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Ray Oscilloscope

The author describes the design and construction of an oscilloscope of the minimum dimensions consistent with a reasoeable and

accurate display, baving a test axis sensitivity of from 2 cm./V to 0-04 cm./V with a frequency range from zero to 200 kc/s, a stable,

linear time base deflection over a range of I c/s to 10 kc/s with independent amplitude control and shift controls on both axes
operating independently of the input giving shifts of - 2 cm. from the screen centre.

Introduction.

: HE design and construction of the cathode
I ray oscillograph equipment to be described
was undertaken more than three years ago.

At that time there was not available on the com-
mercial market any equipment which satisfied all the
requirements for use in the laboratory or field, as
listed below. Even to-day commercial equipment falls

considerably short of most of the requirements.

During these three years equipment of the type
described, with some slight modifications, has been
continuously in use both in the laboratory and field
with complete satisfaction. For investigations
requiring knowledge of waveforms, apparatus of this
type is wellnigh essential. Furthermore, if designed
and constructed with a view to accuracy of reproduc-
tion and an individual calibration supplied, it can
replace many of the more common measuring
instruments to a sufficient degree of accuracy.

Up to the present time, the equipment has been
largely used in the laboratory on development work
in connection with two-frequency and direct current
signalling. It has also been used in the field for rapid
fault location on voice frequency circuits, and the
success attending this use has led to the demand for
equipment of this type at Zone and Group centres.
There is little doubt that the proper transmission and
reception of impulses of any type and over any form
of medium will be greatly facilitated by the use of
this equipment.

General Design Requirements.

Experience - with several forms of commerc1al
equipment showed that they suffered from one or
more of the following defects :—The size and weight
were too great, the control of the oscillogram was
insufficient, the reproduction accuracy was bad for
large dlsplays, the operation on direct current was

nil or only obtainable at a reduced sensitivity, and

there was no attempt at calibration.
The following points in the present design there-
fore received special attention :—

(1) The oscillograph unit to have the minimum
dimensions, so that the bench area used was

similar to a 6-in. scale meter. The screen to be
tilted conveniently for viewing, and the
terminals to be easily accessible.

(2) Freedom from all normal forms of oscillograph
distortion, such as origin, trapezium ' and
defocusing distortions. The deflection to be
linear over the screen at least on a visual basis.

(3) The deflectional sensitivity to be the same for
D.C. and A.C. inputs, and controllable over a
wide range on a logarithmic basis by a single
variable, The maximum sensitivity to be ¢f
the order of 2 cm. deflection for 1 V input.

(4) Provision of shift controls for both vertical and
horizontal axes, entirely independent of the
input and having no delay in operation. The
design to be such that no matter how the shift
and gain controls are set, no non-linear distor-
tion due to overloading appears on the screen.

(5) Elimination of all spurious forms of pick-up
derived from the apparatus itself, such as mains
frequency deflection or spot modulation at any
frequency. Direct pick-up of electrostatic or
electromagnetic fields from nearby apparatus
under any adjustment conditions to be
minimised.

(6)  Provision of a linear time base deflection with
a sweep frequency range from 1 c/s up to at
least 10,000 c/s.

The Osciblograph Tube.

At the time when this design was formulated, a
commercial tube having a 3-in. diameter screen
became available*, having a length of 6} in., a high
vacuum, and electrostatic deflection by two pairs of

¢ This type of tube has now been withdrawn from pro-
ducsion owing to Service production standardisation. It has
been replaced by a tube (VCR 139A) having substantially
the same electrical characteristics but with a much larger
base and a length of 8 in. Fortunately the screen diameter
is the same, and owing to the intentional recession of the
original tube behind the front panel, the increased length
could be accommodated. An advantage is that the sensitivity
of both pairs of plates is now the same and equal to the
% reater value for the original tube, namely 17/E cm. per volt
etween the plates,
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deflection piates all individually terminated. The
.spot diameter was very small (about 0-5 mm.),
compared favourably with gas-focused tubes, and its
brilliance was also comparable for anode voltages of
reasonable magnitude (300-800V). The screen was
much flatter than usual so that despite the smaller
diameter the reproduction over the whole screen was
as good as for the usable portions of higher diameter
tubes. The diameter to length ratio was 0-48, which
is nearly as good as for the more modern" magnetlcally
deflected television tube.

Being of the high vacuum type it did not suffer
from origin distortion, although trapezium and
defocusing distortion were bad when used with an
asymmetrical deflection plate voltage. When used
with symmetrical voltages (i.e. push-pull with
respect to the final anode) neither trapezium nor
defocusing distortion was apparent, the deflections
on each axis were linear over the whole screen, and
*“ pin cushion "’ effects were not marked.

This tube satisfied all the requirements and parti-
cularly those of dimensions, since this factor always
sets the limit to the whole oscillograph unit.

The focusing of this tube is obtained by adjustment
of the voltage of the focusing element (known as the
first anode) between limits of 140 and 200V with
respect to the cathode. Spot brilliance can be varied
by control of the grid voltage between 0 and —30 V
with respect to the cathode. Other things being
equal, however, the intrinsic spot brilliance is a
function of the cathode current, which is propor-
tional to the final anode voltage, as for a thermionic
valve. The deflectional sensitivity of the plates is
inversely proportional to the final anode voltage,
however, so that a compromise between the two must
be effected. In view of the fact that the apparatus
was for use in surroundings where there would be
normal lighting, it was thought better to err on the
side of spot brilliance, so that a final anode voltage
of 700 was used. The sensitivity of the plates is then
12/E and 17/E cm. per volt between the plates
respectively, i.e. 0-17 and 0-24 mm./volt where E is
the final anode voltage of 700. The heater rating is
4VatlA.

The Amplifiers.

Freedom from tube distortion can be provided only
by applying equal and opposite voltages to a pair of
deflection plates. This infers a push-pull type of
amplifier, with a reasonable degree of feedback to
ensure linearity over the screen on a visual basis.

The deflectional sensitivity requirement can be
met only by having a direct-coupled amplifier, i.e. no
intentional reactive impedances. Although this
demand makes the amplifier design unusual, it
facilitates the layout in a compact form, since all the

coupling impedances can be small composition

resistances. As an input transformer cannot be used
and one of the test points may have a low impedance
to the amplifier supply voltage (i.e. between earth
and chassis, for instance), it follows that the input to
the amplifiers must be asymmetric. Consequently
the push-pull effect must be obtained by a phase
reversing value of unity gain (i.e. a paraphase valve
stage).
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The fourth requirement regarding the shift control
can be met only by alteration of the anode potentials
of the amplifier, since the deflection plates will be
directly connected thereto. To maintain the require-
ment of equal and opposite plate voltages, such anode
potential variations must also be equal and opposite.
In addition it is desirable that these variations shall
be accomplished entirely within the anode circuits,
and without alteration of the steady anode currents,
as otherwise the operating conditions of the grid
circuits will be affected and will require primary
consideration from this viewpoint. For instance, the
use of a variable D.C. input (obtained from the supply
busbars) as a shift control was discarded for the

_following reasons :—

(a) The input grid circuit would have a variable
impedance due to the inclusion of the shift
control ;

(6) The shift effect might alter with the gain
control setting ; and

() The potential of the test terminals might be
variable with respect to the chassis, so that the
common connection of the earthmg terminals
of the X and Y deflections could not be effected
when necessary.

It follows that the push-pull valves must be of
pentode type, since this is the only type which permits
large changes in the steady anode potential without
change of anode current, and the equal and opposite
steady anode potential changes for shift purposes
must be obtained by equal and opposite changesin the
anode resistances.

If a single anode/screen supply voltage is desired,
on the grounds of economy in design, and the ampli-
fier is to be direct coupled, then not more than one
amplifying valve per plate can be used. The order of
gain required can be computed from the third
requirement. Using the most sensitive axis of the
original tube, the required 2 cm. deflection for 1V
input will need 83 V between plates, which will be
shared equally by each plate. Hence the gain per
plate or anode will need to be about 42.

The general form of the deflection amplifier is now
clear. It will consist of two pentode valves, having
direct couplings to the plates and input, functioning
as a paraphase amplifier with resistive impedances
throughout, a gain per valve of about 40, with a
shift control consisting of equal and opposite varia-
tions of the anode resistances. The next section will
describe the specific circuit used.

So that both axes may be used under similar
conditions of sensitivity if required, and to permit
the expansion of the display on the time axis when the
time base is used, it was considered desirable that
similar amplifiers should be provided for both
deflectional axes.

Description cf the Amplifier Circuit.

Fig. 1 shows the circuit using two pentode valves
V1 and V2 whose anodes are connected directly to the
deflection plates D1 and D2 of a given axis. The
asymmetric input is applied to the grid of V1 via the
series variable resistance Ry and shunt resistance



Ry,. The grid circuit of V2 is fed in paraphase
manner from the anode of V1 via the potentiometer
Ry, R,. The ratio of this potentiometer. from anode
to grid is the reciprocal of the gain of V1, so that
owing to the phase inversion due to VI, the.grid

input to V2is equal to that of V1, but of reversed sign.’

Hence, assuming that the two valve circuits are
identical, the anode voltage changes due to an input
will be equal and opposite.

