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C. N. SMITH

This article describes the new London Toll A and B exchanges and shows how a large proportion of the Toll circuits have
been converted to automatic switching.

The First London Toll Exchange.

N 1921 it became necessary to relieve the London
ITrunk exchange, and it was decided to opena
new exchange called Toll to deal with traffic
between London and the nearer provincial exchanges.
This exchange was designed to work on a no-delay
basis as distinct
from delay working
then in force on
trunk circuits. The
service was very
popular with sub-
scribers and the
traffic grew to such
an extent (approxi-
mately 20 per cent.
per annum) that by
1925 available ac-
commodation was
rapidly = becoming
exhausted. Consid-
eration was there-
fore given to the
best means of re- y
lieving the position |
and it was decided
to open a second j
Toll exchange to
deal with outgoing
traffic from London,
the existing |ex- \
change being used
for traffic incoming
to London. In Dec-
ember, 1927, this se-
cond Toll exchange,
designated Toll A,
was opened, and the ~
first exchange was
renamed Toll B.
Since the introduction of demand working on trunks
the difference between trunk and toll working is not
so marked, but differences exist in that Toll continues
to deal with the shorter distance circuits and the
operating procedure is different. Toll circuits are also
provided on a more liberal basis than trunk circuits.
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Area Served by London Toll Exchanges.

The area covered by the original London Toll
exchanges has been extended as more routes were
brought into the no-delay service. At the present
time the area extends over the counties of Kent,
Surrey, Sussex, Middlesex, Hertford, Essex, Bedford,
and part of Hamp-
shire, Berkshire,
Bucks and Suffolk,
and includes 36 out
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/,/' AREAL . of the 48 group
. centres in the Lon-
~QuESTOFT don zone (Fig. 1).
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The Toll exchanges
are directly con-
nected to all the
group centres in this
area and also to a
large number of
minor exchanges to
or from which routes
are justified by the
volume of traffic.
Traffic to or from
exchanges which are
not directly con-
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termediate routing
centres.

As mentioned pre-
viously, Toll A deals
with traffic outgoing
from London to
exchanges in the toll
area and Toll B with
incoming traffic to
London from these
exchanges. In this' connection the boundary of
“London” is a circle of 10 miles radius round
Oxford Circus. Besides traffic to and from London
there is also traffic between exchanges in the toll area.
This is passed through Toll A. Brighton to Ipswich,
Wallington to Canterbury, etc., are typical examples.
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This traffic compared with that outgoing from London
is small. .

It must be explained that Toll A and B are purely
switching centres, the Toll A or B operator normally
taking no part in the control of a call. The operating
procedure for a call, circulating via either of the toll
exchanges, places the control of the call, i.e. timing,
etc., in the hands of an operator at the local exchange.
Access to this local operator is obtained on automatic
exchanges in the London director network by dialling
TOL. It will be seen later, however, that in the new
Toll A exchange provision has been made for the
control to be exercised by the Toll A operator if it
becomes necessary to work routes on a delay basis.

Reason for Replacement of Toll A and B.

The main aims of the replacement were to put as
much as was practicable of the traffic on an auto-
matic basis so reducing the operating staff employed
in the centre of London and to house the exchanges
in strongly protected accommodation. Although
replacement of the Toll exchanges at the present
time is essentially a war measure, plans were already
in hand before the war which provided for an auto-
matic toll equipment, and the design of the new

Toll A exchange has been arranged so that it will fit

into the ultimate scheme after the war.

TorL A REPLACEMENT

Old Toll A Manual Exchange.

The old Toll A manual exchange was a 50V
equipment operated on a straightforward junction
basis (S.F.J.). An operator at a local exchange, on
receiving a demand for a call to an exchange inside
the toll area, consulted her routing booklet to
ascertain whether she could obtain direct connection

» through Toll A to the required exchange, or whether
she should ask Toll for an intermediate routing centre.
She then selected a junction to Toll A and, on receipt
of a three-pip signal from the S.F.J. position, passed
the demand to the Toll A operator who connected
the plug-ended incoming junction to an outgoing
circuit in the multiple and was then finished with
that particular call. The local operator passed her
demand when the distant operator answered.

Outline of new Scheme.

As previously stated, the main object in replacing
Toll A was to convert as many as possible of the
toll lines to work on an automatic basis. As will be
seen from the operating procedure described above
for old Toll A, the Toll operator merely performed a
switching operation. Plans were made, therefore, to
install automatic switching equipment to replace the
Toll A operators. It was decided to work the
incoming lines to this equipment loop dialling and
the outgoing lines from the levels on a C.B. signalling
basis to the distant manual boards. As only C.B.
signalling circuiés had at that stage been developed
for signalling from automatic levels, it was decided
that lines requiring differential, or generator signalling,
together with any incoming lines unsuitable for loop
dialling, would be terminated on an associated sleeve
control manug] board. This manual board was also
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to be capable of controlling traffic for *“ delay working
under cable breakdown conditions.

To determine the suitability of the existing lines
for automatic working, impulsing and signalling
limits were determined. An analysis was then made
of the signalling paths of all incoming and outgoing
Toll A lines to ascertain whether there was a complete
metallic loop and whether the loop resistance fell
within the limits determined. As it was desired to
switch as much traffic as possible automatically, the
limits were set as high as was considered consistent
with satisfactory operation. As a result of these
investigations it was found that 95 per cent. of the
lines could be worked on the automatic plant, leaving
only 5 per cent. to work on the manual board.

Toll A Automatic Exchange.

The automatic switching equipment provided at
Toll A consists of three ranks of group selectors, the
2nd and 3rd selector levels carrying the routes to
distant exchanges. The number of levels provided
for outgoing routes is 226, of which 189 are in use for
routes to the Toll area and nine are used for special
services. The equipmerit is of the 2,000 type and the
main items are as follows :—

Switching equipment.
1st Selectors (200 outlet) 3,294

2nd ,, ( <, ) 3,183
3rd ,, ( ,» ) 1319
Relay sets.
Dialling out to C.B. exchanges 1,920
2 »” C'B'S' LR 240
' .,» Sleeve Control exchanges 600
Assistance type 600

Incoming circuits are worked loop dialling and
terminate on 1st selectors. C.B. signalling is employed
on all outgoing routes from the automatic equipment
and all these lines terminate on distant manual
boards. Each outgoing circuit from Toll A is equipped
with a suitable relay set, the main functions of which
are (1) to hold the selector train; (2) to transmit a
calling signal, (3) to relay supervisory signals to the
calling operator, and (4) on lines to C.B.S. and Sleeve
Control exchanges to guard the level outlet against
re-seizure until the plug is removed from the answering
jack. On circuits to C.B. exchanges a ‘‘ follow on ”
call is permitted to seize an outlet although a plug
may still be in the answering jack. Under these
conditions the operator receives a recall signal.

The operating procedure under the automatic
conditions is as follows :

A subscriber desiring a Toll call passes his demand
to the local manual board operator. If he is a
subscriber connected to an automatic exchange in the
London Director area he would dial ““ TOL ”’ to reach
the local auto-manual board. The operator then
consults a routing booklet to determine the routing
and the code to be dialled into the automatic Toll A
to reach the desired exchange. This code will consist
of two or three numerical digits. Having dialled the
appropriate code the local manual operator passes
her demand when the distant operator answers, and



so the connection is completed under the control of
the local originating operator. Fig. 2 illustrates the
routing of a call from a London subscriber via auto-
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matic Toll A to a subscriber connected to an exchange
in the Toll area.

Oulstation Equipment.

Changes of outstation equipment which had to be
made to meet the automatic conditions were as
follows :

On circuits outgoing to automatic Toll A, loop
dialling equipment had to be provided or augmented.
Relay sets of a type recently designed were installed
at C.B. and C.B.S.2 exchanges ; at C.B.S.1 exchanges
the terminal apparatus was changed. At some
manual exchanges it was also necessary to fit dials.
At most sleeve control auto-manual exchanges
additional loop dialling relay sets had to be fitted.

On circuits incoming from Toll A the only new
equipments required were jack-ended terminations at
C.B. exchanges to cater for follow on calls; S.F.J.
and sleeve control terminations required no change,
and at C.B.S.1 and 2 exchanges modifications only
were involved.

At a large number of out-stations it was found
possible to work the new terminations, under the old
manual conditions, prior to- the transfer. This
greatly simplified the' change-over arrangements.

Toll A Manual Exchange.

As stated earlier, it was not found possible to work
all lines on the automatic plant and some are, there-
fore, accommodated on a new manual board which
is of standard sleeve control type. Incoming lines
not suitable for dialling work with the normal manual
signalling methods and terminate in the answering
multiple. Calls received over these circuits are

extended by the Toll A operator dialling over 1st

selector circuits into automatic Toll A or over
direct signalling circuits in the outgoing multiple.
Outgoing routes requiring differential or generator
signalling and, therefore, unsuitable for working
from the levels of the automatic plant, are connected
to this manual board multiple. Levels on the
automatic plant have, however, been allocated for
each of these outgoing routes, but the outlets from
these levels are trunked to the manual board via
assistance type relay sets.

The allocation of a separate level to each route of
this type will enable these routes to be worked direct
from the automatic levels, when suitable equipment
becomes available, without any disturbance of the
codes to be dialled. It also enables a uniform and
more efficient method to be applied in dealing with
these routes under ‘ delay’ conditions. This
method of manual board interception has also been
applied to routes on which a proportion of the out-
going lines of a route are unsuitable for C.B. signalling.
Early choice contacts carry the suitable lines direct
and the unsuitable lines are reached over the later
contacts of the level via the manual board. This
arrangement enables the majority of the traffic to be
switched automatically, overflow traffic at peak
periods only being routed via the manual board.

Delay Working.

All the manual positions are not in use for dealing
with manually worked routes; some are held in
reserve for delay working. To deal with a particular
outgoing route connected to the automatic plant
should this route become overloaded by reason of
cable breakdowns or shortage of lines, it is necessary
to obtain control of the route at the central point, i.e.
Toll A manual board. The reasons for this are as
follows :—

(1) So that urgent calls may be given prompt
attention.

(2) So that other calls may be dealt with in
rotation.

Several schemes were considered whereby this
control for delay working could be accomplished,
but eventually it was decided that a scheme which
enables any route to be taken from the selector levels
and patched to a common pool of manual board
multiple circuits would best meet the required
conditions.

Perhaps the arrangements made can best be illus-
trated by an example. Assume that the Ipswich
route is “in delay.” A City subscriber dials “ TOL
and the local auto-manual board operator accepts the
call for Ipswich.

