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The author explains how the grouping of the constituent atoms in quartz gives rise to its p_iezo-elegtric effect and how ghe
phenomenon is applied by the telecommunications engineer to produce resonant circuits of high Q value. _Mention
is made of the different modes of vibration and of how the variation of frequency with temperature is minimised.

Introduction
HE piezo-electric effect in quartz and in other
I crystals has been known since its discovery
in 1881 by the Curie brothers, and has been
applied in telecommunications as a means of fre-
quency stabilisation since 1918. In more recent years
the piezo-electric effect of quartz in particular has
had greater and greater application and has been a
major contributing factor in many of the great
advances in the communications art.
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physical properties. In quartz, silicon and oxygen
atoms are so arranged with respect to each other as
to lead to the chemical constitution SiO,. Although
growth conditions may lead to the unequal develop-
ment of faces or to the non-appearance of possible
faces, within similar crystals of the same substance
the atoms are always arranged in identical ways.
Fig. 1 illustrates the appearance of idealised quartz
crystals, ie. similar faces are shown as equally
developed, and Fig. 2 for comparison shows two
natural crystals. The bases of the
latter crystals have been cut for ease
of mounting. The faces marked “m”
in Fig. 2 are not the true m faces of
Fig. 1, but slope as a result of growth
conditions, leading to a gradual fatten-
ing of the crystals away from the
pyramid ends.

AXIS OF TRIGONAL
SYMMETRY

Symmetry

For convenience in dealing descrip-
~. tively with the crystalline properties
of quartz the three axes which are
shown as horizontal and parallel to
prism faces in Fig. 1 are known as X
axes, three Y axes at right angles to

F1g. 1.—CLINOGRAPHIC VIEWS OF DoUBLY TERMINATED L.H. anDp R.H. CrRYSTALS. corresponding X axes are added, and

A simple treatment of the piezo-electric phenomenon
in quartz and of some of the applications is given
in this article, which it is hoped will be of interest to
those whose primary concern is the application of
finished crystal units.

Crystalline Form

The piezo-electric effect (Greek piezein—to squeeze)
is manifested by the appearance of electric charges
at the exterior boundaries of crystals under certain
conditions of stress, and the effects for any given
material are the result of its particular crystalline
structure. To call any substance crystalline is to imply
a regularity of structure which usually manifests itself
to the eye as a geometrical configuration of flat
faces bounding the crystal. Inside the crystal the
constituent atoms are arranged in a definite pattern
which is repeated at distances of atomic dimensions,
the symmetry of the pattern resulting in an external
symmetry of shape and in internal symmetry of

the axis which passes through the
apexes of the crystal is known as the Z axis. Thus
each set of X and Y axes with the shared Z axis
constitutes an orthogonal co-ordinate system. One
such set is shown in relation to the crystal in Fig. 3.
It is necessary to realise that the axes as described
are not unique lines in the crystal but serve as
identifying directions only. Thus any line parallel
to the X axis direction may be used as the X axis.

It may be easily seen from Fig. 1 that if a crystal
undergoes successive rotations of 120° about the
vertical axis its appearance is unchanged. Also, if
the crystal is rotated 180° about any of the three X
axes the same result obtains. Thus quartz possesses
threefold or trigonal symmetry about the Z axis,
and twofold or digonal symmetry about each of
the X axes. The Y axes are not axes of symmetry.
This symmetry of external shape is of course obvious
only when all similar faces are equally developed
and is not always recognisable in natural crystals.
However, the symmetry is always applicable to the
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arrangement of atoms typical of crystalline structure.
Each small circle marked with a negative sign is to be
regarded as a negatively charged double oxygen atom
and each small circle marked with a positive sign as
a positively charged silicon atom. The X axes of the
quartz lie in the directions joining circles of opposite
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Fic. 5.—SvMBOLIC GROUPING OF ATOMS LOOKING ALONG
Z Axis (AFTER KELVIN).

polarity, and the diagram clearly shows the trigonal
symmetry of the material about the Z axis which lies
at right angles to the plane of the paper. A necessary
assumption is made in using the configuration of such
a diagram to explain the piezo-electric phenomenon,
viz. that the atoms of each grouping, or crystal
molecule, remain on the circumference of a circle and
that positive and negative atoms remain at the
opposite ends of a diameter when stressed.

Fig. 6 represents one of the self-contained groups

or crystal molecules of Fig. 5. In Fig. 6 (2) the group
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F1G. 6.—SEPARATION OF CHARGES UNDER STRESS

" Resultant Charges.

is unstressed, the centres of gravity of the positive
and negative atoms coincide, and no charge may be
detected at the external boundaries of the crystal.
In Fig. 6 (b) the crystal, and hence each unit within it,
is to be considered as tensionally stressed along an
X axis {4 X, stress) when the atomic charges will be
displaced from their original positions as shown in an
exaggerated manner. The centres of gravity of the
charges no longer coincide, but occupy positions such
as to produce an electric moment. This separation
of charges exists for all the atomic groups within the
crystal and the net result is the appearance of charges
at the external boundaries of the X axis. It is
obvious that a compressive (— X,) stress will produce
opposite results, Fig. 6 (c) depicts the effect of a
+ Y, stress, and again a separation of charges
results but of opposite sign to that of the 4 X,
stress of Fig. 6(b). Fig. 6 (d) illustrates the effect of an
X, shear. Such a pure shear is produced in practice
as the result of two simple shears which inhibit
rotation of the body as a whole and may be
resolved along two directions at right angles. Thus
the resultant of the shear is two longitudinal
stresses, one compressional and one extensional,
in directions 45° ‘from an X axis, which distort
the crystal molecule as shown so as to produce a
separation of charges along a Y axis. Obviously an
opposite effect is produced by a shear stress of oppo-
site sign. These effects may be displayed by connect-
ing a sensitive meter between electrodes in contact
with surfaces cut normal to X or Y axes and applying
appropriate stresses. On application of the stress a
surge of current will be observed in a direction indi-
cated by the foregoing treatment, and on releasing
the stress a surge in the opposite direction will be seen.
Although moderate stresses produce quite large
voltages in certain other piezo-electric materials, the
effect in quartz is not great. If the cube of quartz of
Fig. 4 (b) be regarded as of one centimetre side and be
stressed by 1 kg. in the X axis direction, a potential
difference of approximately 55 V will appear across
the X faces. Conversely, the application of a potential
difference of 1 V will cause a change of length of
approximately 2 x 10™ cm.

Applications

An early application of the piezo-electric effect in
quartz by the Curie brothers was to the determination
of potential differences by measuring the distortion
caused by their application across a special quartz
unit. This unit was in the form of two thin bars the
thickness being in the X direction and the length in
the Y direction, the bars being cemented together
with a strip of foil interposed and so poled that the
outer faces had the same polarity to a similar stress.
The outer faces were covered by foil electrodes con-
nected together and the application of a potential
difference between the inner and outer foils caused
one element to expand and the other to contract
along the Y axis. The net result was a bending of the
bimorph element which could be measured by a
system of levers, the amount of bending being pro-
portional to the potential difference. It is recorded
that by this means a potential difference of 50,000 V
was measured to an accuracy of 200 V.
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The application of the phenomenon to produce
resonant elements follows quite simply from the static
treatment. By virtue of its elasticity any arbitrarily
cut element of quartz will have natural frequencies of
vibration determined by its linear dimensions, density
and the value of the elastic constant concerned in the
particular mode of vibration. If an alternating electric
field with a component in the X or Y direction is
applied to the quartz element via a suitable electrode
system the quartz will be driven with low amplitude
into forced vibrations at the frequency of the applied
field. If the frequency is varied so as to approach a
natural resonance frequency of the quartz element the
amplitude will increase and reach a maximum when
the two frequencies coincide. Close to resonance the
mass, stiffness and mechanical dissipation of the
element may be converted into equivalent electrical

C (STIFFNESS)

L (MASS
Co (PIELECTRI) (Wass)

R (DISSIPATION)

F1G6. 7.—EQUIVALENT CIRCUIT OF QUARTZ ELEMENT.

elements, and Fig. 7 shows thc equivalent circuit of a
resonant element so derived. In addition to the
mechanical equivalences there is a parallel capacitance
C, which is the pure electrical capacitance of the
quartz considered as a dielectric. In quartz the equiva-
lent inductance is so high and the dissipation so
small that the Q value is very high and depending on
the mounting system usually lies between 10,000 and
500,000. The excellence of quartz as compared with
tuned circuit elements is very marked even at the
lower figure.

