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This article reviews the development in electric power systems and the possible effects on the telephone network
from the aspects of danger to personnel, damage to plant and noise interference

GENERAL PRINCIPLES OF TELEPHONE INTERFERENCE

EFORE telephone interference from power
Bsources can be understood it is necessary to
visualise the conditions under which a power
system may be capable of causing these disturbances
and then to consider the characteristics of a telephone
circuit which make it sensitive to the disturbing
conditions.
A power system can cause disturbance in a neigh-
bouring telephone line only if it has an external
electric or magnetic field.

External Electric Fields.

An external electric field exists when the potentials
of the individual line wires are not balanced with
respect to one another and to earth. Even when the
potentials of the individual wires are so balanced the
wires may be so widely separated as to permit each
to have an electric field of disturbing strength in its
immediate vicinity. It is obvious that a high voltage
line in a lead covered cable does not produce an
external electric field. A 3-phase system earthed at
the neutral, or insulated from earth and balanced in
respect to earth by regular rotations, does not give
rise to an external electric field except in the close
vicinity of individual wires. On the other hand, a
single-phase spur from a 3-phase system earthed at
the neutral has unbalanced voltages with respect to
earth and therefore produces an external electric
field.

A 3-phase system insulated from earth and
balanced in respect to earth by regular rotations
creates no external field unless the balance of the
potential to earth of individual wires is upset by an
accidental earth on one phase. As a rule, electric
fields do not cause trouble except with very high
operating voltages or very close separating distances.
The effect of an electric field need only be taken into
consideration in three cases which occur in practice :

(1) An insulated 3-phase system which is con-

tinued in operation with an earth fault on one
phase.

(2) A single-phase spur from any 3-phase system

and

(3) An electrified railway with overhead contact

wire or wires, with return by the rails.

External Magnetic Fields.

An external magnetic fieid exists when the currents
flowing in the power lines are unbalanced, so that a
residual current returns from some distant point
through the earth. It may also be remarked that
even when there is no residual current, if the con-
ductors are not close together an external magnetic
field will be formed in the close vicinity of individual
conductors of the power line.

When some part of the current in a polyphase
system returns by the earth it distributes itself in the
earth to a great depth and extends laterally over a
very wide area. The effect of the current is to pro-
duce a pulsating magnetic ficld which induces
currents in any telephone line roughly parallel with
the power line. Fig. 1 indicates a step-up trans-
former with earthed neutral feeding a high voltage

Transformer Phase 3
Secondary
Generator Y
Phase2
Line
Phase |
MOOOV. 182000V o kT Eartho
=~ Fault ..

—— -

Fi1c. 1.—EFFECT OF EARTH FAULT ON 3-PHASE SYSTEM.

transmission line. The path of the unbalanced fault
current returning through the earth from the fault on
phase 1 is indicated.

The conditions under which a power system gives
rise to a current of fundamental frequency, flowing
in the earth, must now be considered.

A 3-phase system earthed at the neutral carries
balanced in-phase currents and balanced capacitance
or charging currents, provided that all three lines
are balanced in respect of their insulation and
capacitance to earth. When a fault to earth on one
line occurs the faulted phase line carries, in addition,
a current which returns from the fault by way of the
earth. The capacitance to earth of the faulted phase
is greatly reduced and the capacitance currents in
the system also become unbalanced.

An earth fault on an insulated system, by up-
setting the balance of the capacitances of the lines to
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earth, also leads to an unbalanced residual charging
current, which returns by the earth.

An insulated system will also cause a flow of
current in the earth when two earth faults exist
on different phases simultaneously, at a distance from
one another.

Any power line which is built unsymmetrically and
is not transposed or rotated will also have an
unbalanced or residual charging current, of which the
return path is the earth. An extreme example of
an unsymmetrical system is an alternating current
railway in which the uninsulated rails carry only
part of the return current, much of which finds its
way back by the earth.

So far the effect of currents at the fundamental
frequency only have been considered, but it may be
taken that (in 3-phase systems earthed at the neutral)
the same remarks apply to any harmonics of odd
frequency, such as the 5th, 7th, 11th, 13th, 17th,
19th, etc. The ternary harmonics (3rd, 9th, 15th,
21st, etc.) are, however, always in phase with each
other in all the line conductors, and therefore
together produce a residual or resultant current in
the system as a whole, even in a perfectly sym-
metrical system ; in general any ternary harmonic
voltages present in the source may produce charging
currents of the same frequency that return by the
earth.

No alternating current system is free from
harmonics, though every effort may be made to re-
duce their magnitude. Even direct current systems
fed from rotating plant, and especially when fed
from rectifiers, contain alternating components
superimposed on the direct current, which, if the
system is not uniformly balanced in insulation and
capacitance to earth, will return by the earth and
cause interference in imperfect telephone circuits.

Effect on Telephone Circuals.

The chief causes of the flow of currents in the
ground having been briefly indicated, consider-
ation may now be given to their effect on
telephone circuits exposed to the pulsating magnetic
field. In both wires of a telephone pair E.M.F.’s
will be induced, but these will not be equal because
the two wires are not in identically strong fields.
A perfect system of transposition or rotation of the
telephone pair may eliminate this inequality, but
any lack of equality of resistance or of insulation
resistance or of capacitance to earth of the two wires
forming the pair, or any lack of uniformity in the
distribution of these characteristics along the line,
may cause currents to flow round the loop through
the terminal apparatus and therefore may cause
noise interference in the receivers. Unbalance to
earth of the terminal apparatus produces the same
result. Telephone circuits in cables are so nearly
balanced and so well rotated as not to suffer appreci-
ably from noise interference due to imperfect balance
of the line, but terminal unbalance may still cause
noise interference if the circuits are subjected to
longitudinal induced noise voltages.

It is also important to note that a perfect telephone
line which is exposed to longitudinally induced noise
voltage, although silent when connected to a perfectly
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balanced termination, will become noisy if it is
connected through to an unbalanced local line or even
to a balanced line which is connected to unbalanced
terminal apparatus.

When an open wire telephone circuit is subjected to
the influence of a pulsating electric field, imperfect
balance of the capacitances of the two conductors to
the power line or to earth, unequal ohmic resistance
or unequal insulation resistance of the two con-
ductors, lack of uniformity of the distribution of
these characteristics along the line, or imperfect
balance to earth of the local line or terminal
apparatus, will result in a residual current circulating
through the terminal receivers and therefore in noise
interference.

A telephone circuit in an earthed lead sheathed
cable is, of course, completely screened from the
effects of an electric field. The sheath also affords a
measure of screening against induced voltages due
to the magnetic field, particularly at audio
frequencies.

There is one other important aspect of power
interference. In the case of severe exposures such
as occur with long parallels or with small separating
distances the earth fault current of the power line
may be so great as to induce in the parallel telephone
line very high longitudinal voltages capable of causing
the operation of protectors and therefore giving
rise to acoustic shock or creating, while they last, a
dangerous hazard for linemen. The precautionary
measures available to the power engineer on the one
hand and to the telephone engineer on the other to
keep this effect within bounds are described later.
It should be emphasised that, although a perfect
telephone circuit is immune from noise interference,
the telephone engineer has no defence within his own
hands against longitudinal induced voltages. At
best he can reduce their magnitude or mitigate their
effects.

GENERAL REVIEW OF THE TENDENCIES OF POWER AND
TELECOMMUNICATION DEVELOPMENTS.

The following aspects of power development will
be briefly considered :—

The extensive development of the grid with
its network of 132 kV overhead lines, its
secondary lines at 33 kV and the many lower
voltage spurs.

The growing demand for multiple earthing of
both high and low voltage systems.

The use of electrode boilers and water heaters.

The extensive adoption of mercury arc
rectifiers.

The growth of railway electrification.

The gradual suppression of tramways and
growth of trolley vehicle systems.

The growing need for joint construction.

The use of P.O. lines for control circuits and
indicating circuits between power stations.

The future of transmission by direct current.

Concurrently with these tendencies we should
remember what is happening in the development of
telecommunication circuits.  The main trunk and
junction system of the country is rapidly going into



underground cables, a step rendered possible by the
development of thermionic valves. A gradual
displacement of C.B.S. No. 1 exchanges is taking
place and less use is being made of the earth for
signalling. Other tendencies include the extension of
carrier working, the practical disappearance of earth
return talking circuits and a gradual disappearance
of earth return telegraph circuits in favour of V.F.
telegraphs. It must, however, be remembered that
in extending the distances over which dialling into
automatic exchanges is practised there may be a
considerable extension of battery dialling with earth
return. There are also many types of coin box
circuits still in use which employ some form of earth
return circuit in the calling condition, but their
length is generally short, and cases of noise inter-
ference during the talking condition are of rare
occurrence.

THE DEVELOPMENT OF OVERHEAD POWER LINES.

The development of overhead power lines has
progressed very rapidly since the Central Electricity
Board was set up in 1926. The Grid is now practi-
cally complete and forms the backbone of the system
of electricity distribution in bulk. Its effect has,
therefore, been to stimulate the growth of an
elaborate network of lines in all parts of the country.
Overhead power lines have brought problems to the
Post Office, which may be considered under three
main headings.

1. The danger of physical contact between power
lines and telecommunication lines.

2. The dangers arising from high induced voltages
in telephone lines caused by heavy earth fault
currents from parallel power lines.

3. The general degradation of telephone circuits
by noise induction from the residual or
unbalanced component currents in power lines.

Physical Contact, Low Voltage Lines.

With low voltage lincs the danger of contact can
be materially reduced by providing covered conductors
at crossings and proximities.

The power wires or the tclephone wires may be
protected by the use of an insulating covering of
P.B.J. or V.C.]J. Alternatively, earthed guard
wires may be used to prevent contact with 600 volt
trolley wires. I>.13.J. consists of impregnated paper
tapes, a cotton lapping, and a braiding which is
impregnated with linseed oil and red lead and
ultimately coated with paraffin wax. V.C.]. covering
is similar, but varnished cambric is used in place of
paper, and gives a higher insulation. This covering
has excellent weathering properties. A perfect
insulating covering has not yet been discovered, but a
number of manufacturers is still investigating the
problem.

Such accidents as have occurred have been mainly
due to abrasion of the protective covering by the
sawing action of a broken bare wire being drawn
across it. When the P.O. wires cross above power
wires it will generally be arranged in future that the
neutral or alternatively an earthed guard wire is
strung above the live insulated power wires so as to
prevent any direct contact.

Physical Contact, High Voltage Lines.

With high voltage lines the utmost care must be
taken, by adequate separation and by more robust
construction at crossings, to prevent direct contact
with telephone wires. Collapse under exceptional
storm conditions may be prevented by additional
staying. The risk of a conductor falling may be
minimised by the use of duplicate insulators, bridles
and stranded conductors. Insulators of a voltage
flash-over value higher than that of those on the
rest of the line may be used at crossings, so as to
prevent a flash-over which might burn the conductor
through if the arc persisted. Arcing horns are often
used to prevent the burning of the conductor and to
deflect the arc from the insulator.

At the majority of crossings of Post Office wires
substantial earthed guards are provided between the
power wires above and the telephone wires below,
so that a broken power wire will be caught by the
guard and also so that a broken telephone wire may
not be blown by wind into contact with a power wire.
At sharp angles separate vertical side guards may
be used.

At the 132 kV crossings the more certain precau-
tion of placing the telephone wires in U/G cable has
always been adopted—indeed this form of crossing
is accepted as an alternative to guarding at the lower
high voltages where the telephone lines are sub-
scribers’ lines or short junction lines, and the loss
of transmission efficiency, which undergrounding
involves, can be tolerated. Although at such under-
ground crossings a special low capacitance cable is
employed, the losses due to reflection, when a number
of crossings of one route occur, are considerable and
are to be avoided if possible on long lines. Fortunately,
long overhead lines are becoming rare.

Longitudinal Induced Voltages.

It has been stated that where power lines and
telephone lines run cven approximately parallel for
long distances, a heavy unbalanced current due to a
fault on one phase, which current returns by the earth
to the earthed neutral point of a power system, will
induce magnetically a high longitudinal voltage in
the telephone lines. Every effort is therefore made to
avoid such severc exposures as would result in
the voltage in the telephone lines exceeding 300
during the short time, sometimes only a fraction of
a second, but sometimes several minutes, between
the occurrence of the fault and the operation of the
circuit breaker which cuts the current off. In many
power systems such circuit breakers are arranged to
close automatically three times before remaining
open.

A great deal of experimental work has been neces-
sary to verify the truth of the formule derived by
Carson and Pollaczek concerning the coupling
between parallel lines with earth return. It was
necessary to study the depth and lateral distance to
which the alternating earth currents spread and this
was found to depend upon the soil resistivity, not
only near the surface but of the rock substrata, and
also upon the frequency. The separating distance
between the lines plays an important part. The
principles were only thoroughly established after
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experimental work had been done in several countries
under widely varying conditions.

When the Post Office receives a notice of the in-
tention to construct a new power line it is necessary
to refer to the map record of high voltage power lines
in order to ascertain what is the most severe coupling
between the new line, including any section of the
existing power network of which it forms an
extension, and the most severely exposed telephone
line. In making this computation attention must
be paid to the varying separation between power
and telephone lines and in calculating each compon-
ent part of the induced voltage the appropriate
ground resistivity must be obtained from the resis-
tivity map, which is reproduced to a small scale in
Fig. 2. In important cases the resistivity may
have to be checked by measurement on the site, or,
where the ground is known to be stratified, the equi-
valent resistivity may be computed with sufficient
accuracy from the curves referred to below.

When the appropriate resistivity has been deter-
mined the mutual inductance curves shown in
Figs. 3 and 4 enable the induced voltage to be
computed.

These curves are suitable for use when the solil is
homogeneous, but where the earth is stratified and
there is a wide difference between the conductivity
of the upper and lower layers their use would lead
to errors.
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The P.O. Research Branch has recently prepared
a set of curves based on mathematical calculations
from which the equivalent resistivity of the soil may
be computed if the conductivity of each of the two
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assumed homogeneous layers and the depth of the
upper one are known.

When the equivalent resistivity has been deter-
mined the curves of Figs. 3 and 4 are used in the
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F16. 3.—CURVES FOR THE CALCULATION OF MUTUAL
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normal way to find the corresponding induced volt-
age for the separating distance of each section of
exposure.

When the total induced voltage per ampere of
fault current has been calculated, it is a simple
matter to determine what maximum fault current can
be tolerated, assuming that the total induced voltage
must be limited to 300 V. or in exceptional cases to
420 V. :

The power undertaker is then advised what is the
maximum fault current that can be tolerated and
is expected to ensure that it is not exceeded by the
use, if necessary, of an impedance between the
neutral point and earth or by the use of series
reactances in the lines.

An alternative available to the power engineer is
to avoid earthing the neutral and to employ a system
completely insulated from earth. In this case it
requires simultaneous earth faults on two phases,
some distance apart, to give rise to serious induced
voltages in neighbouring communication lines.

Another development of comparatively recent
application in this country is to earth the neutral
through a very high inductance often known as a
Petersen coil. If the inductance of this coil is care-
fully balanced against the joint capacitance of two
of the line wires, an earth fault on the third con-
ductor will not result in any appreciable current
flowing through the fault. Providing the not un-
usual practice of short-circuiting the Petersen coil
to clear those faults which are not self-suppressing is
prohibited, the use of Petersen coils promises to be
a satisfactory solution of the induced voltage problem.

In some of the Grampian Co.’s lines involving
extremely long parallels this scheme is being



adopted, but several Petersen coils located at
different points on the system are being used.

In demanding that a considerable impedance of
any kind be connected between neutral and earth it
must be remembered that the additional expense of
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insulating the transformers for the full phase voltage
even at the neutral point will have to be faced,
whereas it is not uncommon to grade the insulation
of very high voltage transformers to save expense.

The objections to high induced voltages in tele-
phone lines are that they may

(1) create a dangerous hazard for linesmen both
on overhead lines and to a lesser extent on
lines in cable.

(2) cause the operation of protectors and, as the
protector on one leg always operates before that
on the other, a heavy rush of current will
occur through the terminal apparatus, including
the receiver, as will be clear from Fig. 5. Such
a rush of current may be the cause of acoustic
shock.

(3) in some circumstances cause damage to apparatus
and give rise to exchange fires.

Safety Precautions on Telephone Lines.

Cases arise in which it is impracticable for any
further measures of precaution to be taken by the
power undertaker and it is therefore inevitable that
precautionary steps should be taken by the Post
Office. @n overhead lines exposed to the risk of high
longitudinal voltages the risk of shock can be
reduced by removing the pole earth wires from
contact with the arm bolts and also by cutting out
about a foot of the earth wire at ground level, a step
which has been found not to impair the value of the
earth wire as a protection against atmospheric
disturbances. Insulators may also be inserted in stay
wires.

The lines themselves can be broken up by means of
one to one transformers into sections of such length
that not more than 300 volts would be induced in any
one, under the most severe conditions. This step

is naturally limited by the transmission loss
permissible and by the requirements of dialling and
junction circuit signalling.

Transformers suitable for speech transmission
with minimum loss are not suitable also for trans-

‘}1] Receiver

E%ue‘ longitudinal
Voltages in both legs
of Telephone line’

tt
Protec torq: -L
A

F1G. 5.—Cause oF CURRENT IN RECEIVER WHEN A LINE

SUBJECTED TO HIGH LONGITUDINAL VOLTAGE DISCHARGES

THROUGH ONE PROTECTOR BEFORE THE OTHER. GAP A HAS
BROKEN DOWN BEFORE Gap B.

mitting signalling currents at 16% c.p.s. Signalling
at 500/20 c.p.s. is practicable, but the available
apparatus i s too expensive and bulky for use where
the number of circuits is very small and furthermore
the acccmmodation in small country offices is limited.

An important step towards the solution of the
problem will have been taken when a method of
signalling which employs signalling currents within
the frequency range effectively transmitted by under-
ground lines has been made available at low cost.

The only other protective method available at
present is to provide gas-filled protectors at suitable
intervals to ensure low impedance paths to earth
which will break down under the influence of a longi-
tudinal induced voltage of dangerous magnitude and
allow a current to flow in the line sufficiently high
to dissipate the induced voltage. As such protec-
tors may be damaged by lightning they should be
shunted by a spark gap, a small inductance being
used in series with each tube protector. Lightning
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designed and comprises a weighting network based on
Fig. 9, a valve voltmeter or amplifier and indicating
instrument. The instrument, known as a Psopho-
meter, is now in use by many administrations and
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has already aroused considerable interest among
power manufacturing and operating companies.

When dealing with the general principles of inter-
ference a reference was made to the fact that the
residual current in a power line consists mainly of
the ternary harmonic currents, as the non-ternary
harmonics should balance out in the three lines.
Harmonic analyses of residual currents, however,
frequently reveal the presence of a certain proportion
of non-ternary harmonics generally of low ampli-
tude, due presumably to imperfect balance of the
system. The use of a delta winding of sufficiently
low impedance, primary, secondary or tertiary, on
the line will go far to eliminate ternary harmonics
from the line by providing a local path for their
circulation. This precautionary step is adopted by the
Central Electricity Board and is generally recognised
as necessary by undertakers.

It has been pointed out that no telephone circuits
even in cable are so perfectly balanced as to be
entirely insensitive to noise interference, though cabled
trunk circuits terminated on transformers approach
closely to this ideal.

In practice it is generally found that providing the
danger of high induced voltages is avoided by
adequate separation, the question of noise interfer-
ence arising from lines fed by large modern plant
need not be closely considered. Noise interference
is largely reduced by a suitable system of transposi-
tions of the open wire telephone lines, by balanced
line characteristics of the two wires and by the use of
terminating equipments which are properly balanced
to earth. Telephone lines must therefore be care-
fully constructed and maintained, and when the
power undertaker’s line is suspected of being the
cause of interference, the first step is to make sure
that the Post Office line is balanced in all respects.

Earth return telegraph lines affected by exposure
to a power line over part of their length, and con-
tinued over trunk telephone routes elsewhere, have
frequently caused noise interference on the telephone

lines by secondary induction. In such cases diver-
sion has generally been adopted as the only effective
cure.

MULTIPLE EARTHING.

Hugh Voltage Networks.

With the development of the grid and its secondary
lines there has been a tendency to interconnect
systems and to establish ring mains.

Power systems are earthed in order to limit the
stress upon the insulation and to ensure the rapid
clearing of faults. A section of a large system which
is earthed at one point only may be cut off from the
earthing point by the operation of circuit breakers
under fault conditions so that the disconnected section
is left unearthed. To avoid this danger, operating
authorities frequently desire to earth at a number of
different stations. Research tests upon representa-
tive high voltage lines show that noise interference
is not necessarily increased by multiple earthing. On
the condition that steps are taken to limit fault
currents, approval has already been given to multiple
earthing in numerous instances, and operating experi-
ence has confirmed the results of the tests.

High voltage lines are generally built across country
and close coupling with telephone routes on roads
does not often occur. When it is remembered that
the harmonic currents of audio frequencies spread
less far afield in the earth than does the fault current
of fundamental frequency, it will explain why noise
interference between widely separated lines has not
caused appreciable trouble.

Low Voltage Networks.

The requirements of voltage regulation, particu-
larly where loads cannot be sufficiently well balanced
between the different phases, involve the general
interconnection of low voltage networks. A single
earth connection on a large interconnected network
fed by a number of transformers may be too remote
from a fault to provide certain operation of overload
protective gear. \Where interconnecting switches
interrupt the neutral as well as the phase conductors
there is some danger that a fault will isolate a section
of the network from the single connection with earth.
These considerations have led to the need for earth-
ing the neutral points of all the transformers feeding
an interconnected network. Where it is particularly
difficult to ensure a good earth on account of rocky
or sandy soil the need for such multiple earthing is
greater.

A further development of multiple earthing, new
is this country, is likely to be widely adopted in rural
areas where sufficiently low earths cannot be ob-
tained for the safe earthing of consumers’ apparatus.
This involves earthing the neutral conductor not only
at the substation but at all consumers’ premises and
at other convenient points. If the precautions
referred to below are taken it is considered that the
neutral conductor may then be safely used for earth-
ing consumers’ apparatus and that this practice will
overcome the difficulty of clearing faults by ensuring
the rapid operation of overload protective apparatus.

The neutral wire must be of sufficient sectional
area to prevent more than a total overall drop of
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50 V. in it when it is carrying a heavy fault current.
It must be well earthed at frequent intervals and in
addition at every consumer’s premises. A suitable
disposition of the earthing points must be chosen so
that even with a total drop of 50 volts in it no part
is more than about 30 volts above or below earth.

No part of the low voltage earth electrode system
must be within the voltage gradient of the electrode
used for earthing the high voltage apparatus at the
substation, for this would cause all consumers’
apparatus to rise to a dangerous potential above earth
if a fault occurred on the high voltage side at the
substation. To avoid a break in the neutral, no
fuses can be tolerated on the neutral side of the
circuit though links may be provided for testing.

The objections to this system are that real leakage
current can no longer be measured or detected, and
that by providing a neutral conductor and allowing
consumers to use it for earthing a supply authority
is accepting a serious responsibility and perhaps a
liability gratuitously.

Effects f Multiple Earthing.

