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stop, the lower end of which is of latch form. This
end engages with the retaining latch 4, which with its
spring and bell crank lever 5 are free. The stop is
held down by the retaining latch 4 until the second
cam G operates the bell crank lever 5 and releases the
latch end of the stop. The spring of the stop levers 2

ROLLERS OF THE TWO LOADING FINGERS

LOADING
ROLLERS

BELT
~

CAM FOR LOWERING STOP {

Signalling.

The starter is the usual heavy duty type contactor
switch remote controlled by push buttons. The
elevator and the horizontal band conveyor which it
feeds are of course interlocked so that the elevator
cannot be started without the conveyor and, when
stopping, a time lag of 39 secs. is intro-
duced to ensure that all baskets are
cleared before the conveyor band stops.

A green signal lamp, which lights
when the conveyor is started and remains
alight so long as the conveyor is running,
is provided at each discharge point. A

LﬂTCH gCIDEgl
ON SITE

green signal lamp is also provided
at the loading platform to indicate
that the horizontal band conveyor,

interlocked with the vertical elevator

has started and is running. Emergency

stop buttons are provided at a number

of selected points to enable the elevator

and conveyors to be quickly shut down
I in case of necessity.

Conclusion,

Fic 6 —MECHANICAL INTERLOCK ON LOADING PLATFORM.

and 3 which had previously been compressed by the
movement of cam 1 immediatelv raises the stop into
the position shown in Fig. 6. The lowering and
raising cams and their respective levers are fitted on
opposite sides of the centre line of the belt.

The interval of loading, i.e. the pitch of the cams
1 and 6, has been made as long as possible consistent
with a good reserve capacity for peak-load periods,
and was determined experimentally on site.

The interlock has worked very satisfactorily in
practice.

The motor driving the elevator is of 6 B.H.P,,
running at 750 R.P.M., and drives a worm wheel
reduction gear with a ratio of 30 to 1. The elevator
drum and the take away chains are driven by chain
and sprocket gear from the worm wheel.

This elevator was of a somewhat
experimental nature because it had to stand up to
much heavier duty than the standard type manufac-
tured by the makers for use in newspaper publishing
rooms. These types usually have two to three linkage
members per cradle instead of the four which have been
provided on this installation, and further modifications
in design were also necessary to fulfil Post Office require-
ments. The elevator has proved very satisfactory in
performance, and the stabilitv of the cradles and the
smoothness of the discharge on to the horizontal
conveyor have been exceptionally good. Little main-
tenance attention beyond greasing of bearings and
occasional taking up of tension on the band has been
necessary.

The horizontal conveyors and spiral chute were
provided by Sovex Ltd.

TELEPHONE AND TELEGRAPH STATISTICS—SINGLE WIRE MILEAGES AS AT MARCH 1943
THE PROPERTY OF, AND MAINTAINED BY, THE POST OFFICE

OVERHEAD UNDERGROUND
REGION Trunks and
'I-Ei:é{:agﬂg Junctions Subscribers * Tl;lllggra;gs t Junctions [ Subscribers §

|
Home Counties 14,989 44,764 301,885 l 1,236,386 277,245 1,243,580
South Western 9,012 40,070 230,807 575,729 118,801 ‘ 678,133
Midland . .. 8,940 28,693 193,280 803,230 285,149 980,404
Welsh & Border Counties 9,054 25,633 131,938 419,175 69,745 | 272,597
North Eastern 12,064 24,934 160,442 676,573 211,216 ' 935,960
North Western 1,982 8,733 107,812 538,962 338,486 1,149,247
Northern Ireland 9,392 8,572 30,002 94,625 34,143 118,409
Scottish 23,784 34,206 173,573 595,267 197,108 ‘ 726,781
Provinces 89,217 215,505 1,329,739 4,939,947 1,531,893 16,105,111
London .. .. .. 677 1,539 71,737 721,775 1,586,037 3,672,378
United Kingdom 89,894 217,044 1,401,476 5,661,722 3,117,930 9,777,489

* Includes all spare wires.

+ All wires (including spares) in whollv M.U. Cables.

$ All wires (including spares) in wholly Tunction Cables.

€ Al wires (including spares) in Sub’s. and mixed Junction and Sub's. Cables.
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Measurements on High-Frequency
Cables and Feeders
Tuned Circuit Substitution Methods

Part I.
UD.C 62131733 : 6213152

R. F. J. JARVIS, phD., and
J. C. SIMMONDS, en.p.

This part deals mainly with the methods of determining the propagation content and characteristic impedance of samples
of cable by measuring the damping effects they produce when included in tuned circuits.

Introduction

URING the past decade high-frequency cables
Dhave been used to an increasing extent by the

Post Office, and many hundreds of miles have
been laid. The introduction of these cables has meant
that high-frequency measuring technique has had to
be improved, and in some cases special methods
devised. When measurements were first made by
the Post Office on high-frequency cables, high-
frequency measuring technique had not reached a very
advanced stage ; in fact, the rapid development which
has taken place during the past decade was probably
due to the introduction of the high-frequency cable
and the consequent need for more accurate measure-
ments. The apparatus described was designed
during this period of rapid development and is not,
therefore, always the best formm now available.
It has, however, been in use over a period of years,
and has given satisfactory results.

MEASUREMENTS UsUALLY MADE oN HiGH-
FRrREQUENCY CABLES

The various types of measurement usually made
on high-frequency cables are enumerated below :—

1. The open- and closed-circuit impedances of
a short length of cable. By “ short,” a length not
greater than about one-eighth of a wavelength is
implied.

2. The open- and closed-circuit resistances on
lengths of cable which are a multiple of one-
quarter of a wavelength long.

3. Characteristic impedance and input im-
pedance.

4. Insertion loss and insertion phase shift.

5. Cross-talk attenuation.

6. Fault localisation.

7. Impedance irregularities.

From the open- and closed-circuit impedances of a
short length of cable it is possible to calculate the
primary and secondary constants of the cable, either
by the exact methods given in text books,! or by
approximate methods.? 3

It can be shown that the open- and closed-circuit
impedances of cables at certain frequencies, called
resonance frequencies, are pure resistances and
that at these frequencies the electrical length of the
cable is a multiple of a quarter of a wavelength.4
From the open- and closed-circuit resistances the
characteristic impedance and the attenuation can be
found; also from the resonance frequency and a

“ Outline Notes on Telephone Transmission Theory,”
‘W. T. Palmer, p. 134.

2 J. Sci. Insts., 1942, No. 4, p 53,

3 Phil. Mag., 1942, p. 688.

¢ Communication Engineering,” Everitt, Chapter V.

knowledge of the approximate velocity of phase
propagation the actual velocity of phase propagation
can be calculated. The theory of the method depends
upon the fundamental assumption that the charac-
teristic impedance is a pure resistance ; this assump-
tion is not always justified, but formulee which give
the errors likely to be introduced have been given. 5
Insertion loss is usually measured by applying a fixed
voltage to an impedance A connected in series with
an impedance B. If the voltage which appears across
impedance B is V, when impedance A is connected
directly to impedance B, and V, when the cable is
inserted between them, then the insertion loss of the
cable between nnpedance A and impedance B is
20 log;y V4/V, db.

The measurement of insertion phase shift has been
dealt with elsewhere® and will not be considered in
the present paper.

It should perhaps be pointed out that apparatus
designed for measurements on cables generally has a
much wider field of application. Thus, apparatus
designed for open- and closed-circuit measurements
on short lengths of cable is also suitable for measure-
ments on components. Apparatus designed for
measurements on cables at resonance frequencies is
also suitable for measurements on resistors and
generally for other impedance measurements.
Apparatus designed for measurement of insertion loss
or phase shift of cables is equally suitable for such
measurements on any four-terminal network. Thus,
although the apparatus and measuring methods dealt
with below are described with particular reference
to cable measurements, it should be borne in mind
that they have a wide variety of other uses.

ELECTROSTATIC
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Fic. 1.—Basic CircuiT oF TuNED CIRCUIT, SERIES
RESISTANCE, SUBSTITUTION METHOD.

5 Phil. Mag., 1942, p. 904.
¢ P.O.E.E.J., 1941, p. 162.






consists of two anode-bend rectifiers, one having a
reflecting galvanometer and ‘‘ backing-off ”’ arrange-
ment in its anode circuit.

Resonance frequencies of the cable to be measured
are found in a manner similar to that described later
in connection with the reactance variation method.
Having found the resonance frequency, the cable is
connected across the circuit and the resonance voltage
reading on the galvanometer noted. The cable is
then replaced by a solid carbon composition type
resistor of value such that the voltmeter reading
is approximately equal to the initial reading. Another
value of resistance is then found so that a reading on
the other side of the initial reading is obtained. Then,
by interpolation, the resistance of the cable at
resonance can be found. To check the validity of
linear interpolation and also to check that one of the
resistors has not some high frequency fault, it is
advantageous to use three or,even four resistors.
Resistors of the type suggested for use vary appre-
ciably with weather conditions, but this is immaterial
because the D.C. resistance can be measured directly
after an H.F. measurement has been made, and the
D.C. and H.F. values taken as equal. Owing to
distributed capacitance along the resistors, the
H.F. resistance tends to be lower than the D.C.
value'> 13 but so long as the frequency and the
resistance value are not too great the difference is
negligible. The probable error can be estimated,
however, and providing care is taken the results
obtained are reliable. Measurements made by this
method and also by other methods are shown in

available to obtain check measurements at the
higher frequencies, but check measurementswith other
methods at lower frequencies and measurements on
different lengths of the same feeder indicate that the
errors are not greater than -4 3 per cent. even at
50 Mc/s.