Assuming that she is not already aware that the
Ipswich route is “in delay,” she plugs into a free Toll
A circuit and dials the Ipswich code. She is answered
by a Toll operator who quotes the delay on the
Ipswich route. The City auto-manual board operator
then clears this connection and advises the subscriber
accordingly. If he desires to book the call, she dials
a code to reach a record position and books the call
with a Toll A booking operator. The ticket
prepared is passed to the delay operator who has
control of the Ipswich route. The City subscriber is
subsequently rung back by the Toll A delay operator
when the call matures. The equipment to effect the
above arrangement is as follows :—

In the outgoing multiple over the delay positions is
a group of multiple jacks which are wired via C.B.
signalling relay sets to jacks on a patching frame (Fig.
3) in the test room. These will be referred to as pool
multiple circuits. One such circuit is shown on the
left of Fig. 4. Every outgoing line connected to the
automatic selector levels is wired via a line patching
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line via contacts SS2 and SS3 and 'the circuit then
functions in the usual manner of a sleeve control
manual junction.

When it is desired to resume normal working from
the automatic plant, the delay key is restored and
the lines, if free, immediately become available from
the level again. Relays SW now release and at con-
tacts SW2 and 3, outlets 1-3 are switched through
to line. The restoration of the delay key also
causes the BY relays (Fig. 4) associated with outlets
4-16 to restore, so removing the guarding earth from
the P wires of each of these outlets. The patching
cords have now to beremoved from the Ipswich route,
and this is done by the test room staff. A clearing
lamp (Fig. 4) assists this operation by indicating that
all the CO relays are normal.

LINE PATCHING
JACK

LINE PATCHING CIRCUIT

is to keep local exchange operators at the larger
exchanges apprised of the delay on these routes, so
reducing the number of ineffective calls made to
Toll A. The broadcast is made by an operator at a
multiphone board. Groups of local exchanges,
twenty at a time, dial the delay broadcast level at
fixed times in accordance with a prearranged
programme.

Transfer of Toll A.

The transfer of the Toll A lines to the new auto-
matic exchange and the opening of the new manual
board took place successfully on November 14th, 1942.

TorL B REPLACEMENT

Old Method of Working.

As previously stated, Toll B deals with incoming
traffic to London. On
the old manual Toll B

exchange incoming cir-
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It is proposed later to adapt the delay quote
arrangements described above for mechanical delay
announcing, which was described in last quarter’s
JOURNAL.

Joint access to routes from the manual board and
the level equipment is also possible, if desired, by
use of the line patching jacks. A group of pool
multiple circuits may be patched to a route it is
desired to work on a joint access basis, but in this
case the delay key is not operated. A joint access
key, however, is operated to disconnect the route
clearing lamp. Under these conditions, as will be
seen from the diagram, access to lines from the level
or from the manual board may be obtained as desired.

Another feature associated with the delay working
is the “ delay broadcast.”” This is reached from
a level of the automatic plant. This service is used
when a number of routes are in delay. Its function

il
RRI

1

DELAY QUOTE CIRCUIT
F1G. 5.-~ScHEMATIC DiaGrAM oF LEVEL PATCHING AND DELAY QUoTE CIRCUITS.

required exchange.
Calls to automatic
exchanges were passed
from Toll B to the
local auto-manual
board and were dealt
with on either jack-
ended or key-sender
positions. The local
London operator com-
pleted the connections
by 4-digit dialling or
key-sending. It will be
seen that the originating operator required the assist-
ance of both the Toll B and the objective exchange
operator to obtain connection to a London subscriber.

Outline of New Scheme.

As stated above, old Toll B exchange had outgoing
junctions to every exchange inside the 10-mile circle,
The Trunk automatic exchange also has an outgoing
network covering the same area, and as spare capacity
was available it was decided that some of the incoming
lines to Toll B should be converted to automatic
working by accommodating them on this equipment,
which would then be a combined Trunk/Toll B
exchange. The remaining circuits were to be con-
nected to a new sleeve control manual board with
dialling facilities to enable calls to be routed direct
into first numerical selectors at London automatic
exchanges.

T
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Calculation of Insertion Loss and Phase
Change of 4-Terminal Reactance Networks

U.D.C. 621.391

H. STANESBY, AM.LEE.,
E. R. BROAD, B.A, and
R. L. CORKE, AM.EE.

Concluding the article in the October, 1942, issue, the use of a special slide-rule as an alternative to the loss and phase

charts is described, and attention is drawn to a method of correcting the results to allow for dissipation. The accuracy

with which characteristics can be predicted is illustrated for four networks, including a tuned transformer and a
crystal filter.

Principle of Slide-Rule.

The principle on which the the slide-rule is based
will now be considered.

Referring to the skeleton loss charts shown in
Fig. 4, let any given values of Xy/R: and X,/R:

<

(]
®
A
3

s

A

T 4
-

F16. 4 —SKELETON Loss CHARTS.

correspond to x and y units of length measured from
the origin along the horizontal and vertical axes
respectively. The point to which these values of
Xs/R+ and Xy/R: refer is fixed by a displacement x
along the horizontal axis followed by a vertical
displacement y. Consider the loss line on which this
point falls. As all loss lines have a positive slope of
45° this particular line will cut the horizontal axis,

both produced if necessary, x—y units of length from -

the origin. The converse holds ; the loss corresponding
to the given values of Xx/R+ and Xy/R¢is that of the
loss line crossing the horizontal axis at a distance x—y
from the origin. The usual convention of signs must,
of course, be applied in making the measurements.

From an.inspection of the chart it will be seen that
loss lines disappearing over the left-hand edge reappéar
on the right-hand side at the same height. In fact, if
the chart were wrapped on a cylinder with the vertical
edges coinciding, the lines would be continuous at the
junction. This makes it unnecessary to produce lines
when the length x—y measured from the origin along
the horizontal axis extends beyond the edge of the
chart. The extra distance may be measured from the
opposite edge towards the origin, and the correct loss
will be given by the loss line cutting the horizontal
axis at this point.

As the scales on the X;/R+ and Xy/R: axes are the
same, v as well as x may be determined from the
former axis. If this is done, all operations will be
restricted to the horizontal axis. The chart can
therefore be replaced by a line with the Xx/R: scale

marked on one side and the corresponding values of
loss for Xy/R: = 0, i.e. the intersections of the loss
lines, on the other. It can be seen from the chart
that the loss scale will be symmetrical about the
centre point and that the same values of loss will be
obtained if displacements to the left of this point are
substituted by equal displacements to the right. The
difficulty of applying the convention of signs in this
case can be avoided by remembering the following
“ rule of contraries”’ : When X:/Ry and X,/R: are
of like sign take the positive difference, | x—y | ;
when x and y are of unlike signs take the positive
sum, | x|+ lyl.If | x| 4 |y | extends beyond
the right-hand end of the scale, the extra length
can be measured back towards the origin. The
other half of the scale is therefore quite unnecessary.

The process of determining | x| and }y | from
the X/R scale and finding the loss corresponding to
their sum or difference may be carried out on a
suitably calibrated slide-rule. If the remaining halves
of the X/R and L scales are engraved on a 20-in. rule
they will be more than seven times the length of the
scales on the chart, as reproduced in the previous
article, and can be far more closely and accurately
divided. Moreover, any errors in setting the slide-rule
are likely to be far smaller than those involved in laying
out and reading from the network of lines on the chart.
The resulting gain in accuracy is considerable.

Use of Slide-Rule for Loss Calculations.

One form that the slide-rule may take is shown in
Fig. 5, the cursor being omitted to avoid obscuring
the scales. For the present the bottom scale should
be ignored. The rule may be used for loss calculations
in the following way :

X./R, and X,|R, of Like Sign. When X:/R¢ and
Xy/R: are of like sign, the sliding, X/R, scale should
first be adjusted until its zero corresponds with the
infinity mark on the top scale. Of the lengths

I x| and |y !, corresponding respectively to Xx/R¢
and Xy/R:, whichever is the larger should then be
projected from the X/R to the L scale. Leaving the
cursor in this position the X/R scale should be moved
until the second, smaller, X/R value is covered by the
cursor line. The zero on the X/R scale will then be
opposite a point on the L scale | x—y | to the right to
the infinity mark. This point gives the insertion loss.
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Fi1G. 5.—SECTION OF SLIDE RULE FOR L.oss CALCULATIONS.
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X./R, and X /R, of Unlike Signs. Two conditions
are possible when X;/R: and Xy/R: differ in sign;
| x I 4+ 1y | may be either less than or greater than
the scale length /.

When Ix!| + |yl is less than !/, starting from
the left-hand end of the L scale the two lengths
should be added by successive projections from the
X/R scale, using the cursor. The second setting of
the cursor will give the insertion loss.

When | x1 + 1y isgreater than / the procedure
is different ; it is necessary, in effect, to fold the extra
length x|+ |y ! —I back along the L scale from
the right-hand end. The final distance from the

left-hand end is then l-—{ x4+ 1yl —l}, ie.

21—{ Fxt 41yl 1 The distance may be deter-

mined, however, by adding two lengths, /— [ x| and
I— iyl in the following way. The sliding scale
should be moved until the required X:/R: value is
opposite the infinity mark on the L scale. On the
cursor being set over the right-hand end of the sliding
scale it will then mark off a distance /— | x | on the
top scale. The required Xy/R: value should then be
adjusted to come under the cursor by moving the slid-
ing scale again. The right-hand end will then come

{|x|+|y|}

from the infinity mark. This point” will give the
insertion loss.

opposite a point on the L scale 2/—

Use of Shide-Rule for Phase Change Calculations.
Referring back to equation (10) the phase change y

is given by : -
¢=0+¢>:{:(1+2n)'2—

The lengths |x! and |yl determined from
Xx/R: and Xy/R:¢ on the X/R scale are directly
proportional to ¢ and ¢ respectively. If a third
scale is provided for turning these lengths into angles
it becomes possible to use the slide-rule for finding
6 + ¢ and hence v. This is the reason for the bottom
scale.

X, /R, and X R, of Like Sign. When X;/R: and
Xy/R¢ are of like sign the angle corresponding to
| x | ++ 1y 1 must be found.

If 1x! 4 |yl islessthan the scale length, I, the
two lengths should be added on the bottom scale,
starting from the left-hand end, by successive
projections from the X/R scale. The cursor setting
for the second projection will give the absolute
magnitude of 8 4- ¢ on the bottom scale.. The sign
of the angle will be that common to the two X/R
ratios.

If 1xl -1yl islonger than the scale, one com-
ponent, say | x |, should be projected with the cursor
on to the bottom scale, starting from the left-hand end.
The right-hand end of the X/R scale shouid then be
brought under the cursor.* If the cursor is then moved
to the appropriate X/R value for the second com-
ponent, Xy/R: say, it will mark off a distance
I x| + | y| — on the bottom scale, corresponding
to a reading of | 6+¢—90°| . As before, the sign
of the angle will be that common to the two X/R
ratios.
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X./R, and X,IR, of Unlike Signs. When X4/R:
and X,/R; differ in sign the reading corresponding to
a distance | x—y | along the bottom scale from the
left-hand end must be found. The way in which this
may be done should be clear by now. The sign given
to the angle should be that of the larger of the two
X/R ratios.