From the Post Office point of view such multiple
earthing, which undoubtedly increases the flow
of currents in the earth, might be expected to cause
noise interference by induction and false signalling
on subscribers’ bells, where the bell circuit is earthed
as in C.B.S. No. 1 systems. Reasonable separation
of the earth plates used for the telephone installations
(say 30 ft.) from earths used by the power system
will generally prevent the latter trouble. In extreme
cases bell adjustment may be necessary. Noise inter-
ference need not be feared in small rural systems,
though its possibility must be borne in mind if the
joint use of the same pole line for power and
telephone circuits is contemplated.

Multiple earthing in high resistivity soils appears
in some circumstances to increase radio interference,
but further research is needed to show in what way.

Earth Leakage Protection.

The only safe alternative to using the neutral for
earthing in areas where no large public water system
exists (which is the only safe means of individual
earthing) is the universal use of earth leakage
switches. These devices are circuit-breakers, fitted
with a tripping coil designed to operate the breaker
and cut off the supply when any apparatus frame con-
nected to them assumes, through leakage, a dangerous
voltage above earth. The principle of earth leakage
protection is illustrated in Fig. 10. This system, which
has been largely used abroad, and to some extent in
this country, is a good one, and is considered preferable
from the Post Office point of view. Before acquiescing
in the principle of multiple earthing described above,
the Post Office has carried out very full and convin-
cing tests. Ample evidence exists that there is little
to fear. The eventual disappearance of the C.B.S.
No. 1 system will remove the last remaining important
objection in rural areas.

It is to be expected that our cable systems will pick
up some alternating current from the earth, but as
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corrosion by alternating current electrolytic action is
barely 2 per cent. of that caused by the same value of
direct current there is little to object to on this score.

DEVELOPMENTS LIABLE TO CAUSE INTERFERENCE.

Electrode Boilers.

Another recent development is the use of electrode
boilers for water heating and steam raising. Current
is passed between electrodes in contact with the
water and the water container is earthed. )

Voltages up to 11,000, 3-phase, are commonly
employed for boilers of several hundred kW capacity
and smaller boilers are used on low voltage systems.
The arrangement is only economical if special low
rates are given at restricted hours of the day or
night, and this involves the use of enormous water
containers to act as thermal reservoirs.

Three practical applications of electrode boilers will
be of interest.

In the first a large cotton factory in a mountainous
Swiss valley is the proprietor of a waterfall, from
which about 2,000 horse-power is continuously avail-
able. The power is distributed electrically in the
factory during the working day and instead of run-
ning to waste for the remaining 16 hours, is converted
into heat and stored as hot water in vast containers,
which supply hot water and steam during the daytime
for use in the factory.

In the second case a Swiss paper mill requiring
heat for certain of its processes receives electrical
power during off load periods at a far lower cost
than would be incurred by the use of coal, of which
the cost of importation and transport is very high in
the remote locality in which the mill is situated.

In the third case the Charing Cross Electricity
Supply Co. has installed large electrode boilers and
hot water reservoirs at its Maiden Lane substation.
These boilers provide a load for filling up the hollows
in the power station load curve and the hot water is
circulated to two theatres in the near vicinity for
heating purposes.

There was some reason to anticipate that the use
of electrode boilers would result in leakage currents
in the earth and therefore interference, but elaborate
tests on many installations have proved reassuring.






circuits are expensive and certain manufacturers and
users have so far shown a considerable unwillingness
to provide them until they have been proved
absolutely necessary in normal operation.

The number and amplitudes of the alternating
components on the D.C. side are considerably higher
when grid controlled rectifiers are employed and
increase as the degree of voltage control is increased.
The reason for this will be made clearer by a
reference to Iig 13, which indicates the form of the
ripple of a grid controlled 6-phase rectifier. It will
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be seen that the longer the transfer of the arc from
one electrode to the next is delayed, by the A.C.
potential imposed on the grid, the more distorted is
the wave form.

Mercury arc rectifiers, and a variant “ the hot
cathode rectifier ” may profoundly affect the eventual
use of D.C. at high voltage for long distance trans-
mission, a subject which is referred to later.

Direct Current Traction.

Although mercury arc rectifiers are liable to cause
interference because of the alternating components
in the output to which they give rise, they have at
least one counteracting advantage. Being suitable
for use in unattended substations it follows that it is
economically possible to use a large number of small
substations relatively close together. Not only does
this permit the use of low voltage and third rail dis-
tribution, but feeding distances are relatively short, a
circumstance which has some advantages from the
telecommunication point of view.

The length of parallel between a telephone line and
any section of track fed from one substation is neces-
sarily small and both noise interference and longi-
tudinal voltages due to transient effects, such as
fault currents and their sudden interruption, will be
correspondingly less important.

Short feeding distances mean low rail drop and,
therefore, little leakage current to earth. For this
reason there is good ground for hoping that the elec-
trification of the main line railways will not seriously
increase the Department’s trouble from electrolytic
action upon cable sheaths. The results of tests have
been on the whole favourable, but as electrolytic
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action often takes vears to reveal itself, it is too early
to form a definite conclusion. Wood sleepers and
the well drained ballast track contribute much to
reduce leakage current as compared with street
tramways.

The operation of a direct current railway sometimes
gives rise to considerable differences of potential in
the ground between two towns on the railway at
times of heavy load. On this account false signalling
on junction circuits has occurred, which has some-
times necessitated the reduction of the sensitiveness
of the signalling relays. Where feeding distances are
short this trouble is less likely to arise.

One other point deserves mention. Third rail
operation gives less trouble from transient effects
than overhead contact line operation. The rate of
change of current in a circuit depends upon the time
constant R/L. Although the self-inductance per mile
of an overhead line is about twice as great as that of
a third rail system, the resistance of the former is
very much lower than that of the latter. It follows
that the rate of change of current, upon which the
induced voltage in the telephone line depends, is far
lower for third rail than for overhead contact line
operation.

Street Tramways

The tramway rails are laid on a concrete bed flush
with the road surface and practically uninsulated
from ground so that leakage current to earth is
inevitable. Moreover, the sheaths of feeder cables,
tramway standards and feeder pillars are often
bonded to the track and extend the uninsulated
conductor to the footway.

Excessive raildrop due to badly maintained bonds
and insufficient negative feeders, coupled with
enormous increases in the weight, speed and number
of cars in use, has greatly increased the tendency for
current to leave the track for earth, and some of this
current finds its way inevitably on to Post Office cable
sheaths, gas pipes and water pipes. Where the
current leaves the cables or pipes for earth on its way
back to the negative bus-bar of the station, electrolytic
damage occurs and Post Office losses from this cause
are very heavy.

Trolley Vehicles.

The Post Office warmly welcomes the introduction
of trolley vehicles because it is a simple matter to
insulate the negative from earth at all points except
at the deliberate earth at the station.

The London Passenger Transport Board has gone
a step further by adopting the principle of insulating
the negative as thoroughly as the positive at all
points.

The one difficulty is that where guard wires are
needed to prevent Post Office wires making contact
with live contact wires, there is some difficulty in
earthing them sufficiently well for safety. It is hardly
suitable to continue as in tramway practice to connect
guard wires to the negative line, which at its far end
may be 120 volts about earth on heavy load, and the
alternative of earthing them locally in the street



presents real difficulties.  Where, however, both
positive and negative lines are insulated from earth at
all points as in the L.P.T.B. system, a guard wire
earthed moderately well in the street affords ample

JoixT CONSTRUCTION
By this term is meant the use in common of one
route of poles for the support of both telephone and
power wires.

Fic. 14~ DiacrAaM SHOWING DIFFICULTY OF SERVING HOUSES FROM SEPARATE TELEPHONE AND IPOwkR ROUTES.

protection, because if a broken telephone wire makes
simultaneous contact with either the positive or
negative contact line and a guard wire, the former is
immediately reduced to approximately earth potential
and all danger is removed.

Trolley vehicle systems are rather worse from the
point of view of radio interference than tramways,
and it i1s now the recognised practice to include radio
interference suppressors on all vehicles. In difficult
cases not only are inductance coils fitted in both

Fia. 18

positive and negative boom circuits, but condensers
to earth from both contact wires are provided at short
intervals along the route. It has also been found
necessary to fit filter equipments to all items of trolley
vehicle equipment liable to cause interference.

It 1s 1n extensive use in America, where even
very high voltage lines are run on the same poles
as telephone lines, more particularly where they
pass through small towns and villages, but
for various reasons there has been very little
development in England. It i1s most suitable for
roads where natural obstructions or local objections
prohibit more than one line of poles and where the
development does not justify underground cable
either for power or telephone distribution.

ExamPrr oF THE USE oF JOINT CONSTRUCTION TO AVOID THE DISTRIBUTION DIFFICULTIES ILLUSTRATED IN FIG. 14.

When a telephone route and a power route occupy
opposite sides of a road it is not often practicable to
ensure that all service lines (1) are 20 ft. above the
road ; (2) have a clearance of 4 ft. from the wires of
the other route under or over which they have to
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pass, under all conditions of sag ; (3) can be terminated
on some parts of the house or bungalow to which they
are run.

An attempt has been made in Fig. 14 to show how
difficult or impossible it would be to meet all these
conditions.

Iig. 15 indicates how these difficulties are to a
great extent avoided by joint construction. It will be
noticed that where the houses are very near the road,
on the side on which the route is built, the clearance
between power services and the telephone route must
be considerably less than four feet. As, however,
the wires between which the risk of rubbing contacts
must be avoided are carried on the same poles and
are close to their points of support, the effect of vary-
ing sag need not be taken into consideration and a
clearance of two feet as a minimum would be
adequate.

It will be seen that the power wires are run above
the telephone wires with a clear space of four feet
between them so as to give the telephone lineman
adequate working space. As it is not practicable, in
general, to switch off the power, the power wires and
services must be insulated.

Although joint construction presents attractive
features, the following considerations will indicate
that it may not prove to be more economical.

(1) Poles must be about 7 ft. taller than would
be required for the telephone route.

(2) Poles must be heavier to suit the extra loading
and to provide for the higher factor of safety
required by regulations for power lines.

(3) Insulators must be interposed in stay-wires.
(4) The power wires must be insulated conductors.

(6) Shorter spans are used for power distribution,
of 49 to 50 yards instead of the 50 to
70 yard spans used by the Post Office. More
poles, arms and insulators will therefore be
required for the telephone route.

When the route is of appreciable length, the risk
of noise interference at such close separating dis-
tances must be borne in mind.

It is not Post Office practice to adopt joint con-
struction with high voltage power lines and there is
good reason for avoiding its use with low voltage
power lines in those cases in which the latter are run
elsewhere along poles carrying high voltage lines.

It 1s, of course, necessary to come to some agree-
ment with the power undertaker in regard to the
sharing of initial costs or in regard to rentals.
Extensions and maintenance responsibilities also
require catering for.

Where the anticipated telephone development
makes it possible, as in some new estates, to adopt
joint construction from the outset, it should prove a
very useful solution, but where one authority is
already in sitw it is improbable that the subsequent
advantages to be gained will be held to justify the
cost of the necessary reconstruction.
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TELECOMMUNICATION LINES To POWER STATIONS.

Telephone installations in power stations and
private wires between power and transformer stations
for control purposes are very extensively used.

Private lines are rented from the Post Office for
control purposes and are used for signalling auto-
matically actual instrument readings, indicating the
“in "’ and ““ out " positions of switches, the position
of transformer taps, the number of switch reclosures
still available, etc. They are also used for the
remote closing and tripping of switches, for control-
ling tap changing gear and for the starting and
stopping of rectifiers and other plant.

This development presents problems of protection
for the Post Office, but has the desirable effect of
making power engineers dependent upon the Post
Office system, and therefore gives them a direct
interest in such protective measures as will ensure
the reliability of the Post Office system in spite ¢f and
particularly during fault conditions on their own
system.,

We must now consider what happens at a high
voltage station operating with earthed neutral when
a fault to earth occurs on an outgoing line. The
fault current passes through the station earth elec-
trode system, which is of appreciable resistance, and
causes a drop of potential in this resistance. The
electrode system and all steelwork of the building, all
apparatus frames, etc., which are generally bonded
to the earth electrode, are raised in potential with
reference to the potential of earth at a distance from
the station. A moderate fault current for a large
grid station would be 5,000 amperes and, seeing that
the earth resistance may be of the order of an ohm,
the rise of potential of the whole station above true
earth potential may be in the neighbourhood of 5,000
volts or more.

The voltage gradient is very steep close to buried
metalwork in contact with the earth system, but falls
off rapidly so as to disappear altogether at a few
hundred feet away. This would lead to no trouble if
it were not for the fact that communication lines are
roughly at the potential of the earth, since they are
earthed through the apparatus at the distant
exchange.

All communication lines and apparatus in the
vicinity of the station may be subjected to this high
voltage between their sheaths or cases and the con-
ductors inside, but the insulation provided on tele-
phone circuits is only suitable for a pressure test of
about 500 volts and would break down at 1,200 to
1,500 volts.

In this country the difficulty is overcome by com-
plete isolation of the telephone installation from the
earthed structure of the station.

Instruments are fixed in situations which are well
separated from earthed metal work of the station,
cable with special insulating covering is used for
internal wiring, and lead-covered cable with a similar
covering of rubber wax mixture for the underground
portion of the leading-in cable.

The use of this type of cable is confined to places
where the cable approaches within 20 ft. of any
buried metal connected to the station earth system,



as, for example, power cable sheaths and armouring,
within a radius of one hundred yards.

The special insulating covering withstands 5,000
volts for one minute and 15,000 volts momentarily.

Fig. 16 illustrates the extent of the danger zone
around a high voltage power or transformer station.

Fig. 17 gives examples of the arrangements made
to lead in telephone or control lines to high voltage
power or transformer stations.

1f the lead-in is overhead, the protector earth must
be well outside the area over which a steep voltage
gradient may be expected and a wire is run to it along
the pole route, about a span distant.

Where a small private exchange exists at the
station and the internal wiring to extension instru-
ments is extensive, the latter may be carried out by
ordinary methods providing the exchange line is
isolated at the point of entry to the station from the
internal wiring by a 1 to 1 transformer capable of
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withstanding a very high voltage between windings.
In Switzerland, where dialling to an automatic
exchange is in use, a special form of repeater passes
the impulses inductively through the transformer,
and at the exchange a relay-set is required to change
them to ordinary trains of interruptions.

An alternative to the use of a transformer, in the
case of single exchange lines, is to use internal
wiring of a high breakdown strength and to mount
the telephone in a wood cabin adequately insulated
from walls and floor. The Central Electricity Board
do not consider there is any danger to staff from the
use of telephones because they are mounted in con-
trol rooms, usually situated outside the substation
fence and outside the area of steepest voltage gradient.
There is much to be said, however, for avoiding
situations where the use could make good contact
with earthed bodies such as steel stanchions.

Control lines are subject to conditions as to the
maximum voltage and current which they may be
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F1G. 17.—EXAMPLES OF LEADING-IN ARRANGEMENTS AT
H.V. PoweER OR TRANSFORMER STATION.

made to transmit. Extremely careful arrangements
are insisted upon to isolate these lines by means of
highly insulated transformers from the instrument
transformers of the power circuits to which they are
linked, and special heavy spark gaps are provided
to ensure that no breakdown of insulation would
result in high voltage getting on to the Post Office
line.

The leading-in cable and internal wiring are of the
special type already referred to.

Power undertakers who have a private communi-
cation system of their own are not permitted to
interconnect their system to rented Post Office lines
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except through a special transformer of which the
windingsare insulated from earth and from each other
to withstand a high test voltage.

Fig. 18 illustrates the means adopted for ensuring
the safety of a Post Office line rented for use as a
control circuit.

Direct CURRENT TRANSMISSION.

Owing to the heavy wattless charging currents
comparable in magnitude in some cases with the
load current, the distances over which power can be
transmitted by alternating current are limited. An
increase in operating voltage may not materially
increase this range because it is accompanied by an
increase in charging current in addition to an increase
in dielectric and corona losses.

These considerations, together with the develop-
ment of the control of rectifiers by grid potential,
have focused attention once more upon high voltage
transmission by direct current. This applies more
particularly to foreign countries where transmission
lines of exceptional length are contemplated, such as
that which was proposed for transmitting by direct
current at 400 kV one million kilowatts derived from
water power in the Norwegian fiords through Sweden
and Denmark to industrial Germany, several cabled
sections over-sea crossings up to 12 miles in width
being involved.

Grid controlled rectifiers would be used for con-
verting alternating to direct current and for the still
more vital problem of converting direct current back
to alternating current for distribution. Large indi-
vidual rectifiers are unlikely to be suitable for more
than 30,000 volts, but there is no insuperable difficulty
in working a number of them in series.

The economy of direct current transmission may
be visualised by comparing the performance of an
existing double circuit 3-phase line with 0-175 sq. in.
equivalent-copper conductors, 100 miles, at 132,000
volts. This line could transmit 80,000 kW. If both
circuits were operated as 3-wire D.C. circuits at
1854185 kV, 1.e., 370 kV between outers, the same
line with the same insulators could transmit 320,060
kW.—four times as much, and with a slightly lower
overall loss.

The advantages are that the insulators will
withstand equally safely a much higher voltage, no
wattless charging current has to be transmitted, and
the copper losses and dielectric losses are lower.

The influence that such lines would have on com-
munication lines must therefore be considered. The
equivalent disturbing current in lines fed with D.C.
from rectifiers is considerably greater than that
associated with A.C. lines carrying an equivalent
load current. The effect of earth fault currents
would result in extremely high voltage impulses of
short duration in parallel telephone lines.

But the most alarming feature of these projects
1s the avowed intention to consider using the earth

as a spare conductor in the event of one line having
a fault to earth—some writers have even proposed
using a single insulated line with normal return by
the earth.

Such transmission lines would result in such
high equivalent disturbing currents as would make it
impossible to work overhead telephone lines within,
for example, 11 miles where the length of parallelism
was as much as 25 miles.

The other vital matter to be considered is that of
the local rise of ground potential in the neighbour-
hood of the earth connection, even when this is of
very large proportions and is made at a depth of
several hundred feet. No communication circuits
could be employed having an earth of any sort within
a mile or more of such an earth connection.

Further, the dangers of electrolytic corrosion would
prohibit the use of bare cables within an extremely
wide area.

Conclusion.

From the foregoing brief summary of the trend of
power development it will be obvious that the need
for co-operation with the power industry and for an
intimate study of the power problems concerned
has become a matter of wvital importance. This
co-operation is assured by the numerous committees
of the Electrical Research Association on which the
Post Office is represented and also by the many
elaborate field tests carried out jointly by the Post
Office Research Branch and the E.R.A.

Close liaison with engineers from all countries of
the world is assured by the Post Office representatives
at the C.C.I.LF., C.C.I.T., and C.M.I. conferences.
The first two study the power interference problems
affecting telecommunications and decide the lines
along which research is required. The C.M.I. is a
joint body of power and telecommunication engineers
whose function is to collect and circulate information
from all sources and to organise experimental work
involving the co-operation of both parties.

The tendency to make less and less use of the
earth as part of a telecommunication circuit has been
accompanied by a tendency on the part of power
engineers to make more use of it.

The wvery general substitution of underground
cables for long overhead lines has naturally resulted
in a great improvement of lines and terminating
apparatus and has therefore played an important part
in solving what would otherwise have been a more
formidable problem.

Interference with broadcasting, upon which so
much public interest has been focused, is an entirely
different problem and has barely been touched upon
in this article, but it has had a certain influence in
helping to demonstrate that telephone interference
is not merely a Post Office problem, but a matter of
public interest and importance.
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A Novel System of Diplex
Transmission

A. ). A. GRACIE, Bsc., AM.IEE.

Recent increases in radio telegraph traffic to ships at sea have necessitated the provision of additional channels. The author
describes how this has been accomplished at the Portishead Radio Station by adding diplex equipment. thus enabling one
transmitter and aerial system to transmit two messages simultaneously.

Introduction.

3 FEW years ago the range of any ship trans-

mitter was relatively small. Medium wave-

lengths wereused and the only method of passing
a message to England from a ship some thousands of
miles away was for the ship to send a message to the
nearest country and have it forwarded to England
by cable, or to have it relayed through other ships
situated at intermediate distances. The advent of
short wavelength working and the discovery of the
ease by which, under favourable conditions, even low
powered equipments using such wavelengths could
be used to effect commmunication over immense
distances completely altered the situation, and the
majority of large vessels are now equipped with short
wave apparatus by means of which they are able to
transmit messages directly to this country from almost
any point on ‘the seven seas. Relatively simple
apparatus is usually employed, the transmitter on
the ship frequently using a power of only 100 watts
or even less and the receiver usually being a three or
four valve set of simple pattern. All traffic is sent at
hand speed. Messages so sent are received at the Post
Office reception station at Burnham in Somerset and
the outward messages are handled through the comple-
mentary transmitting station at Portishead.

Growth ¢f Short Wave Traffic on Ship Service.

In order to encourage long distance ship traffic a
‘“letter telegram ’’ service was introduced on short
waves, at very attractive rates, at the beginning of
1934, the message in such a service being sent by
ships to Burnham by radio-telegraph and posted on
from there to the addressee by mail. The response to
this service was enormous, and within a few months
additional apparatus became necessary at Burnham
and Portishead to cope with the increased volume of
traffic.

The ““ letter telegram ’’ service is at present con-
fined to one direction only, i.e. from ships to this
country and not vice versa. It follows, therefore,
that the actual number of paid words received at
Burnham is considerably in excess of the paid words
transmitted tfrom Portishead, since the transmitters
at this latter station are largely used to give
acknowledgment of messagesreceived or to request the
re-transmission of incomplete messages. This led
to a method of operation whereby three operators
each with independent receivers shared the use of
one transmitter, an arrangement which gave the
transmitter a considerably improved load factor
but inevitably gave rise to some delay in clearing
traffic to any individual ship.

In order to reduce this delay without incurring the
relatively heavy expense involved in the provision
of additional transmitters, means were considered
whereby two messages could be sent simultaneously
from one transmitter. Methods of achieving this might
have been to use the *“ Abraham *’ system or to employ
double frequency modulation of the high frequency

»

carrier wave by two auxiliary low carrier frequencies,
but the somewhat complicated and expensive equip-
ment necessary for reception of signals sent on either
of these systems ruled out these methods for the
service in question.

New ** Diplex " Circuit.