——— +400V.
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The anode and screen current changes will also be
equal and opposite, so that their sum is constant.
Thus the steady voltage on a common resistance, such
as Rg, will not vary with the input. It is therefore
permissible to use this voltage to neutralise the
inevitable steady D.C. voltage obtained from R, of the
coupling potentiometer, so that the nominal operating
conditions of the grid circuits of the valves are the
same. Furthermore, the larger the gain of V1, the
less will be the degree of neutralisation required and
the less will be the wastage of the supply voltage
incurred by Ry. Tt is the use of these mutually
favourable circumstances which permitted the econo-
mical and simple design of this amplifier.

The voltage on a common screen resistance such as
R; will also be independent of the input, so that any
value of steady screen voltage can be used, and this
also facilitates the design of the amplifier for the
necessary gain.

The anode resistances R, and R, are nominally
equal but are comprised in part by a potentiometer,
to the arm of which is connected the positive pole of
the supply. Movement of the arm permits the steady
anode potentials to be altered by equal and opposite
amounts from normal, and thus provides a means of
shifting the display at will. Such movement does
not materially alter the overall gain or the anode
currents, so that the display is not otherwise affected.
This is strictly true only if the coupling between the
valves is removed and they are fed with a push-pull
input, but it can easily be shown that for a shift of the
order of + 2 cm., alterations of gain or anode currents
are relatively immaterial in the present circuit.

The cathode resistances R, and R, are also equal
and serve the dual purpose of bxasmg the valves and
providing the only admissible form of feedback.

It will" be noticed that the ‘‘ earthy '’ lead of the
input is not connected to chassis, and for this reason
the chassis is not earthed. This is inevitable if

neutralisation of the unwanted positive grid voltage
on R, is to be effective, but as R, only sustains a small
constant D.C. voltage no il effect results. Other
methods of neutralisation, dispensing with Ry are
possible, but not so convenient.

The input gain control is of somewhat unusual
type, in that the grid voltage across R,q is varied by .
a series resistance Ry This type of control was
adopted instead of the more conventional potentio-
meter of constant total resistance, for several reasons.
It maintains the grid impedance of V1 more constant
with different gain settings and hencc permits the
reduction -of unwanted pick-up from surrounding
fields, by careful positioning of R, in conjunction
with the grid input impedance R, of V2. It also
ensures the highest input impedance of the circuit,
consistent with sensitivity. Hence R, has been
made 100,000 Q and R, is of the same order. This
value is restricted by the magnitude of the pick-up,
and by the availability of a convenient series variable
resistance for Ry to give an adequately large range of
gain control. Using a 5 megohm variable for Ry, a
50 : 1 range is obtained which is adequate for most
purposes ; extermal resistances can be used for
extending the range. This control is made approxi-
mately logarithmic in action, to facilitate setting at
around the maximum sensitivity.

This type of control has been found in practice to
fit in with normal requirements, since the investiga-
tion of low voltages.requiring the maximum gain is
nearly always carried out across circuits possessing
a low impedance, and vice-versa.

The amplifiers have been designed on somewhat
novel lines, known as the limiting gain principle, by
which method the operating conditions are clearly
and simply estaBlished without specific knowledge
of the values of the circuit parameters. For instance,
the choice of suitable valves becomes entirely one of
balancing excessive steady current drain against
improved high frequency response. In this con-
nection the design covers a range of 0 to 200,000 c/s,
with a maximum deviation of 3 db. at the highest
frequency, for a current drain of only 4 mA for each
of the deflection axis amplifiers.

Description ¢f the Time Base Circuit.

The requirements of this circuit are that it shall
generate a waveform which has a constant slope with
time (i.e. is linear) for the major portion of a cycle, an
amplitude independent of the cyclic time (or speed),
and a frequency variable over a range of 1 to at least
10,000 c¢/s. The frequency must also b€ stable at any
setting with supply voltage and valve changes, and
easily controlled.

Fig. 2 shows the form of this circuit, which employs
two valves V1 and V2, the former being a gas-filled
triode. The required waveform is obtained from the
voltage across the condenser C, which is charged from
the positive busbar via V2 at a constant current i.
The pentode valve V2 exhibits a constant current
anode characteristic for changes in anode voltage
produced by the charging of C, this effect being
enhanced by the large degree of current feedback
produced by the cathode resistance R;. Ry is a
small resistance whose effect on the charging action is
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negligible. The gas valve VI has a large negative
bias on its grid produced by the voltage drop on R,,
with respect to the positive busbar. Hence it remains
non-conducting while C is charging, until the anode/
cathode potential due to the voltage on C is nearly
equal to the grid bias on R,. When this occurs V1

+400v.
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conducts and remains so until it has discharged C to'a
voltage below the ionisation voltage of the gas filling.
V1 then ceases to conduct and the charging function
resumes control of the voltage on C. In the con-
ducting function of V1, the anode/cathode path
resembles a battery in characteristics, so that the
time taken to discharge C is dependent as regards
time constant, only on the external circuit resistance,
as is also the discharge current. Although the
minimum of discharge time is desired, so that the
‘“ flyback '* of the spot on the cathode ray tube screen
shall be imperceptible, yet the maximum discharge
current must be limited to avoid unduly rapid destruc-
tion of the cathode material of V1. Resistance Ry is
inserted to perform this function. The time base
deflection voltage across C is applied to the X axis
amplifier via condenser K, since it is desired that
the deflection shall be equally positive and negative
with respect to the negative busbar. R;, limits the
maximum amplitude which can be applied to the X
amplifier, to a value giving approximately one-third
of the screen diameter with minimum gain setting.
A large voltage is necessary across C to reduce to
negligible proportions the inevitable leakage of 50 cfs
ripple from the supply voltage busbars via the con-
denser C, especially when the latter is large in value.

It is also desirable that the voltage on C shall be
large, because the maximum stability against varia-
tions in VI is then obtained. These variations are
(a) the discharge voltage drop of about 20 V, and ()
variations in the control ratio or g of the valve.
As regards (b) it can be shown that the anode/cathode
voltage at which the valve will ‘strike”’ is pf(pn + 1)
times the voltage drop on Ry, so that provided u is
large, variations will produce negligible effect. The
grid/cathode circuit of V1 is in fact a form of cathode
follower as is shown by the above familiar ratio. To
all intents and purposes, therefore, the voltage
amplitude on C is determined solely by the voltage
drop on R,.

The rate at which C charges is determined by the
value of the current i, if the amplitude is fixed. The
frequency will be proportional to i and by con-
trolling the current, it may be altered within limits.
This control is brought about by simultaneous
variation of the positive voltages E and pE applied
to screen and control grids respectively, in order that
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a maximum of anode current shall be obtained at
any setting, without incurring the possibility of grid
current at the higher settings, which would reduce
the linearity of the waveform. The upper and lower
limits are fixed by R, and R;, the whole being fed

" from the same supply busbars as for the amplifiers,

so that R, gives a range of anode currents of at least
10: 1. Tf]e variation of the charge current i with the
fine speed control (Rg) is linear, and constitutes a
decade range. Four condensers C are fitted and
selected by a switch known as the coarse speed
control, each of which is one-tenth of the capacitance
of the preceding one. In this manner a speed (i.e.
frequency range) of 1 to 10,000 c/s can be covered.

It will be noticed that at any given setting of R,
the time base frequency is substantially independent
of the supply busbar voltage ; for the charge current
i is proportional to the supply voltage, but so is the
voltage at which V1 conducts (i.e. the bias on R,).
Since the charging is linear with time then the
frequency is given by f=1i/CV which becomes
proportional to 1/C only, with this circuit. This
stability is of great importance in the investigation
of waveforms.

It is possible to fit a simple synchronising control,
operated by a toggle switch, and consisting of a
resistance joined between one of the Y deflection
amplifier anodes and the grid of V1. This control,
which is not affected by the gain setting, neither does
it affect the input impedance, enables normal displays
of from 0-2 cm. peak deflection upwards to lock the
time base frequency, and hence to give a gfationary
picture.

The Power Pack
Arrangements.

It can be shown that the relationship between the
amplifier supply and tube voltages can have a
minimum ratio of 0-5 with this type of amplifier
circuit, and advantage was taken to design a simple
power pack on the voltage doubler principle, needing
only one high voltage secondary winding Hs, on the
mains transformer, as shown in Fig. 3. To avoid
defocusing, the potential of the second anode A2
must be the same as the deflection plates, with no
input, and this is provided by the potential drop on
R,. Adjustment of the potential of Al at around one-
fifth. of the potential on A2 by R,, provides
the means of focusing the spot on the screen. The

+400v.
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Cracked Film Type.

One of the methods of production consists of
feeding the insulating rod (usually ceramic) through
a carborising furmnace in a controlled atmosphere.
The atmosphere might be a mixture of one of the
hydro-carbon groups such as benzine and oxygen
at an elevated temperature. This process allows the
rods to become coated with a grey carbonaceous
mediuin and the resistor so produced is known as a
cracked carbon type, in view of the breakdown of the
carborising vapours. The target of ohmic value of
the unit so produced immediately after the furnace
operation must always be lower than the required
final ohmic value since subsequent operations allow
for the cutting of spiral tracks of varying pitch
which increase the length of of the resistance track
from one end of the tube to the other. Terminal
connection is made usually by cap and connection
lead in a similar way to that described earlier on the
solid carbon rod types.