Application of Method.
In this section examples will be shown of the

agreement that can be M

obtained between com-

puted and measured C C

characteristics in var- L L

ious circumstances. [
The tuned transform- @

er shown in Fig: 6 (a) is LM

a simple form of band-
pass filter in frequent
use. It is proposed to
show how the insertion
loss characteristic can
be computed for equal LM LM

terminating resistances > C
of any value. The T
circuit of the equivalent

lattice network, obtain- ‘-(:)M

ed by applying Bartlett’s
Theorem 345 is given in
Fig. 6 (b), with a sketch
at {¢) showing how the
series and latftice re-
actances, Xx, Xy, vary
with frequency. The
band, f,, f,, within
which Xx and Xy differ
in sign, is the pass =
band. It is easy to

+
8

REACTANCE
)

©)

show that X« and X, Fi1G. 6.—TUNED TRANSFORMER

. AND EQUIVALENT LATTICE.
are given by : )

1 f 1 f

XN=s e g YT Fof

The image impedance, Z;, is found from :
Z = —ivX: Xy

and the nominal image impedance R; is the value Z,
assumes when f = Vf f,. Carryingout the necessary
substitutions :

X 1 £, —1) X 1 f(f, — 1)

nR, “n f2—f nR:_ n 2P
The X/R values for any terminating resistance nR:

"may be calculated from these expressions. The

insertion loss characteristic and, if required, the phase
change characteristic may then be determined using
any one of the methods described earlier in the article.

A transformer of this type was made, conforming
as closely as possible to the following parameter
values : R1=1000Q, +/f;f;=60 kc/s, f,=55 ke/s. Its
Insertion loss characteristics were computed and
measured for terminations corresponding to n = 1-3
and n = 2-0. Dissipation associated with the self
inductance of each winding was allowed for by
assuming the equivalent parallel resistance as constant

For references 1-13 see October, 1942, issue.”



and treating it as part of the terminating resistance.
No allowance was made for dissipation in the mutual
inductance although iron dust cores were used.
Nevertheless, the computed and measured charac-
teristics, shown in Fig. 7 (a) and (b), are in close
agreement,
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F1Gc. 7.—INSERTION Loss CHARACTERISTICS OF TUNED
TRANSFORMER.

For the sake of completeness expressions for the
transformer elements are given explicitly below :

1 1 1 1 1 1 1

C=2.R, ,—1) L8 (fp i M=g2c (2 1)
The impedance level on one side of the transformer
may be changed by a factor F by multiplying
the corresponding L and C values by F and 1/F
respectively and changing M to 4/F times its original
value. Any insertion loss or phase computations
must, of course, be made before the change is
introduced.

The second example relates to a band-pass crystal
filter of a type that has been described by Mason.?
When in lattice form the filter has the circuit shown
in Fig. 8 (a), where the resonators are indicated by

2Xr
-p3(Ca-Cp)
it

0000 0 —
La La

o] s{Lb—La) T:b
. L o

5

La
Fig. 8.—EquivaLENT CRYsTAL FILTER NETWORK.

X, proportional to their reactance at any given
frequency. Modification of the shape of the insertion
loss characteristic by coil dissipation may largely
be avoided if the equivalent parallel resistances
of all four coils are arranged to be equal, and greater
than the resultant effective resistance with which it is
desired to terminate the filter. This dissipation then
has the same effect as two resistances, each equal to
the equivalent parallel resistance of an inductor, one
across the input terminals, the other across the output

terminals. The external resistances to which the
filter is connected should therefore have such a value
that, in parallel with the resistances representing coil
dissipation, they terminate the filter correctly. This
method of resistance compensation is approximate
in so far as it ignores losses in the resonator, and it
does not allow for changes of equivalent parallel
resistance with frequency.

Using Bartlett’s Theorem it is easy to*show that
the bridged-T network in Fig. 8 (b) is an unbalanced
equivalent of the lattice network, and adding resist-
ance in series with the stem of the T or across the
resonator has the same effect as reducing the
equivalent parallel resistance of L» or La respectively,
in the lattice network. Resistance compensation may
therefore be effected in the bridged-T as well as in
the lattice hetwork.

In Fig. 9 the computed and measured insertion loss

T T
CURVE COMPUTED
POINTS MEASURED

50

DISCRIMINATION iN DECIBELS

T i /j
|/

FREQUENCY IN KILOCYCLES PER SECOND.
F16. 9.—INSERTION Loss CHARACTERISTIC OF CRYSTAL FILTER.

characteristics of a bridged-T filter of this type are
compared. In the computations no allowance what-
ever was made for dissipation. The inductive
reactances in the filter were actually realised as two
coupled coils with the mutual inductance taking the
place of the inductor (L» — La)/2 in Fig. 8 (). The
resistance compensation was adjusted empirically by
adding resistance in the stem of the T until the
peaks of attenuation were well defined, and then
altering both terminating resistances together until
the response in the pass-band was satisfactory.

The two previous examples refer to filters in which
resistance compensation was used. When this is not
possible dissipation may modify the shape of the
insertion loss and phase characteristics considerably.
Fortunately, the effect can usually be estimated with
reasonable accuracy, starting from the non-dissipative
characteristics. In U.S. Patent Specification 2054794
Dietzold quotes the following relationships which
appear to have been discovered originally by Bode!* :

If ALand A ¥ are changesin the insertion loss and
phase change of a filter due to the introduction of
dissipation :

Yy
AL =8Twp e decibels

e L%
AY = —gn 7% radians

14 See footnote on p. 83 of Bell Monograph B-1186.
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where w is 27 X frequency, p is the average power
factor of the filter elements, and the derivatives are
those for the corresponding dissipationless network.

The former of these two expressions has been used
to estimate the effect of dissipation in a filter having

Ly
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F16. 10.—FILTERS HAVING THE CHARACTERISTICS SHOWN IN
FiGs. 11 AND 12.

the circuit shown in Fig. 10 (a). The computed
insertion loss characteristic for the non-dissipative
case is shown by curve (i) in Fig. 11, the characteristic
obtained by adding a correction computed for an
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Fi1G. 11.—EFFECT OF DissiPATION ON FILTER PERFORMANCE-

average power factor- of 0-017 is shown by curve (ii),
while the points represent the measured performance
of a filter having the same element values and the
same dissipation at the mid-band frequency.

The fourth and final example refers to a low-pass
filter designed to have a substantially linear insertion
phase characteristic up to and beyond the cut-off.
The circuit of the filter is shown in Fig. 10 (b). The
intsertion loss and phase characteristics, computed
assuming no dissipation present, are compared with

the measured performance in Fig. 12, curves (@) and
(b) respectively. It will be seen from the results that
dissipation does not modify the performance very
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Fig. 12.—INSerRTION Loss AND Puasge CHANGE OF
Low-Pass FILTER.

much. The insertion loss characteristic is not affected
appreciably because, apart from the discontinuities,
at no point does the slope of the phase characteristic
reach a very high value. It is interesting to note that
near the first discontinuity in the computed phase
characteristic the measured values depart from the
curve in the direction demanded by the expression
for A ¥ given above.

Conclusions, .

A method of computing insertion loss and phase
change has been described which is simple in com-
parison with that normally used, and may be applied
to any reactance network capable of being transformed
into a symmetrical network plus an ideal transformer.
Provided the effects of dissipation can be ignored the
method is exact. For relatively low values of loss
and where the phase change need not be predicted
with great accuracy two charts or a special slide-rule
may be used to shorten the calculations. The
insertion loss and phase characteristics computed for
a non-dissipative network may be corrected approxi-
mately to allow for dissipation.
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nected in the exciter shunt field circuit and are
mounted on the alternator control panel. The
alternator control panel associated with each set also
has mounted upon it the remote control for the
governor which is required for speed adjustment, for
paralleling operations, and also for adjusting the
division- of load between the sets. Alarm signal
lamps which operate in conjunction with a hooter
are also mounted on the control panel, and indicate
failure or excessive temperature of cooling water and
lubricating oil supplies. A white lamp indicates
that the alarm circuit is in order, one of four red
lamps indicates a faulty condition and a yellow lamp
indicates that the hooter has been switched off. The
indication of each lamp is shown by a stencil
illuminated by it.

Fig. 4 is a view of an individual control panel.

The governor control and the alarms under certain
circumstances may be required to operate when there
is no supply connected to either set of busbars, and
they are therefore fed from a 50 V battery. .This
battery also supplies the emergency lighting in the
engine room which is switched on automatically by
the action of a relay when the normal lighting fails.
The whole of the electrical equipment is by the
Metropolitan-Vickers Co., Ltd.

The engine cooling water is circulated between a
mixing tank and the engine jacket by one of a pair
of duplicate electrically driven centrifugal pumps.
The mixing tank, the pumps and the interconnecting
pipework are common to all engines. The tempera-
ture of the water in the mixing tank is controlied by
circulating a portion through one or more of the three
water coolers installed. These coolers are of the
evaporative type and were manufactured by Messrs.
Heenan & Froude, Ltd.

A separate pump for circulating the water between
the mixing tank and the cooler is provided for each
cooler. The air required by the coolers is drawn from
the engine room by fans integral with them and is
discharged into the main ventilation exhaust duct.
This air is led into the engine room at a point remote
from the coolers so that an appreciable air circulation
is maintained which ensures that the conditions in
the engine room remain reasonable even when all
three engines are running. The quantity of air
required by the engines and the coolers is in excess of
that supplied by the ventilating plant under normal
conditions and, to provide the extra amount required,
an additional fan is run and certain modifications are
made to the air circuit when the engine and coolers
are in operation. Remote control for the fans
concerned, with suitable signal lamps, is provided
in the engine room so that the engine driver can set
up, {n the minimum amount, of time, the required
conditions in the ventilating plant for running the
engines and, if necessary, restart the essential parts
of this plant after a complete failure of the power
supply. ,

The main supply of fuel oil for the engines is stored
in two tanks which are described later. Oil is trans-
ferred from these tanks to the daily service tanks
associated with each engine by an electrically driven
Mirrlees IM O pump or, alternatively, by a hand-
operated .pump of the semi-rotary type. Facilities

are also provided for filling the service tanks from
drums in the engine room and for removing sludge
from various points in the fuel oil system. Duplicate
filters for the fuel oil are provided on each engine.

The engines are of the dry sump type. The
lubricating oil for each engine is stored in a tank
installed in a pit in the floor adjacent to it and is
pumped from there to the engine bearings, etc.,
through duplicate filters and a pressure control
valve by an engine-driven gear type pump. The
oil drains into the engine crank case whence it is
pumped via an oil cooler back to the storage tank by
a similar pump of somewhat larger capacity. A hand-
operated pump of the semi-rotary type is also fitted
for priming the lubricating system preparatory to
running the engine. The capacity of the oil storage
tank is about 70 galls. The oil cooler is connected
in the circuit of the engine jacket cooling water.

Two separate exhaust silencers, both of Burgess
manufacture, are fitted in the exhaust pipe of each
engine; one is fitted as near as possible to the engine
and the other a few feet from the open end. Steel is
used throughout for the exhaust pipe since it was
considered that the more usual cast iron might not
stand up to the treatment the building was designed
to withstand.