A circuit was therefore developed on the lines shown
schematically in Iig. 1. Two quartz crystal oscillators
having slightly differing frequencies are employed
and these feed two associated amplifying valves,
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F16. 1.—ScHEMATIC DiPLEX TRANSMITTING CIRCUIT.

the outputs of which are connected in parallel. A
steady bias is fed to the grids of these amplifying
valves, but superimposed on the steady voltage
i1s an alternating voltage derived from a suitable
valve oscillator. The amplitudes of the steady and
A.C. voltages applied to the grids can be so chosen that
during the negative half-cycles of the applied A.C.
voltage the amplifying valves are rendered inopera-
tive, but during the positive half-cycles of the A.C.
voltage the valves function as amplifying devices in
the normal manner. Since the A.C. voltages on the
grids of the two valves are 180° out of phase, it follows
that, under the above conditions, the output from one
crystal oscillator is amplified during one half-cycle
of the applied A.C. grid voltage and suppressed
during the other half-cycle, while the output from the
second crystal oscillator during the corresponding
periods is suppressed and amplified respectively. As
a result, two frequencies are emitted, the frequency
being changed from one to the other value at a rate
corresponding to the frequency of the A.C. supply
impressed on the grids of the amplifying valves. If a
relay is inserted in the grid of each of the amplifying
valves following the crystal oscillators, by means
of which a heavy negative bias can be thrown on the
grid of either valve, the emission of the frequency
associated with that particular valve will be completely
suppressed. It is possible, therefore, by the use of such
relays to send a message on either frequency by
“keying ' the appropriate relay. Since it is the
practice in a short wave transmitter to follow the
crystal-driven frequency generating apparatus by
two frequency doubling stages before the output is
passed to the power amplifying equipments, it follows
that, if the crystal frequencies differ by, say, two
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machines. 106 pairs of }d. and 2d. machines were so
purchased during 1920. 30 pairs (converted to 1d.
and 1d.) remain in use to this day, and give very little
trouble.

Machines Installed Privately.

Machines were installed by the B.A.S. & T.D. Co.
in public places other than Crown Post Offices under a
general licence for the sale of postage stamps;
machines were also installed on private premises,
no licence being necessary in this case. These branches
of business, as well as the sale of machines abroad,
are still carried on by Messrs. Hall Telephone Acces-
sories, who also own and maintain about 3,000
outdoor machines at sub-Post Offices, and there is
no doubt that throughout the development of the
machines great benefit has accrued from the manu-
facturer’s experience of maintenance.

O®UTDOOR MACHINES
Type A.

In 1909 a pair of indoor machines was fixed to the
area railings outside the branch Post Office at 294
Regent Street. (This was before Regent Street was
rebuilt in its present style). The machines worked
in this position with moderate success for several
years. As a result of their experiences with machines
fixed out-of-doors elsewhere, however, the B.A.S.
& T.D. Co. developed a machine with an enclosed
chamber for the stamps and feeding mechanism,
in order to reduce troubles caused by dampness. The
coin tester was also altered. The adoption of outdoor
machines by the Post Office was delayed by the War,
but in 1921 an order was placed for 240 pairs of 2d.
and }d. machines.

The machines purchased, later designated ‘‘ Type
A, are described and illustrated in Mr. Loney’s
article.? They were fixed in frames on the doors of
Post Offices, or in cast iron cases in the front walls
of Post Office buildings. Difficulties in obtaining
access for loading the machines with stamps soon
became apparent, especially in wall cases opening
from the back, and in 1922 an attempt was made to
improve matters by mounting each machine on a
pivot so that the stamp chamber could be turned
towards the operator for loading. In the same year
the postage rate was reduced to 11d., and the 2d.
machines previously supplied were modified to sell
1d. stamps. 100 pairs of id. and 1d. type A machines
are still working satisfactorily.

Type B.

After a year or two's experience with the type A
machines, it became apparent that further modifica-
tions would be necessary to meet the operating
conditions, which were found to be considerably more
onerous than those of indoor machines. The design
of an improved model was therefore started.

The difficulty in obtaining access to the mechanism
for loading was lessened by substituting, in place of
the hinged door, a removable sliding cover to the
side and back of the stamp chamber which was
enlarged to take a roll of 1,920 stamps. Changes in

2 Loc. cit.

the EMPTY shutter mechanism, to avoid premature
operation caused by vibration and in the method
of securing the feed-wheel cover, had been made on
the later type A machines and were also incorporated
in the type B. An effort was made to lessen the
noise of operation of the machines by fitting an air
dashpot to the driving weight, but this proved
ultimately to be disadvantageous, as it slowed down
the operation of the machine so much that coins
were frequently lost by being inserted before the
delivery of the previous stamp had been completed ;
the dashpots were removed from the machines in 1930.

The redesigned machines were introduced in 1924,
and were designated “ Type B,” 1,500 pairs of }d.
and 1d. machines being purchased at various dates
up to 1929.

Type Bl.

In 1928 the manufacture of stamp-selling machines
was taken over by Messrs. Hall Telephone Accessories,
Ltd., and changes in the methods of manufacture of
the machines were begun. Hitherto great use had
been made of brass castings, and the working parts of
the machines had been polished and lacquered in a
manner reminiscent of the old forms of telegraph
apparatus. The working parts were now exclusively
fabricated from sheet brass stampings and nickel
plate was applied to most of the parts except the face
plate, which continued to be oxidised.

In previous machines the stamp roll had been
placed in a rectangular well at the bottom of the
stamp chamber, and the necessary tension for the
retention of the EMPTY mechanism had been provided
by a loose cylindrical weight. Embarrassment had
frequently been caused to officers loading the
machines by this weight eluding their grasp and rolling
into the gutter, if not down the nearest drain. On
the new design this was avoided by mounting the
stamp roll on a central stud, and applying the necessary
tension by an additional pin around which the stamps
were led on their way to the feed wheel. The rack-
and-pinion drive as used on the present-day machines
was first introduced on this design, and a multiple-
tooth escapement was substituted for the geared
single-tooth escapement used on previous types. The
method of securing the feed wheel cover was also
changed again.

The design was adopted in 1929 as ““ Type B1.”
1,060 pairs of 3d. and 1d. machines were purchased
between the date of adoption and the end of 1931.

Machines for use on Pillar-boxes : Types C and Cl.

After consideration of the requirements of a
machine for attachment to pillar letter boxes it was
decided that a machine should be introduced which
would sell two halfpenny stamps for one penny.
A suggestion to use a machine which would sell either
one or two halfpenny stamps according to the coin
inserted was dropped on account of the greater
complication of the mechanism. In 1926 fifteen
machines of the B type, bat modified to sell two
stamps for a penny, were purchased for a trial, and
as a result of this trial an order was placed for 930
2 x 3d. machines which were designated Type CI.
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design, but are fitted with differently curved packing
castings for adaptation to the two standard sizes of
pillar-boxes. Types P and Q are for fixing to the left-
hand sides of pillar-boxes; the machines in these
cases are fixed to doors opening downwards, as a
side door would not give access to the stamp chamber,
which in these cases faces the body of the pillar-box.

Type R.

This is a self-contained case for a single machine,
suitable for building into a wall. It is formed by
fixing a flat side plate to the body of a P or Q case,
in place of the casting normally used to conform to
the curvature of a pillar-box.

ACCESSORIES
A number of accessory items has recently been
introduced to improve the service given to the public
by stamp-selling machines. Apart from explanatory
and cautionary notices regarding the working of the
machines, the most interesting of these are the
following :—

Hoods.

The effect of dampness on the working of the
machines is sometimes serious. Even when actual
stoppage of the delivery is not caused by the sticking
up of the stamp roll or by the adhesion of stamps to
the feed wheel, difficulties in the operation of the
feeding mechanism may be caused which lead to the
stamp strip getting out of register with the feed wheel
pins, and so resulting in the delivery of torn stamps.
Although it is probable that condensation causes a
portion of the dampness trouble, there is no doubt
that in many instances the cause is the entry of rain
into the machine. To minimise this trouble small
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hoods will in future be fitted over machines on exposed
sites. The hoods have glass tops to allow light to
fall on the coin slot and project about 3 inches in
front of the machine face.
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Silica Gel Dehydrators.

Under favourable conditions dampness in the stamp
chamber, whether due to condensation or otherwise,
can be absorbed by silica gel. This method is not
successful where the quantity of moisture is great,
but its non-success in such an instance should serve
to call attention to the need for an improvement in
the protection of the machine from adverse conditions.
Trials with a small dehydrator, consisting of a
container of perforated aluminium, having a mica
window and filled with silica gel, have shown some
success, and a further provision of these items is to
be made. The silica gel vsed is impregnated with a
cobalt salt which shows dark blue when the gel is
dry and pink when it is saturated. The complete
container (Fig. 11) is baked in a domestic oven for a
few hours to expel the absorbed moisture from the
gel, and is then ready for re-use. When in use it
is fixed to the inside of the stamp-chamber cover
opposite the position occupied by the stamp roll.

Heating Devices.

The use of a heating device provides an apparently
satisfactory, if expensive, means of combating damp-
ness caused by condensation. An interesting example
is at Princetown, on Dartmoor, where in foggy weather
the Sub-Postmaster uses a small oil lamp to protect
the machines, which in this case are the property of
Messrs. Hall. Several installations in various parts
of the country have been fitted with electric lamps
for heating purposes. A 15 W lamp hanging between
the two machines of a pair, and either left permanently
in circuit or switched on in damp weather, has been
satisfactory. Experiments are now in progress
to find whether sufficient heat is given by a 10 or 5
watt lamp, and if satisfactory the use of the remedy
may be found economical where electric supply is
available.

Out-cf-Order Labels.

When a machine is faulty, it is desirable to prevent
the insertion of further coins at once, pending removal
of the fault. This is done by fixing an Out-of-Order
label over the coin slot. The improved labels now
being introduced have a speciallv-shaped lug which is
inserted in the coin slot and is automatically clipped
in position by the small amount of lift and fall
normally provided for the EMPTY plate of the
machine. It has recently been decided to engrave the
words “NOT IN USE” in place of “OUT OF
ORDER ” on the labels, which are of brass, copper-
oxydised.

Testing Rolls.

In order to give the maintenance staff a reliable
means of testing the machines, it has been found
necessary to use dummy stamps printed with an
arbitrary design, as the blanks previously used
behaved differently in the machines, apparently due
to the different coefficients of friction of plain and
printed paper. The machine shown in Fig. 3 is loaded
with dummy stamps.



STAMP BOOKLET MACHINES
2/- Booklet Machines.

In 1931, 25 machines for the sale of 2/- stamp
booklets were installed experimentally in the public
offices of important Post Offices. These machines were
operated either by a florin or by two separate shillings.
Difficulties were experienced from the large numbers
of florins in circulation of various Victorian issues,
the dimensions of which were ditferent from the
present standards ; it was also found that the large
value of the items sold tempted the makers of spurious
coins, at the same time making the owners of good
coins somewhat cautious lest the machine should
fail to deliver the goods. The popularity of the
machines was small and they have now been withdrawn
from all but a few of the busiest sites.

6d. Booklet Machines.

An experiment is now in progress with outdoor
machines for the sale of booklets to the value of 6d.
The experimental machines are of types familiar
in use for the sale of cigarcttes and sweets. Twelve
“machines have been fixed at various sites in London
to test the public’s reaction to a machine of this
denomination, and if this is favourable the adaptation
of the design to meet Post Office requirements will
be proceeded with. Obviously the booklets may be

made up of stamps of any desired combination of
values. Those in use for the trial consist of two leaves
each of two 11d. stamps, stitched between two card
covers, and the overall thickness is about 0.035 in.

CONCLUSION

Although the main work of the Post Office
Engineering Department is concerned with the
telephone and telegraph services of the country,
there is a rich field in the application of engineering
methods to the postal services, not the least important
of which is the 24 hours’ sales service of stamps.
There is, in fact, a large proportion of the general
public whose good opinion of the Post Office depends
in the maintenance of a high grade of service onstamp-
selling machines. Every effort has been made in the
design of the machines to ensure reliability of action,
but a first-class service can only be achieved if the
staff responsible for its maintenance are thoroughly
trained in the work and apply themselves to it with
the enthusiasm and diligence they display in the
maintenance of the telephone and telegraph services.

The author wishes to express his thanks to the
Director of Postal Services and the Engineer-in-Chief
for permission to make use in this article of information
from official records, and to Mr. I'. W. Hall for the
verification of historical details.

TELEGRAPH AND TLELEPHONE PLANT IN THLE UNITED KINGDOM

TELEPHONLES AND WIRLE MILEEAGES.

THE PROPERTY OF AND MAINTAINED BY

THLE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 3l1st DECLEMBER, 1936.

Number of Overhead Wire Mileages. | | Engineering ‘ Underground Wire Mileages
Telephones U I Spare District |~ R
Telegraphs | Trunk Exchange* ’Telegraphs Trunk Exchanget Spare
1,023,662 379 | 3,535 | 53,366 | 7,668 ‘ London 37,620 290,760 4,078,374 79,606
126,048 1,771 13,243 54,212 : 9,547 S. Eastern 6,370 122,080 : 405,111 51,805
151,563 2,868 33,928 103,229 8,395 | S. Western 25,528 94,531 319,506 107,511
105,122 3,336 35,707 87,379 ; 15,619 Fastern 15,976 102,764 205,699 71,480
120,685 3,348 29,169 65,221 i 20,791 N. Midland 5,664 196,569 . 260,332 79,404
129,391 ! 1,820 19,590 79,083 17,041 S. Midland 10,086 158,724 363,544 63,854
85,611 1,682 24,297 72,629 | 10,038  S. Wales \ 6,947 89,884 172,846 67,536
171,716 2,976 17,050 72,497 : 18,644 N. Wales 10,341 165,470 494,156 89,525
212,152 1,061 3.450 31,847 8,076 S. Lancs. 8,166 144,640 737,899 57,132
92,430 8317 7,474 35,004 | 18,618 N. Western 6,780 122,654 272,130 62,932
35,881 2,971 11,347 16,957 1,342 ; N. Ireland 412 8,893 . 91,863 20,190
255,832 5,053 ¢ 36,535 88,244 ; 23,206 | N.E. Region 16,553 256,046 699,890 122,267
237,153 i 6,795 | 45,218 08,874 20,917 Scot. Reg. 12,585 | 212,501 494,988 106,744
2,747,246 ) 34,897 280,543 858,542 J 180,802 ' Totals 163,028 ‘ 1,965,606 ; 8,596,338 979,986
i ‘ ‘ Totals as at ’ ;
2,650,299 35,706 288,533 832,238 177,069 [30 Sept., 1936/ 161,106 1,863,669 8,526,223 981,324

* Includes low gauge spare wires (.., 40 1b. in open routes and 20 Ib. or less in aerial cables).
+ Includes all spare wires in local underground cables













inconvenience when both operators were pressing
different circuit keys simultaneously as two position
lamps would glow on each panel, and neither operator
would be able to determine which of these lamps
was associated with her particular circuit key.

The difficulty was overcome by arranging for the
whole of the 96 telephone-telegram positions to be
connected to each panel alternately. A uniselector
stepping under the control of earth pulses supplied
by a special cam on the ringing machine is used to
effect the switching of the positions, which are con-
nected to each panel in turn for approximately four
seconds. Under this scheme, if a key is operated on
one panel when the positions are connected
to the other it is only necessary to hold the
key for a very short period, at the end of
which time the positions will be connected
to the panel concerned. This period of
waiting, when it occurs under actual
working conditions, is barely perceptible.
A key is provided so that the uniselector
'may be switched in or out of circuit as
requircd. Another key is provided to
bring in a spare uniselector should a fault
develop on the working switch.

Dustribution Speaker Circuit. When a
message 1s received at the distribution
position for a circuit which does not show
engaged, the message is placed, unmarked,
on a conveyor. When the message arrives 4
at the drop point it is circulated to a ez
disengaged operator, who disposes of it
in the normal way. During busy periods it
often transpires that, during the time EARTH
taken for a message to circulate from the FoLses
distribution panel to an operator in the
above circumstances, the circuit becomes
engaged. Therefore the operator desiring
to dispose of the message encounters
engaged click on the circuit jack. In
order to minimise delay arising from this
cause a speaker circuit has been provided
between the distribution position and the
telephone-telegram positions. The circuit
appears in the outgoing multiple on every telephone-
telegram suite, while at the distribution position it is
terminatedonalamp. A loud-speaker associated with a
2-valve amplifier is provided for receiving incoming
speech from the operators. The transmitter at the
distribution position is fixed to a flexible arm mounted
vertically on the desk. This arrangement releases
the distribution operators of the necessity of wear-
ing a headgear receiver and breastplate transmitter,
thus allowing them full freedom of movement for
the circulation of messages. The loud speaker and
transmitter can be seen on the right of the distribution
position in Fig. 4.

When an operator has a message for a direct
telephone-telegram circuit which tests engaged, she
plugs into the speaker circuit jack. This causes the
calling lamp to glow at the distribution position and
draws attention to the fact that an enquiry is about
to be made. The operator then quotes the code of
the engaged circuit, and, on being informed of the
number of the position engaging this particular circuit,

TO CONTACTS |
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marks the message accordingly and arranges for
it to be delivered to the required position.

The action of the distribution operator when
ascertaining at which position the circuit is engaged
results in the glowing of the circuit hold lamp at the
engaging position. Thus the operator at this position
is warned that another message is being circulated
to her for transmission over the circuit she is engaging.

Telephone-Telegram Deconcentration Positions.

Although the 96 telephone-telegram positions are
sufficient to handle the normal traffic there are certain
days in the year, e.g., Christmas, Easter, race days
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and Saturday mornings, when they are unable to deal
efficiently with the increase in traffic. To ease the
load on the normal positions during these exception-
ally busy periods the deconcentration positions are
staffed. Fig. 6 is a photograph of the deconcentration
positions. The deconcentration switchboard can be
seen on the right of the photograph. A certain
number of selected direct telephone-telegram circuits
and incoming exchange telephone-telegram circuits
are wired permanently to jacks and lamps on the
switchboard. These jacks and lamps are in parallel
with the normal jacks and lamps, and a key is
provided on each circuit at the switchboard so that
the lamp may be cut out when not required. The
deconcentration positions are terminated on plugs at
the deconcentration switchboard.

In order to connect any one of the selected circuits
to a deconcentration position it is only necessary to
insert the plug of that position into the required
circuit jack on the deconcentration switchboard. A
listening circuit is provided so that the officer
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or incoming jack, the green lamp darkens and the red
lamp glows. These lamps facilitate the distribution,
to operators, of messages to be forwarded, the
officer distributing the message being able to see at
a glance which positions are disengaged. Referring
to the cord circuit diagram in Fig. 7 it will be seen
that it is the condition of relay I which determines
whether the red or green lamp glows.

Traffic indicators consisting of milliamperemeters
fitted with suitable shunts, and calibrated to indicate
numbers of positions, are mounted on the super-
visors’ desks. One ‘‘ Positions Staffed ” and one
“ Positions Engaged ' indicator are common to a
certain number of phonogram and telephone-telegram
positions. The indicators serving the phonogram
suites can be seen in position on a supervisor’s desk,
on the right in Fig. 1.

By comparing the readings of the two indicators
for each group of positions the supervisors are able
to see at a glance whether the stafing arrangements
require attention. The circuit arrangement, which
is quite simple, is shown in Fig. 7.

Free Line Signalling Facilities.

To provide an outlet to exchanges which have no
direct junctions to phonograms, 7-digit dialling
conditions are provided on a large group of outgoing
junctions to National exchange. In order to save
time in testing these junctions for engaged click, free
line signalling facilities have been provided. The
current for the lamps is drawn from the A.C. mains
supply, and in order to prevent mains hum interfering
with adjacent speaking circuits great care had to be
exercised with the cabling and wiring.

Listenang Facilities.

Facilities are provided for listening-in to any
operator on the phonogram or telephone-telegram-
suites by wiring out the secondary winding of the
induction coil at each position via the contacts of a
relay to jacks accommodated on a listening-in panel.

As the listening-in position is situvated some con-
siderable distance away from the suites of positions
it was necessary to take precautions against cross-
talk between operating positions arising from the
long length of cable carrying the listening-in leads.
It is for this reason that a relay has been provided
in the circuit at each position. The listening-in taps
are thus disconnected from the operator’s circuit
until listening-in is actually in progress on the circuit.
A transformer has been provided in the common
listening-in circuit to ensure that the action of
listening-in does not introduce any appreciable loss
on the circuit under observation.

Any position may be extended from the listening-in
panel to the supervisors’ desks by means of double-
ended cords and extension jacks. The arrangements
are such that even when a position is extended in the
above manner the listening-in taps are not connected
to the operator’s circuit unless the supervisor is
actually listening on the circuit.

Observatton Facilities.

In the observation circuits, clip connections on the
I.LD.F. have been avoided. The points on the line

circuits which have to be connected for observation
purposes are cabled out to ‘* Jacks, Test No. 17.”
The observation tapping circuits are also cabled out
to *“ Jacks, Test No. 17.” The jacks are mounted on
the observation apparatus rack, where connections
between the line circuit apparatus and the observation
equipment are made by means of ‘ Clips, Test,
No. 1/18B."” The line connections on the M.D.F. are
made in the usual manner by means of the standard
test clip. ,

There are two observation panels equipped to
accommodate thirty line circuits. The line jack and
line lamp fields of the panels are connected in
multiple. Immediately above each strip of line jacks
is a designation strip to carry labels bearing the
appropriate circuit code for each jack. The labels
consist of ‘“ Pegs No. 15, White,” suitably engraved,
and are changed by the traffic staff to agree with the
circuits connected to the panels at any time. The
red and green lamps indicating exchange and
phonograph operator conditions respectively are
fitted at the bottom of the panel.

When a line is connected up for observation, but is
not actually being observed, the circuit arrangements
are such that the tapping equipment is short circuited.
This ensures that there is no loss on the circuit unless
it is actually under observation.

Earthing Scheme.

Owing to the distance between the suites and the
line relay equipment it was found necessary to devise
a special earth wiring scheme for the whole installa-
tion, the purpose being to obviate false engaged
conditions arising on the sleeves of the outgoing jacks
at times when the load was heavy. In general, the
arrangement consists of earthing the sleeve circuits
of the outgoing junctions near the switchboards and
not, as is usual, on the apparatus racks. In this way
the P.D. between the tip of a plug and the sleeve of
the jack of a disengaged junction is kept to a
minimum.

Photogram Concentration Facilities.

The phonogram section gives a 24-hour service,
and must necessarily be staffed day and night.
Arrangements have therefore been made to concen-
trate on two suites (C and D) :

(1) all the incoming exchange lines within the
phonogram section ;

(2) all the incoming exchange lines from the
foreign section (on the second floor) ; and

(3) all the incoming exchange lines from the
telephone-telegram section.

Ancillary Switching Cabinets.

In order to make full use of the standard phono-
gram and telephone-telegram ancillary scheme, all
the keys controlling the ancillaried lamps are
concentrated at one point in the phonogram and
telephone-telegram sections. The keys are mounted
in special cabinets and are adequately labelled. The
operation of the keys cuts in or out the different
ancillaries as required. The keys are also used for
closing down or opening up suites as the trafic load
varies.
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Problems Involved in the Preparation

of a European Trunk Switching Plan

A. C. TIMMIS, B.sc., A.M.LEE.

A * Commission ”’ of the C.C.LI.F. has been established to prepare a trunk switching plan for Europe. This article
gives information concerning the problems involved and the investigations being carried out.

Introduction.
r—p\HE rapid growth of the international tele-
rphone service, which is now generally admitted
to have attained a high degree of efficiency, is
due to the successful co-ordination of effort brought
about by the C.C.I.LF. A network of cables and
repeater stations serves the greater part of western
Europe, and a satisfactory telephone service is
assured almost from any exchange to any other.
Methods of operating and maintaining the inter-
national lines and the apportionment of the revenue
have been settled. The next step is technical
co-ordination of the national and international systems
in such a way that the line plant may be designed
and operated most economically. At the present
time the general standard of transmission is by no
means unsatisfactory, but as telephone instruments
improve and long distance telephony becomes more
widespread a still higher standard will be demanded.