Synthetic Coated Type.

The process employed in the production of the
synthetic coated type consists essentially’ of
mixing prepared carbon blacks and other solutions
in a wet form and the resultant ‘“ paint ”’ is then
applied to the insulating rod by spraying or dipping
and baked at an even temperature. Adjustment of
this film can be made by cutting spiral grooves as
described above, but it also can be controlled within
certain limits by wvariations in the basic coating
material.

It is usual in both types to add an additional low
resistance contact material to the ends of these
resistors before making the cap connections to
ensure a good contact to the terminals.

Both types of units are then painted for standard
colour code or coated in a grey synthetic enamel
with the resistance ‘value stamped on the outside
of the body.

GENERAL.
Stability.

Although a careful control on quality of production
is exercised at all stages of manufacture, it must not
be overlooked that the stability of the final product
depends ultimately upon the contact resistance of
carbon particles, which as all telephone engineers
are aware from their experience with microphones
and lightning arrestors, to mention only two examples,
is inherently unstable. In view of the ‘variations
in voltage, temperature, and humidity in which
these resistors are sometimes expected to operate
it is essential to allow some margin- to cover this
inherent instability. Under ordinary working con-
ditions it is fairly safe to assume that the drift from
the manufactured value will not exceed 5%, but a

10% margin will cover all possible known and un-

known variations.

Preferred Values.

It will be evident from the foregoing that the
manufacturing processes involved lend themselves
particularly to bulk production methods but these
methods can be employed effectively only if the
users of the resistors restrict their demands to a
limited number of different values. As already
stated the large majority of requirements are for
use with thermionic valves where the resistance
value is not at all critical. The use of an arbitrary
range of resistance value therefore should not restrict
unduly the communication engineer in the develop-
ment of new circuits and facilities.

The Service Ministries and the Post Office have
now agreed as a war time measure to three arbitrary

ranges of resistance values and tolerances as detailed
in the. following table :—

PREFERRED LiIsT OF RESISTANCE VALUES.

|
£ 20% Tolerance | £10% Tolerance | &4 5% Tolerance

10 ' 10 10 36

15 12 11 39
22 : 15 12 43
33 18 13 47
47 22 15 51
68 27 16 56
100 33 18 62
39 - 20 68
etc. x10, 102 ‘ 47 22 75
103, 104, 105, | 56 24 82
68 27 91
82 30 100
100 33
etc. x10, 102, etc. x10, 102,
108, 104, 105, 103, 104, 1068,

The + 209, tolerance range should cover nearly
all normal requirements. Where intermediate values
are essential the -+ 109, tolerance range is available.

Manufacturers are also prepared to produce for
special purposes resistance values in the -+ 59%,
tolerance range but in these cases prior technical
approval by the appropriate Supply Department
design authority is necessary. The limitations of

‘carbon resistors as regards stability should however

be closely considered before resistors in this range
are specified.

Conclusion. .
In conclusion the author would like to record his
thanks to Erie Resistor Ltd., the Mullard Wireless

" Service Co., Ltd., and the Morgan Crucible Co., Ltd.,

for kindly supplying information and illustrations.




Modifications to the Automatic Power

Supply Changeover Equipment at King
Edward Building Substation

UD.C. 6213165 621.311.8 : 621.395.8

J. B. MURRAY,
B.Sc. (Eng.) A.M.I.E.E.

Difficulties experienced with the original change-over equipment are discussed and the new circuit is described. Some
notes on the operation of oil circuit-breakers are included.

Introduction.

r I “HE high voltage substation in King Edward
building, London, which forms the intake point
“for the duplicate power supplies for various
P.O. buildings and the P.O. (London) Railway, was
. described in an earlier article.! Briefly to recapitulate,
the two supplies are led into the building at 11,000 V
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F16. 1.—ScHEMATIC DIAGRAM OF MAIN POWER SUPPLY
DISTRIBUTION.

and transformed to 6,600V by the Supply
Authorities’ equipment, and are metered and dis-
tributed over the P.O. feeders at the lower voltage.
These feeders are supplied from three independent
distribution switchboards, each of which can take its

AUXILIARY
CONTACTS
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' MAIN $

CONTACTS

supply synchronous machinery and the third static
plant. This separation was made so that the time
interval between the failure and the restoration of
the supply could be suited to the different types of
plant. For instance, the supply to the static equip-
ment—which is for the most part lighting—can be
restored as quickly as the circuit-breakerswill operate,
and in practice the delay is reduced to about 5 seconds.
The two automatic oil circuit-breakers on each
distribution board are solenoid-operated and
interlocked mechanically and electrically so that only
one can be closed at a time. The closing circuits are
arranged so that in the event of the supply connected
to the closed circuit-breaker failing, this circuit-
breaker would be tripped and the other one would be
closed after a predetermined time interval. This
Process is reversible and continues so long as at least
one incoming supply is alive.

Tke Osl Circuit-Breakers.

In this present article the operation of the original
operating circuit for these automatic oil circuit-
breakers will be discussed, together with the con-
siderations which led to this circuit being replaced
by one with differing characteristics. Before this is
done, however, a digression will be made to explain
the operation of oil circuit-breaker mechanisms and
the precautions that dre necessary when they are
adapted to solenoid operation. Fig. 2(a), (b) and (c)
are single-line diagrams of a typical circuit-breaker
mechanism and are intended to illustrate the mech-
anical details of the closing and tripping mechanisms.

Fi1c. 2.—OPERATING MEcHANISM OF O1L CircuiT-BREAKER

(a) SET. (b) CLOSED. (c) TRIPPED.

supply from either of the incoming supplies via one
of a pair of automatic oil circuit-breakers, as shown
in Fig. 1. Two of the distribution switchboards

A and B are toggles which are held slightly over dead
centre by projections on the two arms and by a fixed
stop respectively.

Fig. 2{a) indicates the mechanismin the set position,
i.e. main contacts open and toggle A in the rigid

\P.0.E.E.j. Vol, 21 p. 225 -
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position ready for closing. To close the circuit-
breaker the solenoid C is energised.  This lifts the
plunger and moves toggle B over to the rigid position;
where it is held, as shown in Fig. 2(d), by the thrust
of spring D. The mechanism is self-sustaining in

this position, and there is therefore no necessity for °

the solenoid to remain energised. Its circuit is
broken, as will be explained later, when the main
contacts are in their fully closed position., When
the trip bar E is raised to the position '
shown in Fig. 2(c) the toggle A is
pushed over dead centre from its rigid
position and is broken. The spring D is
then unopposed and the main contacts
return to the open position, Fig. 2(c). It
will be observed that the raising of the
trip bar E will break the toggle A even
when the closing stroke is incomplete
.and irrespective of the position, in the
closing stroke, that the mechanism may
have reached. The mechanism is there-
fore defined as ‘‘ trip free.”” When over-
current tripping is required the trip bar
is raised to the tripping position by a
solenoid, energised either directly from
current transformers in the main circuit
or from a battery through contacts of a relay operated
from these current transformers. Direct under-
voltage tripping is obtained by energising a solenoid
from a potential transformer and arranging that this
solenoid restrains a spring or weight-operated device
from raising the trip bar. When the mechanism has

been tripped, as in Fig. 2(c), the retaining thrust is

removed from toggle B. The closing solenoid plunger
is thus allowed to drop to its original position and,
providing the trip bar has returned to normal, the
toggle A resets in its rigid position.

As stated above, the.closing solenoid is de-energised
when the main contacts are closed. This cannot be
done by a simple auxiliary contact connected directly
to the circuit-breaker and arranged to open on the last
closing movement of the main contacts. The reason
will be apparent if the sequence of events is considered
when the closing solenoid is energised and a fault
exists in thc main circuit of sufficicnt magnitude to
operate the tripping mechanism, or when for some
reason toggle B fails to remain in the rigid position
shown in Fig. 2(b). It will be seen that the solenoid
will repeatedly close the circuit-breaker and will
continue to do so until the mechanism or the main
contacts break down. In the case where a fault
existed, the result would probably be disastrous.
The method adopted in the Reyrolle circuit-breakers
that are used in this substation is shown diagram-
matically in Fig. 2. Relay EHO or FHO has its
winding energised when the closing solenoid is ener-
gised, The air gap of this relay is too great to allow
sufficient flux to be produced to attract the armature
when it is in its open position. =~ When the circuit-
breaker is closed, part of the mechanism is arranged
to reduce mechanically this air gap so that the arma-
ture then pulls up and remains closed so long as
relay EHO or FHO is energised. The contacts on this
relay open the closing solenoid circuit without affecting
the relay circuit, and thus if the circuit-breaker is

tripped while the closing solenoid circuit is still
complete external to the circuit-breaker, it is not
reclosed. A reference to the circuit diagram in Fig. 3,
which will now be explained, will make this clear.

Automatic Change-over Cireuil.

Fig. 3 is the diagram of the automatic change over
circuit that was originally installed and is drawn with
the various contacts in the position they take up when

+ BATT.
(220v)

{eoTu |FoTer
&)

) fFvjR3

ENOI F HO!1

— BATT.

Fi1G. 3.~ SCcHEMATIC DI1AGRAM OF AUTOMATIC CHANGE-OVER CIRCUIT

AS INSTALLED ORIGINAILLY,

the relay coil is upenergised or the circuit-breaker
is open.