The engines are started by compressed air which is
stored in cylinders at a pressure of 300 lbs. per
square inch. Three cylinders, each of which will
supply sufficient air for six normal starts without
recharging, are provided and are interconnected so
that any c¢ylinder can be used to start any engine.
Two compressors, one driven by a 3% h.p. petrol
engine and the other by an electric motor of similar
capacity, are installed for recharging the air cylinders.
The compressors were manufactured by the Ham-
worthy Engineering Co., Ltd. )

Installation.

The building is of heavily reinforced monolithic
concrete construction, with closely spaced steel bar
reinforcing about 2 in. below the surface of the walls.
The engine room occupied portions of two adjacent
bays in the building, the intervening wall being
replaced by a number of pillars of equivalent strength.
The general layout of the plant is shown in Fig. 5,
from which it will be seen that the engines occupy one
bay while the switchboard and coolers occupy the
other.

The maximum span across one bay that could be
permitted was less than 25 ft., so that the normal
arrangement of engine alternator and exciter mounted
in line could not be adopted, and it was necessary to
mount the exciter over the alternator. In this con-
nection it should perhaps be stated that while a
higher speed engine or one of the same speed fitted
with supercharging would have occupied less floor
space, it was necessary to rule both these types out
on account of the somewhat stringent conditions
imposed with regard to noise within the building.

The amount of noise set up by the engines was
considered with more than usual care for several
reasons, the main omes being that the nature of the
bwilding construction gave no assistance whatever in
damping out structure-borne noise and that as the
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building was constructed on a concrete raft formed
as part of the structure it was not possible to build
separate foundations for the engines.

The engines are actually mounted on a block of
concrete 4 ft. thick and about 22 ft. by 30 ft. in area.
This block is entirely separate from the remainder
of the building and is supported by a mat of “Coresil,”’
which is prepared cork material manufactured by
Messrs. W. Christie & Grey, Ltd., resting on the floor
of the engine room with an air gap of 6 in. on all sides
of the block. The engine base plates are in the form
of a box built up of rolled steel joist sections welded
together and embedded in the concrete block. This
method of mounting has in practice proved parti-
cularly successful in isolating from the remainder of
the structure the vibrations which are inherent in any
engine having reciprocating parts.

It was not possible to raise the floor level in the
other bay of the engine room up to that of the engine
foundation block because of the headroom required
by the water coolers, and it was therefore necessary
to provide steps between the pillars as shown in
Fig. 5. These have not proved to be the cause of any
great difficulty because the lifting joist which is
provided over each engine was extended sufficiently
far to enable engine parts to be picked up or landed
at either floor level.

The overall height in the engine room from the
bottom of the engine foundation block to the ceiling
is 16 ft. This height was not required in the other
rooms on this floor of the building, and it was there-
fore possible to raise the floor level in these rooms by
about 5 ft. without any inconvenience and to
utilise the space thus made available below these floors
as storage tanks for the fuel oil for the engines. Two
tanks with adequate capacity were provided by this
means. Each tank is equipped with a float type level
gauge with an indicator fixed in the engine room, and
has a separate vent plpe leading to the top of the
building. A foam pipe which terminates near the
building entrance is also provided for each tank.
This pipe is for flooding the tank with foam for fire
extinguishing purposes.

It was evident that the type of construction
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adopted would not permit the cutting away,
which is normally done when the building
work is complete, for fixing and for the
passage of pipes, etc., through walls and
ceilings and that therefore the position of
every hole that would be required, except
small fixing holes for rawlplugs, et¢., which
were not deep enough to reach the reinforc-
ing, would have to be planned before the
building construction commenced and
would have to be formed by the insertion
of suitable shuttering before the concrete
was run. Small holes through walls up to
about 6 in. diameter were formed by the
insertion of steel sleeves which remained
in situ, but larger holes and holes required
for fixing bolts were made by the use of
wooden formers.

It was necessary therefore to lay out the
whole of the pipework, cable and conduit
runs at a very early stage of the work;
some of the laying out had in fact to be done before
the contract for the plant was placed. Although
this work is not done in detail normally until
the plant is actually installed, there would have
been no inherent difficulty in doing it at this
earlier stage had it not been for the fact that in
addition to the runs required in connection with the
engine room plant there were runs for heating pipes,
cold water pipes, sewage pipes, ventilation ducts and
cable and conduit for power distribution in the
building, all of which required to be allotted space
and almost all of which were being installed by
separate contractors. It was, however, possible
to alleviate the position to a small extent by arranging
for the engine room floor to be left about 2 ft. below
its finished level and by arranging that as many
pipes and cables run in connection with the engine
room plant should be run in ih chases or in pipes
formed in the floor filling when it was run in at a
later date. A similar arrangement was made with
regard to the floating engine foundation block, which
was of a somewhat complicated shape—in this case
the concrete level was left by the builders at a level
somewhat more than four feet below the finished level.
With this early planning it was possible for the
contractor to cut and bend all pipes at his works and
to deliver them to the site ready fitted with flanges
for immediate erection and thus save an appreciable
amount of time for work on site. The only modifica-
tion to the original layout that was necessary was to
acccmmodate another contractor who was an earlier

. arrival on the site and who had used the wrong holes

in one of the walls for his pipe runs.

Some difficulty was experienced in designing the
runs for the larger cables on account of the difference
in level between the engine room floor and the floors
of surrounding rooms. This was overcome by
arranging that access to the engine room should be by
an easy flight of steps formed in concrete and that
steel pipes should be set in this concrete at an angle
of about 40° and should terminate in chases at the top
and bottom of the steps. With this arrangement it
was possible to avoid any sharp bends in the cables
without occupying any additional floor space.






and at the same time was twisted through 90°, so
that when it reached the point C it was possible

by a reversal of the process at the point B to

draw the engine out of the shaft in a horizontal
position. At point C at one position of the engine
the maximum clearance at the fouling points was
less than 3in., so that very nice management of
the tackle was necessary to get the engine round
without jamming.

At the entrance to the engine room there was a
drop of about 4 ft., and to negotiate this a ** bird-
cage '’ of timber was built up to the entrance level.
The engine was run on to this and then, with the
aid of the overhead crane and jacks, it was dropped
to engine room floor level as the timber was removed
plank by plank. This process was then reversed to
ift it again to the level of the foundation block and
on to which it was rolled.

Five days were taken up in getting the first engine
into position, although this was reduced to three
days for the third as experience was gained. The
main entrance was, of course, blocked while the
engines were being negotiated between points A and
B, and it was necessary for the times of their
arrival to be co-ordinated with the work of other
contractors, and to cause the minimum amount of
delay, the work was confined as far as possible to
week-ends.

The other items of plant were got in without much
trouble, since with the exception of the coolers, which
were comparatively light, all the plant could be
taken round the various corners without turning.

The engine base plates were each delivered in two
parts, which were assembled on site and, as they arrived
some time before the building was finished, it was
possible to get them into the engine room by a more
direct route than that taken by the remainder of the
plant.

Conclusion.

The plant has now been in commission for some
time and has been run at regular intervals for testing
purposes and to acquaint the staff concerned with its
operation. The plant is, of course, designed for
starting up after a complete failure of the main power
supply when there would be no power available in the
engine room until the first engine had been connected
to the busbars. All the plant in the engine room,
including the lighting, is therefore supplied from one
circuit-breaker on the switchboard, which is the first
to be closed after the first engine is run up. To
simulate a power shut-down for testing purposes this
breaker is tripped, thus enabling the operating staft
to start up the engines under the actual conditions
which would be met in an emergency.

The more important of the items in the building,
such as the compressor for the refrigerating plant,
are in duplicate, and these have been connected up to
the switchboard in such a manner that by making
use of the duplicate busbars it is possible to load up
an engine on test by connecting reserve plant to the
stand-by supply and leaving running plant on the
main supply.

Quick Action Pipe Coupling

This quick-action coupling was designed for
coupling a flexible hose on a producer-gas trailer
to a rigid pipe on towing vehicle. It is also suitable
for low pressure liquid or gas pipe lines generally,
which necessitate the coupling.of one rigid and one
flexible pipe or two flexible pipes.

The coupling consists in the main of two short
metal pipes, A and A,, each flanged at one end,
the flanges (B and B,) being so designed that they
form a spigot joint connection C when placed face
to face. To ensure a gas or liquid-tight joint, a
leather washer D is interposed between shoulder E
of flange B and flange B,.

The coupling of the flanges is effected by two arms
F which carry spring-loaded balls G, the arms being
hinged to flange B, diametrically opposite each
other. Movement of the arms towards flange B
until they lie parallel to the line of piping causes
the spring-loaded balls G to engage in an annular
groove H formed in the outer face of flange B. The
spring loading of the balls is such that adequate
pressure is applied to keep the flange joint tight.

When the coupling is used to connect a rigid pipe
to a flexible one, tube A with its flange and other
components constitute the end of the flexible pipe.
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A cover.cap with spigot and leather washer and
pull-off ring, having the outer face grooved as flange B,
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is provided for sealing pipe A;, when pipe A with
its flange and spigot are detached.



The Application of Carrier Systems
to Submarine Cables—Part Il R. J. HALSEY, ssc.(eng). Act. Dic.

U.D.C. 621.395.443

This article, which is continued from the October issue, discusses the design bases for terminal equipment of submarine
telephone cables having high attenuation. Some experimental data on cables and equipment are given.

the maximum permissible attenuation of a
submarine telephone cable can be calculated if
specified circuit noise requirements are to be fulfilled
with a transmitting amplifier of a given output

IN Part 1 of this article it has been shown how

sower. Methods of line equalisation have also been -

liscussed in relation to the performance of available
implifiers. It remains to be shown how nearly the
‘heoretical limiting conditions can be realised in
oractice and, in particular, how extraneous noise
ind crosstalk may prevent complete realisation of
‘he optimum design.

ErrEcT oF CABLE CROSSTALK ON
CIRCUIT STABILITY.
In two-cable schemes the effect of near-end cross-

;alk is to reduce the stability of the higher frequency
ircuits and/or to increase the overall

o
©

terminating box and direct capacitance between
the inner conductor and the station earth should
be carefully avoided; the arrangement of some
existing boxes is not satisfactory in this respect.
The armouring or, in certain instances, the lead
sheath is in contact with the racking and thence
with the station earth; it is usually satisfactory
if the armouring or lead sheath forms the station
earth. ’

Measurements of near-end crosstalk have been
taken at four cable terminals as follows : the cross-
talk-frequency characteristics are given in Fig. 1 :—

(a) At Aldeburgh. Here the repeater station is
150 yards from the sea, and the cables are in
separate trenches. It is known that connecting
the outer conductors of the two cables to the
station earth causes instability of some of the
low-frequency carrier circuits.

ittenuation at which they may be
perated. It is readily shown, for example,
hat if, in a single 4-wire loop having

8

:qual attenuations and gains in each line,
he near-end cable crosstalk at each end is
:qual to the cable attenuation, the limiting

werall attenuation at which the circuit
s stable with the ends open-circuited is
ncreased from zero to 4-2 db. This

epresents approximately the worst cross-
alk conditions which can be tolerated.
n practice both line attenuations and
iear-end crosstalk attenuations may be

o
(@]

mequal, and when crosstalk is the
imiting factor this necessitates a redis-
ribution of the terminal gains so that
nstability is reached simultaneously in the two
inging paths.

deasurements of Near-end Cable Crosstalk.