In 1934 the C.C.I.F. appointed a technical sub-
committee to study the problem and prepare the
framework of a ““ Plan of Interconnection,” or trunk
switching plan, for Europe. The American Telephone
and Telegraph Co., which operates a trunk system
of continental dimensions, covering the whole of
the U.S.A., has already a “ Toll Switching Plan ”
which among other things enables on-demand service
to be given all over the system. Engineers of the
American Telephone and Telegraph Co. have given
the sub-committee information regarding their plan
and its application in America. Research work is
now proceeding here and on the Continent.

During the assemblée pleniére of the C.C.L.F. at
Copenhagen in June, 1936, the sub-committee was
elevated to the rank of a ““ mixed commission "’ with
technical and traffic members. The British Post
Office is represented by one engineer from the
Research and one from the Lines Branch, and one
trafic member. A questionnaire has been issued by
the commission with the object of finding out the
present conditions in all European countries as
regards the national lines which are used for inter-
national service.

Technical Problems.

Throughout this article the nomenclature adopted
by the C.C.ILF. is used as far as possible. The
‘““equivalent ” of a line or speech channel is the
apparent attenuation measured with an appropriate
power at any speech frequency, usually 800 c.p.s.
It is sometimes called ““ overall equivalent ”’ and is
usually a positive quantity, being the total losses
in the circuit less the total gains. The American

term ‘“ net loss’ expresses this idea, whereas the
term ‘‘equivalent ” comes from °‘standard cable
equivalent,” now obsolete.
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Although a modern 4-wire circuit may be extended
almost without limit, certain factors which are
negligible on the majority of inland trunks become
increasingly important when we have to deal with
distances of the order of 1,000 miles. Generally,
but not invariably, these factors can be dealt with
by increasing the equivalent of the circuits, but
the overall equivalent of the whole chain of con-
nections is limited as regards its maximum value by
the agreed standard of transmission. Hence the
equivalent of the national circuits used to extend the
international lines must be reduced. Though shorter
than the international lines, they are more numerous
and in some cases may be necessarily unrepeatered
lines, the equivalent of which can only be reduced by
using heavier conductors. Every decibel added to
the equivalent of the international link means, sooner
or later, heavy increase in the cost of the national
lines. It is therefore essential to determine the best
overall equivalents at which international lines can
be worked, not only under present conditions but
also after those improvements which may be indicated
by a technical and economic study have been made.

The most important of the C.C.I.F. rules (avis)
which govern the design of national and international
lines at present may be summarised as follows :

(1) The * reference equivalent ”’ of an international*
call (from subscriber to subscriber) should not
exceed 40 db. in 10 per cent. of the connections and
34 db. in 90 per cent. of the connections. With the
telephone instruments and subscribers’ lines most
generally in use this means that the total equivalent
of the lines between terminal exchanges, including
exchange losses, must not exceed 28 db. at 800
c.p.s. in 10 per cent. and 22 db. in 90 per cent. of
the connections. An international line (which may be
made up of 1, 2 or even 3, international trunks)
should have an equivalent of 2.6 db. when connected
to national trunks at each end. This is derived
as follows :

An international trunk should be practically zero,
say, 0.14+0.1 neper to allow for variations. The
equivalent of three such trunks joined together
(the most severe condition which need be considered)
would be 0.34+0.2 neper or 2.6+1.7 db.

(2) An international line should transmit
frequencies up to 2,600 c.p.s., the equivalent at this
frequency being not more than 9 db. higher than at
800 c.p.s.

(3) Limits of noise, crosstalk and variation of
repeater gain are stipulated for international but
not for national lines.

(4) Certain limits (by no means severe) of stability
and echo effect are recommended for national lines.



A complete trunk switching plan must obviously
include rules covering the various characteristics of
both national and international lines when used in
conjunction, but there are certain matters, such as
echo effects with and without echo suppressors,
which have not yet been fully investigated. These
will be discussed in the following section, under the
appropriate headings.

Factors WHICH LiMiT THE WORKING EQUIVALENT
of CIRCUITS.

These limitations may be arranged more or less
in order of importance as follows :

(1) Variations of repeater gain and line attenuation.
(2) Stability.

(3) Echo effects.

(4) Crosstalk and line noise.

(8) Propagation time.

Room noise has been omitted from the list
because it may be assumed that a subscriber who is
making an expensive long distance call will take care
to have the room reasonably quiet. Moreover, room
noise is outside the control of the designer.

(1) Variations cf Gain.

Variations of gain are due mainly to variations
of filament or anode battery voltage; but there
are slower changes such as those due to ageing of
valves. When a valve is nearing the end of its useful
life the gain varies considerably with change of
filament current, so that the effect of battery variations
is aggravated. The attenuation of underground
cable pairs varies with temperature but in a slow
and regular manner, so that periodical adjustments
of the repeaters suffice to correct the equivalent
of the circuit. With open wires or aerial cables,
however, the variations are rapid and automatic
alarms or compensating devices are required. At
present most repeater stations of Europe depend on
batteries for filament current. The anode current
1s often supplied through rectifiers from A.C. mains.
In general the voltage regulation is such that overall
equivalents do not vary enough to interfere with
the service, but the variation should be reduced
to enable the longer international circuits to be
worked at a lower equivalent. To this end the
C.C.ILF. has just recommended that repeater gains
be maintained within + 0.03 neper (4 0.02 for circuits
with more than 12 repeaters) by the use of automatic
regulators on filament and anode supplies. Assuming
random addition, a change of 4 0.02 neper corresponds
to 4+0.02 X 425 =: 4+ 0.1 neper for a circuit
containing 25 repeaters. = When this source of
variation has been practically eliminated there will
remain the slow changes mentioned above, but with
a reasonable period between adjustments a range
of less than 4 0.2 neper (say 4+ 2 db.) may be
assumed on any international circuit.

Variations have two distinct effects :

(1) Long trunks have generally to be adjusted to
equivalents several decibels higher than the minimum
possible, lest the actual equivalent be reduced due
to these variations to a point where the circuit

becomes unstable. Before this happens echo or
other effects may become intolerable, but instability
1s the most serious, as it makes the circuit definitely
unworkable. Hence, for through connections, pad
switching, cord repeaters or similar devices must be
used in order to keep the overall equivalent within
the prescribed limits.

(2) Satisfactory transmission cannot be assured
over the whole system if the main links are liable
to have a loss several decibels more than their normal
values.

The second effect is by far the more serious, for it
cannot be overcome by cord circuit repeaters or by
any means other than upgrading the shorter lines.
As the shorter lines are much more numerous than the
main trunks and are generally unrepeatered, their
attenuation can only be reduced by using heavier
conductors. It is evident that every decibel reduction
in the equivalent of these lines will cost a very large
sum of money, whereas the cost of repeatered lines
does not depend so directly on their equivalents.
Within a certain range, for instance, it may only be a
matter of adjusting repeater gains.

Pad switching offers a simple way to overcome the

first effect, but if it is used variations do not call
attention to themselves by producing instability
and the second- effect may easily be overlooked.
The general standard of transmission must inevitably
suffer in consequence. This is perhaps the strongest
argument against the general use of pad switching.
The method will be referred to again under
stability.”
In addition to these unavoidable variations, erratic
changes occur due to varying contact resistances in
jacks, potentiometers, etc. Such variations can be
prevented almost entirely by the use of U links with
firm contacts, as in the latest English and German
practice, but there are many thousands of less
satisfactory contacts on international lines which
must remain for some years.

It will be quite evident that the variation factor
overrides all the others. Hence it is put first in order
of importance.

««

(2) Stability.

A 4-wire circuit is stable, with both ends discon-
connected, when the equivalent measured in the
usual way is between zero and 2.8 db., according to
the terminal transformers. But a 2-wire circuit
1s only stable, under the same conditions, when
its equivalent is from 1 to 12 db. or more, depending
on the number of repeaters and the accuracy of
the balances. This is the main reason why nearly
all international trunks are now 4-wire circuits.
When echo-suppressors are fitted, as they are in the
longer trunks, the most severe condition as regards
stability occurs when the local lines connected to
each end have an impedance so different from the
600-ohm compromise balance that together they
provide a “ stability ” of about 5 db.; i.e., the
equivalent in each direction may be reduced 5 db.
before actual singing occurs.

In a very few cases somewhat worse conditions
may occur, but the chance of two extensions with
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worse impedances being connected to the same
trunk is so remote as to be negligible.

It is found by experience that a 2-wire or 4-wire
circuit will be free from noticeable distortion due
to incipient oscillation or ‘‘ near singing '’ (to use
the American term) if its equivalent is 4 db. above
the value at which it is just stable. Hence there
1s a margin of 1 db. in the most severe case that
need be considered. @ When an echo-suppressor is
fitted, as is usual when the equivalent is small,
the difference of 4 db. mentioned above is not required.
The suppressor prevents circulating currents which
give rise to ‘““ near singing,” and, further, it limits
the volume of any singing that may arise when the
circuit 1s out of use, with both ends disconnected.

There is some difference of opinion as to the precise
value of stability which should be adopted, as
the following table shows.

Authority. | Stability.
British Post i - 2.5 db., ends disconnected, with echo
Office Suppressor.
© 2 db.,, ends disconnected, without echo
i Suppressor.
AT.&T. Co. ‘ 5 db. in talking condition (for 2-wire and
i 4-wire circuits, corresponding to zero with
’ ends disconnected).!
C.CI.F. ) 2 db., ends disconnected.

One of the duties of the mixed commission will be
to decide on stability values for different types of
national and international circuits,” and also to
recommend methods of calculating the minimum
equivalent from the point of view of stability. The
present practice is to work international (4-wire)
circuits at 4 to 8 db. equivalent for terminal traffic.
As would be expected with this ample margin for
variations, instability very rarely occurs. When,
however, the connection extends to national lines,
which may be 2-wire, repeatered or unrepeatered
circuits, with an equivalent of 10 db. or more, a cord
circuit repeater is often used and stability is reduced.
In effect one more 2-wire repeater is added. It
is the practice in America to use attenuators (pads)
on the majority of trunks, these pads being cut out
to reduce the equivalent for through traffic. In
Great Britain both cord circuit repeaters and pads
are dispensed with by working the main trunks at
zero equivalent, and connecting them together at
the exchanges in the ordinary way.

This very simple method lends itself particularly
well to “ on demand” working and does not give
rise to trouble provided the circuit equivalents do not
fall appreciably below zero. To take an extreme case,
by way of example :—A chain of three zero circuits
would be just stable (ends disconnected) at about
3 db. With the most severe terminal conditions there
would be a stability margin of 5-3 = 2 db. The echo-
suppressors would remove any risk of *‘ near singing "’
distortion, but if two of the trunks chanced to be

1The A.T.&T.Co.allow a stability of — 1db. (endsdisconnected)
on circuits having one repeater only and no echo
Suppressor.
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1 db. low in equivalent in both directions and at the
same time both terminal impedances were at their
worst—a very remote chance—the connection would
be unstable.

It does not follow, however, that the whole
European trunk system could safely be worked on the
basis of zero-loss 4-wire trunks. At the present
time it is generally considered unsafe, and in some
countries it is the practice to eliminate the mismatch
of impedance at the junction of 4-wire trunks by
means of the ‘“ link ”’ connection or by cutting out
the terminations. The reflection at the switching
point has only a slight effect on stability, especially
if terminal repeaters are fitted. There is another
reason for its elimination which will be dealt with
under (3).

To summarise the position as regards stability :
it seems probable that when the C.C.I.F. recommenda-
tion as regards variation of repeater gain has been
fully applied, both to national and international
lines, and contact resistances have been eliminated,
instability will be of very rare occurrence and from
this standpoint it will be practicable to work the
international trunks at zero equivalent, although at
the same time a number of national circuits may
also have zero equivalent. Provided that maintenance
tests are made at short intervals the slow changes
of amplification mentioned above should tend
to increase rather than decrease the equivalent.
This seems to be so at present, judging by some
typical measurements on six long international
circuits.  The maximum zncrease of equivalent
(average of the two directions) was 2} times the
maximum decrease from the normal value, so that the
circuits tended to become more stable. The measure-
ments were made at the end of June, while temperature
was rising, and possibly increasing resistance may
have accounted for most of the observed change.
Measurements taken on the same six lines during
November gave no clear evidence of change due to
falling temperature. It must not be overlooked that
a number of international circuits will be provided
by means of aerial line carrier systems on which the
regulation may not be so close as on underground
cable circuits.

(3) Echo Effects.

The phenomenon of electrical echo was first
noticed on long 4-wire circuits adjusted to a low
equivalent.  Practically all the echo-suppressors
now in use are fitted at intermediate repeaters on
circuits of this type. The exceptions are suppressors
incorporated in the terminal equipment of radio
links, and the metal rectifier suppressors designed
and adopted by the B.P.O. which are used at a terminal
of a 4-wire circuit or in conjunction with a 2-wire
repeater. On a simple 4-wire circuit the echo-
suppressor is most conveniently placed somewhere
near the middle and need not be very quick-acting.
It has only to operate before the echo current returns
from the far end of the line. When one or more
carrier channels are added to a 4-wire line, however,
intermediate suppressors require the audio and
carrier channels to be separated by means of filters.
It is preferable to use terminal suppressors for this



reason and because they can readily be cut out.if the
trunk is required for a voice-frequency telegraph
system, or picture transmission. But terminal
suppressors involve two difficulties :—

(1) Very quick operation is required to suppress
the echo caused by reflection at the near end,
since the propagation time between the ““ return *’
and ‘ go ”’ repeaters is practically zero. See Fig 1.

Is) GO
B2

RETURN

FiG. 1.——CompLETE (DOUBLE) TERMINAL SUPPRESSOR.

(2) The first few waves of the echo current,
which must get through before suppression, may
operate suppressor 2, and cut off the incoming
speech.

The differential connection in the metal rectifier
suppressor and its very short operating time over-
come these troubles, enabling it to be used at either
end of a 4-wire circuit or at any repeater in a 2-wire
circuit. In Germany the difficulty was overcome by
using two single-way echo-suppressors, one at each
end of the line. The arrangement is shown in Fig. 2.
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FtG. 2.—SINGLE TERMINAL SUPPRESSORS.

The suppressors must be very quick-acting ; other-
wise the first part of the echo will get through to
such an extent as to be noticeable. Suppressors of
this type have disadvantages as compared with a
complete (both way) terminal suppressor. Obviously
they must be somewhat more costly; also, if two
circuits equipped with these suppressors are connected
together, and if to avoid “ lock-out ™ (the danger
of which has not been established) the suppressors
at the junction are cut out, the end suppressors
are lhable to false operation by currents reflected
from the junction. This is avoided by using the
“link " connection or cutting out the terminations.
Both these expedients are complicated and it is
now generally agreed that they are not justified.
The whole question, however, is one of those being
studied by the mixed commission.,

Returning to the intermediate suppressors, which
are mostly of the valve type in Europe and the relay
type in America ; it has generally been assumed that
the suppressor wipes out echo under all practical
conditions. Actually, to prevent false operation by
noise, the sensitivity of the suppressor is imited and
a weak talker may fail to operate it. The echo is,
of course, weak, but it may give the talker an

impression of something irritating which he cannot
define, associated with sibilant words like * sixty-
six."” By a series of judgment tests, first made in the
U.S.A. and repeated by the British, French and
German administrations, an approximate relation
between echo time and the minimum equivalent at
which the echo is just tolerable has been established,
with and without a suppressor.

These tests were made by experts, using selected
words and keeping the speech volume within a limited
range. A subscriber would only notice the effect
very rarely, for it is necessary that his transmission
should be weak and reception good if the echo is to be
audible. Therefore an equivalent substantially lower,
giving a greater volume of echo when it occurs,
could be tolerated in actual service. The problem
is now being studied in all its aspects by members
of the mixed commission, with the object of fixing a
design curve which will show the relation between
eircuit equivalent and echo time to be used in
calculations.

Where a long 2-wire circuit is connected to each
end of a 4-wire international line the total echo effect
may be computed, using various assumptions and
the judgment data mentioned above. The method is
that used by the American Telephone and Telegraph
Co. and its application to European conditions is
being studied. One of the most interesting questions
is how the several intermediate echoes in a 2-wire
circuit affect the talker as compared with a single
echo. It is a psychological problem and therefore
incapable of exact solution, but some tests made
recently in London indicate that the law of random
addition gives a fair approximation.

The echo effect cannot be ignored because it
seldom occurs. It is most likely to be noticed on very
long and expensive calls where regular users would
be quick to complain.

(4) Crosstalk and Line Notse.

Intelligible crosstalk enables conversation to be
partially overheard during silent intervals and
cannot be tolerated, on the score of secrecy, if the
crosstalk attenuation is less than about 55 db. This
figure has been found a reasonable limit in practice,
but the C.C.I.LF. has now decided to aim at 65 db.
for international lines having an equivalent of 7 db.
The American Telephone and Telegraph Company
adopts a limit of 60 db. for 99 per cent. of calls,
based on probability.

Crosstalk can generally be improved by reducing
the equivalent of a circuit. If we imagine the disturbed
circuit to be degraded, say, 5 db., by reducing the
gain of the receiving amplifier, evidently the cross-
talk will be 5 db. weaker. Similarly, if an international
trunk is upgraded from 7 db. to zero, the crosstalk
attentuation becomes 58 db. instead of 65 db. This
applies both to near-end and distant-end crosstalk.
The crosstalk attenuation to be expected depends,
according to the random addition law, on the
distance over which the disturbed and disturbing
circuits are adjacent. For example, a 400-mile circuit
would have 6 db. worse crosstalk than a 100-mile
circuit in the same cable, and might have to be
worked at a higher equivalent in consequence.
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Combined crosstalk from a number of circuits
(babble) is unintelligible and ranks with power
induction, etc., as ‘‘line noise.”” Babble is not
disturbing as a background even if several decibels
louder than the allowable volume of intelligible
crosstalk, but the disturbing effect depends on the
ratio between the speech and the babble, usually
called the signal/noise ratio. If, therefore, we degrade
the circuit to reduce the noise this ratio is unchanged.
Evidently noise is not a factor tending to increase
the minimum circuit equivalent. It is in fact an
impairment, like limitation of frequency band, and
must be dealt with by fixing maximum values for
different types of lines. The problem is complicated
by the infinite variety of types of noise, and the
final judgment depends on economic considerations.

(5) Propagation Time.

The speed of propagation over a loaded line depends
on frequency, being less at low and high speech
frequencies than at 800 or 1,000 c.p.s. For ordinary
telephony the result is that frequencies of 2,000
to 2,500 c.p.s. arrive at the end of a long line some
milliseconds after the middle frequencies of speech
and are heard as ‘ transients.” The effect on
intelligibility is slight, but the chirping sound of the
transientis disturbing and limits a fairly heavy loading
(such as 120 mH. at 2,000 yds.) to about 800 miles.
The most usual loading for long continental cables
is 44 mH. at 2,000 yds., for which the limit is 4,000
miles. It would be quite possible to reduce the

transient by degrading the circuit, but the question
hardly ever arises in practice.

It 1s found that if the time exceeds } sec. each way
at middle frequencies, there is an extra delay between
question and answer which may cause repetition and
misunderstanding. The available 250 milliseconds
has been divided into 150 milliseconds for the
international line and 50 milliseconds each for the
national lines to which it may be extended, with a
recommendation that all long international lines
should have a velocity of at least 20,000 miles per
second, corresponding to 44 mH. loading. A trans-
atlantic telephone cable is a possibility which must
be provided for in the future, and therefore the full
allowance of 250 milliseconds should not be used up
on land lines. With this in view and to ensure that
a call from, say, Hollywood to Moscow could be
made entirely through cable, a lighter loading than
44 mH. (or no loading at all) is now envisaged. On
such lines multi-channel carrier working is possible
and the transient effect is quite negligible.

On heavily loaded cables, where transient effects
might be serious, other limiting factors generally
control the working equivalent of the circuits.

Conclusion.

Of the several problems which have been briefly
ouvtlined in this article the question of echo effects
is perhaps the most interesting. Various experiments
are now being made here and in other countries and
the whole problem of echo effects will form the subject
of a separate article.

Automatic Door Operating Gear

Complaints arise due to draughts in sorting offices
as a result of the long periods in which the sorting
office doors are kept open to facilitate the frequent
passage of trucks of mail into and from the sorting
office. The swing doors that are usually provided
are generally operated by pushing the trucks against
the doors, with the result that both the doors and
trucks become damaged.

An experiment has been carried out at Redhill
Station sorting office, in which the doors are
automatically operated by the interception of light
rays on the approach of a vehicle. To ensure that
there shall be absolutely no draught, two sets of
doors are used, the space between acting as an
airlock. The automatic gear is arranged so that one
of doors closes before the second opens.

The operation is performed by utilising the well-
known characteristics of selinum cells, whose
resistance increases when subjected to a reduced
intensity of illumination. Four cells, two for each
door, are sunk in the floor under glass pavement lights,
about 6ins. square, while a 6-volt 6-watt lamp is
fixed to the ceiling directly over each selinum cell
on to which the light is focused. When the beam is
intercepted, the resistance of the cell is increased
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and this is utilised to vary the grid potential of
amplifying valves, the anode current of which
operates relays controlling the door operating gear.
A time lag is introduced by means of a potentiometer
which varies the negative potential applied to the
grid of the amplifying valve and so varies the time
taken for the negative charge on the grid to leak
away through a 2 megohm resistance before the
anode potential can rise sufficiently to operate the
relays. The time between the interception of the
beam and the door opening in the fully operated
position can be easily adjusted between 21 to 10
seconds. The time the door remains in the fully
open position is approximately 5 seconds.

The valve amplifiers, condensers, potentiometer,
etc., are contained in a cast-iron case fixed near the
door. The operating gear is fixed over the door and
consists of a £ h.p. 220 volt single phase A.C. motor,
the speed reduction of which is obtained by means of
spur gearing.

The doors are opened by cams and bell crank
levers, and are held in the open position by an
electro-magnetic brake on the motor shaft. Hydraulic
buffers are fitted to prevent bounce of the doors
during opening. The doors are closed by springs
when the brake is released.



Modern Developments in Television

Part I. Transmission Systems

S. T. STEVENS

In the first part of this article, which will be continued in the July issue of the Journal, the author details the requirements
of the new television service and describes Transmission Systems now in use which employ mechanical or electronic scanning.

Introduction. :
HE recent opening of the London Television

I Station has inaugurated in this country a new

system of telecommunication and will have
excited interest in this novel subject. In the following
article an attempt will be made to outline the principles
of operation of some of the devices used in this
new art.

It will be readily appreciated that the eye itself
forms part of a very perfect television system, a
system so perfect that the highest endeavour of
human art will never be able to compare with it in
efficiency. Scenes focused by the lens of the eye are
projected on the retina whence the light produces
sensations which are communicated to the brain.
The way in which light effects stimulate the optic
nerves is not clearly understood, but it seems probable
that chemical effects are called into play.