The letter E or F included in the relay description
indicates the circuit-breaker with which it is
associated.

The overcurrent tripping of the circuit-breakers is
by direct-acting solenoids with oil dash-pot time lags,
and the wiring of these is not shown. The coils
EUV and FUV are the direct acting under-voltage
trips also fitted with oil dash-pot time lags. The
relays EVR and FVR are connected in parallel with
the EUV and FUYV coils and operate without time
lag, contacts on these relays being arranged as
interlocks to ensure that only one VR relay and its
associated UV coil can be energised at any one time.
The relays EDTL and FDTL are of the induction
disc type. They are fast to release and operate with
a delay which is adjustable from 1 to 10 seconds
or from 10 to 60 scconds according to the distribution
switchboard concerned. These relays, which start to
operate on the operation of EVR or FVR, are used
to provide the time delay between the failure of one
supply and the cldsing of the circuit-breaker on to
the other supply. The completion of the operation
of EDTL or FDTL operates the contactor ECC or
FCC, which controls the heavy current circuit of
the appropriate closing solenoid EC or FC. EA1 and
FAl are auxiliary contacts on the circuit-breakers
(see Fig. 2) which in this circuit provide the electrical
interlock to prevent both breakers being closed at
the same time. The purpose of the relays EHO and
FHO has already been explained. It will be noted
that the contacts of these relays are, in practice,
connected in the circuits of the auxiliary contactors
‘and not in the main circuit of the closing solenoids,
as was stated earlier. It will also be noted that when
a voltage failure occurs the release of the VR and DTL
relays on the closed circuit-breaker allows the HO re-
lay to reset as soon as this circuit-breaker is tripped.

11



Circust Limitations.

Experiences with this circuit indicated the following
points :

(1) A voltage surge lasting up to about 2 seconds
may operate the undervoltage releases on motor
starters, etc., but it is unnecessary to.change over
the supplies for failures of this duration. Referring
again to Fig. 3, it will be observed that, supposing
circuit-breaker E ‘to be closed, a voltage failure need
last only while EVR releases and FVR operates—-a
period measured in- milliseconds only—to ensure
that the changeover takes place.

(2) Theactual interval between the opcning of one

circuit-breaker and the closing of the other depends
upon the difference between the timing periods of the
DTL and UV relays. The timing mechanism of the
latter is not of a type which admits of accurate setting,
and cases have occurred in use when the UV timing
period exceeded that of the DTL relay. Under these
circumstances the incoming circuit-breaker was closed
by the operation of contact Al on the opening breaker
and the changeover was instantaneous. "As the two
supplies ‘were not in general in phase this usually
resulted in a flash-over on the rotary convertors or
other synchronous machinery when it occurred in
conjunction with the circumstances stated under (1).

(3) The circuit arrangements are such that at no
time is it safe to interfere with the VR relay on the
open or the closed circuit-breaker without risk of
tripping the latter, and maintenance of these relays
was therefore extremely difficult.

(4) The occurrence of a fault in the zone protected
by the automatic oil circuit-breakers, i.e. the busbars
and connections of the distributing switchboards,
would undoubtedly cause a voltage drop during the
period taken for the circuit-breaker concerned to trip.
The result of this would be that although the circuit-
breaker would be tripped by the operation of its
overcurrent release the voltage relay might also fall
off and initiate the sequence of events for closing
the other circuit-breaker, which would then close on
to the fault, trip and probably initiate the reclosing
of the first circuit-breaker. This process might
continue until the voltage and currents surges set up
tripped the backing-up circuit-breakers on the Supply
Authority’s switchboard.

" Considerations in Redesign (f Changeover Circuit.

The circumstances detailed under (4) above have
never occurred in practice and those under the other
headings have occurred only on rare occasions for
the most part during the test ‘operations which are
maderegularly at monthly intervals. However, since
the whole object of installing the automatic apparatus
was to ensure certainty of the changeover operations
under all circumstances together with all possible
safeguards for the continuity of this important supply,
it was considered advisable to redesign the equipment
to accord with more recent practice. Analysis of the
circuit indicated that the troubles experienced under
(1), (2) and (3) above were caused because the failure
of the voltage on the potential transformer of the
closed circuit-breaker actually initiated two separate
sequences of operations—the first to trip the closed
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circuit-breaker and the second to close the other—
each of which proceeded independently of the other,
the only safeguard being the auxiliary contacts EAl
and FA1, which ensured that only one circuit-breaker
could bhe closed at a time. The basic circuit of the
equipment was therefore modified to that shown in
Fig. 4, from which it will be observed that the timing -

py

by
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17X FA3
OPERATES OPERATES
AFTER TIME AFTER TIME
DELAY TO DELAY TO

TRIP E CLOSE F

Fic. 4.—Basic CIRCUITS OF REDESIGNED CHANGE-OVER
EQUIPMENT.

period for the closing of the second circuit-breaker
does not commence until the first circuit-breaker
has completed its opening movement.

Direct operating overcurrent releases were replaced
by a relay of the induction disc type, which gave
overcurrent and earth leakage protection with an
operation delay which had a definite minimum value
and varied inversely with the magnitude of the-
current. This characteristic was required to give
improved discrimination between the various circuit-
breakers under fault conditions. This relay trips the
circuit-breaker via a battery-operated solenoid. The

-same solenoid is used for tripping on under-voltage.

The other main points that were considered in

redesigning the circuit were the following :—

(a) Fur maintenance reasons all relays, except -of
course the voltage relay connected to the supply
in use, should be safe to handle and operate at
all times, except when changeover is taking
place, without risk of tripping the circuit
breaker.

(6) As a corollary to (a) and as a. measure of
economy, all relays should as far as possible
be unenergised in the normal state of the
circuit. .

(¢) Auxiliary contacts on the circuit-breakers are
considerably more robust and are less likely to
develop faults than the contacts of the best
designed relays, and for this reason preference
is given to the former throughout the circuit.

(@) On no occasion is it necessary to trip or to
close both circuit-breakers at the same time,
and it is therefore possible to use one timing
relay for each purpose which is common to both
circuit-breakers. By, doing this, two relays,
which are of the induction disc type and com-
paratively costly, can be dispensed with on
each switchboard.

Redesigned Changeover Circuil.

The circuit that was finally evolved is given in
Fig. 5. EV and FV are the voltage relays connected
to the appropriate potential transformers. They are
fast in operation and arranged to release at about



" of the circuit-breaker make.

65%, of the nominal supply voltage and to operate at
about 90%,. EOC and FOC are the over-current and
earth leakage relays. ET and FT are the solenoids
which operate the tripping mechanisms of the relative
circuit-breakers. EFL is fast to operate and is the
lock-out relay which renders the circuit inoperative
on operation of either OC relay. EFT and EFC are
the relays for timing the tripping and closing opera-
tions of the two circuit-breakers E and F. They have
the same characteristics as the EDTL and FDTL
relays in Fig. 3. The remainder of the relays, etc.,
have the same function as in Fig. 3.

interlock which only allows one circuit-breaker to be
closed at a time. Contact EV3 prevents FOCI
operating ET.

The operation of EOC by an over-current or earth
leakage trips circuit-breaker E through ET by means
of EOC1. At the same time EOC2 closes to operate
EFL, which via EFL1 opens the circuit to EFC and
prevents this latter relay operating when EA3 closes.
Thus under these conditions, ie. fault tripping, the
automatic changeover does not take place until EOC
is reset by hand.

The failure of the voltage of the supply to E causes
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FI1G.. 5. —ScHEMATIC DIAGRAM OF REDESIGNED CHANGE-OVER CIRCUIT,

The operation of this circuit will now be described.
Assume that initially the two circuit-breakers are
open, that EOC, FOC and hence EFL are not
operated and that there is no voltage on the two
potential transformers, EFC will therefore be operated
and EFC1 prepares the circuit for the operation of
ECC or FCC. 1If the supply to the circuit-breaker E
is now made alive EV will operate. EV4 will
complete the operating circuit of ECC to energise EC
via contact ECCl. EVb5 energises EHO, which
operates when circuit-breaker E closes. EV1 opens
to prevent FV operating when the supply to circuit-
breaker F is subsequently made alive. EV2 and
EV3 open but are not effective at this point. The
closing of circuit-breaker E operates the auxiliary
contacts. It should be pointed out here that the
normally open auxiliary contacts make before~—and
those normally closed, break after—the main contacts
EAl1 prepares the
circuit for the operation of EFT by EV2 when EV
releases. EA2 short-circuits FV1 to prevent inter-
ference with EV by this contact. EA3 is an inter-
locking contact to prevent the energising of FCC by
any means while circuit-breaker E is closed. EA4
prepares the tripping solenoid circuit and is included
to prevent the continuous operation of ET after the
circuit-breaker has tripped by the operation of EOC.
EAb opens to release EFC. It should be noted. that
with the circuit in this condition, as it normally is,
all relays except EV are unoperated and that any
relay can be operated manually without risk of
tripping the closed circuit-breaker with the exception
of EV and EOC, which are the controlling relays.
1he operation of FCC would not close circuit-breaker
F,since as an additional safeguard there is a mechanical