REACTANCE VARIATION METHOD OF MEASUREMENT
oF IMPEDANCE

The reactance variation method of resistance
measurement is widely used and has an extensive
literature.!* Since the resistance is measured in terms
of a capacitance, which can usually be determined
very accurately even at quite high frequencies, the
method is suitable for use at high frequencies.
Apparatus employing this principle, but specially
designed for dielectric power-factor measurements at
frequencies up to 100 Mc/s, has been described by
Hartshorn and Ward.'®* This circuit has since been

R Ce VALVE
VOLTMETER

F1c. 5.—REACTANCE VARIATION CIrculr, 3-50 Mc s.

used for measurements on coaxial cables and feeders.18
Fig. 5 shows the basic circuit and Fig. 6

100

|

a photograph of apparatus operating
upon this principle but specially designed
for measurements on coaxial cables

Jmi

FEEDER AS RECEIVED

)(

VALUES CALCULATED !
FROM o =64 F the disadvantage that a large current

at frequencies up to 50 M/cs. From
// the circuit diagram it will be ob-

| served that the ““ Q) meter” method
THIS LINE . of feed is used. This has the advantage
ALSQGIVES | that no coupling coil is required but has

is required from the exciting oscillator

because the resistance ‘r’ must be

o]

A1~ |

/ OUTER COVERING REMOVED kept small. Two variable condensers
i are included in the apparatus. One,

which has a maximum capacitance of

AT TENUATION db

[0

MEASUREMENTS MADE ON

x HYBRID TRANSFORMERS

I3

about 150 uuF, is used to tune the cir-

» TUNED CIRCUIT, PARALLEL RESISTANCE, cuit to resonance at the operating fre-
SUBSTITUTION APPARATUS t perating fre

quency, and is constructed to have as
low a series inductance and resistance
as possible. The other has a maximum
capacitance of about 15 uuF and con-

o 05 [Ee) S ¢}
FREQUENCY Mc/s

F1G. 4 —UNscREENED TwIN FEEDER ATTENUATION CHARACTERISTICS.

Fig. 4. This particular feeder was of considerable
interest because the polythene, used to separate the
two conductors, was covered by several layers of
inferior dielectric material. Removing these layers
effected a great decrease in the attenuation,as shown
in the figure. No other method is at the moment

12 Wiveless Engineer, 1935, p. 291, and 1940, p. 471.
13 Wireless Engineer, 1938, p 363.

40

40 sists of a micrometer plunger arranged

to screw into the fixed member of the
larger condenser. This condenser is
used to measure the reactance variation. An anode
bend detector is used to indicate the voltage deve-
loped across the tuned circuit and a special cali-
brating circuit, supplied from a 1,000 c/s stabilised
oscillator of good waveform, is included so that the
indicator can be calibrated to show a voltage equal
4 Pyoc. I.R.E., 1938, No. 12, p. 1466.

%5 JI.E.E. 1936, p. 597.
8 7.1.E E., 1942, p. 213.







resistances and attenuation can be measured at
frequencies up to 50 Mc/s without the errors exceeding
+ 2 per cent.

In addition to attenuation and resistance measure-
ments the apparatus can be used to measure the
phase constant of cables, from which the velocity of
propagation can be calculated. To obtain these
quantities it is necessary to determine only the reso-
nance frequencies of the cable, for at these frequencies
the phase delay is known to be an exact multiple
of /2. Thus, if the velocity of propagation is known
approximately, the phase constant can be found and
thence the exact velocity of propagation. The accu-
racy of this type of measurement depends upon the
accuracy with which the resonance frequency can be
found and measured, upon the impedances of the
connecting leads and upon the impedances which are
unavoidable at the end of the cable whether it is
open- or close-circuited. Measurements have been
made on low-loss cables, the resonance frequencies of
which are very sharply defined, by this method, with
an estimated error of the order of -4-0-1 per cent.
If great care were exercised it appears probable
that the error could be reduced to the order of 4 0-01
per cent.

The apparatus as constructed at the moment is
suitable for measurements on coaxial cables only,
but the method appears to be eminently suited for
balanced cable measurements because all the compo-
nents necessary can readily be made in balanced
form, and a balanced form of the apparatus is being
developed.

THE APPLICATION OF THE REACTANCE VARIATION
MeTHOD TO HIGHER FREQUENCIES

The form of apparatus just considered cannot be
applied to very high frequencies, and probably the
limit is not greater than 100 Mc/s. The main reason
for this is that the linear dimensions of the circuit
elements become an appreciable fraction of a wave-
length at higher frequencies, and consequently
“ lumped  circuit theory cannot be applied. Various
methods have been evolved for measurements at
higher frequencies!” 18, but these involve the use of
transmission lines and are not really suitable for use
below about 250 Mc/s because of the large dimensions
of the lines required. By reducing the size of the
reactance-variation equipment, particularly the

v J. Applied Physics, 1939, p. 27.
1 Hoch. u. Elek, 1939, p. 61.

dimensions of the condenser, it is possible to increase
the maximum frequency to over 200 Mc/s, and thus
to overlap the frequency range made possible by
transmission line methods. Actually a variable
condenser of very small dimensions has been described
with which it is claimed reliable measurements can
be made at frequencies up to 300 Mc/s.}?

Apparatus has been developed by the Post Office
on the above lines for the measurement of resistances
at frequencies from 50 to some 250 Mc/s. This was
achieved by replacing the tuning inductance by a
coaxial transmission line of adjustable length and
the tuning condenser by a very small micrometer
condenser formed by screwing a plunger into a hole
in the inner conductor of the coaxial line. The
overall dimensions of this condenser are less than

CONCENTRIC LINE
MOVABLE SHORT-

CIRCUITING L MICROMETER

PLUNGER ==—————4— CONDENSER
O-}—VALVE
Zrrrrrrzzzgzzzzz VORTMETER

COAXIAL FEEDER COUPLING MEASURING TERMINALS

TO OSCILLATOR LooP
Fie. 7.—REACTANCE VariaTiON CIrcUIT. 50-250 Mc/s.

2 cm. A diagrammatic arrangement is given in
Fig. 7, the apparatus being at the front of Fig. 6.

Current is fed through a small loop near the short-
circuited end of the line to provide the excitation,
and the voltage developed across the condenser is
measured by a diode valve voltmeter. In this
apparatus the voltmeter has been made to give an
indication very nearly proportional to the peak
voltage, and this avoids the calibrating necessary with
the apparatus described previously. The apparatus
is operated in just the same way as the lower frequency
apparatus and, apart from the fact that it is rather
more difficult to find the resonance frequencies, the
operation is just as simple. Measurements made with
this apparatus on known resistors, on different lengths
of the same cable and by other apparatus at lower
frequencies indicate that resistances and attenuation
can be measured with an error less than +4- 5 per cent.
at frequencies at least up to 200 Mc/s.

With some cables it is possible, of course, to connect
the variable condenser directly across them, and feed
the circuit thus formed by stray coupling from the
oscillator. This avoids the use of the adjustable line
and the losses it introduces.

19 R.C.A. Remew, 1938, p. 156.







formance of the cell at high frequencies owing to
transit-time effects.
Sensitivity.

The -sensitivity of a cell is expressed in uA per
lumen. (1 lumen is the total amount of light falling on
a surface of 1 sq. ft. at a distance of 1 ft. from a source
of 1 candle-power.} This figure for the rating of the
cell does not depend on the size of the sensitised
cathode, for an increase of cathode area will increase
the amount of light (measured in lumens) collected.
The sensitivity of a “ caesium ”’ cathode, the com-
monest in commercial use, is about 15 pA per lumen ;
most others are less sensitive, but a cathode has
recently been produced for which a sensitivity of
50 pA per lumen is claimed. Owing to the selective
colour-response of cathodes it is necessary to specify
the colour-characteristics of the light with which the
measurement is made ; this is equivalent to fixing the
temperature of the lamp-filament used. The generally
adopted standard is an incandescent lamp at a
temperature of 2,850 deg. K. ; this is advantageous
in being the type of source with which photo-electric
cells are frequently used. Sensitivities quoted in this
article refer to this type of light. The sensitivity to
daylight is, unfortunately, not capable of accurate
measurement, owing to the wide variation of colour
of daylight. The sensitivity of an ordinary ** caesium”
cathode is from 4 to 8 pA per lumen of daylight
instead of the 15 A per lumen of the light from an
incandescent lamp.

In gas-filled and secondary-emission cells the sensi-
tivity is greater; for example, using the above-
mentioned cathode giving 15 pA per lumen in a gas-
filled cell, a sensitivity of 75 wA per lumen is obtained.
A one-stage secondary emission cell using this cathode
will give 200 pA per lumen, and sensitivities up to
2A per lumen are obtainable in experimental multi-
stage electron-multipliers.

In practice, damage to the cell may result from
attempts to draw currents corresponding to illu-
minations greater than, say, 7% lumen,

The sensitivity of an emission cell usually depends
on the polarising voltage applied to it. (Fig. 2.)
That of a vacuum cell, however, is substantially

-
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APPLIED VOLTAGE

F1Gg. 2.—VARIATION OF SENSITIVITY WITH APPLIED
VOLTAGE.

independent of voltage when the voltage exceeds
abou_t 20; this condition is known as saturation,
and is very desirable for accurate quantitative work.
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The sensitivity of a secondary-emission cell is at a
maximum at a voltage of the order of 500 per stage,
and is fairly good at 100 to 150 V per stage. If the
potential applied to a gas-filled cell be increased, the
sensitivity rises steadily at low values of this poten-
tial ; then, as a certain value of the order of 100 V is
approached, the increase becomes very rapid. At
potentials higher than this value a glow discharge is
maintained in the gas independently of the incident
light. The curves of Fig. 2 represent the behaviour
of the three types of cell, assuming the same type of
cathode in each case.

Linearity of Response.

The vacuum cell, when used under saturation
conditions, gives an accurately linear response over
a wide range of values (10,000 : 1) of incident
illumination. The secondary-emission cell, being
essentially a vacuum cell, is nearly as good. The
gas-filled cell, though inferior, gives a substantially
linear response except when used with high polarising
voltages or high illuminations.

Dark Current.

The cathode material usually emits electrons at a
small rate even in the dark ; this is simply thermionic
emission. This dark-current is largest in caesium
cells; a better ratio of sensitivity to dark-current
is obtained with other cathodes (e.g., potassium)
which are therefore used, in spite of their lower
sensitivity, for some precision measurements.

Unless, however, a guard-ring is used between
anode and cathode there will be a leakage current
over the insulation which greatly exceeds the ther-
mionic dark-current ; e.g., 10-% A leakage current
compared with thermionic currents of 10-1* A in a
caesium cell and 10-13 A in a potassium cell.

Colour Response.
Approximate curves for various cathodes are given
in Fig. 3. It should be noted that the colour response

RECENT
{—casim-Tyre ]

CATHODE
] "\ PLOTTED ON
/ ONE-TENTH
1 SCALE /‘\
SOME
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| A~k
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PHOTO-ELECTRIC RESPONSE . ARBITRARY SCALE
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& 7 B 9 [[]
WAVELENGTH OF LIGHT °Axi10°(1A =16 cM)
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Fig. 3.—CoLoUR CHARACTERISTICS OF VARIOUS CATHODES.

of ‘“caesium’ cathodes is very dependent on the
material on which the caesium is deposited and on
the method of manufacture.