The simplest television system which can be con-
ceived is one which at the pick-up point simulates the
eye and consists of a lens system which projects the
scene to be televised on an artificial retina composed
of multitudes of photo-electric cells (Fig. 1). Each
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Fic. 1.—PRINCIPLE OF A SIMPLE TELEVISION SYSTEM.

cell would be connected to the receiving point by a
separate circuit containing suitable amplifiers. At
the receiving point each circuit would be connected
to a separate lamp on a screen similar to the artificial
retina such that each lamp occupied a position on the
screen similar to the position of the photo-electric
cell to which it was connected. The system would be
adjusted so that each lamp would be illuminated in
proportion to the light falling on the photo-electric
cell to which it was connected. This system may be
described as the basic and ideal system of television.

In order that such a system should be capable of
presenting a few square inches of picture with a
definition equivalent to the average half-tone repro-
duction as used for the reproduction of photographs
in newspapers and magazines, it would be necessary
to provide something of the order of 100,000 units
each consisting of photo-cell, lines, amplifier and
lamp. Such a system would, of course, be prohibitively
costly, and inventors have tried to devise methods
which would be economically possible. The obvious
development would be to retain the photo-cells and
the lamps but to use one connecting line and amplifier
and to switch the line, at each end simultaneously,
from unit to unit very rapidly. This modification

would normally only allow illumination to appear
from each lamp for the brief instant when it was
connected to the line. Provided the repetition of
illumination occurs sufficiently rapidly the eye will
not appreciate that each spot of light has not been
continuously illuminated.

The rate of repetition necessary to avoid flicker
depends upon the illuminator. For poorly illuminated
cinematograph or television screens repetition rates
of 25 per second are not too obvious. For brighter
illumination a rate of 50 pictures per second is
tolerable. With more brilliant lighting, such as is
used for reading purposes, 50 pictures per second is
too slow, as everyone who has tried to work or read
in light from a 25 c.p.s. supply (50 pulses per second)
will have been painfully aware. This suggests that
if television equipments improve and present us with
really brilliant pictures it may be necessary to
increase the picture speed to 75 or 100 per second.

Any system of mechanical switches to connect each
light cell with its appropriate lamp would be difficult
and expensive to construct and would also be liable
to give trouble in use owing to the high switching
speed necessary. Fortunately, science has provided
a device admirably adapted to serve as a reliable
switch, viz., the cathode ray tube in which a stream
of particles of negative electricity serves as the
moving switch arm. In the pick-up device this
stream can be directed to pick up the energy from
each photo cell or group of photo cells in turn and be
caused to impinge on a fluorescent screen, the
particles of which take the place of lamps and are
stimulated into illumination by the impact of the
electron stream.

Other methods are available : for instance, a beam of
light controlled by rotating mirrors to replace the
moving switch arm. In this method a single photo-
electric cell can be used at the pick-up point and a
single lamp at the receiving point. The illumination of
the various points on the pick-up screen being focused
on the screen in turn, while at the receiving end the
light from the lamp is projected on the various points
of the receiving screen in their proper order. Systems
using moving light beams are generally referred to
as mechanical systems. The traversing of the pick-
up screen by a beam of light or electron stream is
termed ‘‘ scanning,” and the simplest method of
scanning is to traverse the screen by a number of
parallel and closely adjacent tracks either horizontally
or vertically. Sometimes the scanning is effected by
traversing the screen by a series of lines not closely
adjacent but with the width of a track between them.
The spaces between lines unscanned in the first
operation are then scanned in a subsequent operation.
The first method of scanning is called sequential
scanning, while the second type of scanning is called
interlaced scanning.

Other methods of scanning have been proposed,
but they usually involve additional difficulties in an
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already complex problem so that all working systems
at present use either sequential or interlaced scanning
as mentioned above. It would be a rash person,
however, who ventured to state that other methods
of scanning would never be adopted or even that
scanning itself might not eventually be dispensed
with in favour of some nearer approach to an ideal
system. The recent discoveries in connection with
electron oscillators and electron multipliers open up
possibilities of developments which may go far
towards a more satisfactory solution of the television
problem in the future. At the same time we must
not lose sight of the remarkable advances that have
been achieved in television during the last few years,
nor withhold our admiration for the technicians who
have made possible the extraordinarily good emissions
which now appear from the London Station.

PicTure UNITS, SCANNING LINES AND FREQUENCIES.
Requirements for the New Television Service.

The Postmaster-General’s Television Advisory
Committee has suggested that a television picture
should not be inferior to a standard of 240 lines and
25 pictures per second—that is to say, eight times the
number of lines and twice as many pictures per
second as the old 30-line low definition television.
This may seem a big step, but definitions up to 700
lines have been demonstrated. The increased
definition, too, would seem to sound the death knell
of mechanical scanning methods but, as will be
explained later, these have been developed to a high
stage of perfection and may even prove cheaper than
electronic methods of reception.

The shape of the picture in the Baird transmissions
is a rectangle with a ratio of width to height of 4 to 3.
This 4 to 3 ratio is that of the old silent films. The
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F16. 2.—SEQUENTIAL SCANNING.

shape of the picture in the Marconi-E.M.I. trans-
missions is a rectangle with a ratio of width to height
of 5 to 4, this being exactly the ratio of modern
talking films, so that there should be no waste of
picture area when transmitting these.

Sequential Scanning. Before progressing further
the various relationships of line scanning and picture
ratio will be examined. The Baird system uses
‘““ sequential ” scanning, i.e. one line following
another in progressive sequence. TFig. 2 represents
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the top and bottom portions of the scanned area with

the distance between the lines considerably enlarged.

Thus to scan the 4 by 3 picture area the scanning

beam ‘“ S’ starts at the top left-hand corner and

moves across this area from left to right horizontally,
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Fic. 3.—WAVEFORM OF TRANSMITTED SIGNAL, SEQUENTIAL
SCANNING SYSTEM.

being 4 units long or equivalent to 320 picture
elements (240 4/3). As the frame scanning motion,
which moves the horizontal line scan downwards, is
operating during this time, the end of line 1 will be
nearly 1/240th part of the picture depth lower than
the start of the line. On arriving at the right-hand
side of the area the beam is returned to the left-hand
side in 8 per cent. of the time taken for a line
traversal, making the path of the * fly-back”
practically horizontal. (Shown dotted in figure.)
During this time a line-synchronising impulse is
injected into the scanning circuit to keep the trans-
mitter and receiver in step. The scanning beam is
again on the left-hand side but one picture element
(1/240th of the screen depth) lower down than the
preceding line. The second line is then scanned,
describing a path exactly parallel with that of the
first and immediately below it. This process is
repeated so that the picture area is scanned in 240
successive lines from left to right and top to bottom,
the scanning beam finishing in the bottom right-hand
corner of the area after one complete picture or frame
scan. The scanning beam is now returned to the
top left-hand corner in 5 per cent. of the time taken
to scan one picture or the equivalent time of 12
lines. A further 8 lines are masked off to form a
black edging, so making the effective number of lines
220. During the frame *‘ fly-back " a frame synchron-
ising impulse is injected into the scanning circuit.
At the conclusion of each line “ fly-back *’ a further
2 per cent. of the picture area is masked off to form
a black edging, making 10 per cent. in all, so reducing
the effective width of the picture to 320 —32=298
picture elements.

The waveform of the transmitted signal, shown in



terms of D.C. working, is illustrated in Fig. 3. Using
the arbitrary aerial current units of zero to 100, the
total modulation for synchronising extends between
the tolerance limits of zero to 5 and 37-5 to 42-5,
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F16. 4 —INTERLACED SCANNING.

while the picture modulation (black to white) extends
between the tolerance limits of 37:5 to 42-5 and 100.

Interlaced Scanning. The Marconi-E.M.I. system
1s a little more difficult to understand. This system
transmits 25 complete pictures per second, each of
405 total lines. These lines are so interlaced that
the frame and flicker frequency is 50 per second.
The line frequency will then be 10,125 lines per
second, or 405 x25. Two frames, each of 2025 lines,
are interlaced to give the total of 405 lines with a
complete picture speed of 25 per second.

This may best be described with the aid of Fig. 4,
which represents the top and bottom portions of the
scanned area with the distance between the lines
considerably enlarged. The line scan is left to right
as before, also top to bottom with a quick return.
The combination of the two motions produce the
slightly sloping scanning lines. Starting at A, not
necessarily at the beginning of a line, the spot com-
pletes the line AB, flies back in 10 per cent. of the
line scan time (1/10,125 secs.) and traverses line
CD and so on down the ** dotted "’ lines of the drawing.
At the bottom of the frame the spot travels along
line GH, followed by JK. At this point the return
stroke of the frame motion begins and returns the
spot to L at the top of the frame, taking the equivalent
time of 10 scanning lines. A complete frame scan
has been made since leaving A, so that 202} lines
have been completed and the point L is half a line
away from A.

The line scanning is still carried on during this
time and the single-line motion JKLM completed.
The spot returns to the left and traces out line NO,
which, due to L being half a line ahead of A, will be
between lines AB and CD. Similarly the next line
PQ will lie halfway between CD and EF, these inter-
lacing lines being shown chain-dotted to RS and
finally to TU, at which point the frame return causes
the spot to rise again to point A.

During this time two frames will have been scanned
occupying the time of exactly 405 complete lines,
after which the cycle begins again.

The waveform of the transmitted signal, the carrier

of which is amplitude modulated, with a carrier
value proportional to the D.C. component, as in the
Baird waveform, is illustrated in Fig. 5. Signals below
30 per cent. of peak carrier represent synchronising
signals, these being rectangular in shape and extending
downwards to effective zero carrier.

Vision signals occupy values between 30 per cent.
and 100 per cent. of peak carrier.

The two systems are summarised and compared in
the table below :—

System
Particulars S
; Marconi-
Baird ‘ EML
Number of lines (nominal) .. 240 ‘ 405
Number of lines (effective) .. 220 : 385
Type of scanning .. : Sequential ~ Interlaced
Ratio of width to height 4to3 ;. 5tod
Frame and flicker frequency 25 50
Picture frequency .. L 25 25
Line frequency .. e 6,000 ! 10,125
Number of line-synchronising |
impulses .. .. 1 between 1 between
each line each line

Portion of line occupied by
synchronising impulses .. 8% 10%,
Number of frame synchron- ’
ising impulses 1 between |6-12 between
each frame | each frame
Portion of frame occupied by

synchronising impulses .. 5% Approx. 5%

Frequencies Involved. The Baird picture shape of
3 units height to 4 units width gives the number of
units composing one line as being 240 x4/3=320.
One way of looking at this is to view the area as being
made up of small square units of which there are 240
in the height and 320 in the width. This means that
the area is composed of 240 % 320 or 76,800 scanning
units, which is 36:6 times more than in the 30-line
television broadcasts. Therefore the definition will be
36 times better than previously if all the range of
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frequencies can be embodied in the picture. The
greatest difference between any two sequential
scanning units is that of minimum to maximum
illumination, or, black to white as viewed. The
maximum frequency generated in one scan, then, is
half the number of scanning units, i.e. 76,800/2=
38,400.

There are, however, 25 complete scans per second,
so that the generated frequency becomes 38,400 X 25
=960,000 cycles per second, which is practically one
megacycle per second. The frequency for any
number of lines, picture ratio and pictures per second
may be calculated from the formula :
lines 2 x width X picturesper sec.

height x 2

Calculating the frequencies transmitted by the
Marconi-E.M.I. system the following result is
obtained :—

406 x 405 X 5 X 25
- 1x4x 2

=maximum frequency

= 2,562,890 c.p.s.

= 2,563 kc.p.s.

For the purpose of wireless broadcast these
frequencies have to modulate a carrier wave so that
the total frequency spread required on a radio channel
will be approximately 24 megacycles per second, or
two and a half million cycles per second.

A high quality sound broadcast may be obtained
with modulating frequencies up to 10 kc.p.s. and a
total band width of 20 kc.p.s., so that it will be seen
that a 240-line television system would occupy as
much space as 100 sound broadcasting stations.
This explains the impossibility of accommodating
such a system in the medium-wave broadcasting band.
A broadly tuned radio receiver has a fairly uniform
response when detuned 1 per cent. either side of the
carrier frequency. Thus 1 per cent. detune either
side of a carrier frequency of 1 megacycle per second,
i.e. a wavelength of 300 metres, gives a band width
of 20 kc.p.s., while the same 1 per cent. detune either
side of a carrier frequency of 50 megacycles per second,
i.e. a wavelength of 6 metres, gives a band width of
1,000 kc.p.s. This is much more like the frequency
values required, so that it is only in the region of the
so-called ‘‘ ultra-short waves ’ that the great spread
of frequency can hope to be accommodated.

Circuit design has resulted in receivers having a
24 megacycle per second response, such a circuit being
shown in the second part of this article.

TRANSMISSION SYSTEMS EMPLOYING MECHANICAL
SCANNING.

Spotlight Method (Baird).

The spotlight method is a direct development of
Baird’s original patents and is used chiefly for close-
up or three-quarter-length images showing announcers
giving educational talks, lectures, etc. The television
signal is instantaneous and generated in the following
way.

A high intensity arc giving an intense source of
light is focused on to a mask having a cut-out
corresponding to the picture ratio, i.e. 4 : 3. This
area is evenly illuminated. In order to accommodate
the large number of scanning lines, 240, the scanning
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disc has to be of a sufficient diameter. The disc has
a series of 240 small apertures pierced through it
near the periphery, the holes in series forming a spiral
trace. The disc runs in a vacuum case to reduce air
resistance and keep the apertures clean.

The cut-out mask is located between the source of
light and the disc, being arranged so that the perfora-
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F16. 6.—SPOTLIGHT METHOD OF SCANNING.

tion nearest the periphery of the disc describes a line
along the top edge of the mask cut-out when the disc
is rotated in a clockwise direction, viewed from the
light source. The aperture following the first is spaced
from it such that after the first aperture has just left
the mask area the second aperture begins to describe
a line, also from left to right, immediately below that
described by the first. As the disc rotates, then, the
spiral series of 240 equidistant holes scan the mask
cut-out in 240 lines, one complete scan being accom-
plished in one revolution of the disc. From the fore-
going it will be seen that the size of the perforations
in the disc are interdependent with the diameter of
the disc and the size of the mask cut-out area.

The light from the arc passes through each perfora-
tion in turn as it is exposed to the lighted area of the
mask cut-out, and will illuminate any object in its
path. With the rotation of the disc the object is
scanned with 240 lines and at a rate of 25 complete
scans per second. The light reflected from the scanned
object is picked up by four large photo-electric cells
placed in a rectangular formation in front of the
scanned object so that the scanning beam is not
interfered with. In this way the maximum photo-
electric effect is gained from the reflected light. In
the photo cells the light is converted into an electric
current varying in sympathy with the varying amount
of reflected light supplied by the action of the scanning
beam. This current is amplified and finally modulates
the radio carrier wave. The area of light found by the
scanning action is not exactly rectangular, but owing
to the large diameter of the scanning disc the lines
can, to all intents and purposes, be looked upon as
straight horizental ones.









suitably placed deflector plates fed with scanning
potentials via the leads x, x!, y, y! can be used in
exactly the same way as the electron beam in a
cathode ray tube.

The speed with which the electrons shoot towards
the anode is such that those in the path of the aperture
A pass straight through and can be collected on an
additional electrode behind the anode, yielding an
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electrical signal corresponding to the density of the
electrical image at that point. The electron image is
scanned, then, by moving the electron picture from
right to left and top to bottom, which is, in effect,
moving the picture over the aperture instead of the
aperture over the picture as in the previously
mentioned scanning systems.

In practice the electron beam is kept in a parallel
path by using high anode potentials, thus increasing
the electron acceleration, and by winding a layer of
wire around the outside of the tube, thus forming a
solenoid along its length when a suitable current
flows in the winding. In a magnetic field a moving
electron behaves exactly as a current-carrying con-
ductor ; if its direction lies absolutely parallel there
is no force on it, but if it tends to move sideways or
cross the field a force proportional to its sideways
velocity acts upon it and keeps it in a parallel path.
The action is far more complicated than this, actually,
as the electron is given a circular motion as well as
motion parallel to the field.

Scanning is, in practice, carried out by two pairs
of magnetic deflector coils placed outside the tube
such that their resulting fields can give the required
scanning motion when suitable saw tooth voltages
are applied to them. The respective positions of the
various coils can be seen in Fig. 11.

It will be realised that the scanning aperture is
exceedingly minute and the value of the electrons
passing through it would give a current so small as
to be lost amongst the various valve noises of any
normal amplifying circuit. Amplification of these
minute currents is made possible by the Farnsworth
electron multiplier which is built into the electron
camera assembly.

The aperture anode of the electron camera described
is replaced by a spun silver disc fitted very tightly
into the tube. In the centre of this anode is fitted a
protuberant aperture pointing towards the neck of
the tube in which is situated the multiplier. Directly
bhehind the anode is a silver disc, fitted in the neck of

the tube, in which the scanning aperture is punched.
The disc also forms one of the multiplier cathodes,
another cathode being about six centimetres away
at the far end of the neck. A ring anode is situated
between these two cathodes.

In the electron multiplier, use is made of the high
secondary emissive properties of cesium. If an
electron impinges with sufficient force on to a caesium-
coated surface then secondary electrons are released.
With casium the secondary emission ratio is 6 to 1,
i.e. for every electron striking the coated surface
six secondary electrons are emitted.

In the electron multiplier the cathodes are composed
of nickel coated with casium. Now if an electron
from the electron camera escapes through the aperture
into the electron multiplier it is accelerated down the
tube by the action of the ring anode. Around the
multiplier tube is wound a solenoid as before, which
keeps the electron in a parallel path. The resultant
effect is to cause the electron to shoot through the
ring anode and strike the casium-coated cathode,
releasing six secondary electrons. A radio-frequency
potential (50 megacycles per second or more) is
supplied to the cathodes in order to accelerate the
electrons and so make their impacts sufficient to
release secondary electrons.

The six secondary electrons, under the influence of
the radio-frequency potential and the ring anode,
shoot back along the multiplier tube, their acceleration
being sufficient to carry them through the ring anode
and strike the apertured ceaesium-coated cathode.
Again for each of the six electrons six more secondary
electrons are emitted, i.e. 36 in all. These shoot to the
other end again and each releases six more secondary
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F1c. 11.—ELEcTRON CAMERA.

electrons, i.e. 186 in all. Thus in a few oscillations
an appreciable current is generated, and if the effect
were left to develop, a current of amperes would result
and burn out the tube. To prevent this, and collect
the results of the electron amplification, a quenching
frequency is applied to the radio-frequency oscillator,
the quenching frequency being dependent upon the
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mosaic while PA is the anode of the photo-electric
combination, in practice this being a metal coating
on the wall of the tube. The photo-electric material
is insulated from the back metal plate by the mica
sheet but has a capacitance to it shown by the con-
denser C.

The circuit may be reduced to the conventional
photo-electric cell circuit as shown in Fig. 15b.
When light from the picture to be transmitted falls
on the mosaic each element of it, represented by
PC, emits electrons and charges the condenser C.
When the electron beam, in the course of its scan
of the mosaic area, impinges on a photo-electric
element, that element receives electrons from the
beam and discharges, or partially discharges, the
condenser. The discharge current depends on the
charge on the photo-electric condenser element and,
therefore, on the light intensity on that particular
element. The charge and discharge currents of the
condenser are transformed into signal voltages
across the resistance R and applied to the grid of the
first amplifying valve. Since the optical image on
the mosaic will be inverted by the action of the
focusing lens, the scanning electron beam will have
to scan the mosaic from right to left and bottom to top.

Since the scanning beam and optical image strike
the same side of the mosaic, it is impracticable for
the axis of both the electron gun and the lens to be
at right angles to the mosaic plate. The plate is set
perpendicular to the optical axis of the lens, since a
standard lens is used, resulting in the scanning beam
tending to give a keystone patterned scan.

This effect is counteracted by a slight alteration in
the scanning potentials fed to the magnetic deflecting
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F16. 14 —THE ICONOSCOPE.

coils which surround the neck of the tube. The
electron beam is produced by a hot filament or cathode
which emits electrons in the same way as a wireless
valve. The filament is surrounded by a negatively
charged shield which helps to concentrate the electrons

into a beam flowing towards the first anode, the
positive potential of which attracts them. A small
hole in the centre of the anode allows a fine beam of
electrons to escape through it, due to their accelera-
tion. Deflection of the beam is carried out by two
pairs of magnet coils mounted at right angles to each
other on a common yoke. The coils are fed with
suitable scanning potentials from a time base.

The resolution of the Iconoscope is actually better
than the rest of the system is capable of transmitting,
and it is therefore possible to scan an area considerably
smaller than the full size of the Iconoscope plate.
By changing the horizontal and vertical scanning
amplitudes simultaneously the effect of moving the
camera forward or away from the subject is obtained
without any movement of the actual camera. If the
scanning beam be adjusted to scan only a particular
part of the mosaic, the effect of turning the camera
may also be obtained.

R ELecTRON
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Fi1G. 15a.—PRINCIPLE OF THE ICONOSCOPE.

The whole Iconoscope assembly is built into the
form of a camera and as such is portable, being used
for both internal and external shots.

In this country it has been developed to a high
state of perfection by the Marconi-E.M.I. organisation
and is in regular use at the London Television Station
both for direct scanning and for film scanning. For
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Fic. 15b.—THE CIRCUIT OF THE ICONOSCOPE.

the later purpose an intermittent film motion is used
as in the normal film projector.

In the foregoing television transmission systems
those systems likely to be most used in this country
have been explained. Other scanning systems have
been developed, notably by Scophony, Ltd.,who usea
high speed lens wheel for film scanning and a rotating
echelon for floodlight scanning.

Loewe in Germany has also produced a film scanner
for interlaced scanning having two sets of holes in
the disc, one of whichismasked alternately by another
disc. The film moves continuously.
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engaged dvuring the interval from A to B. The
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The distribution of congestion periods is thus also
exponential.
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If P, is the proportlon of the busy hour that all n
switches are engaged, as determined from the
Erlang lost call formula, then the number of
occasions on which congestion occurs during a busy
hour

I
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Average time during which x out of n swiiches are
engaged.

The average duration of the condition of x switches
out of a group of n being simultaneously engaged
can be found by similar reasoning.

Measuring time from the instant that the x™ call
arrives, the probability that these x switches will be
engaged longer than t is given by the product :—

Probability of the x calls not terminating before
the end of the interval t x Probability that no calls
will arrive in the time t.

The latter probability depends on the traffic A
offered to the switches, and assuming pure chance

arrival of calls, the probability is given by e *'&

This may be deduced by analogous assumptions to
those used in the original deduction.

Denoting the probability that x switches will be
engaged longer than t by P_ (>t), then
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Similarly P, (>t+4dt) =e

.. Probability that the condition of simultaneous
engagement of x switches will terminate between
t and t + dt.
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If P, is the duration per busy hour of the condi-
tion of x switches simultaneously engaged, as deter-
mined from the Erlang formula, then the number of
occasions per busy hour that exactly x switches are

P .
engaged = h’ =X 1 A .P,
x + A

For a group of 10 switches carrying 3.43 traffic
units, the average lengths of time that wvarious
numbers of switches are engaged and the number of
occasions per busy hour are given in Table 1; the
average holding time assumed is three minutes.

TABLE 1.

: Average Durauon Average No. of
Norgttcnes | monayarx | e || B
Engaged swi tg:;zgel;emg engaged. X switches are

: i (Minutes.) engaged.