EV to relcasc. EVI completes the circuit for TV,
but at this stage the contacts of this relay do not
affect the circuit. EV2 completes the circuit for
EFT, which commences to time, and EV3 prepares
the circuit for EFT1 to operate ET to trip circuit-
breaker E. EV4 disconnects ECC from EFC1 and
EV5 de-energises EHO, so that it will release when
the circuit-breaker opens. Should the voltage on E
be restored before EFT finishes its timing period EV
reoperates, EFT is released and resets and the cu'cult
resumes its normal state. :

If the voltage on E is not restored EFT1 closes after
a period which can be adjusted from 0-3 seconds and
operates ET to trip the circuit-breaker. - When it
opens, EA2 opens the operating circuit of EV (since
FV1 is now open). [EAI releases EFT, EA3 prepares
the circuit for FCC and EA5 completes the circuit for
EFC, which commences.to time. After the timing
period, which is adjustable from 1-10 or 10-60 seconds,
EFCl1 closes to complete the operating circuit for
FCC, which energises FCvia FCC1 toclose thebreaker.
The circuit is .now in its normal state again except
that now the controls for circuit-breaker F are in

operation instead of those for E.
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Some Aspects of Crosstalk between

Unbalanced Circuits

U.D.C. 621.395.8

H. STANESBY, aAM.I.EE., and
E. W. AYERS, Bsc.

The authors discuss certain aspects of crosstalk between unbalanced circuits carrying radio-frequency currents. Particular
consideration is given to methods of terminating coaxial cables used for bay and panel wiring and to the influence of earth
connections on crosstalk.

Introduction.

HERE are, of course, many factors which

I may contribute to crosstalk between high-
frequency circuits. Although most of these
potential sources of trouble are well understood
and steps are taken to guard against them, this
does not appear to apply where terminal and earth
connections on unbalanced circuits are concerned.
Most of the high-frequency crosstalk experienced
when short lengths of light gauge coaxial cable are
used for panel or bay wiring is due to the method

of making the end connections rather than to the

cable itself. There is, therefore, little point in sub-
stituting better cable, where trouble is found, unless
care has already been taken to eliminate other
sources of coupling. This article will describe some
of the points that should be observed in making
coaxial cable connections, with special reference
to panel, bay and interbay wiring.

Preliminary Discussion.

Before describing some typical ways in which
crosstalk can arise, it will perhaps be helpful to
mention some facts about the high-frequency
behaviour of coaxial cables and the circuits in
which they may be used.

In a coaxial cable, the go and return currents in
core and sheath respectively, behave, generally
speaking, as if they attract each other. Without
going into details, this may be attributed to the
currents following paths which make the total

CENTRAL
CONDUCTOR

(a)

CO AND RETURN
CURRENTS IN
CENTRAL CONDUCTCAR
AND SHEATH
RESPECTIVELY

LURRENT DENSITY

[O)
CURRENT IN SHEATR
ONLY :

F16. 1.—DiSTRIBUTION OF CURRENT IN A COAXIAL CABLE.
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impedance a mmimum. The result is that the go
and return currents tend to flow on the outside”
of the core and the inside of the sheath, respectively,
and the current distribution in the conductors is
generally similar to that shown in Fig. 1 (a). If
the sheath were a perfect conductor all the return
current would flow on ‘its inner surface, and the
outside would remain an equipotential surface.
In practice, even on the cables used for panel and
bay wiring, this equipotential condition is approached
very closely. As an illustration the voltage drop
measured along the outside of the sheath of a length
of such cable, for a given current I flowing inside
the cable, is compared, below, with that across an
ordinary tag, and in an earth return circuit in a
steel mounting plate, carrying the same current I
in each case.

TaBLE 1

| Relative
. Voltage Drop

Conductor
100 kc/s ' 2 Mc/s

10 ft. of coaxial cable; sheath
carrying return current :—

With double-braided sheath 2 1
With single-braided sheath | 32 56
Tag (No. STA.36) commonly
used for interpanel and
interbay connections .. - 7 126

Stecl mounting plate, 19 ins.

by 5% ins. by % in. connec- )

tions on C/L, 18 ins. apart. 79 224

; ]

It may be thought that the impedance of 10 ft.
of cable sheath cannot possibly be less than that
of a tag! or a mounting ‘plate. This is quite true
if the sheath alone is considered. But the reason
for the small voltage drop along the outside of the
cable sheath is that the current flowing in the sheath
is a return current, equal and opposite to the go
current in the core ; it therefore flows almost entirely
on the inside of the sheath. If the-sheath current
were due to a source connected to the two ends of
the sheath, and there were therefore no equal and
opposite current in the central conductor, the current
would tend to flow on the outside as shown in Fig. 1 (8),
instead of the inside, and the voltage drop on the
outside of the sheath might well be 1,000 times as big.

When the central conductor of a length of coaxial
cable is carrying high-frequency currents the return

1 As normally used the inductance of a tag STA3S6,
approximately 14 ins. by & ins. by & in. is of the order of
001 uH, pevertheless this has a reactance of more than
0-1 ochm at 2 Mc/s.



currents are constrained to flow back in the sheath
even if an alternative, low impedance path is available.
This is emphasised by the results obtained in the
following experiment. A 30-yd. length of coaxial
cable, the outer conductor of which was covered
with insulating braid, was coiled on a drum. The
effective inductance and resistance at one end were
measured at 100 kc/s with the opposite end short-
circuited. The two ends of the sheath were then
placed in contact so that a direct path was available
for the return current, and the measurements were
repeated. The results are given below :(—

TaBLE 2
Series
Resistance | Inductance
Normal .. .. .. 2-17ohms | 12-9 pH
Change with sheath
shorted <0-0050ohm | +0-002 nH

It will be seen that.the inductance and resistance
" values are substantially the same for both con-
ditions, which indicates that the current path is not
changed when opposite ends of the sheath are put
directly in contact. At first sight it seems surprising
that the return current should still flow in the sheath
when there is an altermative path of virtually zero
impedance. The reason why it does is that the
current takes that path which makes the impedance
of the whole circuit a minimum ; when the current
returns in the sheath the complete cable circuit is
relatively non-inductive, whereas if it were to take
the direct path the go current would still low along
the central conductor and the whole circuit would
present a much larger inductive reactance.

The general remarks made on the tendency for
the return current to flow on the inside of the sheath,
and for the outside to remain an equipotential surface,
apply equally to any screen which totally encloses
the high potential side of a circuit. Screens will not
often be referred to explicitly in subsequent parts of
the article, but, in view of this similarity in behaviour,
statements made in respect of cable sheaths can
usually be taken to apply equally to screens.

Sources f Crosstalk.

Perhaps the most familiar causes of crosstalk are
magnetic and electric coupling, i.e. inductive and
capacitive coupling. It is not, however, proposed to
discuss the more obvious ways in which such couplings
can arise. Instead, attention will be drawn to
crosstalk which results from part of an incidental
voltage drop in one circuit being transferred to
another via earth connections, panel returns, etc.
It is not perhaps -generally realised how insidious
such crosstalk may be if proper precautions are
not taken, and that it may occur between circuits
which are not adjacent to each other.

It is nearly always desirable te tie the low potential
side of an unbalanced circuit down by an earth
connection at some point, as this provides a low
impedance path to ground for unwanted longitudinal

_currents and prevents them from raising the potential

of the whole circuit. Although earthing an unbalanced
circuit at both ends tends to increase certain types of
crosstalk, it is usually more convenient to do
this in practice. Unfortunately, the earthing of
unbalanced circuits sometimes induces engineers to
use single wire connections and earth or panel returns,
with bad results where crosstalk is concerned. In
considering the ways in which crosstalk may arise
in practice, those conditions will be studied first
where no earth return circuits are involved, either
intentionally or otherwise.

Minimum Crosstalk Conditions.

Consider two independent unbalanced circuits,
each comprising an unbroken length of coaxial
cable connecting a source to a load and, to make the
example clearer, let the cables follow roughly the
same path. It will be assumed that the earth con-
nections are taken directly to the cable sheath as

FiG. 2.—CABLE SHEATHS EARTHED [)IRECT.

shown in Fig. 2. From what has already been
written it should be clear that the return currents
will be carried almost entirely on the insides of
the appropriate cable sheaths. Consider what
happens in circuit 1. With no earth connections
a voltage drop of a certain value, although usually
very small, will be developed along the-outside of
the outer conductor. When the garth connections
are added this drop will not be reduced to zero,
owing to the impedance of the earth system between
the two connections. Part of the voltage drop that
remains will be applied to the sheath of the second
cable, via the common impedance between the earth
connections of one cable and those of the other,
and will give rise to a certain amount of crosstalk.
These conditions—where the go and return paths
are provided, respectively, by the inner and outer
conductors of a coaxial cable, earth connections are
made direct to the cable sheaths, and the sheaths
themselves are uninterrupted—are those which yield
least crosstalk.?

From this it appears that the comunon impedance
between the earth connections of one circuit and
those of the other is a source of coupling through
which energy is transferred. Although it is not the
only one it is normally by far the most important,
and is an essential factor in all the crosstalk con-
sidered here. Some common impedance is inevitable
when there are two earth connections to each circuit,
and it becomes greater the more nearly the two
circuits follow the same route. At the same time
unnecessary common impedance, due to the use
of very long earth wires shared by two or more circuits,
should be avoided.

