. \Ward; Senior Section Liaison
Cfficer : W. H. Lee.

The primary motive in forming the Section was to
enable the staff to avail themselves of the excellent
library facilities provided by the Institution. However,
there was soon a demand for a programme of lectures

and a winter’s programme was arranged accordingly.
This proved so successful that the Committee arranged
a much more ambitious programme for the 1949/50
session as follows :—

September '49.—-Visit to the B.B.C. Transmitting
Station at Brookmans Park, followed by attendance
at a live broadcast in London.

November '49.—' The Television Receiver,” by
T. Kilvington, B.Sc.,, of the Radio Experimental
Branch.

7th December '49.—'* The Principles of Radar,”
by Professor A. Lee, Ph.D., of the Royal Mil'tary
College of Science, Shrivenham.

January '560.—*“ High Voltage Distribution in the
B.E.A.,” by J. L. Taylor, AMI.EE., MAm.LLE.E,,
AM.II.A., Distribution Manager for the Oxford Area.

February '50.—* The Diesel Engine,” by S. W, Wain.

March '50.—' Matrices and their Application to
Network Problems’ by S. Munday, M.A., Mathe-
matics Department, Royal Military College of Science,
Shrivenham.

A.R.J.

Sheffleld Centre

Since the revival of the Centre, it is pleasing to be
able to record a continuation of the enthusiasm by
members, of whom there are now 66, with every indication
of a further increase.

A successful summer programme included visits to :—

British Railway Control Room, Rotherham ;

Ladybower Dam; Ericsson's, Beeston; B.T.H.

ILamp Factory, Whittington; Callender’s Cables,

Prescott.

Attendance at the visits and lectures has been good
but it is hoped to see greater numbers, including more
Youths-in-Training, in the future. G. F.
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American Insurance Companies

advise regular use of
“MEGGER” EARTH TESTERN

Lightning Damage caused by
High Earth Resistance

THE INSPECTION DEPARTMENT of the
Associated Factory Mutual Fire Insur-
ance Companies, of Boston, Massa-
chusetts, issues a Bullein of Loss
Prevention. No. 15.66 contains a word
of warning about Lightning damage
and an indirect tribute to British
testing equipment.

The Bulletin points out that “in
spite of good lightning arrestors and
similar devices, lightning will frequent-
ly cause severe damage if high earth
resistance hampers its dissipation in
the earth.”

It advocates that earth resismances
should be checked annually, and points
out that “ the * Megger * Earth Tester
is the easiest, quickest and most accu-
rate method of doing this, and should
be employed wherever possible.”

‘““ Megger” Barth Testers are used
to test the soil resistivity as a guide to
the position, size and type of earth

electrode : after installation, to see that
the iniual resistance is sufficiently low :
and to check periodically this resistance
to see that its low value is maintained.
They enable the resistance to earth of
an earth plate or structure to be
measured directly in just as simple a
manner as insulation can be measured
with a “ Megger * Insulation Testing
Set. The Earth Testers are so designed
that any elecarolytic or back EM.F. or
stray currents in the soil do not affect
the test in any way.

“ Megger ” Earth Testers comply
with the testing requirements laid down
in the LE.E. Regulations. Each con-
sists of an ohmmeter and generator of
special type, so designed that alternat-
ing current is used in the testing circuit
in the soil, while direct current is used
in both coils of the ohmmeter.

Full details are available in Publica-~
tdon X 217, a copy of which will be
sent on request,

THUNDERSTORM FORECASTING

IS POWER STATION SAFETY AID

An Evershed chart recorder is used in
conjunction with a Ferranti calibrated
radio receiver to give warning of
approaching thunderstorms.

A continuous record of atmospherics
is obtained, and it is claimed that the
approximatedistanceof the storm centre
can be deduced from the chart record.
In some instances several hours warn-

EVERSHED
PROCESS CONTROLLERS
INDICATORS & RECORDERS
REMOTE CONTROLLERS
MEGGER TESTERS

ing may be obtained so that operating
staff may, where possible, take appro-
priate precautionary measures to safe-
guard the elecarical supply.

Eversheds make recorders for all
kinds of special requirements and
many strange purposes.

MEGGER TESTERS
CAN TAKE IT

“ For 2§ years the writer has profes-
sionally used a hand ‘ Megger’ Set
throughout the Philippines. The Set
‘ Evershed & Vignoles, 100-Meggohm
—Serial No. 59289’ has withstood
successfully the harshness of Philippine
trail and transportation service without
renewal or changing Megger parts and
the still excellent condition of i
wooden container box, free from checks
or climatic cracks is frequently com~
mented upon by those interested in the
condisioning of wood containers for
longivity of life under tropical con-
ditions.”

—from a customer 8 the Philippines.

PLEASE —
I'm W&OM/

No need to introduce myself. I'm a
Megger. Every electrical engineer
knows me.

That’s half the trouble. You all know
me so well — wouldn’t be without me,
most of you — that some of you are
inclined to forget who I really am.

It is nice being popular, and I don’t
want to stand on my dignity with
friends. But the Law doesn’t like me
being taken so much for granted.

The Law recognises me as a register-
ed Trade Mark. It says my name must
only be used for the producss of Ever-
shed and Vignoles. That suits me —
they’re the best, anyway. The Law
even says I'm an adjective, and must
not be used as a noun.

So please remember that I'm not
just a “ Megger,” but quite definitely
a “ Megger ” Eanth, or Insulation or
Earthometer  Tester — and  that
Evershed’s made me. '

BRABAZON 1. Britain’s largest landplane has been fitted with Evershed engine throttie
controls. Engineers report ; *“Trouble free service .. . . no difficulties or complaints.”

EVERSHED AND VIGNOLES LIMITED

ACTON LANE WORKS .

Telephone: Chiswick 3670

Telegrams: Megger, Chisk, London

CHISWICK . LONDON - W4

Cables: Megger,l London
sl1a7
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