0 0-033 ‘ 0-875 2-23

1 0-111 i 0-677 9-84

2 0-191 ‘ 0-552 20-70

3 0-218 0-467 28-00

4 0-187 | 0-404 27-80

5 0-129 ‘ 0-356 21-60

6 0-073 ; 0-318 13-80

7 0-036 0-287 7-50

8 0-015 | 0-262 3-53

9 0-006 0-241 1-45

n=10 0002 | 0-300 0-40

Conclusion.

By the use of methods such as those described,
the exponential holding time assumption enables
many practical and interesting problems to admit
of easy solution. Care must be exercised, however,
in the use of formule which depend on this assump-
tion when the holding times are constant or nearly so.
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This work, in combination with the reconstruction of
the buttresses on which the first arch would be sprung,
necessitated the commencement of the diversion of the
Department’s plant at a point at least 40 yards north
of the extremity of the temporary bridge.

route, and the pipes were then brought up to the
surface in a temporary wooden manhole C built under
the elevated footway, which had been constructed to
allow uninterrupted facilities for pedestrian traffic,
even during the actual raising of the span itself.
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Manhole and Route Construction.

The extent of the Department’s work is shown
diagramatically in Fig. 2.

Detailed plans of a specially designed reinforced
concrete manhole (incorporating the existing route of
30 steel pipes and a 9-way nest of ducts feeding from
the Strand), which was constructed in the dip of the
supporting arches at A, are shown in Fig. 3. From
this point 21 steel pipes were laid across to a smaller
manhole at B, introduced to take the bend in the

Steel pipes were then laid open under the ramp in
three tiers of 7 pipes each, on a slope rising to 2 ft.
6 ins. above ground level at the point D. The level of
2 ft. 6 ins. was chosen so that the amount of slack
left on the cables to permit the 5 feet upward move-
ment of the bridge should be reduced to the
minimum,

Two 12 ft. by 5 ft. by 4 {t. jointing pits were hung
under the footway at the points E and F, and were
connected by 10 steel pipes laid in the steel troughing
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adjusted to 1 mW (+.07 db.) by means of the taps
on the windings of the output transformer. Oscillation
is obtained by reducing the value of the feed-back
resistance to 1,000 ohms less than that required to
produce oscillation with the tube flashed under
adverse load conditions.

The Controlling Action cf the Neon Tube.

The amplitude of the oscillation is limited to that
which just flashes the neon tube. As soon as the
tube flashes the limiting action prevents any further
increase of the signal that is fed back to the grid
circuit so that the oscillation does not tend to build
up excessively. If there is no further controlling
effect, the limiting action produces distortion of the
wave form resulting in a total harmonic content about
23 db. below the fundamental frequency signal. A
second controlling effect, however, is obtained by
use of the property of the  Beehive *’ type neon tube
that the flashing voltage when the plate is negative is
less than when the ““ Beehive ’ is negative. The neon
tube operates as a rectifier and the rectified voltage
obtained across the resistor R5, filtered by condenser
C3, is fed into the grid circuit of the valve to increase
the negative grid-cathode bias voltage. The valve
amplification is reduced, which causes a reduction in
the limiting action of the neon tube and of the rectified
voltage. Thus a state of equilibrium is set up in
which the neon tube is only just flashed. Due to
the non-linear characteristic of the valve, one-half
wave of the oscillation has a slightly greater maximum
amplitude than the other, and this half-wave is
used to flash the neon tube by suitably arranging the
transformer and lamp connections. By thismeans the
amplitude of the oscillation is maintained constant
and equal to that which just flashes the neon tube,
but very little power is absorbed by the tube so that
the harmonic distortion is small.

Per formance Characteristics cf the Oscillator.

The following performance characteristics apply
when one to three outlets are either short-circuited or
open-circuited, with supply variations up to +109%,
from normal, and measurements are made on the
fourth outlet.

Stability ¢f Output Power. The change in output
power from the ““ set up ”’ value of 1 mW is less than
0.1 db., provided the temperature is constant, and

F16.3.—WAVE ForRM OF 1 MW OSCILLATOR.

this degree of stability is maintained over a period of
years.

Effect cf Temperature Change on Stability of Output
Power. With normal type neon tubes day to day
temperature changes may produce a change in output
of up to 0.15 db., other conditions being constant.
With specially selected neon tubes this error can be

reduced to well below 0.1 db. for large temperature
changes.

Frequency Stability. Under conditions given above
the frequency change is less than 0.1%,. With reactive
loads (Z, = 600 |45°) the change is less than 0.259%,.

Harmonic Content. A cathode-ray oscillogram of the
wave form is shown in Fig. 3. The actual harmonic
voltages given as percentages of the fundamental
signal voltage are as follows :(—

Harmonic

2nd
3rd
4th
Ath
6th
7th
8th
9th
10th
11th

9, of fundamental

SV LD D

O OO = et

Increased Outlets. The number of outlets can be
increased up to 12, and the total maximum harmonic
content is then approximately 59,. The other charac-
teristics are practically unchanged.

Output Impedance. This is equal to the resistance
in series with the output, i.e. 600 ohms. The constant
voltage signal obtained across the windings of trans-
formers T2 ensures that the transformer impedance
is effectively zero.

Power Supplies

The oscillator operates with 16 V or 21 V, 0.25 amp.
A.C. or D.C. supply (or 4 V, 1 amp using valve VT 90)
and 150 V anode supply (12 mA). A mains unit shown
in Fig. 4 will supply up to a maximum of 6 oscillators
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Fic. 4.—MAaINs UNIT FOR 6 OSCILLATORS AND 6 TRANS-
MISSION MEASURING SETS.

and 6 measuring sets simultaneously.  Artificial
anode loads are used to maintain the anode voltage
reasonably constant when lzss than 6 oscillators and
6 measuring sets are used.

Other Applications cf the Oscillator Design.

The oscillator using the power supplies stated will
provide any output directly from the transformer T2
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The Maintenance Aspect of Overhead

Construction Work

R. C. C. BROWN

The author reviews the relationship between methods of construction and fault incidence. An examination reveals that
departures from standard methods of construction, due often to a desire to ensure speedy completion of work, often result
in poor construction and a high fault incidence.

Introduction.

Plant and Protection Branch of the Engineer-

in-Chief’s Office, an examination has been
undertaken of the standard methods of construction
of overhead line plant in their relation to the fault
liability of the plant. Maintenance and construction
works in progress have been observed, in an endeavour
to ascertain to what extent, if at all, standard methods
fall short of the practical requirements in the field,
and it is proposed to deal with the conclusions arising
from such observations.

With economic considerations playing such an
important and necessary part in the Department’s
programme, care must be taken that maintenance
standards are not lowered. Speedy completion of the
work necessary to connect a new subscriber (advice
note work) must remain an essential, but it is of
primary importance that the benefits of this are not
nullified by the indifference, through faults, of the
standard of service provided.

No article of this nature could be complete without
some reference to organisation difficulties and the
demands of the system. Shortage of skilled staff, the
lag in the provision of local underground plant and tke
urge to complete advice note work quickly contribute
largely to the present fault position. Plant and staff
deficiences will, however, diminish with the increase
of development work now in hand and the compre-
hensive training provided for new entrants to the
Engineering Department, while the requirements
of speedy advice note completion, consistent with a
higher standard of construction, can be attained, to
some extent, by improved organisation and closer
co-ordination between the maintenance and construc-
tion groups.

Standard Methods cf Construction.

The maintenance procedure as set out in the
Department’s Engineering Instructions appears to
cover all contingencies, and, while the functions of
fault controls are outside the scope of this article,
it is of importance to record that the machinery is
available for the improvement of the fault position.
Periodic inspections, annual renewals and the normal
procedure for the authorisation of outstanding main-
tenance work make provision for the remedying of all
plant defects. Only by this means can be avoided the
vicious circle of increase of faults, more staff engaged
on faulting, fewer staft available for maintenance
work and a consequent further increase of faults.

The ‘ Engineering Instructions” relating to
standard methods and design are reasonably compre-
hensive and no serious modification appears necessary.
Departures from standard, prevalent in practice,
arise mainly from the desire to ensure speedier com-
pletions of work, but no evidence exists that improved
construction has resulted. Recent changes of design
appear satisfactory under the restricted conditions
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prescribed for their use, but their extended use under
any conditions provides a serious fault factor. Covered
drop wire and extension brackets are typical examples
of new design which are frequently used with some
lack of discretion. Fault incidence has, thereby,
increased with the consequent tendency to condemn
such changes in practice. Misleading conclusions will
arise if information as to shortcomings of plant is
based on misuse, and theimportance of the adoption of
standard methods cannot be too strongly emphasised.

Strengthening cf Lines.

Analyses reveal that more faults are due to defective
regulation than to any other cause and that line
instability is a serious contributing factor. Many
remedial measures are possible under current advice
note works. Strengthening of lines to the permissible
maximum of four poles per advice note, with the
addition of stays at angles, would quickly effect
improvement and would not seriously retard the
advice note programme. Works outside the scope of
the advice note could be covered by estimates and
could frequently be completed in conjunction with
advice note works.

The strengthening of a line is often deferred
because of the suggested imminent provision of under-
ground cables, though too often, in these days of
pressure, that is the excuse rather than the reason
for deferment. But even where development studies
are contemplated delays of two or three years are
possible before the new cables are available, during
which period further wires are added, usually on
extension brackets without the additional support of
arm braces, until good regulation becomes an impos-
sibility. Where the history of a line is available it is
interesting to observe the increase in fault liability of
the existing wires as new circuits are added and
examination will often reveal that little or no
strengthening has been done.

Wayleave difficulties sometimes preclude the
provision of stays or permit stays only of inadequate
spread. When positions for struts are not available
added stability can be provided by the use of poles of
heavier class.

The Regulation cf Wires.

There is a serious danger in departing from pre-war
standards, when, regardless of the number of wires,
one vice per terminating point was considered essential
for good regulation. Because of the saving of time that
is effected, hand regulation has become very prevalent
and contributes in some measure to regulation
difficulties.  This method provides no means of
tensioning the wires equally, seeing that one wire
must be made off before a second wire can be strained,
which operation affects the tensioning of the first
wire. Hand regulation, too, leads to damage to the
surface of the wire due to the use of pliers for
tensioning, while, to hold the strain while the termina-
tion is being made, additional turns are taken around



the insulator, leading to further possible damage.

It is argued by some workmen that experience
teaches the correct tensioning of wires and that no
theoretical application is necessary ; some regulate by
the feel of the wires, other tie themselves to a fixed
reading on the tension ratchet. Tension tests, which
have been made on some completed works, reveal that
correct regulation is arrived at only by accident,
little regard being paid to temperature variations.

Practical considerations have restricted the spacing
between wires, consequently the dip is limited. Wires
must be so tight that the risk of contacts is eliminated,
yvet sufficiently slack to permit of a considerable
increase of tension due to fall of temperature and
storms. Provision must be made for the increase of
tension produced by the horizontal pressure of winds
and the greater vertical loads due to the accumulation
of snow and ice. The prescribed tensions take into
account the foregoing factors and also provide a
suitable factor of safety in respect of the breaking
" weight of the wire. With so many considerations
involved it is impossible to develop a sixth sense in
this respect. Recourse to standard methods and the
use of regulation tables are the only safe means of
regulation.

New wires are frequently erected on lines where
existing wires are already in bad regulation. In the
absence of any provision for the re-regulating of
existing wires there is no alternative but to conform
to the same defective regulation with the new wires
and faults will result. The urgency of completion of an
advice note work will not always permit of the
execution of the necessary maintenance work, though
frequently in this respect more profitable use could
be made of gangs. When the re-regulating is of such
magnitude as to preclude of the possibility of its
completion in conjunction with the advice note,
advantage should be taken of the ‘ outstanding
maintenance works '’ procedure.

The Use cf Sleeves.

Hand regulation is made possible by the wrapped
bight termination, which is still largely used although
the sleeve method of terminating is the standard
method.  Wrapped bight terminations have the
disadvantage that they afford facilities for hand
regulating and for * unpicking ’ and re-use of the old
termination duing the re-regulating of wires. There is
no evidence that these disadvantages can be offset by
other considerations, as, in a recent examination of
broken terminations, the wrapped bight was found to
predominate. Breakages, probably due to corrosion,
had taken place inside the wrappings and, where the
free end of wire had broken, considerable difficulty
was experienced in locating the fault. It is admitted,
however, that it is difficult to get conclusive com-
parison between the two terminations since no
information is available of the number of each type
of termination in use.

Breakages at sleeve terminations occur most
frequently on the free end of wire at its point of entry
into the sleeve. This defect will, in a large measure,
be remedied if the free end of wire, on leaving the
sleeve, is taken in an easy sweep to the insulator
instead of being bent at right angles to the line wire.
There is some evidence that such breakages at the
sleeve are due to vibration and a method of holding
the free end rigid may need to be introduced. ‘

It is sometimes contended that the use of sleeves
introduces an abnormal fault liability, but analyses
reveal that wire breakages are comparatively few
under normal conditions. Greater care and conformity
to standards are essential in the use of sleeves. The
correct number of twists should be inserted, black
paint should invariably be used to seal the ends against
the entry of moisture, and the use of pliers in lieu
of jointing clamps should be discontinued.

The Use cf J Wire (wire covered with an impregnated
cotton braiding) to reduce Faults due to Game.

Numerous faults are caused by game flying into
wires, and though inspection revealed that frequently
defective regulation was a contributory cause, there
is no doubt that, in many instances, game guards are
ineffective, especially against a background of trees.
It is suggested that the difficulty might be overcome
by the use of ] wire throughout where the number of
wires is small, and where too many wires exist for the
use throughout of J wire, it might be used on the
outer positions of the arms.

Leads on Distribution Poles.

Mechanical and other damage to leads on distribu-
tion poles is generally attributable to the untidy
condition of such leads and, in the main, it does not
appear that the system of cleating or the type of
cleat is at fault. The tracing of leads, on a congested
pole, is a frequent cause of untidiness, leads being
pulled from position and not restored. The most
prevalent cause of disarray, however, i5 considered to
be due to cable pair alterations on the block terminal,
to meet line changes or to clear faults. Leads
terminated at the bottom of the block are re-connected
to terminals at the top and the necessary slack is
obtained by removing the leads from their cleated
positions on the pole and arms.

Fault Incidence and Methods cf Construction.

Faults due to trees preclude the possibility of a
decline in overhead faults during the comparatively
fine weather of the summer months. Considerable
improvement can be effected, however, by adequate
lopping and the provision of good clearances during
the erection of new lines. Comprehensive instructions
have recently been issued in connection with tree-
cutting and there is no necessity to treat the matter
in detail in this article.

Many other instances are available to demonstrate
the close relation between construction work and the
fault incidence of plant. Faults on last spans to
subscribers, not wholly due to the quarter-twist and
horizontal formations but frequently caused by the
unequal tension of wires due to hand regulation ;
unsatisfactory layout of plant ; irregular methods of
leading-in, all contribute their quota to the growing
incidence of faults. The excuse is sometimes made
that mass production methods in telephone construc-
tion must lead to a general lowering of standards of
work. Output is, however, of prime importance in
every industry, yet there is no general evidence
elsewhere that quality is sacrificed for quantity.
Standard methods define the quickest possible
operations consistent with a high standard of work
and relative immunity from faults, and departure from
recognised procedure usually results in unsatisfactory
conditions.
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panel catering for one or more routiners according to
the space required by the duplicate equipment.
Fault reporting and intercommunication circuits are
concentrated on the ninth panel, known as the

CENTRALISED CONTROL PANEL ! ROUTINER
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TEST PROGRESS TEST PFOGRE' S|
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MASTER
CONTROL START STEP ON

STEP ON START
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Eccacecasaa " RECOVERED '*

Fic. 2.—CIRCUIT SHOWING PRINCIPLE OF CENTRALISED
CoNTROL AND DispLAY.

‘“ telephone panel,” which is shown on the extreme
left.

Details of the equipment installed on the panels
are as follows:—

(1) On Routtner Panels
Duplicate control keys and indicating lamps
for each routiner.
A master control key for each routiner.

(2) On Telephone Panel
Keys and lamps to provide facilities for
communication between two head set tele-
phones and (a) each automatic routiner,
(b) each fault reporting circuit.
Alarm apparatus.

On the face equipment green opals and black labels
with white engravings have been
fitted in order to reduce eye
strain to a minimum. All con-
nections are made by means of
keys which permit of greater
speed and are subject to a lower

TELEPHONE

CEMNTRALISZID CONTROL
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fault liability than plugs and T osmon _uz——(———l ‘ K E o

functions transferred to the control room by the
normal contacts of the master relays. When it is
necessary to extend control to the routiners, as
when clearing faults which entail adjustments, the
master key in the control room is thrown, operating
the master relays. By this single key-operation local
control is restored and interruption prevented should
the control room routiner keys be left thrown or
accidentally operated during the progress of tests.

Fig. 3 shows typical connections to the telephone
panel. Circuits which provide bothway auto call and
clear conditions in addition to speaking facilities are
provided between each routiner and either control
room position circuit. Individual 3-wire circuits are
employed, the third wire being utilised for signal
purposes.

In addition to the special fault circuits the following
have been extended to the control positions for fault
control purposes :—

Bothway circuit to the test desk junction test
position.

Extension line on service P.B.X.

Extension line on service P.A.B.X.

Night service ENG.

Night service teleprinter.

Alarms

Routiner alarms, both “ prompt ”” and deferred,”
normally appear in the control room, which is treated
as an exchange sub-section, but may be restored to
the routiner sub-section at the discretion of the control
officer. The night service fault reporting circuits are
extended to an exchange alarm sub-section via a
“ night switching key’ during periods when the
control room is not staffed.

General Maintenance Arrangements

Routine testing and the clearance of all exchange
plant faults, routine and non-routine, are under the
control of a skilled workman class 1 (5.W.1) who is
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seen from the diagram in Fig. 2
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located at the telephone panel in the contro! room.
This officer prepares dockets for all faults reported,
maintains special faults 1ecords, passes details of
faults to, and receives details of clears from, the
maintenance staff. An assistant controls all routine
tests, prepares dockets for all routine faults and passes
them to the S.W.1. for distribution.

Particulars of the fault are immediately passed over
the fault control circuit associated with the routiner
to the maintenance officer appointed to that section
of plant. He deals with the fault in the usual manner,
local control of the routiner being restored when
necessary, and phones particulars of the clearance
back to the control officer. Responsibility for the
expeditious “ busying ” and subsequent removal of
faults rests with the control officer, who confirms
that faults have been removed by carrying out a
“ retest " before the docket is passed to the fault
record officer for completion of the standard fault
records.

It will be seen that the standard fault proczsdure is
not departed from except that all exchange fault
reports circulate via the control officer. The detailed
procedure which has been adopted for the treatment
of various classes of ““ calls held” and faults works
smoothly.

Between the hours of 8 p.m. and 8 a.m. the night
service ENG. and teleprinter fault circuits are
extended to the control room and switched to an
exchange sub-section ‘ prompt "’ alarm. The S.W.1
on night duty deals with complaints and faults in
the normal manner and prepares and completes
dockets which are deposited in a special compartment
in the control room.

Time lost due to “ busy '’ conditions makes routine
testing of certain ranks of equipmznt impossible
during normal hours of duty. The performance of
these routines by the S.W.1 on night duty is greatly
facilitated by the use of “ Centralised Control.”

Advantages cf Centralised Control

Under centralised routiner and maintenance control
a far greater mzasure of supervision of fault clearance
is exercised. The control S.W.1 is personally dealing
with every fault and ensures that it is satisfactorily
cleared with the least delay. His experience is avail-
able to assist the staff in the clearence of faults and he
is in an excellent position to co-ordinate the investiga-
tion of any faults where attention to various parts of
the plant must be given by different maintenance
mean. He can readily test the apparatus after the
clearance of faults, thus checking the quality of
maintenance work and in this respzct the circum-
stances are ideal. He is able to recommand special
attention to portions of the equipment for the purpose
of anticipating faults and also to recommend changes
in the testing frequencies as a result of experience
gained in operating the routiners.

The advantage of an organisation which enables
one officer to be in close touch with the fault position
on all sections of the exchange plant is apparent.
Any general failure of the exchange plant quickly
becomes obvious to him and an abnormally high

fault liability on a portion of the equipment is readily
detected. In short, satisfactory performance of the
exchange equipment is checked by ‘ keeping a
finger on the pulse.”

As the preparation of dockets is confined to a small
number of men, there is greater uniformity of practice
and consequently records are more accurate.

In estimating the advantages to be gained the:
increased fault liability due to the introduction of
additional relay contacts in the routiners must not
be overlooked. With a view to reducing this liability
to a minimum it is proposed to employ standard
3,000 type relays in future schemes.

Conclusion

Comparison of average fault returns for corres-
ponding six weekly periods before and after the
introdu:tion of thz schzme shows that, whereas the
faults detected by routiners had increased, total
routine faults and total exchange faults had decreased.
From this it miy bz assumad that the routiners
are being used to better purpose, and that in con-
sequence of this increased efficiency the question of
reducing the frequency of overhauls and inspections
of apparatus could bz considered with advantage.
Such a decrease would reduce the amount of time
spent on work which is of a monotonous nature and.
therefore liable to bz inefficiently performed.

Although the scheme is most suitable for large
director exchanges in which all items of plant are
automatically routined, the advantages to be gained
from centralised control may justify the installation
of routiners in smaller exchanges for which they would.
not normally be provided. In this connection the load.
carried by the control room staff is of interest. In.
addition to controlling routine tests, performing
“ retests,” etc., approximately 600 exchange faults
per week—i.e. an average of one every 10 minutes—
are dealt with by the two officers.

In smaller exchanges a larger proportion of routine:
testing is performed manually, and difficulty would
no doubt be experienced in allotting a full load to the
control officer on account of the inflexible nature of
the duty.

Although there has been no marked effect on written
complaints or service observationreturns, it is felt that
more efficient supervision of the maintenance staft
has maintained a higher standard of service, although
differences in fault recording methods has rendered.
any reliable comparison somzawhat difficult. Never-
theless the results of the experiment are sufficiently
promising to justify an extension of the scheme to
another suitable exchange so as to enable a decision
to be reached regarding its adoption as standard.
It has been decided, therefore, to proceed with the
scheme at Temple Bar exchange, London, where
special precautions will be taken to ensure that a true
comparison of both cost and fault results can
subsequently be made. ‘

The construction work, including the installation
of the desk, local distribution frame, cables and
routiner modifications, was carried out by the London
Engineering District.
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Book Reviews

" Instrument Transformers,” by B. Hague, D.Sc. (Lond.),
Ph.D. (Glas.), F.C.G.I., DI.C., MIE.E. etc.
634 pp., 3001ll. Pitman, 35, -.

In the measurement of large currents and high voltages
and also in the design of protective devices it becomes
necessary to introduce transformers so that these measure-
ments or operations may be made safely and conveniently
on secondary circuits. Introducing these transformers
makes it very necessary, however, to take precautions
that errors, due to ratio, phase displacement, etc., are
not introduced and that the use of transformers
does not become a source of breakdown in the supply
system.