2 The crosstalk can actually be made lower still by making
only one earth connection to each cable sheath, but this is
usually inconvenient, especially where circuit flexibility is
desired.
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Impedance in Series with Cable Sheath.

If the earth connections at either or- both ends of
a circuit are taken to points in the main current
path separated from the ends of the cable sheath
by a length of wire, or even a tag, crosstalk is likely
to be much worse. Consider that this occurs in an

F16. 3.—CABLE SHEATHS EARTHED VIA SERIES
IMPEDANCES.

interfering circuit, as shown in Fig. 3. For a given
return current the voltage drop between the earth
connections will be greater than before, as the data
quoted in Table 1 show, and the interfering E.M.F.
introduced in a second circuit via the earth connections
will be correspondingly increased. Reciprocity con-
siderations show that crosstalk from the second
circuit to the first will deteriorate to the same extent.
A moment’s thought will show that the use of wire
or tags in the low potential return side of-a circuit,
between the points at which earth connections are
made, will have a similar effect, no matter whether
it be at the ends of a length of coaxial cable, between
two lengths, or whether coaxial cable form part of
the circuit or not.

Using the term *“ crosstalk "’ in a special sense,
serious crosstalk may occur between different parts
of the same circuit when big level differences are
involved. A very simple case 1s illustrated in Fig. 4.

F1G. 4.—CR0SSTALK DUE TO LARGE LEVEL DIFFERENCES.

A source is shown connected to a load via a high
loss attenuator and, as usual, the circuit is earthed
at each end. A voltage drop due to the return
current in the input circuit will appear between
the points A and B. Since c is joined to A via the
earth connections, a voltage will appear between
c and B and give rise to crosstalk in the low level
part of the circuit. ¥f a high gain repeater were
substituted for the attenuator, crosstalk: might well
occur in the opposite direction.

To avoid crosstalk the unit at B should be enclosed
in a metal screen and each return path, between the
corresponding earth connection and the point at
which the low potential sides of the input and output
circuits are joined, should be made up of cable sheath
and screen, which together totally enclose the high
potential side of the circuit.

Earth Return Circuits.

Because the low potential side of an unbalanced
circuit is usually at, or near, earth potential, there
is a tendency to use earth return circuits in place
of separate return conductors, especially in panel
~ wiring. But unless special care is taken with them,
earth returns should be avoided.
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When earth returns are used in two or more
circuits on the same panel there is a likelihood of
spurious coupling because the return paths do not
usually” surround the corresponding go conductors

. completely, and so screen one from another.

Coaxial cable is often terminated on a tag block
raised some distance from the mounting plate,
and the shortest connection from panel to cable
sheath is usually several inches long. When an
earth return is used on the panel the connection
will carry the main return current and the voltage
drop along it will contribute, via the earth system,
to the voltage developed across the low potential
sides of other circuits. In other words the earth,
i.e. panel, connection will be made at a point in the
main circuit separated from the cable sheath by a
short length of wire, which will cause crosstalk in
the way described in the previous section. If earth
returns cannot be eliminated the trouble may be
mitigated by putting the cable sheath itself in direct
contact with the panel. Even so the possibility of
crosstalk within the panel will remain. .

At times some return current is allowed to flow
through an earth connection inadvertently. One
such case is illustrated in
Fig. 5. The primary wind- #,
ing of an output transformer u
introduces a high impedance
in the anode circuit of a:
valve; the secondary is
connected to an unbalanced
circuit earthed on one side.
If there is appreciable +
capacitance between the Fig. 5.—Circuir Conpition
high potential end of the LIKELY TO GIVE RISE TO
primary winding and any CrossTaLK.
part of the secondary, some of the high-
frequency current in the anode circuit will
flow through this capacitance, via part of the
secondary winding and the earth connection, back
to the cathode. The consequent voltage drop in
the earth wire is likely to give rise to crosstalk,
especially if this wire is used to earth several circuits.
The trouble may be cured, or at any rate. reduced,
by : (a) putting the low potential side of the secondary
circuit, namely the cable sheath, in direct contact
with the mounting plate, or (b) using a capacitance
screen between the primary and secondary windings.

Recommendations.

It is, of course, impracticable to describe all the
ways in which crosstalk may arise if unbalanced
circuit connections are not made correctly. It is
possible, however, to mention several broad principles
that should be observed if undue crosstalk is ta be
avoided :(—

(a) Earth return circuits should not be used ; in
other words each unbalanced circuit should
be complete before earth connections are
added.

(b) As far as possible the low potential side should
totally enclose and isolate the high potential
side in all parts of an unbalanced circuit,
especially between the points at which earth



connections are made. Where this cannot be
arranged the go and return conductors should
be run as close to each other as possible.

{) Common earth wires should not pe used when
crosstalk is to be reduced to the absolute

" minimum, especially when they may carry

appreciable currents.

(d) 'Where common earth wires are used they
should be short.

Some practical methods of terminating coaxial
cable connections, which conform with these principles,
are shown in Fig. 6, with examples of methods that
should be avoided. A way in which interpanel and
interbay connections are often made is shown at
(A). The method is bad, especially for interbay
cables, which usually have earth connections on the
units at each end. The interfuption in the sheath
allows a voltage drop to develop between the earth
connections, and the external field around the tags
may induce voltages directly in other circuits. A
much better method, in which these shortcomings
are nearly, but not quite, eliminated, is shown at (B).
When the most stringent crosstalk requirements
must be met the arrangement shown at (c) may be
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FiG. 6.—METHODS OF TERMINATING COAXtAL CABLES,

used. This is virtually perfect’ from the crosstalk
point of view, but is rather more expensive,

To assess the crosstalk introduced by these three
methods of connection, two short lengths of coaxial
cable were laid side by side with the sheaths joined

. weak points :
between the earth connection and the cable sheath, -

together at each end. Joints were then introduced
in the middle of each length of cable and the crosstalk
was measured for each of the three methods of con-
nection shown at (A), (B) and (c) in Fig. 6. For (a)
and (B) the two pairs of tags carrying the connections
were {} in. apart in a direction at right angles to
the view shown.

The results are given in Table 3, with figures for
crosstalk attenuation between two continuous 30 ft.
lengths of cable.

TABLE 3
Crosstalk
Condition i

100 kefs | 2 Mc/s

Two 30-ft. lengths of double- db. db.
braided cable .. 143 | >170
With joints as at (A) Flg .. 84 60
P ¢ : ) B . 115 73
T o . | >130 | >130

Two other examples shown in Fig. 7 refer to inter-
panel conrmections only. One method, often used
on panel tag blocks, is shown at (A). It has two
a length of wire in the main circuit,

and a panel return. Both of these undesirable
features are absent in the example shown at (B).
If there is a possibility of direct inductive or
capacitive crosstalk within the panel itself, the
internal connection from the tag block to transformer
should also consist of coaxial cable, joined to the

(A

WRONG METHOD

(5))

RIGHT METHOD.
EARTH CONNEXION TO
CABLE SHEATH ONLY

F1G. 7.—TERMINATING CoaxrAL CABLES OoN PANEL Tac
BrLocks.

external cable as shown in Fig. 6 (b). The free end
of the tag carrying both cable sheaths could then be
used for picking up an earth connection.
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If the value of t so computed is :

(1) less than the tabulated 5 per cent. figure, i.e.
P(jt{>t)>0-05 then the readings are con-
sidered not significant ;

(2) between the tabulated 1 per cent. and 5 per
cent figures, ie. P(jt|>t)>0-01 and <0-05,
then the readings are significant ;

(3) greater than the tabulated 1 per cent. figure, i.e.
P(|t|>t)<0-01, the readings are highly signifi-

- cant and need immediate examination.

If, however, the calculation of the statistic t is
to become a routine procedure it is worth while
minimising the arithmetical labour involved in each
analysis and an obvious simplification can be made
if the table is rearranged to show the value of
N1 0y ie. l instead of t for the two probability
levels, since thls will eliminate the necessity of
determining (N — 1)t for each series of observations

and multiplying it by Y. Further savings can be

effected as follows :

A division can be avoided by tabu]atmg

(N -1t
t
t
i.e.%instead of t, since%=' [N (%—‘}3)‘ ] and

further processes avoided each time by tabulating

TG ) - [ 2]
)Y

and finally by tabulating

1, since

e . . (Zy)?
this is given by N )

(-2) e tie 112 1 i
5 t’+TN—'l'e'ﬁ 7 —+ which is given

E00.
(ZT))*
ator and denominator may be simply derived,
as described earlier. A table giving the value of this
expression for the probability levels of 1 per cent.
and 5 per cent. for various values of N has therefore
been prepared and is given in Table 1.

TaBLE 1.