The equivalent circuit of Fig. 7 shows that there
are two frequencies of resonance ; the first, f, occurs
when, neglecting the effect of the very low resistance,
the reactances of L and C are equal, and the second
f. when the reactance of L and C combined equals
the reactance of C,. At f, the resistance between
terminals is R © and at{, it is equal very closely to
1/w?C 2R i.e.to avery high impedance. The frequency
difterence between f. and f, varies according te the
orientation of the crystal element, but in general is
of the order of a fraction of 1 per cent. In using
quartz elements as frequency controlling devices the
commonest oscillator circuits are those in which the
element operates at high impedance and Fig. 8

1l:lo
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Fic. 8.—SiMPLE CRYSTAL OscCILLATOR DrivE CIRCUIT.,
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shows a typical circuit of this type. Since the leads
to the crystal and the grid-cathode capacitance add
capacitance in parallel with C, the frequency of
oscillation will be lower than f, of the crystal alone.
It may be shown that in such a circuit the crystal
must oscillate at a frequency between f, and f,; thus
the range of frequency variation is restricted to a
small value by the crystal constants alone and this,
in conjunction with the high Q wvalue, produces
a frequency controlling device of high inherent
stability.

In the design of quartz crystal units the particular
type of crystal cut to be used is largely determined
by the frequency of operation, since for practical
reasons one cut, or mode of vibration, cannot be
used over the whole range of some 4 kc/s to 20,000
ke/s over which quartz elements are practically
realisable at the present time. The reason for this
may be made clear by reference to Fig 9; Fig. 9 (a)
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F16. 9.—DEFORMATION ASSOCIATED WITH VIBRATION MoODES.

shows the type of motion associated with a long bar
vibrating flexurally, the frequency being proportional
to W/L2 At 4 kc/s suitable dimensions of a quartz
element of this type may be 6-25 cm. X 0-3 cm.
and at 100 ke/s some 1-4 cm. X 0-4 cm. A reduction
of frequency below 4 ke/s is difficult due to the small-
ness of the width and the largeness of the length
dimensions. The first consideration renders electrode
and holding arrangements very difficult and the
second implies the use of very large raw quartz
crystals and both result in an element difficult to
handle in production. Above 100 kc/s the unit
becomes very small in all dimensions and again
difficult to mount and handle. However, by utilising
a longitudinal mode of vibration with frequency in-
versely proportional to length, it is possible to cover
a frequency range of 50 kc/s to 200 ke/s with practic-
able sizes of element. Fig. 9 (b) shows the type of
motion associated with such a mode. From 100 kc/s
to 1,000 kc/s a mode becomes practicable with fre-
quency inversely proportional to length and width
in which an approximately square plate distorts in
the manner shown in Fig. 9 (c). This is known as a face
shear or contour mode, and it is possible to drive this
mode by reason of a piezo-electric shear effect similar
to that illustrated in Fig. 5 (). From 500 kc/s to 20,000
kc/s another type of shear mode, the thickness shear
mode, with frequency inversely proportional to
thickness, becomes practicable and the type of
motion is shown in Fig. 9 (d). The modes of Fig. 9 (a)






Recent Developments in

W.D. Telephone Switchboards

U.D.C. 621.395.33

W. J. SULSTON, M.sc., A.lnst.P., AM.LEE., and
R. A. EADES, B.sc., AR.CS.

(Signals Research and Development Establishment).

This article gives a brief review of developments in W.D. telephone switchboards during the war and a more detailed
description of the latest 10- and 50-line magneto boards.

Introduction

URING the European and African campaigns
Dfrom 1939 onwards the following switchboards

were used :(—

(a) Switchboards U.C. 10-line and 6-line are port-
able switchboards designed for mobile opera-
tions. The 10-line switchboard is suitable for
use in divisional signals and the 6-line switch-
board for battalion and artillery requirements.
The switchboards are constructed on the unit
principle and comprise an operator’s unit,
10- or 6-line units and a common apparatus
unit. Connections are made by double plug-
ended cords which are carried, together with
pulley weights, operator’s microphone and
receiver, etc., in a separate box. The complete
10-line switchboard weighs 47% 1Ib.

Each line unit includes a sensitive relay
which operates via a bridge rectifier from either
generator (17-25 c¢/s) or buzzer (300-700 c/s)
signals. A current of about 1 mA is required
to operate the relay, which lights a calling
latp supplied from a local battery.

Line fuses and lightning protectors are not
included in the switchboard but are mounted
in rigidly constructed frames known as * Frames
D and P, 10-wire.” Two frames are required
for 10 lines and weigh 18 1b. 14 oz. complete
with carrying case. .

(b) Switchboards F and F are designed for fixed
exchanges and for field use. They are con-
structed on the unit principle to provide self-
contained switchboards of 20- 40- or 60-line
capacities. A maximum of three switchboards
may be placedside by side to form a non-multiple
exchange accommodating up to 180 lines.
A teak case (Unit D) is used as a stand for the
switchboard and a teak desk (Unit C) contains
the operator’'s equipment, cords, keys and
clearing indicators.

Five-line circuits are mounted on a frame-
work (Units A and A/J). Units A are for
magneto lines and Units A/] are for civil
exchange lines. The exchange line circuits
may be connected for any type of civil
exchange by a plug and socket arrangement
in the A/J Unit. Four Units A are mounted
in a teak case with doors to form a Unit B,
while three Units A and one Unit A/] are
similarly mounted to form a Unit B/].

A complete switchboard comprises a Unit C
mounted on a Unit D. One Unit B/J and two
Units B are mounted in that order on the
Unit C, thus catering for five exchange lines and
55 extensions.
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For transport Unit C packs into Unit D,
forming a convenient load for two men, flush
folding handles being provided for carrying.
The doors of Units B and B/J close to provide
protection during transport.

(¢) Switchboard, Command, 200-line, is designed
for use at Army Headquarters: and is
constructed on the unit principle for trans-
portation in enclosed units. Five switchboard
positions are provided, and the exchange
caters for 180 extension lines and 20 exchange
lines. The answering and multiple equipment
is contained in a single unit (“A”), 9 ft. 6 in.
long which extends over the whole length of the
switchboard when installed. Each operator’s
keyboard and cord equipment is contained in
a “Unit B.” Unit Cis a trestle on which the
exchange is mounted. All units are constructed
of waxed teak woodwork of substantial design,
and Unit A, which weighs 750 1b., has a robust
steel framework.

The face equipment of Unit A comprises
hand-restored drop indicators which are
mounted above the multiple jacks. There are
three appearances of the complete multiple
‘over the nine panels of the Unit. A Line Test
Panel is also provided. The exchange line
circuits work to any type of exchange.

In addition to the above Army switchboards,
extensive use has been made for fixed installations
of a number of Post Office boards, including Switch-
boards AT3796, P.M.B.X. No. 1A and standard
sleeve control switchboards.

The above switchboards cover a large field of
Army requirements. The extension of the war to
the Far East led to the need for a 10-line switchboard
which could be carried by one man through the
jungle for fairly long periods. The weight of the
Switchboard 10-line U.C. (471 1b.) is too great, and
this switchboard is not suitable for use in tropical
theatres owing to the severe climatic conditions.
A maximum weight of 25 1b. is reasonable, and to
achieve this the new switchboard is designed to
work with a field telephone as the operator’s instru-
ment. To avoid the use of a separate mounting to
carry line fuses and protectors the switchboard
itself is fitted with protectors. Buzzer calling is
dispensed with and the switchboard is designed for
generator signalling only. The equipment developed
is known as Switchboard, Magneto, 10 Line (W.D.) ;
further details are given in this article.

A further requirement arose for a magneto multiple
exchange to replace the Post Office N.T.7 equipment
which was obsolescent. The equipment was required
for home and overseas military installations of a









“L2or EARTH.” To ensure correct connections inside
the switchboard, both during initial assembly and
during maintenance, 4 BA screw terminals are used for
the ring connections, and 6 BA for the tip. Correspond-
ing spade terminals on the line connectors are provided.
The tops of the nickel silver spring contacts take the
form of soldering tags and connections to the indicator
coilsandjacksaremade from thesepoints, using 14/-0076
stranded wire with slack between the spring and
the indicator. The use of stranded wire with some
slack in it is necessary to eliminate damage due to
bumping and vibration, which all Army equipment
is liable to encounter during transport.

Components

The main components used are shown in Fig. 4.
Conditioning at 60°C, 95-100 per cent. relative
humidity revealed the following sources of insulation
breakdown in standard telephone type jacks :—

(a) The use of laminated insulating wafers in the
spring pile-up,

(b) Surface leakage from spring to spring on the
outside of the spring pile-up,

(¢) The existence of a short leakage path from
spring to spring along the holes used for the
fixing screws.