Unfortunately there is, at present, inadequate
aformation concerning near-end crosstalk between
ubmarine cables used for two-cable schemes. It is
nown to be dependent on the proximity of the
ables at the landing point and on shore, and also
n the nature of the earthing arrangements employed,
ut it has so far been impossible to make exhaustive
1easurements on existing cables.

The shore ends are lead-covered, and the armouring
» preferably continued over the land sections to the
able terminating box. On land, the cables are laid
1 separate trenches and are separated from each
ther as far as possible. The outer conductor, lead
1eath and armouring arg¢ separated by wrappings
f tape and jute respectively. The insulation of the
ater conductor should be preserved. at the cable
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Fig. 1.—CoaxiaL PARAGUTTA CABLES—NEAR-END CROSSTALK.

() At Donaghadee. Here the repeater station is
very close to the sea and the conditions are as
near ideal as can be expected.

(c) At Portpatrick. Here the cables run overland
for 0-9 nautical miles in trenches six feet apart.
They are leaded and armoured. The crosstalk
is seen to be inferior to that at Aldeburgh and
Donaghadee.

(@) At Morfa Nevin. Here the cables run overland
for 1-4 miles; they are also leaded and
armoured. The crosstalk at frequencies below
60 kc/s is worse than that in the other cases
measured.

From these results it is clear that, where possible,
the submarine cable termination should be as close
as possible to the landing point. Where this is’ done
near-end crosstalk should not be a limiting factor in
the provision of circuits, but where the land section '
is considerable such near-end crosstalk may be the
limiting factor. Thus, with 10 W transmitting
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amplifiers, the maximum permissible attenuation
length will be between 125 and 135 db. depending on
the number of circuits and the permissible noise
limit, and if it is assumed that the limiting near-end
crosstalk is equal to the cable attenuation then the
crosstalk will certainly be the limiting factor at
Morfa Nevin and possibly at Portpatrick also.

The near-end crosstalk measurements at Morfa
Nevin were extended to 500 ke/s and the effect of
various earth connections was investigated. The
results are given in Table 1.

both the 142 circuit system and the 12-circuit system

. are worked 4-wire, it is mecessary to provide only
sufficient attenuation to ensure that a negligible
fraction of the power from each system is absorbed
by the complementary filter. If the low-frequency
system is worked duplex with a two-cable scheme,
it is necessary for the system filter to prevent

(a) transmitted signals on either system from
loading the receiving amplifiers at the near
end on the other system. (This may possibly
be taken care of by the line equalisers in certain

circumstances) ;

TaBLE 1. (b) modulation  products
NEAR-END CROSSTALK BETWEEN SUBMARINE CABLES AT MORFA NEVIN. from the transmitting
amplifier on one system
‘ ‘ | Each outer conductor interfering with the low-

f ' Outer Outer Outer | RSE. | RSE. to R.S.E. vi S .
ke/s lConductors Conductors/Conductors| to Rec. | to Send ‘ o ok Vid level received signals on

Free Conmnected | to R.S.E.*, only only 0-005‘uF[ 1uF ; 0-0002uF the other system.
10 78 db 68 ‘ o8 18 | 78 | 1f the low-frequency system
20 . > 98 g2 >08 | r 06 96 08 is worked duplex on a single-
40 122 118 ‘ >128 ' 5120 =120 [ cable scheme, the same con-
60 116 112 o124 siderations must be taken into
138 i;g 102 boo122 ‘ 4 + 110 ‘1 26 account. In neither this nor
150 ' 118 188 Hg 1 114 10 the two-cable case will the
200 118 96 106 } optimum filter design be the
300 | 114 %0 96 same at both terminals, but
400 o - 86 9 78 | 86 90 a common design of filter,
500 | 106 | 82 84 ; |

incorporating the more severe

* Repeater Station Earth.

These results do not appear to be entirely logical,
but the precise mechanism of this crosstalk is not
yet investigated ; two coaxial pairs with their outer
conductors in contact at earth potential should have
a crosstalk attenuation which increases with frequency.
From the general trend of other test results below
60 kc/s it appears that the unusual crosstalk charac-
teristic in this instance should be attributed to the
land section.

FILTERS.
System Filters.

In schemes involving expensive submarine cable
links it is desirable to make fyll use of the available
frequency spectrum, and low-frequency systems
(usually duplex) age operated in the frequency band
below 12 kcfs; "to combine the two
systems, filters are employed. The system
filters may be inserted either adjacent to
the cable or on the office side of the low-
pass directional filter if one is fitted. So
far, they have always been fitted between
the directional filters and the cable, to
minimise the amount of equipment to be
simulated in the 2-wire balances, but in
this position air-cored coils must always
be used for the high-pass filter and the
end sections of the low-pass filter on
single-cable schemes to avoid intermodu-
lation. On two-cable schemes (without emergency
filters) dust-cored coils are satisfactory.

The required discrimination of the system filters
depends on the type of scheme (i.e. two-cable without
emergency filters, or single-cable) and the cable
lengths involved. In the simplest condition, where
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requirements, is usually
adopted.

To simplify the low-pass filter to be reproduced in
the 2-wire balance, and, incidentally, to effect a
saving in filter elements, the arrangement shown in
Fig. 2 has been adopted. That part of the low-pass
filter in the 2-wire circuit (the basic filter) is sufficient
to ensure that the 4-wire terminating set and low-
frequency amplifiers do not form a serious non-
linear shunt on the high-frequency system; any
such shunt will be responsible for inter-channel inter-
ference in the high-frequency system. Additional
low-pass filters are connected in the 4-wire circuits
as required, and it is found that such additional
filters are required only as shown in the diagram.
The basic filters and their counterparts in the 2-wire
balances must be carefully constructed if good

VP STATION DOWN STATION
DIR_FILT DIR. FILT
re===9 Py
| SYSTEM SYSTEM 2
FILT. FILT. l’@‘ >—u-b
R4S 12 CH. GRPS.
-

1+2 y-D

—————
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Fic. 2.—ARRANGEMENT OF FILTERS FOR SINGLE-CABLE SCHEMES.

balance return losses are to be obtained. In practice,
tolerances of 0-5 per cent. have been found necessary
to ensure adequate matching, and, even so, a measure
of matching of individua] components is desirable.
With cut-off frequencies of 10 ke/s, return losses of
50 db. may be required from the filters alone at



frequencies up to 9-0 kc/s. Despite the rather large
values of capacitance, the condensers must be of the
clamped mica type to ensure adequate accuracy
stability. The coils in the 4-wire filters can be
wound on dust-cores and, although clamped paper
condensers would otherwise be suitable, the capaci-
tance values (for the usual 600 Q filters) are too low
to admit of their use ; mica condensers are therefore
used in these filters also.

Directional Filters.

Channel and group filters are designed to operate
satisfactorily when all channels and groups are trans-
mitted in the same direction at approximately equal
levels. The loop loss through the directional filters
should therefore, as a first approximation, be equal to
the line attenuation ; near-end signals will then be
attenuated to exactly the same extent as if they are
transmitted along the cable.

Intermodulation in directional filters must be care-
fully avoided owing to the very considerable level
differences existing at the line end. Coils near the
filter junction must certainly be air-cored, but coils
remote from the junction could have low-hysteresis
dust-cores (e.g., carbonyl iron, Grade E). A close
study of this point has not so far been made, and to
err on the safe side air-cored coils have been used
throughout on systems of high attenuation. On
systems having comparatively low attenuation and
using 1 W transmitting amplifiers, high-grade dust-
cores have been used throughout in the directional
filters (e.g. Belfast-Stranraer).

EARTHING SYSTEM

Connections to Repeater Station Earth.

At a repeater station the main station earth
connection is to the junction point of the 130 V and
24 V batteries, and leads are usually run as shown
in Fig. 3. Valve heaters are connected between
“FIL. BATT.” and “E.V.R.”,
between which points a regulated

21 V is maintained. This is the
only connection which should be
- made to “E.V.R.” at a repeater
£ station; all other connections

should be to “RACK E,’ and
on the bay mounting the receiving
amplifiers a condenser (say, 1 uF
paper) should be connected be-

tween “ E.V.R.” and “RACK E”

13ov  busbars to ensure that no A.C.
v potential difference exists between

Fic. 3. — Normar these points. If this is not done,
REPEATER STATION high-frequency noise (e.g. radio)

PowEr SUPPLIES. i "liable to be picked up via
the capacitance between the grid of the first valve
and its heater.

On the bays mounting the carrier terminal equip-
ment a heavy insulated copper earth bar is fitted
down the bay and connected at its upper end to the
“RACK E” busbar; the earth connections from
each unit are taken direct to this bar.

Where a balanced land cable section occurs adjacent
to the terminal equipment it is evident that the

=

RACK E
T+

RELAY BATTERY
EV.R.

Fit.. BATTERY

24V

common side of all unbalanced filters must be con-
nected to the station earth; care must be taken to
ensure that two such earth connections are not made,
otherwise currents will flow in the earthing system.
A single earth connection is used to fix the potential
of one point on each circuit.

Noise Pick-up from Earth System.

Without Balanced-pair Land Cable Section.—The
station earth and the outer conductor of the sub-
marine cable will not be in contact. Noise voltages
will therefore be developed between them, and
these must be prevented from causing interference
in the receiving amplifiers. It has been possible
to make only a few measurements of such noise
voltages, and typical figures, measured at Morfa
Nevin on the Anglo-Eire cable, are given below.

(1) Total open circuit noise voltage (R.M.S))

measured between 5 and 35kc/s =1-6 to
3:0 mV steady with peaks up to 7-5 mV.

(2) Total open circuit noise voltage (R.M.S.)
measured above 35kc/s =015 to 0-3mV
steady with peaks up to 0-8 mV.

(3) Open circuit voltages of the order of 1 mV
were measured with a wave analyser at various
frequencies between 17 and 650 kc/s, morse
transmission being identified in most instances.

Thus, it may be assumed that noise voltages of the
order 1 mV may occur between the station earth
and the outer cable conductor, and these should
desirably be attenuated so. that the transverse
voltage appearing at the input to the first receiving
amplifier is less than that due to thermal noise (i.e.
—139 db.). Noise and crosstalk currents flowing
in the outer con-
ductor via shunt
couplings to the
station earth will
cause a potential
gradient which,
in turn, will
cause transverse
currents in the

AAA
W@

cable pair. To il -
minimise these OUTER CABLE NOISE BD. ST. ATEI ON
currents the CON;UC"T b S

M 1G. —1JOUBLE-S>CREENED
common side of TRANSFORMER.

the line filters,
together with appropriate screens, should be con-
nected to the outer conductor and a double-
screened transformer - interposed before the first
receiving amplifier as in Fig. 4. For single-
cable schemes it is not practicable to insert such a
transformer in the line owing to the severe design
requirements. The noise voltage is then applied
between the screens and, if these are complete,
noise currents cannot flow in the transformer windings,
and thereby generate transverse voltages., It can be
shown that in this arrangement
(1) there is a preferred poling of the windings which
tends to cause the effects of the residual
capacitances to cancel each other ;
(2) the extent of the cancellation in (1) above is
greatest when the transformer has unity ratio ;
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(3) withthe preferred poling, it is possible to increase
the degree of cancellation by an added con-
denser ;

(4) for a transformer of given ratio, the signal/
noise ratio is inversely proportional to the
square root of the circuit impedance.