These curves show that, apart from a recently
developed caesium-on-antimony cathode, not yet
generally available in this country, the caesium-on-
silver cathode is the most sensitive for all ordinary
work ; its strong maximum in the deep red is ideal
tor use with incandescent lamps, while the good
general sensitivity renders it somewhat better than
other cathodes for use with daylight.

Frequency Response to Interrupted Light.

Vacuum and secondary-emission cells respond
satisfactorily to the variations in light interrupted at
frequencies up to about 1 Mc/s, above which the
inter-electrode capacitance limits the load impedance
which can be used. In a gas-filled cell, however, the
comparatively slowly-moving ions require a time of
the order of 10-%sec. to reach the electrodes. For
this reason the response to frequencies higher than
about 5,000 c/s is progressively reduced. In cells
using the high gas-pressures which are necessary to
obtain high gas-magnification, this effect occurs most
strongly-.

Life.

The life of a well-made and properly-used vacuum
cell is indefinitely long. Barring mechanical damage,
failure can be due only to changes in the properties
of the cathode, possibly through the chemical action
of impurities, either originally present in the
cathode or slowly evolved from the glass envelope.
The cathode of a gas-filled cell is liable to the above
troubles, and is also subject to the normal bom-
barding action of the gas molecules; even so, cells
generally have lives of many years.

Uses aAND CIRCUITS

The circuits in which emission-type cells are used
may be classified as D.C. (using galvanometers, etc.) or
A.C. (using valve amplifiers). The source of inter-
mittent light responsible for generating A.C. may be,
for example, the light transmitted through sound-film
or the scanning beam used in television. Inter-
mittent sources also include beams of light otherwise
steady but interrupted at regular intervals by a
shutter, and the light from flashing lamps (e.g., gas-
discharge lamps operating on A.C.).

D.C. Methods.

The D.C. output of a cell may be measured by a
scnsitive high-resistance galvanometer. A protec-
tive resistance (of say i megohm) should be con-
nected in series with the cell to guard against acci-
dental heavy currents which might damage not only
the galvanometer but also the cell.

For precision work vacuum cells are preferable,
since their sensitivity is less dependent on the applied
potential. For great sensitivity to weak illumination
the galvanometer may be substituted by an electro-
meter.2 A convenient circuit is shown, in principle,
in Fig. 4; it can be adapted to form a null method.
In this circuit the electrometer measures the rate ot
charging of a condenser. Even greater sensitivity
has been obtained by using a Geiger-Muller counter®

2 e.g., Rayleigh, Proc. Roy. Soc., A 124, p. 395 (1929).
2 Locher, Phys. Rev., 42, p. 525 (1932).

(a triggering device responding to single electrons),
with which currents of the order of 2 x 10-20 A—
i.e., 0-1 electrons per second—have been detected.

These methods are
essentially quantita-
tive. They are used
for lamp photometry,
and for the measure-
ment of intensity of
weak sources such as
stars ; they are also
used for the measure-
ment of the optical
transmissionand reflec-
tion of various materials, for colour matching (using
colour filters), and so on.

A.C. Methods.

The small currents available from a cell, although
unsuitable for the direct operation of mechanical
devices, may be made to operate relays, etc., by
means of valve amplifiers or gas-filled relays. The
cell may be used with a load whose value is limited
only by the characteristics of the following valve ;
2 megohms may be permissible, and if so a response
of the order of 1 volt for 0-01 lumen is obtainable.
Fig. 5 shows
alternative cir-
cuits for connect-
ing a cell to a
valve or gas-filled =
relay. When an {

ELECTROMETER

Fi16. 4 —CELL USED UNDER
D.C. CoNDITIONS.

LOAD RESISTANCE
FORMED BY THESE
J_ .~ \TWO IN PARALLEL.

interrupted
source is used as
suggested above
it is often useful
to tune the
amplifier to the
frequency of

PROTECTIVE RESISTANCE
DESIRABLE IN ONE
OF THESE POSITIONS

interruption. 4
These methods =

are useful for LOAD
alarm  systems [RESISTANCE

and for mechan-
ical countin
devices. Witﬁ Fic. 5.—C(1§Ic.)11:I Dti’if(?l\‘ ;m DER A.C.
suitable pre-

cautions in the matter of amplifier stability they can
also be used quantitatively for purposes such as those
listed in the section on D.C. methods.

Reproduction of Sound-Film.—For sound repro-
duction from film a gas-filled caesium cell is normally
used, as it has high sensitivity without requiring
abnormally high voltages and it has sufficient fre-
quency range. With the usual type of exciter lamp
(an over-run lamp of up to 75 W) and optical system,
the output from the cell is of the order of 10 mV in
500,000 ©. The circuits of Fig. 5 are used.

Generation of Television Signals.—The high fre-
quencies required for modern television (up to about
5 Mc/s) prohibits the used of gas-filled cells. The
difficulty of working over this wide frequency-band
without introducing excessive noise in the early
stages of the amplifier led to the use of secondary-
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emission cells. These, however, are now largely
superseded by the ‘ Iconoscope,” a device which
introduces a new principle—that of storage of the
signal, with electrical scanning of a large number
of elements of the cathode area. By accumulating
the signal over a much greater time than is available
in the usual mechanical scanning process, reasonable
sensitivity is achieved with a vacuum-type cell.

Notes on Intensity of Sources.

In calculations of the response to be expected from
a photo-electric cell, it should be remembered that
only a small part of the light emitted by a lamp can
be collected by any practicable lens system; for
example, a conventional condenser lens rarely collects
more than one-sixteenth of the light from a lamp.
A deep parabolic reflector can collect nearly half the
light ; but such reflectors are rare. Of the 4« lumens
emitted per candle-power, therefore, less than 1 is
likely to be useful in an optical system.

CoMMERCIAL Use oF Puoto-EreEcTRIC CELLS

It will be seen that photo-electric cells are as easy
to use as thermionic valves, both for laboratory
measurements and in engineering apparatus. The
cells are robust and have excellent stability and life.
It might also appear that the cells could be manu-
factured as easily and cheaply as lamps or valves,
but for several reasons this is not so. The demand
for photo-electric cells has hitherto been small, and
is likely to remain so, if only because of the long
life. Also there are manufacturing difficulties.
Great care must be taken at all stages in the handling
of the cathode, caesium being a substance particularly
sensitive to contamination and to thermal effects;
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further, the impossibility of using a *‘ getter ” to
remove unwanted gases entails unusually thorough
pumping. Up to the present, commercial production
has scarcely left the laboratory stage, and the funda-
mental physics of the cathode surfaces used is not
well understood.

The colour-response of the more sensitive types is
so very different from that of the eye that correcting
filters must be employed if cells are used for colour
matching (as required in the dyeing industry), and
for lamp photometry ; these filters reduce the sensi-
tivity so much as to restrict the use of photo-electric
methods.

Emission-type cells cannot be used in photographic
exposure meters or in foot-candle meters because,
again, the colour response is wrong; also, the
polarising battery and sensitive galvanometer are
inconvenient. The inability of these cells to operate
mechanical devices without auxiliary apparatus
limits their industrial use—e.g., in counting devices.

Possible future developments include the use of
emission-type cells for the conversion of an infra-red
to a visible image; the development of cathodes
having a colour-response similar to that of the eye,
and therefore suitable for use in colour-matching
without loss of sensitivity ; and greater total sensi-
tivity—the theoretical limit has not yet been
approached.

Future Post Office uses may include the wider
adoption of ““ speaking *’ devices such as the Speaking
Clock and the Delay Announcer; and there have
been references in recent patents to the use of photo-
electric cells to detect lamp signals given in automatic
telephone switching. Considerable use in the handling
and sorting of postal packets is technically possible.

Air Raid Damage to Post Office

Telecommunications
Part IV.—Damage to Overhead Plant

UD.C. 623.45:621.315.1

E. C. BAKER

Overhead plant has not cuffered damage from air raids to the same extent as internal equipment and underground cables,
but the author gives examples of such damage as has been incurred due to enemy action.

Damage to Overhead Plant.

FTER recording some of the damage done to
Atelephone exchange buildings and underground

plant it is to risk an anti-climax to review
air raid damage to overhead plant. Such damage
has been very small compared, for instance, with
that caused by the freak storm at the end of
January, 1940. That storm was, from its effect
on overhead plant, the worst ever experienced in the
South of England. After weeks of bitterly cold
weather there was a continuous fall of fine rain
which froze on coming to rest, and within two days
the exceptional ice loading on the open wires had
wrought great havoc. The continuing bad weather,
and the isolated areas in which much of the damage
occurred, hampered restoration work. All the air
raids together have caused damage nowhere near
the extent of this, nor in such isolated areas or in
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such quantities at a time as to embarrass seriously
the external staff.

The earliest damage by enemy airplane reported
was on February 3rd, 1940, when a Heinkel bomber
was shot down two miles to the west of Whitby.
This was the first of enemy planes to be brought
down in this country during the present war. As it
crashed the raider carried away five spans of a line
of eight telephone wires—the damage was repaired
the same day.

The next instance of damage by enemy aircraft
attracted a certain amount of attention when just
after eleven o’clock on the night of April 30th a
Heinkel 111, engaged on mine laying, crashed at
Clacton-on-Sea and its cargo blew up. To the two
night operators on duty at the manual exchange it
seemed from the lamps that lit that almost every
subscriber had, on hearing the explosion, gone



straight to his 'phone. Some lamps on the switch-
board were glowing because subscribers’ instruments
had been blown off tables or desks by the explosion.
Several members of the public called up to ask
the exchange staff questions. A number of London
reporters put through trunk calls with requests
to the supervisor to be connected to a subscriber
near the accident : requests that were quite properly
refused. Within a few minutes of the explosion two
members of the staff off duty arrived to assist in
handling the rush of traffic.

There was blast damage within a 350 yards radius of
the exploded mines, but of the 108 subscribers in this
area only 22 circuits were faulty of which 12 were led
from one distribution pole. The remaining faults
were simple—wires twisting or breaking in a single
span to cause short-circuits. It was recorded that
apparatus was recovered on twelve exchange lines
—with half of these the apparatus was badly damaged
and the owners of the other houses decided to leave.
All of which, while it caused some excitement at
the time, is very insignificant in the light of subsequent
events.

Balloon Barrage Damage.