The connection of the indicator permanently
across the line enables a two-point jack with no
inner springs to be used and increases the distance
between adjacent springs. The tip and ring springs
are moulded in a block of high grade phenol formal-
dehyde and all metal parts have a high resistance to
corrosion. A third spring which is coupled to the
“ring ”’ spring is so positioned that it automatically
restores the indicator shutter when a plug is inserted
in the jack.

The line connectors are carried in the front lid of
the switchboard and must, therefore, be as small
as possible. Braided cords are ruled out owing to the
difficulty in making them mould and rot-proof and
to the danger of erosion when they are used in a
sandy or dusty environment. Rubber-covered cords
are therefore used. Tests made on standard plugs
indicated that low insulation resistance was caused
mainly by leakage inside the plug. The outer cover
is dispensed with and the body of the plug is moulded
in rubber, which is bonded to the rubber sheath of
the cord. The conductors are tinsel and each is
rubber-covered.

The telephone connector is also rubber-covered,
but 55/42 S.W.G. copper wire conductors are used.
There is of course relatiVely little movement of this
connector. The ends which connect to the field tele-
phone are stripped and soldered to facilitate easy
connection.

The indicator used is developed from the Army
type MR3, which is of robust construction. The coil
is constructed by winding on a polythene moulded
bobbin and then moulding a layer of polythene
over the winding to form a seal with the cheeks of
the bobbin. After exposure to 10 damp heat cycles
to Specification W.T. Board No. K110 the insulation
resistance of six samples ranged from 11 megohms
to 18,400 megohms.

The use of this type of protection, however,
reduces the space available for winding, and the mini-
mum number of turns for the tropical type (Indicator
MR4) is 9,450 as compared with 12,150 for the
normal type. The sensitivity is somewhat less, the
A.C. (16% c/s) operate voltage being 15 V instead
of 12 V.

Two spare line connectors and 20 protector carbons
are carried in a spares compartment in the case.
Each line connector and each group of 10 protectors
are provided with a polyvinyl chloride (P.V.C)
bag (Fig. 4)—which is heat sealed round the edges.
The spares are thus protected from damp and fungus
until they are actually required.

Luminising

To facilitate operation of the switchboard in the
dark, luminous paint is provided on the indicator
label holder underneath the label, which is moulded
in a transparent material, such as methyl metha-
crylate, with the back concave to leave space for the
paint and the front matt to allow it to be written on.
The labels below the jacks are also treated with
luminous paint. To make the luminosity indepen-
dent of an external source of light, which would be
required every 8 to 10 hours with phosphorescent
paint, a radioactive paint which contains radium is
employed. The radiation from the radium causes
fluorescence of a suitable material in the paint,which
is therefore luminous in the dark until one of the
materials is used up. An effective life of two to four
years is anticipated.

Performance

Comprehensive climatic and other tests indicate
that the complete switchboard will stand up well
to the most severe conditions it will encounter.
The grade of the components is such that the chassis,
out of the case, may be rinsed in water to clean out
dirt and sand. It functions normally as soon as
surface water has been removed.

ExcHANGES, MaGNETOo (W.D.), Unit TYPE “N”
PosiTions.
General Description

This exchange is designed for permanent installa-
tions of 50 to 300 extensions and 10 to 60 exchange
lines. Each position (* Switchboard, position,
magneto 10 4- 50/60 No. 1) accommodates 10
exchange line circuits—which may work to magneto
C.B.S. 1, 2 and 3, C.B. and automatic exchanges—
and 50 extension circuits working to magneto tele-

phones. The weight and dimensions are given in
Table 1:—
TABLE 1
| Weight | Height Breadth] Depth

Equipment } Ib. in. |
Switchboard | |

position .. 420 48 263 ‘ 31%
Multiple Unit | 180 18 53%
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the normal cord circuits, 30 double-ended cords are
stored behind the kicking panel in such a manner
that they are accessible to the operator. Conferences
may be set up by means of these cords connected
from the conference jacks to either the answering
jacks or the multiple jacks. One normal cord circuit

in many respects than the conditions met in civil
practice. The wide range of climatic conditions
met and rough handling during transport necessitate
the best possible finish to all parts and a sturdy
construction.  Poor lines, which are frequently
unavoidable under battle conditions, unskilled labour
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Fic. 6.—Main Circuirs oF W.D. MAGNETO MULTIPLE EXCHANGE.

at least must be used for each conference for super-
visory purposes. Two conferences may be set up
simultaneously on each position.

When the Night Alarm key is operated an audible
signal is given whenever an indicator operates or
a supervisory lamp glows. The same audible signal
is given if a fuse blows (irrespective of the Night
Alarm key), but a visual signal is also given. Tem-
porary operation of the Alm. Dis. key stops the
bell but leaves the fuse alarm lamp glowing until
the fuse is replaced. :

Conclusion
In conclusion it is stressed that W.D. conditions
of use of communications equipment are more varied

for installation and varied accommodation impose
further limitations in design. When portability is
necessary requirements become conflicting and an
agreed compromise may be the only solution.

Acknowledgments are due to the Telephone
Manufacturing Co., Ltd., who first put the Switch-
board, Magneto, 10-line (W.D.) into production and
effected improvements in the design, and to the
General Electric Co., Ltd.,, who developed the
Switchboard, Position, Magneto 10 + 50/60 No. 1
and the Unit Switchboard, Magneto, Multiple,
360 line No. 1 and provided the photograph in Fig. 5.
The authors wish also to thank the Chief Scientific
Officer, Ministry of Supply, for permission to publish
this article.







desirable to use a filter with an insertion loss charac-
teristic which has a somewhat wider pass-band.
Such a filter can be made by using a resonator in
each of the four arms of the lattice network with the
circuit shown in Fig. 4 (a¢). The reactance charac-
teristics of the series and lattice arms, Fig. 4 (b),

(@) (%)
F1Gg. 4.—LATTICE SECTION EMPLOYING FOUR RESONATORS.

are arranged so that the anti-resonance of the series
arm has the same frequency as the resonance of the
lattice arm. This results in a band-pass filter with
two intervals in the pass-band and therefore two
frequencies of peak loss. The maximum width of the
pass-band for a filter of this type is about twice as
great as that for the first example chosen since both
frequency intervals in the pass-band can have a per-
centage bandwidth of up to 0-4 of the mid-band
frequency with, therefore, a total maximum per-
centage bandwidth of about 0-8 for the complete
pass-band. As with the previous filter, it is desir-
able to make some allowance in the design for the
effects of stray capacitance appearing across the
resonators, and the widest bandwidth for which the
filter may be designed is about 0-6 per cent. Appli-
cations of this type of filter are for the selection of
single frequencies, e.g. to select a carrier system
pilot frequency or to isolate a particular harmonic
frequency from a series in the output of a harmonic

8 generator. In these
9 applications it is

b i usually desirable that

70 the insertion loss

’ N characteristic should
N be approximately sym-

metrical for frequencies

below and above the

frequency to Dbe

\ 8 selected ; this is done

by placing the peaks
A of loss symmetrically
on each side of the
pass-band. A typical
insertion loss curve of
this form is shown in
Fig. 5 for a filter with
a mid-band frequency
of 64 kc/s; the curve
has been computed and
the points measured.
As with the simple
type of crystal filter,
the four-crystal lattice
network can berealised
in an economical
manner, using an
equivalent  network
consisting of a differen-
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Fig. 5—MgAasUuRED AND CoM-
PUTED  DISCRIMINATION OF
Lattice FILTER EMPLOYING
FouR CRySTAL RESONATORS.

tial transformer and one each of the series and lattice
arms, i.e. only two resonators. In the practical
design the capacitance required across each resonator
is provided in part by small preset capacitors which
can be set during the adjustment of the filter.

A variation of this type is to arrange for the two
parts of the pass-band to be separated by making
the anti-resonance of the series arm occur at a fre-
quency a little lower than the resonance of the lattice
arm, Fig. 6 (a). Thus two pass-bands are to be found
separated by a frequency interval in which loss can
develop. With a small interval between the pass-

L/

FI1G. 6.—ALTERNATIVE ARRANGEMENT OF SECTION SHOWN IN
Fig. 4 (a)—SoMEWHAT WIDER PasSs-BAND.