(5) The signal/noise ratio is inversely proportional
to frequency.

In an experimental transformer designed to operate
between 200 Q impedances the voltage attenuation of
a signal applied to the screens exceeds 100 db. at all
frequencies up to 500 kc/s. Thus, if 1 mV of noise
is applied between the screens, the noise level across
the windings is always below —153 db., i.e. at least
14 db. below the level of resistance noise.

Alternatively, or in addition, it is possible greatly
to reduce the effect of the shunt couplings by con-
necting a longitudinal choke, wound with coaxial
pair, between the cable termination and the equip-
ment. If this choke has adequate impedance to
longitudinal currents, the station earth may be
connected to the outer conductor on the equipment
side of the choke, and the requirements for the
insulation and screening of the line filters are thereby
relaxed.

In one instance, where noise originated close to
the terminal station, a choke consisting of 80 turns
on 5 mil' mumetal laminations reduced the circuit
noise by about 70 db; where the noise originates
at a more remote point the improvement will be less.

With Balanced Pair Land Cable Section.—The noise
voltage still exists between the submarine cable and
the station earth; indeed, owing to the greater
geographical separation, it is likely to be greater.
The double-screened transformer no longer presents
a solution since the two earths are not at the same
station, but a longitudinal choke wound with coaxial
pair may be fitted at the ends of the submarine cable

as described above. The noise P.D. involved is then

that between the station earths at the ends of the
land cable section.

The best arrangement so far devised is to fit
balanced and single-screened transformers at each
end of the balanced cable, the screens being con-
nected to the appropriate earths as in Fig. 5. It is

COAXIAL BALANCED PAIR 3
CABLE 2 CABLE £ b
t—ﬂn
OUTER CABLE STATN,
CONDUCTOR & E
' NOISE RD.

-Fi16. 5.—CoONNECTIONS TO BALANCED PAIR CABLE.

then necessary to ensure that the transverse noise
voltage developed across the pair by the longi-
tudinal currents, acting through the circuit un-
balances, shall be small. The method of doing this
will depend on whether the unbalances are in the line,
terminal transformers or both, and whether they are
series or shunt unbalances. In practice, the capaci-
tance unbalance of the terminal transformers can be
reduced to 5 upuF or less below 500 kcfs, and the
capacitance between the line winding and the screen
is sufficiently low to constitute a substantial series
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impedance. In a single cable scheme there are very
severe requirements in respect of intermodulation
which restrict the design and make it impracticable
to make the winding-to-screen capacitance very low.
The most important unbalances are those of wire-to-
earth capacitance along the line and since, at the
terminals, there is a substantial series impedance, the
transverse voltage is most readily restricted by
earthing the centre-points of the transformer (line)
windings. If the cable is fairly long it may then be
necessary to include additional series impedances in
the form of longitudinal chokes (arranged to be non-
inductive to the pair circuit) and also additional
centre-tapped shunt chokes to give low impedances

" to earth. This problem has not yet been fully investi-

gated, but it is thought that a satisfactory arrange-
ment of high series impedances and low shunt
impedances in the earth circuits should be practicable.
Reduction of the wire-to-earth unbalances in manu-
facture or by added condensers may be necessary in
extreme cases.

Typical attenuations of voltages applied between
the screens of a pair of transformers (suitable for a
single-cable scheme) connected back-to-back, are
given in Table 2. Each transformer is designed to
operate between a 50 Q unbalanced circuit and a 200 Q
balanced circuit and the calculated suppressions
shown are deduced from measured admittance
unbalances.

TABLE 2.
Suppression in db.
Frequency in kc/s [
Calc. | Meas.
20 94 1 94
40 89 | 88-5
100 81 81-0
160 78 77-0
200 75 75-5
250 69 I
300 67 | 72-0
|

The conditions with balanced-pair land cables are
less satisfactory, from the point of view of noise, than
when the equipment is adjacent to the submarine
cable, and although excessive noise has not so far
been experienced it is probable that radio interference
will make certain channels unworkable in extreme
cases.

INTERMODULATION IN LINE EQUIPMENT.

For single-cable schemes, intermodulation require-
ments are extremely severe. For filter coils asso-
ciated with both directions of transmission air-cored
toroids have always been employed, and this is satis-
factory, but it is impossible to avoid the use of
ferro-magnetic cores in line transformers. These
transformers must occur wherever there are balanced-
pair land cables between the terminal equipment
and the submarine cable; those adjacent to the
terminal equipment will have the most severe
requirements.



Fig. 6 shows the levels occurring at the terminal
transformers of single-cable systems of limiting
attenuation, for 1 to 4 transmitted groups. The
maximum transmitted level is taken as 4 22 db.,
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F1G. 6.—CARRIER SYSTEMS OF LIMITING ATTENUATION ON
SINGLE CABLES—TERMINAL TRANSMISSION LEVEL. 1 to 4
GROUPS.

and the equalisation is as previously suggested.
Levels for a 142 circuit duplex system are included on
the usual basis of a transmitted level of +5 db. (i.e.
—+1 db. to line). At one end of the cable the dotted
curves will apply, together with both of the 142
circuit level curves; at the other end all the full
curves will apply.

The following types of interference must be

considered : ’

(1) From the transmitted 12 circuit group to the
received D-U 12-channel groups (i.e. 12-60—
12-204 kc/s).

(2) From the transmitted 142 circuit group to the

received U-D 12-channel groups (i.e. 72-120— °

244436 kc/s).
(3) From the transmitted D-U 12-channel groups
to the received U-D 12-channel groups.

(4) From the transmitted U-D 12-channel groups

to the received D-U 12-channel groups.

(5) ¥From the transmitted D-U 12-channel groups

to the 142 circuit system.

(6) From the transmitted U-D 12-channel groups

to the 14-2 circuit system.

Itwill be seen from Fig. 6 that in the limiting condi-
tion the U-D 12-channel groups will have all channels
equipped with compandors, and these will serve to
reduce the intermodulation noise in accordance with
the usual law.

The design of transformers to transmit these wide
level differences without excessive intermodulation
is outside the scope of the present article. It will,
however, suffice to indicate that suitable trans-
formers for circuits transmitting frequencies from
300 c/s to 300 kc/s have been made and extension of
the upper frequency limit to 500 kc/s is practicable.
Such transformers may have a ratio of more than
25,000 between their open-circuit and short-circuit
inductances, and they will transmit frequencies of
20 c/s without appreciable loss.

Conclusions.

The problem of the provision of carrier systems on
submarine cables to the limits permitted by the
attenuation has been considered generally and the
difficulties examined. Such systems have been
installed on several submarine cables, but the most
severe conditions have not yet been encountered.
The problems involved have not all been fully and
satisfactorily solved, but the present article sum-
marises experience to date.

In general it is possible to provide circuits meeting
the P.O. and C.C.LF. noise limits over cables having
attenuations up to about 130 db., assuming the use
of 10W transmitting amplifiers—the highest output
so far obtained by use of repeater station batteries
(21 and 130 V). Noise due to radio interference is
likely to prove troublesome in certain cases, and this
is more readily dealt with when there are no balanced-
pair cables between the submarine cable and the
terminal repeater station. Such cables should be
avoided where possible.

Severe intermodulation requirements are encoun-
tered in single-cable schemes, but these have been
met satisfactorily.:

Book Review

“ The Telephone Handbook.” By J. Poole, AM.LLE.E.
Wh.Sc. 510 pp. 397ill. Pitmans, 25s.

The eighth edition of Poole’s “ Practical Telephone
Handbook "’ has been completely revised by two Post
Office engineers, N. V. Knight and W. Prickett, and now
appears under the slightly modified title of “ The
Telephone Handbook.” The present book sets out to
deal with the fundamental theory and practice of
telephony, and does not confuse the main issues by too
much detail. In general it covers the syllabuses of
City and Guilds examinations in Telephony, Grades I
and II, and the theoretical side of Transmission and
Lines, Grade I and part of Grade II, i.e. manual and
automatic (non-director) exchange practice, including
subscribers’ instruments and P.M.B.X.s, together with
an introduction to transmission theory and an outline of
audio and carrier repeater practice.

.

The book starts badly with an unnecessary chapter on
alternating current theory, in the first four pages of
which an alternator is shown with a commutator, o is
referred to as a constant, and flux and flux density are
confused ! In a book on Telephony restricted to 500
pages this chapter and one later in the book dealing
solely with primary and secondary cells could well have
been omitted and the space devoted to purely telephone
matters. o

Nor does the second chapter dealing with Telephone
Instrument Circuits open more propitiously, for it
commences with the half truth, “ Any moving body
makes a sound.” Similar statements appear at intervals
throughout the book. Another irritating point is the
frequent use of former and latter, sometimes incorrectly.
These are, however, minor blemishes and detract only

(Continued on page 138).
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{1) High accuracy 1 kc/s tone which is available at
a number of repeater stations throughout the
country.

(2) 4 ke/s tone as produced by carrier generating

equipment of the No. 5 type.

(8) 1or2 kc/s tone as produced by carrier generating

equipment of the No. 6 type.

{(4) 4 kc/s tone as produced by carrier generating

equipment of the No. 7 type.

It was necessary to arrange that both normal and
standby sources of the above types should be available
to “drive” the carrier generating equipment. It
was apparent that 4 kc/s could be taken as the basic
frequency from which to derive the required
frequencies and that additional equipment could be
provided as required to effect any other frequency
multiplication. The carrier generating equipment
common to all types of supply is indicated in block

w0 HARMONIC
—-——1GENERATOR
4kc/s )

B'AMPFRS.
v HARMONIC
-2 GENERATOR .
ke © \AA— BUS BARS
DISTRIBUTION

Zlekc/s A AMPFRS BUS BARS
AND

CHANGE-OVER
PANELS

Fic. 5.—ScHEMATIC DIAGRAM OF INVERTER CARRIER
GENERATING EQUIPMENT.

schematic form in Fig. 5, the additional apparatus
necessary in individual stations being shown in Fig. 6.