Overhead plant proved vulnerable to another
form of damage which in a negative sense was a
result of air raids. This made its effect first felt the
day before the war started, when a barrage balloon
fouled the grid electric supply system near a north-
east town and thus interrupted the power supply
to teleprinters for two hours. Escaping barrage
balloons have brought down a number of overhead
lines with their trailing cables and on a few occasions
their exact path across country to the sea could be
determined from the spans of wire that they brought
down en route. This sort of damage can usually be
handled expeditiously. Nor are there likely to be
any hard feelings on the part of the external staff
called upon to do the work especially when, as was
once reported from South Wales, the balloon had
brought down an enemy plane before breaking away.
Sometimes a stray balloon would damage poles as
when, in a gale on the South Coast, one got out of
control and its cable twisted around a 45 ft. medium
pole pulling it right out of the ground to leave a
clean circular hole! The balloon then carried the
pole into an adjoining street where the cable snapped
to deposit the pole into the forecourts of some
private houses. Such extractions were not always
so clean : we learn of a balloon-hawser wrapping
itself around a 36 ft. light pole, carrying 16 wires,
wrenching it out of the ground and carrying it some
500 yards when the pole snapped in two and the
lower portion dropped into a playing field, the
upper portion being carried a further 400 yards
before coming to rest in the garden of a house. On
another occasion a balloon being prepared for ascent
became entangled with a light pole because of the
gusty weather. The R.A.F. team in charge of the
balloon decided that the only way to free it was to
saw off the pole, four feet from the butt. The balloon
then rose suddenly to carry the 18 ft. top of the
pole a thousand feet high in the air, whereupon it
worked free and plunged to earth striking the ground

near the motor winch; fortunately this incident
caused no damage other than to the pole itself
and the wires it was carrying.

Damage to Poles.

A number of poles have been burnt by incendiary
bombs, or by fires started by incendiary bombs.
Others have been broken or deflected, but it is true
that poles near bomb explosions often escaped
displacement or damage. In one southern town a
distribution pole, which had stood for 31 years,
was but a few feet from an exploding bomb that
made a large crater in the road. The condition of
nearby houses showed that the pole was in the
direction of the blast, but there was no sign of
injury to it although the wires radiating from it
were blown down.

After a heavy raid on one town the survey party
reported that a 55 ft. distribution pole had vanished.
This was sufficiently unusual for an investigation to
seem worth while. When a large quantity of debris
had been removed from the site the stump of the
pole was discovered, but of the remaining 50 ft.
there was no trace. The officer in charge was unable
to think of an explanation for the disappearance of
such a large quantity of timber and so had to content
himself with a request to the foreman of the survey
party to keep his “eye open” ! A few days later
the foreman phoned him to give the information.
It appeared that the force of a bomb explosion had
pitched the pole over a 30ft. building into the
next street where it crashed through the roof of
a public house, coming to rest on what our informant
describes as ‘‘ the right—or service—side of the
counter.” He adds, darkly, that “it was an ex-
National Telephone Company’s pole.”

Damage to Aerial Cables.

There have been a number of instances of damage to
aerial cables by anti-aircraft shell splinters. On one
occasion a machine-gun bullet was found embedded
in an aerial cable—where it had put all the circuits
out of action. An unusual fault which proved difficult
to locate was a transient intermittent fault eventually
found to be in a 15-pair aerial cable out in a remote
rural district. This cable was carefully examined
throughout its length and in three or four places
it was found that its lead sheath bore fairly deep
serrations—clearly caused by the cable rings. There
was no acute angle or constructional defect, which
ntight have been a contributory factor to this mal-
formation. The lead sheath though crimped and
slightly elongated at the point of suspension was
not cracked or perforated. The discovery was made
after a most detailed examination that, although to
visual inspection the copper conductors appeared
undamaged, the paper insulation on several of these
conductor wires was clearly broken, thus leaving
the wires bare. This was the actual cause of the
intermittent faults, but there is little doubt that the
primary cause of the trouble was blast from a bomb.
A bomb had exploded in the ground nearby about
eight months before. Although the lead sheath
would give under the sudden strain imposed by the
explosion the paper insulation, having negligible
elasticity, would be broken,
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tools to ensure that a minimum of labour is expended.
One such job was the manufacture of several hundreds
of the cable bearer illustrated in Fig. 4. These
bearers were required quickly, and each of them had
to be fitted initially with three of the eight cantilever
brackets which they will ultimately carry. The main
channels were delivered cut to length at small extra
cost, and a jig was designed to facilitate the rapid
drilling of the holes of which each channel requires
sixteen. Using a jig and a high speed drill with power

LUG PLATES
WELDED TO
CHANNEL

-

\\"

—pg\o

MAIN STRUCTURE @
CARRYING BEARERS —___ |

I [

Ixt§ CHANNEL~—

SECTION SHOWING
BOLT & CANTILEVER

-]

&/

o~ 3 —°

CANTILEVERS
2'x§ FLATS

F1G. 4—CABLE BEARER.

feed, one man was able to drill each channel, which is
} in. thick, with sixteen } in. holes at the rate of
70 or more channels per 82 hour day, which is an
average rate of about two holesa minute. Anordinary
carbon steel drill working under these conditions
was found to require regrinding about once every half
an hour, but with the high speed tungsten steel drill
referred to, it was not necessary to “touch-up’ the
tool even as much as once a day. The lug plates were
secured to the channels by welds along two of their
edges instead of the usual four, and this was tested
and proved to be easily able to carry the full cable
load on the bearers. The cantilevers were bent up
cold, the lips being set in a hydraulic bending machine,
and the angles on an ordinary lever type hand
bender. This job is typical of the class of work carried
out by the shops, except as regards the quantity.
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The workshops also carry our repairs to emergency
charging plant for the whole of the London Tele-
communications Region, and Fig. 5 shows an inter-
esting example of this type of job. A petrol engine
was recently fitted in one of the 67 kilowatt standby

MANIFOLD OF 4  STEAM PIPE

BENDS INCLINE
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ELEVATION

ENGINE
STANDARD 2°STEAM PIPE
BENDS 90° 6~ RADIUS WELDED
TO STRAIGHT EXTENSIONS &
INCLINED TO ANGLE OF 452

¢ @ Ry S S S P
STEAM PIPE MANIFOLD/
PLAN

Fi1c. 5.—FaBRICATED EXHAUST-MANIFOLD FOR 67 KW
PeETROL ELECTRIC SET.

sets in place of the original Diesel engine. When the
set was delivered by the contractors, the engine not
only failed to develop its rated power, but the exhaust
system quickly reached a bright red heat, which,
apart from other undesirable effects, infringed the.
black-out regulations at night. The trouble was
traced by the fitters to the turbulence set up in the
exhaust system by the large number of bends which
it incorporated. The exhaust system was redesigned
and among other things a new manifold was con-
structed. This is shown. in Fig. 5. It was con-
structed from ordinary quarter pipe bends by the
welders. This, again, is a job calling for a fairly high
degree of skill from the workmen. With the re-
designed and rebuilt exhaust system, the engine was
found to give its full output and the temperature of
the exhaust box, etc., was reduced to a dull purple.
Another job of this kind was to mount one of the
six kilowatt emergency charging sets on pneumatic
tyres and a sprung chassis, suitable for towing behind
a lorry. When the original sets of this type were
delivered they were mounted on small diameter block
type cast iron wheels without tyres, and could only
be moved any distance by road by first loading them
on to a low loading freighter. Unless overhead lifting
tackle was available, this preliminary operation was
in itself an awkward process, and liable to involve
some delay in getting the set to its working site.
Recently the modification of these sets to render them
suitable for towing on the road has been going on
throughout the country. The prototype of the new
chassis was designed and constructed by the staff of
the Power Section workshops. The modified sets






(¢) to prepare and work to a jointing schedule.

Co-operation with the jointer in this matter is an
important factor in the speedy restoration of cables.

As the jointing proceeds the jointer advises Cable
Test that certain pairs are ready for testing. Depend-
ing on the method of jointing adopted these pairs may
or may not be in correct numerical sequence. If the
pairs are connected through in the same order as
before the breakdown the testing is carried out by a
frame-to-frame test, but if the order is changed the
testing is undertaken at the Test Desk. Tests are
made to ensure continuity, satisfactory insulation,
and freedom from A and B reversals, contacts and
split pairs. On completion of the work the Chief
Regional Engineer’s Group, the Long Distance Area
Group and the Long Distance Traffic Division Control
are advised by telephone that the cable is restored
to normal working, reference numbers being obtained
from each. Similar procedure is followed for both
temporary and permanent repairs.

It is essential that the Long Distance Traffic
Division Control be advised early of the restoration
of a cable, since they adjust the location and distri-
bution of the operating staff accordingly. At times a
cable breakdown may necessitate the opening of
‘““ interception ”’ exchanges, and it is obviously
important that the staff at these exchanges should
return to their parent exchanges as soon as the
breakdown has been rectified.

Localisation of faults on individual wires or pairs is
also carried out from Cable Test, the results being
given to the Area concerned. Faults of an incipient
nature, split quads, etc., are passed to the Precision
Testing Officer to deal with.

Work under *“ Blitz’’ Conditions.

The load carried by Cable Test during the period of
heavy bombing raids on London in 1940-41 was
considerable. The nature of this load was naturally
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Fi1c. 1.—GRAPH ILLUSTRATING INCIDENCE OF CaABLE FauLTts.

NUMBER OF CABLES AFFECTED

(940 1941

very peaky, as shown by Fig. 1, which also illustrates
the rapid manner in which cables were restored to
service, although for security reasons no value can
be given to the co-ordinates.

An added difficulty in the location of faults was
that, on occasion, more than one breakdown existed
on the same route. To assist in the rapid location of
faults under these conditions normal testing methods
were supplemented by visual examinations of sections
of the route, and an inspection of bomb craters. At
times this work was somewhat hazardous due to fires
and the danger of buildings collapsing.

A typical repair was one carried out in the spring of
1941 close to the Cable Test headquarters. A col-
lapsing building within four yards of the work added
to the difficulties of repair, and eventually necessi-
tated a certain amount of demolition. This break-
down was of particular interest in that it involved a
co-axial cable, a considerable length of which had
disappeared. Twin I.R.V. cable was used as a
temporary replacement, the method of jointing the
LR.V. to the co-axial cable being shown in Fig. 2.
The temporary repair was successful and remained
in service until the winter of that year.
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Permanent Repairs.

After mid-summer of 1941 damage due to air-raids
fortunately subsided and enabled Cable Test, in
conjunction with the Precision Testing Officer, to
concentrate on the restoration of the trunk and junc-
tion cable network to its normal standard, and to
give attention to faults on individual circuits.
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{v) Well-designed lockers for all tools and stores
with diagram fixed to locker door to indicate
the correct position for every tool and fitting
carried on the truck.