( ))2 for probability levels (f 1 per cent.
and 5 per ceut.

by the simple expression .since both numer-

Values cf K Z

|
N 5%, 1%, N | 5% 1%
) o ] |

2 0-5031 | 0-5001 26 02651 | 0-1623
3 0-3694 | 0-3401 27 0-2649 | 0-1617
4 0-3241 | 0-2720 28 | 02647 | 0-1613
5 0-3038 | 0-2377 29 0-2647 | 0-1610
6 0-2927 | 0-2179 30  0-2645 | 0-1608
1 02860 | 0-2052 31 . 02643 | 0-1602
8 0-2814 | 0-1965 35 | 0-2643 , 0-1595
9 | 0-2783 | 0-1801 40 ! 02637 | 01584
10 | 02759 | 0-1852 45 | 0-2633 | 0-1574
11 02741 | 0-1814 50 | 0-2631 | 0-1567
12 02726 | 0-1784 60 | 0-2625 | 0-1556
13 02713 | 0-1758 70 | 0-2622 | 0-1549
14 | 02705 | 01738 80 | 02619 | 0-1544
15 | 02695 | 0-1720 90 | 02616 | 0-1639
16 | 0-2680 | 0-1704 100 | 02616 | 0-1536
17 0-2682 | 0-1691 125 | 02613 | 0-1530
18 | 0-2677 | 0-1680 150 | 0-2611 | 0-1526
19 | 02673 | 0-1670 200 | 0-2609 | 0-1521
20 02669 | o-1661 | 300 | 0-2607 | 0-1517
21 0-2665 | 0-1653 400 | 0-2606 | 0-1514
22 0-2661 | 0-1646 500 | 0-2606 | 0-1512
23 0-2659 | 0-1639 | 1,000 | 0-2605 | 0-1510
24 0-2655 | 0-1633 |10,000 | 0-2601 | 0-1505 -
25 02634 | 0-1627 = | 0-2603 | 0-1507

Note :—If computed value is greater than tabu-
lated 5 per cent. value the case is not significant.

!_T If computed value is less than tabu-
e NOTATION lated 1 per cent. value the case is highly

: Ew) - (5'* YptYg e 3..)' significant.

T EYy = glegiegienoayl .

os . A= 2(31)/{5(5)] Conclusion.
—_ T NUMBER OF TEMS v SAMPLE The data given in the above table has also
N been plotted in Fig. 1, and most engineers
o4 %\ l wor sewmcant | | || will find it easier to use this drawing in
A determining the degree of significance
o N to be attached to the observations
\ | _y5# PROBABILITY LEVEL [ being analysed and sufficiently accurate
<|— : for their purpose. It will doubtless be
o2 I~ ﬁ""'c‘”* . agreed that the procedure outlined in
1 | % PROBABILITY LEVEL this article removes much of the drud-
‘ gery formerly attached to the use of this
; articular statistic, although still enablin
° MIGHLY SIGNIFICANT {)he standard deviation %o be deriveg
| | ] I L I l quite readily from the expressions util-
Sttt 5 L m T ised. It is believed that similar simple
N methods may well be derived for many

F16. 1.—SINGLE MEAN ‘‘ t ' TEST PROBARBILITY CHART FOR

5% AND 19, LEVELS

of the other tests described

in the
original article.
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upper floors preparatory to making the building
weather-proof and habitable.

It was obvious from the devastation all around
that a large percentage of the 14,099 direct exchange
lines which had terminated in the building prior to
the fire would not be required. A detailed survey
by members of the L.T.R. Sales Division showed
that two-thirds only of these lines would be
necessary in future. It was found, too, that they
could all be transferred to other exchanges. An
examination of the spare equipment at five
exchanges connected by junction cables to the
building disclosed that about 3,000 subscribers could
be accommodated by them without utilising more
than three quarters of their spare plant. The old
Clerkenwell manual exchange—from which the equip-
ment had not been removed, although it was taken
out of service when the new automatic exchange for
that area was opened—was fortunately available, and
it was planned to transfer 4,500 subscribers to this
exchange, to which four full-sized cables had to be
laid to enable this to be done. This exchange was
renamed ‘‘ Kelvin.”

It was also planned to connect all London Wall
subscribers to spare equipment at Avenue exchange.
Here, outgoing equipment was to be made common
to Avenue and London Wall, but incoming traffic
would be directed to either exchange as appropriate.
There were insufficient cable pairs from the Wood
Street building to transfer all the London Wall
subscribers, so three 1,000-pair cables were laid from
Avenue to a distribution frame at Salisbury House,
which had served as an intermediate frame for the
Wood Street exchanges. These new cables made it
unnecessary to take London Wall subscribers’ circuits
to Wood Street.

To restore service to Headquarters Exchange the
existing Federallinesthere (which passed through Wood
Street) were diverted and additional extensions pro-
vided so that within two or three days there were 100
of these lines working. At the same time it was
decided to install a P.B.X. in Headquarters building
of 25 PM.B.X.l A positions. By January 10th three
positions with about 50 extensions were in service.

Method (f Restoring Service.

To connect the subscribers’ cables to the junction.

cables and the new cables, by which these were to be
extended to the relieving exchanges, was a straight-
forward task. This work had, however, to be
organised and co-ordinated to complete it in the
shortest possible time. With such extensive damage
to subscribers’ premises the arrangement of changed

number schedules and the allocation of junction pairs

on which subscribers’ lines were to be extended to
new exchanges constituted a difficult problem, as did
the provision of power leads, ringing leads, through
private wires, through junction circuits, extensions,
and new subscribers’ lines. The arrangement finally
decided upon to ensure the restoration of all these
circuits was necessarily intricate.

It is interesting to see how these conditions were
met. In the first place two records of the subscribers
on the Wood Street exchanges at the date of the fire
were available-—the fault cards, and the cable and D.P.
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cards. It had to bc decided which gave the more
accurate basis on which .to build the complicated
operations of subscribers’ line transfer. In an area
such as the City, where the *‘ pairs changed over "
work both for new lines and fault diversions had been
heavy for many vyears, it was considered that the
fault record was the more likely to be accurate as
each pair changed-over meant the provision of
another jumper by the exchange staff, and a more or
less automatic amendment to the fault card. The
amendments to the cable records, on the other hand,
were likely to.be correct where the change-over had
been initiated by the Installation Office staff, which
was responsible for these records, but less accurate
where diversions due to faults were made by the
maintenance staff since the amendments to the cable
and D.P. records were dependent upon the circulation
of the appropriate advices from the jointer to the
installation officers. The fault cards possessed the
added advantage of a record of the apparatus fitted
at the subscribers’ premises—information required for
changed-number allocations.

The particulars of the subscriber’s name and
address, telephone number, type of installation and
cable-pair number on each fault card were therefore
copied on to individual dockets, together with other
relevant details, such as the number of lines in a
PB.X. group. These dockets were then sorted into
cable order and finally into cable pair order. At the
same time a survev of the Area was made and all
destroyed premises recorded. A list of the lines in
these premises was obtained from the street directory
at Directory Inquiry and ‘dockets relating to these
lines withdrawn.

A cable schedule was prepared from the remaining
doackets, the old number, name and address of each
subscriber being entered opposite the relative cable
pair, together with other relative particulars such as
PB.X. with additional lines, and the type of equip-
ment. The new number allocated to each subscriber
was then entered into the appropriate column. The
spare equipment position at each exchange of P.B.X.
groups, barred trunks and the like, had to be carefully
examined,

The line resistance of the most distant pair on each
subscriber’s cable plus the junction pair resistance to
each gaining exchange was computed and with Kelvin
(where the permissible exchange loop resistance was
likely to be exceeded by certain combinations of
junction pairs with some types of subscribers’
apparatus) arrangements were made for all single
instruments, Plan Nos. other than 5, 5A, 7, 7A and
all cordless boards to be extended to Kelvin from
Wood Street on 64 lb. conductors, Plan Nos. 5, 5A,

5 + 20

7 and 7A, all switchboards and upwards on

10 Ib. conductors and all circuits routed via Salisbury
House to Wood Street and then to Kelvin on 20 1b.
conductors to -give the best pessible transmission
conditions. ‘

These cable sthedules were then passed to the
engineering division to insert private wire and power
lead particulars against the pairs allocated for these
purposes, this information being obtained from the


















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

Bedford Telephone Area .
Belfast, Telephone Area ...
Birmingham Telephone
Area
Brighton Telephone Area
Bristol Telephone Area
Canterbury Telephone Area
Cardiff Telephone Area

Coventry Telephone Area

Edinburgh Telephone Area ‘.

Engineering Department ...
Engineering Department ...

Engineering Department ...
Engineering Department ..
Home Counties Region .

Liverpool Telephone Area...
Liverpool Telephone Area...

Liverpool Telephone Area..

London Telecommunlcatlons

Region

London Telecommunications

Region

London Telecommunications

Region

London Telecommunlcatlons

Region

London Telecommunications

Region

London Telecommunications

Region

London Telecommunications

Region

London Telecommunications

Region

Manchester Telephone Area

Newcastle-on-Tyne

Telephone Area

Norwich Telephone Arca ...

Portsmouth Telephone Area

Portsmouth Telephone Area

York Telephone Area
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Marsh, F. W.
Thompson, W,
Hill, C. B.

Barber, D. L. F. o
. Lucas, F.

Farmer, D. G.

Alderman, N. F. ...

Patrick, N. F.
Gordon, S. A. B.
Cooper, L. H.

Davie, C. W. H. ...

Harford, R. J.

Kent, R. W. G. ..

Slingo, F. W.
Barber, J. L.

Edmondson, F.
Herring, G. R.

Anderson, A L P
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Brotherick, D. D....

Eagling, W. E.
Howard, W. E.

Thompson, W. J....

Vaughan, J. M.
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Navy
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Sergeant, Royal Corps of
Signals

Signalman, Royal Corps
of Signals
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Corps of Signals
Pilot Officer, Royal Air
Force.