The design of these transformers is, therefore, of the
highest importance and a need has been met by this
book in which the author has dealt very comprehensively
with the theory, construction, performance and methods of
testing so that full information may be available for
designers, engineers, test rooms and research laboratories.

The first part, forming half of the book, deals with the
theory and characteristics of instrument transformers,
and the second part with the instruments used in their
testing. The third, fourth and fifth parts deal with
testing and methods of test, a number of methods being
included which, while not generally adopted in practice,
the author feels should be put on record as they may
prove useful in other fields.

A useful preliminary chapter summarises a number of
national specifications so that the ditferences of technical
practices followed in different countries may be clearly
seen. The book is completed by a number of appendices
and a very complete bibliography, a large number of
references to contemporary literature being also included
in the text.

There is no doubt that the book should prove valuable
to designers and to the staff of test rooms and research
laboratories, while the advanced student who is consider-
ing specialisation will also find it a most useful text book.

J. Mc. G.

‘“Outdoor High Voltage Switchgear,”” by R. W. Todd,
AMIEE,, Assoc. AI.LE.E, and W. H. Thompson,
AM.IEE. 436 pp. 259ill. Pitman, 42/-.

Although dealing mainly with switchgear for outdoor
high voltage substations, the greater part of the subject
matter also applies to plant installed in buildings, the
main exception being the effect of atmospheric conditions
on the design of insulators.

Following a preliminary chapter on the layout of
outdoor substations, the difficulties in design, manufac-
ture and testing of H.V. insulators of all kinds are dealt
with. Details of air break switches for load breaking and
1solating purposes are followed by a full discussion of
contacts, arc interruption phenomena and the effect
of re-striking voltage. This leads up to the consideration
of the design of oil circuit-breakers and metal clad switch-
gear and the methods employed to quench the arc formed
on breaking the circuit, while consideration is also given
to connections and to protective gear against lightning,
surges and faults.

The book is chiefly intended for designers, dealing as
it does with the theoretical and practical aspects of
design in detail, but will be of interest to all concerned
with the use design and maintenance of E.-H.T. supply
systems.

J. Mc. G.
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““ Principles of Radio Engineering,” by R. S. Glasgew,
M.S. 520 pp. 3441ll. 24s. McGraw-Hill Publishing
Co., Ltd.

This book is intended primarily as a text book for
students of electrical engineering, and is based on lecture
notes used by the author for a number of years in a course
onradio communication given at \WWashington University.
Thus, although this is a new book the subject matter has
been in use for instructional purposes and has been
tested out.

A knowledge of fundamental laws of electricity and
magnetism is assumed. Alternating current theory is
covered very thoroughly but concisely in Chapter 1 of
27 pages, so this does not seriously encroach on the
subject matter.

Chapter 2 deals with scries and parallel resonant
circuits, while Chapter 3 is on the properties of coils and
condensers. This chapter contains much useful matter
on magnetic alloys and their use at high frequencies.
The subject of electrolytic condensers is also touched
upon.

Chapter 4 is on coupledcircuits while Chapter 5 deals
with oscillating circuits. Chapters 6 to 13 cover the
whole range of valve technique from fundamental
properties to audio frequencies, amplifiers, radio fre-
quency amplifiers, oscillators, modulation, detection
and receiving systems.

The book is completed by a most useful chapter on
antennz and wave propagation, which contains much
information on transmission lines with which the
competent radio engineer must nowadays be familiar.
Methods of coupling radio equipment to lines and lines
to antenna are well described.

The author, in dealing with electromagnetic radiation,
has avoided the vector method in favour of the less
concise but more generallv understood methods of
the integral calculus. This is considered to be an
advantage as the former mcthod calls for specialised
mathematical knowledge.

To sum up this seems to be an excellent work. It is
not overburdened with mathematical analysis, but
when such analysis is necessary it has not been avoided.
It contains information which, if not original, can be
obtained only by consulting a number of other works
such as Terman, Pierce and Johnson or some of the
numerous papers which have appeared in recent years.
It can therefore be recommended as a text book for
students and as a reference book for cngineers. One
of its great advantages for the former purpose is the
collection of numcrical problems at the end of each
chapter. The book is on principles rather than practices,
and thus voice-operated devices and privacy apparatus
used on radio telephony, although referred to, are not
described. @n the other hand the negative feed back
amplifier is described and a brief analysis of its principles
1s given.

Nothing appears in this book about filters. Although
a comprehensive treatment of this subject requires too
much space for a volume of this kind, it is thought that
a brief and concise treatment of this subject would have
enhanced the value of the werk, particularly as much of
the groundwork is covered in the section on transmission
lines.

The book is fully referenced and appears to be
reasonably clear of errors. A misprint in expression ¢
on page 4 is noticed, in which *“ dwt "’ should read “‘dt.”

A J.G.
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Service, have elected to retain their membership of the
Institution :—

G. C. Gesler, 65
Hyde Park, W.2.

A. Kemp, 11 Fairway, Sedgelev Park, Prestwich,
Manchester.

CORRESPONDING MEMBERS.
The following have been elected : -~
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Junior Section Notes
Aldershot Centre

The meeting on PFebruary 24th was devoted to a
lecture on '‘ Secondary Cells,” by Mr. J. E. Porter.
The construction and operation of both old and new
types of secondary cells were described, and the lecturer
then went on to deal with the rccent designs of power
plant with which these cells were used.

Great interest was displayed in the automatic methods
of battery supply to be used with U.A Xs., and smaller
non-director automatic exchanges, and an interesting
discussion brought a very informative and enjovable
evening to a conclusion.

Edinburgh Centre

The tollowing mectings have becen held since the

last i1ssue of the JoURNAL :-—

January r1th, 1937.—“ Colour.”” Mr. J. M. Wright.

January 18th, 1937.—' Maintenance.” Mr. I\ A
Hough, M.Sc.(Eng.), A.C.G.1.

February 1st, 1937.—‘ Unit
No. 7. Mr. D. B. Whyte.

March 1st, 1937. ‘“Cable Balancing.” Mr. \V,
McKendrick.

Auto  Exchanges,

The Committee are mdebted to the authors of these
instructive papers, cach of which provoked interesting
discussion. Mr. McKendrick’s paper on “ Cable
Balancing " was illustrated by lantern slides kindly lent
by the Engincer-in-Chief’s Traming School.

There has been an improved attendance at these
meetings, but the Committec feel that greater advantage
could be taken of the cducative facilities oftered by the
Centre, and would be glad to enrol many more members.

The local prize of £1 1. for the best paper read before
the Centre during the 19335,36 session has been awarded
to Mr. D. ;. Buchanan tor his paper on ** Petrol from
Coal.”

Manchester Centre
The programme tfor the second half of the 143677
session 1s as tollows——
January trth.-—-* Automatic Iixchange Clerk of
Works.”" . Greenwood, Lsq.
January 16th.-Visit to Connollys’ Cable Works
February 2nd.—* Advice Note Control.” A, Junes,
Ksq.
Ifebruary oth.—Visit to Rochdale 1fire Station.
Ifebruary  18th—"" Precision Testing.” G H.
Hodson, Lsq.
February 2gth.—Ifvening Visit to British Oxvgen
Company.
March oth.-—" Voice I'requency Kevscnding tfrom
Manual IXxchanges.” W. C. Hulf, Iisq., A M1 E,
March 13th.—\Visit to Fergusson Pailin & Company.,
April 1st-——"" Reinforced Concrete and Its
Applications.”” . Davies, Is(q.
April Toth.-—Visit to Manchester Town Hall.
April 20th.—Annual General Meeting, followed by a
Debate.

Three extremely interesting visits were paid during
the first half of the scssion to the Manchester Docks,
a Mmer’s Rescue Station and to the Manchester office
of the Allicd Newspapers, [otd. The visit to the news-
paper oftice was preceded by a talk a tew davs betore
by the PPublicitv Manager of the Alhed Newspapers, this
being the first occasion on which the Centre has had
a paper from a lecturer not on the statt of the
Department.

The attendance at meetings during the first halt ef
the session was rather poor, but 1t is anticipated that
an improvement will be apparent during the second
half of the programmec as the new members realise the
advantages to be gained from the attendance at Junior
Section meetings. )
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Portsmouth Centre :

At the annual general meeting the following efficers
were elected for the 1930-37 session :—

Chairman—Mr. G. G. H. Ogburn, Inspector.

Vice-Chairman—>Mr. H. J. Robinson.

Secretary-Treasurer—Mr. C. H. Hishon.

Committee—NMr. T. Pearce, Mr. . Kerwood, Mr,
I.. . Llgar.

The monthly mectings to date have proved very
successful, and 1t is hoped that the further meetings
will meet with similar support. The following papers will
be read —

Tebruary 24th.—' Transmission Nofes,” by Ar,
\". Smith, Asst. KEngr.
March 23rd.—'"* Our ldecas,” by Messrs. Whittle

and Jarrctt (Youths in Training).
April 21st—‘ Elementary  Principles  of A.C.
Machines,” by Mr. G. Millen, Asst. Engr.

It 1s again pointed out to members that the library
facilities are available and that arrangements are in
progress for the visit to the Iirelll Cable Works.
["urther details of this will be given in due coursc.

It is gratifying to note that the mcetings are receiving
the tull support of the supervising officers, some few of
which are always to be seen at the meetings.

Under the auspices of the Portsmouth Junior Centre
a well-attended Staff Dinner took place at the Savoy
Café. Southsea, on I'ebruary 26th.

The toast of ‘“ The Post Office Engineering Depart-
ment "’ was proposcd by Mr. F. W. Friday, AM.LE.E.
(Sectional kngineer), and replied to by Mr. T. Cornfoot,
M.I.E.L. (Superintending Engincer).

Mr. . Gibbs gave the toast of ‘‘ The Visitors,” to
which Mr. Spafford (Surveyor) responded.

The “ 1. P.O.E.J. Junior Sections '’ was proposed by
Mr. G. T Millen, ADMIE.LE., and replied to by Mr.
C. J. Willmot. The toastmaster was Mr. C. J. Webster.

During the cvening an excellent musical programme
wvas rendered.

Preston (Lancs) Centre, 1936-37

The Centre has been most successful. There has been
a marked increase in the attendance at all meetings,
and what is most important, a very ‘‘ lively "’ interest
shown n cach paper given, cspecially at “ Question
Time.”

The membership thissessionis 40. A very pleasing total.

The programime carried out was as follows :
Nov., 193¢ T A B. Harrison  “* LElectric Organs.”
Dec., 19306 W. IX. Hinningham “* Cathode Ray Tubes.”
Jan., 1037 L. T, Edleston “ Radio-Television.”
I'eb., 1937  G. H. Wood “ Dynamos.”
Mar., 1037 T. S.\Wylie *“ High Tension T rans-

mission.”’

We extend our very grateful thanks to the above
speakers for their exccllent contribution.

We would like to make a special appcal to all our
members to be present at the Annual General Meeting
to be held in the usual place, on April 21st, 1937.

Southampton Centre
The 1936-37 session has so far been successful with a
membership of 48. The following ofticers were elected
for the ensuing year :—
Chairman---C. S. Hale.
Secretary-Treasurer---N. I£. Dodridge.
Committee—Messrs. . Andrews, R. J. White,
I*. Baker, R. Maggs, C. F. Middleton and I.. T.
Jennings.
The programme for the session was (—
October 15th.—"" Subscribers’ Fittings,”” by R. ]J.
White.

November 18th.—'* Odd Trans-
mission,”” by V. Smith.

December 17th.—“ Some Traffic Views of Engineers”
Work,”” by F. V. Florance.

Thoughts on

January 21st.—" Internal Combustion Engines,””
by N. I, TFletcher.

February 18th.— Underground Construction,” by
C. Hislop.

March 18th.—'* Teleprinters,”” by I<. G. Miller.

A\ Staff Diner under the auspices of the Southampton
Centre (Junior Section) of the 1.P.OE.IZ., took place i
the Lounge Hall of the Civil Service Sports Club on
I'riday, January 1sth. There were 81 members and
visitors present. In the absence of Mr. T. Cornfoot,
M.IE.E. (Superintending IEngincer), Mr. \. Smith
(Assistant Enginecr) gave the toast of “ The Depart-
ment,” which was replied to by Mr. L. W. Friday,
AM.IEIL. (Scctional Engineer). The ** Southampton
Centre Junior Section ”” was next given by Mr. G, I,
Millen, AM.LE.E,, and replied to by N. I, Dodridge
(Local Secretary). The ‘“ Visitors” was given by F.
Baker (Cemmittee), and was replied to by Mr. Hynaston
(Trafhc Superintendent).

The chair was taken by Mr. H. Gilpm (Inspector)
m the absence of Mr. C. S. Hale (Chairman Junior
Section).

The company included our collcagues from the
Portsmouth, Winchester and New Forest sections.

An excellent paper was read before the Southampton,
Junior Section at Ogle Road Lecture Room, on Thursday
January 21st, entitled ** Internal Combustion Engines,’
by N. L. I'letcher, of the Portsmouth Junior Section.

Mr. I'letcher gave a detailed history and explanation
of the internal combustion engine, both Petroland Diesel,
illustrated Dby excellent diagrams and explanatory
notes. The paper was appreciated by all. Senior Scction
members present werc F. W. Friday, Esq., AMILE.E.
(Scctional  lngineer), S. Moody, IIsq. (Assistant
Engimcer), 1. \. Ilorance, Isq. (Assistant Traffic
Superintendent) and A. Blanchard, ksq., of the
Winchester Staftf.

AMr. Friday expressed appreciation of the lecture.

C. S. Hale, Esq. (Inspector), was Chairman.

The sixth meceting of the 1936/7 session was held at
Ogle Road on [February 18th, and a paper by C. Hislop,
entitled ** Underground Construction and My Day’s
Work,” was read to an audicence of 4o.

I'rior to the meeting a presentation was made to
Mr. A, I'. Mockford, Local Secretary, Southampton
Centre Junior Scction, 1934/6, of a cantecn of cutlery,
suitably inscribed. The presentation was made by
Mr. 1. W Fniday, AM.ILE.IE. (Section Engincer.).

A tribute was paid to Mr. Mockford by Mr. inday,
who spoke of the forming of the Centre and its good
work.

Mr. Mockford, in reply, said the success in the past
had been due to help given to him by the Committee,
espccially Mr. C. I'. Middleton. The paper was read
and questions put re Balancing Cables, etc. Mr. kniday
gave a Dbrief résumé on the characteristics of cables
ex-Iactory, and gave an explanation why the cables were
not scheduled at the Iactory.

Visitors from the Traffic Branch were present.

A vete of thanks was given by Mr. FF. W, Baker and
seconded by Mr. IE. Andrews.

The carnest support of all members 1s requested in
forwarding suggestions and subjcct matter for the
1037.'8 session.

The Chairman, Secretary and Committee wish te
thank all members for their support during the 1937/8
Sesslol.
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was the special arrangement of the script,
which was read simultaneously by two tele-
phonists and resulted in a perfect impression
of telephone traffic, without involving actual
calls.

It was also necessary to provide a high degree ot
illumination on the platform to facilitate the taking of a
film by the news reel camera men and for the press
photographers. This was effected by suitably placed
floodlights of incandescent type, consuming a total
power of 15 kilowatts. The resulting light was of the
order of 30,000 candle-power, and the diffusion was
such that glare was practically excluded.

REGIONAL TRAINING SCHOOL.

Arrangements have been made for the Birmingham
Regional Training School to take over as from April
next the A and B courses for Youths in Training, thus
relieving the Central School at Dollis Hill.

Youths from the South WWales, the North Midland
and the North Wales Districts will be catered for. The
programme at present arranged allows for about 300
youths to be trained during the six months.

The other classes already held cover tuition in :—

Plumbing and Jointing.

Overhead Wiring.

Subscribers’ and U.A.X. I“itting.
Overhead Foremen’s Duties.

On these courses some Soo men will pass through the
school in the six months.

The accommodation question still remains acute as
i1t has not yet been possible to find suitable permanent
premises and the work is, therefore, being carried out
under conditions which militate to some extent against
the high efficiency which is aimed at. The results
obtained, however, indicate fully that the school 1s
functioning well, and that the classes are a real source
of advantage to the men and to the Department.

Mr. R. SHEPPARD

Mr. R. Sheppard, Assistant IEngineer in the Technical
Section of the North Wales District died on 23rd February
following a serious operation.

Mr. Sheppard, who was promoted to Shrewsbury in
1935, began his career in-Birmingham with the National
Telephone Company in 1910. He played an active part
in the conversion of the extensive Birmingham area
telephone exchanges to director automatic working.

He served with the Royal Engineers during the Great
War and had considerable active service in France.

Well known in local cricketing circles he was both a
first wicket batsman and a fast bowler and had plaved
for the Birmingham Civil Service Team on a number ot
occasions.

His passing has left a gap which will be difficult to
fill. Respected by all for hisability and sound judgment
he was held in great regard by all who knew him for his
kindness and understanding. His devotion to duty,
unselfishness, honesty of purpose and an unfailing sense
of humour were indicative of a great character—that ofa
perfect gentleman.

Scottish Region
GLASGOW AUTOMATIC TELEPHONES.

The programme for the conversion of the Glasgow
telephone exchanges to automatic working is making
substantial progress. The multi-office area will comprise
a central exchange together with 34 satellite exchanges.
Director working will be provided.

A new site has been acquired in Pitt Street, Glasgew,
on which a new building will be crected to accommaodate
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the Central exchange, the automanual switchboard,
mechanical Tandem, the maintenance control centre
and the repeater station.

The initial equipment of the automanual exchange will
comprise 315 positionsand 10,000 subscribers’ equipments
will be provided initially. The Central exchange is
designed to accommodate two 10,000 line units. The
sites of all but one of the satellite exchanges have already
been acquired, and an intensive building programme
arranged with the Office of Works. The first automatic
exchange to be opened will be Halfway, due to be
completed in _\ugust, 1937. Four other exchanges
will be opened ecarlv in 1938, and the peak of the
conversion work will be reached in 1939 when the Central
exchange and Trunk exchange transfers will be made
together with ten other exchanges. The completion of
the conversions is anticipated in 1942.

The Office of Works experienced considerable difhiculty
with the building foundations in Pitt Street, the
site being unstable due to proximity to the River
Clyde, and an extensive system of piling was found to be
necessarv. These difficulties have now been overcome.
but a delay of approximately six months in the building
programme for the Central building resulted.

In the meantime, telephone development in Glasgow
has proceceded apace consequent upon the trade
expansion ‘which is being cxperienced amongst the
heavy engineering tiades in the District, including
shipbuilding on the Clyde for the Adnuralty, *“ Queen
Mary’s *’ sister ship No. 552, and other works arising
from the national rearmament programme. These
operations have necessitated special steps being taken
in the existing manual exchanges to cover the develop-
ment work entailed in providing for telephone services
up to the transfer dates of the respective exchanges.
Close co-operation is being maintained between the
Sales, Traffic and Engineering staffs to ensure that there
is no failure to meet the demands of the public, nor
wastage of plant by over-provision. Manual equipment
released from areas in England now being converted
to automatic working is being utilised extensively,
and a large local switchboard fitting staff is employed
in adapting and completing the switchboards on site.

ABERDEEN-DUNDEE-EDINBURGH CARRIER
CABLES.

Two -cables, 24 Pr./40 for “Go " and ‘ Return”
respectively, are being provided and the work, which
1s being carried out under contract for the Department
by Messrs. Standard Tclephones & Cables, Ltd., of
Woolwich, 1s making good progress. Particulars of the
laying of the submarine link across the Tay Estuary
were given in the JourxNaL for January 1937. Special
difficulties were cexperienced in respect of the Iirth of
Forth crossing as the wood troughing containing cables
along the permanent way on the Forth Bridge was full
and required renewal. The opportunity was taken ot
replacing the wood casing by special steel casing and
providing new cables. Technical particulars of this work
will appear 1 a future issue of the Jourwar. There i1s
urgent need of additional trunk circuits north ot
Edinburgh, and it is anticipated that the new cables
will be brought into use in July, 1937, to atford reliet
to the summer season’s traffic.

OPENING UP OF TELEPHONE EXCHANGE
SERVICE ON ISLAY.

On February 3rd and 4th last the completion of the
work involved in extending the telephone service to
Islay, one of the islands of the Inner Hebrides, was
completed. U.A.X. No. 12 type exchanges were opened
at Port Askaig and Port Charlotte and a country



satellite exchange at Portnahaven, parented on Port
Ellen, was brought into service.

The other work involved in the extension, of which
note has been made in a previous issue, was the provision
of land lines and a submarine cable connecting Islav
to the Mull of Kintyre, and the opening of a C.B.S.2
Manual Board at Port Ellen and U.A.X. No. 12’s at
Bowmore and Kildalton. The country satellite exchange
equipment, one of the first to be brought into service in
Scotland, is working satisfactorily.

RETIREMENT O MR. J. W. \WWARNOCK.

A large and representative gathering met in the
office of the Telephone Manager, Scotland West Area,
on Iriday, February 26th, 1937, to bid farewell to
Mr. J. \WW. Warnock, Area Engineer, on the occasion of
his retirement from the Service on reaching the age
limit.

Mr. Richardson, Area Engineer, presided, and Mr. I'. T.
Ray, Telephone Manager, presented Mr. Warnock with
a testimonial as a token of the esteem in which he was
held by both the outdoor and indoor statfs. The various
speakers paid tribute to Mr. Warnock’s work as an
organiser, as an engineer and as a colleague. Mr. Warnock
acknowledged the gifts and the sentiments expressed
in a suitable reply.

Mr. Warnock entered the service of the National
Telephone Co. in 1893. He received an all-round training
and acquired a sound practical knowledge of both the
internal and external workings of the Telephone Service.
He was associated with the pioneers of the telephone in
Glasgow, and was responsible for the maintenance of
the first switchboard installed in the city.

Transferred to the Post Office Service on January 1st,
1912, as an Assistant Engineer, Mr. \Warnock was
promoted to executive rank in 1929, when he took charge
of the Glasgow South Section. On the introduction of
Regional \Working in IFebruary of last year, he assumed
the role of Area Engineer. His total service amounted
to almost 44 vears.

Mr. Warnock takes with him the high esteem and the
best wishes of the staff in his retirement.

South Western District

BRISTOL-PLYMOUTH 12 CHANNEL CARRIER
SYSTEM.

A further stage in the development of telephonc
engineering was reached in December last when the
above experimental system was successfully introduced.
It was instrumental in atfording considerable reliet
during the exceptionally busy Christmas period, owing
to the number of additional circuits which it provided at
short notice.

The present equipment provides for 36 circuits between
Bristol and Exeter and the same number between
Bristol and Plymouth, and of the 72 circuits so made
available, 47 are in use. The remaining channels are
at present reserved for the purpose of obtaining data
regarding the stability of the system under working
conditions.

The circuits have been working satisfactorily during
the period for which they have been in use, and the
absence of background noise is a noticeable feature of
the transmission.

It is understood that an extension of the existing
equipment is under consideration, which will double the
number of channels now available.

South Lancs.
WYTHENSHAWE AUTOMATIC TELEPHONE
EXCHANGE.

The above-named telephone exchange was opened on
Saturday, December 12th, 1936, when approximately
500 subscribers were transferred from the Didsbury,
Sale, Altrincham and Gatley exchanges.