W WIRE CABLE

/ ‘s"HOOK

B2 T
L STOUT . .
JACKS AT REAR LUGS H SECTION
OF TRUCK USED FOOT
WITH HEAVY LOADS

F16. 5—RECOVERING POLE WITH DERRICK AND WINCH.

(vi) An insulated tank which holds 2-3 gallons
of drink for the crew and maintains the
liquid temperature either hot or cold for
several hours.

The truck is of the four-wheel drive type with
double rear wheels and can negotiate fairly soft land
without getting stuck. )

In addition to the uses outlined above, the derrick
may be used for such other purposes as :—

(@) Unloading poles from rail trucks.

() Loading poles into lorries.

(¢y Erecting or recovering loading pots on aerial

lines.

(d) Erecting or recovering loading pots from
underground manholes, etc.

Haxp TooLs
A number of small items and hand tools appear
worthy of special note, in particular the following :—
Lag Wrench (Fig. 6)

This tool fits all the nuts on a P.O. pole, and being
18 ins. overall, gives extra leverage ; at the same time

!““ - r—'a—-{

SIDE VIEW
Fic 6.-——Lac WRENCH

its tapered jaw enables it to be used at such an
angle as to clear other adjacent fittings.

Eccentric Point Type Connecting Pin (Fig. 7)

This pin is locked in place when the point is turned
through 180° from the position in which it is inserted
in the hole. When used as a pivot pin the head of
the pin is flattened so that it will rest against a stop
on the member or mounting bracket to prevent
turning, since turning might unlock the point.
The pins are short enough so that the point cannot
be turned unless the flat section of the head is against
the stop. The point of the pin has a hole drilled in
it for the insertion of a nail to assist in turning the
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POINT OF PIN
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POINT TURNED 180° LOCKED
Fi1c. 7.—FEcceExnTric PoINT CONNECTING PIN

point if it is difficult to turn with the fingers. No
cotter pin need be used with this type of pin, which
can be used as a locking pin in telescopic members
such as derrick legs, truck jacks and for many similar
purposes.

Wire Tensioning Tongs (Fig. 8)
This tool is called by the American Army the
“ Come along,” and comprises a grasshopper lever
HEAVY LINKS & RIVETS

B @ ¥ STEEL PLATE Jaws
7
P :
—
PIN SPRING

I'ic 8 —WIRE TFNsSIOVING TONGS.

link jaw of robust design at each extremity con-
nected by a sash line through a system of blocks and
sheaves giving treble purchase.
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The tool as it is might be very useful on long
straight lines when pulling up slack on both sides of a
central pole, but P.O. workmen found the sash
line very cumbersome to use, and on account of
terminations which are apparently not so frequently
used in the U.S.A. it was often impossible to use the
tool as intended.

The point of special interest, however, is the jaw.
Its main features are :—

(i) Extra length of jaw plus parallel action and
long lever beyond pivot pin gives better grip,
and this tool will not slip on new 40 1b. cad-
mium copper wire as did older P.O. types with
semi-circular grooves.

(ii) Robust construction resists wear and damage.

(ili) Stout rivets and links close together prevent
wires, particularly 40 1b., getting wedged

between jaw and link after a short period of
use.

(iv) Spring in grasshopper lever link keeps jaws
locked on wire while adjusting vice in position.

(v) One vice of this design (jaw portions only)
can be used for several different gauges of
conductor, thus saving tools, weight and space
_on vehicles,

Conclusion

In conclusion may it be stated that the material
benefit derived from association with our American
friends was not the only consideration in this venture.
Their voluntary and ready assistance, coming as it
did after three years of war from newcomers fresh in
the fight, filled with enthusiasm and a keenness to get
things moving, was a tonic to our spirits which was
much appreciated.

Book Review

‘ Electric Power System Control.” By H. P. Young,
MIEE., MAIEE. 319 pp. 214 ill. Chapman
& Hall, 25s. net.

This book is the first edition of a further volume in
the publisher’s series of monographs on electrical engi-
neering and the author is the general editor of the series.

The book begins by dealing shortly with the parallel
operation of D.C. generators and at greater length with
A.C. machines ; this is followed in the second chapter
by the voltage control of A.C. generators covering exciter
and generator instability and methods of automatic
voltage control. This last subject is continued in the
next chapter in which the Brown Boveri, Metropolitan
Vickers, carbon pile and electronic automatic voltage
regulators are dealt with in detail. Chapter 4 deals with
automatic synchronising of A.C. generators, two methods
being described in detail. The fifth chapter discusses
the short-circuit capacity of A.C. generators and short-
circuit currents, following on to the use of reactors;
types of reactors are described briefly and their instal-
lation in generator and feeder circuits and between bus-
bar sections is dealt with. Vector diagrams are used
freely here and throughout the book. A chapter on
circuit breakers follows next and after some notes on arc
extinction, some types of oil circuit breakers are des-
cribed. The air blast circuit breaker, a type which has
been developed to a considerable extent abroad and in
which greater interest is now being taken in this country,
is mentioned briefly, as are H.R.C. fuses. Power station

switch gear arrangements, sectioning busbars and the
calculation of short-circuit current for several specific
systems assuming symmetrical three-phage shor-tcircuits
are also dealt with. Chapters 8 and 9 deal respectively
with the inter-connection of power stations and with the
apparatus for inter-connector control including the
conditions for transfer of load between stations, voltage
control by tap changing, static boosters and induction
regulators. The last chapter describes methods of
automatic supervisory control and of remote metering
permitting control over a system to be exercised from
one central point; in this the uniselector plays a con-
siderable part.

The aim of this series is the presentation of the up-to-
date outlook on each subject, condensed into a volume
of moderate size. In doing this the author of the present
volume bhas drawn upon LE.E. papers, information
furnished to him by manufacturers and other sources
and the present volume shows that he has exercised the
wisdom and judgment in the choice of material that the
successful attainment of this aim requires. The book
is an excellent summary of the present position in this
branch of electrical engineering and should be of value
both to engineers actually engaged in it and to others
who wish to keep apace of modern practice and, as might
be expected from its author, it is written in a style that
makes it very suitable for students. Its mathematics
do not go beyond simple calculus and its production is
excellent.

H.R. M.
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Notes and Comments

Roll of Honour.

The Board of Editors deeply regrets to have to record the deaths of the following members of the Engineering

Department :—

While serving with the Armed Forces, including Home Guard

Bournemouth Telephone
Area

Bradford Telephone Area ...

Brighton Telephone Area ...

Brighton Telephone Area ...
Brighton Telephone Area ...

Cambridge Telephone Area
Edinburgh Telephone Area
Engineering Departrﬁent e

Engineering Department ...
Engineering Department ...

Engineering Departmen.t
Engineering Department ...

Exeter Telephone Area
Gloucester Telephone Area

Gloucester Telephone Area
Gloucester Telephone Area

Lancaster Telephone Area...

Leeds Telephone Area
Liverpool Telephone Area...
Liverpool Telephone Area...
Liverpool Telephone Area...
Liverpool Telephone Area...
London Postal Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

Coles, S. A.

Kidwell, J. A.
Barrett, C. R.

Redford, L. H.
Temple, R.

Jenkinson, L.
Murdoch, W.
Franklin, G.
Hastings, C. P.

Maynard, G. E. C.

McHugh, S.
Plant, F. S., M.M.

Strong, R. A.
Hatfield, G.

Kirton, J. E. W. ...
Talbot, W. A. J....

Higgins, A.

Marshall, I.. D.
Good, C. A.
Hulme, R.
Irwin, W. G.
Lunt, J. J.
Burke, ]J. ...
Bailey, N. F.
Baker, F. J.
Burridge, T.
Cornish, F. D.
Cox, W. A. '

Doughty, A. W. ...

Freeland, W. E. G.

Skilled Workman, Class 11

Unestablished Skilled Workman
Draughtsman, Class II...

Unestablished Skilled Workman
Unestablished Skilled Workman

Unestablished Skilled Workman
Skilled Workman, Class 11
Assistant Engineer

Motor Cleaner ...
Unestablished Skilled Workman

Skilled Workman, Class I
Motor Mechanic...

Skilled Workman, Class IT ...
Unestablished Skilled Workman

Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class 11

Skilled Workman, Class II
Skilled Workman, Class 11
Inspector

Unestablished Skilled Workman
Inspector

Skilled Workman, Class I
Skilled Workman, Class 11
Labourer...

Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class I1
Unestablished Draughtsman ...

Labourer...

Flying Officer, Royal Air
Force

Driver, Royal Artillery

Flight Lieutenant, Royal
Air Force

Sergeant, Royal Air Force

Signalman, Royal Corps
of Signals

Sergeant, Parachute
Battalion

Sergeant, Royal Corps of
Signals (Airborne)

Lieutenant, Royal Corps
of Signals

Trooper, Hussars

Lieutenant, Royal Corps
of Signals

Pilot Officer, Royal Air
Force

Sergeant, Royal Corps of
Signals

Gunner, Royal Artillery

Signalman, Royal Corps
of Signals

Acting Leading Airman,
Fleet Air Arm

Signalman, Royal Corps
of Signals

Private, Royal Electrical
and Mechanical
Engineers

Lance Corporal, Royal
Corps of Signals

Sergeant Pilot, Royal Air
Force ’

Sergeant Pilot, Royal Air
Force

Signalman, Royal Corps
of Signals

Signalman, Royal Corps
of Signals

Chief Engine Room Artifi-
cer, Royal Navy

Sergeant, Royal Air Force

Able Seaman, Royal Navy
Fusilier, Royal Fusiliers

Signalman, Royal Corps
of Signals )
Corporal, Queen’s Own
Royal Regiment

Flight Sergeant, Royal Air
Force

Signalman, Royal Corps
of Signals
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London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

Manchester Telephone Area

Manchester Telephone Area
Manchester Telephone Area

Newecastle-on-Tyne
Telephone Area

Norwich Telephone Area ...
Norwich Telephone Area ...
P.O. (London) Railway

Sheffield Telephone Area ...
Sheffield Telephone Area ...
Shrewsbury Telephone Area

Southampton Telephone
Area

Recent Awards.

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

Greengrass, L. C. ...
Haddock, A. L.
Hankins, C. A.
Horner, R. W.

Hyland, N. A.

Lees, M.

Lines, G. C.
Orridge, G. W.
Swettenham, R. V.
Wallington, L. J. ...

Watson, D. M.
White, C.
Williams, F. W.
Wilson, R. B.
Carberry, J.