INSERTION
LOSS

bands the rise of insertion loss between the two pass-
bands is small and the net result is a characteristic
with effectively one single pass-band, Fig. 6 (b),
with two frequencies of minimum insertion loss and
between them a frequency of slightly greater loss.
Since the two pass-band intervals still exist, though
separated, there are two peaks of infinite loss which
can be located, for example, one on each side of the
main pass-band. For moderate separations the useful
pass-band tends to have a more uniform loss over a
wider range of frequency than can be obtained from
the type where the two pass-bands are confluent.
The disadvantage of this double pass-band design
is that, for given frequencies of peak loss, the loss at
frequencies well away from the pass-band tends to
be less than that provided by the form with one
theoretical pass-band.

A Simple Bridged-T Crystal Filter—Barllett's Bisection
Theorem

A filter section which includes only one resonator
bridged across an equal winding transformer, Fig.
7 "(a), forms a simple high impedance band-pass
filter which is useful as an L.F. filter for use in a
radio receiver. For the purpose of explanation and
design this network can be turned into the sym-
metrical lattice form by the application of Bartlett’s
Bisection Theorem,’ the use of which will now be
explained. By replacing the resonator in Fig. 7(a)
with its equivalent circuit and by replacing the
transformer (which has self-inductance L for each
winding and mutual inductance M between the
windings) by its equivalent T network, the circuit
of Fig. 7 (b) is obtained. A line is now drawn through
the network, which is bisected along this line, so
that the two parts are identical. The dividing line
passes through the points 1, 2, 3 and 4, Fig. 7 (¢),
which points will here be referred to as *‘ terminals
of symmetry.” Bartlett’s Theorem states that having
bisected a network and severed the connections
between the two halves of the network at the ter-
minals of symmetry (at 1, 2, 3 and 4 in this example)

3 Phil. Mag., Vol. 4, pp. 902-907, Nov., 1927.
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1as been developed. The necessary bandwidth is
ichieved by connecting an inductor in series with a
resonator in each arm of a lattice network. The
asffect on the arm reactance of an additional inductor
n series with a resonator is to introduce a second
resonant frequency so that the reactance curve for
sach arm is of the form shown in Fig. 10 (4). By

+ .
Xg 3

(a)

Y2 (@ Lz
(For L=L;=L})

F1G. 10.—DEVELOPMENT OF CHANNEL FILTER SECTION.

associating two such curves together in the manner
shown in Fig. 10 (b) a continuous pass-band can be
produced between the cut-off frequencies f; and f,.
Examination of Fig. 10 (b) using the principles set
out in Part 2 shows that a lattice section with arms
having these reactances would have a mid-series
constant-K type of impedance and up to three peaks
of attenuation. = The network corresponding to
Fig. 10 (b) is shown at (¢). A total of four separate
inductors is required for this circuit, but by making
the inductors in each of the four arms equal to L
considerable simplification and economy may be
effected.  Applying the transformation illustrated
in Part 1 when the inductors are all equal the lattice
network can be reduced to the equivalent circuit
shown in Fig. 10 (), in which four equal inductors
are connected in series with the terminals of a
lattice network containing four crystals. Adjacent
coils can be wound together on the same core and
therefore only two separate inductor cores, each
with two windings, are required for a section. A
theoretical analysis of the channel filter section has
been published4, in which it is shown that to make

¢ P.O.E.E.]J., Vol. 31, p. 254.

the inductors equal in order to carry out the re-
arrangement shown in Fig. 10 (d) all that is necessary
is to place one of the three frequencies of peak loss
at infinite frequency. In the usual application of the
channel filter the remaining two peaks are placed

, one on each side of the pass-band to give an insertion

loss curve of which Fig. 11 is typical of a single
section for a filter in the band 76 to 80 kc/s.
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F1G. 11.—MEASURED AND COMPUTED DISCRIMINATION OF
CHANNEL FILTER SECTION,

A further point of interest in the circuit of the
channel filter section is the way the capacitance C,
is removed from the series and lattice arms (after the
inductors have been extracted) and placed across the
terminal pairs of the lattice portion of the circuit,
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Fi1c. 12.—MEASURED INSERTION Loss CURVE oF CHANNEL
FILTER FOorR 80 TO 84 KC/s BAND.
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Fig. 10 (d). This is an example of the circuit transfor-
mation shown in Part 1. A practical advantage of
this is that two instead of four relatively large
capacitors are required for each section.

Channel filters, as used in coaxial systems, consist
of two sections connected in tandem. The two peaks
of loss of the sections are staggered so that the
filter has two peaks of loss on each side of the pass-
band. A measured insertion loss curve of a channel
filter in the band 80 to 84 kc/s is shown in Fig. 12,

A channel filter of the same type, but with two
available peaks of loss in each of the three sections
placed on the same side of the pass-band, has been
designed for use in a single sideband radio receiver.
The typical loss curve, Fig. 13, shows the pass-band
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Fic. 13.—CHANNEL FILTER FOR SINGLE SIDEBAND RADIO
RECEIVER—MEASURED INSERTION Loss CURVE.

nearly 6 kc/s wide and the loss rising sharply at
100 kc/s. A tandem connection of three sections was
necessary in this application to build up sufficient
discrimination against frequencies below 100 kcfs,
where, if desired, a second channel can be located
and selected with a similar filter in which the peaks
of loss are at the upper edge of the pass-band.
Resistance in the inductors of the channel filter
is allowed for* by making the effective series resis-
tance of the inductors form part of the terminations
for the section. When two or more sections are
connected in tandem, allowance for inductor resistance
at the junction of two sections is made by connecting
a suitable resistance in shunt at the junction so as to
form with the resistance of the coils an H pad of
suitable impedance. Both methods of allowing for
resistance introduce a nearly constant loss of 4 to 5 db.
per section, but the dissipation of the coils is pre-
vented from disturbing appreciably the shape of the
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insertion loss characteristic which is sensibly the same
as for the computed curve of an ideal filter. Measured
and computed discriminations for a single section are
compared in Fig. 11.

A Wide-band Crystal Filter

The last filter to be described is a wide-band pass
filter, which is made of high-pass sections having a
cut-off frequency of 60 kc/s connected in tandem
with low-pass sections cutting off at 108 kc/s. The
filter, called a through group filter, has been de-
signed for use in coaxial carrier systems to enable a
group of twelve chanmels to be routed from one
system to another at carrier frequencies. Its use
provides an economical alternative to making the
connections between the systems at audio frequencies
when it would be necessary, with channel! filters and
modulators, to translate each channel from its
position in the 60 to 108 kc/s band into the audio band
0 to 4 ke/s and, after connection to the second system,
to return each channel to its position in the band
60 to 108 kc/s, with more channel filters and modu-
lators. Briefly, the through group filter must have
a practically uniform loss over the greater part of
the band 60 to 108 kc/s, and outside this band the
loss must rise rapidly in very much the same way as
does the loss of the channel filter outside its pass-
band. The curve in Fig. 14 is a measured insertion
loss curve of a through group filter with loss plotted
with respect to the pass-band loss, which is brought
up to 29 db. by added pads. The filter insertion
loss is allowed to fall at frequencies well away from
the pass-band; this is because other filters in the
systems support the through group filter in these
frequency regions.

The circuit of the low-pass sections is a lattice form,
Fig. 15 (a), with resonators inductively coupled to
the arms. The reactance curves of the filter arms
are as in Fig. 15 (b), which illustrates one of several
possible ways of assembling the reactance curves to
obtain a low-pass characteristic. These curves show
that there are three frequencies of peak loss in
addition to two corresponding to the impedance
controlling frequencies in the attenuation region and
that the characteristic impedance of this filter is the
same as that of a series mm’ derived low-pass filter.
The high-pass sections are very similar to the low-
pass sections ; the lattice arms have the same con-
figuration as the low-pass sections, but in the series
arms of the high-pass section the windings of the
transformer connected to the terminals of the lattice
networks are tuned by parallel connected capacitors
instead of the series capacitors of the low-pass sections.®

The through group filter consists of two low-pass and
two high-pass sections connected in tandem. Each

5The mm’ derived filter bears the same relationship to the
m denived as the latter does to the constant-K (see Part 2).
The mm’ type illustrated is characterised by two impedance
controlling frequencies in the attenuation band (instead of
one as in the m derived type, footnote 4 of Part 2) and
the impedance/frequency curve may be made to have a
nearly constant value over the greater part of the pass.
band. The filter is then able to givean exceptionally uniform
pass-band response.

¢ B.S.T.j., Apnil, 1940, pp. 221-248.
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are identical in design. H.F. connections are normally
made with flexible double-screened coaxial cable of
75 Q characteristic impedance. It will be seen
that the H.F. circuits are entirely restricted to the
termination box and the two H.F. units.