The transfer was etfected with only three fauits.
It is the 25th automatic telephone exchange opened in
the Manchester area since the introduction of automatic
working into the South ILancashire District in 1930.

RADCLITTE AUTOMATIC TELEPHONE
EXCHANGE

The above-named telephone exchange was opcned on
Saturday, I'ebruary 2oth, 1937.

It was a “ perfect '’ transfer. It is the 26th automatic
telephone exchange opcned in the Manchester area since
the introduction of automatic working into the South
Lancashire District in 1930.

Book Review

‘ Wireless Engineering,”” by L. S. Palmer, D.Sc. London :
544 pp. 353 ill. Longmans, Green & Co. 21/- net.
This book is a revised and augmented edition of the
author’s * Wireless Principles and Practice,’”’ published
in 1927.

In the present work the copious bibliographies
accompanying each chapter of the earlier edition have
been omitted and about 100 pages of new matter have
been included dealing with more recent developments in
radio communication. The new matter includes infor-
mation on the production, propagation and reception
of ultra-short waves, the recent advances in knowledge
of the ionosphere and its action on the propagation of
wireless waves. Other topics which have been added
include quartz oscillators, copper-oxide rectifiers, H.I".
feeder lines, radio cable links and magnetron and other
micro wave oscillators.

It is not clear why the change has been made in the
title as the changes and additions have not altered in
any way the character of the work, and the earlier title
is considered to be more appropriate. In a work on
wireless engineering one would expect to find informa-
tion on the actual design of transmitting and receiving

equipment with typical examples of plant in the form of
working drawings, etc.

The subject of radio-telephone services connected to
land networks could have been treated more fully as
only the simplest tvpe of equipment is described. A
bare reference is made to voice-operated devices (singing
suppressors), but nothing is said about other associated
equipment such as privacy devices and compandons.
More extensive information on the efficiency and
matching of feeder systems and some treatment of wave
filters is also to be recommended.

One or two minor errors have been noticed, e.g., the
note on p. 411 states that the Proc. of Inst. of P.O.
Elect. Engs. are published by H.M. Stationery Office.

while the meaning of the note on page 413 is not clear.

The book as a whole is of a high standard and wil!
deservedly receive continued popularity as a text-book
on the principle of radio communication. It should be
pointed out, however, that it does not cover the whole
requirements of the City and Guilds syllabus, although
1t goes well beyond it in several directions. TG
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Staff Changes

PrROMOTIONS.
Name From To l? Date
Walmsley, T. .. .. .. AS.E, E-n-C0O. .. o Actg. Statf Engr., E.-in-C.O. .. 2-2-37
Walmsley, T. .. .. .. Acty. Staft Engr., 15.-in-C.O. .. Statt kEngr., K-n-C.O. .. e 1-3-37
Chamney, R. M. .. .. .. ASE.LE-n-CO .. LoD Actg. Statt Engr., E-in-C.O. 1-3-37
Manning, F. E. A, .. ol Actg ASE, E-in-C.O L ..o ASE, E-in-CO. .. .. 21-1-37
Gracie, AL J. AL L. .. .. Exec. Engr., IL-in-C Q. .. o ASE, EAan-CO .. .. 24-2-37
Jollexv, E. H. .. .. .. | IExec. Engr., E.-in-CO. .. o] Actg. ASEEAin-CO... S 24-2-37
Barker, P. L. .. .. .. | Asst. Iingr., IJastern . .. | Actg. Exec. Engr., 12.-4n-C.O. .. 13-12-36
Ree. 5. A. .. .. .. .. | Asst. IEngr., N. Midland . .. | Actg. Exec. Engr., S. Wales .. | J1-1-37
Beighton, T. A. .. .. .. | Asst. Engr., S. Midland .. .. | Actg. Exe: LEngr, S. Midland .. 19-11-36
Barker, P. L. .. .. .. | Actg. Exec. Engr. E-in-C.O. .. | Exec. Engr., E-in-C.O. .. .. 14-12-36
Roe. E. AL .. .. .. .. | Actyg. Exec. Engr., 5. Wales .. | Exec. Lngr., S. Wales .. .. 1-2-37
Beighton, T. A. .. .. .. | Actg. Exec. Engr., S, Midland .. | Exec. Engr., S. Madland .. | Te be fixed later.
Jarvis, ROF. ], .. .. .. Acty. Exec. Engr., E-in-C.O .. | Exec. Engr., K -in-C.O. .. . 3-9-36
Franklin, R. H. .. .. .. Acty. kExec. Engr, E-in-C.O. .. | Exec. Engr., E.-in-C.O. .. .. 3-9-36
smith, H. G. .. .. .. Actg. Exec. Engr., S. Western .. ! Exec. Lingr., S. Western .. 10-11-36
Hopps, F. .. .. .. .. ¢ Asst. Engr., NE. Reg. .. .. | Actg. Area Engr., N.E. Reg. .. | Te be fixed later.
Giftord, H. W, .. .. .., Asst. Engr., S0 Wales .. .. | Actg. lixec. Engr., S, Wales .. 24-2-37
Brown, A. H. .. .. ..+ Asst. Engr., Scet. Reyg. .. .. | Actg. Area Iingr, Scot. Reg. .. 24-2-37
Crosse, | .. . . .. Insp.. N. Treland .. . .. | Chief Insp., N. Ireland .. .- 28-11-36
Millard, A. E. .. .. .. lnsp., S Western .. .. .. | Chetf Insp., 5. Western .. .. 14-12-36
Moon. I©. H. .. . .. Insp., S. Lancs .. .. .. | Chief Insp., S. lL.anes .. .. 4-10-36
Brown, L. P. .. .. .. U lnsp., S. Madland .. . .. | Chef Insp., E-in-C.O. .. .. 5-12-36
Hobbs, H. .. .. .. .. Insp., S. Western .. .. .. | Chet Insp., S. Western . . .. 15-11-36
Sharp, . .. . Insp., London NS . .. | Chief Tnsp., London .- .. I-11-36
Howard, A. AL . | Insp., London .. . .. | Chicf Insp., London . .- 1-1-37
Challinor, W . . .. | Insp., T.ondon . . .. | Chiet Insp., London . .- 18-4-36
Evans T. .. . .. .- | Insp, 8. Lancs .. . .. | Chief Insp., S. T.anes .. .. | 7-10-36
Dennison, R. T AL .. .. [ Insp, E.-n-CO. . .. | Chief Tnsp., E-in-C.O. .. & .. | 22-11-36
Treglown, . G. .. .. .. | Insp., S, Western .. . .. | Chiet Insp., S. Western .. .. 13-10-36
Harrold, 1. J. .. . .. | Insp., Ean-CO .. .. .. | Chef Tnsp , E.-in-C.O. .. Lo 4-11-36
Claxton, H. I.. .. .. . Insp., K-n-C.O. .. . .. | Chiet Insp |, E.-in-C.O. .. L. 4-11-36

\Wilcox, A. .. .. .. .. | Insp., Ean-C.O. .. .. .. ¢ Chief Insp., E.-in-C.O. .. .. 4-11-36
Palk, 12, . .. .. .. flnsp, E-in-CLO. L .. .. ¢ Chief [nsp., E.-in-C.O. .. S 4-11-36

Edwards, W. IX. .. .. .. Insp., Scot. Reg .. .. .. Chiet Tnsp.. Scot. Reg. .. e 1-11-36
Rimes, IR T2 . .. .. Insp, K-in-CO L . .. Chiet Insp., K.-in-C.O. .. .. 1-10-36
Smith, R . B .. Insp., E-in-C.O. . . .. Chiet Insp, K.-in-C.O. .. .. 10-5-36
Thomas, G. 1< L .. .. .. Insp, E-in-CO. L. .. .. | Chief Insp., F.-in-C.O. .. .. 25-9-36
Smuth, W ‘ Mech.-in-Charge, Gr. T, Plymouth | Tech. Asst.. Nottingham .. 10-1-37
Wirk, J. H .. .. Sl S lancs .. .. .. | lnsp.. S lanes . .. Lo 6G-8-36
Adlington, | . . LSW . Wales .. .. . Insp., N. Wales .. .. .. 20-1-36
Attenborough, C. 1. .. .. ‘ SAY . Wales .. .. .. Insp . N. Wales .. .. R 17-12-36
Beet, I D. .. . o P SOWL . Wales .. .. .. Insp., NU Wales L .. o 22-11-36
Cooper, N. A, .. . SSW Wales .. . .. | Insp., N. Wales .. .. ce ] 28-11-3G
Dutton, J. A. .. .. o0 SAWL Wales .. . .. | Tnsp., N. Wales .. .. .. 19-12-36
Fernevheugh, |. B .. Lo PSWLL Wales .. .. .| Insp., N Wales .. .. .. 1-7-36

Goodwin, T. L. . . Lo SOWL Wales .. .. .. Insp.. N. Wales
Halliday, C. L. ‘ S WL, Wales .. . .. | Insp.. N. Wales
Harden, P .. . Lo SWLT, Wales .. .. .. lnsp, N. Wales
Hinton, H .. .. .. . SW.I., N. Wales .. .. .. Insp., N. Wales
Hunt, A A .. .. .. S.W. Wales .. . .. Insp., N. Wales

Jarvis, K. .. .. .. .. |sw. Wales .. .. .. Insp. N Wales .. .. .. 26-9-36
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Mamwaring, G, .. .. LS W Wales 3 Insp., N. Wales .. .. .. 26-4-36
Matthews, G. T. H. .. o SOW Wales .. . .. | Tnsp, N. Wales .. .. .. 29-12-35H
Newev, L. G B, .. . | SW Wales .. .. .. i Insp., N. Wales .. . . 26-4-36
Roberts. A .. .. LS W Wales .. .. ..o Insp, NDWales . .. .. ©26-12-36
Roberts, E. W .. oS WL, Wales .. .. ..o Insp, N Wales .. .. . 17-5-36
Simpson, 1< . .. oS W Wales .. .. .. Insp., N. Wales .. . . 24-5-36
Smith, H. B . .. o SWIT Wales .. . .. i Insp., N. Wales .. . . 1-7-36
Tedd. H F. .. .. Lo SWL, Wales .. .. .. | Insp.. N. Wales .. .. o 1-11-36G
Whitehouse, A. H .. oS WL Wales .. . .. | Tnsp., N Wales .. .. .. 1-3-36
Williams, I2 .. .. o S WL Wales .. . .. | Insp, N Wales .. .. .. J7-12-36
Clarksen, W. H. .. .. .. | SSW.TL, N. Western .. .. | Insp, N. Western .. . 30-12-36
Finney, P. .. .. .. .| SWLL Western .. .. | Tnsp., N Western .. .. 19-12-36
Burgess, C. L. . .. .| SSWLIL, S Western .. .. | Insp.. S. Western . . 3-1-37
Goulbourn, IR. .. .. o SW . Lancs .. . .. Insp, S lancs .. . Lo 18-10-36
Hyman, H. L. .. . L SWL . Midland . .. | Insp., N. Midland .. .. 8-11-36
Pickworth, G. T.. .. . .. SA\W.I, lZastern .. . .. Tnsp., E-in-C.O. .. .. .. 9-1-37
Stears, A. D. S .. . .. S)W.1, Cupar R. Stn. . .. |'Insp., Baldock R. Stn. .. .. 5-12-36
Blaikie, J. H. .. .. .. SWLL, Scet. Reg . .. = Insp., Scot. Reg. .. .. 12-10-36
Hutchison, |. S. .. .. .. S.W.L, Scet. Rey. .. .. Insp., Scot. Reg .. R 16-10-36
Fruish, J. .. . .. .. - SWLL, Scet. Rey. . ..+ Insp., Scot. Rey. .. .. 5-1-37
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Walker, T. .. .. .0 SOWLLL, Scet. Rey. Insp., Scot. Reg. . o 8-11-36

76






PROMOTIONS —continued

Name ‘ From To ‘\ Date
Rushworth, M. .. .. .. SW.I. NE. Red. .. .. i Insp., N.E. Reg. .. .. o 10-1-37
Hall, V. .. .. .. Lo S\\'.[., N.E. Red .. .. "lnsp, N E. Reg. .. .. .. 17-1-37
Simpson, H. .. N .. SW.I,NE. Reg .. .. Insp, NE. Reg. .. B S 17-1-37
Batchelor, W .. .. .. S.W.1,, Scot. Reg .. .. Insp., Scot. Reg. .. .. 16-10-36
Jeacock, F. A. .. .. .. SSWLIL, N \Ild]an(l .. .. Insp, X \hdland . .. 23-9-36
Bell, R. J. B. .. .. .. | SW.I., Eastern . .. .. lnsp., Eastern R . .. | To be fixed later
Billman, B. C. .. .. .. | SSW.1., Eastern .. .. .. . Insp., Eastern .. .. .. | To be fixed later
Browne, J. E. .. .. .. | SW.1., Eastern .. .. .. | Insp., Eastern . .. .. | To be fixed later.
Dann, J. V. .. .. .. | SW.I, Eastern .. .. .. | Insp., Eastern .. .. .. | To be fixed later.
Hartley, A. J.. .. .. .. | SSW.I,, Eastern .. .. .. | Insp., Eastern .. . .. | To be fixed later.
T.oome, T. H. .. .. .. | S’W.1,, Eastern .. .. .. | Insp., Eastern .. . .. | To be fixed later.
Parker, C. E. H. .. .. .. 1 S.W.1, Eastern .. . .. | Insp., Eastern - . .. | To be fixed later.
Keeve, C. W. .. .. S\W.1., Fastern .. . .. | Insp., Eastern .. .. .. | To be fixed later.
Self, G. A. - S.W.1, Eastern .. . .. | Insp., Eastern .. .. .. | To be fixed later.
Stearn, A. _] L. - S.W.I,, Eastern .. .. .. | Insp., Eastern .. .. .. | To be fixed later.
Turner, E. J. V. S.W.I., Eastern . .. .. | Insp., Fastern .. .. .. | To be fixed later.
Babridge, R. E. SWI., S V\estem . .. | Insp., S. Western . .. | To be fixed later.
Brewer W E. S.\W.I., S. Western .. .. | Insp., S. Western .. .. | To be fixed later.
RBrock, S | SSW.I., S. Western .. .. . Insp., S. Western .. .. | To be fixed later.
Cohu, M. . S.W.I.,, S. Western . .. | Insp., S. Western .. .. | To be fixed later.
Crossing, R. G. .. S.W.I., S. Western .. .. | Insp., S. Western .. .. | To be fixed later.
Dennett, E. H. Y. S.W.I., S. Western .. .. | Insp., S. Western . .. | Tobe fixed later.
Harfoot, T. R. S.W.I.,, S. Western .. .. | Insp., S. Western .. .. | To be fixed later.
Jones, S. .. S.\W.I., S. Western .. .. | Insp, S. Western . .. | Tobe fixed later.
O’Brien, E. J. - S.W.I., S. Western . .. | Insp., S. Western . .. | To be fixed later.
Paul, W. C. .. .. ..+ SSW.I,, S. Western .. .. | Insp., S. Western .. .. | To be fixed later.
Piggott, T. W. o .. .. | S\W.I,, S. Western . .. ‘ Insp., S. Western .. .. | Tobe fixed later.
Smith, I£. H. .. .. S\\W.I,, S. Western . | Insp, S. Western .. .. | To be fixed later.
Spencer, H. H. S.\W.I., S. Western .. .. i Insp., S. Western .. .. To be fixed later.
Webb, C. D, S.\W.I., S Western . .. | Insp., S. Western . . To be fixed later.
Williams, N. P. : S.W.I., S. Western . .. ¢ Insp., S. Western .. .. | To be fixed later.
Parker, J. S\W.I., S Lancs .. .. .. 1 Insp., S. Lancs | To be fixed later.
Proctor, R. S'WI, S. Lancs " Insp., S. Lancs .. .. | To be fixed later.
Marsland, J. P. S.W.I., S. Lancs .. .. I lnsp., S.Lancs .. o .. | To be fixed later.
Phillips, C. S\W.I, S. Lancs .. .. ¢ Insp., S. Lancs .. .. | To be fixed later.
Banham, S. H. S.W.I., Test Section, London .. | Insp., Test Section, London .. | To be fixed later.
Harris, H. B. .. .. .. | SSW.I., Test Section, London .. | Insp., Test Sect:on, London .. | To be fixed later.
Marks, S. J. .. . .. | SSW.II, N. Wales . .. | Insp.,, N. Wales .. .. . 6-8-36
Pawlby, R. L. . .. .. Drauvhtsman I1., S. Western .. | Draughtsman I., S. Western .. 11-11-36
Tibbitts, J. E. .. .. o l)raughtsman I1., S. Western .. | Draughtsman I., S. Western .. 11-11-36
Simmons, F. G. .. .. .. | Draughtsman II., London .. Draughtsman I., S. Eastern .. 10-1-37
Orchard-Carter, A. W. .. .. | Draughtsman II., S. Western .. | Draughtsman I., S. Western .. 11-11-36
Culverwell, \WV. L. .. .. | Draughtsman II., S. Wales .. | Draughtsman I., S. Wales .. 11-11-36
Walker, T. E. .. .. .. | Draughtsman II., N.E. Reg. .. | Draughtsman I., N.E. Reg. .. 1-1-37
Oates, R. .. .. .- .. | Draughtsman II., N. Wales .. | Draughtsman I., S. Midland .. 17-1-37

APPOINTMENT.

Name \ From i To ! Date

Goodchild, L. 7. .. . .. Insp London . .. .. Proby. Asst. Engr.,, London .. 7-1-37
DEATHs.

Name ‘ Rank 1 District | Date
Corkett, H. .. .. . | Asst. Engr. .. .. .. . London .. .. .. . 3-12-36
Sheppard . ) .. .. . Asst. Engr. .. .. .. : .. .. .. .. 31-1-37
Swindlehurst, R. j I\ .. .. Asst. Engr. .. .. .. E.—in-(i,() .. .. .. 18-2-37
(unmnfrhame R. J. M. ! Chief. [nsp. .. .. ..+ N. Wales .. .. .. e 9-12-36
Hills, J.ALE. ©. .. .| Chiefl Tnsp. L B ondon .. .. .. .. 30-12-36
Bther I‘ . . .. .. 1 Chiet Insp. . .. ‘ S. Lancs .. .. .. .. 20-2-37
l-‘lntcroft, J. 0. . | Insp. .. .. .. N West . .. .. .. 28-12-36
Clark, J. H. .. . i L)rauorhtsman 1 . . .. London .. .. .. .. 19-12-36
Wimpenny, E. V. ‘ L)raughtsman I .. .. .. N.E. Reg. .. .. .. 19-12-36
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Why do some doctors command a larger and more lucrative practice than

others ? Because they keep on studying, doing research work and posting
themselves on all developments in the medical profession. In short, they make
themselves of greater value to their patients by keeping up to date.
The same is possible in industry. For example, the man who wants to get ahead
in the telephone industry makes it a habit to read TELEPHONY regularly every
week. The new series of articles by H. H. Harrison, M.Eng.M.LE.E., well known
throughout Europe, is alone worth the subscription price—$5,00 U.S. money,
for 52 interesting, instructive and inspiring issues.

= TELEPHONY

Odhams Press Ltd., Technical Book Dept., 85 Long Acre, London, W.C.2
Temple Bar 2468), for a sample copy of TELEPHONY or write dlrect to:

ELEPHONY PUBLISHING CORPORATION, 608 S. Dearborn Street, Chicago,

i, US.A.




New Second Edition—-
Now Ready

COMMUNICATION
ENGINEERING

By WILLIAM L. EVERITT

Prcfessor of Electrical Engineering
The Ohio State University

727 pages 9x6 lllustrated 30/ - net

As in the first edition of this successful book, which
was adopted by more than sixty colleges and
universities, the author presents a thorough,
up-to-date treatment of communication funda-
mentals. The book provides a balanced course
stressing broad principles rather than specific
applications. :

The new edition represents a thorough revision.
Most of the book has been rewritten, and all of it
has been brought completely up to date. In
addition, the revision offers much new material,
including :

A new chapter on equalizers. This subject is of

e growing importance in all types of communica-
tion, and the method of attack can be applied
to numerous problems of network synthesis.

2 The chapter on electromagnetic coupling has

ebeen entirely rewritten to show the use of
mechanical impedance methods of analyzing
vibrating systems. A general method of
analyzing loudspeakers, microphones and tele-
phone receivers is demonstrated.

3 The chapters on radio frequency amplifiers has

e been entirely rewritten. The treatment of Class
B and Class C amplifiers is unique and includes
material not previously presented in the
literature.

The chapters on modulation and detection have

e been considerably revised to include the effects
which occur in amplifiers, including cross
modulation and higher order modulation
effects. Frequency and phase modulation are
also treated. General principles and solutions
of detectors, which will apply to all classes of
detectors have been outlined.

The chapter on radiation has been extended

o to include computations of antenna arrays and
the propagation of waves over an earth of
known conductivity.

Every chapter has been enlarged with new
e material which is of importance to the radio
and telephone engineer.

* We shall be glad to send a copy of this book to
any address in the United Kingdom for seven days
for examination.

McGraw - Hill Publishing Co., Ltd.

ALDWYCH HOUSE LONDON, W.C.2
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LATEST
EXAMINATION
SUCCESSES

Since the B.LLE.T. was founded ten years ago, we
have specialised in preparing candidates for leading
Technical Examinations, and our success may be
gauged from the following remarkable results :

FOUR Ist PLACES

In the Probationary Inspectors and Assistant
Superintendent of Traffic Examinations held in
1932-1935, B.L.E.T. candidates obtained Four
First Places.

FIRST TWO PLACES

In the recent Limited Competition Examination
for Assistant Superintendents of Traffic, the can-
didates placed First and Second on the List
of Successes were trained by the B.I.E.T.

145 SUCCESSES

In the Probationary Inspectors and Assistant
Superintendents of Traffic Examinations held in
1934 and 1935, 145 B.LE.T. candidates
passed the Examinations.

We teach successfully by correspondence and
definitely guarantee—

“ NO PASS—NO FEE”

You are advised to send for a copy of our General
Prospectus ‘““ ENGINEERING OPPORTUNITIES.”
This Hand-book contains 268 pages of most useful
information. It also contains particulars of all leading
Engineering Examinations, including

Probationary Inspectors (Open and Limited
Competitions).

Probationary Assistant Engineers (Limited
Competition).

Assistant Superintendent of Traffic (Open
and Limited Competitions).

City and Guilds, Special G.P.O. Examina-

tion, LE.E.,, B.Sc.,, A.M.l.C.E., London

Matric., etc., etc.

The Hand-book also outlines ‘ up-to-the-minute
courses of Home-Study in all branches of Engineering.

Special Courses are offered in Telegraphy, Manual
Telephony, Automatic Telephony, Telephone Trans-
mission, Electrical Technology, Wireless and High
Frequency Radio Communication, Alternating Currents,
etc., etc.

Our 268 pages Hand-book should be on your Book-
shelf. It will be gladly sent on request, FREE and
without obligation. (Please state sutject or Examination
¢f most interest.)

British Institute of Engineering Technology
369 Shakespeare House,
17, 18 & 19 Stratford Place, Oxford Street,
London, W.I
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