Morrison, W.
Stopford, N. G. ...
Deed, S. V.

Frostick, F. R. W.
Grant, C. C.
Cowan, H.
Boardman, C.
Goodhand, H. H....
Russell, D. H.
Jones, T. G.

members of the Engineering Department :—

Labourer...

Skilled Workman, Class IT
Labourer...

Unestablished Skilled Workman

Skilled Workman, Class IL

Unestablished Skilled Workman
Skilled Workman, Class I
Labourer...

Unestablished Skilled Workman
Unestablished Skilled Workman

Youth-in-Training

Labourer...

Unestablished Skilled Workman
Skilled Workman, Class 11
Inspector

Unestablished Skilled Workman
Skilled Workman, Class 11
Youth-in-Training

Unestablished Skilled Workman
Labourer

Labourer.. .

Unestablished Skilled Workman
Skilled Workman, Class I1
Inspector

Labourer...

While serving with the Armed Forces, including Home Guard

Birmingham Telephone Area
Engineering Department

Leicester Telephone Area
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Beard, D. R.
Plant, F. S. ...
Harris, S. H.

Skilled Workman,
Motor Mechanic

Unestablished

Class II Air Force

Private, Norfolk Regiment
Private, Home Guard
Stoker,

Navy
Gunner, Royal Artillery

Class I, Royal

S/Sergeant, Royal Electri-
cal and Mechanical
Engineers

Sergeant, Royal Air Force

Signalman, Roval Corps
of Signals

Private, King’s Own Scot-
tish Borderers

Lieutenant, Roval Corps
of Signals

Signalman, Roval Corps
of Signals

Leading Aircraftman,
Royal Air Force
Able Seaman, Royal Navy

A/Sergeant, Royal Corps
of Signals
Sergeant, Rifle Brigade

Engineer Artificer, Royal
Navy
Able Seaman, Royal Navy

Sergeant, Royal Air Force

Sergeant Navigator, Royal
Air Force

Leading Aircraftman,
Royal Air Force

Driver, Royal Army Ser-
vice Corps

Corporal, Royal Northum-
berland Fusiliers

Signalman, Royal Corps
of Signals

Signalman, Royal Corps
of Signals

Signalman, Royal Corps
of Signals

Leading Naval Airman,
Fleet Air Arm

conferred on the following

Flight Sergeant, Royal Distinguished

Flying Medal

P/A Sergeant, Royal Military Medal

Corps of Signals

Skilled Workman Navy

Able Seaman, Royal Mentioned in

Despatches



Birthday Honours

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

Mr. P. J. Ridd Deputy Engineer-in-Chief

Mr. T. H. Flowers

Mr. S. A. Hobbs
Mr. H. Miller ..

Skilled Workman, Class I, B
Inspector, Lincoln .. .

Executive Engineer, Engineering Department

ristol ..

Commander of the Order of the
British Empire

Member of the Order of the
British Empire

British Empire Medal

British Empire Medal

Colonel N. F. CAVE-BROWNE-CAVE.

Post Office Engineers throughout the country
will learn with regret of the death of Col. N. F.
Cave-Browne-Cave at the age of 58.

Malvern College ; Birmingham University ; Staf-
ford, Hanley and Birmingham Engineering Sections ;
Foreign service with the Royal Engineers (Signals) ;
mentioned in despatches ; Birmingham Test Branch ;
Eastern Engineering District; American Com-
mission’; Telecommunications Investigation Group ;
and lastly—Deputy Regional Director, Home Counties
Region and Zone Commander, Post Office Home
Guard, such is the outline of Cave’s lifetime of
energetic and devoted service.

As chairman of numerous Engineering Head-
quarters Committees—which he handled with a
rare combination of tact, patience and good humour
—he showed a thorough grasp of fundamentals whilst
his original thinking was an inspiration to his
colleagues. His belief in the value of training was
unshakable. His capacity for devising and digesting
statistics enabled him to detect weaknesses in
management with an accuracy little short of wizardry
—weaknesses which he would pursue with a tenacity
aptly phrased in the family motto, “ Cave.”

One of the original Local Defence Volunteers, he
threw, himself heart and soul into the heavy task
of organising the 8,000 members of the Home Counties
Zone of the P.O. H.G. which he commanded.

Cave served on the Council of the I.P.O.E.E. and
contributed more than a dozen papers on widely
differing subjects. In his day captain of his University
cricket and hockey teams, Cave could still play a
good round of golf and beat many youngsters at a
hard fought game of table tennis. He could string
together a number of carefully chosen humorous
stories and anecdotes to form a well-balanced and
entertaining speech appropriate to the occasion.

Those who knew him well will remember not least
the human qualities which lay beneath the transparent
mask of a disciplinarian who asked of his subordinates
no more than he gave himself. They, will remember
his sincere regard for the well-being of his staff,
his sympathetic consideration for personal and
domestic difficulties and his encouragement to the
disappointed.

The untimely death of his only son Roger, with the
R.A.F. at Singapore, was a cruel blow which he bore
with magnificent fortitude—a fortitude which enabled
him to write a few days before his death. “ My
courage is well up.” L.G.S.

Regional Notes

Home Counties Region

IN ’i_‘HE FRONT LINE

No doubt many of the Female Engineering Assistants
now employed on P.O. Engineering work are familiar
with sneak raiders with their bombs and machine guns
as they go about their daily work, but it is hoped that
the experience that befell one of the F.E.A.’s employed
in the Portsmouth Area will not become too common.

This F.E.A. in company with a S.W.2 fitter, had been
installing some apparatus in a ‘‘ secret ”’ establishment
situated on the outskirts of a much-bombed small coastal
town, and were returning over a cliff road in a small P.O.
van. As motorists will appreciate, they did not realise
that an “ alert ”’ was on as they travelled along, and the
first intimation they had of ‘ imminent danger ”’ was a
swooping attack by a fast raiding plane, firing cannon
shells at their vehicle. The vehicle was struck repeatedly
and soon the S.W.2 fitter, who was driving, was struck
in the shoulder by one of these substantial missiles,
losing control of the van, which was overturned. For-
tunately, assistance was available, and the fitter and his
assistant were extricated, the former obviously badly
hurt and unconscious. The F.E.A. despite the shock of
the occurrence, and the fact that she sustained several

““ splinter ”” wounds, assisted in the removal of her work-
mate, and, what is more remarkable, had the presence of
mind and high sense of duty to remove from the van
some confidential diagrams and papers relating to the
“ secret ’ establishment where they had been working.
She retained personal custody of these papers until
visited in the hospital by her inspector later in the-day.
It is thought that many of her colleagues all over the
country will be pleased and proud to read this short
account of a very praiseworthy action.
F.J.G.
A VETERAN EXCHANGE

On the 16th April, 1916, when the last Great War
was settling down to the stalemate on the Western Front,
and November 11th, 1918, with its glorious climax
was still hardly visualised by even the most ** wishful
thinkers, Portsmouth telephone exchange was opened
for service. Little did any of the staff atthattime
(and two or three venerable gentlemen are still serving
in the Area) imagine that the same installation, with
certain additions and modifications, would be working
during an ever greater world catastrophe twenty-seven
years later.

The installation was one of the first automatic switch-
ing systems to be put into service in a large town. The
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individual subscribers’ equipment at the exchange end
was Keith line switches, and the two selectors and con-
nector (as the finals were then described) were the open
type of switch with the relays mounted on various
knobby excrescences all over the switch frame. During
the early years, communications engineers from prac-
tically every country in the world came to wonder at
the robot gyrations of these switches. Japanese, Chinese,
Siamese and Indians, Americans, French, vyes, and
Germans, all testified, in the visitors’ book, to the won-
ders of the new system. All of the Engineers-in-Chief
of the G.P.O., from Sir William Slingo to Sir William
Purves, visited the installation in their official capacity
some time or another, and, on one occasion, no fewer
than nine superintending engineers arrived in a body to
inspect the plant.

After some time, naturally, its pristine glory faded,
and in the years 1932-33 a major overhaul was instituted
during which some thousands of relay springs :were
changed, thousands of yards of new wiper cords were
fitted, and numerous relay coils and mechanical parts,
worn by sixteen years of hard work on the public service,
and, not unimportant this, in training a nucleus of auto
switchmen, were replaced. Progressive efforts at
modernisation were made at various intervals, suchasthe
application of “ tones "’ the introduction of the * eleventh
step,”” and the automatic routiner. It must be recorded
that the old installation did not seem to take kindly
to these and other innovations. In some respects it
was like fitting a Parsons turbine into H.M.S. Victory.

The outbreak of the present war stopped work on a
much-needed change-over to a new installation in other
premises. Naturally, some difficulty has been experi-
enced with certdin of the rather archaic circuit features,

such as the Keith line switches and the master switches .

that control them, during the war years. Even in
peace time the “ spare part” situation in respect of
some of these components was rather precarious, and
these difficulties have been accentuated by the war.
In addition to this, the building the apparatus is housed
in has been well shaken and blasted by enemy action,
much to the detriment of the ancient apparatus and
wiring. So once again another drive to resuscitate the
installation by a thorough overhaul and a judicious use
of the small quantity of replacements parts that are
available is in progress. Sufficient has been done to
effect some appreciable measure of improvement,
although a reduction in the number of exchange faults
to a figure comparable with that for a modern type
installation is rather too much to expect.
F.J.G.

TELEPRINTERS No. 7—RAPID METHODICAL
CHECK OF ADJUSTMENTS

One-day courses of instruction in the salient adjust-
ments scheduled in Table 6 of E.I. Telegraph Teleprinter
C 5020 were given at Cambridge Branch of Regional
Engineers, H.Q. & S., over the periods 5th-9th and
12th-16th April, 1943. The courses were attended by
105 supervising officers, i.e. Inspectors and higher
grades, and the prime object of the instruction was to
help supervising officers without previous teleprinter
training, to carry out a rapid methodical check of the
adjustments vitally affecting the good working of
Teleprinters No. 7.

For the purpose of the course a Teleprinter No. 7,
Gauges Tension No. 8 and Gauges Feeler No. 3, were
provided for each student and each student was given
for retention an abridged schedule of adjustments.
Demonstrations together with descriptive talks were
given and the students were methodically drilled in the
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method of carrying out the adjustment checks. The
response was extremely good and after practice the
average time taken to carry out the methodical check
was about five minutes.

Representatives from the Engineer-in-Chief’s Training
School, who were invited to attend the courses as
observers, expressed themselves as favourably impressed.