Considering Fig. 5, sources of 4kc/s tone are
applied simultaneously at points “X " and “Y”
and feed duplicate harmonic generators. These
harmonic generators are identical with those used
for channel carrier frequency generation in the No. 7
type carrier equipment and employ the overloaded
coil principle to produce a ‘“ peaked ”’ output wave-
form. At the output of each of the harmonic

generators there are two crystal filters in parallel to -

select the wanted supplies of 144 and 216 kc/s ; the
filters offer considerable attenuation to frequencies
other than those required. At the output of each
filter there is a two-stage amplifier ; the outputs of
each pair of amplifiers handling a particular frequency
are paralleled. To avoidlevel variations it is necessary
to ensure that only one of the amplifiers of each pair
supplies power at any one time to the distribution
busbars ; this is effected by a change-over panel
associated with each pair of these (often called “ A )
amplifiers. Output power from whichever amplifier
is supplying the load is used in the change-over panel
to provide a bias to suppress the output of the other
amplifier of the pair; in the event of the failure of
output from the working amplifier the bias is removed
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and the second amplifier takes over the load. Change-
over in either direction is automatic, but may also be
performed manually for test purposes. The output

AKcfs NORMAL:

TO C.0.
PANEL

TO No.5 TYPE CARRIER
GENERATING EQUIPMENT

ALTERNATIVE
4 Kc/s SUPPLIES

F1G. 6.—SCHEMATIC DIAGRAMS OF AUXILIARY GENERATING
EQUIPMENT.
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of each pair of “A” amplifiers feeds a constant
impedance busbar which provides for four outlets
each capable of feeding one bay of 12 inverter units.

The power as supplied by the “ A’ amplifiers is
not sufficient to ““ drive ”’ 48 inverter units, and each
inverter bay is therefore provided with additional
(or “B”’) amplifiers, these being provided on the
basis of two workers (one for each carrier frequency)
and a common spare. There is no automatic change
over from a working “ B’ amplifier to the spare,
but an alarm operates if the supply of either frequency
fails, and the spare amplifier may be brought into
service by “U” links. The output of each of the
working “ B 7’ amplifiers feeds a constant impedance
busbar from which 12 inverter units may be supplied.

Turning now to Figs. 6 (a), (b) and (c), each of these
represents a panel of which only one is provided on
any particular inverter installation. When the basic
frequency is derived from carrier system No. 5
generating equipment (Fig. 6 (a) ) two 4 kc/s supplies
are available, one from the normal and the other
from the standby oscillator ; the appropriate change-
over panel determines which of these is carrying the
load at any particular moment so an extension of this
change-over panel is provided in order that the
appropriate supply may be available to the inverter
carrier frequency generating equipment. The 4 kc/s
filter is provided to ensure that unwanted frequencies
are not applied to the harmonic generators.

Where the 4 kc/s supplies are derived from the
oscillators of carrier system No. 7 installations no
additional change-over arrangement is necessary as
an automatic supply suppressing arrangement is






Output impedance—With condenser C of Fig. 2
having a value of 200uuF a typical ou%put
impedance characteristic as measured at the output
transformer terminals is as shown in Fig. 9.
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Carrier leak—This can be measured only at the
output of the line amplifiers ; it is comprised almost
solely of 216 kc/s leak and has a value about 23 db.
below the test signal level of the point in question.
The importance of this leak is small, as owing to its
frequency it is rapidly attenuated in a 12-circuit line,
and for a group subjected to group modulation the
resulting leak frequency is adequately suppressed.

Carrier level.—The carrier level as measured at the
distribution busbars on the inverter bay is nominally
20V and, in general, will not fall below 1-7V. A
drop of carrier level of about 3-0 db. at the output of
the “ A amplifiers will cause automatic change-
over ; the alarm panel at the output of the “B”
amplifiers operates on failure of carrier supply.

Interchannel interference—Tests have been carried
out using the ““ go "’ and ““ return "’ halves of a channel
equipment of No. 5 type looped via three line
amplifiers and two inverter paths; it will be appre-
ciated that wunder these ecircumstances 12 wuni-
directional channels were set up and these were
arranged to have an overall gain of 8 db. Measure-
ments were made of inter-channel interference under
the above conditions ; these showed that the inter-
ference was only slightly worse than when 12 similar
channels were set up using no inverter paths, i.e.
with the halves of a channel equipment looped via
one line amplifier only.

Interference was measured employing two speakers
disturbing pairs of channels with an input level 8 db.
below R.T.P,, ie. equivalent to 4 db. below R.T.P.
at a zero level 2-wire test point. Under these condi-
tions the weighted psophometric P.D. at a 4- 4 db.
test level point ranged from 0-2 to 0-9 mV, which is
satisfactory.

Inter-group crosstalk—The group-to-group cross-
talk as measured at the HF.R.D.F. was in the main
better than 85 db., the worst (and only figure of that
value for all combinations of disturbing and disturbed
groups) being 80 db.

While carrying out the tests on the first installation
of inverter equipment much useful experience was
gained in the effect of multiple crosstalk paths,
particularly those via common earth and battery
circuits. It was shown to be particularly important
to ensure that the two carrier supplies were free to a
very high degree from crosstalk of the other carrier
frequency.

Location of Inverter Installations.

It has been necessary to-consider where inverter
equipment should be installed, as it is apparent that
three courses are open in this connection. The
inverters may be sited at the stations accommodating
the No. 5 or 6 type equipment, at the stations
accommodating the No. 7 type equipment or at
points remote from the channel equipment and inter-
meédiate on the route. Arguments may be advanced
in support of any of these sitings, but in view of the
necessity of maintaining a maximum of flexibility
under present-day conditions it has generally been
considered desirable to site inverter installations at
focal points, i.e. at the junction of numbers of 12-
circuit routes at which an H.F.R.D.F. is available.
It is apparent therefore that certain groups employing
an inverter may be utilising inverted sidebamds for
one section of route and erect sidebands for the
remainder.

It is important when working with 12-channel
groups employing inverters to realise that channels
employing the one end of the 12-60 kc/s range at the
transmitting end of the group will employ the other
end of the range at the remote terminal ; in many
cases this will affect channel numbering.

Consideration is being given to the desirability or
otherwise of employing inverters at each end of a
co-axial cable super-group when the groups are
terminated upon channel equipments of the No. 5
or 6 types. Group translating equipment is designed
to receive and to deliver groups of 12 channels
assembled as inverted sidebands in the range 60-
108 ke/s ; however, if group-modulating equipment of
standard design is employed to translate sidebands as
delivered by Nos. 5 and 6 channel equipments into
the 60-108 kc/s range then the sidebands are erect
as presented to the group translating equipment, and
this is undesirable. The difficulty could be overcome
by employing inverter paths at each end of the co-
axial cable super-group.

Conclusion.

The test results quoted in this article are those
appropriate to an initial installation of inverter units
as made by Standard Telephones & Cables, Ltd. ;
there is every reason to believe that future deliveries
will have similar characteristics and that the very
similar units being produced by the General Electric
Co. will also have as good a performance.
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with the machine running slowly the disc is lowered
on to the pipe by the hand feed. When the disc
touches the pipe the air valve is opened fully and the
disc lowered until a cut has been made through the
thickness of the metal of the pipe. In this operation,
the hand feed may be turned quite quickly as the
cutting speed of the disc is high, penetration of the
pipe being made in a few seconds.

The machine is then gently pushed along the pipe.
Great pressure is not required, although it is advan-
tageous to hold the machine down on the pipe. In
this way a cut is made along the pipe. As the end is
reached the front wheels of the carrier pass beyond
the end of the pipe and the weight of the machine is
carried on the centre and rear wheels so that the cut
can be made to the end of the pipe without the
dropping which was liable to occur with the earlier
four-wheeled carriers. Care must be exercised as the
end of the slot is cut, as some pipes have a tendency
to spring either open or closed when this point is
reached, and disc breakage may occur.

The machine is lifted off the pipe, turned to face
the opposite direction and replaced on the pipe
near the starting point of the cut. These operations
are repeated for the few remaining inches of cut
between the beginning of the slot and the other end
of the pipe.

Observations.

The advantages of the pneumatic machine over the
electric machines at present in use include the
following :— :

(1) Universal availability, as the machine can be
driven from a mobile compressor or from a
factory compressed air installation.

(2) Complete independence of electricity supply
enables the machine to be brought into use
quickly without the need of co-operation from
other undertakers or of portable petrol electric
generators.

(3) Superior performance owing to greater power
of the motor.

(4) Greater robustness of compressed air motor
as compared with the electric motor. The

Book Review—Continued from page 125.

slightly from the very clear descriptions of the principles
of the various pieces of apparatus and of the associated
circuits.

My main criticism lies with the matters not dealt with.
No handbook on telephony is complete without reference
to the Director system. Non-Director circuits and
trunking arrangements are dealt with in 23 pages, and
presumably an outline of Director working could have
been covered in a similar space, i.e. less than the number
of pages devoted to batteries. Also the 2,000 type
selector and associated circuits constitute such an
important and fundamental change to automatic
switching practice that their omission cannot be
condoned on the grounds quoted in the preface that
““ the descriptions of existing plant and circuits will
suffice for examination purposes for a few years to
come.” Other less important omissions from this
section of the book include trunking theory, differential
signalling, 2VF signalling, U.A.X.’s and the P.M.B.X.1A.

The final chapters, occupying slightly more than one-
third of the book, relate to telephone transmission. The
subject is dealt with mathematically and a knowledge of
hyperbolic functions is assumed. After an intraductory
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preumatic machine is not damaged if the motor
is stalled or run in an overloaded condition for
any length of time.

Some performance figures of the new machine
may be of interest. The following figures obtained
under experimental conditions are probably better
than those which will be obtained in practice. Even
so, it is not thought that an expectation of one foot
of cut per minute is unduly optimistic.

Length of cut .. 15in.
Time .. .. 40 sec.

In view of the speed of cut, the question arises
whether it is still economical to force the pipes open
in the way described in the previous article where
they can be revolved on the cables. In cutting a pipe,
say 1 yard in length, the time taken to make the cut
would be approximately three minutes, so that two
cuts could be made in about eight minutes (allowing
time for setting up) and the pipe removed in two
halves. The time required to force open one yard of
pipe is approximately thirty minutes and it would
appear, therefore, that this operation could be dis-
pensed with except where the pipe has been flattened
and forcing open is unavoidable.

A provisional patent specification has been filed in
respect of the machine. '
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chapter on transmission theory, line characteristics and
loading are dealt with, followed by chapters on filters,
equalisers, valves and repeaters. Final chapters deal
with carrier systems, submarine cables and transmission
standards.

Minor points of criticism of this section include the
treatment of crosstalk purely from the electrostatic
viewpoint (Fig. 285), lettering faults on Figs. 296 and
299, the description of carrier systems now almost
obsolete, and the statement that *“ when more than two
or three carrier channels are required in each pair, the use
of separate cables for go and return channels must be
considered.”

The book does not attempt to cover radio telephony
or external plant construction.

It is Hoped that the 9th edition will see a general
cleaning-up of these various minor points which detract
somewhat from what is otherwise an excellent book.
By keeping to basic principles throughout and avoiding
the temptation to go into lengthy details—particularly
with regard to circuit descriptions—the ‘authors have
produced a very readable book which is well worth a
place on every telephone engineer’s bookshelf. HL



Notes and Comments

Rol! 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 Avmed Forces, including Home Guard

Belfast Telephone Area

Bradford Telephone Area

Canterbury Telephone Area

Cardiff Telephone Area
Colchester Telephone Area
Dundee Telephone Area
Engineering Department
Engineering Department

Exeter Telephone Area

Gloucester Telephone Area .