Cable Termination Box

The cable termination box, in addition to sup-
porting and terminating the four coaxial tubes,
houses filter networks, which enable 50 c/s power
at 350 V A.C. to be superimposed on the inner
conductors of the tubes without affecting the H.F.
transmission path. The box is divided vertically
into four identical compartments each containing
a similar filter network. This network consists
of teed high- and low-pass filter sections present-
ing very low attenuation to the H.F. signals and
50 cf/s power respectively. Considerable care is
needed in the design and construction of these filters,
since at 50 c/s the two tubes are in parallel, whereas
at high frequencies a crosstalk attenuation of 110 db.
is required between the tubes. The loss through the
H.F. filter section is less than 0-05 db. over the range
of 60 kcfs to 3,000 kc/s. A screen divides each com-
partment and the upper section which carries 350 V
A.C. is enclosed by a sliding safety cover that cannot
be opened until a rotary plug has been moved to a
position where it earths the centre conductor of the
appropriate tube. A “ U link is fitted in each com-
partment at the cable head for cable testing purposes.

H.F. Unit

In any coaxial transmission equipment, freedom
from mutual interference with neighbouring H.F.
circuits and avoidance of unpredictable frequency

() pads for adjusting the nominal out-
put level of the repeater, and (¢) the
temperature equaliser, a network used
for correcting for the variation in the
attenuation characteristic of the cable
due to temperature changes. The com-
plete unit consists of a copper box, which is screwed
to two long earth bars in the top compartment of
the H.F. unit.

Line Equalisation.—The *‘ slope ™ corrector of the
line equaliser comprises five separate screened bridged
T networks of 75 Q impedance, each designed to
provide correction for the frequency-attenuation
characteristic of a definite length of standard § in.
diameter coaxial tube, and these lengths are so
chosen that combinations can be connected together
to equalise any cable section length between 2-8
and 6-0 miles to 4 0-1 of a mile (except at 4-4
miles, where 4 0-2 miler obtains). The average
equaliser error per repeater station is about 0-1 db.
Each network is built as a separate screened unit
with its own soldering connection tags and is then
assembled in the equaliser case. Fig. 4 shows the
complete equaliser unit. The repeater output level
is adjusted to the nominal value by the 2, 4, 8 and
16 db. pads.

Temperature Equalisation.—The effect of duct
temperature changes on the coaxial tubes is not neg-
ligible as their attenuation is subject to a temperature
coefficient of + 0-28 per cent. per °C. Experiments
have shown that the seasonal change in temperature
on a normal underground route may be as much as
20°C, which means that the electrical length of a
100 mile route may vary by the equivalent of nearly
six miles of cable in a year. On the Unit Bay 1B
system, the method of compensation adopted 1s to
maintain the electrical length of the cable constant
at the value corresponding to its highest tempera-
ture by adding or subtracting networks of artificial
cable as the average temperature of the cable route
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into circuit when a preceding “ A’ repeater has
failed. Inshort, provided the ‘B’ repeater is not faulty
on any reapplication of the pilot the “ A" repeater
is momentarily tested for continuity, and if found to
be satisfactory, the “ A"’ repeater is returned into
circuit ; if not, the “ B "’ repeater remains in circuit.
The various fault conditions are indicated by lamp
signals on the bay itself and a distant alarm is
registered at the control terminal against the name
of the faulty station. Keys on the relay panel enable
the changeover circuit to be tested and the “A”
repeater locked-in at will. The Go and Return change-
over circuits are quite independent at each station.

Terminal Switching of Repeaters

This facility is provided for maintenance purposes,
e.g. to locate a noisy repeater, and it enables the
staff at the control terminal to operate keys which
change over repeaters, Go and Return together, at
any repeater station on the route, or to lock-in all
the “ A" repeaters so that the automatic change-
over is temporarily inoperative.  These remote
control circuits are integral with the temperature
equaliser switching.

Temperature Equaliser Switching

The control terminal can switch the temperature
equalisers at any repeater station into, or out of,
circuit according to a prearranged schedule, by a
voice-frequency selective system, operated over two
interstice pairs in the cable. A different frequency
chosen from the sequence 300, 420, 540 . . . 3,060 c/s,
is allocated to each repeater station and a tempera-
ture equaliser selector panel, which comprises a
rectified-reaction selector circuit preceded by a
narrow band filter, is included on each Unit Bay.
The appropriate tone from a bank of voice-frequency
oscillators at the control terminal can be transmitted
along a supervisory pair, which is repeatered at
power-feeding stations, to operate the correct station
selector. This provides the means for choosing the
required station on the route. The precise function
which has to be performed must also be signalled
and this is done by applying one or two D.C. signals
from the control terminal over two D.C. circuits
which are superimposed on the temperature equalisa-
tion (D.C. circuit “ A" Fig. 2) and H.F. repeater
supervisory (D.C. circuit “ B,” Fig. 2) repeatered
pairs. These D.C. potentials are also repeated at each
power feeding repeater station. Relay circuits on
each Unit Baycan then set up the conditions necessary
for the required type of H.F. switching to occur.
The voice-frequency signals, together with the
appropriate D.C. combination, must then be applied
together for about 3 seconds to effect the H.F.
switching, and as soon as the signals are removed
all the circuits become locked and are immune from
any normal interference on the interstice pairs.

The facilities obtained and the appropriate circuit
arrangements are as follows :—

(1) To switch Go and Return Temperature
Equalisers in at any one station. Voice Fre-
quency selects the station concerned. D.C. on
Circuit “ B.”
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(2) To switch Go and Return Temperature
Equalisers out at any one station. Voice
Frequency selects the station concerned. D.C.
on Circuits “ A" and “ B.”

(8) To change from “ A’ to “B" repeaters at
any selected station. Voice Frequency selects
the station. D.C. on Circuit “ A.”

(4) To lock in all “ A” repeaters simultaneously
independent of the 300 kc/s pilots. D.C. on
Circuit “ B.”

SUPERVISORY SYSTEM

The large number of repeater stations on a coaxial
system makes centralised fault signalling desirable
and on the Unit Bay system all control facilities and
supervisory indications are located at the control
terminal, which is thus fully aware at all times of the
condition of the route and can originate any necessary
maintenance work.

Repeater Changeover

An L.F. oscillator is provided on each Unit Bay
and is given the same frequency as has already been
allocated to the station for the temperature equaliser
selector. When both Go and Return “ A"’ repeaters
are working the output of this oscillator is fed into
the H.F. repeater supervisory pair, which is re-
peatered for the transmission of the band 300 to
3,000 c/s from remote to control terminals. Change-
over of either repeater at a station cuts off this out-
going tone and at the control terminal a bank of
tuned selectors similar to those used for temperature
equaliser selection interprets the loss of tone as a
repeater fault at that station and indicates the con-
dition on a lamp. Three features of this system are
that (4) a unique indication is given for each station,
(b) any type of fault in the supervisory equipment
and transmission path will call attention by giving
a repeater fault alarm and (c) only one interstice pair
in the cable is needed for all repeaters on the route.

Power Supervisory :

Every repeater station signals an alarm to the
control terminal should any one of the supply out-
puts from the power panel fail. This alarm is origin-
ated by the small power supervisory panel, shown
at the rear of the bay in Fig. 1, which consists of a

single valve with an anode relay held operated

when the heater volts, anode volts and grid volts on
the valve are normal. Should any one or more of
these fail, the relay releases and places a short-
circuit on a non-repeatered interstice pair allocated
to the function of power supervision for the whole
route. An alarm relay operates at the control ter-
minal and the faulty station is then located by a
calibrated bridge circuit provided on the D.C.
supervisory panel. The power supervisory panel is
fitted with a plunger key which simulates a power
fault condition for testing the D.C. supervisory
circuit.

Speaker Circuits

Two speaker circuits are provided on the system.
The first is a 4-wire high-grade circuit repeatered
at power-feeding stations which provides normal



communication with selective ringing between these
stations. The ringing tone is obtained from the same
oscillator that provides the H.F. repeater supervisory
tone. At dependent stations a receiver and a trans-
mitter can be connected across the circuit with a
reversing key for UP or DOWN communication and
the attention of the control terminal is obtained by
operating the plunger key on the power supervisory
panel. This 4-wire speaker from dependent stations
is primarily used for reporting maintenance to the
control terminal. Communication between inter-

mediate stations is normally effected by the second -

speaker circuit, which is an omnibus 2-wire circuit
with hand-generator ringing and dry cells for the
transmitter. Communication is possible over about
30 miles.

L.F. Repeaters

The functions of the four L.F. repeatered circuits
required for supervisory transmission can be seen
in Fig. 2. The 2-valve feedback repeaters covering the
band 300-3,000 c/s are only fitted at power-feeding
stations and are preceded by Equalisers No. 9A.
The valves are fitted with monitoring anode relays
which, in the event of valve failure, place a short-
circuit on an interstice pair. This enables the fault
to be located on the D.C. supervisory panel at the
control terminal.