A schedule of adjustments relating to the Teleprinter
No. 8 is being prepared, and, if necessary, a similar
course will be provided for those supervising officers
who are concerned with Teleprinters No. 3, but who
have not attended any of the No. 7 Teleprinter courses
already held.

I. H W.

London Telecommunications Region

WALTHAM CROSS AUTO EXCHANGE

This exchange, of the ‘ 2,000’ non-director type with
subscribers’ uniselectors, was opened on the 8th April,
1943. 1,221 subscribers’ direct exchange lines and
159 incoming and outgoing junctions were transferred
from the existing manual C.B.S. No. 1 exchange, which
was the last of its kind in the North Area. Equipment
for 2,100 subscribers’ lines (multiple) has been provided.
The power plant is of the parallel battery automatic
charge type. Each battery has a capacity of 800 Ah.
The manual board circuits are terminated on the
Tottenham automatic exchange.

On the day prior to the transfer a gale arose which
increased to a velocity of 70 miles per hour and caused
considerable damage to the subscribers’ line plant.
Over 90 per cent. of the subscribers in this area are
served overhead. Urgent and special arrangements had
to be implemented forthwith ; but due to the commend-
able energy and zeal displayed by the external staff
concerned and the co-operation of the internal testing
staff who had to deal with abnormal demands made for
testing and fault localisation on the day of the opening
of the auto exchange, the transfer was brought to a

-successful conclusion.

The auto equipment was manufactured and installed
by Standard Telephones and Cables, Limited. The
batteries were provided by the Hart Accumulator
Company, Limited.

H. A,

LONDON TRUNK EXCHANGE AND REPEATER
STATION

The opening on the 21st November, 1942, of the first
two suites, comprising 76 positions, of a total of six
suites of a new trunk exchange, test room, and repeater
station in a new building, marks the completion of the
first stage in the development of this building for
reinforcing the long distance communications network.

Exchange.

The ultimate provision will involve suites A to F
containing a total of 204 positions. In addition to these,
there will be 131 miscellaneous positions, comprising
record tables, information desks, directory enquiry,
route and rate positions and personal call monitor
positions. Suites A—E will be set aside for trunk
demand calls and suite F for incoming trunk circuits.
Both the incoming and outgoing suites of positions will
be virtually an extension of the existing trunk exchange
situated in Faraday North Building. This has involved
the provision of direct external cables to link up outgoing
multiples and calling appearances in the various ex-
changes necessitating the provision of 21 external tie
cables, containing 2-wire, 3-wire and 4-wire connections,
to give full flexibility in certain trunk exchanges. When



the final stage of completion has been reached, there will
be a total of 1,059 positions set aside for the trunk
demand service.

The following types of circuits have been connected to
the new exchange :

Outgoing and Bothway Trunk circuits... 550

. R Toll " 91

. 4-digit Junctions 98
Manual Junctions . .o 102

Manual Board 1st Code Selectors 60
Incoming Auto. Junctions ... 322
Incoming Manual Junctions ... ... 102
Trunk Lending Lines outgoing .. 30
Trunk Lending Lines incoming 26

Test Room.

The new trunk test room is a separate controlling
testing office with 12 trunk test racks, 3 junction test
racks and 3 trunk and junction record positions with
busy-key facilities. The trunk test racks are equipped
with A.C. testing apparatus to enable the test clerks to
perform the full D.C. and A.C. duties and thus relieve
the repeater station of routine testing and other A.C.
testing duties. Owing to the complexity of faulting
arrangements between the various trunk exchange
switchrooms, 2 V.F. auto. and trunk 7-digit auto equip-
ment, embracing scattered test rooms and repeater
stations, a special faulting procedure has been introduced
centralised in the fault clearance record officer. This
officer is provided with telephone facilities to the various
fault control centres and is in a position to note the
disposition of all faults in hand at any time of the day.

Repeater Station.

The transmission portion of this equipment is of the
iatest type and consists of transformer and line corrector
racks and Panels Amplifying No. 32, with the associated
terminating, signalling and testing equipments. 88
groups of Carrier System No. 2 have also been transferred
to this station. The Carrier System No. 7 and co-axial
equipments will be brought into service at a later stage.
There are 2,112 Amplifiers No. 32 and 1,800 4-wire
terminations installed at present. Of these approxi-
mately 1,800 and 800 respectively.have been brought
into service.

Power Plants.

The power plant provided and installed for the new
Trunk Exchange is a divided battery float system, con-
sisting of two 50-volt batteries, each of 4,000 ampere-
hour capacity, three 50 V motor-generator sets, two of
500 ampere output and one of 200 ampere output, with
the usual smoothing equipment. The input supply to
the motors is 400-volts, 3-phase, 50-cycles. The 200
ampere machine and one of the 500 ampere machines
are equipped with automatic voltage regulators.

The repeater station plant consists of 2 motor
generator sets, each consisting of an A.C. motor coupled
to one A generator and one B generator complete with
smoothing equipment. Two A batteries of 3000 ampere-
hour capacity are floated at 25-volts and similarly two
B batteries of 1300 ampere hours are floated at 130-volts.

Transfer.

Complications in connection with the transfer of
circuits to the new equipment were caused owing to the
necessity for making comprehensive changes in the lay-
out of the circuits concerned. These involved both
cable changes and alterations in the positions of repeater
equipments and in this connection approximately 2,000
forms A 886 were received and dealt with. Test rack
facilities were not available at the outset—hence it

became necessary to arrange for all circuits to be retained
temporarily on the existing test racks for control
purposes.

To keep trunk, toll and junction circuits working and
to arrange for a smooth change-over without interruption
to present services, approximately 90,000 jumpers were
provided.

The first cable was transferred to the new equipment
on the 7th June, 1942, and since that date the whole
of the work has been brought to a satisfactory conclusion

.within the short period of five months.

W.H.S.

North Eastern Region

ALNWICK TELEPHONE EXCHANGE AND
AMPLIFYING STATION TRANSFERS

A new building was completed at Alnwick, Northum-
berland, shortly after the outbreak of war to house the
post office, telephone exchange and amplifier station,
each of which at that time was situated in a separate
building all within some 150 yards radius of the new
building. The transfer from magneto to automatic
working was deferred, but the subsequent urgent need
for extension and the congested state of the old magneto
exchange made it necessary to instal a magneto multiple
exchange in the new building, the layout of this equip-
ment being arranged in such a manner as not to interfere
with the eventual installation of the automatic exchange.
This work was successfully completed and the new
exchange opened for service on September 12th, 1942.

Accommodation was not available for equipment
extension at the old amplifying station and it was
decided to remove the whole of the amplifying equipment
(6 Equipments Amplifying No. 20A 20/20; 15 Units
Terminating No. 5A; Power Switchboard TL 2596 ;
LT and HT Secondary Cells; 2 Rectifiers No. 35 and
2 Rectifiers No. 36) to the new building. This permitted
all external cables to be terminated in their correct
positions—a very convenient arrangement for future
transfer to auto. A separate suite of 0/480 M.D.F.’s
provided for the termination of the temporary magneto
exchange, served as an I.D.F. for the new amplifying
station, a suitable jumper field being provided between
the two frames. This arrangement leaves the whole of
the internal side of the M.D.F. free for the contractor’s
operations when conversion to automatic working takes
place. Cable runs have been arranged likewise.

The transfer of working circuits to the new equipment
presented no serious difficulties, but careful planning
was necessary owing to the shortage of spare pairs in
tie cables. The actual transfer operations were carried
out over a period of three days and completion was
effected without incident.

J.E

Welsh and Border Counties Region.

SUB-AQUEOUS CABLE REPAIRS

A fault developed on a sub-aqueous cable PCQT.
122/20 R.C. armoured 36/6 .553 miles in length laid
across an estuary in the W. & B.C. Region. Precision
tests proved the faults to be in the centre of the main
channel and a joint which existed at this point was
suspected. In order to hold back the penetration of
the water at the fault CO, was pumped into the cable
from both ends. The channel is 28 ft. deep in the centre
at low water with a sand and shingle bed. The tides at
“ Spring ”’ run at 5 knots and are often 18 ft. high.

Assistance from the submarine cable staff was obtained
and two motor-boats, one being a converted ship’s life-
boat and the other a converted pinnace, were hired.
These boats were fastened together by light poles lashed
athwart them and a hand winch was mounted on a
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platform. Grappling for the cable with old anchors
enabled a line to be passed under the cable to the winch.
Several efforts to raise the cable sufficiently to get it
on to a cable sheave fixed on the boats were made
without success due to silting, and the weight of the
cable. The condition of the boats was such that it was
feared that continuation of the attempts to raise the
cable by this means might result in damage to the boats
or accident to the crews. It was, therefore, decided to
pick up the cable where it crossed a mussel bank which
at low water was comparatively shallow. This was done
and the cable was cut here and sealed. A further cut was
made on the shore on the other side of the fault, o1l
drums were fixed to the ends to act as buoys.

Headquarters, who had been advised of the position,
forwarded a 300 yard length of recovered cable PCQT
122/20 R.C. armoured with 60/12 steel wires for cutting
out the faulty length. Since the submarine cable staff
had been recalled to their ship for other urgent work,
it was decided to carry out the job of raising the faulty
length and the insertion of the replacing length by Area
staff. Some thirty 40-gallon and forty 10-gallon oil
drums were obtained and at low tide each day a number
of 40-gallon drums were secured to the faulty cable
until the drums had raised the cable sufficiently to enable
it to be got across one of the boats from bow to stern ;
the boat was then pulled along the cable and further
drums attached at intervals of six yards until the cable
was floating.

Incidentally, it was found that only with great diffi-
culty was it possible to release the cable from the sand
at the shore end, where apparently a bight had formed
in the cable and about a dozen men hauling on ropes
and the assistance of the effect of the tide on the boat
were necessary to release about four yards of cable from
the sand. The cable was finally floated up the estuary
at high tide and landed on the quay. The joint was
stripped and it was found that the sheath was fractured
near both wipes. The cause of these fractures will, no
doubt, be decided later, but it is considered that some
other method than that adopted should be used for
protection of joints in sub-aqueous L.C. and armoured
cable. A long coupling in which the armouring on each
side of the joint can be clamped and the filling of the
coupling with a low temperature compound seems
desirable. Although the fault had been on for some
time it was found that the water had only penetrated
about 20 yards on each side of the joint and 155 yards
out of the 200 yards length cut out was recovered in
good condition.