Leeds Telephone Area

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

Norwich Telephone Area

Taunton Telephone Area

Recent Awards

Faulkner, T. J.

Travers, T.
Spratt, L. F. K.
Cradock, L. F.

Markland, R. W.
Stein, D. M.
Dunn, M.

Roper, L. W.

Coad, J. W.
Denton, I. W.

Shelton, W.
Billett, G. A.

Burke, ]J.
Davies, D. J.
Deedman, J. A.
Ellis, R. F.

Williams, E. J.

Skilled Workman, Class 11
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman,
Unestablished Skilled Workman
Unestablished Draughtsman
Skilled Workman, Class I
Inspector

Unestablished Skilled Workman
Unestablished Skilled Workman

Unestablished Skilled Workman
Unestablished Skilled Workman

Unestablished Skilled Workman
Skilled Workman, élass 11
Youth-in-training
Unestablished Skilled Workman

Unestablished Skilled Workman,
Class 11

Lance Corporal,
Corps of Signals

Leading Aircraftman,
Royal Air Force

Sergeant Observer, Royal
Air Force

Sub-Lieutenant, Fleet Air
Arm

Acting Leading Airman,
Fleet Air Arm .

Pilot Officer, Royal Air
Force

Pilot Officer, Royal Air
Force

Aircraftman, Class II
Royal Air Force

Sergeant, Royal Air Force

Private, Royal Warwick-
shire Regiment

Trooper, 9th Lancers

Signalman, Royal Corps of
Signals

Leading Aircraftman,
Royal Air Force

Lance Corporal,
Corps of Signals

Aircraftman, Class 1II,
Royal Air Force

Radio Observer, Royal Air
Force

Trooper, Royal Armoured
Corps

Royal

’

Royal

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, including Home Guard

Dundee Telephone Area
Edinburgh Telephone Area

Liverpool Teléphone Area

London Telecommunications

Region

Blair, A. J.
Burgess, J. A.

Hewson, E.

Ostler, C. W.

Skilled Workman,

of Signals

Class I1 of Signals

Unestablished Sergeant, Royal Corps  Military Medal
Skilled Workman  of Signals

Unestablished Flight Sergeant, Royal  Distinguished

Skilled Workman  Air Force Flying Medal

Inspector Corporal Royal Corps  *Medal of the

Order of the
British
Empire

Signalman, Royal Corps British Empire

Medal

* Shown erroneously in the October, 1942, issue as Order of the British Empire.
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Staff Changes

Promotions
Name Region Date ‘ Name Region Date
Exec. Engr. to Asst. Staff Engr l Insp. to Chief Insp.—cont.
*Franklin, R. H. .. E.-in-C.O. 23.0.42 | %\(fiarrils, G. IJHH ] 15\1\3\7 Reg to LT Reg Sig
Hibbs, A. . E-in-CO 23.9.42 archam, J. .. NW. Reg 19.4.
Walker, W. A. .. N.E. Reg 14.9.42
1sst. Engr. to Exec. Engv ‘Whitehead, E. H. . H.C. Reg 27.9.42
Blackburn, E. N.W Reg 27.8 42 Heyburn, L G. .- HC. Reg 12 4 42
Bray, W. J. .. .. E-in-C.O. 3942 | lLarge, G.V. .. . N'W. Reg to W. & BC.
Thorn, B. K. .. Mid. Reg .. 27.842 | Reg. . 30.8 42
Clibbon, H. A. . N.W. Reg. to E 1n-C.0 24.9.42 Moore, B. T .- L.T. Reg. 28.8 42
Birch,S. .. .. N.E.Reg. to Scot Reg 26.10.42 | Smith, W. R. .. H.C. Reg. 31.7.42
*Bucknall, F. R B .. Scot. Reg : 26:1042 | Howard, J. K. . SW. Reg to W & BC.
Markd " EJ - eot- Reg T l0t> | Saunders,C.T B0 ' R
mith, J. . B.-1n- . 2 | 2 M e = e
Ritchie, G. B .. Scot. Reg 1.11.42
Chief Insp. to Asst. Engr Apperley, H L. - S.W. Reg 31.8.41
Evans, W. A. A. .. L.T. Reg 28.8.42 Gearing, A. .. .. E-in-C.O 12.10.42
Andrews, W. E.T. .. H.C.Reg 21.8.42 gg;gs e AE - HL.C Reg Reg 20042
M;;gan CA PR w 13.9.42 Bridges, G W M .. Test Section, London 12.10 42
A - L.T. Reg.  (Seconded  to ‘' Scutt, R. S H.C. Rog 11.10.42
Roberts, W. ] yomtracts Dopt) - 41042 Rutland, G. A .. S.W. Reg 8.942
operts, W. - cg. to o8- o Nelson, ] Scot. Reg. to N W. Reg 20 11.12
Willmot, C. ] .. H.C. Reg .. 15.10.42 »J- .- g =
gancock, L. .. Mid. Reg .. 15.10.42 Draughtsman Cl. I1 to Draughtsman Cl. I.
vans, T. .. N.W. Reg 30.10.42 : v _ 4.8.42
Quinn, P. - Scot. Reg. 1511.42 Prates. . NwW %So S 1942
Chief Insp. to Chief Insp. with Tempy Allce. Brasier, C. J. - LP Reg to N.W Re“ ’ 69.42
Lockwood, R. A. .. HC. Reg. 15 10 42 S.W.I. to Insp
, Steed, C. A. .. .. E.-in-C.O. 12.9.42
Draughtsman Cl. I to Senior Draughtsman. i Whitaker, F. S .. Test Section, London 27.8.42
Ivory, B . N.-W. Reg. to W. & BC. Powell, A. E... .. Test Section, B'ham 19.8 42
Reg. 2 8.42 Roberts, G H . Cable Test Section,
. London .. 21.6.42
Insp. to Chief Insp | Dunlop, W. G. .. E-in-C.0. 28.2.42
Burcher, P. .. Mud. Reg .. 13.942 |, Wyatt, E. J. R .. L.T Reg. to E.-in-C.O 20.4.42
Hale, C. S . 5.W. Reg. to N. W. Reo 20.9.42 ' Cowland, T. A. . L.T Reg. to E-in-C.O 23.4.42
* Promoted “ in absentia.” All promotions ‘“ acting.”
Appointments
Name Region Date { Name Region Date
Proby. Asst. Engr. l Proby. Adsst. Engr.—cont - .
Truslove, E. H. . L.T. Reg. 6.7.4 , Jemmeson, A. E. . Scot. Reg .. 14.9.42
Retirements
Name Region Date Name Region Date
R.M.T.O. . Chaef. Inspr with Allce
Griffiths, W. R . H.C. Reg. 31.10.42 Padget, A. .. H.C. Reg. 4.9.42
Davidson, T . Scot. Reg. .. 31.10.42
Area Engr. Chief Insp.
Jones, L. J. . L.T.Reg. 25.11.42 Insp. H.J 5W. Reg 6.11.42
Asst. Engr. Bazley, W. .. .. LT Reg. .. 2.11.42
—_— Heason, H. G. .. H.C. Reg. 12.7.42
Reynolds, E. J. . H.C. Reg. 11.10.42 Williams, A. J. . S.W. Reg. 30.11.42
. Deaths
Name Region Date t Name ‘Region Date
Chief. Insp. Insp.—cont.
;ave, C. P - H.C. Reg. 6.10.42 Roper, L. W .. E.-in-C.O. (killed on active
[nsp. service) .. . 26842
Brown, H. W. D. . LT. Reg. 26842 | Bailey, A. ]J. .. . E.-in-C.O. 26.10.42
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Transfers

Name Region Date ’ Name Region Date
Reg. Engr. \ Insp.
Stone, A. E. .. . H.C. Reg. to L.T. Reg . 20.7.42 Pratt, F. A. N . L.T. Reg. to W. & B.C.
Avea Engv \ Reg. .. .. .. 21.9.42
L£7ed Bngr. Sugars, E. G .. . LT. Reg. to E-in-C.O. .  1.10.42
Pitcairn, A. C. . W. & B.C. Reg. to N.E Bailey, G. W Mid. Reg. to E.-in-C.O. .. 1.11.42
Reg. .. 12.10.42 Head, D. E. . . Mid Reg. to E -in-C.O 1.11.42
Asst. Engr. Pryoby. Insp
Dixon, J. . W. & B.C. Reg. {Seconded ,  Driver, E. R . L.T. Reg. to E.-in-C.O. .. 21.9.42
to Contracts Dept) to Parks, F. .. N.E. Reg. to E.-in-C.O. . 1.11.42
N.W. Reg 8.10.42 ’ Cooper, G. . N.W. Reg. to E -in-C.O. . 1.11.42
CLERICAL GRADES
Promotions
Name Region Date Name Region Date
From E.O. to S.0. From C.0. 10 E.O.
. Holden, A. G. .. H.C. Reg. to E.-in-C.O. .. 25.10.42
Daly, G. .. E.-in-C.O. 14.8.42 From Chief Supt. of Typists to H.C.O.
Granville, H. G. . E.-in-C.O. 14.8.42 Holmes, M. W. (Miss) E.-in-C.O. 1.6.42

All promotions

“acting ”
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cAPco

REGISTERED TRADE MARK

Quartz Cutting Machine

Light and Heavy Duty machines have
been re-designed and improved-—
details will be available shortly.

Manufacturers :

( : A P I I ENGINEERING CO. LTD.
ESTABLISHED 1918 PRECISION ENGINEERS
Designers and Manufacturers of Capco Sound-on-Film recorders and equipment. Capco

built recorders are in use at Elstree, Pathe News and British Talking Pictures, etc.
Patentees and Manufacturers of Capco Enamelled Wire cleaning machines.

BEACONSFIELD ROAD - WILLESDEN - LONDON, N.W.10

Telephone : WILlesden 0067-8. Cables : Caplinko, London.

Sole Agents : CAPCO (SALES) LTD.
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3 6. C crysTAL

CALIBRATOR

A new precision instrument
for the rapidand accurate checking
and adjustment of radio frequency
oscillators, receivers, transmitters
and similar apparatus.

It is crystal controlled and A.C.
mains operated.

Ask for full information from :

SALFORD ELECTRICAL INSTRUMENTS LTD.

SALFORD. Telephone : Blackfriars 6688 (6 lines.) Telegrams and Cables : * SPARKLESS, MANCHESTER "

PROPRIETORS: THE GENERAL ELECTRIC CO., LTD.
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CABLE WORKS, Lﬁd.. SOUTHAMPTON.

MAINTAINING EFFICIENCY |
* THE HIGH STANDARD'OF EFFICIENCY
~ OF PIRELLI- GENERAL TELEPHONE
CABLES IS MAINTAINED BY THE |
CONTINUOUS RESEARCH WORK OF
| * AN EXPERIENCED TECHNICAL STAFF.
ol lmELu-UENEn;l. o

The finest cored Solder in the world which is ding up and i ing the edici

¥ of the War Effort. Firms engaged upona Government Contracts are invited to write for frec samples

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