PowER SYsTEM

Power-feeding stations obtain power directly
from the local Power Companies’ mains. Each of
these stations is, however, provided with an Austin-
lite standby power plant consisting of a high speed
Diesel engine coupled te a 5 kW, .0 c/s alternator.
The plant is started by a motor
operated from a 15 cell battery
and the alternator automatically
takes over the coaxial power load
within 15-20 seconds of the failure
of the main power. Alarm exten-
sions are provided, but the plant ; gﬁwﬁ%
is capable of running for 24 hours |
.without refuelling.
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Power Panel

Fig. 6 shows the power equip-
ment which is mounted on the
rear of the bay (Fig. 1) for provid-
ing the following supplies to the
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reliability is obtained by working all components
considerably below their specified voltage and
wattage limits. The ventilated dust cover which
carries a danger notice and a red lamp power indi-
cation is attached by two screws, which prevent its
casual removal.

Distribution Panel

This panel carries the bay distribution points and
fuses for the 250 V, 4 V, 60 V and 40 V supply
circuits and the 350 V fuses to the supply trans-
formers and the four coaxial tubes. It also contains
the link box in which power connections are made
to the UP and DOWN tubes; insulating dummy
links are fitted where power connections are not
required and in either case individual links are clearly
engraved to show their specific functions. It is very
important when power is removed during the clearing
of a cable fault that incorrectly marked or substitute
links should not be employed.

Fuse Panels

Separate 250 V and 4 V panel fuses are employed
so that all panel power distribution is made from
individual fuses at the top of the bay. These provide
the power isolating points necessary during the
clearing of bay faults.

TesT PANELS
A valve test panel operating from a 50 c/s input
signal and calibrated on mutual conductance and
anode current is provided at each station. An L.F.
and D.C. test panel is fitted to measure power and
L.F. supplies.
Two power outlets are mounted on the bay for
feeding portable test equipment.
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Unit Bay :—

USED AT POWER FEEDING STNS ONLY
MAIN SWITCH

(@) 250 V D.C. 0-45 A.
(b) 4 V A.C. 31 A.

(c) 40 V. D.C. 025 A.
(d) 60 V. D.C. 60 mA.

The corresponding loads for (a)
and (b) at dependent stations are
about 30 per cent. less than these
figures. The 60 V supply, which
is balanced to earth, is only
required at power-feeding stations,
where it energises the superimposed
D.C. control circuits. Animproved
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EMERGENCY POWER SWITCH ON
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CHANGEOVER POWER SWITCH
METAL LINKS TO CONNECT POWER
TO ADJACENT STNS ,DUMMY LINKS
IF NO POWER FEED REQUIRED

250vDC
FUSE
PANEL
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FiG. 6.—POWER DISTRIBUTION ARRANGEMENTS.
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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.

Bedford Telephone Area
Birmingham Telephone Area
Birmingham Telephone Area
Birmingham Telephone Area
Birmingham Telephone Area
Birmingham Telephone Area
Birmingham Telephone Area
Bournemouth Telephone Area
Brighton Telephone Area ..
Bristol Telephone Area
Bristol Telephone Area .
Canterbury Telephone Area
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Stringer, R.
Winter, J.
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King, R. J.
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Turner, L. C.
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Derrett, D. S. B.
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Evans, W. R.
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Herbert, F. W. ..
Hollow, G. S.
Langston, F. A...
Lindsay, J. J.
Marjoram, W. A.
Mooring, K. A. ..
Parker, E. W.
Trant, A. D.
Worts, R. J.

Unestablished Skilled Workman

Skilled Workman, Class II

Unestablished Skilled Workrnar;
Skilled Workman, Class II.

Skilled Workman, Class I

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Skilled Workman, Class II
Skilled Workman, Class 11

Unestablished Skilled Workman

Skilled Workman, Class 11
Skilled Workman, Class IT

Unestablished Skilled Workman

Skilled Workman, Class I
Skilled Workman, Class II

Skilled Workman, Class II
Skilled Workman, Class I

Unestablished Skilled Workme.u:l

Skilled Workman, Class IT
Skilled Workman, Class IT

Skilled Workman, Class IT
Skilled Workman, Class IT

Unestablished Skilled Workman

Skilled Workman, Class IT
Skilled Workman, Class IT
Skilled Workman, Class I1
Skilled Workman, Class I

Unestablished Skilled Workman
Unestablished Skilled Workman

Skilled Workman, Class IT
Labourer

Skilled Workman, Class IT
Skilled Workman, Class II

Youth-in-Training

Unestablished Skilled Workman
Unestablished Skilled Workman

Gunner, Royal Artillery
Pilot Officer, R.A.F.
Sergeant, R.A.F.
Sergeant, R.A.F.
Flight Sergeant, R.A.F.
Sergeant, R.A.F.
Pilot Officer, R.A.F.
Petty Officer Airman, R.N.
Captain, Royal Signals
Driver, R.A.S.C.
Signalman, Royal Signals
Sergeant, R.A.F.
Lieutenant, Royal Signals
Flying Officer, R.A.F.
Sergeant, R.AF.
Lance Corporal, Royal
Signals
Flight Sergeant, R.A.F.
Signalman, Royal Signals
Aircraftsman, Class II,
R.AF.
Flying Officer, R.A.F.
Signalman, Royal Signals

Sub-Lieutenant, Fleet Air
Arm, R.N.

Sergeant, R.A.F.

Driver, R.A.S.C.

Flight Sergeant, R.A.F.
Signalman, Royal Signals
Signalman, Royal Signals
Flying Officer, R.A.F.
Sergeant, R.A.F.

Driver, R.A.S.C.
Sergeant, Beds. & Herts.
Regiment

Private, Essex Regiment
Lieutenant, King’s African
Rifles

Flight Lieutenant, R.A.F.
Sergeant, R.A.F.
Signalman, Royal Signals

Leading Aircraftsman,
R.AF.



Newcastle - on - Tyne Tele-
phone Area

Norwich Telephone Area

Norwich Telephone Area

Portsmouth Telephone Area

Scotland West Telephone
. Area

Sheffield Telephone Area ..

Tunbridge Wells Telephone
Area

Recent Awards

Browne, W. N. ..
Bryant, P.

Waddington, S. A.

Morrison, R. M.
Murray, G. A. B.

Hardy, L.
Fayers, R. C.

Skilled Workman, Class II Flying Officer, R.A.F.
Skilled Workman, Class II Sergeant, R.A.F.
Inspector . .. Flight Lieutenant, R.A.F.
Unestablished Skilled Workman Warrant Officer Pllot
R.AF.
Skilled Workman, Class II Signalman, Royal Signals
Sub.-Lieutenant, R.N.
Flight Sergeant, R.A.F.

Unestablished Draughtsman ..
Skilled Workman, Class II

The Board of Editors has learnt with great pleasure of the honours recently conferred on the following
members of the Engineering Department :—

While serving with the Armed Forces, or on Post Office Duty.

Aberdeen Telephone Area ..
Aberdeen Telephone Area ..
Belfast Telephone Area
Belfast Telephone Area
Birmingham Telephone Area

Birmingham Telephone Area

Bournemouth Telephone Area

Bradford Telephone Area ..
Canterbury Telephone Area
Cardiff Telephone Area
Cardiff Telephone Area
Colchester Telephone Area..
Edinburgh Telephone Area
Edinburgh Telephone Area
Engineering Department

Engineering Department

Engineering Department
Lancaster Telephone Area ..
Lancaster Telephone Area ..
Leeds Telephone Area

Leeds Telephone Area

Lincoln Telephone Area

Leith, W. F.
Neilson, J.D. ..
Ferguson, C. H.
McKeown, R. M,
Cooper, H.
Yerbury, R. A.
Faithful, A. J...
Speechley, E. ..
Martin, L. J.,
B.EM.
McCarthy, A. L.
Rowell, P. D. ..
Williams, N. R.
Macpherson, C. J.
Mann, J.
King, R. E.
Leckenby, A. J.

Robbins, R. A. D.

Chew, T. E.
Grundy, F. E. ..
Smith, C. D.
Taylor, G. N. ..

Wilkes, W. D. G.,
D.F.M.