The replacing length which had been in usé elsewhere,
was, during tests for unbalances, etc., found to have a con-
tact in a quad about 60 yards from one end and since it
was desired that one of the joints between replacing
and existing cable should be on shore above low water,
and that more heavily armoured cable should be used
in the main channel, it was decided to dig up a 372

yards length from the shore and substitute this for the
replacing length. This was done but the cable had to be
reversed so that the joint in this length could be situated
on shore. This cable was floated across the estuary for
a joint to be made at the point of cut at the mussel
bank, the end here having been hauled up to a break-
water to facilitate jointing which was carried out during
the night.

The cable was then floated back across the channel
to desired position for sinking and the drums detached.
The 240 yards length of 60/12 armoured cable was then
floated from the opposite shore about half a mile away,
beached, and carried to the trench to take the place of
the cable dug up and the final joint made.

A H. R.

UNUSUAL DUCT OBSTRUCTION

A somewhat unusual duct obstruction which caused
some mystification before it was removed was recently
encountered in the Cardiff area. The stoppage occurred
in a length of single way duct (containing 2 cables—
54/40 and 15/10) on a slight down grade and was first
noticed when complaints were reccived that a nearby
low-lying cottage was being flooded by a flow of water
which appeared to emanate from the P.O. duct line.

Examination proved that whereas the manhole on
the higher end of the length was full of water, and
actually overflowing, there was little or no water entering
the jointing chamber at the lower end. It was clear that
a stoppage somewhere in the length was impeding the
flow along the duct and resulted in a water-logging of
the ground and consequent ingress of water into the
cottage. :

A slight obstruction was noticed when the length
was rodded and its position was noted, but no difficulty
was experienced in pulling through a knotted 3 in. rope.

« After these operations had been completed the water
flowed freely into the lower jointing chambers and the
flooding of the cottage ceased.

Within a few days, however, conditions were as bad
as ever and it was decided to break down on the track
at the point where the obstruction was felt.

To the foreman'‘s astonishment it was found that a root
of a tree on the far side of a substantial stone wall had
penetrated the conduit at a duct joint and had swollen
out into a matted fibrous mass, completely filling the
free duct space for a length of 8 ft. Whilst forming an
effective water stopper, the root, owing to its spongy
nature, permitted the rods and the rope to pass with
little hindrance. The surprising fact is that a growth of
this size should have taken place in the three years that
the conduit had been laid. .

Leaf samples were taken to the Cardiff City Parks
Superintendent who identified the tree as a Balsam-
Poplar, the roots of which, he said were noted for their
powers of penetration and rapidity of growth.

A.B.
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Staff Changes

Promotions

Name Region Date Name Region Date
Asst. Engr. to Exec. Engy. Insp. to Chief Insp.—contd.
Johnson, E. W. . LTR. ... 31.5.43 Fox, G. -+ W. & B.C. Reg. 1.3.43
Nolli, L. M. ... N.E. Reg. 21.3.43
Chief Insp. to Asst. Engr. {I:;%h"g,' g E'IWRReg' ;;ig
Wilcock, A. . E.-in-C.O. 1.4.43 Durrant, H.L. ... L T.R. ... 7.2.43
Gormley, L. V. . LT.R. 7.4.43 Worthy, P .. E.-in-C.O. 1.11.42
. . Dmvghlsman Class IT to Draughisman Class I
Chief Insp. to Physicist Cooke, F. D. N.W. Reg. to H.C. Reg.
Paul, W. A, J. . E.-in-C.O. 5.5.43 S.W.1to Insp.
. Coombes, R. F. . L T.R. to E.-in-C.O. 7.4.42
Insp. to Chief Insp. Goldup, P.H. ... E-in-C.O. . 8.4.42
Miller, E. W. ... H.C. Reg. 14.3.43 Stanton, G. H. . Test Section (Bm y ... 29.3.43
Kirk, J.H. ... ... N.W. Reg. 22.2.43 Harris, R. ... . Test Section (London) 18.1.43
Sturges, A. ... . Test Section (Ldn.) 1.3.43 Child, M. R. E.-in-C.O. . 18.4.43
Carter, R. E. E.-in-C.O.to Test Sec- 1.3.43 Ridler, G. H. ... E-in-C.O. . 23.4.43
tion (Ldn.) Bagster, C. J. . Test Section (London) 3.4.43
All promotions acting.
Retirements
Name Region Date Name Region Date
Area Engr. Insp.—c ntd.
Parker, T. . N.E. Reg. 20.5.43 Hamilton, H. ... N.Ire. Reg. 24.1.43
Chief Insp. with Allce Waugh, J. ... Scot. Reg. 31.1.43
Witli WA, TLTR. .. 4.5.43 Aitchison, A. ... Scot. Reg. 31.1.43
C;ie}a;‘;i ” Blackie, J. H. ... Scot. Reg. 31.1.43
— McLi . . . 1.1.43
Heighton, C. G. ... W. & B.C. Reg. 28243 | pocamA qoot. Reg 5
g, J. ... Scot. Reg. 31.1.43
Crosse, J. . ... N.Ire. Reg. . 10.3.43 Foster, J. F. ... N.E. Reg. 99.3 43
Davey, J. ... ... N.W. Reg. 31.3.43 James, W. T. ... N.E. Reg. 3.4.43
Randle, W.... ... Mid. Reg. 31.3.43 Bunney, C. H.H. ... LT.R. ... 28.4.43
Insp. ' Henderson, H. G. ... S.W. Reg. 10.5.43
Biggs, F. J. .LPR. ... 7.1.43 King, M. E. . LTR. ... . 14.5.43
Deaths
Name Region Date Name Region Date
Exec. Engr. Insp.
Franklin, G. . E.-in-C.O. . Carberry, J.... . N.W.Reg. .. 22.5.41
Presumed kﬂled m Killed on Active Serv1ce
action between  28.5.40-2.6.40 Hulme, R. . N.W. Reg. . 8.4.43
Asst. Engr. Killed on Active Servxce
McXKinnon, N. . Scot. Reg. 15.4.43 Stacey, T. E. - . LT.R. 11.3.43
Transfers
Name Region Date Name Region Date
Regl. Engr. Insp.
Palmer, W. T. . H.C. Reg. to Mid. Reg. 27.5.43 How, R. C. ... LT.R. to E-in-C.O. ... 11.4.43
Myers, A. J. ... NW,. Reg. to E.-in-C.O.  27.4.43
Asst. Engr. Ince, W. C. ... . LT.R. to Cable Test
Cunningham, J. F. N.W. Reg. to H.C. Reg. 7.4.43 Section 1.5.43
Sherriff, L. ... ... E.-in-C.O. to S'W. Reg. 7.5.43 Harbord, E. G. E-in-C.O. to H. C Reg 1.6.43
Appointments
Name Region Date Name Region Date
Insp.to A T.S. Insp. to A.T.S.—cond.
Daniel, R. G. . H.C. Reg. to L.T.R. 13.1.42 Oates, L. A. J. . S.W. Reg. 19.1.43
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Book Review

“ Switchgear Practice.” By Arthur Arnold, A M.I.Mech.E.,
AMIEE. 238 pp. 133 ill. Chapman & Hall,
22s. net. |

The design and construction of electrical switchgear
has developed greatly during recent years concurrently
with the increase in severity of the conditions it has to
meet, and a book setting out the present practice will be
welcomed by the many users who are not specialists
in this work. The book begins with normal and
specialised D.C. circuit breakers, goes on to D.C. motor
starters of various types and the methods of controlling
their rate of action, and then to D.C. switchboards dealing
with general details of generator and feeder panels
and battery switchgear. A chapter on A.C. motor
starters follows, succeeded by ome on A.C. busbar
layout. Chapter 8 deals with types of A.C. switch-
gear, cubicle, truck, draw out, etc.,, and with neutral
switching and the following chapters with heavy duty
circuit breakers (giving very briefly the theory of arc
control), isolators, and interlocks, including the Castell

Key method.

Switchgear testing, protective devices,
instrument and control boards are also dealt with and
there are chapters on lightning arrestors and fire pro-
tection ; oil-less circuit breakers are dealt with briefly.
B.S. specifications referring are quoted and there is a
bibliography of recent articles, papers and reports.
The illustrations include some photographs of apparatus
and a number of schematic line diagrams showing the
principles of apparatus and layouts.

This volume is eminently a practical work dealing
mainly with the requirements to be met and the prin-
ciples on which the types of apparatus have been built
to meet these requirements ; ‘it does not deal with design,
calculations, short-circuit current, etc. The engineer
who requires to know practical points involved in the
choice and arrangement of switchgear will find this book
of great value as should the student engaged on practical
work and who wishes to know the why and wherefore
of the design of the apparatus he sees in use.
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- CAPLIN ENGINEERING CO. LTD.
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25 years of service to the engineering
and allied trades. :
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machines in use to-day, including hun-
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Cleaning machines,

BEACONSFIELD R® WILLESDEN, LONDON, N.W.10

Sole Agents : CAPCO (Sales) LTD. Telephone : Willesden 0067-8







ii

SALFORD ELECTRICAL ‘INSTRUMENTS LTD.
PEEL WORKS, SALFORD, 3. Telephones: BLAckfriars 6688 (6 lines).” Telegrams and Cables : ** Sparkless, Manchester '
PROPRIETORS: THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND

3\ i4
PIXED CERAMIC
CONDENSERS

rnm,,",,unmrmm,,‘
)

i

} & 2 Pearl Type
3 & 4 Hat Tygpe
5 & 6 Disc Type

gt

Highest Mechanical
and Electrical Ste-
bility whatever the —=—
climatic conditions. =
Type approved. =

fl
f
numnﬂ‘

1

UNITED INSULATOR CO L™ Lot
12-20 LAYSTALL STREET. LONDON, E.C.1 ,/W/,m

Phone: TERminus 7383 Grams: Calanel, Phone london




CABLE WORKS, Ltd., SOUTHAMPTON.

~_MAINTAINING EFFICIENCY
THE HIGH STANDARD OF EFFICIENCY ’
OF PIRELLI - GENERAL TELEPHONE
CABLES IS MAINTAINED BY THE
. CONTINUOUS RESEARCH WORK OF |
AN EXPERIENCED TECHNICAL STAFF.
ro o | ;I s,
Wit [IRELLI-UENERAL s

The finest cored Soider in the world which is ding up and i

ing the efficiency of the War Effort. Firms engaged upon Government Contracts are invited to write for free samples

MULTICORE SOLDERS LIMITED, BUSH HOUSE, W.C.2."PhoneTemp.Bar 5583/4

R e PR e s g gfaibe R = S