Sergeant, Royal Air Force

Sergeant Pilot, Royal Air
Force

Sergeant, Royal
Ordnance Corps

Sergeant, Royal Air Force

Sergeant, Royal Air Force

Army

Lance Corporal, Royal
Armoured Corps

Lance Corporal, Scots
Guards

Gunner, Royal Artillery
Sergeant, Royal Air Force

Sergcant, Royal Air Force

Lance Bombardier, Royal

Artillery

Aircraftman Class II
Royal Air Force

Able Seaman, Royal Navy
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Able Seaman, Royal Navy
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Private, Royal Army
Service Corps.

Flight Sergeant, Royal

Air Force

Company Quartermaster-
Sergeant, Royal Corps
of Signals

Lance Corporal, Royal
Corps of Signals

Flight Engineer, Royal Air
Force

Gunner, Royal Navy
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Staff Changes

Promotions
Name Region Date Name Region Date
A.S.E. to Staff Engr. . Insp. to Chuf Insp —cont.
Aidridge, A. J. E.-in-C.O. 1.1.43 Shepherd, C. . Mid. Reg. .. 8.11.42
Exec. Eng.to A.S.E. Mackie, G. w. . E.-in-C.O. 29.11.42
—in Balfour, A. . .. LT. Reg. . L. 27.12.42
fmeg‘ F. ?'T v E-in-C.0. 20-1.43 Northeast, 5. G. .. E.-in-C.O, to Mid. Reg. ..  6.12.42
Avea Zngr.to 1.1, Lipscombe, J. E. . E.-in-C.O. to Scot. Reg. .. 1.12.42
Luxton, W..G. . S.W. Reg. to Chester 1.1.43 Davies, H. S... .. W.&B.C Reg. .. 1.1.43
Asst. Engr. to Exec. Engr. Brewer, F. .. W. & BC. Reg. .. .- 1.1.43
*Harnden, A. B. .. L.TR. 11.12.42 Rowe, ] F. .. S.W. Reg. to E.-in-C.O... 27.12.42
Maddocks, D. C. .. LTR. .. .. 11.12.42 Groom, D. E. .. E.-in-C.O. 28.12.42
Hayward, A. E. . S.W. Reg. to L.T.R. 30.11.42 Banyard, S. C. . H.C. Reg. . 17.3.43
*Lee, W. H. .. E-in-C, .. 12.12.42 Lawson, A. ]J. .. L.P. Reg. .. 10.1.43
Thwaites, J. E. .. E.-in-C.O. 12.12.42 Hazlewood, S. .. N.E. Reg. 8.5.42
Bordeaux, N. .. E.-in-C.O. 1.1.43 Dyson, L. V... .. H.C. Reg. .. 13.12.42
Seaman, E. C. H. .. E.-in-C.O. .. . 12.12.42 Charles, E. E. .. Mid. Reg. to L .-in- C 0. 10.1.43
Knight, E. W. . H.C. Reg. to S:W. Reg. .. 8.1.43 Marshman, R. C. .. NE. Reg. to 2.-in-C.O. ., 18.1.43
*Taylor, F. J. D. .. E.-in-C.O. .. . 20.2.43 Hotham, J. W. . E.-in-C.O. to H.C. Reg. .. 3.1.43
Cooper, W. H. B. . E.-in-C.O. .. 20.2.43 McLeod, J. . Scot. Reg... 31.1.43
Chief Insp. to Asst. Engr S.W.1. to Insp.
Fisher, S. W.. .. LTR, . B 11.12.42 Newman, W. I.. . E -in-C.O. 21.11.42
Hills, J. E. .. ) . HC. Reg. .. o 13.12.42 Mason, M. T. . . E.-in-C.O. 2]1.11.42
_ Buckingham, L. J. .. E.-in-C.O. . 3.12.42 Eustace, C. G. . Test Section (London) 15.11.42
*Thwaites, H. J. . E-in-C.O... .. 3.12.42 Hitch, F. . Test Section (B’ham) to :
Corke, R. L. .. . E.-in-C.O. 3.12.42 Test Section (London) ..  12.10.42
Lowry, W. R. H. .. E.-in-C.O. . 3.12.42 Warmnock, W. T. - Scot. Reg. to E.-in-C.O.. . 542
Pitham, S. .. .. E.-in-C.O. . oo 31242
Prichard, F. E. .. Mid. Reg. to N.E. Reg. ..  29.12.42 ;}’:}ff‘ RM.T.0.toRMTO. ‘ 921149
Pitts, H. E. .. .. HC. Reg. .. . 901242 itehurst, J. F. . Manchester to Leeds 2.11.42
Woods, A. E. .. E-in-C.0.t0 S. W. Reg... 7.12.42 M.T.O. Class Il to M.T.O. Class 1.
Lafosse, L. P. .« E<in-CO. = .. - T1242 Unitt, A. T. G. . E-in-CO. 1.12.42
Vool W. T L B, 13.124% | Tech. Asst. to M.T.0. Class 111,
Shearing, M. R. li'.-in-CZO: 1.3.43 Sturrock, E. S. . E.-in-C.O. 13.12.42
tMyers, H. G. ... E.-in-C.O. 21.12.42 Mech. I/C to Tech. Asst. ‘
Atkinson, J. .. .. H.C. Reg. 19.1.43 Pounder, L. . Nottingham to Bn'mmg- 3.1.43
Clarke, T. M.. .. Scot. Reg. to SW. Reg 10.1.43 ham
Chief Insp. to Chwf Insp with Allce. Third Officey to Second Cffices.
Jennings, J. - Scot. Reg... 1.1.43 Dixon, J. THMCS. .. . 3.7.42
Wright, C. T... .. H.C. Reg. .. .- .. 26.10.42 ) ) .
Love, R.C. .. .. Scot. Reg... I 1.11.42 Senior Draughtsman to Dyawing Office Su?eru;sor.
Insp. to Chief Insp. Lennon, F. T. . H.C. Reg. to E.-in-C.O... 1.1.43
Durston, L. A. .. SW. Reg... 17.11.42 Draughtsman Cl. I to Senioy Dryaughtsman.

Warburton, E. .. N.W. Reg. 6.12.42 *Martin, T. .. .. N.E.Reg. to H.C. Reg. .. 18.2.43
Scholes, W. . E.-in-C.O. 13.10.42 Wainwright, S. W. .. H.C. Reg. .. . 18.2.43
* Promoted in absentia. t Loaned to another Government Department.

Retirements

Name Region -Date Name Region Date
Regl. Engr. . Chief Insp.—cont.
Gray, H. C. . H.C. Reg. 31.1.43 Tombs, T. R... .. W. & B.C. Reg. 31.12.42
Asst. Engr. Haveron, T. .. - Scot. Reg... 25.2.43
Cuthbert, C. T. .. E.in-C.0. 14.11.42 Insp.
Missen, H. .. .. E.-in-C.O. 31.12.42 Bool, J. V. .. .. L.T. Reg. .. .. 31.12.42
Bufton, C. W. M. . S.W. Reg... 31.12.42 Phillips, A. J. .. W. &B.C. Reg. .. 21.12.42
Kilburn, G. A. N. . L.P. Reg. .. 17.1.43 Scott, C. B. .. .. N.W. Reg. 16.2.43
Smith, B. J. .. S.W. Reg... 23.2.43 Clary, G. Ww. .. .. L.T. Reg. .. 3.2.41}
Chief Insp. with Allce. glgson. }f-- - Il‘j%)V.RReg- 21;4.3;433
McPhail, W. S. S. .. Scot. Reg.. . 31.12.42 ouse, K. oo Ll Reg. - -
Mealing, W. P. .. N.E. Reg. 31.10.42 Cable Foreman.
Chief Insp. Beer. ). F. . HMCS. .. 31.12.42
Whibley, P. W. .. H.C. Reg. . 31.12.42 Draughtsman Cl. I. L
Davies, L. .. W. & B.C. Reg. 31.12.42 Formosa, A. C. . E.-in-C.@. 1.1.43

Death

Name Region Date Name Region Date
Chicf Insp.
Monk, A. J. . Test Section, London .. 15.2.43
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Transfers

Name | Region Date Name Region Date
Asst. Engy. R.M.T.O.
Burr, A. H. . E.-in-C.O. to L.P. Rep... 19.1.4 Daft, W. E. .. .. W. & B.C. Reg. to H.C.
T n ° 8 3 Reg. .. .. .. ll242
Proby. Asst. Engy. : M.T.0. CL. II. ) )
Truslove, E. H. .'L.T. Reg. to E-in-C.0. .. 21.12.42 Coliman, E. L. - Leeds to E.-in-C.O. 211142
. M.T.O.Cl 111,
Insp. Green, G. A. .. . E.-in-C.O. to Manchester 23.11.42
Parker, W. J. .. E.-in-C.O. to LT. Reg. .. 1.12.42 Teck. Asst. : .
Shaw, W. H. .. . E.-in-C.O. to N.W. Reg... 4.2.43 Cadge, E. R. .. . B’ham to E.-in-C.O. - 29.12.42
CLERICAL GRADES
Promotion
Name Region Date | Name Region Date
Fyom C.0. to E.O. l
Shaw, A. E. (Miss)

. E.-in-C.O. o 1.1.43

All Promotions Acting.
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