Unestablished Lance Corporal, British Empire
Skilled Workman  Royal Signals Medal
Skilled Workman, On Post Office Duty British Empire
Class I : ‘Medal
Draughtsman, Corporal, Royal Mentioned in
Class II Signals Despatches
Skilled Workman, L/Sergeant, R.E. .. British Empire
Class II Medal
Chief Inspector .. On Post Office Duty British Empire
Medal
Skilled Workman, Signalman, Royal Mentioned in
Class II Signals Despatches
Inspector On Post Office Duty British Empire
Medal
Inspector Major, Royal Signals Mentioned in
Despatches
Skilled Workman, On Post Office Duty Commended by
Class I PM.G.
Unestablished Flying Officer, R.A.F. Distinguished
Skilled Workman Flying Cross
Skilled Workman, Sergeant, Royal British Empire
Class IT Signals Medal
Inspector Captain, Royal Military Cross
Signals
Skilled Workman, Signalman, Royal Mentioned in
Class II Signals Despatches
Skilled Workman, Flight Sergeant, British Empire
Class II RAF. Medal
Skilled Workman, Corporal, Royal Mentioned in
Class I Signals Despatches
Executive Engineer Major, Royal Signals Member of the
Order of the
British Empire
Inspector Captain, Royal Mentioned in
Signals Despatches
Skilled Workman, Sergeant, Royal British Empire
Class II Signals Medal
Skilled Workman, On Post Office Duty British Empire
Class I Medal
Skilled Workman, Flying Officer, R.A.F. Distinguished
Class II Flying Cross
Skilled Workman, Captain, Royal Member of the
Class I Signals Order of the
British Empire
Skilled Workman, Flight Lieutenant, Mentioned in
Class I1 RAF. Despatches
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Liverpool Telephone Area ..

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

Manchester Telephone Area.

Manchester Telephone, Area
Manchester Telephone Area
Midland Region
Midland Region

Norwich Telephone Area

Portsmouth Telephone Area

Reading Telephone Area
Reading Telephone Area
Reading Telephone Area
Reading Telephone Area
Scotland West Telephone Area
Scottish Region
Southend-on-Sea Telephone
Area
Southend-on-Sea Telephone
Area

Swansea Telephone Area

Swansea Telephone Area

Appointments

The Board of Editors offers its congratulations

to:

Brigadier L. H. Harris, CB.E., Chief Regional
Engineer, Midland Region, who has been appointed
Scottish Region,

Regional Director,

Burfitt, F. W. ..
Brownrigg,
D.W.P.
Chandler, D. C.
Dyer, L. J.

Harnden, A. B.

.Connoly, C. F.

McGosh, H.
Scanlan, W.
Bish, T. A.

Harris, L. H,,
C.B.E.

Drane, L. G.

Lockwood, R. A.,
B.E.M.

Bluring, J.
Brown, R.
Fripp, W. A.
Gofi, G.
Knox, J.
Barnett, W. J. G.
Anderson, R. H.,
D.F.C.
Tricker, E. C. ..
Gallaghan, T. G.
Williams, J. H.

1st November, 1945, and to:

Mr. W. T. Gemmell, who returns from the Ministry
of Aircraft Production to take up duty as Staff
Engineer in charge of the Power Branch of the

Engineer-in-Chief’s Office.
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as from

Skilled Workman,
Class II

Skilled Workman,
Class I

Skilled Workman,
Class IT

Inspecter

Area Engineer

Skilled Workman,
Class II

Skilled Workman,
Class I

Skilled Workman,
Class IT

Inspector

Chief Regional
Engineer

Labourer. .

Chief Inspector ..

Skilled Workman,
Class 11

Skilled Workman,
Class 11

Skilled Workman,
Class II

Skilled Workman,
Class 1

Assistant Engineer

Inspector

Skilled Workman,
Class II

Inspector

Skilled Workman,
Class IT

Skilled Workman,
Class I

Chief Petty Officer,
R.N.

Warrant Officer,
RAF.

Corporal, Royal
Signals

On Post Office Duty

Lieut.-Colonel,
Royal Signals

Sergeant, Royal
Signals

C.Q.M.S,, Royal
Signals
Sergeant, Royal
Signals
Lieut.-Colonel,
Royal Signals
Brigadier

Sergeant, Royal
Signals

On Post Office Duty

Flying Offier, R.A.F,

Sergeant, Royal
Signals
Pilot Officer, R.A.F.

On Post Office Duty

Major, Royal Signals

Major, Royal Signals

Flight Lieutenant,
R.AF.

On Post Office Duty
Captain, Royal Welsh

Fusiliers

British Empire
Medal
Mentioned in
Despatches
Mentioned in
Despatches
British Empire
Medal
Mentioned in
Despatches
Croix de Guerre
with Bronze Star
and Mentioned in
Despatches
British Empire
Medal
Mentioned in
Despatches
Mentioned in
Despatches
Officer of the
Legion of Merit
(U.S.A)
British Empire
Medal
Member of the
Order of the
British Empire
Distinguished
Flying Cross
British Empire
Medal
Distinguished
Flying Cross
Royal Victorian
Medal (Sitver)
Mentioned in

Despatches
Member of the
Order of the

British Empire
Bar to Distin-
guished Flying
Cross
British Empire
Medal
Military Cross

On Post Office Duty British Empire

Back Numbers

Medal

The Board of Editors recently invited subscribers

in the Post Office to return certain back numbers of

good response to their appeal.

the JOURNAL to meet demands received from sub-
scribers returning from the Forces.
wishes to thank subscribers and local agents for the
A reasonable stock
of all parts is now held, which it is hoped will be
adequate in meeting demands for back numbers, and
further copies are not required at present.

The Board












North-Eastern Region

MANCHESTER-LEEDS-NEWCASTLE COAXIAL
CABLE

(Type 4 x 375 D.T. + 10 pr/25 P.C.Q.T.)
Fault of 25 January, 1945

The extremely cold weather experienced early this
year was responsible for the above cable breakdown
which is considered unique. The initial report of the
failure indicated that all conductors——coaxial and inter-
stice—were faulty between Rushyford R.S. and Sunder-
land Bridge R.S. (Croxdale), both of which are situated
in the county of Durham, just off the Great North Road,
along which the cable is routed. Tests revealed that,
although the four coaxial -conductors were faulty, the
interstice quads were up to standard in all respects.
This condition was rather exceptional, and led to the
assumption that collapse of the coaxial tubes had
occurred without fajlure of the sheathing. Location
tests on the faulty coaxial conductors indicated that a
fault existed some 400 yards south of Sunderland Bridge
R.S. in a 259-yard length of cable. This was confirmed
in the normal way.

Restoration of service being the immediate considera-
tien, temporary repairs were effected by special coaxial
interruption cable, plus a length of paper core cable to
cater for the interstice quads. On completion, it was
decided to withdraw the faulty length of cable and, if
necessary, replace it with a new length. Efforts to with-
draw the cable at points A and D (Fig. 1) respectively

distance between they are in horizontal formation.
This, together with the facts that the pipe was laid at a
depth of 4} in. for the greaterpart of its length across the
bridge, and only 2in. at places from the underside,
appeared to indicate that the extremely cold weather
which prevailed, plus inadequate protection of the pipe
against such extreme weather conditions, had resulted in
the water in the pipe becoming frozen, and in the process
of freezing and the consequent expansion, the cable was
flattened and its withdrawal prevented.

LEAD SHEATH LEAD SHEATH CO-AXIAL TUBES
<1
a
s
/ IN'BEF‘\\SJICE
HESSIAN TAPE & UADS
COMPOUND
PROTECTION (b)
(a)

Fic. 2.—(a) BEFORE, (b) AFTER DAMAGE.

Rodding over the cable between B and C was at-
tempted, but obstructions were encountered 15 yards
from each of the jointing chambers. Excavations were
carried out at the points of obstruction and the ex-
pedient of heating the steel pipe with blowlamps was
tried. This, however, was of little avail, and as prospects
of withdrawal of the cable appeared very remote,
operations were abandoned. On resumption of operations

WEST SIDE OF BRIDGE 4 N
86YDS.
| 125YDS 15YDS., 17YDS. | 20'% YDS.| 18 YDS. | I5YDS. 48vDs. |
| l— APPROX. M
A‘LJRFS e | | LN | ¢ $ JRF6 JRrsi, D
_~ POINTOF ' j POINT OF
+ OBSTRUCTION OBSTRUCTION 1o
o 000 “
WATER LEVEL qif | 48 STEEL RiPES LSTEEL PIPES | c"ggg&;’gﬁhpg
3 Ca'BELOW B o
COVERED BY (iCE °g FOOTWAY FOOTWAY & 270 STEEL

JOINT BOX ENDWALL
LOOKING NORTH

UNDERSIDE OF  JOINT BOX ENDWALL
BRIDGE LOOKING SOUTH

Fic. 1.—S1TE oF CABLE DAMAGE.

were unsuccessful. It was thereupon decided to cut the
cable at B and C, and withdraw it in three sections.
No difficulty was experienced in withdrawing two of the
sections, but that between B and C could not be drawn-
out in spite of repeated and prolonged efforts. When the
jointing chambers at B and C were opened, a layer of
ice 1 in. in thickness existed on top of the water present
in the boxes. The level of the water was not, however,
up to the level of the pipe which contained the faulty
section of cable. In view of this and the varying levels
of the track, it was assumed that water had, at some time
previous to the fault, lodged in the three steel pipes
between B and C, at which points they are in the forma-
tion of a three-way duct, but for the larger portion of the

at a later date, no difficulty was experienced in drawing-
out the remaining section of cable. After withdrawal of
the cable, it was observed that two portions, one 3 ft.
in length and the other 2 ft. in length, were flattened.
Fig. 2 indicates the damaged cable, and, for comparative
purposes, the cable as it was originally is also shown.

Before drawing-in the new length of cable, a brush and
mandrel were drawn through the section of pipe in which
the trouble occurred. No obstructions were encountered,
but it was noted that there was a considerable flow of
water from the pipe as the brush and mandrel progressed
from one end to the other.

All observations indicated that the damage was due
entirely to the formation of ice in the pipe. J. A
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Staff Changes

Promotions

Name

Region Date

Name Region Date

A.S.E. to Dep. C.R.E.

Mech. Grade I to Tech. Asst.

Harbottle, H. R. E.-in-C.O. to L.T.R. 1.7.45 Worthington, J. S. .. Mount Pleasant to Leeds 8.7.45
Asst. Eng. to Exec. Engr **White, N. C. . Plymouth . 14.6.45
- . - D. . Bri to L« .6.
Riley, C. ~ HC. Reg. 1.6.45 ! Elder, ristol to London 14.6.45
. LT.R. 7.6.45
Langford. L. c. ! Draughtsman, Class I, to Senior Dvaughtsman
M : ’ **+Stewart, R. J. . Scot. Reg. .. .. 2.8.42
Hickey, J.T. .. .. LT.R. 11.4.45 Hind, B. C. E-in-CO. .. .. 16.45
Glaysher, R: E. . LT.R. 18.4.45
S.W.1. to Insh. Draughtsman, Class II, to Dvaughtsman, Class I.
Blunden, R. M. E.-in-C.O. 20.8.44 . **Daggett, T. K. E.-in-C.0O. 22.7.45
Bubb, E. L. E.-in-C.O. 10.12.44 Eakin, G. W. A. E.-in-C.O. 22.7.45
** In absentia.
Transfers
Name Region Date Name Region Date
Asst. Engr. Chief Insp.
Lyddall, A. G. E-in-C.O. to S.W. Reg. 1.6.45 | venus, W.A. H. .. L.T.R. to Tech. Costs
Jemmeson, A. E. .. E.-in-C.O. to Scot. Reg. 25.6.45 Officer, Contracts Dept. 25.9.44
Glover, R.P... .. SW. Reg. to E-in-C.O. 1.7.45 Pollard, A. J. E-in-C.O. to LT.R.  22.6.45
Wells, H. G. . LT.R. to E.-in-C.O. 1.8.45 Insp.
Willoughby, E . E.-in-C.O. to Cable Test 7.5.45
) Fleming, J. M. E.-in-C.O. to N.E. Reg. 12.8.45
Chief Insp. with Allce. Draughisman, Class I
Spiers, J. C. . N.E. Reg. to Mid. Reg. 8.6.45 Bailey, C. . Scot. Reg. to H.C. Reg. 13.8.45
Retirements
Name Region Date | Name Region Date
Exec. Engy. Chief Insp.—cont.,"ned.
Campbell, P. J. .. N. Ire. Reg. 2.5.45 Croughton, G. F. .. Test Sect., London .. 22.8.45
Vause, A, H. .. . LT.R. 31.7.45 Penny, S. A. D. . L.T.R. .. 31.8.45
dsst Brgr. f)nsgy' G.G. H HC. R 2
Mabey, H. E.-in-C.O. 30.6.45 gburn, G. G. H. .. H.C. Reg. 4.2.45
Mabey, ! Sugden, L. C. .. N.E. Reg. 25.5.45
Chief Insp. (with Allowance). Gregory, J. .. LT.R. 2.6.45
Morvan, A, R, . Mid. Reg. 7.6.45 Davey, W. C. .. LT.R . 11.6.45
. Bailey, A. P. .. .. W.& B.C. Reg 28.7.45
Chief Insp. Langford, F. J. .. LT.R. 31.7.45
Parker, T. T. .. H.C. Reg. 31.3.45 Pond, G. M. .. .. LT.R. 2.8.45
Mylius, W. A_ J. .. LT.R. 7.6.45 Hogarth, R. N. .. Scot. Reg. 3.8.45
Driver, E. G. .. LT.R. 21.6.45 Lowrey, F. C. .. LT.R. 4.8.45
Mann, F. . H.C. Reg. 31.7.45 Bagnall, G. W . L.L.TR 31.8.45
Resignations
Name Region Date Name Region Date
Insp. Insp.—continued.
Rogers, F. E. .. . E.-in-C.O. 10.8.45 Carter, W. A. E.-in-C.O. 31.8.45
. Deaths
Name Region Date \ Name Region Date
Chief Inspr. Inspr. -
Heenan, J. P. . Killed while Prisoner ! Riddle, H. .. S.W. Reg. 2.7.45
of War 14.445 | Thompson, W. H.S. LTR. 4845
Clerical Grades—Promotion
Name Region Date E Name Region Date
Prin. Clerk to Staff Conir. t
Ford, F. C. . E.-in-C.O. 9.745 |
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Junior Section Notes

Aberdeen Centre

The Annual General Meeting was held on Thursday,
May 24th, but the attendance was rather disappointing.
At the conclusion of the financial statement the election
of office bearers was proceeded with and resulted as
follows :(—

Chawman : Mr. D. S. C. Buchan.

Vice-Chairman : Mr. W, J. Cowie.

Hon. Secvetary and Treasuvey : Mr. S. D. F. Buchan.

Librartan : Mr. W. B. Davidson.

Committee : Messrs. D. F. M. Peters, N. Johnston,
J. L. McLachlan, J. R. Tulloch, J. P. McGregor,
J. Yule, C. L. Bannerman and J. A. W. Mann.

Auditors : Mr. C. P. Milne and Mr. F. L. Dignan.

S.D. F. B.

Brighton Centre

A General Meeting was held at Brighton on June 13th
with the object of reforming the Local Centre, the
activities of which had been suspended with the out-
break of hostilities in 1939. As a result of this meeting,
which was very well attended, the following Officers
were elected :—

Chaivman : K. W. Chandler.
Tyeasurer : F. G. Anderson.
Secretary : G. ]. Pearce.

A Committee was also elected and the gratifying
result of their keenness is a membership of approxi-
mately one hundred to date.

The programme for the first half of the Winter Session
has been arranged in the following manner :—

October 3rd.—* Traffic Problems,” G. Calcutt.

November 7th.—
Huggins.

December 5th.—‘“Automatics—Past, Present and
Future,” E. J. T. Hitchen. G. J. P

“ U.G. Maintenance,” H. E. J.

_ Dundee Centre
With the approach of normal conditions and the
welcome return of our serving members the Dundee
Centre look forward to a happy and successful session
during 1945-46.
An interesting programme has been arranged :
September.—** House Exchange System,” Mr. N.
Chalmers.
October.— Power,”” Mr. J. M. Milne.
November.—* Amplification,” Mr. D. E. Kinnear.
December.—Film Show. D. A B.

Sheffield Centre
, The Sheffield Junior Section of the I.P.O.E.E. was
revived on January 24th, 1945, and now has a member-
ship of over 70.
The following programme has been arranged for the
first half of the 1945/46 session :(—
September 7th.—M.O.I. Film Show.
September 21st.—"' V.F. Telegraphy,” H. S. Beddoes.
October 5th.—""P.M.B.X.1.A.,”” F. Sellars.
October 19th.— House Exchange System,” N. J. R.
Hocker.
November 2nd.—Film Show.
November 16th.—‘‘ Photography,” W. C. Boston.
December 7th.—'“ Outline of Carrier Telephony,”
G. E. Richardson.
December 21st.—Pie Supper and Social Evening.
T.O.R.
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for binding for Vols. 1-19 should indicate whether the
original binding case with black lettering, or the later
pattern with gold, is required. Cases with gold lettering
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